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ABSTRACT: In order to achieve the reliability prediction and improvement of the integrated controller of commercial electric
vehicles, the method of combining stress simulation and physics of failure is used to predict the reliability of its key circuit
boards. The thermal and vibration simulation stress analysis was carried out for the digital prototype of the integrated controller.
The failure mode mechanism and effect analysis (FMMEA) method is used to analyze the possible failure modes and failure

mechanisms of the printed circuit board, and the failure physical model of the potential failure mode is determined. The results
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of the stress analysis are used as the input of the failure physical model, the reliability prediction based on the physics of failure
is performed, the weak points of the design are found, and the improvement measures are proposed. Through the thermal simu-
lation and vibration simulation analysis of the key circuit board of the integrated controller, eight high-temperature devices and
thermal concentration areas of the circuit board are found. The vibration simulation analysis shows that the top and center vibra-
tion strength of the circuit board is large, which may cause fatigue failure, so attention should be paid to it. FMMEA analysis
shows that the main failure mode of the circuit board is solder joint cracking, which is mainly affected by temperature cycling
and caused thermal fatigue failure. Finally, the Coffin-Mason model was used to calculate the average failure interval of the cir-
cuit board is 15869 h, and the weak links of the circuit board reliability design can be found out. This method is based on phys-
ics of failure, which is more accurate than the traditional manual-based reliability prediction method. At the same time, it can be
parallel with performance design during the product development stage. It can achieve the purpose of forward reliability design
by analyzing and improving the product design, for the new energy automotive electronic product reliability prediction is ex-
pected to provide new ideas.

KEY WORDS: electric vehicles; physics of failure; stress analysis; failure mode and mechanism effect analysis; reliability pre-
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Tab.1 Typical failure mode, mechanism and physical model of some components

Potential fail-

The failure mecha- Environment and

. Failure mode . . PoF model
ure location nism operational stress
Open 01rc.u1t, short circuit, Electro migration Relative humidity, voltage, Black model
high resistance, leakage (EM) temperature
The threshold voltage increases, Time-lapse brea_k- Electrical stress, tempera-
increase of switching voltage down of gate oxide ture, channel large electric Wu model
(TDDB) field
N Hot carrier effect
Semicon"ductor Short circuit (HCT) HCI model
device Negative bias tem- High temperature, stron
Gate current perature instability fiel dg ne a‘gve ate’ ross fre NBTI model
effect (NBTI) - hegative gate p
Open circuit Chip corrosion Temperature, overcurrent Pecht model
stress
Open and burn Chip bon.dlng layer Temperature cycle Suhir model
fatigue
Capacitance Breakdown and burn Dielectric breakdown Electrical stress, temperature Rawal model
Solder joints Signal is intermittent or open Thermal fatigue Temperature cycle Coffin-Mason model
Through hole Signal is intermittent or open Thermal fatigue Temperature cycle CALCE model
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Tab.2 High temperature device in a circuit board

Device The shell Temperature

location temperature/ ‘C rise/C
N511 97.3 0.3
N512 97.5 0.5
R541 96.6 -0.4
R542 99.0 2.0
R543 99.3 2.3
R544 99.5 2.5
R545 99.6 2.6
R546 99.5 2.5
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Fig.6 Circuit board temperature distribution: a) front of cir-
cuit board; b) back of circuit board
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Fig.7 The first three-order modal analysis results of the printed circuit board: a) the first order modal; b) the second order modal,
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Tab.3 Resonance frequency and position of circuit board

The resonant

Order frequency/Hz Local mode position

NS5I11 349 The top of the PCB
545 500 Near PCB top and struts
546 827 PCB center left and right
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Tab.4 FMMEA table for some components

Potential fault location Failure mode

The failure mechanism

Environmental load Fault physical model

C593 Solder joint cracking
R556 Solder joint cracking

Thermal fatigue

Thermal fatigue

Coffin - Mason model”
1201

Temperature cycle

Temperature cycle Coffin - Mason mode
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Fig.8 Circuit board failure prediction model: a) front of circuit board; b) back of circuit board
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Fig.9 The location of potential failure spots on the circuit board: a) front of circuit board; b) back of circuit board
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Tab.5 The main failure information matrix of the circuit board

e S
C593 Solder joint cracking Thermal fatigue 31876 13 334 91 469
R556 Solder joint cracking Thermal fatigue 33117 22 046 51903
C590 Solder joint cracking Thermal fatigue 33653 14 624 117 968
R551 Solder joint cracking Thermal fatigue 33 361 22970 53 168
R550 Solder joint cracking Thermal fatigue 33 823 23 944 57 791
R557 Solder joint cracking Thermal fatigue 33 823 23 944 70 080
R553 Solder joint cracking Thermal fatigue 34 894 23 749 56 185
R555 Solder joint cracking Thermal fatigue 34 967 23 749 56 210
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Tab.6 Life distribution parameters of the circuit board

Distribution type Weibull
o Shape parameter 3
Distributed Scale parameter 16 207
parameters
location parameter 1477
Mean time to first failure 15 869
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