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Analysis of Causes PCB Failure for Collective Protection Equipment
and Improvement of Quality
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Abstract This study is the analysis of causes of printed circuit board (PCB) in collective protection
equipment failure and quality improvement. The equipment is a component of the weapon system
currently in operation and serves to defend against enemy chemical and biological attack as well as
heating and cooling functions. However, during operation in the military, fans of condensate assembly
failed to operate. The cause of the failure is the burning of PCB. It was found that the parts were heated
according to the continuous cooling operation under the high temperature environmental conditions.
Accordingly, the electronic components exposed to high temperature were deteriorated and destroyed.
To solve this problem, PCB apply to heatsink. The performance test of improved PCB has been
completed. Futhermore system compatibility, positive pressure maintenance and noise test were
performed. This improvement confirmed that no faults have occurred in PCB so far. Therefore, the

quality of the equipment has improved.

Keywords : Collective Protection Equipment, Quality Improvement, Condesate, Weapons System, Heatsink

1. M2 AAA D A FAI20 AFte] AEHRE YA
Fhstol EohF AAEA YRS SPoks Fulolck. &
FERNAAL FRTHE BALE 49 FBA  AAAY RHULAT FFAN LA AL £

*Corresponding Author : Se-Jin Pak(Defense Agency for Technology and Quality)
Tel: +82-10-3280-3153 email: rivigen@naver.com

Received February 19, 2019 Revised March10, 2019

Accepted May 3, 2019 Published May 31, 2019

87



2487|4384 #2078 A53E, 2019

S| Y|, sPIAHIR A E o QL
2ol Al B SEAtE T B 9
3] ol Hatelol Qlek. WukAwlel B Fig
13} gt
I AlolE9] F8EERI A=7]0l Yol P50l o]F
ojAH, SV FAoA FEE Iri= 7 1A FHE &
J=o] FF71A 12 1%eE FFH § $57I
HiEsict. Y5104 12 1eko g tEE vl 3
71 st Aejo] Ak 3719 ke shof
& Wo| 3 SEE B4t 358 Yrlt Be=olo]

EE ‘jjx,
e j Hﬂ

ol
-

oA ELE L f£Eo| AR $H7|oA A A
Hrt
oo Me=alolold AH WS SISA

A2 A AR Yo uhol I, of 714 WP
B W] 29 £7 29 YRLES FHste] A
BEg 2Estel Yrie H2s| FW] 1Y 2o

HHTH1]

1%, 347] R 2= Ayo] Mgt 37)7t 57
$27)0] o8] FAZ oz EvtEL}. of7]A Yol ulE
g AYE719] E& g4eote] SHoHA =y, SUE ¥
Wi 714 AR G2 d9ct 1 3 & AR
7e duske Eslo] GL wjokd %7} a7ttt o
o} Z-e AL Eslo] Yot A& £3lslHA Szt
4& 3t AUa71E w30 o2l

4’{ Compressor }—b‘ Condenser H Filter Drier

4{ Evaporator H Expansion Valve }‘—{ Liquid Receiver

Legend : —> Refrigerants Flow

Fig. 1. Operating Principles of Heating and Cooling
Equipment

Whgule] 1A 5 &R
o] FABHA oHe @Al 16~184 the LA SIC)
wehA s elo] ot AeliAe Saeiqct 1 2
m WebgAo]7] el Lrrt A o] B4 dgste

Z=ZrO

o 1=

oleist AL Bhe

YAV 120] 2882 skt T ol 2 S
] 90 A 71 e A Aol e 2
grlezgAe] LS S Ao, WA T A4 =

88

S AL FARAL & AR, AEAIE S SRS
B A3E 53t /A" Jzrt=zAA oA IA7EA g
AT 142 eleS EskolaL o] FES Eelst
Act.

2. HOUEN
vtEA o g nato] WA I R7lExgA= 571/
FL7] $87] BH 5ol et ARE EYstal &
& Azo] Tt 3571/FL7] $871 BEE Aofst=
I gt} o] J27IE ZYHA = AA ACIE I=
4 EWAAE (Insulated Gate Bipolar Transistor,
oJs}

IGBT)7} Fig. 29k &o] A2t

Fig. 2. Printed Circuit Board
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Fig. 3. IGBT Combustion
(a) Inside of IGBT Driver
(b) Scale Up Combustion Area
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1. Root Cause
1.1 Environment
We guess an elecirochemical corrosion which is not subject to the reach of Semikron

damaged the fransformar.

= high ambient temperature
- high ambient huridity

- combination of high humidity and high ambient temperature

Electrochemical Corrosion can arise by interaction between different materials in a
component in combination with a constant DC -voltage polarity, temperature and humidity.
The used transformer is a state of the art design with varished isolated copper wires and

moulding. The failure mode is nol related fo a loc high current density of the wires.

Fig. 4. IGBT Driver Manufacturer Cause Analysis
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Table 1. The Result of Experiment

Heating and Cooling Controller
Division
IGBT1 IGBT2 Inside
Begin(C) 26.8 26.7 26.9
After(C) 109.1 454 91.7

ol Fig. 52 A&& 07 EA7F 9hAlst IGBT SKHI
71 RE] dlolE]o]t}{3].

Absolute Maximum Ratings

Symbol |Conditions Values Units

A Supply voltage primary 156 v

Vi Input signal voltage V5403 v

loutpen | Output peak current 2 A

10Ut pyme, | Output average current (T, = 85 °C) 20 mA

o Max. switching frequency (Cgz < 9nF) 50 KkHz

Vee Collector emitter voltage sense across 900 v
the IGBT (for 1200V-IGBTs)

dvidt Rate of rise and fall of voltage 15 KVips
(secondary to primary side)

Vieaio Isolation test voltage input - output 2500 v
(2sec. AC)

Visatro Isolation test voltage output 1 - output 2 1500 v
(2sec. AC)

R zonmin Minimum rating of Rg,, 10 o

Reaetmin Minimum rating for Rgoy 10 o

Quupusa | Max. rating for gate T, = 85 °C 07 pc
charge per puise T, = 55 °C 1 pc

T Operating temperature -40..+85 °c

T Storage temperature -40 .. +85 °c

Fig. 5. The datasheet of IGBT SKHI 71 R
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Table 2. Temperature Condition

Room Condition Outdoor Condition

Division

Dry Bulb | Wet Bulb Dry Bulb ‘ Wet Bulb

Temperature((32.0+0.5) T|23.0+0.5) €[(43.0£0.5) T ‘(26.Oi045) ¢
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Fig. 8. (a) Data Logger GL820 (b) Temperature
Measurement Environment
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Table 3. The Result of Experiment before Applying

Heatsink
Measurement s . Temperature
Point Begin(C) After(C) Differenc(C)
GATE1
IGBT 45.6 109.6 64.0
GATE2
IGBT 454 89.5 44.1
Heating and
Cooling 45.0 82.3 37.3
Inside
GATE IGBT 43.7 103.1 59.4
CBR 429 75.0 32.1
Inside
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Table 4. The Result of Experiment After Applying Heatsink

Measur-ement Heatsink A Heatsink Heatsink
Point B C
GATE1 o o
IGBT 84.6 T 86.1 T 863 T
GATE2 o o
IGBT 723 C 735 C 738 €

Heating and
Cooling 714 T 724 T 721 T
Inside

GATE IGBT 73.8 T 78.0 T 80.7 T
CBR 652 T 674 T 680 T
Inside
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