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FOREWORD

1. STRUCTURE

This service manual has been prepared as an aid to improve the quality of repairs by giving the
serviceman an accurate understanding of the product and by showing him the correct way to perform
repairs and make judgements. Make sure you understand the contents of this manual and use it to
full effect at every opportunity.

This service manual mainly contains the necessary technical information for operations performed in
a service workshop.

For ease of understanding, the manual is divided into the following sections.

SECTION 1 GENERAL
This section gives the general information of the machine and explains the safety hints for
maintenance.

SECTION 2 REMOVAL & INSTALLATION OF UNIT
This section explains the procedures and techniques of removal and installation of each component.

SECTION 3 POWER TRAIN SYSTEM
This section explains the structure of the transmission as well as control valve and drive axle.

SECTION 4 BRAKE SYSTEM
This section explains the brake piping, each component and operation.

SECTION 5 STEERING SYSTEM
This section explains the structure of the steering unit, priority valve, trail axle as well as steering
circuit and operation.

SECTION 6 HYDRAULIC SYSTEM
This section explains the structure of the gear pump, main control valve as well as work equipment
circuit, each component and operation.

SECTION 7 ELECTRICAL SYSTEM

This section explains the electrical circuit and each component.

It serves not only to give an understanding electrical system, but also serves as reference material for
troubleshooting.

SECTION 8 MAST
This section explains the structure of mast, carriage, backrest and forks.

The specifications contained in this service manual are subject to change at any time and without any
advance notice. Contact your HYUNDAI distributor for the latest information.
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2. HOW TO READ THE SERVICE MANUAL

Distribution and updating

Any additions, amendments or other changes will
be sent to HYUNDAI distributors.

Get the most up-to-date information before you
start any work.

Filing method

1. See the page number on the bottom of the
page.
File the pages in correct order.

2. Following examples shows how to read the
page number.

Example 1

2-3

LT fem number(2. Structure and
Function)
Consecutive page number for
each item.

3. Additional pages : Additional pages are
indicated by a hyphen(-) and number after the
page number. File as in the example.

10-4
10-4-1
10-4-2
10-5

] Added pages

0-2

Revised edition mark(D@®-)
When a manual is revised, an edition mark is
recorded on the bottom outside corner of the
pages.

Revisions

Revised pages are shown at the list of revised
pages on the between the contents page and
section 1 page.

Symbols

So that the shop manual can be of ample
practical use, important places for safety and
quality are marked with the following symbols.

Symbol | Iltem Remarks

Special safety precautions are
necessary when performing the

work.
Safety

Extra special safety precautions
are necessary when performing
the work because it is under
internal pressure.

A

Special technical precautions or
. other precautions for preserving
. Caution standards are necessary when

performing the work.




3. CONVERSION TABLE

Method of using the Conversion Table
The Conversion Table in this section is provided to enable simple conversion of figures. For details of
the method of using the Conversion Table, see the example given below.

Example
1. Method of using the Conversion Table to convert from millimeters to inches
Convert 55mm into inches.

(1) Locate the number 50in the vertical column at the left side, take this as @), then draw a
horizontal line from @).

(2) Locate the number 5in the row across the top, take this as ®, then draw a perpendicular line
down from @.

(3) Take the point where the two lines cross as ©. This point © gives the value when converting
from millimeters to inches. Therefore, 55mm = 2.165 inches.

2. Convert 550mm into inches.

(1) The number 550 does not appear in the table, so divide by 10(Move the decimal point one place
to the left) to convert it to 55mm.

(2) Carry out the same procedure as above to convert 55mm to 2.165 inches.

(3) The original value(550mm) was divided by 10, so multiply 2.165 inches by 10(Move the decimal
point one place to the right) to return to the original value.
This gives 550mm = 21.65 inches.

Millimeters to inches ® 1mm = 0.03937 in
0 1 2 3 4 5 6 7 8 9
0 0.039 0.079 | 0118 | 0.157 | 0197 | 0236 | 0276 | 0.315 0.354

10 0.394 | 0433 0.472 0512 | 0.551 | 0.591 0.630 | 0.669 | 0.709 0.748
20 0.787 | 0.827 0.866 | 0.906 | 0.945 | 0.984 1.024 | 1.063 | 1.102 1.142
30 1.181 | 1.220 1.260 1299 | 1.339 | 1.378 1417 | 1.457 | 1.496 1.536
40 1575 | 1.614 1.654 1693 | 1.732 | 1.772 1.811 1.850 | 1.890 1.929

50 1.969 | 2.008 2.047 | 2.087 | 2.126 W 2205 | 2244 | 2.283 2.323
60 2.362 | 2.402 2.441 2480 | 2520 | 2.559 2598 | 2638 | 2.677 2.717
70 2.756 | 2.795 2835 | 2874 | 2913 | 2.953 2992 | 3.032 | 3.07M 3.110
80 3.150 | 3.189 3228 | 3.268 | 3.307 | 3.346 3.386 | 3.425 | 3.465 3.504
90 3.543 | 3.583 3.622 | 3.661 3.701 | 3.740 3.780 | 3.819 | 3.858 3.898
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Millimeters to inches 1mm = 0.03937in

0 1 2 3 4 5 6 7 8 9

0 0.039 0.079 | 0.118 | 0.157 | 0.197 0236 | 0276 | 0.315 0.354
10 0.394 | 0.433 0472 | 0512 | 0551 | 0.591 0.630 | 0.669 | 0.709 0.748
20 0.787 | 0.827 0.866 | 0.906 | 0.945 | 0.984 1.024 | 1.063 | 1.102 1.142
30 1.181 | 1.220 1.260 1299 | 1.339 | 1.378 1417 | 1.457 | 1.496 1.536
40 1575 | 1.614 1.654 1693 | 1.732 | 1.772 1.811 1.850 | 1.890 1.929

50 1.969 | 2.008 2047 | 2087 | 2126 | 2.165 2205 | 2244 | 2283 2.323
60 2362 | 2.402 2.441 2480 | 2520 | 2.559 2598 | 2.638 | 2677 2.717
70 2.756 | 2.795 2835 | 2874 | 2913 | 2.953 2992 | 3032 | 3.071 3.110
80 3.150 | 3.189 3.228 | 3.268 | 3.307 | 3.346 3.386 | 3.425 | 3.465 3.504
90 3.543 | 3.583 3.622 | 3.661 3.701 | 3.740 3.780 | 3.819 | 3.858 3.898

Kilogram to Pound 1kg =2.2046lb
0 1 2 3 4 5 6 7 8 9
0 2.20 4.41 6.61 8.82 11.02 13.23 15.43 17.64 19.84

10 22.05 | 24.25 26.46 | 28.66 | 30.86 | 33.07 3527 | 37.48 | 39.68 41.89
20 4409 | 46.30 4850 | 50.71 51.91 | 5512 5732 | 595. 61.73 63.93
30 66.14 | 68.34 7055 | 7275 | 7496 | 77.16 79.37 | 8157 | 83.78 85.98
40 88.18 | 90.39 9259 | 9480 | 97.00 | 9921 | 101.41 | 103.62 | 105.82 | 108.03

50 11023 | 112.44 | 11464 | 116.85 | 119.05 | 121.25 | 12346 | 125.66 | 127.87 | 130.07
60 13228 | 13448 | 136.69 | 138.89 | 14110 | 143.30 | 14551 | 147.71 | 149.91 | 152.12
70 154.32 | 156.53 | 158.73 | 160.94 | 163.14 | 165.35 | 167.55 | 169.76 | 171.96 | 17417
80 176.37 | 178.57 | 180.78 | 182.98 | 185.19 | 187.39 | 189.60 | 191.80 | 194.01 | 196.21
90 198.42 | 200.62 | 202.83 | 205.03 | 207.24 | 209.44 | 211.64 | 213.85 | 216.05 | 218.26
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Liter to U.S. Gallon 11 =0.2642 U.S.Gal

0 1 2 3 4 5 6 7 8 9

0 0.264 0528 | 0.793 | 1.057 | 1.321 1585 | 1.849 | 2113 2.378
10 2.642 | 2.906 3170 | 3434 | 3.698 | 3.963 4227 | 4.491 4.755 5.019
20 5283 | 5.548 5812 | 6.6076 | 6.340 | 6.604 6.869 | 7.133 | 7.397 7.661
30 7.925 | 8.189 8454 | 8718 | 8982 | 9.246 9.510 | 9.774 | 10.039 | 10.303
40 10.567 | 10.831 | 11.095 | 11.359 | 11.624 | 11.888 | 12.152 | 12.416 | 12.680 | 12.944

50 13.209 | 13.473 | 13.737 | 14.001 | 14.265 | 14.529 | 14.795 | 15.058 | 15.322 | 15.586
60 15.850 | 16.115 | 16.379 | 16.643 | 16.907 | 17.171 | 17435 | 17.700 | 17.964 | 18.228
70 18.492 | 18.756 | 19.020 | 19.285 | 19.549 | 19.813 | 20.077 | 20.341 | 20.605 | 20.870
80 21134 | 21.398 | 21.662 | 21.926 | 22.190 | 22.455 | 22.719 | 22.983 | 23.247 | 23.511
90 23.775 | 24.040 | 24.304 | 24.568 | 24.832 | 25.096 | 25.631 | 25.625 | 25.889 | 26.153

Liter to U.K. Gallon 11 2021997 UK.Gal
0 1 2 3 4 5 6 7 8 9
0 0220 | 0.440 | 0660 | 0.880 | 1.100 | 1.320 | 1540 | 1.760 | 1.980

10 2.200 | 2420 2.640 | 2.860 | 3.080 | 3.300 3520 | 3.740 | 3.950 4179
20 4399 | 4619 4839 | 5059 | 5279 | 5.499 5719 | 5939 | 6.159 6.379
30 6.599 | 6.819 7.039 | 7259 | 7479 | 7.969 7919 | 8139 | 8.359 8.579
40 8.799 | 9.019 9239 | 9459 | 9679 | 9.899 | 10.119 | 10.339 | 10.559 | 10.778

50 10.998 | 11.281 | 11.438 | 11.658 | 11.878 | 12.098 | 12.318 | 12.528 | 12.758 | 12.978
60 13.198 | 13.418 | 13.638 | 13.858 | 14.078 | 14298 | 14.518 | 14.738 | 14.958 | 15.178
70 15.398 | 15.618 | 15.838 | 16.058 | 16.278 | 16.498 | 16.718 | 16.938 | 17.158 | 17.378
80 17598 | 17.818 | 18.037 | 18.257 | 18.477 | 18.697 | 18917 | 19137 | 19.357 | 19.577
90 19.797 | 20.017 | 20.237 | 20.457 | 20.677 | 20.897 | 21.117 | 21.337 | 21557 | 21.777
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kgf - m to Iof - ft kgt - m = 7.2330bf - t
0 1 2 3 4 5 6 7 8 9
7.2 145 | 217 | 289 | 362 | 434 | 506 | 579 | 651
10 | 723 | 796 | 8.8 | 940 | 101.3 | 1085 | 1157 | 1230 | 1302 | 1374
20 | 1447 | 1519 | 1591 | 1664 | 1736 | 1808 | 1881 | 1953 | 2025 | 200.8
30 | 2170 | 2242 | 2315 | 2387 | 2459 | 2532 | 2604 | 267.6 | 2749 | 282.1
40 | 2893 | 3966 | 3038 | 311.0 | 3183 | 3255 | 3327 | 3400 | 3472 | 3544
50 | 3617 | 3689 | 3761 | 3834 | 3906 | 397.8 | 4051 | 4123 | 4195 | 42638
60 | 4340 | 4412 | 4485 | 4557 | 4629 | 4702 | 4774 | 4846 | 4918 | 499.1
70 | 5063 | 5135 | 5208 | 5280 | 5352 | 5425 | 5497 | 5569 | 5642 | 571.4
80 | 5786 | 5859 | 593.1 | 600.3 | 607.6 | 6148 | 6220 | 6293 | 6365 | 6437
90 | 6510 | 6582 | 6654 | 6727 | 6799 | 687.1 | 6944 | 7016 | 7088 | 716.1
100 | 7233 | 7305 | 7378 | 7450 | 7522 | 7595 | 7667 | 7739 | 7812 | 7884
110 | 7956 | 8029 | 8101 | 817.3 | 8246 | 831.8 | 8390 | 8463 | 8535 | 860.7
120 | 8680 | 8752 | 8824 | 8897 | 8969 | 904.1 | 9114 | 9186 | 9258 | 933.1
130 | 9403 | 9475 | 9548 | 9620 | 9692 | 9765 | 9837 | 9909 | 9982 | 10005.4
140 | 10126 | 10199 | 1027.1 | 1034.3 | 10415 | 10488 | 1056.0 | 10632 | 10705 | 1077.7
150 | 1084.9 | 10922 | 1099.4 | 11066 | 11139 | 1121.1 | 11283 | 11356 | 11428 | 1150.0
160 | 1157.3 | 11645 | 1171.7 | 11790 | 11862 | 11934 | 12007 | 1207.9 | 12151 | 1222.4
170 | 11206 | 12368 | 1244.1 | 1251.3 | 12585 | 1265.8 | 1273.0 | 1280.1 | 1287.5 | 12947
180 | 1301.9 | 13092 | 1316.4 | 1323.6 | 13309 | 1338.1 | 13453 | 13526 | 1359.8 | 1367.0
190 | 1374.3 | 13815 | 1388.7 | 1396.0 | 14032 | 14104 | 1417.7 | 1424.9 | 14321 | 1439.4
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kgflem? to Ibffin® 1kgf/ cm? = 14.2233of / in>

0 1 2 3 4 5 6 7 8 9

14.2 28.4 42.7 56.9 7141 85.3 99.6 113.8 128.0
10 1422 | 156.5 170.7 1849 | 1991 | 2134 2276 | 2418 | 256.0 270.2
20 2845 | 298.7 312.9 3271 3414 | 355.6 369.8 | 384.0 | 398.3 4125
30 426.7 | 440.9 4551 469.4 | 483.6 | 4978 512.0 | 526.3 | 5405 554.7
40 568.9 | 583.2 597.4 6116 | 6258 | 640.1 654.3 | 6685 | 6827 696.9

50 7112 | 7254 7396 | 7538 | 7681 | 7823 796.5 | 810.7 | 825.0 839.2
60 8534 | 867.6 881.8 | 896.1 910.3 | 9245 938.7 | 953.0 | 967.2 9814
70 9956 | 1010 1024 1038 1053 1067 1081 1095 1109 1124
80 1138 1152 1166 1181 1195 1209 1223 1237 1252 1266
90 1280 1294 1309 1323 1337 1351 1365 1380 1394 1408

100 1422 1437 1451 1465 1479 1493 1508 1522 1536 1550
110 1565 1579 1593 1607 1621 1636 1650 1664 1678 1693
120 1707 1721 1735 1749 1764 1778 1792 1806 1821 1835
130 1849 | 2863 1877 1892 1906 1920 1934 1949 1963 1977
140 1991 2005 2020 2034 2048 2062 2077 2091 2105 2119

150 2134 | 2148 2162 2176 2190 2205 2219 2233 2247 2262
160 2276 | 2290 2304 2318 2333 2347 2361 2375 2389 2404
170 2418 | 2432 2446 2460 2475 2489 2503 2518 2532 2546
180 2560 | 2574 2589 5603 2617 2631 2646 2660 2674 2688

200 2845 | 2859 2873 2887 2901 2916 2930 | 2944 2958 2973
210 2987 | 3001 3015 3030 3044 | 3058 3072 3086 3101 3115
220 3129 | 3143 3158 3172 3186 | 3200 3214 | 3229 3243 3257
230 3271 3286 3300 3314 3328 | 3343 3357 | 3371 3385 3399
240 3414 | 3428 3442 3456 3470 | 3485 3499 | 3513 3527 3542
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TEMPERATURE

Fahrenheit-Centigrade Conversion.

A simple way to convert a fahrenheit temperature reading into a centigrade temperature reading or vice verse
is to enter the accompanying table in the center or boldface column of figures.

These figures refer to the temperature in either Fahrenheit or Centigrade degrees.

If it is desired to convert from Fahrenheit to Centigrade degrees, consider the center column as a table of
Fahrenheit temperatures and read the corresponding Centigrade temperature in the column at the left.

If it is desired to convert from Centigrade to Fahrenheit degrees, consider the center column as a table of
Centigrade values, and read the corresponding Fahrenheit temperature on the right.

OC OF OC OF OC OF OC OF

-40.4 -40 -400 | -11.7 11 51.8 7.8 46 1148 | 27.2 81 117.8
-37.2 -35 -31.0 | -11.1 12 53.6 8.3 47 1166 | 27.8 82 179.6
-34.4 -30 220 | -10.6 13 55.4 8.9 48 1184 | 28.3 83 181.4
-31.7 -25 -130 | -10.0 14 57.2 94 49 1202 | 28.9 84 183.2
-28.9 -20 -4.0 -9.4 15 59.0 10.0 50 1220 | 294 85 185.0

-28.3 -19 2.2 -8.9 16 60.8 10.6 51 1238 | 30.0 86 186.8
-27.8 -18 -0.4 -8.3 17 62.6 11.1 52 1256 | 30.6 87 188.6
-27.2 -17 1.4 -7.8 18 64.4 1.7 53 1274 | 311 88 1904
-26.7 -16 3.2 -6.7 20 68.0 12.8 55 131.0 | 322 90 194.0
-26.1 -15 5.0 -6.7 20 68.0 12.8 55 131.0 | 322 90 194.0

-25.6 -14 6.8 -6.1 21 69.8 13.3 56 1328 | 328 91 195.8
-25.0 -13 8.6 -5.6 22 71.6 13.9 57 1346 | 333 92 197.6
24.4 -12 104 -5.0 23 73.4 14.4 58 1364 | 33.9 93 199.4
-23.9 -11 12.2 -4.4 24 75.2 15.0 59 1382 | 344 94 | 201.2
-23.3 -10 14.0 -3.9 25 77.0 15.6 60 140.0 | 35.0 95 | 203.0

-22.8 -9 15.8 -3.3 26 78.8 16.1 61 1418 | 35.6 96 | 204.8
-22.2 -8 17.6 2.8 27 80.6 16.7 62 1436 | 36.1 97 | 206.6
21.7 -7 194 2.2 28 82.4 17.2 63 1454 | 36.7 98 | 2084
-21.1 -6 21.2 -1.7 29 84.2 17.8 64 1472 | 372 99 | 210.2
-20.6 -5 23.0 -1.1 35 95.0 2141 70 158.0 | 517 125 | 257.0

-20.0 -4 24.8 -0.6 31 87.8 18.9 66 150.8 | 40.6 105 | 221.0
-19.4 -3 26.6 0 32 89.6 194 67 1526 | 433 110 | 230.0
-18.9 2 28.4 0.6 33 914 20.0 68 1544 | 461 115 | 239.0
-18.3 -1 30.2 1.1 34 93.2 20.6 69 156.2 | 48.9 120 | 248.0
-17.8 0 32.0 1.7 35 95.0 2141 70 158.0 | 51.7 125 | 257.0

-17.2 1 33.8 22 36 96.8 21.7 71 1598 | 544 130 | 266.0
-16.7 2 35.6 2.8 37 98.6 22.2 72 1616 | 57.2 135 | 275.0
-16.1 3 37.4 3.3 38 1004 | 22.8 73 1634 | 60.0 140 | 284.0
-15.6 4 39.2 3.9 39 1022 | 233 74 1652 | 62.7 145 | 293.0
-15.0 5 41.0 4.4 40 1040 | 239 75 167.0 | 65.6 150 | 302.0
-14.4 6 42.8 5.0 41 1058 | 24.4 76 168.8 | 68.3 155 | 311.0
-13.9 7 446 5.6 42 1076 | 25.0 77 1706 | 711 160 | 320.0
-13.3 8 46.4 6.1 43 1094 | 25.6 78 1724 | 73.9 165 | 329.0
-12.8 9 48.2 6.7 44 1112 | 26.1 79 1742 | 76.7 170 | 338.0
-12.2 10 50.0 7.2 45 1130 | 26.7 80 176.0 | 794 172 | 347.0
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' GROUP 1 SAFETY HINTS

Careless performing of the easy work may
cause injuries.

Take care to always perform work safely, at least
observing the following.

+ Oil is a dangerous substance. Never handle

oil, grease or oily clothes in places where
there is any fire of flame.
As preparation in case of fire, always know
the location and directions for use of fire
extinguishers and other fire fighting
equipment.

- Wear well-fitting helmet, safety shoes and
working clothes. When drilling, grinding or
hammering, always wear protective goggles.
Always do up safety clothes properly so that
they do not catch on protruding parts of
machines. Do not wear oily clothes.

When checking, always release battery plug.

- Flames should never be used instead of
lamps. Never use a naked flame to check
leaks or the level of oil or electrolyte.

- When working on top of the machine, be
careful not to lose your balance and fall.

1-1
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- Hand a caution sign in the operator's
compartment (For example Do not start or
Maintenance in progress).

This will prevent anyone from starting or
moving the machine by mistake.

When inspecting running parts or near such
parts, always stop the machine first.
Before checking or servicing accumulator or
piping, depress brake pedal repeatedly to
release pressure.
- Park the machine on firm, flat ground.
Lower the fork to the ground and stop the
engine.
Return each lever to NEUTRAL and apply
the brake lock.

- Immediately remove any oil or grease on the
floor of the operator's compartment, or on the
handrail. It is very dangerous if someone
slips while on the machine.

- When working with others, choose a group
leader and work according to his instructions.
Do not perform any maintenance beyond the
agreed work.

D50ASF07

D50ASF08
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- Always remember that the hydraulic oil circuit
is under pressure. When feeding or draining
the oil or carrying out inspection and
maintenance, release the pressure first.

SN

D50ASF11

- Unless you have special instructions to the contrary, maintenance should always be carried out with
the machine stopped. If maintenance is carried out with the machine running, there must be two
men present : one sitting in the operator's seat and the other one performing the maintenance. In
such a case, never touch any moving part.

- Thoroughly clean the machine. In particular, be careful to clean the filler caps, grease fittings and the
area around the dipsticks. Be careful not to let any dirt or dust into the system.

- Always use HYUNDAI Forklift genuine parts for replacement.

- Always use the grades of grease and oil recommended by HYUNDAI Forklift.

Choose the viscosity specified for the ambient temperature.

- Always use pure oil or grease, and be sure to use clean containers.

- When checking or changing the oil, do it in a place free of dust, and prevent any dirt from getting into
the ail.

- Before draining the oil, warm it up to a temperature of 30 to 40°C.

- After replacing oil, filter element or strainer, bleed the air from circuit.

- When the strainer is located in the oil filler, the strainer must not be removed while adding oil.

- When changing the oil filter, check the drained oil and filter for any signs of excessive metal particles
or other foreign materials.

- When removing parts containing O-ring, gaskets or seals, clean the mounting surface and replace
with new sealing parts.

- After injecting grease, always wipe off the oil grease that was forced out.

- Do not handle electrical equipment while wearing wet places, as this can cause electric shock.

- During maintenance do not allow any unauthorized person to stand near the machine.

- Be sure you fully understand the contents of the operation. It is important to prepare necessary tools
and parts and to keep the operating area clean.

- When checking an open gear case there is a risk of dropping things in. Before removing the covers
to inspect such cases, empty everything from your pockets. Be particularly careful to remove
wrenches and nuts.

- Way to use dipstick

Push the dipstick fully into the guide, and then pull out.

Carrying out other difficult maintenance work carelessly can cause unexpected accidents. If you
consider the maintenance is too difficult, always request the HYUNDAI Forklift distributor to carry out
it.
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' GROUP 2 SPECIFICATIONS

1. GENERAL LOCATIONS

12
11
10
9
22BH9OM113
1 Mast 6 Dash board 11 Seat
2  Lift cylinder 7 Frame 12  Steering wheel
3 Carriage and backrest 8 Steering axle 13 Overhead guard
4  Forks 9 Counterweight
5  Drive unit 10 Battery cover
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2. SPECIFICATIONS

L
W R % | =
’—‘ : = \
s o I
m . @ @
) K
L G
22BHISPO1
Model Unit 22BH-9 25BH-9 30BH-9 35BH-9

Capacity kg (Ib) | 2200 (4400) | 2500 (5000) | 3000 (6000) | 3500 (7000)
Load center ‘ R | mm (in) 500 (24") — — —
Weight kg (Ib) | 4555 (10042) | 4710 (10384) | 5130 (11310) | 5605 (12357)

Lifting height A |mm (ft-in)| 3305 (10' 10") — — —

Free lift B |mm(n)| 115(0'5" — — —
Fork Lifting speed (Unload/Load) mmy/sec 600/420 600/410 500/340 500/300

Lowering speed (Unload/Load) | mm/sec 450/500 — 450/500 —

LXWXT L,W,T|mm (inch) 1(2?9; 41,,03 fgf — (142??(1;% fgf’) —

Tilt angle forward/backward| C/C’ | degree 6/8 — — —
Mast | Max height D |mm (ft-in)| 4485 (14'9") — — —

Min height E |mm (ft-in)| 2162 (7'1") — — 2243 (7' 4")

Travel speed (Unload) km/h 19 — — —
Body | Gradeability (Load) % 28 26 22 19

Min turning radius (Outside)‘ F |mm (ft-in)| 1895 (6'3") 1925 (6'4") 2055 (6'9") 2145 (7' 0")
ETC Max hydraulic pressure kgflcm2 250 — — —

Hydraulic oil tank [ (usgal) 35(9.2) — — —
Overall length G |mm (ft-in)| 2235 (7' 4") 2365 (7' 9") 2495 (8'2") 2600 (8'6")
Overall width H |mm (ft-in)| 1195 (3'11") — — 1245 (4'1")
Overhead guard height [ |mm (ft-in)| 2210 (7' 3") — — —
Ground clearance (Mast) J |mm(n) | 117(0'5") — — 128 (0'5")
Wheel base K |mm (ftin)| 1575 (5'2") — 1719 (5'8") —
Wheel tread front MM mm (fin) (??%?’,g?g,) - - -
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3. SPECIFICATION FOR MAJOR COMPONENTS

1) CONTROLLER

ltem Unit Traction Pump
Model Dual AC2 power AC2 power
Type - MOSFET —
Dimension mm 340x256x 179 300 x250%x177
Current limit A 300+300A 400A
Communication - CAN —
2) MOTOR
ltem Unit Traction Pump
Type - AQDE4001 AMDP4001
Rated voltage Vac 50 50
Output kW 8.0x2 19.7
Insulation - Class F Class F
3) BATTERY
ltem Unit 22/25BH-9 30/35BH-9
Rated voltage V/Ah 80/500 80/600
Dimension(W x L x H) mm 1025 x 708 x 784 1025 x 852 x 784
Min. Battery weight kg 1470 1780
Max. Battery weight kg 1706 2066
Connector(CE spec) - DIN 320
4) CHARGER
ltem Unit Specification
Type - Constant current, constant voltage
Battery capacity for charge V-AH 80/500~600
Triple phase 410
AC input v Triple phase 220/380
Triple phase 440
DC output v 105+1.5
Charge time hr 6+2
Connector (CE spec) - DIN 320
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5) GEAR PUMP

ltem Unit Specification
Type - Fixed displacement gear pump
Capacity cclrev 26.921 *27.2
Fl\)/:zgigg; operating bar 230
Rated speed (max/min) rpm 3000/500
* . Machine serial No. 25BH-9 : #0423-, 30BH-9 : #0751-, 35BH-9 : #0296-
6) MAIN CONTROL VALVE
ltem Unit 22/25/30BH-9 35BH-9
Type - 3 spool, 4 spool
Operating method - Mechanical
Main relief valve pressure bar 190 210
2nd relief valve pressure bar 130
7) DRIVE AXLE UNIT
ltem Unit Specification
Max axle load kg/lb 4500/9920.8
Max input rpm rpm 4600
Gear ratio - 2418
Weight without fluid kg/lb 52.3kg(115lb)/EA
Oil quantity (IS - gt 2.4 (2.54)
8) WHEELS
ltem 22/25/30BH-9 35BH
Type (STD/OPT) SOLID (OPT:NON-MARKING, PNEUMATIC)
Quantity(front/rear) 2/2
Front-drive 23x9-10 (18PR) 23x10-12 (16PR)
Rear-steering 18X 7-8 (16PR) —
9) BRAKES & STEERING
ltem Specification
Brakes Travel Front wheel, Hydraulic, wet disc brake
Parking Mechanical
Steering Type Full hydraulic, power steering
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4. TIGHTENING TORQUE FOR MAJOR COMPONENTS

NO ltems Size kgf - m Ibf - ft
1 Electric Hyd pump motor mounting bolt M8 x 1.25 25+05 18.1+3.6
2 system Traction motor mounting bolt M10 x 1.5 7+1.0 50.6+7.2
3 Hydraulic pump mounting bolt M10 x 1.5 5+1.0 36.5+7.2
4 Hydraulic MCV mounting bolt, nut M8 x 1.25 25+05 18.1+3.6
5 system Steering unit mounting bolt M10 x 1.5 6.9+14 50+10
7 Brake cylinder mounting bolt M10 x 1.5 8+0.5 58+3.6
9 Drive unit mounting bolt, nut M20 x 2.5 55.5+25 400+18.1
10 Pt(r):i/r?r Steering axle mounting bolt, nut M20 x 2.5 62+3.0 448+21.7
L system Front wheel mounting nut M14 x 1.5 15.7+2.3 114+16.6
12 Rear wheel mounting nut M14 x 1.5 23+1.0 166+7.2
13 Counterweight mounting bolt M24 x 3.0 100+ 15 723+108
14 ETC Seat mounting nut M8 x 1.25 25+05 18.1+£3.6
15 Head guard mounting bolt (front) M12 x 1.75 9.0+1.0 65.1+£7.2
16 Head guard mounting bolt (rear) M16 x 2.0 19+3.0 137+£21.7
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5. TORQUE CHART

Use following table for unspecified torque.

1) BOLT AND NUT
(1) Coarse thread
8T 10T
Bolt size kgf - m Iof - t kgf - m Iof - t
M 6 x 1.0 0.85 ~1.25 6.15 ~ 9.04 114~ 174 82126
M 8 x 1.25 20~30 14.5~21.7 273 ~4.12 19.7 ~29.8
M10 x 1.5 4060 289 ~ 43.4 55-83 39.8 ~ 60
M12 x 1.75 74-112 535~ 795 9.8~158 71~ 114
Mi4 x 2.0 122~ 16.6 88.2 ~ 120 16.7 ~ 225 121 ~ 167
M16 x 2.0 18.6 ~ 25.2 135 ~ 182 252 - 342 182 ~ 247
M18 x 2.5 25.8 ~ 35.0 187 ~ 253 35.1~475 254 ~ 343
M20 x 2.5 36.2 ~ 49.0 262 ~ 354 49.2 ~ 66.6 356 ~ 482
M22 x 2.5 483~ 63.3 350 ~ 457 65.8 ~ 98.0 476 ~ 709
M24 x 3.0 625~ 84.5 452 ~ 611 85.0 ~ 115 615 ~ 832
M30 x 35 124 ~ 168 898 ~ 1214 169 ~ 229 1223 ~ 1655
M36 x 4.0 174 ~ 236 1261 ~ 1703 250 ~ 310 1808 ~ 2242
(2) Fine thread
. 8T 10T
Bolt size kgf -m I - f kgf -m I - f

M 8 x 1.0 217 ~3.37 15.7 ~ 24.3 3.04 ~ 4.4 220~ 320
M10 x 1.25 4.46 ~ 6.66 323~ 482 5.93 ~ 8.93 429~ 64.6
M12 x 1.25 7.78 ~ 1158 76.3 ~ 83.7 10.6 ~ 16.0 76.6 ~ 115
M14 x 15 133~ 18.1 96.2 ~ 130 17.9 ~ 24.1 130 ~ 174
M16 x 15 19.9 ~ 26.9 144 ~ 194 26.6 ~ 36.0 193 ~ 260
M18 x 15 286~ 43.6 207 ~ 315 38.4 ~ 520 278 ~ 376
M20 x 1.5 40.0 ~ 54.0 289 ~ 390 53.4 ~72.2 386 ~ 522
M22 x 15 527-713 381 ~ 515 70.7 ~ 95.7 512 ~ 692
M24 x 2.0 67.9~91.9 491 ~ 664 909 ~ 123 658 ~ 890
M30 x 2.0 137 ~ 185 990 ~ 1338 182 ~ 248 1314 ~ 1795
M36 x 3.0 192 ~ 260 1389 ~ 1879 262 ~ 354 1893 ~ 2561
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2) PIPE AND HOSE(FLARE TYPE)

Thread size Width across flat(mm) kgf - m Ibf - ft
1/4" 19 4 28.9
3/8" 22 5 36.2
1/2" 27 9.5 68.7
3/4" 36 18 130

1 41 21 152
1-1/4" 50 35 253
3) PIPE AND HOSE(ORFS TYPE)

Thread size Width across flat(mm) kgf -m Ibf - ft
9/16-18 19 4 28.9
11/16-16 22 5 36.2
13/16-16 27 95 68.7

1-3/16-12 36 18 130

1-7/16-12 41 21 152

1-11/16-12 50 35 253
4) FITTING

Thread size Width across flat(mm) kgf - m Ibf - ft
1/4" 19 4 28.9
3/8" 22 5 36.2
1/2" 27 9.5 68.7
3/4" 36 18 130

1" 41 21 152
1-1/4" 50 35 253
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6. RECOMMENDED LUBRICANTS

Use only oils listed below or equivalent.
Do not mix different brand oil.

Ambient temperature °C (°F)

Service , . .
po\i/rlﬂ Kind of fluid | Capacity / (U.S.gal) |-50 -30 -20 -10 0 10 20 30 40
(-58) (22) (-4) (14) (32) (50) (68) (86) (104)
Axle Gear ol (02643) Mobilfluid 424
*ISO VG 15 |
Hydraulic Hydraulic 35 ‘ ‘ ‘
oil tank oil 9.2) . CORCET .
ISO VG 68
Brake _ 05 *HYDRAULIC OIL ISOVG10 (AZOLLA ZS10)
system Brake ol (0.1) | .‘ : |
' Hydraulic oil ISO VG32 (AZOLLA ZS32)
Fitting 01 *NLGI No.1
(Grease Grease © 63) ‘ ‘
nipple) '

NLGI No.2

- APl : American Petroleum Institute
- SAE : Society of Automotive Engineers
- ISO :International Organization for Standardization

- NLGI : National Lubricating Grease Institute

* : Cold region
Russia, CIS, Mongolia



' GROUP 3 PERIODIC REPLACEMENT

For operation safety, never fail to perform periodic maintenance or make periodic replacement of the
consumable parts listed in the following.

These parts may deteriorate in time and are susceptible to wear. It is difficult to estimate the degree
of wear at time of periodic maintenance; therefore, even if no apparent wear is found, always replace
with new parts within the prescribed period of replacement(Or earlier if trouble is found).

Note that periodic replacement has nothing to do with guarantee service.

% Replacement of consumable service parts is not covered under warranty.

No. Description Period of replacement
1 Hydraulic oil Every 1 year
2 Brake fluid Every 1 year
3 Differential oil Every 1 year
4 Gear ail Every 1 year
5 Wheel bearing grease Every 1 year
6 Power steering hose Every 1 year
7 Parking, seal and O-ring of steering cylinder Every 2 year
8 Parking, seal and O-ring of lift and tilt cylinder Every 2 year
9 Reservoir tank tube Every 1 year
10 Lift chain Every 2 year
11 Hydraulic equipment hose Every 2 year
12 Brake hose or tube Every 1 or 2 year
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SECTION 2 REMOVAL & INSTALLATION OF UNIT

 GROUP 1 MAJOR COMPONENTS

0 NO Ok WD =

21

20

1 =
2 =
=)
o=
53
3 _
4
B
5 L
6 : T
=
7 8 9
Lift cylinder 9
Mast 10
Backrest 11
Steering unit 12
Tilt cylinder 13
Main control valve 14
Forks 15
Front wheel 16

10 1211 13

Drive unit

Drive motor

Hyd gear pump
Pump motor
Battery

Rear wheel
Steering axle
Steering cylinder
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Counterweight
Traction controller
Pump controller
Seat

Overhead guard
Steering wheel



' GROUP 2 REMOVAL AND INSTALLATION OF UNIT

Remove and install following units as explained in the flow chart.

1. MAST
1) REMOVAL
Fork Carriage Piping Mast
(1) Forks
A Backrest

© Lower the fork carriage until the forks are
approximately 25mm(1in) from the floor.

@ Turn knob up and slide one fork at a time Pin
toward the center of the carriage where a Knob '. e
notch has been cut in the bottom plate for Spring

easy removal.

@ Remove only one fork at a time.

% On larger forks it may be necessary to
use a block of wood. Fork

Carriage

22BHIREO4

(2) Backrest(If necessary)

@ Remove bolts securing backrest to fork | Backrest

carriage. Disassemble the backrest from
the carriage.

22BHIREO3

(3) Carriage

® With the mast vertical, raise the carriage
high enough to place blocks under the
load forks. This is done to create slack in
the load chains when the carriage is
lowered. Lower the carriage all the way
down to the floor. Make sure the carriage
is level, this will prevent any binding when
the mast is raised.

22BHIRE10
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@ While supporting lift chains, remove the
split pins and nuts from anchor pins of
stationary upright.

@ Pull the chains out of the sheaves and
drape them over the front of the carriage.

@ Slowly raise inner mast upright until mast
clears top of fork carriage. Move
carriage to work area and lower the
mast.

A Make sure that carriage remains on
floor and does not bind while mast is
being raised.

® Inspect all parts for wear or damage.
Replace all worn or damaged parts.

2-3
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Inner mast—
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(4) Piping

(@ Remove the return hoses and clamps
attached to the cylinder.

@ Remove the return hoses from the
connector.

@ Remove hose assembly, tee, velocity
fuse valve(1) from the lift cylinder.

@ Disconnect hose assembly from the flow
regulator(2).

(6) Lift cylinder

(D Loosen hexagonal bolts and remove
spacers securing the lift cylinders to outer
mast.

@ Bind the lift cylinder with overhead hoist
rope and pull up so that the rope has no
slack or binding.

A Make sure that the lift cylinder be
tightened firmly for safety.

@ Loosen and remove hexagon bolts and
clamp securing cylinder.

@ Using an overhead hoist, slowly raise the
inner mast high enough to clear lift
cylinder.

® Using an overhead hoist, draw out lift
cylinder carefully and put down on the
work floor.

24

Band
clamp
Return
hose

N

s, =

i Daj — Return
Lift R hose
cylinder

22BHIRE08

.
S
Inner mast —
§
Lift
cylinder
Spacerglx

®

Stud bolt

f
&>
T

Clamp

—— Outer mast
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(6) Inner mast

(D Using an overhead hoist raise the inner ]
mast straight and carefully draw out of
outer mast section. 'm”ggtr —

A Be careful the mast not to swing or fall.

Y/

D
Outer
x mast
\ @
gg
22B7RE10
(7) Tilt cylinder pin
(8) Mast mounting pin
@ Attach a crane to the stay at the top of
the outer mast, and raise enough to
sustain jacked up machine.
% This operation is carried out from under ° >
the machine, so use a pit, or if there is no Outer
pit, jack up the machine and loosen with mast
on impact wrench. Tilt cylinder

© Loosen the mounting socket bolts and
remove mast mounting pin. Then slowly

,\
raise the outer mast. N

#—Socket bolt

Mast mounting pin

22B7RE11
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2) INSTALLATION

After assembling mast components totally without piping connections, install mast assembly to the
equipment.
% Installation procedure for each of mast component is the reverse of the removal procedure.

(1) Mast mounting pin
( Check the mast mounting pin, bushing and dust seal for wear.
© Jack up the machine so that the front is raised and then using an overhead hoist assemble outer
mast to drive axle unit.
@ Tighten mounting socket bolts to frame.
- Tightening torque : 25.2~34.2kgf - m (182~2471bf - ft)

() Tilt cylinder pin
Hold the mast with a crane, operate the tilt control lever and align the holes, then knock the pin.

(3 Lift cylinder installation and adjustment

(D Assemble the lift cylinder inside the outer
mast, then tighten the stopper bolt. If the
cylinder assembly has been replaced,
adjust as follows so that the left and right
cylinders are synchronized at the
maximum lifting height.

®@ Assemble the cylinder rod to the inner
mast, and check the left-to-right play of
the mast at the maximum lifting height.

Inner mast —— - Shim

Cylinder
rod

Outer mast —

x If play is to LEFT, install adjustment shim
to LEFT cylinder.

x If play is to RIGHT, install adjustment }
shim to RIGHT cylinder. L15C3RET2
- Shim thickness : 1.0mm(0.04in)
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2. POWER TRAIN ASSEMBLY
1) REMOVAL

Brake

Mast piping

Parking brake

cable

Drive axle

(1) Mast and counterweight
Refer to section on mast(Page 2-2)

% After removing mast, remove the
counterweight to prevent the truck from
turning over.

(2) Brake piping
Disconnect the brake piping from the drive
unit.

(3 Parking brake cable
Disconnect parking brake cable from the
drive unit.

2-7
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Drive I ?
(RH) ¢,
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Parking
brake lever

(LH)
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(4) Drive unit & motor assy

¥ Drain the oil before disassembling the

drive unit.
O Unscrew ten wheel nuts and remove the

wheel.

@ Remove five socket bolts holding the
drive motor in place.
@ Carefully remove the drive motor from the

drive unit.

@ Loosen six mounting bolts on the truck
frame and carefully take out the drive

unit.

2) INSTALLATION

Installation is the reverse order of removal,
but be careful of the following tightening

torque.
- Tightening torque
[tem kgf - m Ibf - ft
Drive motor (1) 6~8 434 ~57.9
Drive unit (2) 53 ~58 | 383 ~420
Wheel | Pneumatic 134~18 [96.9~130
nut (3) | Solid Non-marking | 12.5 ~ 15.5 | 90.4 ~ 112

Drive unit
motor ass

<o

Wheel nut

22B7RE15

Socket bolt

22BHIRE16

Drive unit

Mounting bolt

22B7RE17

wiring
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3. ELECTRICAL COMPONENTS

Before removing each component, disconnect cables and earth lines attached to the component.

1) REMOVAL
Battery conncetor Battery
& cover
Counterweight Pump motor
(1) Battery

B15T5RE001

A Before pulling out the battery plug, tilt the mast forward a little, and lower the fork to the

lowest position.

The batteries weigh from around 1040kg to 1500kg so the extreme care must be taken when

handling them.

@ Disconnect the battery connector.
Release the battery cover latch and open
the battery cover.

®@ Using a battery hanger, carefully raise the
battery assembly.

% Be careful not to damage overhead
guard or control system.

2-9
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Battery

22BHIRE19

22BHIRE20



22BHIRE21

(@ Pump motor

@ Lower the fork to floor.

Floor mat ¢

@ Remove the floor mat and the floor plate.

Pump moto

Gear pump

22BHIRE23

22BHIRE24

S
Pump mo

@ Disconnect the wiring of pump motor and

remove the gear pump from pump motor.

Remove the motor from mounting

motor mounting bracket.
bracket.

@ Remove the tightening bolts of the pump
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4. STEERING AXLE
1) REMOVAL

Mounting
bolt

Counterweight Rear wheel Hose

D35ARE37

Mounting bolt

22BHIRE25

@® Counterweight
Install a lifting tool in the counterweight, and raise with a crane.
Remove the mounting bolts, raise slightly and move to the rear.
- Weight of counterweight(standard)
22BH-9 575kg (1270b) | 30BH-9 770kg (1700lb)
25BH-9 745kg (1640Ib) 35BH-9 1160kg (2560Ib)
- Tightening torque : 85~115 kgf - m (615~832bf - ft)

® Hose

B207RE37
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@ Mounting bolt
Put a block under the steering axle,
support on a truck, and raise the frame
with a crane. Remove the mounting
bolts installed to the frame, and pull out
to the rear. There are shims between the
support and rear axle to prevent play.

Wooden block

B207RE40

(@ INSTALLATION
Installation is in the reverse order to
removal, but be careful of the following
points.

@® When replacing the bushing at the
support, install so that the hole in the
bushing faces down.

22B7RE28

® Install the support so that the clearance
is under 0.5mm when the support is
pushed fully to the rear.
Tightening torque of mounting bolt for
support. Apply loctite #277. Front H
- 59~65kgf - m(427~470lbf - ft) B

0.1~0.5mm

B207RE41

® When installing the rear wheel, coat the hub bolt and tighten the nut to 22~24kgf - m(159~174lbf -
ft).

@ When installing the counterweight, align with the center of frame. Coat the mounting bolt with
molybdenum disulphide and tighter.
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SECTION 3 POWER TRAIN SYSTEM

' GROUP 1 STRUCTURE AND OPERATION

1. DRIVE UNIT
1) STRUCTURE

Wheel hub
Hub bolt
Needle bearing
Gamma seal
Taper roller bearing
Spacer

Bolt

Air breather
Socket screw
10 Housing-LH
11 Housing-RH
12 Plug

0 NO OB WD =

©

13
14
15
16
17
18
20
21
22
23
24
25

Magnetic plug
Taper roller bearing
Thrust washer
Planet carrier
Planet gear
Needle bearing
Retaining ring
Lock nut
Retaining ring
Gear

Retaining ring
Ball bearing
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31
37
38
50
55
56
57
58
59
60
64
65

22B7PTO1

Inner cover
Key

Sun pinion
Support disk
Shim

Shim

Shim

Shim

Carrier pin
Retaining ring
Oil seal
O-ring



(See page 3-1)

19
26
27
28
29
30
32
33
34
35
36

Bleeder fitting
Retaining ring
Needle cage
Input pinion
Outer cover-LH
Outer cover-RH
Socket screw
Ball bearing
Retaining ring
Key

Input shaft

39
40
4
42
43
44
45
46
47
48
49

Lever
Lever pin
Bleeding valve

Bleeding valve cap

Glyd ring
Step seal
Pistion
Elastic disk
Friction disk
Steel disk
Cone spring
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51
52
53
54
61
62
63
66
67
68

22B7PT02

Retaining ring
Parallel pin
Spring

Stud

Parallel pin
Set screw
Nut

Brake plug
O-ring

Socket screw



2) OPERATION

AWM =

1 > T
2 ﬂ:L e =}
° " = ]
=i
4 E
2\ B /0
N N
5 J ]
6 [l : 1
AN — n
78 9 10
Input shaft 5 Brake piston 9 Planet carrier
Drive gear 6 Sungear 10 Wheel hub
Driven gear 7 Planetary gear
Brake pack 8  Drive unit housing
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Driving : Rotation power of the motor — Input shaft — Drive gear — Driven gear — Sun gear —
Planetary gear — Planet carrier — Wheel hub — Driving wheel

Braking : Pressurization hydraulic power through the brake port (or Formation hydraulic power by the
parking lever) — Moving the brake piston — Moving the elastic disc — Contact the friction
disc to the steel disc — Formation the braking power — Holdback rotation of the sun gear
— Holdback rotation of the planetary gear — Holdback rotation of the planet carrier —
Holdback rotation of the wheel hub — Holdback driving power

n 2 Braking method : Hydraulic power by
DRIVING me— parking lever

BRAKING I U /‘Ew / H
| n

11 A

1 L/

AL

DRIVE UNIT 2
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2) SPECIFICATION

ltem Unit Specification
Max wheel load kg/b 4500/9921
Gear ratio - 24.18
Weight without fluid kg/lb(EA) 62.3/137
Oil quantity(ATF) 1S, - qt 1.2/1.26
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' GROUP 2 TROUBLESHOOTING

3) Muffled grinding noise

- Motor bearing is faulty.
- Wheel bearings faulty.

- Due to insufficient fluid level.
- Inadmissibly high prestress of
bearings.

- Gearing of planetary step is damaged

- Due to insufficient fluid level.
- Due to excessive bearing clearance
of wheel.

Problem Cause Remedy
1. Noise
1) Knocking conditional on | - Gearing of helical gear steep has - Dismount electric motor.
speed been damaged when mounting Check drive pinion and helical gear for
motor. damage.
2) Singing noise - Motor connection is not correct. - Check motor connection.

- Check motor bearing.
- Have bearings checked in a workshop.

- Have gear set of planetary step and
wheel bearings checked in a workshop.

2. Leakage
1) Breather valve
2) Motor
3) Wheel shaft

4) Brake lever

5) Transmission warms up

- Excessive fluid level.
- O-ring seal faulty.

Bearing seal of electric motor faulty.

- Sealing ring of wheel shaft faulty.

- Sealing ring of brake lever faulty.

- Fluid level is either too high or too

low.

- Wheel bearings with an excessive

pretension.

- Check fluid level.

- Dismount electric motor, check O-ring
and sealing surfaces for damages.

- Check sealing ring and wheel shaft for
damages in the sealing area.

- Check sealing ring and straight pin for
damages in the sealing area.
Consult workshop.

- Check fluid level.

- Check clearance of wheel shaft.




GROUP 3 DISASSEMBLY AND ASSEMBLY

1. DRIVE UNIT
1) DISASSEMBLY

(1) Drive unit assembly.

(2) Loosen the drain plug and drain oil.

(3) Remove the housing bolt.

(4) Remove the cover from the housing.
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(5) Remove the retaining ring.

(6) Remove the input shaft sub.

(7) Remove the brake pack bolt.

(8) Remove the brake pack from the cover.

(9) Remove the piston sub from the cover.
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(10) Housing sub.

22B7DX010

(11) Remove the retaining ring of planetary gear.

(12) Remove the washer and the planetary gear.

(13) Remove the needle bearing.

(14) Remove the inner race of bearing.
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(15) Remove the lock nut.

(16) Remove the planetary carrier.

(17) Remove the bearing.

(18) Remove the shim.

(19) Remove the housing and the wheel hub.

22B7DX019
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2) ASSEMBLY
(1) Wheel-housing sub assembly
Wheel hub sub assembly
@ Wheel hub.

@ Prepare the bearing for assembling.

(3 Heat the bearing.

@ Fit the bearing to wheel hub.
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® Fill in the hub with grease more than 70% of the
space .

® Apply grease on the O-ring and assemble the O-
ring.

(@ Assemble the space.

Prepare the housing.

@ Apply the loctite #592 on the oil seal and assemble
it by special tool.

22B7DX029

3-12



@ Apply the grease on the inner wheel of oil seal.

@ Apply the loctite #609 on the gamma seal and
assemble it by the special tool.

@ Assemble the bearing cup by the special tool.

® Assemble the hub and the housing.

Determine shim and confirm pre-load value
O Prepare the housing sub.
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@ Measure difference in height between housing and
spacer.

3 Measure difference in height between bearing.

@ Remove the hub and housing.

22B7DX019

6 Assemble the bearing cup by the special tool.

® Assemble the hub and housing.

22B7DX019
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() Assemble the shim.

Assemble the bearing and apply the oil on the
bearing.

@ Temporarily assemble the carrier.

@ Fit the carrier by the special tool.

@ Tighten the lock nut by the special tool.
- Tightening torque : 21~25kgf - m(152~181Ibf - )
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® Confirm pre-load value.
- Torque : 0.15~0.25kgf - m(1.08~1.8Ibf - ft)

Planetary gear
@ Cock the lock nut.

@ Assemble the needle bearing by the special tools.

22B7DX052

® Assemble the needle bearing by the special tool.

@ Assemble the washer.
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® Assemble the needle bearing.

® Needle bearing is now assembled.

(@ Assemble the planetary gear.

Assemble the washer.

@ Assemble the retaining ring of planetary gear.
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Planetary gear is now assembled.

(2 Cover sub assembly
Brake pack sub assembly

( Prepare the components.

@ Assemble the bearing by the special tool.

@ Assemble the retaining ring of the bearing.

@ Assemble the support disc.

3-18
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® Assemble the key.

® Assemble the inner cover and driven gear by the

special tool.

(@ Assemble the retaining ring.

Assemble the parallel pin.

@ Before assembling, soak the friction plate into oil
during 2 hours.
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[ Prepare the components.

@ Assemble the steel disc.

® Assemble the cone spring.

® Assemble the friction plate.

@ Apply the loctite #277 and tighten the stud bolt.
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- Tightening torque : 1.3~1.6kgf - m(9.4~11.6bf - ft)

® Assemble the spring.

Assemble the elastic disc.

22B7DX078

Assemble the retaining ring.

Brake pack is now assembled.

iy
~ 22B7DX080
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Input shaft sub assembly

© Prepare the component.

@ Temporarily assemble the bearing on the shaft.

® Fit the bearing by the special tool.

@ Assemble the key.

® Assemble the drive gear.
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® Fit the drive gear by the special tool.

@ Assemble the inner race of the bearing by the
special tool.

Assemble the retaining ring.

Cover sub assembly
O Assemble the piston sub assembly.

@ Assemble the lock pin.
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@3 Assemble the brake pack sub assembly.

@ Apply the loctite #277 on bolt.
- Tightening torque : 1.3~1.6kgf - m(9.4~11.6lbf - ft)

® Assemble the lock pin.

(3) Drive unit assembly
D Apply the loctite #5127 on the mounting surface.

22B7DX105

@@ Assemble the cover sub assembly.
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@3 Assemble the input shaft sub assembly.

@ Assemble the retaining ring.

® Apply the loctite #227 on bolt.
- Tightening torque : 5.5~6.5kgf - m(39.8~47I0f - ft)

® Apply the loctite #227 on bolt.
- Tightening torque : 3.5~4.0kgf - m(25.3~28.9Ibf - ft)

(4) Other parts
(D Prepare the brake plug and O-ring.
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@ Apply the grease on the O-ring and assemble it.

(@ Assemble the brake plug.
- Tightening torque : 3.5~4.5kgf - m(25.3~32.5lbf - ft)

@ Prepare the bleeder fitting and the O-ring.
Apply the grease on the O-ring and assemble it.

® Assemble the bleeding valve.
- Tightening torque : 3.5~4.5kgf - m(25.3~32.5lbf - ft)

® Apply the loctite #577 on plug and assemble it.
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@ Apply the loctite #577 on the magnetic plug and
assemble it.
- Tightening torque : 3.0~4.1kgf - m(21.7~29.71bf - fi)

Apply the loctite #577 on the air breather and
assemble it.

(5) Adjusting lever stroke
(D Assemble the lever and pin.

@ Assemble the adapter for a pressure
measurement.
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® Measure the stroke with a dial gauge.

@ Set the stroke with set screw.
- Stroke : 1.2+0.1mm

® Tighten the nut.
- Tightening torque : 1.3~1.6kgf - m(9.4~11.6lbf - ft)

22B7DX132]
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3) SPECIAL TOOL

@ @ ©) @ ®

22B7DX133

22B7DX134

1 Oil seal 5 The pre-load 8 Driven gear
2  Lock nut value checking 9 Ball bearing
3 Needle bearing 6 Needle bearing 10 Gamma seal
4  Bearing 7 Bearing 11 Drive gear

22B7DX135
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SECTION 4 BRAKE SYSTEM
'GROUP 1 STRUCTURE AND FUNCTION |

1. OUTLINE
There are two brake systems, the service brake system and the parking brake system.

In the service brake system, oil pressure is generated in the master cylinder by treading on the brake
pedal. This pressure causes the brake lever to press the pressure pin which gives braking pressure to
the disk carrier.

In the parking brake system, the brake lever is operated by cable. Therefore the pressure pin makes
braking pressure onto the disk carrier.

2. SPECIFICATION

1) BRAKE
ltem Unit Specification
Type - Wet disc brake
Brake fluid - Hydraulic oil ISO VG32 (AZOLLA ZS32)
Max. torque N.m (at 70 bar) 4790

2) PARKING BRAKE

ltem Specification
Type Ratchet, internal expanding mechanical type
Parking lever stroke 13.8°
Parking cable stroke 7.2mm

41



3. BRAKE PEDAL AND PIPING

Drive unit(RH)

Drive unit(LH)

1 Brake pedal & bracket assy 3 Reservoir tank assy
2 Parking lever assy 4  Brake master cylinder

4-2
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4. CONNECTING THE BRAKE

We recommend to use a two-stage output cylinder for the service brake. Advantage compared to a
single stage cylinder : the pedal stroke can be as small as possible.

Three connections M10x 1 are provided for connecting the hydraulic brake system and the brake
cable.

1) CONNECTING THE HYDRAULIC BRAKE SYSTEM
Connect the bleeder and the brake hose(hydraulic line) according to the assembly position.
- Tightening torque : 1.2~1.6kgf - m(9~12bf - ft)
When placing the hydraulic lines, the bending radii should be kept as large as possible to keep the
resistance against the restoring forces for lifting the break as small as possible.

2) CONNECTING THE PARKING BRAKE CABLE
Screw the parking brake cable into the lever.
Check and maintain the installation dimensions when the installation has been finished.
When placing the brake cable, the bending radii should be kept as large as possible to keep the
resistance against restoring forces of the brake as small as possible.

A Bleed the brake system after filling of brake fluid. Refer to page 4-7.

|

P
T

M

|
o

22B7BS10

1 Brake housing 5 Bleeding valve

2  Drive gear 6  Air breather

3  Parking brake lever 7 Drive unit housing
4 Brake port 8 Wheel hub
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5. BRAKE MASTER CYLINDER
1) STRUCTURE

22B7BS09

1 Body 6 Plate 11 Union 16 Head pin
2 Piston 7 Snap ring 12 Union bolt 17 Nut

3 Secondary cup 8 Boot 13  Washer 18 Seat

4 Primary cup 9 Spacer 14 Rod 19 Cap

5 Spring 10 Spring seat 15 Head 20 Cap

2) DISASSEMBLY
(1) Remove the master cylinder boot(8) and remove the rod(14).
(2) Remove the snap ring(7) and take out the plate(6), the piston(2), the piston primary cup(4), and
piston spring(5).
(3) Specification of master cylinder.
- Cylinder bore diameter : 19.05mm
- Piston stroke : 23.0mm

3) INSPECTION
(1) Clean and check these components.
% Use isopropyl alcohol or brake fluid for washing the components. Do not use gasoline, kerosene or any
other mineral oils. When using alcohol, do not leave rubber parts in the liquid for more than 30 seconds.
(2) Inspect the inside wall of the master cylinder, and if any faults are found, replace the cylinder assembiy.
(3) Replace the boot(8), the primary cup(4), piston(2), if deformation or any other defect is found.

4) ASSEMBLY

x Prior to assembly make sure again of no contaminant of the components. Apply a thin coat of
brake oil to the components.
- Assembly is in opposite order to disassembly.
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' GROUP 2 OPERATIONAL CHECKS AND TROUBLESHOOTING

1. OPERATIONAL CHECKS
1) BRAKE PIPING

(1) Check pipes, hoses and joints for damage, oil leakage or interference.
(2) Operate brake pedal and check operating force when pedal in depressed. Check also change in
operating force, and change in position of pedal when pedal is kept depressed.

2) BRAKING FORCE

(1) Select a dry, flat, paved surface and, drive truck at maximum speed. When signal is given, stop
truck immediately and measure distance from point where signal was given to point where truck
stopped(unloaded)

- Stopping distance : Within 5m(16' 5")

(2) Check that there is no pulling of steering wheel, pulling by brakes to one side or abnormal noise

when making emergency stops.

3) PARKING BRAKE

(1) Operating force of parking lever is 20 - 30
kg - m(144 - 2171bf - f).

(2) Check that parking brake can hold
machine in position when loaded on 15%
slope. If there is no slope available, travel
at low speed and check braking effect of
parking brake.
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2. TROUBLESHOOTING

Problem

Cause

Remedy

Brakes do not work

- Oil leakage in the system or oil to low

low in tank.

- Air trapped in the system.

- Worn out of deteriorated piston cup in

master cylinder resulting in oil leakage

- Repair oil leakage. After bleeding fill

fill oil tank of master cylinder to speci-
fied level with brake oil.

- Bleed air completely from the brake

lever.

- Inspect cylinder and piston for degree

of wear. On satisfactory, replace cup.

Brake pedal travel too large

- Air trapped in the system.

- Bleed air completely out.
- Inspect oil tube joints & connections

and replace leaking parts.

Wheel feel heavy

- Return port in master cylinder closed

by piston cup.

- Inspect master cylinder.
- Repair or replace pedal return spring.




' GROUP 3 TESTS AND ADJUSTMENTS

1. BLEED THE BRAKE SYSTEM

The brake system must be bleeded after
replenishing with brake fluid.

1) Remove cap from bleeding valve and fit
proper hose to collect escaping brake fluid
in a vessel.

2) Apply pressure by operating the brake
pedal.

3) Open bleeding valve approx. half a turn with
a spanner and press the brake pedal
simultaneously to bleed the system.

Bleeding valve

22B7BS08

% Collect escaping brake fluid into a suitable vessel.
Do not drain brake fluid into the soil or the gutters.

A Close the bleeding valve before releasing the brake pedal.

% Repeat this procedure until the brake fluid escapes without bubbles.
Check the brake fluid container for sufficient fluid and refill if necessary.

4) When brake fluid escapes without bubbles tighten bleeding valve, remove hose and put dust

protector onto the bleeding valve.
- Tightening torque : 5kgf - m (371bf - ft)

2. ADJUSTMENT OF PEDAL

1) BRAKE PEDAL

(1) Pedal height from floor plate adjust with
stopper bolt.
- Pedal height : 140~145mm (5.5~5.7in)

(2) Play
Adjust with rod of mast cylinder.
- Pedal play : 4~6mm (0.15~0.23in)

140~145mm

Floor plate

22B7BS07
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SECTION 5 STEERING SYSTEM
'GROUP 1 STRUCTURE AND FUNCTION |

1. OUTLINE

Steering wheel

Steering cylinder

22BH9SS01

The steering system for this machine is composed of steering wheel assembly, steering unit, steering
cylinder, steering axle and pipings. The steering force given to the steering wheel enters the steering
unit through the steering column. The required oil flow is sensed by the function of the control section of
the unit, and pressurized oil delivered from the hydraulic pump is fed to the steering cylinder. The force
produced by the steering cylinder moves the knuckle of steering tires through the intermediate link.

The axle body is unit structure having steering knuckles installed to its both ends by means of king pins.
Hub and wheel are mounted through bearing to spindle of knuckle.
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2. HYDRAULIC CIRCUIT

4 Machine serial No.
—_ 25BH-9 : #0423-
w Ll ] 30BH-9 : #0751-
35BH-9 : #0296-
Y r_3 1 S
[ R T orer 1
i i ‘ Priority valve ‘
: =
| | | ‘ 1 |
| | | A
| A |
| | | |
Ty
| sl DN | | = |
| g | | |
! ‘ F:ﬂ
| | | — McvV i L“J G i
Lo > — - ear pum
| g Y | pume|
T LS| P
! AN ‘
| Return line
I 11
25BHISS02
1 Hydraulic gear pump with priority valve 7  Suction strainer
3  Steering unit 10 Return filter
4  Steering cylinder 11 Hydraulic oil tank
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1) NEUTRAL
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22B7SS03

The steering wheel is not being operated so control spool(G) does not move.

The oil from hydraulic tank(11) enters to hydraulic gear pump(1) and pressurized so that the oil flows into
the inlet port(P) of steering unit(3) and the spool(K) moves to the right. Most of pump oil flows to MCV
through the EF port and partially flows into the hydraulic tank(11) through the spool(K).
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2) LEFT TURN
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22B7SS04

When the steering wheel is turned to the left, the spool(G) within the steering unit(3) connected with
steering column turns in left hand direction.

As this time, the oil discharged from hydraulic gear pump(1) flows into the spool(G) of the steering unit(3)
through the inlet port(P) and flows to gerotor(H).

QOil flow from the gerotor flows back into the spool(G) where it is directed out to the left work port(L).

Oil returned from cylinder(4) returns to hydraulic tank(11).

When the above operation is completed, the machine turns to the left.
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3) RIGHT TURN

—— —=— MCV

Return line

'

111

22B78S05

When the steering wheel is turned to the right, the spool(G) within the steering unit(3) connected with
steering column turn in right hand direction.

As this time, the oil discharged from hydraulic gear pump(1) flows into the spool(G) of the steering unit(3)
through the inlet port(P) and flows to gerotor(H).

Oil flow from the gerotor flows back into the spool(G) where it is directed out to the right work port(R).

Oil returned from cylinder(4) returns to hydraulic tank(11).

When the above operation is completed, the machine turns to the right.
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3. STEERING UNIT
1) STRUCTURE

0 NO O WD =

$23 e

Dust seal
Retaining seal
Cap seal
Thrust bearing
Ball

Pin

Spacer
Centering spring
Washer
O-ring

O-ring

Rolled screw

13
14
15
16
17
18
19

21
22
23
24

Gerotor set
Bearing race
Bore screw
Drive

End cap
Gland bushing
Plate

Cap screw
Housing
Spool
Sleeve

Plate spring

5-6

27
27-1
27-2
27-3
27-4

29
29-1
29-2
29-3
29-4
29-5
29-6

P-port check valve
Plug
Poppet
Spring seat
Spring
Relief valve
Spool
Bushing
Spring
Spring seat
Plug

O-ring

22B7SS08



2) OPERATION

The steering unit is composed of the control valve(rotary valve) and the metering device. The control
valve controls the flow of oil from the pump in the interior of the unit depending on the condition of the
steering wheel. The metering device is a kind of hydraulic motor composed of a stator and a rotor. It
meters the required oil volume, feeds the metered oil to the power cylinder and detects cylinder's
motion value, that is, cylinder's motion rate.

When the steering wheel is turned, the spool turns, the oil path is switched and the oil is fed into the
metering device. As a result, the rotor is caused to run by oil pressure, and the sleeve is caused to run
through the drive shaft and cross pin. Therefore, when the spool is turned, the spool turns by the
same value in such a manner that it follows the motion of the spool. Steering motion can be
accomplished when this operation is performed in a continuous state.

A If the hoses of the steering system are incorrectly connected, the steering wheel can turn very
rapidly when the key switch is ON. Keep clear of the steering wheel when the key switch is
ON.

The centering spring for the spool and sleeve is provided to cause the valve to return to the neutral
position. It is therefore possible to obtain a constant steering feeling, which is transmitted to the hands
of the driver. Return to the center position occurs when the steering wheel is released.
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4. STEERING AXLE

1) Structure

1-10
1-11
1-12
1-13
1-14
1-15
1-16

Steering axle body
Knuckle-RH
Knuckle-LH

Bolt

King pin

Taper roller bearing
Oil seal

Snap ring

Collar

Grease nipple

Oil seal

Taper roller bearing
Split pin

Slotted nut
Washer

Plate

1-17
1-18
1-19
1-20
1-21
1-22
1-23
1-24
1-25
1-26
1-27
1-28
1-29
1-30
1-31
1-32

Hub

Hub bolt
Hub nut
Hub cap
Steering link

Steering cylinder assy

SPH plain bearing
Steering link pin
Plain washer
Grease nipple
Lock plate

Hex bolt

Hex nut

Hex bolt

Trunnion block
Bushing

5-8

1-33
1-34
1-35
1-36
1-37
1-38
1-39
1-40
1-41
1-45
1-46
1-47
1-48
1-49

Thrust washer

Pin

Spring washer
Hardened washer
Upper cover

Lower cover

Hex bolt

Spring washer
Shim

Taper roller bearing
Potentiometer assy
Split pin

Cover

W/Washer bolt
Hex bolt

Hardened washer
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2) Tightening torque and specification

lo o Q]

Stroke 86mm

2
\&?q"l? Apply loctite #277
) 59~65kgf-m(427~470Ibf ft)
; T ‘:OJ
¢ <&
ﬁ%}%ﬁ i i
::ﬁ;J“" L
1O ]
1] [©

Apply loctite #277
26~32kgf-m(188~231Ibf-ft)

Fill 70% of the space
in the hub with lithium

grease.
22B7SS07
Type Unit Center pin support single shaft
Max steering angle of wheels(Inside/Outside) degree 90/65.2
Tread(Front/Rear) mm(in) 993(39.1)/980(38.6)




5. PRIORITY VALVE (Machine serial No. 25BH-9 : #0423-, 30BH-9 : #0751-, 35BH-9 : #0296-)

Tightening t
Port Port size gniening ordse
kgf-m Ibf-ft
EF 7/8-14UNF 10 72.3
CF 3/4-16 UNF 4 28.9
LS 7/16-20 UNF 2 145
25BX5S5S08
1 Housing 5 Orifice 9 Plug
2 Model/ code label 6 Orifice 10 Plug
3 Orifice 7  Spring 12 O-ring
4 Spool 8 O-ring
# Seal kit : 8, 12

The priority valve is located on the top of the pump and is influenced by the LS signal from the
steering unit to ensure that the steering circuit receives sufficient feed. This valve always keeps the
steering force and speed constant against changes in the pump discharge flow rate, and gives
priority to hydraulic oil to the steering circuit.
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' GROUP 2 OPERATIONAL CHECKS AND TROUBLESHOOTING

1. OPERATIONAL CHECKS

Check item Checking procedure
Steering wheel - Set rear wheels facing straight forward, then turn steering wheel to left and right.
(310é6§r2r_2) Measure range of steering wheel movement before rear wheel starts to move.
2-2.41

Range should be 30~60mm at rim of steering wheel. If play is too large, adjust
at gear box.
Test steering wheel play with forklift stopped.

Knuckle . Check knuckle visually or use crack detection method. If the knuckle is bent, the
tire wear is uneven, so check tire wear.
Steering axle - Ask assistant to drive machine at minimum turning radius.

. Fit bar and a piece of chalk at outside edge of counterweight to mark line of
turning radius.
- Min turning radius(Outside) : Refer to page 1-5(Specifications)

Hydraulic pressure of power
steering

Remove cap from check port of priority valve and install oil pressure gauge.
Turn steering wheel fully and check oil pressure.
% Oil pressure : 100 kgffem? (1420 psi)

2. TROUBLESHOOTING
1) STEERING SYSTEM

Problem

Cause Remedy

Steering wheel drags.

- Low oil pressure.
- Bearing faulty.
- Spring spool faulty.

- Check lockout. Repair.
- Clean or replace.
- Clean or replace.

- Reaction plunger faulty. - Replace.
- Ball-and-screw assembly faulty. - Clean or replace.
- Sector shaft adjusting screw excessi- | - Adjust.

vely tight.
- Gears poorly meshing.
- Flow divider coil spring fatigued.

- Check and correct meshing.
- Replace.

Steering wheel fails to return
smoothly.

- Bearing faulty.

- Reaction plunger faulty.

- Ball-and-screw assy faulty
- Gears poorly meshing.

- Clean or replace.

- Replace.

- Clean or replace.

- Check and correct meshing.
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Problem Cause Remedy
Steering wheel turns unstea- | - Lockout loosening. - Retighten.
dily. - Metal spring deteriorated. - Replace.
Steering system makes abn- | - Gear backlash out of adjustment. - Adjust.
ormal sound or vibration. - Lockout loosening. - Retighten.
- Air in oil circuit. - Bleed air.
Abnormal sound heard when | Valve

steering wheel is turned fully

- Faulty. (Valve fails to open.)

Piping

- Pipe(from pump to power steering
cylinder) dented or clogged.

- Adjust valve set pressure and check

for specified oil pressure.

- Repair or replace.

Piping makes abnormal Qil pump
sounds. - Lack of ail. - Add oil.
- Qil inlet pipe sucks air. - Repair.
- Insufficient air bleeding. - Bleed air completely.
Valve or valve unit makes Oil pump
abnormal sounds. - Qil inlet pipe sucks air. - Repair or replace.
Valve

- Faulty. (Unbalance oil pressure)
Piping
- Pipe(from pump to power steering)

dented or clogged.
- Insufficient air bleeding.

- Adjust valve set pressure and check

specified oil pressure.

- Repair or replace.

- Bleed air completely.

Insufficient or variable oil flow.

- Flow control valve orifice clogged.

- Clean

Insufficient or variable dischar-
ge pressure.

Piping
- Pipe(from tank to pipe) dented or
clogged.

- Repair or replace.

Steering cylinder head - Packing foreign material. - Replace

leakage (Piston rod) - Piston rod damage. - Grind surface with oil stone.
- Rod seal damage and distortion. - Replace
- Chrome gilding damage. - Grind

Steering cylinder head thread | - O-ring damage. - Replace

(A little bit leak is no problem)

Welding leakage

- Cylinder tube damage.

- Tube replace.

Rod

- Tube inside damage.
- Piston seal damage and distortion

- Grind surface with oil store.
- Replace

Piston rod bushing inner
diameter excessive gap

- Bushing wear.

- Replace




2) POWER STEERING UNIT

Problem Cause Remedy
Oil leakage - Fittings loose, worn, or damaged. - Check and replace the damaged
parts.
- Deteriorated seals by excessive heat. | - Replace the seals.
- Loose screw or its deteriorated - Replace the sealing and tighten
sealing. screw appropriately.

- Internal seals worn or damaged. - Replace it.
- Damaged seal grooves. - Replace the unit or related parts.
- Housing crack. - Replace the unit.

Noise or vibration - Air inclusion in the system. - Bleed the air.
- Valve timing error when the unit is - Correct the timing.

assembled.

- Hydraulic pipe noise interference. - Consult the component manufacturer.
- Control valve damage or clogging. - Replace the valve.

Heavy steering operation - Lack of sufficient oil supply. - Check the pump and the line.
- Excessive heat. - Locate the heat source and correct it.
- Broken pump. - Replace it.
- Leakage in the line or connections. - Replace it.
- Clogged orifice. - Disassemble, clean, and reassemble

it.

- High back pressure. - Adjust the pressure.

Irregular or no response - Broken pump. - Replace it.
- Excessive heat. - Locate the heat source and remove it.
- Broken centering spring. - Replace it.
- Misalignment with column. - Disassemble and adjust it.
- Incorrect piping to the four port. - Correct it.
- Parts missing. - Install the parts correctly.
- High back pressure. - Adjust the pressure.
- Corrosion on the moving parts. - Replace it.

3) PRIORITY VALVE (Machine serial No. 25BH-9 : #0423-, 30BH-9 : #0751-, 35BH-9 : #0296-)

Problem Check point Remedy

Springs scratche, wear or fall. | - Those of having critical scratches or | - Replace.
wear and those of below the repair
limit must be replaced with a new

one.
Spools scratche or wear on - Extremely small scratches must be - Replace.
sliding surface. removed with sandpaper.

- Those of having critical scratches or
wear must be replaced with a new
one.

O-ring - Those of having scratches on the - Replace.
seal or having critical wear must be
replaced with a new one.
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' GROUP 3 DISASSEMBLY AND ASSEMBLY

1. STEERING UNIT
1) STRUCTURE

0 N O WD =

S23 e

Dust seal
Retaining seal
Cap seal
Thrust bearing
Ball

Pin

Spacer
Centering spring
Washer
O-ring

O-ring

Rolled screw

13
14
15
16
17
18
19
20
21
22
23
24

Gerotor set
Bearing race
Bore screw
Drive

End cap
Gland bushing
Plate

Cap screw
Housing
Spool
Sleeve

Plate spring
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27
27-1
27-2
27-3
27-4

29
29-1
29-2
29-3
29-4
29-5
29-6

P-port check valve
Plug
Poppet
Spring seat
Spring
Relief valve
Spool
Bushing
Spring
Spring seat
Plug

O-ring
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2) TOOLS

(1) Holding tool.

(2) Assembly tool for O-ring and kin-ring.

(3) Assembly tool for lip seal.

(4) Assembly tool for cardan shaft.

5-14

5-69(1)

5-69(2)

5-69(3)
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(5) Assembly tool for dust seal.

(6) Torque wrench 0~7.1kgf - m
(0~54.4lf - ft)
13mm socket spanner
6, 8mm and 12mm hexagon sockets
12mm screwdriver
2mm screwdriver
13mm ring spanner
6, 8 and 12mm hexagon socket spanners
Plastic hammer
Tweezers

3) TIGHTENING TORQUE

5-70(1)

5-70(2)

L : Left port

R : Right port .

T: Tank

P: Pump Mounting ——§

D353SE23
Port Size Torque [kgf - m(lbf - ft)]
L 3/4 UNF - 16 6.1 £0.6 (44.1+£4.3)
R 3/4 UNF - 16 6.1 £0.6 (44.1+£4.3)
T 3/4 UNF - 16 6.1 £0.6 (44.1+4.3)
P 3/4 UNF - 16 6.1 +0.6 (44.1+4.3)
Mounting bolt M10x1.5 4.0 +£0.5(29+3.6)
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4) DISASSEMBLY

(1) Disassemble steering column from
steering unit and place the steering unit in
the holding tool.

Screw out the screws in the end cover(6-
off plus one special screw).

(2) Remove the end cover, sideways.

(3) Lift the gearwheel set(With spacer if fitted)
off the unit.
Take out the two O-rings.

(4) Remove cardan shaft.

5-16
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(5) Remove distributor plate.

5-73(1)

(6) Screw out the threaded bush over the
check valve.

(7) Remove O-ring.

5-73(3)

(8) Shake out the check valve balll.

B20H7SS09
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(9) Take care to keep the cross pin in the
sleeve and spool horizontal. The pin can
be seen through the open end of the
spool. Press the spool inwards and the
sleeve, ring, bearing races and thrust
bearing will be pushed out of the housing
together.

5-73(4)

(10)Take ring, bearing races and thrust
bearing from sleeve and spool. The outer
(Thin) bearing race can sometimes "stick"
in the housing, therefore check that it has
come out.

5-74(1)

(11) Press out the cross pin.  Use the special
screw from the end cover.

574(2)

% A small mark has been made with a

pumice stone on both spool and sleeve
close to one of the slots for the neutral
position springs(See drawing).
If the mark is not visible, remember to
leave a mark of your own on sleeve and
spool before the neutral position springs
are disassembled.

5:74(3)
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(12) Carefully press the spool out of the sleeve.

(13) Press the neutral position springs out of
their slots in the spool.

(14) Remove dust seal and O-ring.

Disassembling the pressure relief valve

(15) Screw out the plug using an 8mm hexagon
socket spanner.
Remove seal washers.

5-19
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(16) Unscrew the setting screw using an 8mm
hexagon socket spanner.

(17) Shake out spring and piston. The valve
seat is bonded into the housing and cannot
be removed.

(18) The pressure relief valve is now disassem-
bled.

5-20
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5) ASSEMBLY

(1) Assemble spool and sleeve.

% When assembling spool and sleeve only
one of two possible ways of positioning
the spring slots is correct.  There are
three slots in the spool and three holes in
the sleeve in the end of the spool / sleeve
opposite to the end with spring slots.
Place the slots and holes opposite each
other so that parts of the holes in the
sleeve are visible through the slots in the
spool.

5-76(1)

(2) Place the two flat neutral position springs
in the slot.
Place the curved springs between the flat
ones and press them into place (see
assembly pattern).

5-76(2)

() Line up the spring set.

5-76(4)

(4) Guide the spool into the sleeve. Make
sure that spool and sleeve are placed
correctly in relation to each other.
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(5) Press the springs together and push the
neutral position springs into place in the
sleeve.

(6) Line up the springs and center them.

(7) Guide the ring down over the sleeve.
% The ring should be able to rotate free of
the springs.

(8) Fit the cross pin into the spool / sleeve.

5-22
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(9) Fit bearing races and needle bearing as
shown on below drawing.

% Assembly pattern for standard bearings

Outer bearing race
Thrust bearing
Inner bearing race
Spool

Sleeve

a b~ WD =

Installation instruction for O-ring

(10) Turn the steering unit until the bore is
horizontal. Guide the outer part of the

assembly tool into the bore for the spool /
sleeve.

5-23
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(11) Grease O-ring with hydraulic oil and place
them on the tool.

(12) Hold the outer part of the assembly tool in
the bottom of the steering unit housing
and guide the inner part of the tool right to
the bottom.

(13)Press and turn the O-ring into position in
the housing.

5-24
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(14)Draw the inner and outer parts of the
assembly tool out of the steering unit bore,
leaving the guide from the inner part in the
bore.

Installation instructions for lip seal

(15) Lubricate the lip seal with hydraulic oil and
place it on the assembly tool.

(16)Guide the assembly tool right to the
bottom.

5-25
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(17) Press and turn the lip seal into place in the
housing.

(18) With a light turning movement, guide the
spool and sleeve into the bore.

% Fit the spool set holding the cross pin
horizontal.

(19) The spool set will push out the assembly
tool guide.
The O-ring are now in position.

(20) Turn the steering unit until the bore is
vertical again. Put the check valve ball
into the hole indicated by the arrow.
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(21) Screw the threaded bush lightly into the
check valve bore. The top of the bush
must lie just below the surface of the
housing.

(22) Grease the O-ring with mineral oil approx.
viscosity 500 cSt at 20°C.

(23)Place the distributor plate so that the
channel holes match the holes in the
housing.

(24) Guide the cardan shaft down into the bore
so that the slot is parallel with the
connection flange.

5-27




(25) Place the cardan shaft as shown - so that
it is held in position by the mounting fork.

> 5-83(1)

(26) Grease the two O-rings with mineral oil
approx. viscosity 500 cSt at 20°C and
place them in the two grooves in the gear
rim.  Fit the gearwheel and rim on the
cardan shaft.

(27) Important

Fit the gearwheel(Rotor) and cardan shaft
so that a tooth base in the rotor is
positioned in relation to the shaft slot as
shown.

Turn the gear rim so that the seven
through holes match the holes in the
housing.

5-83(3)

(28) Fit the spacer, if any.
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(29) Place the end cover in position.

(30) Fit the special screw with washer and
place it in the hole shown.

(31) Fit the six screws with washers and insert
them. Cross-tighten all the screws and
the rolled pin.

- Tightening torque : 4.0+0.5kgf - m
(28.9£3.6l0f - ft)

(32) Place the dust seal ring in the housing.

5-29
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(33) Fit the dust seal ring in the housing.

(34) Press the plastic plugs into the connection
ports.
% Do not use a hammer!

5-30
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2. STEERING CYLINDER
1) STRUCTURE

Tube a bly 5 Gland 9 Dust wiper
2 Roda bly 6 Bushing 10  O-ring
3 Piston seal 7 Rod seal 11 O-ring
4 Wear ring 8 Backupring 12 Lock wash
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2) DISASSEMBLY

x Before disassembling steering cylinder, release oil in the cylinder first.

(1)
(@
)
)

(3) Remove the cylinder rod and piston from the tube.

1) Put wooden blocks against the cylinder tube, then hold in a vice.

2) Remove the gland by hook a wrench in the notch of cylinder head and turn counter-clockwise.

(4) Check wear condition of the sealing parts. If there are some damage, replace with new parts.

3) CHECK AND INSPECTION mm(in)
Criteria

Check item Standard size Repair limit Remedy
Clearance between 0.064~0.137 0.180 Replace
piston & cylinder tube (0.0025~0.0054) (0.0070) piston seal
Clearance between 0.024~0.112 0.120 Replace
cylinder rod & bushing (0.0009~0.0044) (0.0049) bushing
Seals, O-ring Damage Replace
Cylinder rod Dents Replace
Cylinder tube Biting Replace

4) ASSEMBLY

(1) Install a new piston seal the groove on the piston.
 Be careful not to scratch the seal too much during
installation or it will not seat properly.

(2) Install the rod seal to the position in the gland
applying a slight coat with grease prior to install.

5-32
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(3) Install the dust wiper to the gland using a special
installing tool. Coat the dust wiper with grease
slightly before installing.

(4) Set a special tool the cylinder, gland assembly
into the cylinder tube.

(5) Using a hook spanner, install the gland
assembly, and tighten it with torque 40+ 4kgf - m
(289+29Ibf - ft).

(6) After the gland assembly was installed to the
cylinder tube, calk at the tube end into the groove
on the gland to prevent screw loosening.

% If it need calking again, never using previous
calking position.

D353SE29

D353SE30

D353SE31

(7) Move the piston rod back and forth several times for the full distance of its stroke. This helps to
seat the ring and seals before applying full hydraulic pressure to the cylinder.

(8) Install cylinder into trail axle.

(9) While idling the engine with the rear wheels off the ground, operate the steering wheel left and

right alternately.

% Then, repeat the above operation at gradually increasing engine rpm. This releases air from the

system and completes preparation for operation.

(10) Stop the engine, lower the floating rear wheels, and check pump joints for oil leaks and looseness

and retighten, them as required.
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3. STEERING AXLE

1) Structure

1-1 Steering axle body
1-2  Knuckle-RH

1-3  Knuckle-LH

1-4 Bolt

1-5 King pin

1-6 Taper roller bearing
1-7  Oil seal

1-8 Snap ring

1-9 Collar

1-10 Grease nipple
1-11 Oil seal

1-12 Taper roller bearing
1-13 Split pin

1-14 Slotted nut

1-15 Washer

1-16 Plate

1-17
1-18
1-19
1-20
1-21
1-22
1-23
1-24
1-25
1-26
1-27
1-28
1-29
1-30
1-31
1-32

Hub

Hub bolt

Hub nut

Hub cap

Steering link
Steering cylinder assy
SPH plain bearing
Steering link pin
Plain washer
Grease nipple
Lock plate

Hex bolt

Hex nut

Hex bolt

Trunnion block
Bushing

5-34

1-33
1-34
1-35
1-36
1-37
1-38
1-39
1-40
1-41
1-45
1-46
1-47
1-48
1-49

22B75S06

Thrust washer

Pin

Spring washer
Hardened washer
Upper cover

Lower cover

Hex bolt

Spring washer
Shim

Taper roller bearing
Potentiometer assy
Split pin

Cover

W/Washer bolt
Hex bolt

Hardened washer



2) Check and inspection

22B7SS12

mm(in)
No. Check item Critera Remedy
Standard size Repair limit
Diameter of king pin 30(1.18) 29.8(1.17) Replace
B | Diameter of center pin 50(2.0) 49.5(1.9) Replace
- | Rear axle, hub, knuckle, bearing | * Damage, wear Replace

- Seizure, abnormal noise, defective rotation
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3) Disassembly
% Servicing work on the knuckle part can be
carried out without removing the axle assy from
chassis.
The work can be done by jacking up the balance
weight part of the truck.

(1) Loosen the hub nut and take off the steering
wheel tire.

(2) Remove wheel cap.

(3) Pull out split pin before removing slotted nut and
washer.

(4) Using the puller, take off the wheel hub together
with the bearing.

% Be very careful because just before the hub
comes off, tapered roller bearing will fall out.

(5) After wheel hub is removed take off the inner
race of bearing.

(6) Pull out oil seal.
% Don't use same oil seal twice.

(7) Repeat the same procedure for the other side.
Moreover, when disassembling is completed,
part the slotted nut in the knuckle to protect the
threaded portion.

(8) Loosen special bolt(1-4) and spring washer(1-
35).

(9) Remove bolt(1-39), washer(1-40) and lower
cover(1-38).

(10) Push out the king pin(1-5) without damaging the
knuckle(1-3).

(11) Pull out the thrust bearing (1-6).

(12) Remove spilt pin (1-13), plain washer(1-25) and
then pull out link pin(1-24).

(13) Remove knuckle(1-3).

5-36

20B7SS22

o, Oil seal Hub

Hub cap

Split pin
Slotted nut—

Washer

Taper roller bearing

22B7SS09
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4) Assembly

(1)

*

(2)

(3)

In reassembling, have all parts washed, grease
applied to lubricating parts, and all expendable
items such as oil seal and spring washers
replaced by new ones.

Perform the disassembly in reverse order.

Tighten the special bolt(1-4) and washer (1-35)
of king pin.

There is a notch in the middle of the king pin(1-
5), make sure that this notch is on the special
bolt side.

Always use drive-in tool. In assembling the thrust
bearing(1-6), be sure that the fixed ring of the
bearing is placed in position facing the knuckle(1-
3).

Wheel hub
Mount oil seal(1-11) and inner race of tapered
roller bearing(1-12) on the knuckle(1-3). The
bearing should be well greased before
assembling.
Install the outer race of the bearing(1-45) in the
wheel center and assemble to the knuckle(1-3).
Tighten nut(1-14) and lock with split pin(1-47). In
locking with split pin, locate the hole for the split
pin by turning the nut back 1/6 of a turn. Adjust
the preload of bearing.
Mount the hub cap(1-20).
Bearing should be well greased before
assembling.
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SECTION 6 HYDRAULIC SYSTEM
'GROUP 1 STRUCTURE AND FUNCTION

1. HYDRAULIC CIRCUIT

Machine serial No.
25BH-9 : #0243-

30BH-9 : #0751-
32BH-9 : #0296-
1 o
’7 CE EF W
Priority valve
: =
\ I
|
L= | \ Tl
T LS
P

25BH9HSO1

1 Hydraulic gear pump with priority valve 7  Suction strainer

2 Main control valve 8 Down control valve
3  Steering unit 9 Down safety valve
4  Steering cylinder 10 Return filter

5 Tilt cylinder 11 Hydraulic oil tank
6 Lift cylinder
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1) WHEN THE LIFT CONTROL LEVER IS IN THE LIFT POSITION

‘
LT

©
D=
(00]

Steering system

Return line |

22B7HS02

When the lift control lever is pulled back, the spool on the first block is moves to lift position.

The oil from hydraulic gear pump(1) flows into main control valve(2) and then goes to the large
chamber of lift cylinder(6) by pushing the load check valve of the spool.

The oil from the small chamber of lift cylinder(6) returns to hydraulic oil tank(11) at the same time.
When this happens, the forks go up.

6-2



2) WHEN THE LIFT CONTROL LEVER IS IN THE LOWER POSITION

6 5

14’:%1 | ——

UL T

LT g

9 LJS

2 a8 |eA oA 4B 4A
[ \ LOWER[] i T T LT i
BT
= : ol : : : i
\ \ r \ \ \ \ \
_ : | 4 1 1 : : :
Steering system ‘ ‘ B m ‘ ‘ ‘ ‘ ‘
t n | | e | | |
3 I R —— R— | E— I — 431 ]
Retur;ﬂine

22B7HS03

When the lift control lever is pushed forward, the spool on the first block is moved to lower position.
The work port(1A) and the small chamber and the large chamber are connected to the return
passage, so the forks will be lowered due to its own weight.
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3) WHEN THE TILT CONTROL LEVER IS IN THE FORWARD POSITION

Steering system

\
|
H I I——" S IR 4,,%J

Return line | L

22B7HS04

When the tilt control lever is pushed forward, the spool on the second block is moved to tilt forward
position.

The oil from hydraulic gear pump(1) flows into main control valve (2) and then goes to the large
chamber of tilt cylinder(5) by pushing the load check valve of the spool.

The oil at the small chamber of tilt cylinder(5) returns to hydraulic tank(11) at the same time.

When this happens, the mast tilt forward.
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4) WHEN THE TILT CONTROL LEVER IS IN THE BACKWARD POSITION

I K

L ) 1>1
| '8 Load
- check

©
-

Steering system

|
|
tH R E—— —— — — 3

§ L TILT
Return line | BACKWARD

22B7HS05

When the tilt control lever is pulled back, the spool on the second block is moved to tilt backward
position.

The oil from hydraulic gear pump(1) flows into main control valve(2) and then goes to the small
chamber of tilt cylinder(5) by pushing the load check valve of spool.

The oil at the large chamber of tilt cylinder(5) returns to hydraulic tank(11) at the same time.

When this happens, the mast tilt backward.
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2. HYDRAULIC GEAR PUMP
(Machine serial No. 22BH-9, 25BH-9 : -#0422, 30BH-9 : -#0750, 35BH-9 : -#0295)

1) STRUCTURE

© 00N OB~ W =

Housing

Rear end cover
Front cover
Thrust plate
Drive shaft
Driven gear
Screw

Screw

Grub screw

10
11
12
13
14
15
16
17
18

Throttling grub screw

Washer
Seal
Seal
Seal
Seal
Seal

Shaft seal

Ring

6-6

19
20
21
22
23
24
25
26
27

Antiextrusion
Spool

Net tubular filter
Pushing spring
Main pilot spring
Dowel pin

Steel plug

Plug

Spring plug

22B9HS19



HYDRAULIC GEAR PUMP

(Machine serial No. 25BH-9 : #0423-, 30BH-9 : #0751-, 35BH-9 : #0296-)

1) STRUCTURE

19
1 Front cover 5 Side plate
2 Body 6 Bushing
3  Drive gear 10 Gasket
4 Driven gear 11 Gasket

6-6-1

12
15
18
19

15

31HA-01530

Back up ring
Socket bolt
Oil seal
Retaining ring



3. MAIN CONTROL VALVE
1) STRUCTURE (4 Spool, without OPSS)

y
-

O,
Q)

)
)

X
-
X
\

{
{

T
N
©

10 1
INLET LIFT TILT AUX1  AUX2  OUTLET
p % I 0¥
I I —H I I I I I
! L % ! | | ! !
&
Lo AR TTh,
T R
‘ — - T 1 -
i 1A 2A 2B 3A 3B 4A 4B
Port name Size Port
Inlet port 7/8-14UNF P
Outlet port 7/8-14UNF T
Work port 7/8-14UNF 1A
Work port 3/4-16UNF 2A, 2B, 3A, 3B, 4A, 4B
22B7HS07
1 Inlet block assy 6 Outlet block assy
2  Lift block assy 7 Main relief valve assy
3 Tilt block assy 8  Auxiliary relief valve assy
4 Aux 1 block assy 9 Long bolt
5 Aux 2 block assy 10 Nut
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2) STRUCTURE(4 Spool, with mast tilting, lifting and lowering OPSS)
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(
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©
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—
| © INLET LIFT TILT AUX1  AUX2  OUTLET
o1 I <D=
© H P \ ‘*j%@“ \ \ \ ! ‘ﬂ}‘
1A| E
| L | | | \ |
%
£ ‘ T - T 11— 0 —
@ i 1A 2A 2B 3A 3B 4A 4B
[ ]
VIEW A
Port name Size Port
Inlet port 7/8-14UNF P
Outlet port 7/8-14UNF T
Work port 7/8-14UNF 1A
Work port 3/4-16UNF 2A, 2B, 3A, 3B, 4A, 4B
22B7HS08
1 Inlet block assy 7 Main relief valve assy
2  Lift block assy 8 Auxiliary relief valve assy
3  Tilt block assy 9 Long bolt
4 Aux 1 block assy 10 Nut
5  Aux 2 block assy 11 Solenoid valve
6  Outlet block assy



3) INLET SECTION

(1) Operation
The inlet section contains the pump inlet connection and main relief valve.

22B7HS09

(@ Operation of relief valve at setting pressure
When the pressure at inlet reaches to setting pressure, the pilot poppet which is in the main relief
valve is opened by pressure. At this condition the flow divert from the pump directly to the outlet
tank.

22B7HS10
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4) LIFT SECTION

(1) Operation
The lift section has a single work port to direct flow to the lift cylinder. Only one work port is used,
because the lift cylinder is single-acting(gravity returns the mast to the lowered position).
The lift section also contains part of the components which comprise the safety features. There is
a lift lock check valve. At the neutral position, pressures in the lock valve are equalized across the
lift lock poppet. In this manner, the spring bias keeps the lift lock valve closed and prevents
lowering of the mast.

@ Lifting

When the operator shifts the lever backwards, the spool is extended out of the valve, and this
opens the internal fluid passages that lift the mast. Qil flows through the high pressure parallel
cavity, past the load check valve, through the spool metering notches, past the lift lock check
valve, and to the head side of the lift cylinder.

it
==
H
= Lift lock
valve
J
‘ L KL

YU
o=
Lo il

22B7HS11

® Lowering
When the seated operator shifts the lever forwards, the spool retracts into the valve, and the oil is
directed from the cylinder, past the lift lock check valve, past the spool metering notches, and to
the common tank cavity.

; y U g '

| L1
3 Lift lock

; valve —
I

| —
‘t” ath- C < o

22B7HS12
Pressure is limited by the main relief valve.
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5) TILT SECTION

(1) Operation

The tilt spool contains an internal plunger which acts to stop tilt forward actuation when the battery
power is off.

@ Tilt forward
When the seated operator shifts the lever forward, pressure is applied to the head of the tilt
cylinder, and the forks tilt forward. Qil is directed from the high pressure parallel passage past the
load check valve, past the spool metering notches, and towards the cylinder head.
Simultaneously, the high pressure acts upon the end of the tilt lock plunger to move it towards the
spring end of the spool. This plunger movement opens additional spool metering notches which
control oil flow from the rod end of the cylinder to the tank return line.

]
= (O)
[ ]
_TILT
3
I
&
IEN
| |
| |
[ (1]
2A 2B
22B7HS13
@ Tilt Back

When the seated operator shifts the lever back, the high pressure oil from the parallel passage is
directed past the load check valve, past the spool metering notches, and to the rod side of the
cylinder. Exhaust oil from the head side of the cylinder is directed past the spool metering notches
to tank.

22B7HS14

Pressure is limited by the main relief valve.
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6) AUXILIARY SECTIONS

(1) Operation
Many different functions can be controlled by the auxiliary spool sections. In general, one work
port is pressurized by high pressure oil from the parallel passage, past the load check valve, past
the metering notches, and to the cylinder. Simultaneously, oil from the other work port is directed
across the spool metering notches to tank.

3A/4A 3B/4B

22B7HS15

22B7HS16

Pressure is limited by the secondary main relief valve.
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7) OUTLET SECTION

(1) Operation
The outlet section contains the tank port and the secondary relief valve(with built-in anti-cavitation

feature).

OUTLET

130bar

=
L

L

22B7HS17

(2) Operation of relief valve at setting pressure
When the pressure at outlet reaches to setting pressure, the pilot poppet which is in the main relief
valve is opened by pressure. At this condition the flow divert from the pump directly to the tank

line.

OUTLET

1
{

130bar

)
i

1

L

22B7HS18
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8) MAIN RELIEF VALVE
This valve is a type of pilot piston to prevent hydraulic components and pipes from being broken by
high pressure so, it keeps under pressure limited.
Relief valve pressure varies by 130kgf/cm? in accordance with 1 revolution of adjust bolt.

2 11 4 5 12 1 13 14 17

6 3 7 8 10 16 9 15

- Main relief valve : 190 kgf/cm?

r - Secondary main relief valve : 130 kgf/cm?®
R (For 3,4 spool only)

P

-NOTE : 1) Max. pressure of relief valve : 250 kgf/cm?
2) Used pressure of hyd control valve : 190 kgficm?

22B7HS20

1 Pilot seat 7 Main spring 13  Pilot poppet
2 O-ring 8 Piston 14 Pilot spring
3  Main poppet 9 Body 15 Adjust screw
4  Back up ring 10  O-ring 16 O-ring

5 O-ring 11 Back up ring 17 Lock nut

6 Socket 12 O-ring
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4. LIFT CYLINDER

OO~ WOND =

9 10 8 11 13

12

Tube assembly
Rod

Piston

Piston seal
Back up ring

5. TILT CYLINDER

ONOoO O~ WD =

23 18 19 20,21,22

© 00N O

[y
o

12,13 8 17 16 11,10 15,14 9 1

Wear ring 11
Retaining ring 12
Gland 13
Dust wiper 14
Rod seal 15

/

D255HS18

O-ring
Guide

DU bushing
Spacer
O-ring

/

N - ] Fﬁ il | /7
o= 1 v—% Wﬂ N\
24 24
22B7HS24

Tube assembly 9  Du bushing 17 Lock washer
Rod 10 Rod seal 18 Rod eye
Piston 11 Back up ring 19  Spherical bearing
Glyd ring 12 Dust wiper 20 Hexagon bolt
Wear ring 13  Snap ring 21  Spring washer
O-ring 14 O-ring 22 Hexagon nut
Nylon nut 15 Back up ring 23 Grease nipple
Gland 16 O-ring 24 O-ring
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' GROUP 2 OPERATIONAL CHECKS AND TROUBLESHOOTING

1. OPERATIONAL CHECKS

1) CHECK ITEM

(1) Check visually for deformation, cracks or
damage of rod.

(2) Set mast vertical and raise 1m from
ground. Wait for 10 minutes and measure
hydraulic drift((amount forks move down
and amount mast tilts forward).

- Check condition

Within 100mm(3.91in)

(after 10min)

22BHOHS16

- Hydraulic oil : Normal operating temp
(50C)

- Mast substantially vertical.
- Rated capacity load. Within 5° (after 10min)
- Hydraulic drift S
- Down(Downward movement of forks) ]
: Within 100mm (3.9in)
- Forward(Extension of tilt cylinder)
: Within 5°
(3) If the hydraulic drift is more than the
specified value, replace the control valve
or cylinder packing.
Check that clearance between tilt cylinder

22BHIHS17

bushing and mounting pin is within

standard range. mm (i)

|Standard Under 0.6 (0.02) |

2) HYDRAULIC OIL
(1) Using dipstick, measure oil level, and oil if _
Highest — [

necessary. level

(2) When changing hydraulic oil, clean
suction strainer(screwed into outlet port
pipe) and line filter(screwed into inlet
pipe). Line filter uses paper element, so Lowest o | —
replace periodically(every 6 months or level
1000 hOUI’S) - B15A0M116

3) CONTROL VALVE

(1) Raise forks to maximum height and
measure oil pressure.
Check that oil pressure is 190kgf/cme.
(2700psi)
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2. TROUBLESHOOTING
1) SYSTEM

Problem

Cause

Remedy

Large fork lowering speed

- Seal inside control valve defective.
- Oil leaks from joint or hose.
- Seal inside cylinder defective.

- Replace spool or valve body.
- Replace.
- Replace packing.

Large spontaneous tilt of mast

- Tilting backward : Check valve defec-

tive.

- Tilting forward : tilt lock valve defect-

- Clean or replace.

- Clean or replace.

pump suction side.

- Relief valve fails to keep specified

pressure.

- Poor sealing inside cylinder.

- High hydraulic oil viscosity.

- Mast fails to move smoothly.

- Oil leaks from lift control valve spool.
- Oil leaks from tilt control valve spool.

ive.
- Oil leaks from joint or hose. - Replace.
- Seal inside cylinder defective. - Replace seal.
Slow fork lifting or slow mast | - Lack of hydraulic oil. - Add oil.
tilting + Hydraulic oil mixed with air. - Bleed air.
- Qil leaks from joint or hose. - Replace.
- Excessive restriction of oil flow on - Clean filter.

- Adjust relief valve.

- Replace packing.

- Change to ISO VG46.

- Adjust roll to rail clearance.

- Replace spool or valve body.
- Replace spool or valve body.

Hydraulic system makes
abnormal sounds

- Excessive restriction of oil flow pump

suction side.

- Gear or bearing in hydraulic pump

defective.

- Clean filter.

- Replace gear or bearing.

Control valve lever is locked

- Foreign matter jammed between sp-

ool and valve body.

- Valve body defective.

- Clean.

- Tighten body mounting bolts uniform-

ly.
High oil temperature - Lack of hydraulic oil. - Add oil.
- High oil viscosity. - Change to ISO VG46.
- Qilfilter clogged. - Clean filter.
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2) HYDRAULIC GEAR PUMP

Problem

Cause

Remedy

Pump does not develop full
pressure

- System relief valve set too low or

leaking.

- Qil viscosity too low.
- Pump is worn out.

- Check system relief valve for proper

setting.

- Change to proper viscosity oil.
- Repair or replace pump.

Pump will not pump oil

- Reservoir low or empty.
- Suction strainer clogged.

- Fill reservoir to proper level.
- Clean suction strainer.

Noisy pump caused by - Qil too thick. - Change to proper viscosity.
cavitation - Qil filter plugged. - Clean filters.
- Suction line plugged or too small. - Clean line and check for proper size.
Oil heating - Oil supply low. - Fill reservoir to proper level.
- Contaminated oil. - Drain reservoir and refill with clean oil.
- Setting of relief valve too high or too low. | - Set to correct pressure.
- Qil viscosity too low. - Drain reservoir and fill with proper
viscosity.
Foaming oil - Low oil level. - Fill reservoir to proper level.

- Air leaking into suction line.

- Wrong kind of oil.

- Tighten fittings, check condition of

line.

- Drain reservoir, fill with non-foaming

oil.

Shaft seal leakage

- Worn shaft seal.
- Worn shaft in seal area.

- Replace shaft seal.
- Replace drive shaft and seal.

3) MAIN RELIEF VALVE

Problem

Cause

Remedy

Can't get pressure

- Poppet D, E or K stuck open or
contamination under seat.

- Check for foreign matter between

poppets D, E or K and their mating
parts. Parts must slide freely.

Erratic pressure

- Pilot poppet seat damaged.
- Poppet C sticking in D.

- Replace the relief valve.
- Clean and remove surface

marks for free movement.

Pressure setting not correct

- Normal wear. Lock nut & adjust
screw loose.

- See XHow to set pressure on work

main relief. (Refer to 6-14 page)

Leaks

- Damaged seats.
- Worn O-rings.
- Parts sticking due to contamination.

- Replace the relief valve.
- Install seal and spring kit.
- Disassemble and clean.

% A good pressure gauge must be installed in the line which is in communication with the main relief. A
load must be applied in a manner to reach the set pressure of the main relief unit.

Then, follow these steps:

- Loosen lock nut.

- Set adjusting nut to desired pressure setting.
- If desired pressure setting cannot be achieved, tighten or loosen the adjusting screw as required.

+ Tighten lock nut.

- Retest in similar manner as above.
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4) LIFT CYLINDER

Problem

Cause

Remedy

Oil leaks out from rod cover
through rod

- Foreign matters on packing.

- Unallowable score on rod.

- Unusual distortion of dust seal.
- Chrome plating is striped.

- Replace packing.

- Smooth rod surface with an oil stone.
- Replace dust seal.

- Replace rod.

QOil leaks out from cylinder
rod cover thread

- O-ring damaged.

- Replace O-ring.

Rod spontaneously retract

- Scores on inner surface of tube.
- Unallowable score on the inner

suface of tube.

- Foreign matters in piston seal.

- Smooth rod surface with an oil stone.
- Replace cylinder tube.

- Replace piston seal.

Wear(clearance between
cylinder tube and wear ring)

- Excessive clearance between

cylinder tube and wear ring.

- Replace wear ring.

Abnormal noise is produced
during tilting operation

- Insufficient lubrication of anchor pin or

worn bushing and pin.

- Bent tilt cylinder rod.

- Lubricate or replace.

- Replace.
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' GROUP 3 DISASSEMBLY AND ASSEMBLY

1. HYDRAULIC GEAR PUMP
(Machine serial No. 22BH-9, 25BH-9 : -#0422, 30BH-9 : -#0750, 35BH-9 : -#0295)

1) DISASSEMBLY
(1) Mounting flange

(D Loosen and remove the assembling bolts
and washers from the pump.

22B9GPO1

(2) Remove mounting flange from the bodly.

22B9GP02

(3 Remove the snap-ring with proper tool
(only when it is needed to replace shaft
seal).

Remove the shaft seals taking care not to
give any damage on the surface of shaft
hole (only when it is needed to replace
shaft seal.).

Replace the shaft seal if damaged.

22B9GP03
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(2) Working section

® Remove the pressure plate with
prearranged parts, O-ring & back up ring
from the working section and examine it
carefully.

@ Remove square ring posited on the
groove of body.

@ Pull out driving gear & driven gear
keeping gears as straight as possible.

@ Change damaged seals into new one. 2289GPo4

® Replace the O-ring & back-up ring on the
thrust plates.

% Locate O-ring on the groove of thrust
plage & back-up ring upon the O-ring and
fix them in their position with some
grease.

22BI9GP05

(3) Priority valve block

® Remove priority valve block from the
body.

22B9GP06

® Change damaged O-ring or damaged
parts.

22B9GP07
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2) ASSEMBLING

(1) Assembled priority valve block to the
working section.

(2) Assemble mounting flange to the working
section.

% Locate mounting flange as straight as
possible, in order to avoid any damage to
the shaft seal by shaft.

(3) Tighten the bolts with in a crisscross
pattern to a torque value of 45 Nm.

(4) Check that the pump rotates freely when
the drive shaft is turned by hand, if not a
possible, plate seal may be pinched.

6-22
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HYDRAULIC GEAR PUMP
(Machine serial No. 25BH-9 : #0423-, 30BH-9 : #0751-, 35BH-9 : #0296-)
* Tools required

- Metric socket set

- Internal snap ring pliers

- Shaft seal sleeve

- Torque wrench

(1) It is very important to work in a clean work
area when repairing hydraulic products.
Plug ports and wash exterior of pump with
a proper cleaning solvent before continu-
ing.

(2) Remove port plugs and drain oil from
pump.

(3) Use a permanent marker pen to mark a
line across the mounting flange, gear
housing and end cover. This will assure
proper reassembly and rotation of pump.

(4) Remove key from drive shaft if applicable.

PUMP 01

(5) Clamp mounting flange in a protected jaw
vise with pump shaft facing down.

(6) Loosen the four metric hexagon head
bolts.

(7) Remove pump from vise and place on
clean work bench, remove the four
hexagon head bolts and spacers
applicable.

PUMP 02
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(8) Lift and remove end cover.

(9) Carefully remove gear housing and place
on work bench. Make sure the rear
bearing block remains on the drive and
idler shafts.

(10) Remove rear bearing block from drive and
idler shafts.

(11) Remove idler shaft from bearing block.

PUMP 03

PUMP 04

PUMP 05

PUMP 06
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(12) Remove drive shaft from mounting flange.
There is no need to protect the shaft seal
as it will be replaced as a new item.

(13) Remove the front bearing block.

(14) Turn mounting flange over, with shaft seal
up, and remove the retaining ring with
proper snap ring pliers.

(15) Remove the oil seal from mounting flange,
be careful not to mar or scratch the seal
bore.

(16)Remove the dowel pins from the gear
housing. Do not lose pins.

6-22-3
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(17)Remove seals from both bearing blocks
and discard.

2) INSPECT PARTS FOR WEAR

(1) Clean and dry all parts thoroughly prior to
inspection. Itis not necessary to inspect
the seals as they will be replaced as new
items.

(2) Check drive shaft spline for twisted or
broken teeth, check keyed drive shaft for
broken or chipped keyway. No marks or
grooves on shaft in seal area, some
discoloration of shatft is allowable.

() Inspect both the drive gear shaft and idler
gear shafts at the bearing points and seal
area for rough surfaces and excessive
wear.

(4) Inspect gear face for scoring or excessive
wear. If the face edge of gear teeth are
sharp, they will mill into the bearing blocks.

| f wear has occurred, the parts are
unusable.

PUMP 11

Check these points

S

PUMP 12

Check gear face

Check edge of gear teeth
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(5) Inspect bearing blocks for excessive wear
or scoring on the surfaces which are in
contact with the gears. Also inspect the
bearings for excessive wear or scoring.

Check face

(6) Inspect the area inside the gear housing.
It is normal for the surface inside the gear
housing to show a clean "wipe" on the
inside surface on the intake side. There
should not be excessive wear or deep

Block thickness must equal, no gear wear.

scratches and gouges. PUMP 14

#* General information
It is important that the relationship of the
mounting flange, bearing blocks and gear
housing is correct. Failure to properly
assemble this pump will result with little or
no flow at rated pressure.

# This pump is not bi-rotational.
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3) ASSEMBLY

% New seals should be installed upon
reassembly of pump.

(1) Install new shaft seal in mounting flange
with part number side facing outboard.
Press the seal into the seal bore until the
seal reaches the bottom of the bore.
Uniform pressure must be used to prevent
misalignment or damage to the seal.

PUMP 15

(2) Install retaining ring in groove in seal bore
of mounting flange.

PUMP 16

(3) Place front and back bearing blocks on a
clean surface with the E-seal grooves
facing up. Apply a light coating of
petroleum jelly in the grooves. Also coat
the E-seal and backup with the petroleum
jelly, this will help keep the seals in place
during assembly.

PUMP 17

(4) Place the E-seals, flat side outward, into
the grooves in both bearing blocks.
Follow by carefully placing the backup
ring, flat side outward, in the groove made
by the E-seal and the groove in the
bearing block.

(5) Place mounting flange, with shaft seal
side down, on a clean flat surface.

(6) Apply a light coating of petroleum jelly to
the exposed face of the front bearing
block.

PUMP 18
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(7) Insert the drive end of the drive shaft
through the bearing block with the seal
side down, and the open side of the
E-seal pointing to the intake side of the

pump.

(8) Install the seal sleeve over the drive shaft
and carefully slide the drive shaft through
the shaft seal. Remove the seal sleeve
from shaft.

(9) Install the idler gear shaft in the remaining
position in the bearing block. Apply a light
coat of clean oil to the face of the drive
and idler gears.

(10) Pick up the rear bearing block, with seal
side up and with open end of the E-seal
facing the intake side of the pump, place
over the drive and idler gear shafts.

(11)Install two dowel pins in the holes in the
mounting flange or two long dowel pins
through gear housing if pump is a multiple
section pump.

(12) To install the O-rings in the gear housing,
apply a light coating of petroleum jelly in
the grooves on both sides of the gear
housing.

Also coat the new O-ring and install them
in the grooves.

6-22-7
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(13)Gently slide the gear housing over the
rear bearing block assembly, slide
housing down until the housing engages
the dowel pins. Press firmly in place with
hands, do not force or use any tool.

Check to make sure the intake port in the
housing in on the same side as the open
end of the E-seal and that the marked
lines on the mounting flange and gear

housing are in alignment. PUMP 23

(14) The surface of the rear bearing block
should be slightly below the face of the
gear housing. If the bearing block sits
higher then the rear face of the gear
housing then the E-seal or O-ring have
shifted out of the groove. If this is the
case, remove the gear housing and check
for proper seal installation.

(15) Install the two remaining dowel pins in the
rear of the gear housing and place the
end cover over the back of the pump.

PUMP 24

(16) Install the four spacers and hexagon head
bolts through the bolt holes in the end
cover, hand tighten.

PUMP 25
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(17)Place mounting flange of the pump back
in the protected jawed vise and alternately
torque the bolts.

- Tighten torque : 3.0~4.0 kgf - m
(22~29 Ibf - ft)

(18) Remove pump from vise.

(19)Place a small amount of clean oil in the
inlet of the pump and rotate the drive shaft
away from the inlet one revolution. If the
drive shaft binds, disassemble the pump
and check for assembly problems, then
reassemble the pump.

PUMP 26
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2. MAIN CONTROL VALVE

1) ASSEMBLY
(1) General
@ Ensure that the assembly area will be clean and free of contamination.
@ Use a flat(within 0.2mm) work surface when bolting the valve sections together.
® Use calibrated torque wrenches and instrumentation.
@ Additional auxiliary valve sections may be added to the main control valve in a similar manner as
indicated below.

(2) Block sub assembly

NUT
2.4~2.9 kgf-m
(17.4~21 Ibf-ft)

22B7HS21

@ Attach all the O-rings to the appropriate grooves between the spool sections.

@ Stack the valve sections such that all the work ports are facing up, the spool ends are all in the
same direction, and they are resting on a flat(within 0.2mm), uniform surface.

@ Insert all the tie rods through the drilled holes in each of the housings.

@ Press the sections together, being carefully not to damage sealing surfaces or seals.

® Install nuts to both ends of all tie rods and progressively torque in a circular patten until reaching
a torque of 2.4~2.9kgf - m(17.4~21Ibf - ft) on all tie rods. Periodically, make sure that the valve
remains flat while applying torque.
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Lift lock check valve
4.5~5.0 kgf-m %@
(32.5~36.2 Ibf ft)

Load check valve

3.5-4.0 kgf-m —@ o
(25.3-30 Ibf-t) e
-

Plug
4.5~5.0 kgf-m—
(32.5~36.2 Ibf-ft)

Main relief valve
4.5~5.0 kgf-m
(32.5~36.2 Ibf-ft)

Cap
Bolt : M6X1.0 Bolt : M6X1.0 ) _
1.0~1.5 kgf-m 1.0~1.5 kgf-m Secondary main relief valve
(7.2~10.8 Ibf-ft) (7.2~10.8 Ibfft) 4.5~5.0 kgf-m

(32.5~36.2 Ibf-ft)

22B7HS22

(3) Inlet section
@ Install the main relief valve assembly into the lower side cavity of the inlet section, as illustrated.
Torque to 4.5~5.0kgf - m(32.5~36.2bf - ).
@ Install the plug assembly in the tank port of the inlet section. Torque to 4.5~5.0kgf - m
(832.5~36.2I0f - ft)

(4) Lift section

@ The spool assembly should already consist of the lift spool, the return spring, one spring seat on
either end of the spring, the seal plate, a spool seal, and a dust wiper. All of these are assembled
on the end of the spool opposite the clevis.

@ Insert the clevis end of the spool into the right-hand side of the spool bore(the tallest end of the
housing). Place the spool cap over the spool and spring assembly and connect the cap to the
housing using two bolts. Torque both bolts alternatively until a torque of 1.0~1.5kgf - m
(7.2~10.8Ibf - ft) is reached on both bolts.

@ Install the second spool seal and dust wiper over the clevis end of the spool and retain with a
seal plate and two bolts. Torque both bolts alternatively until a torque of 1.0~1.5kgf - m
(7.2~10.8Ibf - ft) is reached on both bolts.

@ The load check assembly is inserted into the top center cavity. Torque to 3.5~4.0kgf - m
(25.3~30Ibf - ft)

® Install the lift lock check valve assembly in the remaining open cavity in the top of the housing.
Torque to 4.5~5.0kgf - m(32.5~36.21bf - ft)
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Lift lock check valve

4.5~5.0 kgf-m
Plug (32.5~36.2 Ibf-ft)
4.5~5.0 kgf-m Load check valve

3.5~4.0 kgf-m—@ o
(25.3~30 Ibf-ft) e
S
=

(32.5~36.2 Ibf-ft)

Main relief valve

4.5~5.0 kgf-m
(32.5~36.2 Ibf-ft)
Cap
Bolt : M6X1.0 Bolt : M6X1.0 ) )
1.0~1.5 kgf-m 1.0~1.5 kgf-m Secondary main relief valve
(7.2~10.8 Ibfft) (7.2~10.8 Ibf-ft) 4.5~5.0 kgf-m
' ' (32.5~36.2 Ibf-ft)

22B7HS25

(5) Tilt section

@ The spool assembly should already consist of the tilt spool(with tilt plunger and spring inserted
into the bore on the spring end), the return spring, one spring seat on either end of the spring,
the seal plate, a spool seal, and a dust wiper. All of these are assembled on the end of the spool
opposite the clevis.

@ Insert the clevis end of the spool into the right-hand side of the spool bore(the tallest end of the
housing). Place the spool cap over the spool and spring assembly and connect the cap to the
housing using two bolts. Torque both bolts alternatively until a torque of 1.0~1.5kgf - m
(7.2~10.8Ibf - ft) is reached on both bolts.

@ Install the second spool seal and dust wiper over the clevis end of the spool and retain with a
seal plate and two bolts. Torque both bolts alternatively until a torque of
1.0~1.5kgf - m(7.2~10.8lbf - ft) is reached on both bolts.

@ The load check assembly is inserted into the top center cavity. Torque to 3.5~4.0kgf - m
(25.3~30lbf - ft).

® Install the anti-cavitation check valve in the housing cavity on the clevis end directly above the
spool assembly. Torque to 4.5~5.0kgf - m(32.5~36.2Ibf - ).

® Install the plug in the housing cavity above the spool assembly. Torque to 3.5~4.0kgf - m
(25.3~30lbf - ft).
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Lift lock check valve
4.5~5.0 kgf-m
(32.5~36.2 Ibf-ft)

Load check valve

3.5~4.0 kgf-m—@ o
(25.3~30 Ibf-ft) <]
S
=

Main relief valve

4.5~5.0 kgf-m
(32.5~36.2 Ibf-ft)
Cap
Bolt : M6X1.0 Bolt : M6X1.0 ) _
1.0~1.5 kgf-m 1.0~1.5 kgf-m Secondary main relief valve
(7.2~10.8 Ibfft) (7.2~10.8 Ibf-ft) 4.5~5.0 kgf-m
' ' (32.5~36.2 Ibf-ft)

22B7HS25

(6) Auxiliary section

% Same procedure for all aux sections, but spool assembly components may vary.

@ The spool assembly should already consist of the proper aux spool, the return spring, one spring
seat on either end of the spring, the seal plate, a spool seal, and a dust wiper. All of these are
assembled on the end of the spool opposite the clevis.

@ Insert the clevis end of the spool into the right-hand side of the spool bore(the tallest end of the
housing). Place the spool cap over the spool and spring assembly and connect the cap to the
housing using two bolts. Torque both bolts alternatively until a torque of 1.0~1.5kgf - m
(7.2~10.8Ibf - ft) is reached on both bolts.

@ Install the second spool seal and dust wiper over the clevis end of the spool and retain with a
seal plate and two bolts. Torque both bolts alternatively until a torque of 1.0~1.5kgf - m
(7.2~10.8Ibf - ft) is reached on both bolts.

@ The load check assembly is inserted into the top center cavity. Torque to 3.5~4.0kgf - m
(25.3~30Ibf - ft).

(7) Outlet section
@ Install the secondary main relief valve into the cavity on the clevis end of the housing.
Torque to 4.5~5.0kgf - m(32.5~36.21bf - ft)
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2) DISASSEMBLY
(1) General
@ Subassembilies (such as relief valves, check valves, and spools) may be removed without having
to loosen the tie rods and disassembling the entire valve.
© Disassemble the valve sections on a flat working surface.
@ Ensure that the disassembly area will be clean and free of contamination.
@ Keep the disassembly area neat to avoid loss or damage of parts.

(2) Disassembly

O Loosen the tie rod nuts and remove the tie rods from the valve sections.

@ Remove O-rings between valve sections and set aside to avoid damage.

@ Spools, relief valves, load check valves, lift lock poppet, solenoid valves, and plugs can all be
removed from the valve sections. Refer to the associated assembly procedures, above, for
specific torque and handling details. Inspect and repair or replace the assemblies as complete
units, as may be necessary.

@ Valve components are precision items, and care must be taken when handing them to avoid
damage or the introduction of contamination that could adversely affect performance.
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3.LIFT CYLINDER
1) STRUCTURE

5
O
G - c P
Down control valve
14—
N
Y
-—rB
N4 N
8 .
(=) 1
27

]
NS
Down safety valve

7—@
22B7HS26
1 Tube assy 6 Wearring 11 O-ring
2 Rod assy 7  Retaining ring 12 Guide
3 Piston 8 Gland 13  Du bushing
4  Piston seal 9 Dust wiper 14 Spacer
5 Backupring 10 Rod seal 15  O-ring

6-28



2) DISASSEMBLY

(1) Hold the cylinder tube in a vice, loosen the
cylinder head and remove it.
Remove the spacer from the cylinder tube
and knock out the bushing. Hook a
wrench in the hole in the retainer at the
piston end and turn. Lever up the edge of
the guide, then turn the guide in again and
the guide can be removed.

D35ACO168

3) CHECK AND INSPECTION mm(in)
Check item Standard size Repair limit Remedy
Clearance between 0.072~0.288 0.5 Replace
cylinder rod & bushing (0.003~0.011) (0.020) bushing
Clearance between 0.05~0.030 0.5 Replace
piston ring & tube (0.002~0.012) (0.020) piston ring

4) ASSEMBLY

(1) Soak the piston ring in hydraulic oil at a
temperature of 40 to 50°C, expand the
inside diameter and assemble on the
piston. Install a piston seal.

Bend the edge of the guide and rotate it to
install the guide completely.

D35ACO169
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4. TILT CYLINDER
1) STRUCTURE

0O NOO O~ WD =

Tube assy
Rod
Piston
Piston seal
Wear ring
O-ring
Nylon nut
Gland

10
11
12
13
14
15
16

Du bushing
Rod seal
Back up ring
Dust wiper
Snap ring
O-ring

Back up ring
O-ring

6-30

17
18
19
20
21
22
23
24

22B7HS23

Lock washer

Rod eye

Spherical bearing
Hexagon bolt

Spring washer
Hexagon nut

Grease nipple
O-ring(seal lock type)



2) DISASSEMBLY

(1) Hold the parallel parts of the cylinder tube

bottom in a vice and mark the rod head
end to show how much it is screwed in,
then remove the rod head. Next, hook a
wrench into the notch at the cylinder head
and remove the cylinder head from
cylinder tube.
When doing this, wind tape round the
threaded part of the rod and be careful
not to damage the dust seal and rod seal
inside cylinder head.

D255HS28

3) CHECK AND INSPECTION mm(in)
Check item Standard size Repair limit Remedy
Clearance between 0.072~0.288 0.5 Replace bushing
cylinder rod & bushing (0.003~0.011) (0.020)
Clearance between rod 0.10~0.35 0.6 Replace bushin
head bushing & pin (0.004~0.014) (0.024) P 9
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SECTION 7 ELECTRICAL SYSTEM

' GROUP 1 COMPONENT LOCATION

0 NO OB WD =

Combination switch
Accelerator assy
Parking switch assy
High horn

Traction motor
Pump motor

Fan

Pump controller

9
10
11
12
13
14
15
16

Option
25BH-9 : #0497-
: #0864-

Traction controller
Back buzzer

Contactor

Fuse box assy

SBR switch assy
Working lamp sub assy
Beacon lamp (opt)
Display

7-1

17
18
19
20
21
22
23

35BHOEL02B

Head lamp switch

Working lamp switch-rear (opt)
Beacon lamp switch (opt)
DC-DC converter

Flasher unit assy

Relay

Fingertip controller (opt)



' GROUP 2 ELECTRICAL CIRCUIT

- ELECTRICAL CIRCUIT (1/14, NON-UL, NON-FUNCTIONAL SAFETY, 35BH-9 : #0001-#0003)

BATTERY
80V

FUSE BOX ASS'Y

: 7
! \
|| F3 F5 F6 F9 F8 F4 F10 F11 F12 F \
13 F14
L oA 10A 5A 5A 5A 5A 5A 5A 10A 10A 10A |
. RN
20 23 24 ; i 2A @ 6 8
! i
@ O BACK T AT Rark ArTTpTTT T gl i 1 i | | @) O '\sw 22
! ! [ SW
EMERGENCY C\ 777777777777 O\ AP % AP BUZZER O\ | BUZER| | P | | P
SWITCH o o\l sw ol swicH SWITCH O\ | we - ! i o iy
21B 22 i KNOB || SEAT [ | ! 1 i i
52 468 | 48 " HEATING | ! . Lo 128 P /o
INPUT  OUTPUT 43 44 44A 40 ! ! ! SWITCH [ ! ! } ! !
!
Sw 42A | /E,, BACK i o | 49 | 490 [ [ 09
42 o BUZZER! | L 118 ! | ,,,{ HORN | | |59 47 ! @ i | '
2 45A 45 | RELAY || HEATER | | ! | RELAY! | ; ! i1 |soc
DC-DC TNR| i [ | ! ? [ | I |oPTH  |KET!
CONVERTER [ F e ;o i [ ) I i | [] i [] |
468 i|11s8 [11sB  |115A | ! L |sA 5B 5D 5D 5C
EMERGENCY 43A | 43A 44A 44A 46A ! ! 4 ! 59A 47A | | i |
CONTACTOR 1 | | 49B 49A 49C ! I i i I
= 46 ! | I |
GND  GND | [] [] | i i
wm QR Q6 = ®® | - | roxorolc
| | | _
02A LH LAMP | Ry |TAIL[STOP |T/S BU| |TAIL|STOP |T/S BU s s i TILT-  [TILT- | HORN / TNR ; REAR |LamP |BEA [LAWP] FAN-  |[FAN-  [FAN-  [FAN- Trnm
W Sonm covm Lave|  LAMP BACKUP ‘ IN ouT | _ | |WORK | 5w |coN |sw| |RH  |[CONT |PUMP |TRAC
GOME. GOMB. 2 i BackuP | VALVE |VALVE ! L | Lave LAMP ! MOTOR [MOTOR
! ! ! !
00A 02U |02D 02J LH 02H -RH 02H 02U |02 02E 02z 02y Ploex fo2v Joaw | 02G | 028 02M IofozH JoaN  jo2H  jo2u | 02L  |o2s |02k |o2p  |02F  |02R 02T
Y W GRS GEN S S G GRS GH SR G U SRy S S— L L
@ ¢ i ]
LINE CONTACTOR
[ 4 O O
TRACTION
INVERTER e TER
10W 3000 DUAL AC2 SINGLE AC2 PUMP
TRACTION TIB+ 21A 21D PIB+ MOTOR
MOTOR-LH us KEY C3 @ F1 KEY u
Vs SEAT S/W v
122
we 350A SEAT G5 o 222_| £4 COMMON 300A w
FWD S/W LIFT SW
1206 222A
196 | ¢35 (PTHERM_L) FORWARD C6 [ 20— 5 O 00— EsLIFTENABLE (PTHERM) F6 |22
105 PARKING ooy TLTSW
v SNeoR | C% (NTHERM.L) PARKING C10 o o 00— e 1stspEED (NTHERM) F12 |22
TEMP SENSOR
ACCEL. SW AUX1 SW
194 9% 122C 200F
C11 (PENC_L) ENABLE C8 ¢! 0—521 £102nd SPEED PeNC)D1 24
REV SW AUX2 SW
192 | 612 (NENC_L) Reverse o7 2o 01228 00— | &7 3 sPEED (NENC)D2 |22
BRAKE S/W T |
ILEVELSW |
B 193 98 1220 2008 | O/s i
Y 22 (PHA L) BRAKE C9 o o : O+ | E14TILT LEVELING PHAD3 P2
ILIFT |
IIMITSW !
222C
191 1 Gog (PHBLL) CoMMON C4 1227 — 00— E13LFTLMIT (PHB) D5 2!
TRACTION ELECTRIC FORKLIFT DISPLAY 20! SBR Lo
MOTOR-RH um O O+ E12 SBR
21H
VM 0 EMERGENCVASZ/;V @ KEY A6 A1 -BATT 222BER/-\KE OIL s/\w
WM PLC C27 010 o 0—59 | FaBRAKEOL CAN_HouTCs 228
LccoiL LB
3% | co5 (PTHERM_R) NLC C26 [ 14 | F11.BATT 1200
1 325A
. ——— CAN-TA4
5 1 Goa (NTHERM_R) F5 SAFETY CAN_L OUT C2 225
TEMP SENSOR
CAN-L CAN-H
L A3 A2
394 | 61 (PENC_R) NPOT C20 15 | gy .BATT PHYDROF3 [-221
325A 326 MCV SOL.
392 !
C2 (NENC_R) CPOT C21 A%%E'AELHATOR B2 MODE NHYDROFo |22
393
C13 (PHA_R) 12V PPOT C33 851 £ 12v PPOT 12VPPOTEY [
391 LIFT 64
LOAD SENSING TILT ANGLE
C14 (PHB_R) cPOTC18 LOAD SENSING FOTENTIOMETER m E1 CPOT CPOT E8 TUTANGLE
97 03
C16 12V PPOT NPOT C19 E3NPOT NPOT E10
STEER % 326 320
SENSOR m c17 cPOT CAN_H OUT A7 PAUX F2 &)
06 | G5 NPOT CAN_LOUT A4 |28 NAUXFg |299 )
22 12 126A
) 0 | c30 PFR CAN HA1 128 C3CAN_H
) 9 | c31NFR cAN_L A6 25 125A | 61 canLL
TIB- PIB-
00
35BH9ELO2

7-2



- ELECTRICAL CIRCUIT (2/14, NON-UL, NON-FUNCTIONAL SAFETY, 22BH-9 : #0001-, 25BH-9 : #0001-, 30BH-9 : #0001-, 35BH-9 : #0004-)

FUSE BOX ASS'Y

BATTERY
80V

2

7-2-1

F3 F4 F5 F6 F9 F10 F10 F11 F13 F14
10A 2A 5A 5A 5A 5A 5A 5A 10A 10A
e
20 922 23 24 7 REVERSE 25 1 258 258 | 55 6 8
@ RELAY ! WORK
FLAS | LAMP
-HER 221A i P
@ HEAD UNIT NG
,,,,,,,,,,,,,, LAMP !
218 22 Q o™ O\» O | BRAKE |
o LAMP I
INPUT  OUTPUT 43 44 447 o ol swtcH O e} !
|
:/a/( O\ on I w0 49 498 1
O 42 | 59 S0C
45A 45 46A 1
“ be-bo | OoPT KET
CONVERTER G— 40A I [] []
i 5C
43| 44 44A 44A ‘ 46A w08 | 4oA | 59A
T
- 46 |
(IN) (OUT) CD CQC?/D: }CDCQCi)Ci)
TNR -
oon Ok RH TAIL[STOP  [1/s BU | |TAL[STOP [1/s BU | 1g s HORN | \F;VEC?F?K FINR
LAMP|  LAMP| BaCKUP - i
LAMP COMBI. COMBI. LH RH | BUZZER ! LAMP
RELAY LAMP LAMP |
00A 02N |02M 028 -LH 02G -RH 02G 02F 028 02Q 02C 02D ! 02G 02K 02H 028
® ® ® e ‘
b )
LINE CONTACTOR
[ o .
] e ] B
10w 350A 300A
ow 300 DUAL AC SINGLE AC PUMP
TRACTION TIB PIB MOTOR
+ 21C 21E +
MOTOR-LH us KEY A5 @ @ ASKEY
Vs
ws BATT+A34 | 21D 21F | A34 +BATT
SEAT S/W
1 92 122 222 2
%6 | p27 (PTHERM L) SEAT A10 g o A6 COMMON (PTHERM) A25 96
FWD S/W LIFT SW
1 90 122D 222A 60 2
95 | 26 (NTHERM_L) FORWARD A7 olls. o o A7 LIFT ENABLE (NTHERM) A24 %
TEMP SENSOR TEMP SENSOR
PARKING soon TILT SW
194 61 294
A3 (PENC_L) PARKING A21 O o o A8 1st SPEED (PENC) A1
ACCEL. SW AUXT SW
192 95 122C 222F 62 292
A4 (NENC_L) ENABLE A9 o o olle A9 2nd SPEED (NENC) A2
REV SW TAUX2 SW i
193 91 122D 222G 63 293
() A15 (PHA_L) REVERSE A8 6 O ‘L olle l A10 3rd SPEED (PHA) A13
BRAKE S/W TILT LEVEL
SIW.
191 98 122D 2228 66 291
A16 (PHB_L) BRAKE A20 'e) O/O A16 TILT LEVELING (PHB) A14
TRAGTION Ty
122A 222C | SW 67 65
MOTOR-RH UM COMMON A6 —O0 O— A15 LIFT LIMIT 12V PPOT A28
VM SBR
@ 222D 68 64 LIFT
i EMERGENCY 0 0 A20 SBR CPOT A29 m POTENTIOMETER
SWITCH BRAKE OIL S/W
- ELECTRIC FORKLIFT DISPLAY 200
3% | 25 (PTHERM_R) PLC A1 120A 0 o 0— | asBRrAKEOL NPoTA30 |28
1 21A EMERGENCY
T Lc colL A1 -BATT KEY A6 @ oo SWITCH
3% | 24 (NTHERM_R) NLCAzs O 420 O0—222 | oo sareTY 12V PPOT A17 2
TEMP SENSOR
2AF |
BATT+ A5
L 394 09 00C TILT ANGLE
L A1 (PENC_R) NLC A23 .7 A4 -BATT CPOT A18 POTENTIOMETER
392 93
A2 (NENC_R) 12V PPOT A28 NPOT A19
CAN_L CAN_H
ACCELERATOR A3 A2 @
3% | A3 (PHA_R) cPoTAze | %4 E COELERATO! A33 12V PPOT
221A
125A 126A g
391 07 LOAD SENSING 221
NPOT A30
A14 (PHB_R) POTENTIOMETER A32 CPOT PHYDRO A11
***************** MCV SOL.
7 08 |
971 a33 12v PPOT BATT- A22 A31 NPOT NHYDRO A35
STEER 96 126 126A
SENGOR m A32 CPOT CAN_H B2 B2 CAN_H NLC A23
125A
96 | a31NPOT CAN_L B 125 B1 CAN_L
TiB- PIB-
00

21HU-90014-01




- ELECTRICAL CIRCUIT (3/14, UL, NON-FUNCTIONAL SAFETY, 35BH-9 : #0001-#0003)

FUSE BOX ASS'Y (UL #1)

‘ i
! !
| F3 F5 F6 Fo Fa4 F10 |
TN 5A 5A 5A 5A 5A :
[ — e ] ! =R~ A - . - S - ~ S = 2
20 23 24 27 25 j} 82
|
BRAKE 268 (-feC l6C__ | R | 82A 828
LAMP w
EMERGENCY ) HEAD o) FA SWITCH i EG(Z:;ER | !
wireH T LAMP BACK ; SW- SEAT | ! ™~ ™~
32 21B |22 Sw BUZZER ; hs KNOB  HEATING ! QL M M M
— 40 SWITCH ! SWITCH | 133 | r T
KEY INPUT OUTPUT 43 44 44A ! Q ne 3 ! FAN-  |FAN- FAN-  |FAN-
SW T BACK 49 | |a9C ! RH CONT PUMP [TRAC
427 468 ! BUZZER i | soB| 80C| 80D|MOTOR|MOTOR
|
42 : RELAY HEATE ! " [ ] 5| HoRy o 47 | s
33 DC-DC 45A 45 ; ! 0 RELAY - 80E
2 CONVERTER N A Ll L 1 . | %
EMERGENCY 468 i i 220
E,,{::‘ B e 43A|  43A 447 24A ‘ L d6a 108 |49A 49C | 59A 47A |
| |
= 46 ! i
GND  GND XX XX (7 A i | --- RELAY
(IN)  (OUT) /]:t ; |
e 02 LH LAMP |RH |[TAIL[STOP [1/8 B/U| |TAIL[STOP [1/s B/U s TS HORN /TNR 3 @VIEC;A; LAMP |BEA L;/’\\Illvpi
SwW COMBI. COMBI. LAMP) LAMP BACKUP r | |LAmp | SW | COI | 9
LAMP LAMP i |
00A 02U (02D 02J LH 02H -RH 02H 02U [024 02E 02z 02y 02G | 028 02M I fozH  JoaN  fo2H  [o2u | 02F
® A —————— :
LINE CONTACTOR
@ O O
TRACTION PUMP
INVERTER INVERTER
10W 3009 DUALAG2-PW SINGLE AC2 PUMP
MOTOR
TRACTION TIB+| 21A P1B+
MOTOR-LH us KEY C3 4. F1 KEY
Vs SEAT SIW v
ws 350A seaTCs |92 o122 222 | E£4 COMMON 300A
FWD SIW oon LIFTSW
35 (PTHERM_L) FORWARD C6 |0 5 o122E 80 | E5 LIFT ENABLE (PTHERM) F6
TILT SW
% POAw\AG 1228 222A 61
C34 (NTHERM_L) PARKING C10 o E6 1st SPEED (NTHERM) F12
ACCEL. SW sooE | AUXTSW |
C11 (PENC_L) ENABLEGS [958 g o122€ : 0—52_| F102nd SPEED (PENC) D1
! !
REV S/W 2ooF 3 AUX2 S/W 3
C12 (NENG_L) REVERSEC7 1o o122E L5 08| E73d SPEED (NENC) D2
BRAKE S/W | [E—JEL /w:
! ‘
220B 1 i
@ C22 (PHA L) BRAKECY [ 5 o 1220 : 186 | £14 TILT LEVELING (PHA) D3
| LIFT |
! LIMIT S/W |
222C
C23 (PHB_L) COMMON c4 [122A | +7 4 E13 LIFTLIMIT (PHB) D5
CTION | ser |
TRA| 222D
MOTOR-RH UM ELECTRIC FORKLIFT DISPLAY L oo 88 | £1p 58
21H 00A
VM EMERGENCY S/W BRAKE OIL SIW
KO KEY A6 A1 -BATT —.
120 420 O &) 226~ & 226
Wi PLC C27 Q1o F4 BRAKE OIL CAN_H OUT C4
LC colL ™| parre s
€25 (PTHERM_R) nLccs (00 {1 14 F11-BATT 1200
1 325A
T CAN-T A4 aos
BATTERY C24 (NTHERM_R) F5 SAFETY CAN_L OUT C2
8ov CAN-L CAN-H £26
1 07 A3 A2 15 521 221
C1 (PENC_R) NPOT C20 B1-BATT PHYDRO F3 25—~ }—=
325A 326 MCV SOL.
C2 (NENC_R) CPOT C21 [J] AccELERATOR B2 MODE NHYDROF9 22— ]
C13 (PHA_R) 12V PPOT C33 65 265 | &5 12v pPPOT 12vPPOTES 272~ 72
”””””””” 1 I
LOAD SENSING ! LIFT m TILT ANGLE |
C14 (PHB_R) CPOT C18 LOAD SENSING | PO TENTIOMETER E1CPOT CPOT E8 DTS ETeR !
,,,,,,,,,,,,,,, d T T
C16 12V PPOT NPOT C19 E3NPOT NPOT E10
STEER 326
SR c17 cPOT CAN_H OUT A7
€15 NPOT CAN_LOUT A4 [-328
126A
") 220 | c30 PFR CAN_HA1 28 C3 CAN_H
C31NFR CAN_L A6 |25 12541 G1canL
TIB- PIB-
00
®) 35BHOEL03

7-2-2



- ELECTRICAL CIRCUIT (4/14, UL, NON-FUNCTIONAL SAFETY, 22BH-9 : #0001-, 25BH-9 : #0001-, 30BH-9 : #0001-, 35BH-9 : #0004-)

BATTERY
80V

PUMP INVERTER

A33 A17
FUSE BOX ASS'Y 275 272
2
F3 Fa4 F5 F6 F10 F11 Fi2 F13 Fl4
10A 2A 5A 5A 5A 5A 5A 5A 5A
20 922 24 ss| 24— FAN
27 REVERSE 258 258 52A
RELAY WORK BEACON @ RELAY
LAMP LAMP 120 75 B 72
@ HEAD 221A 298 |oo\sw o\ sw |
O\O\ W 1 1 sensme | | ANGie
i !
o) o\ sw O, BRAKE | | ! ! _
21B 22 | | ! !
LAMP ; ! } 1o -
INPUT  OUTPUT 43 44 40A 447 ol swren o' 1 O | |
279 O\ 49 1 |49B | 5 09
40 [ e
W 424 42 59 47 @
45A 45
2 DC-DC i |
CONVERTER 40A | |
PN X ! son TS 58 5D 5D 5C
44B  44A 44A | ' 46A 498 49A | 47A |
46 } 1
(N (uT) C 9 C 9 CQ CQ QQ/D: L Qi) Qi) Qi) Qi) g
02A LH Lémp RH  |TAIL[STOP |T/s BU | |TAL[STOP [T/s BU s | s HORN  /TNR \?IEOARRK Lavp [BEA [ LAMP [FAN- g/c\)':‘-T FAN [FAN- TR
- LAMP| LAMP - SW |[CON |-sw
COMBI. COMBI. n RH|BACKUP LAMP LAMP MOTOR |MOTOR
LAMP LAMP BUZZER ! !
I | |
! ! 00A 02F 02N 02B -LH 02G -RH 02G 02F 02B 02Q 02c  |02D . |o2a o2T 02G  |o2T | |O2R 02L 02J 02E 02K
| | | i
@ | @ | @ ¢ L __ T ]
| |
[ J
LINE CONTACTOR
L O °
F ;I;\R;AECF;[II'(E)Q f2 IFI‘\ILilME:TEH
10w 300 8504 DUAL AC 800 SINGLE AC PUMP
MOTOR
TRACTION TIB+ 21C 21E PIB+
MOTOR-LH us KEY A5 @ @ A5 KEY u
vs v
ws BATT+ A34 21D 21F | a34 4BATT w
SEAT SW ;2\2
2 122 22
A27 (PTHERM L) seatato 25 O 22 1 %2 | sqcommoN (PTHERM) A25
F23 TEMP SENSOR
FWD SIW LIFT SW by SENSO
122D 2027
A26 (NTHERM_L) FORWARD A7 %0 (O (O 60 | A7 LIFT ENABLE (NTHERM) A24 2%
PARKING TILT SW
1228 2027 61
A3 (PENC_L) PARKING A21 o) o o A8 1st SPEED (PENC) A1
ACCEL. SW AUX1 SW
122C 200F
A4 (NENC_L) EnaBLEAS [ 5T O 0—"52 | A9 2nd SPEED (NENC) A2
REV SW (Kﬁié SW ’}'
1 122D 222G
A15 (PHA_L) REVERSEAS |2 & O L 50— | Atord sPEED (PHA) A13
Y O
BRAKE S/W FTTEVEL
sw |
98 122D 2228 | 66
A16 (PHB_L) BRAKE A20 O O - o o — A16 TILT LEVELING (PHB) A14
F20 CLFTLMIT |
TRACTION 5A Iosw |
322 122A 222C 67 265 65
MOTOR-RH um COMMON A6 —O O A15 LIFT LIMIT 12V PPOT A28 N
VM SBR F25
222D 68 64 5A LIFT
WM @ A20 SBR CPOT A29 m POTENTIOMETER
EMERGENCY
SWITCH BRAKE OIL S/W
120A ELECTRIC FORKLIFT DISPLAY 222E 60 03
A25 (PTHERM_R) PLC AN O A3 BRAKE OIL NPOT A30
i 00B 21A EMERGENCY
T LccolL A1-BATT KEY A6 @ sooc SWITCH
e 422
A24 (NTHERM_R) NCags [ 420 A22 SAFETY 12V PPOT A17
21G | e
09 BATT+ A5 TILT ANGLE
T A1 (PENC_R) e e (D) A4 -BATT CPOT At8 R K
793 93
A2 (NENC_R) 12V PPOT A28 o NPOT A19
:i‘ CAN_L CAN_H
4 ACCELERATOR A3 A2 @
A13 (PHA_R) croTA29 | ¥ m PEDAL A33 12V PPOT
F26  |221A
125A 126 promemeeeeeeqee 5A
07
A14 (PHB_R) NPOT A30 tgﬁgﬁﬁgfﬂ'gﬁﬂ A32 CPOT PHYDRO A11 521 ~ 221
***************** MCV SOL.
A33 12V PPOT BATT- A22 A31 NPOT NHYDRO AS5 |22
STEER 125 126A
SENSOR A32 CPOTST CAN_L B1 B2 CAN_H NLC A23
126 125A
A31 NPOTST CAN_H B2 B1 CAN_L
TiB- PIB-

00

7-2-3

21HU-90023-01



- ELECTRICAL CIRCUIT (5/14,

FUSE BOX ASS'Y

NON-UL, ZAPI, NON-FUNCTIONAL SAFETY, 22BH-9 : #0004-#0006, 25BH-9 : #0018-#0137, 30BH-9 : #0051-#0269, 35BH-9 : #0010-#0099)

F3 F5 F6 F9 F8 Fa F10 F11 F12 F13 F14
10A 10A 5A 5A 5A 5A 5A 5A 10A 10A 10A
27 [ R — 25
2 @ * 268 Fo | PooZA N A lasc ! ‘ e °
i RELAY ! !
26C |26C SA | 320 ! o e B R I
@ HEAD BRAKE BACK N RV i 1 i ! [ |
BUZZER | | ‘ | - i
EMERGENCY O\ fffffffffff ?\ LAMP }M LAMP ! BUZZER || . ! i [ !
SWITGH 218 |22 o} o\ sw ol swircH SWITeH ot | ? a SEAT P . | O\ ! O\ i | | /B,,
32 468 | 48 KNOB HEATING | 1 I o o 133 b o
INPUT  OUTPUT]| 43 44 44A 40 | i SWITCH | | I - |
|
EAEJ 42 i /B - BACK || b s 209 | 491|490 P | s 0
42 | BUZZER | [ ! i - HORN | i 59 47 I it Hin e Pvove!
2 pc-De 457 = L9 RELAY 4 HEATER | | © : 1 RELAY | ! © - |oer) Jker
- i | I I | |
oo o —— i i | I S == . | Inkink
438 " 468 D115 [115B  [115A | | son Po|sa s 5D 5D 5C | i i
EMERGENGY 43 44A 46A | 47A
44A T | ! 49B 49A 49C i I I it |
|
CONTACTOR H 46 ! | ! ! I S E |
we o] QX K& S ) & z UL . 3 SESHORONORO,
(N)  (OuT) ‘ | | |
LH LAMP [RH |TAIL[STOP Tm/s B/U| [TAIJSTOP [1/s B/U T8 TS | TILT- |TILT- ! HORN /TNR ! REAR T amp [BEA [LAMP FAN- [FAN- JFAN- TFAN- ‘T o
02A SW LAMP| LaMP ! IN ouT | _ | WORK | g | CON  |-gw! RH CONT |PUMP |TRAC
COMBI. COMBI. -LH -RH gcg;:: ! VALVE |VALVE | | LAMP LAMP | MOTOR | MOTOR
LAMP LAMP | ! w w
00A 02U |02D 02J LH 02H RH 02H 02U |o02J 02E 02z 02y |Joex Jo2v  Joaw Jl 02G | 02B 02M ! JozH  |oeN  |o2H o2y | 02L  |o2s |02k [o2Pp  |02F  |o2R 02T
,,,,,,,,,,,,,,,, | |
® € e ——————— ;
LINE CONTACTOR
[ [
TRACTION PUMP
INVERTER INVERTER
10W 300 DUAL AC2 SINGLE AC2 PUMP
MOTOR
TRACTION TIB+] 21A 21D PIB+
MOTOR-LH us KEY C3 4. . F1 KEY
Vs SEAT S/W v
ws 350A seaTcs |92 o122 222 | E4 COMMON 300A w
FWD SW LIFT SW
2027
196 | ¢35 (PTHERM_L) FORWARD C6 %0~ o122 00— | EsLFTENABLE (PTHERM) F6 220
PARKING TILT SW
200F
195 | c34 (NTHERM_L) PARKING C10 1228 00— Es1stsPEED (NTHERM) F12 |22
TEMP SENSOR o . TEMP SENSOR
AGCEL. SW soop | AUXTSW
| |
194 | ¢11 (PENC_L) ENABLEC8 |22 o122 L 50— F102nd SPEED PENC) D1 224
| |
REV SW IAUX2 SW |
1226
C12 (NENC_L) reversecr [ 57 o ; ollle : 83 | &7 3rd SPEED (NENC) D2
s T
2008 | !
C22 (PHA_L) BRAKECY |98 5 o 122D L5 01 | E14TiLT LEVELING (PHA) D3
ILIFT !
122 200C [LIMITSW | o
€23 (PHB_L) COMMON C4 —C o E13 LIFT LIMIT (PHB) D5
| |
TRACTION ELEGTRIC FORKLIFT DISPLAY 20| SBR g
MOTOR-RH um ‘ - E12 SBR
2H| | 0A ,~~ | BRAKEOISA
M EMERGENGY S/W BRAKE OIL S/W
0 o @) KEY A6 A1 -BATT sone . CANHOUTCA | 50
Y PLC C27 QLo c o F4 BRAKE OIL
21H
LC colL BATT+ A5 "
3% | co5 (PTHERM_R) Ncc2s | F11 -BATT 120
L - 325A
1 ——{ CAN-TA4 oo
395 | o4 (NTHERM_R) » F5 SAFETY GAN_L OUT C2
BATTERY TEMP SENSOR
80V CAN-L CAN-H
A3 A2
T 394 | o1 (PENC_R) NPOT C20 15 | By .BaATT PHYDROF3 |22
325A 326 MCV SOL.
ACCELERATOR 08 [
C2 (NENC_R) CcPOT C21 OCELE B2 MODE NHYDRO F9 [ ]
C13 (PHA_R) 12V PPOT C33 85 1 2 12v PPOT 12V PPOT E9
,,,,,,,,,,,,,,,, .
LOAD SENSING | LIFT 64
C14 (PHB_R) cPOTC18 oo, | POTENTIOMETER E1 GPOT CPOTES
,,,,,,,,,,,,,,,, J
97 03
C16 12V PPOT NPOT C19 E3NPOT NPOT E10
STEER 326
SENSOR 96 | c17 cPOT CAN_H OUT A7 >< >< >< PAUX F2
06 | c15 NPOT CAN_LOUTAs [ NAUX F8
126A
SO XX XXX X
C31NFR CAN_LAe |25 125A | Gy oanLL
TIB- PIB-

00

7-2-4

21HU-90105-00




- ELECTRICAL CIRCUIT (6/14, NON-UL, ZAPI, NON-FUNCTIONAL SAFETY, 22BH-9 : #0007-, 25BH-9 : #0138-, 30BH-9 : #0270-, 35BH-9 : #0100-)

FUSE BOX ASS'Y

F3 5 F6 Fo F10 F13 F14
10A 10A 5A 5A (tre) 5A 10A 10A
20 23 24 27 [ I Tt |25 | FAN 6 8
268 pooA REL A\L 25C ! i 52A RELAY
! |
| 320 ! R R G i i 220
@ HEAD BRAKE BACK ! | ! HORN | | I
EMERGENCY O\ 77777777777 E)\ LAMP LAMP BUZZER | | ! Sw- |
SWITCH ST o o\ sw ol switcH SWITCH O | /B - | ! KNOB/ | | /B --
! F-TIP i BLUE |
32 ! o | ! T 0
468 | | 133 b Shor |
. INPUT  OUTPUT] 43 4 44A 40 | ! Q | ro ity ;
S/W 42A ! 209 1 49 ! ! I [} 09
| [ S
2 NG | } /9,, HORN! | |9 47 ! ) v T |soc
z po-ne oA 45 ‘ | 1 RELAY, 1 I |opTl  |KeT!
CONVERTER | 1 L,:P, ,,,,,,,,,,,,, 1o | | ! |
Ul1se {115 [115A | i [sa [sB 5D [sD  |[sC | i i
EMERGENCY 43A 43A 44A 44A 46A i ! ! 59A 47A ! 1 i 1
CONTACTOR I T ! | 498 | 49A 49C | | L i ]
=~ 46 1 ! ; ; 2 I R
GND  GND XX XX | [] [] I B i (g) (g) (g) i ,\D M C“D C“D
(N)  (©ouT) @ @ @ §§ X | [ | EAR | -
LAMP TAILSTOP [1/s B/U| |TAISTOP [r/s B/U T/S T i TILT- |TILT- | HORN /TNR ! LAMP |BEA [LAMP FAN- [FAN- [FAN- FAN-
LH RH /S | ! ‘ TNR
oA -SW LAMP | | AMP | IN OouT _ | |WORK | o |con |sw! |RH  |cONT |PUMP |TRAC
CoMmBI. COMBI. IVl e BACKUP | VALVE |VALVE | I |mBLUE e ; MOTOR |MOTOR
00A LAMP 02H LAMP BUZZER ! I ! SPOT !
_ - | | |
@ 02U 02D 02J LH RH 02H 02U 02J 02E 02z o2y L 072}7 - 9%\{ ] Pg\fvi B 02G 02B 02M ‘ IBQMP 02N 02H 02U ‘ 02L 028 02K 02P 02F 02R 02T
o
b J
BZG)
LINE CONTAGTOR
[ o
O:]J INVERTER -
INVERTER
10W 300 DUAL AC2 SINGLE AC2 PUMP
MOTOR
TRACTION TIB+ 21A 21D PIB+
MOTOR-LH us KEY C3 .7 F1 KEY
VS SEAT S/W v
350A 92 122 222 300A
SEAT C5 E£4 COMMON
ws g 0 r=--— FINGER TIP/DIRECTION KNOB OPTION  —~-— commol w
FWD SW ! FNR CONTROLLER i LTS
i 202A
196 | G35 (PTHERM._L) FORWARD C6 |92, o122E] | mRSwTCH | 00— EsuFTENABLE (PTHERW)F6 222
i 00 !
PARKING i ‘— B5 BAT- TILT SW
195 5 o228 1 ® 26 B1 222 sv i 2F  — e 295
C34 (NTHERM_L) PARKING C10 o & A1 +12V i o E6 1st SPEED (NTHERM) F12
TEMP SENSOR ACGEL W ! ‘ " 2|90 |qia 1 ! AORTST TEMP SENSOR
- ‘ A2NO l 1AUX1 !
i 2 200F | i
194 | G11 (PENC_L) ENaBlECs |5 o2 ! g [ 992 |6 2 ! L5 0—®2 1 F102nd SPEED PENC)D1 |22
REV S/W i 2 % 6| —2%{aND ! Lauxe sw |
|
C12 (NENC_L) REVERSEC7 [P 0—122E} i C )—91 A4 FWD | : o— 3 | £73rd SPEED (NENC) D2
EW)BRAKE W ! A5 BWD ! e s |
= ! 122 ! 2228 | |
®) C22 (PHA_L) BRAKECY |8 5 1220 i B4 BAT+ ! Lo O0— | E14TILT LEVELING (PHA) D3
I ! I I
LFT
I ! I I
122A . J 222G |LMITSW | 67
C23 (PHB_L) COMMON C4 4@ ! ! E13 LIFT LIMIT (PHB) D5
| |
TRACTION ELECTRIC FORKLIFT DISPLAY 20| SBR
MOTOR-RH um - - E12 SBR
21H 0WA ~ |  BRAKEOI
M EMERGENCY S/W . BRAKE OIL S\W
120 420 @ KEY A6 A1-BATT e 222E 69 206
WM PLC G27 QLo 5 O F4 BRAKE OIL CAN_H OUT C4
Lc colL 2 | paTTs A
3% | o5 (PTHERM_R) NLCC26 |91 14 | coy maTT 120
T 525A CAN-T A4
395 i 225
BATTERY C24 (NTHERM_R) Bt F5 SAFETY CAN_LOUT C2
80V TEMP SENSOR CANL cANH
A3 A2
- 394 | ¢1 (PENC_R) NPOT C20 15 | B1.BATT PHYDROF3 |22
325A 326 MCV SOL.
ACCELERATOR 08 [
C2 (NENC_R) cPOT G2t OCELES B2 MODE NHYDRO F9
C13 (PHA_R) 12V PPOT C33 85 | E2 12v pPOT 12V PPOT E9
,,,,,,,,,,,,,,,, R
C14 (PHB_R CPOT C18 LOAD SENSING | LrT 84 | g1 cpoT CPOTE8
(PHER) POTENTIOMETER | POTENTIOMETER
,,,,,,,,,,,,,,,, B
97 03
C16 12V PPOT NPOT C19 E3NPOT NPOT E10
STEER 326
SENSOR m 96 | c17 croT CAN_H OUT A7 >< >< >< PAUX F2
06 | c15 NPOT CAN_LOUTAs [5%5 NAUX F8
126A
= N XXX XXX ™™
125
C31NFR CAN_LAs 122 A | C1 AL
TiB- PIB-

00

7-2-5

21HU-90106-00




- ELECTRICAL CIRCUIT (7/14, UL, ZAPI, NON-FUNCTIONAL SAFETY, 25BH-9 : -#0004, 30BH-9 : -#0004, 35BH-9 : -#0005)

EMERGENCY
SWITCH

BATTERY
80V

PUMP INVERTER

FUSE BOX ASS'Y (UL #1) £9
2
272
F3 F5 F6 Fo F8 F10 F11 F12 F14
10A 5A 5A 5A 5A 5A 5A 5A 5A
20 23 24 27 25 I 52A FAN
| WORK BEACON | RELAY 1
fng | LAMP LAMP 1 220
@ HEAD }M Ioo\sw o\sw |
O\ ,,,,,,,,,,,, (,)\\ LAMP o swiTcH BACK ! !
sw | | TILT
218 |22 Q Q O\ BUZZER i i <\> ANGLE
40 SWITCH ; ;
INPUT ~ OUTPUT 43 44 44A | |
49 ' '
09
KEY O\ 427 42 i 59 47 i 5
sw 450 45 46A | |
DC-DC | |
& CONVERTER | i |sa 58 5D 5D 5C
43A 43A 447 447 ‘ 46A 198 49A i 59A 47A i
T
822 I 6 ! |
el 00 ® e z Q ® SR YRR ORORORC
(N (©uT) ! ! ~
LAMP TAIL[STOP [1/s BU | [TAL[STOP Ti/s BIU HORN /TNR | TREAR Tiamp |BEA [LAMP |FAN- [FAN- [FAN-  [FAN- ‘Tinm
02A tH o | P B\SMP _ ! |WORK | sw |con |-swi |RH  |CONT |PUmP |TRAC
COMBI. COMBI. o o BACKUP I | Lamp LAMP ! MOTOR [MOTOR
LAMP LAMP - BUZZER | |
00A 02D 02J -LH o2H -RH 02H 02u 02J 02E 026 |02B i |oz2H 02N 02H  fo2u i |02l 028 02K 02P 02F
| |
© ® @ : j
LINE CONTACTOR
0 ©
L‘:l_‘ TRACTION PUMP
INVERTER INVERTER
10w 300 DUALAC2-PW SINGLE AC2 PUMP
TRACTION 1B PIB- MOTOR
il 210 21E -+
MOTOR-LH Us KEY C3 4. (ko) F1KEY
F22
vs SEAT S/W 5A v
ws 350A SEATCs |22 o2 222 522_| E4COMMON 300A
FWD SW LIFT SW
122D 2027
196 496 | Cas (PTHERM L) FORWARD C5 o< 00— | esuFTENABLE (PTHERM) F6
TEMP SENSOR PaRKING poon TLTSW .
©34 (NTHERM_L) PARKING C10 o« g o E6 1st SPEED (NTHERM) F12
ACCEL. SW saop | AUXT SW
122 20 >
C11 (PENC_L) EnaBLECE [ 5 ¢ C O O0—t%2 F102nd SPEED (PENC) D1
REV SW o | AUXz SW
122D 222
C12 (NENC_L) REVERSE C7 |- 00—t &73d sPEED (NENC) D2
BRAKE S/W ! TILT LEVEL |
I SW i
222B | |
C22 (PHA_L) BRAKECY | %8 5 o 1220 Lo 0% EramiTLEvELNG (PHA) D3
F20 | LIFTLIMIT |
5A 222C | SW |
€23 (PHB_L) COMMON c4 [P22 [~} 122A —0 O 57 ) E1zuFTLMIT (PHB) D5
| |
| |
TRACTION ELECTRIC FORKLIFT DISPLAY 2000 SBR |
MOTOR-RH UM pLcco7 |12 ! 168 | E12sBR
24 1A ,~~ | BRAKEOLSW
M Lc colL @ KEY A6 A1 -BATT 222FénAKE oIL swW e
WM Nncczs | 00— | FaBRAKEOILL CAN_H OUT C4
- 21E
L= | BATT+AS 1
C25 (PTHERM_R) NPOT C20 F11-BATT 120
1 326A
I ACCELERATOR CAN-T A4 225
C24 (NTHERM_R) CcPOT C21 PEDAL F5 SAFETY CAN_LOUT G2
CAN-H CAN-L ;2\6
1 A2 A3 15 521 221
B 1 (PENC_R) 12V PPOT C33 B1-BATT PHYDROF3 (> {~_|1—=—
7777777777777777 326A 325 MCV SOL.
LOAD SENSIN 08
2 (NENC_R) cPOTC18 PgTESTIOfAE$EH B2 MODE NHYDRO F9
C13 (PHA_R) NPOT C19 E2 12V PPOT 12V PPOT E9
LIFT TILT ANGLE
C14 (PHB_R) POTENTIOMETER E1CPOT CPOTES POTENTIOMETER
C16 12V PPOT E3 NPOT NPOT E10
STEER 326
SENGOR c17 cPoT CAN_H OUT A7
C15NPOT can_Loutas [
126A
) 220 | 30 PFR CANHA1 28 C3CAN_H
25A
C31NFR can Las |2 ! C1CAN_L
TIB- PIB-
00

7-2-6

21HU-90200-00




- ELECTRICAL CIRCUIT (8/14, UL,

BATTERY
80V

FUSE BOX ASS'Y (UL #1)

ZAPI, NON-FUNCTIONAL SAFETY, 22BH-9 : -#0001, 25BH-9 : #0005-#0011, 30BH-9 : #0005-#0033, 35BH-9 : #0006-#0007)

F3 F5 F6 F9 F8 F4 F10 F11 F12
10A 5A 5A 5A 5A 5A 5A 5A 5A
23 24 27 28 25 py (55 ”””””” L e — 52A FAN
RELAY
BRAKE 25C | WORK BEACON
,,,,,,,,,,,, |
LAMP ; - ! LAMP LAMP 200
k9 HEAD o }M SWITCH | ; LOlsw Q'sw
f© EMERGENCY r N psC | | !
————————————— LAMP BACK | | 5 i i 1 1
SWITCH SEAT ! | |
21B 2 o o' sw BUZZER ! HEATING | i i ! ! -—-
40 s SWITCH O\ | switcH i ! ! | e
INPUT  OUTPUT 43 44 44A sw 1 | 9 198 | | |
! 4 4
EMERGENCY 427 | i 9 i oC i | | 09
S . CONTACTOR 42 ! HEATER( H )1 | 2 | L 47 ) @
45A 45 46B | ! | | ! !
DC-DC L ] | Q i | i
—————————— - c | |
2 CONVERTER 49C | | L et 3 ! !
N ! son | 5A 58 5D 5D 5C
a 447 447 ‘ , 46A 498 49A  49C i 47A i
a0 oo | (50 () (X) o X X . [17 I OROROXO
XX XX d M M M M
(IN) (oum | EAR 1
LH LAMP RH |TAIL[STOP Tr/s B/ | |TAIL[STOP TT/s B/U s s HORN /TNR | LAMP |BEA [LAmMP FAN-  [FAN-  [FAN-  [FAN-  “\R
02A || WORK ! RH CONT |PUMP |TRAC
Sw LAMP | LAMP r | LAMP | -SW | CON  |-swi
COMBI. CoMBI. i RH gﬁg;g; | LAMP ! MOTOR |[MOTOR
LAMP LAMP | |
00A 02U 02D 02J -LH 02H -RH 02H 02U |o020 02E 02y 02G | o028 02M ! JozH  |oeN  fo2H  |o2u ! 02L 02s |02k [o2p  |02F
| |
@ C A —————— i
LINE CONTACTOR
o ©
TRACTION PUMP
INVERTER INVERTER
10W 300 DUALAC2-PW SINGLE AC2 PUMP
MOTOR
TRACTION TIB+ 21A PIB+
MOTOR-LH us KEY C3 4. F1KEY
VS SEAT SW v
ws 350A seatcs [ 2 5 o122 222 | £4comMmON 300A w
FWD SW LIFT SW
122E 222A
C35 (PTHERM_L) FoRwARDCs | 57 00— | esLFTENABLE (PTHERM)F6 |20
TEMP SENSOR
PARKING 122B 222A s 61 295 ;2*3
C34 (NTHERM_L) PARKING C10 o o E6 15t SPEED (NTHERM) F12
ACCEL. SW AUX1 SW
1220 200F 2
C11 (PENC_L) enaBlecs [ 57 o 0—% | F102nd SPEED (PENC) D1
REV SW AUX2 SW
91 1226 222F 63
C12 (NENC_L) REVERSE C7 o o o o E7 3rd SPEED (NENC) D2
BRAKE S/W | TILT |
s | LEVEL SW |
122D 2028 | i
BD C22 (PHA_L) BRAKECY [ 5 0O 50—t | E1aTILT LEVELING (PHA) D3
| LIFT |
| |
129 200c | LIMITSW 1
€23 (PHB_L) COMMON C4 lomme E13 LIFT LIMIT (PHB) D5
TRACTION ELECTRIC FORKLIFT DISPLAY 299D SBR Lo
MOTOR-RH um o 0oL E12 SBR
M EMERGENCY SW @ M | v s A1 -BATT 00A . BRAKE OIL S/W
421 222E
WM picczr |10 oo 220 00— | FaBrakEOIL cAN HouTCa | 228
Lc coiL 2 BATT+ A5
C25 (PTHERM_R) nccs |9 14 | £ .8ATT 120
1 \_1 326A
r CAN-T A4
C24 (NTHERM_R) ol F5 SAFETY canLouTcz |22
CAN-H CAN-L F26
1 A2 A3 15 so1 (A op
T C1 (PENC_R) NPOT C20 B1-BATT PHYDROF3 =~ }—
326A 325 MCV SOL.
ACCELERATOR o [
C2 (NENC_R) CPOT C21 oL B2 MODE NHYDRO F9
65 265 272 72
C13 (PHA_R) 12V PPOT C33 L E2 12V PPOT 12V PPOT E9
F25
LOAD SENSING LIFT 5A 64 TILT ANGLE
POT E:
C14 (PHB_R) CPOT C18 POTENTIOMETER POTENTIOMETER E E1 cPOT CPOTES POTENTIOMETER
03
C16 12V PPOT NPOT C19 E3 NPOT NPOT E10
STEER 326
SENSOR c17 cPOT CAN_H OUT A7
C15NPOT cAN LouTAs P22
126A
@ 220 | c30 PFR CAN HA1 |28 C3CAN_H
125A
C31NFR CAN_LAs | 128 C1CAN L
[ [Pe]

00

7-2-7

21HU-90203-00



- ELECTRICAL CIRCUIT (9/14, UL,

FUSE BOX ASS'Y (UL #1)

ZAPI, NON-FUNCTIONAL SAFETY, 25BH-9 : #0012-#0012, 30BH-9 : #0034-#0038)

F3 F5 F6 F9 F4 F10 F11 F12
10A 5A 5A 5A 5A 5A 5A 5A
23 24 27 28 25 = 524 ——————— 52A FAN
25A ! ! @ RELAY
BRAKE 250 i WORK BEACON |
@ LAVP 268 - - r S 3 ° AP 5 LAVP i 220
© EMERGENCY HEAD Q1 switcH | | | i l |
P N N U G LAMP BACK | SEAT | | | ! ‘
218 |22 Q Q| sw BUZZER | HEATING i i | | Vol
40 SWITCH O ! I I ! i o
INPUT  OUTPUT 43 44 440 | SwiTcH 3 o' 1o 133 | 1 1
! !
EMERGENCY 42A 468 | | 49 1 |aec | ! ! 09
. . CONTACTOR 42 I HEATER( H )1 | 7 HORN Lo 47 [ @
45A 45 | ! ! RELAY | ! !
DC-DC ! | | 9 ! | |
2 CONVERTER [ _d [ +—T— ] ! ! " p” - - <
43A |  a3A 44A 44A | 50A 47A i
2 - 498 | 49A 49C | |
| |
o 46 | |
| |
GND  GND (8) (8) (8) (g) (2) 7 i (g) (g) (g) i
KEY O\ (N)  (OUT) X% XX /]:[: L N | z ;EAR i C’\D CND CND (@ -
W4 02A LH LAMP  |RH |TAIL[STOP [1/s BU | |TAIL[STOP [1/s BIU s s HORN /TR U [work | amp [Bea  TLame FAN- [FAN-  [FAN- JFAN-  FinR
-SW LAMP | LAMP - | LAMP | -SW CON -S/W,| RH CONT |PUMP |TRAC
COMBI. COMBI. T I BACKUP | LAMP | MOTOR |MOTOR
LAMP LAMP BUZZER ‘ |
00A 02U [02D 024 LH 02H -RH 02H 02u |02 026 027 02y 02G | 028 02Mm " foa4  foeN fozH  foau ! o2l [o2s |02k |o2p  |ozF
! !
@ C =
LINE CONTACTOR
0 o
L‘:l_‘ TRACTION PUMP
INVERTER INVERTER
10W 300 DUALAG2-PW SINGLE AC2 PUMP
MOTOR
TRACTION TIB+ 21A 21D PIB+
MOTOR-LH us KEY C3 4. .7 F1 KEY
vs SEAT S/W v
ws 350A seatos |25 o122 22 | £4comMmon 300A w
FWD S/W LIFT sW
122E 22A
35 (PTHERM_L) FORWARDCs | 5 o 00— | EsvuFTENABLE (PTHERM) F6 5%
TEMP SENSOR
PARKING 122B 222A rrsw 61 295 ‘:ie
C34 (NTHERM_L) PARKING C10 o o E6 15t SPEED (NTHERM) F12
ACCEL. SW TAUX1 SW 1
1220 200F | |
C11 (PENC_L) enastecs 2 57 o L5 0—% | Fi02nd sPEED (PENC) D1
| |
REV S/W [AUX2 SW
122E 200F | |
C12 (NENC_L) reversecr [ G O L5 00— | &73aspeED (NENC) D2
BRAKE S/W | TILT |
98 122D 2208 | [EVELSW | 66
@* C22 (PHA_L) BRAKE G9 o O L5 ot E14 TILT LEVELING (PHA) D3
| LIFT |
| |
120A 200G | LMITSW |
C23 (PHB_L) COMMON C4 oo E13 LIFT LIMIT (PHB) D5
| |
| |
TRACTION ELECTRIC FORKLIFT DISPLAY 200D 1 SBR i s
MOTOR-RH UM Lo O f E12 SBR
21 [ oA o~ | arakeor <
M EMERGENC“(QSO/W @ KEY A6 Al BATT pog SPAE oL sw
WM piccer 120 516 o 0— | FaBRAKEOIL CAN_HOUTCa |28
21H
1 LccolL BATT+ AS
C25 (PTHERM_R) ncczs | 4 Fi1 ATt 120
1 325A
. CAN-T A4
BATTERY C24 (NTHERM_R) bt F5 SAFETY caN_LouTce |22
8ov CAN-L CAN-H
1 A3 A2 15
T C1(PENC_R) NPOT G20 B1-BATT PHYDRO F3
325A 326
C2 (NENC_R) CPOT C21 Ag‘ég'immﬂ B2 MODE NHYDRO F9
65 265
C13 (PHA_R) 12V PPOT C33 = E2 12V PPOT 12V PPOT E9
F25
7777777777777777 ! LIFT 5A 64 o ranele |
LOAD SENSING | TILT ANGLE |
C14 (PHB_R) CPOT C18 POTENTIOMETER | POTENTIOMETER E E1CPOT CPOTES POTENTIOMETER !
7777777777777777 o B e
C16 12V PPOT NPOT C19 % | eznpor NPOT E10
STEER 326
SENSOR c17 cPOT CAN_H OUT A7 >< ><
C15NPOT CAN LOUTA4 22
126 126A
C30 PFR CAN_H A1 >< >< €3 CAN_H
125A
C31 NFR cANLas [1® C1 CAN_L
TiB- PIB-

00

7-2-8

21HU-90204-00



- ELECTRICAL CIRCUIT (10/14, UL, ZAPI, NON-FUNCTIONAL SAFETY, 22BH-9 : #0002-#0003, 25BH-9 : #0013-#0017, 30BH-9 : #0039-#0050, 35BH-9 : #0008-#0009)

BATTERY
80V

7-

2-9

82B

FUSE BOX ASS'Y (UL #1)
F3 F5 F6 Fo F4 F10 F11 F12 Fo8 F29
10A 5A 5A 5A 5A 5A 5A 5A 5A 5A
z 2 I = T e
20 23 24 l 28 5 25A e 3 3 8 82
BRAKE 268 26C |26C | ORI BEACON 81A  |81B  [81B  |82A  |82B
LAMP o s P ainininieinieieitiitetel pial 1 [ ittt Bt Attt i
EMERGENCY (<9 HEAD o }M SwiTcH ; BACK i i o'sw olsw |
swieH T | A~ LAMP i BUZZER i i ‘ - -
BACK l SW- | | ‘ ™NR TNR
32 218 |22 o o' sw BUZZER i ? SEAT | | P M M M
o swron o\ | 48 KNOB HEATING | | | i _
KEY INPUT  OUTPUT 43 44 44A ! SWITCH | @) el 133 ! FAN-  [FAN- FAN-  [FAN-
R BACK ; 49 | lasc ; RH CONT PUMP  |TRAC
o\ W 427 468 ! BUZZER ; ; ; goB| 80C| 80D |[MOTOR |MOTOR
42 e RELAY HEATER( H )| ! © HORN |59 47 i
45A 45 i ! ! RELAY | 80A 80E
DC-DC i | | 9 |
CONVERTER N I ! [ e B ! @
EMERGENCY 43A 468 ‘ | 80 220
E’ - CONTACTOR 43A 44A 44A 46A 498 49A  49C | S9A 47A i
= 46 | i
o )00 (e 2 9 & s | QR |
(IN) (ouT) /D: [ | i o
won H LavP  Tau  |TAL[STOP Tis BU | |TALTSTOP [T/s BIU s s HORN /TNR | Trean [uwe [eea  [awe
W cowmsl COMBI. LAMP | LAMP BACKUP - | [WORK | -sw | OON S | P
LAMP LAMP LH -RH BUZZER P |rawp } @
00A 02u |00 024 H 02H -RH 02H 02u o 02E 02z 02y 02G | 028 02Mm 1 JozH  foan ozH  foz2u ! o0oF
! |
) !
e ¢ L 1
LINE CONTACTOR
o
L‘:l_‘ TRACTION PUMP
INVERTER INVERTER
10W 300 DUALAC2-PW SINGLE AC2 PUMP
MOTOR
TRACTION TIB+ 21A PIBr
MOTOR-LH us KEY C3 4. F1KEY
Vs SEAT SIW v
e 350A seatcs |2 5 o122 22 | £4comMmoN 300A w
FWD SW LIFT SW
122E 20A
35 (PTHERM_L) FORWARDCE [ 5 50— | esuFTEnmBLE (PTHERM) F6
F23  TEMP SENSOR
PARKING o oon N 61 25 A
C34 (NTHERM_L) PARKING G10 o o E6 15t SPEED (NTHERM) F12
ACCEL. SW }r/it]i( sw T
1220 200F
C11 (PENC_L) ENABLECE |22 o/o T O/O 182 | 10 2nd SPEED (PENC) D1
\ \
REV SIW i AUX2 SW i
122E 200F
12 (NENC_L) REVERSECT |2 O Lo 081 E7aspeed (NENC) D2
BRAKE SW | TILT |
() 98 122D 2208 | "EVELSW 1o
C22 (PHA L) BRAKE C9 0 © Lo o E14 TILT LEVELING (PHA) D3
i LIFT i
1227 2200 | LMITSW o,
C23 (PHB_L) COMMON C4 o O— E13 LIFT LIMIT (PHB) D5
! !
| |
TRAGTION ELECTRIC FORKLIFT DISPLAY 2220 | SBR g
MOTOR-RH UM Lo o E12 SBR
2tH | [00A ~ |  BRAKEOISA
M EMEF{GENCK 2so/w @ KEY A6 A1 -BATT oot BRAKE OIL SW
WMl pccer 120 416 60— | FaBRAKEOLL CAN_HOUTC4 |28
21H
| Lecon BATT+ A5
C25 (PTHERM_R) ncczs | 141 Fi1 ATt 120
L 325A
1 CAN-T A4
C24 (NTHERM_R) - F5 SAFETY can_Loutce |22
CAN-L CAN-H
1 A3 A2 15
T C1 (PENC_R) NPOT G20 B1-BATT PHYDRO F3
325 326
€2 (NENC_R) CPOT C21 A‘;‘égiRATOR B2 MODE NHYDRO F9
C13 (PHA_R) 12V PPOT C33 E2 12V PPOT 12V PPOT E9
7777777777777777 a I |
LOAD SENSING | LIFT TILT ANGLE !
C14 (PHB_R) cPOTC18 O | POTENTIOMETER E1CPOT CPOT E8 POTENTIONETER |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, B
C16 12V PPOT NPOT C19 E3NPOT NPOT E10
STEER 326
NeoR c17.cPOT CAN_H OUT A7
C15NPOT CAN.LOUTA4 [
126A
@ 220 | 30 PFR CAN HA1 |28 C3CAN_H
125A
C31 NFR CAN LA [ C1 CAN_L
TiB- PIB-
00

21HU-90204-01



- ELECTRICAL CIRCUIT (11/14, UL, ZAPI, NON-FUNCTIONAL SAFETY, 22BH-9 : #0004-#0006, 25BH-9 : #0018-#0137, 30BH-9 : #0051-#0269, 35BH-9 : #0010-#0099)

FUSE BOX ASS'Y (UL #1)

F3 F5 F6 Fo F8 Fa4 F10 F11 Fi2 F28 F29
10A 5A 5A 5A 5A 5A @ 5A 5A 5A 5A 5A
27 i 1 25 55| T E I 0 81
” = " 28 L 27A @ LT 25A  [o50 | ®
— :9 | WORK BEACON
268 26C | 26C | 325‘5“” ! | om Vs ! 81A 818 |82A 828
__|eCc j26C ] 1 N IS (S B
EMERGENCY (ko) HEAD r BACK Lo | | o\sw o\sw |
SWITCH O\ 9\ LAMP O, BRAKE BACK ! BUZZER | ! | | | - -
LAMP | S/W- SEAT | | | | | NR INR
BUZZER
32 218 |22 o Q|sw o FA SWITCH swiToH 2\ 1 ?48 KNOB  HEATING P %g" | O\ i 0\ i CD (@ M M
| | _ _
KEY INPUT  OUTPUT 43 44 44A %0 ; SWITCH [ i o' 10 133 | FAN- TFAN- FAN- TFAN-
sw e BACK b ! 40 | [acc | RH  |CONT PUMP [TRAC
o 42A 468 | BUZZER I ! 115 209 ! | | 80B 80C 80D [MOTOR |MOTOR
42 ' RELAY HEATER( H )i | @ ! ! Z HORN |59 47 |
33 45A 45 1 I ! i I RELAY | 80A 80E
DC-DC i b } | Q |
2 CONVERTER E S B 1 o PN [ - | @
EMERGENCY 138 468 11158 ! ! 80 220
E’ - {::‘ CONTACTOR 3 43A 44A 44A ‘ 4y 10A | ! 498 |49A 49C 59A 47A !
" 46 | | 3
|
2|00 Qe g ¥R 00 oo ®RPQ |
| | RELAY
® oo . LAMP |y |TAL[STOP Trs  [Bu| |TAI[STOP Jis  [BM ws | Ts } TLT- LT HORN /T NR REAR | LAMP |BEA |LAWF
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- ELECTRICAL CIRCUIT (12/14, UL, ZAPI, NON-FUNCTIONAL SAFETY, 22BH-9 : #0007-, 25BH-9 : #0138-, 30BH-9 : #0270-, 35BH-9 : #0100-)
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- ELECTRICAL CIRCUIT (13/14, FINGERTIP, SEMIKRON, NON-FUNCTIONAL SAFETY)
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- ELECTRICAL CIRCUIT (14/14, FINGERTIP, UL, NON-FUNCTIONAL SAFETY, 22BH-9 : #0001-, 25BH-9 : #0005-, 30BH-9 : #0005- 35BH-9 : #0006-)
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21HU-90900-00

#0364-)

#0497-, 30BH-9 : #0864-, 35BH-9 :

7-2-14

GROUP 2 ELECTRICAL CIRCUIT (OPTION, MAHCINE NO. 25BH-9

- ELECTRICAL CIRCUIT (1/6, NON-UL, FUNCTIONAL SAFETY)
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- ELECTRICAL CIRCUIT (2/6, UL, FUNCTIONAL SAFETY)

21HU-90920-00
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- ELECTRICAL CIRCUIT (3/6, UL, OVER HEAD GUARD)
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- ELECTRICAL CIRCUIT (4/6, OPTION)
*ELEC.DIAGRAM OF HARNESS-RMCU
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21HU-90880-00

HEATER RELAY

- ELECTRICAL CIRCUIT (5/6, CABIN)
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- ELECTRICAL CIRCUIT (6/6, FINGERTIP, FUNCTIONAL SAFETY)
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' GROUP 3 ELECTRIC COMPONENTS

1. FUNCTIONS OF BATTERY FORKLIFT TRUCK AND ELECTRIC COMPONENTS

The major functions of forklift truck can be divided into DRIVING FUNCTION and LOADING and
UNLOADING FUNCTION.

All the components that work DRIVING and LOADING & UNLOADING functions are driven by AC
motors. And as the BATTERY works as power source of these motors, a charging device is needed.
To drive the fork lift truck, a DRIVING CONTROL SYSTEM and some electric components such as
direction change lever (forward/reverse section switch) and accelerator are required to select the
driving direction and to control the speed of driving motor.

The CONTROL SYSTEM includes some protective circuits that protect the equipment and
components from malfunctioning.

A MONITORING SYSTEM is installed in the monitor panel, which monitors the equipment and
working condition, and let the operator take proper action. For the monitoring system, there are many
sensors such as current sensors, potentiometer sensors, and temperature sensors. The HYUNDAI
Battery forklift trucks are equipped with the most advanced DRIVING CONTROL SYSTEM currently
available world-widely. The operator friendliness features enable him to set the truck conditions
properly according to each working circumstance easily on his seat, and the SELF-DIAGNOSTIC
function displays current status of truck in working.
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2. BATTERY
1) STRUCTURE
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2) GENERAL

As in the battery forklift, the battery is an
energy source, the handling of the battery

is very important.

The life and performance of the battery
greatly depend on the ordinary handling
and maintenance. Therefore, be sure to
check and maintain the battery so that it

may be kept best.

3) SPECIFICATION AND SERVICE DATA

35B7ELO4

ltem Unit 22/25BH-9 30/32/35BH-9
Type - Lead Acid
Rated voltage v 80
Capacity AH/hr 500 600
Electrolyte - WET
Dimension (W x D x H) mm 1025x 708 x 784 1025x 852 x 784
Connector - DIN 320
Weight kg 1470/1706 1780/2066

Fully charged specific gravity

1.280 (25°C)

End of discharge specific gravity

1.120 (25°C)

Discharge end voltage

80V

Electrolyte

Refined dilute sulfuric

Replenishment fluid

Refined (pure) water

Insulation resistance

M2
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4) SAFETY PRECAUTIONS

(1) When sulfuric acid contact with skin
For acid contact with skin, eye or clothing, flush with water immediately. If swallowed, drink a large
amount of water or milk. Seek medical attention immediately. When handling acid, always wear
eye goggles or a face shield and rubber gloves.

(2) Strict prohibition of fire and ventilation
Since batteries generate explosive hydrogen gas, no fire should be drawn near. Before the battery
charging, keep the battery cover open and check the ventilation status. Charging in an enclosed
space can cause an explosion.

(3) Never place metallic articles on the batteries
If done so, it may cause "short circuit" accidents (dangerous especially while charging)
(Especially dangerous while charging).
Sparks will be generated which is equally dangerous as open fires.

(4) Handling of charger
When connecting or disconnecting a battery from a charger or attempting maintenance, make
sure switches are all off. Ensure that the charger and the battery are matched. If a 300Ah battery
is used with a charger designed to charge a 500Ah battery, it will severely overcharge the battery.

5) OPERATION PRECAUTIONS

(1) Avoid over-discharge
If over-discharged, it will be difficult to restore the batteries to the original state by recharge. In
order to maintain the batteries in use for long period of time, it is recommended to use the
batteries with discharge amount not exceeding 80% of the rated capacity. Further care should be
taken for preventing the unit cell voltage from falling below 1.5V.

(2) Avoid over-charge
If overcharged, the rise in battery temperature will become excessive, resulting in deterioration of
plates and other parts and markedly shortening of battery life.

(3) Avoid excessive elevation of temperature
Be sure to open the cover of battery housing tray before charging. If there is a possibility of
temperature to exceed 55°C, discontinue the charge operation temporarily, or reduce the charge
current.

6) CHECKING

(1) Unpacking
Electric traction storage batteries (herein after refer to as "batteries") are delivered to customers in
dry-charged condition. At unpacking, check whether the batteries and accessories have been
damaged. If there are observed defects, you should notify the condition to our branch office or
agent. Never remove the sealing plug until the battery is put into service.
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(2) Performance and maintenance of batteries

@

a.

@

®

Initial charge

Wet-charged battery gradually decreases its capacity during storage. In order to provide
sufficient discharge capacity in the first discharge, the good initial charge is required. The
conditions of initial charging are seen as below at room temperature.

By modified constant voltage charger

Connect the battery to the charger and turn on the equalizing charge "ON." The battery will be
fully charged and terminated automatically.

. By constant voltage constant current charger (standard)

Connect the battery to the charger and turn on the equalizing charge "ON." The battery will be
fully charged and terminated automatically.

. By constant current charger

Connect the charger to the battery and charge the battery by 0.1C x5 hour rate nominal
capacity current for 24 hours or more. The charge shall be terminated when one of the following
conditions is identified.
- When a constant value is indicated for more than 1 hour after the battery voltage has
reached the maximum value.
- When more than 1 hour of charge is continued after the electrolyte specific gravity has risen
fully and becomes constant.

Discharge and capacity

The capacity of batteries is indicated at 5 hour rate capacity which means the battery can be
discharged for 5 hours with the discharge current calculated by dividing the capacity value by 5
until the unit cell mean voltage reaches down to 1.7V at the electrolyte temperature of 30°C.

That is, the capacity is indicated by AH (ampere hour) being calculated as the product of ampere
(A) and time (H). However, even if it is the same type of batteries, the capacity varies with the
discharge conditions (discharge current, battery temperature and specific gravity of electrolyte).
Even if the batteries discharged its full capacity, if immediately charged to full, there will be no
harmful effects remained. Ideal charging amount (AH) is 110-125% of the amount of previous
discharge.

Specific gravity of electrolyte

Specific gravity of electrolyte drops at discharge and rises at charge. When the batteries are fully
charged, it becomes almost constant and shows no further rise. The specific gravity value varies
with the change in temperature. Therefore specific gravity measurement should be made with
temperature of electrolyte at the same so the measured specific gravity value could be corrected
to that at the standard temperature of 25°C by the following formula.

S25 = St + 0.0007 (t-25)

Where, S2s: Specific gravity at 25°C
St : Actually measured specific gravity at t°C
t  :Electrolyte temperature (°C)

The standard specific gravity for this type of battery is 1.280+0.01(25°C) at full charge condition.
If the electrolyte is decreased naturally while using, distilled water shall be replenished up to the
specified level. (Never refill sulfuric acid).

Only when large quantity of electrolyte is lost due to spillage, etc., dilute sulfuric acid specified in
gravity shall be added.
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@ Normal charge

Charge the discharged batteries as quickly as possible. The temperature of electrolyte before

starting the charging operation shall preferably be below 45°C, and the temperature during the

charge should be maintained at no higher than 55°C. (Under any unavoidable situations, it

should never be above 55°C). Methods of charging vary in precise meaning with the types of

chargers used. A standard charging method is described hereunder. (If a special method is

mentioned to be adopted, follow that instruction).

a. Charging by modified constant voltage automatic charger
There is almost automatic charger today which completes the charging just only connecting the
plug between battery and charger without outer operating timer. But if your charger has it, after
setting the timer for 3-4 hours and turn on the charger and the charger is left as it is, then the
charge will be made automatically. In principle, regardless of the amount of previous discharge,
it is not required to alter the setting of timer time. The recommendable current value of this type
of charger is "5 hour rate current x 1.0~1.5" at the start of charging, and at the final stage it is "5
hour rate current x0.15~0.25". Normally the charge is terminated within 8~12 hours
automatically.
b. Charging by constant current constant voltage automatic charger

After a lapse of specified charging time after the switch is turned on, the charge will be
completed by turning off the switch. The charging time can be calculated by the following
formula.

Amount of previous discharge(AH)

Charging time = Capacity of charger(A)

+2~3(H)

When the amount of previous discharge is not known, use the 5 hour rate rated capacity of the
batteries. At immediately after charging, the charge current is allowed up to 3 times 5 hour rate
current. For charger provided with a timer, the charge will terminate automatically if the timer is
set at the specified time according to the operation manual.
C. Charging by constant current charger

Connect the charger to the battery and charge the battery by 0.1C x5 hour rate nominal
capacity current for 24 hours or more. The charge shall be terminated when one of the following
condition is identified.

® Equalizing charge

When large number of cells are used in a set of battery, the voltage and specific gravity of
respective cells tend to become unequal, resulting in necessity of charging all the cells at an
appropriate time in order to equalize them. This is called equalizing charge. Normally the
equalizing charge should be carried out once every month. The methods are in normal type
charger, extend the charge for 5 more hours after full charge at the final stage current, and in
automatic charger which is in most cases provided with timer, extend the time setting for 3-6
more hours.
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® Replenishment of distilled water
Only the water content of electrolyte is decreased due to electrolysis of distilled water during
charge and natural evaporation. If a battery used with the electrolyte decreased excessively,
plates will deteriorate resulting in markedly shortening of battery life. Be sure to check the
electrolyte level once every week. If the electrolyte level is lowered, replenish distilled water up to
the specified level. In this case, never attempt to replenish sulfuric acid or tap water. Use only
distilled water for battery replenishment. If the amount of water required for weekly addition to a
unit cell for 100AH of battery capacity is in excess of 45 cc, it is assumed that the cell is receiving
overcharge. Accordingly, be sure to reduce slightly the daily charge amount. Under the normal
conditions, the addition of water per week is 45 cc or less. Incidentally, distilled water
replenishment should be made before charging to the content of minimum level. (For the
purpose of uniform stirring of electrolyte by charging).
If the electrolyte level is improper after completion of charging, you may topping up the
electrolyte level to the maximum level.
a. Determination of replenishment time and methods (cell with ONE TOUCH CAP)
Confirm the electrolyte level by looking at the float in the ONE TOUCH CAP . If too low as shown
in figure, replenish distilled water. Replenishment shall be performed after opening the cover of
the plug using syringe and jug. When refilling is completed, close each cover completely until
“click" sound is heard.

Minimum Level Maximum Level

Cell cover

B153EL041 B153EL042
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C.

Cleaning

If electrolyte spills or the cells are polluted with dust or stains, it will cause generation of leak
current. Wipe off dust and stains with moist cloth and clean in such a manner that the cells are
kept in dry condition. In the case of plastic containers or covers, never use such organic solvents
as paint thinner and gasoline. If used, the plastic containers or covers may suffer cracking. If you
are forced to use them, be sure to use white kerosene.

Notice on charging

The charging area must be well ventilated to facilitate exhaust of gas generated from the battery
during charging. Charge the battery in an area free from iron working, welding, etc. Further the
battery generates hydrogen, oxygen, acid mist and on rare occasions, hydrogen sulfide during
charging depending on the case. Special care may be required in the case of equipment and
objects near the battery that may contaminated or damaged. Do not pull out the charging plug
during charging, as it will cause sparks. Since hydrogen gas generated during charging may
remain in the area surrounding the battery after charging, never bring fire or flame close to this
area. In case of counter-balance type vehicles, open the battery cover before charging.

Repair of failure cell

. To remove a cell from the circuit or battery from steel tray, it is first necessary that the intercell

connector be removed.

. Before performing any repairs, you must open one-touch caps for gas purging of all cells. After

you have finished that, must remove connector covers and on-touch caps from failure cell
including surrounding cells. All vent holes of cells removed of one-touch caps must cover by
four layers of water dampened cloth and then proceed with repairs. Using an acid syringe
withdraw sufficient electrolyte from failure cell to reduce the liquid levels until minimum level
indicating of one touch caps.

The safe and most efficient method of removing a connector from failure cell as well as all
surrounding cells is with hand or electric drill (25 mm).

A You must make sure to clear of explosive hydrogen gas in the cells before repairs. Be

S —~ o a

careful not to drill to far into the cell and damage the unit. During drilling operation make
sure lead curls produced do not contact opposite cell poles and cause a spark.

. Upon completion of drilling the intercell connectors, can be lifted off.

Lifted off the failure cell from circuit after removing of intercell connector.
Installing new cell and connector.

. With surfaces properly cleaned and neutralized, position the connectors.
. Place damp rags around each lead head. Hold tip of the welder in center of post move welder

completely around top of post and out to the area where the post meets the connector. Move
welder back to center of post and add molten lead until area is filled to top of connector. Again,
move welder completely around area, with tip on molten lead. If you have jig for welding
connector, have easier and better welding work.

When replacing electrolyte in a repaired cell, use sulphuric acid of the same specific gravity that
is found in the balance of the battery.

Finally, rejoin connector covers and one-touch caps to the cells.
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@® Summary of daily maintenance

a. Avoid overcharge. After discharge, charge the batteries immediately. The standard frequency of
equalizing charge is more than once every month.

b. Be sure to check the electrolyte level once every week. If found decreased, replenish distilled
water up to the specified level.

c. The top surface of battery cells should be kept clean and dry.

d. Be sure to keep open the cover of battery housing tray during charge.

e. Never draw near open fires such as lighted cigarettes or burning matches during charge.

(3) Others
© Storage of batteries

When batteries are stored, keep them away from room heaters or other heat generating sources.
Clean, cool and dry place where no direct sunlight is suited for battery storage. Before putting
into storage, it is important to charge the batteries and keep the electrolyte level at the specified
level.

When the temperature in storage location is higher than 20°C, check the specific gravity once a
month, and when lower than 0°C, check it once every two months. If the measurements show
values lower than 1.230 (20°C), it is required to charge the battery in accordance with the
method described in NORMAL CHARGE.

® Maintenance record
It is recommended to keep maintenance record in order to know the operational conditions of
batteries. Daily charge and discharge, equalizing charge requirements, and distilled water
replenishment requirements can be clarified at a glance. Measurements of specific gravity and
temperatures once every two to four months after equalizing charge and maintenance thereof
will serve for battery health diagnosis.

® Electrolyte temperature

The operating temperature range of batteries is -10~45°C (temperature of electrolyte). If the
batteries are exposed to cold atmosphere in discharged condition, the electrolyte may freeze, and
in extreme cases, the capacity will be decreased, but, if not frozen, no adverse effects will be
exerted.

Contrarily if the temperature is high, especially if used at above 55°C, the battery life will be
considerably shortened. Care must be taken so that the temperature during charge will be
maintained at 55°C or lower. Even under unavoidable circumstances it should not exceed 55°C.
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7) TROUBLESHOOTING

Nature of trouble Symptoms Causes Corrective Action
Deformation - Deformation of container. | -+ Excessive temperature| - Replace
Lid or one touch cap rising or external impact
Breakage - Electrolyte leakage acco- | - External impact, improper | - Replace or install a new
rding to breakage of cont- handling, excessive vibrat- | one
ainer, lid or one touch cap ion
- Termination of connector | - Excessive temperature - Replace
or pole post etc. rising or external impact
Sulfate - Specific gravity drops and | - When left in state of disch- | - Need equalizing charge

capacity is decreased.

- Charge voltage rises rapi-

dly with immature gassing
in earlier stage but specific
gravity does not rise and
charge can't be carried
out.

arge or left long without
equalizing charge.

- Insufficient charge.
- When electrolyte is so de-

creased that plate is de-
posed.

- When concentration of

electrolyte rises.

- When impurities are mixed

in electrolyte.

- Need equalizing charge
- Need equalizing charge

- Adjust specific gravity

- Replace electrolyte

Decrease and
falling of specific
gravity

- May be easily detected by

measurement of the spec-
ific gravity.

- Rise of temperature due to

such trouble.

- When left long period with-

- Replace

- Refill water in regular per-

out refilling of water. iod
- Short circuit. - Replace
Rise of specific - May be easily detected by | - Diluted sulfuric acid is - Adjust specific gravity after
gravity measurement of the spec- | used in refilling. full charge.

ific gravity.

- When the electrolyte level

excessively drops.

- Refill distilled water.

Mixing of
impurities

- Decrease of capacity.

- Drop of charge and disch-

arge voltage.

- Odor of generated gas and

coloring of the electrolyte.

- Metals such as iron, copper

nickel and manganese.

- Impurities such as sea

water, chloric acid, nitric
acid etc.

- Filling of impure water.

- Under a fully discharged

condition, pour out the
electrolyte. Then pour in
an acid of the specific
gravity higher by 0.03~0.05
than that of the drained
acid. Charge fully and
adjust the specific gravity to
the specified value.
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3. DRIVE MOTOR
1) STRUCTURE

a W NN =

Rotor assy
Stator assy
Endbell De
Endbell
Block-Terminal A

© 00 N O

Speed sensor kit
Stud bolt
Protector-Terminal
Bearing

Bearing
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14
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Qil seal

Nut flange
Wave washer
O-ring



2) SPECIFICATION

ltem Unit Specification
Type - AQDE4001
Rated voltage Vac 50
Rated output kW 8.0x2
Insulation - Class F

3) MAINTENANCE INSTRUCTION
% Before starting the maintenance please disconnect the power supply.

(1) Ball bearing
Both ball bearing are maintenance free. Should it be necessary to remove the bearings in case of
repair, they should be replaced. In any case the sealing parts (shaft sealing ring etc.) have to be
replaced.
If a bearing which is to be replaced has only one sealing lip, this should be greased with quality
bearing grease.
Atfter approximately 10,000 operating hours the bearings have to be replaced.

(2) Disassembly and assembly
The motor is assembled and disassembled according to the relevant sectional drawing and part
list. (See page 7-13)
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4. PUMP MOTOR
1) STRUCTURE

AWM =

Rotor
Stator
Endbell De
Endbell

0 N o O

Block-Terminal A 9 Bearing
Speed sensor kit 10 Oil seal

Stud bolt 11 Flange nut
Protector-Terminal 12 Wave washer
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2) SPECIFICATION

ltem Unit Specification
Type - AMDP4001
Rated voltage Vac 50
Rated output kw 19.7
Insulation - Class F
3) INTERNAL INVOLUTE SPLINE DATA

ltem Unit Specification
Flat root side fit - Class 7
No of teeth EA 11
Spline pitch mm 16/32
Pressure angle Degree 30
Major diameter mm 19.7104
Form diameter mm 19.1516
Minor diameter mm 16.0274
Pin diameter mm 2.7432

4) MAINTENANCE INSTRUCTION

% Before starting the maintenance please disconnect the power supply.

(1) Ball bearing

Both ball bearing are maintenance free. Should it be necessary to remove the bearings in case of
repair, they should be replaced. In any case the sealing parts (shaft sealing ring etc.) have to be

replaced.

If a bearing which is to be replaced has only one sealing lip, this should be greased with quality

bearing grease.

Atfter approximately 10,000 operating hours the bearings have to be replaced.

(2) Disassembly and assembly

The motor is assembled and disassembled according to the relevant sectional drawing and part

list. (See page 7-15)
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5. CONTROLLER SYSTEM

1) STRUCTURE

@)

O\&t I O @) @)
Traction controller Pump controller
22BHA7EL25
(1) Specifications
Model Model Application Type Power Current limit
DUAL AC2 Power Traction MOSFET 80V, 300 + 300A 300A/3min
22/25/30/35BH-9
AC2 Power Pump MOSFET 80V, 400A 400A/3min
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2) OPERATIONAL FEATURES
(1) Features

 Speed control.
@ Optimum behavior an a slope due to the speed feedback:
- The motors speed follows the accelerator, starting a regenerative braking if the speed
overtakes the speed set-point.
- The system can perform an electrical stop on a ramp (the machine is electrically hold on a
slope) for a programmable time.
@ Electronic differential feature with torque balance between external and internal wheel.
@ Regenerative release braking based upon deceleration ramps.
® Regenerative braking when the accelerator pedal is partially released (deceleration).
® Direction inversion with regenerative braking based upon deceleration ramp.
@ Regenerative braking and direction inversion without contactors: only the main contactor is
present.
® Optimum sensitivity at low speeds.
@ Voltage boost at the start and with overload to obtain more torque (with current control).
@ Hydraulic steering function:
- The traction inverter sends a "hydraulic steering function" request to the pump inverter on the
can-bus line.
@ Backing forward and reverse options are available, with the tune and the speed of the function
programmable with Zapi console or buttons on a display.
@ High efficiency of motor and battery due to high frequency commutations.
® Modification of parameters through the programming console or buttons on a display.
@ Internal hour-meter with values that can be displayed on the console.
® Memory of the last five alarms with relative hour-meter and temperature displayed on the
console.
(@ Diagnostic function with Zapi console for checking main parameters.
@Built in BDI feature.
@Flash memory, software downloadable via serial link and via CANBUS.

(2) Diagnosis

The microcontrollers continually monitor the inverter and carry out a diagnostic procedure on the
main functions. The diagnosis is made in 4 points.

( Diagnosis on key switch closing that checks: watchdog circuit, current sensor, capacitor charging,
phase's voltages, contactor drivers, can-bus interface, if the switch sequence for operation is
correct and if the output of accelerator unit is correct, correct synchronization of the two ¢ CS,
integrity of safety related inputs hardware.

@ Standby diagnosis in standby that checks: Watchdog circuit, phase's voltages, contactor driver,
current sensor, can-bus interface.

@ Diagnosis during operation that checks: Watchdog circuits, contactor driver, current sensors, can-
bus interface.

@ Continuous diagnosis that checks: Temperature of the inverter, motor temperature.

Diagnosis is provided in two ways. The digital console can be used, which gives a detailed
information about the failure; the failure code is also sent on the Can-Bus.
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3) DESCRIPTION OF THE CONNECTORS

(1) Traction controller

20B7EL13
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No. of Pin Function Description

Al CAN_H High level CANBUS.

A2 CANT_H -

A3 CAN_POS -

Ad CAN_L OUT Low level CANBUS: to be usaed as repet.itiorT for CAN_L line or to

be connected to CANT_H to insert termination resistance.

A5 CANT_L -

A6 CAN_L Low level CANBUS.

LR A et ol mlndsamitiog
A8 CAN_NEG -

B1 PCLRXD Positive serial reception.

B2 NCLRXD Negative serial reception.

B3 PCLTXD Positive serial transmission.

B4 NCLTXD Negative serial transmission.

B5 GND Negative console power supply.

B6 +12 Positive console power supply.

B7 FLASH -

B8 FLASH -

C1 PENC_R Positive of right motor encoder power supply (+12 V).

Cc2 NENC_R Negative of right motor encoder power supply.

C3 KEY Connected to + batt trough a key switch and a 10 A fuse in series.
c4 oM Common of FW/REV /HB/PB/SEAT / ENABLE / SR/

ACCEL.SW/microswitches.

C5 SEAT Seat presence signal; active high.

Cé6 FORWARD Forward direction request signal; active high.

c7 REVERSE Reverse direction request signal; active high.

C8 ENABLE Traction request signal; active high.

C9 PB Pedal brake request signal; active high.
C10 HB Hand brake
C11 PENC_L Positive of left motor encoder power supply (+12 V).
C12 NENC_L Negative of left motor encoder power supply.
C13 PHA_R Right motor encoder phase A.
C14 PHB_R Right motor encoder phase B.
C15 NPOTST Negative of steering potentiometer
C16 PPOTST Positive of steering potentiometer (+12 V).
C17 CPOTST Steering potentiometer wiper signal.
C18 CPOTB Load sensor potentiometer wiper signal.
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No. of Pin Function Description
C19 NPOTB -BATT.
C20 NPOT Negative of accel pedal potentiometer.
C21 CPOT Accel pedal potentiometer wiper signal.
C22 PHA_L Left motor encoder phase A.
C23 PHB_L Left motor encoder phase B.
C24 NTHERM_R Negative of right traction motor temperature sensor.
C25 PTHERM_R Right traction motor temperature signal.
C26 NLC Output of main contactor coil driver (drives to -BATT).
ca7 PLC Positive of main contactor coil.
C28 NBRAKE (MCV SOL) Output of solenoid coil.
C29 PBRAKE (MCV SOL) Positive of solenoid coil.
C30 PAUX (FAN RELAY) Positive of fan relay.
C31 NAUX (FAN RELAY) Output of fan relay driver
C32 -BATT
C33 PPOT ,:;:;:T(I)/:daj je;os:r; F)otentiometer positive, 5/10 V output;
C34 NTHERM_L Negative of left traction motor temperature sensor.
C35 PTHERM_L Left traction motor temperature signal.
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(1) Encoder installation

@ Traction controller card is fit for different types of encoder. To control AC motor with Zapi inverter,
it is necessary to install an incremental encoder with 2 phases shifted of 90°. The encoder power
supply can be +12V. It can have different electronic output.

C11/C1:  +12V : Positive of encoder power supply.

C12/C2: GND : Negative of encoder power supply.
C22/C13: A : Phase A of encoder.
C23/C14: B : Phase B of encoder.

@ Connection of encoder with open collector output; +12V power supply.

14723 C—

A 13722 O A 4
GND

2/12 o
+12Vv

1711 G

20B7EL26

@ The encoder power supply voltage and output electronic has to be communicated to ZAPI in
order to correctly set the selection jumpers in the logic card.
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(2) Pump controller

+BATT

N

@
) v

’

~ )\ +BATT
% Before Fuse

AC2 POWER INVERTER
Registration Label

Vv
N/

i 1

H | F A

= B

u E C

%
20BHA7EL14
No. of pin Function Description
Al PCLRXD Positive serial reception.
A2 NCLRXD Negative serial reception.
A3 PCLTXD Positive serial transmission.
A4 NCLTXD Negative serial transmission.
A5 GND Negative console power supply.
A6 +12 Positive console power supply.
A7 FLASH Must be connected to A8 for the flash memory programming (if used).
A8 FLASH Must be connected to A7 for the flash memory programming (if used).
B1 -BATT -Batt.
B2 MODE This input allows the customer to select the software in case of double
version.

C1 CAN-L Low level CAN-BUS voltage I/0.
c2 CAN-L-OUT Low level CAN-BUS voltage I/O.
C3 CAN-H High level CAN-BUS voltage 1/O.
C4 CAN-H-OUT High level CAN-BUS voltage 1/O.
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No. of pin Function Description
D1-+D6 Incremental ENCODER connector.

E1 CPOT Accelerator potentiometer wiper.

E2 PPOT Potentiometer positive: 10V output; keep load > 1KW.

E3 NPOT Negative of accelerator unit, tested for wire disconnection diagnosis.

E4 CM Common of LIFT ENABLE / 18t SPEED / 2nd SPEED / 3'd SPEED /
4t SPEED / HYDRO / SR microswitches.

E5 LIFT ENABLE Input for potentiometer lifting enable input; it is active HIGH.

E6 18t SPEED Input for first speed request; it is active HIGH.

E7 3'd SPEED Input for third speed request; it is active HIGH.

E13 SR Speed reduction input. Active low (switch opened).

F1 KEY Connected to the power supply through a microswitch (CH) with a
10A fuse in series.

F3 PHYDRO Positive for the hydraulic steering contactor.

F5 SAFETY If not connected to -batt the MC caoil p9wer output will be disabled.
Can also be used as a general purpose input.

Fé PTHERM Input for motor temperature sensor.

F9 NHYDRO Auxiliary output; drives the load to -batt. maximum current: 3A.

F10 2nd SPEED Input for second speed request; it is active HIGH.

F11 GND -Batt.

F12 NTHERM -Batt.
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4) FUNCTION CONFIGURATION
® TRACTION CONTROLLER-MASTER

Using the CONFIG MENU of the programming console, or using a display, the user can configure
the following functions.

(1) Submenu "SET OPTIONS"

O Hour counter
- RUNNING : The counter registers travel time only.
- KEY ON : The counter registers when the "key" switch is closed.
© Battery check
- ON : The battery discharge level check is carried out; when the battery level reaches 10%, an
alarm is signalled and the maximum current is reduced to the half of the programmed
value.
- OFF : The battery discharge level check is carried out but no alarm is signalled.
® Traction cutout
When the alarm "BATTERY LOW" appears, if this option is programmed to ON the traction
maximum speed is reduced to 60Hz.
@ Lift cutout
When the alarm "BATTERY LOW" appears, if this option is programmed to ON the lift function is
disabled.
®S.R.0.
If this option is set to on the static return to off is requested for starting the truck. The required
sequence is :
- Seat-direction lever-accelerator pedal or :
- Seat-accelerator pedal-direction lever within the seq. delay time
If this option is set to off the required sequence to start the truck is :
- Direction lever-accelerator pedal or :
- Accelerator pedal-direction lever within the seq. delay time
® Hydro key on
- ON / OFF : If this option is programmed ON the traction inverter manages an hydraulic steering
function when the "key" is switched ON.
@ Stop on ramp
- ON : The stop on ramp feature (truck electrically hold on a ramp) is managed for a fixed time (6
Sec.).
- OFF: The stop on ramp feature is not performed.
Aux input #1
- EXCLUSIVE HYDRO : Input C10 activates hydraulic steering function, output A31 is activated.
- OPTION #1 : Input C10 is the input for an handbrake device, active low (open switch).
- OPTION #2 : Input C10 is the input for a speed reduction device, active low (open switch).
© Set temperature
- DIGITAL : A digital (ON/OFF) motor thermal sensor is connected to C25 (C35) input.
- ANALOG : An analog motor thermal sensor is connected to C25 (C35) (the curve can be
customized on a customer request).
- NONE : No motor thermal sensor switch is connected.
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@ Steer table
This parameter is used to set the correct steering table.
- OPTION #1 : The steering table is the one for 4 wheels truck.
@ Display
If this option is set to on the communication with the Zapi graphic display is enabled.

(2) Submenu "ADJUSTMENTS"

O Set battery type
It selects the nominal battery voltage.

© Adjust battery
Fine adjustment of the battery voltage measured by the controller. Please increase or decrease
the value 1 by 1 and check the voltage.

@ Max steer right (only available on console)
This is the function to record in the controller EEPROM the steering poti output voltage when the
wheels are fully turned right (maximum of the steering poti range).

@ Max steer left (only available on console)
This is the function to record in the controller EEPROM the steering poti output voltage when the
wheels are fully turned left (minimum of the steering poti range).

® Set steer 0-pos. (only available on console)
This is the function to record in the controller EEPROM the steering poti output voltage when the
wheels are straight.

©® Set steer right
This parameter sets the max steering angle in right direction.

@ Set steer left
This parameter sets the max steering angle in left direction.
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Throttle 0 zone

It establishes a deadband in the accelerator input curve (see also curve below).
@ Throttle X point

This parameter changes the characteristic of the accelerator input curve.
© Throttle Y point

This parameter changes the characteristic of the accelerator input curve.

SPEEDf(Hz2) A

MAX SPEED

TROTTLE Y
POINT

FREQ. CREEP

I T T

VACC THROTTLEO THROTTLE X VACC
MIN ZONE POINT MAX

20B7EL17

VACC MIN and VACC MAX are values programmable by the "Program Vacc" function.

@ Cooling fan work
Cooling fans installed on nearby motors and controllers will work as follows;
Option #1 : fans work always
Option #2 : fans work in case a temperature of controller or motor exceeds a temperature set in

START TEMP. FAN menu

Options #2 : fans work when motors work.

@ Start TEMP. FAN
if COOLING FAN WORK menu is set as option #2, This menu is used to set a temperature
limitation which allows fans to work when a temperature of controller or motor exceeds the
limitation.

® Adjustment #2 bdi
It adjusts the lower level of the battery discharge table. Higher level means higher voltage.

@ Adjustment #1 bdi
It adjusts the upper level of the battery discharge table. Higher level means higher voltage.

® Adjustment #03 :
Set an increment of battery charge above actual value. If battery voltage exceed this total value
the software recognize charging, and battery charge percentage increase to correct value also if
battery isn't fully charged.

(©Main cont. voltage
This parameters adjusts the line contactor coil voltage (PWM output C26).

@ Aux output voltage
This parameters adjusts the electric brake coil (PWM output C28).

(@3 Adjustment #04 :
This parameter determines the motor temperature level at which the "Motor temperature" alarm
is signalled. This parameter must be adjusted only if the "Set temperature" (menu "Set option")
parameter is programmed “Analog".
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({9 Speed factor
It adjusts the speed coefficient to have the correct speed indication on the display. This coefficient
has to be regulated depending on truck mechanic characteristics. It results from the following
formula :
Speed factor=88 «rr«p /9
where :
rr = total gearbox ratio
¢ = traction wheel diameter (cm)
P = number of pair poles of the motor

@) Load sensor (option)
ON : Load Sensing Function is activated
OFF : Load Sensing Function is disactivated

@DREF. load weight (option)
This parameter is used to show and configurate the reference load weight.

@ Overload weight (option)
This parameter is used to show and configurate the trigger condition for OVER LOAD alarm.
If the loaded weight exceeds the weight indicated in this paramter, OVER LOAD alarm and
function limitation will occur accroding to OVERLOAD TYPE paramter.

@) Overload type (option)
This option specifies how overload alarm works in overloaded situation.
NONE : There would'n be any kind of alarms or limitations.
If re-configuration of V.A.S.S LOAD is required, please set this parameter as NONE, then
proceed re-configuration.
Option #1 : If the weight of load filed on forks exceeds the overload weight set in overload
parameter, OVER LOAD alarm will be displayed and followed by traction & pump limitation
except lift down & steering function.
Option #2 : If the weight of load filed on forks exceeds the overload weight set in overload
parameter, OVER LOAD alarm will be displayed.

¢)Load speed UPD (option)
For accuracy, Load Sensor only works when the traction motor speed is lower than as set in this
parameter.
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(8) Parameter change

© Acceler. delay
It determines the acceleration ramp.
Less value means better acceleration performance.
© Release braking
It controls the deceleration ramp when the travel request is released.
Less value means better braking performance.
® Invers. braking
It controls the deceleration ramp when the direction switch is inverted during travel.
Less value means better braking performance.
@ Pedal braking
It determines the deceleration ramp when the travel request is released and the brake pedal
switch is closed.
Less value means better braking performance.
® Speed limit brk.
Deceleration ramp when the pedal position is changed but not completely released.
Less value means better braking performance.
® Brake cutback
It determines the deceleration ramp when the speed reduction input becomes active and the
motor slow down.
Less value means better braking performance.
@ Max speed forw
It determines the maximum speed in forward direction.
Max speed back
It determines the maximum speed in backward direction.
@ Cutback speed 1
Speed reduction when the cutback switch is active.
Turtle speed
Hz. It determines the truck maximum speed when the turtle mode is activated.
@ Curve cutback
Speed reduction when the truck is doing a curve. The parameter sets the speed setpoint when
the maximum steering angle is reached (4 wheels truck, the internal wheel is stopped). In
intermediate steering angles, the speed setpoint will be within a range between the straight wheel
speed and the CURVE CUTBACK SPEED.
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@ Frequency creep
Minimum speed when the forward or reverse switch is closed, but the accelerator is on a
minimum position.

® Maximum current
This changes the maximum current of the inverter.

® Acc. smooth
It gives a parabolic shape to the acceleration ramp.

® Inv. smooth
It gives a parabolic shape to the acceleration ramp after a direction inversion.

@ Stop smooth
Hz. It sets the frequency where the smooth effect of the parabolic acceleration ends.

@ Seat delay time
It determines the delay time between the opening of the seat switch on CNC#5 digital input and
the start of the truck electrical braking.

@®Sequence de. time
It sets the maximum delay time between the accelerator is pressed and the direction lever is
moved out of the neutral position.
If this time is expired the truck stops with warning : “SEQUENCE FAULT”.

CHAT TIME
After no travel or pump request is active for the chat time the line contactor is automatically
opened. To restart, the the operator needs to press the accelerator pedal or activate the hydraulic
levers.
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® TRACTION CONTROLLER-SLAVE
Using the config menu of the programming console, or using a display, the user can configure the
following functions.

(1) Submenu "SET OPTIONS"
Not available.

(2) Submenu "ADJUSTMENTS"

© Set battery type
It selects the nominal battery voltage.

© Adjust battery
Fine adjustment of the battery voltage measured by the controller. Please increase or decrease
the value 1 by 1 and check the voltage.

@ Aux output voltage
This parameter adjusts the voltage of the auxiliary output coil (FAN RELAY), PWM output A31
(FAN RELAY).

(3) Parameter change

® Release braking
It controls the deceleration ramp when the travel request is released.
Less value means better braking performance.
© Seat delay time
It determines the delay time between the opening of the seat switch on CNC#5 digital input and
the start of the truck electrical braking.

= PUMP CONTROLLER
Using the config menu of the programming console, the user can configure the following functions.

(1) Submenu "SET OPTIONS"

(® Hour counter
- RUNNING : The counter registers travel time only.
- KEY ON : The counter registers when the "key" switch is closed.
© Set temperature
- DIGITAL : A digital (ON/OFF) motor thermal sensor is connected to F6 input.
- ANALOG : An analog motor thermal sensor is connected F6 (the curve can be customized on a
customer request).
- NONE : No motor thermal sensor switch is connected.
® Joystick (Option)
- OFF : The truck model includes mechanical lever distributor (default)
- ON : The truck model includes electro-hydraulic distributor and finger tips. Can communication
with Can tiller and Hydro CB zapi modules is enabled.
@ Shift function
- ON : Fingertip Side Shift function is activated.
- OFF : Fingertip Side Shift function is disactivated.
® Aux function
- ON : Fingertip Aux function is activated.
- OFF : Fingertip Aux function is disactivated.
©® Digital lift
- OFF : The lift sensor includes a lift switch and an analogue lift sensor. Lift speed can be
controlled proportionally with lever position.
- ON : The lift sensor includes a lift switch only. Lift speed cannot be controlled proportionally.
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(2) Submenu "ADJUSTMENTS"

O Set battery type : Selects the nominal battery voltage.

@ Adjust battery : Fine adjustment of the battery voltage measured by the controller. Please
increase or decrease the value 1 by 1 and check the voltage.

@ Throttle 0 zone : Establishes a deadband in the accelerator input curve (see also curve below).

@ Throttle X zone : This parameter changes the characteristic of the accelerator input curve.

® Throttle Y zone : This parameter changes the characteristic of the accelerator input curve.

SPEED f(Hz) A

MAXSPEED ———— ————————— — — — — — — — — —

TROTTLEY |

I

VACC THROTTLE O THROTTLE X VACC
MIN ZONE POINT MAX 20B7EL17

FREQ. CREEP

VACC MIN and VACC MAX are values programmable by the "PROGRAM VACC" function.

® Adjustment #04 : This parameter determines the motor temperature level at which the "MOTOR
TEMPERATURE" alarm is signalled. This parameter must be adjusted only if the "SET
TEMPERATURE" (menu "SET OPTION") parameter is programmed "ANALOG"
@ PWM on main contactor
- OFF: The inverter applies the battery voltage to the coil on F8 output (spare).
- ON: The PWM reduces the voltage to the set value.
PWM on aux output
- OFF: The inverter applies the battery voltage to the coil on F9 output (MCV solenoid coil).
- ON: The PWM reduces the voltage to the set value.
@MC/AUX PWM: It sets the PWM level in % on the outputs F8 and F9. Here is used to drive a
main contact for pump.
Fork leveling
- ON : AUTO TILT LEVELING function is activated.
- OFF : AUTO TILT LEVELING function is disactivated.
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(8) Parameter change

@ Acceler delay
It determines the acceleration ramp.
More value means better deceleration performance.
@ Deceler delay
It determines the acceleration ramp.
More value means better deceleration performance.
@ Max speed up
Determines the maximum lifting speed with a potentiometer control.
@ Min speed up
Determines the minimum lifting speed with a potentiometer control when the lifting enable switch
is closed.
® Cutback speed
Determines the lift speed reduction in percentage when the speed reduction switch is activated.
® Tilt speed
Tilt speed, fine regulation.
@ Shift speed
Shift speed, fine regulation.
Aux speed
Auxiliary function speed, fine regulation.
@ Hyd speed fine
Hydro speed, fine regulation (steering speed).
Maximum current
The maximum current of the inverter.
@ Idle time
Time delay when an hydraulic steering function request is switched off.

® DISPLAY
Operators can have below functions through display.

(1) Password
If determines to set the function of user password when key on.
- OFF : No use
- ON : Activate the user password (Default password is "00000" and it can be re-set at user-menu)
(2) Maintenance
If determines to set the function of maintenance alarm when if come to service interval.
- OFF : No use
- ON : Activate the maintenance alarm function.
(3) Hour counter
It indicates the machine operating hours.
- Key ON : Key on time
- Pump : Pump motor operating time.
- Traction : Traction motor operating time.
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5) PROGRAMMING & ADJUSTMENTS
There are two ways to adjust parameter via a console or buttons on a display.
* Adjustments via buttons on a display, please refer to the display section. (page 7-48)

ADJUSTMENTS VIA CONSOLE (Option)
Adjustment of parameters and changes to the inverter's configuration are made using the digital
console. The console is connected to the "B" connector of the inverter.

(1) Descriptions of console

E—= Inverter B
connector

EE\ Console connector
[

o

==

™

Display

TMAX B.REVERSE
BRAKING  COMPENS.
ACCEL.  R.BRAKE
MAX SP. SPEED |
SPI SPEED 1T

3 SAVE SP.I SPEED 11l
BYPASS _ FIELD WEAK..

1 PARAM.

2 TESTER

4 RESTORE TMoT  V.POT.

L_ITEMP. V.BATT.
6 ALARMS V.MOT VMN.MOT.
M.SW.TEST

6 ACCELERATOR

7 MOTOR DATA

1 1
Buttons# ROLL SET

ENTER
OuT

ROLL SET
[]¥

4
[ |

20B7EL15

% Please connect and disconnect it from the inverter after a key switch off.
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(2) Description of standard console menu

(D Traction controller-Master

HEADING
’7 MAIN MENU Q
PACRHAAMNEGTEER ACCELERATION DELAY 0:9 SET MODEL CONNECTED TO 3
RELEASE BRAKING 09
INVERS. BRAKING 0:9
PEDAL BRAKING 0:9
SPEED LIMIT BRAKING 0:9
BRAKE CUTBACK 0:9 SET OPTIONS HOUR COUNTER ~ RUNNING/KEY ON
MAX SPEED FORW Hy BATTERY CHECK  ON/OFF
MAX SPEED BACK Hz TRACTION CUTOUT ON/OFF
CUTBACK SPEED 1 7 LIFT CUTOUT ON/OFF
TURTLE SPEED Hz S. R. 0. ON/OFF
CURVE CUTBACK % HYDRO KEY ON ON/OFF
FREQUENCY CREEP  Hz STOP ON RAMP  ON/OFF
MAXIMUM CURRENT 0:9 AUX INPUT #1 EXCLUSIVE HYDRO/OPT\ON #1
ACC. SMOOTH Hz / OPTION #2
INV. SMOOTH Hz SET TEMPERATURE ANALOG/DIGITAL/NONE
STOP SMOOTH Hz STEER TABLE OPTION #1/0PTION #2
SEAT DELAY TIME Sec DISPLAY ON/OFF
SEQ. DELAY TIME Sec
CHAT TIME Min
TESTER MOTOR VOLTAGE %
FREQUENCY Hz
ENCODER Hz
SLIP VALUE Hz
CURRENT RMS A
TEMPERATURE C
TEMPERATURE #1 ‘C
TEMPERATURE #2 C
ACCELERATOR v
STEER ANGLE :
INT WHEEL CUTB %
FORW. SWITCH ON/OFF
BACK SWITCH ON/OFF ADJUSTMENTS SET BATTERY TYPE 24/36/48/72/80/96
ENABLE SWITCH ON/OFF ADJUST BATTERY Y,
SEAT SWITCH ON/OFF MAX STEER RIGHT ]
CUTBACK SWITCH ON/OFF MAX STEER LEFT Y]
BRAKE SWITCH ON/OFF SET STEER 0—-POS Y]
EXCLUSIVE HYDRO ON/OFF SET STEER RIGHT
BRAKE PEDAL POTI % SET STEER LEFT
HAND BRAKE ON/OFF THROTTLE O ZONE %
VOLTAGE BOOSTER % THROTTLE X ZONE %
BATTERY VOLTAGE v THROTTLE Y ZONE %
BATTERY CHARGE % ADJUSTMENT #2 BDI 039
SAVE SPEED VALUE Km/h ADJUSTMENT #1 BDI 039
PARAMETER LOAD POT v ADJUSTMENT #3 T
\ MAIN CONT VOLT v
AUX OUTPUT VOLT LV
RESTORE ADJUSTMENT #4 .°C
PARAMETER SPEED FACTOR
‘ LOAD SENSOR ON/OFF
CODE REF. LOAD WEIGHT ...kg
ALARMS hoON ‘c RATED LOAD W ..kg
L OVERLOAD WEIGHT ...kg
\ OVERLOAD TYPE ...NONE
PROGRAM OPTION #1
VACC VACC SETTING MIN/MAX OPTION #2
‘ LOAD SPEED UPD ...H2
NOT
MOTOR DATA AVAILABLE
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@ Traction controller-Slave

HEADING
MAIN MENU ]
PARAMETER
CHANGE RELEASE BRAKING 029 SET MODEL 1 connEeT T0 4
SEAT DELAY TIME  Sec.
SET OPTIONSI™ (o7 avaissLe
TESTER MOTOR VOLTAGE %
FREQUENCY Hy ADJUSTMENTSI— SET BATTERY TYPE  24/36/48/72/80/96
ENCODER Hz ADJUST BATTERY LV
SLIP VALUE Hy AUX OUTPUT VOLT ..V
CURRENT RMS A
TEMPERATURE “C
VOLTAGE BOOSTER %
BATTERY VOLTAGE  V
SEAT SWITCH ON/OFF
FORW. SWITCH ON/OFF
BACK. SWITCH ON/OFF
SAVE
PARAMETER
RESTORE
PARAMETER
CODE,
ALARMS h, N, °C
PROGRAM
UACe VACC SETTING  MIN/MAX
NOT
MOTOR DATA AVAILABLE

22B9EL19
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@ Pump controller

HEADING
MAIN MENU Q
PARAMETER ACCELERATION DELAY 09 SET MODEL
CHANGE DECELERATION DELAY 029 CONNECTTO 5
MAX SPEED UP Hz
MIN SPEED UP Hz
CUTBACK SPEED Hz
TILT SPEED Hz
SHIFT SPEED Hz
AUX SPEED Hz SET OPTIONS HOUR COUNTER  RUNNING/KEY ON
HYD SPEED FINE Hz SET TEMPERATURE DIGITAL/ANALOG/NONE
MAXIMUM CURRENT 09 JOYSTICK ON/OFF
IDLE TIME Sec SHIFT FUNCTION ~ ON/OFF
AUX FUNCTION ON/OFF
DIGITAL LIFT ON/OFF
TESTER MOTOR VOLTAGE % ADJUSTMENTS SET BATTERY TYPE 24/36/48/72/80/96
FREQUENCY Hz ADJUST BATTERY %
ENCODER Hz THROTTLE 0 ZONE %
SLIP VALUE Hz THROTTLE X POINT %
CURRENT RMS A THROTTLE Y POINT %
TEMPERATURE ‘C ADJUSTMENT #4 °C
MOTOR TEMPERATURE °C PWM ON MAIN CONT ON/OFF
LIFTING SWITCH ON/OFF PWM ON AUX OUT ON/OFF
SECURITY SWITCH ON/OFF MC/AUX/PWM %
AUX OUT SWITCH ON/OFF MIN LIFT %
HYDRO SPEED REQ  ON/OFF MAX LIFT %
LIFT/LOWER REQ % MIN LOWER %
TILT REQUEST % MAX LOWER %
SHIFT REQUEST % MIN TILT UP %
AUX REQUEST % MAX TILT UP %
CUTBACK SWITCH MIN TILT DOWN %
VOLTAGE BOOSTER % MAX TILT DOWN %
BATTERY VOLTAGE % MIN SHIFT RGT %
FORK LVL. POT % MAX SHIFT RGT %
SAVE FORK LVL. SWITCH ON/OFF MIN SHIFT LFT %
PARAMETER MAX SHIFT LFT %
‘ MIN AUX IN %
MAX AUX IN %
RESTORE MIN AUX OUT %
PARAMETER MAX AUX OUT %
‘ FORK LEVELING ON/OFF
CODE,
ALARMS h, N, *C
|
PROGRAM VACC VACC SETTING MIN /MAX

MOTOR DATA

NOT AVAILABLE
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(8) Description of the console SAVE function

The SAVE function allows the operator to transmit the parameter values and configuration data of
the chopper into the console memory. It is possible to load 64 different programmers.

The information saved in the console memory can then be reloaded into another chopper using
the RESTORE function.

The data that is available via the SAVE function is as follows:

- All parameter values (Parameter change).

- Options (Set. options).

Flow chart showing how to use the SAVE function of the digital console.

® Opening Zapi display.

DUALAC2 POWER ZAPI V0.0
48V 450A 00000

@ Press ENTER to go into the general menu.

@ The display will show:
MAIN MENU

@ Press ROLL UP or ROLL DOWN button until PARAMETER BRANEES

SAVE PARAM. appear on the display.

® The display shows:

MAIN MENU
SAVE PARAM.

® Press ENTER to go into the SAVE function.

@ If this facility has been used before the type of
chopper data stored appears on the top main

with a 2 digit reference. SELECT: MOD.OO
FREE

Keep pressing either ROLL UP or ROLL DOWN
keys until the second Main indicates a FREE
storage facility.

SELECT: MOD.O1
FREE
©® Press ENTER to commence SAVE routine.

@® You can see the items that are being stored

whilst the SAVE routine is happening. READING...

ACCELER. DELAY

- (ECC.)
@ When finished, the console shows :

MAIN MENU
@ Press OUT to return to the opening Zapi display. RV E PaRAM.

22B7EL21
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(4) Description of the console RESTORE function

The RESTORE PARAM function allows transfer of the console's stored data into the memory of
the chopper. This is achieved in a fast and easy way using the method previously used with the
SAVE PARAM. function.

The data that is available via the RESTORE PARAM. function is as follows :

- All Parameter Values (Parameter change).

- Options (Set options)

A When the RESTORE operation is made, all data in the chopper memory will be written over
and replace with data being restored.

Flow chart showing how to use the RESTORE function of the digital console.

DUALAC2 POWER ZAPI V0.0
48V 450A 00000

® Opening Zapi display.

@ Press ENTER to go into the general menu.

MAIN MENU

® The display will show:
PARAMETER CHANGE

@ Press ROLL UP or ROLL DOWN button until
SAVE PARAM. appear on the display.

MAIN MENU
RESTORE PARAM.

® The display shows:

Press ENTER to go into the RESTORE PARAM

function.
@ The display shows the type of model stored, 8 ELEET: WHD. O
with a code number. ACZ2 ZAPI V1

® Keep pressing either ROLL UP or ROLL DOWN
keys until the desired model appears on the
display.

@ Press ENTER to commence restore operation. SELECT: MOD.O1
ACZ2 ZAPI V1

@ The display asks "ARE YOU SURE?".

ARE YOU SURE?
YES=ENTER NO=0UT

@ You can see the items that are being stored in
the chopper memory whilst the RESTORE
routine is happening

@ When finished, the console shows : STORING
® Press OUT to return to the opening Zapi display. G se ot S

MAIN MENU
RESTORE PARAM.

22B7EL22
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(5) Description of alarms menu

The microprocessor in the controller records the last five alarms that have occurred. ltems
remembered relative to each alarm are: the code of the alarm, the number of times the particular
Alarm occurred, the hour meter count, and the inverter temperature.

This function permits a deeper diagnosis of problems as the recent history can now be accessed.

Flow chart showing how to use the ALARMS function via the digital console.

(D Opening Zapi display.

@ Press ENTER to go into the general menu.

@ The display will show:

@ Press ROLL UP or ROLL DOWN button until
PARAMETER CHANGE. appear on the display.

® The display shows:

® Press ENTER to go into the ALARMS function.

(@ The display will show the most recent alarm.
Each press of the ROLL UP button brings up

following alarms. Pressing ROLL DOWN returns
to the most recent.

@ If an alarm has not occurred, the display will
show: ALARM NULL.

@ When you have finished looking at the alarms,
press OUT to exit the ALARMS menu.

@ The display will ask "CLEAR LOGBOOK?".

@ Press ENTER for yes, or OUT for NO.

® Press OUT to return to the opening Zapi display.
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48V 450A 00000

MAIN MENU
PARAMETER CHANGE

MAIN MENU
ALARMS

CODE
oooos #o0z 20°C

CODE
oooo7 #0232 18°C

CLEAR LOGBOOK?
YES=ENTER NO=0UT




(6) Description of console program vacc function

This function looks for and remembers the minimum and maximum potentiometer wiper voltage
over the full mechanical range of the pedal. It enables compensation for non symmetry of the
mechanical system between directions.

The operation is performed by operating the pedal after entering the PROGRAM VACC function.
Flow chart showing how to use the PROGRAM VACC function of the digital console:

. L DUALAC2 POWER ZAPI V0.0
(© Opening Zapi display. 48V 450A 00000

@ Press ENTER to go into the general menu.

_ _ MAIN MENU
@ The display will show: PARAMETER CHANGE

@ Press ROLL UP or ROLL DOWN button until
PROGRAM VACC. appear on the display.

MAIN MENU
® The display shows: PROGRAM VACGC

® Press ENTER to go into the PROGRAM VACC

routine.
@ The display will show the minimum and
) ) } VACC SETTING
maximum values of potentiometer wiper output. 4.8 4.8

Both directions can be shown.

Press ENTER to clear these values.
Display will show 0.0.

@ Select forward direction, close any interlock MIN  VAGGC MAX
switches that may be in the system. - ) -

@ Slowly depress the accelerator pedal (or tiller
butterfly) to its maximum value. The new
minimum and maximum voltages will be
displayed on the console plus an arrow
indicating the direction.

MIN VAGC MAX
@ Select the reverse direction and repeat Item10. 0.6 T 4.4

@ When finished, press OUT.

) ) ARE YOU SURE
® The display will ask : "ARE YOU SURE?". YES=ENTER NO=0OUT

Press ENTER for yes, or OUT for NO.

MAIN MENU
® When finished, the console shows: PROGRAM VAGG

@ Press OUT again to return to the opening Zapi
menu.

22B7EL24

7-41



(7) DESCRIPTION OF CONSOLE USING
® Access to SET MODEL menu.
The only parameter present in SET MODEL function is CONNECTED TO.
By setting this parameter, operator can connect ZAPI console to every ZAPI product connected
to CAN-BUS line. This functionality allows completely control of every ZAPI product without
changing the position of the console connector.

DA2H 2B9 ZP0O.00O

a. Opening Zapi menu. iy e Shmpeh

b. Press ROLL UP & SET UP buttons to enter

CONFIG MENU.
c. The display will show: SET MODEL. If another NG Rk
menu is displayed, press ROLL UP or ROLL SET MODEL

DOWN until SET MODEL appears.

d. Press ENTER to go into the SET MODEL.

e. The display will shows the first option, only DDNNE]GE:"ED Ta
CONNECTED TO option is present in this menu.

f. Press SET UP or SET DOWN buttons in order
to select the desired value for selected option.
. CONNECTED TO
g. New desired value appears. o

h. Press OUT to exit the menu.

ARE YOU SURE?
YES=ENTER NO=0UT

i. The display will ask "ARE YOU SURE?"

j. Press ENTER for YES, or OUT if you do not
accept the changes.

CONFIG MENU

k. SET MODEL menu appears. SET MODEL

I. Press OUT again. Console now disconnects
and reconnects.

m.Display now shows the opening Zapi Menu of

. . MHYRIO CB ZP 0.00
the ZAPI product corresponding to option 48V 0OA 00000

selected at point 7.

20B7EL28
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. Opening Zapi menu.

. Press ROLL UP & SET UP Buttons to enter
CONFIG MENU.

. The display will show: SET MODEL.

. Press ROLL UP or ROLL DOWN until SET
OPTIONS appears.

. SET OPTIONS menu appears.

. Press ENTER to go into the SET OPTIONS
menu.

. The display will show the first option.

. Press ROLL UP or ROLL DOWN buttons until
desired option appears.

i. Desired option appears.

j. Press SET UP or SET DOWN buttons in order

to modify the value for selected option.

. New value for selected option appears.

. Press OUT to exit the menu.

.Confirmation request appears.

. Press ENTER to accept the changes, or press
OUT if you do not accept the changes.

. SET OPTIONS menu appears.

. Press OUT again. Display now shows the
opening Zapi menu.
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@ Flow chart showing how to make changes to option menu :

DA2H 2B9 ZP0O.0OD
ov [mPEN ooooo

CONFIG MENU
SET MODEL

m OO0

m OO0
CONFIG MENU
SET OPTIONS

POWER SELECTOR
1

USER PASSWORD
oN

USER PASSWORD
OFF

ARE YOU SURE?
YES=ENTER NO=0UT

CONFIG MENU
SET OPFPTIONS




® Flow chart showing how to use the tester function of the digital console:

DA2H 2B9 ZP0O.00

a. Opening Zapi menu. o sy g

b. Press ENTER to go into the MAIN MENU.

H H . MAIN MENU
c. The display will show: PARAMETER CHANGE. ... 6 A

d. Press ROLL UP or ROLL DOWN until TESTER
menu appears on the display.

e. The display will show: TESTER. DAY S T

TESTER

f. Press ENTER to go into the TESTER function.

g. The first variable to be tested is shown on the
display.

h. Press either ROLL UP or ROLL DOWN buttons.
i. Next variable for measurement appears.

j- When you have finished press OUT.

MAIN MENU
TESTER

k. The Display will show: TESTER.

I. Press OUT again and return to opening Zapi
menu.

Remember it is not possible to make any changes using TESTER.
All you can do is measure as if you were using a pre-connected multimeter.
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6) MORNITORING MENU
In Console, This menu appears as “TESTER” MENU

(1) Traction controller-Master

O Motor voltage
This is the voltage supplied to the motor by the inverter; it is expressed as a percentage of the full
voltage (which depends of the battery voltage).
@ Frequency
This is the frequency of the voltage and current supplied to the motor.
@ Encoder
This is the speed of the motor, expressed in the same unit of the frequency; this information
comes from the speed sensor.
@ Slip value
This is the difference of speed between the rotating field and the shaft of the motor, expressed in
the same unit of the frequency.
® Current rms
Root Mean Square value of the motor current.
® Temperature
The temperature measured on the aluminum heat sink holding the MOSFET devices.
@ Temperature #1
This is the temperature of the right motor; if the option is programmed "None" (see page 7-26) it
shows 0°.
® Temperature #2
This is the temperature of the left motor; if the option is programmed "None" (see page 7-26) it
shows 0°.
@ Accelerator
The voltage of the accelerator potentiometer's wiper (CPOT).
@ Steer angle
This is the indication of the angular position of the steered wheel.
@ Internal wheel cutback
This is the indication of the speed reduction applied to the internal wheel; in other words, it shows
the ratio of the two speeds.
@ Forward switch
The level of the forward direction digital input FW.
- ON/ +VB = Input active, switch closed.
- OFF / GND = Input non active, switch open.
® Backward switch
The level of the reverse direction digital input BW.
- ON/ +VB = Input active, switch closed.
- OFF / GND = Input non active, switch open.
@ Enable switch
The level of the enable digital input:
- ON/ +VB = Input active, switch closed.
- OFF / GND = Input non active, switch open.
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® Seat switch

The level of the seat microswitch digital input.

- ON/ +VB = Input active, switch closed.

- OFF / GND = Input non active, switch open.
(© Cutback switch

The level of the speed reduction microswitch.

- ON/ GND = Input active, switch opened.

- OFF / +VB = Input non active, switch closed.
@ Brake switch

The level of the pedal brake microswitch.

- ON/ +VB = Input active, switch closed.

- OFF / GND = Input non active, switch open.
(@ Exclusive hydro

Status of the exclusive hydro switch.

- ON/ +VB = Input active, switch closed.

- OFF / GND = Input non active, switch open.
9 Brake pedal pot.

Voltage of the brake potentiometer's wiper (CPOTB). The parameter is active only if the PEDAL

BRAKING parameter is set ANALOG.
@Hand brake

The level of the handbrake microswitch.

- ON/ GND = Input active, switch opened.

- OFF / +VB = Input non active, switch closed.
@) Voltage booster

This is the booster of the voltage supplied to the motor in load condition; it is expressed in a

percentage of the full voltage.
@ Battery voltage

Level of battery voltage measured at the input of the key switch.
@ Battery charge

The percentage Charge level of the battery.
@ Load pot

Voltage value of load sensor.

(2) Traction controller-Slave

O Motor voltage
This is the voltage supplied to the motor by the inverter; it is expressed as a percentage of the full
voltage (which depends of the battery voltage).

@ Frequency
This is the frequency of the voltage and current supplied to the motor.

® Encoder
This is the speed of the motor, expressed in the same unit of the frequency; this information
comes from the speed sensor.

@ Slip value
This is the difference of speed between the rotating field and the shaft of the motor, expressed in
the same unit of the frequency.

® Current rms
Root mean square value of the motor current.
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® Temperature
The temperature measured on the aluminum heat sink holding the MOSFETdevices.
@ Voltage booster
This is the booster of the voltage supplied to the motor in load condition; it is expressed in a
percentage of the full voltage.
Battery voltage
Level of battery voltage measured at the input of the key switch.
© Seat switch
The level of the seat microswitch digital input.
- ON/ +VB = Input active, switch closed.
- OFF / GND = Input non active, switch opened.
Forward switch
The level of the forward direction digital input FW.
- ON/ +VB = Input active, switch closed.
- OFF / GND = Input non active, switch opened.
@ Backward switch
The level of the reverse direction digital input BW.
- ON/ +VB = Input active, switch closed.
- OFF / GND = Input non active, switch opened.
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(8) Pump controller

(O Motor voltage
This is the voltage supplied to the motor by the inverter; it is expressed as a percentage of the full
voltage (which depends of the battery voltage).
® Frequency
This is the frequency of the voltage and current supplied to the motor.
@ Encoder
This is the speed of the motor, expressed in the same unit of the frequency; this information
comes from the speed sensor.
@ Slip value
This is the difference of speed between the rotating field and the shaft of the motor, expressed in
the same unit of the frequency.
® Current rms
Root Mean Square value of the motor current.
® Temperature
The temperature measured on the aluminum heat sink holding the MOSFET devices.
@ Motor temperature
This is the temperature of the motor; if the option is programmed "None" it shows 0°.(refer to
7-31 page)
Lifting switch:
Status of the lifting switch.
- ON/+VB = Active entry of closed switch.
- OFF / GND = Non active entry of open switch.
@ Security switch:
Status of the SBR switch.
- ON/+VB = Active entry of closed switch.
- OFF / GND = Non active entry of open switch.
@ Hydro speed req.:
Status of the hydro speed request of the pump.
- ON/+VB = Active entry of closed switch.
- OFF / GND = Non active entry of open switch.
@ Lift/lower req.:
Level of the lift and lower analogue signal.
@Tilt request:
Voltage of the tilt analogue signal.
® Shift request:
Voltage of the shift analogue signal.
@ Aux request:
Voltage of the auxiliary analogue signal.
® Cutback switch:
Status of the speed reduction switch.
- ON/ GND = Active entry of open switch.
- OFF / +VB = Non active entry of closed switch.
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(6 Voltage booster:
This is the booster of the voltage supplied to the motor in load condition; it is expressed in a
percentage of the full voltage.
(@ Battery voltage:
Level of battery voltage measured at the input to the key switch.
Fork LVL. POT:
Voltage value of fork sensor.
Fork LVL. SWITCH:
- ON : Fork level switch is activated.
- OFF : Fork level switch is disactivated.
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7) GENERAL SUGGESTION FOR SAFETY
For a proper installation take care of the following recommendations:

A After operation, even with the key switch open, the internal capacitors may remain charged for
some time. For safe operation, we recommend that the battery is disconnected, and a short circuit
is made between battery positive and battery negative power terminals of the inverter using a
resister between 10 ohm and 100 ohm.

A During battery charge, disconnect the controller from the battery.

A Do not connect the controller to a battery with a nominal voltage different than the value indicated
on the controller label. A higher battery voltage may cause power section failure. A lower voltage
may prevent the logic operating.

A Before doing any operation, ensure that the battery is disconnected and when all the installation is
completed start the machine with the drive wheels raised from the floor to ensure that any
installation error do not compromise safety.

A Take care all the inductive devices in the truck (horn, solenoid valves, coils, contactors) have a
proper transient suppression device.

% The method of discharging internal capacitor
Bofore checking controllers, motors, cables and etc., discharge the internal capacitor in controllers
by following below steps ;

@ Disconnect the battery cable.

@ Emergency contactor on and key on.

@ Wait untill all warning lamps (red LED) on display become off.

@ Discharging process is finished.
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5. CONTROLLER SYSTEM (OPITON, 25BH-9 : #0497-, 30BH-9 : #0864-, 35BH-9 : #0364-)
1) STRUCTURE

1000000

ol V- ¥\

(1) Specifications

Fingertip Controller

25BHI7EL25

Model Inverter Application Power Current limit | Current limit
ACE2 Newgen Premium Traction RH 80V,350 A 350 A/2 min A
500
ACE2 Newgen Standard Traction LH 80V,350 A 350 A/2 min
25/30/35BH-9
ACES3 Newgen Standard Pump 80V, 450 A 450A /2 min 350 A
VCM Premium Fingertip 80V
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2) OPERATIONAL FEATURES
(1) Features

(D Speed control.
(2) Optimum behavior an a slope due to the speed feedback:
- The motors speed follows the accelerator, starting a regenerative braking if the speed
overtakes the speed set-point.
- The system can perform an electrical stop on a ramp (the machine is electrically hold on a
slope) for a programmable time.
(3) Electronic differential feature with torque balance between external and internal wheel.
@ Regenerative release braking based upon deceleration ramps.
(5 Regenerative braking when the accelerator pedal is partially released (deceleration).
(6 Direction inversion with regenerative braking based upon deceleration ramp.
(7 Regenerative braking and direction inversion without contactors: only the main contactor is
present.
Optimum sensitivity at low speeds.
©) Voltage boost at the start and with overload to obtain more torque (with current control).
Hydraulic steering function:
- The traction inverter sends a "hydraulic steering function" request to the pump inverter on the
can-bus line.
(1) Backing forward and reverse options are available, with the tune and the speed of the function
programmable with Zapi console or buttons on a display.
12 High efficiency of motor and battery due to high frequency commutations.
13 Modification of parameters through the programming console or buttons on a display.
Internal hour-meter with values that can be displayed on the console.
15 Memory of the last five alarms with relative hour-meter and temperature displayed on the console.
Diagnostic function with Zapi console for checking main parameters.
(@ Built in BDI feature.
Flash memory, software downloadable via serial link and via CANBUS.

(2) Diagnosis

The microcontrollers continually monitor the inverter and carry out a diagnostic procedure on the
main functions. The diagnosis is made in 4 points.

(D Diagnosis on key switch closing that checks: watchdog circuit, current sensor, capacitor charging,
phase's voltages, contactor drivers, can-bus interface, if the switch sequence for operation is
correct and if the output of accelerator unit is correct, correct synchronization of the two xCS,
integrity of safety related inputs hardware.

(2) Standby diagnosis in standby that checks: Watchdog circuit, phase's voltages, contactor driver,
current sensor, can-bus interface.

(3) Diagnosis during operation that checks: Watchdog circuits, contactor driver, current sensors, can-
bus interface.

@ Continuous diagnosis that checks: Temperature of the inverter, motor temperature.

Diagnosis is provided in two ways. The digital console can be used, which gives a detailed
information about the failure; the failure code is also sent on the Can-Bus.
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3) DESCRIPTION OF THE CONNECTORS

(1) Traction controller (RH)

No. of Pin Function Description
Analog input 3. The default function is as load sensor reference (wiper
Al EVP POT )
contact of the load potentiometer).
A3 KEY Input of the key switch signal
Ad PPOT Positive supply for accelerator potentiometer (+5V, 200mA maximum).
Analog input 1. The default function is as accelerator reference (wiper contact
AS ACC POT1 9P _ (wip
of the accelerator1 potentiometer).
26 FORWARD Digital input .active. when connected to +B. The default function is as forward
request; closing this input the truck moves forward.
A7 BACKWARD Digital input ailctive.w.hen connected to +B. The default function is as backward
request; closing this input the truck moves backward.
A8 SEAT I.Digita.l input active when connected to -B. The default function is as seat (or
tiller) input.
A9 CHA Channel A of the incremental encoder.
A10 PENC Positive suPpIy for the encoder or for another speed transducer (+12V,
200mA maximum).
A1 SEAT BELT Digital input, active when connected to -B. The default function is as seat belt
request.
Analog input 4. The default function is as steering reference (wiper contact of
A13 STEER POT g nput & The defauttiunction | "9 (wip
the steering potentiometer).
Negative supply for the accelerator potentiometer. It is internally shorted and
A15 NPOT gaiive supply potent s iemnaty
equivalent to A21.
Analog input 2. The default function is as accelerator reference (wiper contact
A16 ACC POT2 gnpu uenetion| (wip
of the accelerator2 potentiometer).
Digital input active when connected to +B. The default function is as brake-
A17 PEDAL BRAKE )
pedal input.
A18 CANT If connected to A31 (CANH), it introduces the 1200hm termination resistance
between CANL and CANH.
A19 HB Digital input, normally closed to -B, active when the switch is open. The
default function is as hand brake request.
A20 CHB Channel B of the incremental encoder.
Negative supply for the encoder. By default, it is to be used as negative
A21 NENC terminal for the thermal sensor too. It is internally shorted and equivalent to
A15.
A24 PIN Positive supply for the high-side driver of pin PEB (A27). By default, it is to be
connected after the main contactor.
A%6 NLC Driving output for the traction line — or traction main — contactor (driving to
-B); PWM controlled; 2A maximum continuous current.
A30 CANL Low-level CAN bus line.
A31 CANH High-level CAN bus line.
Negative reference of the CAN bus interface, to be connected to the
A32 NCAN ,
reference of the CAN bus line.
Analog input for the thermal sensor of the traction motor-rh. Internal pull-up is
A33 PTHERM
a 2mA current source (max 5V).
Driving output for the on/off electrovalve EV2 (driving to -B); (fan relay) 1.5 A
A34 NEV2

maximum continuous current.
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(2) Traction controller (LH)

No. of Pin Function Description
Al KEY Input of the key switch signal.
A2 PPOT Positive supply for auto tilt potentiometer (+12V, 200mA maximum).
Analog input 1. The default function is as auto tilt reference (wiper contact of
A3 AUTOTILT POTH ) ,
the auto tilt1 potentiometer).
Digital input active when connected to +B. The default function is as brake oil
Ad BRAKE OIL
request.
Digital input active when connected to +B. The default function is as auto tilt
A5 AUTOTILT
request.
A7 CHA Channel A of the incremental encoder.
A8 PENG Positive supply for the encoder or for other auxiliary devices like speed
transducers, potentiometers, sensors or others (+12V, 200mA maximum).
Negative supply for the auto tilt potentiometer. It is internally shorted and
A9 AGND 9 PRy P y
equivalent to A15.
Analog input 2. The default function is as auto tilt reference (wiper contact of
A10 | AUTOTILT POT2 gmnp , (wip
the auto tilt2 potentiometer).
A13 SBR Digital input inactive when connected to -B, active when the external switch is
open. The default function is as side battery removal request.
A4 CHB Channel B of the incremental encoder.
Al5 NENC GND Negative supply for the lencoder and for the motor thermal sensor. It is
internally shorted and equivalent to A9.
A6 NLC Driving output for the tilt relay (driving to -B); PWM voltage controlled; 1A
maximum continuous current.
A20 CANL Low-level CAN bus line.
A21 CANH High-level CAN bus line.
Negative reference of the CAN bus interface, to be connected to the
A22 NCAN )
reference of the CAN bus line.
Analog input for the thermal sensor of the traction motor-lh. Internal pull-up is
A23 PTHERM

a 2mA current source (max 5V).

(3) Pump controller

No. of Pin Function Description
A1 KEY Input of the key switch signal.
A2 PPOT Positive supply for lift potentiomete (+12V, 200mA maximum).
Analog input 1. The default function is as lift reference (wiper contact of the
A3 LIFT POTH1 ) i
lift1 potentiometer).
A TILT Digital input active when connected to +B. The default function is as tilt
request.
Digital input active when connected to +B. The default function is as aux1
AS AUX1 gtel Inp ¥
request.
A7 CHA Channel A of the incremental encoder.
A8 PENC Positive supply for the encoder or for other auxiliary devices like speed

transducers, potentiometers, sensors or others (+12V, 200mA maximum).
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No. of Pin Function Description
A9 AGND Negative supply for the lift potentiometer. It is internally shorted and
equivalent to A15.
Analog input 2. The default function is as lift reference (wiper contact of the
A10 LIFT POT2 ) )
lift2 potentiometer).
Digital input active when connected to +B. The default function is as aux2
Atl1 AUX2 ,
input.
A13 LIMIT Digital input inactive when connected to -B, active when the external switch is
open. The default function is as limit request.
Al4 CHB Channel B of the incremental encoder.
Negative supply for the encoder and for the motor thermal sensor. It is
A15 NENC , .
internally shorted and equivalent to A9.
A6 NLC Driving output for the pump line — or pump main — contactor (driving to -B);
PWM voltage controlled; 1A maximum continuous current.
Connect this pin to the positive terminals of the inductive loads driven by pins
A17 PEB NEB A18. Take the positive supply for such loads immediately after the main
contactor.
A18 NEB Driving output for the MCV solenoid (driving to -B); PWM controlled; 2.5A
maximum continuous current.
A20 CANL Low-level CAN bus line.
A21 CANH High-level CAN bus line.
Analog input for the thermal sensor of the pump motor. Internal pull-up is a
A23 PTHERM

2mA current source (max 5V).

(4) Fingertip controller

No. of Pin Function Description
Power input 1. The power supply for loads must be connected here with a
A1 POWER IN 1 ) ,
fuse in series.
A2 NEVP3 Output of the current controlled electrovalve EVP3; 2A maximum continuous
current (driving to —Batt); built-in freewheeling diode to A14. (filt in)
A3 NEVP4 Output of the current controlled electrovalve EVP4; 2A maximum continuous
current (driving to —Batt); built-in freewheeling diode to A14. (tilt out)
A NEVP7 Output of the current controlled electrovalve EVP7; 2A maximum continuous
current (driving to —Batt); built-in freewheeling diode to A16. (aux2 in)
A5 NEVPS Output of the current controlled electrovalve EVP8; 2A maximum continuous
current (driving to —Batt); built-in freewheeling diode to A16. (aux2 out)
At1 CANL CAN Low signal.
A12 CANH CAN High signal. A 120R termination resistance is present between CAN L1
and CAN H1.
ommon positi ly for EVP1 and EVP2 .This signal is the volt
A13 PEVP 1/2 C . positive supply and | |§ sig al is the voltage
redirected from CNA-1 through a Smart Driver and a diode. (lift)
ommon positi ly for EVP3 and EVP4 .This signal is the volt
A4 PEVP 3/4 C . positive supply .3 a d. is signal is the voltage
redirected from CNA-1 through a diode. (tilt)
ommon positive ly for EVP5 and EVP6 .This signal is the volt
A5 PEVP 5/6 C positive supply 5 and 6 .This signal is voltage

redirected from CNA-1 through a diode. (aux1)
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No. of Pin Function Description
ommon positive supply for EVP7 and EVP8 .This signal is the voltage
A16 PEVP7/g | Common posiive supply , 8 .This signal is the voltag
redirected from CNA-1 through a diode. (aux2)
A22 NPOT This is a ground reference to be used for the analog inputs
A23 Al Analog input 1. (lift "B")
Output of the current controlled electrovalve EVP1 driver; 2A maximum
A24 NEVP1 continuous current (driving to —Batt); built-in freewheeling diode to A13. (lift
up)
Output of the current controlled electrovalve EVP2 driver; 2A maximum
A25 NEVP2 continuous current (driving to —Batt); built-in freewheeling diode to A13. (lift
down)
Output of the current controlled electrovalve EVP5 driver; 2A maximum
A26 NEVP5 continuous current (driving to —Batt); built-in freewheeling diode to A15. (aux1
in)
Output of the current controlled electrovalve EVP6 driver; 2A maximum
A27 NEVP6 continuous current (driving to —Batt); built-in freewheeling diode to A15. (aux1
out)
Connected to the power supply through a microswitch (CH) with a 10A fuse
A28 KEY Conne p pply throug (CH)
in series.
A29 -BATT Ground. Connect to ground reference.
A34 PPQOT2 Low power regulated output (+5V). Maximum current 100mA.
A35 Al2 Analog input 2. (tilt "B")
B1 Al3 Analog input 3. (aux1 "A")
B2 Al4 Analog input 4. (aux1 "B")
B4 Al6 Analog input 6. (lift "A")
B5 Al7 Analog input 7. (tilt "A")
Power input 2. The power supply for loads must be connected here with a
B7 POWERIN 2 ) ,
fuse in series.
B11 Al9 Analog input 9. (aux2 "A")
B12 Al10 Analog input 10. (aux2 "B")
B16 PPOT3 Low power regulated output (+5V). Maximum current 75mA.
B20 -BATT Ground. Connect to ground reference.
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4) FUNCTION CONFIGURATION
(1) Traction inverter (Master, RH)

@ Set option

Set option

Description

TRUCK MODEL

There are 2 options, 25BH-9, 30/32/35BH-9.

HOUR COUNTER

This option specifies the hour counter mode. It can be set one of two:
RUNNING: The counter registers travel time only
KEY ON: The counter registers when the "key" switch is closed.

TILL/SEAT SWITCH

This option handles the input A8. This input opens when the operator leaves the truck. It

is connected to a key voltage when the operator is present.

SEAT = Input A8 is managed as seat input (with a delay when released and the de-
bouncing function).

HANDLE = Input A8 is managed as tiller input (no delay when released).

DEADMAN = Input A8 is managed as dead-man input (no delay when released).

BATTERY CHECK

This option specifies the management of the low battery charge situation. There are four

levels of intervention:

0 =The battery charge level is evaluated but ignored, meaning that no action is taken
when the battery runs out.

1 =The BATTERY LOW alarm occurs when the battery level is evaluated to be lower or
equal to BATT.LOW TRESHLD. With the BATTERY LOW alarm, the control reduces
the maximum speed down to 24% of the full speed and it also reduces the maximum
current down to 50% of the full current.

2 =The BATTERY LOW alarm occurs when the battery level is evaluated to be lower or
equal to BATT.LOW TRESHLD.

3 =The BATTERY LOW alarm occurs when the battery level is evaluated to be lower or
equal to BATT.LOW TRESHLD. With the BATTERY LOW alarm, the control reduces
the maximum speed down to 24% of the full speed.

See parameter BATT.LOW TRESHLD in the ADJUSTMENTS.

STOP ON RAMP

This parameter enables the stop-on-ramp feature, which holds electrically the truck in

place on a slope.

ON =The stop-on-ramp feature is performed at each stop of the truck.

If present, the electromechanical brake activates when the truck stops or when AUXIL-

IARY TIME elapses (starting from when the motor speed falls below 1 Hz), depending

on which happens first.

As a safety measure against a possible failure of the brake, the power bridge is kept ac-

tive for twice the AUXILIARY TIME, starting from when the motor speed falls below 1 Hz.

OFF =The stop-on-ramp feature is not performed. Instead, a controlled rollback is per-
formed at a speed defined by ROLLING DW SPEED until the flat is reached.

In this case, AUXILIARY TIME determines the time the control waits before deactivating

the power bridge, starting from when the motor speed falls below 1 Hz, as to avoid deac-

tivating the bridge while the truck has not come to a complete stop.

Typically, the best configuration is to set STOP ON RAMP = ON in case the electrome-

chanical brake is present, STOP ON RAMP = OFF in case the electromechanical brake

is absent. See parameter AUX OUT FUNCTION.
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Set option

Description

PULL IN BRAKING

This parameter enables or disables the functionality that continues to give torque even if

the traction (or lift) request has been released.

ON =When the operator releases the traction request, the inverter keeps running the
truck, as to oppose the friction that tends to stop it. Similarly, in pump applications,
when the operator releases the lift request, the inverter keeps running the pump
avoiding the unwanted descent of the forks.

OFF =When the operator releases the traction (or lift) request, the inverter does not

power anymore the motor. This setting is useful especially for traction application.
When the truck is travelling over a ramp and the driver wants to stop it by gravity,
the motor must not be powered anymore, until the truck stops.

SOFT LANDING

This parameter enables or disables the control of the deceleration rate of the truck when

the accelerator is released.

ON = When the accelerator is released, the inverter controls the deceleration rate of the
truck through the application of a linearly decreasing torque curve. This is useful
when the operator releases the accelerator while the truck is going uphill. If the rise
is steep, the truck may stop fast and may also go backwards in short time, possibly
leading to a dangerous situation.

OFF =When the accelerator is released, the inverter does not control the deceleration

rate of the truck, instead it stops driving the motor.

QUICK INVERSION

This parameter defines the quick-inversion functionality.

NONE = The quick-inversion function is not managed.

BELLY =The quick-inversion function is managed but not timed: upon a QI request the
controller drives the motor in the opposite direction until the request is released.

TIMED = The quick-inversion function is timed: upon a QI request the controller drives
the motor in the opposite direction for a fixed time (1.5 seconds by default).

BRAKE = Upon a quick-inversion request, the motor is braked.

PEDAL BRK ANALOG

This parameter defines the kind of brake pedal adopted.
ON = Brake pedal outputs an analog signal, braking is linear.
OFF = Brake pedal outputs a digital signal, braking is on/off.

This parameter enables or disables the Hard-and-Soft functionality. With H&S, it is pos-
sible to start the truck at reduced speed by only activating the H&S switch and the accel-

HARD & SOFT erator, without the TILLER input.
OFF = H&S function is disabled.
ON = H&S function is enabled.
This parameter defines the function associated with input A19.
HB ON/SR OFF | ON = Handbrake.

OFF = Speed reduction.
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Set option Description
This parameter decides the feature of the main potentiometer, connected to pin A5.
No. | Pot.type h(i)&ﬁoh:?:vé E\:\:ﬁgﬁgg Eanble Switch | En. deda band
0 LtoH X
1 LtoH X X
o | Ve HtoL X
3 HtoL X X
4 LtoH X
5 LtoH X X
6 LtoH X X
7 LtoH X
MAINPOT.TYPE |[ g | <1pe HioL X
9 HtoL X X
10 HtolL X X
11 HtolL X
12 V-type LtoH X
13 No** HtolL X
13 V-type LtoH X X
*V-type potentiometer without direction switches: the motor spins always in the same
direction.
** Only for pump controllers. Only enable is used, without potentiometer. When the rota-
tion is activated, the controller drives the pump motor at the maximum speed.
This parameter decides the type of the auxiliary potentiometer, connected to pin A16.
No. | Pot.type h?g\;\;mﬁoh:?:vj E\:\:ﬁgﬂgg Eanble Switch | En. deda band
? Same as for MAIN POT. TYPE,
AUX POT.TYPE 11 see the previous parameter.
12 No | HtolL | X | X |
13 Crossed twin together with the main potentiometer
14 Free for future uses
15 No | HtoL | X | |
This parameter defines the type of motor temperature sensor connected to A33.
NONE = None.
DIGITAL = Digital (ON/OFF) motor thermal sensor.
SET MOT.TEMPERAT | KTY84 = KTY84-130.
KTY83 = KTY83-130.
PT1000 = PT1000.
KTY81 =KTY81-110/120.
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Set option

Description

STEERING TYPE

This parameter defines which type of steering unit is connected to the controller.

NONE = NO steering module is present on the truck, ACE2 NEW GENERATION does
not wait for CAN message by the EPS and it does not apply EPS and braking
steer cutback.

OPTION#1 =EPS is present and it is configured with an ENCODER + TOGGLE
SWITCHES. These signals are transmitted to ACE2 NEW GENERATION
over CAN bus.

OPTION#2 = EPS is present and it is configured with a POT + ENCODER. These sig-
nals are transmitted to ACE2 NEW GENERATION over CAN bus.

ANALOG = A hydraulic steer is used on the truck and ACE2 NEW GENERATION is

reading through one of its analog input the signal coming from a wheel po-
tentiometer in order to read the wheel rotation.

STEERING POT POS

This parameter defines which controller the steering potentiometer is connected to. It is
available in the master unit of a multi-motor application and it is used when STEERING
TYPE = ANALOG.

0 = Master controller, on pin A13.

1, 2, 3 = Slave controller 1, 2, 3; on pin A5.

M.C. FUNCTION

This parameter defines the configuration of the NLC output A26, dedicated to the line

contactor.

OFF = Line contactor is not present. Diagnoses are masked and MC is not driven.

ON = Line contactor is in standalone configuration. Diagnoses are performed and MC is

closed after key-on only if they have passed.

OPTION#1 = For a traction-and-pump setup, with only one main contactor for both con-
trollers. Diagnoses are performed and MC is closed after key-on only if
they have passed.

OPTION#2 = For a traction-and-pump setup, with two main contactors. Each controller
drives its own MC. Diagnoses are performed and MCs are closed after
key-on only if they have passed.

M.C. OUTPUT

This parameter defines whether a load coil is connected to the NLC output A26 or not.

ABSENT = NLC output is not connected to any load coil.

PRESENT = NLC output is connected to a load coil (by default, that of the main contac-
tor).

EBRAKE ON APPL.

This parameter defines whether the application includes an electromechanical brake or
not.

AUX OUT FUNCTION

This parameter enables or disables the NEB output A28, dedicated to the electrome-

chanical brake.

NONE = Diagnoses are masked and E.B. is not driven upon a traction request.

BRAKE = E.B. is driven upon a traction request if all the related diagnoses pass. The
behavior on a slope depends on the STOP ON RAMP setting. Do not use this
setting if the electromechanical brake is not present.

In applications with two controllers driving two traction motors and only one E.B,, this pa-

rameter has to be set on BRAKE only in the controller that drives the E.B..
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Set option

Description

COMPVOLT.OUTPUT

This parameter defines the voltage compensation for the MC and EB drivers in depen-
dence of the battery voltage.

0 =None.

1 =MC only.

2 =EB only.

3=MC and EB.

This parameter enables or disables the acceleration-modulation function.
OFF = The acceleration rate is inversely proportional to the ACCELER. DELAY param-
eter.

ACCEL MODULA- |ON =The acceleration ramp is inversely proportional to the ACCELER. DELAY param-
TION eter only if speed set-point is greater than 100 Hz. Below 100 Hz the acceleration
ramp is also proportional to the speed change, so that the acceleration duration
results equal to ACCELER. DELAY.
OPTION#1 = Free for future developments.
This parameter defines the behavior of output EVP A29.
NONE = Output A29 is not enabled.
ANALOG = Qutput A29 manages a PWM-modulated current-controlled proportional
EVP TYPE
valve.
DIGITAL = Output A29 manages an on/off valve. By default, it is activated by input LOW-
ER A11.
This parameter defines the behavior of output EV1 A25.
ABSENT = QOutput A25 is not enabled.
EV1 OPTION#1 = Output A25 manages an ON/OFF valve. By default, it is activated by input
AUX1 A2 or by input 1ST A22.
OPTION#2,3,4 = free for future uses.
This parameter defines the behavior of output EV2 A34(Relay for cooling fans).
ABSENT = Output A34 is not enabled.
EV2 DIGITAL = Output A34 manages a PWM voltage-controlled valve. The PWM frequency
is 1 kHz and the duty-cycle when the output is active depends on parameter
PWM EV2. By default, it is activated by input AUX2 A12.
This parameter defines the behavior of output EV3 A35 .
ABSENT = Output A35 is not enabled.
EV3 DIGITAL = Output A35 manages a PWM voltage-controlled valve. The PWM frequency
is 1 kHz and the duty-cycle when the output is active depends on parameter
PWM EV3. By default, it is activated by input AUX3 A14.
This parameter enables or disables the high-dynamic function.
ON = All acceleration and deceleration profiles set by dedicated parameters are ignored
HIGH DYNAMIC , )
and the controller works always with maximum performance.
OFF = Standard behavior.
This parameter sets the behavior of the Quick-Inversion input A11:
ON =The Quick-Inversion switch is normally closed (function is active when the switch is
INVERSION MODE pen).
OFF =The Quick-Inversion switch is normally open (function is active when the switch is
closed).
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Set option

Description

This parameter defines the steering table.

NONE =The inverter does not follow any predefined steering table, but it creates a
custom table according to parameters WHEELBASE MM, FIXED AXLE MM,
STEERING AXLE MM and REAR POT ON LEFT.

STEER TABLE OPTION#1 = Three-wheel predefined steering table.

OPTION#2 = Four-wheel predefined steering table. The steering table depends on the
truck geometry. The two options available as default may not fit the require-
ments of your truck. It is advisable to define the geometrical dimensions of
the truck in the parameters listed below in order to create a custom table.

This parameter defines the wheelbase distance in millimeters, i.e. the distance between

WHEELBASE MM | the front and back axles of the machine. The setting is discarded if STEER TABLE =

OPTION#1 or OPTION#2.

This parameter defines the length in millimeters of the fixed axle, at which the non-

FIXED AXLE MM | steering wheels are connected. The setting is discarded if STEER TABLE = OPTION#1
or OPTION#2.

This parameter defines the length in millimeters of the steering axle, at which the

STEERING AXLE MM | steered wheels [wheel] are [is] connected. The setting is discarded if STEER TABLE =

OPTION#1 or OPTION#2.

This parameter defines the position of the steering potentiometer.

REAR POT ON LEFT | OFF = The steering potentiometer is not placed on the rear-left wheel.

ON =The steering potentiometer is placed on the rear-left wheel.

This parameter defines which type of display is connected to the inverter.

0= None.

1 = MDI PRC.

DISPLAY TYPE 2 = ECO DISPLAY.

3 = SMART DISPLAY.

4 = MDI CAN.

5 ~ 9 = Free for future developments.

This parameter enables the selection of the performance mode.

PERFORMANCE | OFF = normal performance level selected and locked.

ON = the user can change the performance level from normal to economy or power.

This parameter defines the battery monitoring strategy.

BMS FUNCTION | OFF = The controller monitors the battery voltage and the battery state of charge.

ON =The controller receives information about the battery state of charge from the BMS.

This parameter enables the torque profile limitation.

OFF =Torque profile limitation disabled.

BRK TORQUE BMS |ON =The controller enables the torque profile limitation based on the battery state of
charge information transmitted by the BMS. It takes effect only if the BMS FUNC-
TION parameter is set to ON.
This parameter defines whether the controller enables the delay in the forward and re-
F&R SWITCH verse switch or not.

OFF =The controller disables the delay in the forward and reverse switch or not.
ON =The controller enables the delay in the forward and reverse switch or not.
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Set option

Description

This parameter enables the function of the seat and seat belt sequence.
None : need to only “Taking a seat’ for Driving and Lifting.
Option #1 : need to Taking a seat' and 'Fastening a seat belt' for driving and lifting. It

SEAT BELT
must meet the order.
Option #2 : need to ‘Taking a seat’ and ‘Fastening a seat belt’ for driving and liting. The
order is not matter.
The traction and lift speed cutback when the pin A13 in the pump controller is open.
NONE = Cutback is not performed.
OPTION #1 =Traction and lift cutback is performed.
CUTBACK MODE , )
OPTION #2 = Traction cutback is performed.
OPTION #3 = Lift cutback is performed.
OPTION #4 = Traction and lift cutback is performed.
Cooling fans installed on nearby motors and controllers will work as follows;
None = Fans don't work.
COOLING FAN Option #1 = Fans work always.

Option #2 = Fans work in case a temperature of controller or motor exceeds a tempera-
ture set in START TEMP FAN menu
Option #3 = Fans work when motors work.

(2 Parameter

Parameter

Description

ACCELER. DELAY N

(N mode) This parameter defines the acceleration ramp, i.e. the time needed to speed
up the motor from 0 Hz up to 100 Hz.

RELEASE BRAKING

This parameter defines the deceleration ramp performed after the running request is re-
leased, i.e. the time needed to decelerate the motor from 100 Hz down to 0 Hz.

REL BRKIN CTB

This parameter defines the deceleration ramp performed upon the cutback switch is acti-
vated, i.e. the time needed to decelerate the motor from 100 Hz down to 0 Hz.

TILLER BRAKING

This parameter defines the deceleration ramp performed after the tiller/seat switch is re-
leased, i.e. the time needed to decelerate the motor from 100 Hz down to 0 Hz.

INVERS. BRAKING

This parameter defines the deceleration ramp performed when the direction switch is
toggled during drive, i.e. the time needed to decelerate the motor from 100 Hz down to 0
Hz.

DECEL. BRAKING

This parameter defines the deceleration ramp performed when the accelerator is re-
leased but not completely, i.e. the time needed to decelerate the motor from 100 Hz
down to 0 Hz.

This parameter defines the deceleration ramp performed when the braking pedal is

PEDAL BRAKING , )
pressed, i.e. the time needed to decelerate the motor from 100 Hz down to 0 Hz.
This parameter defines the deceleration ramp performed upon a speed-reduction re-
SPEED LIMIT BRK. , i
quest, i.e. the time needed to decelerate the motor from 100 Hz down to 0 Hz.
This parameter defines the deceleration ramp related to the steering angle, i.e. the time
STEER BRAKING

needed to decelerate the motor from 100 Hz down to 0 Hz.
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Parameter

Description

ACC. MIN MODUL.

This parameter defines the minimum speed set-point variation for the acceleration modu-
lation to have effect, provided that ACCEL MODULATION = ON. Variations of the speed
set-point smaller than ACC. MIN MODUL. result in accelerations shorter than time AC-
CELER. DELAY.

It is expressed as a percentage of 100 Hz, which is the maximum speed set-point varia-
tion for the acceleration modulation to have effect.

See parameters ACCEL MODULATION and ACCELER. DELAY under SET OPTIONS.

REL. MIN MODUL.

This parameter defines the minimum speed set-point variation for the braking modula-
tion to have effect in release. Variations of the speed set-point smaller than REL. MIN
MODUL. result in deceleration shorter than time DECEL. BRAKING.

It is expressed as a percentage of 100 Hz, which is the maximum speed set-point varia-
tion for the braking modulation to have effect.

See parameter DECEL. BRAKING under PARAMETER CHANGE.

MAX SPEED FORW
N

(N mode) This parameter defines the maximum speed in forward direction.

MAX SPEED BACK N

(N mode) This parameter defines the maximum speed in backward direction.

CUTBACK SPEED 1

This parameter defines the maximum speed performed when lift cutback switch is
opened.

TURTLE SPEED

This parameter defines the maximum speed at turtle mode.

OVERLOAD SPEED

This parameter defines the maximum speed when the OVERLOAD TYPE is OPTION#2
and the overload is occurred.

BMS WRN1 CB SPE.

This parameter defines the maximum speed performed when the BMS warning 1 is ac-
tive.

H&S CUTBACK

This parameter defines the maximum speed performed when the Hard-and-Soft function
is active.

CTB. STEER ALARM

This parameter defines the maximum traction speed when an alarm from the EPS is
read by the microcontroller, if the alarm is not safety-related.

This parameter defines the maximum traction speed when the steering angle is equal to

CURVE SPEED 1
the STEER ANGLE 1 angle.
This parameter defines the maximum traction speed when the steering angle is equal to
CURVE CUTBACK | P ' imum fraction speedw ng ange 1s eq
the STEER ANGLE 2 angle.
FREQUENCY This parameter defines the minimum speed when the forward- or reverse-request switch
CREEP is closed, but the accelerator is at its minimum.
This parameter defines the minimum torque applied when torque control is enabled and
TORQUE CREEP | P ! nimuim forque applied When forgue controis en:
the forward- or reverse-request switch is closed, but the accelerator is at its minimum.
This parameter defines the acceleration profile: 1 results in a linear ramp, higher values
ACC SMOOTH g © acce P p. hig
result in smoother parabolic profiles.
INV SMOOTH This parameter defines the acceleration profile performed when the truck changes direc-
tion: 1 results in a linear ramp, higher values result in smoother parabolic profiles.
This parameter defines the frequency at which the smoothing effect of the acceleration
STOPSMOOTH | o P ! quency atwhi ng !
profile ends.
BRK SMOOTH This parameter defines the deceleration profile: 1 results in a linear ramp, higher values

result in smoother parabolic profiles.
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Parameter

Description

This parameter defines the frequency at which the smoothing effect of the deceleration

STOP BRK SMOQOTH ,
profile ends.
BACKING SPEED | This parameter defines maximum speed performed when the inching function is active.
BACKING TIME This parameter defines the duration of the inching function.
SEAT OPENTIME | This parameter defines the delay time after the seat switch is off.
HBRK OPEN TIME | This parameter defines the delay time after the handbrake switch is off.

EB. ENGAGE DELAY

This parameter defines the delay introduced between the traction request and the actual
activation of the traction motor. This takes into account the delay occurring between the
activation of the EB output (i.e. after a traction request) and the effective EB release, so
to keep the motor stationary until the electromechanical brake is actually released. The
releasing delay of the brake can be measured or it can be found in the datasheet.

AUXILIARY TIME

This parameter defines the timing reference for the stop-on-ramp feature and more in
general for the behavior of the controller when the motor comes to a stop.
See parameter STOP ON RAMP.

ROLLING DW SPEED

This parameter defines the maximum speed for the rolling-down function.

This parameter determines the minimum current applied to the EVP when the potenti-

MIN EVP ometer position is at the minimum.
This parameter is not effective if the EVP is programmed like an on/off valve.
This parameter determines the maximum current applied to the EVP when the potenti-
ometer position is at the maximum.
MAX EVP , , : .
This parameter also determines the current value when the EVP is programmed like an
ON/OFF valve.
It determines the current increase rate on EVP. The parameter sets the time needed
EVP OPEN DELAY , . .
to increase the current to the maximum possible value.
It determines the current decrease rate on EVP. The parameter sets the time
EVP CLOSE DELAY

needed to decrease the current from the maximum possible value to zero.

ACCELER. DELAY E

(E mode) This parameter defines the acceleration ramp, i.e. the time needed to speed up
the motor from 0 Hz up to 100 Hz.

MAX SPEED FORW
E

(E mode) This parameter defines the maximum speed in forward direction.

MAX SPEED BACK E

(E mode) This parameter defines the maximum speed in backward direction.

ACCELER. DELAY P

(H mode) This parameter defines the acceleration ramp, i.e. the time needed to speed
up the motor from 0 Hz up to 100 Hz.

MAX SPEED FORW , . . . N
P (H mode) This parameter defines the maximum speed in forward direction.
MAX SPEED BACK P | (H mode) This parameter defines the maximum speed in backward direction.
(2 Adjustment
Adjustment Description
This parameter must be set to the nominal battery voltage. The available options are:
SET BATTERY

24V, 36V, 48V, 72V, 80V, 96V
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Adjustment

Description

ADJUST KEY VOLT.

Fine adjustment of the key voltage measured by the controller. Calibrated by Zapi pro-
duction department during the end of line test.

ADJUST BATTERY

Fine adjustment of the battery voltage measured by the controller. Calibrated by Zapi
production department during the end of line test.

SET POSITIVE PEB

This parameter defines the supply-voltage value connected to PEB A27. Available values
are: 12V, 24V, 36V, 40V, 48V, 72V, 80V, 96V

THROTTLE 0 ZONE

This parameter defines a dead band in the accelerator input curve.
(Please refer to the accelerator input curve in the description of THROTTLE Y3 MAP)

THROTTLE X1 MAP

This parameter defines the accelerator input curve.
(Please refer to the accelerator input curve in the description of THROTTLE Y3 MAP)

THROTTLEY1 MAP

This parameter defines the accelerator input curve.
(Please refer to the accelerator input curve in the description of THROTTLE Y3 MAP)

THROTTLE X2 MAP

This parameter defines the accelerator input curve.
(Please refer to the accelerator input curve in the description of THROTTLE Y3 MAP)

THROTTLE Y2 MAP

This parameter defines the accelerator input curve.
(Please refer to the accelerator input curve in the description of THROTTLE Y3 MAP)

THROTTLE X3 MAP

This parameter defines the accelerator input curve.
(Please refer to the accelerator input curve in the description of THROTTLE Y3 MAP)

THROTTLE Y3 MAP

This parameter defines the accelerator input curve.
- Accelerator input curve

Max Speed

Throttle Y3 Map

Throttle Y2 Map |}

Throttle Y1 Map

Traction Speed set point [%]

Frequency Creep

. L >
! |

Min Vacc Throttle X2 Map Max Vacc

Thiollle 0 Zone Throttle X1 Map Throttle X1 Map
Throttle[%] 13BOP97ES10

The speed remains at the FREQUENCY CREEP value as long as the voltage from the
accelerator potentiometer is below THROTTLE 0 ZONE. Basically this defines a dead
zone close to the neutral position.

BAT. MIN ADJ.

It adjusts the lower level of the battery discharge table. It is used to calibrate the dis-
charge algorithm for the battery used.

BAT. MAX ADJ.

It adjusts the upper level of the battery discharge table. It is used to calibrate the dis-
charge algorithm for the battery used.

BDI ADJ STARTUP

Adjusts the level of the battery charge table at start-up, in order to calculate the battery
charge at key-on.
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Adjustment

Description

BDI RESET UP

It adjusts the minimum variation of the battery discharge table to update the battery % at
the start up. It is used to calibrate the discharge algorithm for the battery used. It affects
when the new BDI is updated to a higher value than the old BDI.

BDI RESET DOWN

It adjusts the minimum variation of the battery discharge table to update the battery % at
the start up. It is used to calibrate the discharge algorithm for the battery used. It affects
when the new BDl is updated to a lower value than the old BDI.

If old BDI is less than 30%(from 29% to 0%), It adjusts the minimum variation of the bat-

BDI RESET 2 tery discharge table to update the battery % at the start up. It is used to calibrate the dis-
charge algorithm for the battery used.
This parameter defines the minimum charge percentage below which the BATTERY
BATT.LOW TRESHLD )
LOW alarm rises.
This parameter defines the percentage of the maximum output torque delivered when
BAT.ENERGY SAVER |the battery charge falls below 10%. If the battery-saving feature is not desired, BAT.EN-
ERGY SAVER should be set equal to 100%.
BDI MID This parameter defines the battery charge(over 10% and below 100%) for TORQUE
CTB MID.
This parameter defines the percentage of the maximum output torque delivered when
TORQUE CTB MID |the battery charge falls to BDI MID. If the battery-saving feature is not desired, TORQUE
CTB MID should be set equal to 100%.
These parameters define the voltage thresholds for the working voltage range, ex-
VOLTAGE THR LOW pressed as percentage of the nominal voltage.
By default, at start-up the controller checks the battery voltage to be within the range
VOLTAGE THR HIGH from VOLTAGE THR LOW to VOLTAGE THR HIGH.
In case the check fails, alarm WRONG KEY VOLT. is raised.
MAX ANGLE RIGHT | This parameter defines the maximum steering-wheel angle while turning right.
MAX ANGLE LEFT | This parameter defines the maximum steering-wheel angle while turning left.
STEER DEAD AN- | This parameter defines the maximum steering-wheel angle up to which the permitted
GLE traction speed is 100%.
This parameter defines the steering-wheel angle at which traction speed is reduced to
STEER ANGLE 1 the valuelimposed by CURVE SPEED 1.
For steering-wheel angles between STEER DEAD ANGLE and STEER ANGLE 1, trac-
tion speed is reduced linearly from 100% to CURVE SPEED 1.
This parameter defines the steering-wheel angle beyond which traction speed is reduced
to CURVE CUTBACK.
STEER ANGLE 2

For steering-wheel angles between STEER ANGLE1 and STEER ANGLE 2 traction
speed is reduced linearly from CURVE SPEED 1 to CURVE CUTBACK.
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Adjustment

Description

This parameter defines the coefficient used for evaluating the truck speed (in km/h) from
the motor frequency (in Hz), according to the following formula.

Speed [km/h] = 10. reauency [Hz]

Speed factor
SPEED FACTOR This parameter can be derived by the following formula too.
Speed factor = _ 88mpp
1]
rr : Total gearbox reduction ratio
pp : Motor poles pair
@ : traction wheel diameter expressed in cm.
This parameter specifies the duty-cycle (ton /Tpwim) of the PWM applied to the main-
MC VOLTAGE contactor output A26 during the first second after the activation signal that causes the
main contactor to close.
MC VOLTAGE RED. This parameter. defines a pe'rcentage of MC YOI'_TAGE parameter and it determines the
duty-cycle applied after the first second of activation of the contactor.
This parameter specifies the duty-cycle (ton /Tpwwm) of the PWM applied to the elec-
EB VOLTAGE tromechanical brake output A28 during the first second after the activation signal that
causes the electromechanical brake to release.
This parameter defines a percentage of EB VOLTAGE parameter and it determines the
EB VOLTAGE RED. |duty-cycle applied after the first second since when the electromechanical brake is re-
leased.
PWM EV2 This parameter defines the on-state duty-cycle of the PWM applied to EV2 output A34
when the output is active.
PWM EV3 This parameter defines the duty-cycle of the PWM applied to EV3 output A35 when the
output is active.
START TEMP FAN If the temperature of inverter exceeds the value indicated in this paramter, the cooling fan

is working.

MAX. MOTOR TEMP.

This parameter defines the motor temperature above which a 50% cutback is applied
to the maximum current. Cutback is valid only during motoring, while during braking the
100% of the maximum current is always available independently by the temperature.

STOP MOTOR TEMP.

This parameter defines the maximum motor temperature permitted, above which the
controller stops driving the motor.

MOT.T. TCUTBACK

This parameter defines the motor thermal cutback. The control linearly reduces the mo-
tor torque basing on the motor temperature. Reference limits of the linear reduction are
MAX MOTOR TEMP and TEMP. MOT. STOP.

BMS WRNO CB CUR.

This parameter defines the maximum current performed when the BMS warning 0 is ac-
tive.
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(2) Traction inverter (Master, LH)

@ Set option

Set option

Description

PULL IN BRAKING

This parameter enables or disables the functionality that continues to give torque even if

the traction (or lift) request has been released.

ON =When the operator releases the traction request, the inverter keeps running the
truck, as to oppose the friction that tends to stop it. Similarly, in pump applications,
when the operator releases the lift request, the inverter keeps running the pump
avoiding the unwanted descent of the forks.

OFF =When the operator releases the traction (or lift) request, the inverter does not

power anymore the motor. This setting is useful especially for traction application.
When the truck is travelling over a ramp and the driver wants to stop it by gravity,
the motor must not be powered anymore, until the truck stops.

SOFT LANDING

This parameter enables or disables the control of the deceleration rate of the truck when

the accelerator is released.

ON =When the accelerator is released, the inverter controls the deceleration rate of the
truck through the application of a linearly decreasing torque curve. This is useful
when the operator releases the accelerator while the truck is going uphill. If the rise
is steep, the truck may stop fast and may also go backwards in short time, possibly
leading to a dangerous situation.

OFF =When the accelerator is released, the inverter does not control the deceleration

rate of the truck, instead it stops driving the motor.

M.C. FUNCTION

A16 of left traction inverter is used for Auto Tilt Relay in this truck.

This parameter defines the configuration of the NLC output A16, dedicated to the line

contactor.

OFF = Line contactor is not present. Diagnoses are masked and MC is not driven.

ON = Line contactor is in standalone configuration. Diagnoses are performed and MC is

closed after key-on only if they have passed.

OPTION#1 = For a traction-and-pump setup, with only one main contactor for both con-
trollers. Diagnoses are performed and MC is closed after key-on only if
they have passed.

OPTION#2 = For a traction-and-pump setup, with two main contactors. Each controller
drives its own MC. Diagnoses are performed and MCs are closed after
key-on only if they have passed.

M.C. OUTPUT

A16 of left traction inverter is used for Auto Tilt Relay in this truck.

This parameter defines whether a load coil is connected to the NLC output A16 or not.

ABSENT = NLC output is not connected to any load coil.

PRESENT = NLC output is connected to a load coil (by default, that of the main contac-
tor).
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Set option

Description

AUX OUT FUNCTION

This parameter enables or disables the NEB output A18, dedicated to the electrome-

chanical brake.

NONE = Diagnoses are masked and E.B. is not driven upon a traction request.

BRAKE = E.B. is driven upon a traction request if all the related diagnoses pass. The
behavior on a slope depends on the STOP ON RAMP setting. Do not use this
setting if the electromechanical brake is not present.

In applications with two controllers driving two traction motors and only one E.B,, this pa-

rameter has to be set on BRAKE only in the controller that drives the E.B..

COMPVOLT.OUTPUT

This parameter defines the voltage compensation for the MC and EB drivers in depen-
dence of the battery voltage.

0 = None.

1 =MC only.

2 = EB only.

3=MC and EB.

This parameter enables or disables the acceleration-modulation function.
OFF =The acceleration rate is inversely proportional to the ACCELER. DELAY param-
eter.

ACCEL MODULA- |ON =The acceleration ramp is inversely proportional to the ACCELER. DELAY param-
TION eter only if speed set-point is greater than 100 Hz. Below 100 Hz the acceleration
ramp is also proportional to the speed change, so that the acceleration duration
results equal to ACCELER. DELAY.
OPTION#1 = Free for future developments.
This parameter defines the behavior of output EVP A19.
NONE = Output A19 is not enabled.
EVP TYPE ANALOG = Output A19 manages a PWM-modlated current-controlled proportional
valve.
DIGITAL = Output A19 manages an on/off valve. By default, it is activated by input LOW-
ER A11.
EV1 NOT used in this truck.
EV2 NOT used in this truck.
EV3 NOT used in this truck.

(2 Parameter

Parameter Description
This parameter determines the minimum current applied to the EVP when the potenti-
MIN EVP ometer position is at the minimum.
This parameter is not effective if the EVP is programmed like an on/off valve.
This parameter determines the maximum current applied to the EVP when the potenti-
ometer position is at the maximum.
MAX EVP , , . .
This parameter also determines the current value when the EVP is programmed like an
ON/OFF valve.
It determines the current increase rate on EVP. The parameter sets the time needed
EVP OPEN DELAY , , ,
to increase the current to the maximum possible value.
It determines the current decrease rate on EVP. The parameter sets the time
EVP CLOSE DELAY

needed to decrease the current from the maximum possible value to zero.
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@ Adjustment

Adjustment Description
This parameter must be set to the nominal battery voltage. The available options are:
SET BATTERY
24V, 36V, 48V, 72V, 80V, 96V
Fine adjustment of the key voltage measured by the controller. Calibrated by Zapi pro-
ADJUSTKEYVOLT, | - 29 ey vorage m y ycapp
duction department during the end of line test.
ADJUST BATTERY Fine ad.justment of the ba.ttery voltage rr.leasured by the controller. Calibrated by Zapi
production department during the end of line test.
Thi meter defines th ly-volt lue connected to PEB A17. Available val
SET POSITIVE PEB is parameter defines the supply-voltage value connected vailable values
are: 12V, 24V, 36V, 40V, 48V, 72V, 80V, 96V
These parameters define the voltage thresholds for the working voltage range, ex-
VOLTAGE THR LOW pressed as percentage of the nominal voltage. By default, at start-up the controller
checks the battery voltage to be within the range from VOLTAGE THR LOW to VOLTAGE
VOLTAGE THR HIGH | THR HIGH.
In case the check fails, alarm WRONG KEY VOLT. is raised.
This parameter specifies the duty-cycle (ton /Tpwim) of the PWM applied to the main-
MC VOLTAGE contactor output A16 during the first second after the activation signal that causes the
main contactor to close.
This parameter defines a percentage of MC VOLTAGE parameter and it determines the
MC VOLTAGE RED. , ) -
duty-cycle applied after the first second of activation of the contactor.
This parameter specifies the duty-cycle (ton /Tpwwm) of the PWM applied to the elec-
EB VOLTAGE tromechanical brake output A18 during the first second after the activation signal that
causes the electromechanical brake to release.
This parameter defines a percentage of EB VOLTAGE parameter and it determines the
EB VOLTAGE RED. |duty-cycle applied after the first second since when the electromechanical brake is re-
leased.
PWM EV2 NOT used in this truck.
PWM EV3 NOT used in this truck.
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(3) Pump inverter

(@ Set option
Set option Description

TRUCK MODEL | There are 2 options, 25BH-9, 30/35BH-9.
This option specifies the hour counter mode. It can be set one of two:

HOUR COUNTER | RUNNING: The counter registers travel time only
KEY ON: The counter registers when the "key" switch is closed.
This option handles the input A8. This input opens when the operator leaves the truck. It
is connected to a key voltage when the operator is present.

TILL/SEAT SWITCH SEAT = Input AS is me.maged as seat input (with a delay when released and the de-
bouncing function).

HANDLE = Input A8 is managed as tiller input (no delay when released).
DEADMAN = Input A8 is managed as dead-man input (no delay when released).

BATTERY CHECK | NOT used in this truck.

STOP ON RAMP | NOT used in this truck.

PULL IN BRAKING

This parameter enables or disables the functionality that continues to give torque even if

the traction (or lift) request has been released.

ON =When the operator releases the traction request, the inverter keeps running the
truck, as to oppose the friction that tends to stop it. Similarly, in pump applications,
when the operator releases the lift request, the inverter keeps running the pump
avoiding the unwanted descent of the forks.

OFF =When the operator releases the traction (or lift) request, the inverter does not

power anymore the motor. This setting is useful especially for traction application.
When the truck is travelling over a ramp and the driver wants to stop it by gravity,
the motor must not be powered anymore, until the truck stops.

SOFT LANDING

This parameter enables or disables the control of the deceleration rate of the truck when

the accelerator is released.

ON = When the accelerator is released, the inverter controls the deceleration rate of the
truck through the application of a linearly decreasing torque curve. This is useful
when the operator releases the accelerator while the truck is going uphill. If the rise
is steep, the truck may stop fast and may also go backwards in short time, possibly
leading to a dangerous situation.

OFF =When the accelerator is released, the inverter does not control the deceleration

rate of the truck, instead it stops driving the motor.

QUICK INVERSION

NOT used in this truck.
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Set option Description
This parameter decides the feature of the main potentiometer, connected to pin A5.
No. | Pot.type h(i)&ﬁoh:?:vé E\:\:ﬁgﬁgg Eanble Switch | En. deda band
0 LtoH X
1 LtoH X X
p | Ve HioL X
3 HtoL X X
4 LtoH X
5 LtoH X X
6 LtoH X X
7 LtoH X
MAINPOT.TYPE |[ g | <Mpe HioL X
9 HtolL X X
10 HtolL X X
11 HtolL X
12 V-type LtoH X
13 No** HtolL X
13 V-type LtoH X X
*V-type potentiometer without direction switches: the motor spins always in the same
direction.
** Only for pump controllers. Only enable is used, without potentiometer. When the rota-
tion is activated, the controller drives the pump motor at the maximum speed.
This parameter decides the type of the auxiliary potentiometer, connected to pin A10.
No. | Pot.type h?g\;\;lﬁoh:?:vj Evl\:t?gttwlgg Eanble Switch | En. deda band
? Same as for MAIN POT. TYPE,
AUX POT.TYPE 11 see the previous parameter.
12 No | HtolL | X | X |
13 Crossed twin together with the main potentiometer
14 Free for future uses
15 No | HtoL | X | |
This parameter defines the type of motor temperature sensor connected to A23.
NONE = None.
DIGITAL = Digital (ON/OFF) motor thermal sensor.
SET MOT.TEMPERAT | KTY84 = KTY84-130.
KTY83 = KTY83-130.
PT1000 = PT1000.
KTY81 =KTY81-110/120.
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Set option

Description

M.C. FUNCTION

This parameter defines the configuration of the NLC output A16, dedicated to the line

contactor.

OFF = Line contactor is not present. Diagnoses are masked and MC is not driven.

ON = Line contactor is in standalone configuration. Diagnoses are performed and MC is

closed after key-on only if they have passed.

OPTION#1 = For a traction-and-pump setup, with only one main contactor for both con-
trollers. Diagnoses are performed and MC is closed after key-on only if
they have passed.

OPTION#2 = For a traction-and-pump setup, with two main contactors. Each controller
drives its own MC. Diagnoses are performed and MCs are closed after
key-on only if they have passed.

M.C. OUTPUT

This parameter defines whether a load coil is connected to the NLC output A16 or not.

ABSENT = NLC output is not connected to any load coil.

PRESENT = NLC output is connected to a load coil (by default, that of the main contac-
tor).

EBRAKE ON APPL.

This parameter defines whether the application includes an electromechanical brake or
not.

AUX OUT FUNCTION

This parameter enables or disables the NAUX output A18, dedicated to the electrome-

chanical brake.

NONE = Diagnoses are masked and E.B. is not driven upon a traction request.

BRAKE = E.B. is driven upon a traction request if all the related diagnoses pass. The
behavior on a slope depends on the STOP ON RAMP seting. Do not use this
setting if the electromechanical brake is not present. In applications with two
controllers driving two traction motors and only one E.B., this parameter has to
be set on BRAKE only in the controller that drives the E.B..

CUSTOM = The NAUX output A18 is used for OPSS valve caoil.

COMPVOLT.OUTPUT

This parameter defines the voltage compensation for the MC and EB drivers in depen-
dence of the battery voltage.

0 =None.

1=MC only.

2 =EB only.

3=MC and EB.

ACCEL MODULA-
TION

This parameter enables or disables the acceleration-modulation function.

OFF =The acceleration rate is inversely proportional to the ACCELER. DELAY param-

eter.

ON =The acceleration ramp is inversely proportional to the ACCELER. DELAY param-
eter only if speed set-point is greater than 100 Hz. Below 100 Hz the acceleration
ramp is also proportional to the speed change, so that the acceleration duration
results equal to ACCELER. DELAY.

OPTION#1 = Free for future developments.

7-50-24




Set option

Description

EVP TYPE

This parameter defines the behavior of output EVP A19.
NONE = Output A19 is not enabled.
ANALOG = Output A19 manages a PWM-modlated current-controlled proportional
valve.
DIGITAL = Output A19 manages an on/off valve. By default, it is activated by input LOW-
ER A11.

EV1

NOT used in this truck

EV2

NOT used in this truck

EV3

NOT used in this truck

EV4

NOT used in this truck.

EV5

NOT used in this truck.

HIGH DYNAMIC

This parameter enables or disables the high-dynamic function.

ON = All acceleration and deceleration profiles set by dedicated parameters are ignored
and the controller works always with maximum performance.

OFF = Standard behavior.

DISPLAY TYPE

NOT used in this truck.

PERFORMANCE

NOT used in this truck.

BMS FUNCTION

NOT used in this truck.

BRK TORQUE BMS

This parameter enables the torque profile limitation.

OFF = Torque profile limitation disabled.

ON =The controller enables the torque profile limitation based on the battery state
of charge information transmitted by the BMS. It takes effect only if the BMS
FUNCTION parameter is set to ON.

LOAD SENSOR

This parameter enables the load sensing function.
OFF : Load sensing function is deactivated
ON : Load sensing function is activated.

OVERLOAD TYPE

This option specifies how overload alarm works in overloaded situation.

NONE : There would'n be any kind of alarms or limitations. If re-configuration of V.A.S.S
LOAD is required, please set this parameter as NONE, then proceedure-
configuration.

Option #1 : If the weight of load filed on forks exceeds the overload weight set in overload
parameter, OVERLOAD alarm will be displayed and followed by traction &
pump limitation except lift down & steering function.

Option #2 : If the weight of load filed on forks exceeds the overload weight set in overload
parameter, OVERLOAD alarm will be displayed.

FORK LEVELING

This parameter enables the FORK LEVELING function.
OFF : Auto fork leveling function is not activated.
ON : Auto fork leveling function is activated.

OPSS

This parameter enables the OPSS function.
OFF : OPSS function is not enabled.
ON : OPSS function is enabled.
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Set option

Description

This parameter enables the FINGERTIP function.
ON :The truck model includes electro-hydraulic distributor and finger tips. an

FINGERTIP L , . .
communication with VCM and Hydro CB zapi modules is enabled.
OFF : The truck model includes mechanical lever distributor.
(This parameter is used only if the FINGERTIP is ON.)
LEVER FULL ON : All combinations of hydraulic function are available.

OFF : The combination of hydraulic function is not available at special condition for the
safety. (Lift + tilt down)

AUX 1 FUNCTION

(This parameter is used only if the FINGERTIP is ON.)
OFF : The AUX 1 lever function is not enabled.
ON : The AUX 1 lever function is enabled.

AUX 2 FUNCTION

(This parameter is used only if the FINGERTIP is ON.)
OFF : The AUX 2 lever function is not enabled.
ON : The AUX 2 lever function is enabled.

(2) Parameter

Parameter

Description

ACCELER. DELAY N

(N mode) This parameter defines the acceleration ramp, i.e. the time needed to speed
up the motor from 0 Hz up to 100 Hz.

RELEASE BRAKING

This parameter defines the deceleration ramp performed after the running request is re-
leased, i.e. the time needed to decelerate the motor from 100 Hz down to 0 Hz.

REL BRKIN CTB

This parameter defines the deceleration ramp performed upon the cutback switch is acti-
vated, i.e. the time needed to decelerate the motor from 100 Hz down to 0 Hz.

DECEL. BRAKING

This parameter defines the deceleration ramp performed when the accelerator is re-
leased but not completely, i.e. the time needed to decelerate the motor from 100 Hz
down to 0 Hz.

SPEED LIMIT BRK.

This parameter defines the deceleration ramp performed upon a speed-reduction re-
quest, i.e. the time needed to decelerate the motor from 100 Hz down to 0 Hz.

ACC. MIN MODUL.

This parameter defines the minimum speed set-point variation for the acceleration modu-
lation to have effect, provided that ACCEL MODULATION = ON. Variations of the speed
set-point smaller than ACC. MIN MODUL. result in accelerations shorter than time AC-
CELER. DELAY.

It is expressed as a percentage of 100 Hz, which is the maximum speed set-point varia-
tion for the acceleration modulation to have effect.

See parameters ACCEL MODULATION and ACCELER. DELAY under SET OPTIONS.

REL. MIN MODUL.

This parameter defines the minimum speed set-point variation for the braking modula-
tion to have effect in release. Variations of the speed set-point smaller than REL. MIN
MODUL. result in deceleration shorter than time DECEL. BRAKING.

It is expressed as a percentage of 100 Hz, which is the maximum speed set-point varia-
tion for the braking modulation to have effect.

See parameter DECEL. BRAKING under PARAMETER CHANGE.

MAX SPEED LIFT N

(N mode) This parameter defines the maximum speed of the pump motor during lift.

1ST PUMP SPEED N

NOT used in this truck.
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Parameter

Description

TILT SPEED N (N mode) This parameter defines the maximum speed of the pump motor during filt.
AUX1 SPEED N (N mode) This parameter defines the maximum speed of the pump motor during aux1.
AUX2 SPEED N (N mode) This parameter defines the maximum speed of the pump motor during aux2.

5TH PUMP SPEED N | NOT used in this truck.
HYD PUMP SPEED N | (N mode) This parameter defines the speed of the pump motor used for the steering.
CUTBACK SPEED 1 | This parameter defines the maximum lift speed performed when cutback input is active.
TURTLE SPEED | This parameter defines the maximum speed at turtle mode.
(This parameter is used only if LOAD SENSOR is ON)
LOAD UPD SPEED | To increase accuracy, Load Sensor only works when the traction motor speed is lower
than as set in this parameter.
FORK MIN SPEED | Minimum pump speed at the Automatic Fork Leveling function is performed.
AUTO FORK SPEED | Pump speed at the Automatic Fork Leveling function is performed.

BMS WRN1 CB SPE.

This parameter defines the maximum speed performed when the BMS warning 1 is ac-
tive.

This parameter defines the acceleration profile: 1 results in a linear ramp, higher values

ACC SMOOQOTH . . ,
result in smoother parabolic profiles.
STOP SMOOTH This. parameter defines the frequency at which the smoothing effect of the acceleration
profile ends.
SEAT OPENTIME | This parameter defines the delay time after the seat switch is off.
This parameter determines the minimum current applied to the EVP when the potenti-
MIN EVP ometer position is at the minimum.
This parameter is not effective if the EVP is programmed like an on/off valve.
This parameter determines the maximum current applied to the EVP when the potenti-
MAX EVP omleter position is at the ma>l<imum. | |
This parameter also determines the current value when the EVP is programmed like an
ON/OFF valve.
It determines the current increase rate on EVP. The parameter sets the time needed
EVP OPEN DELAY | . | | P
to increase the current to the maximum possible value.
EVP CLOSE DELAY It determines the current decrease rate on EVP. The parameter sets the time

needed to decrease the current from the maximum possible value to zero.

ACCELER. DELAY E

(E mode) This parameter defines the acceleration ramp, i.e. the time needed to speed up
the motor from 0 Hz up to 100 Hz.

MAX SPEED LIFT E

(E mode) This parameter defines the maximum speed of the pump motor during lift.

1ST PUMP SPEED E

NOT used in this truck.

TILT SPEED E

(E mode) This parameter defines the maximum speed of the pump motor during tilt.

AUX1 SPEED E

(E mode) This parameter defines the maximum speed of the pump motor during auxi.

AUX2 SPEED E

(E mode) This parameter defines the maximum speed of the pump motor during aux2.

5TH PUMP SPEED E

NOT used in this truck.

HYD PUMP SPEED E

(E mode) This parameter defines the speed of the pump motor used for the steering.

ACCELER. DELAY P

(H mode) This parameter defines the acceleration ramp, i.e. the time needed to speed
up the motor from 0 Hz up to 100 Hz.

MAX SPEED LIFT P

(H mode) This parameter defines the maximum speed of the pump motor during lift.

1ST PUMP SPEED P

NOT used in this truck.
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Parameter

Description

TILT SPEED P (H mode) This parameter defines the maximum speed of the pump motor during filt.
AUX1 SPEED P (H mode) This parameter defines the maximum speed of the pump motor during aux1.
AUX2 SPEED P (H mode) This parameter defines the maximum speed of the pump motor during aux2.

5TH PUMP SPEED P | NOT used in this truck.
HYD PUMP SPEED P | (H mode) This parameter defines the speed of the pump motor used for the steering.
(3 Adjustment
Adjustment Description
This parameter must be set to the nominal battery voltage. The available options are:
SET BATTERY
24V, 36V, 48V, 72V, 80V, 96V
ADJUST KEY VOLT Fine. adjustment of the-key voltage m.easured by the controller. Calibrated by Zapi pro-
duction department during the end of line test.
Fine adjustment of the battery voltage measured by the controller. Calibrated by Zapi
ADJUST BATTERY ) , ,
production department during the end of line test.
SET POSITIVE PEB This parameter defines the supply-voltage value connected to PEB A17. Available values
are: 12V, 24V, 36V, 40V, 48V, 72V, 80V, 96V
THROTTLE 0 ZONE This parameter defines a dead band in the lift sensor input curve.

(Please refer to the accelerator input curve in the description of THROTTLE Y3 MAP)

THROTTLE X1 MAP

This parameter defines the lift sensor input curve.
(Please refer to the accelerator input curve in the description of THROTTLE Y3 MAP)

THROTTLEY1 MAP

This parameter defines the lift sensor input curve.
(Please refer to the accelerator input curve in the description of THROTTLE Y3 MAP)

THROTTLE X2 MAP

This parameter defines the lift sensor input curve.
(Please refer to the accelerator input curve in the description of THROTTLE Y3 MAP)

THROTTLE Y2 MAP

This parameter defines the lift sensor input curve.
(Please refer to the accelerator input curve in the description of THROTTLE Y3 MAP)

THROTTLE X3 MAP

This parameter defines the lift sensor input curve.
(Please refer to the accelerator input curve in the description of THROTTLE Y3 MAP)
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Adjustment

Description

This parameter defines the accelerator input curve.
- Accelerator input curve

Max Speed

Throttle ¥Y3 Map

Throtile Y2 Map |}

Traction Speed set point [%]

THROTTLE Y3 MAP
Throttle Y1 Map
Frequency Creep : i >
Min Vace Thronlel)(z Map Max Vace
Throllle 0 Zone Throttle X1 Map Throttle X1 Map
Throttle[%] 13BOP97ES10
The speed remains at the FREQUENCY CREEP value as long as the voltage from the
accelerator potentiometer is below THROTTLE 0 ZONE. Basically this defines a dead
zone close to the neutral position.
These parameters define the voltage thresholds for the working voltage range, ex-
VOLTAGE THR LOW pressed as percentage of the nominal voltage.
By default, at start-up the controller checks the battery voltage to be within the range
VOLTAGE THR HIGH from VOLTAGE THR LOW to VOLTAGE THR HIGH.
In case the check fails, alarm WRONG KEY VOLT. is raised.
This parameter specifies the duty-cycle (ton /Tpwim) of the PWM applied to the main-
MC VOLTAGE contactor output A16 during the first second after the activation signal that causes the
main contactor to close.
MC VOLTAGE RED. This parameterl defines a pe-rcentage of MC YOI._TAGE parameter and it determines the
duty-cycle applied after the first second of activation of the contactor.
This parameter specifies the duty-cycle (ton /Tpwm) of the PWM applied to the elec-
EB VOLTAGE tromechanical brake output A18 during the first second after the activation signal that
causes the electromechanical brake to release.
This parameter defines a percentage of EB VOLTAGE parameter and it determines the
EB VOLTAGE RED. |duty-cycle applied after the first second since when the electromechanical brake is re-
leased.
PWM EVA NOT used in this truck.
PWM EV2 NOT used in this truck.
PWM EV3 NOT used in this truck.
PWM EV4 NOT used in this truck.
PWM EV5 NOT used in this truck.

MAX. MOTOR TEMP.

This parameter defines the motor temperature above which a 50% cutback is applied
to the maximum current. Cutback is valid only during motoring, while during braking the
100% of the maximum current is always available independently by the temperature.
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Adjustment

Description

STOP MOTOR TEMP.

This parameter defines the maximum motor temperature permitted, above which the
controller stops driving the motor.

MOT.T. TLCUTBACK

This parameter defines the motor thermal cutback. The control linearly reduces the mo-
tor torque basing on the motor temperature. Reference limits of the linear reduction are
MAX MOTOR TEMP and TEMP. MOT. STOP.

REF LOAD WEIGHT

(This parameter is used for that LOAD SENSOR is ON)
This parameter is used to show and configurate the reference load weight.

OVERLOAD WEIGHT

(This parameter is used for that LOAD SENSOR is ON)

This parameter is used to show and configurate the trigger condition for OVERLOAD
alarm.

If the loaded weight exceeds the weight indicated in this paramter, OVERLOAD alarm
and function limitation will occur according to OVERLOAD TYPE paramter.

MAX LOAD WEIGHT

(This parameter is used for that LOAD SENSOR is ON)
This parameter is used to show and configurate the maximum load weight.

FORK CTR DEAD

(This parameter is used for that FORK LEVELING is ON)
It sets the pecentage of center dead zone from the center value, when fork leveling func-
tion is doing.

FORK APP. RANGE

(This parameter is used for that FORK LEVELING is ON)
It sets the approach range from the center value, when fork leveling function is doing.

FORK VALVE MIN

(This parameter is used for that FORK LEVELING and FINGERTIP are ON)
It sets the pecentage of tilt valve current, when fork leveling function is doing.

BMS WRNO CB CUR.

This parameter defines the maximum current performed when the BMS warning 0 is
active.
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(4) Fingertip inverter

@ Set option

Set option

Description

HOUR COUNTER

This option specifies the hour counter mode. It can be set one of two:
RUNNING: The counter registers travel time only
KEY ON: The counter registers when the "key" switch is closed.

EVP1

This parameter enables or disables the EVP1.
PRESENT : It enables the EVP1.
ABSENT : It disables the EVP1.

EVP2

This parameter enables or disables the EVP2.
PRESENT : It enables the EVP2.
ABSENT : It disables the EVP2.

EVP3

This parameter enables or disables the EVP3.
PRESENT : It enables the EVP3.
ABSENT : It disables the EVP3.

EVP4

This parameter enables or disables the EVP4.
PRESENT : It enables the EVPA4.
ABSENT : It disables the EVPA4.

EVP5

This parameter enables or disables the EVP5.
PRESENT : It enables the EVP5.
ABSENT : It disables the EVP5.

EVP6

This parameter enables or disables the EVP6.
PRESENT : It enables the EVP6.
ABSENT : It disables the EVP6.

EVP7

This parameter enables or disables the EVP7.
PRESENT : It enables the EVP7.
ABSENT : It disables the EVP7.

EVP8

This parameter enables or disables the EVPS8.
PRESENT : It enables the EVPS8.
ABSENT : It disables the EVPS8.

EVP9

This parameter enables or disables the EVP9.
PRESENT : It enables the EVP9.
ABSENT : It disables the EVP9.

EV1

This parameter enables or disables the EV1.
PRESENT : It enables the EV1.
ABSENT : It disables the EV1.

EV2

This parameter enables or disables the EV2.
PRESENT : It enables the EV2.
ABSENT : It disables the EV2.

EV3

This parameter enables or disables the EV3.
PRESENT : It enables the EV3.
ABSENT : It disables the EV3.

SYNC PRESENCE

This parameter enables or disables the syncro message.
OFF =The syncro message is not used
ON = The syncro message is enabled
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Set option

Description

NMT CAN MESSAGE

CAN SAFETY MODE

This parameter enables or disables the SAFETY MODE for CAN protocol.
If it is activated, the overall CAN protocol will be changed.

SAFETY DEBUG
MSG

This parameter enables or disables special debug messages about the SAFETY LAYER.

SAFETY MODE GR1

This parameter enables or disables the SAFETY MODE for GR1.
PRESENT : It enables the SAFETY MODE.
ABSENT : It disables the SAFETY MODE.

SAFETY MODE GR2

This parameter enables or disables the SAFETY MODE for GR2.
PRESENT : It enables the SAFETY MODE.
ABSENT : It disables the SAFETY MODE.

SAFETY MODE GR3

This parameter enables or disables the SAFETY MODE for GRS.
PRESENT : It enables the SAFETY MODE.
ABSENT : It disables the SAFETY MODE.

SAFETY MODE GR4

This parameter enables or disables the SAFETY MODE for GRA4.
PRESENT : It enables the SAFETY MODE.
ABSENT : It disables the SAFETY MODE.

SAFETY MODE EV1

This parameter enables or disables the SAFETY MODE for EV1.
PRESENT : It enables the SAFETY MODE.
ABSENT : It disables the SAFETY MODE.

SAFETY MODE EV2

This parameter enables or disables the SAFETY MODE for EV2.
PRESENT : It enables the SAFETY MODE.
ABSENT : It disables the SAFETY MODE.

SAFETY MODE EVP9

This parameter enables or disables the SAFETY MODE for EVP9.
PRESENT : It enables the SAFETY MODE.
ABSENT : It disables the SAFETY MODE.

SAFETY MODE EV3

This parameter enables or disables the SAFETY MODE for EV3.
PRESENT : It enables the SAFETY MODE.
ABSENT : It disables the SAFETY MODE.

(2 Parameter

Parameter

Description

[ MIN EVP1_LIFT

This parameter determines the minimum current applied on the EVP1 when the position
of the control is at the minimum.

| MAX EVP1_LIFT

This parameter determines the maximum current applied to the EVP1 when the position
of the control is at the maximum.

I MIN EVP2_LOWER

This parameter determines the minimum current applied on the EVP2 when the position
of the control is at the minimum.

I MAX EVP2_LOWER

This parameter determines the maximum current applied to the EVP2 when the position
of the control is at the maximum.

I MIN EVP3_TILT IN

This parameter determines the minimum current applied on the EVP3 when the position
of the control is at the minimum.
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Parameter

Description

[ MAX EVP3_TILT IN

This parameter determines the maximum current applied to the EVP3 when the position
of the control is at the maximum.

I MIN EVP4_TILT | This parameter determines the minimum current applied on the EVP4 when the position
ouT of the control is at the minimum.

I MAX EVP4_TILT | This parameter determines the maximum current applied to the EVP4 when the position
ouT of the control is at the maximum.

I MIN EVP5_AUX1 IN

This parameter determines the minimum current applied on the EVP5 when the position
of the control is at the minimum.

I MAX EVP5_AUX1 IN

This parameter determines the maximum current applied to the EVP5 when the position
of the control is at the maximum.

I MIN EVP6_AUX1

This parameter determines the minimum current applied on the EVP6 when the position

ouT of the control is at the minimum.
I MAX EVP6_AUX1 | This parameter determines the maximum current applied to the EVP6 when the position
ouT of the control is at the maximum.

I MIN EVP7_AUX2 IN

This parameter determines the minimum current applied on the EVP7 when the position
of the control is at the minimum.

I MAX EVP7_AUX2 IN

This parameter determines the maximum current applied to the EVP7 when the position
of the control is at the maximum.

[ MIN EVP8_AUX2

This parameter determines the minimum current applied on the EVP8 when the position

ouT of the control is at the minimum.
I MAX EVP8_AUX2 | This parameter determines the maximum current applied to the EVP8 when the position
ouT of the control is at the maximum.
| MIN EVP9 This parameter determines the minimum current applied on the EVP9 when the position
of the control is at the minimum.
| MAX EVP9 This parameter determines the maximum current applied to the EVP9 when the position
of the control is at the maximum.
PWM ON EV1 This parameter specifies the duty-cycle (tON /TPWM) of the PWM applied to EV1.
PWM ON EV2 This parameter specifies the duty-cycle (tON /TPWM) of the PWM applied to EV2.
PWM ON EV3 This parameter specifies the duty-cycle (tON /TPWM) of the PWM applied to EV3.

EVP1 OPEN DELAY

It determines the acceleration ramp on EVP1. The parameter sets the time needed to
increase the current from MIN EVP1 to the MAX EVP1.

EVP1 CLOSE DELAY

It determines the deceleration ramp on EVP1. The parameter sets the time needed to
decrease the current from MAX EVP1 to MIN EVP1.

It determines the acceleration ramp on EVP2. The parameter sets the time needed to

EVP2 OPEN DELAY |

increase the current from MIN EVP2 to the MAX EVP2.
EVP2 CLOSE DELAY It determines the deceleration ramp on EVP2. The parameter sets the time needed to

decrease the current from MAX EVP2 to MIN EVP2.

It determines the acceleration ramp on EVP3. The parameter sets the time needed to
EVP3 OPEN DELAY |, oo ‘on ramp bar '

increase the current from MIN EVP3 to the MAX EVP3.

It determines the deceleration ramp on EVP3. The parameter sets the time needed to
EVP3 CLOSE DELAY

decrease the current from MAX EVP3 to MIN EVP3.

It determines the acceleration ramp on EVP4. The parameter sets the time needed to
EVP4 OPEN DELAY

increase the current from MIN EVP4 to the MAX EVP4.
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Parameter Description

It determines the deceleration ramp on EVP4. The parameter sets the time needed to
EVP4 CLOSE DELAY

decrease the current from MAX EVP4 to MIN EVP4.

It determines the acceleration ramp on EVP5. The parameter sets the time needed to
EVP5 OPEN DELAY |

increase the current from MIN EVP5 to the MAX EVP5.
EVP5 CLOSE DELAY It determines the deceleration ramp on EVP5. The parameter sets the time needed to

decrease the current from MAX EVP5 to MIN EVP5.
EVP6 OPEN DELAY .lt determines the acceleration ramp on EVP6. The parameter sets the time needed to

increase the current from MIN EVP6 to the MAX EVPG6.

It determines the deceleration ramp on EVP6. The parameter sets the time needed to
EVP6 CLOSE DELAY

decrease the current from MAX EVP6 to MIN EVP6.

It determines the acceleration ramp on EVP7. The parameter sets the time needed to
EVP7 OPEN DELAY |

increase the current from MIN EVP7 to the MAX EVP7.

It determines the deceleration ramp on EVP7. The parameter sets the time needed to
EVP7 CLOSE DELAY

decrease the current from MAX EVP7 to MIN EVP7.
EVPS OPEN DELAY !t determines the acceleration ramp on EVP8. The parameter sets the time needed to

increase the current from MIN EVP8 to the MAX EVPS8.
EVP8 CLOSE DELAY It determines the deceleration ramp on EVP8. The parameter sets the time needed to

decrease the current from MAX EVP8 to MIN EVP8.

It determines the acceleration ramp on EVP9. The parameter sets the time needed to
EVP9 OPEN DELAY |

increase the current from MIN EVP9 to the MAX EVP9.

It determines the deceleration ramp on EVP9. The parameter sets the time needed to
EVP9 CLOSE DELAY

decrease the current from MAX EVP9 to MIN EVP9.

EV1 OPEN DELAY

It determines the acceleration ramp on EV1. The parameter sets the time needed to in-
crease the current from OFF to the PWM ON EV1.

EV1 CLOSE DELAY

It determines the deceleration ramp on EV1. The parameter sets the time needed to de-
crease the current from PWM ON EV1 to OFF.

EV2 OPEN DELAY

It determines the acceleration ramp on EV2. The parameter sets the time needed to in-
crease the current from OFF to the PWM ON EV2.

It determines the deceleration ramp on EV2. The parameter sets the time needed to de-

EV2 CLOSE DELAY
crease the current from PWM ON EV2 to OFF.
It determines the acceleration ramp on EV3. The parameter sets the time needed to in-
EV3 OPEN DELAY
crease the current from OFF to the PWM ON EV3.
It determines the deceleration ramp on EV3. The parameter sets the time needed to de-
EV3 CLOSE DELAY P P
crease the current from PWM ON EV3 to OFF.
@ Adjustment
Adjustement Description
SET BATTERY TYPE | It selects the nominal battery voltage.
ADJUST BATTERY | Fine adjustment of the battery voltage measured by the controller.
KEY FILTER this parameter is used to set the filter for the key line input.
ANALOG 1 FILTER | this parameter is used to set the filter for the analog input.
ANALOG 2 FILTER | this parameter is used to set the filter for the analog input.
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Adjustement

Description

ANALOG 3 FILTER

this parameter is used to set the filter for the analog input.

ANALOG 4 FILTER

this parameter is used to set the filter for the analog input.

ANALOG 5 FILTER

this parameter is used to set the filter for the analog input.

ANALOG 6 FILTER

this parameter is used to set the filter for the analog input.

ANALOG 7 FILTER

this parameter is used to set the filter for the analog input.

ANALOG 8 FILTER

this parameter is used to set the filter for the analog input.

ANALOG 9 FILTER

this parameter is used to set the filter for the analog input.

ANALOG 10 FILTER

this parameter is used to set the filter for the analog input.

ANALOG 11 FILTER

this parameter is used to set the filter for the analog input.

ANALOG 12 FILTER

this parameter is used to set the filter for the analog input.

SYNC FREQ

It is the carrier frequency of the proportional valve coils drivers. The default value is 1000
Hz. It can be adjusted from 100Hz up to 15000 Hz. The resolution is 100Hz (it can be ad-
justed in steps of 100 Hz).

DITHER AMPL. GR1

(EVP1, 2) It is the dither signal amplitude. The dither signal is a square wave which is
overlapped to the proportional valves set point. In this way the proportional valves re-
sponse to set point variations is optimized. This parameter has 9 levels.

LO=0mA, L1=39mA, L2=86mA, L3=125mA, L4=164mA, L5=203mA, L6=243mA,
L7=305mA, L8=345mA, L9=407mA

DITHER FREQ. GR1

(EVP1, 2) It is the dither signal frequency. 4 levels are available.
LO=50Hz, L1=62,5Hz, L2=83Hz, L3=125Hz, L4=250Hz

DITHER AMPL. GR2

(EVP3, 4) It is the dither signal amplitude. The dither signal is a square wave which is
overlapped to the proportional valves set point. In this way the proportional valves re-
sponse to set point variations is optimized. This parameter has 9 levels.

LO=0mA, L1=39mA, L2=86mA, L3=125mA, L4=164mA, L5=203mA, L6=243mA,
L7=305mA, L8=345mA, L9=407mA

DITHER FREQ. GR2

(EVPS, 4) ltis the dither signal frequency. 4 levels are available.
LO=50Hz, L1=62,5Hz, L2=83Hz, L3=125Hz, L4=250Hz

DITHER AMPL. GR3

(EVP5, 6) It is the dither signal amplitude. The dither signal is a square wave which is
overlapped to the proportional valves set point. In this way the proportional valves re-
sponse to set point variations is optimized. This parameter has 9 levels.

LO=0mA, L1=39mA, L2=86mA, L3=125mA, L4=164mA, L5=203mA, L6=243mA,
L7=305mA, L8=345mA, L9=407mA

DITHER FREQ. GR3

(EVP5, 6) It is the dither signal frequency. 4 levels are available.
LO=50Hz, L1=62,5Hz, L2=83Hz, L3=125Hz, L4=250Hz

DITHER AMPL. GR4

(EVP7, 8) It is the dither signal amplitude. The dither signal is a square wave which is
overlapped to the proportional valves set point. In this way the proportional valves re-
sponse to set point variations is optimized. This parameter has 9 levels.

LO=0mA, L1=39mA, L2=86mA, L3=125mA, L4=164mA, L5=203mA, L6=243mA,
L7=305mA, L8=345mA, L9=407mA

DITHER FREQ. GR4

(EVP7, 8) It is the dither signal frequency. 4 levels are available.
LO=50Hz, L1=62,5Hz, L2=83Hz, L3=125Hz, L4=250Hz
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5) PROGRAMMING AND ADJUSTMENTS
There are two ways to adjust parameter via a smart console or buttons on a display.
* Adjustments via buttons on a display, please refer to the display section. (page 7-64)

ADJUSTMENTS VIA SMART CONSOLE (Option)

Adjustment of parameters and changes to the inverter's configuration are made using the smart
console.

Connect to the MAIN HARNESS of the forklift truck.
(Also need the HARNESS-EXT_SMART CONSOLE)

H
i
’

25B9UEL17

* Please connect and disconnect it after a key switch off.
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(1) Connected
If connection is successful, the display will show a page similar to the next one.

VMCM HY1.00

48v  0a  500H

NO CAN MSG N.05

25B9UEL18

This menu shows basic information about the controller.

- First line displays the controller firmware.
- Second line shows controller voltage, controller current and hour meter.
- Last line shows the current alarm code, if present.

Press OK to access the MAIN MENU.

*MAIN MENU*

PARAMETER CHANGE

TESTER

ALARMS

25B9UEL19

Use UP and DOWN keys to navigate the list: once you find the desired menu press OK to enter it.

(2) How to modify parameters
From MAIN MENU enter the desired menu (for example the PARAMETER CHANGE menu).

PARAMETER CHANGE
ACCELER DELAY 1.0
E. ACCELER DELAY 1.5
SPEED LIMIT BRK 22
E.SPD. LIMIT BRK 2.2
25B9UEL20

With UP and DOWN keys you can scroll the list: once you have highlighted the parameter you
want to modify, press either LEFT or RIGHT keys to decrease or increase the parameter value.

Keep LEFT/RIGHT button pressed to continuously repeat the value modification ("auto-repeat"
function): this function will speed up the procedure in case many parameter values must be
changed.

7-50-37



You can press ESC to exit the menu at any time. In case parameters have been modified, the
console will prompt the request to confirm/discard changes.

PARAMETER CHANGE

AC
APPLY CHANGES?
E.
YES=0OK NO=ESC
SP

E.SPD. LIMIT BRK 2.2
25B9UEL21

Description above is valid for every menu which contains parameters and options like SET
OPTIONS, ADJUSTMENT, HARDWARE SETTINGS, etc.

(3) Program Vacc

PROGRAM VACC menu has been slightly modified from old consoles. Upon entering this menu
the console shows the current programmed values.

PROGRAM VACC
CURRENT VALUES
MAX 5.0
MIN 0.3

PRESS OK FOR SETUP

25B9UEL22

When OK is pressed, PROGRAM VACC procedure starts. Console invites you:
- To select the enable switch, if any;
- To select the direction switch (either forward or backward);
- To depress the pedal to its maximum excursion.

Displayed values vary accordingly to operator inputs.

Sequence above can slightly vary depending on controller firmware. Anyway the logic remains the
same: before programming the min/max values, execute any starting sequence which is necessary,
then press the pedal or push the joystick.

PROGRAM VACC

FORWARD 0.0 45
BACKWARD 02 4.4

SEL. ENABLE AND DIRECTION
THEN PRESS PEDAL
(EXC TO ENTER)

25B9UEL23

When ESC is pressed, console asks if programmed values must be saved or discarded.
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(4) Tester

It shows four variables at once: use UP/DOWN keys to scroll the list.

TESTER
MOTOR VALTAGE 0%
FREQUENCY 0
ENCODER 0
BATTERY VOLTAGE 24.5V
(5) Alarms
It shows all controller alarms at once.
ALARMS
NO CAN MESSAGE 10h
INCORRECT START 2h
NONE oh
NONE oh
NONE Oh
F1 TO CLEAR LOGBOOK

25B9UEL24

25B9UEL25

Five is the maximum number of alarm codes which is stored inside the controller.

Colors are used to separate recurrent alarm codes from rare events. In order of increasing

frequency, alarm names can be:

- White: up to 5 occurrences
- Yellow: up to 20,

- Orange: up to 40,

- Red: more than 40.

Use UP/DOWN to select a certain alarm in the list: if OK is pressed, additional pieces of information
about that alarm are displayed. Press F1 to clear the alarm logbook of the controller: once F1 is

pressed, the console asks for confirmation.
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6) MORNITORING MENU
(1) Traction controller (RH)

Monitoring Description
KEY VOLTAGE KEY voltage A1 value measured in real time.
BATTERY VOLTAGE | Battery voltage measured in real time across the DC-bus.
DC BUS CURRENT | Estimation of the battery current based on the working point.
BATTERY CHARGE | Estimation of the battery charge based on the battery voltage.
MOTOR VOLTAGE Theoretical phase- to- phase voltage to be applied at the motor terminals, as a per-
centage of the supply voltage.
FREQUENCY Frequency of the current sine-wave that the inverter is supplying to the motor.
Motor speed measured through the encoder and expressed in the same unit of FRE-
MEASURED SPEED
QUENCY (Hz).
MEASURED SPD SLV | Motor speed from the slave drive and expressed in the same unit of FREQUENCY (Hz).
SLIP VALUE Motor slip, i.e. difference between the current frequency and the motor speed (in Hz).
CURRENT RMS Root-mean-square value of the line current supplied to the motor.

CURRENT RMS SLV | Root-mean-square value of the line current supplied to the motor by the slave drive.
IMAX LIM. TRA Instantaneous values of the maximum current the inverter can apply to the motor to
IMAX LIM. BRK satisfy respectively a traction or braking request. The value is evaluated basing on the

real-time conditions (inverter temperature, motor temperature, etc.).
ID FILTERED RMS | Projections of the current vector respectively on the d- or g-axis, expressed in root-
IQ FILTERED RMS | mean-square Ampere.
FLAGS LIMITATION Flag for any current limitation being active, for example thermal current cutback, maxi-

mum current reached, etc.

MOT. POWER WATT

Estimation of the power supplied to the motor.

STATOR FLUX MWB | Estimation of the motor magnetic flux.
MOTION TORQUE NM | Estimation of the motor torque.
STEER ANGLE Steer.ing.angle. from the sensor on the stéered wheel or the steered axle. When the
steering is straight ahead STEER ANGLE is zero.
INNER WHEEL RED. | Speed reduction of the inner wheel with respect to the turn the machine is making.
Temperature measured on the inverter base plate.
TEMPERATURE ) ,
This temperature is used for the HIGH TEMPERATURE alarm.
Motor-windings temperature.
MOTOR TEMPERAT. | Normally the sensor is a PTC Philips KTY84-130. This temperature is used for the
MOTOR OVERTEMP alarm.
CNAS8 SEAT SW Status of the Seat input A8.
CNA17 QI/PB SW Status of the Pedal Brake input A17
CNilzplfNivl\Bll_SEV\éW Status of the Forward-request input A6
CNA7 BW SW Status of the Backward-request input A7
CNA11 SEATBELT | Status of the Seatbelt-request input A11
CNA19 SR/HB SW | Status of the Parking Brake input A19
POT#1 Voltage of the analog input 1 A5(Accel Signal 1)
POT#2 Voltage of the analog input 2 A16(Accel Signal 2)
POT#3 Voltage of the analog signal on A1(Load Signal)
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Monitoring

Description

POT#4 Voltage of the analog signal on A13(steer Signal)
SET EVP Set-point of proportional electrovalve EVP.
OUTPUT EV1 Status of the EV1 output A25. (No Use)
A34 EV2 FAN RELAY | Status of the EV2 output A34. (Fan Relay)
OUTPUT EV3 Status of the EV3 output A35. (No Use)
A%6 MAIN CONT Voltage applied over the main contactor coil. It corresponds to the duty cycle value of
PWM applied, expressed as percentage.
ELEC.BRAKE Voltage applied over the lelectromechanical brake coil. It corresponds to the duty
cycle value of PWM applied, expressed as percentage. (No Use)
CTRAP HW Counter showing the number of occurrences of hardware-overcurrent detection.
CTRAP THRESOLD | Threshold voltage of the overcurrent detection circuit.
SUPPLY SENSOR 1 | Current provided on auxiliary supply PENC A8.
SUPPLY SENSOR 2 | Current provided on auxiliary supply PPOT A2.
TRUCK SPEED S.peed of the truck (it requires custom software embedding gear ratio and wheels ra-
dius).
CPUTIME F US Reserved Zapi internal use.
CPUTIME M US Reserved Zapi internal use.
CPU IDLE Reserved Zapi internal use.
Performance level:
PERFORMANCE |0~ Coonomy
1 =Normal
2 = Power (High)
Count of the bus-off events occurred on the external CAN bus.
COUNT BUSOFF EX , ,
It gets saved in the non-volatile memory.
COUNT BUSWARN EX Count of the warning events (error frames) occurred on the external CAN bus. It gets

saved in the non-volatile memory.

COUNT BUSOFF IN

Count of the bus-off events occurred on the internal bus between the two
microcontrollers. It gets saved in the nonvolatile memory.

COUNT BUSWARN IN

Count of the warning events (error frames) occurred on the internal bus between the
two microcontrollers. It gets saved in the non-volatile memory.

(2) Traction controller (LH)

Monitoring Description
KEY VOLTAGE KEY voltage A1 value measured in real time.
BATTERY VOLTAGE | Battery voltage measured in real time across the DC-bus.
DC BUS CURRENT | Estimation of the battery current based on the working point.
Theoretical phase- to- ph ltage t lied at th tor terminal -
MOTOR VOLTAGE eoretical phase- to- phase voltage to be applied at the motor terminals, as a per
centage of the supply voltage.
FREQUENCY Frequency of the current sine-wave that the inverter is supplying to the motor.
MEASURED SPEED Motor speed measured through the encoder and expressed in the same unit of FRE-
QUENCY (Hz).
SLIP VALUE Motor slip, i.e. difference between the current frequency and the motor speed (in Hz).
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Monitoring Description

CURRENT RMS Root-mean-square value of the line current supplied to the motor.

IMAX LIM. TRA Instantaneous values of the maximum current the inverter can apply to the motor to

IMAX LIM. BRK satisfy respectively a traction or braking request. The value is evaluated basing on the

' real-time conditions (inverter temperature, motor temperature, etc.).
ID FILTERED RMS | Projections of the current vector respectively on the d- or g-axis, expressed in root-
IQ FILTERED RMS | mean-square Ampere.
Flag for any current limitation being active, for example thermal current cutback, maxi-

FLAGS LIMITATION | 9 > & 9 P

mum current reached, etc.

MOT. POWER WATT

Estimation of the power supplied to the motor.

STATOR FLUX MWB | Estimation of the motor magnetic flux.
MOTION TORQUE NM | Estimation of the motor torque.
Temperature measured on the inverter base plate.
TEMPERATURE ) ,
This temperature is used for the HIGH TEMPERATURE alarm.
Motor-windings temperature.
MOTOR TEMPERAT. | Normally the sensor is a PTC Philips KTY84-130. This temperature is used for the
MOTOR OVERTEMP alarm.
CNA4 BRAKE OIL | Status of the Brake Qil input A4
CNA5 AUTO TILT Status of the Auto Tilt input A5
CNA13 SBR SW Status of the SBR input A13
A3 POT1 AUTOTILT1 | Voltage of the analog input 1 A3(Auto Tilt Signal 1)
A10 POT2 AUTOTILT2 | Voltage of the analog input 2 A10(Auto Tilt Signal 2)
POT#3 NOT used in this truck.
POT#4 NOT used in this truck.
SET EVP Set-point of proportional electrovalve EVP.
OUTPUT EV1 NOT used in this truck.
OUTPUT EV2 NOT used in this truck.
OUTPUT EV3 NQOT used in this truck.
A16 AUTO TILT RELAY Voltallge applied over the auto tilt coil. It corresponds to the duty cycle value of PWM
applied, expressed as percentage.
Voltage applied over the electromechanical brake coil. It corresponds to the duty
ELEC.BRAKE ,
cycle value of PWM applied, expressed as percentage. (No Use)
CTRAP HW Counter showing the number of occurrences of hardware-overcurrent detection.
CTRAP THRESOLD | Threshold voltage of the overcurrent detection circuit.
SUPPLY SENSOR 1 | Current provided on auxiliary supply PENC A8.
SUPPLY SENSOR 2 | Current provided on auxiliary supply PPOT A2.
CPUTIME FUS Reserved Zapi internal use.
CPUTIME M US Reserved Zapi internal use.
CPU IDLE Reserved Zapi internal use.
Performance level:
PERFORMANCE  |° - -eonomy
1 =Normal

2 = Power (High)
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Monitoring

Description

COUNT BUSOFF EX

Count of the bus-off events occurred on the external CAN bus.
It gets saved in the non-volatile memory.

COUNT BUSWARN EX

Count of the warning events (error frames) occurred on the external CAN bus. It gets
saved in the non-volatile memory.

COUNT BUSOFF IN

Count of the bus-off events occurred on the internal bus between the two microcon-
trollers. It gets saved in the nonvolatile memory.

COUNT BUSWARN IN

Count of the warning events (error frames) occurred on the internal bus between the
two microcontrollers. It gets saved in the non-volatile memory.

(8) Pump controller

Monitoring Description
KEY VOLTAGE KEY voltage A1 value measured in real time.
BATTERY VOLTAGE | Battery voltage measured in real time across the DC-bus.
DC BUS CURRENT | Estimation of the battery current based on the working point.
MOTOR VOLTAGE Theoretical phase- to- phase voltage to be applied at the motor terminals, as a per-
centage of the supply voltage.
FREQUENCY Frequency of the current sine-wave that the inverter is supplying to the motor.
Motor speed measured through the encoder and expressed in the same unit of FRE-
MEASURED SPEED
QUENCY (Hz).
SLIP VALUE Motor slip, i.e. difference between the current frequency and the motor speed (in Hz).
CURRENT RMS Root-mean-square value of the line current supplied to the motor.
IMAX LIM. TRA Instantaneous values of the maximum current the inverter can apply to the motor to
IMAX LIM. BRK satisfy respectively a traction or braking request. The value is evaluated basing on the
real-time conditions (inverter temperature, motor temperature, etc.).
ID FILTERED RMS | Projections of the current vector respectively on the d- or g-axis, expressed in root-
IQ FILTERED RMS | mean-square Ampere.
FLAGS LIMITATION Flag for any current limitation being active, for example thermal current cutback, maxi-

mum current reached, etc.

MOT. POWER WATT

Estimation of the power supplied to the motor.

STATOR FLUX MWB | Estimation of the motor magnetic flux.
MOTION TORQUE NM | Estimation of the motor torque.
TEMPERATURE Temperature mea.sured on the inverter base plate.
This temperature is used for the HHGH TEMPERATURE alarm.
Motor-windings temperature.
MOTOR TEMPERAT. |Normally the sensor is a PTC Philips KTY84-130. This temperature is used for the
MOTOR OVERTEMP alarm.
CNAG6 SEAT SW Status of the SEAT input A6 (No use)
CNA11 AUX2 SW Status of the AUX2 Switch input A11
CNA4 TILT SW Status of the Tilt Switch input A4
CNAS5 AUX1 SW Status of the AUX1 Switch input A5
CNA13 CUTBACK SW | Status of the Cutback Switch input A13
LOAD WEIGHT Calculated weight
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Monitoring

Description

OVERLOAD VOLTAGE

Calculated sensor volatge for Overload weight

MAXLOAD VOLTAGE

Calculated sensor volatge for Maxload weight

A3 POT#1_LIFT 1

Voltage of the analog input 1 A3(Lift Signal 1)

A10 POT#2_LIFT 2

Voltage of the analog input 2 A10(Lift Signal 2)

B-2 POT#3 NOT used in this truck.
B-10 POT#4 NOT used in this truck.
B-3 POT#5 NOT used in this truck.
A19 SET EVP Set-point of proportional electrovalve EVP.

B-16 OUTPUT EV1

NOT used in this truck.

B-17 OUTPUT EV2

NOT used in this truck.

B-18 OUTPUT EV3

NOT used in this truck.

B-19 OUTPUT EV4

NOT used in this truck.

B-9 OUTPUT EV5

NOT used in this truck.

A-16 MAIN CONT.

Voltage applied over the main contactor coil. It corresponds to the duty cycle value of
PWM applied, expressed as percentage.

A-18 OPSS COIL

Voltage applied over the MCV solenoid coil. It corresponds to the duty cycle value of
PWM applied, expressed as percentage.

CTRAP HW Counter showing the number of occurrences of hardware-overcurrent detection.
CPUTIME F US Reserved Zapi internal use.
CPUTIME M US Reserved Zapi internal use.
CPU IDLE Reserved Zapi internal use.
Performance level:
= Econom
PERFORMANCE | ° y
1 =Normal
2 = Power (High)
COUNT BUSOEE EX Count of the tl)us-off events olccurred on the external CAN bus.
It gets saved in the non-volatile memory.
ount of the warning events (error frames) occurred on the external CAN bus. It gets
COUNT BUSWARN EX | " warning events ( ) occu xternal CAN bus. It g

saved in the non-volatile memory.

COUNT BUSOFF IN

Count of the bus-off events occurred on the internal bus between the two microcon-
trollers. It gets saved in the nonvolatile memory.

COUNT BUSWARN IN

Count of the warning events (error frames) occurred on the internal bus between the
two microcontrollers. It gets saved in the non-volatile memory.

(4) Fingertip controller

Monitoring

Description

ENCODER 1 (X4)

Number of pulsed read by the encoder 1.

ENCODER 1 SPEED

Speed value read by Encoder 1.

ENCODER 2 (X4) Number of pulsed read by the encoder 2.
ENCODER 2 SPEED | Speed value read by Encoder 2.
BATTERY VOLTAGE | Battery voltage measured in real time across the DC-bus.
OUTPUT EVP1/2 % value. Percentage of the maximum current applied on the output EVP1 and EVP2
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Monitoring

Description

OUTPUT EVP3/4 % value. Percentage of the maximum current applied on the output EVP3 and EVP4
OUTPUT EVP5/6 % value. Percentage of the maximum current applied on the output EVP5 and EVP6
OUTPUT EVP7/8 % value. Percentage of the maximum current applied on the output EVP7 and EVP8
OUTPUT EVP9 % value. Percentage of the maximum current applied on the EVP9
OUTPUT EV1 % value. Percentage of the battery voltage applied on the EV1
OUTPUT EV2 % value. Percentage of the battery voltage applied on the EV2
OUTPUT EV3 % value. Percentage of the battery voltage applied on the EV3
DIGITAL INPUT It is a decimal value that represent the status of all the digital inputs.

DIGITAL INPUT #1

ON/OFF. This is the level of the digital input A8

DIGITAL INPUT #2

ON/OFF. This is the level of the digital input A9

DIGITAL INPUT #3

ON/OFF. This is the level of the digital input A10

DIGITAL INPUT #4

ON/OFF. This is the level of the digital input A18

DIGITAL INPUT #5

ON/OFF. This is the level of the digital input A19

DIGITAL INPUT #6

ON/OFF. This is the level of the digital input A20

DIGITAL INPUT #7

ON/OFF. This is the level of the digital input A21

DIGITAL INPUT #8

ON/OFF. This is the level of the digital input B13

DIGITAL INPUT #9

ON/OFF. This is the level of the digital input B14

DIG. INPUT #10

ON/OFF. This is the level of the digital input B21

DIG. INPUT #11

ON/OFF. This is the level of the digital input B22

ENC 1 CHANNEL A

ON/OFF. This is the level of the channel A of Encoder 1.

ENC 1 CHANNEL B

ON/OFF. This is the level of the channel B of Encoder 1.

ENC 2 CHANNEL A | ON/OFF. This is the level of the channel A of Encoder 2.
ENC 2 CHANNEL B | ON/OFF. This is the level of the channel B of Encoder 2.
AIN#1_LIFT/LOW. A | Volt value. This is the level of the analog input B4
A.IN#2_TILT A Volt value. This is the level of the analog input B5
AlN.#3_AUX1B Volt value. This is the level of the analog input B2
AIN.#4_AUX1 A Volt value. This is the level of the analog input B1
A.N.#5 NQOT used in this truck.
A.IN.#6_LIFT/LOW.B | Volt value. This is the level of the analog input A23
A.IN#7_TILT B Volt value. This is the level of the analog input A35
A.IN.#8 NOT used in this truck.
A.IN.#9_AUX2 B Volt value. This is the level of the analog input B12
AlN.#10_AUX2 A Volt value. This is the level of the analog input B11
ALN.#11 NOT used in this truck.
AN.#12 NQOT used in this truck.
KEY LINE VOLT. KEY voltage A28 value measured in real time.

CAN ERROR COUNT

Count of the warning events (error frames) occurred on the external CAN bus. It gets
saved in the non-volatile memory.

CUSTOM WORD PDOf1

This item report the status of all digital inputs
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6. INSTRUMENT PANEL : DISPLAY

1) STRUCTURE
The DISPLAY has 6 red LEDs indicating the status information of the lift truck to the driver.

HYUNDAI

Spare #1 Spare #2
Oil level _ _ Park brake
Wrench ‘ _ Seat belt
Thermometer _ _ Seat

22BHIOMe65
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2) WARNING LAMP

(1) Brake oil level warning lamp

®)

22BH9EFDO1

Blinks when the brake oil level in the reservoir is below the lower
limit.

(2) Wrench warning lamp

P

22BH9EFD02

This LED lights when an electric device (controller, motor, cable,
etc.) is in alarm condition.

(3) Thermometer warning lamp

;!

22BHIEFD03

This LED lights when the controller or motor temperature is high.

(4) Seat warning lamp

w/

22BHOEFD04

This LED lights when the operator is not on the seat.

(5) Seat belt warning lamp

(1) This LED blinks in following 2 cases.

® (O When operator starts the truck, LED blinks for 5 seconds,
which means initial diagnosis is on going, and buttons on
@ display will work properely just after the diagnosis is
completed.
22BHOEFDOS @ LED blinks when the seat belt is not correctly fastened.

(6) Handbrake warning lamp

(®)

22BHOEFD06

(1) This LED lights when the handbrake is activated.
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3) BUTTONS
(1) UP button

A

e

22BH9EFD07

22BH9EFD08

(3) LEFT/MENU button

]

22BHOEFD09

(4) RIGHT/PERFORMANCE button

22BH9EFD10

(5) Cancel (ESC) button

ESC

|

22BHOEFD11

(6) ENTER button

22BH9EFD12

Press to select upward move

(2) DOWN button (DOWN/TURTLE button)

—<
~ -

Press to select downward move
TURTLE MODE ON/OFF

Press to select leftward move
Go into the menu

Press to select rightward move
POWER MODE H/N/E

Press to select cancel
Keep pressing this button shows PASSWORD entry field.

Press to select Enter
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4) LCD FUNCTION (MAIN SCREEN)

i Av 06:00 || 12345.6 hK | =
B g 10 12 [0000kg | gt

. N o 0. o
57
0 km/ 8
... [N
a4 & 8 B 8 B B B B
MAIN SCREEN
22BH9EFD13
1 Currenttime 6 Hour meter
2 Turtle mode 7  Wheel position and running direction
3  Truck speed pointer 8 Power mode
4 Speed level 9 BDI (Battery Discharge Indicator)
5  Truck speed 10 Load weight (option)

(1) Current time
The number shows the current time according to the setting, which can be changed by DISPLAY
Setting [6. 5), Page 7-56].

(2) Turtle mode
The turtle symbol is normally off. When this symbol appears, the Turtle Mode is activated
regardless of the Power Mode of the truck to reduce the maximum speed to the setpoint. This
mode can be activated by pressing the S button.
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(3) Truck speed pointer
The speed of the truck is indicated with a pointer.

(4) Speed level
It indicates the speed level by 2 km.

(5) Truck speed

The truck speed is shown in number. According to the DISPLAY setting km/h or mph unit is
available.

(6) Hour meter
The number shows the hours worked. The letter present near the hour meter shows which hour
meter is displayed.
- hK: the Key Hour shows the truck Key ON time;
- hT: the Traction Hour shows the Gate ON (driven) time of the traction motor.
- hP: the Pump Hour shows the Gate ON (driven) time of the pump motor.

(7) Wheel position and running direction
The arrow point is up when the truck is forward running and points down when the truck is
reverse running. The arrow point is moved to the leftward or the rightward according as the
direction of the steering angle.

(8) Power mode
The letter; H, N, or E, shows the Power Mode which is being used in the controller. The mode can
be scrolled by pressing them button sequentially. When a mode is selected, the related
information will be sent via CAN-BUS to traction and pump controllers that will manage this data.
H (High) - corresponds to the highest performance
N (Normal) - corresponds to normal performance
E (Economic) - corresponds to economic performance

(9) BDI (Battery Discharge Indicator)
The battery state of charge is shown by ten bars. Each bar represents the 10% of the battery
charge. As the battery becomes discharged, the bars turn off progressively, one after another, in
proportion to the value of the residual battery charge. When the residual battery charge is 20% or
under, the bars displayed become red.

% How to adjust BDI

If necessary, service man can a adjust BDI with adjustment #1, #2 BDI menu.
@ Adjustment #1 BDI

It adjusts the upper level of the battery discharge table. Higher level means higher voltage.
@© Adjustment #2 BDI

It adjusts the lower level of the battery discharge table. Higher level means higher voltage. (for
detail menu, please refer to page 7-27)
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5) HOW TO USE DISPLAY MENU

CONFIGURATION

BRIGHTNESS SETTING

LANGUAGE
SET TIME
UNIT

CONFIGURATION

BRIGHTNESS SETTING

SET TIME
UNIT

CONFIGURATION

BRIGHTNESS SETTING
LANGUAGE

SET TIME

UNIT

CONFIGURATION

BRIGHTNESS SETTING
LANGUAGE

SET TIME

UNIT

CONFIGURATION

BRIGHTNESS SETTING

omumo®

CONFIGURATION

TN o
‘ Espariol H_ Portugues

CONFIGURATION

Bofofo

CONFIGURATION
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CONFIGURATION CONFIGURATION

DISPLAY VERSION  1.03

CONFIGURATION

DISPLAY VERSION  1.03

22BH9EFD15
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6) DESCRIPTION OF THE TRUCK MENU

(1) é(_:_gess to truck menu

| = | If this button is pressed long, the PASSWORD dialog appears.

Enter correct PASSWORD, then on MAIN SCREEN, Press : l button to access the controller
“TRUCK MENU”

(2) How to change detail menus
The detail items of menu can be changed as follows ;

SETTING MASTER SET OPTIONS

MONITORING SLAVE ADJUSTMENTS

ALARM HISTORY PUMP PARAMETER CHANGE

VASS

ACCEL.DELAY

ACCEL. DELAY ARE YOU SURE?

3.0 SEC
YES : ENTER, NO : ESC

22B9EL24

Selection can be made in 4 methods as follows ;

- ON/OFF Selection

BATTERY CHECK

o)

N

22B9EL25

Select a desired value with | a || v button, then save with L) button or press E-c: button to escape
without saving.

- Type Selection

COOLING FAN WORK

OPTION #1

OPTION #2
OPTION #3

22B9EL30

N =
Select a desired value with | a || |w.a button, then save with L) button or press esc | button to escape

without saving. o
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- Figure input

ACCEL MIN

22B9EL31

Select a desired value with
to escape without saving.

- Level Selection

PARAMETER CHANGE

22B9EL30

Select a desired value with
without saving.

S

_—

AL

button, then save with
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M ): button, then save with e button or press| esc |button
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7) ALARM & ALARM HISTORY

(1) How to check alarms
Normally, ALARM SCREEN pops up if any kind of a alarm happens but service man can switch
between a MAIN SCREEN and ALARM SCREEN with [‘esc | ,| @ | buttons as follows :

S -

AM 06 00 12345 6 hK
12 0000 kg

—_—
ESC ¢
ﬁ @ ~-A4 (Press more than 1 sec)

CODE NAME

| SFB [Waiting for Node

22B9EL35
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(2) Detail description of ALARM SCREEN

22B9EL36

@ First yellow capital letter shows in which controller the alarm happens as below;

M : Traction-Master

S :Traction-Slave

P :Pump

V :Mhyrio CB
@ Following two letters or digits show alarm code. Please refer to 7. ALARM CODE (Page 7-68).
@ This shows a name of ALARM. Please refer to 7. ALARM CODE (page 7-68).

(3) Alatm history
Alarm History can be looked up as follows ;

SETTING
MONITORING

ALARM HISTORY

Step 1 Step 2

NAME

Steerin Sensor KO

NAME
Contactor Open

ALARN OR
MASTER

SLAVE
PUMP

Step 3

occurences :
Temp :
Key Time

e ofje

ESC

Step 5-1

V] A ALARN

— MASTER ALARM

ARE YOU SURE ?

YES : ENTER, NO : ESC
Step 5-2

22B9EL37
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(O Step 1 : Service man can check the alarm history on ALARM HISTORY menu

@ Step 2 : When service man enter the ALARM HISTORY menu, display read entire alarm records
of all controller. So it takes 9~15 seconds to read.

@ Step 3 : When display finish to read alarm records, service man can choose each controller to
read the alarm history.

@ Step 4 : When service man enters each controller’s alarm history, service man can check simply
up to 5 alarms and choose a specific alarm to read detail alarm information.

® Step 5-1 : When service man press e button at Step 4, operator can see a detail alarm
information of chosen alarm. Please refer to (4) DETAIL ALARM INFORMATION (as below).

® Step 5-2 : When service man press ™ button at Step 4, service man can see a alarm clear
menu. If service man press &3 button Recorded alarms of selected controller will be erased.
(to verify cleaned alarm records service man should be back to Step 1 & 2 to refresh.)
If operator press Cesc | button, just escape to step 3 without clearing

(4) Detail alarm information

@
CODE :(26
NAME 9
® Contactor Open
occurences ®
Temp :
b ®

Key Time

22B9EL38

@ Code of alarm

@ Name of alarm

® Count of alarm

@ Temperature of controller as alarm occurs.
® Hourmeter of controller as alarm occurs.

7-62



8) VASS SETUP USING DISPLAY MENU
This function searches and memorizes the minimum and maximum potentiometer wiper voltage of
the accelerator pedal, lift lever, and steering sensor which use potentiometer sensors. The belows
show how to use the VASS function of DISPLAY.
(All figures in belows are just example.)

% While even a motor is running, VASS can not be configurated properly, so please be sure that all
motors are not running before entering configuration process & saving.

(1) ACCEL VASS setting method

MIN FORWARD
MAX FORWARD
MIN REVERSE
MAX REVERSE

MIN FORWARD
MAX FORWARD
MIN REVERSE
MAX REVERSE

MIN FORWARD
MAX FORWARD
MIN REVERSE
MAX REVERSE

MIN FORWARD
MAX FORWARD
MIN REVERSE
MAX REVERSE

MIN FORWARD
MAX FORWARD
MIN REVERSE
MAX REVERSE

0.76V
1.76V
0.76V
1.76V

0.90v
0.90Vv
0.76V
176V

0.90v
447V
0.76V
1.76V

0.90v
447V
0.90v
0.90v

Please make sure that all motors

I::> are not running & direction lever I::>

is in NEUTRAL position.

If “READY” appears beside
ACCEL, you are in configuration
process.
Set direction lever in FORWARD
position.

Now, you can see that voltage

value of MIN FORWARD and
[ > MAX FORWARD are changed. [ >

Step on accel pedal fully, then

Take foot off accel pedal.

Now, you can see that voltage
value of MAX FORWARD are
changed.

Set direction lever in REVERSE
|::> position. (Sometimes, depending |:>
on controller model, MIN
FORWARD value looks like that
it is fixed as 0.0V, which is

normal.)

Now, you can see that voltage
value of MIN REVERSE and

[ > MAX REVERSE are changed.

Step on accel pedal fully, then
Take foot off accel pedal
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ACCEL — READY Now, you can see that voltage value of

MIN FORWARD 0.90v

MAX REVERSE are changed.
Please make sure that all motors are not ::> f.» ::>
running & direction lever is in NEUTRAL

position.

MAX FORWARD 447V
MIN REVERSE 0.90Vv
MAX REVERSE 447V

ACCEL FINISH

ARE YOU SURE ?

YES : ENTER, NO : ESC

22B9EL39-2
(2) LIFT VASS setting method

Please make sure that all

motors are not running &
MIN LIFT 9& > e jr—>

direction lever is in NEUTRAL
MAX LIFT position.

If “READY” appears beside LIFT, you are
in configuration process.

Now, operator can see that voltage value
MIN LIFT 0.25V of MIN LIFT and MAX LIFT are T——>
MAX LIFT 0.25V changed.

Full the lift lever toward operator fully

Now, you can see that voltage value of
MAX LIFT are changed.

MIN LIFT 0.25V Please make sure that all motors are not |:> o |:>
running & direction lever is in NEUTRAL

position.

MAX LIFT 6.20V

ARE YOU SURE ? S

YES : ENTER, NO : ESC

22BYEL40
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(8) STEER ANGLE VASS setting method

TEER ANGLE

Please make sure that all

STEER RIGHT 245V ::> motors are not running & |:> @ |::>

STEER LEFT 424V direction lever is in NEUTRAL
position.

STEER 0-POS 3.64V

- If “READY” appears beside STEER

ANGLE, you are in configuration process.
STEER RIGHT 202v W Now, operator can see that voltage value
fSTEIzRRIGHT' hanged ’ —> e —>
STEER LEFT 429y T W IS changed. ]
Turn steer handle to right-end fully,
the value will be changed.

STEER 0-POS 364y W

STEER ANGLE ~ READY Now, you can see that voltage value of

A S T VA Bl STEER RIGHT is saved.
e
Turn steer handle to left-end fully, the :> S ::>

STEER LEFT 1200 N _
- voltage value will be changed.
STEER 0-POS  3.64V

Now, you can see that voltage value of

STEER ANGLE READY STEER LEFT is saved.
Turn steer handle to center position, the
S . voltage value will be changed i :> & ::>
STEER LEFT YRZAY T
Please make sure that all traction motors
are not running

STEER 0-POS 7.84V

STEER ANGLE READY

ARE YOU SURE ?

YES : ENTER, NO : ESC

22B9EL41
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6) STRUCTURE OF TRUCK MENU
TRUCK MENU is in order to make configuration of truck easily, and consists of 3 major categorys :
SETTING, MONITORING, ALARM HISTORY.
(1) Setting
In setting, service man can choose a specific controller's submenu or V.A.S.S menu

’Truck Menu ‘ - ’Setting‘ - ’ Master or Right Master | — Set Options
Adjustments
Parameter Change

— | Slave or Left Master | — Set Options

Adjustments
Parameter Change

— | Pump or Pump Master | — Set Options
Adjustments
Parameter Change

- VAS.S

(2) Monitoring
In monitoring, service man can chek various status of truck.

’Truck Menu ‘ - ’Monitoring - Master
Slave
Pump

() Alarm history

In alarm history, service man can chek alarm history of truck.

’Truck Menu ‘ - ’ Alarm History | — | Master or Right Master
Slave or Left Master

Pump or Pump Master
Right Slave
Left Slave
Pump Slave
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7. ALARM CODE
1) TRACTION-MASTER & SLAVE CONTROLLER

Condition that has to occur to come out from

Code Alarm name Description
alarm status
08 |WATCHDOG Alarm: the Watchdog circuit has | - If the alarm is present in Init status, remove
been triggered the alarm condition
- If the alarm has occurred in stby or running
mode, it is necessary to remove alarm
condition and to activate a traction request
0D |EEPROMKO Warning: Eeprom fault, controller | To remove Warning cause
will use default parameters
11 |LOGIC FAILURE #3 |Alarm: failure in over-load| - To remove alarm condition + activation of
protection hw circuit traction request
- Check the Controller
12 | LOGIC FAILURE #2 | Alarm: failure in U, V, W voltage | To remove alarm condition + activation of
feedback circuit traction request
13 |LOGIC FAILURE #1 |Alarm: an overvoltage or| - To recycle the key switch
undervolt. condition has been| - Sometimes if battery voltage is too low, it can
detected be happens
- Check the Controller
1E |VMN LOW Alarm: wrong voltage on motor | - If the alarm is present in Init status, remove
power outputs; failure in the| the alarm condition
power section or in the mosfet| - If the alarm has occurred in stby or running
driver circuit or in the motor mode, it is necessary to remove alarm
condition and to activate a traction request
- Check the U,V,W cable and motor and if there
is any shorted circuit with frame or any other
parts of truck
- Check the Controller
1F | VMN HIGH Alarm: wrong voltage on motor | - If the alarm is present in Init status, remove
power outputs; failure in the| the alarm condition
power section or in the mosfet| - If the alarm has occurred in stby or running
driver circuit or in the motor mode, it is necessary to remove alarm
condition and to activate a traction request
- Check the U,V,W cable and motor and if there
is any shorted circuit with frame or any other
parts of truck
- Check the Controller
25 |CONTACTOR Alarm: line contactor power| - To remove alarm cause within a timeout; if the
CLOSED contact is stuck timeout is elapsed, it is necessary to re-cycle
the key
- Check the contactor & cables attached to the
contactor
26 |CONTACTOR OPEN | Alarm: line contactor power| - To remove alarm cause within a timeout; if the
contact does not pull-in timeout is elapsed, it is necessary to re-cycle
the key
- Check the contactor & cables attached to the
contactor
31 [I=0EVER Alarm: While truck is running, | - Check the Main contactor

current value is 0 for more than
1 Sec

- Check the controller
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Condition that has to occur to come out from

Code Alarm name Description
alarm status
35 |STBY IHIGH Alarm: wrong voltage in the| - If the alarm is present in Init status, remove
current sensor feedback circuit the alarm condition
- If the alarm has occurred in stby or running
mode, it is necessary to remove alarm
condition and to activate a traction request
3C |CAPACITOR Alarm: power capacitor voltage | - To remove alarm condition
CHARGE does not increase when the key | - Check the contactor resistance (30002, 10W)
is turned ON; failure in the power | - Check the controller
section, or in the Logic PCB, or in
the driver PCB, or in the motor
3D |HIGH Warning: Master or Slave or both | - To remove Warning cause
TEMPERATURE temperature higher than 75°C
41 |MOTOR Warning: Master or Slave or both | - To remove Warning cause
TEMPERA-TURE motors temperature high - Check the motor temp-sensor
42 |BATTERY LOW Warning: battery charge level| - To remove Warning cause
below 10%
4A | DRIVER SHORTED | Alarm: line contactor coil driver is | - If the alarm is present in Init status, remove
shorted the alarm cause
- If the alarm has occurred in stby or running
mode, it is necessary to remove alarm cause
and to activate traction request
4B |CONTACTOR Alarm: line contactor coil driver is| - To remove alarm cause and to activate
DRIVER open (not able to drive the coil to| traction request
the correct voltage)
4C | COIL SHORTED Alarm: - If the alarm is present in Init status, remove
-Init: the LC and EB coil driver| the alarm cause
protection circuit is damaged - If the alarm has occurred in stby or running
-Stby or running: short on LC coil| mode, it is necessary to remove alarm cause
or EB coil" and to activate traction request
4E |VACC NOT OK Warning: acc. signal (CPOT)| - To remove Warning cause
voltage higher than VACC MIN | - Re-configurate VASS ACCEL
+1V while the traction enable
switch is open
4F |INCORRECT START | Warning: wrong traction request | - To remove Warning cause
sequence
50 |FORWARD + Warning: forward and reverse | - To remove Warning cause
BACKWARD inputs are both active
52 |ENCODER ERROR |Alarm: motor speed sensor| - To recycle the key
(encoder) does not work properly | - Check the motor encoder
54 | STEER SENSOR Alarm: steering sensor signal out | - To remove alarm cause
KO of range
56 | PEDAL WIRE KO Alarm: fault in accelerator negative | - To remove alarm cause and activate a
(NPQOT) input circuit traction request
EE |LOADSENS ERROR | Alarm: Load weight sensor detects | - To remove alarm cause

that loaded weight exceeds the
weight limitation, or load weight
sensor is not working properly

- Check the load weight sensor
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Condition that has to occur to come out from

Code Alarm name Description
alarm status
EF OVERLOAD Warning: Load weight sensor| - To remove warning cause
detects that loaded weight
exceeds the weight limited
in OVERLOAD WEIGHT
programming.
FO MOTOR STALL |Warning: the encoder signal| - To recycle the key
is constantly zero when the| - Check the motor and encoder
maximum torque is applied to the
motor
F2 PUMP Warning: a warning is active on| - To remove warning cause
WARNING the pump module
F3 SEQUENCE Warning: an incorrect start| - To remove Warning cause
FAULT sequence has been detected
on the seat, pedal and levers
commands
F4 SLAVE Warning: a warning is active on| - To remove warning cause
WARNING the SLAVE module
F5 WRONG SET Alarm: the battery voltage does| - To remove alarm cause
BATTERY not correspond to SET BATTERY
programming
F6 |SLAVE KO Alarm: Master uC detects a Slave | - To recycle the key
(master pC malfunctioning - Check if any other alarm happens
only) (Some alarms such as CHAT TIME or
PEDAL WIRE KO, alarms related to
CONTACTOR, DISPLAY ENABLE, alarms
related to CANBUS can make this alarm
sometimes.)
- Check the communication with all controllers
(display TRUCK MENU->MONITORING->
choose controller-~H/W VER, S/W VER.
If CAN communication is not availabel, H/'W
VER, S/W VER will be blank.)
Fé MASTER KO Alarm: Slave uC detects a Master | - To recycle the key
(slave pC malfunctioning or a mismatch | - Check If any other alarm happens
only) between inputs status and Master|  (Some alarms such as CHAT TIME or PEDAL

commands (via Canbus)

WIRE KO, alarms related to CONTACTOR,
DISPLAY ENABLE, alarms related to
CANBUS can make this alarm sometimes.)
- Check the communication with all controllers
(display TRUCK MENU->MONITORING->
choose controller->H/W VER, S/W VER.
If CAN communication is not availabel, H/W
VER, S/W VER will be blank.)"
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Condition that has to occur to come out from

Code Alarm name Description
alarm status
F7 NO CANMSG.N | Alarm: Master/Slave has lost | - To remove alarm cause
Can communication with #X - Check if any other alarm happens
(Some alarms such as CHAT TIME or PEDAL
WIRE KO, alarms related to CONTACTOR,
DISPLAY ENABLE, alarms related to
CANBUS can make this alarm sometimes.)
- Check the communication with all controllers
(display TRUCK MENU->MONITORING->
choose controller->H/W VER, S/W VER.
If CAN communication is not availabel, H/W
VER, S/W VER will be blank.)
F8 | DISPLAY ENABLE | Warning: the display enable | - To remove warning cause
signal has not been received to
operate the truck
F9 | THERMIC SENSOR | Warning: Master or slave temp. | - To remove Warning cause
KO sensor is out of range
FA | INPUT MISMATCH | Alarm: Slave pC has detected a | - To recycle the key
mismatch between inputs status
and the input status transmitted
via Canbus by Master pC
FA | HANDBRAKE Warning: handbrake |- Toremove Warning cause
(MASTER ONLY) microswitch is open and a travel
request is active
FB | WAITING FOR Warning: Master Controller | - To remove Warning cause
NODE signals that other controllers are | - Check if any other alarm happens
in alarm status (Some alarms such as CHAT TIME or PEDAL
WIRE KO, alarms related to CONTACTOR,
DISPLAY ENABLE, alarms related to
CANBUS can make this alarm sometimes.)
Check the communication with all controllers
(display TRUCK MENU-> MONITORING->
choose controller->H/W VER, S/W VER.
If CAN communication is not availabel, H/W
VER, S/W VER will be blank.)
Check other controllers
FC | CHAT MODE Warning: the chat time has | - To activate traction or pump request
expired
FD | AUXOUTPUT KO | Alarm: MCV SOL driver shorted | - If the alarm is present in Init status, remove
or open the alarm cause
If the alarm has occurred in stby or running
mode, it is necessary to remove alarm cause
and to activate traction request
FE | CANBUS KO Alarm: master has lost can | Toremove warning cause
DISPL. communication with the display
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2) PUMP CONTROLLER

Condition that has to occur to come out from

Code Alarm name Description
alarm status
08 |WATCHDOG Alarm: the Watchdog circuit has | - If the alarm is present in Init status, remove
been triggered the alarm condition
- If the alarm has occurred in stby or running
mode, it is necessary to remove alarm
condition and to activate a traction request
0D |EEPROM KO Warning: Eeprom fault, controller | To remove Warning cause
will use default parameters
12 | LOGIC FAILURE #2 | Alarm: failure in U, V, W voltage | - To remove alarm condition + activation of
feedback circuit traction request
- Check the Controller
13 |LOGIC FAILURE #1 |Alarm: an overvoltage or| - To recycle the key switch
undervolt. condition has been| - Sometimes if battery voltage is too low, it can
detected be happens
- Check the Controller
1E |VMN LOW Alarm: wrong voltage on motor| - If the alarm is present in Init status, remove
power outputs; failure in the| the alarm condition
power section or in the mosfet| - If the alarm has occurred in stby or running
driver circuit or in the motor mode, it is necessary to remove alarm
condition and to activate a traction request
- Check the U, V, W cable and motor and if
there is any shorted circuit with frame or any
other parts of truck
- Check the Controller
1F | VMN HIGH Alarm: wrong voltage on motor| - If the alarm is present in Init status, remove
power outputs; failure in the| the alarm condition
power section or in the mosfet| - If the alarm has occurred in stby or running
driver circuit or in the motor mode, it is necessary to remove alarm
condition and to activate a traction request
- Check the U, V, W cable and motor and if
there is any shorted circuit with frame or any
other parts of truck
- Check the Controller
31 |I=0EVER Alarm: While truck is running, | - Check the Main contactor
current value is 0 for more than 1| - Check the controller
Sec
35 |STBY IHIGH Alarm: wrong voltage in the| - If the alarm is present in Init status, remove
current sensor feedback circuit the alarm condition
- If the alarm has occurred in stby or running
mode, it is necessary to remove alarm
condition and to activate a traction request
3C | CAPACITOR Alarm: power capacitor voltage | - To remove alarm condition
CHARGE does not increase when the key | - Check the contactor resistance (30002, 10W)
is turned ON; failure in the power
section, or in the Logic PCB, or in
the driver PCB, or in the motor
3D |HIGH Warning: Controller temperature | - To remove Warning cause
TEMPERATURE higher than 75°C
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Condition that has to occur to come out from

Code Alarm name Description
alarm status
41 | MOTOR Warning: Pump motor’s | - Toremove Warning cause
TEMPERA-TURE | temperature high - Check the motor temp-sensor
42 | BATTERY LOW Warning: battery charge level | To remove Warning cause
below 10%
4A | DRIVER Alarm: line contactor coil driver is | - If the alarm is present in Init status, remove
SHORTED shorted the alarm cause
- If the alarm has occurred in stby or running
mode, it is necessary to remove alarm cause
and to activate traction request
4B | CONTACTOR Alarm: line contactor coil driver is | To remove alarm cause and to activate traction
DRIVER open (not able to drive the coil to | request
the correct voltage)
4C | COIL SHORTED Alarm : - If the alarm is present in Init status, remove
- Init: the LC and EB coil driver | the alarm cause
protection circuit is damaged | - If the alarm has occurred in stby or running
- Stby or running: short on LC | mode, it is necessary to remove alarm cause
coil or EB cail and to activate traction request
4E | VACC NOT OK Warning: acc/lift signal (CPOT) | - To remove Warning cause
voltage higher than VACC MIN | - Re-configurate VASS LIFT
+1V while the traction/lift enable
switch is open
4F | INCORRECT Warning: wrong traction/pump | To remove Warning cause
START request sequence
50 | FORWARD + Warning: forward and reverse | To remove Warning cause
BACKWARD inputs are both active
52 | ENCODER Alarm: motor speed sensor | - To recycle the key
ERROR (encoder) does not work | - Check the motor encoder
properly
56 | PEDALWIRE KO | Alarm: fault in accelerator/Lift | To remove alarm cause and activate a traction/
negative (NPOT) input circuit pump request
DF |SBR SWITCH |SIDE BATTERY REMOVAL | - To remove Warning cause

OPEN

sensor is open

- Check the sensor

E3 | TILT SENS OUT | Value of tilt sensor (AUTO TILT | - Check the Tilt Sensor of AUTO TILT
RNG LEVELING) is out of range LEVELING Option
- Re-configurate Tilt Sensor of AUTO TILT
LEVELING Option
E4 |TILT S EN S| Value of tilt sensor (AUTO TILT | - Check the Tilt Sensor of AUTO TILT
LOCKED LEVELING) is fixed even tilt | LEVELING Option
request is activated - Re-configurate Tilt Sensor of AUTO TILT
LEVELING Option
E5 | AUXFUNCT KO Fingertip aux function is not | - Check the MCV valve
working properly - Re-configurate lever
- Check the fingertip controller
E6 | SHIFT FUNCT KO | Fingertip shift function is not | - Check the MCV valve

working properly

- Re-configurate lever
- Check the fingertip controller
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Condition that has to occur to come out from

Code Alarm name Description
alarm status
E7 | TILT FUNCT KO Fingertip tilt function is not working | - Check the MCV valve
properly - Re-configurate lever
- Check the fingertip controller
E8 |LIFT FUNCT KO Fingertip lift function is not working | - Check the MCV valve
properly - Re-configurate lever
- Check the fingertip controller
E9 |AUXOUT OF RNG |Voltage value of AUX sensor is| - Re-configurate the AUX lever
out of range - Check the AUX lever
EA | SHIFT OUT OF Voltage value of SHIFT sensor is | - Re-configurate the SHIFT lever
RNG out of range - Check the SHIFT lever
EB | TILT OUT OF RNG | Voltage value of TILT sensor is out | - Re-configurate the TILT lever
of range - Check the TILT lever
EC |LIFT OUT OF RNG | Voltage value of LIFT sensor is | - Re-configurate the LIFT lever
out of range - Check the Lift lever
ED | ACQUIRE AUX Controller is configurating “AUX” | - Finish the configuration process
lever function
EE |ACQUIRE SHIFT | Controller is configurating “SHIFT” | - Finish the configuration process
lever function
EF |ACQUIRETILT Controller is configurating “TILT” | - Finish the configuration process
lever function
FO |ACQUIRE LIFT Controller is configurating “LIFT”| - Finish the configuration process
lever function
F2 |MOTOR STALL Warning: the encoder signal| - To recycle the key
is constantly zero when the| - Check the motor and encoder
maximum torque is applied to the
motor
F4 |FORKWRONGDIR|Direction of “AUTO TILT| - Check if operator operates truck correctly
LEVELING” movement is not| - Check the Tilt Sensor of Fork leveling Option
correct - Re-configurate Tilt Sensor of Fork leveling
Option
F5 |WRONG SET Alarm: the battery voltage does | - To remove alarm cause
BATTERY not correspond to SET BATTERY
TYPE programming
F6 |SAFETY KO Alarm: the controller detects| - To recycle the key
malfunction on safety circuit - Check if any other alarms happen on
(PUMP CONTROLLER A12-A34) | controllers
- Check the safety circuit
F7 |NO CANMS Alarm: Pump controller has lost| - To remove alarm cause

Can communication with #X

- Check if any other alarm happens
(Some alarms such as CHAT TIME or PEDAL
WIRE KO, alarms related to CONTACTOR,
DISPLAY ENABLE, alarms related to
CANBUS can make this alarm sometimes.)

- Check the communication with all controllers
(display TRUCK MENU->MONITORING->
choose controller->H/W VER, S/W VER.

If CAN communication is not availabel, H/W
VER, S/W VER will be blank.)"
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Condition that has to occur to come out from

Code Alarm name Description
alarm status
F8 |BRAKE OIL Lack of Brake oil - Check the brake oil tank & sensor
F9 | THERMIC SENSOR | Warning: Controller temp. sensor | - To remove Warning cause
KO is out of range
FB |[WAITING FOR|Warning: Controller signals that| - To remove Warning cause

NODE

other controllers are in alarm

status

- Check if any other alarm happens
(Some alarms such as CHAT TIME or PEDAL
WIRE KO, alarms related to CONTACTOR,
DISPLAY ENABLE, alarms related to
CANBUS can make this alarm sometimes.)

- Check the communication with all controllers
(display TRUCK MENU->MONITORING->
choose controller->H/W VER, S/W VER. If
CAN communication is not availabel, H/W
VER, S/W VER will be blank.)

- Check other controllers."

FD

AUX OUTPUT KO

Alarm: EB coil driver shorted or

open

- If the alarm is present in Init status, remove
the alarm cause

- If the alarm has occurred in stby or running
mode, it is necessary to remove alarm cause
and to activate traction request"
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7. ALARM CODE (OPTION, 25BH-9 : #0497-, 30BH-9 : #0864-, 35BH-9 : #0364-)
1) ERROR (RM, LM, PM, VM)

Code
(DEC)

Alarm

RM

LM

PM

VM

Description

WATCHDOG

Cause
This is a safety related test. It is a self-diagnosis test that involves
the logic between master and supervisor microcontrollers.

Troubleshooting
This alarm could be caused by a CAN bus malfunctioning, which
blinds master-supervisor communication.

17

LOGIC
FAILURE #3

Cause

A hardware problem in the logic board due to high currents (over-
load). An overcurrent condition is triggered even if the power bridge
is not driven.

Troubleshooting
The failure lies in the controller hardware. Replace the controller.

18

LOGIC
FAILURE #2

Cause
Fault in the hardware section of the logic board which deals with
voltage feedbacks of motor phases.

Troubleshooting
The failure lies in the controller hardware. Replace the controller.

19

LOGIC
FAILURE #1

Cause

The controller detects an under-voltage condition at the KEY input
A3 (A1). Under-voltage threshold depends on the controller version.
Nominal Voltage 24V,36V,48V 80V, 96V
Under-Voltage Threshold 10V 30V

Troubleshooting (fault at startup or in standby)

Fault can be caused by a key input signal characterized by pulses
below the under-voltage threshold, possibly due to external loads
like DC/DC converters starting-up, relays or contactors during
switching periods, solenoids energizing or de-energizing. Consider
to remove such loads.

If no voltage transient is detected on the supply line and the alarm
is present every time the key switches on, the failure probably lies in
the controller hardware.

Replace the logic board.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause 1:
At start-up, the power bridge is found to be faulty in the sense that
one of the three legs is not able to drive the motor phase high.
Troubleshooting 1:
Check the motor internal connections. Check the motor power-
cables connections. If the issue is not solved, replace the controller.
PUMP VMN
28

LOW ¢ o 0 Cause 2:
While the motor is running, one of the three motor phases is
sensed to lower than expected.
Troubleshooting 2:
motor connections. Check that the LC power contact closes prop-
erly, with a good contact. If the issue is not solved, replace the con-
troller.
Cause 1:
At start-up, the power bridge is found to be faulty in the sense that
one of the three legs is not able to drive the motor phase low.
Troubleshooting 1:
Check the motor internal connections. Check the motor power
cables.
If the issue is not solved, replace the controller.

PUMP VMN
29
HIGH & o 0 Cause 2:

At start-up the power bridge works as expected. After the main con-
tactor closes, one of the phase voltages higher than half the battery
voltage.

Troubleshooting 2:

Check the motor connections.

Check that the LC power contact closes properly, with a good con-
tact. If the issue is not solved, replace the controller.
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

30

VMN LOW

Cause 1: At start-up, the power bridge is found to be faulty in the
sense that one of the three legs is not able to drive the motor phase
high.

Troubleshooting 1:

Check the motor internal connections.

Check the motor power-cables connections.

If the issue is not solved, replace the controller.

Cause 2:
While the motor is running, one of the three motor phases is
sensed to lower than expected.

Troubleshooting 2:

Check the motor connections.

Check that the LC power contact closes properly, with a good con-
tact.

If the issue is not solved, replace the controller.

31

VMN HIGH

Cause 1:
At start-up, the power bridge is found to be faulty in the sense that
one of the three legs is not able to drive the motor phase low.

Troubleshooting 1:

Check the motor internal connections.

Check the motor power cables.

If the issue is not solved, replace the controller.

Cause 2:

At start-up the power bridge works as expected. After the main con-
tactor closes, one of the phase voltages higher than half the battery
voltage.

Troubleshooting 2:

Check the motor connections.

Check that the LC power contact closes properly, with a good con-
tact.

If the issue is not solved, replace the controller.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause
Before driving the LC coil, the controller checks if the contactor is
stuck. The controller drives the power bridge for several dozens of
CON- milliseconds, trying to discharge the capacitors bank. If the capaci-
37 ACTOR @ © | @ :g; \g;asztzgzst::t ;::?:?aii ;nore than a certain percentage of
CLOSED ’ '
Troubleshooting
It is suggested to verify the power contacts of LC; if they are stuck,
is necessary to replace the LC.
Cause
The LC coil is driven by the controller, but it seems that the power
contacts do not close. In order to detect this condition the control-
ler injects a DC current into the motor and checks the voltage on
38 CONTAC- PRIIPSIPY power capacitor. If the power capacitors get discharged it means
TOR OPEN that the main contactor is open.
Troubleshooting
LC contacts are not working. Replace the LC.
If LC contacts are working correctly, contact a Zapi technician.
Cause:
While truck is running, current value is 0 for more than 1 sec.
PUMP 1=0
52 EVER ¢ o 0 Remedy:
- Check the Main contactor
- Check the controller
Cause
In standby, the current sensors detect values different from zero.
53 |STBYIHGH @  ® @ The current sensors or the current feedback circuits are faulty.

Troubleshooting
Replace the controller.
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

60

CAPACITOR
CHARGE

It is related to the capacitor-charging system:

Cause

When the key is switched on, the inverter tries to charge the power
capacitors through the series of a PTC and a power resistance,
checking if the capacitors are charged within a certain timeout. If the
capacitor voltage results less than a certain percentage of the nomi-
nal battery voltage, the alarm is raised and the main contactor is not
closed.

Troubleshooting

Check if an external load in parallel to the capacitor bank, which
sinks current from the capacitors-charging circuit, thus preventing
the caps from charging well. Check if a lamp or a DC/DC converter
or an auxiliary load is placed in parallel to the capacitor bank.

The charging resistance or PTC may be broken. Insert a power
resistance across line-contactor power terminals; if the alarm disap-
pears, it means that the charging resistance is damaged.

The charging circuit has a failure or there is a problem in the power
section.

Replace the controller.

62

TH. PRO-
TECTION

Cause:

The temperature of the controller base plate exceeds 85 °C. The
maximum current is proportionally decreased with the temperature
excess from 85 °C up to 105 °C. At 105 °C the current is limited to 0
A. See paragraph 5.6).

Troubleshooting:

It is necessary to improve the controller cooling. To realize an ad-
equate cooling in case of finned heat sink important factors are the
air flux and the cooling-air temperature. If the thermal dissipation is
realized by applying the controller base plate onto the truck frame,
the important factors are the thickness of the frame and the planar-
ity and roughness of its surface.

If the alarm occurs when the controller is cold, the possible reasons
are a thermal-sensor failure or a failure in the logic board. In the last
case, it is necessary to replace the controller.
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

65

MOTOR
TEMPERAT.

Cause:

This warning occurs when the temperature sensor is open (if digital)
or if it exceeds the threshold defined by MAX. MOTOR TEMP. (if
analog). See paragraph 8.2.3.

Troubleshooting:

Check the temperature read by the thermal sensor inside the motor
through the MOTOR TEMPERATURE reading in the TESTER func-
tion.

Check the sensor resistance and the sensor wiring.

If the sensor is OK, improve the cooling of the motor.

If the warning is present when the motor is cool, replace the control-
ler.

66

BATTERY
LOW

Cause:

Parameter BATTERY CHECK is other than 0 (SET OPTION list)
and battery charge is evaluated to be lower than BATT.LOW
TRESHLD (ADJUSTMENTS list).

Troubleshooting:

Check the battery charge and charge it if necessary.

If the battery is actually charged, measure the battery voltage
through a voltmeter and compare it with the BATTERY VOLTAGE
reading in the TESTER function. If they are different, adjust the
ADJUST BATTERY parameter (ADJUSTMENTS list) with the value
measured through the voltmeter.

If the problem is not solved, replace the logic board.

74

DRIVER
SHORTED

Cause
The driver of the LC coil is shorted.

Troubleshooting

Check if there is a short or a low impedance path between NLC (A16)
and -B.

The driver circuit is damaged; replace the logic board.

75

CONTAC-
TOR DRIV-
ER

Cause
The LC caoil driver is not able to drive the load. The device itself or its
driver circuit is damaged.

Troubleshooting
This type of fault is not related to external components; replace the
logic board.
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

78

VACC
NOT OK
POT
MISMATCH

Cause:
The ACC POT input A5 (A3) is sensed above the minimum value
acquired by the PROGRAM VACC procedure.

Troubleshooting:

Check the wirings.

Check the mechanical calibration and the functionality of the accel-
erator potentiometer.

Acquire the maximum and minimum potentiometer value through
the PROGRAM VACC Function.

79

INCOR-
RECT
START

Cause:

Incorrect starting sequence. Possible reasons for this alarm are:
- A travel demand active at key-on.

- Seat or tiller input active at key on.

Troubleshooting:

Check the state of the inputs at key-on.

Check wirings and the micro-switches for failures.

Through the TESTER function, check the states of the inputs are
coherent with the those of the micro-switches .

If the problem is not solved, replace the logic board.

80

FORW +
BACK

Cause:
This alarm occurs when both the travel requests (FW and BW) are
active at the same time.

Troubleshooting:

Check that travel requests are not active at the same time.

Check the FW and BW input states through the TESTER function.
Check the wirings relative to the FW and BW inputs.

Check if there are failures in the micro-switches .

If the problem is not solved, replace the logic board.

86

PEDAL
WIRE KO

Cause:
Fault in accelerator negative (NPOT) input circuit

Troubleshooting:
Check wiring

116

NSR SP ER-
ROR

Cause

Mismatch in traction/pump setpoint calculation between the
Application Layer and the EN1175 SW Layer. Application setpoint is
of opposite sign with respect to the EN1175 setpoint.

Troubleshooting
Ask for assistance to a Zapi technician
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

117

PUMP MOT
ALARM

Cause
This alarm is present only in traction controllers.
A safety-related blocking alarm is present on the pump controller.

Troubleshooting
Check the alarm on pump controller.

118

HYDRO
OUTMISM.
XX

Cause

There is a mismatch between the setpoint and the feedback for one
of the hydraulics outputs. The hexadecimal value XX identifies the
output.

01 — mismatch between the setpoint and the feedback for DC pump
02 — mismatch between the setpoint and the feedback for EVP1

03 — mismatch between the setpoint and the feedback for EVP2

04 — mismatch between the setpoint and the feedback for AUX1

05 — mismatch between the setpoint and the feedback for AUX2

06 — mismatch between the setpoint and the feedback for AUX3

07 — mismatch between the setpoint and the feedback for AUX4

08 — mismatch between the setpoint and the feedback for AUX5

09 — mismatch between the setpoint and the feedback for AUX6

Troubleshooting

Check if there is a short circuit or a low impedance path between
the negative terminal of the involved output and -B.

If the problem is not solved, ask for assistance to a Zapi technician.

119

POT MISM.
AUX2

Cause:

This alarm can occur only if the auxiliary potentiometer is of
crossed-twin type, in combination with the main potentiometer (see
parameter AUX.POT. TYPE under the SET OPTIONS list, para-
graph 8.2.2). The sum of main and auxiliary potentiometers is not
constant.

Troubleshooting:

Verify that the main and auxiliary potentiometers are properly con-
nected.

Check the mechanical and electrical functionality of the main and
auxiliary potentiometers.

Perform the acquisition of the potentiometers; ask for assistance to
a Zapi technician if necessary.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
This alarm can occur only if the auxiliary potentiometer is of
crossed-twin type, in combination with the main potentiometer (see
parameter AUX.POT. TYPE under the SET OPTIONS list, para-
graph 8.2.2). The sum of main and auxiliary potentiometers is not
constant.
POT MISM.
120 AUX1 ¢ 0 0 Troubleshooting:
Verify that the main and auxiliary potentiometers are properly con-
nected.
Check the mechanical and electrical functionality of the main and
auxiliary potentiometers.
Perform the acquisition of the potentiometers; ask for assistance to
a Zapi technician if necessary.
Cause:
This alarm can occur only if the auxiliary potentiometer is of
crossed-twin type, in combination with the main potentiometer (see
parameter AUX.POT. TYPE under the SET OPTIONS list, para-
graph 8.2.2). The sum of main and auxiliary potentiometers is not
constant.
POT MISM.
121 TILT ¢ 0 0 Troubleshooting:
Verify that the main and auxiliary potentiometers are properly con-
nected.
Check the mechanical and electrical functionality of the main and
auxiliary potentiometers.
Perform the acquisition of the potentiometers; ask for assistance to
a Zapi technician if necessary.
Cause:
This alarm can occur only if the auxiliary potentiometer is of
crossed-twin type, in combination with the main potentiometer (see
parameter AUX.POT. TYPE under the SET OPTIONS list, para-
graph 8.2.2). The sum of main and auxiliary potentiometers is not
constant.
POT MISM.
122 LIFT ¢ 0 0 Troubleshooting:

Verify that the main and auxiliary potentiometers are properly con-
nected.

Check the mechanical and electrical functionality of the main and
auxiliary potentiometers.

Perform the acquisition of the potentiometers; ask for assistance to
a Zapi technician if necessary.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
A wrong profile has been set in the throttle profile.
FINGERTIP
123 o 0 o
PROG ,
Troubleshooting:
Set properly the throttle-related parameters.
Cause:
The sum of the two tracese of the FORK LEVELING sensor are not
constant.
Troubleshooting:
FORK LEV- ]
124 EL MISM. e 0 o Verify that the two tracese of the FORK LEVELING sensor are
properly connected.
Check the mechanical and electrical functionality of the FORK
LEVELING sensor.
Perform the acquisition of the FORK LEVELING sensor;
ask for assistance to a Zapi technician if necessary.
Cause:
Lack of brake oil.
125 BRAKEOL @ @ @
Troubleshooting:
Check the brake oil tank & sensor.
Cause:
The truck hours reached MAINT PRE WARN parameter value
MAINT PRE
126 WARN e o 0 Troubleshooting:
Perform the truck maintainance and reset the alarm using
MAINTEN. RESET parameter
Cause:
FORK Value of tilt sensor (AUTO TILT LEVELING) is out of range
127 OfJI'EI',:{iI 5 ¢ o 0 Troubleshooting:
- Check the Tilt Sensor of AUTO TILT LEVELING Option.
- Re-configurate Tilt Sensor of AUTO TILT LEVELING Option
Cause:
Value of tilt sensor (AUTO TILT LEVELING) is fixed even tilt request
FORK is activated.
1286 | WRONG @ @ | @
DIR. Troubleshooting:

- Check the Tilt Sensor of AUTO TILT LEVELING Option.
- Re-configurate Tilt Sensor of AUTO TILT LEVELING Option
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
Value of tilt sensor (AUTO TILT LEVELING) is fixed even tilt request
FORK SEN- is activated.
129 SOR LOCK ¢ o 0 ,
Troubleshooting:
- Check the Tilt Sensor of AUTO TILT LEVELING Option.
- Re-configurate Tilt Sensor of AUTO TILT LEVELING Option
Cause:
The signal of LOAD SENSOR input is not valid.
130 LOQRDRS;F:\IS' o o o Troubleshooting:
- Acquire the correct value of parameters ADJ MIN LOAD, ADJ REF
LOAD
- Check the wirings.
Cause:
The motor current has overcome the limit fixed by hardware.
131 |OVERLOAD @ @ | ©® Troubleshooting:
If the alarm condition occurs again, ask for assistance to a Zapi
technician. The fault condition could be affected by wrong adjust-
ments of motor parameters.
130 BMS o o o Cause: o N
WARNING 2 The battery monitoring system is in WARNING 2 status.
133 BMS o o o Cause: o N
WARNING 1 The battery monitoring system is in WARNING 1 status.
134 BMS o o o Cause: o N
WARNING 0 The battery monitoring system is in WARNING O status.
Cause:
SIDE BAT SBR(Side Battery Removal) sensor is open.
REMOVED
135 (SBR S/W ¢ o 0 Troubleshooting:
OPEN) - To remove warning cause.
- Check the sensor.
Cause:
The display enable signal has not been received to operate the
DISPLAY truck
136 | C\ABLE e 0 o
Troubleshooting:
Check the wirings.
Cause
This alarm is present only in master traction controllers.
SLAVE MOT A safety-related blocking alarm is present on the slave traction con-
137 ALARM e 0 o troller.

Troubleshooting
Check the alarm on slave traction controller.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
When MOTOR TYPE (under SPECIAL ADJUST.) is set to BL
MOTOR, the maximum traction speed is imposed by the motor
speed constant; high back EMF values may damage the inverter.
138 BACK EMF o 0o o While motoring, if the traction speed exceeds the speed limit im-
HIGH posed by the motor speed constant, the software limits the motor
speed and rises the alarm BACK EMF HIGH.
Troubleshooting:
Ask for assistance
Cause:
The output of the controller thermal sensor is out of range.
THERM.
139 PU.igNS. ® 0 0 Troubleshooting:
This kind of fault is not related to external components. Replace the
controller.
Cause
The Safety Functions related to EN1175 are active, but the control-
ler is configured as one of the controllers type which do not support
1175 NOT those Safety Functions.
140 ACTIVE o 06 o
Troubleshooting
Set Special Adjustment SAFETY LEVEL to 3, to disable the
EN1175 Safety Functions
Cause
One between the STO and the SS1 procedures is in progress. The
hexadecimal value XX facilitates Zapi technicians debugging the
141 STO-SS e 0 o problem. i .
ACTIVEXX
Troubleshooting
Wait until the STO procedure or SS1 procedure or both are done.
Cause
One between the STO and the SS1 procedures has reported an
alarm. The hexadecimal value XX facilitates Zapi technicians de-
bugging the problem.
STO-SSH
142 ALARM XX ® 0 o Troubleshooting

The fault condition could be due to a timeout of the STO or SS1
procedure; the braking took too long.

Check if the truck follows the imposed braking ramp and ask for as-
sistance to a Zapi technician.

In case the problem is not solved, replace the logic board.
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

143

SAFETY
INIT. XX

Cause

One of the safety related modules has reported an error during its
initialization. The hexadecimal value XX facilitates Zapi technicians
debugging the problem.

Troubleshooting

The fault condition could be due to wrong adjustments of the safety
related parameters. Ask for assistance to a Zapi technician.

By the TESTER function, verify the state of the STO and SS1 safety
inputs. Check the STO and SS1 connections.

In case the problem is not solved, replace the logic board.

144

SAFETY
WARN. XX

Cause

Mismatch in traction/pump/valves setpoint calculation between the
Application Layer and the EN1175 SW Layer. The application set-
point is higher than the EN1175 setpoint. The hexadecimal value
"XX" identifies the output for which the mismatch has occurred.

Troubleshooting
Ask for assistance to a Zapi technician.

145

SAFETY SW.
XX

Cause

One of the safety related modules has reported an error. The hexa-
decimal value "XX" facilitates Zapi technicians debugging the prob-
lem.

Troubleshooting

The fault condition could be due to wrong adjustments of the safety
related parameters. Ask for assistance to a Zapi technician.

By the TESTER function, verify the state of the STO and SS1 safety
inputs. Check the STO and SS1 connections.

In case the problem is not solved, replace the logic board.

146

SAFETY
DIAG. XX

Cause
One of the safety related diagnosis has failed. The hexadecimal
value XX facilitates Zapi technicians debugging the problem.

Troubleshooting

The fault condition could be due to wrong adjustments of the safety
related parameters. Ask for assistance to a Zapi technician.

By the TESTER function, verify the state of the STO and SS1 safety
inputs. Check the STO and SS1 connections.

In case the problem is not solved, replace the logic board.
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

147

BMS FAULT

Cause:
The battery monitoring system is in FAULT status. It is received
through CAN mgs.

Troubleshooting:
Check the BMS(Battery Management System).

148

BMS NOT
READY

Cause:

This alarm occurs if the BMS FUNCTION is enabled and the con-
troller does not receive any information about the battery state of
charge; the battery management system is not operative.

Troubleshooting:
Check the battery charge and the battery management system sta-
tus. Check the CAN bus communication.

149

WRONG
PERFORM.

Cause

This alarm occurs only if the PERFORMANCE parameter under
SET OPTIONS is set to ON. The three performance levels (economy,
normal, power) are not set in an ascending order of performance.

Troubleshooting

Check the performance settings under the PERFORM. ECONOMY
and PERFORM. POWER lists. The performance related parameters
must be set in such a way that the economy mode results in the
weakest and the power mode results the highest. Contact a Zapi
technician for assistance.

150

NO CAN
MSG DISP

Cause
CANbus communication does not work properly. The hexadecimal
value "XX" identifies the faulty node.

Troubleshooting
- Verify the CANbus network (external issue).
- Replace the logic board (internal issue).

151

POT MIS-
MATCH

Cause:
The sum of ACC 1 and ACC 2 input voltages do not match the sup-
ply voltage of the sensor.

Troubleshooting:
- Check the wirings.
- Check the accelerator sensor output voltages.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
The current supplied on pin PENC A10 (A8) or PPOT A4 (A2) is
outside the range MIN.CURR.SUPPLY1/2 through 200 mA. The
152 SENSOR o 0o o hexadecimal value "XX" defines the following cases:
SUPPLY XX 01: PENC A10 (A8) below MIN.CURR.SUPPLY1.
02: PENC A10 (A8) above 200 mA.
11: PPOT A4 (A2) below MIN.CURR.SUPPLY2.
12: PPOT A4 (A2) above 200 mA.
Cause:
It is necessary to acquire the offset angle between the stator and
OFFSET the .speed lsen'sor, i.<.9. they mutlual angular misalignment. An auto-
153 SPD.SENS. ® 6 o matic function is dedicated to this procedure.
Troubleshooting:
Perform the teaching procedure.
Cause:
The automatic guide is enabled and the periodic automatic-guide-
request CAN message is missed.
Troubleshooting:
154 AGY ¢ o 0 Check the CAN bus communication.
Verify that the controller receives the periodic automatic-guide-
request message.
If necessary, ask for assistance to a Zapi technician in order to re-
cord and verify the CAN traces.
WAIT MO- cawse: o
155 TOR STILL e 0 o The controller is waiting for the motor to stop rotating. This warning
can only appear in ACE2 for brushless motors.
157 FiUOLJv[E);N [ BN BN NOT used in this truck.
158 SF?J PF;[)VT/. e 6 o NOT used in this truck.
159 | HVILFAL @ @ | @ NOT used in this truck.
160 STEETASPE:(AOT e 06 o NOT used in this truck.
Cause:
161 | RPMHIGH | @ @ @ This alarm occurs in Gen. Set versions when the speed exceeds

the threshold speed.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
The voltage on terminal PEB A17(PM), downstream the internal
smart diver and input PIN A24(RM, LM), is sensed higher than ex-
pected with the smart driver driven OFF.
162 EB.PSCI)-%RT o 0o o TrOL.JbIeshooting: . . .
PIN Verify that the parameter POSITIVE E.B. is set in accordance with
the actual coil positive supply.
Check if there is an external short or a low impedance path between
PEB A17 and the positive battery terminal +B.
If the issue is not resolved, the problem is in the controller; replaced
it.
Cause:
163 ED SLIP o 0o o The control detects a mismatch between the expected slip and the
MISMATCH evaluated one. This diagnostic occurs only if ED COMPENSATION
=TRUE.
Cause:
One of the safety related modules has reported an error during its
initialization. The hexadecimal value XX facilitates Zapi technicians
debugging the problem.
163 lS,\,;AII_:rE)'(I')\(( @ | Troubleshooting:
The fault condition could be due to wrong adjustments of the safety
related parameters. Ask for assistance to a Zapi technician.
By the TESTER function, verify the state of the STO and SS1 safety
inputs. Check the STO and SS1 connections.
In case the problem is not solved, replace the logic board.
Cause:
The voltage on terminal PEB A17(PM), downstream the internal
smart diver and input PIN A24(RM, LM), is sensed lower than ex-
pected after the smart driver is driven ON.
POS. Troubleshooting:
164 |[EBSHORT @ @ | @ . . . .
GND Verify that the parameter POSITIVE E.B. is set in accordance with

the actual coil positive supply.

Check if there is an external short or a low impedance path between
PEB A17 and any ground reference (-B or GND).

If the issue is not resolved, the problem is in the controller; replaced
it.
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

164

SAFETY SW.
XX

Cause:

One of the safety related modules has reported an error. The hexa-
decimal value XX facilitates Zapi technicians debugging the prob-
lem.

Troubleshooting:

The fault condition could be due to wrong adjustments of the safety
related parameters. Ask for assistance to a Zapi technician.

By the TESTER function, verify the state of the STO and SS1 safety
inputs. Check the STO and SS1 connections.

In case the problem is not solved, replace the logic board.

165

SAFETY
WARN. XX

Cause

Mismatch in the setpoint calculation between the Application Layer
and the EN1175 SW Layer. The hexadecimal value XX identifies
the issue.

01: Application setpoint is greater than the EN1175 setpoint.

02: Application setpoint is opposite to the EN1175 setpoint

Troubleshooting
Ask for assistance to a Zapi technician.

166

SAFETY
CAN RX XX

NOT used in this truck.

167

SAFETY
CAN TX XX

NOT used in this truck.

168

SPEED
FB.ERR. XX

Cause:

This alarm occurs if the absolute position sensor is used also for
speed estimation. If signaled, it means that the controller measured
that the motor was moving too quick.

Troubleshooting:

- Check that the sensor used is compatible with the software re-
lease.

- Check the sensor mechanical installation and if it works properly.

- Also the electromagnetic noise on the sensor can be a cause for
the alarm.

- If no problem is found on the motor or on the speed sensor, the
problem is inside the controller, it is necessary to replace the logic
board.

169

EMERGEN-
CY

Cause:
This alarm occurs when parameter EMERGENCY INPUT is set to
1 (see paragraph 8.2.2) and the emergency input is active.

Troubleshooting:
The emergency input has been activated. Wait until the emergency
conditions cease and restore the emergency input.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause
The measured key voltage is not within the range defined by pa-
rameters SET BATTERY, VOLTAGE THR LOW and VOLTAGE THR
HIGH under SET OPTIONS.
WRONG Troubleshooting

170 KEY VOLT e O o Check the settings of parameters SET BATTERY, VOLTAGE THR
LOW and VOLTAGE THR HIGH under SET OPTIONS to be in ac-
cordance with the battery in use.
Adjust the SET KEY VOLTAGE calibration under ADJUSTMENTS:
tune it to be in accordance with the actual key voltage.
Check if the key voltage is ok using a voltmeter, if not check the wir-
ing. In case the problem is not solved, replace the logic board.
Cause:

ACQUIRING Controller is acquiring data from the absolute feedback sensor.

171 AS. o 6 o
Troubleshooting:
The alarm ends when the acquisition is done.

ACQUIRE Cause: - .

172 ABORT ® &6 o The acquiring procedure relative to the absolute feedback sensor
aborted.

173 ACQUIRE PIIPIIPS Cause: |

END Absolute feedback sensor acquired.

173 FFIIB(l)_I\(zc(;J}ZN @ | NOT used in this truck.
Cause:
The motor speed has exceeded the maximum defined by param-
eter TOP MAX SPEED (under HARDWARE SETTINGS) by more

SPEED than a 100 Hz excess.

175 OVERHEAD 0 0
Troubleshooting:
Check the motor parameters.
Ask for assistance to a Zapi technician.

176 Eg/|-P|oC|:SrIL e &6 o NOT used in this truck.
Cause:
This alarm occurs when there is an overload on pin NEB (A18).

COIL SHOR. Troubleshooting: . - . .
177 EB. e O ©o The typical root cause is in the wiring harness or in the load coil.

Check the connections between the controller output and the load.
Collect information about the coil characteristics and ask for assis-
tance to a Zapi technician in order to verify that it complies with the
driver specifications.
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Alarm

RM

LM

PM

VM

Description

178

MOTOR
TEMP. STOP

Cause:
The temperature sensor has overtaken the threshold defined by
MOTOR TEMP. STOP.

Troubleshooting:

- Check the temperature read by the thermal sensor inside the mo-
tor through the MOTOR TEMPERATURE reading in the TESTER
function.

- Check the sensor ohmic value and the sensor wiring.

- If the sensor is OK, improve the cooling of the motor.

- If the warning is present when the motor is cool, replace the con-
troller.

179

STEER
SENSOR KO

Cause:

The voltage read by the microcontroller at the steering-sensor
input(pin A10) is not within the STEER RIGHT VOLT + STEER
LEFT VOLT range, programmed through the STEER ACQUIRING
function.

Troubleshooting:

Acquire the maximum and minimum values coming from the steer-
ing potentiometer through the STEER ACQUIRING function. If the
alarm is still present, check the mechanical calibration and the func-
tionality of the potentiometer.

If the problem is not solved, replace the logic board.

180

OVERLOAD

Cause
The motor current has exceeded the hardware-fixed limit.

Troubleshooting

If the alarm condition occurs again, ask for assistance to a Zapi
technician. The fault condition could be affected by wrong adjust-
ments of motor parameters.

181

WRONG FB-
SENS.SET

Cause
Mismatch between parameters ENCODER PULSES 1 and
ENCODER PULSES 2.

Troubleshooting
Set the two parameters with the same value, according to the ad-
opted encoder.
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Code

(DEC) Alarm RM | LM | PM | VM Description

Cause:

Input mismatch between H&S input (pin A6) and TILLER/SEAT in-

put (pin A1): the two inputs are activated at the same time.

Troubleshooting:

TILLER ER- , o .
185 ROR o 6 ©o - Check if there are wrong connections in the external wiring.

- Using the TESTER function of the controller verify that the input-
related readings are in accordance with the actual state of the ex-
ternal input switches.

- Check if there is a short circuit between pins A6 and A1

- In case no failures/problems have been

186 WAIT MOT.P o o o The controller is waiting for the motor to stop rotating. This warning
STILL can only appear in ACE2 or ACE 3 for brushless motors.

Cause:

Both the pump requests (LIFT and LOWER) are active at the same

time.

187 LIFT+ o 0o o Troubleshooting: |
LOWER - Check that LIFT and LOWER requests are not active at the same
time.

- Check the LIFT and LOWER input states through the TESTER
function.

- Check the wirings.

Cause:

At key-on and immediately after that, the travel demands have been

turned off.

This alarm occurs if the ACCELERATOR reading (in TESTER func-

tion) is above the minimum value acquired during the PROGRAM

VACC procedure.

PUMP VACC
188 NOT OK ¢ o 0 Troubleshooting:
- Check the wirings.

- Check the mechanical calibration and the functionality of the ac-
celerator potentiometer.

- Acquire the maximum and minimum potentiometer value through
the PROGRAM VACC Function.

- If the problem is not solved, replace the logic board.
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Description

189

PUMP INC
START

Cause:
Man-presence switch is not enabled at pump request.

Troubleshooting:

- Check wirings.

- Check microswitches for failures.

- Through the TESTER function, check the states of the inputs are
coherent with microswitches states.

- If the problem is not solved, replace the logic board.

190

PUMP VMN
NOT OK

Cause:

Switching the LC on, the software checks the output voltage on
-P connector, and expects that it is at a steady state value (if DC
PUMP options is set to ON, see paragraph 8.2.1 - DC PUMP). If the
voltage is too low, this alarm occurs.

Troubleshooting:
If it is repetitive, it is necessary to replace the controller.

191

PUMP | NO
ZERO

Cause:

In standby condition (pump motor not driven), the feedback coming
from the current sensor in the pump chopper gives a value out of a
permitted range.

Troubleshooting:
This type of fault is not related to external components; replace the
controller.

192

PUMP VACC
RANGE

Cause:

-The CPOT input read by the microcontroller is not within the
MIN VACC + MAX VACC range, programmed through the
PROGRAMM VACC Function.

- The acquired values MIN VACC and MAX VACC are inconsistent.

Troubleshooting:

- Acquire the maximum and minimum potentiometer values through
the PROGRAM VACC Function. If the alarm is still present, check
the mechanical calibration and the functionality of the accelerator
potentiometer.

- If the problem is not solved, replace the logic board.

193

SMART-
DRIVER KO

It is not used in this truck.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
The voltage on PEB output (A17) is at high value even if it should
not.
The parameter POSITIVE E.B. has to be set in accordance with the
hardware configuration, because the software makes a proper diag-
nosis depending on the parameter; a wrong setting could generate
194 AUX BATT. PRIIPSIPY a false fault. This alarm can only appear if POSITIVE E.B. = 1 (PEB
SHORT. from TILLER/SEAT).
Troubleshooting:
Verify that the parameter POSITIVE E.B. is set in accordance with
the actual coil positive supply.
In case no failures/problems have been found, the problem is in the
controller, which has to be replaced.
Cause:
The voltage on terminal PEB (pin A17) is at the high value even if
the smart driver is turned OFF.
Troubleshooting:
POS. EB. - Verify that the parameter POSITIVE EB is set in accordance with
195 SHORTED e 0 o the actual coil positive supply. Since the software makes a proper
diagnosis depending on the parameter, a wrong setting could gen-
erate a false fault.
- Check if there is a short or a low impedance path between PEB
(pin A17) and the positive battery terminal +B. In case no failures/
problems can be found, the problem is in the controller, which has
to be replaced.
Cause
A short circuit between two motor phases occurred. The hexadeci-
mal value XX identifies the pair of shorted phases.
36:U-V
37:U-W
38:V-W
MOT.PHASE
196 SH. ¢ o 0 Troubleshooting

Verify the motor phases connection on the motor and inverters
sides.

Check the motor power cables.

Replace the controller.

If the alarm does not disappear, the problem is in the motor; replace
it.

7-75-22



Code
(DEC)

Alarm

RM

LM

PM

VM

Description

197

WRONG
SLAVE VER.

Cause:
There is a mismatch in the software versions of master and supervi-
sor microcontrollers.

Troubleshooting:
Upload the software to the correct version or ask for assistance to a
Zapi technician.

198

M/S PAR
CHK MISM

Cause:
At start-up there is a mismatch in the parameter checksum between
the master and the supervisor microcontrollers.

Troubleshooting:
Restore and save again the parameters list.

199

PARAM
TRANSFER

Cause:
Master microcontroller is transferring parameters to the supervisor.

Troubleshooting:
Wait until the end of the procedure. If the alarm remains longer, re-
cycle the key.

200

VDC OFF
SHORTED

Cause
The logic board measures a voltage value across the DC-link that is
constantly out of range, above the maximum allowed value.

Troubleshooting

Check that the battery has the same nominal voltage of the inverter.
Check the battery voltage, if it is out of range replace the battery.

If the battery voltage is ok, replace the logic board.

201

CURRENT
PROFILE

Cause:
There is an error in the choice of the current profile parameters.
Points PO through P3 are expected to describe a descending profile.

Troubleshooting:
Check the values under the CURRENT PROFILE list.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause
This fault is displayed when the controller detects an overvoltage
condition.
Overvoltage threshold depends on the nominal voltage of the con-
troller.
Nominal Voltage 24V 36V, 48V 80V 96V
VDC LINK Under-Voltage Threshold 35V 725V 115V 30V

202 | ERy o 0 o
As soon as the fault occurs, power bridge and MC are opened. The
condition is triggered using the same HW interrupt used for under-
voltage detection, microcontroller discerns between the two evaluat-
ing the voltage present across DC-link capacitors:
High voltage : Overvoltage condition
Low/normal voltage : Under-voltage condition
Cause:
At start-up, some hardware circuit intended to enable and disable
the power bridge or the LC driver on output NLC (A16) is found to
be faulty. The hexadecimal value "XX" facilitates Zapi technicians

HW FAULT i

203 MG o 0 ©o debugging the problem.
Troubleshooting
This type of fault is related to internal components. Replace the
logic board.
Cause:
The CPOT BRAKE input read by the microcontroller is out of the
range defined by parameters SET PBRK. MIN and SET PBRK.
MAX (ADJUSTMENTS list).

BRAKE RUN

204 ouT ¢ o 0 Troubleshooting:
Check the mechanical calibration and the functionality of the brake
potentiometer.
Acquire the minimum and maximum potentiometer values.
If the alarm is still present, replace the logic board.
Cause:
The controller receives from EPS information about the safety con-

EPS RELAY tacts being open.
205 OPEN e 0 o

Troubleshooting:
Verify the EPS functionality.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause
Before closing the main contactor and before driving power bridge,
one or more motor phases voltage are sensed to be higher than
expected. A short circuit or a low-impedance path to the positive ralil
is affecting the power section. The hexadecimal value "XX" identifies
the faulty phase.
1: phase
206 INITVMN o 6 O 22: Ehase\tj
HIGH

83: phase W
Troubleshooting
Check the motor power cables. Check the impedance between U, V
and W terminals and +B terminal of the controller. If the motor con-
nections are fine and there are no external low-impedance paths,
the problem resides inside the controller; replace it.
Cause
Before closing the main contactor and before driving power bridge,
one or more motor phases voltage are sensed to be lower than ex-
pected. A short circuit or a low-impedance path to the negative rail
is affecting the power section. The hexadecimal value "XX" identifies
the faulty phase.
01: phase U
02: phase V

207 INITVMN o o o 03: phase W

LOW

Troubleshooting
Check the motor power cables.
Check the impedance between U, V and W terminals and -B termi-
nal of the controller.
Check the motor leakage to truck frame.
If the motor connections are OK and there are no external low im-
pedance paths, the problem is inside the controller; replace it.
Cause:
A HW or SW defect of the non-volatile embedded memory storing
the controller parameters. This alarm does not inhibit the machine
operations, but it makes the truck to work with the default values.

208 EEI;?)OM ® ©® O O Toubleshooting:

Execute a CLEAR EEPROM procedure (refer to the Console
manual). Switch the key off and on to check the result. If the alarm
occurs permanently, it is necessary to replace the controller. If the
alarm disappears, the previously stored parameters will be replaced
by the default parameters.
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209

PARAM RE-
STORE

Cause:

The controller has restored the default settings. If a CLEAR EE-
PROM has been made before the last key re-cycle, this warning
informs you that EEPROM was correctly cleared.

Troubleshooting:

A travel demand or a pump request cancels the alarm.

If the alarm appears at key-on without any CLEAR EEPROM per-
formed, replace the controller.

210

WRONG
RAM MEM.

Cause:

The algorithm implemented to check the main RAM registers finds
wrong contents:

the register is corrupted. This alarm inhibits the machine operations.

Troubleshooting
Try to switch the key off and then on again, if the alarm is still pres-
ent replace the logic board.

211

STALL RO-
TOR

Cause:
The traction rotor is stuck or the controller does not correctly receive
the encoder signals.

Troubleshooting:

Check the encoder condition.

Check the wiring.

Through the TESTER function, check if the sign of FREQUENCY
and ENCODER are the same and if they are different from zero
during a traction request.

If the problem is not solved, replace the logic board.

212

POWER
MISMATCH

Cause
The error between the power set-point and the estimated power is
out of range.

Troubleshooting
Ask for assistance to a Zapi technician about the correct adjustment
of the motor

213

POSITIVE
LC OPEN

Cause:
The voltage feedback of the LC driver, output NLC (A16), is different
from expected.

Troubleshooting:

Verify LC coil is properly connected.

Verify CONF.POSITIVE LC parameter is set in accordance with the
actual coil positive supply.

In case no failures/problems have been found, the problem is in the
controller, which has to be replaced.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
An open-load condition is detected on the proportional valve output
NEVP (A19).
EVP COIL
214
OPEN ¢ o 0 Troubleshooting:
Check the EVP caoil.
Check the wiring.
If the problem is not solved, replace the logic board.
Cause
The EVP driver, on output NEVP (A19), is shorted to ground. The
microcontroller detects a mismatch between the valve set-point and
the feedback of the EVP output.
Troubleshooting
Check if there is a short circuit or a low-impedance conduction path
EVP DRIV. , .
215 o 0 o between the negative of the coil and -B.
SHORT. . .
Collect information about:
the voltage applied across the EVP coil, the current in the coil, fea-
tures of the coil.
Ask for assistance to Zapi in order to verify that the software diagno-
ses are in accordance with the type of coil employed.
If the problem is not solved, it could be necessary to replace the
controller.
Cause:
This is an alarm related to the hardware configuration.
215 OUT PORT °
PULL-UP ,
Troubleshooting:
The problem is on the logic board, which must be replaced.
Cause:
An open-load condition is detected on the output NEB (A18).
Troubleshooting:
EB. COIL no
216 ® 0 o Check the coil.
OPEN .
Check the wiring.

Check the positive terminal, possibly from pin PEB A27 or down-
stream the main contactor.
If the problem is not solved, replace the logic board.
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(DEC) Alarm RM | LM | PM | VM Description

Cause:
Terminal PIN A24 is not connected to the battery or the voltage is
different from that defined by parameter SET POSITIVE PEB (see
the ADJUSTMENTS list).
This alarm can occur if one output among EVP, EV1, EV2 and EV3

217 PEV NOT o 0o o is present or AUX OUT FUNCTION is active.

OK
Troubleshooting:
Check PIN terminal A24: it must be connected to the battery voltage
(after the main contactor).
Set the nominal voltage for the outputs by parameter SET POSI-
TIVE PEB in the ADJUSTMENTS list.
Cause:
There is a problem in the analog-to-digital module of the microcon-
ANALOG troller. All functions are stopped.
217 [ ]
INPUT

Troubleshooting: this a failure internal to the microcontroller, replace
the board.
Cause:
The output of the motor thermal sensor is out of range.

218 SENS MOT o 0o o Trouble.shooting:. | |

TEMP KO Check if the resistance of the sensor is what expected measuring
its resistance.
Check the wiring.
If the problem is not solved, replace the logic board.
Cause:
The logic board measures a key voltage value that is constantly un-
der the minimum value allowed.
Troubleshooting:
VKEY OFF ,

220 SHORTED e 06 o Check that the battery used as supply for the inverter has the same
nominal voltage of the inverter.
Check the battery voltage, if it is out of the allowed range replace
the battery.
In case the problem is not solved, the problem is in the logic board,
replace it.

220 ID\I/DVIE%,\(I)GNF @ | NOT used in this truck.

221 ID CHANGE @ | NOT used in this truck.

REQ.
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(DEC) Alarm RM | LM | PM | VM Description
Cause
This alarm can appear only in a traction-and-pump configuration or
in a multi-motor one. A mismatch is detected between the two TIL-
LER/SEAT inputs A8 (A6) of the two controllers.
SEAT MIS-
222 MATCH ¢ 0 0 Troubleshooting
Check if there are wrong connections in the external wiring.
Using the TESTER function, verify that the seat inputs are in accor-
dance with the actual state of the external switch.
If the issue is not solved, replace the controller.
Cause:
This alarm occurs when there is an overload on the main contactor
driver, on pin NLC (A16).
293 COIL SHOR. o o o Troubleslhooting: . B | '
MC The typical root cause is in the wiring harness or in the load coil.
Check the connections between the controller output and the load.
Collect information about the coil characteristics and ask for assis-
tance to a Zapi technician in order to verify that it complies with the
driver specifications.
Cause:
- NO CAN o Timeout on the local CAN BUS
MESSAGE .
Troubleshooting:
Switch OFF and ON. If the alarm is still present replace the board.
Cause:
The controller receives from the CAN bus the message that another
controller in the net is in fault condition; as a consequence, the con-
004 WAITING o o o troller itself cannot enter into an operative status, but it has to wait
FOR NODE until the other node comes out from the fault status.
Troubleshooting:
Check if any other device on the CAN bus is in fault condition.
Cause:
WAITING The controller receives from the CAN the message that another
224 SLAVE @ | controller in the net is in fault condition; as a consequence the VCM
controller itself cannot enter an operative status, but has to WAIT for
the other controller coming out from the fault status.
Cause:
Wrong customer ID code found in the protected area of memory
CONTROL- where this parameter are stored
225 [ ]
LER MISM.

Troubleshooting:
Replaced the controller.
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226

VACC OUT
RANGE

Cause:

The ACC POT input (A3) read by the microcontroller is not within
the range MIN VACC through MAX VACC, programmed by the
PROGRAMM VACC Function. The minimum and maximum ac-
quired values are inconsistent.

Troubleshooting:

Acquire the maximum and minimum potentiometer values by the
PROGRAM VACC Function. If the alarm is still present, check the
mechanical calibration and the functionality of the accelerator po-
tentiometer.

If the problem is not solved, replace the logic board.

227

HW FAULT

Cause

At start-up, some hardware circuit intended to enable and disable
the power bridge is found to be faulty. The hexadecimal value "XX"
facilitates Zapi technicians debugging the problem.

Troubleshooting
This type of fault is related to internal components. Replace the
logic board.

228

SEAT OPEN
TILLER
OPEN

Cause:
Tiller/seat input has been inactive for more than 120 seconds.

Troubleshooting:

Activate the tiller/seat input.

Check the tiller/seat input state through the TESTER function.
Check the wirings.

Check if there are failures in the micro-switches .

If the problem is not solved, replace the logic board.

229

HW FAULT
EB.

Cause:

At start-up, the hardware circuit dedicated to enable and disable on
output NEB (A18) is found to be faulty. The hexadecimal value "XX"
facilitates Zapi technicians debugging the problem.

Troubleshooting:
This type of fault is not related to external components. Replace the
logic board.
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(DEC) Alarm RM | LM | PM | VM Description
Cause
An open-load condition is detected on the proportional valve output
NLC.
230 LC colL e 0 ©o Troubleshooting
OPEN .
Check the LC coll.
Check the wiring.
Check the LC positive terminal, possibly from the key line.
If the problem is not solved, replace the logic board.
Cause:
One or more on/off valve drivers are not able to drive the load. For
290 CONT. DRV. o 0o o the meaning of code "XX", refer to paragraph 10.5.
EV
Troubleshooting:
The device or its driving circuit is damaged. Replace the controller.
Cause
The DC-link voltage drops to zero when a high-side or low-side
POW- MOSFET is turned on.
233 ERMOS | @\ @ | @ Troubleshooting
SHORTED
Check that motor phases are correctly connected.
Check that there is no dispersion to ground for every motor phases.
In case the problem is not solved, replace the controller.
Cause:
One or more on/off valve drivers are shorted. For the meaning of
code "XX", refer to paragraph 10.5.
DRV. SHOR.
234 EV ® 0 0 Troubleshooting:
Check if there is a short circuit or a low impedance path between
the negative terminals of the involved coils and -B.
If the problem is not solved, replace the logic board.
Cause:
. WRONG . Wrong software version on supervisor uC.
SLAVE VER. .
Troubleshooting:
Install the correct software version in the supervisor uC.
Cause
This alarm occurs when a mismatch is detected between the set-
CTRAP point for the overcurrent detection circuit (dependent on parameter
235 THRESH- @ © @@ DUTY PWM CTRAP) and the feedback of the actual threshold
value.
OLD

Troubleshooting
The failure lies in the controller hardware. Replace the logic board.
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Cause:
The current gain parameters are at the default values, which means
that the maximum current adjustment procedure has not been car-
CURRENT ried out yet.
236 GAIN e 0 o
Troubleshooting:
Ask for assistance to a Zapi technician in order to do the adjustment
procedure of the current gain parameters.
Cause:
This alarm occurs when the A/D conversion of the analog inputs
returns frozen values, on all the converted signals, for more than
400 ms. The goal of this diagnosis is to detect a failure in the A/D
237 ANALOG PRIPSIPY convertelr ora problem in the code flow that skips the refresh of the
INPUT analog signal conversion.
Troubleshooting
If the problem occurs permanently it is necessary to replace the
logic board.
Cause:
At startup, the hardware circuit dedicated to enable and disable the
EV drivers is found to be faulty. For the meaning of code "XX", refer
038 HW FAULT o 0o o to paragraph 10.5.
EV.
Troubleshooting:
This type of fault is not related to external components. Replace the
logic board.
Cause:
The software is not compatible with the hardware. Each controller
produced is signed at the end of line test with a specific code mark
saved in EEPROM according to the customized part number.
According with this sign, only the customized firmware can be up-
239 CONTROL- e 0 0 loaded. ’ e i
LER MISM.
Troubleshooting
Upload the correct firmware.
Ask for assistance to a Zapi technician in order to verify that the
firmware is correct.
Cause:
The EVP driver, on output NEVP (A19), is not able to drive the EVP
EVP DRIV- coil. The device itself or its driving circuit is damaged.
240 ER OPEN e 0 0

Troubleshooting:
This fault is not related to external components. Replace the logic
board.
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Cause:
This alarm occurs when there is an overload on any of the auxiliary
voltage-controlled outputs: NEV1 A25, NEV2 A34 and NEV3 A35.
241 COIL SHOR. o o o Troubleshooting: N B | '
EVAUX The typical root cause is in the wiring harness or in the load coil.
Check the connections between the controller output and the load.
Collect information about the coil characteristics and ask for assis-
tance to a Zapi technician in order to verify that it complies with the
driver specifications.
Cause:
Parameters are saved both in the master Eeprom and in the slave
Eeprom.
The two non-volatile memories must contains the same parameter
values and they are compared periodically. If a difference is found,
041 M/S PAR P this alarm is raised. This alarm does not inhibit machine operation
CHK MISM but default parameters are used.
Troubleshooting:
Try to save again the parameters.
If the fault continues when the key switch is re-cycled, replace the
board.
242 OPE::V.COIL ® O ©o It is not used in this truck.
Cause:
Parameters are saved both in the master Eeprom and in the slave
Eeprom. The two non-volatile memories must contains the same
parameter values and they are compared periodically. If the mas-
ter is not able to transfer the parameters to the slave, this alarm is
PARAM ,
242 TRANSFER @ | raised.
Troubleshooting:
Try to save again the parameters.
If the fault continues when the key switch is re-cycled, replace the
board.
Cause:
A wrong profile has been set in the throttle profile.
243 THROTTLE o o o
PROG.

Troubleshooting:
Set properly the throttle-related parameters.
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Cause:
Warning on supervisor microcontroller.
WARNING
244 SLAVE & o 0 Troubleshooting:
Connect the Console to the supervisor microcontroller and check
which alarm is present.
Cause
The error between the estimated g-axis current and the related set-
IQMIS- point is out of range.
245 MATCHED ¢ o 0 ,
Troubleshooting
Ask for assistance to a Zapi technician in order to do the correct ad-
justment of the motor parameters.
Cause:
The EB driver is not able to drive the load. The device itself or its
e EB. DRIV. ol ole driving circuit is damaged.
OPEN ,
Troubleshooting:
This type of fault is not related to external components. Replace the
logic board.
Cause:
- DATA AC- olele Controller in calibration state.
QUISITION .
Troubleshooting:
The alarm ends when the acquisition is done.
Cause
CAN bus communication does not work properly. The hexadecimal
value "XX" identifies the faulty node.
248 NaSCQN ® 6 o Troubleshooting
Verify the CAN bus network and the devices connected to it.
By a multimeter check the impedance between CANH and CANL,; it
shall be 60 Q.
If the alarm persists, replace the logic board.
Cause:
Warning on supervisor microcontroller.
VMC SLAVE
248 [ ] :
ALARM Troubleshooting:

Connect the Console to the supervisor microcontroller and check
which alarm is present.
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Cause:
This is a warning to point out that it is time for the programmed
CHECK UP maintenance.
249 NEEDED ¢ o 0 ,
Troubleshooting:
Turn on the CHECK UP DONE option after that the maintenance
service.
Cause:
o NO CAN o Timeout on the local CAN BUS
MSG. 05 ,
Troubleshooting:
Switch OFF and ON. If the alarm is still present replace the board.
Cause:
The output of the controller thermal sensor is out of range.
THERMIC

230 SENS. KO ¢ o 0 Troubleshooting:

This kind of fault is not related to external components. Replace the

controller.

Cause

At start-up, the controller checks the battery voltage (measured at

key input) and it verifies that it is within a range of +20% around the

nominal value.

Troubleshooting

Check that the SET BATTERY parameter inside the ADJUST-
WRONG MENTS list matches with the battery nominal voltage.

251 SET BAT. o o o If the battery nominal voltage is not available for the SET BATTERY
parameter inside the ADJUSTMENTS list, record the value stored
as HARDWARE BATTERY RANGE parameter in the SPECIAL AD-
JUST. list and contact a Zapi technician.
Through the TESTER function, check that the KEY VOLTAGE read-
ing shows the same value as the key voltage measured with a volt-
meter on pin A3 (A1). If it does not match, then modify the ADJUST
BATTERY parameter according to the value read by the voltmeter.
Replace the battery.
Cause
The error between the estimated Id (d-axis current) and the relative

- FIELD ORI- olele set-point is out of range.

ENT. KO

Troubleshooting
Ask for assistance to a Zapi technician in order to do the correct ad-
justment of the motor parameters.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
The pin A18 driver is shorted.
The microcontroller detects a mismatch between the set-point and
the feedback at the pin A18 output.
EB. DRIV.
254 SHRT ® & o Troubleshooting:

Check if there is a short or a low impedance path between the neg-
ative coil terminal and -B.

Check if the voltage applied is in accordance with the settings of the
pin A18-related parameters.

If the problem is not solved, replace the controller.

2) ERROR (RS, LS, PS, VS)

Code
(DEC)

Alarm

RM

LM

PM

VM

Description

WATCHDOG

Cause
This is a safety related test. It is a self-diagnosis test that involves
the logic between master and supervisor microcontrollers.

Troubleshooting
This alarm could be caused by a CAN bus malfunctioning, which
blinds master-supervisor communication.

17

LOGIC
FAILURE #3

Cause

A hardware problem in the logic board due to high currents (over-
load). An overcurrent condition is triggered even if the power bridge
is not driven.

Troubleshooting
The failure lies in the controller hardware. Replace the controller.
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Code

(DEC) Alarm RM | LM | PM | VM Description

Cause
The controller detects an under-voltage condition at the KEY input
A3 (A1). Under-voltage threshold depends on the controller version.
Nominal Voltage 24V,36V,48V 80V,96V
Under-Voltage Threshold 10V 30V
Troubleshooting (fault at startup or in standby)

LOGIC Fault can be caused by a key input signal characterized by pulses

19 e 6 o6 o _

FAILURE #1 below the under-voltage threshold, possibly due to external loads
like DC/DC converters starting-up, relays or contactors during
switching periods, solenoids energizing or de-energizing. Consider
to remove such loads.

If no voltage transient is detected on the supply line and the alarm
is present every time the key switches on, the failure probably lies in
the controller hardware.
Replace the logic board.
Cause
There is a mismatch between the setpoint and the feedback for the
valve outputs.

150 SAFETY ° |

DIAG EVP1 Troubleshooting
Check if there is a short circuit or a low impedance path between
the negative terminal of the involved output and -B.

If the problem is not solved, ask for assistance to a Zapi technician
Cause
There is a mismatch between the setpoint and the feedback for the
valve outputs.

151 SAFETY ° |

DIAG EVP2 Troubleshooting
Check if there is a short circuit or a low impedance path between
the negative terminal of the involved output and -B.

If the problem is not solved, ask for assistance to a Zapi technician
Cause
There is a mismatch between the setpoint and the feedback for the
valve outputs.
150 SAFETY ° |
DIAG EVP3 Troubleshooting

Check if there is a short circuit or a low impedance path between
the negative terminal of the involved output and -B.
If the problem is not solved, ask for assistance to a Zapi technician
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

153

SAFETY
DIAG EVP4

Cause
There is a mismatch between the setpoint and the feedback for the
valve outputs.

Troubleshooting

Check if there is a short circuit or a low impedance path between
the negative terminal of the involved output and -B.

If the problem is not solved, ask for assistance to a Zapi technician

154

SAFETY
DIAG EVP5

Cause
There is a mismatch between the setpoint and the feedback for the
valve outputs.

Troubleshooting

Check if there is a short circuit or a low impedance path between
the negative terminal of the involved output and -B.

If the problem is not solved, ask for assistance to a Zapi technician

155

SAFETY
DIAG EVP6

Cause
There is a mismatch between the setpoint and the feedback for the
valve outputs.

Troubleshooting

Check if there is a short circuit or a low impedance path between
the negative terminal of the involved output and -B.

If the problem is not solved, ask for assistance to a Zapi technician

156

SAFETY
DIAG EVP7

Cause
There is a mismatch between the setpoint and the feedback for the
valve outputs.

Troubleshooting

Check if there is a short circuit or a low impedance path between
the negative terminal of the involved output and -B.

If the problem is not solved, ask for assistance to a Zapi technician

157

SAFETY
DIAG EVP8

Cause
There is a mismatch between the setpoint and the feedback for the
valve outputs.

Troubleshooting

Check if there is a short circuit or a low impedance path between
the negative terminal of the involved output and -B.

If the problem is not solved, ask for assistance to a Zapi technician
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

158

SAFETY
DIAG EV1

Cause
There is a mismatch between the setpoint and the feedback for the
valve outputs.

Troubleshooting

Check if there is a short circuit or a low impedance path between
the negative terminal of the involved output and -B.

If the problem is not solved, ask for assistance to a Zapi technician

159

SAFETY
DIAG EV2

Cause
There is a mismatch between the setpoint and the feedback for the
valve outputs.

Troubleshooting

Check if there is a short circuit or a low impedance path between
the negative terminal of the involved output and -B.

If the problem is not solved, ask for assistance to a Zapi technician

160

SAFETY
DIAG EVP9

Cause
There is a mismatch between the setpoint and the feedback for the
valve outputs.

Troubleshooting

Check if there is a short circuit or a low impedance path between
the negative terminal of the involved output and -B.

If the problem is not solved, ask for assistance to a Zapi technician

161

SAFETY
DIAG EV3

Cause
There is a mismatch between the setpoint and the feedback for the
valve outputs.

Troubleshooting

Check if there is a short circuit or a low impedance path between
the negative terminal of the involved output and -B.

If the problem is not solved, ask for assistance to a Zapi technician

162

SAFETY
SPMISM XX

Cause

There is a mismatch between the two microcontrollers in the calcu-
lation of the setpoint for one of the valves outputs. The hexadecimal
value "XX" identifies the output.

Troubleshooting
Ask for assistance to a Zapi technician

163

SAFETY
INIT. XX

Cause
One of the EN1175-related modules has not been initialized cor-
rectly. The hexadecimal value "XX" identifies the faulty module.

Troubleshooting
ask for assistance to a Zapi technician.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause
One of the EN1175-related modules reported an error during its ex-
164 SAFETY SW. PY ecution. The hexadecimal value "XX" identifies the faulty module.
XX
Troubleshooting
Ask for assistance to a Zapi technician
Cause
Mismatch in the setpoint calculation between the Application Layer
and the EN1175 SW Layer. The hexadecimal value "XX" identifies
SAFETY the issu?. . o |
165 WARN. XX @ | 01: Application setpoint is greater than the EN1175 setpoint.
02: Application setpoint is opposite to the EN1175 setpoint
Troubleshooting
Ask for assistance to a Zapi technician.
SAFETY o
166 @ | NOT used in this truck.
CAN RX XX
SAFETY o
167 @ | NOT used in this truck.
CANTX XX
173 FF?(lj_l\ac(E.;N @ | NOT used in this truck.
Cause:
The driver of the output NEVP1 is shorted.
185 DRV. SHRT. ° Troubleshooting:
EVP1 A) Check if there is a short or a low impedance pull-down between
one of the outputs and —BATT.
B) The driver circuit is damaged in the logic board, which has to be
replaced.
Cause
Mismatch in traction/pump setpoint calculation between the
NSR SP ER- Application Layer and the EN1175 SW Layer. Application setpoint is
186 ROR [ of opposite sign with respect to the EN1175 setpoint.
Troubleshooting
Ask for assistance to a Zapi technician
Cause:
The driver of the output NEVP2 is shorted.
186 DRV. SHRT. P Troubleshooting:
EVP2 A) Check if there is a short or a low impedance pull-down between

one of the outputs and —BATT.
B) The driver circuit is damaged in the logic board, which has to be
replaced.
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

187

DRV. SHRT.
EVP3

Cause:
The driver of the output NEVP3 is shorted.

Troubleshooting:

A) Check if there is a short or a low impedance pull-down between
one of the outputs and —BATT.

B) The driver circuit is damaged in the logic board, which has to be
replaced.

188

HYDRO SP
MISM.XX

Cause

There is a mismatch between the two microcontrollers in the calcu-
lation of the setpoint for one of the hydraulics outputs. The hexadeci-
mal value "XX" identifies the output.

01 — setpoint mismatch for DC pump
02 — setpoint mismatch for EVP1
03 — setpoint mismatch for EVP2
04 — setpoint mismatch for AUX1
05 — setpoint mismatch for AUX2
06 — setpoint mismatch for AUX3
07 — setpoint mismatch for AUX4
08 — setpoint mismatch for AUX5
09 — setpoint mismatch for AUX6

Troubleshooting
Ask for assistance to a Zapi technician

188

DRV. SHRT.
EVP4

Cause:
The driver of the output NEVP4 is shorted.

Troubleshooting:

A) Check if there is a short or a low impedance pull-down between
one of the outputs and —BATT.

B) The driver circuit is damaged in the logic board, which has to be
replaced.

189

SAFETY
SPEED XX

NOT used in this truck. (This alarm is present only if the feedback
SENsor is a sin/cos sensor.)

189

DRV. SHRT.
EVP5

Cause:
The driver of the output NEVP5 is shorted.

Troubleshooting:

A) Check if there is a short or a low impedance pull-down between
one of the outputs and —BATT.

B) The driver circuit is damaged in the logic board, which has to be
replaced.
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

190

MULTIMOT
DIAG XX

Cause

There is a mismatch in the calculation of the electronic differential
between the two microcontrollers. The hexadecimal value "XX" rep-
resents a bitmask, where the meaning of each bit is the following:
BITO — mismatch in the steering angle value

BIT1 — mismatch in the information about which is the outer wheel
BIT2 — mismatch in the information about the direction of rotation of
the inner wheel

Troubleshooting
Ask for assistance to a Zapi technician

190

DRV. SHRT.
EVP6

Cause:
The driver of the output NEVP6 is shorted.

Troubleshooting:

A) Check if there is a short or a low impedance pull-down between
one of the outputs and —BATT.

B) The driver circuit is damaged in the logic board, which has to be
replaced.

191

DRV. SHRT.
EVP7

Cause:
The driver of the output NEVP7 is shorted.

Troubleshooting:

A) Check if there is a short or a low impedance pull-down between
one of the outputs and —BATT.

B) The driver circuit is damaged in the logic board, which has to be
replaced.

192

SAFETY
INIT. XX

Cause

One of the safety related modules has reported an error during its
initialization. The hexadecimal value "XX" facilitates Zapi technicians
debugging the problem.

Troubleshooting

The fault condition could be due to wrong adjustments of the safety
related parameters. Ask for assistance to a Zapi technician.

By the TESTER function, verify the state of the STO and SS1 safety
inputs. Check the STO and SS1 connections.

In case the problem is not solved, replace the logic board.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
The driver of the output NEVP8 is shorted.
192 DRV. SHRT. P Troubleshooting:
EVP8 A) Check if there is a short or a low impedance pull-down between
one of the outputs and —BATT.
B) The driver circuit is damaged in the logic board, which has to be
replaced.
Cause
Mismatch in traction/pump/valves setpoint calculation between the
Application Layer and the EN1175 SW Layer. The application set-
193 SAFETY o 0o o point is higher than the EN1175 setpoint. The hexadecimal value
WARN. XX "XX" identifies the output for which the mismatch has occurred.
Troubleshooting
Ask for assistance to a Zapi technician
Cause
One of the safety related modules has reported an error. The hexa-
decimal value "XX" facilitates Zapi technicians debugging the prob-
lem.
194 SAFEXT; SW. e 0 ©o Troubleshooting
The fault condition could be due to wrong adjustments of the safety
related parameters. Ask for assistance to a Zapi technician.
By the TESTER function, verify the state of the STO and SS1 safety
inputs. Check the STO and SS1 connections.
In case the problem is not solved, replace the logic board.
Cause
One of the safety related diagnosis has failed. The hexadecimal
value "XX" facilitates Zapi technicians debugging the problem.
195 SAFETY o 0o o Troubleshooting .
DIAG. XX The fault condition could be due to wrong adjustments of the safety

related parameters. Ask for assistance to a Zapi technician.

By the TESTER function, verify the state of the STO and SS1 safety
inputs. Check the STO and SS1 connections.

In case the problem is not solved, replace the logic board.
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Code

(DEC) Alarm RM | LM | PM | VM Description

Cause
CAN bus communication with the display does not work properly.
Upon this alarm, economy mode is activated by default.

196 MNS%(E)AI‘SNP o 0 ©o Troubleshooting
Verify the CAN bus network and the display connected to it.
By a multimeter check the impedance between CANH and CANL; it
shall be 60 Q.
If the alarm persists, replace the logic board.

108 CAN MES- P Mismatch between Main uC and Supevisor uC on the calculated

SAGE INPU NMT state.

Cause
One between the STO and the SS1 procedures has reported an
alarm. The hexadecimal value "XX" facilitates Zapi technicians de-
bugging the problem.

199 STO-SS1 o 0 ©o Troubleshooting

ALARM XX » ,

The fault condition could be due to a timeout of the STO or SS1
procedure; the braking took too long.
Check if the truck follows the imposed braking ramp and ask for as-
sistance to a Zapi technician.
In case the problem is not solved, replace the logic board.
Cause:
This alarm occurs when there is a short circuit of the EVP1 or EVP2
coil.
After the overload condition has been removed, the alarm exits au-
tomatically

00 COIL SH. o by releasing and then enabling a travel demand.

EVP1/2

Troubleshooting:

A) The typical root cause for this error code to be displayed is in the
harness or in the load coil. So the very first check to carry out
concerns connections between controller outputs and loads.

B) In case no failures/problems have been found externally, the
problem is in the controller, which has to be replaced.
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(DEC) Alarm RM | LM | PM | VM Description

Cause:

The voltage read by the microcontroller at the steering-sensor input

is not within the STEER RIGHT VOLT + STEER LEFT VOLT range,

programmed through the STEER ACQUIRING function.
200 SEi’l;f)iRKO e 6 o Troub.leshooting:. N .

Acquire the maximum and minimum values coming from the steer-

ing potentiometer through the STEER ACQUIRING function. If the

alarm is still present, check the mechanical calibration and the func-
tionality of the potentiometer.

If the problem is not solved, replace the logic board.

Cause:

This alarm occurs when there is a short circuit of the EVP3 or EVP4

coil.

After the overload condition has been removed, the alarm exits au-

tomatically by releasing and then enabling a travel demand.

COIL SH.
200 EVP3/4 ¢ Troubleshooting:

A) The typical root cause for this error code to be displayed is in the
harness or in the load coil. So the very first check to carry out
concerns connections between controller outputs and loads.

B) In case no failures/problems have been found externally, the
problem is in the controller, which has to be replaced.

Cause

Mismatch between parameters ENCODER PULSES 1 and

o WRONG EB- olele ENCODER PULSES 2.
SENS.SET ,

Troubleshooting

Set the two parameters with the same value, according to the ad-

opted encoder.

Cause:

This alarm occurs when there is a short circuit of the EVP5 or EVP6

coil.

After the overload condition has been removed, the alarm exits au-

tomatically by releasing and then enabling a travel demand.

201 COIL SH. ° |
EVP5/6 Troubleshooting:

A) The typical root cause for this error code to be displayed is in the
harness or in the load coil. So the very first check to carry out
concerns connections between controller outputs and loads.

B) In case no failures/problems have been found externally, the
problem is in the controller, which has to be replaced.
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

202

VDC LINK
OVERV.

Cause

This fault is displayed when the controller detects an overvoltage
condition.

Overvoltage threshold depends on the nominal voltage of the con-
troller.

Nominal Voltage 24V 36V, 48V 80V 96V
Under-Voltage Threshold 35V 725V 115V 30V

As soon as the fault occurs, power bridge and MC are opened. The
condition is triggered using the same HW interrupt used for under-
voltage detection, microcontroller discerns between the two evaluat-
ing the voltage present across DC-link capacitors:

High voltage : Overvoltage condition

Low/normal voltage : Under-voltage condition

202

COIL SH.
EVP7/8

Cause:

This alarm occurs when there is a short circuit of the EVP7 or EVP8
coil.

After the overload condition has been removed, the alarm exits au-
tomatically by releasing and then enabling a travel demand.

Troubleshooting:

A) The typical root cause for this error code to be displayed is in the
harness or in the load coil. So the very first check to carry out
concerns connections between controller outputs and loads.

B) In case no failures/problems have been found externally, the
problem is in the controller, which has to be replaced.

203

COIL SH.
EV3

Cause:

This alarm occurs when there is a short circuit of the EV3 caoil.

After the overload condition has been removed, the alarm exits au-
tomatically by releasing and then enabling a travel demand.

Troubleshooting:

A) The typical root cause for this error code to be displayed is in the
harness or in the load coil. So the very first check to carry out
concerns connections between controller outputs and loads.

B) In case no failures/problems have been found externally, the
problem is in the controller, which has to be replaced.
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(DEC)

Alarm

RM

LM

PM

VM

Description

204

COIL SH.
EV1

Cause:

This alarm occurs when there is a short circuit of the EV1 cail.

After the overload condition has been removed, the alarm exits au-
tomatically by releasing and then enabling a travel demand.

Troubleshooting:

A) The typical root cause for this error code to be displayed is in the
harness or in the load coil. So the very first check to carry out
concerns connections between controller outputs and loads.

B) In case no failures/problems have been found externally, the
problem is in the controller, which has to be replaced.

205

COIL SH.
EVP9

Cause:

This alarm occurs when there is a short circuit of the EVP9 coil.
After the overload condition has been removed, the alarm exits au-
tomatically by releasing and then enabling a travel demand.

Troubleshooting:

A) The typical root cause for this error code to be displayed is in the
harness or in the load coil. So the very first check to carry out
concerns connections between controller outputs and loads.

B) In case no failures/problems have been found externally, the
problem is in the controller, which has to be replaced.

206

COIL SH.
EV2

Cause:

This alarm occurs when there is a short circuit of the EV2 cail.

After the overload condition has been removed, the alarm exits au-
tomatically by releasing and then enabling a travel demand.

Troubleshooting:

A) The typical root cause for this error code to be displayed is in the
harness or in the load coil. So the very first check to carry out
concerns connections between controller outputs and loads.

B) In case no failures/problems have been found externally, the
problem is in the controller, which has to be replaced.

207

WATCH
DOG MAS-
TER

Cause:

An Hardware watchdog is present inside to synchronize the micro-
controllers.

All functions are blocked.

Troubleshooting:
It is an internal error, the module must be replaced.
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(DEC)

Alarm

RM

LM
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Description

208

EEPROM
KO

Cause:

A HW or SW defect of the non-volatile embedded memory storing
the controller parameters. This alarm does not inhibit the machine
operations, but it makes the truck to work with the default values.

Troubleshooting:

Execute a CLEAR EEPROM procedure (refer to the Console
manual). Switch the key off and on to check the result. If the alarm
occurs permanently, it is necessary to replace the controller. If the
alarm disappears, the previously stored parameters will be replaced
by the default parameters.

209

PARAM RE-
STORE

Cause:

The controller has restored the default settings. If a CLEAR
EEPROM has been made before the last key re-cycle, this warning
informs you that EEPROM was correctly cleared.

Troubleshooting:

A travel demand or a pump request cancels the alarm.

If the alarm appears at key-on without any CLEAR EEPROM per-
formed, replace the controller.

210

WRONG
RAM MEM.

Cause:

The algorithm implemented to check the main RAM registers finds
wrong contents:

the register is corrupted. This alarm inhibits the machine operations.

Troubleshooting
Try to switch the key off and then on again, if the alarm is still pres-
ent replace the logic board.

211

PEV DRV.
OPEN

Cause:
VCM is not able to drive the high side driver of output PEVP1.

Troubleshooting:
This type of fault is not related to external components; replace the
logic board.

212

W.SET.TG-
EB XX

Cause:

Supervisor microcontroller has detected that the master microcon-
troller has imposed a wrong set-point for the main contactor output
or for the pin A18 output.

Troubleshooting:

Check the matching of the parameters between master and super-
visor.

Ask for the assistance of a Zapi technician.

If the problem is not solved, replace the logic board.
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Alarm
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LM
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212

PEV DRV.
SHORT.

Cause:
The high side driver of output PEVP1 is shorted.

Troubleshooting:

A) Check if there is a short or a low impedance pull-up between pin
A13 and +BATT.

B) The driver circuit is damaged in the logic board, which has to be
replaced.

213

INPUT MIS-
MATCH

Cause:

The supervisor microcontroller records different input values with
respect to the master microcontroller. The hexadecimal value "XX"
facilitates Zapi technicians debugging the problem.

Troubleshooting:

Compare the values read by master and slave through the TESTER
function.

Ask for the assistance to a Zapi technician.

If the problem is not solved, replace the logic board.

213

VALVE
MISM. OUT

Cause:
Mismatch between uC Master and uC slave for output set point cal-
culation.

Troubleshooting:
The logic board has to be replaced.

215

OUT PORT
PULL-UP

Cause:
This is an alarm related to the hardware configuration.

Troubleshooting:
The problem is on the logic board, which must be replaced

217

ANALOG
INPUT

Cause:
There is a problem in the analog-to-digital module of the microcon-
troller. All functions are stopped.

Troubleshooting: this a failure internal to the microcontroller, replace
the board.

218

IN. MISM. D

Cause:
Mismatch on digital input between Master and Slave

Troubleshooting:

Compare the values read by Master and Slave by tester menu of
console.

Ask the assistance of a Zapi technician
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(DEC) Alarm RM | LM | PM | VM Description
Cause:
Mismatch on analog inputs or encoder inputs between Master and
Slave
19 IN. MISM. A/ ° |
E Troubleshooting:
Compare the values read by Master and Slave by tester menu of
console.
Ask the assistance of a Zapi technician
220 ID\IIDVIE?:,\(I)?\IF @ | NOT used in you case
Cause
An issue with the speed or position feedback sensor is detected.
The hexadecimal value "XY" helps to identify the nature of the prob-
lem: the first digit "X" encodes the type of feedback sensor, the sec-
ond digit "Y" encodes the type of issue.
X| Sensor Y | Issue
0 | Encoder 1 | Generic Error 1
1| Sin/Cos 2 | Generic Error 2
3 | Encoder + Index| |3 | Generic Error 3
5 | Resolver 4 | Generic Error 4
6 | 3-Hall 5 | Signals Off
7 | PWM 6 | Swapped Signals
7 | Shorted Signals or One is absent
8 | Signal Amplitude
9 | Signal Amplitude (Supervisor /2 C)
A | Too Large Speed Step
001 SPEED o 0o o B | SSL (Sensorless Speed Loop)
FB.ERR. XX C | Signals are filtered out
D| Free
E | Free
F | Free
Troubleshooting

Check both the electric and the mechanical functionality of the sen-
sor.

Check the wires crimping.

Check the mechanical installation of the sensor; the issue may be it
slips inside its housing.

The electromagnetic noise on the sensor can be a cause. In this
case try to replace the sensor.

For generic errors 1 through 4, contact a Zapi technician for assis-
tance.

If the problem is still present after replacing the sensor, the failure is
most likely in the controller; replace it.
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221 b CRHE?;\.IGE @ | NOT used in this truck.
Cause:
Timeout on the local CAN BUS
209 NO CAN ®
MSG. 04 .
Troubleshooting:
Switch OFF and ON. If the alarm is still present replace the board.
Cause:
- NO CAN o Timeout on the local CAN BUS
MESSAGE ,
Troubleshooting:
Switch OFF and ON. If the alarm is still present replace the board.
Cause:
Wrong customer ID code found in the protected area of memory
CONTROL- where this parameter are stored
225 [ ]
LER MISM.
Troubleshooting:
Replaced the controller.
Cause:
This is a safety related test. Supervisor microcontroller has detected
that master microcontroller is driving traction motor in a wrong way
(not corresponding to the operator request). The hexadecimal value
- OUT MIS- olele XX" facilitates Zapi technicians debugging the problem.
MATCH XX ,
Troubleshooting:
Checks the matching of the parameters between Master and
Supervisor.
Ask for assistance to a Zapi technician.
If the problem is not solved, replace the logic board.
Cause:
VCM is not able to drive one of the outputs NEV1,.., NEV3 .
208 DRV. OPEN ° |
B Troubleshooting:
This type of fault is not related to external components; replace the
logic board.
Cause
CAN bus communication does not work properly. The hexadecimal
NO CAN WR value "XX" identifies the faulty node.
229 MSG.XX ¢ o 0

Troubleshooting
Verify the CAN bus network (external issue).
Replace the logic board (internal issue).
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Code
(DEC)

Alarm

RM

LM

PM

VM

Description

230

SOFTWARE
ERROR

Cause:

This alarm can occur only by setting DEBUG CANMESSAGE = 15
under SPECIAL ADJUSTMENTS. The alarm returns the code rela-
tive to the fail of specific software portions. To be reported to Zapi
technicians for dedicated debug of the software.

232

DRV. OPEN

Cause:
VCM is not able to drive one of the first eight outputs.

Troubleshooting:
This type of fault is not related to external components; replace the
logic board.

235

DRV. SHRT.
EV1

Cause:
The driver of the output NEV1 is shorted.

Troubleshooting:

A) Check if there is a short or a low impedance pull-down between
one of the outputs and —BATT.

B) The driver circuit is damaged in the logic board, which has to be
replaced.

236

DRV. SHRT.
EV2

Cause:
The driver of the output NEV2 is shorted.

Troubleshooting:

A) Check if there is a short or a low impedance pull-down between
one of the outputs and —BATT.

B) The driver circuit is damaged in the logic board, which has to be
replaced.

237

ANALOG
INPUT

Cause:

This alarm occurs when the A/D conversion of the analog inputs
returns frozen values, on all the converted signals, for more than
400 ms. The goal of this diagnosis is to detect a failure in the A/D
converter or a problem in the code flow that skips the refresh of the
analog signal conversion.

Troubleshooting
If the problem occurs permanently it is necessary to replace the
logic board.

237

DRV. SHRT.
EVP9

Cause:
The driver of the output NEVP9 is shorted.

Troubleshooting:

A) Check if there is a short or a low impedance pull-down between
one of the outputs and —BATT.

B) The driver circuit is damaged in the logic board, which has to be
replaced.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
The driver of the output NEV3 is shorted.
DRV. SHRT. Troubleshooting:
238 EV3 ¢ A) Check if there is a short or a low impedance pull-down between
one of the outputs and —BATT.
B) The driver circuit is damaged in the logic board, which has to be
replaced.
Cause:
The software is not compatible with the hardware. Each controller
produced is signed at the end of line test with a specific code mark
saved in EEPROM according to the customized part number.
According with this sign, only the customized firmware can be up-
239 CONTROL- e 0 o loaded. ’ ’ ’ i
LER MISM.
Troubleshooting
Upload the correct firmware.
Ask for assistance to a Zapi technician in order to verify that the
firmware is correct.
Cause:
This fault appears when no load is connected between one of the
outputs NEV1 and the positive terminal.
COIL OPEN Troutl>leshooting: . o |
239 EVA @ | A) ltis suggested to check the harness, in order to verify if some coil
is connected to the right connector pin and if it is not interrupted.
B) If, even connecting the coil to the right pin or replacing it, the
alarm is still present than the problem is inside the controller logic
board, replace it.
ouT
240 |[MISMATCH @® @ @ NOT used in this truck.
PU
Cause:
This fault appears when no load is connected between one of the
outputs NEV2 and the positive terminal.
COIL OPEN TrouF)Ieshooting: - o |
240 Evo @ | A) ltis suggested to check the harness, in order to verify if some coil
is connected to the right connector pin and if it is not interrupted.
B) If, even connecting the coil to the right pin or replacing it, the
alarm is still present than the problem is inside the controller logic
board, replace it.
SP
241 |[MISMATCH ® @ @ NOT used in this truck.
PUMP
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
This fault appears when no load is connected between the output
NEVP9 and the positive terminal.
o1 COIL OPEN PY Troubleshooting:
EVP9 A) It is suggested to check the harness, in order to verify if some coil
is connected to the right connector pin and if it is not interrupted.
B) If, even connecting the coil to the right pin or replacing it, the
alarm is still present than the problem is inside the controller logic
board, replace it
Cause:
This is a safety related test. The supervisor microcontroller has de-
tected a mismatch in the speed set-point with respect to the master
microcontroller. The hexadecimal value "XX" facilitates Zapi techni-
SP cians debugging the problem.
242 [MISMATCH @ @ @
XX Troubleshooting:
Check the matching of the parameters between master and super-
visor.
Ask for assistance to a Zapi technician.
If the problem is not solved, replace the logic board.
Cause:
This fault appears when no load is connected between one of the
outputs NEV3 and the positive terminal.
COIL OPEN Troutl>leshooting: . o |
242 EV3 @ | A) ltis suggested to check the harness, in order to verify if some coil
is connected to the right connector pin and if it is not interrupted.
B) If, even connecting the coil to the right pin or replacing it, the
alarm is still present than the problem is inside the controller logic
board, replace it.
Cause:
This fault appears when no load is connected between the output
NEVP1 and the positive terminal.
a4 COIL OPEN PY Troubleshooting:
EVP1 A) It is suggested to check the harness, in order to verify if some coil

is connected to the right connector pin and if it is not interrupted.

B) If, even connecting the coil to the right pin or replacing it, the
alarm is still present than the problem is inside the controller logic
board, replace it
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
This fault appears when no load is connected between the output
NEVP2 and the positive terminal.
045 COIL OPEN PY Troubleshooting:
EVP2 A) It is suggested to check the harness, in order to verify if some coil
is connected to the right connector pin and if it is not interrupted.
B) If, even connecting the coil to the right pin or replacing it, the
alarm is still present than the problem is inside the controller logic
board, replace it
Cause:
This fault appears when no load is connected between the output
NEVP3 and the positive terminal.
246 COIL OPEN PY Troubleshooting:
EVP3 A) It is suggested to check the harness, in order to verify if some coil
is connected to the right connector pin and if it is not interrupted.
B) If, even connecting the coil to the right pin or replacing it, the
alarm is still present than the problem is inside the controller logic
board, replace it
Cause:
This fault appears when no load is connected between the output
NEVP4 and the positive terminal.
o047 COIL OPEN PY Troubleshooting:
EVP4 A) It is suggested to check the harness, in order to verify if some coil
is connected to the right connector pin and if it is not interrupted.
B) If, even connecting the coil to the right pin or replacing it, the
alarm is still present than the problem is inside the controller logic
board, replace it
Cause
CAN bus communication does not work properly. The hexadecimal
value "XX" identifies the faulty node.
248 Nﬁ SC (': N e 0 o Troubleshooting

Verify the CAN bus network and the devices connected to it.

By a multimeter check the impedance between CANH and CANL; it
shall be 60 Q.

If the alarm persists, replace the logic board.
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Code

(DEC) Alarm RM | LM | PM | VM Description
Cause:
This fault appears when no load is connected between the output
NEVP5 and the positive terminal.
048 COIL OPEN PY Troubleshooting:
EVP5 A) It is suggested to check the harness, in order to verify if some coil
is connected to the right connector pin and if it is not interrupted.
B) If, even connecting the coil to the right pin or replacing it, the
alarm is still present than the problem is inside the controller logic
board, replace it
Cause:
This fault appears when no load is connected between the output
NEVP6 and the positive terminal.
249 COIL OPEN PY Troubleshooting:
EVP6 A) It is suggested to check the harness, in order to verify if some coil
is connected to the right connector pin and if it is not interrupted.
B) If, even connecting the coil to the right pin or replacing it, the
alarm is still present than the problem is inside the controller logic
board, replace it
Cause:
This fault appears when no load is connected between the output
NEVP7 and the positive terminal.
250 COIL OPEN PY Troubleshooting:
EVP7 A) It is suggested to check the harness, in order to verify if some coil
is connected to the right connector pin and if it is not interrupted.
B) If, even connecting the coil to the right pin or replacing it, the
alarm is still present than the problem is inside the controller logic
board, replace it
Cause:
This fault appears when no load is connected between the output
NEVP8 and the positive terminal.
051 COIL OPEN PY Troubleshooting:
EVP8 A) It is suggested to check the harness, in order to verify if some coil

is connected to the right connector pin and if it is not interrupted.

B) If, even connecting the coil to the right pin or replacing it, the
alarm is still present than the problem is inside the controller logic
board, replace it
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8. BATTERY CHARGER
This explains basic information related to charger to help you easily understand and use it. This
includes the contents from the way to install a charger to tips for emergency situations. This is
focused on practices aiming to be usefully utilized in the field.

1) BASIC INFORMATION

(1) What is charger
Charger is a device which makes a battery accept D.C electricity under optimal condition as it
transforms A.C provided from external source of electricity.
The charger is a constant-current and constant-voltage way, SCR type charger that it has
advantages as follows

@ Even though A.C input voltage fluctuates within 10% of rated voltage (220/380/410/440V), the
current and voltage provided to the battery are stable.

@ As minimizing the increase of temperature while charging a battery, it minimizes the stress on
the battery.

® The noisy of charger is minimal but the charging efficiency is very high.
@ It prevents from under charging and overcharging.

Therefore, it helps the battery to maintain its performance for longer time and to prolong the life
of the battery.

(2) Notice on caring chargers
@ If any abnormal status is found while using a charger, immediately stop using and check the
charger. If it is impossible to take an appropriate measure for yourself, please apply for A/S.

@ While charging, hydrogen and oxygen gas is produced. Use or approach of fire should be strictly
prohibited.

@ Keep clean to prevent from sneak current and attack on the interface and surroundings of the
battery.

@ Check the electrolyte of the battery every week and provide distilled water immediately if it is
required. (Electrolyte has to be provided between 10~12 mm level on the positive plate inside
storage battery)

® If battery liquid temperature becomes over 55°C, charging should be stopped.
If it is continued,
- the appearance is transformed
- and metal area can be attacked as electrolyte overflows

® Electric forklift truck using battery should be charged as soon as the charging lamp is on while
driving. As batteries are internally discharged naturally if they are deposed for a long time,
charge them once or twice a month to prevent from reducing the lives of batteries.

@ When a green sign is on among charging status indication lamps, please notify that it is not
converted as equalized charge for stabilization of charging status.
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(8) Names of each part (independent items)

22B9BAT30

1 Main PCB board 5 Monitor PCB 9 Resistance (RD)
2 Main trans (Class H) 6 Overload 10 Resistance (DR)
3 Cooling fan 7 MG SW

4 SCR module 8 Assistant trans
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2) CHARGER INSTALLATION METHOD

(1) Location for charger installation
O Dry and well ventilated place.
@ No inflammable and B7 fire are near by.
@ Safe place where no collision possibility
with people or equipment is.

(2) Check points before installing charger
® Enough capacity of AC input power
source to operate charger.
@ Standard electric wire for power source
by capacity.

(3) Table for capacity of charger input cable

48V battery Caggg::ay of vlcﬂtF;Lg o Remarks
200-365 AH | 4P - 2.5 mm2

400-580 AH | 4P -4 mm2 For 36 220V,
600-800 AH | 4P - 6 mm2 one step
850-1000 AH| 4P - 10 mm? |Based on higher
24\ battery - 38380V | capacity
200-600 AH | 4P - 2.5 mmz2 | 39 440V | cable should
700-1000 AH| 4P - 4 mme be used.
80V battery - (2.5 mme —
500-600 AH | 4P -6 mme Ame)
700-800 AH | 4P - 10 mmz2
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3) HOW TO USE A CHARGER

(1) General charging method (Floating
charging)

@ Charging by this method supplies electric
power to the charger as operating
external AC power switch of the charger.

@ Connect battery connecter and charger
connecter.

- According to charging condition

@ If there is no abnormality found when the
charger checks itself for 3-4 seconds
after inputting AC input power source, the
charger slowly increases the electric flow
for charging and the charging condition
lamp in the lower part of the front panel
for floating charging of "input" is on.

@ A charging voltage, current, amount and
time are displayed in order on a monitor
display window.

@ When charging is processed about 80%,
yellow lamp in the middle of the front
panel, which shows that the charging
condition is in the middle, is on and then
green lamp is on when charging is
processed over 85% until charging is
completed.

@ When charging is completed, "charging
is completed" lamp is on in the monitor
and other lamps of all monitors become
off.

(2) Equalized charging

O Equalized charging is
Equalized charging is to correct the
battery when it does not normally
perform its functions as the voltage
differences are too big between cells of a
battery.
When equalized charging is required?

- When re-operates the battery after
having left the battery for a long time.

- When a battery is over-discharged.

- When there is large deviation of voltage
and specific gravity between battery
cells.

- When change or supply electrolyte of
battery.
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@© Tips for equalized charging
If once push the equalized charging
button on the monitor in the beginning of
charging, the equalized charging lamp
becomes on and starts charging.

% When the green charging condition
lamp is on (over 85% charged), the
equalized charging switch is locked
that it does not operate even pushing
the button.

(3) Automatic/Manual switching method
Automatic connector. Manual switching
connector (J2) is located on a left top
corner of PCB.

% In case of manual switching for charger
checking, make sure that the battery
connector is separated beforehand.

® MG/SW operation
(Refer to the charger trouble SHEET
components manual)

(4) Checking charging voltage soft start
function (Refer to the monitor)

@ Plug it into a manual connector and input
after 5 sec., a floating charge, charging
status red LED lights up.

@ After 15 sec., charging status yellow LED
lights up.

@ After a green LED lights up, if measured
voltage comes out as lulua103.5V ~
lula106.5V by measuring output voltage of
battery connector side with multi-meter,
then it is normal.

@ After 30 sec. of switching to a manual
connector, if a buzzer sound rings
continuously for 10 sec. and completion
LED lights up, then it is normal.

® If you confirm that the charger operates in
normal after checking manual switching of
the charger, make sure that the charger is
switched to automatic.
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® If charger's out voltage is under 100V, it is
abnormal.
Please refer to the error sheet.

@ When the charging voltage is indicated as
normal condition (105 V), convert
automatic / manual switch to automatic
and start charging.

% Display error code on the front cover as

following table. Z2BeRAT

No Code Description of error
1 E.F EPROM fail
2 ov Over voltage - Refer to page 7-86
3 o.C Over current - Refer to page 7-85, 7-87.
4 FB Battery error (After starting charging, the voltage doesn't go over 52V for 2 hours.)
Check the battery.
5 oT Transformer over heat (Stop charging when it is over 160°C).
- If input voltage is high, output current is over normal value and there is heat in the
trans because of SCR control part fault.
- Check the output current and PCB control board
6 OH Heatsink over heat (Stop charging when it is over 100°C).
- Check the cooling fan, SCR connection cable contact point and control part.
7 AO Power supply error (input power 220/380V wrong wiring). - Refer to page 7-84.
8 AF Power supply error (absent phase) - Check if input cable is open.
9 AC AC fail (black out) - Check if input voltage is right.
10 LC Low current (If this sign is on for setting value (60 sec), charging is over).
11 F Manual stop.
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4) CHECK POINTS BEFORE APPLYING A/S

(1) AC input power source switch is input.

(2) Check if the battery connector of the order
picker truck and charger's connector are
connected.

(8) Check points when "Error" lamp is on in
the front monitor of the charger.

(4) Check the front cover indicator.

@© AF : Input three phase power source
continuity check = Check if input three
phase power source is normal with AC
voltage meter.

@ A.O : Error on selection of input power
source of 220V or 380V - Check it
appropriately with full three phases.

@ A.C : Check if the input power source
(220V or 380V) is normal.

@ 0O.C : Check the electric current, as
charging current of the battery is over-
standards condition.

® 0.V : Check the voltage, as charging
voltage of the battery is over-voltage
condition (108V).
Normally it is 105V +1.0V.

(5) Check other abnormalities as well. Then
apply for A/S when on-site
measurements are not applicable.
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5) ERROR DETECTION
(1) Error list

@ Only floating charge lamp is on in the
monitor but it is not charged.

@ ON and OFF is repeated with a few
minutes intervals even after starting
charging.

@ Charger TRIP is occurred after
abnormality lamp is on.
In case error code is "O.V"

@ Charger TRIP is occurred after
abnormality lamp is on.
In case error code is "O.C"

® Charger TRIP is occurred after it started
charging and charging completion lamp
is on.

® Charger has no response even the
battery connector is connected.
@ SCR module checking method
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(2) Troubleshooting
@ Only floating charge lamp is on after indicating "A.O", It's not charged.

- 220/380V Model : Measure the TB.4 (380V) TB.8(220V)

voltage between input voltage

change over tabs 2-4 2-6 4-6 700/
- 220,380,410,440V Model : 30W

Measure the voltage in front of
AC INPUT MS S/W

MS electric socket  Manual/Auto T (J2) B

4 ]

X Insert automatic/
manual connector
Check VES (J2) at the upper
the rated >——>| part of PCB to
voltage manual, after
separating battery
connector.
O
Manual /
Put a black lead of multi-tester to Change PCB Q Auto S/W
input voltage switch No. 6 and Y
measure voltage between tab CN4 contact fault CM(glsL FAN
NO No.8,PCB CN4,TH contact points PCB RY contact fault
with a red lead. <+—
TB.6
M/S electrical circuit
Y
TH contact fault
Y Voltage "\, NO | CN4 contact fault
Input power supply is not
put power supply | 220V PCB RELAY fault
supplied.
TH manual
- Check external lead cable. YES )
restoration release

- Check the connection of | |MS COIL fault
external input connecter

- Check external NFB TRIP
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@ ON and OFF is repeated with a few minutes intervals after starting charging.
Indicate "O.C" on the monitor.
- TH is operated (AC input over-current TRIP).

ﬂqs 1)
LA OUTPUT
388 CURRENT
¥ — m :
VOLT Amr V CREASE [:] CREAS
Trans
noise is NO Measure output Current Exceed Adjust output current
severeat  —> current using DC value : 10~16A Standard —>| AMP, VR within PCB
MS ON current measure /100AH current Re-adjust to VR
status
YES
+ TH Setting fault YES
* Re-adjust TH Change TH
setting value
y
NO
= Refer to SCR Rated
YES Module checking Current
method SETTING
YES NO
B ,,
Complete ‘ ’ Change PCB
NO _| Change
L] "| SCR MODULE
Separate the battery Check
connector and tune > SCR
the charger off Module \
YES Check Check the normal
MAIN \ NO | Change : "
> > operating condition
TRANS PCB
of the charger
VOLT 7y
YES
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@ Charger TRIP is occurred after abnormality lamp is on.
In case error code is "O.V" — Over-voltage output / Set at 66V (In case of BATT 48V)

“o Nu

After separating battery connector,
insert automatic/manual selection
connector(J2) at the left side of PCB
to manual and then, MS will be turned

Ccrease Crease

NO

Y

Change PCB

Reset voltage as turning

on the center of PCB

volume volt for setting voltage

Adjust voltage so as
to have same output
between actual output
voltage and indication

of display

whether the charger
is normal condition after
connecting the
battery
105V?

YES

ox]

A

7-86

the voltage of the
output connecter

34V (In case of BATT 24V)
108V (In case of BATT 80V)

Rotate charging voltage volume,
located in the middle of PCB, to
counterclockwise.

Adjust a real output voltage
identical to displayed voltage

Check contact error

or breaking of wiring | NO | Change
NO | of the detect cable o PCB

connecter pin

3

Check
the detect
voltage of the J3
connector




@ Charger TRIP is occurred after abnormality lamp is on.
After opening the cover which is located on the front bottom side of the charger.
In case error code is "O.C" — Output over current, established as 110~120% of the rated
current.

Check poor contact of current

the output current
by DC current measure

NO | connector (J1), located right side of
PCB; check if there is disconnection

Restart the charger as pushing
reset switch in the monitor.

(cleaning and wiring )

Re-establish charge current
volume (AMP) on the center
side of PCB as turning it anti
clockwise rotation

the output current
by DC current

Monitor display

NO
Y Y
Request A/S if problem oK Change
persists after adjustment PCB

crease crease

7-87



® Charger TRIP is occurred after it started charging and charging completion lamp is on.
(In case input voltage is normal - Refer to the error detection No. 1)
Restore the charger as pushing reset switch.

If charging
current measurement
is normal when it is measured
with DC ammeter

Change PCB or
Request After-Service

NO

After separating battery

connector, put the automatic/
manual S/W (J2) to manual

Measure the output

voltage 64V

YES

Y

Contact fault between
the battery connector

NO
J2 Y
Check
SCR Module
Normal
NO YES
Y Y
Change Change
SCR Module | | PCB
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® Charger has no response even if the battery connector is connected.
- In case only floating LED is on, charger input power is cut off or doesn't connect. (In case
the input voltage is normal - Refer to the error detection No. © )

Measure Measure the
the battery voltage voltage within the
Is it under RD of the charger

48V7? BATT(+) —T— SHUNT

J.3

YES

RD <«

PCB(+
PCB(-)

BATT()

A

Put the auto/manual S/W to manual, after 30
min. ~1 hr, put the S/W to auto and let it be
charged normally.

If battery voltage doesn't increase after 1 hr of
starting auto charge, then battery check in
needed.

NO

Charger BATTERY
Connector contact fault

Battery
voltage
is normal

Check the cable and contact
point status at PCB connector(J3)

(+)(-) Voltage
is over
A

YES

On the
left side of PCB
IsLPLED
NO NO
Y
Change
PCB
Refer to the error detection No.(D
¥
Change Check the input power wire line
RD 340/50W in the charger
*| BATT(+)
70Q2 12V or higher
BATT(-)

(based on 48V)
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7) HOW TO CHECK THE SCR MODULE
Circuit

—_—

oy

KO

Real diagram

O

3

D| DD

2 1

= K2

O

=G1
=K1

* Before checking SCR MODULE, be sure to disconnect bus bar and wire on the terminal.

Measuring point

Measure value

No. (Real diagram) | (Measurement of digital tester)

1 No.1 ~ No.3 Forward : Under 100 k ohm
Reverse : Infinity ( )

2 No.2 ~ No.3 Forward : Infinity ( ©© )
Reverse : Infinity ( )

3 G1 ~ K1 Forward : Under 100 ohm
Reverse : Under 100 ohm
But It depends on the module.
If it is not 0 ohm, It is Ok.

4 G1~K2 Forward : Infinity ( ©© )

Reverse : Infinity ( )
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8) PCB MAJOR PARTS (NAME AND LOCATION)

[ "r - - . ~ . — \ \,su-u
| ~

Autoj: ®Auto/manual ISR TRR By | O(
Manual = / h TAP £\ PN = 0 Y @SHUNT
L sy N W N § W, detect current —>J2
J2 = Auxiliar b TR LT L SRS 5 Detecr <
connector = !ower sugpl : = _ o, VOltage @ ] =l
‘ : : Flader 8L vt _. " 2
5 o)
@SCR control ‘ oo ©@Temperature ™
connector RSOl .
22B9BAT26
1 Controlling MICOM #1 6 Correct output voltage 11 Buzzer
2 Lplamp 7  Correct CPU voltage 12 Auxiliary power supply
3 Detect voltage 8  Monitor display output 13  Auto/manual switch TAP
4 SHUNT detect current 9 Temperature sensor 14 SCR control connector
5  Correct output current 10 SCR control
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CHARGER INTERIOR PARTS

RRRRRRR

-2 E0:0R0

DN RI

o

—

22B9BAT28

No Part name Remarks
1 AC fan

2 Over load

3 Resister RD

4 Trans-aux

5 Magnet switch

6 SCR module

7 Monitor

8 DC out cable

9 Resister DR

10 Main transformer
11 AC input cable
12 Main control board
13 Filter

14 Fuse
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SECTION 8 MAST
' GROUP 1 STRUCTURE |

1. 2 STAGE MAST(V MAST)

Ep—

CARRIAGE

‘ ¢ g
LIFT CYLINDER 6%?0
5
6

22B7MS01

1 Outer mast 5 Mast mounting pin 9  Anchor bolt

2 Shim (0.5, 1.0t) 6 Bushing 10 Chain sheave
3 Roller 7 Inner mast 11 Back up liner
4  Tilt cylinder pin 8 Liftchain 12 Shim(0.5, 1.0t)
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2. 3 STAGE MAST(TF MAST)

A
‘)
N g \ TILT
\
3 L N
>
o LIFT
! A CYLINDER 107 T0p
@ 7 @L
- 0
%0
x 4
S 5
4
FREE LIFT
CYLINDER
CARRIAGE
22B7MS02
1 Outer mast 6 Lift chain 10 Chain sheave
2  Middle mast 7 Anchor bolt 11 Retaining ring
3 Inner mast 8 Sheave bracket 12 Mast mounting pin
4  Roller 9 Chain guard 13  Tilt cylinder pin
5 Shim(0.5, 1.0t)
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3. CARRIAGE, BACKREST AND FORK

22BHOMS03

1  Backrest 3 Load roller 5 Fork assembly
2 Carriage 4  Side roller 6 Extension fork
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' GROUP 2 OPERATIONAL CHECKS AND TROUBLESHOOTING

1. OPERATIONAL CHECKS

1) FORKS
(1) Measure thickness of root of forks and
check that it is more than specified value.

EX: [ =1200mm(47.2in) mm(in)

STD Fork assy| Applicable model | Standard | Limit
F173796-03 22/25BH-9 45(1.8) |40(1.6)
64FG-31040 | 30/35BH-9 | 45(1.8) |40(1.6)

Thickness

B153FKO01

(2) Set forks in middle and measure
difference in height at tip of forks.

Fork length Height
Model (mm) difference(mm)
22/25/30/35BH-9 | Pelow 1200 :
above 1200 6

{ Difference in height
&~ attip of forks

D255FK02

(8) Most force is concentrated at root of fork
and at hook, so use crack detection
method to check cracks.

2. MAST

1) Check for cracks at mast stay, tilt cylinder bracket, guide bar, fork carriage and roller shaft weld.
Check visually or use crack detection method. Repair any abnormality.

2) Set mast vertical, raise forks about 10cm from ground and check front-to-rear clearance and left-to-
right clearance between inner mast and fork carriage, and between outer mast and inner mast.
Use these figures to judge if there is any play at roller or rail.

- Front-to-rear clearance : Within 2.0mm(0.08in)
- Left-to-right clearance : Within 2.5mm (0.10in)

3) Check that there is an oil groove in bushing at mast support.

4) Set mast vertical, raise forks about 10cm from ground, and push center of lift chain with finger to
check for difference in tension.

If there is any difference in tension, adjust chain stopper bolt.

5) Check visually for abnormalities at thread of chain anchor bolt, and at contact surface between
chain wheel and chain.

Rotate chain wheel by hand and check for any play of bearing.
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2. TROUBLESHOOTING
1) MAST

Problem

Cause

Remedy

Forks fail to lower.

- Deformed mast or carriage.

- Disassemble, repair or replace.

Fork fails to elevate

- Faulty hydraulic equipment.

- Deformed mast assembly.

- See troubleshooting hydraulic pump

and cylinders in section 6, hydraulic
system.

- Disassemble mast and replace

damaged parts or replace complete
mast assembly.

Slow lifting speed and
insufficient handling capacity.

- Faulty hydraulic equipment.

- Deformed mast assembly.

- See troubleshooting hydraulic pump

and cylinders in section 6, hydraulic
system.

- Disassemble mast and replace

damaged parts or replace complete
mast assembly.

Mast fails to lift smoothly.

- Deformed masts or carriage.
- Faulty hydraulic equipment.

- Damaged load and side rollers.
- Unequal chain tension between

LH & RH sides.

- LH & RH mast inclination angles

are unequal. (Mast assembly is
twisted when tilted)

- Disassembly, repair or replace.
- See Troubleshooting Hydraulic

Cylinders, pump and control valve in
section 6, hydraulic system.

- Replace.
- Adjust chains.

- Adjust tilt cylinder rods.

Abnormal noise is produced
when mast is lifted and lower-
ed.

- Broken load roller bearings.
- Broken side roller bearings.
- Deformed masts.

- Bent lift cylinder rod.

- Deformed carriage.

- Broken sheave bearing.

- Replace.
- Replace.
- Disassemble, repair or replace.
- Replace.
- Replace.
- Replace.

Abnormal noise is produced
during tilting operation.

- Insufficient lubrication of anchor

pin, or worn bushing and pin.

- Bent tilt cylinder rod.

- Lubricate or replace.

- Replace.




2) FORKS

Problem

Cause

Remedy

Abrasion

Long-time operations causes the fork to
wear and reduces the thickness of the
fork.
Inspection for thickness is needed.
- Wear limit : Must be 90% of fork
thickness

If the measured value is below the wear
limit, replace fork.

Distortion

Forks are bent out of shape by a
number of reasons such as
overloading, glancing blows against
walls and objects, and picking up load
unevenly.

- Difference in fork tip height

Fork length (mm)

Height
difference(mm)

below 1200

3

above 1200

6

If the measured value exceeds the
allowance, replace fork.

Fatigue

Fatigue failure may result from the
fatigue crack even though the stress to
fork is below the static strength of the
fork. Therefore, a daily inspection
should be done.

- Crack on the fork heel.

- Crack on the fork weldments.

Repair fork by expert.
In case of excessive distortion, replace
fork.




 GROUP 3 ADJUSTMENT

1. MAST LOAD ROLLER(V, VF MAST)

1) INNER/OUTER MAST ROLLER CLEAR-
ANCE ADJUSTMENT

(1) Measure the clearance with the mast
overlap at near 480mm.

(2) Shift the inner mast to one side to bring
the roller into contact with the outer mast,
and adjust the clearance between the
roller side face and mast at the closest
position on the opposite side to the
following value by inserting the inner/outer
mast roller shim.

- Standard clearance A, B = 0~0.6mm
- Shim thickness 0.5, 1.0mm

() Distribute the shim thickness equally to
the left and right roller. Refer to Mast load
roller and back up liner, removal and
Installation.

(4) After the adjustment, check that the inner
mast moves smoothly in the outer mast.
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2. MAST LOAD ROLLER(TF MAST)
1) INNER AND MIDDLE MAST ROLLER

P Outer mast Inner mast
CLEARANCE ADJUSTMENT ngtg (':ft‘to Middle mast
(1) Measure the clearance with the mast
overlap at near 480mm. L
(2) Shift the inner mast to one side to bring
20

the roller into contact with the outer mast
and the middle mast, and adjust the
clearance between the roller side face and
mast at the closest position on the
opposite side to the following value by
inserting the inner and middle mast roller
shim, respectively.

- Standard clearance A = 0~0.6mm

- Shim thickness 0.5, 1.0mm

Bring into
contact

H

5
J This roller

L15C3MS06

(3) Distribute the shim thickness equally to
the left and right roller. Refer to Mast load
roller and back up liner, removal and
Installation.

(4) After the adjustment, check that the inner
mast moves smoothly in the middle mast,
and the middle mast moves smoothly in
the outer mast.

2) OUTER AND MIDDLE MAST UPPER o
ROLLER CLEARANCE ADJUSTMENT. Bring into This roller

contact

(1) Measure the clearance with the mast

overlap at near 480mm.

(2) Shift the inner mast to one side to bring
the roller into contact with the outer mast E;igtga (i:rtﬂo
and the middle mast, and adjust the Inner mast
| betw th I ide f d B— Middle mast
clearance between the roller side face an Outer mast
mast at the closest position on the L15C3MS07

opposite side to the following value by
inserting the outer and middle mast roller
shim, respectively.

- Standard clearance B = 0~0.6mm

- Shim thickness 0.5, 1.0mm

(3) Distribute the shim thickness equally to the left and right roller. Refer to Mast load roller and back
up liner, removal and installation.

(4) After the adjustment, check that the inner mast moves smoothly in the middle mast, and the
middle mast moves smoothly in the outer mast.
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3) CARRIAGE LOAD ROLLER

(1) Measure the clearance when the center of
the carriage upper roller is 100mm from
the top of the inner mast.

(2) Measure the clearance at upper, middle
and lower rollers after loosen the adjust
screws from the side rollers. Shift the
carriage to one side to bring the roller into
contact with the inner mast, and measure
the clearance between the roller side face
and mast at the closest position on the
opposite side to the following value by
inserting the carriage roller shim.

- Standard clearance C = 0~0.6mm
- Shim thickness 0.5, 1.0mm

(3) Distribute the shim thickness equally to
the left and right roller. Refer to Carriage
assembly.

(4) After the adjustment, the carriage should
move smoothly along the overall mast
length.

4) MAST BACK UP LINER

(1) Measure the clearance with the middle
mast at the bottom position.

(2) With the middle mast in contact with the
outer mast roller, adjust the clearance
between the mast back up liner and
middle mast to the following value by
inserting the back up liner shim.

- Standard clearance E = 0.2 ~ 0.6mm
- Shim thickness 0.5, 1.0mm

(3) After the adjustment, the mast should
move smoothly.
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' GROUP 4 REMOVAL AND INSTALLATION
1. FORKS

1) Lower the fork carriage until the forks are Pin
approximately 25mm(1inch) from the floor. Knob

2) Turn the knob up and slide forks, one by Spring
one, toward the center of the carriage
where a notch has been cut in the bottom
plate for easy fork removal.

3) Remove the fork one by one. On larger forks
it may be necessary to use a block of wood.

4) Reverse the above procedure to install load
forkS. 15L7MS10

2. BACKREST

1) Remove bolts securing backrest to fork
carriage. Disassemble the backrest from
the carriage.

2) Position backrest on carriage and lower in
place. Install and tighten bolts.

— Backrest

22BHIRE03

3. CARRIAGE ASSEMBLY

1) CARRIAGE

(1) With the mast vertical, raise the carriage high enough to place blocks under the load forks. This is
done to create slack in the load chains when the carriage is lowered. Lower the carriage all the
way down to the floor. Make sure the carriage is level, this will prevent any binding when the mast
is raised.

(2) While supporting lift chains, remove the split pin and slide out chain anchor pins from the chain
anchors of stationary upright.

(3) Pull the chains out of the sheaves and drape them over the front of the carriage.

(4) Slowly raise elevating upright until mast clears top of fork carriage. Move carriage to work area
and lower mast.

A Make sure carriage remains on floor and does not bind while mast is being raised.

(5) Inspect all parts for wear or damage. Replace all worn or damaged pars.
(6) Reverse the above steps to reinstall.

A Replace the split pin of chain anchor with new one.
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2) SIDE ROLLER

(1) Remove carriage as outlined in the carriage
assembly and removal paragraph.

(2) Loosen and remove nuts, adjust screws
and side rollers from carriage side pate.

(3) Thoroughly clean, inspect and replace all
worn or damaged parts.

(4) Reverse the above procedure to assembly.

% Adjustment

- Once carriage is properly installed,
loosen nuts and adjust screws, (if not
already done) allowing carriage to be
centered in the inner mast.

- Adjust side roller by tightening screw until
side roller just makes contact with mast.
Back off approximately 1/10 turn on
screw and tighten nut to lock screw in
place.

- Run carriage up and down for the inner
mast to be sure the carriage has free
movement and does not stick. Also,
make sure chains are properly adjusted.
Refer to chain adjustment paragraph.
Make adjustment when necessary and
recheck operation of carriage.

3) CARRIAGE LOAD ROLLER

(1) Remove carriage as outlined in the
carriage assembly removal paragraph.

(2) Loosen and remove flat head bolts and
plain washers from top load roller bracket.

(3) Using a pryer, remove load rollers from
load roller bracket.

(4) Reverse the above procedure to assemble.
Refer to MAST ROLLER ADJUSTMENT
paragraph.
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4) MAST LOAD ROLLER AND BACK UP
LINER
(1) 2 stage mast(V mast)
O Remove the carriage assembly and
move them to one side.
© Loosen and remove hexagon bolts and
washers securing lift cylinders to inner

mast. Inner

@ Loosen and remove hexagon bolts and mast |
nuts securing lift cylinders to inner mast. Back up

@ Attach chains or sling to the inner mast |inef2A ’
section at top crossmember. Using an m
overhead hoist, slowly raise the inner
mast high enough to clear lift cylinder.

® Atter lowering the lift cylinder rods, and Clamp

disconnecting lift cylinder hose, tilt the lift
cylinders LH and RH and them with

Lift

ropes to the outer mast. cylinder
® Using the overhead hoist, lower inner
mast until top and bottom rollers and | Outer
mast

back up liners are exposed.

@ Using a pryer, remove load rollers from
load roller bracket. Remove back up
liners and shims.

Thoroughly clean, inspect and replace all
worn or damaged parts.

@,
@

© Reverse the above procedure to : ll\gggt
assemble. Refer to MAST LOAD - roller

ROLLER ADJUSTMENT paragraph.

22B7MS06
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(2) 3 stage mast(TF mast)

O Remove the carriage assembly and
move it to one side.

® Loosen and remove hexagon bolt
securing bottom cylinder from outer mast.

® Loosen and remove band and special
washers securing lift cylinders to middle
mast. Remove the spring pin.

@ Attach chains or sling to the inner and
middle mast section at top crossmember.
Using an overhead hoist, slowly raise the
uprights high enough to clear lift cylinder.

® After lowering the lift cylinder rods, and
disconnecting lift cylinder hose, tilt the lift
cylinders LH and RH and tie them with
ropes to the outer mast.

® Using the overhead hoist raise inner and
middle masts. Place 4 inch block of
wood under the free lift cylinder bracket of
the inner mast then lower mast sections
(this will create slack in the chains).

(@ Remove retaining rings securing chain
sheaves to sheave support brackets.
While support chains, remove chain
sheaves and let chains hang free. The
upper outer and lower middle mast rollers
and back up liners are now exposed.

® Using a player, remove load rollers from
load bracket. Remove back up liners and
shims.

© Attach chains or sling to the middle mast
section at top crossmember. Using an
overhead hoist, slowly raise the middle
mast until top and bottom rollers are
exposed.

@ Using a pryer, remove load rollers from
load roller bracket.

@ Thoroughly clean, inspect and replace all
worn or damaged parts.

© Reverse the above procedure to
assemble. Refer to MAST LOAD
ROLLER ADJUSTMENT paragraph.
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5) ELEVATING MAST
(1) Inner mast (V mast)
(D After completing all necessary steps for load rollers and back up liner removal use an overhead
hoist and sling or chain around upper crossmember of the inner mast section.
@ Lift inner mast upright straight up and out of outer mast section.
® Replace and reverse above procedure to install. Make all necessary measurements and
adjustments.

(2) Inner and middle mast(TF mast)

(D After completing all necessary steps for load rollers and back up liner removal. Remove rear
chains and sheave support if not already done.

@ Disconnect free lift cylinder hose. Drain hose into a suitable pan or container and cap hose.

@ While supporting free lift cylinder assembly, remove bolts and washers securing cylinder to mast
crossmember.

@ Place a sling around free lift cylinder and attach to an overhead hoist. Slowly raise and move
cylinder to one side.

® Attach chains or sling to the inner mast section at top crossmember. Using an overhead hoist
slowly raise the upright straight up and out of middle mast section.

® Attach chains or sling to the middle mast section at top crossmember. Using an overhead hoist
slowly raise the upright straight up and out of outer mast section.

@ Replace upright and reverse above procedure to install. Make all necessary measurements and
adjustments.
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6) CHAIN
(1) Chain sheave(V mast)

@ Place a sling around carriage and attach
to an overhead hoist. Lift carriage high
enough so that the tension on the chain
over sheaves is relieved after the carriage
is blocked. Position wooden blocks under
the carriage and lower it.

@ Remove the split pin securing the chain
anchor pins and discard.

While supporting the chains, remove the
chain anchor pins and drape the chains
over the carriage.

@ Remove retaining ring securing sheaves
to sheave support. Remove sheaves
with bearings.

@® Remove bearing retaining ring from
sheave and press bearings from
sheaves.

® Thoroughly clean, inspect and replace all
worn or damaged parts.

® Reverse the above to assemble and
install. Use new split pins in chain anchor
pins.

(@) Rear chain sheave(TF mast)

(D Raise and securely block carriage and
inner mast section.

@ Remove the split pin securing the chain
anchor pins and discard. While
supporting the chains, remove the chain
anchor pins from outer mast section.

@ Remove chains.

@® Remove retaining ring securing chain
sheaves to sheave support. Pry off
sheaves with bearings.

® Remove bearing retaining ring from
sheave and press bearings from
sheaves.

® Thoroughly clean, inspect and replace all
worn or damaged parts.

@ Reverse the above procedure to
assemble and install. Use new split pins
in chain anchor pins.
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(3) Chain wheel bearing support(TF mast)

O Remove the carriage assembly and move to one side.

@® After removing bolt to securing chain wheel bearing support assembly to free lift cylinder.
After a sling to the chain wheel bearing support assembly. Using an overhead hoist, lift support
assembly straight up and off of free lift cylinder. Move assembly to work area.

@ Remove retaining ring securing chain wheel bearing to chain wheel bearing support.

@ Remove bearing retaining ring from chain wheel bearing and press bearings from chain wheel
bearings.

® Thoroughly clean, inspect and replace all worn or damaged parts.

® Reverse the above procedure to install.

(4) Rear chain(TF mast)

(O Remove the carriage assembly and move to one side. Refer to carriage removal and installation.

@ Raise and securely block truck approximately 6 inches from the floor.

@ Using a sling or chain around inner mast section attached to an overhead hoist, slowly raise inner
mast until there is enough slack in the chains to remove them. Block inner mast section.

@ Remove split pins and chain anchor pins securing chains to chain anchor(part of inner mast).

® While supporting the chains, remove split and chain anchor pins securing chains to chain
anchors attached to outer mast section.

® Remove chains.

@ Reverse the above to assemble and install. Use new split pins in chain anchor pins. Refer to this
section for Load chain lubrication and adjustment.

(5) Carriage chain

(@ Place a sling around carriage front plate and attach to an overhead hoist. Lift and secure
carriage high enough so that split and chain anchor pins on carriage can be easily be removed.
Remove chain anchor pins from carriage and drape chains out over carriage.

®@ Place a wooden block under the carriage and lower the carriage on the block.

@ While supporting the chains, remove split pins and chain anchor pins from chain anchors.

@ Remove chains and wash them with solvent. Refer to this section for Load chain inspection and
maintenance.

® Reverse the above procedure to assemble and install. Use new split pins in chain anchor pins.
Refer to this section for Load chain lubrication and adjustment.

(6) Load chain inspection and maintenance

After every 200 hours of truck operation, lift chains should be inspected and lubricated inspect for
the following chain conditions :

® Wear

As the chain flexes on and off the chain wheel bearings, the joints very gradually wear. The
stretch a chain develops in service is due to material being worn off pin outer diameter and pitch
hole inner diameter on the inside plate.

Chain wear can be measured using a wear scale or steel tape. When chains have elongated
2%, they should be discarded. When checking chain wear, be sure to measure a segment of
chain that operates over a sheave. Do not repair chains by cutting our the worn section and
splicing in a new piece. If part of the chain is worn, replace all the chains on the truck.
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@ Rust and corrosion
Chains used on lift trucks are highly stressed precision components. It is very important that the
“as-manufactured” ultimate strength and fatigue strength be maintained throughout the chain
service life. Corrosion will cause a major reduction in the load-carrying capacity of lift chain or
roller chain because corrosion causes side plate cracking.

® Cracked plate
The most common cause of plate cracking is fatigue failure. Fatigue is a phenomenon that
affects most metals and many plastics. After many repeated heavy loads, the plates may crack
and the chains will eventually break. Fatigue cracks are almost always found through the pitch
holes perpendicular to the pitch line. Contrast this failure mode to the random failures caused by
stress-corrosion cracking. If cracks are present, replace all the chain on the truck. Noise in the
chain indicates that the plate is on the verge of cracking and will be failed before long.

@ Tight joints
All joints in lift chain should flex freely. Tight joints resist flexure, increase internal friction, thus
increasing chain tension required to lift a given load. Increased tension accelerates wear and
fatigue problems.
Tight joints in lift chains can be caused by :
- Bent pins or plates.
- Rusty joints.
- Peened plate edges.
QOil rusty chains and replace chains with bent or peened components.

® Protruding or turned pins
Heavily loaded chains operating with lube generate tremendous friction between pins and plates.
In extreme cases, the frictional torque in the joint can actually turn pins in the press-fit outside
plates. If chain is allowed to operate in this condition, the pins slowly work out of the chain
causing chain failure. Turned pins can be quickly spotted because the flats on the V heads are
no longer in line. Chains with turned or protruding pins should be replaced immediately. Do not
attempt to repair the chain by driving pins back into the chain.

® Chain side wear
A wear pattern on pin heads and outside plates indicates misalignment. This condition damages
chain and sheaves as well as increasing internal friction in the chain system.

@ Chain anchors and chain wheel bearings

An inspection of the chain system includes a close examination of chain anchors and chain
wheel bearings. Check chain anchors for wear, breakage and misalignment.

Anchors with worn or broken fingers should be replaced. Anchors should be adjusted to
eliminate twisting or other misalignment in the chain. When chain is misaligned, load is not
distributed uniformly between the plates. Prolonged operation will result in premature fatigue
failure. Chain wheel bearings with badly worn flanges and outside diameter should be replaced.
Heavy flange wear indicates chain misalignment.
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Chain wear scale
The chain can be checked for wear or stretching with the use of a chain wear scale. Stretching of
a chain is due to the elongation of the pitch holes and wearing of the pin O.D. The greatest
amount of stretching occurs at the areas of the chain that flex over the sheaves most frequently.
Check the chain at this point with a scale. The wear scale has instructions printed on the sides
for use in determining chain stretch and are as follows :

- Determine pitch length of chain using 6 inch scale on one side of wear scale.

- If pitch is 1/2(12.7mm), 3/4(19.05mm), 1(25.4mm), 1-1/2(38.1mm), 2(50.8mm), use side A of scale.
- If pitch is 5/8(15.875mm), 1-1/4(31.75mm) or 2(50.8mm), use side B.

- Align point A or B to center of a pin and note position of the opposite A or B point.

- If other point also lines up with a pin, the chain is worn and should be replaced.

If any of the above conditions exists(cracked plates, turned pins, stretching etc), the chains should
be replaced in pairs as a complete assembly. Order chains by part number to insure the correct
chain length, pitch and material specifications.

(7) Load chain lubrication and adjustment
@ Lubrication

The most important consideration in field maintenance of lift chains is lubrication. Hard working,
heavily loaded chains cannot be expected to give satisfactory wear life without scheduled
periodic re-lubrication. Like all bearing surfaces, the precision manufactured, hardened steel,
joint-wearing surfaces require a film of oil between mating parts to prevent rapid wear. Oil must
penetrate the chain joint to prevent wear. Applying oil to external surfaces will prevent rust, but oil
must flow into the live bearing surfaces for maximum wear life. Frequency of re-lube will vary with
operating conditions and environment, the best estimate of lube period is 200 hours. Trucks
parked outdoors or trucks in extremely severe service, may require more frequent re-lube to
maintain an oil film on all chain surface.

- Wipe off the old oil with a clean cloth and blow out the remaining dirt with compressed air.
A Wear eye protection.
- With a clean brush, apply EP-140 extreme pressure lubricant or heavy motor oil(40W).

@ Replacement

Replace chains as a pair. It will be virtually impossible to maintain uniform loading between the
strands if a new chain is put into service opposite an old chain. The joints in the old chain will be
greater than that on the new chain, greatly complicating the problem of maintaining equal chain
tension. The new chain will wear more slowly causing it to bear the major portion of the load
resulting in premature wear and fatigue failure. Don’t steam clean or decrease new chains.

The manufacturer's grease is effective in reducing wear and corrosion. If the original factory lube
is dried out or wiped off, soak the new chain in heavy engine oil for at 1/2 hour prior to installing
on truck. After the old chains have been stripped from the mast, very carefully inspect chain
anchors and chain wheel bearing. Broken, cracked or worn anchor must be replaced using the
new anchor pin and split pin. Do not paint newly replaced chain after it has been installed.
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@ Adjustment
Chain adjustments are important for the following reasons :

- Equal loading of chain.

- Proper sequencing of mast.

- Prevent over-stretching of chains.

- Prevent chains from jumping off sheaves if they are too loose.

@ Adjustment procedure

- With mast in its fully collapsed and vertical position, lower the fork to the floor.
- Adjust the chain length by loosening or tightening nut on the chain anchor.
After making adjustment on the mast, be sure to tighten the nut.
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