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Design of High-power Supply for Arc Heater
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(1. Hypervelocity Aerodynamics Institute, China Aerodynamics Research and Development Center,
Sichuang Mianyang 621000, China; 2. National Key Laboratory of Aerospace Physics in Fluids,
Sichuang Mianyang 621000, China)

Abstract: As for the high-performance requirements of arc wind tunnel test, in this paper a set of 52 MW
high-power arc heater power supply with adjustable output current (0~3 000 A) and adjustable voltage
(0~22 000 V) is designed, including specifically topology analysis of converter, type seelction, parameter
design, loss and radiation design of key elements. To address the nonlinear characteristics of the arc load ,
an optimized control strategy based on fuzzy PI control is proposed and, on this basis, the protection system
is designed in detail. It is demonstrated through operational assessment and verification in a certain arc
wind tunnel that the designed power supply can achieve long-duration stable operation at the rated current
for over a thousand seconds, with a constant current accuracy of 0.57% , no current overshoot and an output
current ripple coefficient of less than 3%. The Experimental results show that each performance parameter
of the power supply can meet the design requirements, and provide a high-performance and highly reliable

power solution for arc wind tunnel test.
Keywords: high power supply for arc heater; converter topology; crucial parameters design; fuzzy PI control;

arc wind tunnel test
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Table 1 Key parameters of power supply of arc heater
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Fig.1 Topological structure of arc heater
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Table 5 Parameters and heat dissipation effect of radiator

SR il

A RS AR AR T/ (K/W) 0.005
i ) A e R 2R/ °C. 64.272

A ) B Bt/ (s ) 0.136
THERCASIEH S (KW 0.005
AR KA IR/ 63.53
TR R (Ls) 0.062

3.4 IEREBEANSYSHIRTHAM

38 2k BT ) v 0 AR U A% 25 (B FRL R 3 oy
A LG ) RS IR T . B TR HL I
U A Z HLHEA S o LG i B HE S R T
S PRI A BRIC B A2 i ds e A s A T A
B 0 RS I R A TR S AT

XoF EEL ST b b R ) S AR = AR A7 fT Ak, %
FEAMEOL T 1 L I S A TG A L O LA FLRG
iy oy WA 20 %) WICRRH R B W G T A Sk 28 A R A TR
BIGERG 73, BARGE R LK 5.

El5 TR SHRSARS T
Fig. 5 Steady-state thermal analysis of converter busbar
AR DL ek 4 2% S Y A R0 TR A T AR A A
XA AN 7, 22806 i T A7 A o 3] 38 T AR, S 1)
WO SIRRIR . 75 B 25 SRS L B AR I B kv
+ 126 -

BHAR (R B BRI LS 22 °C, % TR a4 s &
P28 3 kW, {5 B 25 1 BoR i KR TN 18.1°C,
AN BENE A SO & I8 A 34

4 HESTEEITRIE

4.1 FESHSH

R TR A Y L AR S R AN R 6 (a)
B 7, BRSO IR M 30 A, B0k 5 FE 1%, 8 2 /)N
T 3% MBI R . PR 2 999 A fH IR
FE/NT 1%, Fth i sh S s 6(b) s, 28
R Y) 2 H0E YRET IR E R 85 A, Lk 2.8%, 17
SRR 1 P PR TR SR (<10%) 5 i 37 s [i] F e
TR A3 58 23 ms Al 85 ms, Y1 & 17K
(<100 ms) o

3080

30401

2960

2 920 i 1 1 1 1 1 J
0 2 4 [ 8 10 12
t/ms

(a) BUE R H IR

0 40 80 120 160 200
t/ms

(b) ERER T %
El6 it hkae

Fig. 6 Performance of output current
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Fig. 10 Power supply for high-power arc heater
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Table 6 Temperature rise test result
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Fig. 12 Dynamic step test waveform of output current
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