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1. Scope—Thig SAE Standard defines the test conditions, procedures, and performaneg/requirements for circuit
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automatic reget, modified reset, and manually reset types of circuit breakers fon12-V and 24 V DC operation.
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performance|only.
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Appendi
Appendi

Definitions
Circuit Brea

Externally M
combination

D

ACircuit Protection Application Guidelines
BGlossary of Document Terminology

ounted Breakers—are defined as self-contained devices which are mounted
ia brackets, bus bars, plugged into terminal blocks, or panel mounted.

Internally M

Pfingsten Road,

ers—are overcurrent protective devices, responsive to electric current and to tgmperature.

individually or in

unted Breakers—arte defined as subcomponent devices which are integral with a related unit

such as a brg¢aker/switch combination, within a motor housing for motor protection, etc. Thegre are no implied
restrictions op package design, provided the thermal circuit breaker exhibits performance characteristics and
range of current rating as’is'covered by this document. While applications are generally foun
electrical sygtems, othen usages in DC circuit protection for accessories related or unrelgted to the motor
vehicle indusfry, may-find this document of value for performance evaluation.

There are three-general classes of breaker, defined as follows:

i in motor vehicle

TYPE I—AUTOMATIC RESET—AuUtomatic reset circuit breakers are cycling or continuously self-resetting units
which are opened by overcurrent.

TyPE II—MoDIFIED RESET—Modified reset circuit breakers are units which are opened by overcurrents and
remain open as long as the power is on or until the load is removed. A number of cycles may occur prior to
achieving the steady-state open condition.

TYPE lll—MANUAL RESET—Manual reset circuit breakers are non-cycling units that are opened by
overcurrents, but which remain open until manually reset.
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4. Test Requirements

4.1 Test Equipment and Instrumentation

41.1

41.1.1

41.1.2

4.1.2

4.1.3

4.1.4

4.1.5

415.1

4.15.2

POWER SUPPLIES

A current and voltage regulated DC power supply shall be used for all tests except 4.2.7 Interrupt Test.
The supply shall be capable of delivering 14 VDC and 28 VDC during open circuit portion of tests and have
sufficient current output capacity to meet highest load requirements. Voltage and current settings shall be

accurate

to within £1% of set point or better. Power transient response shall be such

that a 30% step

increase in power demanded by the load shall cause a transient in the regulation output which shall

typically

with confrolling circuitry to achieve all necessary test conditions. DC output sha

impedan

Storage
circuit vo

per Tablg 1 and current output restricted to 30 A or less.

VOLTMETER—O to 30 VDC maximum range, accuracy +1/2%.

NOTE—A

ecover to within 3% of the final value within 100 ms or better. The power supply

Ce via power resistors for buffering of load switching to prevent transitory oytput

batteries specified in Table 1 shall be used as the power supply forrd:2.7 Inte
tage as specified shall be maintained by a battery charger or power.supply with

TABLE 1—STORAGE BATTERIES

Voltage Minimum Battery Open Circuit
Rating Reserve Capacity® Voltage

12V 110 minutes 14.0 VDC + 1% VDC
24 v 28.0 VDC + 1% VDC

1. Reference SAE J537 (Types SAE 24-385/2, 24-410, 60-630, 74-410, or
equivalent.)
2. Two 12 V batteries connected‘inseries.

digital meter havingsat'least a 3-1/2 digit readout with an accuracy of +19

hall be operated
| have sufficient
spikes.

rupt Test. Open
voltage regulated

o plus 1 digit is

unt shall be used

b plus 1 digit is

output calibrated

reqommended for millivolt readings.

AMMETER—Capable of displaying full load current with an accuracy of +1%. A calibrated sh

in series with the testcircuit to minimize circuit resistance.

NOTE—Digital_meter having at least a 3-1/2 digit readout with an accuracy of 19
reqommended for amperage readings when used in conjunction with a millivolt
shimt:

HIGH-VOLTAGE BREAKDOWN TESTER—Capable of providing 500 VAC RMS - 60 Hz, accuracy +5%.

THERMOCOUPLE AND METER—O to 150 °C minimum range, accuracy +2%, maximum thermocouple wire size
- 0.22 mm? (#24 gage).

NOTE—A digital thermometer is recommended, with an accuracy of +1 degree.

Two ambient observations are necessary during test cycles: ambient of test room and ambient of test

chamber

containing breakers under test.

Delta heat rise of terminations shall be calculated during 4.2.2.1 testing (at the tester's discretion).
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4.1.6

4.1.7

41.7.1

4.1.8

4.1.8.1

4.1.9

OveN—Variable controlled temperature oven able to vary temperature at a rate of 1 °C per minute and
control temperature +1 °C of set point accurate to +2 °C.

TeEST LoAD—Variable resistor(s) capable of varying circuit current to specified current requirements in
conjunction with a power supply. Test circuit by-passes may be employed to verify current settings.

NOTE—Use of current regulated power supply would make it possible to use fixed resistors and achieve
adjustment via the supply; however, voltage must be allowed to rise to either 14 VDC or 28 VDC
during open circuit portion of tests when voltage rise is specifically required.

For transient current cycling tests, 12 VDC automotive lamps (such as sealed beams) shall be used in

sufficien

total wattage and quantity to meet test load requirements of 4.2.6.6

TEST LEADS]

be 1.22 m

Terminat
terminals
To avoid
terminals
Terminal
recommg
establish

connectipns from fatigued test lead terminal materials.

terminal

NOTE—

TEST ENCL

—Circuit breakers shall be tested using copper wire sizes listed in Table 2;:Thg
48.0 in) for all voltages tested and insulation shall be rated 105 °C or better:

TABLE 2—TEST LEAD SIZES

Rated SAE Metric SAEWire
Current Cable Size Size
5to 10A 1 mm?2 #16
Greater than 10 to 15A 2 mm?2 #14
Greater than 15 to 30A 3 fMim?2 #12
Greater than 30 to 40A 5 mm?2 #10
Greater than 40 to 50A 8 mm?2 #8

on of Test Leads—All test leads (shall use standard commercially availablg
for threaded studs or screw type terminals, quick connect terminals for blade t
secondary heat generation~and/or adverse millivolt drop, it is recommends
be crimped and soldered; also, connections to breakers must be repeata
shall be attached to breakers with screw threads to a specified torque value
nded for the particular thread size. Terminals applied to quick connect blad
ed minimum insértion and withdrawal force for test purposes to reduce the ch
Secureness values shall be @

bee SAE.J858a and/or SAE J561 for a limited terminal listing.

DSURE—Provide for a draft and convection air current free test chamber W

manufacturér.~For custom terminations, consult the circuit breaker manufacturer}.

wire length shall

e terminals; ring
ype terminations.
bd that test lead
ble and uniform.
that is generally
es shall have an
ance of marginal
btained from the

ith a volume of

approximately 5.66 x 10* cm® (2.0 ft3).

Chamber must allow for test lead access,

internal chamber

temperature monitoring, and indirect venting if needed to assure requirements of 4.2.1 are met.
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4.2 Test Procedures

421

42.1.1

4.2.2

4221

4222

AMBIENT CONDITIONS—Environmental conditions have been selected for this document to help assure
satisfactory operation under general customer use conditions. Circuit breakers shall be tested in still air at
the temperatures indicated and allowed a 30 min soak without electrical load before testing (and repeated 30
min soaks for individual breakers that are involved in more than one test condition). Equipment listed in 4.1.9
fulfills the still air requirement. Where not otherwise specified, tests are to be run at 25 °C + 2 °C 77
(°F £ 3 °F). If room ambient is unstable or unregulated and an environmental chamber is employed, breakers
under test must be isolated from chamber forced air currents. Paragraph 4.1.9 test enclosure shall be used

within the chamber compartment and temperatures monitored per 4.1.5.1.

NOTE—Br
mi

Test lead
ambient

CURRENT R
leads desc|
described i
through theg

4.2.6.6 only.

Maximunp Voltage Drop Test Procedure—With the circuit breaker connected as descri

imum of 1 h soak at the specified test temperature prior to initiation of any testi

s and terminations subject to thermal rise from test operations shall hel.altowe
conditions before starting a new test. Alternating between duplicate sets’of lead

ATING TEST PROCEDURE—The circuit breaker shall be electrically)Connected w
ibed in 4.1.8 in series with the power supply as describedn4.1.1.1, a shunt
n 4.1.3, and an appropriate test load as described in 4.1.7_10 provide the requ
circuit breaker. Refer to Figure 1A for all tests except-4.2.6.6 and 4.2.7. Refe
Refer to Figure 1C for 4.2.7 only.

voltage @
and has

exhibited by no appreciable increase in voltage dtop). If after 1/2 h of continuous ope
rated current, equilibrium has not been attained; continue testing until equilibrium has b

Jachieved equilibrium (typically after 15 to 20\min of continuous operation at 1009

rop across the circuit breaker shall be meastred while the breaker is passing

all be allowed a
g.

] to restabilize to
S is suggested.

ith a pair of test
with ammeter as
ired current pass
r to Figure 1B for

bed in 4.2.2, the
full rated current
b of rated current,
ation at 100% of
een attained and

voltage drop is within acceptable limits, or, unit exceeds voltage drop limits and/or trips oyt.

NOTE—TIror applications sensitive to-heat-rise at the circuit breaker terminations, thermogouple leads may
ke affixed to the terminations.” General practice is to place the thermocouple lead on that portion
qf the terminal which ds likely to come in contact with the wire lead insulatjon. Benchmark
maximum values for~delta heat rise (observed thermocouple temperaturel minus ambient
temperature) are(657°C delta for factory wired terminations and 50 °C delfa for field wired
terminations. _ Results of this testing will assist the user with circuit design and proximity
donsiderations-for breaker installation.

Overload Trip Rating Test—After a 30 min soak, reconnect the breaker as described in 4.2.2. Operate at

135% of [rated.elrrent and record the elapsed time in seconds for the breaker to trip. If breaker has not

opened gften1/2 h, discontinue the test. Repeat 30 min soak, operate at 200% of rated current and record

elapsed time for the breaker to trip. If breaker has not opened after 60 s, discontinue the test.



https://saenorm.com/api/?name=b4faa83738b803ea3113b33b085df4b0

SAE J553 Revised APR96

O + -G

8

FEAVY CABLE _\
OR BUS BARS
SHNT
(FOR AMMETER)
CURRENT &
VOLTAGE RISE
AS REQUIRED
TEST
LEAD
{CB.}—

FIGURE 1A—CURRENT RATING TEST CIRCUIT

POWER SUPPLY
PER PARA. 4.1.1.1

FIGURE 1B—TRANSIENT CYCLING TEST CIRCUIT
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4.2.3

4.2.3.1

4.2.3.2

4.2.3.3

EFFECTIVE

Type 1 O

CHARGER (24-410 60-360,
Livc, Qe | OR 74~410 BATTERY)
BOOST OUTPUT r
(0R VOLTAGE I
REGULATED/ n
CURRENT LIMITED ~o
POYER SUPPLY o

SHONT —=
= s
PER TABLE 3
TEST TEST
LEAD LEAD
1 C.l.ll

NOTE: DOTTED/DASHED LINES REPRESENT 28VDC TEST SET4P.
14VOC CONNECTION AS SHOWN WOULD BE REMOVED.

FIGURE 1C—INTERRUPT CYCLING:TEST CIRCUIT
CURRENT LIMITATION TEST PROCEDURE

nly—With the circuit breaker connected-as described in 4.2.2 and test currer

rated current, allow the breaker to cycle. At.the end of 10 min (600 s), record the tota

seconds
used ang
particula

Type Il O

during which the breaker passed current. Multiply this figure by the 200% valu
divide the product by 600 s.The resulting quotient will represent the effectiv
breaker.

nly—With the circuit breaker connected as described in 4.2.2 and test currer

rated cuirent, allow the breaker'to cycle. Begin timing the test from when the breaker

continue
equals o
period, o
the redug
200% un
min elap

application of test ¢urrent for 1 min (60 s). Count the number of cycles (one t
he cycle) that the breaker passed 200% of rated current. At the end of the ]
bserve if the breaker has stopped cycling and if it is passing a reduced current va
ed current value, expressed either in milliamps or tenths of an amp. If not, conti
(il cycling stops and a reduced current value is displayed for recording, or, term
bes and the breaker is still cycling. For this particular test, the open circuit voltag

VDC +1

o-VDC for 12 VDC breakers 28 VDC + 1% VDC for 24 VDC breakers and ren

t set at 200% of
elapsed time (in
e of rated current
e current for that

t set at 200% of
initially trips and
rip and one reset
L min (60 s) time
llue. If so, record
nue the cycling at
inate the test if 5
e must rise to 14
ain stable during

reset portions of the cycling, and at the end of the 1 min (60 s) test duration when the reduced current
value is measured (or until 5 min test termination limit if necessary).

Type Il Only—Disable the trip indicator/reset mechanism in such a fashion as to allow the breaker to
perform as a Type | style. Perform the same test instructions as in 4.2.3.1.

NOTE—If the Type lll breaker is constructed in such a way that depression of the reset button does not
allow the thermal element to cycle as if a Type | design, but rather trips and resets by definite
mechanical action only, then this test is not required.
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4.2.4 \OLTAGE BREAKDOWN TEST PROCEDURE (EXTERNALLY MOUNTED TYPE | AND TYPE Il BREAKERS ONLY)

4.2.4.1

4.2.5

4251

4.2.6

4.2.6.1

4.2.6.2

4.2.6.3

4.2.6.4

ENDURANCE TEST PROCEDURE

With the circuit breaker connected as described in 4.2.2, adjust the current to 400% of the circuit breaker
rating and allow the breaker to cycle. At the end of 10 min, check the continuity at 440 VAC between each
terminal of the circuit breaker individually and the cover of the breaker with the breaker in both an open and
closed circuit condition.

NOTE—This test is not required on devices utilizing nonmetallic, nonconductive covers.

NoO CURRENT TRIP AND RESET TEMPERATURE TEST PROCEDURE

Place the heated to 10 °C
below th¢ minimum openmg temperature (use 72 °C starting pomt for 10 A and below rated breakers and
102 °C gtarting point for above 10 A rated breakers) and soak at the starting temperpture for 30 min.
Utilize thie test enclosure as described in 4.1.9 to shield the breaker(s) under(test frgm environmental
chamber|convection currents (forced air models). After soak, raise temperature’at a rdte not exceeding
1 °C perl minute. When the temperature has exceeded the minimum temperature theg breaker(s) must
endure without opening, continue elevating the temperature at the samé/rate of increage and record the
temperatpure at which the breaker(s) opens. A test termination point at\200 °C is suggested. If a breaker
under tegt fails to open by 200 °C, reevaluate performance per 4.2.2.2: Once the breaker has opened (or
all breakers have opened if testing in multiples) decrease the temperature at a rate not exceeding 1 °C per
minute and record the temperature at which the breaker(s) cleses.

electrically operated indicators are employed‘ta’signal opened and closed states, voltage and
qurrent shall be at trace levels—6 V/100 mAZmaximum to prevent heating off breaker thermal
glements if they are part of the indicator circuit loop, and to prevent operation ¢f Type Il heating
dircuits during ambient induced open cycles.

Test currgnt for endurance tests shall e’ 600% of rated current, except where specified ¢therwise. Utilize
Figure 1A test circuit except for 4.26.6.

With the [circuit breaker conpected as described in 4.2.2, Type | externally mounted circpit breakers shall
be cycled for 30 min. Thetircuit breaker shall then be capable of passing 80% of rated|current for 1/2 h,
without tfipping. Recordweltage drop as in 4.2.2.1 at 80% current.

Using the circuit bteaker from 4.2.6.2 (assuming 4.2.6.2 requirements were met), reconfect as described
in 4.2.2 gnd cyele Type | breaker until failure as defined in 5.6.2.

NOTE—A(t-tester's discretion, or as published by the manufacturer, an arbitrary minimum cycle time may
be established as a milestone threshold for termination of the test (e.g., 8 h, 12 h, etc.), to aid in
test throughout.

With the circuit breaker connected as described in 4.2.2, Type Il circuit breakers shall first be subjected to
30 on-off cycles. The "on" time of each cycle shall be 60 s, during which time the circuit breaker must open
at least once, with repeated cycling possible and open circuit voltage rising to 14 VDC for 12 V breakers/28
VDC for 24 V breakers. The "off" time of each cycle shall be long enough to allow the circuit breaker to
close by de-energizing the test circuit prior to initiating a subsequent "on" cycle. The "on" time of the
thirtieth cycle shall be 24 h with voltage reduced to 11.3 V for 12 V breakers and 22.6 V for 24 V breakers
once breakers are in a steady-state open circuit as induced by the heating circuit. During this time, the
circuit breaker contacts must remain open. The circuit breaker shall then be allowed to reclose and again
be subjected to the 30 cycle test, excluding the 24 h "on" time of the last cycle. The circuit breaker shall
then be subjected to 80% of rated current for 1/2 h. Record voltage drop as in 4.2.2.1 at 80% current.
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NOTE—For purposes of evaluating heater circuit endurance exclusive of cycling, a supplemental test is
suggested in which the breakers are cycled until remaining open from heater circuit operation at
14 VDC for 12 V units and 28 VDC for 24 V units and are kept energized for 100 h elapsed time,
observing for uninterrupted operation.

4.2.6.5

With the circuit breaker connected as described in 4.2.2, Type lll circuit breakers shall be cycled for 100 on-

off cycles utilizing the trip indicating/reset mechanism of the breaker. Means shall be provided to detect
when the breaker is capable of resetting in order to initiate the next cycle. The circuit breaker shall then be
subjected to 80% of rated current for 1/2 h. Record voltage drop as in 4.2.2.1 at 80% current.

4.2.6.6
enduran
in4.2.2
through

be suffic
diminishs
procedur|

4.2.7

4.2.7.1
Figure 3

INTERRUPT

Using th¢

nd utilizing Figure 1B test circuit, apply a transient current cycling waveform as. 4
e breaker for 25 000 cycles. The lamps employed for the test load as deseribg
ent to create a current level of 95% to 100% of the circuit breaker rating. L
s load over time is acceptable; however, lamps that fail must be replaced imme
P is applicable to all breaker types.

g S
Q
=
&
&
&
ul
E %_
VA
0 0.2 45 30.0

DURATION (SECONDS)

FIGURE 2—TRANSIENT CURRENT CYCLING WAVEFORM
[TEST PROCEDURE

b power source ‘described in 4.1.1.2, test current shall be in accordance with
for interrupt)cycle definition and Figure 1C test circuit.

Transient Current Cycling Endurance Test—At the option of the tester, a transient current cycling

cted as described
thown in Figure 2
ed in 4.1.7.2 shall
amp aging which
diately. This test

[able 3. Refer to

FABHES—INTFERRUPTFTFESTFCURRENTREQGUHREMENTS

Rated 12 vDC 24 VDC

Current Amps Amps
5to 10A 150 100
Greater than 10 to 15A 225 150
Greater than 15 to 20A 300 200
Greater than 20 to 30A 450 300
Greater than 30 to 40A 600 400
Greater than 40 to 50A 750 500
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4.2.7.2

4.2.7.3

4.2.7.4

4.2.8

4.2.8.1

428.1.1

4.28.1.2

4.2.8.1.3

ENVIRONME

I-1/2 DC CYCLES

OPEN CIRCUIT
START
ITEST

TEST

CONOUCTING CURRENT

FIGURE 3—INTERRUPT CYCLE DEFINITION

With the
breakers

With the
breakers
due to itg

With the
breakers
first 1/2 @
As soon
which tin

Since er
determin
or SAE J

Tempe

Moto
temp
Heay
thern
temp

a.

b.

Humidi

CITCUIT breaker connected as described in 4.2.2 (UtliZing 4.1.1.2 power sour
shall be subjected to 1-1/2 cycles of interrupt current.

circuit breaker connected as described in 4.2.2 (utilizing 4.1.1.2 power-sourc
shall be subjected to 1-1/2 cycles of interrupt current. If the breaker does not re
normal Type Il function, terminate the test at that point.

circuit breaker connected as described in 4.2.2 (utilizing 4:1.1.2 power source
shall be subjected to 1-1/2 cycles of interrupt current. Procedure shall be to app
ycle. The next 1/2 cycle shall consist of allowing the_dnit'to come into the "read
as reset capability is enabled, the reset mechanism{shall be activated to rest

e the last 1/2 cycle of interrupt current will be present.
NTAL TESTS
d use applications may differ, the following tests are recommended, but

b general suitability of components. “All tests shall follow the guidelines as set fd
1455 unless otherwise specified.

rature Test

r Vehicles—Perform<per SAE J1211, 4.1.3. Minimum temperature shall be -
erature shall be 105 °C. Cycle per SAE J1211 Figure 2B for a total elapsed tim¢
y-Duty Trucks—Rerform per SAE J1455, 4.1.3. Test as described for tem
hal shock, add-thermal stress at the specified test temperatures and in acc
erature transition charts.

ty Test

e), Type | circuit

), Type Il circuit
Get after 1/2 cycle

), Type Il circuit
y fault current for
y to reset" mode.
pre the circuit, at

ot mandatory to
rth in SAE J1211

10 °C, maximum
e of 96 h.

perature cycling,
brdance with the

Moto

humidity, temperature at 38 °C.
Heavy-Duty Trucks—Perform per SAE J1455, 4.2.3 in accordance with recommended test procedures

and environmental conditions.

Salt Fo

g Test

101D, with a 5% salt concentration at 35 °C for an elapsed time of 48 h minimum.

at 95% relative

Motor Vehicles—Perform per SAE J1211, 4.3. Alternate standard would be MIL-STD-202F, Method

Heavy-Duty Trucks—Perform per SAE J1455, 4.3.3. Time duration may vary, from 24 to 96 h,

depending on anticipated location of breaker and potential for exposure to saline solutions.

-10-
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4.28.1.4
J1455,

NOTE 1—Immersion testing shall apply only to devices which are stated as being "waterproof,

NOTE 2—Splash testing shall apply only to devices which are stated as being "splashproof,

NOTE

4.4 (Heavy-Duty Trucks).

Immersion and Splash Test—For general guidelines refer to SAE J1211, 4.4 (Motor Vehicles) or SAE

sealed,"

"watertight," etc. Test procedures per SAE J1171, Section 5 may be followed for basic test

requirements.

water

resistant," weatherproof," etc. Test procedure in SAE J1428, 5.1.3 may be used. Devices

passing immersion testing do not require splash testing.

—Chemicals used for testing shall be restricted to water for immersion and spl

h. Evaluation of

4.2.8.1.5 Mecha

Moto

perp
Hea\

perp
42.8.1.6 DropT

a. Moto

external identification marking shall be conducted by splash testing fut
encountered chemicals which shall include: engine oil, power steering fluid, w
solvent, gasoline, diesel fuel, antifreeze, steam, and salt water.

hical Vibration Test

r Vehicles—Perform per SAE J1211, 4.7.3. Test shall be for 1 h in each
endicular primary axes using the suggested current practice_ per SAE J1211, Fig
y-Duty Trucks—Perform per SAE J1455, 4.9.4. Test,shall be for 1 h in each
bndicular primary axes using the suggested current practice per SAE J1455.

st

I Vehicles—Test breakers shall be dropped-onto a steel plate 6.35 mm (1/4 in)

diffeffent directions along three mutually perpendicular primary axes from a height of

b. Heay

y-Duty Trucks—Perform per SAE J1455; 4.10.3.1.

4.2.8.1.7 Enviro

atl

mental Extremes Test

Motor Vehicles—For referencefsée SAE J1211, 5.1 and 5.2. Actual test shall be to s

°C £ 2 °C for 240 h without any electrical load.

Heayy-Duty Trucks—Generally handled in 4.2.8.1.1, but the motor vehicle test as d

perfgrmed if deemed @ppropriate.

51

+ 1.5% of ratpd cutrent continuously for a minimum of 1/2 h, shall open at 135% + 1.5% of r
1/2 h, and shalbopen at 200% + 1.5% of rated current within 1 min.

Performance¢ Requirements

Current Rating—Withthe circuit breaker connected as described in 4.2.2, all circuit breakerg

lizing commonly
indshield washer

bf three mutually
ure 4.
of three mutually

hick in one of six
1.0 m=+0.01m.

oak test breakers

escribed may be

shall pass 100%

In addition, internal

ated current within
|

mounted circuit

breakers sha

5.2

[l pass 80% + 1.5% of rated current at 52 °C + 2 °C for 1/2 h without opening.

circuit breaker shall be within the limits shown in Figure 4.

Maximum Voltage Drop—Using the procedure described in 4.2.2.1, the maximum voltage drop across the

-11-
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5.3

53.1

5.3.2

5.3.3

54

55

<—rr—x X>x

Effective Cufrent Limitation

TypPE I—Us|
through th
externally

TYPE [I—Us
breaker sh
condition s
maintain o
evaluated

TYPE IlI—U
through the
current for
breaker.

MAXIMUM MILLIVOLT DROP VS. AMPERE RATIN
300 it
250 :.: t 3 (L ¥} ") ¥} ff: : #
200 125 S T e
150 i t
loo [] I.Il;%%;i | LI ] 'l' —
e ¢
Rao
0s0 ?q ryer
r}r.‘l /
0 S (0 I5 20 25 30 35 “40 45 50
TEST CURRENT - AMPERES

FIGURE 4—VOLTAGE DROP_CURVES

ng the test procedure described in 4.2:3.1, the maximum value of effectivg
P automatic reset circuit breaker shall’not be greater than 135% of its ratsg
hounted breaker or greater than 150% of its rated current for an internally mount

ing the test procedure descrilbed in 4.2.3.2, the current passing through the mo
bll not exceed 1 A (1000 mA) after reaching a maintained open condition. The
hall be reached within 60 s after the breaker initially opens. Breakers that
ben condition prior tov5'min test termination, shall be reported as variant. Sui
vith regard to intended application.

sing the test procedure described in 4.2.3.3, the maximum value to effectiv
manual reset breaker (with disabled reset mechanism) shall not be greater than
pn exterpally mounted breaker or greater than 150% of its rated current for an ir

G

e current passed

d current for an
ed breaker.

lified reset circuit

maintained open
exceed 60 s, but
tability should be

D

current passed
135% of its rated
ternally mounted

Voltage Bre
terminal of th

kdrownm—Usingthetestproceduredescribedin4-24; thereshattbenocontinui
e circuit breaker and the cover.

y between either

No Current Trip and Reset Temperature—Using the procedure described in 4.2.5, all circuit breakers shall
open and reclose in accordance with the following requirements:

NOTE—Recognizing device design variations as well as the possibility of ambient compensating mechanisms,
it is recommended that manufacturers' temperature derating curves be consulted for application
considerations. Consequently, the test procedure of 4.2.5 and performance requirements of 5.5 may;,
at the tester's discretion, be omitted from the test program.

-12-
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Circuit breakers rated 10 A or less shall not open at less than 82 °C and shall reclose before the temperature

°C.

Circuit breakers rated above 10 A shall not open at less than 112 °C and shall reclose before the temperature

Type | externally mounted circuit breakers shall be tested as described in 4.2.6.2 and then shall continuously
pass 80% * 1.5% of rated current for 1/2 h and the millivolt drop at 80% of rated current shall be within the
limits specified in Figure 4 at the 80% rating value.

If failure oicurs with the circuit breaker connected as described in 4.2.6.3, the ultimate)\fg
breakers slpall result in an open circuit in the circuit breaker, and there shall be no damage
ure falls into three general categories: catastrophic failure—part of the.glectrical contacts and/or

(trip/reset excursions less than 1 s in duration), or loses contact pressurevresulting in cir

c material burns up and the circuit path is broken (contained with breaker ho
bns); operational fatigue—thermostatic material loses original form, noe longer ¢

LiIre—electrical contact material erodes or carbons to a level of‘nenconductance
bility to pass current (or trace levels only, below 1 A).

some instances, a high circuit resistance, and/or low/current power source,
pugh fault current to assure that ultimate failure will always result in an open (
vent wiring insulation breakdown near breaker terminations.

rnally mounted circuit breakers shall be tested as described in 4.2.6.4 and then s
- 1.5% of rated current for 1/2 h and the-millivolt drop at 80% of rated current S
fied in Figure 4 at the 80% rating value. If performing suggested heater circu
formance shall be 100 h of continugus heater circuit function, exhibiting no inc
Cuit reclosure. Heater circuit performance may vary due to design, therefore, p

.

ernally mounted circuitdoreakers shall be tested as described in 4.2.6.5. The bre
ut failure. There shallkbe no measurable current passing through the breaker w|
the 100 cycles. (1t shall then continuously pass 80% + 1.5% of rated current
p at 80% of rated-current shall be within the limits specified in Figure 4 at the 80

5 when tested as described in 4.2.6.6 shall maintain continuity for the 25 000 cyq

—

ilure of all circuit
to the associated

Lising/no external
ycles or chatters
cuit discontinuity;
or high resistivity,

may not provide
ircuit breaker, or

shall continuously
hall be within the
t endurance test,
dence of primary
erformance limits

hker shall trip and
hile in the tripped
for 1/2 h and the
D% rating value.

es.

When tested as described in 4.2.7, the preferred performance Is for the circuit breaker to demonstrate
continuity and functionality by passing 80% + 1.5% of rated current for 1/2 h. Breakers which clear the circuit
but cease to function shall be examined according to the guidelines of 5.6.2.

Environmental Tests

TEMPERATURE TEST (THERMAL SHOCK)

551
is below 52

5.5.2
is below 82 °C.

5.6 Endurance Test

5.6.1

5.6.2
wiring. Fal
thermostat
manifestati
contact fail
causing ing
NOTE—In

en
pre

5.6.3 Type Il extq
pass 80%
limits spec
desired pe
breaker cir
are advisor

5.6.4 Type lll ext
reset witho,
position fol
millivolt drg

5.6.5 All breaker

5.7 Interrupt Tes

5.7.1

5.8

5.8.1

5.8.1.1

damage and be capable of passing 80% + 1.5% of rated current for 1/2 h.

After completion of test as described in 4.2.8.1.1, the circuit breaker shall exhibit no signs of physical
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5.8.2

5.8.2.1

5.8.3

5.8.3.1

5.8.4

5.8.4.1

5.8.4.2

5.8.5

5.8.5.1

5.8.6

5.8.6.1

5.8.7

5.8.7.1

5.9 General Requirements

59.1

HUMIDITY TEST

After completion of test as described in 4.2.8.1.2, the circuit breaker shall perform in accordance with 5.1
and 5.2 at 100% * 1.5% of rated current.

SALT FOG TEST

After completion of test as described in 4.2.8.1.3, the circuit breaker shall perform in accordance with 5.1
and 5.2 at 100% * 1.5% of rated current. Physical corrosion shall not prevent proper fit and function of the

breaker.

IMMERSION

ND SPLASH TEST

Immersid
5 shall ay

Splash Tt
apply.

MECHANICA

While teg
currentd
the circu
test circu

DRoOP TEST

After conppletion of test as described in 4.2.8y1.6, the circuit breaker shall not exhibit any

It shall bg
ENVIRONME
After corj

materialg
or reliabi

n Test—After completion of test as described in 4.2.8.1.4, pass/fail criteria-of SA
ply.

bst—After completion of test as described in 4.2.8.1.4, pass/fail criteria of SAE |

L VIBRATION TEST
ting as described in 4.2.8.1.5, the circuit breaker shall’continuously pass 809
uring the last 1/2 h with no loss in continuity. Loss of‘continuity is defined as a

t breaker terminals in excess of 100 W, or a voltage rise across the terminals €
t unloaded voltage for longer than 5 ms.

e capable of passing 80% + 1.5% of rated current for 1/2 h minimum and comply

NTAL EXTREMES TEST

ity. If test unit is.suspect, perform tests per 4.2.2, 4.2.3, 5.1, and 5.2.

MARKING—Extefndlly mounted circuit breakers shall be permanently and legibly marked
rating and joltage as well as any other identifying part numbers. Circuit breaker exterior

E J1171, Section

1428, 5.1.3 shall

+ 1.5% of rated

esistance across
xceeding 50% of

bhysical damage.
with 5.2.

npletion of testing described in 4.2.8.1.7, there shall be no significant degraglation of product
, such as softening,of plastics, creep, or other deformations that could alter progluct performance

with the current
backage designs,

which may appear identical in Type | or Type Il versions, shall be marked in a consistent fashion to provide
between Type | or Type Il. Date coding is strongly recommended. Marking shall be generally
resistant to common contaminants and chemicals. Evaluate suitability during 4.2.8.1.4 testing.

distinction

NOTE—Specifying of marking information, use of color codes, or custom information shall be the
responsibility of the O.E.M.

-14-
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5.9.2
system being utilized.

APPLICATION—The specific current capacity of the circuit breaker is a function of the particular electrical
It is recommended that actual performance be verified through testing experimentally

in the proposed application. To aid in determining the actual capacity change caused by variations in circuit

parameters, several factors should be considered by the application engineer.

59.2.1

5.9.2.2

5.9.2.3

59.2.4

Voltage Rating—The voltage rating marked on the externally mounted circuit breaker

is the maximum

value recommended (system, not charging voltage). Use at higher voltages may significantly shorten the

ultimate life under overload conditions and/or destroy Type Il components.

Current Rating—The current rating marked on externally mounted circuit breakers is the
ultimate ratmg but is subject to redefinition based on the appllcatlon anaIyS|s

explain why.

Ambient [Temperature—The circuit breakers covered by this document aresthermal devi
the ambignt temperature will have an effect on the current carrying capacity and on the e
of current during overload cycling. Therefore, the application engineer.needs to consid
conditions to which the breaker will be subject during operation and make use of derating
if available.

Wire and| Terminations—The connecting wires and their<terminations will affect the
charactefistics of the circuit breaker. Deviations from thie’circuit breaker application s

maximum value/

Itis generally not desirable

ormal continuous
continuous circuit

.p.2.3 and 5.9.2.4

ces. Changes in
ffective limitation
er environmental
curve information

heat dissipation
pecifications may

affect the current carrying capacity or the effective limitation of current during overload cycling. Heat

sources g@ssociated with poor interfacing terminations:that connect with the circuit breake
of abnormal circuit resistance, excessive millivelt drop, damage to associated wiring
significarnt derating.

6. Qualification Test Sequence

6.1

Test Programs—There shall be two 'separate test sequences; a basic test cycle which
requirements,

and an expanded test cycle, which in addition to core requirements, includes

(most of whigh are considered optional and are designated by a dotted line border). Figure 5
test cycle andl Figure 6 the expanded test cycle.

(15 PCS.)
l VOLTAGE DROP/HEAT I
RISE PER 4.2.2.1

(15 PCS})
| OVEALOAD TRIP |

I may be a cause
, and ultimately,

covers all core
all possible tests
putlines the basic

1 T35% TEST 4220 ]

(5 PCS)

| ENDURANCE TEST J [
4,26.1104.26.5

(15 PCS.)
OVERLOAD TRIP 1
200% TEST 4222 |

(5 PCS.)
EFFECTIVE CURRENT l I
TEST PER 4.2.3

(5§ PCS)
INTERRUPT TEST
4271104274

(5 PCS.)
| VOLTAGE BREAKDOWN ]
TEST PER 4.2.4.1

FIGURE 5—BASIC TEST CYCLE
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6.2

7.1

(15 PCS.) GPCS)
’ VOLTAGE DROP/HEAT ] r.TEMPEﬂATURETEST 1
RISE PER 4.2.2.1  _TESTPER428.1.1
{15 PCS.) GPCS) _ _ e
[ OVERLOAD TRIP I I THUMIDITY TEST |
135% TEST 4.2.2.2 L_TESTPER42812 |
(15 PCS)) GPCS)
OVERLOAD TRIP T TSALTFOGTEST |
4‘1 200% TEST 4.2.2.2 }—_ L _TESTPER 42813 |
(5PCS) (5 PCS.) I 1) N N GPCS) __ _ _____
| ENDURANCE TEST I | EFFECTIVE CURRENT " NOCURRENTTRIP | [ IMMERSION/SPLASH |
4.2.6.1104.26.5 TEST PER4.2.3 L_TESTPER425.1 | | _TESTPER4.2814
@R_s;)__ H (5 PCS.) (5 PCS.) GPCSY o] |
I EMVIRON, EXTHEMES | I VOLTAGE BREAKDOWN I INTERRUPT TEST ™™ MECH. VIBRATION |
L_JESTPER42817 | TEST PER 4.2.4.1 4271104274 L_TESTPER4.28.14 |
6PCS)__L______ ©PCSI . ___| _
I TRANSIENT CYCLING | I OROPTEST | |
|.__JESTPER4266 _ | LoTESTPER4.2816

Sample Size
is divided by

FIGURE 6—EXPANDED TEST CYCLE

s—Basic test cycle requires 15 samples. All 15 receive.thie first three tests. Aftg

Fifteen are tfeated the same as in Figure 5. The other 30 are\divided into six groups for t

tests.

Notes

Marginal Indicia—The change bar (I) located in the-left margin is for the convenience of th

areas where
of the docum

PREP

technical revisions have been made, to the previous issue of the report. An (R)
ent title indicates a complete revision of the report.

ARED\BY THE SAE TRUCK AND BUS CIRCUIT PROTECTION SUBCOMMITT

rwards the group

3 into 5 piece subgroups for the remaining tests. The“expanded test cycle reqdiires 45 samples.

he environmental

b user in locating
symbol to the left

EE

OF

THE SAE TRUCK AND BUS ELECTRICAL AND ELECTRONICS COMMITTERE
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APPENDIX A

CIRCUIT PROTECTION APPLICATION GUIDELINES FOR THERMAL CLASS CIRCUIT BREAKERS

A.1 Scope—Appendix A provides technical commentary regarding the use of thermal design circuit breakers in
vehicular and/or motor vehicle accessory (service equipment or components) applications and certain
limitations to consider. This document does not set forth any tests or performance criteria. Test and evaluation

specifications are found in the preceding sections of this document.
A.2 Definitions
A.2.1 Circuit breakers fo discu
current and tp temperature. As ther
an ability to fespond predictably to temperature change induced by elevated current pass t
breaker's thefmally active element. The activity of the thermal circuit breaker (making‘or brea|
primarily a function of varying rates of heating or cooling. The source of the heating-or cool
be limited to| changes in electrical current passing through the thermally active element.

sources of heating or cooling may impact the operation of the thermal circuit breaker in
varying rates|of current pass.

A.2.2 There are three general classes of thermal circuit breakers, defined ,as(follows:
A.2.2.1 TypE |I—AU[rOMATIC RESET—AuUtomatic reset circuit breakers, are cycling or continuous
devices thgt open by combinations of overcurrent and elevated temperatures.

A.2.2.2 Type II—MPDIFIED RESET—Modified reset circuit breakers are devices that are opened by
remain opgn as long as the power is on to the affected circuit or until the load is remov
cycles may| occur before achieving a steady-state open circuit condition.

A.2.2.3 TypE Ill—MANUAL RESET—Manual reset circuit breakers are non-cycling devices that ops

and elevated temperatures, but remain.open until manually reset into a conducting s

designated| manual reset circuit breaker indicates that any forced restriction of the reset r

operating mode does not prevent g¢ycling of the thermally active element under fault current

onsive to electric
based largely on
hrough the circuit
king continuity) is
ng should ideally

However, other
conjunction with

ly self resetting

overcurrent and
ed. A number of

n by overcurrent
tate. A trip-free
nechanism in the
This means that

an operatof or technician cannet create a condition where the circuit breaker must pass cufrent continuously

in the presgnce of fault current'on the protected circuit.

A.2.2.4 ITCHABLE MANUAL RESET—Functions as a conventional manual reset circuit b

but also hias)a mechanism, which when exercised at the discretion of the user, p

eaker as defined
ermits opening of

the breakef internal Circuit to stop current flow. The breaker is reset to its normal operating condition by the

manual reget function, whether tripped unattended by a real fault condition or by the
designated| switchable manual reset circuit breaker indicates that any forced restrict

iser. A trip-free
jon of the reset

mechanism in the operating mode does not prevent cycling of the thermally active ele

ment under fault

current. This means that an operator or technician cannot create a condition where the circuit breaker must

pass current continuously in the presence of fault current on the protected circuit.
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A.3 Application Considerations

A.3.1 General Con

siderations

A.3.1.1 ELECTRICAL

A.3.1.1.1 Voltage—Thermal circuit breakers are typically rated for a standard voltage. For vehicular use, the two
most frequently used ratings are 12 VDC and 24 VDC. These ratings refer to the standard system nominal

voltage specification.

In actual conditions, system voltages may range from 9 to 16 VDC and 18 to 32

VDC, respectively. Just as voltage fluctuations may adversely affect electronic components, abnormally

low or high system voltages may adversely affect thermal circuit breakers.

breaker

Examples:
at uses a resistive element to create the maintained open state upon overload

adequatsg

due to al

a Type Il

installed
A.3.1.1.2 Current—
the ultim
rating ag
environm
capability
must con
The sum
installatig
A.3.1.1.3 Wiring at
characte
soldered

a thermal circuit breaker.

corrosion
of high ¢

the thermal circuit breaker will occur.

A.3.1.2 ENVIRONMH

A.3.1.2.1 Ambient
circuit br
to other
amperag
ventilatio

heat due to low source voltage; a Type | breaker may fail prematurely under.
normally high source voltage that induces excessive arcing between the electri
heater element may be destroyed by excessively high voltage (or if a Typé it 12
n a 24 VDC system).

LThe current rating on a thermal circuit breaker is the maximum'walue (sometin
hte rating) the breaker is capable of passing without tripping, for an indefinite t
signed is based upon performance under standardized)‘conditions in a

ent of 25 °C. The current rating, while a specificatiop-af its maximum continu
, IS not generally considered to be the sole basis forjapplication specification.
sider other thermal factors that directly or indirectly:impact upon the circuit break
of these factors will determine the breaker's true’rating as it applies to a speg
n.

d Terminations—The connecting wires~and their terminations will affect the
istics of the thermal circuit breaker, \\Terminals, whether screwed on, plugge
on, or integral to a mating interface terminal block or harness, act in some fashio
Poor connections, whether the result of inadequate de
, or other induced elevated tesistivity, cause elevated voltage drop and hot spot
Iirrent conditions. If poor connections are sufficiently adverse, derating and pre

NTAL

Temperatur€)Conditions—The environmental temperature conditions prevalen
baker is used'(as in geographical climatic conditions) and relative to its installatio
sources of heat and cold), have a considerable bearing on the selection o
rating. In some instances, circuit design changes, relocation of circuit bres
h‘ehinsulation from other sources of ambient altering environments must occur.

a)

a Type Il circuit
may not generate
ycling conditions
cal contacts; and,
\VDC rated unit is

es referred to as
me. The current
nominal ambient
ouUs current pass
Circuit designers
er's environment.
ific application or

heat dissipation
1 on, welded on,
h as heat sinks to
sign, looseness,
S in the presence
mature tripping of

both where the
n (as in proximity
the appropriate
ker mounting, or

A.3.1.2.1.1 Examples of potentially detrimental environmental conditions relative to temperature: mounting a
breaker or multiple breaker harness near heat sources such as exhaust manifolds, coolant hoses, heater
cores, or external oil reservoirs and or filtering systems; mounting a breaker or multiple breaker harness
in a restricted space without even convection ventilation possible; mounting a breaker or multiple breaker
harness exposed externally to wind chill effects.

A.3.1.2.2 Other Environmental Factors—While temperature conditions are the most significant factor affecting
breaker performance, other conditions may with sufficient severity and duration of exposure negatively
impact circuit performance, reliability, and longevity. Typical environmental conditions of this sort may
include: thermal shock, high humidity, salt fog or spray, immersion or splash of liquids (water-based
compounds and petroleum-based compounds), mechanical vibration, and sudden impact. Positioning of
circuit breakers so that environmental factors are managed is crucial to ensuring dependable service.
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A.3.1.2.2.1 Examples of other environmental factor negative effects: chemically induced corrosion deteriorates

terminal connections causing elevated resistance, intermittent continuity, or total loss of continuity;
unusually persistent or severe cyclic harmonic vibration induces momentary loss of continuity between
the circuit breaker electrical contacts.

A.3.1.3 INTERFACING COMPONENT MATERIALS

A.3.1.31

When circuit breakers are interfaced with wiring harnesses via terminated plastic distribution modules,
heat generation factors resulting from normal as well as potential abnormal circuit breaker operation must
be considered when specifying the plastic materials to be used in such proximity. Low grade plastics that
lend themselves to design flexibility and reduced costs can pose performance problems if heat wicking

from circ

it breakers causes softening or more severe degradation from long-term exp

sure to elevated

temperat|

A.3.1.3.1.1 Higher
breake

LiIres.

performance plastics with respect to heat indices should be used for test'purpg
I performance evaluations. Radiant heat characteristics developed by. Gircuit br

thoroughly considered in the design phase of plastic-based terminal blegks intended

circuit
A.3.2 Circuit Breal
A.3.2.1 TyPe | CIRQ

A3.21.1 Type |l c

breakers.
er Type Considerations
UIT BREAKERS

rcuit breakers are the most basic design of thé-thermal circuit breaker famil

continuoyisly resetting devices, their use is best applied{protecting loads controlled by mo

or other 9
is preferr,
safety or
A.3.2.1.2 The plus
reset aftq
A.3.2.1.3 The mind
sensitive
technicial

elf-limiting means. In select situations, they.protect circuits where cycling of an
£d over complete disruption of service until the fault condition is corrected for re
other compelling interest.

aspects of Type | circuit breakers are: simplicity of design; lower cost as a com
r a trip event; and are available for applications requiring complete waterproofin

s aspects of Type | cireuit breakers are: cycling may not be conducive for adeq
equipment for repetitive fault current exposure; the cycling condition may encou

storage batteries belowtminimum cranking capacity; and extended cycling without prof

create cd
A.3.2.2 TypPe Il CIR

A.3.2.2.1 Type Il ci

nditions thatlead to damage of peripheral components or wiring harnesses.
CUIT BREAKERS

rcuit'breakers initially function with great similarity to Type | breakers. Upon prg

ses during circuit
eakers should be
for interface with

y. As cycling or
mentary switches
bverloaded circuit
hsons of operator

onent; nothing to
.

Llate protection of
rage operators or

hs to unwisely delay’correction of a fault; cycling may continue for extended periods and drain

er attention may

sentation of fault

current the breaker will react under the same time constraints as a Type | and after an ini

(trip and

reset) several times, appearing to perform as if a Type | design.

tial trip may cycle

During this initial period of

reaction to the fault current, a secondary circuit within the breaker construction is creating a heat source
each time the breaker has tripped. Within a relatively short time span (typically 60 s and up to 300 s) this
secondary heating circuit will have developed sufficient heat radiation to maintain the breaker's thermal
element in a tripped state. Once in the maintained tripped state, a reduced current value (typically 1 A or
less) is consumed by the heating circuit. Virtually no current is passed on through to the fault site. Type Il
circuit breakers are reset by disconnecting or switching off the power source to the protected circuit for a
time period long enough to allow the breaker components to cool off and the thermal element to revert to
its conducting state. This cooling off may require several minutes until a stable conducting state is
achieved.

-19-



https://saenorm.com/api/?name=b4faa83738b803ea3113b33b085df4b0

SAE J553 Revised APR96

A.3.2.2.2 Type Il circuit breakers may be used instead of Type | circuit breakers where the possibility of long-term
cycling during faults is not desirable or the location of the breaker prevents easy access for resetting if a

Type lll c

A.3.2.2.3

ircuit breaker had been preferred over Type .

The plus aspects of Type Il circuit breakers are: simpler design alternative to Type Il breakers when Type |

usage is undesirable; can be reset from any point in the same circuit where power switching is possible;
less likely to drain storage batteries before fault is detected and corrected; and encourages timely
maintenance since components affected are not functional even intermittently as with Type I.

A.3.2.2.4

The minus aspects of the Type Il circuit breaker are: cannot be reset without shutting circuits down;

extreme low source voltage may prevent successful Type Il function rendering the breaker into a Type |

. extreme high voltage may radically shorten Type Il function; tripped Type Il br

operation
excess h
trip and 1
equipme

A.3.2.3 TypPE lll CIR

A.3.2.3.1 Type Il
completg
consciou
accompli
or moveg
original

A.3.2.3.1.1 In the
manua|

A.3.2.3.2 Type lll g

A.3.2.3.3 The plus

from long-term fault exposure;+brings human element of analysis into the decision to

provide
operators

A3.2.34
(access t
practical
through i

eat and derate other breakers in a confined close proximity installation; and tin
haintained open state may still be too long for the level of protection necessary
nt damage where the fault has occurred.

CUIT BREAKERS

ircuit breakers differ significantly from both Type | and Type\lV breakers in th
interruption of circuit continuity once tripped.
5 decision is made by a responsible party to initiate cirCuit breaker resetting.
shed by inspecting the breaker for visual indication of atripped state (a button
from a normal operating location) and manually with physical force replacing t
[ate.

case of switchable Type Ill circuit breakersieircuit continuity can be broken by
basis without the presence of fault current by the definite choice of an operator

aspects of Type Il circuit.breakers are: highly unlikely to permit damage to w

Circuit interruption forumaintenance or investigation (if with switchable featun
with a sense of control and awareness over electrical systems.

D reset mechanism) may restrict location options; higher initial cost to install likel
for some circuits due to shared components being protected dictating that son
5 better’than no power at all.

aker may radiate
he between initial
to prevent further

bt they provide a

Continuity" restoration will mot occur until a

This is typically
br lever extended
he indicator to its

the breaker on a
or technician.

ircuit breakers are used where na-¢ycling after a fault is desired or deemed safe and where an
immediafe investigation of fault causes is the most appropriate course of action.

ring or interfaces
reset or not; can
e); and provides

The mindis aspects of-Type Il circuit breakers are: cannot be reset unattended; mounting requirements

; and may not be
he power coming
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A.4 Limitations of Performance

A.4.1 Failure Modes

A.4.1.1 GENERAL F

AILURE MODES

A.4.1.1.1 All styles of simple thermal circuit breakers once exposed to varying levels of fault current begin to
experience decay with regard to the integrity of their functioning components. The rate of degradation is in
proportion to the severity and duration of fault current exposures. Random events of moderate intensity
that are quickly detected (i.e., within minutes) and corrected are far less likely to seriously impair breaker

function
extende

for future events.
periods (i.e., hours to days) are very likely to result in breaker destruction and

Specific events of moderate to severe intensity that are left unattended for

otential collateral

damage.

system ir

A.4.1.1.2 The follo

Emphasis on operator awareness for quick fault detection and correction is ess
tegrity.

ving describes more common reasons why circuit breakers eventually.cease to

A.4.1.1.2.1 Catastfophic Failure—Part of the electrical contacts and/or thermostatic/material burns

path becomes discontinuous.

A.4.1.1.2.2 Operatjonal Fatigue—The thermally active element loses its original form and stress
ability fo cycle from aging, changes occur in contact relationships, and circuit discory
occurs

A.4.1.1.2.3 Contaqt Failure—Electrical contact material erodes and/or carbonizes from long-term c
circuit discontinuity.

A.4.1.1.2.4 Enviropmental Contamination—Chemical gases or liquids attack active elements and ¢
currentrcarrying portions resulting in circuitydiscontinuity.

A.4.1.1.2.5 Extreme Shocks—Radical temperatire swings or violent mechanical force exposure

breake
A.4.1.2 CIRCUIT BR
A.4.1.2.1 Type | Ci
A.4.1.21.1 As cyq

concer,
cycling

erosior.

I installation dislodge criticalalignments of components resulting in circuit discor
EAKER TYPE FAILURE-MODES

cuit Breakers

ling or gontinuously resetting units, Type | circuit breakers are the most
hing unpredictable or undesirable failure modes when cycled for extended time

under“less than direct short conditions, they are most likely to fail from fatigy
Unattended long-term cycling can lead to other phenomena such as contact

ential to electrical

unction.

up and the circuit

biases, loses the
tinuity eventually

ycling resulting in

orrode or oxidize

s before or after
tinuity.

susceptible style
periods. During
e and/or contact
ticking or welding

that permits excessive duration of fault current into connective conductors, leading to collateral damage.

A4.1.21.2

Type | circuit breaker design for vehicular applications (functional design, not package design) has

remained basically unchanged since post World War Il. Therefore, any design effort to make cycling
duration more predictable with a bias towards achieving a fail safe mode would be a positive contribution.

A.4.1.2.2 Typell C

ircuit Breakers

A.4.1.2.2.1 Type |l circuit breakers are vulnerable to failure at two fundamental points. When initially exposed to fault
currents, they must survive the initial bursts of current to develop the maintained open circuit state.
While in the maintained open circuit state for extended periods of time, the secondary heater circuit
could eventually fail and the breaker would revert to Type | like operation, subject to Type | like failure
modes.
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A.4.1.2.3 Type lll Circuit Breakers

A.4.1.2.3.1 Because of the necessity for manual resetting after a trip event, Type Ill breakers are less likely to endure

the rep

etitive long-term fault exposure that Types | and Il encounter.

A.4.1.2.3.2 Type Il circuit breakers may experience failure for mechanical reasons such as: insulating trip
mechanism jams electrical contacts or contaminates them to where re-establishment of the current path
is prevented, contact insulating mechanism fails to insulate contacts and the unit acts as if a Type |
breaker, or reset mechanism becomes jammed or otherwise inoperative preventing the re-establishment
of continuity.

A.4.2 Preventions

to Safe Failures

A.4.2.1 In the 198
instances,

B revision to SAE J553 Circuit Breakers, the following advisory was first\pul
b high circuit resistance, and/or low current power source, may not provide\enou

ensure thgt ultimate failure will always result in an open circuit breaker, or_prevent

breakdown

A.4.2.1.1 The pred
historical
and long
particula
when sp¢g

A.4.3 Other Ageng

A4.3.1 RVILA (R
Handbook
associated
concerns,
December

A.4.3.1.1 "Type l, §
for circui
occurs.
to the co

near breaker terminations."

eding quotation was not intended solely as a generic disclaimer, but servg
experience. This notice draws attention to the reality that_durability of breake
-term fault conditions can create vulnerability to lew, current or high res
ly with Type | style circuit breakers. The electrical ¢ircuit designer must consid

cifying circuit protection and deciding on which Type (I, Il, or 1ll) breaker to utilizp.

y Concerns

ECREATION VEHICLE INDUSTRY ASSOCIATION)—This association publishes an R
that expresses technical information\pertinent to the manufacture of recreatid
equipment. While the standardsyemployed are directed to a specific indd
the cautions noted deserve mention. The following excerpt was circulate
31, 1990, before 1991 handbhook revisions.

utomatic reset circuit breakers are self resetting or continuously cycling units. T|
[s where, for safety~reasons, it is important to reestablish continuity quickly

Because of heat wicking, protection of conductors during a dead short cannot b
hstant cycling of.these types of circuit breakers. Heat wicking is caused by a ¢

away he

t from the circuit breaker and the breaker resetting when the cable near it has

Depending on the location of the fault and whether someone is around to disconnect the
may contfinue untilthere is a fire."

A.4.3.1.2

The prededing quotation may reflect extreme situations and perhaps be alarmist in ton

lished: "In some
nh fault current to
wiring insulation

ed to summarize
rs to high current
stive conditions,
br the risk factors

a)
-

V.lLA. Standards
nal vehicles and
stry with unique
l by R.V.LA. on

hey are designed
hfter an overload
b guaranteed due
bnductor carrying
cooled to 54 °C.
ower, the cycling

a)

However, this

should help the circuit designer to be more reflective regarding where to best specify Type | breakers.

A.4.3.1.3

The concern over Type | failure modes by R.V.l.A. is another good reason to favor development and use of

Type | circuit breakers exhibiting a predisposition to fall safe, with more emphasis on that rather than ad

infinitum

cycling durability.
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A.5 Application Considerations of Thermal Breakers for Circuit Protection

A.5.1 Master Circuit Breakers and/or Disconnect Devices

A.5.1.1 Extensive power distribution systems may warrant the use of mastering devices to provide a means of
interrupting all electrical power from the source. In motor vehicles, source power is typically the DC storage

batteries in

combination with charging circuits.

A.5.1.2 Depending on the load requirements and service use, master disconnects may be accomplished with high
amperage rated circuit breakers, high capacity mechanical DC switches, solenoid switches, manual
disconnects, and fusible links.

A.5.1.2.1 High amperage rated circuit breakers are suitable for protecting an entire electrical

¢

exceptio
persisten
Switchab
emergen

A.5.1.2.1.1 Master|

sustain

motor 4
A.5.1.2.2 High-cap|
rated swi
desirable
parasitic
circuits.

A.5.1.2.3 Solenoid

typically
magnetid
approxin
switch is
external
A.5.1.2.4 Manual d
the insta
vehiculan
and not g

A.5.1.2.5 Fusible li

of the starter circuits. They provide master short circuit protection in-the 6
t faults occur or where an excess of electrical utilization exceeds maxithum sy

Cy.

breakers are not suggested to include starter circuit protection because the
ed current during cranking cycles may be of a magnitude, sufficient to induce a b
tarting has successfully concluded.

tches are suitable to disconnect power to every circuit including starting circuits.
to unload the entire system for maintenance;ssecurity, or prevention of batte
oads. A master circuit breaker may still be"warranted as protection for all acces

switches for circuit control are high-amperage DC operated switches. The s

solenoid operation initiated‘\By a DC control circuit. Nominal DC voltage
ately 1 A of current utilized.to hold the switch in the closed position. The drawba
that electrical power is¢equired to use it; so, if an on-board storage battery is seV
bower would be necessary to activate the switch and permit current flow.

isconnects are‘similar to high-capacity switches except that make and break is
lation or refoval of a bridging conductor apparatus. This type of device is
applications because the bridging conductor as a separate component may be
onvenient to replace or be substituted for.

hks)are specially designed sections of primary wire that act as fuse elements wh

system with the
vent severe and
stem parameters.

le breakers add the flexibility of interrupting system power at will for, maintengnce, security, or

high inrush and
reaker trip before

acity DC mechanical switches are available in vatious current-carrying capacities. The highest

A switch may be
y discharge from
sory and auxiliary

olenoid switch is

a single-pole, normally open switch. Heavy-duty electrical contacts are brought together by a

is required with
ck to the solenoid
erely discharged,

accomplished by
seldom used in
ost after removal

en subjected to a

thresholo

of fault current for sufficient duration. They are not circult breakers, nor are they

true fuses. They

are generally used to protect accessory circuits, but only under extreme short-circuit conditions. Their
activation results in disruption of their fusible section.
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