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Environmental Test Specifications for
Automotive Electrical Units

Kim, Yong Soo"

Dept. of Industrial and Management Engineering, Kyonggi University

ABSTRACT

Purpose: Using international specifications, this study classified international standards and automobile manu-
facturers’ test items based on the kind of test used and determined the test order for ISO 16750.
Methods: The effects of international standards’ environmental factors were examined, based on the major
impacts of the product and the results of product failure. Automobile manufacturers’ test items were compared
with the test item in the ISO 16750. A generic algorithm was then used to determine the test sequence for
ISO 16750.

Results: International standards and automobile manufacturers’ common test items were classified. The test
sequence of ISO 16750 was determined for five cases.

Conclusion: Although mechanical and environmental tests share many common features, there are differences

in the details of the tests. There is a common sequence of tests, but weights are allocated tests differently.
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Table 2. Major effects and faults of environmental parameters

Environmental parameter Major effect Failure result

Insulation damage, mechanical failure, in-

crease of mechanical stress, wear of mov—

ing parts due to expansion, loss of lu—
brication property

Heat degradation(oxidation, cracking, chemical
High reaction), soften, dissolution, sublimation, vis—
cosity, deoxidization, evaporation, expansion

Temperature L . ) Insulation damage, mechanical failure, in-
Fragmentation, ice formation, Increase of vis— .
creased wear of moving parts due to

cosity and condensation,

Low . shrinkage, loss of mechanical strength,
loss of mechanical strength, L
. . loss of lubrication property, seals and gas—
physical shrinkage .
ket failures
Absorption, swelling,
. loss of mechanical strength, Physical destruction, insulation damage,
High . . . . . .
increasing the conductivity of the insulator, mechanical failure

Relative hu-

v chemical reaction (corrosion, electrolysis)
midity

Dehydration, fragmentation, loss of mechanical
Low strength, shrinkage, Mechanical failure, crack
increased wear between moving contacts
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Table 3. Manufacturer’s test items classified by mechanical test

Manufacturer Test item
Audible Noise

Connector & Lead/Lock Strength

Powered Vibration Endurance
Company A Package Drop

Handling Drop

Medium Mechanical Drop
Low Mechanical Shock
Engine Or Transmission

Mechanical Shock/Drop

Vibration With Thermal Cycling Sprung Masses

Unsprung Masses
Pothole

Mechanical Shock Collision

Closure Slam
Company B Elbow Load

Crush For Housing Foot Load
Side Force

C tor Installation Ab
onnector Installation Abuse Foot Load

Fretting Corrosion Degradation
Free Fall
GMW3191 Connector
M-01 Free Fall
M-02 Stone Impact
M-03 Dust

Vibration Profile A

Vibration Profile B

Company € M-04 Vibration Vibration Profile C

Vibration Profile D

Vibration Profile E

M-05 Mechanical Shock

M-06 Endurance Shock
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() AE, &8 T 9 7, A3 A, WiF AY, $5-4 571 A9, $5-2 771G 23 g, W
-ipx0 to ipx6k A1, 2 AIH A9, g 29 A 34 A9, A $A4-d A, IR 27 R v dA
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Table 4. Manufacturer’s test items classified by climatic test

Manufacturer Test item

Exposure

Low & High Temperature -
Operation

Immersion

Car Wash Spray

Water/Fluids Ingress Heavy Splash/Shower

Light Spray/Rain

Company A ;
Drip

Dust

Powered Thermal Cycle

Thermal Shock Resistance

Thermal Shock Endurance

Humidity-Temperature Cycle

Low Temperature Wakeup

High Temperature Degradation

Thermal Shock Air-To-Air (TS)

Power Temperature Cycle (PTC)

Company B Thermal Shock/Water Splash

Humid Heat Cyclic (HHC)

Humid Heat Constant (HHCO)

Salt Mist

Salt Spray
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K-01 High/Low Temperature Storage

K-02 Incremental Temperature

K-03 Low Temperature Operation

K-04 Repainting Temperature

K-05 Temperature Shock (Component)

K-06 Salt Spray Test With Operation, Exterior

K-07 Salt Spray Test With Operation, Interior

K-08 Humid Heat, Cyclic

K-09 Humid Heat, Cyclic (With Frost)

Company C K-10 Water Protection - IPX0 To IPX6k

K-11 High-Pressure Cleaning

K-12 Temperature Shock With Splash Water

K-13 Temperature Shock —Immersion

Severity 1

K-14 Humid Heat, Constant -
Severity 2

K-15 Condensation With Electr. Assemblies

K-16 Temperature Shock(Without Housing)

K-17 Sun Radiation

K-18 Harmful Gas
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Table 5. Manufacturer’s test items classified by others
Classification Manufacturer Test item
High Temperature Endurance
Controls Durability
Company A -
Mechanical Wear out
Life 85/85 High Temperature — High Humidity Endurance
L-01 Mechanical/Hydraulic Endurance
Company C .
L-02 High Temperature Endurance
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L-03 Temperature Cycle

Salt Mist Atmosphere

) Company A
Chemical Chemical Resistance
Company C Chemical Requirements and tests
Dust
Water
Seal
Enclosure Company B

Leakage Check

Water Freeze

Sugar Water Function Impairment
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Table 6. Comparison of ISO 16750 with manufacturer specifications

L . ISO Company | Company | Company
Classification Test item 16750 A B C
Mechanical shock(1) O O O O
Gravel shock(2) O O
Free fall(3) O O O
Resistance to friction(4) @)
Mechanical Vibration(5) O O O O
Audible Noise O
Connector & Lead/Lock Strength O
Crush for housing O
GMW3191 Connector O
Connector Installation Abuse O
Storage O O O O
Low temperature(6) Operation 0 0 0
. Storage O O O
High temperature(7) Operation 0 0 0 0
Temperature cycle endurance(8) O O O O
Thermal shock(9) O O O O
High temperature & humidity cycle(10) O O O
Temperature & humidity combination cycle(11) O O O O
Condensation(12) O O
Climatic Temperature step(13) O O
Normal humidity(14) O O
Salt water spray/corrosion(15) O O O O
Salt water spray/leakage/function(16) O O O
ice water shock/watering(17) O O O
ice water shock/inundation(18) O O O
Sun radiation(19) O O
Dust(20) O O O O
Flow mixed gas corrosion(21) O O
Water/Fluids Ingress O O O
Chemical Chemical load environ- o o o
ment(22)
Mechanical/hydraulic en-
durance O
High Temperature
: Endur;)nce O O O
Other Life Controls Durability O
Mechanical Wear out O O
85/85 High Temperature 0
—High Humidity Endurance
Water Freeze O
Leakage Check O
Enclousre Sugar Water Function O

Impairment
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Table 7. Before the test based on MIL-STD-810G

Before the test Test
High Temperature(Storage/Operation) Salt water spray/corrosion
Thermal shock Salt water spray/corrosion
High temperature & humidity cycle Salt water spray/corrosion
Condensation Salt water spray/corrosion
Temperature step Salt water spray/corrosion
Normal humidity Salt water spray/corrosion
Salt water spray/leakage/function Salt water spray/corrosion
Sun radiation Salt water spray/corrosion
Dust Salt water spray/corrosion
Flow mixed gas corrosion Salt water spray/corrosion
High Temperature(Storage/Operation) Salt water spray/leakage/function
Temperature cycle endurance Salt water spray/leakage/function
Thermal shock Salt water spray/leakage/function
High temperature & humidity cycle Salt water spray/leakage/function
Condensation Salt water spray/leakage/function
Temperature step Salt water spray/leakage/function
Normal humidity Salt water spray/leakage/function
Salt water spray/corrosion Salt water spray/leakage/function
Sun radiation Salt water spray/leakage/function
Dust Salt water spray/leakage/function
Flow mixed gas corrosion Salt water spray/leakage/function
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Salt water spray/leakage/function Dust
ice water shock/inundation Low Temperature(Storage/Operation)
ice water shock/inundation High Temperature(Storage/Operation)
ice water shock/inundation Temperature cycle endurance
ice water shock/inundation Thermal shock
ice water shock/inundation High temperature & humidity cycle
ice water shock/inundation Temperature & humidity combination cycle
ice water shock/inundation Condensation
ice water shock/inundation Temperature step
ice water shock/inundation Normal humidity
ice water shock/inundation ice water shock/watering
ice water shock/inundation ice water shock/inundation
ice water shock/inundation Sun radiation
ice water shock/inundation Dust
ice water shock/inundation Flow mixed gas corrosion
Vibration Mechanical shock
Vibration Gravel shock
Normal humidity Flow mixed gas corrosion
Flow mixed gas corrosion Dust
Flow mixed gas corrosion Gravel shock

Table 8. Some of environmental test sequences(company A)

Before the test Test

High Temperature(Storage/Operation) Thermal shock

Mechanical shock Free fall

Temperature & humidity combination cycle ice water shock/watering

Temperature & humidity combination cycle ice water shock/inundation

Salt water spray/corrosion Chemical load environment

Salt water spray/leakage/function Chemical load environment

Thermal shock Vibration

Vibration Dust
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Table 9. Some of environmental test sequences(company B)

Before the test

Test

High Temperature(Storage/Operation)

Mechanical shock

Low Temperature(Storage/Operation)

Thermal shock

Low Temperature(Storage/Operation)

Dust

Dust

ice water shock/watering

Dust

ice water shock/inundation

Table 10. Some of environmental test sequences(company C)

Before the test

Test

Free fall

Low Temperature(Storage/Operation)

Thermal shock

Gravel shock

Gravel shock

Salt water spray/corrosion

Dust Normal humidity
Vibration ice water shock/watering
Vibration ice water shock/inundation

Temperature cycle endurance

Temperature & humidity combination cycle

Temperature cycle endurance

Condensation

Temperature cycle endurance

Sun radiation

Temperature cycle endurance

Flow mixed gas corrosion

Temperature cycle endurance

Chemical load environment

Table 11. Some of overlapping environmental testing standard order

=R 7wz u A
O AL X T(-_l
Before the test Test
(1)
Company B/C Mechanical shock Vibration
Company A/C Low Temperature(Storage/Operation) High Temperature(Storage/Operation)

810G/ Company A

ice water shock/watering

Salt water spray/corrosion

ice water shock/watering

Salt water spray/leakage/function

ice water shock/inundation

Salt water spray/corrosion

ice water shock/inundation

Salt water spray/leakage/function

810G/ Company B

Temperature & humidity combination cycle

Salt water spray/corrosion

Temperature & humidity combination cycle

Salt water spray/leakage/function

Low Temperature(Storage/Operation)

Salt water spray/corrosion

Low Temperature(Storage/Operation)

Salt water spray/leakage/function

810G/ Company C

Salt water spray/corrosion

Dust

Temperature cycle endurance

Salt water spray/corrosion
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Table 12. Weight score based on vehicle dependability study by make(2017)

. Body and Feature and
Overall Powertrain . Rate
Manufacturer Dependabilit Dependabilit Interior Aceessory Total Score
P Y p Y Dependability Dependability
Company A 3 2 3 3 11 0.30
Company B 3 3 3 5 14 0.38
Company C 3 3 3 3 12 0.32

AYskE A /1HAE 74 2
g 9% 594 B9,

9% 7]ure] s ol 8551 obelel 42 IS0 16750 A8 41 A 55

21

Maximize Ey(mnﬂ) (1)
n=1

Subject to

22

Max, =22(x, =00r1) (2)
k=1

x ) =x;ta, (6,5 =1,2,--,22,0 # j) 3)
T =1 (4)
Yinn+1) = Wi TG (n=1,2,+,21,1,j=1,2,-+,22) 5)
Wy, = 0.2973, (a,b)EA 6)
Wy q) = 0.3784, (c,d)EB 7
w, ) = 0.3234, (e,fleC (8)
Wg,p) T W) T W 5y =1 9
Wy,) EM (10)
W) = (w(a b T We.q) +w<c’f))+ Pat) +w(§d) e, [Casel] 1D
W) = (w(a p) T W q) T W, f)) [Cuse 2] (12)
Wiy,) = Wop) [Clise 3] (13)
Wiy) = Wq) [Case d] (14)
Wiy = Wi, p) [Clse] (15)
Wi, ) = Wap) T W, a)s (i,j)EAB (16)
W j) = W) w0 p), 6:))EBC a7
Wi ) =Wy, p) T Wiap)s , (i, §)EMA 18)
Wi, ) =Wiy,p) T We,q)s , (i,))EMB 19
Wi 1) =Wiyp) T W g (6) EMC (20)
w ;) =0, (i,j) ez (AU BU CUMUABU BCU MAU MBU MC) 21
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9] Aol A 1~229L <Table 5>0 %713 1SO 16750 13 dH=o|t}. A, B, C& 2+t Company A, B, C9] A1
ZAolr M MIL-STD-810G2] <=A4{o]aL AB, BCE Company A9} B, B9t Co] THE = =AoH npxiziA =2
MA, MB, MC%= MIL-STD-810G$} Company A, B, C¢ FE25= Aot}

MIL-STD-810G¢] 7}&A17F 57H4] 488 wE wje] [SO 167502 Al &5 A= <Table 13>9} Zt}

Table 13. ISO 16750 test sequence based on MIL-STD-810G weight score

Sequence MIL>Com MIL=Com MIL=A MIL=B MIL=C
1 14 17 4 4 9
2 21 16 9 14 4
3 2 22 2 21 14
4 5 4 3 2 21
5 1 10 6 3 2
6 3 13 7 6 8
7 6 19 1 7 11
8 7 8 5 1 15
9 9 12 18 5 20
10 4 5 13 18 18
11 11 1 11 11 19
12 15 3 15 15 10
13 20 6 20 20 13
14 18 7 17 17 12
15 13 9 16 16 3
16 10 11 22 22 6
17 17 15 10 9 7
18 16 20 14 8 1
19 22 18 21 19 5
20 12 14 8 10 17
21 8 21 19 13 16
22 19 2 12 12 22

4 A3} 1SO 167502 A8 &5 11-15 419 1622, 1421, 3—6—7 4= 5714 A8hA] 25 &
218 & 5 e 2-3-6-7-1-5-187 11-15-20—-17-16—-22 =A% MIL-STD-810G2] 7517}
Company A%} Company B7} &< u] 5402 yelyon, 11-15-20—18 &A1+ MIL>COM, MIL=COM,
MIL=C?l Z-5-oll & &4 o= ettt

olE Fl, AlF =AE FFolu AXAL A0l WS wl, o B A wretel whet Al A= Aol k. 7t Al
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