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INTRODUCTION

1 Scope

1.1

These requirements cover the fire safety aspects of industrial trucks with internal-combustion

engines, such as tractors, platform-lift trucks, fork-lift trucks, and other specialized vehicles for industrial

use. These re

quirements do not cover other possible safety aspects of such equipment.

1.2 These requirements do not cover farm or road vehicles or automotive vehicles for highway use.

1.3 The Fire Safety Standard for Powered Industrial Trucks Including Type Designations, Areas of Use,

Conversions,

Maintenance, and Operations, NEPA 505 _identifies internal combustion engine powered

industrial truc

Types
compr|

gasoline or liquefied petroleum gas (G/LP), that has minimum acceptable safed

inhere

Types
LP-ga
(GS/C
the req
the ex

Type [
electri

2 Compong

21
requirements
used in the pr

2.2 A compq

a) Invg
coverg

b)Iss

Except as indicated in 2.2, a compohent of a product covered by this standard shall ¢

s as follows:

G, D, LP, CN, G/CN, and G/LP — A unit powered by gasoline (G), diésel (D
bssed natural gas (CN), either gasoline or compressed natural/gas (G/

ht fire hazards.

GS, DS, LPS, CNS, GS/CNS, and GS/LPS — A unit powered by gasoline (GS
5 (LPS), compressed natural gas (CNS), either gasoline or compresse
NS), or either gasoline or liquefied petroleum gas(GS/LPS) that, in addition
uirements for Types G, D, LP, CN, G/CN, and G/LP;is provided with additiona
naust, fuel and electric systems.

DY — A diesel-powered unit that has all the(safeguards of Type DS units and, i
C equipment is completely enclosed andequipped with temperature limitation f

nts

for that component. Se€ Appendix A for a list of standards covering compon
bducts covered by this 'standard.

nent need not Comply with a specific requirement that:

Ives a feature or characteristic not needed in the application of the component
d by this standard, or

Iperseded by a requirement in this standard.

, LP-gas (LP),
CN), or either
uards against

), diesel (DS),
1 natural gas
to meeting all
safeguards to

n addition, any
patures.

bmply with the
ents generally

in the product

2.3 A component shall be used in accordance with its recognized rating established for the intended
conditions of use.

2.4 Specific components are recognized as being incomplete in construction features or restricted in
performance capabilities. Such components are intended for use only under limited conditions, such as
certain temperatures not exceeding specified limits and shall be used only under those specific conditions
for which they have been recognized.

3 Units of Measurement

3.1 If a value for measurement is followed by a value in other units in parentheses, the first stated value
is the requirement.
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4 Undated References

4.1
interpreted as

referring to the latest edition of that code or standard.

5 Terminology

5.1

Any undated reference to a code or standard appearing in the requirements of this standard shall be

In the following text, the term truck is used to mean an industrial combustion engine-powered

industrial truck. The type or types of truck(s) to which a specific requirement applies is identified by the
heading under which the requirement is located and by specific references in the text to the applicable

requirements.

5.2 Diesel E

6 Referencq Standards

6.1 The refe
for Powered I
Operations, N
maintenance,
7 Samples

7.1 Unless o
the testing of 3

CONSTRUCT]
TYPES G, D,
8 Electrical

8.1  All wiring

not limited to, femperature, yoltage, and current ratings for the wire:

a) The

b) The

haust Fluid (DEF) — As a liquid with 67.5 percent deionized water and 32.5 pe

dustrial Trucks Including Type Designations, Areas of Use,«Conversions, Mai
FPA 505, which relates to a classification of industrial trucks as to g
and operation.

therwise expressly stated herein, the performance of an industrial truck shall i
representative model or a new vehicle.
ON
P, AND CN
Systems
shall comply with one of the following, as applicable to the intended use whig

Standard for Appliance Wiring Material, UL 758;

Standard for Thermoplastic-Insulated Wires and Cables, UL 83;

fcent urea.

ence standard that applies to power-operated industrial trucks is-the Fire Sdfety Standard

ntenance and
reas of use,

e satisfied by

h include, but

c) The

d) The

Stardardfor Flexibte CordsandCabies; Ut62;

Standard for Low Voltage Primary Cable, SAE J1128

e) Outline for Battery Lead Wire, UL 2726;

f) The Standard for Low Voltage Battery Cable, SAE J1127;

g) Outline for Welding Cable, UL 1276;

h) The

Standard for Electrical Cables for Boats, UL 1426;

i) The Standard for Machine-Tool Wires and Cables, UL 1063; or

i) The Standard for Fixture Wire, UL 66.
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8.2 The wiring of a truck shall be rated for the particular application with respect to the temperature and
voltage, exposure to oil or grease, and other conditions of service to which the wiring is subjected.

8.3 Wiring shall be protected against mechanical damage by:

a) Enclosing it in the body of the truck; or when mounted on masts, booms, lifts or similar parts, the
wiring shall be installed so as to reduce the likelihood of mechanical damage and kinking;

b) Enclosing it in metal raceway, such as armored cable, rigid metal conduit, or electrical metallic
and nonmetallic tubing, flexible nonmetallic conduit or nonmetallic insulated tubing; or

c) Other suitable method in which the wiring is protected sufficiently against mechanical damage.

8.4 Wiring 4
engine parts,
subjected to 4

8.5 Wiring 4
grease, and s

nd cables shall be installed with means for maintaining clearance from_.me
exhaust systems and fuel systems, and shall not be supported on\surf
ccumulation of oil or grease as a result of servicing.

nd cables shall not be located such to allow exposure to drippage’of gasoling,
hall not be supported on oil- or grease-retaining surfaces.

ing parts, hot

aces that are

diesel, oil, or

8.6 If an aydible electrical warning device is employed, its coil and other electrical parts shall be
enclosed in metal or an equivalent material. Among the factors<{that are to be taken into| consideration
when judging|the equivalency of a nonmetallic enclosure are:

a) The mechanical strength,

b) Redistance to impact,

c) Moisture-absorptive properties,

d) Flamnmability, and

f) Res|stance to distortion at témperatures to which the material is subjected undef conditions of

normal or abnormal usage.
8.7 Each lighting-device, warning-device, or other auxiliary circuits shall be protected ljy a fuse or a

circuit breakef,

of the smalles

or a supplementary protector, of the size necessary to reduce the likelihood
t conductor in the circuit. A fuse conforming with the Standard for Electric Fus

J554, the apy

licable(parts of the UL 248 series of standards, the Standard for Automoti

of overheating

es, ANSI/SAE
e Glass Tube

Fuses, UL 275 orcthe Outline of Investigation for Automotive Blade Type Fuses, UL 275A shall be
considered ag¢ceptable. A circuit breaker conformlng to the Standard for Clrcuﬂ Breakers, ANSI/SAE J553
or the Stands v - Circuit-Breaker
Enclosures, UL 489, shaII be con5|dered acceptable. A supplementary protector conforming to the
Standard for Supplementary Protectors for Use in Electrical Equipment, UL 1077, shall be considered

acceptable.

8.8 Electrical components located near foot-operated controls shall be located or protected so as to
prevent damage to these components from the operator's feet during operation of the controls.

9 Exhaust Systems

9.1 The exhaust system beyond the manifold shall be supported at least 3 inches (76.2 mm) clear of
flammable materials, excluding flexible mountings, and at least 2 inches (50.8 mm) clear of fuel- and
electrical-system parts and shall not subject to drippage of fuel, oil, or grease. See also Temperature
Tests, Section 23.


https://ulnorm.com/api/?name=UL 558 2021.pdf

10

UL 558

OCTOBER 22, 2021

Exception: Lesser clearances shall be allowed when the maximum temperatures obtained during the
Temperature Test, Section 23, do not exceed the established rating of the component.

9.2 The exhaust system shall conform with the test requirements of the Exhaust System Test, Section

25.

9.3 A muffler, catalytic converter, diesel particulate filter, or other after-treatment device, shall be
provided on each truck.

10 Fuel Systems — Gasoline and Diesel

10.1 Tanks

10.1.1 Afu
(0.81 mm) or
be welded, bra
retain the hes
mechanically §

10.1.2 A fugd
engine compa
systems by a

that spillage o
exhaust-syste

10.1.3 Afu¢
its fittings.

10.1.4 A shuit-off valve shall be provided in an accessible location near the tank on gravity

or on systems
10.2 Fuel lin

10.2.1  Meta
annealed cop
to absorb vibr
moving parts.

| tank shall be constructed of painted mild steel having a minimum thickness
aterial equivalent in strength, rigidity, and resistance to fire and corrosion. T
zed, soldered, or bonded. If soldered or bonded, the joints shall be/ef-a constr
ds if the solder or bonding melts. Fittings and fill pipe, if soldered or bon
ecured to the tank in addition to soldering or bonding.

| tank shall not be located directly over the engine. If/a tank is within or con
rtment, the tank or fill arrangement, or both, shall bedsolated from the electrica
separate enclosure or by baffles. The tank location¢and the facilities for filling

M parts.

| tank and fill fitting shall be so located as to minimize the possibility of damage

where the fuel in the tank issubject to discharge by siphon action if the fuel lin
es, tubing, and fittings

llic fuel lines, eXcept those used in a high-pressure injection system, shall b
er or steel tubing. Flexible tubing, hose, or a vibration loop shall be used wh
tion. Flexible tubing or hose shall be of the length necessary to span between

!

of 0.032 inch
he joints shall
iction that will
ded, shall be

tiguous to the
| and exhaust
shall be such

- leakage will drain to the ground and not into the;engine compartment or ont¢ electrical- or

to the tank or

feed systems
b breaks.

of seamless
re necessary
the fixed and

10.2.2 Nonmetallic fuel tubing or hoses shall be provided with appropriate traceability to validate
conformance with the Standard for Nonmetallic Fuel System Tubing with One or More Layers, SAE J2260
or the Standard for Fuel and Oil Hoses, SAE J30.

10.2.3 Fuel system assemblies (eg. each fuel line and fitting configuration) shall be provided with
appropriate traceability to validate conformance with the Standard for Fuel System Tubing Assemblies,
SAE J2045.

Exception: Fuel system assembly (e.g. each fuel line and fitting configuration) shall not pull off fittings or
fail when subjected to a 20 pound-force (89 N) axial pull test applied over a 1 minute period. The test shall
be conducted at ambient conditions of 21 +5°C (70 £9°F) with tubing or hose wetted with fuel. Hose shall
also be subjected to 70 hours at 100°C (212°F) aging and 48 hours of 0.125 inch amplitude vibration at 17
HZ before the pull test.


https://ulnorm.com/api/?name=UL 558 2021.pdf

OCTOBER 22, 2021 UL 558 1

10.2.4 Fuel system assemblies that utilize quick connect fittings shall conform and be provided with
appropriate traceability to validate conformance with the Standard for Quick Connect Coupling
Specification For Liquid Fuel and Vapor/Emissions Systems, SAE J2044.

Exception: Fuel system assembly (e.g. each fuel line and fitting configuration) shall not pull off fittings or
fail when subjected to a 20 pound-force (89 N) axial pull test applied over a 1 minute period. The test shall
be conducted at ambient conditions of 21 +5°C (70 +9°F) with tubing or hose wetted with fuel. Hose shall
also be subjected to 70 hours at 100°C (212°F) aging and 48 hours of 0.125 inch amplitude vibration at 17
HZ before the pull test.

10.2.5 A body or fitting provided with tapered threads shall be threaded in accordance with the Standard

for Pipe Threads, General Purpose, (Inch), ANSI/ASME B1.20.1.

10.26 A f
constructed o

10.2.7 Fue

clearance from exhaust- and electrical-system parts.

Exception: If
clearance fro
electrical-syst

10.2.8 Fuel
electrical- or 4

10.3 Nonmetallic parts

10.3.1
fluid (DEF) sh
intended fung
liquid specifie
Exception No

Exception No

Exception No

A npnmetallic part in contact with non-ethanol blended gasoline, diesel fuel or

el filter shall conform with the requirements in 31.3. When the fuel -confi
f nonmetallic material, the assembly shall also conform with the requirements i

lines shall be supported to minimize chafing and to maintain atJeast a 2 i

f can be demonstrated that the fuel lines and wiring are sufficiently supported
m being reduced to less than 1/2 inch (12.7 mm)sthe clearance between
lem parts may be reduced.

feed lines, valves, and fittings shall be located-so that any leakage will not ru
xhaust-system parts.

all not show excessive volume change or loss of weight, when considered on
tion, following immersion for 70 hours at a temperature of 23 £+2°C (73.4 +3.6
d in Table 10.1.

1: This requirement does not apply to fuel lines that conform with 10.2.3.

3:.This requirement does not apply to quick connect fittings that conform with

2: This regquirement does not apply to fuel system assemblies that conform wji

ning parts are
n 10.3.

ch (50.8 mm)

to prevent the
fuel lines and

h off or drip on

Hiesel exhaust

the basis of its
°F) in the test

Exception No. 4: This requirement does not apply to gasketing and seals that have been investigated to
the Standard for Gaskets and Seals, UL 157.

Table 10.1
Test liquids for nonmetallic materials
Liquid in contact with part Test liquid
Gasoline A and C Reference Fuels (ASTM D471 )
Diesel Oil IRM 903 Qil
Urea DEF (Diesel Exhaust Fluid)'

' DEF test fluid shall be in accordance with Supplement SA of the Outline of Investigation for Power Operated
Dispensing Devices for Diesel Exhaust Fluid, UL 87C.
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10.3.2 A change in volume of not more than 25 percent swelling or 5 percent shrinkage, and a weight
loss (extraction) of not more than 10 percent is considered as indicating compliance with 10.3.1.

10.3.3 A nonmetallic part in contact with ethanol blended gasoline or biodiesel fuel (B5 to B20) shall be
evaluated in accordance with the Standard for Gaskets and Seals, UL 157, modified as follows:

a) Volume Change and Extraction Test except for the following modifications:
1) The test duration shall be 1000 hours;
2) The applicable test fluids shall be as described in Supplement SC; and

3) For all materials, the average volume change shall not exceed 40% swell (increase in
volume) or 1% shrinkage (decrease in volume). In addition, the weight loss shpll not exceed
10%.

b) Conjpression Set Test except for the following modifications:

1) The test duration shall be 1000 hours.

2) The samples shall be immersed, at room temperature, in.the test fluids (seg item iii) while

compressed for the entire test duration. No oven conditioning is required.
3) The applicable test fluids shall be as described i’Stpplement SC.

ession device
2. The sample
bn should use

4) The recovery period shall consist of removing the sample from the compr
and immersing it in the applicable test fluid-far 30 minutes at room temperaturg
shall not be allowed to dry out due to expeosure to air. The 30-minute immersi
the same fluid as the test fluid for each-sample.

5) For all materials, the average eompressions set is calculated and shall not gxceed 35%.

Exception: This requirement does not apply to composite gasket materials as defined in accordance with

the Standard f

10.4 Corros

104.1 Ifco

br Gaskets and Seals, UL_157.
on resistance

osion of a<errous part will interfere with the proper functioning of a part, the

part shall be

b

10.4.2 Delet

provided with & corrosion-resistant protective coating.

D

d

10.5 Carburetors and backfire preventers

10.5.1  An updraft carburetor, if used, shall be located so that overflow of gasoline due to excess choking
will flow to ground and not contact electrical parts and exhaust system, or collect in an engine
compartment. Nonmetallic drain hose, if used, shall be provided with appropriate traceability to validate
conformance with the Standard for Fuel and Oil Hoses, SAE J30.

10.5.2 A downdraft carburetor, if used, having an external float bowl vent opening, shall have a vent
overflow tube to direct fuel away from the engine in case of fuel overflow.

10.5.3 A backfire deflector shall be provided on each combustion air intake and, whether separate or a
part of an air cleaner, shall conform with the requirements in General, Section 39. If the backfire deflector
enclosure is constructed of nonmetallic material, the material shall have a flammability rating of no less
than V-1.
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Exception: The material complies with the 20 mm (3/4 inch) flame test in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C.

10.5.4 Nonmetallic hose employed for the connection of a carburetor air inlet to a backfire deflector air
outlet shall be constructed so that its inner surface is of a flame retardant material. When the non-metallic
hose is located so as to allow fuel to collect in the air intake hose, due to flooding of the carburetor, the
inner hose material shall also meet the test requirements specified in 10.3.2, inclusive.

10.5.5 Components located within the engine compartment or forming a part of the engine compartment
shall be constructed of metal, or if nonmetallic, shall be separated from the engine compartment by
complete baffles or be of a flame retardant material. This requirement is not intended to apply to hydraulic

hoses, water hoses, fuel hoses, wiring, battery, pulley belts or other small components.

10.6 Diesel

10.6.1 DEF
as well as the

10.6.2 DEF
components.
components {

Exhaust Fluid (DEF)

system components shall be suitable for exposure to the DEF agent) operat
operating environment of the intended application.

components shall not leak or spray DEF to wet critical electrical, fuel and e
Synthetic-rubber or nonmetallic components relied ,onJto contain the D
hall comply with 10.3.1.

11 Fuel Systems — LP & CN-Gas
1.1 General
11.1.1  Each vehicle shall have the complete fuehsystem installed at the factory.

Exception: Ve
the fuel conta
attached adja

11.1.2 Ava
from unintent
shall be prote

hicles equipped to use a removable LP fuel container are permitted to be s
iner if a metal nameplate that identifies the correct fuel container assembly|
cent to the container-mounting hardware, see 11.2A.1.5.

ve and its connections on a container shall be protected to reduce the likelihg
onal contact with) stationary objects or from loose objects thrown up from the
cted to reduce. the likelihood of damage from collision, overturning, or the likg

vehicle is peritted to be-used to provide such protection to a valve and its fittings.

11.1.3 Each

applicable LP-Gas component, excluding fuel lines, hoses, and tanks, shall ¢

ng conditions,

khaust system
FF from such

hipped without
to be used is

od of damage
road. A valve
. A part of the

pmply with the

requirements

inithe Outline of Investigation for LP-Gas, Natural Gas, and Manufactured G

8s Devices for

Engine Fuel Systems, UL 1337.

11.1.3.1

Components for Natural Gas Powered Vehicles, CSA NGV3.1.

Each applicable CN-Gas component shall comply with the requirements in the Fuel System

11.1.4 A fuel-system component shall be fastened to the vehicle to reduce the likelihood of loosening
due to vibration.

11.1.5
likelihood of e
11.1.6  Fuel

scape of fuel when the container is changed.

lines shall not be routed within the drivers compartment.

If a removable LP fuel container is used, means shall be provided in the fuel system to reduce the
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11.2 Fuel containers

Relocated to 11.2A.1

11.2A LPGas

11.2A.1 Fuel containers

11.2A1.1

11.2 relocated as 11.2A.1

When a vehicle incorporates a non-removable ASME fuel container, the container shall have a

maximum allowable working pressure (MAWP) of 312 psig (2.15 MPa). It shall be marked with the ASME

"U" symbol an
11.2A1.2 W

marking DOTH
comply with th

11.2A1.3 A
equivalent me

remains within

11.2A1.4 A

attached to th¢ container.

11.2A.1.5 Ve
fuel container
hardware:

a) Tank
b) Typs
c) Disc

d) Typs

d the design working pressure.

1B240, DOT-4BA240, DOT-4BW240, or DOT-4E240. A DOT fuélcontainer &
e requirements in the Outline of Investigation for LP-Gas Cylinder Assemblies,

removable fuel container shall be constructed to engage ‘@ substantial positio
Ans to provide for intended positioning of the container‘when reinstalled so th
in the plan view of the truck.

removable-type container shall have the protection means for the fittingg

if a nameplate that identifies the following is attached adjacent to the conta

capacity (weight),
of mounting (horizontal or vertical),
bnnect coupling(thread type), or

of withdrawal (liquid or gas).

11.2A.16 A
the area of th

u
e{fuel container. This minimum clearance is to be measured to the bottom of th

el cantainer shall be installed at not less than the minimum road clearance of

nen a vehicle incorporates a non-removable DOT fuel container, the jcontainer shall be
constructed, te¢sted, and marked for a minimum service pressure of 240 psig (1./-MMPa). It

shall bear the
ssembly shall
UL 2003.

ning pin or an
ht the cylinder

permanently

hicles equipped to use a removable fuel container are permitted to be shippg¢d without the

ner-mounting

the vehicle in
e container or

to the lowest fitting:

11.2A.1.7 LP fuel container, if non-removable, and mounting assembly shall be secured in place on the
vehicle so as to comply with the requirements in the Container Load Test, Section 26.

11.2A.2 Fuel lines and fittings

11.2A.2.1

11.3 revised and relocated as 11.2A.2

Piping from a fuel container to the first-stage regulator shall be iron, steel (black or

galvanized), brass, or copper pipe; seamless copper or steel tubing; flexible LP-Gas hose; or other

equivalent pipi

ng means.


https://ulnorm.com/api/?name=UL 558 2021.pdf

OCTOBER 22, 2021 UL 558 15

11.2A.2.2 Steel tubing shall have a minimum wall thickness of 0.049 inch (1.25 mm) and shall have a
corrosion resistant exterior coating such as paint. Copper tubing shall have a minimum wall thickness of
0.032 inch (0.81 mm) and shall be annealed. Aluminum piping or tubing shall not be used.

11.2A.2.3 A length of flexible hose of a type designated for use with LP-Gas shall be employed between
a removable container and any fixed fuel-system parts, and between any high-pressure parts on the frame
and parts that are mounted on the engine. Flexible hose longer than 60 inches (1.5 m) shall have stainless
steel wire braid reinforcement. Flexible hose and hose assemblies shall comply with the requirements in
the Standard for LP-Gas Hose, UL 21 and the Standard for Pigtails and Flexible Hose Connectors for LP-
Gas, UL 569.

11.2A.2.4 A tubing fitting or other fuel line fitting, including a pipe threaded fitting, shall be of a type
designated fof use with LP-Gas.

11.2A.2.5 Alcast fitting shall not be employed for either piping or tubing.

11.2A.2.6 Alfuel line shall be supported to reduce the likelihood of chafing and-to maintajn at least a 2-

inch (50.8-mm) clearance from exhaust- and electrical-system parts.

Exception: If
clearance fro
system parts

11.2A.2.7 Fl
abrasion, suc

11.2A.28 A
pipe-joint sed
container wit
equivalent so

{ can be demonstrated that the fuel lines and wiring are sufficiently supported
N being reduced to less than 1 inch (25 mm), the clearance between fuel lines
may be reduced.

exible hose passing through sheet metal shalkbe installed to reduce the like
h as by use of clamps and grommets.

pipe-threaded fuel-system fitting, in€luding a container fitting, shall be asse
ling compound intended for use™~with LP-Gas. A fuel-system connection,
n any associated valve and fitting, shall be tested for leaks with a soap
ution while the system is underLP-Gas pressure.

11.2A.2.9 The fuel container and associated valves and fittings are permitted to be tes

using air pres

11.2A.3 Vay

11.2A3.1 E

sure.

orizers

11.5 relocated as 11.2A.3

to prevent the
and electrical-

ihood of hose

mbled using a
including the
-and-water or

ted separately

of the section

bchyvaporizer shall have a valve or plug located at or near the lowest portion

occupied by t

e water or other heating mediunmtopermit substantiatty comptete draimingof

the vaporizer.

A vehicle cooling-system drain or water hose that completely drains the vaporizer is considered to comply
with the intent of the requirement.

11.2A.3.2 Each vaporizer shall be marked with the design working pressure in psi (MPa).

11.2A.3.3 Engine exhaust gases shall not be used as a direct means of heat supply for the vaporization
of fuel unless the materials used for parts of the vaporizer in contact with the exhaust gases are resistant
to the corrosive action of the exhaust gases and the vaporizer system is constructed to prevent excessive
pressure.

11.2A.3.4 A vaporizer shall not be equipped with a fusible plug. A vaporizer shall comply with the
requirements in the Outline of Investigation for LP-Gas, Natural Gas, and Manufactured Gas Devices for
Engine Fuel Systems, UL 1337.
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11.2A.4 Safety-control and -relief devices

11.6 revised and relocated as 11.2A.4

11.2A.4.1 An automatic shut-off valve and all relief type valves shall be provided in the fuel system at
some point ahead of the inlet of the first-stage regulator, constructed to prevent flow of fuel when the
ignition is off and the engine not running or if the engine is to stop. This device shall permit the back flow of
fuel from the vaporizer in the event of a pressure build-up in the vaporizer. Automatic shut-off valves shall
comply with the requirements in the Outline of Investigation for LP-Gas, Natural Gas, and Manufactured
Gas Devices for Engine Fuel Systems, UL 1337.

11.3 Fuel lines and fittings

Revised and relocated to 11.2A.2

11.3A CN Gas

11.3A1 Fue

11.3A1.1 A
Integrity, Fedg
Vehicle Fuel Q

11.3A1.2 CN
comply with th

11.3A.1.3 Th
cargo, direct s

11.3A.1.4 Th
members, bod

11.3A.1.5 SH
shield and the
container.

11.3A.2 Fue

11.3A21 Ri

containers

fuel container shall comply with the standard for Compréssed Natural Gas F
ral Motor Vehicle Safety Standard 304 and the standard for Compressed
ontainers, ANSI NGV 2.

| fuel container and mounting assembly shall"be secured in place on the ve
e requirements in the Container Load Test, Section 26.

Linlight, and exhaust heat.

e CN container shall be positioned to prevent contact with truck components
y panels, brake lines and’so forth that can lead to container fretting or abrasior

ields, if provided,-Shall be installed in a manner that prevents direct contac
fuel container and-the trapping of solid materials or liquids between the shiel

lines and'fittings

uel Container
Natural Gas

hicle so as to

e CN container shall be protected from damage from road hazards, loading and unloading

such as frame
over time.

between the
d and the fuel

pid fuel lines shall comply with the Standard for Fuel System Components fol

Compressed

Natural Gas P

owered Venhicles, COANGVo.T.

11.3A.2.2 Flexible fuel lines shall comply with the Standard for Hoses for Natural Gas Vehicles and
Dispensing Systems, ANSI/IAS NGV 4.2.

11.3A.2.3 When the fueling connection is separate of the CN fuel container, the connection shall
withstand a force of 150 Ibs. when tested in the load directions in Figure 26.1.

11.5 Vaporizers

Relocated to 11.2A.3

11.6 Safety-control and -relief devices

Relocated to 11.2A.4
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11.7 Nonmetallic parts

Deleted
11.8 Corrosion resistance

Deleted

12 Air Conditioning and Heating Systems

12.1

Refrigerant lines shall be routed to avoid operator exposure in the case of rupture.

Exception: Ligies are not required to be protected from operator exposure if the componen

evaluated for

12.2 Refrigq
frame or engi
operator or by

hydrostatic characteristics defined in the Standard for Room Air Conditioners,

rant lines shall be routed to avoid damage during operation. Lines.installed
he compartment shall have provisions to prevent coolant or reffigerant from
standers in case of failure.

12.3 Adequate pressure relief shall be located on the refrigerationsystem in case t

Acceptable p
refrigerant to
relief device §

TYPES GS, [

ressure relief would be the use of rubber hoses that>would melt in a fire
be released. If metal tubing with metal fittings are‘uséd, an appropriate refrig
hall be used.

S, LPS, AND CNS

13 Electrical Systems

13.1 The elg

13.2  Wiring
connected to

13.3 Individ
for the tempe

13.4 Reusa

ctrical system shall comply with*8.1 — 8.8 and 13.2 - 13.9

terminals shall be protected by insulating boots or covers, unless they ar
ground on the truck frame when the truck is in operating condition.

hal insulating boots shall be tight-fitting, completely enclose the terminal, and
atures to which-they are exposed.

s are properly
UL 484.

external to the
contacting the

here is a fire.
and allow the
brant pressure

e intentionally

be acceptable

ble type‘boots shall be provided on other than crimped, soldered, or riveted terminals.

13.5 Covers

employed in lieu of insulating boots shall be of metal or equivalent materi

al. Among the

factors taken into consideration are:

a) Mechanical strength,

b) Resistance to impact,

c) Moisture-absorptive properties,

d) Flammability, and

e) Resistance to distortion at temperatures to which the material is subjected under conditions of

norma

| or abnormal usage.
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13.6 Spacings between positive terminals and metallic enclosures employed in lieu of boots shall be a
minimum of 1/2 inch (12.7 mm) or be separated by a nonconductive material not less than 1/32 inch (0.8
mm) thick that cannot be removed during normal operation or servicing.

13.7 Those portions of a component such as an alternator, motor, switch, relay, etc., which emit sparks
shall be totally enclosed.

13.8 When a nonmetallic enclosure is used to comply with 13.7, the enclosure shall comply with the
following requirements in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations,
UL 746C, Path II:

a) Material that complies with the 20 mm Flame Test.

Exceptfon: Material with a flammability rating no less than V-1.
b) Mol Stress Relief.
¢) Imp3act Resistance
Exceptjon: When a component is determined to be suitably protected’from incidentalimpact during
use anfl servicing.
13.9 A mangal-disconnect switch readily accessible to the ©pefator when in his norgal operating
position shall pe installed in the battery and charging circuits:to' permit quick disconnect jn case of an
electrical distupbance.
14 Exhaust Systems
14.1 The exhaust system shall comply with 14.2.+"14.5 in addition to Exhaust Systems, Segtion 9.
14.2 The ex:Laust piping shall be formed-0f material having strength, rigidity, and resistance to corrosion
equivalent to rnild-steel tubing having a minimum thickness of 0.053 inch (1.3 mm). When gxhaust piping

is of multi-wall|construction, one wall shall be formed of a solid metallic construction.

Exception: A g
mm) thick, bu
truck, and con

14.3 A muffl
welded or crirj

orrosion resistant.material, such as stainless steel, if used, may be less than (
t no less than 0-:015 inch (0.4 mm) thick. It shall also be protected within th
ply with the’Exhaust System Test, Section 25.

.053 inch (1.3
e body of the

br, catalytic converter, diesel particulate filter, or other after-treatment devic
ped'seam steel construction, using single or multi-wall material having a mini

7\

e, shall be of

nrum thickness

of 0.053 inch (

O TiTs

Exception: A corrosion resistant material, such as stainless steel, if used, may be less than 0.053 inch (1.3
mm) thick, but no less than 0.015 inch (0.4 mm) thick. It shall also be protected within the body of the
truck, and comply with the Exhaust System Test, Section 25.

14.4 An aspirator shall be of metal and have a backfire deflector securely connected to the fresh-air
intake. The backfire deflector shall prevent the passage of flame during backfire conditions and shall be so
located that, in the event its fastening means loosens, it shall remain securely connected to the air intake
system.

14.5 The exhaust system shall conform with the test requirements of the Exhaust System Test, Section
25.
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15 Fuel Systems — Gasoline and Diesel

15.1 The fuel system shall comply with Fuel Systems, Section 10, with the exceptions and additions
detailed in 15.2 — 15.6.

15.2 A fuel tank shall be constructed of painted mild steel having a minimum thickness of 0.053 inch (1.3
mm) or material equivalent in strength, rigidity, and resistance to fire and corrosion. The joints shall be
welded, brazed, soldered or bonded. If soldered or bonded, the joints shall be of a construction that will
retain the heads if the solder or bonding melts. Fittings and fill pipe, if soldered or bonded, shall be
mechanically secured to the tank in addition to soldering or bonding.

15.3 The fuel tank shall have sufficient capacity for 8 hours of operation or shall have a reserve fuel
supply valved from the main tank for emergency operation. See Fuel-Consumption Test, Se¢tion 24.

15.4 A valve employed for switching from a main fuel supply to a reserve ‘fuel sypply shall be
permanently @and legibly marked with the function of each valve-lever position.

15.5 A hand-priming pump, or equivalent, shall be provided on Type DS and.DY trucks to gssure delivery
of fuel to the ipjector pump when restarting after the fuel supply has beenexhausted.

15.6 A self-¢losing type fill and vent fitting shall be provided. A fuelygauge of low-level indicator visible to
the operator ghall be provided.

TYPES G/LP|G/CN, GS/LPS, AND GS/CNS
16 General
16.1 Types (5/LP and G/CN industrial trucks shall comply with Sections 8 — 11, inclusive and Section 17.

16.2 Types [GS/LPS and GS/CNS industrial trucks shall comply with Sections 11 — 15, inclusive and
Section 17.

17 Fuel System
171 General

17.1.1  The gasoline-tank shall be provided with a self-closing type fill and vent fitting provided with a
means to locH it in.the closed position in order to prevent accidental opening.

Exception: The fill cap for Type G/LP and G/CN trucks may be of the threaded type with a suitable gasket
which is retained by a chain or other suitable means.

17.1.2 A gasoline fuel gauge shall be provided, visible to the operator during normal operation of the
vehicle, and a permanent marking shall be located near the fuel gauge indicating one of the following (as
applicable):

a) Gasoline tank must be at least one-quarter full when operating on LP-Gas.

b) Gasoline tank must be at least one-quarter full when operating on CN-Gas.

17.1.3 A shutoff means designed for use with gasoline shall be located between the fuel pump and the
intake. The fuel line between the shutoff means and the fuel pump shall be kept as short as possible.
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17.2 Gasoline and LP-gas components

17.2.1 Deleted

17.3 LP and CN-gas fuel system

17.3.1  Industrial trucks not employing permanently mounted LP-Gas fuel containers shall be provided
with a storage means for the female portion of the LP-Gas quick-connect coupling for use when the truck
is operated without the LP-Gas fuel container. The storage means shall be permanently mounted and so
located that the quick-connect coupling and associated hose are maintained within the plan form of the

vehicle. The storage means shall also prevent the accumulation of dirt and debris within the coupling.

17.3.2 Delet

17.3.3 A shit-off means designated for use with LP or CN-Gas shall be located bety

container and
short as possi

17.4 Fuel ch

17.4.1 A fue
except for the

17.4.2 The d
selection of e

permanently marked with its function.

1743 Thec

1744 Ape
with the one o

a) "CA
no spill

b) "CA
no spill

Exception: Th

D

d

the vaporizer. The fuel line between the shutoff means and the vaporizer sh
ple. The automatic shut-off valve required by 11.2A.4.1 meets the'intent of this

angeover — gasoline carburetor and LP or CN air valve

changeover means shall be provided that prevents)operation of both fuel
fuel remaining in the common fuel system components at the time of changeoy

hangeover control shall provide a three-way; selector means or device provig
ach of the fuels plus a position where<both fuels are shut off. Each pos

hangeover control shall be located so that it is readily accessible to the operatg

'manent marking place lo¢ated on or adjacent to the changeover control sha
the following statements:

age of liquid fuel from the carburetor float system.”

Age of liquid fuel from the carburetor float system."

s.dees not apply to EFI (electronic fuel injection) systems.

veen the fuel
all be kept as
requirement.

5 at one time
er.

ing individual
ition shall be

o

| be provided

UTION — Flammable:liquids. When switching from LP-Gas to liquid fuel, be sure that there is

UTION — Flammabile liquids. When switching from CN-Gas to liquid fuel, be sure that there is

17.5 Fuel changeover — gasoline fuel injection and LP or CN air valve

17.5.1

A fuel changeover means shall be provided that prevents operation of both fuels at one time

except for the fuel remaining in the common fuel system components at the time of changeover.

17.5.2 The changeover control shall provide a three-way selector means or device providing individual
selection of each of the fuels, plus a position where both fuels are shut off. Each position shall be
permanently marked with its function.

17.5.3 The changeover control shall be located so that it is readily accessible to the operator.
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17.6 Fuel changeover — gasoline fuel injection and electronically controlled LP or CN air valve

17.6.1 A fuel changeover means shall be provided that prevents operation of both fuels at one time
except for the fuel remaining in the common fuel system components at the time of changeover.

17.6.2 The changeover control shall provide a two-way selector means or device providing individual
selection of each of the fuels. Each position shall be permanently marked with its function.

17.6.2.1 The changeover control shall be located so that it is readily accessible to the operator.

17.6.3 If the changeover control is located outside of the engine compartment and is located within an
low voltage imi ircui i i itch — Fuel, are not
applicable.

17.7 Fuel changeover — gasoline and LP fuel injection
17.7.1 A fuel changeover means shall be provided that prevents operation of beth fuels at pne time.

17.7.2 The ghangeover control shall provide a two-way selector means or device proviging individual
selection of eqch of the fuels. Each position shall be permanently marked with its function.

17.7.3 The ¢hangeover control shall be located so that it is readily accessible to the operatpr.

17.7.4 If theg changeover control is located outside of the engine compartment and is logated within an
low voltage dnd limited power circuit, the tests in Section 30, Changeover Switch — Dual Fuel, are not
applicable.

TYPE DY
18 Electrical Systems
18.1  No elegtrical wiring or components shall be employed on Type DY trucks.

18.2 Static grounding straps-or electrically conductive wheels and tires shall be employef to discharge
any build-up qf static electricity.

18.3 All wheels shall be rubber-tired or constructed of nonsparking material. At least|two tires and
wheels shall e constructed of electrically conductive material, or equivalent static-dischargé¢ devices shall
be provided_ Nornmetallic conductive tires and wheels shall have a resistance of not mord than 250,000

ohms when measured between the wheel hub and a metal plate on which the wheel rests.

18.4 Nonmetallic conductive tires shall conform with the requirements for nonmetallic conductive tires in
the Standard for Electric-Battery-Powered Industrial Trucks, UL 583.

18.5 |If required, a minimum of two static grounding strips shall be used and shall have equivalent static
discharge properties as referenced in 18.3.

19 Exhaust Systems
19.1 The exhaust system shall comply with Exhaust Systems, Section 14 and with 19.2 and 19.3.

19.2 The exhaust system shall also comply with the temperature limitations specified in Temperature
Limitations, Section 21.
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19.3 Gaskets employed in the exhaust system shall be of metal construction. Asbestos gaskets with a
metal exterior covering are also acceptable.

20 Fuel Systems
20.1 The fuel system shall comply with Fuel Systems — Gasoline and Diesel, Section 15 and with 20.2.

20.2 Excess fuel drainage shall be confined within the fuel system with the exception of possible spillage
of fuel at the fuel fill which shall be as indicated in Fuel Systems — Gasoline and Diesel, Section 10.

21 Temperature Limitations

21.1 Al surfslaces, including the exhaust system and brake drums, exposed to the atmosphere shall be
limited to a mgximum temperature of 175°C (347°F) based on a 25°C (77°F) ambient temperpture.

21.2 Temperpture tests, except the brake-heating test, are to be conducted asispecified in temperature
tests.

21.3 Brake-heating tests are to be conducted as specified in temperature tests except the|truck is to be
loaded to ratgd capacity, operated over a 400 foot (121 m) course/and stopped abruptly levery 50 feet
(15.2 m). The [test shall be continued until constant temperatures.are reached on the exterrfal surfaces of
the brake drums. The brakes shall not ignite or emit flame or hot particles.

22 Temperature Cutoffs

221 If temperature-limiting cutoffs are employeditas a temperature-limiting device, they shall be
investigated.

22.2 The factors involved in determining the acceptability of a temperature-limiting cutoff arg as follows:
a) The pwitch functions as intended for 100,000 cycles.
b) The femperature setting:ef'the switch is permanently sealed after final adjustment.
c) Faildre of the switch-shall leave it in the open position.

d) The|safety méchanism must be completely enclosed and the enclosure provided with a locking
means|to prevent overriding of the device or starting of the truck after the device hag tripped. The
use of prdinary hand tools is not considered to be an effective locking means.

e) A warning plate shall be installed on or near the reset Tever with a warning o indicate that only
authorized personnel are to reset the cutoff device.

22.3 If a water muffler, or water-filled exhaust system jacket is employed, a temperature-limiting cutoff
shall be employed. This cutoff shall stop the engine before the exhaust system reaches 175°C (347°F)
based on a 25°C (77°F) ambient temperature when tested in accordance with Temperature Tests, Section
23.


https://ulnorm.com/api/?name=UL 558 2021.pdf

OCTOBER 22, 2021 UL 558 23

PERFORMANCE - ALLTYPES
23 Temperature Tests

23.1 General

23.1.1 The materials employed in the construction of an industrial truck shall not be damaged by the
temperatures attained during operation under the conditions of maximum rated load and under the
conditions of overload maintained for a short period of time. The maximum temperature of any flammable
material or electrical insulation shall not exceed 175°C (347°F); the maximum temperature of gasoline and
diesel fuel in a tank shall not exceed 75°C (167°F); and the maximum pressure registered in an LP-Gas
container shall not exceed 80 percent of the design working pressure of an ASME fuel container and 120

percent of th
temperature
continued u
when reading
3°C (5°F).

23.1.2 Com
the conditions

23.1.3 Test
permitted to b

23.1.4 The fest course for a truck other than as mentioned in 23.1.5 is to include a ramp

the ramp is t
percentage fq
minimum gra
(1.22 m).

2315 Atru
testedonale

23.1.6 The temperature of the.ambient air is not to be less than 10°C (50°F) nor more than

23.1.7 Oper
of the air at th

23.1.8 Truch

I
jﬁ constant temperatures have been reached. A temperature is considered

minimum service pressure of a DOT fuel container. If the test is conducted
ss than 25°C (77°F), the maximum temperature is adjusted accordingly.|Th

5 taken during any continuous 1 hour period of the test indicate an.increase o

bliance of a truck with the requirements of 23.1.1 is to becdetermined by ope
of operation as defined in 23.1.3 — 23.3.1 for the specific types of trucks indica

courses are to be smoothly paved with asphalt,/concrete, or brick. A wd
e employed for ramps or other portions of the testcourse.

b be a minimum of 40 ft (12.19 m) long.“The grade of the ramp is to be 1
r which the truck is designed to ascend. For trucks designed to ascend less
je of the ramp is 1 percent. The total rise of a 10 percent ramp shall not be

ck designed for operation on a level surface and marked in accordance with
vel test course.

ating temperatures measured at any one time are to be related to the ambie
e same(time and location.

s, employing water jacketed components to limit surface temperature a

at an ambient
e test is to be
0 be constant
no more than

rating it under
ted.

od flooring is

The length of
) percent or a
er grades, the

less than 4 ft

43.2 is to be

40°C (104°F).

ht temperature

L

=]

required by

Temperature

mitations,—Sectiom 21, shattbetested—withthecomponents—fittedto—vario

us levels from

empty to completely filled. If a temperature cutoff is employed, it shall be connected for this test.

23.2 Fork and platform trucks

23.2.1

The test course is to be 200 feet (61 m) long. The truck is to be operated over this course while

hauling its full rated load. At the end of the course, the truck is to be turned at right angles, the load raised
to full height, and then lowered to the hauling position. The truck is then to be returned to the starting point,
where the load is again to be raised and lowered and deposited at right angles to the test course. The
truck is then to be operated over the same course with no load and, at the end of the course, the forks (or
platform) are to be raised to full height and lowered. The truck is then to be returned to the starting
position, and the load picked up. These runs are then to be repeated, alternating between loaded and
unloaded trips. The vehicle is to travel at the maximum safe practical speed.
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23.3 Load-carrying trucks

23.3.1 The test course is to be any convenient length over 200 feet (61 m). If the length exceeds 300 feet
(91 m), the truck is to be stopped and started at intervals of approximately 200 feet. It is to be negotiated
not less than six times per hour. The truck is to carry its rated load. The test is to be conducted in such a
manner that the truck is in motion approximately 80 percent of the time.

23.3.2 Two loads are to be provided for a tractor, consisting of two trains of trailers or trailing vehicles.
One of the trains is to be loaded to such capacity as to require a draw-bar pull of the tractor. The other train
is to consist of empty trailers equal in number to the loaded train. The tractor is to be operated over the test
course pulling the loaded train of trailers and returning to the starting point, at which point the loaded train
is to be uncoupled. The empty train is then to be coupled to the tractor and pulled over the same course.
This cycle is tq be repeated, alternating between loaded and unloaded trailers, allowing time|at the starting
point for normpl coupling and uncoupling operations. If the length of the test course exceeds 300 feet (91
m), the truck i$ to be stopped and started at intervals of approximately 200 feet (61 m)-The|test course is

to be negotiat

23.3.3 Imme
additional 1 m
maximum dra
each compone

24 Fuel-Con

24.1 The rat
maximum rate
an 8-hour peri

24.2 The fug
Type GS, DS,
for this purpg
calculated. Th
fuel-consumpf]

25 Exhaust
25.1

2511 Theeg

General

d not less than 6 times per hour.

diately after taking the final temperature readings, the tractor, is to be op
nute against a bumping post or other obstruction. This action.is to cause the t

nt shall not exceed 175°C (347°F).
sumption Test

p of fuel consumption, based on a 2-hour~{ést period of operation under the
d load, shall be such that the fuel supply, for a Type GS, DS, or DY truck will b
pd of operation.

| tank or container is to be filled:to’ capacity prior to the start of each test. The
or DY truck is to be again filled-to capacity at the end of the test period, the an
Se is to be accurately measured, and the fuel depletion for an 8-hour pe
e appropriate test courses’described for the temperature test are to be used f
on tests.

Xhaust system shall be tested with the maximum displacement engine.

erated for an
ractor to exert

v-bar pull. During this additional 1-minute period, the enclosure surface tefnperatures of

conditions of
e sufficient for

fuel tank for a
ount required
riod is to be
or conducting

System Test—Type G, GS, DS, LP, CN, LPS, CNS, G/LP, G/CN, GS/LPS, and GS/CNS

25.1.2 The engine is to be continuously operated until the truck is in a heated state. This state is
assumed to have been reached when the exhaust manifold has been heated to approximately 315°C
(600°F).

Exception: If the exhaust manifold temperature of 315°C (600°F) can’t be reached, the engine shall be
operated for no less than 10 minutes.

25.1.3 Ten backfires are to be obtained by alternately racing and idling the engine. An auxiliary spark
plug may be installed as close as possible to the exhaust manifold. The spark plug shall be connected to a
spark coil which can be energized from a battery through a momentary contact switch, to assist in creating
a backfire in the following conditions:

a) The spark timing is to be advanced;
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b) Spa

rk plug leads are to be interchanged; or

¢) The ignition switch is to be operated to alternately energize and de-energize the ignition system,
or a switch can be added to the ground circuit leading directly to the coil to alternately energize and
de-energize the ignition system.

Exception: If it is determined that the conditions above do not result in a backfire, the Exhaust System Test
for Types G, LP, CN, G/LP, and G/CN can be waived.

251.4

possible to the output of the turbo charger.

If an exhaust turbo charger is utilized, the standpipe arrangement may be mounted as close as

25.2 Types

25.21 The
backfire as de

25.3 Types

2531 Ane
prevent the e
waste under
into the exhal

G, LP, and G/LP

exhaust system including the muffler and tailpipe shall not rupture)under
scribed in 25.1.

GS, DS, LPS, GS/LPS and DY

Khaust system including the after-treatment device and tailpipe, shall not rug
mission of flame or sparks so as to cause charring, smoldering, or ignition of 4
conditions of backfire as described in 25.1 with th€/introduction of spark-prod
st system.

Exception: A
of a system
the heated p

25.3.2 A valye and standpipe arrangement is:to be mounted as close as possible to the ex
so that heated carbon particles can be introduced into the exhaust system while the engine

The standpip

Exception: If 4n exhaust turbo charger is utilized, the standpipe arrangement may be mount

possible to th

25.3.3 The fests are to be conducted in the following manner. Ten-gram samples of Me

graded by sif
heated to inca
the valve.

Hiesel engine powered truck equipped with@:wall-flow diesel particulate filter a
eeting EPA diesel exhaust emission requirements of 40 CFR 1039 shall be ¢
icle test.

is to be equipped with acap.

b output of the turbo charger.

e and_weight as described in 25.3.4, or Cummings-Moore Grade 9C8 grap

conditions of

ture and shall
nmilled cotton
ucing material

5 a component
xempted from

haust manifold
s in operation.

ed as close as

ican graphite,
hite, are to be

ndescence The heated particles are then to be dropped into the exhaust stream by opening

25.3.4 The Mexican graphite is to be graded in accordance with Table 25.1 using:

a) A single-eccentric-type mechanical shaker that imparts to the sieves a rotary motion and tapping
action at a uniform speed of 300 +15 gyrations and 150 £10 taps of the striker per minute and;

b)U.S

(A. Standard sieves.
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Table 25.1
Graphite size
Sieve size, ASTM E11
Passed by Retained by Percent retained (dry weight)

4 8 10

8 16 20

16 30 30

30 40 30

40 Pan 10
25.3.5 Targe}s are to be constructed by hand packing unmilled cotton waste into a wood,frame 2 £0.25 ft
(610 £76 mm) square and 4 +0.5 in (102 13 mm) deep. The frame is to be backed by)expanded metal

with the cotton

25.3.6 Tests
tailpipe. When
from the exit

location affect

25.3.7 The target is to be removed briefly from the test areas throughout the test series and

evidence of bu

Exception: If
carbon patrticlg
speed for no 14

26 LP-Gas (

26.1 An LP-
without visible
container.

26.1.1  An C)
without visible
container.

26.2 For this

held in place by poultry netting over the front.

are to be conducted using a target positioned 6 +0.5 in (152 +13.mm) from
the exhaust system design does not allow the target to be placed at 6 £0.5 in
bf the tailpipe, the target shall be positioned flush against'the exterior of th
bd to the greatest degree by the direction of the exhaust.

rning or smoldering particles.

{ is determined that the conditions in 25.4:3 do not result in a backfire, the
bs shall be introducted into the exhaust.,gases while racing the engine at ma
ss 10 seconds.

fontainer Bracket Load Test +~Types LP, LPS, G/LP, and GS/LPS

5as fuel container shall be\secured in place on the vehicle in a manner that
permanent deformation, 1oadings in any direction equal to four times the filled

N-Gas fuel container shall be secured in place on the vehicle in a manner that
permanent deformation, loadings in any direction equal to eight times the filleg

testithe container is to be empty of fuel and is to be secured in the manner ¢

he exit of the
152 +13 mm)
e truck at the

examined for

n the heated

imum engine

will withstand,

weight of the

Wwill withstand,
weight of the

overed by the

motrotinne | Ao o arn $tn hna S~ B an oconvuaninnt maoannAr ~Aon
HRStFHEeHeRS:

manufacturer'

Hav=1 ad
OOty o arC O~ oCappPnCU—iT ary COrmverert harmicr—oap

able of being

measured by gauges or weights. The load shall be applied in no less than the six directions shown Figure
26.1, as applicable to the design.

Exception: When a design incorporates a swing-out, swing-down, or other similar construction, the load
directions shall be adjusted accordingly to demonstrate compliance.
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Figure 26.1

Load Directions

Up Forward

A

leff - == _Right

Backward Down

qu0001

AUTOMOTIVE-TYPE COMPONENTS
CONSTRUCTION
27 Electrically Operated Fuel Pumps

27.1 An eleptrically operated fuel pump shall be provided with a mounting bracket of provision for
mounting bolts as an integral part of the assembly.

27.2 When the caseand other component materials, of a fuel pump located outside of the fuel tank, are
of metal and gre:notinherently resistant to corrosion, it shall be plated with:

a) Zinc having a thickness of not less than 0.0005 inch (0.013 mm), or

b) A coating, other than zinc may be used that provides protection against corrosion at least
equivalent to sheet steel having a zinc coating on each surface as specified in (a).

Exception: Parts where threads constitute the major portion of the area, the thickness of the zinc plating,
or equivalent, shall not be less than 0.00015 inch (0.0038 mm).

27.3 When the case or other external components, of a fuel pump located outside of the fuel tank, are
non-metallic, tests described in 10.3 and the following requirements in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C, under Path Il shall be conducted:

a) 20 mm (3/4 inch) flame test;

Exception: Material having a flammability rating of V-1 or better.
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b) The end use shall not exceed the Relative Thermal Index for that material. If a material is used
that is not described in the Standard for Polymeric Materials — Long Term Property Evaluations, UL
746B, then thermal aging may be necessary;

¢) Impact Test; and

d) Mold-Stress Relief Distortion Test.

27.4 The fuel-containing portion of the pump shall be separated from the electrical compartment or
components by metal partitions secured and sealed using soldered, welded, or brazed joints, or the pump
assembly shall conform to the requirements of the Explosion Test, Section 35.

27.5 Vent hg
pump is separ

27.6 Electric
as constructeg

28 Filland

28.1 Aself-c
in order to pre

28.2 A venti
pressure desc|

28.3 A fitting
Nonductile (re

1 n 1 i el (i ) 1 fya Il 1 I} ) £ 1 P
IS 4dIT U DT PruviuUTU TUT UI1T TITUUITLAl TITUIUSUTT WIITTTT T TUTT=LUTILAITTITTY

hted from the electrical compartment as described in 27.3.

bl connections shall be threaded terminal posts, spade type, or integral'insulg
per Section 8.

ent Fittings — Self-Closing Type — Types GS, DS, GS/LPS; and GS/CNS

osing type fill and vent fitting shall be provided with a.fgeans to lock it in the ¢
ent accidental opening.

ng orifice in the fitting shall have a diameter capable of venting when sul
Fibed in 32.3. Fuel shall not escape through.the vent during the Temperature Te

shall be made of 380 aluminum brass;bronze, steel, or malleable or modular
jular grey iron) cast iron shall not be,used.

28.4 A ferroyis metal part shall be provided with a protective coating of zinc plating to re

Paint is not co

28.5 Zinc plg
threads consti
less than 0.00

Exception: A
equivalent to 3

nsidered sufficient protection:

ting shall have a thickness of not less than 0.0005 inch (0.013 mm), except 0
ute the major poftion of the area, in which case the thickness of the zinc platir
D15 inch (0.0038.mm).

coatingcother than zinc may be used that provides protection against corr
heetsste€l having a coating on each surface as specified in 28.5.

28.6 Gasket

ortion of the

ted lead wire,

osed position

jected to the

st

iron castings.

bist corrosion.

h parts where
g shall be not

bsion at least

rocictantta tha oatias ~F
TeSIoStar it o tIcactorT Ot

29 Manual-Disconnect Switches

29.1

and/or disconnect the field circuit of a generator or alternator.

29.2 All arcing parts shall be totally enclosed.

A disconnect switch shall be designed to manually disconnect the battery from the electrical circuit

29.3 Terminals and terminal construction shall be of such size and shape as to provide the necessary
capacity and mechanical support for the conductors connected to them. Terminals employing a threaded
screw or bolt for securing the conducting lug to a terminal plate shall provide a minimum of two full threads
in the metal.
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29.4 A disconnect switch is permitted to employ an indicator light, in which case it shall be separately
fused. A fuse employed shall comply with the requirements of the Standard for Electric Fuses, ANSI/SAE

J554.

29.5 A switch shall be designated for and marked with a minimum electrical rating, as follows:

Continuous: 40 amp, 6 v, dc

Moment

20 amp, 12 v, dc
ary: 250 amp, 6 v, dc
125 amp, 12 v, dc

29.6 The as|

29.7 The en
accordance w

29.8 Among
nonmetallic e

a) The
b) Reg
c) Moi
d) Flar

f) Res
of usa

29.9 Spacin

a) 1/8
live p3
other t

b) 1/31
parts ¢

sembly shall be capable of resisting the effects of vibration. See 31.2.1,

closure shall be of metal, molded-phenolic composition, or equivalent materi
ith 29.8.

the factors that are to be taken into consideration when judging the eq
nclosure are:

mechanical strength,
istance to impact,
sture-absorptive properties,
hmability, and

stance to distortion at temperatures to which the material is subjected under
je.

ps shall not be less than-those indicated below:

rt and an uninsulated live part of opposite polarity, an uninsulated grounded d
han the enclosure, or exposed dead part that is isolated (insulated).

P inch=(0:8 mm) through air and 1/16 inch (1.6 mm) over surface between sar
n opposite sides of a switching mechanism, except at contact point.

h| evaluated in

livalency of a

any conditions

inch (3.2 mm) threugh air or oil, or 1/4 inch (6.4 mm) over surface between an uninsulated

ead metal part

ne polarity live

c) 1/4 inch shortest distance between wiring terminals, regardless of polarity, between a wiring
terminal and a grounded dead metal part (including the enclosure) and between any uninsulated

live pa

rts and the walls of a metal enclosure.

29.10 The spacings between an uninsulated live part and the walls of a metal enclosure shall comply
with 29.9 after the enclosure is subjected to the impact test in 29.11.

29.11 Each side of an enclosure is to be subjected to two impacts of 5 foot-pound-force (6.8 J). The
impact is to be produced by dropping a steel sphere, 2 inches (50.8 mm) in diameter and weighing 1.18

pounds-mass

(0.54 kg), through a vertical distance of 51 inches (1.3 m).
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30 Changeover Switch — Dual Fuel

30.1 Terminals and terminal construction shall be of such size and shape as to provide the necessary
capacity and mechanical support for the conductors connected to them. Terminals employing a threaded
screw or bolt for securing the conducting lug to a terminal plate shall provide a minimum of two full threads
in the metal.

30.2 The assembly shall be capable of resisting the effects of vibration. See 31.2.1.

30.3 The enclosure shall be of metal, molded-phenolic composition, or equivalent material evaluated in
accordance with 30.4.

30.4 Among
nonmetallic en

the factors which are to be taken into consideration when judging the equ
closure are:

ivalency of a

a) Mechanical strength,

b) Resistance to impact,
c) Moisture-absorptive properties,

d) Flampmability, and

e) Res
of usag

30.5 The sw
excessive pitti

30.6 The as{

30.7 Spacing
between unin

stance to distortion at temperatures to which thé.material is subjected under 3
e.

tch assembly shall function as intended and the contacts shall not weld tog
ng when operated for 6000 cycles at the electrical load it is intended to control.

embly shall comply with the Dielectric Voltage-Withstand Test, Section 33.

s through air and over(surfaces between uninsulated live parts of opposits
sulated live parts and* dead metal parts that are likely to become energiz

ny conditions

ether or show

polarity, and
ed shall be a

minimum of 3/p4 inch (1.2 mm).

PERFORMANCE

31 Vibration Tests

31.1 Electri¢ fuel pumps

31.1.1 A pump located outside of the fuel tank shall withstand the test described in 31.4 and shall
operate without developing leaks, cracks, and the like, and without increasing the risk of fire or injury to
persons.

31.1.2 The pump and all components, with the manufacturer's recommended fuel line attached, is to be
mounted on a vibration machine so as to simulate as closely as possible an actual installation. The means
used for such mounting shall be sufficiently rigid to preclude resonant frequencies of the mounting means.

31.2 Mechanical-disconnect switches

31.2.1 A mechanical-disconnect switch shall be capable of maintaining a closed circuit and shall not
become loosened from its mounting, be otherwise damaged, or become inoperable, when subjected to 8
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hours of vibration at an amplitude of 0.2 inch (5.1 mm) from its most vulnerable mounting position, at the
frequency that produces maximum resonance.

31.3 Fuelfilters

31.3.1 A fuel filter located outside of the fuel tank shall not become loosened from its mounting or be
otherwise damaged from its normal mounting position under the conditions described in 31.4.1.

31.4 Test method

31.4.1 The sample shall be subjected to variable frequency vibration along each of three axes
(horizontal, lateral, and vertical) for 8 hours in each plane (24 hours total) at a peak-to-peak amplitude of
0.040 £0.001]inches (1.3 £0.00004 mm). The frequency of vibration is to be continuous]y varied, at a
uniform rate, {rom 10 to 60 to 10 hertz every 4 minutes.

31.4.2 For this test, peak-to-peak amplitude is defined as the maximum displacemen{ of sinusoidal
motion (total table displacement).

31.5 Metallic tube fitting vibration test
31.5.1 Deleted
31.5.2 Deleted
31.5.3 Deleted
31.5.4 Deleted

31.5.5 Deleted

Figure 31.1
Figure deleted

Figure 31.2

Vibration test setup
Figure deleted

31.5.6 Deleted
32 Endurance Tests
32.1 Electric fuel pumps

32.1.1 An electric fuel pump shall deliver its rated output without overheating or evidence of damage
when continuously operated for a period of 800 hours.

32.1.2 The pump is to be mounted in its normal position and connected to exert a constant suction lift
established at the maximum recommended by the manufacturer. During the test, the discharge pressure is
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to be varied within the range recommended by the manufacturer, but in a manner to provide operation for
400 hours at the maximum discharge pressure and at the manufacturer's rated voltage.

32.1.3 At other periods throughout the test, the impressed voltage is to be varied between 90 and 110

percent of the

manufacturer's rated voltage.

32.2 Mechanical disconnect switches

32.2.1

A mechanical-disconnect switch shall be capable of opening and closing a 40 ampere, 6 volt

direct-current load across the battery disconnect contacts and a 5 ampere load across the field contacts, if
furnished, throughout 4000 cycles of operation, where each cycle of operation consists of 1 second with

contacts close
32.3 Filland

32.3.1 A self
shall prevent v

32.3.2 Atlea
subjected to ¢
operated throu

32.3.3 Folloy
fitted with a pri
The tank is to
associated wit
be observed b
water solution

33 Dielectri

33.1 An eled
without breakd
dead metal pa

d and 5 seconds with contacts open.

vent fittings

Lclosing fill and vent fitting shall, following 100,000 cycles of opening-and clos|
enting up to a positive pressure of 3.5 psi (24.5 kPa).

st two samples of each style and size of fittings are to be mounted to a cycling
ontinuous operation. One cycle is considered to be one“opening and closi
gh the full travel limits of its attachment arm.

ving 100,000 cycles of operation, the samples.are to be mounted on a simul
bssure gauge having ranges exceeding the yalues specified in 32.3.1 by at leg
be gradually subjected to air pressure and ebservations made of the positive
h the operation of the fittings. The startto-discharge pressure of the fill-cap 3
y identifying bubbling while immersing the assembly in water or by employin
to the vent outlet.

b Voltage-Withstand Test

tric fuel pump assembly and a mechanical-disconnect switch shall withstand
own, the application-of a 60 hertz alternating potential of 500 volts between
Its.

ing of the cap

machine and
hg of the cap

ated fuel tank
st 50 percent.
air pressures
ssembly is to
J a soap-and-

for 1 minute,
live parts and

34 10-Day Moist Ammonia-Air Stress Cracking Test
34.1 Deleteq
34.2 Deleted
Table 34.1
Torque requirements for threaded connections
34.3 Deleted
34.4 Deleted
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35 Explosion Tests

35.1 An electric fuel pump assembly shall not permit the passage of sparks or flame from the interior of
the casing to the outside surrounding atmosphere as the result of exploding a gasoline-air mixture within
the assembly. As an alternative, this test is to be conducted with a propane-air mixture over the range of
3.0 to 7.0 percent concentrations.

35.2 The gasoline used in this investigation is to be a nonleaded petroleum distillate consisting
essentially of aliphatic hydrocarbon compounds. It is to have a specific gravity to 69 degrees, API, at
15.6°C (60°F). The boiling point range of a typical sample of this gasoline, determined by the Standard
Method of Test for Distillation of Petroleum Products, ANSI/ASTM D86, is shown in Table 35.1.

Table 35.1
Result of distillation test of gasoline
Temperature, degrees

Volume distilled, milliliters (o] F

Initial boiling point 48.0 118

5 63.0 145

10 66.0 151

20 70.0 158

30 74.0 165

40 775 172

50 81.5 179

60 85:5 186

70 90.0 194

80 96.0 205

90 106.5 224

95 116.5 242

Endpoint 126.5 260
ReCoVEry, MIMETEIS. ... .. e B ettt ettt e ettt e et e e e e et e e e beeeeneeeeanseaesnnneeensseessnneeeenseeafaneeeans 98.5
Residue, MUIITErS. ..o . et e 1.0
Distillation{loss, MIllITErs, .. 0 ec..iiiiiii e e 0.5

Barometriq pressure, MIMETErs HO.........ooiii ettt e et e e ae e e sneeeenes ...746.5
35.3 For thg explosion tests, the pump is to be installed in a test chamber provided with gas-inlet and
-outlet connecttions_to the pippc r‘nrr\l/ing the m(plnei\/p mixtures. The pump is to be drilled &and tapped for

connection to the inlet and outlet pipes carrying the explosive vapor-air mixture and also is to be tapped for
attachment of the explosion-pressure recording device and spark plugs for ignition.

35.4 The explosive vapor-air mixture is to be allowed to flow into each enclosure and the surrounding
test chamber until all of the original air has been displaced. Samples then are to be taken for analysis from
the test chamber, the enclosure, and the line carrying the explosive vapor-air mixture. The mixture then is
to be fired on the interior of the enclosure either by arcs produced by the device or by a spark from the
spark plug.

35.5 A minimum of ten tests are to be conducted.

35.6 Inthe event that the fuel pump construction is such that an explosion does not occur when tested in
accordance with 35.1 — 35.5, the fuel pump shall be considered acceptable.
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36 Hydrostatic-Strength Test

36.1 An enclosure for an electric fuel pump located outside of the fuel tank shall be capable of
withstanding, without rupture or distortion, a hydrostatic pressure of five times, for a duration of 1 minute,
the maximum pressure recorded during the explosion test.

Exception: A fuel pump that complies with 35.6 is not required to comply with the Hydrostatic-Strength
Test.

36.2 The samples of pumps previously subjected to the explosion test are to be connected to a source of
hydrostatic pressure. A positive shut-off valve and a pressure indicating device are to be installed in the
supplying piping. The pressure indicating device is to be installed in the piping between the shut-off valve
and the test pymp. The pressure indicating device shall comply with one of the following:

a) An analog gauge having a pressure range such that the test pressure is"between 30 and 70
percent of the maximum scale reading of the gauge;

b) A digital pressure transducer, or other digital gauge, that is calibrated-over a range of pressure
that indludes the test pressure; or

c) Othgr device that is equivalent to the devices in (a) or (b).
37 Tube-Fitling Pull Test

37.1 Tubing [and piping shall not pull out of a tube fitting, nor shall the tube fitting ruptdyire, when the
ultimate loads|designated in Table 37.1 are applied axially. to the fitting and its connection.

Table 37.1
Pullstrength test

Tubjng size, outside diameter, inCh (mm) Pull load, pounds-force (kN)

1/8 (3.2) 250 1.1
3/16 (4.8) 400 (1.78
1/4 (6.4) 500 (2.22
5/16 (7.9) 650 (2.89
3/8 (9.5) 800 (3.56
7/16 (11.1) 900 (4.00
12 (12.7) 1000 (4.45
9/16 (14.3) 1250 (5.56)
5/8 (15.9) 1450 (6.45)
3/4 (19.1) 1900 (8.45)
7/8 (22.2) 2400 (10.7)
1 (25.4) 2600 (11.6)
1-1/8 (28.6) 2850 (12.7)
1-1/4 (31.8) 3050 (13.6)
1-3/8 (34.9) 3250 (14.6)
1-1/2 (38.1) 3450 (15.3)
1-5/8 (41.3) 3650 (16.2)

Table 37.1 Continued on Next Page
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Table 37.1 Continued

Tubing size, outside diameter, inch (mm) Pull load, pounds-force (kN)
1-3/4 (44.5) 3850 (17.1)
1-7/8 (47.6) 4050 (18.0)
2 (50.8) 4250 (18.9)

2-1/8 (54.0) 4500 (20.0)
37.2 Two samples of each size fitting are to be used for this test.
37.3 Each ance with the
manufacturerfs instructions, to one of the two fittings to be tested. The tubing shall bel the same as
employed in dervice.
37.4 The female pipe threaded ends of the two sample fittings are to be fittedwith length$ of steel pipe,
exerting the turning efforts designated in Table 34.1. The male threads are to be lubricated with SAE No.
10 machine ¢il prior to assembly. The opposite ends of each section of pipe are to bg arranged for

securing to th

37.5 The load is to be increased at a uniform rate until rupture oCcurs or the tubing or pip

one of the fitti
38 Marking
38.1

38.1.1
samples are
plates are to K

38.1.2 The
following rem
following rem

a) Eag

b) The
panel

General

To d¢termine if a marking plate secured by adhesion is in accordance with 43.6,

e members of a tensile testing machine.

hgs, or the required load is obtained.

LPlate-Adhesion Tests

0 be subjected to the tests.of 38.2.1 — 38.4.1. In each test, three samples
e applied to the same test:surfaces as employed in the intended application.

marking plate is considered to be in accordance with the requirements i
oval from each test'medium and after being exposed to room temperature
bval from each test'medium:

h sampledemonstrates good adhesion and the edges are not curled.

ith'a-flat metal blade 1/16 inch (1.6 mm) thick, held at a right angle to the test

ng pulls out of

representative
bf the marking

f, immediately
for 24 hours

marking plate resists defacement or removal as demonstrated by scraping across the test

panel.

c¢) The printing is legible and is not defeated by rubbing with thumb or finger pressure.

38.2 Oven aging test

38.2.1

temperature of 60°C (140°F) for 240 hours.

38.3

38.3.1

Immersion test

Three samples of the marking plates under test are to be placed in an air oven maintained at a

Three samples of the marking plates are to be placed in a controlled atmosphere maintained at 23

+2°C (72 +3.6°F) with a 50 +5 percent relative humidity for 24 hours. The samples are then to be
immersed in water at a temperature of 23+2°C (72 +3.6°F) for 48 hours.


https://ulnorm.com/api/?name=UL 558 2021.pdf

36 UL 558 OCTOBER 22, 2021

38.4 Standard atmosphere test

38.4.1 Three samples of the test panels are to be placed in a controlled atmosphere maintained at 23
+2°C (72+3.6°F) with 50 +5 percent relative humidity for 72 hours.

39 Backfire Deflector Element Test
39.1 Tests are not required on backfire deflectors employed on diesel engines.

39.2 A dry-type filter element shall be subjected to five consecutive washing and drying cycles. Washing
shall consist of 60 up-down strokes at a rate of approximately one stroke per second, completely
immersing and_remaving the sample from a distilled water bath maintained at 73 +4°F (23 +2°C). The
samples shalll then be allowed to dry for no less than 72 hours. The samples shallnbg dried in an
environment maintained at 73 +4°F (23 £+2°C) and 50 15 percent relative humidity.

39.3 The sidg of the filter media normally exposed to backfire is then to be subjected to a flame source of
sufficient intersity to cause the media to burn or glow. The flame source is then to be removed and an
acceptable filtgr media is not to continue to burn or smolder.

39.4 The flagne employed shall be produced by a 3/8 £1/32 in (9.53 #1 mm) diameter single tube Tirrill
burner. The flame shall be adjusted to a height of 2 £1/32 in (50.8&1, ' mm) and shall be essentially blue in
color with no pppreciable inner cone. Flame impingement shallkbe accomplished by laying the element
horizontally or] a level surface and applying the flame to the side normally exposed to backfire at an angle
forming 45 +% degrees with horizontal. The distance from-the burner orifice to the sa:l:'lple shall be
maintained at [3/4 £1/32 in (19.05 £1 mm). The flame shall-be applied until burning or glowing (red) of the
paper material was evident over an area approximately equal to the burner orifice, but for np more than 5
min, at which point the flame source was removed.

MANUFACTURING AND PRODUCTION TESTS
40 General

40.1 The mgnufacturer shall provide the necessary production control, inspection, and te¢sts that shall
include the tgsts specified in Industrial Trucks, Types LP, LPS, G/LP, and GS/LPS, Sqction 41 and
Industrial Trucks, Type DY, Section 42.

41 Industrial Trucks, Types LP, CN, LPS, CNS, G/LP, G/CN, GS/LPS and GS/CNS

411 The mqnufacturer shall test each industrial truck assembly for leaks of the LPand CN-Gas system.
All fuel-system connections, including the container with associated valves and fittings, shall be tested for
leaks with a soap-and-water or equivalent while the system is under LP or CN-Gas rated pressure. All
leaks detected shall be repaired.

42 Industrial Trucks, Type DY

42.1 The manufacturer shall test each industrial truck employing a temperature-limiting safety cutoff for
proper operation and temperature adjustment of the cutoff.

MARKING
43 Details

43.1 Each industrial truck shall be marked where it will be visible with the following:
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