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Study of thrust stand for solid propellant micra2thruster array

LIU Shw2jie, FANG Shu2zhou
(School of Aerospace, Beijing Institute of Technology,-Beijing 100081, China)

Abstract: In order to test the solid propellant micr@thruster-array, a testing stand with
four high2precision piezoelectric quartz sensors was designed to measure, the main thrust and
the coordinates of working thrusters in the-array.—The static/calibration method was dis2
cussed, and harmonic @nalysis was-also performed. The X2shaped plate was shrunk by more
than 85% in material weight by-the means-of topology optimization. At last the thrust stand

can meet the-test requirements\in theory.

Key words: ‘\micr @thruster array; piezoelectric quartz sensors; topology optimization;

harmonic analysis

WA AL R S 3 2 e, AR
RIE ELZe J N T3 0 A/ B T SRR
(I AN AR, At R 2 A IE 17 5 ) &
SRRV A, I RE S RS B 1) 3= ) A )
LT A 7R AR ) i B A7) LA R T
B BRSSO, ATRAME A T2 TR PR
AT

I AR A ) 25 65 2701 U T (R 5L
T AR E Y Orieux S KT T —Fh {5142
AU 1, 3 e R 2k P LU R
L Pl 2R (s A8 2% 01 5 RS U= R 4D M
Pl KB AT I H . AR e
D HH A FERIHE g S 4LIHE g, R LUK 21 mN 4
(17 He, (EE A RE U SR HE ) 2 HE D) h £,

120020212 1200208225

ANRE DX ZANHES) G RIS R K B AR DL, AN
REM B AR HE ) 2% (0 (67 B ARAR . PP ko
AR S W A )y R MR H g (ol
TG GG B OB R AT Levis 5246 % ¥ I 18
7, X LEP K AT AT X A A A 20 [l oK
KAWURIIES T, ANIEH] 90 A T 11 (0 HE T 2 B
FI .

1

WRA XSS A&l 100 mm @100 mm ¥ 10 @10
T HE g BB A1, MR AT S5 A 5 ISR A A ) 3%
BB AT T ANEIGEE PIAS mUKHE D) 23104 2k
FIRE EAL .

DRIASANC1984- ), Y3, BRI EORH N, AR, WESUU ) S R B S 5 TR, E2mail: lusj@bit. edu. cn



26 3

S S S5 OR A g 2% B B, & RO 1413

T Rk AR D 25 T AR AR 1) H R
U UE UK I © R A R
PO THESER R R » B ) a8 FES T AR
RIE A1 fE.

B ANHE TS F K s KA 0 100mN, 4
T3] 10ms , ZER MR ARG BAT st T fE
A mN 2 739 R BL R R G Bl W g

2

DA 65 (UL ARG A s L A% Sl SCH 1T
&, 1 G LBCE M HES SR8, TG 2 A
I T B A0V AOHE . AR HE BN BT,
LRI AR, AT [ 152 2110 TR,
575 A RE LR 5. B SRR R KHE T 28 (A AR
b, BT DAARAR G828 /0l 2 3 AME s, (H2 A
3 ARSI MR 5 0 VAN g 0.

ARSI G R T 4 ML IR, fE4
TGl HE 45 M BITAE R LE D T PARC )0
figk b, 2 MRIRER T, 53— SRS 2 Py
A S T TOL A SR 17 7 B RT DU A
T, JF RN U .
211

Wil 1 B, XO XV ik Gl #E ) 2 Fe 21 e
FEIR - T, R4 HLAR I 5 2R 04 2 B TES A, )
NIEAH, Fr ANE4 A A0 A 2 AR P 52 1
J1, 4810 Z HIEJ71A), Fa2 AEs A 55— S0k
R, R ) Z B AR A EAORHE s B

Y
F F,
b
L
a
o X
F, F,

K1 kG R
Fig.1 Draft of test stand

WA SR, BBE i KHE )45 B AL B AR FR N (a, b),
L O AHAR DA AL s 2 8] PRI 2, A
PAHE SIS F
F=Fi+ Fs- F2- F3 @)

XX RO A
Mix= - Fa= (F2+ Fa- Fi1- F3)L/2 (2)
XY il B A
My=Fb= (Fs+ F4- Fi1- F2)L/2 (3)
H13(2) M 3(3) W FF
a= (Fi+ F3- F2- F4)L/(2F)
b= (Fs+ F4- Fi- F2)L/(2F)
212
[FJIF s K BRI Z2 A HE ) A4t i & ) RIDR S
03, BFAME g d A g3 AR A5, b RHE I R/
ATLLASHH TR I Rk R HE D 2 S5 n. i 2 B
71, WS HOAS R BANHE ) 2 HORL B, T a~ j R
TRAT, 1~ 10 FR %1, an WIZOR a 1728 1 44
i, A R 2 AT R AR S 2 B L Y
n= 2 I, SRk R HE A ] A, VB R A S
DI AR E A E T VR S HE ) A AR BR
IDERAT AR 4 ADHED) 85T HEIOE TP #1109 A
AL s B (T A s ARG ), W B BT s i)
P~ o BB EHE I AES R IR, S HE T AR

R AR R ) drasts £ KT, WA Sk
(1IHE I DAAE K 7 T P L s (1) DX sk e L Y, 9
HTF pa AR AR KA ar A £3, a2 Fl £a,
as M f1, bl Mles,bo Me. , , [ EK, ] An2
sys 17 BB ) AT v SRR LA AR il 3R AR 4 AR
TGRS (B 10 .

I o TTTRT
| |
i m ¥ i
i 10,, 10 i
i ar a, ay a i
i i
i b, 5 b, by i
. ¥ F ‘.
! P Ps !
A :
i ZR i
i &g !
! r — = !
| : X |
i HE RS i
i !
i !
- !
P i
P2 !
i T [
i !
i !
lF £
e e e e —+

2 RUKAE S AR AL E
Fig.2 Coordinates of working thrusters



1414 g = B

W25k

B b Fles [A]IF Ak, EHES A OLIN,
Fi,F2, Fs FlFa J7 4 Z B EJ7 I, L KN
243 mm (H ) FESP AT DAB T B R

01 1(L/2- 90/2)+ 0L 1(L/2- 2015)=

(F2+ F4)L (4)
Ol 1(L/2+ 301 5)+ 01 I(L/2+ 0l 5)=

(F2+ F1)L (5)
01 1(L/2+ 90/ 2)+ Ol 1( L/ 2+ 201 5) =

(Fi+ F3)L (6)
Ol 1I(L/2- 3005)+ 01 I(L/2- 0Ol 5)=

(Fs+ F4)L (7)

P REA, RITRT AR A 1 J A ) P8 i
{8 73 5 SR DA 21 IR HEAT LR, R 22 B/
R PRI 20K S AR . DU RS B,
ABCAL SR T P e D e, SO SRAS ) K T
(R DA BEANHE )85 B, dix 2 i 288 5 RE 50
RT3 Jrik: G R bREZ R e 10 g RS AEHE
737 BB (I8 7 A A Ut In bR #E 73, 3t S AR AN 5
EHETIE 4 AR S BRI R 2 S
o NG HL, R REATAL G, W E S A A B
R R PRV 22 doe s 1) — LB DAy SI B

Moo= 3 I, Bk FEE, RV ER A, i
TAFIIIN TR ZEAAR IS B SR FERRE ), ey v
SEARAT AL Abrw] {5 AT, 2 N TR
R, A BT DAR] ey 18 s Ak 56 Je s B
TIEAfsE .
213

R ARG RE S e N 1455, T
HIAT S AR R RE RV < v WIURE v R BB A iy

IR HTRT DASE JSH B 2 45 K T ) AR () S T, AR
SRR GFELR G % 18 T A Bk B FRAUR B
LR FEE, R R B AR (PCB) 2 | 4E
P 20800 1 He FL A et 8 A1 152 DT T 0 v iy
TBORARHEATHE S0 0 6. A% s (1) DG B Pk e = 4
R

s 441 48 N( 2 hrEll 2 k)
AR W N ] 0101 Hz~ 36kHz
RERE 1121 41mV/ kN

W BT 0100045 N

AL 1R < 1%FS

R S - 54~ + 121e

v fm o HE 8~ 12V

MR & = el B K 3 o,
SPEB
R B LS
S

SCHE A

~ X JEHR
s

30 ARG =4l

Fig.3 Thre€dimensional structure

MK & E IR0 A 2 AL P SO A R Y
WA TR (s PEAR IR 1) T, PSR B L A%
SRS 1)1 L] TV MR 8 mT DA LA 5 7 n
X AR B4~ S ] DLV T 25 B 5111
ST VNI B By, — g T S AR Il 2
D37 BB (52 LA ] 52, 55— 5 i FE R 5 [ s
RS TR it ) G B3 F R TR s,
Pl S, B2 18] g i Hefih ( BRTH0 5 10D
FFLL A5 1) 23 7 BhOR N 1 22k iRk 22 1)
S

X TR 4 A S PRI IR B R4
FRBEBAE Ak, JC Z By 52 SIS 4 M
SR N K0 VEE ) K HED ) A5 FE A1 T A
ST RIFE 7, 77T 1) A5 AE R o 1A i S
N, ATASEE MR AR

1T B K, W AR g8 IR AT 45 R R 5
RS T IR T (R A, R R R HL R X
TEARCRISZ $EHLHR Gk FEAEER AT RE. X T AR 04K 23
W, R GEFT I 1) 34X A 01 1N, W 45 ey (1722 T8 Al
JS2 ) AN AR K. AT R B (E 7 5 3256 U5 B
BT T EERAEL SR AN UL 755 B 4 AT
SRR AR IR AR 3N N [ 5 205, A8 v TR HE D) 2 B
FAT EA AR A B I 01 TN O, SR A A%
PER 58 2 BR MR 85%, HL AL = I 14 4
P,

Bl 4 Dt s R UACAT AR 32 200 TN
W& ERM R 85% I =, #E 143 BR8] X B
()2 98 0 DR B A4 E B 23, L2 Ol 0L
oy, JE R 3 mm (¥ 1E 5 AR H L 23t TT LA
LBk, SR RS 2 mm BT A RAEL, A2



26 3

XA A R ) A FE SN B 05T 1415

K4 it
Fig.4 Topology optimization

JERC 2 mm JE A ISR, Wil 5 Froas (),
Uk, O Bk 2ot BRI 85% LA, JER X TR, [F)
PR SCHE PN e IR, SR b iR

K5 i iegs 455
Fig.5 Optimized\result

4 (9]
R TR S ] DIAE S HE ) 45 B 21 5 A4
128 Bt PO A E IR TCE 5, 10, 20, 50g Al
100 g PR AD, I35 4 AN KES 1052 315 LT 248
HHATHARE. B 6 RGN A broe thek.

AR 0 b AE 2k

30
20 s
// E g BE 1S =- 5
10 +  ALRRBR LI
2 - x AL B0 i A
E =l  ACECRAE b
z TN — R AT
e \ —— BRI & T 2k
20 \\\\
\Q
—3% 0.2 0.4 0.6 0.8 1.0 12

XTEAR LB R B JI/N

Kle RFFHEIRE
Fig. 6 Static calibration

IAE MR R SRR 4 - X TR S Pk
DA HED) 28B4 e 3 2 5 IR 2L 3R A%, H Ansys
MR AT T2 A o, B 7 e s (1)
X TR P T 6 2 A 5 it o [ 44, 41 ) 2%
BB BT ST PR RO A7 B A IR L O TN 1E5%
TR IR, HEHT 500~ 1500H z S S Py mi i
IIAT AT LAIRAS G 48 P ATR IR A 1 R e
WRAR SCR K. i 7 "l TR, ARG e e
BEAE 1200 Hz 26 A4, 1w K A0 6 0 38 Ik 1
1000H z, Zh25 W Y. 3l 42 ZEK.

4.0
3.6
3
2.8
E 24
220
%16
1.2
08

0.4 .

0 poe A
500 600 700 800 900 1000 1100 1200 1300 1400 1500
F/Hz

B7 RGiERE

Fig.7 Harmonic analysis

TEAL S IR0 5 5 2 R B A A 28,
1A RGN CLAN R B4 5, o L g T LA
Pl R s o 5 s v h A
98T A BB B KT SR A 8 bR B
IR, FELHERY, SRJ5 250 A5 Hh B 5% (KM% ik Bk
6. 4 T B T4, 16 3 AME B2 5 n—
RATCATYE B, VE U 8 2 JEIE A T OK SRS 5
AR, LT 1% RS 3 A0 RE.

6

ASCBETH IRy 25 B IR & BAT BA R
FrRi:

1) BL 4 A s H A S0 10 A 1 2 S DO Al 7
ET BB AP AT R A A 85 (R HE ) A KA
EAABRIN DI

2) WG s XIEBIEAT T A, Wit
By N 2K

ARSC vt (R R G R B ostar LS Bx



1416

I

R

W25k

T HE ) SRR TR AR AR ) A5 00 HE S RS
Dol ZELR MR, 42 JESCHR] 13] AOSEI%, e &
Fey R PR A Tt = 1) s HA Jeadss ROV

[1]

[2]

[3]

[4]

[5]

Lol

[7]

P, BK L. AN AL HE D) R I AT ]
K, 2000, 21(2): 88 88.
YAN Xiongxiong, GENG Weiguo. Thrust vector meas2

e £

urement for small engine[J]. Journal of Propulsion T ech2
nology, 2000,21(2): 8&88. (in Chinese)

Wgrst, S, 55, & M T MEMS K Il
IS e R[] DU, 2004 1) : 15216.

YANG Hongliang, BAO Jianbin, WANG Zhiyong, et al.
A six DOF force/ torque sensor used in MEMS sample tes2
ting[ J]. Moden Engine, 2004( 1): 15216. (in Chinese)
MR, PEETIE, AR, S5 B AEE D 8% HE D B E R
WEFE[I]. KT, 2006( 1):25228.

YE Yinghua, SHEN Ruiqi, XIAO Guilin, et al. Study on
the thrust test of micr @chemical thruster [ J]. Initiators
and Pyrotechnics, 2006(1):2228. (in Chinese)

ZEWEVE. KRB S e | U7 S B3
HARHIF[D]. K¥b: FPIRERA Y, 2005.

LI Haitao. Research on the theory and method of thrust
vector measurement and the automatic test teehnology in
rocket engine ground test[ D]. Changsha: National U niver2
sity of Defense Technology, 2005. (in Chinese)

Orieux S, Rossi C, Esteve D.\Thrust stand for ground of
solidpropell ant-microthruster s[ J]. Review of Seien tific In2
struments,'2002;73(7) : 26942 2697

Chaalane A, Rossi C, Esteve D. The formulation and te2
ting of new solid propellant mixture (DB+ x%BP) for a
new MEMQ based microthruster[ J]. Sensors and Actu
tors, 2007, A(138): 162166

XUWI G, b, BRSCR, & Bl kg 4 ) Il R
[J]. J1%E55286, 2003, 25(3): 122131

[9]

[10]

[11]

[12]

[13]

LIU Minghou, SUN Jianwei, CHEN Yiliang, et al. The
thrust measurement for micro thrusters [ J]. Mechanics
and Experimental, 2003, 25(3): 12131 (in Chinese)
JEARAS, AR RO A R R S T R 0] . ] A
KFHA, 1995, 18(3): 3237

FAN Cunjie, NIU Haogao. Thrust measurement of m
cr@solid rocket motors[J]. Journal of Solid Rocket T ech2
nology, 1995, 18(3):3237 (in Chinese)

EETH, FEIC, IKE, 5F. 0 KE RSN R E D R
GERIRE 0] AL R B SRS, 2007, 26(1): 6266
WANG Zhiyong, SUN Baoyuan, ZH ANG Jun, et al. Cal2
bration on rocket thrust vectr measuring system [J].
Transducer and Microsystem T echnobgies, 2007, 26(1):
64266. (in Chinese)

T, A HT R o0 R0 B AR PR [T]. BT B
A, 1997(3): 1221.

WANG Xia, JI Zongde. Data threatment for tocket thrust
misalignment test[ J]. Rocket Technology, 1997(3): 12
21. (in Chinese)

EHT, e, T AR S AR IR 5 1k pe i e[ D]
i PEHLBE,—2002(1) : 4246

‘W ANG lJianping, L1 Xiaohui. Access system based on the
Web server database[ J]. Shanxi Machinery, 2002(1): 43
46 (in-Chinese)

EB, M. FEARKERSILE 2 SR TTERI AT
AR FiHR, 2000, 23(3)T 7@ 731

WANG_ Yi, SUN Yalei. The mult2component measur@
ment for_solid rocket motor[ J]. Journal of Solid Rocket
T echnology, 2000, 23(3):70273. (in Chinese)

ELLHE. KFR BNy SRR G ) & T
[D]. Ki&: K#EH T K%, 20051

WANG Hongyan. Development on thrust vector measur2
ing platform for rocket motor thrust vector measuring sys2
tem[D]. Dalian: Dalian University of Technology, 20051
(in Chinese)



