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Abstract [ Objective] The grid-side converter is a core e-
lectrical component in high-speed railway EMU traction drive
system, and its reliability is directly related to the safe opera-
tion of the train. Therefore, it is essential to simulate and ana-
lyze the temperature rise characteristics of the grid-side convert-

er in high-speed EMU to explore the relationship between tem-

perature rise, operating conditions, and environmental factors,
providing theoretical support for temperature evaluation during
actual train operation. [ Method] The temperature rise charac-
teristics of power devices are examined, and an electrothermal
simulation model is established incorporating the power loss
model and thermal network model. The former is used to quan-
tify the losses of power devices under different operating condi-
tions, while the latter simulates internal heat conduction and
dissipation processes of power devices considering the train’s
operating environment. The simulation accounts for multiple
influencing factors such as operating conditions and ambient
temperature, dynamically analyzing the temperature variation
trends of power devices and their impact on converter perform-
ance. [ Result & Conclusion] Simulation results demonstrate
that the established electrothermal simulation model accurately
reflects the temperature rise characteristics of power devices.
This research provides critical data support for evaluating tem-
perature changes in grid-side converters during actual train op-
eration.

Key words high-speed railway EMU; modeling of grid-side

converters ; temperature rise characteristics of power device
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Fig.1 Topological structure of rectifier module for high-speed

EMU grid-side converters

BEX IR HT T S5, AR SCHE ST X W 00 A2 4
(AR I 73 T, FE A A PR AS M 1
AR ARl TS 22 A A% O TR 5 ) 3 4 R A Y
PR R RN D0 W i Ve e 5 VA
TR, BN 5 A T 05 AR R B Y i
THAR K X 05 A5 R A AT I UE, B AR 1 R (Y v
BTk, B2 A X atsk m gk sh 4 e s g B
AR s AR AT T IR AT 3T o

1 DERFHERFEE

TR G A ) T TS TR oy g 25 450 A 7R 1 A )
LRI KA ORI B o FETh 28 ) T AR
AR, L) AR 32 B Al O B T 2 AR 4
FERRRY AT 28 SR I A AR 28 A5 T A i A S8
A0 ZEASE R U] 35— 2 phy PABEL R PR EER AL,
FCr BH T T R AE D) ARG P A A2 25 A I i i
AR, T AR JU) T T i 3 G I 2 L A R
Pho AR F B B AR TR B RO U,
RGO I T AL IR AT, SRR i 2

- 122 -

2025 &

B IR A i g R 47 ELA Y | 1) SR AR 1 A A5 B S it
EOBZS L (S TP IOL PN L o
1.1 ThERFEHER

B 25 20 I 0 A 3 g Ty 6 2% 1 Dy 4 RE AR AR
FERMET IGBT Wy LB AE S M AE, L I
FWD B[ R 4546 5 @ HiFe it . 2, &
T AR 1) 512 3 o 2 ) g D) ) e 1 LA
RYFEANTA] T 00 T AR B 38 8% 8 1 =2 38 o e AT e
ok, SEMT AT AR R A T OCHAE S S R
AR BB, W2 2 2% oy R A& 00 1Y A 18 T 0
IR,

AR ST RIEGE A N FH A S fif Y IGBT BU -5 4y
& FZ750R65KE3 . IGBT [y 3l nikem'" .

PcondilGBT = Jvcelcdt (1)
X
V.—IGBT [ 5t Hs5it 5
I.—IGBT £EHIR LI ;
+——IGBT S I [#]
FWD K@ A€ -
Pcond_FWD = Jvcelfdt (2)
X
[—— AR AR A LR

WS D AARF ) T S BE Ak il A8 dl , £t ) b £k
G THAG /04t IGBT BJT SRR, LA K
FWD ) [i PR et 0 -

E, =0.003 004> +6.6981, (3)
E; =5.6791, (4)
E. =-0.001965I; +5.6011; (5)

Aqrf

E,, E—IGBT Ry KCRERL, B ml;

E..—FWD By n kI figt, Hifi ml,

iE— 2D AR A A1 1) S8 A G IR I 8], AT A5
IGBT [ JFB R FE P, FIRWHRAE Py, LA FWD [
S RPRIZIRFE P oo N -

E
P, = (6)
tOﬂ
E
Py = Tuff (7)
off
E
PI‘CC = % (8)

I DR B BB AT AR A

PIGBT = PcondﬁIGBT + PoanGBT + PofffIGBT (9>



$£25H

Prywp = Pogna rwp + Prec rwp (10)

WA, T O BE it bR B A T 1H 5 PR IR Y

IR A A AR AR, TR P36 3 ) 2 R i

PEATA BB IE . T T 5 48 15 A9 T 45 44, IGBT

5 FWD S HE 8 S RS, B TR 214
IR BA T 1
1.2 M4

SR 1 1 R0 0 0 00 B S M A

K IGBT MR e i 4 Hm 2 R &l 2 frs .

IGBT: A

R
2
%C;E {e@z%m%%
2
R
AR
SHE
B

1 : DCB—A P %
K2 IGBT a8 FEht i
Fig.2 Diagram of IGBT (insulated gate bipolar transister)

power device structure
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Fig.3 Equivalent thermal network model of power devices
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Tab.1 Thermal resistance parameters of power devices

IGBT #4fH/ FWD #4fH/

Mrik (K/KW) IF R 4 s (K/kW) I i) 4/ s
1 0.44 0. 004 2.69 0.005

2 5.62 0. 044 11.49 0.048

3 1.67 0.405 2.82 0.313

4 0.96 3.930 1.61 3.348
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Tab.2 Simulation parameters of EMU grid-side rectifier
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Fig.5 Power loss simulation results
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