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1.0 SCOP

1.1 Applicability of Federal Boat Safety Act —- The Electrical System

Standard Test Procedures and the regulation s to which they apply were

issued under  the authori ty of the Federal Boat Safety Act of 1971. “Boat”

as it is defined in the Act inclu des any vessel :

a. Manufactured or used primaril y for noncomme rcial use;

b. Leased 6 rented or chartered to another for the latte r ’s non - .

coniiie rcia l use; or

c. Engaged in the carrying of six or fewer passengers .

1.2 Exceptions -- The Federal Boat Safety Act of 1971 applies to all boats

used on waters subject to the jurisdiction of the United States and on the

high seas beyond the terri torial seas for vessels owned in the United States

except:

a. Forei gn vessels temporari ly using waters subject to United States

jurisdiction ;
b. Military or non-recreational public vessels of the Un i ted States ;

c. Ship ’s lifeboats ; and
d. A vessel whose’ owner is a State or subdivision thereof , which is

used principall y for governmental purposes and which is clearly

i denti fi able as such .

1.3 ~pp1i cabi lity of Electrical Systems Standard -- The Electrical System

Standard for boats and associate d equipment which appears in Subpart I of

Part 183 of Title 33, Code of Federal Regulat ions applies to all boats that

have gasoline engines for electrica l or mechanical power or propu lsion , except

boats that have outboard engines only. :

• 2 .0 PURPOSE -- T he purpose ~f this test procedure is to specify a method

that is acceptable to the United States Coast Guard and the equipment to be

empl oyed in dete rmining whether or not a particular electr ical component is

in compliance with the Electri cal Systems Standard in Subpart I of Part 183

1
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of Title 33, Code of Federal Regulations.

3.0 GLOSSARY OF TERMS

3.1 Actual Installation -— Either (1) the configuration from which a
component or system was removed in order to accomplish the test , or (2)
the configuration for which a component or system is intended to be used.

3.2 CFR -- Code of Federal Regulations

3.3 Clearing Time -- The time as measured from the point of current appli-
cation unti l point of zero current flow (open circuit).

3.4 CO2 -- Carbon Di oxide

3.5 Dual Circuit -- A breaker constructed for protecting two ci rcuits ,
but each circuit and breaker is separate from the other and acts as a single
breaker.

3.6 Duty Cycle —- The time intervals devoted to starting, runnin q, stopping

and idling when a device is used for intermi ttent duty .

3.7 Duty Factor -- The ratio of working t ime to total time for an inte r-
mittently operating device , u s u a l l y expressed as a percent.

3.8 Flashover —- An electrical breakdown or disruptive d ischarge ove r the
sur face  of an insulating material in a gaseous or liquid medium .

3.9 Ignition Protection -- An electrical component is said to be ignition

protected if its design precludes the i gnition of flarrrnable mixtures which

may surround the component in norma l service .

3.10 Maximum interrupting Capacity -— The maximum current at wh i ch the fuse

or breaker will interrupt the ci rcuit.

3.11 Multi-Pole Construction -- Ci rcuit breakers with more than one pole
constructed so that all poles make and break simultaneously through a sing le

actuator . When an overload is applied to one pole (c i rcui t ) ,  all poles of
the breaker shall open simu ltaneously and shall be trip-free.

3. 12 Rated Current -- The nominal current value at which the fuse or circui t

breaker is rated and i dentified.

2
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3.13 Safe the Area -- As used in this test procedure , to “safe ” an area
means to reduce al l p ressures to zero PSIG , to disconnect or shut off any

power supply, to remove any dangerous flu i ds or gases, or to accomplish any

other act after a test which would help restore the test area to a normal

safe status .

3.14 Typical Installation -- A configuration which could reasonably be

expected in an actual installation .

I
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4.0 TEST PROCEDURE

4.1 Genera l Description -- The component to be tested shall be visually
inspected upon receipt. All identif ying data shall be noted and documented ,

such as manufacturer , date of manufacture , mode l n umber , serial number ,
voltage and amperage rating, capacity , test condition , general condit ion and

any other observations which wou ld be pertinent to the test.

4.2 Test Condi tions

4.2.1 Test Article Identi fication -- The test article shall be identified

wi th a test numbe r immediately upon recei pt at the test facilit y. This

i denti fi cation shall be marked on or attached to the test artic le for the

duration of the testing process. As a minimum the following photographs shall

be taken:
a. If installed in a boat , an as installed view or views showing

the installati on of the component , and a view showing the location
of the component installation in relati on to the total boat
configuration and layout.

b. A close-up view or views of the individual component.
c. A view of the test configurati on .

4.2.2 Personnel -- A minimum of two (2) people shall be required to perform

the test and adequately monitor and document the results . In addition to

these two people , two addItional peop le may be required for safety and proper

verif ication of the test:
I. Test Engineer
2. T e c h n i c i a n

3. Quality Assurance Mon i tor (may only be require d part time )

4. Safety Monitor

4.2.3 Storage and Handling -— All test components shall be handled in accordance

wi th the manufactur er s requirements , if specified , or in accordance with

accepted industry practices and standards . In no event shall the item be

stacked , carried , dropped or oth6t-wise mishandled such that the test results

mi ght be affected. •

All test components shall be stored in accordance with the manufacturer ’s

requirements with respect to time , temperature , humidity , etc. If no require-
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I
ments are specified , norma l conditions consisten t with prudent en gi ’~~e~ , r c
judgement shall be utilized .

4.2.4 Safety Requirements -- The following safety related items are recomr-~rd e d

as minimum requir t~ments to ensure the performance of a safe test to both the
equipment and personnel:

a. The test area should be adequately vented , preferably outside , but
protected from high wind , etc.

b. The test area should be located where access by unauthorized
personnel can be prevented.

c. Test personnel should position themselves no closer t h~~n is

necessary for the test.
d. Test personnel should wear protective glasses.

e. A safety mon i tor should stand by at a safe distance with a fi~~e
extinguisher ready to assist should an emergency occur .

f. No smoking shall be allowed in the test area .
g. An adequate pressure relief system should be utilized to relieve

any pressure buildups in the system.
h. Adequate precautions relating to propane and air supp lies shal l

be observed .
1. Any company , local , state or Federal rules , regulations or l~~s

shall take pretedence ove r any of the above and shal l  ~e i n  additicn

to the above .

Receiving Inspection -- Imedi ately upon receipt or as soon as possible

thereafter , the test component or system shall be subjected to a vis~al irspec-

ti on . The inspection shall consist of at least the fo ll cwi ng it t~~~ ~b~e’~ve~

a. Date received
b. Name of component or system and quanti ty
c. Model number
d. Serial number
e. Shipping or transport darraqe

f. Qualit y of workrians~ i p

g. Con forriance to manufacture r ’ s documentatio n and mai rte rarce ~~~~~~~

5
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h. Dents , dings , ab ras i ons ; l oose or mi ss i ng screws , bolts , clamps ,
nuts ; or other defects noted not attributable to shipping.

i . Capacity , rating or any other useful informati on observed
j . Proper identi f ication in accordance with Paragraph 4.2.1 of this

procedure
k. Inventory list to include any and all equipment and i tems received

as part of this test procedure

Any discrepancies noted shall be documented and , if possible , photographed
for a permanent record.

LAB EXAMINATIONS

5.0 LAB • EX A MJN A T ICN NO. 1 -- IGNITION PROTECTION TEST

183.410(a) Ignition protection
(a~ Each elec trical com ponent must

not 1gnl~e a propane gas and air mixture
that is 4 2 3  to 525 percent  propane gas
by volume surrounding the plectrical
component when it is operated at each
of its manufacturer rated vo ltages and
current loadings . ur.1e~s it IS isolate d
from gasoline fuel sources . such as en-
gines. and valves . connect~OnS. or other
nttings in vent lines, fill lines. distribu-
tion I nes or on fuel tar~<s . in acc ord-
ance with paragraph b of this section.

5.1 General Descripti on -- Units with 100% duty factors that are known to
get hot during their oper~tion shall be subjected to a 7 hour (Part I) operation a ’

test. Upon successfull y completing this test , the units shall then be place d
in a controllable explos i ve atmosphere and an explos i ve mixture shall be induced
internally into their case or housing (Part III or IV). Ignition of this inte rna
mixture shall not ignite the exte rnal explosive atmosphere . Components identi fie
as being sealed units nay be tested by a water submergence test (Part II). Units
wh i ch fail this test shall then be tested in accordance with Parts III or IV.

5.2 Test Article -- For Part I the test article shall consist of an electrical

component which is intended to run continuously, either because it was designed

for such operation by the manufacture r, or because of the function it performs

in a boat. It shall be mounted fi rst in a therma l chamber and then , if app licabh

in an explosive test chamber. The test shall simulate components operating in

their actual environment , that is , a pump would be pumping fluid in a simulated

system with typical pipe size , vertical rise , etc.

• 6
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For Part II the test article shal l consist of a sealed electrical component.

It shall be submerged under water in a test tank to veri fy its sealing capa-

bility .

For Parts III and IV the test article shall consist of electrical components

required to withstand internal ignitions without i~ niting the surrounding
atmosphere . They shall be mounted in an explosio n chamber :~mi la r to a

typical installation and modi fied if required so that an explosive mixture

can be induced internally into the component. Components tested in Part III
shall not be operated.

7
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Test Equi pment and Schematic

Component
Find No. Tit le Description

I Air Supply A supply of shop grade air used for
mixing with propane to supply the
explos i v2 atmosphere . Can be faci l-
ity air , hiah pressure bottled air
or compressed air .

2 Mix Chamber Air Contro ls air supply to mix chamber.
Control Assembl y Consists of a shutoff valve , regulato r

and check valve .

3 Mix Chamber A chamber or tank rated at least at
125 PSIG where the air and propane
are mixed together to form the
explosive atmosphere .

4 Propane Supply A supply of propane used for mixin o
wi th air to provide the exp los ive
atmosphere .

5 Mix Chamber Controls the propane supp ly to the
Propane Control mix chamber . Consists of a shutoff
Assembly valve , regulator and check valve.

6 Pressure Gauge A pressure gauqe used to mcnitor
the mix chamber pressur 2 .

7 Test Chamber Controls the flow of the explosive
Pressure Control mixture into the test chamber . Con-
Assembly sists of a shutoff valve , regulator

and check valve .

8 Test Chamber Controls the flow of air. into the
Air Purge Control test chamber for purninq out ignit ion
Assembly gases. Consists of a snu toff valve ,

reoulator and cneck valve .

9 Air Pump A vacuum pump used for circulati ng
the explosive atmos phere through
the component housing.

10 Component A shutoff valve used to isolate the
Vent Va lv2 component from the air pump .

11 Indicator An indicator (pressure , temperature or
equiva lent) used to ver i fy an iq n it io r
within the component case.

B
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Component
Find No. Title Oescrjption

12 Analyzer Selector A 3-way , 2-position valve used for
valve selectin g either a sample of gas

from the mix chamber or the test
chambe r .

13 Hydrocarbon A test instrument used for measur-
Analyzer inc hydrocarbon concentrations in

sample gases (in this case , propane
in air) . Includes its own vacuun
pump for drawing gas samples .

14 Bulkhead Fitting A pressure fitting instal led in the
test chamber wa ll to provide access
for a pressure line .

15 Bulkhead Fitting Same as 14 above .

16 Di ffuser A gas diffuser system used to
evenly distribute t~ie explosivemixture throuchout the test
chamber .

17 Bulkhead Fi t t inn Same as 14 above .

18 Gas Samp le Intake A tube inlet posit ioned near t ie
test component w here a samp le of
gas is required if the anal yzer
is used.

19 14ountin~ Platform A platfo rm or base secure d to the
test chambe r on wh ich the test
component can be mounted in its
normal attitude .

20 Test Componen t The unit under test.

21 Pressure Fitting A f i t t ing instal led in the compon-
ent housina used for flowino the
explos i ve mixture throuch the test
component.

22 Spark Ignite r A standard auto spark plug used
for igniting tne ex p los ive mi xture
within the component housi no.

23 Component Power A variable power source capable of
Supply supplying the required voltages to

operate tie test component.

9
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Component
Fi nd  No.  Ti t le  Description

24 Spark Igniter Same as 23 above .

25 Test Chamber A standard auto ignition coil used
Igniti on Coi l to supply high voltage to the test

component spark igniter .

26 Test Component - Same as 25 above . Could be the
Ignition Coi l same coil used in 25 above .

27 High Voltage A standard 12 vdc battery or equi-
Power Supply valent used to suppl y the prima ry

voltage to the ignition coils.

28 Mounting Plate A meta l plate attached to the test
chamber into which the spark i gni-
ter can be mounted .

29 Bulkhead Fitting A pressure fittino installed in
the test chamber wall to provide
access for a pressure line.

30 Pressure Fitting A fitting installed in the componer
housin a used for fl owinc the explo-
sive mixture throua ii the test
component.

31 Test Component - Controls the flow of the explosive
Pressure Contro l mi xture into the component housing,
Assembl y consists of a shutoff valve , regu-

lator and check valve .

32 Lid lop of test chamber w hic h opens 
-

and relieves pressure during
explosions.

33 Hinge A standard heavy duty door or gate
hinne which connects the lid to
the rest of the test chanber and
allo~is lid to open and relieve
pressure during explosions.

34 Test Chamber A test chamber made of 3/4” or 1”
plywood , approx~ iately 2’ x 2’ x 2’
lined with ~n 1 .~ ulato r where con-

- trolled explosions can be set off.

34 Seal A seal between the lid and the
chamber to somewhat control inter -
na l a tmosphere . S h o u l d  not be
completely air t ight.

10
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Component
_Find No. Title Descri ption

36 Elastic Cord or An elastic cord or spring wh i ch ma i n-
Spring tains a sl ight tension on lid for

sealinq purposes but allot ’is lid to
relieve pressure during an explosion .

37 Vent Hole A 2” x 6” h o l e  in the lid covered with
tape or vinyl to allow for air flow
into chamber after an explosion .

- - 

38 Amp Meter A meter used to measure the current
f l ow in  a c i r c u i t .

39 - Dummy Load A load simulating actual components
wh ich might be found in an electr ical
circuit.

40 Volt Meter A meter used to measure the volta ge
in a c i rcui t .

41 Battery A standard automobile or boat battery
which may be required when testin g
certain components .

42 Rheostat A variable resistor used to vary the
v ol tage i n  a c i r c u i t .

43 Mechantca l A lever arm used to actuate a corpon-
Actuator ent while it is in the test chamber .

44 Temperature A remote instrument capable of indica-
Indicator ting the temperature at the com ponent

as measured  by thermo couples or equi-
va lent.

45 Thermocouples Two thermocouples used to measure the
surface temperature of the component.

11
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required to test certain co~pon ents for Part IV.
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5.7 ~ ypose of Ignition Protection Test Procedu re -- The purpose of t h i s

test procedure is to specify an acceptable method and the equipment to be

employed in determining whether or not a particular electri cal component is

in compliance with Section 183.410 of the Electrical Systems Standard in

Subpart I of Part 183 of Title 33, Code of Federal Regulati ons .

5.7.1 This procedure shall be used to perform an ignition protecti on test on

all electrical components wh i ch are not isolated from gasoline fuel sources .

5.7.2 All components shall be subjected to at least one part of this procedure

but may be tested un der more than one part as required by the particular

component being tested.

5.7.3 Components identified as being ignition protected and verified by an

approved independent testing laboratory as having passed an accepted industry

test , may be considered as having met the requirements as specified in this

procedure .

5.7.4 Components that are obviously unprotected or open , o.’ are unacceptable

for other reasons related to ignition protection shall be rejected.

5.7.5 Visual l y inspect the component to be tested. Review the results of the

Receiving Inspection and veri fy that the component is acceptable
and ready for testing.

5.7.6 Veri fy the applicability of this procedure to the component being tested

before proceeding (Paragraph 5.2). Determi ne which test or tests (Part I , II ,

I I I  or Iv) the component shall be subjected to accordin g to the specified

cr1 ten a.
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5.7.7 Part I - High Temperature Operatina Test

5 .7. 7 .1 Part I of this procedure shall be used to test all electrical com-
ponents which are know n or suspected of exceedina 200°C (392 °F) durina their
normal operation .

5.7.7.2 Obtain all pertinent des i gn and performance specifications from
either the component itself or from the manufacture r , such as rated voltage
and amperage , rpm , duty factor , etc.

NOTE

For cxzT~pcnentS whose nor~ a1 operating node is autaiiatic
or if the duty factor cannot be obtained or is nIc~c~ n ,
the canpcnents shall be cxiisidered for ccntirnous duty
(100%) . Mast of the cauponents tested under this sec-
tion will have 100% duty factors.

5.7.7.3 Secure the component if necessary to a mounting platform in an attitude
similar to that in typical boat installation . All components shall be operated

under condi tions and loads similar to t~,hat they would actually experience , i. e.
blowing air , pumping water , etc. Thus , the mountina platform for a bilge pump

mi ght be a pan filled with water to simulate a biloe in which the pump would
normally be used.

5.7.7. 4 Posi t i on the mounting platform and/or component in a therma l chamber

and secure it to the bas e of the chamber as required.

NOT E

During this part of the test the component shall be operated
under its normal rated condition but not in an explos ive at-
mosphere .

5 .7. 7. 5 Positi or~ at least two thermocouples capable of measuring 200°C at
di ffe rent location s on the surface of the component. If possible , locate them
11 areas w nicn would be more likely to reach the highest temperatures .

5.7. 7.6 Connect the component to whateve r auxiliary equipment is require d to
simulate the normal operationa l conditions for that component. See Figures
4 and 5.

5 .7 .7. 7 Veri fy t ie temperature within the test chamber as either 3O°C~~~ or

5O°C~~~ at t’e start  of the test. Components which are normally mounted or
Installed within the engine compartment shall be subjected to the 50°C initial
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temperature . All otner components shall be subj ected to the 30°C initial
temperature .

N OTE

Once the test has started external heat shall not be applied
to the test cnam ber. The air in the cham ber may be recircu-
lated as long as t ills condition does not violate an operatin g
requirement for that particular component.

5 .7.7.8 Operate the component continuously according to the specifications
and requi rements as stated in Paragraphs 5 .7.7.2 and 5.7.7.3 for a period of
7 hours at its rated conditions.

5.7.7 .9 Continue the test for the ful l 7 hours , even if it appears that 200°C
will not be reached. Continuousl y monit or the component surface temperatures.

5.7.7.10 If the highest temperature observed at any point exceeds 200°C, the
component shall undergo the s ame operational test in an ex plosive atmosphere .

~10TE

The same component shall be used for the additional test.

5.7. 7 .11 Remove the therr~ocouples from the test chamber .

5.7. 7.12 Remove the component from the test chamber and install the component
in an explosion ciamber in a configuration similar to tne previous te t.

5.7. 7.13 Insulate any wires or controls as necessary to protect them from

the cnamber explosions . All wires and controls should be sealed at their point

of entrance into the test chambe r.

5.7.7 .14 Veri fy that all safety precautions are in effect and that the system
and test personnel are ready for the test to start. Verify a CO 2 or equivalent
fi re ext inguisr ier is avai lable and pos itioned properly.

5.7.7.15 Purge the mix tank wit n air for 10 minutes to ensure there are no

other gases presr?nt .

5.7.7.16 Fill the mix tank with a mixture of propane gas and air. Verif y the
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mixture is 4.75% + 0.50% propane by volume using a suitable gas analyzer .

5.7.7.17 Using the explosive mixture in the mi x tank , fill the test charrber
with the mixture . Slowly purge the test chamber with the mixture until at
least one complete atmos phere has been exchanoed (to ensure uniformity of

the chamber atmosphere). Continue to purge the test chamber with the pro-

pane/air mi xture during the test at a rate of approximately 1 ft3 per

minute (just enough to maintain a slight positive pressure in the test chamber).

Mon i tor the chamber atmosphere using the gas analyzer and adjus t the pu~ge
mixture and flow as necessary to maintain the propane at 4.75% + 0 .50%.

5.7.7.18 Operate the component according to Paragraph 5.7.7.8 for a total

of 7 riours . t~on i tor the gas analyzer at least eve ry five minutes dur ing the

test and veri fy the mixture remains within the required limi ts throughout the
test. Verify that the explos i ve mi xture does not ignite by means of visual
observation , the use of a pressure or temp2rature transducer , or by any other

suitable means. At the end of 7 hours isolate all necessary test eauinme nt
from the test chambcr and innite the mi xture in the test cham ber or i gnite a

sample of the mixture from the test chamber to veri fy that an actual explosive
mixture existed durin g the test.

NOTE -

All of tne chamber mi xture readings taken dur ing the test
must be within the required limits (4.75% + 0.50% propane
by volume ) and the test i gn ition at the end of the test
must be successful . If not , the entire test shall be re-
peated. When an out-of-tolerance mixture occurs , do not
finish the test , but start over i mmediately.

If the component caused an ignition of the mi xture in the chamber , the component

shall be rejected.
the component did not cause the mixture to ignite , the con~onent shall be deemed

acceptable according to the requirements of Part I of this procedure .
proceed to Parts II , III and IV.

5.7.7.19 Secure the test as require a and safe the area.
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5. . 7.8 Par t  I I  - Water Subme rgence Test

5.7.8.1 This procedure shall be used to perform a leak check on electrical
components i dentified as being ignition protected because they are sealed
units . Such units may be tested to this procedure instead of the applicable
procedure utilizing an explosive atmosphere (Part III or Part IV) . However ,
if the component fails this test , it shall be subjected to Part III or Iv
for actual determination of its being acceptable.

5.7.8.2 Visually inspect th~ component to be tested . Review the results of
the Receiving Inspection (Data Form Ho. 1) and verify the component is accept-
able and ready for testing.

5 .7.8.3 Veri fy t ie applicabil i ty of this procedure to the component beina
tested before proceeding. This procedure shall be used only on sealed com-
ponents which are not isolated from gasoline fuel sources.

5.7.8.4 Place the test component in a glass container of clear ordinary tap
water. For components which are normally mounted or installed w ithin the
engine compartment the water shall be heated to 50°C~~~ at the start of the
test. All other components shall be tested using water at a temperature of

3O°C~~~ at the start of the test. Once the test has started no exter nal
heat shall be applied to the water.

The top of the component should be at least 14 in. (35.6 cm.) below the surface

of the water . With the component below water , rotate it several times to

ensure that no air has been entrapped on the exterior surface which could

invalidate the test . Verify the unit will remain submerged ~ihen not being held

or position an additi onal weight to hold it down . See Figure 6.

5.7.8.5 Determine by visual inspection the areas of the component which

would be susceptible to external leakage , such as a gasket seam , a screw or

bolt hole , etc. Position each area to the top (but at least 14 in. under tne

surface of the water) for 15 minutes (each area) and observe any indication

of bubb les coming from the component.
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NOTE

As an exam ple , if a rectangular component was made
of two parts and sealed tonethar by a gasket , this
would be considered as having four leakage areas
(each side ) and woul d require four 15 minute tests ,
each side being rotated to the top for 15 minutes
and at least 14 in. below the surface of the water.

5.7.8.6 If any bubbles are observed coming from the component , the component

shall be considered as having failed Part II of this procedure ard shall be
subjected to Part III or Part IV of this procedure for final determ ination of

its acceptance . If no bubbles

are observed coming from the component , the component shall be removed from

the water .. Use a cloth and/or air to dry the external surface of the compon-

ent. Disassem ble the component and inspect the internal areas for any ~ate r.
If water is found , the component shall be subjected to Part III or Part IV of

this procedure for final determination of its acceptance .

If no -iater is found , the component shall be deemed acceptable accordin g to

the requirem ents of this procedure .

5.7.8.7 Secure the test as require d and safe the area.

5.7.9 Par t  III - Induced Inn i tion Test

5.7.9.1 Part III of this procedure shall be used to test all elec trical compo-

nents uhicn have rotating parts (slip rings , commutators , etc.) such as dis-

tributors , alternators , generators and motors . Some components with rotating

parts are low energy devices and do not generate a s’ark of sufficient energy

to ignite propane. They ‘sill be tested unde r Part IV in lieu of Part III .

Other components that require open construction for ventilation and thus make

it impracticable to ignition protect th~ component from a structural integrit y

s~a,idpoint , will be tested under Part IV in lieu of Part 111 .

5.7.9.2 Construct an explosion chamber and suoportin n equi pment similar to the

setup s~iown in the Test Schematic. The exact conficuration and components may
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vary between test facilities. This is acceptable as long as the capability
of the system is equivalent and the requirements of the procedure can be met
satisfactorily. As a minimum the test system should have the following
capabil i t ies : -

a. Supply and maintain an explosive mixture of propane and
air (4.25 to 5.25 percent propane by volume ) to the test
chamber and the component.

b. Provide a chamber where the component can be tested in this
explosive atmosphere and where the mixture can be ign i ted as
required in complete safety .

c. Provide a power supply and an ignition source for igniting
the explos i ve mixture .

5.7.9.3 Secure the component to a mounting platform in an attitude similar to
that in a typical boat installation . The component shall not be operating
during this test.

5.7.9.4 If the component contains a flame screen or is othe~ iise vented to
the atmosphere (i. e. not sealed), two holes should be drilled and taoped in the

component nousing or case for installation of a spark p1u~ .(Fi nd No . 22 ) and a
small pressure fitting (Find No. 21). If tapping is not possible , a small
bulkhead f itting ~.iitn a jam nut can be used for the pressure fitting. A long

reach gasket type spark p~ua with a manufactured jam nut can be used for the

ignition source . In any case , these two holes snould be sealed using gaskets

and / or ~iiqh temperature sealant.  An explosion proof vacuum pump shall be used

to pull the explosive mixture into the component through the vented areas from

the external explosive atmosphere . If the component is sealed or nearly air-

t i g h t , an additional f it t ina (Find No. 30) is required for admitting the mix-
ture into the component case from the supply system. All of these fittinns shall
be sized and located according to the limitations of the component.

5.7.9.5 Position the mounting platform and/or component in the center of the

test chamber and secure it to trie base of the chamber as required .

5.7.9.6 Connect a spark plug ignition wire to the spark plug (on the Compon-

ent case) and insulate the sect ion of .~ire inside the chamber. Connect a
ground wire between the component case and the ground side of the spark igni-
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tion source.. Insulate the section of wi re inside the chamber.

5 .7• 9. 7 Connect a hardline (coppe r tubing) from outside the test chamber
to the pressure fitting (or fittings if required) on the component case as
shown on the Test scnematic (Figure 1).

5.7.9.8 Veri fy that all safety precuations are in effect and that the system
and test personnel are S ready for the test to start. Verify a CO2 or equivalent
fire extinguisher is available and positioned properly.

5.7.9.9 Purge the mix tank witn air for 10 minutes to ensure there are no
other gases present.

5 .7.9.10 Fill the mix tank with a mi xture of propane gas and air . ‘Jeri fy the
mi xture is 4 .75% + 0.50% propane by volume using a suitable gas analyzer .

NOTE
Accomplish either Paragrap h 5.7.9.11 or Paragraph
5.7.9.12 depending on whether or not the component
is sealed or vented.

5.7.9.11 Vented or open components only (one pressure line to component)

5.7.9 .11.1 Using the explos ive mixture in the mix tank , fill the test chamber
with the mixture . Slowly purge (3 - 4 ft3/min.) the test chamber iith the
mixture until at least on~ complete atmosphere has been exchanged (to ensure
un i formi ty of tne chamber atmosphere).

5.7.9.11.2 Continue to purge the test chamber with the propane/air mi xture
during the test at a rate of aporoximately 1 ft3 per minute (just enouch to

maintain a slight pos i tive pressure in the test chamber). Mon i tor the chamber

atmosphere using the gas analyzer and adjust the purge mi xture and/or flow as

necessary to maintain the propane at 4.75% + 0.50%. During this purge open

the inlet valve to the component case and operate the vacuum pump for a period

of about 20 seconds to pull a quantity of the explosive atmosphere into the

- component case . Turn the vacuum pump off and close the vacuum pump inlet valve

(Find No. 10).

5.7.9.11.3 lomentari ly isolate all necessary test equipment from the test

chamber and ignite the mixture in the component by fi ring the component spark

plug.
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NOT E

A failure to ign i te may indicate the component
should be tested by Paragraph 5 .7.9 .12 instead
of Paragraph 5.7 .9. 11.

NOTE
A high voltage spark is required for this test.
consequent l y, the only component which may not
require a spark plug would be a distributor with
the rotor gap veri fied acceptable (at least 0.060
in.) . A multi -s park igniter is acceptable for the
internal ignition . Components wh i ch normally op-
erate in more than one positio n and whose flame
path may be affected by such operation should be
tested in ooth pos itions .(such as a cranking motor
energized with pinion in and out). The sDark
source should be installed as close as possible
to that part of the component from which the arc
would normally originate . For example , w i th an
electric motor the spark source should be install —
ed at the commutator end.

Veri fy the component internal ignition has occurred by any suit able means
such as by audible detection , visual detection or a pressure or temperature
transducer. The internal ign ition in the component case shall not cause. the
explos i ve atmosphere in the test chamber to ignite. Verify the chamber at-
mosphere does not ignite by means of a visual observation , the use of a pressure
or temperature transducer or by any other suitable means .

NOTE

Up to a maximum of 10 component internal ionit ions may
be attempted during each test chamber f i l l ing. After
10 component ignitions the chamber atmosphere shall be
verified by Paragraph 5.7.9.11.4. At that point if the
explosive atmosphere cannot be verified , only those 10
tests shall be repeated. The ten internal icniti ons do
not necessarily have to be in succession ; that is , there
may be 4 internal ianitio ns , 1 misfire , then 5 more ic-
n i t i o n s . T h i s would count as 9 success ful tests as long
as the chamber ex plosive atmosp here could be verif ied.

L

It is permissible for 1 CyCi.~ to contain 10 tests
while other cycles contain fewer tests , but ~ totalof 50 successful tests must -be accumulated.
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5.7.9.11.4 After every 10 internal ex plosions in the component , ignite the
e~p losive atmosphere in the tes t chamber or ignite a sample of the mixture
from the test chamber to veri fy that an actual explosive mixture was p resent .
A single spark ignite r is required for atmosphere ignition

5.7.9.11.5 Repeat this test acco rding to Paragraphs 5 .7.9. 11.1 through
5 .7.9.11.4 unti l a total of 50 successful tests (internal igni t i ons) have
been completed or until the test chamber atmosphere is ignited by one of
the internal ignitions.

5.7.9.12 Sealed or closed components only (2 pressure lines to cori onert).

5.7.9.12.1 Using the explosive mixture in the mix tank , fill the test cha mb er
wi th the mixture . Slowly purge (3 — 4 ft3/min .) the test chamber ~-;i th the
mixture until at least one complete atmosphere has been exchanged (to ensure
uniformi ty of the chamber atmosphere).

5.7 .9 .12.2 Continue to purge the test chamber with the propane/air mixture

during the test at a rate of approximately 1 f t 3 per minute (just enough to
maintain a sli ght positive pressure in the test chamber). Monitor the chamber
atmosphere using the gas analyzer and adj ust the purge mi xture and/or flow as
necessary to maintain the propane at 4.75% + 0.50%.

5.7 .9 .12.3 Open the purge control valves (Find I~o. 10) to the component and
purge the component with the explosive mixture from the mix tank for about

20 seconds . Close the pu’rge control valves .

N OTE
The vacuum pump (Find No . 9) is not required for this test.

5.7.9.12.4 t-lomentari ly isolate all necessary test equipment from the test

chamber and ign ite the mi xture in the component by firing the component
spark plug.

t4OT E

A high volta ge spa rk is required for this test. Consequently,
the only component which may not reouire a spark plua would
be a distributor wi th the rotor gap verified acceptable (at
least 0,60 in.). A multi -spark i gn i ter is acceptable for
the internal ionition . Components whic h norr~a11y opera te in
mo re than  ore position and who;e flame path may be affected
by such operation should be tested in both positions (sucn
as a cranking motor ene rgized with pinion in and out ) .  Tne
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spark source should be instal led as close as possible to
that part of the component from which the arc would norm-
ally originate. For example , with an electri c motor the
spark source should be installed at the commutator end.

Veri fy this component internal ignition has occurred by any suitable means ,
such as by audible detection , visual detection or a pressure or temperature
transducer. Tu e internal ignition in the component case shall not cause
tne explosive a tmosphere in the test chamber to ignite . Veri fy the chamber
atmosphere does not ignite by means of a vi sual observation , the use of a
pressure or temperature transducer or by any other suitable means .

NOTE
Up to a maximum of 10 component internal ignitions may be
attempted durin g eacti test c~iamber fil l in g . After 10 com-
ponent ignit ions , the chamber atmosphere sh all be verified
by P a r a g r a p h 5 .7 .g. 12.5 . At that point , if the explosive
atmosphere cannot be verified , only those 10 tests shal l
be repeated. The ten internal ignitions do not necessarily
have to be in succession , that is , there may be 4 internal
ignitions , 1 misfi re , then S mo re ioniti ons. Th i s woul d
count as 9 successful tests as long as the chamber explosive

- atmospi~re could ~e veri fied. It is oermissib le for 1 cycle
to contain 10 tests while other cycles contain fewe r tests— but a total of 50 successful tests must be accumulated.

5.7.9.12.5 After every 10 internal ignitions in the component , ignite the

explosive atmosphere in the test chamber or ignite a sample of the mi xture
from the test chamber to veri fy that an actual explosive mixture was present.
A single spark igniter is required for atmosp here ignition .

5.7.9.12.6 Repeat this test according to Paragraphs 5.7.9.12.1 through

5.7.9. 12.5 unti l a total of 50 successful tests (internal ignitions) have
— been completed or until the test chamber atmosphere is ignited by one of the

internal i gnitions.

5.7.9.13 If any of the internal explosions caused the test chamber mixture

to ignite , the component shall be rejected.

;.7.9.14 Secure the test system as required and safe the area.
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5.7,10 Part IV - Propane/Ai r fli xture Exposure

5. 7.10.1 Part IV of this procedure shall be used to test all electr ical
components which do not have rotating parts such as switches and circuit
breakers . Some components with rotating parts are low energy devices and
do not generate a spark of suffi cient energy to ignite propane . They will
be tested under Part IV in lieu of Part III . Other components that requi re
open construction for ventilation and thus make it impractica ole to ignition

protect the component from a structural integrity standpoint , will be tested
under Part IV in lieu of Part III.

5.7.10.2 Obtain all pertinent design and performance specifications eitner
from the component itself or from the manufacture r , such as rated voltage ,

current , rpm , duty factor , etc.

NOTE

hos t of the components tested in this section will be on-off
type components and shall be operated within the limits of
their normal duty cycle.

5 .7.10.3 Construct an ex plosion chamber and supporting e~ui~ment simi lar to
the setup shown in the Test Schematic. The exact confi guration and components
may vary between testino facilities . This is acceptable as long as tne capa-
bility of the system is equivalent and tu e requirements of the procedure can
be met satisfactorily. As a mini mum the test systen should have the following
capabil it ies :

a. Supply and maintain an explosive mixture of propane and air (4 .25
percent to 5.25 percent propane by volume ) to the test charrber
and the component.

b . Provide a cnamber where tne component can oe tested in this explosi ‘e
atmosphere and wnere the mixture can be ignited as required in
complete safe ty . 

-

c. Provide a powe r suppl y for the component as required and an ignition
source for igniting the exp los ive mixture if required.

5.7.10.4 Secure the component to a mounting platform in an attitude similar to
that in a typical boat installation . The component shall bo r~erated during
this test in its normal duty cycle (in accordance wit h) at rated voltage and

current.

5.7.10.5 If the component contains a flame screen or is other-wise vented to 

- 
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the atriosphere (i . e. not sealed or airtight) , one pressure fitting (Find
No. 21) should be located in the component housing or case for connection
of a small exhaust tube or line. The line should be suitable for high tem-
peratures and sealed at the entrance to the component. An explosion proof
vacuum pump shall be used to pull the explosive mixture into the component
through the vented areas from the external explos i ve atmosphere . If the
component is sealed or nearly air tight , an additional fitting (Find No. 30)
is required for admitting the mixture into the component case from the supply
system. All of these fittings shall be sized and located according to the
limi tations of the component.

5.7.10.6 Posit ion the mounting platform and/or component in the center of
the test chamber and secure it to the base of the chamber as required.

4.7.10.7 Connect the component to whatever support equipment is required to
simulate operational conditions at rated load. See Fi gures 4 and 5.

5.7.10.8 Insulate any electrical wi res or mechanical controls as necessa ry
to protect them from the chamber explosions.

5.7.10.9 Verify that all safety orecautions are in effect and that the system
and test pers onnel are ready for the test to start. Verif y that a CO2 or

equivalent fi re extinguisher is avai lable and positioned peoperly.

5.7.10.10 Purge the mix tank w ith air for ten minutes to ensure there are no
other gases present.

5.7.10.11 Fill the mix tank w i th a mixture of propane gas and air. Veri fy

the mixture is 4 .75% + 0.50% propane by volume by using a suitable gas ana-
lyzer .

NOTE
Accomplish either Paragraph 5.7. 10. 12 or Paragraph
5.7.10. 13 depending on “,nether or not the component
is sealed or vented.

5.7.10.12 Vent ed or open components only (one pressure line to component).

5.7.10.12.1 Using t ie ex plosive mixture in the nix tank , fill the test chamber
w i th the mixture . Slowly purge the test chamber w ith the mixture until at
least one complete atmosphere ;las been exchanged to ensure uniformi ty of the

chamber atmosphere .
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5.7.10.12.2 Continue to purge the test chamber with the propane/air mixture
during the test at a rate of approximatel y 1 ft3/min (just enough to maintain
a slight positive pressure in the test chamber) . Mon i tor the chamber atmos-
phere using the gas analyzer to adjust the ouroe mixture and/or flow as
necessary to maintain the propane at 4.75% + 0.50%.

5.7.10 .12.3 During this purge open the inlet valve to the component case and
operate the vacuum pump for a period of about 20 seconds to pull a quantity
of the ex plos ive atmosphere into the component case.

s.7.10 .12 .4 Turn the vacuum pump off and close the component vent valve (Find
1o. 10).

5. 7 .10 .13 -Sealed or closed components only (2 pressure lines to component).

5. 7 .10.13.1 Using the exp losive mi xture in t ie mix tank , fill the test chamber
with the mixture . Slowl y purge the test chamber witi the mixture until at

least one compl ete atmosphere has been exchanged to ensure unifor m i ty of the

charn~er a tmos phere . Cont inue to puree the test cham Ler with the propane/air

mixture during the test at a rate of app rox i ma tely 1 ft 3/min (just enoug h to

mainta in a slight positive pressure in the test cnamoer) . Monitor the chamber

atmosphere using the gas analyzer and adjust the purge mixture and/or flow as
necessary to maintain the propane at 4.7~% + 0.50%.

5. 7.10.13.2 Open the purse valves to the component (Find No. 31 and 10) and
purge t~e component with the exolosive mixture from the mix tank fo r abou t 20
seconds . Close the purge valves.

5.7.10.14. Operate or c;cle the component 10 time s or until an inte rnal compon-

ent explosion occurs at a rate consistent witn the fastest norma l cycl ing that —

the component could be expected to experience . Tic conditions shall be as
specified in Paragraph 5.7.10.4. If an inte rnal ignition occurs , veri fy tnat

the test cnarber atmosphere does not ianite by visual observation , use of a

pressure or temperature transducer or by an” otie r suitable means . When an

inte rnal ign i tuon occurs or after 10 cycles of operat ion , ignite tne mixture
in the test chamber or ign i te a sample of the mixture from the test chamber

to verify that an actua l explosive mixture existed during the test. If the

explo siv~ mixture cannot be verified , refill the cha r-~er accordin n to Parenraph

5. 7.10. 12 or 5.7.10 .13 and repeat onl y that portion of t ie test.  Continue the
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test un ti l 50 success ful cycles have been comp le ted.

NOTE
Each part of the test shall contain no more than 10 cycles
of operation of the component , but may contain less than
10 cycles . Continue the test until 50 cycles have been
accumulat ed. It is permissab le for an inte rnal component
explosion to occur but not a requiremen t , as long as the
test chamber atmosphere does not ignite due to the compon-
ent. For this test i tems such as siitches shall be cycled
on and off. Solenoids and relays shall be energized and
de-enerp ized. Other components shall be cycled in a

- similar manner .

5.7.10.15 If operation of the component or the internal icnitions caused the

test chamber mi xture to ignite , the component shall be rejected .

5.7.10.16 Secure the test system as required and safe the area.

\

6.0 LAB EXAflINATI0~ NO. 2

183.430 Conductors in c ircuits of less than 50 volts

(a ) Each conducto r In a circuit that
has a nomi n al voltage of less than 50
volts m ust.—

( 1)  Meet the requirements of 183. -
435; or . -

(2 ) Moet—
(I )  The insulatin g mater i al tempera-

ture ra t in g re~~ 1remen ts of SA.E Stand-
ard J 3 78b dated Novembe r 1976 ;  and

(Ii SAE Standard J 1127 dated No-
vernbc r 1975. or SA.E Stan dard 1128 dated
Novembe r 1975.

ib ) This section does not app ly to
comm un icat ion syst ems ; elect ro n ic nay-
tgatrnn eçwp ment . re~3st a n ce conductors
that control c r eul t amp era ge ; and ~~~~~~
tails of less than seven inches of expcsed
length -

6.1 This examination will deterr’ine compliance o~ conductor types witn the

requi rements of §183.430.

6. 1. 1 Calductors wh.ith cannot be identified by Visual Exam.thation No. 4
as being in cx~p1ianc~ with §183. 430 are to be tested in accordanc~ 

with

this exaninati~~i.

6.2 APPARA TUS
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6.2 .1  As prescribed in the attached SAE Standards :
a. Insulating material temperature ratinq requirements of SAE 3378

dated november 1976 , corrected February 1977;

b. 31127 dated Uovember 1975; and
c. 31128 date d november 1975.

6.3 EXA~-1INATION SPECIMEN

6.3.1 All conductors on a boat determined by Visual Examination flo. 4 to be
tested for compliance.

6.3.2 The conductors may he taken from the boat or samp les may be obtained
from the manufacturer .

6.4 EXA-I L’JATION PROCEDURE

6.4.1 Th~ procedure shall be conducted in accordance ‘~-iith the proced u~es
described in SA 31127 , SAE J1128 and the in sul atin çi material temperature

rating requi rements of SAE J378b .

6.4.2 Determine the type of conductor prior to testing by contactina the

manufacturer. This will facilitate testing by avoiding the necessity of

running all the tests .

6.4.3 If the type of conducto r cannot be ascertained , perform the individual

tests in a process of elim ination approach to identi fy th e conductor.

6. 4.4 Report shoul d include test sequence , validation of conductor type ,

sampling process and pass or fail.
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MARINE ENGINE W IRING—SAE J378b SA E Recomme nded Practi ~~
Report of Marine Technical Comm ittee appro ved Januar y 1969 and completel y rev is ed Nosembe r 19 7 6  P,aiiunai e
at a leme nt availa bl e.

Scope—This recommended practice co vers methods that may be employed meta lli c ta pe or braid cove r ing capable of wsthttandi ng severe abragon.
by manufacturers 10 minimize the possibility tha t engine w iring may be a Wiring not grouped togeth e r and protected shall be not less than No. 16
,au rce o f igni t ion of exp losive or f lammab le vapors. AWG.

Purpo se—The purpose of th i s rec ommend ed practi ce is to insure that The wiring assembly ihall be cleated at intervals for prope r suppo rt .
wiring used on marine engines meets the necessary safety standa rd s f the and sha ll be located so tha t no portion is closer t han I in (25 mm) to
hidustry . These recomm enda ttons pro v ide manufacturers installing nglne moving parts , an d at least 2 in (5 1 mm) f rom esha ust piping. Wir ing
electrical systems s uff icient information to de si gn and develop engine wir - pass i ng throug h holes in metal memb ers o f boat structure shall be adequate-
ing har nesses sa fe for mar ine us age. ly protected agains t ch ,s rir r g.

General—Nor m al ly. marine eng ines are ins ta l led in enclosed compact- Terminals shall be of t he insul ation gripping type thai will ins ure a
ments which ale dif ficult to ventilate well enough to purge quickly any good mechanical and electrical joint , and of such comp osition as to be
exp los ive mixtures of flammable gases , particularly if a cont in uous fuel corro si on resistant. Exp osed ungrounde d terminals sha ll be protected
leak is present. For this reason , it is essential tha t precautions be taken to to prevent accidental shor ting Plug co nnectors sha U be of the locking
rniniirsi.ze all sou rces of poss ible igrurion of ex plosi v e fuel air mixt ures that type , sp lash proof , and i ncorp o ra’ e means to re aeve strain from soldered
may be present . connections.

Engine wiring can become a potentia l source of fuel vap or ignition in HIgh Tension Wiring—Rh o tension cable used in engine tgrut lon system s
numerous ways , inclu ding damage to insulation cover ing, loose connection s , shall co nform w ith SAL Standar d 1557 .
accidental shorting at terminals , fatigu e failure , etc. These occurrences can Separators , stand -o ils , or abras ion re S ist an t s leev ing ilLall be used
be at much a matter of instal lation as of design , w here necessary to mai.niain adequate sepa rari-or bet ween c~sble ” a rid to

Perforrrs ance tests to determine the necessar y ext e rnal ignition -protect ion protect cable insulation. Harnes s c lamps should be i nsu Li te d High -
of complete wu’ing harnesses are not always practical. Pr otec t ion can be tension cable term inals shall be righ t si t t in g and installed so hat condu ctor
afforded by pro per selection of compon ents and tnstallati. n practices in to terminal contact is made without any arc producing au pp
accor dance with the follo w ing recorrs n-renda t ions. Tig ht fitting flexible caps resistant to a rrunimum tempera t ure of
Low Tension Wi ring—A ll w iring s hal l co nform to SAL Standards 111 27 120 ° C and petroleum pr - .~d u c tt sha ll be used at the cable connections

and/or J I 128. In addition , t he iempera~ure ra t tn g o f the wire insulation to spa r k plugs , co il, and distributor.

*hall be determined by an accelerated aging test conducted in accordance Color Code—The color code sli oss n in Table I is recommended for

with ASTM D573 , except samp les of insulation arc to be removed from marine engines and t heir assoc iated co mponents. Colored slee v es at

t he f inished wire and aged 168 h. The test temp e rature hall be 30° C the ter m inal ends of wsres may be used in lieu of so Li d color ed wi res,

abo ve the intend ed rated temperature. Tensile streng t h a t ; r r  aging shall The circuit diag ram (}- ig 1) is for the purpose of clari fying color cod ing
not be less than 80% of the original te nsile strength. The elongation arid not to recommend particular c irc uiting or components. Components

after agin g shall be at least 50’~ o f the ori g inal elongat ion , which may be wired in v a r ious ways , switche s and circuit protection , are

Except where otherwise protected or not in cont acr w ith metal nirfaces, not sho wir but should be w s red the color corresp o nding to the particu lar

the wiring circuits should be grouped tog ether and protected by non- branch of the circuit or which the y are used.

TABLE 1-MA RINE ENGINE WIRING COLOR CODE

Colc~ Abbrev. Occult Conssectng Components

Black B Ground a’ All return cir c uits
Red R Unp rotected wires Battery to starter solenoid to ign ition

from battery switch to ammeter
Yellow/Red YIR Start ing cijcuit Start ing switch to solenoid
Light Green L1 Cr A lternator field Aiternator field to regu lator field term inal

- Brown Br Alter nator charge Alternator aux i liary termina l to light to

light regu lator
Orange 0 Accessory feed Ammeter to alternator output and acces-

sory fuses or sw i tches
Purple Pu Instrum ent feed Ignition twitch to coil regu lator ignition

ter ini .rsa l and electric instruments
Light Blue Lt Bl Oil pressure Oil pres s ure sender to gage
Tan I Water temperatur e Water temperatur e sender to ga ge
Gray Gy Tachometer Tachometer sender to tachomet er
Pink Pit Fuel gage Fuel gage se nder to gage
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BATTERY CABLE— SAEJ 1127 SAE Standard
Report of ~ eetr ica l Equipment Com m ittee appro ved November 1 9 75 .

1. SCOPE—l’his standard covers battery cables irr tendcd for use at TABLE 2- INSULATION PROPERTIES
50 volts or less in surface vehicle wiring. Reqi’ ‘rr.rnts for cable sizes
6 thru 410 previously contained in SA E Stand , - a , Low Tension Cable
SAE J5 58 are included. Cable sizes 20 t hrou g h 4 previously specified Mm. Tensile Strength MAn . flon~~~on

Cable Types ~~~~ __ kPa Percent
in SAE 1558 axe noss included fri SAE 11128.

2. SPECIFICATION TYPES
2.1 Type SGT—St an l er or gnound. Thci mop lastic insulated. SGT 1 600 11000 200

2.2 Ty pe SGR—Sta r ter or ground. Synthetic rubber insulated. SGR 1000 6900 150
SGX 1 500 10000 1502.3 Type SGX— St a rter or ground. Cross linked polyethylene insulated. _________________________________________________________

3. GENERA L SPECIFICATIONS:
3.1 Conductors — Conductors shall be bunched , concentric or rope

stranded as speci fied in the Append ix and shall be annealed copper wire 4. CABLE TYPE REQUIREMENTS
in accord ance wi th ASTM 8—3. When tin or all oy coated wires are used 4. 1 Cons tr uction —The conductors and insulation shall be as specified
they shall w ith stand the cont inuity lest as specif ied under Strand coat- in paragrap h 3 tot  eac h t y pe of cable.
m g  test  (paragrap h 5. 11 .  A separator shall be used between the uncoa ied 4.2 Test requ L re ns ent s —Th e test requ irement s for each type of cable
conductor and t Ine s~nt hes ic rubber insulation. Whe n coated conductors shall he as indicated in Table 3.
are used nc sep a rator is required . The cross sectional area of stranded 4.3 [~mensio na—t hc nominal wall t hickness and maximum overall diam’
conductor s shall riot be less than the values specifi ed in Table I. ete r of fimshcd cable shall be as sp ecified in Table 4

Minimum conductor ale.u for circular mils is based on 98~ of total mm-
imum strand diameter as sp ecified in A STM 8 — 3 .  Minimum conductor
area for mm 2 is based on 98% of minimum strand diam eter. Before pro .
cessuug wish finish cable , t h e  rrun imum s t r a n d  d i a m e t e r  for m e t ri c  s t r a n d s  _____________________________________________________________________

sisal) not var y from the speci fied nominal by more than 1% expressed to TABLE 3—TEST REQUIREMENTS
the nearest .001 mm. Cable Types

Test s SGT SGR SG\
TABLE I-CONDUCTORS Strand Coating x

Phy v i ral Properties x x
SAE Metric Minimum Conductor Area

Dielectric xWire5 Witc h Foe Finished Cable 
High Temp erature x

Size Size cm Mit mm 2 Cold Bend x S

Flame

6 4 ,0 259 10 12.1 Oil Absorpt i on S

5 0  3 7 36(1 1 ~ Abrasion Resi s tance

2 6.0 624 51n 31 1
I 7 .0 777 90 38 I
0 b.O 989~ - 4)1 ‘5

2/0 9.0 125 100 59 8 5. TESTS
3(0 10.0 158600 7 7 6  5.1 Strand Coating—Tin t est shall he cond u5 red on stiand s g n u  t o

4/ 0 11 . 0 205500 98 5 st ra ndin g and shall be conducted per ASTM 8 .33. All 5 -) s ated a. Lie shall
____________________________________________________________ conform to A STM 8.1 89.

5.2 Physical Propert ieS (lnsu lat io n l—lesi samples of i nsuia:no n that

SAE wire si ze number ind icates that the cross sectiona l area of th e con- have bern remos ’ed f rom the conductors shall be us e d The c nn ndu s tor m as

ductors approximate the area o f American Wire Gauge for equivalent Sizes be stretched for grc. nrc r ease in removing it front the in s ulati o n TIne sampin-
ma~ be tested as tube , slit-tube forms , or as dumbbells . The sample shall

5’ Met ric wire size is the diameter of a solid wire with app mo xima ne l~ the have marks placed u~x n  it 2 in (50 mm ) apart. ‘Fhe sample shall then he
s tr e t s  bed at the rate ot 20 in (508 mm , per m m .  The rens ilc s t ren g th  shall

same cross secti o nal area as stranded conductors
Metric dimensions are not direct con version from circular mil s be calculated upo n the o riginal cr o ss section of the t e st samp le be t ore

stretc hing Physical tes ts  shall be made at room tempera ture of 75

See Appendi x for various indi vidua l conductor constructions and 5° F ( 21 - I ° Ch For the pur pov e of these tes ts  care must he used in

nominal strand diameters cu t iing and obtaining samples of uni form t ross se s tu rn .

5.3 High Tempe rature—O n e in (25 mm , of insulation sha ll he t e ’
move d from each end of a 24 in (610 mm ) samp le of firus hed cable

3.2 Inaui a t io n—Ins u latio n shall be homogeneous in character and shall The sample shall be susp ended ar o und a cyhndr rc al mandrel with a a. ei g ht
be placed concentrically within commercia l tolerances about the c onductor a r t a ~he d to each end of the sample ‘fl’nms co ndition shall he mar~ t ai ned it-

Insul ation shal l adhere closel y to . but sinp readily from , the ns nduct o rs a circu lating air o v en The mandrel size , a.ei ghu . temp e rature and turns’ shall
leavi ng them reaso nably clean and in suitable condition fo r t e r m in a trn ~ be as specified in ‘Table 5

Insu lation thickness shall be in accordance with the a p pr op rn at e table At the end of the ab ose conditi onin g peri od the sample shalt be re
for the various cable type s Variations in insulation wall thickn es s are m is s ed from the ose n and all owed t o cool to rssss r ri temperature W )ss ’n
perm issible due t o  eccentricit y. However , t he minimum a.a l i  thickness a : coi l he weights shall he remos ’ed and the samp li ’ bent in t he reverse d oe ,
any cross section of a tes t spec imen shall not be less than 70’~ of the f ir m ion aroun d the mand re l at a rate not t o exc eed inc c omple te turn pet
m nal wall thickness of insulation specified in the appropri ate table for the minute The samp le shall then he subjected to the Dielec t t i5 te st as
v ar iou s cable types. The minimum wall thickness shall he measured with spe s if u ed in paragr ap h 5 4
a pun dial micrometer erl er im ng at 2Sgr force and using a 0.043 in ( I mm 5.4 I~ele mc Teat —One in ~25 mm ) o f insulation shall he remn sc d It

ma x,imum d iameter pin each end s t  ,u 24 in 1 1  Ii mm sample or finished cable and the t a.o end s
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TABLE 4-DIMENSIONSt’

SAE Metric SGT SGR SGX
Wtye Wire 

• 
Nom. Well Max. Dia Nom Wall Max. 1)1*. Nom. Wall Max. Dm a.

Size Size in mm in mm in mm in mm in mm in mm

6a 4 .060 1 .52 .340 7.36 .047 1.1 9 .340 7.36 .043 1 .09 .300 6.49
4 a . 065 l .65 .420 8.86 .04 7 1 . 1 9  .420 8.86 .065 1.65 .42 1 ’  8.S6
2 6 .065 1.65 .505 12. 74 .065 1.65 .505 12 . 74 .065 1.65 .505 12 . 74

I 7 .065 1.6 5 .55 7 13.86 .065 1.65 .557 13.86 .065 1.65 .557 13.86
0 8 .065 1 .65 .600 14.95 .065 1.65 .600 14.95 .065 1.65 .600 14.95

2,0 9 .065 1.65 6.55 16 . 1 5  .065 1.65 .655 16.15 .065 1.65 .655 16 .1 5
3/0 10 .078 l.98 .750 18.67 .078 1.98 .7 50 18.67 — — — —

4 ,0 11 .0 71 1.98 .8 10 19 .73 .078 1.98 .810 19. 73 — — — —

4Ttt e 6 and 4 gage wall thickness can be the same as fo r GPT. b Met r is dimensions are not d uec t sonse r sn , ,n from nn~he ’

TABLE 5-HIGH TEMPERATURE TEST

Cable Type SGT SGR SGX
Test Conditions l2O hJ2 SOr 2~F(I2I S C) 168h 302 ± 3 5 F (15 0 C)

SAE Wire Man drel Weight Mandrel Weig ht
Size in mm lb k8 in mm lb kg

6 JO 254 6 2. 72 10 254 6 2. 72
4 10 254 6 2.72 10 254 6 2 7 2
2 10 254 6 2.72 10 254 6 2. 72

1 0 254 6 2. 72 10 254 6 2. 72

0 10 254 10 4 .54 10 254 10 4 . 5 4
2 -1 ’  10 254 10 4. 54 10 254 ‘0 4 .5 4
3/0 10 254 10 4 .54 — — — —
4 0  10 254 10 4.54 — — — —

Note Metric dimensions and weig hts are direct covers ion from inches and
poun ds.

connecte d together. The loop thus formed shall be immersed in a.ater con - TABLE 6—COLD BEND TEST
ta m ing S’7~ salt by weig ht at room tem peratur e so tha t not more than
(1 52 mm) of each end of the sampl e protrudes above the solution. After
being immersed b r  fi ve hours and whi le still immersed the sample shall Cable Typ e SGT SGR SGX

withstand the application of I000V (rms) at 6O Hr between the conductor Tess Conditions 3h ’ -40 F (-4 0° C)

and the solution for I m m  without puncture of the insulatio n. SAE hire Mandrel %Seigl n t

5.5 Cold Bend Test—One in (25 mm ) of insulation shall be remo ved Size in mm lb k g

from each end on a 24 in (610 mm ) sample of finished cable The temper’
at ure o f the samp le shall be lowered at a rate of 1 22 °F (50° C) per minute 6 I I ’  54 6 7.

until t he sp ecified temp e rature is reached. This t empera lure shall he 10 254 1’ - . -

maintained for three hours. While the sample is still at this low temper- 2 10 254 6 2 72
II 4 c ~ 6 2 7 ’

ature it s hall be wrappe d around a mandrel for 180 deg at a unifoim rate
- 0 I s  4 6 7  10 4 5 5

of one turn in l O s  The temp e rature and mandrel sire shall he as spe cified 
1 6  4~~ 10 4 ~ ‘5

in Table 6. Esther a revolving or stationary mandrel may be used. Whe a i/f ) I s 4~ ’ 10 4 ~3
revolving mandrel is use d fa sten one end of the sample so the mandrel , The 4 )  II ~~~ 10 4 ~‘5
sample shall then be subjected so the dielectric test as sp ecified in para ’
gra ph 2 4

5.6 Flame Tes t —A bunsen burner having a 1/2 in ( 13  mm ) inlet , a Note : Metric dimension s and weig hts are dir e, conversion from In5 f i rs
non irua l bore of 3 8 in 10 mml , a length of approx imately 4 in (102 mm ) an d pound s
above the primar y inlets , equipp ed with a wing top flame spreader having
a 1/ 1 6 x 2  in U a SI mm ) op ening f i t ted  to the top of the burner s hall The sample shall be immer sed to withi n I I 2 in ~36 mm l f t s ’rri hr er ,d ’
be used A 24 in (6 10 mm ) sample of finished cable shall be s uspended of the insulator in a liquid containin g equal parts of kerosene and S.\ l
taut in a ho nr ontal positio n within a partial enclosure which a l lows a I/ lW enpn e oil at a temp e rature of 1 1 8  - 1 2 2 ° ) 41 - 50’ Cu 1w a m r
flow of suff icient air for complete comb ustion but us free from dra f t s  ,~f at least 20 It The outside diameter of the cable shall not increase more
The top of a 2 In ( S I  mm ( gas flame with an inner co ne one-thir d i t ’  than lS’% The samp le shall then be bent aroun d a lO in  I 2~ 4 mitt s m e
heig ht s hall then be app l ied to the center of th e suspended cable The drel and then subjected to the Diel rc rrr5 Tes ’  paragrap h 5 . 4
time of appl ication of the flame shall be 3 0 s  for SAt wmrr 6 through 5.8 Ai ,rasion Rraiatance — One in (25 mml f the insulati on shall hr
4/ 0 A fter remo va l of the bun se n burner flam e the sample s ha l l not removed from one end ot a ‘ 5 5’ ~ 9 l4  mm) sample of f unr shed ca ble The
continue to burn for more than 30 c  sample shall then be placed taunt . ~rthour stretching he’ a.eer the ,a bls

5.7 Oil Absorption Test—On e in ‘2~ mm ) of insulation shall be clamps as thown in military sp ecification MIL -T .54 i5 Usnng ’h” a.erg ht
remove d from Ca It end of a 24 ri 6 I I I  mm l sample of finished sable supp” i bracket and wet g hr sp ecified in Table I The samp le shall rh
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3
be subjected i i  the a bra sion test .  After each reading the sample shall be and average the remaining readings The average shall define the abrasion
moved 2 in (51 mm) and ro ta ted c lo~kssi se 90 deg Eig ht readings shall resistance o f she cable under test. ~ alues for individual cabl es are shown
be obtained for each sample. Obtain in average by calculating the arith . in Table 7 .
tiie’tic mean of all readings. Discard alt ieadings abuse the arithmetic mean

TABLE 7-ABRASION TEST (REQUIREMENTS) TABLE 8-AB RASIONS TEST (CONDITIONS)

SAl Minimum Resistance ‘ Inches (mm) of Tape 
_____________________________________________

SGT SGX
Size iii mm in mm S~~

_________________________________________ 
Wire SGT-SGX

6 135 3429 25 635 Size Br lb k2

4 13 5 3429 135 3429 6 C 4.25 1.93

2 135 3429 135 3429 4 C 4.25 1.93

I 1 3 5  34 29 13 5 3429 2 C 4.25 1.93

0 13 5  3429 135 3429 1 C 4.25 1.93

2( 1 135 3429 135 3429 0 C 4 .25 1.93

3 0 135 3429 — — 2 .0 C 4.25 1.93

4 0  18 0 4 5 72  — — 3:0 C 4 .25 1.93
___________________________________________ 4 0  C 4 .25 1.93

Note: Me r tu c dim ens io ns are direct conversion from inches.

A ENDIX-RECOMMENDED CONDUCTOR CONSTRUCTIONS (AWG STRANDS)

SAE CLASS I CLASS II
Wire Size No. Strands/AW G Size (in) No. Stran ds!A WG Sizef in )

6 37 / 21  (.0285 ) 7 s. 19 ,27  ( .0142 )
4 61 :22 ( .0253) x l 9 ’ 2 5  ( 0 I ’9 1
2 127 / 23 (.0226 ) 7 a 19 2 3 ( 0 2 2 6 5
I 12 7 - 2 2  ( .0253) 7 a 37 i2 5 I
0 127 / 21 (.0285 ) 7 a 37 / 24  1 0201 )

2/0 12 7 2(1 .03201 7 s 3 7 : 2 3  ~, O22hI
3/0 — 7 a 37 / 22  1.0253 )
4 I i  — 19 a 2 2 / 2 3  5 . 02 2 51

RECOMMENDED CONDUCTOR CONSTRUCTiONS (METRIC STRANDS)

SAE
Wire Metric CLASS I CLASS El
Size Size No. Strands /mm Size No. Stra nds ’mm Sire

6 4 .0 37/ .66
4 5.0 6 1/ . 63 —
2 6.0 127 1 .57 7 a 19 .57

7.0 12 7 / 6 3  7 a 19 .63
0 8.0 27 .71 7 1 9 . 71

2/0 9.0 1 2 7 / 7 9  7 a 19 ‘9
3/0 10.0 — 7 s 3 7  63
4/0 11 .0 — 7 37 . 7 1

Note. Stranding ot her than thos e shown abos ’e for both SA E and metric
wire sizes are acce ptable providing they meet the minimum con-
ductor area sp ecified in Table I

Copyright (~ Society of Automotive Engineers, In c. 1 975
Al ) rights reserved.

SAE Tschnics ) Board Rules end Regulation s
Al l tschn,cau reports, including atandirds approved and prsc In formulating and •pprov~ng technuci ) reports , the Techn,ca
t sc.s r.com mendsd , era advisory only Their us. by anyone Boerd, its Coun cn la end C.omm uttees w iut riot Inves tIg at e or

in indust ry or trade a •nt i rely voluntary . There u s no consid e r p.t.nts Which may •ppty to the su bj ct matt er , Pro m
a~-.sm.nt to adhere to •rsy SAt Standard or SAt R~~oqn- pscliv users of th raporl are r.sPonau b)e fo r protSCtr ng them-
mended Practice , and no commitment t o conform to or be selves agaInst ti th i u ity fo r unfr ursg s rne ni of pi tents
guided by any t ichnicil c apon Pr nt ed ‘ U S A
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LOW TENSION PRIMARY C.~\BL E—SAE J1128 SAE Standard

Report ot ’ Electrical Equipment Committee approved November 1975.

1. SCOPE—Thi s standard covers low ers ion prs mary cable intended foe The physic al properties of the insulation sha ll be a.s sho wn in Tab le 2.
use .~t 50 V or less in surface v eni ci e wi ring. Requ ire ments for cable s ir es

SAE 1558 and SA E Recomme nded Paacuce . Low Tension Cable Thermo’
20 through 4 prevto uals ’ ~o nt ai ned in S. .i~E Standard , Low Tension Cable— TABLE 2—INSULAT ION PROPERTIES

sett ing Ir is ut auon —SAE 3878. are included. Cable st ies 6 through 4/ 0 pre• Mm Tensile Strength Miss Elong adon
es o usly s pecified in SAE J 55 8 ~r r now included in SAE Ji 127 .

2. SPECIFiCATION TYPES Cable Typ es ~~ i kPa Percent
2.1 Ty pe G}’T — G.eneral Purpose , thermopLastic insu lated.
12 Ty pe HDT—Heacy Duty,  thermoplastic insulate d. GP’T HDT 2300 15860 125

2.3 Type GPB—G.ener al Pur pose , Thermoplas t ic insulated , braided. GPB HDB 1000 6900 100
2.4 Type HDB—Heas’ y Duty, thermop lastic nsulated braided.
2.5 Type STS—Standar d Duty , syntheti c rubber insu lated. STS HIS 1600 11030 250

2.6 Type HTS—Hea v’y Duty, s~ nt h et tc rub ber insulated. SXL 2500 10340 150
2.7 Type SXL—Stan d.ard Duty , erosslin ked po lyethylene insulated,

3. GENERAL SPECIFICATIONS
3.1 Conduc tors — Conductors shall be bunched . concentric , or rope 3.3 Braid

ttranded as specif ied in the Appendix and shall be annealed copper wire 3.3. 1 General Pt.upos e Braid—When the construction includes a braided

in accordance with ASTM B-3 When tin or alloy coated w ires are used coveting a closely wo v en braid of cotton or other fibrous material shall be

they shall wsths r .rnd the cont i nuity test as speci fied under strand coating appl ied ov er the insu lation. All braided c over age shall be thorou ghl y

test paragraph 5.1).  A se parator shall be used between the iancoated ~~~~~ 
covered or sa t urated wtth a f’lrt’rily adhering com pound that will present a

ducto r and the sa ’ nthe ti c ro bber insulatton. When coated conductors are firusrsed appear ance . Adjacent layers o f cable when wound on a ret l shall

use d no separator is required. The cross sec t iona l area of strande d con- not stick to one another it any temperature under 140 c F 40~C).

duc t ors shall not be less t han t he value s spec i fied in Table I .  3.3.2 Heavy Dun’ Bra id—The braid sha ll be made up of one’half 028

Minimum conductor area tot c i.r.~ular rids is based ott 98’~ o f total mini- rim (0. 7 mm paper t wine and one-half cot t on yam . The able shall be

mum strand d iameter as specilie d~~i ASTM 3-3. Minimum conductor area bra ided so tha t all of the paper t wine shall be in one d irection and the

for mm2 is based on 98~ o f tru nimum strand d iameter. Before processing cot ton yam in t he opposite duecuon. The bra id shall be finished or

the final cable , the rna taimum stran d diameter for metric strands shall not coate d with a comp o und as specified in paragraph 3.3 1

vary from the specified nomina l by more than 1% expressed to the nearest 4. CABLE TYPE REQUIREMENTS

.001 mm. 4. 1 Construct ion—The conduct o rs. tn su lat ion and braid shall ne as
speci fied in parag raph 3 for each typ e of abi e

TABLE I—CONDUCTORS 4.2 Teat Reqwremen cs— The t est requ i rement for each type of cab le
___________ _____________________________________________ s hal l be as indicated in Table 3.

SAE Metric Mja’mim um Conduct or Area TABLE 3-TEST REQUIREMENTS
— Wite5 For Finish ed Cable _______________________________________________

Size Size Cu MIla mm2t ’
CABLE TYPES

20 0.8 1072 .508
Tests Gfl HDT GPB HDB STS HTS SXL

18 1.0 157 ’  ‘60

16 1.2 2336 1.12 Strand Coating a a a a a a a

14 1.5 7~ 02 
Physical Pr o perties a a a a a a a
High Temp erature a a a a a a a

12 2.0 5833  2 .96 Dielectric a a a a a a a

10 2.5 93 4 3  4 6 ~ 
Col d Bend a a x a x ~ a
Flame ~8 3.0 14810 ‘ .2 3 Osi Absorption a a a a a a

6 4 .0 259 10 12. 1 ~~er load ‘a a

4 5.0 37360 18.3 Shon Cir cuit a a
_______________________________________________________________ Pinch a a a a a

5SAE wire si ze number in dicate s tha t the cross sectional area Abra,~on Resistance a ‘a a a ‘a
o f the conductors appmoai rriltc she are a of American Wir e
Gauge for eqwv aient sizes.
Metric wir e size is the diameter of a solid wsre with appro xi ’ 4 . 3  DtfliaflSfOflI’Tbe nominal w all thic kness and mas.lmum ove rallI matelv the same cross s ec t tor ma l area as stranded conductors , diameter of finished cable.shall be as sp ecified in Table 4

Metric dimensions are not direct conversion from circular ends ~
See Ap pendix or various individual conductor co nstr ia clions azid 5.1 Strand Coating—Tin test shall hr conducted on s t r an ds  prior ‘o

nomina l stra nd diam eters , stranding and shall be conducted per ASTM 3 .33.  Alloy c o ate d wirr shall

3.2 Insulsoon—Ina ulation shall be homogeneous in character and sha ll congo r m to A.STM 9-18 9

be placed con centricall y within commerc ial t olerances about the conductor, 5.2 Physical Properties (lnsulatson)—T est samples of insulation that
Ins ulation shall adhere closely to, but imp readil y from , t he conductort have been remove d u r n  the ronauctors shall be used The cond uctor nia%
leaving t hem reasonably clean and us suitab le condition for terminanne. be stretche d or gr eas er ease in remo v ing it ftom the insulation T~:e cam-

Ins u lation thicknes s shall be in accordan ce with the appropr iate table pie mas be rested as ‘ube . slit.tube forms , or as dumbbe lls. T’ne sample
for the various cable types. Variati ons in insulation wai l thickne ss ate per shal l have mar ks place d upon it in 50 mmn apari The samp .c shall the n
miasa ble due to eccent ri cit y However , the minimum wall thtck.ness at any be stretche d at t he rate of 20 in 508 rimu per muss The tensile .tr erieth

cross sect ion 0(3  tes t spe cimen shall not be less than O~ of the nominal shall be cajc ts lated upon ‘he original , r o s s  section of the test  sam ple he :c r i
w ail t hickne ss of insulation sp ecified in the appropr iate table for the var . stretcfung. Phyuc.al tes ts  shall be made at room temp e rature ot ~ S ’F

uouas cable type’s The mnlnimusm w all thickness shall be measured with a (21 l~ C). For the purpose of these te at s  care must be used IS .t~tting asic
pan h.,ui mic rometer ex er ti ng a 2! g force and us ing a ’ ‘ 4 3 in ( I  mmt obtw ung samples of unsfo r rrt cr oss sectio n
ma.almum diameter pin 5.3 HaØi Tempera ni re—On e in 25 mmi o/ insula t io n shall be removed
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TABLE 4 - DIMENSIONS5

SAE Memc GPT HDT GPB
Wire Wiet Nom Wall Max Dia Nom Wall Max Dia Nom Wall Mart Dsa
Size Size n miii in mm in mm in mm in mm in mm

20 0.8 .023 .58 .095 2.34, .036 .91 .120 2.95 .022 .56 . 155 2.92

18 1.0 .023 .58 .100 2.50 .037 .94 130 3.24 .022 56 135 7. 43

16 1.2 .023 .58 .115 2.84 .040 1.02 14 5 3.58 .022 .56 145 7 . 68

14 1.5 .023 .58 .125 3.18 .04 1 1.04 .165 4 19 072 56 InS 4 19

12 2.0 .026 .66 .150 3.81 .046 1.17 .190 4 8 3  .027 .69 195 4 9 5

10 2.5 .031 .79 .185 4.67 .046 1.17 .2 15 5 4 2  .031 79 230 5. 54

8 3.0 .037 .94 .245 6.10 .055 1.40 - 280 6 9 8  037 94 .301 7 1 5

6 4 .0 .043 1.09 .305 7.72 .060 1.52 .34 ,3 8.60 •,34 7 1 1 9  360 9 1 4

4 5.0 .044 1.12 .375 9.32 .068 1 73 .420 10.44 . 047 1.19 4 2 7  11 1..

HDB ROB 
‘ 

STS and SXL HTS
Norn Wad Max Dia Nom Wad Max Dia Nom %~ail Max Dsa
in mmlii in mm in mm iii mm in mm in mm

20 08  .029 . 74 110 2. 7 1 .036 .91 1 5  3

18 1.0 .022 .56 .155 3.94 .030 76 .120 3.00 .03’t 34 13 ! 7 .3”
16 1.2 .022 .56 .170 4.32 03 2 8 1  .135 3 3 3  . 040 1.v2 150 3 . J

14 1.5 .022 56 .190 3 83 .035 .89 155 3.94 .04 1 1.04 165 4 19

12 2.0 .027 .69 .230 5.84 .037 94 .180 4 57 046 1.17 .20 . 5 08

10 2.5 .031 . 79 255 6.48 .04 1 1.04 .210 5 3 0  045 1.~~ .2 2 5  5 6’

8 3.0 .04 3 1.09 .245 6 .10 05 5 1 o r , 
~~

) 6 3

6 4 .0 .05 5 1.40 .33 5 8 . 4 7 .062 1! 350 8.85
— . 4 5.0

a Met mi c dimensions are not direct con version morn inches

from each end of a 24 in (6 10 mm) sample of finished cable The sample abo v e the primary inlet s , equipped w i t h  a w i ng  ‘op t’lame spreader havt n~
shall be suspended aro und a cyl ind rical mandrel with a weigh t attached to a 1 : 1 6  2 in il a 51 mm operline lit ‘ed to the ‘ op ot the burner shall be
each end of the sample. This condition shad be maintain ed in s  circulating used. A 24 in 610 mm, sampue of flnisheu ,cbie shall be suspended taut
air oven The mandrel size , weight , t emperature arid time shall be as spe c’ t. in a h o mtz o nt al  position wi th in a part ial enc~c ’ c u r e .s h i~ h a l l o w s a f low ot

fled in Table 5. su ff i cient air for c o m p e t e  combu atto n but  is t ree tom dr~ t t ~ The op ot ’

Ar t he end o f the abo ve co nd it t ontn e penod the sample shall be removed a 2 in )5 mm ~as fls mnc s~t th  an inner ~i’ne one’ iht rd its height shall then
from the oven and allowed to coo l to room cemperarure. When cool the be applied to the center of the suspenciel ca irle The ‘ime or a pnt ic at t on
weights shall be removed and the sample bent in the rev emse d i recti on of the flame shall be IS s for SAL w~~ ic e 1 0 through 20 j nd 3,3 s for

around the mandrel s pecified in Table 5 for the bend test at a rate riot to SAE wire size 8 and Large r ill er remova l o~ he bunsen burner flame Ire
exceed one comple t e turn per minu te. The sample shal l th en be subje cted sample thall not continue to burn f j r  mote ‘ha n 30 s .
to t he Dielectric ‘cit as specified in paragraph 5.4’ V5.7 oil ~j,.orpoon Tess—O ne in ot insulation shah be remo ved torn

~/5.4 Dielectric Test — One in ‘25 mml of insul ation shall be removed each end of a 24 in 6 10 mm) sample of finished cable The sample sha ll
fr om each end of a 24 in (610 mm) sample of finished cable and the two be immersed to within 1.1 ‘2 in 38 menu from the ends of the insulator in
ends t w isted together. The loop thus form ed shall be immemse d in w ater a liquid contain ing equal pa rts of kerosene and SAE lO W engtne oil at a
containing 5”~ salt by weight at room temperatur e so that not more than Tempe rature of I l8’l 22~ F 48.!Ov C, Ic r  a period ol at least 2” Is The
‘ ir 132 rn ’S) o f each end of the sample prot rudes abo ve the solution . outside diame t er of ‘he cable shall not incre ase more than I The cam ’

being immersed for fi ve hour s arid while st ill immemsed the sample pIe shall then b e bent stousn d a mandre l as specified in Table . and ‘hs ’n

~ a’iths:and the application ot 1000 V ar 60 Hz between the con - sub1ect ed to the Dielecr rtc Tes t , paragraph 5 4

. ‘o r an d the so lution for one minute without puncture of ‘ he insu la ’mo n . 5.8 Overload Test—In an amb ient temp e rature of “ S r  5~ F (23 a ’C)

5.5 COld Bend Test—One in 25 mm) of insulation shaLl be remos ~ 60 in ( 1 5 2 4  mm) ca rn t ’te cable s uspended in air ‘r ly ing in a tra ns ile t ah r

fro m eac h end of a 24 in (61’) mmu samp le of finished cable The te n - .pera . top s hall be s ublecte d to an overload current s u ft ’ic tent to raise ‘hr conI ac

lure of the samp le sha ll be lowe red at a mate of I 2 F  50 C1 per minute to m temperature to 4 1111 3~ F 204~ C’) and to hoid t ‘here for a period
until the specified temperatur e is reached , This temperatur e shall be maIn- 30 mitt (thermocouple to be inse rted ni, - sample con duc t or stranding
tam ed for three hours. Whale the sample is still at this low temperature it i~, (45 7 mm) f rom one endl After the overload test cut 18 us ‘4 ! ~~ mrs i

ihall be wrapped around a mandrel for 180 deg at a uniform rate of one from each end of the cable and discar d The remaining 24 in 610 mrs I

turn in I Os. The temperature and mandrel siz e shall bea t  specified in Lble portion which was in tie center of the oneinal vs in 1524 men u sham hen
6 Lithe , a rev olv lne o~ stationary mandre l may be used When a revolv. be ,ub)ected to the Dielectric re s t par seraph 5 . 4
in, mandrel is used fatten one end of the sa mple to th~ mandre l . The sam- 5.9 Short Circuit Test (18 ~r ouU~ f— Long sic 36 in (914 men u
pie shall then be sub~ecte d to the Dielectric test as spe ci fied in paragr aph 5 4 length s and one 48 in ( 1 1  Ii mm er.erh of 8 gage ca bl e strip I ,n 25 4

‘L6 Rain. Test —A bunse n burner hiving I 2 in ( 1 3  mm, inlet , a ( 25  4 mm) of insulation t r o tS  each end of the 48 m u  12 19 mmu errth

i~~miriaJ bore of 3 8  in 10 mm ). a length of ap pr o ssma re ly 4 in ) 102 mm Twt sr the s ix 36 un 9 1 4  mm ) lengi hs aroun d the 48 in I 12 19 mmi ene”

:13
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TABLE 5-HIGH TEMPERATUR.E TEST

Cable Type GFT HOT GPB HDB STS HTS SXL
Tes t Conditions 1201i,250 2~ F (121 C) 1201s/275 : 3~F (l35~C) 240hi302 3~ F (135 CC)

SAE Wire Size Mandrel Weight Mandrel Weight Mandrel Wetght

in mm lb kg in mm lb kg in mm lb kg

20 4 . 5 114 1.0 0.45 4 .5 114 1.0 0.45 0.50 1 ~~~ 1.0 0 4 5

18 4 .5 114 1.0 0. 35 4 .5 114 1.0 0.45 0.50 12. 7 1.0 0. 45

16 6.5 165 1.0 0.45 6.5 165 1 .0 0 4 5  0.50 12. 7 1.0 0 4 5

14 6.3 165 1.0 0.45 6.5 165 1.0 0. 45 0. 75 19.0 1.0 0.45

12 6.5 165 3.0 1.36 6.5 165 3.0 1.36 0 . 5  19.0 3.0 1.36

10 10.0 254 3.0 1.36 10.0 254 3.0 1.36 1.00 25. 4 3 0 1.36

8 10.0 2S4 3.0 1.36 10.0 254 3.0 1.36 2.00 50.8 3 0  1 3 6

6 10.0 254 6.3 2. 12 10.0 254 6.0 2. 72 3.00 6. 6.0 2 7 2

4 10.0 254 6.0 2.72 10.0 254

Bend Test Mandrel Di,.
Cable Type

SAE Wire Size GPT HDT GPB HOB STS HIS SXL

in mm in mm us mm

‘0 3 76 ‘ 3 ‘6.2 1.0 25 , 4

18 3 76.2 3 76.2 1.0 2! 4

16 3 76 ,2 3 76 ,2 1.0 2 5 4

14 6 152. 4 6 152 .0 3.0 ‘6.2

12 6 1 5 2 , 3 6 152.0 3.0 6.2

10 6 151.4 6 152.0 6.l) 6 2
— 

9 6 152 4 6 152.0 6.0 152 . 4

6 10 254 ,0 10 254 .0 6.0 152 4

4 10 254 .0

NOTE. Metric d imens ions and w eights are direct conversion tmom
inche s and pounds.

TAB LE 6—COLD BEND TEST

Cable Ty pe GPT HDT GPB HDB STS HTS SXL
Test Condit ions 3h,405 F (-40’C) 3h,.4o: F (.4 O~ C) 3hf .6 O~ F (•51 ‘C)

SAE Wire Size Mandrel Weighs Mandrel Weight Mandrel Weight

in mm l b k g in mm lb kg in mm lb kg

‘3 3.0 76 1.0 3. 45 3.0 76 1 . 0 0. 45 1 0 2 5 . 4 1.5 0.68

18 3.0 76 1.0 0 45 3.0 76 1.0 0 4 5  1.0 25 4 1.3 0.68

16 3.0 76 1.0 0.45 3.0 76 1.0 0 4 5  1 3 25 3 I.! 36 8
14 6.0 152 1.0 0 4 5  6.0 1 5 2  1.0 0.45 3.0 76. 2 3.0 1 3 6

12 6.0 152 3 0  1 .36 6.0 15 2 3.0 1 3 6  3 0  ‘ 5 2  5 0  2 .2 ’

10 6.0 1S 2 3’ )  1.36 6.0 15 2  3 0  1 3 6  3.0 ~6 5.0

8 6 0  152 3 0  36 6.0 15 2 3 .0 1 3 6  6.0 152 .0  5.0 ~~
6 10.0 53 6 .0 2 ” 2  10.0 :54 6 0  2 6.0 5 7 )  ‘0  3 . 1
.5 10.0 25 3 6 0

“4
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TABLE 7-OIL ABSORPTION TEST

GPT HOT GPB HDB SiS HIS SXL

SAE Wire Size Mandrel Mandrel Mandrel

in mm in mm in mm

20 3.0 76.0 3.0 “ 5 . 0 1 0 7 5 4

18 3.0 ‘6.0 3 3 ‘6 3 1 0 25 4

16 3 u  7 6 0  3.0 6 0  1.0 2 5 4

14 6.0 1 5 2 )  6.0 1 5 2 ’ .) 3 0

12 S o  152.0 6.0 1 5 2 . 0  3 0  ‘5
10 6.0 1 5 2 0  6.0 1 5 2 3  3 0  ‘50

8 6.0 152. 0 6.0 152 ) 6 0 152 0

6 10.0 254 0 10.0 2 5 4 ,0 ~ u 152 ,0

4 10.0 254 3

NOTE ‘ter:i~ .t imens ions and we i c t ’. are e~ ’ ~o n.e rs ion  7r~ ’ rt’ . . ’ .i :.,- ’
and pounds.

TABL E 8 ‘ PINCH TEST

Minimum Pinch Resurance

s~ 
GPT HDT STS Hi’S SXL

Wire Size lb kg lb k~ lb kg lb kg lb kg

20 5 .3 9 4 I S 3±. 10 4 5 ’ ;  5 .o

18 6 . 10 4 .5 3 10 4 5  ~ “ .2

16 6 2 .  13 5 .9 S 3.6 10 4 .5 .~~

14 8 $ 6 15 ti . 8 3 3 10 4 5 2 ’  ~ U

12 8 3.6 Is  ~, 2 S 3 6  10 4 5  22 11.0

10 10 4 ,5 24 10.9 S 3 6 -3 4 5 30 4

8 Il 5.0 32 14 .! 5 3 6 10 4 5  35 16.0

6 15 6 .8 43 19.5 S 3 6 10 4 .5 4 - )  Is

4 2~ 1 2 2  54 2 3 5

Note: Metric dimen s ions and we i g h ts  ate d i rec t co n~er s ion from inches
and pounds.

with approximately a 4 in (102 mm) lay. Position so that 6 in 152  mm) Note The Pinch Test apparatus shall be equivalen t to that sh own in F
of the 48 in (1219 mm) cable extends beyond each end. Tape into The minimum values tot each cable type ari d size shall be as shown is

pos ition using woven glass tap e with 1/3 lap. Apply a constan t 55 amp Table 8.
cu rrent to t he center conductor o (th e bundl e for three manures , Tur n ~~~~~~~~
off cu ms ent and allow bundle to cool. Disconnect power so urce and test .~ _______

for sh ort c i rcu its between all conductors. Use 1000 V (m is) test v oltage . ‘ , 
is.

‘There shaU be no short in g of co nductors and when the glass ta pe t i re- “ ~~~ — 
0— A NV 1L

moved from the bundle the indi vidual wires shall be readily separated
w ithout teanng the insulat io n on the indiv idual cables . This test is con. 0 0

ducted to check the t hemmo se tt i ng propert ie s of the insulatio n. -

~.lO Pinch Tess—One in (25 mm) of tnsulauon shall be removed from
5 C L E ’ ~~Oone end of a 36 in (914 mm) samp le of finished cable. The sample shall ,‘ ~~~~~~~~ ..~~~~

.

then be placed taut w ithout suetch in g across a 1/8 in (3 ro ss ) diameter ‘. J
steel bar and be subjected to the forc e of a we ighted steel anvil . lncreastng
wsegl’s t shall be app lied to the steel anvil as a rate of 5 lb (2 .27 ki) per man ~~‘-

wit h a leve l advanta ge of 10 at the moment the instalauon is pinched ...
~ - -

through t he 1/8 in (3 mm) diameter rod will contact the conductor and 1 ‘S

the tes t sh all s top. The weight in the receptacle shall then be recorded
Alter each reading the sam ple shall be moved 2 us ( 51  mm) and ro ta ted
cloc k wis e 90 deg. Four readings shall be obtained for each sample Ob-
tain an average by calculating the arithmetic mean of all those readings
I rage shall defuse the ~ nch reslance ~~~he cabk und~ test F1G~~~~~~

IC1

T

AP1R
~~

1

~~~~~~~~~~~~~~~~~

~j
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TABLE 9 -  ABRASION TEST (REQUIREMENTS)

Minimum Res istance . Inches of Tape
SAE GPT HDT STS I{rs SXL

Wire Size in mm in mm in mm in mm in mm

20 18 457 16 406 18 45 7 30 762 22 559
18 21 533 22 559 21 533 35 889 2’ 686
16 22 559  29 737 22 559 40 1016 30 762

14 ( 1  305 15 381 12 305 18 45~ I3 $56

12 16 406 20 508 16 406 22 559 18 457

10 20 508 27 686 20 508 30 762 24 610

8 25 635 46 1168 25 635 35 889 39 991

6 25 635 50 1270 25 635 60 1524 39 991

4 30 762 60 1524

Note ’ . Metric dimensions are direct conversion from inches.

TABLE 10-ABRASION TEST (CONDITIONS)

Tes s Cond iuons

SAE GPT HOT STS ISTS SXL

Wire Size Be Be lb kg Br lb kg Br lb kg Br lb kg Br lb , kg

20 A 1 0. 45 B 3 1.36 A 1 0 4 5  B 1 0. 45 A I 0 4 5

18 A I 0.45 B 3 1.36 A I 0. 45 B 1 0.45 A 1 0 4 5

16 A 1 0. 45 B 1 1.36 B I 0. 45 B I 0 4 5  B 1 0 . 4 5

14 B 3 1.36 B 4 .25 1.93 B 3 1.36 B $ 1.36 B 3 1.36

12 B 3 1.36 B 4 .25 1.93 B 3 1.36 B 3 1 3 6  B 3 1 .36
— 

10 B 3 1.36 B 4 .25 1.93 B 3 1.36 B 3 1.36 B 3 1.36

S B 3 1.36 C 4 .25 1.93 B 3 1.36 C 3 1.36 8 3 1 3 6

6 C 4 .25 1 .93 C 4 .25 1.93 C 4 .25 1.93 C 4 2 5  1.93 C 4 .25 l.~ 3

3 C 4 .25 1.93 C 4 .25 .93

Note Metric weights are direct con ver sion from po unds.

TABLE II —T ECA COLORS 9TH EDITION

Abrasion Resistance—One in ( 5  mm of the insulation sh o ’A n 
Dark L

shall be remove d from one end o fa  36 in (914 mm ) sample of finished or . .  igh t

ca ble. The sample shall then be placed taut , wit hout stretching between 7 1003
the cable clamps as shown in military spec ification MIL-T-5438. Using the
weight support bracket and weight specified in Table 10. The sample Red 0 l 8 0  70082 70I 9
shall then be subjected to the abra.siot~ test. After each reading the sample Pink 70098 70099 70097
shall be moved 2 in  (51 mm) and rot ated clockwise 90 deg. Eigh t readings
shall be obtained for each sample. Obtain an average by calculating the Orange 00’ .. ‘004 1 “OO I

anthm et ic mean of all readin~~. Disca rd all readings above the arithmetic Yellosi ‘~0 0 3  70068 ~~~~~
— tan ana ave raet the remai ning read ings. The average shall defuse the ab” i r -rir ~~, ‘Ii )
‘ aston resistance of the cable under test . Values for ind i v idual cables are t reen •

~tow1, in Table 9. Dk Gree n ‘0065 0 61’ 0064
6. REFERENCE INFORMATION Li Blue 7 0 14 3  ‘0143

6.1 Colo Code
6.1.1 Reconsme ndedcolo,s—Th e color of the cab les should st arch as Ok Blue •01)86 ~0087

closely as possible the follow ing colors as set fo rt h by “The Color As ’ Purple “0 1 35 ‘0164 70134
soc iatton of the U.S. Inc., 9th Edition.”

6.1...’ Srnper— W here additional color combinations are requir ed it is Tan 0093 i)fl94

possible to apply color stripes. The sin pes shall be applied lon t itudsna lly Brown ‘1310” ‘r~ ‘ “01 ‘6
along the cable Black or w hite stri pes are recommended but other colors Gray ‘ 0 15 2  7 0 1 5 3  ‘

~~ ( 6 5
may t~e specified,

Black None -

i51~

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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APPENDIX-RECOMMENDED CONDU~~~OR CONSTRI CI1(. NS (A i.i, i.., ST RA,NDS )

SAE Class III Class [V
Wire No. Strands . No, Strands ,

Size AWG Size (in ) A~~G Size (in )

20 7 2 8 ( 0 1 2 6 1

18 16/30 ( 0100) ~5 36~~1~~50)

16 1 9 2 9 ( 0 1 1 3 )

14 19/21 ( .0 14 2 )

12 19 25 ( .0l”9(

10 1 9 2 3  ( .02 261
8 19/ 2 1 ( .02851

6 3 7 2 1  ( .0 215) 7 S L ~ 2 7 1  ( 4 2 .

61/22 .025 3) ~~( ‘ ~ 2 5

Recommended Conducsoe Construc tions (Metric Strands(

SAE Metric Class III
Wire Wire ‘~r,. Strands ’
Size Size mm Size

20 .8 - 31

lB 1.0 19 . 23

16 1.2 19

14 1.5 19 :~
12 2.0 19 4 5 5

— 10 3...5 9 5 ’

8 3.0 1 9 1

6 4 ,0 37 66

4 5.0 61 63

Note~ Strandits e othe r t ita n those shown above for both SA E and
metr ic wire sires are 3c c ep t a ble providing t h ey meet the
minimum conduc tor irea s pecified in Table I

SAE T setvs sca l Board Mul~~ and Regulat ions
All tschn,~~I reports , indudIng nandsrda .,perOvlO m d  ps-ac in I o~Thul.tsnq and apQrov ng tschn~~ l i ports , tIsa T.cts~ ,ca I

tIcs. r~~~mensnd.d. cc. advisory only. Their us. by anyone Board. its Counc ils InC Commirt.., will IsOt nvs.j ,asts pr

in~~~ d in ind~atry or n-ed. us mu ra l  y voluntary. Thee. us no coess,dmr Dat.nts whiCli mSV •pQIi~u to t iss su b,ac’t mast .’ ~~~~

.~ wnsnt to adhsnl to any SAE Ssandsrd or SAE Ascra m- ~~~t rve us rs of she n oon are reipone bus ~or Qror ct un g ‘~~ Y’1-

manded Prect ics , end no coq,w’niuflaris to con for m so or ~~ ia4v~~ against ‘ ability for nfrun 9~ n.nt of p.r.n rs .

guided by eny t.ch4si~~ l report. PrsntsG in U.S.A .



7.0 LA3 EX AI1fl A T I O~ NO.  3

183.435 Conductor types in circuits of 51) volts or more

(a Each conductor irs a circuit that
has a nc ,inlnal voltage of 50 volt.s or more
must be—

( 1 )  A conductor that has u-isu lat i on
listed and c1~~s.fled moIsture resLstant
and fl~sme reL ’srdant in Article 3 10.
NFPA No 70—1975 . NatIonal Electric
Code 1975;

( 2 1  A f l ex ib l e cord typ e  SO. STO. ST.
SJO. SJT . or SJTO 1:~ted ir. Article 400.
NFPA No. 70- 5975 . Na tIona l Elect sic
Code 1975:

(3) A conductor that meets IEEE Std .
4 5—1 97] . dated December 3. 1970;

(4 1  A conduc to r l;~t”d for marine use
by an Inde p endent te sting laboratory
which provides list ing, labeling, and fol-
low-up service: or

(5 ) A conducto r that meets the me-
~ch anJcal water absorption and flam e re-
tardant standards of UL Standard 83.
dated Ju iy 8, 1976.

(b) Where the nominal c ircuit voltage
of each of tlu-ee or more current carrying
conducto rs in a duct , bundle, or cable is
50 volts or more , the amperages of each
of those conductors m’2~t not exceed the
va lue in Table 5 multIpli ed by the cot-
res.~tion factor in note 2 to Table 5 1cr
the number of conductors that carry 50
volts or more.

(C )  This section does not app ly to
communication systems : electroni c nat-I-
gation e q u i p m e n t ;  r esLstan ce conducto rs
that control circu it  amperage conductors
In sncondary circuits of igni t ion syste ms :
ard pigta.ls of lc~s than seven inches of
exposed length.

7 .1 SCOPE

7.1.1 Tiis examin ation will determine compliance w i t h  tne requirements of

§183 .435(a).

7.1.2 Conouctors noted ~y visual examination No. 5 as not beinc identified

to be in compliance with ~183.435(a), are to be tested in accordance 111t h this

exar .i nat’ i on .

7.2 A PPARATUS

7 . 2 .1  A rticle 310 , NFPA , ;
~o. 70-1975 , ~Iat iona l Electric Code 1975; IEEE Stc .

45- 1~ 7 1 dated December 3, 1970; UL Standard 83, dated July 8, 1976 ; inde pendent
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testing laboratories standards if app licable ; other equipment as prescribed
in these listed standards.

7.3.0 EXAMI~4ATI0P~ SPECIt E14

7.3.1 All conductors on a boat determined by Visual Examinaticri No. 5 to
be tested for compliance .

7.3.2 The conductors may be taken from the boat or samples may be ob tained

from the manufacturer. 
-

7.4 EXA MINAT I0I~ PPOCEDUPE

7.4.1 Try to determine the conductor type by contactin q the manufacturer. If

it is one of the types as des~ribed in §183.435(a)(1), 183.435(a)(2) or

183.435(a)(3), then it is in compliance .

7.4.2 If the conductor is listed by an independent testing laboratory as

described in §183.435(a)(4), obtain that laboratory ’ s standards used to test

the conductor.

7.4.2.1 Forward a copy of the standard(s) to USCG Headquarters (G-BBT) where

final compliance determination will be made .

7.4.3 If the conducto r is not identified in Paragraphs 4.1 or 4.2. then the

conductor will be tested in accordance w ith the mecnanic al water absorption

and flame retardant standards in UL Standard 83, dated July 8, 1976.

7.4.3.1 Failure of the conductor to meet those requirements in L’L 83 determ i nes
noncompli ance .

7.4.4 If a conductor is identi fied in Paragrap hs 4.1 or 4.2 arid if doubt

exists as to its aLilit y to meet those standards for which it is list ed , notif y

USCG Headquarters (G-33T).

7.4.4.1 If USCG )cadquarte rs (G—BBT ) agrees that a conductor ’s listin g is

quest’i onabl~ , the conductor wil l 5! tested in accordance ti it~ the appropriate

standard as listed below :

a. Article 310-NFPA 7Q-1~75
Flame retardant and mi~chan ica l ‘-dater absorption propert ies tests
in UL 83, dated July 8, 1976 : anG

Flame retardant and iroisture resistance properties tests in UL
1063, dated April 1, 1973.
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b. Article 4O0-.~FPA 70-1975

Tests in UL 62, dated April 14, 1975

c. IEEE Std . 45-1971

d. Independent Testing Laboratory Standard

7. 4.4.2 Failure of the conductor to meet the standard to which it is tested
does not denote noncompliance. The conductcr type w ill be tested as described

in Paragraphs 4.3 and 4.3.1.

7.4.5 Report should include test sequence , validation of conductor type

and sampling process.

7.4.6 Discre pancies will be recorded and the manufacturer of the conductor

will be noti fied.

8.0 LAS EXAMINATION NO. 4

183.440 Requirements for conductors in high voltage secondary circui ts
of igniti on systems

(a) Each conductor In a secondary
circuit of an ignit ion system must meet
SAE Standard J557. dated January. 1968.

ib) The connect ion of each Igni tion
conductor to a spark plug. coil , or dis-
trIbutor inu~t have a tIght fittin g cap.
boot , or nipple .

8.1 This examinati on will determine compliance with §183.440(a).

8.1.1 Conductors noted by Visual Examination No. 6 as not bein g -in comp ’Iience

with §183.440(a), are to be tested in accordance with this examination .

8.2 A PPARAT US

8.2.1 As prescribed in SAE Standard J557 , dated January 1968.

8.3.0 EXA!II~IAT I0N SPECfl~EN

8.3.1 All conductors on a boat determined by Visual Examination ;~o. 6, to

be tested for compliance.

8.3.2 The condictors may be taken from tie boat or samp 1~as may be obtained

from t ’ie manufacturer.
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22.40 ELEcTRICAL U I F M F ~s I ANt) I ’ d . t l  i

LOW TENSION WIRING AND CABLE
TERMINA LS AND SPLICE CLIPS—SAE J 163 SAE Recommended Practice

Reporl at L~~ n,.a. F qarp. ~.rnl i t s t . i ... .pprc.~ d 
~~~~~ 

i t ’ s

Scope—Thts hA E Recornn,rtiiled Practi ce cover s t h e  app hc at ion require . at tachment  plus li e I t i  ~~~
t t 1mm) of cabk shall be deterrrr ired firs t per the

znents for te rntina ls and sp l ice t i ps att ,t chi ed to ,t rand ed low te nsion w i r i ng abus e procedure ‘1 hen th r terminals shall be connected arid measurements

and cable as shriwn in J878 anti J ’ t tI Irs add ition , it covers maximum voltage at n tIs the S t ’ i ,  m t  I t i n t  shall be ritade front the st rippe d solder dappe d pri nts ~n

drop b utts for f r it r i t in tspe i’tinnei’tions t he cable s u m s  ui in i i  t e d  line s i L l  i t  pr tcr mir ia ls anti i t o  t r u e  Sa nt e

Use of Terminals . - Frit t ort C
~u ii ’ k d is c o ntt ect pe hi ass connect t ins should point nit the cable an to a pi tint to a ‘‘ u r n - il ii cc , t e t ’n i i  na l i  .

~ 
us a lent to I ‘tat

be used onl y u l i t re the tots I t t  t in t  temper ature rnm ,t i r O nm e nt a l  ambient p lus use d for iii , r1ti ~Iarrd i,, Fri . n .t  I r e  u .i,’e drop ‘t ilt tin th e I c i i .  i t t  conn er
mae due to current , nie .i s t t r e t i at the center of the te rrn it t a l  st in ts e si ’tr ’ i not t t t t t t  is defined as the d , r i n ’ r e  mi i i ’  t r u s t  e t u  this readir ’i~ and the 1tr es iou, m d x

excee d the cap.ihilit ir’s of the phy s ic a l  ;,r , u ) ie r t  es 01 t h e  ma t er ia l  5 l . t s niut j ’, u ten ie t i t .  s u  or t he s i r , , .. 1, s . , ’ r , e r . Is ire dro p p lus a t l a s  hm ent drop i

te mperat ures li,r terminal mate r ia l s  t i ther than btass should also be deter ’ l l umsd it,  / i s t  I he l u t i f l t i i l t t s  In-. ’, st ill c t i i i s t s t  of h a t  i1~ , ll~~’ ’~ re,,i iu ie

mined prior to u ts i r i c ’ si t  a_s ru be i i mpatib le w i t h  the ph~sn.tl pro per t ies  iii i.ii rtiid ity at 1 1  -. 5 F Ill .i ’C I)em t ne ra l i z e d st aler shall be used

t hese ma renal s S 1n- , t r r t e ru u  s hall be 1 u r n 1 u .t. r e u i  a’ I’ tO ,  ‘ u s

Electrical con n ect ot is arid sp lit es of st .indard t ’r pes must be p rot ec red , a_s 1 ~ 1- s u e  si it I” i ‘ nt 25 4 ut iii apart on t e’ ,t boards

app lication dirt . i te s , Front r t ro ts r  ure , sa lt . s u n 1  ,o u itt ill t i n , aci d , or corr osi s ’e 2 I ‘di in the humid its a s t r i c t  rh  the a x i s  of ra t  t i 5pm’ men in a

vapor which y su l l  de t e r i i i ra te the ( l i F t  r t e i u s , u r i  beyond the l ir t int s of this rei u ; i i  h i t ,  ,r,t,d 4 ’. t , t t t r  a r i d  s t i -  t t t a t  n , . ~~i . i ij  su rt .i  es ot t ’  n re r un ’ s, c t in i p l e t e l s

mended pract ice eX ) i ’  it ,~ atid riot in S i  , t , t  ,iu t I ’ ‘ ‘ d ue i t t ’ s  is

Ferfwittant’e Requirements ( Eleclei’caO —’ ‘Te rmina ls or sp lice clips shall be 3 Re : i t O  t int th e . a b t r t e ’  ,e~m e r  t he  p est mu tt ’ , ~: -  -‘ ‘c  penod arid

attached no s t i r s  On ,i t’ i ,’ lit s t i t  hr a nr,inriet that , folloss’tng the hu m i d i t y  test , a d -  n i t 1 to dr’s _ ‘4 hi at rt ,iit t . i r in id i t  t i l t  , n ’ l , ’ n e  final ~ l~~1) test

the vo ltage d t t 1 i  across the a t r a i  lu nte n t  sh, t i l  nor exceed the s ’a l ues in I able I
Friction c000ect i t i ns t u ’ r t r : t r t , d  to t e rmi t ta l  , s H i l l  be such t ha t  I’ us, ir t ~ our TA ILI 1—W i l t  TO T ( R M I N A t .  Ok W I t  TO Wil t s P L I C I  CL tP MLTNO DI

repeated insemniut ns and the humid i rs test , t he sr , l rage drop i m u s s  the connec - vOLTAoc D R O P  ( A t O l l  HUM iD IT Y T t S T i

Lion shall not es er d the values in l’ahle 1 l i i  a terminal to be acce pta ble , all
spec imens rest ed roust meet the re ’ ir i i rer t te nts D,.p. ~.V

- 
Tut Peocedure —Tests  shall he co ndu c ted at 73 ‘ S’ t F  1 2 3  ( ‘ C lest Wj r . ’Cobl. T..i Cs.,.ri , A - __________

samples shall consist ut ter unit ia ls oe s( r l t u ’ e cl i ps a t tached to 12 in . (305 torn ’ of Ita t  G’ot.l u,i ,s~t .i.d
wire . It is suggested that an leas t 0 specimens oleach w i re  size be sub jected to T ...sl.aI T . i ~ tn .t

each test ~
,___________ .~________ —_______________

Voltage I) rop J’est— Mr ,isrir n’ r t te n ts  shall be made after the t ert t pe ratu re oI~ 20 S 5
the s pec rme ri Fi ts s t abil i zed (1 h tin der test  l t taul , ts  to s 5 .5

Measuremen ts at r t iss a y s u re t i  terminal , t r r a ,  I tment s ha ll be made bet w een t o t S p

the center oi the i ond tit t or m iii artd a point on t he  t t i t le  rt ur e 3 in ‘m l  nim ! 20 tO

behind the it  rid iii tot Cr ip li t h e  pr inn i to  the ca b le s Ire shall be st rippe d anti 
t O

,older dapped I-i t ’ pr u u r r t : . ’ L i r u ~ut ierrn tna ls , t he mnsa,su t e tn r n t s  shal l lie made 50 25
betwee n a poInt In t n t t m t i  . . !  t t i ” , t u r i d t t i ’ t . t erip w t r n : u n  5 , , in u l h mtn ’ of the 6 60 t O

end o f the in rs u l ,t t ion and a poi n t tn the i able ‘ l I r e  3 in . 2 ttr rtl behind the 4 70 II —
conductor grip ‘l’he vo ltage dr ip across the a r t a t  Imni en t is deri ned as the o 90 53
difference be t ween  this readi n g and the s ’oi tag r drop throug h the .1 in . 00 tOO 25 —
~7 6 2 m m) of ssure

Mea .su remert rs across a s p lice c l tp ct tnne cri on shall be made l - ” ru e en t  points
on cable cores 3 tn 761 mm behrn d the center  of the t tmti d ii ‘i grip crimp TA IL S 2 ’ Fl t C’Ti O N V O L T A G E  DROP IA PT I I  NUM i DtTV T EST

Probe points on t he cable c t ’ r r  s h ,i ll be s tr t p p e d and solde r u.u.iI .tr’d Iii- Als O FOU R iNSIS T IONS I

voltage dro p acr oss the sp l ic e ts defined an the d il lerenc e be t ss eet t b i t ’  t ead i n~
and the vo lta ge drc p thr ough the b t n  I I I  mm of 15 re \ l” ,ts: t er t u ” s : s shall W Ir.. C.bi. S At  Oa•.l T..t C~ r,.nt, A Dr.p, .., V

be made acr o ss e.o ’ h co nt b t t ta t ton of conduc t or pat es in the sp lice ‘l’he t u t n r e r : r  —-~~~~~~~~~~~~ —— -‘——“ — — —

va lue shall be selected ac cm , r d trr t tin the sn i ,i l le r gage cable in the cable pair 20 3

~t being meas ured IS ID IS

P.leas ur emen is across a friction cc tnt iect io n s hall be made be t w een  the 3 22 .-S

~ nt em of the cr t m idu t r i r  grips of 5 , 1 ,  c in ed line conne r i t  ns  pe t e r m i t i~~ls and
from the center ii the r t t nduct t i r  ~r :~

i of a h u e  terminal ti l l t t r t r i i ,t r point on a to 40 60
joined fixed ternninal $ 30 75

For prei ruula ted terminals , the sol ta g e drop across the wi re to terminal

FUSIBLE LINKS—SAE J 156a SAE Standard

*eçorn ci t~~,( ’ t t A  t .e1’ , , t i.i~~ f lt  iannmrn,tin ’ a u t t ’ . , ’ l  tn. , A , t ’ t ’ i . ,t IOU ry s tleri S t I’ ’ ’

I. Scope -T bts SAF, Ret iimtneru ded Prac t i c e  c i t s  e n’s the detai ls use and 3. Ge,se’r al .S iieetfkattn,u

d.’stg t u C i i  a ’ : ,  t e s t i n g  it ( u , , i d r  I ‘ o s  for in u , i t , , r  se l i tu  It t i e ,  i t , ,  i s t r n i t t g  .1 . 1  ( t , r m i i t t ,  m rs I m i t  li~ in—, shall innft irrt, no l ie s çv’ , I:. ar t ’  s l i t

p rot ei tion ‘l iu r t i n t , ,  a l t  t i  as I n S t i l  ,i re - ‘i’ ii i-~~ ’rI it , r t u u i e an d ir e it ’ l l  it 7 a l r e  I ~.l “ s i  iC_ t I
intended iii rr ’ r i i  t mrs. n i a t t - r t a l s o r m u t t i s i r m i t  t n . n  C’ ‘I~~ t u i s u h 3 t t r t m t  l i e t ‘ - u  Ia t t f l i’ I i t , t ’ C t t ,rl s l i t )  nteet t he re t i r e

2. L)vfitii’tt irn A t t i s ~(~lt l i i ,  is a s 1r  iI si- u tn it loss ’ t e ns ion ca ble de sh u , . ts fl in ’ hI 11 :18  l s ; m t - H I is ~ 510 I i ,  i t u s i t , , i t ’ ’ it w i ’  a i e r , , , , e  s t n e r , s ’ Iu iii

signed Ii, open r i  ur r i r r  re t ,  w I r e  r i s , i  l i p e .  m ,  1 I r ,  an e z t r e m n s e  i urrent s c m  ~~~~~ I ’  I th i  p t u  i, ’ . i u  k l ~. , t t i l n i t f lrt it r i  a t. )  ‘. IS  w a l l  rnas also ‘se used

purpiite is h r  r r u r r u t u t , u  Fe w i t i r i g  s , u r e t m i  i I. itt i.ig r ,s t . .n  s o . h i i i  i m t ’ r r i  itl u~~~, ct 3 ,3 ‘ 4 i r e  ‘t ie r  I l ie f u , u , b l e  l i r l k  t o u t s ’  in’ tit a s t n u _ i t i e n  I s L e  s i z e  ‘ ( t i L t x ’ s ’

accidentalls in lottie i m r c u i t s  1r r . ’ re t  ted bs lie b~~r m : , : e i n k  ci .inn er ’ , i t 6  s a l d e  in t he  c I rcu i ts  bc , n u c ; , n , , r eu  red h% ‘ s e es are t n  be t o m e ’
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EQUI PMENT 22 39

c~.instrusi..m 4. Hut Oil l’esi— ’I”sennv ’ inch s1us’u imens s hunll hue inn inie rses h iii ‘s-h E III

( a) f .  . u t l . t t  n c r  htr tnri t t r , i i  ~1 . ( t t r t dtii ’mu ’ r-s oil nia,nnaitii’d at a tcnn lrs ’ m i t u t ic ’  i l l  1711 ~ 5 I’ for a l u u ’ l i n  l~ ’~~~ 1 I bun crids of
(bl L ‘ ‘it i: i. ‘Ii ‘ ‘mr ’t ~‘nr ’t t i r i t i  1. I t t xu i lan imr rn , the s~s rcuruiens s hall pr in t i idj ’ 3 in . i lwrse the o i l .u t t r l  lie I in apart I t i e nil

~‘ ~ I m i,’ ’ 13 ,iid - ts hen s 
~ 
,t u : I t t , t “ir’m s ‘n’s t . m i t  1 It nnn cr Braid . sha ll be circul a ted c i urit isi th ur ts’ s t Rcn tur s ’ r fro m oil and ,sI ‘ ‘ i t  to u c i ,  t , i run mr

(dl Siieanh ‘it ’ ‘s t- t i n 1 sh i t ’ .t :b  temp e ranune . w’t pr’ hree u t  oil and w r a p  center p uu rutt i n I u . ’ t l r ’ ~ruuun d a

(c) Siee- ‘inn’ “r n , u u , , t t  1, ‘tt t 1 m t ’  dia mariOn t against t r i rsa i  ore rut in- rid t s s c ess i ve  sst’ t ’ lhu nsi. ccas ’ I5ung or rupture
(1) NLs, k . I t s i  — Sue Sct , t i u m t t  1. Slack ing of jac ket shall t , i ,to r t  uhi ’ lat l i i re

Test s— - the cable sha il mcci thin ’ b i t t . , :  ‘ z  t e s t s  5. High Potential l i s t  — Ot t r tt u ,h of insulation shu a ll be rem ,tsed fronu

Life C’ s n  In —See ‘1 cs N I each end of art lB -in knitth m l  he cable and t h u r ex posed ends of the c o o .

H i g h Ten ipcra m u ’ e’ — ‘ i t t  l i s t  \ u ,  2 ducnor rss t s ted t , i c t ’ u lu r r  1 lie Imus ip s . Iiirmed th.ill he iuniniuersed in water  at

1Mw lemperar iure — “see ‘l n~~s Nu~ ‘3 68 F (20 Cu F so rh uat 4 in nil c i i ) ,  leg of rI m lirimp pm ’uunieuir s abose the

Hot Oil ‘ les t —See ‘le nt No ~4 surfa ce of t lut ’ st l i t : ‘ ‘ n t  A l ie r  ,i4’hr t,iiniersion ansi ss l tt ,e 5 u u : , u nunurrsed . a
potential of III u tO c sb,,rhl lii’ app l i’d bet is eet t  the m d  es tutur ot u hr c- s b 1n ’ arid

T~pe HTB . Hugh Tensi o n , ~s In’ i~~du t  Citt iductor . Rubber Itisu latuon . t he s ta re r  artd s h all be nn , , t , u i ta t n ted  for itI mitt i’he cable shall ss i th s st xm t d t h i n
Braided C ’ s  e n - t u g  tes t w i t h tu ’ u t  l,tj

Construction 
- 

6, Corcuna ‘ lcs t  — A S i r  lenurth of cable , having a 5.lb s s e s g r , r  a::,i u ui-t i  to
(a) Conducrtur See Srrm u,rn ,, ( ‘ ‘ m n d ’ t t  nor’s , the free end. s lmahl  be ss , t t t t i d  (U turns run a metal rod I in itt ds, tn: i i ’ i rr, u s ’ .

(b; Insu latt , :nt ’ ’ “Ce )nr’ t r i , t t t  2 . Insul,inion adjat eo n t u rt is  i ii, t t t t t t  ‘I he ‘ diii’ shall then be sec ured im m present s i s p p i r t m
— (c) Outer Bt . r t u l  . “.n’r ‘mr- i t i n  I t ( t e rn ’ !  Braid or release i,f r r t u s t n t t  A , ‘ u r m ’ r : r t a l  of lii . u ’ y s l r a : ,  hue j :u 1 .  ted bi n-r e t ,  i t t ”

(d) Shear h — tsr’ ’ ‘iii t im ri 1. ‘n l u m ’ ,i t b conductor of r ite s ,ilule at uI u t n ’  unset i1 r mid and m oult air ted ‘c j ul non ‘I r u t

(e) Site—See sr(ti iu fl ,~. ‘i 5 / n  potential shall tbtc ’n be f i n ’0 ii _~
, , t S u i t s and rr ,au ui t a t r i ed r u n  2 him

(1) Slarl_ ing In c  Srct ut mnu 1. StarLin g This res t  s h ill be s t a r — r n  uith ca t s’ .ut d nmeta l  r i d  at a r r tn upet ans i r e  tI n’ F
‘T ests — ‘T he cable shi al I .r Ce ! t he h i , )  I’ us. Inc nests ’ (20 C) s F’ 1 he c,sbhn’ sI tal l  sx i t  hstand this te s t  s s t t u ’ ’ u , t  lii u n

Hmg h Pu r te t tu ra l  — See lest Ni  5 7, I,,osx ‘km1ui’raturr It s r s i t u p s  of t h e  t a t t : r  ii hi un lenc~n,h. s h a l l  be

Cocott_ t — See ‘ Innr Xii 6 stretched s t m , i t ~ lir i t t  a rack a ,m d s ush ’n c t r ’ d  t cm a rr ’ nri tt c ’ ra iu.’n- ’’I — lii I”

Low l’ ern ipec .tture -—’ i’mt’n’ les t  Nsu 7 i—23 , 3  C 5 I lttt II Fir The c,iti:r shall thet m be st ia ppe d art ,iutid a lot.

Life Cy cl e — ‘ i t t  ‘leo Ntt 8 mandre l. tis rh cable arid it ta r id re l  at a nern t ’rerature nil — Ii I Crac king 0! ‘ b . c

‘T ype l’I”rr’— lbtir h ‘l’er is ion , Ste ra l l ’ r ’  (‘ tin diti :,,i . ‘l’bier mttp lastk It rsu la. outer co y en inrc il t bne i .t:,, ” .I , , t ) l  i u , u i ’ n t t i m i r  Ia lutn

t.ion. 
‘ - 8. l,.ile ( :s c le ‘ l e s t — i  Inn’ e nd inn .1 ‘ t i  .ut n’ t inn-n ‘tn- i ll be trrnrt is ,m ’ n a u ’ t  ni t

Constru ction to su itable n s h i t t u l n u ’  a l i t  , l i t t t  r i  ys i t l i  a O t t  m m m i  it ~. fl , a y sr iC , ’ ’ :~ lb st. ,id

(a) (:onducrst r ‘ ‘inc isn’t ion 1 Citn iductiirm be ft rmls a n t i ’  bind mi the r’nd iii tb, s(un ’ , m m m i  ‘l ime s 1 in - t in,emt sn s . t t :  tSr ’ S5 0 , , t i t i

(b) l ims u lat t ot i ’  ‘it t’ ‘nm ’ t ru t , r t  1 ltrsi ilat ic rn in a c locks , se d irn ’u ’ n im i t n on bun’ niandrel w i t h  ibmr c i i ut ’  r - i t t cn , , n i t  I’ ~t u.~il ( ‘ - i

(c) luiriet B:,t u s ’ ’sshrn s nut ’ , Or ”’) ‘tee ‘itt t uri n 2 Inner Braid be unwound a mmd rt’isouri d in a ‘ i t s  t u r n  n’ i ‘n i  it sm u, t l t n ’ t t i r ’ f l  sic C i i  t he u s

(d) Sheath — ‘t ee ‘sect i t  in ‘ntun.m :h again touch T h i s  p r . s  cub re s h ’ , ,d tn ’ re peated utit ml it , i n s ’  i n  u- s n it . ts bn’ r t t ,  ,‘ us

(c) “ t at  See ‘section 1 ‘ i t t’ 
eac h direction hate I m n - :  , t t r ( u u t s n ,  I t in lie specirne ut lIs t’ ‘pe c t in- en s h u t  F l i e s ,

(lb \ I ,t rk ‘me n’ ‘m u  i t t  I, Star Lin g  be remos’e d floor t he , n- i’. and ,,und on a I - i n  n t :  s n , no n i ’ u r i n e a t .

‘J e s t s  — The cable shall meer th e h , ’ , i t s  ing n es t s  f iv e turn s spaced ‘ h un a p a r t  At the time ,tf ssin d i r :ui , un i t ’  l~ utr :tt .t rmui r ni m , t r , ’
end of the cable sb ialh hme n : r r r t l s  a n t i ,  ‘‘ ‘1 r n  the n u , t m , , i n n  . . t : d  nun ’ ,‘u.lh “c,,’’

Life ( S u i t  — See ‘lesm N- ’  I at tac hed rum the r,urside t~r t hur iu ih i nm err d oh the 5 ( t n ’ u m m  i ,  S l i e r  s s t m i i h i n i c  a
lint ) ’ Tempera t ure — — ‘tee Test “t i m  c lose fu r r ing  brass c he ese ss i rh belied nods srm a,  tue p i tt ’ :  ,nsr’ r t u r n  Ssu i t t t i i i

Low Temperat ’ .re —See Test ‘5rc u ,b man drel ‘I’hie t es t  .j ien t o rn  si i l ’ , rlis’ri be suih:ri i t t  n i t  h r  , - eat ine a t , , s

I l .  
Tests — ‘dl ci  I n c a 1 es i s  s h i l l  be trade w i t h  ntr i. sc lr a l rernat i ng cur . condit i tun s s peci h ird mr l a t m i r  I t t i t t  d a i s  not be rn r r, . .s e d t t i ,mm t hie -un ata

rent l’bic s ’  ‘ In-is,’- - ., i n , , t t n I n~ t , i t i  be mean c Urs h t y e  s , r : : te s r roi’t r’mean s quare . mandrel unti l they bia s e : mn -nm t , ,m t i :’ , , e ’ .d

\r’olnage shall be in,. rrased l n: ’ r nm zero no the prescribed test sa lue at a uur ul u ’ r m 9, Res is tance le s r  I he re s,s .t : , ’n ’’ l Ts pe FITLR i t t  1 sp e II I t I n.

rate of rise appnlunmmatels but flirt escerd ing 3 iv per sec or as otherss tie shall be u irhun the limits s h’iinss n in I . , i t t t  — when n t , ’  u n t O  cs i r h  a sr .t!i ut,t ’

spec ihied com m ercial  nuult i ’ ( u t t n hi :n’ r t t er n’ r  s m n r h  a ‘ i t s  s u m t r , t z e  p - t n ’ :  s u u u i u u .e I ’ ”  u s i t t ’z

1, Life (lyc lr lest — ( Inc m d  rsl a nt iut ahle lensith of cable shall be ~,, mu prttbe s on ‘ i ’  H Ira ’ ) m d  -i I .1 to r u m’ of i ~it , ’ s l’ r ’ - : , ns m r u t  s r rin ’ t , i r n  n ,

se-cure d no a in s s) , , t r s , n ’ ’ ’ ’  r niani t re l ,~~ st n’~~ ht im I ’ (0 lb shall InC , ir tached it tnserned , in inn t he u ‘ ‘ r , t r s t ,  n u r r  I lie i_ in - I c  s h t t i s t i t  il, e u u  ‘ ,e “ — t n t  I ,i’

the free e nu , )  I nt - rr , i r t dm n l  an d i a I r 1 ’  c pcsu men shall nhun’ n he rorared F is t ’  ‘a  \ I ’.~~ t~ ’ n e s t s  .ini’ ’ of cable a bn er ‘s r i  lb tn ’ r t s r , i t t

ccemplee  turns s b u , r l l  hi’ ..t , unm i art iund he niandrel , coils n’ iuchrng ‘I re cabIn’ b Measure r e s i s t a t u t  n t I cable a lter ltr ’ t t u t  ss ’iuuni d a:t ut urn’ smund tuse  turn s

ihall t l ien be renst - - , ,  us 1 ,iutd n m t s i m t  t r u t h  un the mupprtsi ne direction I t i n t ,  tip n r c  on a 2-in d ma ni and ccl \ \ m d  cable ii tribe’ 5 lb tension

w indin g c c c  sI t _ i . ’ be pn ’ r t ’  ‘n m e n -  55 ii i’ -
The sp ecimen s n aI l  i bin  I ut s I t u  nd on a I un dma niandre l so that  : r iemt are

, - TA It ,t  1—OP E RAT iONS TO St P I R F O R M E D  AND CONDITION S TO BE U A i N T A r n ’ s t D
flee turn s s pas eel un ,i1: ,m r i hr ibre rime tb it i r udmn g on rIte I ‘in. r r t , i mt r t r r ’ l one 

_________________________________________________________________________________

gnd of the cable u i11  F~e l : i  s r I ,  ,t ’ ’ , i u l c d  Iii he nnand rel and a ‘ s- lb  s s e t t t ) t ’
shall he a lta r  hed t t ,  t ime  t r r i r s ,Om ’  m i t  : ) , o tn r t t e r  “‘ ‘1 ‘ :1 he s pet ’ imet u I he ma ndre l  c...~ . .d , F,n.n 24 -Hr  S.t.s d 24.Hr ‘ T hrn d  24 tr ’ 3.n i2.H,

~nd i1’.’ men sl:a r bren he - s i  e n  ri ut - m m m t c  r it t ini belIed metal s m i : n  Id I hte hi P.n ,od P.n.,d - P.r ,.d P~~ t ,d

s1n’n m: i ” i, ssuh rrra tm d nn ’ l  m l  iCr . ’ . b  s l r , r . I  he s uh j e c n e d no t i re  Im u l l u ,s , m ru g n e sts “j ”
~ 
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R
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._,, 

- ‘ ‘ ‘ —
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‘ ‘ ‘

a ’  h ear ‘i Hr an _ n tl 3 I K ’ s ’  ‘ i t ’ I r u mnu r u n  u msen r anub irnrnerrr in s t a t e n  t p Cor o na I .. ’ ‘ Coron a t , m m - C r ronc  t., C s ’ ” ,

maintaine d ,u lIlt ‘~~ 3 1  I mm n a pe nt ’ it - ‘ 1  Ill ‘ii Retr it ’se and d ramni ( ‘ in  3 11 mm 1 3 k .  13 1t t O  I. I O u -

Sub te en m 1nt ’ m ien rr r  ITt lO l l  s app lirri lue’ t n r e r t  i,tmn diucio r and s bte a th  m m 1/2 S a n , t . tn lam ’ —

30 ru in 1~ m h l u t ~ bs 
2C mon o ’ 

~~~
°‘ : ~ 

I ~o:h
,
. r e s ; ~ rr —

F 
I b m  Immerse in ‘-t h l Mi oil and mainta in  an t i4 S F fm mr 18 hr Remo s e ~~~ ~~~~~~~~~ t po r n ‘c ’ ‘ , . a ,

~~ and dn sm Ii) mm n ‘n bj ecn omen t m -i ID ( s k i  app l ed between conduct r ~~

and s h r e a r t ,  f ri r (I - m m I ,:l , ,ir b’ iso tharm I

(C)  lmm n re rc e in us ’-, ‘sr ’ t ’ ’  liii a tm t u r d uI lB hr at m ain ! ’ , te rr r ( rc ra nure Drain
Ior 4 hr Afrer  t in ’  t u e  r t , n n u  of , r s n s  lit m nts , s t anmon  shall not c rack  t u u p r ’ i  nr s it u ,. _________________________________________________________________________________________________

ex u nsisr sst e ll inu g -r i nhen esiden i n’ ti ii.irn ’ ,ii’r a .
~ ,~~ ioi0i,0 .,t b I .d . - c  Spar  0i : ’ o — s ’ t  1 ’ ’

I 
2 1 Ingh I cnn 1,eeai or e Its , ‘ ‘r u m m ,i 01’’ m , z r his , 1’ t .r I ‘Ic sb m.i l l  be suspended

s tran g hn in a y en:  , m ’ e n l ‘ s i  mu n u a m n  m ,l m r u m - , b Jr ,i coupe ’ r t , l n m  it t Ihit I F I,’,
40 hr ‘l I e  spe i m m n l m ’  n s h ah h t m l  ‘u. n . , n m . , m r ’ i h t o - t n t  m I me ‘ ‘ s e n  , , O - - t m e d  tin n mrm TA u t 2 — i t S , t n U S t l  o~ T YPIS  Or li £ 5 0  it t s , t  C 5 p , i ’

rt ,w, rr i  t e n t 1 w  r , i ’ i i n ,  m i m i  s’ h I t 1 , ,  I ‘ a ’ t I m c’ at  runsh a ‘ in m i i . i , . , t n r t  I, n,,  k , ‘ — — “ ‘—~~~ 
— —  ‘ — — — .  — — .‘ ‘‘ —

of nbc nr lm n r ’ ’  ii y i n  ‘ n - i l l  n , , , , . ‘ m n U t ’ ’  i , r u t , u t e  t , i t t h . , r i •  ‘n~~~. p.. it

3. I,oss 1m m 1ierature I m st — ‘sui t i t - t m ’  Ic ng n Ii, iii s l r i r  g l ut sçli• i me ns c hi a II

be plated in ~~ri ’ , ,l, harnihme n mnl. i i i t ’ , i , r t r ’ t I at  —. Iii F I r mr 14 bi n 55 u mh immi r  t e rmn i , s  L. LiatH Hi pis L I n

sn ~~ Im t ,nn t r t m e  t im Id i l : . t m m i t i r  n I s n a l u  it . ’ r I m , m m i ne ~ t1eg arr ,ti rm d a l’ irm d ianr e uen ~~ y ,p t r i p  
— — — 

Dotuc 
— -

,Tsa nt , lr t l  F i t ,  Ii F, , : .  a lt ’ ’  hue’s m , ’ui I t u r n  I iii nh - re sj nnr e tune i t_ i l  r e m r u ( . e n , i m t u r e  ,r ’  t yp. Ht Pi R t rios’ tSCiD O

the s pecim en Cn,~ using nb t i n-  outer  .ickei shjl l c u m n u s n u l i e i e  t i r e

m’r2 -



HIGH TENSION IGNITION CABLE—SAE J557 SAE Standard

Rrporl mit Etns t u’soaJ F~m1 us m pmmn i Dus , u u ’ ’ m ’  a ls p mn mtn d J uml l 91t ad sam ,yaised by F,Ionnm-uroJ Ea5iiipiamnu C,o,onumri ine Jane 965 gm.ff irnn,rd .- ,t i t mi im u thanrjosn tmoi’. u 96B

Scope—The sp ec i fications contained in th is report cover high tension cable Cable nua~ be s li g brt ls  f la t t ened or oval in s e-el ton , but t he averagE d

used in nrio nor vehicles or It o  r , t r  engine ign ition system s diameter s measured i1 deg apart an any section must be w ith in t he r~~
I. Speci fiuroJion 1)mpea specified

Type HTLR --Hi gh Tension , Low Resis tance Conductor , Rubber Insuba. Marking When spec if Ied . th~ nnat,ufacturer ’s name acid ‘
~~ ~~~~~~~

lion, Synthetic Sheath rune-r i ident ificat iumn , rb- me quarter , sc~
j , and cable t s 1 e  st - _ill be kgnbi, —

To pe HTHR - High Tension , Hug h Res istance Condu ctor , Rubber In’ reasonably pcrmarmn’ t mnls  marke d on sh e out s ide of the t’able an mntervg ~
s u l a r I tm n , Synthet ic Sheath exceeding 2 ft

Type FITS Hig h Tension , Metall i c Conductor , Rubber Ins ulation , I (.‘abk Comutn’smchon

Sy nth etmc Sheath Type 1-ITLP. High Tension, Low Resistance Conductor , Rubba t~~~
Type HTB - High Tension , Metallic Conductor . Rubber Ins ulat ion , lion - Synt hetic Sheath

Braided Covering. Construction

Type FIT!’ h i g h Tension , Metallic Conducto r , Thermo plastic Ins u la- (a)  Cymniductor - - See Section 2, Conductor s .

lion (b) In s u lation ’- Se-c Section 2, Irsa uhations

2. Genrroi SpitcificoJto’R~ 
(c) Inner Braid -(when specmlu ed See Section 2. Inner Brand

Conductors T’m p r HTLR ar~o Tm’ p~ HTHR — The conductor shalt (4) Sheath- -See Section 2, Sheath

consist t i a resistor element capable of pro ducing a sp ecified designed resist’ (e) Size—See sec lion 2, Marking

a,nce in the finished cab le (1) Mark ing—See Sect ion 2 , Marking

Ty i’ p FITS . ly p us HTB ~~psp Fyp~~ FliT --The metallic conducto r shal l Te-it , The cable thall me-r n the- following tests

consist of 7 or P4 strands of wire having a hay t w i t ted so the left as viewed from Life Cycle — See Test No 1

the mm hse rs’er The dm a om eter of the stranded group shal l not exceed 0 060 in or High Temperatur e — See Test Nti 2

be Iesc than 00 t im in The individual wires shall be treate d so that there will be Low ‘l’etnperaiure — See Test No 3

no unne ract i iun bet w een the wire and insu lating compound Hot Oil Test . - See Test No. 4

Insu lati nan A homog eneous m nsu l an ing comp ound shal l be app lied di- ke sms ra mt t e -—See Test No. 9

rrct l ’, ov er the cu u niductor The insulating c ummp rt und on Types FITS, HTB and Type H1’HR Hig h Tens ion , Hig h Resistance Conduct or , Rub&t is

FlIT shall adhere clo se ly to , but shall st r i p readil y from the wires of the s ulan ion , Sytn t fn rt ic Sheath
mi i n t luctt tr , It_i s un it them reasonably clean The thicknet ~ of the insulating Const ruction

ut tu pomind shall be such that i t  will mee t the app licable tests for each cab le (a) Conductor—See Section 2 . Conductors
type (b ) Insulation—S ee Section 2. Insulation

Inner Braid When specified , an open braid of su itable text i le shall be (c) Inner  Bmaid—(w hen speccif ledl Se-e Section 2, Inner Braid,

app lied m i s e n  the unsulation . (d) Sheath - - See Section 2 . Sheath
Sheat h When s pec ified , a sy n n h eti c mater ial  s hall be app lied con cen- (e) Sti r Sct Section 2, Size

tr im ill s os er the i nsulation or over il-se inner braid , i f used It sh all be so (1) Marki n g . Se-c Section 2, Marki ng
comp ounded as to meet th e t s ts  specified Adja u emit layers of cable , w hen Tests The cable shall mee t the following test s
s .tnr mnd on reel or coil or packed in se ts , Rha ll not stick to mne another at any
te rnper.it t t t C  r m n u r h e r  121 ~ 

Life Cyc le --See Test No I

Outer Braid When spec ified, a protc c tr se braid shall be app In~d over Hig h Temp erature -- See Test No 2

she insulation i t  ‘nnipuiund The braid sha ll be so t reat ed as to be resiStant to Low Tem petanure -— See- Tes t No 3

heat oil , w J t e r  m i d  ga so l in me Ad jacent layers of ca ble . when woun d on a ree l Hot Oil Teas — Se-e Test No 4

or ssheni 1i’sn keel in se t s , sh all r m nmt s tick nt rune another an as-t v temperature Resistance —See Test Ni, q

under 10” F’ Type HTS Hugh Tension , Met all ic Conductor . Rubber Insuiz~~
Size The miut s ud e diameter of the cable BhaJ l be within 0 270 toO 2115 in Synt he-tic Sheath 

_ _ _ _ _ _ _ _ _ _ _ _ _ _  —4



Comistruictioss 4. Hot Oil Test— ’Tw eim ty ’ inc h specinwns shall be inimerse d iii SAE 30
(a) Conduc t ,i u “ See Se-v ti nts 2, Conductors oil maiuuiamned at a temperature of 250 S F  for a 40 lir penitud The ends of
(b) lu msum l , mn u -  m i  See Sec’ mu,mn 2, It i ss m l , mn i t , n i  the specimens shall protrude 3 in above the oil and be I in apart The oil
(c b b u m - n  Bu iii (wh en ~1ut” ( fit- rb Si’ ,’ St - u nion 2, 1 , - inn Braid shall be m i rc ulated during the test. Re-muse from oil and all ow no ,  ‘~~l to too ,
(d) Slue.iih msr n, Section 2, “sl mi’a ih ten npeianure , wi pe free of oil and w rap center portion 360 deg arounmd a
(e) “toe  See Sm- u mon 2 , Sui t d ma mandrel ag .moru t cu rsature of bend Excessive sss’rl luuig , cram lu ng or rupture
(I’) N1. irk mtmg Set Sect mmmn 2, Marking. o~ j o  ken shall constitu in failure.

heats rime- • .m b le shall m i n t- i the ts , l lm ,iwing tests S. h i gh Potential lest O t e  inch of insulation shall be renit, med from
I m it C,de See lest N,~ I each end 0f an IS-m n, length of the cable and nbc n’ x posed ends of the con -
High Ft - u i - p m- u .u nmi re ‘ Si’e ‘ l es t  Nm, 2 d o ctor t o  m’tr ’d toge n hen rime linop SSm fuur ivued shall be immersed in w a t e r  at
l i - - s Te i nm .i ’ i_ i nure “sn-n’ Test Ni, I F (20 C) S F  so that 4 in of n _ i t  h Ing of hue l mm m u p protrudes above the
lion Oil lest  See Tes t Nm, 4 surface t I  t hi’ s’ ml i i i  mm tnt A fie r -, i hr u i tmn i e - t~ mon ant i w Pu Ic it  ill in imn mersed , a

pum r i m ’ al of .(O , (~ i’ s shall be app lu u -d m i n u t e - u i  the conductor 0f r im e m able and
Ts pe If l i t  I u gh T- m u ~ . ’ , t u  - Metalluc (; ium,, h mm ion - Ro bbe r !ns t ula tu o rt 

the  w a te r  and s h all be nia mnnauiue d (in 20 mm ‘(‘he cable shall wi thstand this
htau led C.’ ‘i m. ~ text w i n  im ,m ut hai l ore

(;unstru it.o n 6. Corona lest -A  5.f n t ’ i m r t h  of u a b le . has m u m 8 a 5-lb we m g hm n an t _ i ,  hued to
(a) c ..~,j,, . ‘ mr 5ee- Secnui ,un 2, Conducnot -s , t he free end , sha ll be is .i und 10 turns rio a nme ra l rod I in in diameter , wi t h
fbt { mm si t lan i i t n Se-c ‘in t u t u  mu , 2 . ( tus m i 1 ,mn ‘ m um muf 1,

~ 
em i t turns tour hung ‘I’ he i able- shall then be secured no present slupping

(~) Outer I’t i.mud ‘ See Section ... Outer Braid. or release oh i n - n m ’ mo n tm t . ’ i ’ - t iu ua l  of hii . i t t m  i shall be app lied betwee n she
(d l Sheath See Section 2 , .Sf mn ’ ,i hi, ci.u u m u h ,ii nor i1 the c _ i t m i t  arid i.e mm m l rod ,ium ) rn’ia ir iiamne d f,,r ~m(m murm . The
(e) Suz , ’  Snn Se-t u rin 2 Size pm’mn enui ia l shall nb - men be raised to . ‘i i  v and nuaunna m ned for - hr
(1) Marking St-c Set nm mm n 2 , M_ i r k u nm, t This teS t s hm a 7 he snac red w i t h  m able and metal tixi at a ir irm peiat muie ofSS F

Tests ‘ The able shall true -en the I ((‘iii tn g tests 
(~ t(j C, 5 I” ’fhe cable s l u t ) )  w i ths tand ISis nest ss’uthout failure ,

Him) 5 Pote ntial See Tes t S um 5 7, I,os. Te mperature Test ‘s sam ple ol t ie cable 5 ft in lr’tmg n h. shall be
Cmi r , m m. .m — See Test No 6 stretched s tra ,gh n on a rack arid subjected to a tem perature of —10  F
I_rums 1 e - ’ m p m - r m u  mire ‘ice Tean S um 7 ( — 2 3 3 C m  ‘ F for 12 hr ‘l ime cable mhall then be wrapped around a 3,-in ,
Life Cs c le —See Tes i Sri 8 niandu-e l, w i t h  m_ibl e amid i nanidre l ui a tem perature of — l O b -  C’ _iu ~m m . g  cm l’ the

Type HIT — Hig h Tetision , Metal l i c  Conduc umir , l’ hermop lasnic Insula oute r ct ’s - rin g of the m m ’ . - shal l i ns t i t u t e -  fa ilure

sos-i 8. Life ~ d c  lest tine end rut a 5 0  spn-u intent shall be t m  m O  a! uached
Construction to suitable c s h m i u . t r u i  a) tnuandr e) w i t h  a ii , u m n m e i e m  u i  ci - a we ig h i  of 5 lb s b- mall

(a) Conductor See Section 2 . Conductors be Iurmls a m _ i  i .e -I  no the cmii i  b the i ; mi  . mmmri -u i  I he specimen shall be wound
(b) Insulation ‘See Section 2 , Insulation in a clockwi se .1, -— c nuct n  tin tim e rn_ind,el w i t h  the coils no uc hm uug It shall then
(c) Inner Bra ud - ‘ whmei t  s pevifiedu See Section 2, Inner Braid be unwound atm ,) rew muumn md in a m m i i i  r e m  -m liv k i n  use dure mn uon so h a ’  nbc coils
(d) Sheath — See Section 2, Sheath again m m iii h I h i m .  ‘ t o m ’, urn’ shah be r t ’ ~ te - ,m i em i  unt i l  no less nb- m an t ao  bends in
(e) Size - See Section 2 , Siz e eat h direction have be-in imptise m on t i t  specimen ‘(‘ lie specimen shall then
(r) Mar king - -See Secn ion 2 Machung be remos -ed tnm , m the t ,, .m n and w um iu nud  u,n a l’ u nu n i _ t r i u n e .  ii ham there are

Tests -- The cable shall meet the following tests -  f i st tu rn isl am u- i in apart A t  he I - n e  of w o iling on the I - i t t  mandrel , one
end of the cable shall b-ne f u n d s  a nna o r~ed no the mandrel and the 5.lb a t u g l u r

Life Cycle — Sec Test No I a t tac h ed  rum ibue u n u tsi dt’ ot the t u b e ,  end of the -
~

m m u  men ‘ s I n e - u  winding, aHig h Tenup eratur e - -See Teat 5 ,  2 close f inning brass sleeve nh ‘ l i ed  ends shall be plat ed ov en time i~m iu~ d
Loss Tem perature — See Test Sum 3 mandrel ‘(‘hi. t m ”, s ) m  . , m ’ m i ” tu  shall then be su bmit ,  ted to the pr im n u l . m n e  aim, !

4. Teats -All elect o ral tests shall be made wi th  60 cycle al ternat ing cur conditions spec lieu) in I able I and sh al l nut be remiuued Immum n b - me I ’ m dia
rent The- vo ltag e sp ecified shall be nnnean effecti ve values m rim n-mean square mandrel unIt) bet base been. m mimp le r em t
Voltage shall be increa se d from zero i t t  the prescribed tes t value an a unti l, ‘r e- mm 9, Resistan u e I em 1 m n’ resistance ml Ts pe 1-1 I I.R a im .)  I s 1u- ii lHR
rate of rtse approx imate ly bun not exceeding 3 km’ per Sec or as ot herw ise ihall be m.m th i nt  mime limits ihu, im. t in Ta ’mmr 2 mim I c  n, t r n ,-m.n ’ , n r - u w i t h  a suandard
specified con-ntn nie rcia l nnu hn i ’ pur lm ‘cm - meter a oh a low sn Ir  age p t - Or ’  s- . r c  bs .‘ m t ic

I. life Cycle Test —One end of a suitable lengt h of cable shalt l-~e- in probes on each lead and a I t  in pm ec e o f .  uI -c 1m . ubes must he u arebulls

~cured to a 
~
,‘s- in dia m eter mandrel A weight of 10 lb shall be at r ache d to uri~e t’ied ~2 in inn ’ nb - me r ,,nduc ns mr The t ub- i ci t uld h e r ,  be n e - s i n  I as follow ’ s

the free end T ie mandrel and cable specimen shall then be rotated Five m a ‘ s i r_ i s  ,rr re s. sna ni m e of - a h mie after ‘iii lb re nsu ,m nm
coniple re turns shall be wound around the mandr el , co ils touchin g The cable m b - Mtas m ,re r es , s ’ an , ’r of t able airri but u n u g o.. . .n d amid urm w m . i .mi,d t ime m m i i
sb - a ll hen be- unw umund and rewound in the opposite d m re cn ton The comp lete on a 2 -m n dua ma ndtel \ % t i - d  , ch i le unden lb nenisioru
winding cs c l t  shall be performed twi ce

The specimen shall then be wound on a I-in dia mandrel so that  ther e are
l ust urn s u ( i _ i cem t ‘~ in apart An the time o i w m ndung on the I’m mandrel one TASLI  1- -O PLSA TiO N$ T O at PL IPO Su I D  AND CON D iT iONs T O ii MA :54’nAnn ~~D

end of un i t cable shal l  be firnnl~ attac hed mm the mandrel and a S.hb wr igh t
shall be a t t a c hed  rum the outside unf nbc t n n her end of the spe u men The mandrel C o i .d P. - ’ 24.Nn sar.n,d 54.54, Tbi’d 24 II. I I t / s -a t,
and sp e’ m i e n  s ha ll then be p laced in a sn u g f inn ing he-lIed metal  sh ield T he ~~n ) P.,m.4 

, P.n..d Ps,i d . ‘

spe m m ien s m i th man drel and i bm i el d shall be s u b j ec te d to the bm , l Iu ,mi  rig ne s ts  ‘ j ’
~ 

—- — ••,, D,oin t 0...,, 
— -—

a) h eat 5 hr an 250 -
~ I F  kent ’ s e (r um nbc , , se nu and immer se in water  1/2 Cs.o,.s T s m ’ Cs’..., n ., Cs.so s T s ,  Ce’s’m r i..,

ma m nn aum ,emI  at 1111 ‘~ .1 F for a m u d  of 18 hr R e n - r m u t s e  arid drain for )fl mm ci ~-m 0 55 b ’ I S  a~ 150

Sub je c t s pes men to 15 ,000 v app lied be t uv ee nu conductor and sheath (on I /S  5..’  s•i ’ t ..t —

30 mm Follow by ~ ;~ r • ‘ ~ r %  ,od,t si .n ,wm,ma., o f , —

( b :  Immerse in SAF . 30 m u  an d m a in ta in  an 194 ‘~ S F  for IA hr Remove ,~~ o, 
~~~~~~~~ 

;., :~~. ~~ant i drain (30 mm Sub j ect s pet men to 15 ,0(X) ’ app lied between conductor I d c d
’;

” a . - :  

~~~~~~~~~~arid sheath for iii mm Fo llow h. is,, ut.., a. .05 nv as’ s fiSt,

( c m  Immerse i n kerose ne for a period of lB hr at m o m  temp erature Drain , ~ 5, lxi. tSinn

Icr 4 hr Af ter  com pletion of tests , the t n t t u l atmon shall non crack , ruptu re , s how
ex cess ise swel ling or other evide nce of damage

2. High Teunperaturr Tess -Suitable lr t i p n ’hs inf cable shall be sus pended 
k.noea,. uwsfatax ~ .~ tn F.4.v. u Sp.,mA,.t,ai Sn’S’ E.2 n u

straig ht in a vent i lated ov en ms mn na, n e d at a nern - m pe rsnur e of 250 “ 3 F for
4.8 hr The s pi”n’ ii”.r “. s hall then be removed (coin he oven all owed to cool to tz, s~s 3—at S isT * ,I4 CS op ny , ts Ht m l AP4 D te nt s Casi l t
room temp e rature then wrapped 360 deg around a ,-un man d re l Crack.i rm g - -

of the muter  at ke’ shal l ii’i f l h t mtumtC failure ‘ S.sist.i.i. . O$mo.i Pt

~ . [ os. Te mperature Test S i i mt ~ b le leng t hs of straig ht t pectme ns s h a l ,  c~~s. ‘ ‘ “ “
~~ 1 ‘ — - ,

be- plseed ri a cold chamber m a mntaun e d an —30 F for 24 hr Wi thout  rrmrts . sa u~~ - PS ti u i t
ing frm , m he cold i’ hamber , wr a p sp ecimen ‘VICs deg aro und a 3-in dian’m e ie r 

~~~~ 
‘ ~~~‘ — —

masidrr l whirh i mu alarm been sub jected to the iame t ime and tem pera tu r e  an Typo HIHO 4000 1~ 00O
the spec rIsen ( racki ng of he outer jacket s hal l  i t i r sa t i tut e failure __________________ —- _____________________________________
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~.4 .O ExP,~INAT IOi PROCEDURE

8.4.1 The procedure shall be conducted in accordance with SAE Stand ard 3557

dated January 1960

8.4.2 Report should include test sequence , validat ion of conductor type .
samp ling process , discrepancies and pass or fail determ ination .

9.0 LAB EXA MHAT IO~ ~1O. 5

183.~ 5O(e) Pull Testing of Conductor -Conductor and Connecto r-Connec tor
joints

(e) Each connection that is outside of
a j unction box and that is used to join
conductors to each other or that is used
to join a conductor to a corulector must
not break when subjected for 0mw minute
to a tensile force shown In Table 6 b r
the smallest conductor size In the con-
nection,

Ta~ t.g 6 —T rt s-sTLE TCST VALcE S FOR
Co$Duc ’roR SPLIcES

iCONDtciOR -CONDtC’r t’mR ANO coNsuc-rox-
co~zN rcro R J OINTS

Tena tie
f orce

WIre Rtze I A W O ( :  pou nd,a
18 10
16 
14 30
12 35
10 40
8 45
6 60
6 60
4 70
3 80
2 go
S 100
o 125

00 150
000 175

0000 fl5

9.1 SCOP E

9.1.1 This examination ‘i :il l determ ine comp li ance w i t h  §183. 0 5 0 ( 2 ) .

9.1.2 Those splices and connections identified in Paragrap~l 5.6 of Visual

Examination rIo. 8 are to be tested in accordance ‘~ i t ’ 1 this examination .

9 .2 AP PAR MUS

9 .2 . 1  Test fixture w ith securing devices and weig hts as shown in FiOure

9.2.1.1 Weights must be su itable to provide pul l int ’ forces from 1~ to 225

pounds .

-- - — - . --— -- -  .- 
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9.3 TEST SP E C I M E N S

9.3.1 All spliced connections identified in Paragraph ‘ 5.6 of Visual
Examination No. 8 are to be tested.

9.3.1.1 The test specimens shall be taken directly from the boat(s) or

the boat wiring harness(es) as assembled by the manufacturer (see Figure 2

for examples).

9.3.2 To facilitate securing to the test fixture , the conductors on each

side of the splice or connector shall be approximately ei ghteen (18) inches

long wheneve r possible.

9.3.3 Short leads and pigtails less than seven (7) inches lon g shall be

cut as long as possible.

9.3.4 If more specimens are required for further tests , representative
samples assembled by the manufacturer shall be obtained.

9 ,4 TEST CC’~ DI T IO~S

9.4.1 The tests shall be conducted at room temperature .

9 .5 PRE PARATION FOR TEST

9.5.1 The methods of setting up the specimens in the test fixture will vary

according to the type of connection and connector being tested.

9.5.2 Conductors that ar’e splice d together us ing an end cap shall be pulled

fi rst in oppos i te di rections. Then the cap shall be secured to a holding

devi ce and the conductors pulled down individuall y away from the cap. If

the cap contains conductors of diffe rent sizes , test the smallest conductor

fi rst.
9.5.3 Closed ring, eyelet , and lug type connectors shall be tested in pairs ,

bolted back-to-back , so as to provide con tact surface equivalent to that

obtained in normal use. The conductor barrels shall be parallel (180°) to

each other .

9.5.3,1 The bolt shall be an appropri ate size for the termina l hole. If

the terminal contains two bolt holes , a bolt shal l be installed in both .

9.5.3.2 The bolts shall be securely tighte ned .
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9.5.4 All conductors in splices shall be pulled in oppos i te directions .

This applies to crimp type , screw or bolt type , paral lel or butt and four-

way . If a tee connection is used it shall be pulled parallel to the main

conductor , then perpendicu lar to it.

9.5.4.1 If a splice contains di fferent conductor sizes , perform the pull

test using the tensile force values for the smallest conductor (Reference

Table 6 of this report taken from the regulations).

57

----,-

~

- .-

~ 

— - 
_ _



-- --- - - . - - -
~

- I

— 20” —‘l

Con nect or’

60” 
Under T est 

-

- Sp l ice

- 
~~r 

Wei ghts

30”

Figure 1 . Te st Fix ture
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Uninsulated Insulated Uninsulat ed Irs~jloted
Por: !le l Parallel B~.rn Butt I

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Crimped -
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Tool Applie d Conduc tor Joint

Too l App lied Conduc tor Joint Uni nsu lated
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Figure 2, Examp les of Test Specimens
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Tee-Po ro ll el To ps
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Connector - Screw S Type

1—hole Bolt—Type
Terminal 2—H ole Screw~ Typ e
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- Two -Way

Connectors

1’-

?
Male Female Male Female

2 Pin Connectors 5—Pi n Connec tor

Figure 2. (Concluded)
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Figu re 2. (Continued)
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9.5.4 Wristlock and knife-type quick disconnect splices shall be ma ted
together for the pull test.

9.5.4.1 Quick disconnect tab-type connectors shall be tested sinQly with the

tab secured to the test fi xture with a hol din c-r device .

9.5.5 Flu lti- pin electrical connectors shall be secured to the test fixture
with an appropriate holding device .

9. 5.5.1 Each conductor is to be pull tested in order of increasin o size.

9. 5.5.2 If possible , remove each conductor and its respective pin connector

for the test. 
-

9.6.0 PROCEDURE

9.6.1 Tne specim en shall be installed in the test fixture (Fi gure 1).

9.6.2 Add weig n ts gradually so there is no sudden application or ~erkine

during tie test.

9.6 .3 The splices , connecto rs and connections snall withstand a tensile force

at least equal to the values sho~:n in Table 6 for a period of one minute .

9.6.4 There shall be no stri pping of tireads , shearing of parts or other

in jury to the connectors . There shall be no breakage of the conductnr strands

or looseness Detween the conductor and the connec tor.
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10.0 LAB EXAMINAT ION NO. 6 -- OVERCURRENT PROTECT ION TEST PROCEDURE

10.1 Genera l Description -- The component to be tested shall be visually
inspected upon receipt. All identi fying data shall be noted and documented ,
such as manufacture r, date of manufacture , mode l number , serial number , capacity ,

test condition , genera l condition , and any other observations which would be
pertinent to the test. AC and DC fuses and circuit breakers shall be tested
for prope r calibration . The circuit breakers shall be tested for proper
manual resetting and trip-free operation .

10.2 Test Conditions 
-

10.2.1 Test _Art icle -- All AC and DC ci rcuit breakers and fuses shall be

mounted on ply.-iood or equivalent test fixtures which simulate an actual install-
ation irj a boat. Breakers and fuses installed in a boat shall be removed from
the boat and mounted on plywood or equivalent test fixtures which simulate

the actual installation

10.2.2 Test Media -- Components shall be tested usina alternating current of a
given niis ampere or di rect current of the same ampere value .

10.2.3 Other -- This procedure shall be used only to bench test fuses and

circuit breakers for proper calibration and operation . Other procedures
shall be used to veri fy proper sizing and location for adequate overcurrent
protection of the electrtcal system.

All tests shall be based on the manufacture r ’s specifications , conditions and

timer characteristic curves. These include or assume good connections , q

adequate wire size , no prior loads , and the test conducted in open air at a
certain temperature or temperature range .

10.3 Test Equipment and Material

Component
Find ~lo. Title Description

1 Test Mounting Test Fixture con~t~-ucted of plywood
Fixture - or equivale nt used for mounting cir-

cuit breake rs or fse panels in a
manner similar to tnat foupd.in a
boat.
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Component
Fi nd No. 

— 
T i t l e  Descripticn

2 Calibration A resistance equivalent to the
Resistance resistance of the tes t  cornoonent

used when setting the tes t a m p e r -
age.

3 Current Source Current transforme r wi tn a
variable output .

4 Ammeter An ammeter with a ra~~c-~ s~~ f ic ie n
to test for prc :~~ cal~~ ratiT r
of the components (as ~:c~,n n
induct ion type ~~tn a ~ig i tal or
gauge readout).

5 Heat Chamber A hea t chamn er cap able o~ ~~~~
(600C) for tes t inc  ca 1iH-~ t ic n

- at hi gher than ambient te~~~~a-
ture .

6 . Test Component Overcurrent protection device
( fuse or circuit  breaker) to Oe
teste d .

7 Calibration Switch A manual switch for closin ~ ca l i-
bra tion circuit when co’~rect anp-
erage is being set.

8 Time r A ti rninq mechanism capable of
measuri ng tenths of seconds used
to measure the time dela y of a
fuse or circuit breaker. ~ianual
operation su i tab le  for lonoer
times (greater t han 1 sec . ) .

9 Power Supply A power supply used to operate
the timer and suppl y tee cj rrer, t
transforme r (probably 110 vac).

10 Time r Switch A manual switch for turning off
the timer dur i ra ca l ibrat ion or
wh~ circuit opens. [uring test-
i n g  the t i mer s tar ts wr en  power
is applied.

11 Oscilliscope Used for measuring very short
interru ption times when manua l
time r is not suitable. Capab le
of reading mill iseconds to 50
sec .

12 Componen t Switch A manual switch for closing 
-breaker test c i rcu it  a f te r  cal’-

bration has been comoleted
p
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C IRCUIT BREAKERS
- MOUNTED TO SIMULATE

ACTUAL INS TALLAT ION
IN THE BOAT

1 TEST MOUNTING
- FIXTURES

/
MOUNTING PLATES

FUSES MOUNTED TO SIMULATE
ACTUAL INSTALLATION IN THE BOAT

BOXES MADE OF PLYWOOD (BACK AND BOTTOM OPEN)

FIGURE 1. TEST HOLDING FIXTL RE
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SWITCH/CIRCUIT BREAKERS MOUNTED
TO SIMULATE ACTUAL INSTAL LATIO N
IN THE BOAT .
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T EST ~Cu~.7’~G FIAT U RE

(BAC~ OPE\ TO A:R)

0

FIGURE 2. TEST HOLDING FIXTURE
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FIGURE 3. CALIBRATION TEST SETUP 
-
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2 0% MAXIMUM
— Ir IMUM C L E A R I N G

~ 1 
M 

TIME TIME

.3

:~ /
/ 20 amp CIRCUIT BREAKER

.05 —

.03 -

.02 . 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 ~i i ~~ I I I

.5 1 2 4 10 30 100 1000 10000

MULTIPLES OF CURRENT RATING

The minimum magnetic trip test current sha ll be determined as follows . Extend the
vertical portion of the maximum clearing time unt ’l it intersects the current axis.
Thi s  multiple value plus 100 amps shall be the min imum test current. In the above
example the test current would be 30 x 20 + 100 700 amps .

FIGURE 4. TYPICAL CIRCUIT BREAKER TIME - CURRENT CHARA CTERISTIC CURVE
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60

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. 10 I I 1 1 u h f  I I I I I I I

.1 .2 .3 .4 .6 .8 1 2 3 4 5 6 7 8 9 10

TIME IN SECONDS

EXAMPLE: If circu it opens in .8 seconds when applying 200 percent of rated
current (20 amps), the corresponding current is 19 amps . 19 + 10 percent =
19 + 1.9 amps . 20 amps falls within these limits (17.1 - 2O.~ ). Consequently,
the fuse is ac~ ptab1e.

- 

FIGURE 5. TYPICAL FUSE TIME-CURRENT CHARACTERISTIC CURVE
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10.4 Test -- Overcurrent Protection Equipment

io.4.1 This procedure shall be used to perform a bench test of AC and DC
circuit breakers and fuses only. Calibration and trip-free operation shall be

verified. All such devices in the boat shall be tested by repeating the
applicable sections of this procedure .

10.4.2 V isually inspect the component to be tested. Review the results of
the Receiving Inspection and veri fy the component is acceptable
and ready for testing.

10.4.3 Verify the applicability of this procedure to the component being tested
before proceeding. -

10.4.4 Remove the circuit breakers and/or fuses to be tested from the boat if

they are instal led. Mount them on a plywood or equivalent test fixture similar

to the actual installati on or similar to a typical installation (see Test

Schemat ic Figures 1 and 2). The circuit breaker or fuse should be in open air

(not in an enclosed air space).

10.4.5 Verify all pertinent technical specifi cation data is available on each
component , either as ma rI~ed on the component or as obtained from the supplier
or manufacture r. As a minimum this shall include rated current , maximum rated

voltage , t ime  current characteristic curve , applicable frequency (if AC), and

maximum interrupting capacity .

10.4.6 Calibration Test (Fuses and Ci rcuit Breakersi

10.4.6,1 Circuit Breakers

10.4.6.1.1 A calibration test shall be performed on all circuit breakers by
the capp lication of 100%, 135% and 200% of the rated current (rms) of the
device at 25+3°C (77+5°F). Determine 100%, 135% and 200% of the rated current

of the device

10.4.6.1.2 If the circuit breaker has a magnetic trip in addition to the thermal
trip , an additiona l test shall be conducted at 25+3°C (77+5°F) and at a current
sufficient to adequa tely verif y its operation . See Figure 4 for a typical time

current characteristic curve and for determination of the magnetic tri o test

current. Determine the required test current
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NOTE

If a dual - circuit or multi -pole type breaker is
use d , all tests in this section (Paragraph 10.4.6.1)
shall be accomplished on each circuit.

10.4.6.1.3 Veri fy the ambient temperature at the start of the test is 25+3°C

(77+5°F). The temperature shall remain within this range throughout the entire

test.

NOT E

All tests shall be conducted in open air (25-1-3°C)
using proper wi re wi th  good test connections. The
brea kers shall have had no prior load . This means
they must be at the ambient temperature . Conse-
quently, once a test has been performe d the c i rcu i t
breaker must be allowed to return to this tempera-
ture prior to startin q the next test .

10.4.6.1.4 Measure the resistance of the circuit breaker and insert an equi-
valent resistance into the circuit (Find No. 2). Adjust the current source

to give 10OT~ of the rated current of the device as measured at the ameter

(Find No. 4).
NOTE

An equivalent resistance is used to give a prelim-
inary current source setting for the start of the
test without causing the circuit breaker to heat
up or open during the calib ration of the current
source . Once the’ calibration of the current source
is  comp lete d , the test can be started i mmedia tely.
The same res istance measurement can be used through-
out the test.

1Ô .4 .6.1 .5 Disconnect the calibration resistance from the test circu it and

connect the circuit breaker into the setup .

10.4.6.1.6 Apply the 1OO~ rate d current (as determined from the pre-test

calibration ) to the breaker and start the electric time r (Find No. 8). Irnmed i-

ately veri fy the current is 100% of rated current (+0.25 amps). Do not adjust

the current source to maintain this current during the test.

NOTE
This is an initial reading at the start of the test
only . No attempt should be made to maintain the in-
it ial current. If the init ia l  reading is o u t  of
tolerance , re-calibrate the circuit and repeat the
test after allowing the circuit breaker to return

72

-A



~~
-I

~~~~~~~~
__

~~ 
-

~~~~~~~~~~~

.- --

~~~~~~~~~~~~~~

, 

~~~~

-- . -

~~~~~~~~~~~~~~~

-

~~~~

-

to ambient temperature . 
-

Apply the 100% current for a period of 2 hours as measured by the electri c

timer. Veri fy that the circuit breaker is capable of carrying this 100%

load without interrupting the circuit.

10.4.6.1.7 Disconnect the circuit breaker and reconnect the calibration

resistance. into the test circuit. Adjust the current source to give 135~ of

the rated current of the device . Disconnect the calibration resistance and
reconnec t the circuit breaker.

10.4.6.1.8 Al low the circuit breaker to return to ambient temperature (25-4-3°C)

after the last test.

10. 4 .6 .1.9 Apply the 135% rated current to the breaker and start the electric
timer . Immediately veri fy that the current is 135% of rated current (+0.25

amps). Do not adjust the current source to maintain this current during the

test.

NOTE

This is an initial reading at the start of the test
only. As the test progresses the current fl ow will
decrease. No a t t e m p t  s h o u l d  be made to m a i n t a i n  the
initial current. If the initial reading is out of
tolerance , re-calibrate the circuit and repeat the
tes t after al lowing the ci rcuit breaker to return to
ambient temperatu~-e.

Observe the ammeter and the circui t breaker for the point of circuit inter-

ruption and i mmediately stop the electri c timer.
Veri fy that this time falls within the fol lowing specif ied

limi ts :
current rating 50 amps or less -- 60 minutes maximum

current rating more than 50 amps -- 120 minutes maximum

10,4.6.1.10 Disconnect the ci rcuit breaker and reconnect the calibration resis-

tance into the test circuit. Adjust the current source to give 200% of the

rated current of the device. Disconnect the calib ration resistance and re-

connect the ci rcuit breaker .

10.4,6.1 .11 Allow the circuit breaker to return to ambient temperature (25+3°C)

after the last test.
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10 .4.6 .1. 12 Apply the 200% rated current to the breaker and start the electric

timer . Immediately verify the current is 200% of rated current (+0 .50 amps).
Do not adj ust the current source to maintain this current durin g the test.

NOTE

This is an initial reading at the start of the test
only. As the test progresses the current flow will
decrease. No attempt s hould be made to maintain the
init ial current. If the initial reading is out of
tolerance , recali b ra te the circui t an d repea t the
test after a l lowing the circuit breaker to return to
ambient temperature .

Observe the ammeter and the c ircuit breaker for the point of ci rcuit inte r-
ru p t i o n  and i mmediately stop the electric timer.

Veri fy that this time fal ls wi th in the minimum and maxi-
mum clear ing times as specif ied by the manufacture r ’ s t ime-current character -
ist ic curve . See Figure 4 for a typical curve .

NOT E

The fo l lowing test shal l  be perfornod only on circu it
breakers wh i cn conta in a magnetic trip. The Tri p-Free
Test (Paragrapn 8.4.7) may be performed at this time
prior to the following test.

10.4 .6 .1.13 Disconnect the circuit breaker and reconnect the calibration
resistance into the test circuit. Adjust the current source to gi ve the

required magnetic trip test currei~t. See Figure 4 for  d e t e r m i n a t i o n  of t h i s

current. Disconnect the calibration resistance and reconnect the circuit

breaker.

10 .4 .6 .1.14 Al low the circuit breaker to return to amb ient temperature (2 5÷ 3°C )
after the last test.

10.4.6.1.15 Connect an osci l loscope across the circuit breaker to record the
c learing time required by the breaker.

10.4 .6 .1.16 A pply the test current to the breaker and observe the clearing
time as indicated on the osci ll occope.

Verify that this time falls within the maxi mum clearing time as

speci fied by the manufacturer ’ s time-current character is t ic  cu rve.
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10.4,6.1.17 If the component fails any of the above applicable tests , i t
shall be rejected .
If the component passes all of the above applicable tests , the component
shall be acceptable according to the requirements of this part of the
procedure , continue on to the
trip-free test (Paragraph 10. 4.7) ,

NOTE

If the circuit breaker trips at less than its
rated current , it is not a failure for the pur—
pc~ es of catplian~~ with §183.455.

10.4.6.2 Fuses

10. 4 .6.2 .1 A calibrati on test shall be performed on all fuses by the applica-
tion of 110% , 135% and 200% of the rated current (rms) of the device at

75+5°F (25+3 °C).  Determine 110% , 135% and 200% of the rated current of the
fuse See Figure 5 for a typical
time-current characterist ic curve .

10.4 .6.2 .2 Veri fy the ambient temperature at the start of the test is 75+5°F
(25- 1-3°C) . The temperature shall remain within this range throughout the
entire test.

NOTE
All tests shall be conducted in open air (75+5°F) using
proper wire and good test connections. The fuses shall -

be at the ambient temperatur e prior to starting each
test.

10.4.6.2.3 Three fuses of the same type and rating shall be required to complete

this test. Measure the resistance of one of these fuses and use this value

in all three tests (110, 135 and 200 percent). Save the fuse on which the

resistance measurement was taken and use it for the 200% test.

10.4.6.2.4 Insert an equivalent resistance into the circuit (Find No. 2) as
determined in Paragraph .4 .6.2.3 . Adj ust the current source to give 110% of
t he rated current of the fuse as measured at the ammeter (Find No. 4 ) .

NOTE
An equivalent resistance is used to give a prelim-
inary (but  fa irl y accurate ) current source sett i ng
for the start of the test without causing the fuse
to heat up or blow during the calibratio n of the
current source. Once the cal ibrat ion of the current
source is completed the actual test fuse can be in-
stalled in place of the calibration resistance and
the test is ready to start.

~ 
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10.4 .6. 2 .5 Replace the calibration resistance with the test fuse.

10 .4 .6 .2 .6  App ly the 110% rated current as determined from the pre-test
calibration to the fuse and start the electri c timer (Find No. 8) at the
same time . Immediately veri fy the current is 110% of rated current (+0.25
amps). Do not adju st the current source to maintain this current during
the test.

NOTE

This is an initial reading at the start of the test
- - only. As the test progresses the current f low wi l l

decrease. No attem pt should be made to maintain the
initial current. If the init ial reading is out of
tolerance , re-cal ibrate the circuit and repeat the
test after allowing the fuse to return to ambient
temperature .

10.4.6.2.7 Replace tie fuse with the calibration resistance . Adjust the

current source to give 135% of the rated current of the fuse. Replace the
calibrati on resistance with the same fuse used in the 110% test. Al low the

fuse to cool back to ~m5ient temperature .

io.4 .6 .2 .8 Apply the 135% rated current (as determined from the pre-test
calibrati on ) to the fuse and start the electri c time r at the same time .
Immediately verify the current is 110% of rated current (÷0.25 amps). Do not
adjust the current source to maintain this current during the test. See the
Note in Paragraph .4.6. 2 .6 above .

10 .4.6.2 .9 Observe the ammeter (Find No. 4) and the fuse for point of ci rcuit
interruption . Immediatel y stop the timer when the fuse blows ,

Verify that this blow time is no more

than 60 minutes. -

10.4.6.2.10 Repeat this test according to Paragraphs 10.4.6.2.7,10.4.6.2.8 a~d

10.4.6.2.9 using a new fuse of the same type and rat ing.
Verify that this blow t ime  is

not more than 60 minutes.

10.4.6 .2 ,11 Rep lace the fuse w itn the cal ibrat ion resistance. Adjust the
current source to give 200% of the rated current of the fuse. Replace the
calibration resistance with the new fuse which was originall y used to

determine the calibration resistance .
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4 .6 .2. 12 Connect an osc illoscope across the fuse to record the clearing
time required by the fuse.

10.4.6.2,13 Apply the 200% rated current (as determined by the pre-test
calibrati on). Observe the clearing time as indi cated by the oscil loscope .

Verify that the applied

current falls within + 10% of the corresponding current for that time as

dete rnined from the manufacturer ’ s time-current characteristic curve for
that particular fuse. See Figure 5 for an example of this determination.

10.4.6.2.11, If the fuse fails any of the above tests , it shall be rejected.

- 
If the fuse passes

all of the above tests , it shall be deeme d acceptable according to the
requi rements of this procedure .

10.4.6.2.15 Secure the test setup.

10 .4. 7 Trip-Free Cal ibrat ion Test (C rcuit Breakers Only)

10 .4.7 .1 A trip-free calibration test shall be performed on AC and DC circuit
breakers by applying 200% of the rated current load using a standard current
source and veri fying the manual reset and trip-free capability of the circuit
breaker.

10 ,4 . 7 .2 The ci rcuit breaker shall be subjected to one complete cycle of
operation . A cycle shall be defined as the following:

1. Ci rcuit veri fied at 100% rated current;
2. A pp li c a t i o n  of 200% rated current;
3. Breaker opens (ci rcui t interrupt2d);

4. Restraint removed;

5. Breaker manually reset; and
6. Ci rcuit veri f ied at 100% rated current.

NOTE

The same test setup as that used in calibration test may be
used for this test except no timer is required.

10.4 .7 .3 Veri fy that the ci rcuit breaker is in the “ON ” position and

- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - — - - 
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that the circuit is not interrupted with the application of 100% of rated
Current or less .

10. 4.7.4 Restrain the handle of the circuit breaker in the “ON ” position
and apply the 200% current load to the breaker.

10. 4,7 ,5 Monitor the circuit and veri fy that the contacts open and the
ci rcuit is interrupted (time will depend on the particu lar circuit breaker

under test). This is trip-free operation.

10.4,7.6 Remove the restraint from the circuit breaker handle. The handle
should move to the tripped or ”OFF ” position and should not automatically
return t~ the “ON” position . 

-

NOT E

Some circuit breakers have an intermediate or “tripped”
position between the “ON” and “OFF” posit ions , which the
breaker takes upon automati c tripping.

10.4. 7 .7 Readjust the current load to 100% of rated current and then manually
reset the ci rcuit breaker to the “Oi ” positi on . .Depending on the type of
breaker being tested , this may require fi rs t cycling the breaker to the “OFF ”
position and then to the “ON” position . A cooling off period may be required

in some cases before the circuit breaker can be reset to the “ON ” posit ion.

10.4.7.8 After the breaker has been reset to the “ON ” position , v e r i f y  the

cir cuit continuit y has be~n restored. If the circuit is not restored , the

ci rcuit breaker shall be rejected.
If the ci rcuit is restored , the circuit breaker shall be deemed

acceptable according to the requirements of this procedure .

NOT E
If a dual-circuit type breaker is used , this test shal l
be accom plished on each circuit as if it was ~ s i n g l e
c ircui t .

NOTE

a mu 1
~ l- Do le type breaker is used , this test shal l

~~. acc —c .1i s~ed or each po le. When an overload is
- 

~ or~ pole , all poles of the breaker shall
• aneous ly and shall be trip-free .

- . ~~0~~, ’ ~~~~~~~~~~~
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U FIELD /VISUAL E XA r1I~ AT ION NO. 1

~~~~ _~~olatio n of fuel and fuel vapors from ignition source s

(b) An e1cct rie.~l component is isolated
from a gasoline fue l  source If—

(1) A bulkhead that meets the require-
ments of pa rag raph  ‘c of this sect ion is
between the e lectr ical component and
the gasoline fuel source:

(2 ) The electr ica l Com~ ’3neflt is—
j ) Lo~ er than the ga’oiine fuel source

and a means is provided to prevent fuel
and fuel vapors that nay le,k from the
ga~oiir.e fue l  source from becoming ex-
posed to the ekc :r~cal component; or

i i  Higher tnan the gasoline fuel
source and a deck or other enclosure is
between it and the gasoline fuel source:
or

(3 ) The space between the electr ical
component and the ga —d ine fuel source
Is ~ t j e a — t  t wo f e t  and the space is open
to the atmos phere.

(c’ Each b~hkhead rcouir ed by para-
graph ‘ b 1’ of th.~ section must—

(I ‘ Separate the e lectr ical component
from the gasolini fuel source and extend
both verticall . and honzontally the dis-
tance of ~he open ~pace bet~see n the fuel
source ar.d the wrnnon source;

‘2 Resist a s\a ter  level that Is 12
Inches high or cne-tht rd of the maxi-
mum height of the bulkhead, whichever
Is less, without seepage of more than
one-quarter fluid ounce of fresh water
per hour; and

(3 ) Have no oper.irte located hIgher
than 12 inches cr one-third the maxi-
mum height of the bulkhead. whichever
is less, unless the openin g is used for
the passage nf coriduct~rs. piping, ven-
tilation ducts . mechanical equipment. and
5ixnilar items, or doors, hatches. and ac-
cess panels . ar.d the maximum annular
space arou nd each item or door, hatch or
access panel must not be more than one-
quarter inch.

.1 SCOPE

.1. 1 This examination w i l l  deter mine compliance wi th paragraphs §183 .410(b)
and 183.410(c). The individual test procedures contained in this examination
are referenc2d in the follo t-iing paragraphs.

.1.2 Contact the boat manufacturer to determine if he intended to comply
with §183.410(b) and 193.410(c) by pr oviding i gn itiofl . protected electrical
components in the boat.
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fl .1.2.1 If the boat manufacturer intended to provide ignition protected
— electrical components throughout the boat , then oo to Lab Exami nation No. 1.

.1.2.2 If the boat manufacture r intended to provide either some ignition

protected electrical components and means of isolation , or provide only

means of isolation , then continue ~iith this examinati on.

.1.3 Identify all electrical components that are either labeled as ignition

protected , or are certi fied by the boat manufacturer to be ignition protected.

.1.3.1 List all these ignition protected electrical components on Examinatio n

Sneet No. 1, anc~ mark the electrical components for easy i dentifi cation during

the examination .

.1.3.2 A list is to be used to verify those electrical oatpcnents whith

are igniticti protected by c~ iparing it with acceptable rrerine listinas, Coast

Guard listings or Lab Exarninaticm No. 1.

.2 APPNt4TUS

.2.1 Water , hose , pump (hand/mechanical), ruler (graduated in l6ths of an

inch), sponge , measur ing cup (graduated in ¼ oz.), eye dropper , leve l (bubble

type), and explos i meter.

.3 EXAMINATION SPECI IEN

.3.1 This examination s~iall be conducted using the boat i tself.

.4 EX AM I NAT I O;4 CONDITIO N S

.4.1 This examinat icn shall be conducted with the boat In its norma l unloaded
static floatin q condi tion (see Instruction A).

.5 EXN-IINATIOU PROCEDURE

.5.1 Locate all gasoline fuel sources such as engines , valves , connec tors ,
or other fittings in vent lines , f i l l  l i nes , distribution lines , or on fuel
tan ks .

.5.2 Note the location of all elcctrical components with respect to qasoline

fuel sources located in Paragraph .5.1 , except for those listed .
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1]. .5.2.1 If a non-ignition protected electrical component is separa ted froi~
— a gasoline fuel source by a bulk head , the bulkh ead shall be tested for com-

pliance with §183 .410(c) in Paraoraph .6, Test Procedure No. 1.

.5.2.2 If a non -ignition protecte d electrical component is not isolated
from a gasoline fue l source by a bulkhead that complies with §183.” lO(c),
and the electrical component is lo’,ier then the gasoline fue l source , then
apply Paragraph .7, Test Procedure ~o. 2.

.5.2.3 If a non -igiition protected electrical comnonent is not isolated
from a gasoline fuel source by a bulkh ead that complies ‘iith ~183.410(c),
and tie electrical comooner .t is hig her than th e  caso l ine fuel source , then apply
Paraqraph .8, Test Procedure 1o. 3.

.5. 2 .4 if a non— ianit ion orotected electr ical  component and a gasoline fue ;
source are se para ted by at least two feet and the soace between t:ie items
is open to t h e  a tmosphere , then apnlv Paragraoh .9 , Test Procedure ~o. 4 .

.5.3 In general , these Test Procedures are not apol icable when tie electrical
component is located ~iit~iin an engine Cr fuel tank compartment ~here the entire
atmosphere could be saturated ti it h gasoline vapors .

.5.4 At the conclusion of this examination , i n d i c a t e

those ignition protected electrical components t;’iat did not have to be
ignition protected because proper isolation t.’as provided .

.6 TEST PflOCEDUR ~!O. 1

.6.1 Exam ine the bul khea d to ma ke sure it extends to the fullest extremes

possible , terminating at decks , ove rheads , other bulkheads , the hull of the

boat and similar structures.

.6.1.1 Proper termination of the bulkhead extreme s (perimeter) above tne

water resistance area ( .6.2) is considered acceptable when the perimeter is

f itted as c losely as possi u le to otner structure surfaces.

.6.1.2 There should be no vent holes , corners snipped off , limber holes or

handholds .

.6.1. 3 Proper j oining of the bulkhead perimeter to other structures for
maximum isolat ion integrity is obta ined by coating the junction w it r~ epoxy
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TITIT1 .

U resin , a single laye r of fiberglass , etc.
•.
1

.6.2 Measure the maximum vertical height of the bulkhead from the lowest
part of tne bu lkhead. The measurement is made on the same side as the
gaso l ine source.

.6.2.1 If the measured height divided by three(3) is less than 1? inches ,
use that value as the required height of the bulkhead that must be wate r

resistant.

.5.2.2 If the  measured height divided by three (3) is equal to or greate r
than 12 inches , use 12 inches as the required height of the bulkhead that
must be water resistant.

.6.3 Add a quanti ty of fresn water to the compartment on the side of the
bulkhead being tested up to the leve l determined in Paragraph .6.2.1 or

.6 .2.2 .

.6. 3 . 1 Let the water stand for at least one hour .

.6. 3 .1.1 To minimize the quantity of water necessary for the test , it is
permissible to provide water boundaries as close as one foot away from the
bulkhead being tested.

.6.3.2 The water resistant area of the bulkhead shall not leak more than

¼ oz. of fresh water per hour.

.6.3.2.1 Moisture condensation on the oppos i te side of the bulkhead under

test is not considered leakage .

.6.3.3 Use the eye dropper and/or sponge to collect the leakage and place

it in a measuring cup .

.6.4 Any isolation bul khead that leaks more than the amount allowed in
Paragraph .6.3.2, shall be noted in the examination report and any electrical
components that are not isolated from a gasoline fuel source because of bulk-
head failure shall be required to be ignition protected unless other means of

isolation as provided in Test Procedures 2, 3 and 4 prevail and satisfy the
Isolation requirements .

.6.4.1 Inspect the bulkhead above the water resistant area. Determine that
all openings are kept to a minimum size to allow for the passage of conductors ,
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II mechanical equipment , ducting and similar i tems .

.6.4.2 To establish an acceptable opening dimension around piping , ducting,
and wiring, etc ., the symmetrical annular space around the i tem shall be no
greater than ~ inch .

1~~~~1 1/4 inch

~~~~~~~~~~~~~~~nch _ _ _ _ _  
1/4 inch

.6.4.3 The installation of a permanent type fairlead , f i l l e r , bushing or
grommet to fill the space or part of the space around the piping, ducting,
wiring, etc., shall be acceptable if it will not damage the i tem passing
through it.

.6.4.4 The i tem does not have to remain centered in the opening after
measurements are ta l en.

.6.5 Any isolat ion bulkhead that contains excessive openings , i. e.
openings having either greater than ¼ inch syrnetrical spacing or nothing
passing through them , shall be noted in the report and any potential sources
of ignition installed in adjacent spaces shall be reqLired to be ignition
protected unless other means of isolation as provided in Test Procedures 2,
3 and 4 prevail and satisfy the isolation requirements .

.6.6 Any doors , hatches or access panels that are installed in  the bulk head

have to meet the same requirements as the respective part of the bulkhead in

which they are installed.

.6.6.1 For example , if a door extends into the water resistant area , the

portion of the door in that water resis~tant area will have to pass the water

resistance test in conjunction with the rest of the bulkhead. The portion of

the door above the water resistant area will have to meet the ¼ inch symetrical

annular space requir~Teflt.
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INSTRUCTION “A”

METHOD OF DETERMINING :

“NORMAL UNLOADED STATIC FLOATING CONDITION (POSITION)”

To determine the “normal unloaded static floating condition (position)” of
a boat:

1. Place the unloaded boat in the water.

NOTE

The “unloaded boat” shall contain all pe rmanently -

installed i tems such as , but not limi ted to , batt-
eries and seats and shall include engine oil and
fuel in the fuel system fi l led to the designed
capacity .
The unloaded boat shall not contain i tems such as
live loads , portable fuel tanks , paddles , PFDs ,
tool kits , lines , flags , portable li ghts or other
loose gear.

2. With the boat in calm water, mark Point A at the inte rsection of
the stem and the waterline , Point B~ at the intersection of the transom , the
port hull side or port hull bottom , and the water line , and Point B

~ 
at the

intersection of the transom , the starboard hull side or starboard hull bottom ,
and the waterline.

3. In the absence ‘of a clearly defined transom , instead of marking

Points B~ and B~
, mark a Point C at which the waterline and the aftermost part

of the boat in the water intersect.

4. Remove the boat from the water.

5. Place the boat on chocks , a dolly or a trailer .

6. Adjust the chocks , dolly or trailer to leve l the marked points .
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fl .7. TEST PROCEDURE NO. 2
— 

.7.1 Us Fn g a bu bble-type leve l , dete rmine that the electrical component is
lower than the gasoline fuel source .

.7.1.1 If the topmost opening or point of possible lea kage on the gasoline
fuel source is above any part of the electrical component , then this test
pr ocedure applies.

.7.2 Determine if a means is provided that will prevent gasoline fuel and
fuel vapors from becoming exposed to the electrical component.

.7.2.1 Consider the heavy nature of gasoline vapo rs when evaluating the means
of preventi on .

.7.2.2 A partial bulkhead , rigid shield , high coaming , etc., are examples
of possible means of prevention .

.7.2.3 Generally , this approach will not be acceptable if the gasoline or
vapo r canno t be channeled away from the imediate area of the electrical com-
ponent , such as ove rboa rd , into an open cockpit area , or into another compart-
ment or space . If tne e l ec tri ca l component and gaso lin e fuel sou rce are
installed within the same closed compartment or space , this means of isolation
wil l  not be acceptable.

.8 TEST PROCEDURE NO. 3

.8.1 Using a bubble-type level , determine that the electrical component
is higher than the gasoline fuel source .

.8.1.1 If the topmost opening or point of possible leakage on the gasoline
fuel source is below the enti re electrical component , then this procedure
applies .

.8.2 Genera l ly , th is test do es not app ly to electri cal components instal led
In engine rooms or eng ine compartments with gasoline fuel sources , becau s e the

enclosed engine space could become saturated with gasoline vapor. Use the
same test as in Paragraph . 7 .2 .3  to confi rm no napp l ication .

.8.2.1 The intent is to apply this test procedure to electr ical components
that are in a space or compartment that is above the gasoline fuel source
compartment , such as an engine room. Also , instal lat ions that enclose the
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fl engine and gasoline fuel sources with an engine box or similar structure
— are considered suitable isolation .

.8.3 Determine if a deck , eng ine box , or other similar solid enclosure is

between the electri cal component and the gasoline fuel source .

.8.3.1 Note any speci f ic design considerations that should be made or
matters of noncompliance in the report.

.9.0 TEST P R O C E D U R E  NO. 4

.9.1 Measure the distance between the electrical component and the gasoline
fuel source .

.9.1.1 This distance can be in any orientation , i . e. it does not have to
be horizontal , but can be vertical or on a diagonal.

.9.2 If the distance measured in Paragraph .9.1 is at least two (2) feet
determine whether that distance is open to the atmosphere .

.9.2.1 Open to the atmosphere means that for every cubic foot of net compart-
ment volume , there is at least 15 square inches of unobstructed access to the
atmosphere .

.9.3 If there is at least two (2) feet of space directly between the electrical
component and the gasoline fuel source and the space is open to the atmosphere ,

then acceptable isolation .-is provided.

.9.3.1 Note in the report any matte rs of noncompliance or any specific desi gn

considerations that should be made .

L 
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.12 FIELD/ VISUAL EXAMINAT ION NO. 2

183. 415 Grounding of cranking motor ci rcuits

If a boat has more than one ga.solln e
engin e , g rounded cranking motor circuits
must be connected to each other by a
common conductor circuit that can carry
the starting current of each of the
grounded cranking motor circuits.

.1 SCOPE

.1.1 This examination will determine compliance with section 183.415.

.2 APPARATUS

.2.1 Wire gauge , outs i de ve rnier calipers .

.3 EXAMINA T IO J SP EC I I~E~

.3.1 This examination shall be conducted on boats that have more than one (1)
gasoline engine w i th a grounded cranking mo tor circuit.

.4 EXNUNATI O~ PP.OCEDUPE

.4.1 Identi fy the cranking motor circui ts tnat are grounded.

.4.1.1 Note and include in the report ; the starting current of each cranking

motor identified in Paragraph .4.1.

.4.2 Identify and label the common conductor ci rcuit connecting the grounded .

cranking motor circuits .

.4.2.1 Contact the boat manufacturer if necessary to properly identi fy the

common conductor circuit.

.4.3 For a two (2) engine system , only one (1) coninon conductor is needed.

.4.3.1 The common conductor mus t be large enough to carry the largest cranking
motor starting current as identified in Paragraph .4.1.1. If the common con-

ductor is as large as the largest cranking motor conductor , then it complies.

.4.4 For a three (3) or more engine system , the conv~on conductor ci rcuit
may consist of vari ous size conducotrs , but each conductor that connects
directly to an engine must be large enough to carry the startina current of

that engine. If the comon conductor is as large as the largest cranking
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12 motor conductor , then it complies .

.4.4.1 Use an outside ve rnier cali per or wire gauge to measure the con-
ductor size to compare with the battery power supply conductor .

.4.5 The common conductor circuit does not have to meet the requirements

of Section 183.425 for being stranded or insulated.

.4 .5.1 The co~vnon conductor circuit can be made up of so l id  conductors ,
braided conductors , solid bus bars , or the boat’ s hull if it is metal lic.

.4 .5 .2 If the common conductor circuit is composed of conductors l isted in
Paragraph 3 .4.5.1 above , contact the manufacture r to dete rmine whet her he has
test data or calculations that indicate proper sizin g of these conductors
for carrying the currents of any of the cranking motor circuits .

.4.5.3 If in doubt about the proper sizing of the conducotr s , report this

information for further testing.

.4.6 Actual testing of the common conductor ci rcui t will be perfo rmed at a

testing faci l i ty or at the boat manufacture r ’ s site if it is conve nient.

183.420 Tests for batte ry movement
(a) Each instal l ed battery must not

move more than one inch in any direc-
tion when a pulling force of 90 pounds
or twice the battery weight ,  whichever
Is less, is applied through the center of
gravity of the battery as follows:

( 1) Verti cally for a duration of one
minute .

(2) HorLzontally and parallel to the
boat s center line for a duration of one
minute fore and one minute aft.

(3) Horizontally and perpendicuj ar to
the boat’s center line for a duration of
one minute to starboard and one minute
to por t.

.5 SCOPE

.5.1 This test will determine compliance with Paragraph 183.420(a), Subpart I ,

of the Electrical Systems Standard , which covers battery installations.
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12 .5.1.1 Each battery installed with its own individual mounting will be

tested by the test procedures in Section .9 -- Procedure for Single Battery
Installations.

.5.1.2 Each group of batteries installed within a battery mounting where
individual batteries depend on adj acent batteries for support wil l  be tes ted
by the test procedures in Section .10 -- Procedure for Multiple Battery

Installations.

6 APPARATUS
- . 

.6.1 Spring scale (minimum 100 lb. scale), rule (graduated in inches),
pl astic coated steel cable with grasping eyes at ends (1/8 inches diameter
by 6 feet or more in length), ratchet come-a-long, sharp cutting too l and

w h i t e  c h a l k .

.7 TEST SPECIMEN

.7.1 Batte ry(ies) as installed.

.8 TEST CONDITIO NS

.8.1 Perform the test using all necessary safety precautions , particularly
relative to pre venting batte ry electrolyte spillage and accidental snort
ci rcuiting with battery terminals if the batte ry breaks loose during testing.

.9 PROCEDURE FOR SINGLE BATTERY INSTALLATIO N

.9.1 Locate the battery geometric center of gravity . The horizontal pulling
forces will be through the mi d-height of the batte ry and the vertical pulling
force will be through the mid-length or mid -width of the battery (See Figure 1).

.9.1.1 Remove the batte ry and weigh it. If the weight is 45 pounds or
greater the test force will be 90 pounds . If the battery weighs less than 45

pounds , the test force will be twice the battery weight.

.9.2 If the battery is in a battery box or similar enclosure , drill holes

in the enclosure to accomodate the steel cable in all modes of the p ulling

tests so that the pulling force will not act di rectly upon the enclosure .

.9.2.1 Mark reference points on the battery and supporting surfaces to use

as a means to measure batte ry movemen t.
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12 NOTE
Prepa rations for the test that require loosening
or remova l of batte ry mounting should be perfor-
med with care to avoid jeopardizing the original
battery restraint integrity .

.9.3 Place the cable around the battery at the mid -height point with the
cable ends leading fon~ard .

.9.3.1 Hook up the scale to the ends of the cable and connect the scale to
the come-a-long. Hook the come-a-long to a rigid structure capable of with-
standing at least 90 lbs. of force at a point in the horizontal plane of the
mi d-height of the batte ry (See Figures 2 and 3).

.9.3.2 Remove the slack from the cable and then adjust the come-a-long to
exert the appli cable test force determined in Paragraph .9.1.1 on the scale
and cable combinati on .

.9.4 Exert the test force for one minute and then release the force .

.9.5 Measure the distance the batte ry (reference point) moved.

.9.6 Reposition the battery in accordance wi th its designed installation for
the next test.

.9.7 Repeat Paragraphs .9.3 to .9.6 for testing in the other horizontal

directi ons.

.9.8 Repeat Paragraphs .9.3 to .9.6 for testing in the vertical direction

but place the cable around the mid -length or mid -width of the battery , and

suspend the scale and come-a-long above the center of the battery .

.9.9 The batte ry reference points shall not move more than one inch in any

test di rection .

.10 PROCE DURE FOR MULT IPLE BATTERY INSTALLATIONS

.10.1 Locate the geometric center of gravity of the multiple battery install-

ation by physicall y measur ing the dimens i ons of the batteries involved and

averaging the heighth , width and length measurements (See Figure 4).

.10.1.1 Weigh the batteries individua ll y.

.10.1.1.1 Apply the test force criteria to each battery weight s i. e. if

the batte ry wei ghs less than 45 pounds , the test force for that battery will
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12 be twice the battery weight; if the battery weighs 45 pounds or greater the
— 

test for ce will be 90 pounds .

.10.1.1.2 Find the sum of the battery test forces determined in Paragraph

.10.1.1.1 for all batteries concerned.

.10.2 If the batteries are enclosed drill holes in the enclosure to accomo-

date the steel cable in all modes of the pulling test so the pulling force

will not act directly on the enclosure .

.10.2.1 Mark reference points on the batteries and supporting structures

to provide a means to measure battery movement.

NOTE

Preparations for the test that require loosening
or removal of battery mountinn should be perfor-
med with care to avoid jeopardizina the orig inal
battery restraint integrity .

.10.3 Place the cable around the group of batteries with the cable ends

leading for.~ard and the cable at the height of the geometric center of gravity

determined in Paragraph .10.1 (See Figure 5).

.10.3.1 Hook up the scale to the ends of the cable and connect the scale to

the come-a-long. Hook the come-a-lon g to a rigid structure that is capable

of withstanding the test force determined in Paragraph .10.1.1.2. The

connection mus t be in the’horizontal plane of the geometric center of gravity

of the batteries.

.10.3.2 Remove the slack from the cable and then adjust the come-a-long to

exert the test force determined in Paragraph .10.1.1.2 on the scale and cable

combination .

.10.3.3 Exert the test force for one minute and then release the force.

.10.3.4 Measure the distance the battery reference ma rks moved .

.10.3.5 Repeat Paragraphs .10.3 to .10.3.4 for testing in the other hori-

zontal di rections.

.10.4 Repeat Paragrap hs .10.3 to .10.3.4 for testing in the vertical

di rection placing the cable around the geometric center of gravity of the

batteries and suspend the scale and come-a-long above the center of gravity .
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32 .10.5 The battery reference marks shall not move more tha n one inch in

any test di rection .

183.420
(b ) Each batte ry must be installed so

that metallic objects cannot come in
contact with the ungrounded battery ter-
mina.ls.

(C)  Each metal lic fuel line and fuel
sy stem component within 12 inches and
above the hori iontal plane of the batte ry
top surf ace as installed must be shielded
wtth dielectric material.

(d) Each battery must not be directly
above or below a fuel t ank , fuel fliter ,
or fittin g in a fuel line.

( C)  Hydroç~en gas discharged by a
battery must not accumulate in the
boat.

(I) The positive terminal of each bat-
tery nüist be ldent ifled by the lettera
~~~~~ or ~‘P’ . or the symbol 

~~~~~~marked on the terminal  or on the bat-
tery case near the terminal.

(g) Each battery term Inal connector
must not depend on sprin g tension for
Its mechani cal connection to the termi-
nal.

.11 PROPER BATTE RY INSTALLAT ION

.11.1 SCOPE

.11.1.1 These observations and measurements wi ll determine if the battery

installation complies wi th Sections 183.420(b), (c), (d), (e), (f) and (g)

of Subpart I of the Electrical Systems Standard , which cover battery installa-

t ions.

.11.2 The observati ons and measurements w ill be made with the battery as

installed.

.11.3 APPARATUS

.11.3.1 Rule (graduated in inches), plum b bob , 3/4 inch diamete r ball gauge

with handle and explosirneter .

.11.4 TEST SPECI MEN

.11.4.1 Battery(ies) as instal’ed.

.11.5 TEST CONDITIONS

.11.5.1 Perform the test using all necessary safety precautions , particularly
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j2 relative to preventing accidental short-circuiting with the battery terminals.
— 

.11.6 TEST PROCEDURE S J

.11.6.1 To determine that met~l1 ic objects cannot come In contact with

ung rounded battery terminals use the 3/4 Inch ball gauge . Place the ball -

on or against each ungrounded battery terminal or terminals to determine if

it will toud~ the surfacE of the terminalls) .

.11.6.1.1 A battery in a battery box or simi lar enclos ure as instal led
where the batte ry top is completely covered , automatically passes the test.

.11.6.2 r~1easure the distance from all metallic fuel lines and fuel system
components to batte ry top surfaces if the metallic fuel lines and fuel
system comp.onents are above the horizontal plane of the battery top surfaces

(See Figure 6).

.11.6.2.1 Any metallic fuel line and fuel system component within 12 inches

must be shielded with dielectri c material.

.11.6.2.2 The dielectri c ma terial does not have to be attached to the

metallic fuel component , but can be a permanent shield installed between the

battery and the metallic fuel component.

.11.6.2.3 Examples of dielectri c materials that can act as shielding are

plas ti c, wood, rubber , PVC , electricians tape , glass and fiberglass.

.11.6.2.4 Battery box covers or other protecti ve coverings on batteries that

• are removed when installing or removing a battery are not acceptable as per-

manent dielectric shielding.

.11.6.3 Suspend a plumb-bob from all exterior surfaces (including the bottom)

of an,~, fuel tank , fuel fi l ter, or fitting in a fuel line that appears to be

above a battery to determine if the item Is directly above the battery.

.11.6.3.1 The point of the suspended plunt-bob must not touch any part of

the battery.

.11.6.4 Suspend a plumb-bob from all exterior surfaces (including the bottom)

of a battery to determine i f  the battery is directly above a fuel tank , fuel
filter or fi tting In a fuel line (See Figure 7).

.11.6.4.1 The point of the suspended plumb -bob must not touch any part of
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12 a fuel tank , fue l fi l ter or fitting in a fuel line.

.11.6.5 To dete rmine that hydrogen gas discharged by a battery does not

accumulate within the boat , inspect the battery installation and the boat

structure above the battery .

.11.6 .5.1 A battery box cove r or similar enclosure must have some means

of venting the enclosure .

.11.6.5.2 Any part of the boat structure above the batte ry where hydrogen

gas can accumulate such as underneath a gunwale or similar pocket must not

accumulate hydrogen to the extent that an explosive mi xture exists.

.11.6.5.3 If ~n doubt about hydrogen gas accumulat ion , charge the battery

for one hour and use an explos imeter to test the quality of the air in the

area in question .

.11.6.6 Determine if the positive terminal of the battery is i dentified by

“P0S~, “P” or ~ +h1 marked on the te rminal or on the batte ry case near the
terminal.

NOTE

For ease of identi fi cation , the positive terminal
is large r in diameter than the negative terminal.

.11. 7 Determine that the battery terminal connectors are secured to the

battery and that the connectors do not depend on spring tension for their
mechanical connecti on to the terminal .
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33 - .0 VISUAL EXAMINATION NO. 3
- 

183.425 Genera l requirements for all conductors

(a) Each conductor must be Insulated,
stranded copper ,

(b ) Except for Intermittent surges
- each conductor must not carry a current
greater than that specified In Table 5
f or  the conductor ’s gauge and tempera-
ture rating.

(C) For conductors in engine spaces.
S amperages mus t be corrected by the ap-

propriate correction factor in note I of
Table 5.

( d) Each conductor in a multicondue-
tor sheath must be at least a No, 18 AWG
conductor

(e) Each conductor Installed sep-
S arately must be at least a No. 16 AWO• conductor. -(1) Each No, 18 AWG conductor in a

muiticonductor sheath may not extend
out of the sheath more than 30 inches,

(g) This section does not apply to
communication systems; electronic navi-
gation equipment : resistance conductors
that control circuit amperage : high vo1t~
a~e secondary conductors and termina-
tions that are in ignition systems : pig-
tails of less than seven inches of exposed
length; and cranking motor conductors.

.1 SCOPE

.1.1 This examination will determine compliance with Section 183.425, Sub part
I , Electrical Systems Standard , covering genera l requirements for all conductors .

.2 APPARAT US

.2.1 Outside vernier caliper or mi crometer , ruler (graduated in l6ths of an
inch), wi re gauge , knife , ven ous samples of wire sizes (#18 through #4),
various screwdri vers , wire stripper , pliers , ani~eter and voltmeter.

.3 EXAM INATION SPECIMEN

.8.1 All conductors as installed on the boat.

.3.2 Disregard conducto rs used with cormiunications systems (telephones ,
radios , stereo equipment , etc.), electronic navigation equipment (sonar , radar ,
fathometer , loran , etc.) and conductors used as resistance conductors , high
voltage secondary conductors in ignition systems , pigtails wi th less than seven
(7) inches of exposed length and cranking motor conductors .

.4 EXAMI NAT ION CONDITION

iv,) 4)flJ.’~ r’
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33 .4.1 Ensure that the electri cal systems are not energized and batteries
— are disconnected to avoid accidental shock hazard .

.5 EXAMINAT ION PROCEDURE

.5.1 Determine whether all current carrying conductors are copper stranded

conductors , except for those conductors noted in Paragraph .3.2.

.5.1.1 It may be necessary to disconnect and strip some conductors to

• perfo rm this examination .

.5.1.2 Note discrepancies.

.5.2 Determine that the smalles t conductor size installed in a multiconduc-
ton sheath is no smaller than No. 18 AWG.

.5.2.1 Contact the boa t manufacturer to obtain this information from his
invento ry or whateve r other records he maintains .

.5.2.1.1 The conductors may be labeled with their sizes .

.5.2.2 If no information is availa ble , then measure the diameter of an
individual stran d using a micrometer. Square the diameter of the strand
(in mi ls) and multi ply times the n umber of strands in the conductor. This
will give the total circular MIL area of the conductor.

.5.2.2.1 Compare the result with Table 1 to verify the conductor size.

NOTE

If a conductor contains strands of various sizes , measu re
the diameter of each strand , square the diameter , and add
the individual circular MIL areas to obtain the ci rcular
MIL area of the conductor.
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TABLE 1

- CONDUCTOR SIZES

AWG 
. 

Minimum Acceptable CM Area
SIZE

18 1537
16 2336
14 3702
12 5833
10 9343
8 14810
6 25910
4 37360
2 62450
1 77790
0 98980
00 125100
000 158600
0000 205500

To calculate the ci rcular mil area of a stranded conductor , use the formula:

C M d 2 x N

Where d is the diameter of one strand in mils (.001 inch ) and N is the
number of strands in the conductor.

.5.3 Determine that the smallest size installed separately or in groups

outs ide of a sheath is no smaller than No. 16 AWG.

.5.3.1 Repeat Paragraphs .5.2.1 through .5.2.2.1 to veri fy the conductor

s i ze.

~.5.4 Short leads or pigtai ls less than seven (7) inches of exposed length
may be smaller than No. 18 AWG.

.5.5 Determine that any No. 18 AWG conductor does not extend out of its
mu iticonducto r sheath more than thirty (30) inches , measured alono its exposed
length .
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3.3 .5.6 Determine whether conductors are properly sized so as not to carry
— 

currents greater than the allowable currents noted in Table 5 of the

S 
regulati ons (See Table 2).

.5.6.1 Obtain a w ir ing diag rar~ or schematic of the boat’ s electri cal system
from the boat manufacturer .

.5.6.2 If a diagram is not available , visually examine and analyze the

boat’ s conductor installation and draw a schematic. Write the wire sizes on
the schematic for all circuits , the item or equipment with wh ich they connect ,
and the current load (amperes) of the equipment.

.5.6 .3 If the current load is not marked on thc~ equipment nameplate , obtain
this inforiijation from the equipment manufacture r. If this informati on cannot
be found , ener gize the equipment and use an ameter to determine its current
loading.

.5.6 .4 Obtain the insu lat ’on temperature rating information from the manu-
facture r (See Examination Procedures for Sections 183.430 and 183 .435 ) .

.5.6.5 Deterr;ine the voltage of each circuit on the schemtaic to help
di fferentiate between low and high voltage conductors (less than 50 volts or
greater thar. or equal to 50 volts). If this information cannot be obtained ,

use a voltmeter to determine the circuit voltage .

.5.6 .6 Obtain the al l ow ’~ble amperages the conductors may carry from Table 2.
Appl y the appropr iate correction factors from Notes 1 and 2 of Table 2. (See
Section 183 .435(b) of the regulations for high voltage conductors).

.5.6. 7 Compare the allowable amperages determined in Paragraph .5.6.!

through .5.6.5 and note discrepancies.

108

5- ‘ 
•



0 0 0 0~~~ P..) t.~ ‘~~ 0% ~~ — — — — —— 0 0 0 • 0 t’.) .
~~ 0%

0 0 .
0 • 0

Cl) U) •
CS -~ CD •

Z CD CD CD . .

(5
S ~~ .4 .~~ ~~ Ft Pt~ ~~ Ft Il’

UI • ~~ ~~ CD • 0
CD (5 ( 5 8  (5 • ii;

~
oo . i

• t-r, n r ’  p.p~ . .
• 

~~.P. . ) O% • 0 0 ~~~~~ 0 • —.
• P1~ — ~~~ 8 — . P4

S ~~~ . . - ( 5 0  • C
rs 0 Ft 0 -

0 . • -  ~ ~ 0 8
8 ~~. P~~~C~ ~~~~~ , •

C D . . .  8 • Ft - .
• • • (5 00 • -

• . . . • . ____

• . . . Ft rt • SQ It

• . . . 0 •. .n  o. •. .  0 —
- • .  ti CD CD

• • . 8 — . ••. .~~ .c .~. 0 %
• . •  . • —  0- 0 0- 0

0 0 0  0 0• . . . . • - , r~ ~~~ ,~ — — , . — .
~ c-~• . . . UI ~-‘

• • 8 0- 0-c ”  U’ U’ 0- 0- 0- U’ 0-c ”  0- U’ 0-

• • • • n
• . . .
• . . . ,—.

‘ I—,
. • . • . — —
•~~~~ . •  Ft Q\ .4 0 % ..3- . . 0
• • • • 8  0- 0 0  • 0 0
• . I/i • tj’l t?i P..) ~~~ — ~n r—.

...4 .‘ ~~ ~ a’ i..i t~ —.i .~~~ ~~ 
,
~ 0 r’.) 1-’.) ~~• • • UI 0- 0- UI 0- UI 0- UI UI Vi Ui 0- Vi 0- Vi 0- -~..

~~• Cs
— — 8

• . . . —J~~~ 0
0 ’0  rt ~~0 0 0  0 0  ~- . . p.,.j  ~~ ~~• .•4 ,-., ~~ S~~ UI 0- ~~ UI t.•~ I”) ~~ Cs 0-

- . Vi 0- Ui Vi 0- Vi 0 - 0  0- 0- 0- UI Ui 0- Vi
0 8
-~ o

Ft 0-
• . . . ‘-S CO .—S ~~ Z. . . . — — ~
• • . . ~a t .p ~~~~~~ t~~ =
• .  ..  .

~
.0  .

~~‘0 .
O 0 0  Q u o  —~ S

- . . . • rs ~~ 
t...) *- — — —  _

~i rs t,~ 0
• - m ‘—.‘ ~~ (..i ~~ .‘~~ — ~~ if’ Vi 0- UI .~~ . V4 5S~) P..)

: : : • Vi 0- Ui Vi 0- 0- UI (ii Ci 0- C/I 0- 0- C/I Ci C) UI

• . . . ‘-S ‘-S ~~
• . • - ~~~~~ p .~~— r. >.
• • . • rs) 0 t-. ) 0 Ft

• • UI 0 1—
• .. .. © 0 0  0 0 8 ~~- - f_ S .

~~ Vi Vi P.) P.) — — — —  f_S
• . . . %...d .~~ ~~ Vi m .~~ — ~~ C’ P.) 0’ ~~ l•.i P..) Is.) ~~~ I~ ’ P.)

• . C/i V i U iC V i U I 0 0 00 0 0 U I U I U I 0
• . . . Id~

• .
• . • . —
• . . . t-..~~~~ e—i — Ft
• • . . U ) p .~ C/i P.)
• . . . .4 Vi -J tn 0
. •  . .  0- 0 0  0 0  ~• . . . . s f_S .~ ~~ c.i ,...i p.~ — — — -r,
• — . . ~~ %...‘ •.4 — UI 0- 0~’ Ps.) 50 ‘.4 P...) 50 UI ~~ ~_.4 ~s4

50

0 ‘-5
• . . PP~’~ 1,1 5-..) • Vi P..)
~~~~ 08  5 0 0  5 00
• • . • (5(5 P.10~~~0 0  S 0 0

0 OFt C_S Vi .~~ 1,i 5-.) 5.4 P.) — — Ts C_S
• • . 8 • (,1 5.4 5-4 ~~ .

~~ — ~~ 1,1 0- .J V~ .~ 1,1 P.) %_d
.~~ - U I C ’ ’ .4 ..

~~ 0-
0 - 0 0 0  0

109

5- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -5- - — -, • S

SSSS ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-



-- - ---— - . —— ~~~~~~~~~~~~~~~~~~~~~ i ~~~~~~~~~~~
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — ‘ .-~~~~~~~~~~ 
-.•- -—

~~~~~~~~~

14 VISUAL EXAMI i~AT ION NO. 4
— 

183 .430 Conductor types in circuits of less than 50 volts

(a) Each conductor In a circuit that
ha.s a nominal voltage of less than 50
volts must—

( 1 )  Meet the requ iremen t.s of 183. -
435: or

(2) Moet.—
(I ) The insulating materia l tem pera-

ti.i re rat ing requirements of SAE Stand-
ard 3378b dated Novembe r 1976: and

(ii )  SAE Standard J 1127 dated No-
vembe r 19 5. or SAE Standard 1128 dated
Novembe r 1975.

(b ) This sectio n does not app ’y to
communicat ion syst ems; electrorP c nay-
Igat ion ec u ~pment : re tst ance conu uctors
that control circuit amperage: and pig-
tails of less tha n seven inches of exposed
length. 

-

.1 SCOPE

.1.1 This examination will determine compliance with Section 183.430
of Subpart I of the Electri cal Systems Standard in conjunction with Laboratory
Examination No. 2.

.2 APPARATUS

.2.1 Voltmeter

.3 EXAM INATIO 1 SPECIMEN

.3.1 All conductors installed on the boat used in ci rcuits of less than
50 volts .

.3.2 Disregard conductors used with communication systems (telephones ,
radios , stereo equipment , etc.), electronic navigation equipment (sonar ,
radar , fathometer , loran , etc•), and conductors used as resistance conductors
and pigta ils of less than seven (7) inches of exposed length.

.4 EXAMINA TION PROCE DURE

.4.1 Identify all conductors that are in circuits of less than 50 volts ,
using the voltme ter if necessary .

.4.2 Examine the conductors for labels regarding conductor type.

.4.2.1 If a conducto r is not labeled , obtain the conductor-type information
from the boat manufacture r.

.4.2.2 If the boat manufacturer cannot provide this information , contact
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3~
j the conductor vendor.

.4.3 If the information is still not availab le , contact USCG Headquarters

(G-BBT ) .

.4.4 Headquarters will init iate action to find out whether a conducto r

complies with Section 183.430.

.4.5 If the conductor is labeled or i denti fied as complying with Section

183.435, then it complies with Section 183.430.

35 VISUAL EXAMI NATION NO. 5
- 

— 

183. 435 Conductor types in circui ts of 50 volts or more

(a ) Each conductor in a circuit that
S - has a nominal voltage of 50 volta or more

must be—
( 1) A cond .zctor that has insu lat ion

- - listed and classifi ed mo:stur e resistant
and fla me rc’tardant In Ar t i c o 310.
NFPA No. 70— 1975. Nationa l Electric
Code 1975;

( 2 )  A flexib le cord type SO. STO. ST.
SJO. SJT, or SJTO listed in Article 400 ,
NFPA No. 70-1975, Nationa l Elect ric
Code 1975:

(3)  A conductor that meets IEEE Std .
45— 197 1 . dated December 3, 1970:

(4 J A conductor listed for marine use
by an Independent testing labora tory
which provides hating, labe l ing, and fol-
low-up service: or

(5) A conducto r that meets the me-
- chanical water absorption and fiame re-

tardant st andards of UI. Standard 83,
dated July 8 , 1976.

(b) Where the nomina l circuit voltage
of each of three or more current carry in g
conductors in a duct , bundle. or cable is
50 volts or more , the amperages of each
of those conductors mus t  not exceed the
value in Table 5 multiplIed by the cor-
rection factor in note 2 to Table 5 for
the number of conductors that carry 50
volts or more.

(c) This section does not apply to
Communi cat ion systems ; electroni c navI •
gat ion eq uip ment : resistance conductors
that control circuit  amperage conductors
in s. condary circuits  of ignition systems: S

and pigta~ls of less than seven Inches of
exposed length.

.1 SCOPE

.1.1 Tnis examination will determine compliance witn §183.435 in conjunction
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35 with Laboratory Examination No. 3.

.2 APPARATU3

.2.1 Voltme ter

.3 EXAMI NATION SPECIMEN 
S

.3.1 All conductors installed on the boat used in circui ts of 50 volts or

more. . 
S

.3.2 Di sregard conductors used with communications equipment (telephones ,

radios , stereo equipment , etc.), electronic navi gation equipment (s’onar , radar ,

fathometer , loran , etc.), and conductors used as resistance conductors , high

voltage secondary conductors in ignition systems , and pigtai ls with less than

seven (7) inches of exposed length .

.4 EXAMINAT ION PROCED URE

.4.1 IdentI fy all -conductors that are in circuits of 50 volts or more , using 
S

the voltmeter if necessary .

.4.2. Examine the conductors for any labels i denti fying their type .

.4.2.1 If a conductor is not labeled , obtain the conductor-type information

from the boat manufacture r.

.4.2.2 If the manufacturer cannot provide this type of information , contac t
the conductor vendor. - S

.4.3 If the information is still unavaila ble , contact USCG Headquarters

(G-BBT).

.4.4 If a conductor is l abeled , but is not labeled as one of the conductors

required in §183.435(a), contact Headquarters (G-.BBT).

.4.5 If in doubt about a conductor-type , contact Headquarters ~G-SBT).

.4.6 To determine whether a bundled conductor is in comp liance wi th

~183.435(b) for derating conductors , use Visua l Examination No. 3, Para-

graphs .5.6 through .5.6.7.
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16 VISUAL EXAMINATION NO. 6
— 

183.44O Re~uirements for conductors in hi gh voltage secondary S

circuits of i 9~ition sys tems

(a) Each conductor in a secondary S

circuit uf an ignition system must meet
SAE Standard J~ 57. da ted Januar y. 1968 .

ib )  The connection of each ign it ion
conductor to a spark plug. coil , or dis-
tr ibu t o r r n u ~t have a tight fitt in g cap.

• boot , or nip ple . S
1 SCOPE -

.1.1 This examination will determine compliance with §183.440 in con-

junction with Laboratory Examination Mo. 4.

.2 EXAM INATION SPECIMEN

.2.1 All conductors used in a secondary ci rcuit of an ignition system .

.3 EXAMINATION PROCEDURE

.3.1 Identify all conductors used in secondary circuits of i gnition systems .

.3.2 Examine the conductors for labeling that indicates whether a conductor

meets SA E Standard J557 .

.3.3 If a conductor is not labeled , obtain the conductor-type information

from the boat manufacture r or the conductor vendor .

.3.4 If in doubt about a conductor-type , contact USCG Headquarters (G-BBT).

.3.5 Examine the conductors to make sure the connections to the spark plugs

and coil and distributor towers have tiqht fitting boots or nipples in

accordance with §183 .440(b).

.3 .5.1 A properly fitted boot or nipple will offer some resistance to

pulling, and will often make a “popping ” sound when it releases from the spark
plug or tower.

.3.5.2 Any doubt about the proper fitting of a boot or nipple mus t be noted

In the report.
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17 VI SUAL EXAMINAT ION NO. 7

183.445 Tests for pr,~per conductor installation
(a ) Except for the firs t 36 inches of

a conductor leading from a batte r y ter-
minal , each conduc to r or group of con-
doctors must be supported by clamps.
or straps not more than 1~ inches apart .
unless the conductor or grou p of con-
ductors i.s enclosed in a rigid duct or
conduit . The clamps. straps , ducts , and
conduits must be designed to pr event
chafing or damage to the conducto r in-
sulation.

(b ) If a conductor or group of conduc-
tors Ic conne c t ed bet ween two com po-
nents that can move in relat ion to each
other , eac h conductor or group of con-
ductors must have a loop, slack , or other
strain relief.

(C ) Each conductor or grou p of con-
ductors that passes through a bulkhead.
structural member. )u nc t ion box, or S

ot her ri gid surface must be protected
from abrasion.

(d ) This section does not apply to
communications systems: elect r on ic
navigati on equipment ;  and high voltage
secondary con ductors and terminations
in the Ignition system.

.1 ~SCOPE

.1.1 These tests wil l determine compliance with Section 183.445 in 
S

Subpart I of the Electrical Systems Standard coverin g conductor instal lat ion .

.1.2 A conducto r or group of conductors wi l l  be examined as instal led in
the boat.

2 APPARATUS

.2.1 Rule graduated in inches .

.3 TEST SPECIMEN

.3.1 All conductors installed in the boat that are not specif ical ly
excepted from the standard.

.4 PROCEDURES

.4.1 Determine that straps and clamps used to support a conductor or group

of conductors are within 18 inches of each other , within 18 inches of conductor

terminations , or within 18 inches of duct or conduit ends.
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3.7 .4.1.1 The distances are measured directly between the clamps , straps ,
— terminations , ducts or conduits. The distances are not measured along

the conductors (See Figure next page).

.4.1.2 A sheath used to bundle conductors will be considered a sing le

conductor for the purposes of measurement between supports . Ducts or con-

duits do not have to be supported by clamps or straps .

.4.2 Determine whether all clamps , straps , ducts , or conduits used to

support conductors are designed to prevent chafing or damage to the conduc-

tor insulation . S

.4.2.1 Acceptable clamps , straps , ducts or conduits w ill not have sharp

edges or rough surfaces exposed to the conductors .

.4.3 Determine whether all conductors passing through a bulkhead , structu ral

member , j unction box or other rigid sur face are protected from abrasion .

.4.3.1 Some acceptable methods for conductor protection are the installation

of grommets , stuffing tubes , electricians tape , flexible tubing, sheat hing,

conduits or clamping the conductor away from rigid surfaces.

.4.3.2 Conductors must be kept away from sharp or rough edges on both

metallic and non-metallic parts .

.4.4 Determine whether there is strain relief for a conducto r or groups of

conductors installed between two items or components that can move in relation

to each other.

.4.4.1 An acceptable method for testing for prope r strain relief is to
operate the components that can move and observe the provided strain relief .

There is insufficient strain relief when there is no measurable catenary in

a conductor or group of conductors connected between two components that can

move in relati on to each other.

.4.5 These requi rements do not apply to record and radio systems , electronic

nav i gation equipment , high voltage secondary conductors and terminat ions in
• Ignition systems.
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18 VISUAL E XAMINA TION NO. 8
S 

i~3 .4 5O per termi nation of conductors
t a r Ea ch connection to a screw ter-

minal or stud that s ou !~ ide of a ju nc -
tion box or e i lc ;o sur e  inu~ t b~ connected
by a closed r i r . ~ connector . e~ ei~ co n-
nector ,  capt ive pade conr.~ :~ Jr . in’- . nsj J S

ica l lockin g cor , nc: cor .  or sp n n g .~ - k i r i g
connector.

(b Each str ipped conduct r connected
to a compression screw tr-rlflnJa th.i~ is
outside a junc t ion box or enclr ~u r e  must
be secured m e c h a n i c a l ly  i-n p r uv ide
stra in relief f o r  the str ip; .ed conduc tor
connection.

(c Each single fr ~rnon  connector.
spring t~ pe c .ou t’ - ’to r . and multi -con-
nector plu g that is outside of a j unc t ion
box or enclosure must not separat e  11
su bj ected to a six pound tensile force
al ong the ax ial d re c t :on  of t i r e  connector
for one minute .

(d A soldered connection th a t  is out-
side a ju nct ion box or enc l .e.tj re mu.st
not be the sole means of conrrec ’ ,o n be-
tween two or more conductor :. or be-
twee n a conductor ari d a connector. ex-
cept a conduct or may be soictered to a
connector that join s the conductor to a

S battery terminal  or stud if the len.z th
of the soldered j o in t  is at iea~ t 1.5 times
t i ’  diamete r of the stran deu portion of
the batte ry conductor.

le Each connection that Is outs ide of
a j u n tion bos or en cl-~nucc and that  is
used to join conductors to each other  or
that is used to jo in a conductor to a
connector mu ’-t not break ~ h en sub ected
for one m i n u t e  to a tens ;le f o r c e  shown
in Table 6 for the smallest conducto r size
In the connection.

( f )  Each ungrounded terminal  or stud
that  Is cont i nu ous ly  eneIg ~~e-~ must meet
1 183 455 or must  have a boot , nipple .
cap, cover , or shield that prevents acci-
dental short-circuit ing at the terminals
or studs.

(g) Each term ination composed of an
un grounded cu r r c -r .t carrt .lng conductor ,
terminal f i t t in g ,  and connector mus t be
protected from accIdental  short circuit-
ing wi th—

( 1 Another t e r m i n a t i o n  f rom another
circuit com”osed of an tingro ’anded cur-
rent car i -vin g con duc t u r  terrn tr . a l  fit-
ting, and connector : or

(2~ An y metal that Is gr ou nd ~~(h )  A conductor must  f ist be joined to
another conductor by a wire  r iOt or wire S

scre w -

(i Th is sect ion does not apply to corn-
mur~icat i on  cv~ tems and e lect reu lc  nay -

gation equipment
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18 .1 SCOPE 
-

.1.1 This examination will determine compliance with §183.450 except

for §183.450(e).

.1.2 Connecti ons and splices that mus t comply with §183.450(e) will be tested

in accordance with Laboratory Examination No. 5, but not within the scope of

this examination .

.2 APPARAT US

.2.1 Micromete r, ruler (graduated in l6ths of an inch), pliers , 10 pound

spring scale , wire cutte rs , knife , soldering i ron and 3/4 inch hard , non-
metallic ball with a handle.

.3 EXAMINATIO N SPECIMEN

.3.1 All conductor terminations on the boat that are outside a junction box

or similar enclosure .

.3.2 An enclosure as used in §183.450 means a switch box , panel box , dis-

tribution panel with a door or cover , closed control box and similar i tems .

.4 EXAMINAT ION CONDITIONS

.4.1 Circuits should not be energ ized in order to prevent any possible shock

hazard during the testing.

.5 EXAMINATION PROCEDURE

.5.1 Determine if connectors installed on the ends of conductors that

connect to screw terminals or studs are of the closed ring, eyelet ,. captive
spade , mechanical or spring locking type,(See Figure No. 1 ).

.5.2 Determine whether stripped conductors that are connected to a com-

pression screw terminal have additional mechanical securing of the conductor

to provi de strain relief for the termination (See Figure No. 2 ).

.5.3 Determine whether each plectrical disconnect such as a single friction

connector , spring type connector , single and multi-co nnector plugs and similar

i tems are securely fastened by subjecting the connection to a six (6) pound

pull test for one minute along the axial direct ion of the conductor(s).
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Actual ccr’rplianc~ testing for ay tnections will involve
a large sairp ling of the sane cci-u’~iectiCfl . The resultant
pull  test valtE s must be at least six (6) pounds for S

80% of the specinwis while the minijmin test va h~ for
an individual cct4~nection cannot be less than four (4)
pounds. If dur ing this visual examinaticfl a x irrnecti~~
cannot withstand a four pound pull , then the san~ lthg
approach described above shall he initiated.

.5.3.1 The pull test may be per formed on the connecto r as it is ins ta l led
in the boat or it may be removed by cutt i ng the conductors at least  one foot
away on either side of the connect ion .

.5. 3 .2 Conditi on the connector by con nect ing and disconnect ing it six (6)
times prior to the pull test.

.5. 3 .3 Perform the test by securing one side of the connection (Figure
and apply ing the pull ing force to the other side wi th  the spring sca le .

.5 .3.4 Apply the test force gradually , not with a jer~-~ ng motion , and
maintain the test force for one (1) minute duration . The connector must not
separate at less than four (4) pounds (See Note above).

.5.4 Determine whether any soldered connections have an additional means
of mechanical connect ion such as crim ping, swa ging, twisting or tying.

.5.4.1 It may be necessary to remove the solder with a kni~fe or soldering
iron to observe the actual connection .

.5.5 Conductor terminations to battery con nectors are al lowed to be solde red
without additional mechanical connection .

.5.5.1 Determine whether the soldered connection is 1.5 time s the diameter
of the conductor by measuring the diameter of the stranded porti on of the
conductor and the length of the soldere d connec tion . -

.5.5.2 The length of the soldered ccnnection must be at least i.~ time s

the diameter of the conductor .

.5.6 Identi fy, record and tag splices and connections th0t mu st meet the

requirements of 1183.450(e) so they can be identified for testing in Labora-

tory Examination No. 5.
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NO BREAK IN cCNNECnON
AFT ER ONE MINUTE

MULT1CONOUCTOR PLQ~~ 
S

- PULL ALONG AXIS 

-

OF WIRE NO BR EAK1 N
CONNECTCR AFTER

SINGLE FR ICTION CCNNECTO_R

NO BREA K INcCMNECTOR

S 

, AFTER ONEMINU1t
S SPRING TI’PE

~~~ AXIS 
- CONNECTtR

- OFW ~RE

_

SPRING T’fP~ CONNECTOR 
-

FIQJRE NO. 3 — PULL TEST FOR C ECIOPS
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S

18 .5.7 Determine whether ungrounded terminals or studs that are contin-
— 

uously energized meet the requi rements of §183.455 (Visual Examination No. 9),
or if they have a boot , nipple , cap, cover or shield that prevents accidental
short circuiting at the terminal or stud.

.5.7.1 The terminals or studs in question are generally found on battery

swi tches , starter solenoids , starter moto rs , generators or alternators .

.5.7.2 “Continuously energized” means that the terminal is hot even when

the engine is not running .

.5.7.3 Those continuously energ ized terminals or studs that mee t the require-
ments of §183.455 (Visual Examinat ion No. 9) do not have to meet this test.

.5.7.4 To determine whether the continuously energized terminals or studs
are protected from accidenta l short circuiting in accordance with .5.7, try

to touch the terminal or stud with the 3/4 inch hard , non-metallic ball .

.5.7.4.1 If the terminal or stud has no cap , boot , nipple or other obvious
means of physical protecti on , and no overcurrent protection , noncompliance

is automatic.

.5.7.4.2 If the terminal or stud cannot be touched by the 3/4 inch ball

because the cap, boot , nipple , etc. is in the way , then compliance is estab-

lished.

.5.8 Determine whether ungrounded current carrying terminations are pro-

tected from accidental short circuiting.

‘.5.8.1 A termination consists of a conductor , terminal fi tting, and a

connector. (See Figure 4 ).

.5.8.2 Locate all terminations affected by this requirement.

.5.8.3 Loosen the termination at the terminal fitting and move the connector
within the full limi ts of its installation . The metallic part of the terminaL

tion must not touch the metallic part of any other termination or any metal
that is grounded. (See Figure 4).

.5.8.3.1 The termination may touch another termination that is part of the
same circuit.
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a

18 .5.8.4 Repeat Paragraph .5.8.3 for multiple termination inst allations and
move all the terminals towards each other .

.5.9 Determine whether wire nuts or wire screws are used by inspecting
the boat. Wire nuts and wire screws are not permitted anywhere in the boat
except as noted in Paragraph .5.9.1.

.5.9.1 Wire nuts , and wire screws are permitted within the casing, housing,
or enclosure of an appliance such as a refrige rator , stove , toaster , etc This
exception does not apply to a conductor installed in an appliance by the

S - 

boat manufacturer.

19 VISUAL EXAMiNATION NO. 9

183.455 and 183.460 Overcurrer it protection

183.455

(a) Each ungrounded current-carrY-
ing conductor must be protected by a
manual ly re set . tri pfree circui t breaker
or fuse.

(b) A manually reset, trlpfree circuit
breake r or fuse must be—
U) At the source of power for each

condu ctor:
(2 )  At the point where the conductor

size is reduced to a sma ller gau ge : or
(3) At the origin of a circ wt . it the

circuit break er or fuse has a current ra t-
ing that prevents overlo,adl rig of the
smalles t cenductor in the circuit.

(c) The current rating of each circuit
breaker or fuse must not exceed—

( 1 )  For circu it. s of lecs than oG volts
l5O~~ of the value of the amperage in
Table 5 for the conductor size It is pro-
tecting: and

(2) For circuits of 50 volts or more.
the value of the amperage In Table S for
the con ductor size it is protecting. If this S
value does not corresnond to a standard
size or rated c ircuit  breaker or fuse the
next larger size or rated circui t breaker
or fuse may be used If it does not exceed
l5O~ of the allowed current capac ity of
the conduc tor.

( di The volta ge rating of eac h circu it
breaker or fuse must not be le~~ than the
nominal circuit  voltage of the circuit it
Is protect ing,

(ci This sect ion does not ar”Iy to re-
sIstance conductors that control circuit
amperage : conduc tors In secondary dc -
cults of ign i ti on systems ; p i ct a ll s of less
than seven inche s of exposed length and
power supply conduc tors in cranking
motor circu its .
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1.9 183.460
— (a) Each ungr ounded supply conduc-

tor from a storage battery must have a
manually reset. tripfree circuit breaker
or fuse. unles’~ the supply conductor is
in the main power feed circuit from the
bat tery to an engine cranking motor.
The circuit breaker or fuse must be
~wLth1n 72 inche.s of the batte ry meas-
tired along the cor. ductor . unless the cir-
cuit has a’ switch that disconnects the
battery.

(b i Each ungrounded output conduc-
tor from an alternator or generator, ex-
cent for s e l f - l im i t i ng  alternators or gen-
erators. mu~t have  a circuit breaker or
fuse that has a cur r en~ rating that does
not exceed 120 percent of the maximum
rated current of the alternator or gen-
era t orat 60~ C.

.1 SCOPE

.1 .1 This examinati on will dete rmine compliance with §183.455 and

§183.460 in Subpart I of the Electri cal Systems Standard covering overcurrent

protection .

.2 APPARATUS S

.2.1 Rule (graduated in l6ths of an inch), allowable amperage table and

wi re gauge .

.3 EXAM I~IATIO~ SPECIMEN

.3.1 Boat’ s electrical system. Prints and plans of the electri cal system

may be used ~s an aid .

.3.2 Emp l oy the procedures in Visual Examination No. 3 to determine

conductor sizes and current carrying capacities. 
S

.4 EXAMINA TION CONDITION

.4.1 Electri cal systems should not be energized to eliminate any possible

shock hazard during the examination .

.5 EXAMINATIO N PROCEDURE

.5.1 Identi fy all electri cal circuits in the boat’ s electrical system.

.5.1.1 Identify all conductors and circuits that are grounded. A grounded

conductor or circuit is one that is intentionally led to a ground for the 
S
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purpose of acting as a ground conductor , such as a battery negative terminal
lead .

.5.1.2 Identify all ungrounded cc*~ductors and circuits regarding whether
they are 1CM (less than 50 volts) or hi~~ (greater or equal to 50 volts) S

voltage.

~5. 2 Determine whether all ungrounded current carrying cx nductors are
protected by an overcurrent protection device (OPD) .

5.2.1 Locate all overcurrent protection devices ((PD) , i. e. manually
reset tripfree circuit breakers or fuses .

.5.2.2 Detennine whether the OPD is within seven (7) inches of the source of
p~~er for each conductor , neasured along the conductor . The seven inches of
j i~ per conductor must rreet all the requirenents in Subpart I as they apply to

conductors.

.5.2.3 Determine whether the OPT) is located at the origin of a circuit if the
circuit breaker or fuse has a cu~t~~t rating that pre~~nts overloading of the
smallest conductor in the circuit.

.5.2.4 DetenTline whether the OPT) is within 40 inches of the source of pCMer for

each conductor neasured along the conductor if the x~ ductor is protected fran

physical damage by its CMn sheath or enclosure such as a junction bax , control
box or enclosed panel.

• 5.2.5 Identify the OPDs regarding their voltage and current ratings.

.5.2.6 The voltage ratinqs of the OPDs must not be less than the voltage of
the circuit or conductor it is protecting .

.5.3 Determine the allCMable current carrying capacities of all conductors
(Visual Examination No. 3) .

~5. 3.1 Determine whether the current rating of the (PD protecting a conductor
or circuit exceeds the rating allci~~c1 in §183.455(c) .

.5. 3.1.1 If a 1cM voltac~ conductor or circuit , the OPD current rating cannot
exceed 150% of the current carrying capacity of the conductor it is protecting .

.5.3.1.2 If it is a high voltaae conductor or circuit , the (PD current rat ing S

cannot exceed the current carrying capacity of the ccnductor it is protect ing,
unless there is rio standard OPT) ratthq avai ab , and then the OPD current ratinco

can be the next available size OPT), not to exceed 150% of the current ca.rryinco
capacity of the crnductor it is protecting .
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j.9 .3.2 If an OPD is protecting two (2) or mo re conductors , its current
rating as determined in .5.3.1.1 and .5 .3.1.2 is calculated using the
conducto r with the smallest current carryinj capacity .

.5.4 The current and voltage ratthgs of OPDs will be tested in Laboratory 
S

Examination No. 6.

.5.4.1 For this Visual Examina tion , determine the OPD ratings from the
marki ngs on the OPD.

.5.4.2 If in doubt about an OPD’s rating, note it in the report.

.5.5 Main power feed circuits to engine cranking motors are excepted
from these requirements .

.5.6 The OPD~ for all other supply conductors from a storage battery

must be located within seventy-two (72) inches of the battery terminal

measured along the conductor . 
.

.5.6.6 The seventy-two (72) inch location requirement for OPDs is
relaxed if there is a switch in that supply circuit that is designed to be

used to disconnect the battery .

.5.6.2 A manuall y reset trip-free circuit breaker that has a manual on-off

switch capability fulfills this requi rement. A battery disconnect switch

also provides this capability .

.5.6.3 If a switch exists , then the OPD may be located anywhere in that

supply circuit between the battery terminal and the ci rcuit load (bus bar ,
distribution panel , etc.).

.5.7 Identify ungrounded output conductors from alternators and generators

(including ship service generators) that are not self— limiting. S

.5.7.1 The ungrounded output conductors must have an OPO whose current

rating does not exceed 120% of the maximum rated current of the alternator

or generator at 600 C.

.5.7.2 This rating informati on will normally be ma rked on the alternator

or generator. If not , contact the manufacture r to find out .
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— 
Subpart I—El ect r ical Systems 5183.401 (Amendedl

8ect ion 183 401. paragraph (b) is
Sec ‘ amended by changing the effective183 401 Purpo se . app li ca b il i t y .  a~ d elTect lv e

dates date for 5 183.410 from August 1. 1978.
183 402 DefinItionS , tO Februa ry 1. 1979.
~83 405 Genera!. ~‘ 

-

MAN IJF ACT ORLB R C Q L’SREME N’Ti thi s sub part may be examined at CoB3t is less , unless the op enin g is used for
Guard Headquarters Room 43 14 , Trans the passag e of con duc Lrs . p,pthg. yen - S

183 410 IgnitIon protect ion Point Bulld og. 2100 2nd St., SW . Wash - lat ion ducts mecha nica l et iui pment. and
1834)5 Orou nd In~.
183 420 Batteries ington, D.C. 20590 and may be obt ai r ~ aiinhlar items, or doors , hatches , and ac-
163 425 Cond uctors: general. from the Societ y Of A utomot ive Li - cess panels , and the mazlmum annular
183.430 Con d uctors In ct rc uit .a of less th&n g ifleerS . Inc., 400 Commonwealth Drive. apace around each Item or door, hatc h or

tha n 50 volt a Warrer dale , PA 15096. access panel must not be more than otis -
183 435 Cond uctors In cir cuit s oX 60 volta or (h) ‘ Sheath” means a material used quarter Inch.

more. as a continuous prot ectiv e covering, such
183 440 Second ary circuit s OX Ignit ion ~~ as electrical tape , mo lded rubber , molded § 183.415 Groundi ng.

(ems.
183 445 Conductors suOport sn d protection plastic , or flexible tubi ng, aroun d one or If a boat has more than one ga.soline
183 450 Conduci,ors: termi nation , mor e Insula ted conducto rs . engine, grounded crank’ .ng motor circuits
183455 Orercu rrent protection: general. ( L I  ~‘UL~’ means Underw riters T.abora - must be connected to each other by a
183 460 O~ercurrent pro tection special sp~ tories Inc UL standards In this sub part common conductor c ircuit that can carry

plicat lons. may be exam ined at Coast Guard Head- the startin g current of each of the
AUThORITY: 46 tT SC 1454 . 49 CFR 1.46( n) quarte rs . Room 4314 . Tral’,s PoInt Build - grounded cranking motor ci rcuits

( 1) ,  ing . 2100 2nd St , SW , Wash ington , D.C § 183 .420 Batteries.
Subpart I—Electr ical Systems 20590 and may be obtained fr ow Under-

writers Laboratories Inc. , 207 East Ohio (a) Each installed. batte ry must not
OEaELSL Street , Chicago , IL 80611 . move more than one Inch in any direc-

§ 183.401 Purpose , app licabil ity, and t ion when a pull ing force of 90 pounds
elTect iv e dates. 

§ 183.405 Gener al, or twice the battery weight , whichever
(a) This sub part applies to all boats Each electrical com ponent on a boat is less , is appli ed through the center of S

that have gasoline engines for electrical to which this sub part aPPlie.c mus t meet gravity of the battery as foll ows :
or mechanical power or propulsion , cx - the requirements of this sub part unless (ii Vertically for a durat ion of o~e
cept outboard eng ines, the com c.onent is part of an outboard minute.

(b) The sections in this sub part are engine or part of por table equipment. (2) HorIzontally and parallel to tbt
boat’ s center line for a d’i rat ion of onee~ ect iv e on the followin g dates : MANUFAC rURER REQUIREMENTS minute fore and one mln ’te aft

Aug~ist 1. 1977: 1 183.40 1, * 183 405. I 183.420 . 5 183.410 Ignition protert ion. (3) Horizontally and perpt ’idicular to
I 183 445 . the boat’ s center line for a duration of

February 2. 1978: I 183.415. i 183 425. * 183 - (a) Each electrical com ponent must one minute to starboard and one minute430 , 1 183.435, 183.440, 5 183 450 . 5 183 455. not ign ite a propane gas and air mixture 
~ port .

* 1 63 450 . that is 4.25 to 5.25 perce nt propane gas (b) Each batte ry must be in~ta11ed so
S by volume surrounding the electrical that metallic objec ts cannot come In§ 183.402 ie~ n,tion. . component when It is operated at each con~~ t with the ungrounded battery ter-of its manufacturer rated voltages and

As used in this sub part—(a) “ASTM ” current loadin gs, unless it is isolatedmeans American Society for Testing and from gasoline fuel sourc es , such as en- (C) Each metallic fuel line and fuel
system com ponent with in 12 inches andMaterials . ASTM standards in this sub- gines . and valves , connections , or otherpart may be examined at Coast Guard fittings in vent lines, fill lines , distribu - above the horizontal plane of the battery

Headquarters . Room 43 14 , Trans Point tion lines or on fuel tanks , In accord - top surface as installed must be shielded
Build Ing. 2100 2nd St. . SW.. Washington , ance with paragraph (b) of this section . wIth dielectric material.

(d) Each batte ry must not be directlyD.C. 20590 and may be obtained from the (b) An electr ica l com po nent is isolatedAmerican Society (or Testing and Ma from a gasoline fuel source ff ~.. abov e or below a fuel tank fue l filter,
or fi tting In a f uel line.terials , 1916 Race Street , Philadelp hia , ( 1) A bulkhead that meets the require- (e) Hydrogen gas discharged by aPA 19103. ments of paragraph (c 1 of this section is battery must not accumulate In the(b) AWO” means Ameri can Wire between the electrical com ponent andOauge. the gaso line fuel source : ((I The positive terminal of each bat-Cc ) ~‘Electr tcal com ponent ” means (2) The electrical component is— tery must be ident ifi ed by the letterselectrical equi pment such as , but not i L.ower than the gasoline fuel source 
~PO8” , or P” , or the symbol 

~
‘
+“limited to , conductors , solenoids , motors , and a means is provided to prevent fuel marked on the terminal or on the bat -generators , alternators , distributors , re- and fuel vapors that may leak from the tery case near the term inalatstors. appliances and electrical con - gasoline fuel source fro m becoming cx- (~ ) Each batte ry terminal connect ortro l devices

Id) “IEEE” means Instit ute of Electri - posed to the electrical component , or must not depend on spr ing tens ion for
cal and Electronic Engineers, Inc IEEE 

(U Higher than the gasoline fuel 
~~ mechanical connection to the termi-source and a deck or ot her enclosure isstandards in this subpart may be cx . between it and the gasoline fuel source. nal.

amined at Coast Ouard Headquar ters,
Room 4314 . Trans Poin t Buildin g, 2100 

or § 183.425 Conduct ors : genera l.

2nd St., SW ., Washing ton DC.20590 and (31 The space betwee n the electrica l (a~ Each cond uctor mus t bej~~ula~~d,
may be obtained from the Instit ute of component and the gasoline fuel source stranded copp er. S

Electrical and Electronic Engineers , Inc.. is at least two feet and the space is open (b I Except for intermittent eurgvs
345 East 47th Street . New York . N.Y. to thc atmos phere. each conductor must not carry a cu r ren t 

S

10017. (Cl Each bulkhead rec luired by pars - greater than that spec ified in Table 5
(e) ‘ NFPA” mean s National Pire ~~o- graph (b i (1) of this Section must — for the conductor ’s gauge and tempera-

tectlon Associa tion. NFPA standard s In U Separate the e1ect rlc ~l component ture rating .
this subpart may be examined at Coast from the gasoline fuel source and extend (C) For Conductor s in engi ne spaces ,
Guard Headquarters, Room 4314 . Trans both ve rt ica l ly and horizontally the (u s- amperages must be corrected by the ap-
Point Building. 2100 2nd St.. 8W .. Wash - tance of the open space beta een the fuel proprl&te corr ect ion factor in note I of
ington , DC. and may be obtained from source and the Ignition source: Table 5.
the National Fire Protecti on Association . (2 1 Resist a water level that is 12 (d l Each conductor in a mult iconduc-
470 At lantic Ave . Bos ton , MA 02110 Inches high or one-third of the maxi- tor sheath must be at least a No 18 AWl)

(f ) ~~~~~~~ means external power mum height of the bulkhead , whichever condu ctor.
conductors or wires that are part of d ec . is less , w ithout seepage of more than (e) Each con ductor Installed sep-
tri ca l components and app lii nces , such one-quar te r fluid ounce of fresh water irately must be at leas t a No 16 AW l)
U bilge pumps , blower s , lamps, swit ches , per hour :  and CondUCtOr

(f t Each No It AWl) conduc to r its aoleno ids , and f use.s 131 Rave no ope ning located higher multi conduc tor Sheath may not ex tendg~ “ SAX” means Society of Automo- than 12 inches or on e-third the max - out of the sheath more than 30 inch estive Engineers, inc SAE sta ndards in mum height of the bulkhead, whichever

— 
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Taaii 5.—Allowable amperage of condacior s
(g ) This sect l ’n does 5 110t apply tO - - ._~~~~~.- . ~~_ _ . . .  . - - . -_ __ ..- S ________

commun icat Ion systems ‘-~t~ ~nti c navi- Terr,perstuse citing otco nd uctor Insulation
gat ion equ Ipment; ro’ , is t aio ~e ,

~S mdu,tors Cor, ’luct ,r Rl~c (AWG) —- — - —5 __________ ———5.-— ____________ —
60’ C 7’s~ C 81)’ C ~)‘ C ISO’ C 12 ” C ~~~‘ Cthat control circuit amperage , high volt- F) (i( F~ (1W F) 1~4~ F) 221’ F; (~s7’ F (i92~ 2’)

a~e secondary conduetor~s an d tei-mina- - - - - - . _ - -—- - - _ _ .

tions that are In Ignition systems: pig- iS~ . . . - - . .  •~~ • 10 iO 15 20 20 2.’ 25
tai ls of less than seven inches of exposed is is is 20 25 26 30 55

14 20 20 25 30 55 40 4’length ; and cranking motor condu ctors. 12 26 2~’ 40 42 5(5
tO 40 40 50 55 60 7C

§ 183.430 Conductors in CirCe: t ’ of iess S ‘ S5 70 70 60 30
C HO 0,0 iSO 100 12(1 1 2.) 13.5than 50 bo lts. 4  i(~’~ 2.’. ~30 123 160 170
3 t~’ 14 ) 100 1~~, S 18(1 iSO ::fl(a ) Each conduct-or In a circuit that - 

- - 17.0 50 210 223 14

has a nominal vol tage ot less than 50 i’~  it.) 1,0 210 ~lr 245 81,0
9’, 230 24’ 14’ ~,) 3015 325volts must— 

~
. - 

-( 1) Meet the requirements of 183. - ~~ - - ,0f~ S 310 250 351 410 45
- ~~ ~&) ~~~ - 3~ 4 4 -  475435; or

(2 ) M cet.— - -- . - - --

( 11 The insulating material tempera- OJ OT E S
I See f h ~ I S ,’15 ~~ I..( ‘5 (5 ) ’ture rating requirements of SAE Stand- C 75’ C so’ C 90’ C ISO’ C 125’ C s~’ rard J378b dated Novembe r 1976 , and 141’ F) (1(7’ Fj (i7C~ F (io4 - F) (22i’ Fs ,7.C F) (2.2 ’ F

( h i  SAE Standard J 1127 dated No- T ’ ~~’~~1~.’e rating ,~t 0. 55 075 0. 78 0- 82 OS &2 ~ A0 1
vembe r 1975. c r  SAX Standard 1128 dated -

Novembe r 1975 2 See the f S~U ~‘-fl 5 ab le coe eato.~
‘oat”(b This section dce~ n~’t appl y to Nuneher St currer.t carr yl r.g COfl ..c1’ .Ot’ 

S

co.’iunutsicatiors s>sten c~ . electron’c nay-
igation equipment : re’istance conductors 

~~ 
- S - S . . . - -  

, 
. .  

that control circuit amperage; and pig 2 3 4 , 0  01 - - - 41

tails of less than seven inches of exposed  - —  —~ - - —

length.
§ 183. 135 Conductora in c~ euits of 50 § 183,4 15 Condu eto~~: ~uppor1 and pro-

t ect ion.vo lt s or mor e.
(a) Each conductor in a circuit that (a~ Exc ept for the first 36 inches of (d i  A sol dered conneetcor, that is out-

a conductor leading from a battery ter- side a Ju nct :o n box or enclo s ure must
has a nominal voltage of 50 volts or more minal . each conductor or group of con- not be the sole me:c no of connection be-must b~~~ ductors m ust be supported by clamps. twee n two or more conductors or be-(1) A conductor that. has insulation or stra ps not more than 18 inches apart. tween a conductor and a connector, cx-listed and cla~o fles1 moisture resistant
and flame retardant In A rticle 310 , unless the conductor or group of con- cept a conductor may be soldered to aductors is enclosed in a rigid duct or c onnector that jo ins the conductor to aNFPA No. 70—197 5 , National Licetric conduit. . The clamps , straps , ducts , andCode 1975; conduits must be design ed to prevent battery terminal or stud , if the length

(2 ) A f iex it l t e  cord type SO. STO. ST. of the soldered jo int is at least 1 5 tImescha hng or damage to the conducto r in- the diameter of the stranded port ion ofSJO. SJT, or SJTO listed ir. Art Ic le 400. su lat ion
NFPA No “10- 1975 , National Electric (b) If a cor.ductor or group of conduc - the batt ery ’ conductor
Code 1975 : tars is connected betw een two compo - 1 e -  each connection that Is outside of

a Junc t ion box or enclosure and that is(3) A conductor that meets IEEE Sid nents that can move in relation to each 
~~~~~~ ~~~ ~~~ conductors to each other or45—1971 . dated Decembe r 3. 1970 : other , each conductor or group of con- that is used to join a conductor to a(4 A conductor listed for mar ine use

by an independent test ing laboratory durtors must havo a loop, slack , or ot lio ’ r connector must not break when sub ’ec~~d
which provides listing. labeling, and 101- strain re li ef , for one minute to a tensile force shown
low-up service : or ‘c Each conductor or group of con- in Table 6 (or the smallest conductor size

(5) A conductor that meets the roe- doctors that passes through a bulkhead, in the connection.
chanlcal water absorption and flame re- structural member , ju nct ion box , or ii Each ungrounded terminal or stud

other rigid surface must be protected that is continuously energi.zed must meettardant standards of UL Standard 83 , from abrasion - 183.455 or must have a boot , nipple.dated July 8. 1976. (d This section does not apply to cap, cover. or shield that prevents acc i-(b) Where the nominal circuit voltage communications systems; electronic dental short-circuiting at the terminal~of each of three or more current carry ing navigation equipment . and high voltage or studs,conductors in a duct , bundle , or cable IS second~c ry conductors and terminations (g Each termination composed of an50 volts or more , the amperages of each in the ignition system ungrounded current carry’ing conductorof those conductors must not eo ceed the terminal fitting. and connector must bevalue In Table 5 multiplied by the cot’- § 183.1.50 (‘,on du ctor ~ : t~’ rm inat io n. 
protected from accidental short circuit-rec tion factor in note 2 to Table 5 for (a ) Eac h connection ti a screw ter- ing with—the number of conductors that carry 50 minal or stud that is outside of a j u f l c -  ( 1)  Another termination from anothervolts or more. Lion box or enclosure must be connected circuit com’,osed of an ungrounded cur-

(C) This section does not apply to by a closed ring connector. cye let con- rent carrying conductor. terminal f i t -
communication systems : electronic nao-i- nector. captive spade connector. mechari - ting and connector : or
gation equipment: resistance conductors ical locking connector, or spring locking (2~ Any metal that is grounded
that control circuit amperage conductors connector - (h) A conductor must not be joined to
in s~condary circuits of ignition systems ; l b .  Each stri pped conductor conn ected another conductor by it wire riot or wire
and pigtails of less than seven inches of to a compression screw termlisal that is scre’sexposed length outs ide a junction box or enclosure must

be secured mechanically to provide (i~ fl~t~ section does not apply to rotC -
§ 183.440 Secondary r ir cuils of ignition strain relief for the stripped conductor munication so’stems and eiei~irsystems . gation equipmentconnection-

(a) Each conductor IT) a seconjar’s (C Each single friction connector , 
~ 183.133 O~sr.-urre nt prot ect ion - gm-

circuit of an Ignition sy s te m must meet spring type cc rnn ector , and multi -con- cral .
SAX Standard J 557 . dated Janua ry, 1968 necta r plu g that is outside of a junction (a) Each ungrounded eurrertt-carr’-)b) The connect-Ion of each ignition box or enclosure mus t not separate ~ ing conductor must be prc ’ectert bo a
conductor to a spark plug, coil , or dis- s u b- ’ c t ed  to a six pound tensile force
tributor Inu’t hav e a tight fitting ca;  along the axia l d ir .’ ct Ion of the connector
boot , or nipple for one minute
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manua lly reset . tr ipfree circuit breaker not exceed 120 percent of the maximum
or fuse. rated current of the alternator or gen-

(b) A manuall y reset, tripfree circu it erator at 60’ C.
breaker or fuse must be— r__ 77-2992 Flied 1-28-778:46 am

(1) At the sourc e of power for each
conductor:

(2) At t he point where the conductor COD 74-209)
size is reduced to a smaller gauge : or

(3) At the ori gin of a c ircuit , if the
circuit breaker or fuse has a~curr ent rat.
ing that prevents overloadin g of the
smallest conductor In the circuit.

(C) The current ratin g of each circuit
breaker or fuse must not exceed—

(1) For circuits of less than 50 volts,
150% of t he value of the amperage In
Table 5 for the conductor size It is pro-
tect ing: and

(2) For circ uits of 50 volts or more ,
the value of the amperage in Table 5 for
the conductor size it is pro tect ing. If this
value does not corresnond to a standard
size or rated circuit breaker or fuse the
next larger size or rated circuit breaker
or fuse may be used If it does not exceed
150% of the allowed current capacity of
the conductor.

(di The volta ge rating of each circuit
breaker or fuse must not be less than the
nominal circuit volta ge of the circuit it

- is protecting.
(ci This section does not apply to re-

sIstance conductors that control circuit
amperage : conductors in secondary cir-
cuits of ignition systems; pigtails of less
than seven inches of exposed length : and
power supply conductors in cranking
motor circuits .

TAStE 6 —T ENs ILE Tr.sT V SLVE S TOE
CON Du CTO R Spticrs

( coNouC roR-coNouc -roa AND coN DOCTOR-
CONNECTOR JOINTS.

Te nsile

Wlre size(AW O) :
is 10
16 15
14 30
12 35
10 40
8 45
6 50
5 60
4 70
3 80
2 90
1 TN)
o 125

00 150
- 000 175

0000 225

§ 183.460 Ove reurre nt prote ction : ope-
r ial app licat ions.

(a) Each ungrounded supply conduc-
tor from a storage battery must have a
manuall y reset, t ripfr ee circuit breaker
or fuse, unles~ the supply conductor is
in the main power feed circuit from the
‘~

sttery to an engine cranking motor.
The circuit breaker or fuse must be
withIn 72 inches of the battery meas-
ured along the conductor , unless the cir-
cult has a switch that dIsconnect~s the
battery .

(bi Each ungrounded output conduc-
tor from an alternator or generator , cx-
cent for self- limiting alternators or gen-
erators. must have a CIrCUIt breaker or
f use that has a current rating that does
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