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ABSTRACT: The purpose of this paper isto carry out failure analysis and put forward improvement measures to the EMU key
circuit board card. Through the analysis of the environment during the application of EMU (Electric Multiple Units), it is deter-
mined that the main factors affecting of EMU are temperature and humidity stress. In order to shorten the test period, the con-
stant temperature and humidity accelerated stress test is designed in this paper to quickly expose the weak links of the board and
its components. Under the influence of stress, the failure of board and components occurred in different degrees. Based on the
analysis of the physical and chemical properties of the invalidation parts, suggestions for the application environment and analy-
sis method of the board card are put forward. The failure mode of EMU circuit board in high temperature and humidity envi-
ronment is electrical performance fault. The inductor has cilia and white attachment on the surface due to the poor seal of the
board. Working at high temperature will lead to damage of paint coating and failure of inductance. Failure and aging of solder
joint, PCB substrate and paint have not been detected. Inductance, MOS tube, electrolytic capacitor and other components are

Fs B3 2021-05-10; f&iTHHA: 2021-07-15

Received: 2021-05-10; Revised: 2021-07-15

EHEE v o (1981—), K, Mt, HAIET, TE2HAT@QADELNI) Z2EARG LY,

Biography: LIANG Shuang (1981—), Female, Master, Senior engineer, Research focus: maintenance of EMU brake system.
Bl B, Hwd, Ra¥, F HEALLBRFTRAONT S A #HE[]. K& R T4, 2021, 18(12): 109-115.

LIANG Shuang, YANG Pan-kui, WU Ji-jiang, et al. Failure analysis and preventive measures of key board of electric multiple units[J]. Equip-
ment environmental engineering, 2021, 18(12): 109-115.



110 - *oE N

2021 4% 12 A

greatly affected by temperature and humidity stress. The sealing and service environment also affect the service life of the board.

Heat dissipation and seal shall be paid attention to during daily use. This project aso provides a feasible method for the preven-

tion of board failure.
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Fig.1 Appearance morphology of cilia
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Fig.2 Appearance morphology of white substance
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Fig.6 EDS spectrum of ciliated frame region

K4 UL X
Fig.4 Amplification morphology of enameled wire area of
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Fig.8 EDS spectrum of white substance box region
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Fig.9 Waveform of inductor against ground under no load: a) board A; b) board B

PR A B BT A e B L R 4, X A 1Y
HURIE TR SO, RS R, ik A B
JEAE P W BRAIG, FRBREL R AL o X B 48 o 2 S5 R 1)
MR A Sk B #ATHIEXT T (10%f5 2% T H st
M), WK 10 s, EHEERE, Rk A HE
ﬁ%ﬁ%%ﬁfsm&%%m AA R A T
Pl G, DIREE IR EZ IEH, R A FYREUE HL

a ik A EHL RS

KA E o
PLRE B R AN R A B S B A,
i T H SEM il EDS /3 #rgs R won, B FEE C.
O. Si, HOY R EES C. O, Si. N, A&4JE
gy, SHEBIEK, HEBR CAF &%k, NiEH THE
TE%&#%%@H%*F$* TR, AR
a PR T AE R R . FPERRS T, HUERET

B 10 HuER A 2R 10960 X il ik T
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Fig.11 X-ray scanning images of solder joints before a) and
after b) the test
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Fig.12 Hole position morphology of solder joint

2R TN G

T A Y L HRE A 1R TR E R S P R R A
ity P A ) IE R A A £ A 1A UL 13,
ALl 1 R o Y T T A L R I A
TR 28 5, A5 ARl ) (7 B JC W] R A8 AL, ik B
PCB A A 75 1 i 1 2 308 e e 2 4E

KEEIUAHT 5 B E L AR IR AL A IR S AE X
SYER A A =S, A S IR AT U R ORI,
K BGELER IR R, RIWRSOE OGS, I E R
TR R IR AR AR I R 3 B AR X PCB 2k
b5 =B BEA T LTSI, B RS R
WoCE A S, N IAETE IR AR A X PCB AR
Hb 5 = BB e R R R

O 0k

HTIRES SR AT, AR Y BRSO R SR B
T = ) TARPREG , R AR S R . X
MR BAT LU RHIE . 45 &, Sibristt b 2 35
SEMARCR s P J& A A R D R T s A5 AR
SMHLA O IR B, LSRGl HUR . MOS
R A AR N H R R R
OIS B A, AT LAE KA BT ]
WX AR AR HEATYRAE FRL, T LA 50 A R 2 2800 Y
B, By BE AT LA R AR R R

MY PR A, HAR R T ST LR
TR 33

L) BENIGEN TR N, B4
HREZ RPN BT E G R R T T s AT R
LR AR 55, SRR =R R Y5 A
B R PR B B BRBR R

2) AR IE T AR AR e 2,
AT IE AT s FTE AR Ais S s T AR AR
REBUER, 8O R .

3) PRBNAEHUMN ST LR Bl W oods
PF . IRRERR SR RN TGS 5
LA BB AR R



- 114 - E RN S 20214E 12 A
§
i
R
2
1007.64 cm™
74
70 438.91 cm\!
1 Il Il Il Il Il Il
4000 3500 3000 2500 2000 1500 1000 500400
WeH/em™
a RIET I IEH R
98
96
2921.94 cm™!
9% |
.92 r
X 1506.63 cm!
90 1233.39 cm'!
R 1180.81 cm
R 88 -
86 827.02 cm\!
1009.73 cm™!
84 -
82 C 1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500 400
WeE/em™
b BRI A] J S
§
i
R
2
419.47cm™
84 1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500400
PWeE/em™
¢ IRIJG IEHE R
K13 2o ahigal

Fig.13 Infrared spectrum: a) normal sample not tested; b) samples that failed during the test; c) normal sample after test
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