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-I.lrD ULC Subject C583-1974 

GUIDE 

FOR 

THE INVESTIGATION 

OF 

ELECTRIC BATTERY POWERED 

INDUSTRIAL TRUCKS 

FOREWORD 

These requirements are based upon sound engineering principles, research, 
records of tests and field experience, and an appreciation of the problems of 
manufacture, installation, and use derived from consultation with and informa- 
tion obtained from manufacturers, users, inspection authorities, and others 
having specialized experience. 
experience and investigation may show is necessary or desirable. 

They are subject to revision as further 
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- 2 -  

GENEluL 

TYPE E, EE, AND EXESXCTRIC TRUCKS 

- 1. scope 

- 1.1 
aspects of e lec t r ic  battery powered industr ia l  trucks such as t ractors ,  p la t form 
lift trucks, fork-lif t  trucks, and other specialized-vehicles for industrial use. 
These requirements do not cover other possible hazard aspects of such equipment, 

These requirenients cover the fire-, electric-shock, and explosion-hazard 

- 1.2 
are ident i f ied as follows: 

Electr ic  battery powered industr ia l  trucks covered by these requirements 

'Qpe E - Electr ic  trucks having acceptable safeguards. 

Type EE -E lec t r i c  trucks provided with safeguards in addition to 
those required f o r  Type E e lec t r ic  trucks. 

Tgpe EX -E lec t r i c  trucks for  hazardous locations, Class I, Group D 
and fo r  C l a s s  II, Group G, as defined i n  Section 18 of the  
Canadian Elec t r ica l  Code, Part  1, 1972. 

i.3 
150 volts o r  less .  

Types E, EE, and EX trucks are  e lec t r ica l ly  powered by bat ter ies  supplying 

- 1.4 
Powered Industr ia l  Trucks, Type Designations, Areas of Use, Maintenance, amì 
meration, NFPA No. 505-197i ( re lates  t o  a classification of industr ia l  trucks 
as t o  areas of use maintenance, and operation), internal Co&ustion Engine 
Powered Industr ia l  Trucks, ULC Subject C55S (requirements re la t ing t o  fire hazards). 

Other reference standards applying t o  power-operated indus t r ia l  trucks are 

- 2. General 

- 2.1 A component of a truck sha l l  c o q l ~  with the requirenients noted herein for 
t h a t  component, except t h a t  such requirements may be M i e d  i f  appropriate for 
t h e  par t icular  application. Unless otherwise expressly stated herein, the per- 
formance requirements for an industrial truck shall be sa t i s f ied  by the tes t ing 
of a representative model of a new vehicle. 

m z 11mJsmAL ELECTEIC TRUCKS 

Construction 

2. h n e r a l  

3.i 
i n  paragraphs 3.2-22.1. 

A m e  E industr ia l  e l ec t r i c  truck s h a l l  comply with t h e  requirements given 

3.2 
cha i l  be so constructed and enclosed as t o  protect them from physical injury and 
t o  r e s i s t  the abuses t o  which they nay be subjected. 

AU. :ciring and other  current-carrying par ts  of an industr ia l  e lec t r ic  truck 
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- 3.3 
shall be mounted Within the body of the truck. 

Except as noted in paragraph 6.9, a l l  e lec t r ica l  

00040L5 5 4 9  

parts, including wiring, 

3.r, 
servicing, such as complete replacement or  the replacenient of contacts and inspec- 
t i on  after the removal of a cover or covers. 
shall be accessible for  servicing and inspection. 

Gocto&land fuses shall be so located as t o  be readily accessible fo r  

Other arcing and operating parts 

3.5 
of the truck. 

No uninsulated current-carrying part shall be exposed on the  outer surface 

3.6 
secured t o  one of the gasketed surfaces. 

A gasket employed between a cover and a box shall. be ceniented or  otherwise 

3'7 A drip pan shall not permit the  collection of o i l .  

g.S 
be of nonferrous m e t a l ,  except as covered in paragraph 6.17. Ferrous nietal  nny be 
used fo r  a res i s tor  ternanal 
warning-signal, and other auxiïiary and motor-control circuits.  Steel ,  other than 
stainless,  shall be zinc-coated, cadniiui+pkted, or equivalently protected against 
cornosion, 

A c u r r e n t - c m  part of the power circui t ,  other than a resis tor ,  shall 

t he  power c i rcu i t  and fo r  all parts  of the lighting, 

k .  Motors and Resistors 

- 4.1 
f ree  air circulation about the resistance eleillents, 
be instal led so as t o  mininrie the possibil i ty of physical damage. 

Unless the7 are  enclosed, power-circuit res i s tors  SU be located t o  provide 
Power-circuit res i s tors  shall 

- 4.2 
able raceway, or i f  they are brought out through the motor case, they shall pass 
through openings provided wi th  an insulating bushing fastened in  place. 
of neoprene rubber or  rubber-like composition shall be no less than: 1/16 inch 
i n  wall thickness for  a No. 10 XJG or s&er conductor, 1/8 inch in wall thick- 
ness for  a conductor larger t k a n  Xo. 10 X;iG up t o  and including No. J.+ AIJG, 3/16 
inch i n  w a l l  thickness for a condilctor larger than Ho. 4 AWG up t o  and including 
No. 1/0 EJG, and 1/4 inch in  w a l i  t*hickness for a conductor larger than No. 1/0 
A X .  
and chail be no l e s s  than 0.045 inch in thickness. 

If  the motor lead wires do not pass out of a motor direct ly  in to  on accept- 

A bushing 

A busnulg of other insulating nater ia l  shail be suitable for the purpose 

u 
requiremnts of paragraphs 5.3-5.5. 

Terninais f o r  a notor o r  fo r  a power circui t  res i s tor  shall conqly with the 

2. 3lec t r ic  Controls 

5.i 
as to I&niinize the poss i j i l i t y  of fiam or m l t e n  =tal reaching surrounding COD- 
bustiSle nater ia l  on t n e  truck. 

All a r c h g  parts in the power c i rcu i t s  shall be enclosed o r  instal led SO 

5.= Zeversing controllers SM he interlocked, e i ther  neciianically and/or 
electricall,-, t o  prevent reversal of the motor wnen power i s  applied t o  the motor 
being reversea unless the controllers 21'e tested for t h e  reversing arrangement 
proviaeb. 
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5.3 
provide the necessary capacity and mechanicd S l i p p o r t  for the conductors connected 
t o  them. Terminais employing a threaded screw or  b d t  f o r  s e c e  the conductfng 
lug t o  a terminal p la te  SU provide a minhm of two full threads in the metal. 
AU. terininal nuts shall be fastened by lockwashers or equivaïent mans t o  prevent 
loosening of conductors. 

Terminals and terminal construction shaU be of such size and shape as t o  

5.4 A base for  the support of a l i v e  part  shall be of t reated f ibre ,  mlded- 
phenolic composition, sheet-phenolic composition, silicone-, I œ t e - ,  polyester- 
impregnated &ass-fibre laminated sheet, cold-molded composition, t reated asbestos- 
cement composition, or other nonabsorptive noncombustible material evaluated i n  
accordance with paragraph 5.5. 

5.5 In determining the acceptabili ty of a material other than one specif ical ly  
mentioned in paragraph 5.4 for the support of a l i v e  part ,  consideration SU be 
given t o  i t s  resistance t o  moisture, t o  i t s  physical strength i f  it i s  exposed or 
otherwise subject t o  physical domiage, t o  the nieans f o r  securing it in place, and 
whether or not the material i s  so located as t o  be adversely affected by operation 
of the e q u i p n t  in service - particularly by arcing. The performance of a material 
wi th  respect t o  these properties is t o  be evaluated in comparison t o  the perfor- 
mance of a material given in paragraph 5.4. 

- 6.1 3 a t t e q  leads shall comply with the requirements in paragraph 10.1. 

- 6.2 The internal  wiring of an e lec t r i c  truck shall consist of appliance-wiring 
material of a type or types that are suitable for  the particular application, 
This wiring shall be considered with respect t o  the temperature and conditions of 
service t o  which the wiring can be subject, as determined during the tests given 
i n  paragraphs 15.1-20.3. 

6.3 
may be used for  internal  wiring. 

Appliance-wiring material of one o r  m r e  of the types indicated in Table 6.1 

30 m i l s  = 1/32 incn 

Muunmm Acceptable . .  Xire Insulation 
Average insulation Thidmess 

Thermplast ic  (PVC) 30 m ï l s  

3ubber 

Ke opr ene 

15 mils plus an impregnated 
braid, o r  30 m i l s  without a 
braid. 

i5 miìs plus an impregnated 
braid, or 30 n i l s  without a 
braid. 

NOTE: 30 miZs = 1/32 inch. 
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A 6 I, 
indicated in Table 6.1 may be used for a p a r t i c d a r  application, provided tha t  the 
insulation is considered With respect t o  temperature and conditions of service, 
and is equivalent t o  one of those given in that table. 

Appliance-wiring material. having a thickness of insulation less than those 

6.5 
able beads. 

W e  conductors may be insulated with insulating tubing or with noncarboniz- 

- 6.6 
normally are in excess of the acceptable temperatures for the  compound involved 
(such as t o  res i s tor  terminals) is acceptable if supplementary heat-resistant 
insulation of d ie lec t r ic  withstand as required in paragraph 20.1 is employed on the 
individual conductors t o  safeguard against failure of the insulation because of 
deterioration of the rubber. An insulating sleeve shall be secured in place. 

u 
phvs icd  damage (1) by enclosing it i n  the body of the truck, (2) by enclosing it in 
m e i d  raceway, such as armoured cable, rigid =tal conduit, or e lec t r ica l  m e t U c  
tubing, or (3) by protecting it with metal, phenolic composition, or  other therm- 
se t t ing  material of equivalent mechanical strength and resistance to impact. 
electricaì. wiring mounted on booms, lifts, and similar parts  shall be ins ta l led  so 
as t o  minimize the  possibi l i ty  of physical daniage and kinking. 

A short length of rubber-insulated conductor exposed t o  temperatures which 

Except as noted in paragraphs 6.8 and 6.9, all Wiring shall be protected against 

The 

- 6.S 
i s  not required if the  walls and floor of this compartment are  of m e t a l ,  phenolic 
composition, or other t h e m s e t t i n g  material of equivalent mechanical strength and 
resistance t o  impact, and i f  the leads are not i i ke ly  t o  be subjected t o  physical 
injury by the  operator. 

Protection for insulated leads located wi th in  the operator's compartment 

6.9 
indicated i n  paragraph 6.7 are t o  be designed fo r  t he i r  intended use and shall 
satisf? the t e s t  requirements i n  this standard. 
t o  resistance of conductors t o  damage result ing from flexing, abrasion, or impact. 
Flexible m e t a l  conduit may be used only for  flexible connections subject t o  small  
and infrequent movements. 
where the degree of movement i s  appreciable, are  t o  be Tgpe S, SO, ST, or STO flex- 
ible cord, except as noted in Paragraph 6.10. 

Conductors connected t o  mving or movable parts which cannot be protected as 

Particular attention SU be given 

Xir ing  connections t o  continuousl~ moving parts, or  parts 

- 6.10 I n  l i e u  of t h e  flexible cord mentioned i n  Paragraph 6.9, individual conductors 
having f i e f ib l e  stranding, such as Type FF'3-2, TFF, or SFF-2, enclosed in flexible 
txbing m y  be used. 
whicn a r e  readily vis ible  t o  the operator and are  therefore subject t o  replacemnt 
i f  damaged. 

The tubing  na^ be ozit ted fromthose exposed moving conductors 

- 6.U Except where plug and receptacle splicing devices are  used, spiices in the 
internal wiring of the truck s h a l l  be employed only at connections t o  leads provided 
as part of components of the device. 
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- 6.12 A l l  of the  splices and connections mentioned in Paragraph 6.U shall be 
mechanically secure and shall provide adequate and rel iable  e l ec t r i ca l  contact with- 
out s t r a i n  on connections and terniinalS. A spl ice  shall be provided with insula- 
t i on  equivalent t o  that on the e e s  involved. 

6.13 A hole by means of which insulated conductors pass through a sheetaietal  
w a l l  shall be provided with a smooth well-rounded bushing or  shall have smooth, 
well-rounded surfaces upon which the in sda ted  conductors may bear. 

- 6.u Vireways  shall be smooth and f ree  from sharp edges, burrs, fins, or xmving 
parts that can damage wiring. 

6.15 AU internaï-wiring connections SU be made with solder lugs or -pressure- 
type wire connectors, except that control Wiring and other small conductÖrs &y be 
connected by crimped or soldered special-type lugs or  eyelets. 

- 6.15 Terminal lugs shall be so arranged tha t  in any position of shifting they 
cannot contact e i ther  the frame of the truck or other electrical circuits,  or the 
shanks of the lugs shaU be provided with instllation equivalent t o  that on the  
conductor. 

6.17 KO part of the frame or enclosure of the truck shall be in e lec t r ica l  contact 
with current-carrying parts or used as a part of the electrical. c i rcu i t  except that, 
for trucks having a nominal 24-volt or lower rating, the frame of the truck may be 
used as a part of the e l ec t r i ca l  c i rcu i t  if the circui t  is protected by an overcurrent 
device or  disconnect switch or connector. 
i n  action and readily and quicKLy operable by the driver of the vehicle without 
leaving his normal driving position. 

The switch or connector shaìl be posit ive 

2. Overcurrent Devices 

7.1 iin overcurrent device of suitable capacity, as determined by the size necess- 
a y  t o  prevent overheating of t h e  smallest conductor i n  the circui t ,  shall be provid- 
ed in a l i g h t ,  warning-signal, or other a w i a r y  circuit .  
nay also be used i n  a motor-control c i rcui t .  A No. 18 or i6 AWG conductor is t o  be 
considered as being protected by an overcurrent device of 15-ampere rating or setting. 

Such a protective device 

7.2 
on the basis of the burnout t e s t  described 
need for protecting the Wiring against overloads of short duration. 
overcurrent device may be required on the basis of the construction described in 
paragraph 6.17. 

The need of an overcurrent device in the power c i rcu i t  is  t o  be determined - 
paragraphs 19.1-19.6 and not by the 

Also, an 

h overcurrent protective device provided i n  a control c i rcu i t  in accordance 
with paragraph 7.1 or  an overcurrent device in a power c i rcu i t  provided in accord- 
ance wi th  paragraph 7.2 i s  t o  be located as close as practicable t o  the battery 
t e r x i n a l s .  Such a device is t o  be identified as t o  the UE&RNUI rating of the over- 
current protection t o  be employed, and it i s  reco-nded that it also be identified 
t o  indicate the c i rcu i t  in which it is employed. 
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c 8. Battery Enclosure 

- 8.1 The battery shall be provided with support and protection by means of a 
noncombustible enclosure which, i f  of metal, shall be no l e s s  than 0.053 inch 
(No. 16 bSG) and e i ther  shall be flanged not less than 1/2 inch on all sides or 
shall be provided with a construction that gives equivalent strength. 
shall remain dosed  by the force of gravity or shay be provided with a fastener. 

A cover 

- 8.2 A m e t a ï  cover shall have such strength and rigidity that ,  in conjunction with 
an air spacing provided between it and the battery terminals,  the battery terminals 
are  not short-circuited when a 250-pound force is applied t o  any one square foot 
area of the cover. 
circuit ing of the batteryternninals shall be securedto the  inner surface of a 
metaï battery-compartnrent cover. 

4. Battery 

q.i A battery furnished with a noncombustible tray and cover intended t o  form the 
ultimate enclosure for the battery shaii comply with the requirements i n  paragraphs 
8.1 and 8.2. 

I n  l i e u  of the spacing, insulation designed t o  prevent short- 

9.2 
mizes the possibliity of accumulation of explosive w o g e n &  roixtures above the  
battery. 

The battery enclosure shall be provided with means fo r  ventilation that mini- 

(3J 
hour capacity ra t ing  is t o  be supplied for the purpose of examinhg the truck. 

I_ 9.4 
f r o 3  one another and from a nietai  tray or =tal battery compartment. Insulation of 
wood or other material shall be (1) treated or painted t o  minimize deterioration by 
t h e  b a t t e q  electrolyte,  and (2 )  constructed t o  W z e  the r i sk  of damage t o  the 
insulation i n  the normal operation and maintenance of the truck. 

A battery of nominal voltage rat ing and representative of maximum ampere- 

Cells employing metal containers (such as alkaline batteries) shall be insulated 

9.5 
cel ls  cannot be more than 24 volts  (nominal). 

Tb connections shall be such that the potential  between any two adjacent 

9.6 
moving m r e  than a t o t a l  of 1/2 incn i n  a horizontal direction. 

:.leans s h a U  be provided as a part of the truck t o  res t ra in the battery from 

- 1C. Sattem7 Leads 

lC.l 3at teq-  leads shaU be of a s ize  and current-carrjing capacity adequate fo r  
the application. 
material, res is tant  t o  acids and/or alkalies,  and able t o  withstand flexing, handl- 
ing, and impact a t  temperatures between 54OC (1309) and d n u s  29OC (illinus 200F). 
The average insulation thickness sha l l  be no l e s s  than 0.060 inch for a KO. 8 - 
2 A X  wire and no less than O.Ce0 h c n  for  a KO. 1 - 4/0 AV% wire. 

They s h a l l  be neoprene insulated or  insulated with an equivalent 
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