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Aging Monitoring Method for Power Device Bond Wires in
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Abstract: In a closed-loop control system, the aging monitoring method for power devices based on electrical
parameters is one of the difficulties in the field of power electronics reliability. The direct torque control (DTC) system
of a permanent magnet synchronous motor (PMSM) is taken as an example, and an on-line monitoring method for the
aged state of power devices in a power inverter is studied based on the phase diagram of flux linkage and current.
First, the aged characteristics of power devices are analyzed, and it is concluded that the on-state resistance will
increase due to the aging of bond wires. Second, the relationship between power device bond wires aging and the
phase diagram of flux linkage and the relationship between aging and direct axis current and three-phase current
peak value are studied, and the aging monitoring methods are proposed accordingly. Finally, through several groups
of simulation experiments, it is verified that both the monitoring method based on the phase diagram of flux linkage
and the monitoring method based on current can realize on-line monitoring of the aged state of power device bond
wires in the power inverter. The monitoring method based on the phase diagram of flux linkage is easy to observe

when there are some fluctuations in the system flux, so it is not desirable considering that the power device has
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already been in a failure state at the same time. In compar-
ison, the monitoring method based on three-phase current can
more accurately monitor the aged state of power devices, and
its effect is more advantageous.

Keywords: Permanent magnet synchronous motor(PMSM);
direct torque control (DTC); power device; bond wire; aging

monitoring; phase diagram of flux linkage



55 4 3 RO, 55 THRBEEERHL LY PMSM DTC R 48 Ui a5 A A M Iy 12 293

PRz R G0 PR e R 4, RIS 5 1k
T 0 B RS it ) P 5 1) I Sl 2R 5 . K
WAL B R G | IR RERE U PR 5
¢, 3 SEHAGHIN A A LAE L AT R TSR AR A
WESENR(EL, I SS 5 (ENFHRR, ffa e
AP it s (02 ) o He S, ATk 3 BRAE
R AR TALGIT R, RERE At R AE
WPERIRTERT P UERASRE , DN T RERERUFAE RS ,
(R T i R RS (e 41

KGR A FE ML Bl 2R e — A L BL IR Bl |
AN i) A8 P X 3 AR, H
Hh Dy AR AR AR B P A D) R R TAE T RO A
AT o5 HEEEA, JE ALK RSt B
B AR BB o AR BERS XS DR AR A S HER S A T 5
ARSI, TR 2L REAS AT S0RE O R D R AR IR
75 L PR R Gk e, MR e R LY 22 e R
Mo PRI, KGRI AP ML R R A i R G T2
A ARSI AT EZE X

DIRARHRES AP IR 2N IGBT, #A
SCHRGHELLIGBT A, 2T ettt ik
R W A W7, SEA B Sl R
R (=R N RN iS55 11 N =0 R AR i
P I 5 VAR R FT AR IGBT A Ak i Wi 2
B, SR LS ARIE ] TAEL I, BRI
AT RGERRARNEI, H I A E s o A

o o o e

FFRFEFI |

MM AR 5 DN I R A T A B
BB B 2R ZS %

N TR RGN A E AR, ARSI
LT AR PEURT = AH L R A DT A AR R I T R
RN . B, MR IR,
AR B AR 1 ) R T AU R S AL
JRBPIRZS s HR, 0 HridiAe f o 45 DR A
FIEACIRZS T OB , ARIRERE S BRI R & &
MRS BORFIE A E—— A AT PR = AT LRI
U, MHOTEACR, REPRGFE S R (E
ZIMBRFR; n, SEKREE D iHL EERe
PRGN RGBS RIS, o, S
T AT A AL M Ty 3k e AR e B —
LERL A G W, LI DR AL T RO,
BITEIFAN AT TR T =R F U B0 W I 5 725 R
{3 5T ARG B 3t M D Zh R AR ARG O, ZBOR
i

1 EHEFEEEHRZNINRSRZEFEN
HLIE

1.1 kEE LB EEREEH RGN

UL AR [ 2D ML e R G A AE
ElnE 1 fis . A3CGHE T MATLAB/Simulink #47
A AT, BOEMHRILRGESEILE 1.

: [vi:vel

Wt

|
!
TR 2 B i
)

—_—_——————————~

B
=
b=
p—1
¥
=
o
%

PMSM

B 1 okEEE SRV EERE R G EMER
Fig. 1 Block diagram of structure of PMSM DTC system
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Fig. 6 Phase diagram of flux linkage in aged state of different power devices
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