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Abstract: Gas valve technology is one of the core technologies of solid attitude and orbit control system. A
high frequency rotating gas valve system driven directly by servo motor is presented. The system has the advantag-
es of rapid dynamic response, simple and reliable structure. The valve clearance is optimized by analyzing the
thermal expansion of the valve and simulating the impact of high—pressure air flow, considering the reliability of
high—frequency switching of the valve and gas leakage. The influence of valve angle, motor speed—down ratio and
valve arrival time on the parametric performance is analyzed. On the premise of ensuring the required torque to
switch the valve reliably, reducing motor speed—down ratio can greatly improve the high—frequency response per-
formance of the valve. The increase of valve arrival time with valve angle is lower than the linear increase, so the
valve angle can be increased to eliminate the influence of control deviation and assembly deviation. Finally, a sin-
gle valve prototype was developed for the ground thermal test to verify the reliability of the motor—driven rotary
high—frequency working gas valve, the valve switch is normal, the response time is less than 10ms.
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Fig. 2 Radial thermal expansion pattern of valve core
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Fig. 3 Radial thermal expansion profile of valve chamber

1] 23 i 22 BUAR /N | AU 3 70 5 OF A4 A T, 5 ()
P 4ms , 75 F 25 O M A 0 SR R 58 E 5 IXE 6MPa,
WA 0 B E M 0.1MPa.

4 it 7 A BT 00 4 T AF 2ms S P9 TR 58 43 A AR
Pl B PR A A 45 Ak 1 OF i3 RS A w4 Ak T ¢
PR . T RLE H,0.6ms 5, R 9 A0 58 2 T
RS, 25 O AR BB 5 T ) BR 2z ) ) R 5 2 24
9 0.2MPa, 7E 0.6ms Hi i < i 58 B B o, il TS0
AR TES 25 O R ICH IEA , 25 0 R 25 4 PN 30 R a2 B
A= i N ) R 5 A S O DTN A B N Tl e o N )
i BN AR S — R K. R A
A 30 EL A X6 4 K, 19 ) Wt A7 ] R i) Bt X A7 A T
22, PRI T8N A 2 ] Mot A6 O AT — 000 7 A s 4 o 1R
SRS A T T I K AR [ A RS a0 T RS B s A
ISR AN B T TR S e U L AR 9 SN (DR I I K A
AR b D7 B W K 6 fr R, 7E 0.4ms B 3k B i K(H
0.205pwm o AH R T 0 T2k e 152 22 , AU ol o X A% B ()
B 11 52 ) 52 4 0] DLW, 3X A5 25 T A5 0 AR 1Y IS &
FBETE A b PR SR SR S5 R 1T

HE E 0] K e 0 2 B 58 Tl 2% 7 A K T R Bk
T, Bl HE AR R TR 5 B R SO R
AR SCHEIR TR T AR 33 R % e iR R R AT
AL UE X6 RLAR p8Owm 1 BR S 5k 5 o U8 SR AT
98% . K, 2565 BT 3Z 8 K e A vh iy
Pt A5k B R A% 2 AR e =X () B3 B ] dRe /N AT &
IR BR 0.2mm , T R T G P 00 M8 457 0 R SR X i

x 100% (2)

Y
X=D +aL

Ay B X e L % 5 Lo IR T R B Rl
0.2mm ; D, A W5 45 0 38 L 4%, 8mmo

TI A 20 1 1R AR X Ul o 9.1% , B T i
I TR AR T A T S 0 A Y — 8 43 4
23 O DAY A Tt Ol AR A A AR T TR
32 WITABRFERSE ST

BRI TT AT HE 1 7 m Bh A& D) e ad B v W L

2203014-3



Fa3E B

[E R S 4 e S LR SR ] oo 3 T AR 4 P 5

2022 4

0.09
(a) =0.2ms

(f) #2ms

Fig. 4 Pressure distribution of air flow filling process in

valve chamber
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Fig. 5 Radial displacement nephogram of valve core
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gas control surface of valve core with charging time
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Table 1 Main technical parameters of valve servo and load
Servo and load indicator Numerical value
Idle speed of ny/(r/min) 16300
No-load current [,/mA 82.8
Blocking torque M,/(N+-mm) 586
Blocking current [,;/A 20.9
Resistance R/} 2.3
Time constant 7/ms 1.62
Rotational inertia of rotors J,/(g+cm?) 5.54
Reduction ratio & 5.4
Rotational inertia of reducer J/(g+cm?) 60
Reducer efficient 0.7
Rotational inertia of coupling J,/(g+cm?) 6.1
Rotational inertia of valve core J,/(g-cm?®) 15.74
Friction torque of valve core M /(N+mm) 74
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Table 2 Parametric analysis table of valve rotation angle and deceleration ratio

Servo parameter Scheme 1 Scheme 2 Scheme 3 Scheme 4 Scheme 5 Scheme 6
Valve angle 6/(°) 45 60 90 120 90 90
Reducer ratio € 5.4 5.4 5.4 5.4 12.0 20.0
Rotational inertia of reducer J/(g+cm?) 60 60 60 60 93 134
Reducer efficient n 0.7 0.7 0.7 0.7 0.7 0.7
Time constant 7'/ms 2.442 2.442 2.442 2.442 1.854 1.735
Maximum speed n/(r/min) 15755 15755 15755 15755 16055 16153
Arrival time t/ms 4.592 5.554 7.368 9.110 13.064 20.306
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