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38.3.4 Procedure/   

38.3.4.1 

Test 1: Altitude simulation/ 1  

P 

6%*H!B%FF*!#?N!E#HH%D>%*!*C#FF!E%!*H'D%N!#H!#!OD%**VD%!'(!&&R5X"#!'D!F%**!('D!#H!F%#*H!

*>a!C'VD!#H!#ME>%?H!H%MO%D#HVD%!b12iA cP! 12iA

&&R5XO# 5 !

.%dV>D%M%?HP !

&!J%FF*!#?N!E#HH%D>%*!;#**!F'**!F>M>H-! 2R1f!P

2R1f!

1!9O%?!B>DBV>H!Y'FH#$%!?'H!F%**!HC#?!32fR!6C%!D%dV>D%M%?H!
D%F#H>?$! H'! Y'FH#$%! >*! ?'H! #OOF>B#EF%! H'! H%*H! B%FF*! #?N!
E#HH%D>%*!#H!(VFF!N>*BC#D$%N!*H#H%*,!
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!
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!

6C%! *#MOF%*!
B&_`B&2_!-!

+'! F%#X#$%R! ?'!
Y%?H>?$R! ?'!
N>*#**%MEFIR! ?'!
DVOHVD%! #?N! ?'! (>D%P

B&_`B&2_

!

6C%! ! ! N#H#! *%%!

H#EF%&P &!

38.3.4.2 

Test 2: Thermal test/  2:  

P 

6%*H!B%FF*!#?N!E#HH%D>%*!#D%!H'!E%!*H'D%N!('DP !

&!<'D!*M#FF!B%FF*!#?N!E#HH%D>%*-!'?%!!H%MO%D#HVD%!BIBF%-!S1i1 b5Cc!j4)2i1 b5Cc!

P S1i1 b5Cc!j4)2i1 b5Cc!

<'D!F#D$%!B%FF*!#?N!E#HH%D>%*-!'?%!!H%MO%D#HVD%!BIBF%-!S1i1 b&1Cc!j4)2i1 b&1Cc!

P S1i1 b&1Cc!j4)2i1 b&1Cc!

1!6C%!M#a>MVM!H>M%!>?H%DY#F!E%H[%%?!H%*H!H%MO%D#HVD%!%aHD%M%*!>*!Q2!M>?VH%*P

Q2M>?!

Q!6C>*!OD'B%NVD%!>*!H'!E%!D%O%#H%N!&2!H>M%*P &2 !

)!:(H%D![C>BC!#FF!H%*H!B%FF*!#?N!E#HH%D>%*!#D%!H'!E%!*H'D%N!('D!1)!C'VD*!#H!#ME>%?H!

H%MO%D#HVD%!b12iA cP !12iA ! 1) !

.%dV>D%M%?H*P !

&!J%FF*!#?N!E#HH%D>%*!;#**!F'**!F>M>H-! 2R1f!P

2R1f!

1!9O%?!B>DBV>H!Y'FH#$%!?'H!F%**!HC#?!32fR!6C%!D%dV>D%M%?H!
D%F#H>?$! H'! Y'FH#$%! >*! ?'H! #OOF>B#EF%! H'! H%*H! B%FF*! #?N!
E#HH%D>%*!#H!(VFF!N>*BC#D$%N!*H#H%*,!

32 R
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Q!+'!F%#X#$%R!?'!Y%?H>?$R!?'!N>*#**%MEFIR!?'!DVOHVD%!#?N!
?'!(>D%!

!

6C%! *#MOF%*!
B&_`B&2_!-!
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6C%! ! ! N#H#! *%%!
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38.3.4.3 

Test 3: Vibration/  3:  

P 

&!J%FF*!#?N!E#HH%D>%*!#D%!(>DMFI!*%BVD%N!H'!HC%!OF#H('DM!'(!HC%!Y>ED#H>'?!M#BC>?%!P

!

1!6C%!Y>ED#H>'?-!#!*>?V*'>N#F![#Y%('DM![>HC!#!F'$#D>HCM>B!*[%%O!E%H[%%?!SZW!#?N!

122ZW!#?N!E#BX!H'!SZW! HD#Y%D*%N! >?!&A!M>?VH%*P SZW

122ZW SZW &A

!

Q!<'D!B%FF*!#?N!*M#FF!E#HH%D>%*-!(D'M!S!ZW!#!O%#X!#BB%F%D#H>'?!'(!&$?!>*!M#>?H#>?%N!
V?H>F!&@ZW! >*! D%#BC%N,!6C%!#MOF>HVN%! >*! HC%?!M#>?H#>?%N!#H!2,@MM! b&,5MM! H'H#F!
%aBVD*>'?c! #?N! HC%! (D%dV%?BI! >?BD%#*%N! V?H>F! #! O%#X! #BB%F%D#H>'?! '(! @$?! 'BBVD*!
b#OOD'a>M#H%FI! A2ZWc,! :! O%#X! #BB%F%D#H>'?! '(! @$?! >*! HC%?! M#>?H#>?%N! V?H>F! HC%!

(D%dV%?BI! >*! >?BD%#*%N! H'! 122ZW,! P! SZW &$?
&@ZW 2,@MM

&,5MM @$? A2ZW @$?
122ZW !

<'D!F#D$%!E#HH%D>%*-!(D'M!SZW!#!O%#X!#BB%F%D#H>'?!'(!&$?!>*!M#>?H#>?%N!V?H>F!&@ZW!>*!
D%#BC%N,!6C%!#MOF>HVN%!>*!HC%?!M#>?H#>?%N!#H!2,@MM!b&,5MM!H'H#F!%aBVD*>'?c!#?N!
HC%! (D%dV%?BI! >?BD%#*%N! V?H>F! #! O%#X! #BB%F%D#H>'?! '(! 1$?! 'BBVD*! b#OOD'a>M#H%FI!
1AZWc,! :! O%#X! #BB%F%D#H>'?! '(! 1$?! >*! HC%?! M#>?H#>?%N! V?H>F! HC%! (D%dV%?BI! >*!

>?BD%#*%N! H'! 122ZW,! P! SZW &$?
&@ZW 2,@MM &,5MM

1$? 1AZW 1$?
122ZW !

)!6C>*! BIBF%! D%O%#H%N!&1! H>M%*! ('D! #! H'H#F! '(! Q!C'VD*! ('D! %#BC!'(! HCD%%!MVHV#FFI!
O%DO%?N>BVF#D!M'V?H>?$!O'*>H>'?!'(!HC%!B%FF,!9?%!'(!HC%!N>D%BH>'?*!'(!Y>ED#H>'?!MV*H!

E%! O%DO%?N>BVF#D! H'! HC%! H%DM>?#F! (#B%,! P

&1 Q 3

 

.%dV>D%M%?H*P !

&!J%FF*!#?N!E#HH%D>%*!;#**!F'**!F>M>H-! 2R1f!P

2R1f!

1!9O%?!B>DBV>H!Y'FH#$%!?'H!F%**!HC#?!32fR!6C%!D%dV>D%M%?H!
D%F#H>?$! H'! Y'FH#$%! >*! ?'H! #OOF>B#EF%! H'! H%*H! B%FF*! #?N!
E#HH%D>%*!#H!(VFF!N>*BC#D$%N!*H#H%*,!

32 R

!

Q!+'!F%#X#$%R!?'!Y%?H>?$R!?'!N>*#**%MEFIR!?'!DVOHVD%!#?N!
?'!(>D%!

!

6C%! *#MOF%*!

B&_`B&2_!-!

+'! F%#X#$%R! ?'!
Y%?H>?$R! ?'!
N>*#**%MEFIR! ?'!
DVOHVD%! #?N! ?'! (>D%P

B&_`B&2_

!

6C%! ! ! N#H#! *%%!

H#EF%&P & 
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38.3.4.4 

Test 4: Shock/ 4:  

P 

&!6%*H!B%FF*!#?N!E#HH%D>%*!*C#FF!E%!*%BVD%N!H'!HC%!H%*H>?$!M#BC>?%P

!

1!7#BC!B%FF!*C#FF!E%!*VEk%BH%N!H'!#!C#F(4*>?%!*C'BX!'(!O%#X!#BB%F%D#H>'?!'(!&A2!$?!
#?N!OVF*%!NVD#H>'?!'(!5!M>FF>*%B'?N*,!=#D$%!B%FF*!M#I!E%!*VEk%BH%N!H'!#!C#F(4*>?%!

*C'BX!'(!O%#X!#BB%F%D#H>'?!'(!A2!$?!#?N!OVF*%!NVD#H>'?!'(!&&!M>FF>*%B'?N*,!P!

&A2$? 5

A2$? && !

8M#FF!E#HH%D>%*!*C#FF!E%!*VEk%BH%N!H'!#!C#F(4*>?%!*C'BX!'(!O%#X!#BB%F%D#H>'?!'(!&A2!

$?! b'D! :BB%F%D#H>'?b$?cl
mass

100850 R! [C>BC! >*! *M#FF%Dc! #?N! OVF*%! NVD#H>'?! '(! 5!

M>FF>*%B'?N*R!F#D$%!E#HH%D>%*!*C#FF!E%!*VEk%BH%N!H'!#!C#F(4*>?%!'(!O%#X!#BB%F%D#H>'?!

'(!A2!$?!b'D!:BB%F%D#H>'?b$?cl
mass

30000 R![C>BC!>*!*M#FF%Dc!!#?N!OVF*%!NVD#H>'?!'(!

&&!M>FF>*%B'?N*P &A2$?
mass

100850

5 A2$?

mass

30000
&& !

Q!7#BC!B%FF!'D!E#HH%DI!*C#FF!E%!*VEk%BH%N!H'!HCD%%!*C'BX*!>?!HC%!O'*>H>Y%!N>D%BH>'?!
('FF'[%N!EI!HCD%%!*C'BX*!>?!HC%!?%$#H>Y%!N>D%BH>'?!'(!HCD%%!MVHV#FFI!O%DO%?N>BVF#D!

M'V?H>?$!O'*>H>'?*!'(!HC%!B%FF!'D!E#HH%DI!('D!#!H'H#F!'(!&@!*C'BX*P

&@ !

.%dV>D%M%?H*P !

&!J%FF*!#?N!E#HH%D>%*!;#**!F'**!F>M>H-! 2R1f!P

2R1f!

1!9O%?!B>DBV>H!Y'FH#$%!?'H!F%**!HC#?!32fR!6C%!D%dV>D%M%?H!
D%F#H>?$! H'! Y'FH#$%! >*! ?'H! #OOF>B#EF%! H'! H%*H! B%FF*! #?N!
E#HH%D>%*!#H!(VFF!N>*BC#D$%N!*H#H%*,!

32 R

!

Q!+'!F%#X#$%R!?'!Y%?H>?$R!?'!N>*#**%MEFIR!?'!DVOHVD%!#?N!
?'!(>D%!

!

6C%! *#MOF%*!
B&_`B&2_!-!

:BB%F%D#H>'?l!!&A2$?!

!+'! F%#X#$%R! ?'!
Y%?H>?$R! ?'!
N>*#**%MEFIR! ?'!
DVOHVD%! #?N! ?'! (>D%P

B&_`B&2_

!

l!&A2$?!

!

6C%! ! ! N#H#! *%%!

H#EF%&P &!
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38.3.4.5 

Test 5: External Short Circuit/ 5 :  

P 

&6C%!B%FF!'D!E#HH%DI!H'!E%!H%*H%N!*C#FF!E%!H%MO%D#HVD%!*H#E>F>W%N!*'!HC#H!>H*!%aH%D?#F!

B#*%! H%MO%D#HVD%! D%#BC%*! ASi) P ASi)

ASi) !

1! 6C%! B%FF! 'D! E#HH%DI! *C#FF! E%! *VEk%BH%N! H'! #! *C'DH! B>DBV>H! B'?N>H>'?! [>HC! #! H'H#F!

%aH%D?#F!D%*>*H#?B%!'(!F%**!HC#?!2R&!'CM!#H!ASi) R!6C>*!*C'DH!B>DBV>H!B'?N>H>'?!>*!

B'?H>?V%N!('D!#H!F%#*H!'?%!C'VD!#(H%D!HC%!B%FF!'D!E#HH%DI!%aH%D?#F!B#*%!H%MO%D#HVD%!

C#*!D%HVD?%N! H'!ASi) P 2R&

ASi) & !

Q! 6C%! B%FF! 'D! E#HH%DI!MV*H! E%! 'E*%DY%N! ('D! #! (VDHC%D! *>a! C'VD! ('D! HC%! H%*H! H'! E%!
B'?BFVN%NR!

P 5 !!

.%dV>D%M%?H*P !

]VD>?$!HC%!H%*H!#?N![>HC>?!*>a!C'VD*!#(H%D!H%*H!RHC%!B%FF*!'D!
E#HH%D>%*!

5 !

&,!7aH%D?#F!H%MO%D#HVD%!?'H!%aB%%N!&S2 !!

&S2 !

1,!+'!N>*#**%MEFIR!?'!DVOHVD%!#?N!?'!(>D%,!

!

6C%! *#MOF%*!
B&_`B&2_!-!

?'! N>*#**%MEFIR! ?'!
DVOHVD%! #?N! ?'! (>D%P

B&_`B&2_

!

6C%! ! ! N#H#! *%%!

H#EF%&P &!
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38.3.4.6 

Test 6: Impact / Crush / 6: /  P 

KMO#BH!b#OOF>B#EF%!H'!BIF>?ND>B#F!B%FF*!?'H!F%**!HC#?!&@MM!>?!N>#M%H%Dc!P!!

&@ !

P 

&!6C>*!H%*H!*#MOF%!B%FF!'D!B'MO'?%?H!B%FF!>*!H'!E%!OF#B%N!'?!#!(F#H!*M''HC!*VD(#B%P

!

1! :! &AR@!MM! N>#M%H%D! E#D! >*! H'! E%! OF#B%N! #BD'**! HC%! B%?H%D! '(! HC%! *#MOF%R! :!

3R&X$!M#**!>*!H'!E%!ND'OO%N!(D'M!#!C%>$CH!'(!5&i1RABM!'?H'!HC%!*#MOF%,P

&AR@MM 3R&X$ 5&i1RABM

!!

Q!6C%! H%*H! *#MOF%! >*! H'!E%! >MO#BH%N![>HC! >H*! F'?$>HVN>?#F! #a>*!O#D#FF%F! H'! HC%! (F#H!
*VD(#B%! #?N! O%DO%?N>BVF#D! H'! HC%! F'?$>HVN>?#F! #a>*! '(! HC%! &AR@! MM! i! 2R&MM!
N>#M%H%D!BVDY%N!*VD(#B%!FI>?$!#BD'**!HC%!B%?HD%!'(!HC%!H%*H!*#MOF%,!7#BC!*#MOF%!

>*!H'!E%!*VEk%BH%N!H'!'?FI!#!*>?$F%!>MO#BH,P!

&AR@i2R&

 

.%dV>D%M%?H*P !

&!J%FF*!%aH%D?#F!H%MO%D#HVD%!?'H!%aB%%N!&S2 ,

&S2 !

1!+'!N>*#**%MEFIR!?'!(>D%![>HC>?!*>a!C'VD*!'(!HC>*!H%*H!

5

!

6C%! *#MOF%*!

B&&_`B12_-!
?'! N>*#**%MEFI! #?N!

?'! (>D%P

B&&_`B12_

!

6C%!!!N#H#!*%%!

H#EF%1P 1!

JDV*C! b#OOF>B#EF%! H'!OD>*M#H>BR!O'VBCR! B'>?PEVHH'?!B%FF*!#?N!BIF>?ND>B#F! B%FF*! F%**!
HC#?!&@MM!>?!N>#M%H%Dc!!

P! P &@ !

N/A 

&! :! B%FF! 'D! B'MO'?%?H! B%FF! >*! H'! E%! BDV*C%N! E%H[%%?! H['! (F#H! *VD(#B%*,! 6C%!
BDV*C>?$!>*!H'!E%!$D#NV#F![>HC!#!*O%%N!'(!#OOD'a>M#H%FI!&RA!BMP*!#H!HC%!(>D*H!O'>?H!
'(!B'?H#BH,!6C%!BDV*C>?$!>*!H'!E%!B'?H>?V%N!V?H>F!HC%!(>D*H!'(!HC%!HCD%%!'OH>'?*!E%F'[!

>*! D%#BC%N,! P!

&RA P

!

b#c!6C%!#OOF>%N!('DB%!D%#BC%*!&Q!X+!i!2RS@!X+,!P! &Q i2RS@ !

bEc!6C%!Y'FH#$%!'(!HC%!B%FF!ND'O*!EI!#H!F%#*H!&22!MTRP &22 !

bBc!6C%!B%FF!>*!N%('DM%N!EI!A2f!'D!M'D%!'(!>H*!'D>$>?#F!HC>BX?%**,P

A2f !

1,!:!OD>*M#H>B!'D!O'VBC!B%FF!*C#FF!E%!BDV*C%N!EI!#OOFI>?$!HC%!('DB%!H'! HC%![>N%*H!
*>N%,!:!EVHH'?PB'>?!B%FF!*C#FF!E%!BDV*C%N!EI!#OOFI>?$!HC%!('DB%!'?!>H*!(F#H!*VD(#B%*,!
<'D! BIF>?ND>B#F! B%FF*R! HC%! BDV*C! ('DB%! *C#FF! E%! #OOF>%N! O%DO%?N>BVF#D! H'! HC%!

F'?$>HVN>?#F!#a>*,! P P

 

.%dV>D%M%?H*P !

&!J%FF*!%aH%D?#F!H%MO%D#HVD%!?'H!%aB%%N!&S2 ,

&S2 !

1!+'!N>*#**%MEFIR!?'!(>D%![>HC>?!*>a!C'VD*!'(!HC>*!H%*H!

5

!

4!
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38.3.4.7 

Test 7: Overcharge/  7:  

P 

&!6C%!BC#D$%!BVDD%?H!*C#FF!E%! H[>B%!HC%!M#?V(#BHVD%De*!D%B'MM%?N%N!M#a>MVM!

B'?H>?V'V*!BC#D$%!BVDD%?HP 1 !

!1!6C%!M>?>MVM!Y'FH#$%!'(!HC%!H%*H!*C#FF!E%!#*!('FF'[*P -! 

#c!UC%?!HC%!M#?V(#BHVD%De*!D%B'MM%?N%N!BC#D$%!Y'FH#$%!
>*!?'H!M'D%!HC#?!&@TR!HC%!M>?>MVM!Y'FH#$%!'(!HC%!H%*H!*C#FF!
E%!HC%!F%**%D!'(!H['!H>M%*!HC%!M#a>MVM!BC#D$%!Y'FH#$%!'(!

HC%! E#HH%DI! 'D! 11TP! &@T

11T !

Ec!UC%?!HC%!M#?V(#BHVD%De*!D%B'MM%?N%N!BC#D$%!Y'FH#$%!
>*!M'D%!HC#?!&@TR!HC%!M>?>MVM!Y'FH#$%!'(!HC%!H%*H!*C#FF!E%!

&R1!H>M%*!HC%!M#a>MVM!BC#D$%!Y'FH#$%P!

&@T

&R1 !

Q! 6%*H*! #D%! H'! E%! B'?NVBH%N! #H! #ME>%?H! H%MO%D#HVD%!

12iA R!6C%!NVD#H>'?!'(!HC%!H%*H!*C#FF!E%!1)!C'VD*P12iA

1) !

6C%! Y'FH#$%! '(! HC%!
H%*H! >*! @R)22TR! #?N!
HC%! BVDD%?H! >*!
)222R22M:!

@R)22T

)222R22M:!

.%dV>D%M%?H*P -!

+'!N>*#**%MEFI!#?N!?'!(>D%![>HC>?!*%Y%?!N#I*!'(!HC>*!H%*H!

S

!

6C%! *#MOF%*!
B&_`B)_!RB)&_`B))_-

<'D!Y'FH#$%!N#H#!
E%('D%!H%*HR!*%%!

H#EF%!Q,!P!

Q!

?'! N>*#**%MEFIR! ?'!
DVOHVD%! #?N! ?'! (>D%P

B&_`B)_R!

B)&_`B))_

!

38.3.4.8 

Test 8: Forced discharge/  8:  

P 

7#BC!B%FF!*C#FF!E%!('DB%N!N>*BC#D$%N!#H!#ME>%?H!H%MO%D#HVD%!EI!B'??%BH>?$!>H!>?!
*%D>%*![>HC!#!&1!T!],J,!O'[%D!*VOOFI!#H!#?!>?>H>#F!BVDD%?H!%dV#F!H'!HC%!M#a>MVM!
N>*BC#D$%!BVDD%?H!*O%B>(>%N!EI!HC%!M#?V(#BHVD%DR!

12iA &1T

 

6C%!*O%B>(>%N!N>*BC#D$%!BVDD%?H!>*!H'!E%!'EH#>?%N!EI!B'??%BH>?$!#!D%*>*H>Y%!F'#N!'(!
HC%!#OOD'OD>#H%!*>W%!#?N!D#H>?$!>?!*%D>%*![>HC!HC%!H%*H!B%FF,!7#BC!B%FF!*C#FF!E%!('DB%N!
N>*BC#D$%N!('D!#!H>M%!>?H%DY#F!b>?!C'VD*c!%dV#F!H'!>H*!D#H%N!B#O#B>HI!N>Y>N%N!EI!HC%!
>?>H>#F!H%*H!BVDD%?H!b>?!#MO%D%c!

 

.%dV>D%M%?H*P -!

+'!N>*#**%MEFI!#?N!?'!(>D%![>HC>?!*%Y%?!N#I*!'(!HC>*!H%*H

S

!

J1&_`B)2_!
<'D!Y'FH#$%!N#H#!
E%('D%!H%*HR!*%%!H#EF%!

),!P! )!

+'! N>*#**%MEFI! #?N!

?'! (>D%! P!

!
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