1998 4 12 A
%19 %

= 6

l

I

i i

& AR
JOURNAL OF PROPULSION TECHNOLOGY

FEL P B AE R B AL At 0 I
ok

) 7 i

Dec
Wl 7

1998
Vol. 19

A N A

(HFHR T RFZIW TSR, K&FE, 130025)

B AL E
ﬁ%ﬂﬁﬁh%@%ﬁ&ﬁ&ﬁ%
%%Mﬁm

mz,
Bl 1 R LRSI E
5};{55 .

T

il N P&
(LR Tk 82 &) 31 A,
WO, szmuﬁtjmg%ﬁfm’ﬁumuth i T O P R K B 2 B P A

JEH., 100074)
LB S B RHL A B sh A s B oK, ki HAE TR R
R, KETRZhAL, HEWE, BB, EHEFE
V557.2, TB321

; ’ |
PGSR HEMHB, LHEMARER S, R
PEE B, ZRE LRI T, A BB =R 7 AT R AR HE o R v R

(Mechanical Engineering Inst

CERAMIC TO THE ENGINE THRUST MEASUREMENT

Zhang Xuecheng

RESEARCH ON APPLICATION OF PIEZOELECTRIC
- i Jilin Univ
Abstract

Jing Fenglin

(The 31st Research Inst

of Technology. Changchun
Tao Hanming

130025)
Beijing
method

surement in the calibration process were analyzed
were deduced

100074)
The factors which affected the accuracy and the efficiency of engine thrust mea-
S

5

measurement of all aerojet engines
Subject terms
ramic

=]

in the calibration was established and the formulas {or calculating the force of the loading system

The mechanical model of loading measurement
The methods for automatizing the calibration with the piezoelectric ceramic driving
device and the computer controlling technique were presented and expounded in detail
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In this
the force precise controlling was realized by controlling the electric field activated on the
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piezoelectric ceramic driving device. The principle and application of the automatic calibration facili-

ty are introduced with the test data listed. The method and facility also can apply to the thrust

Rocket engine, Thrust measurement . Automatic calibration, Piezoelectric ce-

kﬁu?irJJ*fH‘E)JfD"aéﬁh,(.ﬁu, AT B RGN AR . AR S BT TR AR AL
B M R IR R, SEBL R B ALHE /7 I &
ON'e 1=F R

57 sl R R A RO A F 4 o] SE M 2 S S
1998-04-07, &8 H ¥ .

ST b R A A 0 R LA R IR, MR AR SCAR M T A FH AT B A R T

1998-05-07

b T 5L A%
TR GRS T PR H B A R AL AR AE R B R A



102 O #H K 1998

Tk, R T IRE S E T TR AT,
2 R R UE B N o R A b /////‘_/ LU L

KB HLHE 770 & JE AL B AE i EOE FE . SE PR b2 X R EE
e A5 1 700 77 A% I8 2% AN bR AE WU 7 A% SRR 2% it n sk i fer, R M B E
I 77 20, HomE e Bl LLiasifb h B 1 pros B9 i B p e
RS st ok, b K, bR A% 38 a0 M oo R O NI EE
K, ¥R AL g s e o IR, K A B eI A R EE, AX
AX,, AX, WA LER =N EZIER I P ERMENEEE,
i mEE =AM E AX (BImE) &, BB s/,
Wi R T ER, .
P=K,+AX, =K, AX,=K, +AX, =K + AX (1)

AT K RNRGRANE, H1/K=1/K,+1/K,+1/K,; AX=AX,+ P*
AX,+AX;,
AT AE P KRR EANRE M ERNELET (KHE—5E).

Bk T AX RO RS B , 36 ELMG AN A0 2 B4 7, ik 2 R ket gy Fie- 1 The mechanical
SR, ST bR i 0 RS B AR, TR S H R 0, ikl
Xt T4 A 1 ey 1 it S 36 B, A G R T A R A E B AL RS AX
G, N P AR RS, IR T U . TR, S A i R B A B R 5
AN IE P, W5 B TS BRI AX LLAh . 38 04 2 A S 8048 AX [ KN, LB
FE R, BAEEE BARA Py, FERZERN AP, WA 7718 1 1 2 1 — e 7

AP = P, — P «»:AX (2)
FEEI R S E, AP TR, R E SIS PR R B R NI (T
0.01pm BLF), I HL¥E 2SR M RE, UG IE TAE 20K L 3% A — M fr 5 32 1 15 i ok LA ST F

3 I HE M RS SR B B R K HAE R AL AR HE AR S

R EM BN IIER T AR, BIFE “BREMN”, HZFEHERERR S

BARE “EEMMERNEE” MmE TR FRR>Y,
O=dy e hen—3S,(P/S)eh-n (3)

P dyy IMBHERALTT R E BN, e AINEIGERE, h NGRREE, n NEBEM &S
HE, ST HMERIRAE, SASBAFHR, P& ZRMER T

X R P R R B A IR, B S T E, WA, TEER N
ARBEIRIHR T, RERWEE T B398 o, B AT STHUN AL 008 4032 1), 308 ok 614
M “IEEMENREWRE”, BB ETRAKRERE L LE 2), W24 % &&= 4 6 B i
Bpsein TAER 1, SLAER R R 1 Pl e D E =AM AX, T RE I8 6mre4 —#F, =
RIEHMEEHDREZEBER GBS L o R/, SH B HIEDERZRTTE,

iEHE BB E RSB VLE AR ST LR mE 2 iR, 225
ENEAEE , WEEEH RS,

JE AR AE TAE B, A & Je il T L IR sh 45 il il LA H 4 a2 3, AF 32 fh i 7 A AL AR

up loading device



%19 %
96 1 i HE B R AR R B AL I A Y R R R 103

AX, BEATH M., “WHERX (D,
(2) WRRFEHEPEELTEWH 1 2 3 4 5
(B, 32 8 AT A2 0k T AR, A A

1
B RS E T %_}%

i, I AR 1 F T B 3 0
£ e, BEAT AT RIERERFERR E H AR

JHE, SRS AR . AT 52 R G gin @
REHE I E 34, '

n# B 3h 2 Hl & G R AL AR p
3875 O T A O 14 £ oo
FI 73, bt i B AT R A 0 B &R 48 110
R, 4 830 E AR HE T AER, 14 13 12 11 10 9
B S H £ R OBL R 9 R AOR H o o
A 4R 2, SR )G B 12 6 n 3k B X
i ﬂ: Z i it hn ﬁ’ﬁ ’ Jf]:}“gz i 9 5 L Fig. 2 Calibration system for engine
SE [P AR ¥ it AT N4k | A2 5 S B 4K 11 thrust-measuring device
PEAE A SE T = S R SRR 1. Engine 2. Thrust [rame 3. Standard load cell
KRB L 32 A B ) 3 80 1% JHL?)Z H % 1. Piezoelectric ceramic actuator 5. Working load cell
BER VR A | FIREAI TR E T 6. Bed of the device 7. Actuating cylinder
o LIRS 2o, e 10. Controlling cylinder 11. Controlling motor
B AR 58 i, WoOF46 T — W& 12. Controllor  13. Standard instrument  14. Computer
1T AE,

4 RIHFR

MR YE b IR T B F ) B 2 T MEA% A 200kN A 600kN [ & B HLAE 77 0 & R AL R HE 2R B, I
i%i:TEURL%ﬁ X FA R AR BT T RE ALK, W4 KK, BRIl L
R EIA R s =M 07 AT A AR, MR E TR, EREML. TAEREE

z_siﬂ»{:o I A F8 bR 308 B IF @l wort B bR E K,

600kN [&] f4 K i A& 3 AL HE 77 W & e B B R % i 4 3 3 TAE 5 ol 48 20l 45 R sk
1. ®Z&. JELM 0.016 W FS, EHE M 0. 0078 U FS, #fiJG 0. 065%FS, BAHERE . 0.045%
FS., B#EH, 2FEMRT 0.00005, F2E ] [E 5min N4 R & RKENERN 10V, FREER
+ 0. 00005,

WAk, ERIE T THEA R b, sel 7RSSR sk, ATlEEIg, A
BRAE, RKPRAK T 55 ah o B, A0 48 4F N fa it 12 m] e 1O A 2 4 X 43, a&&ﬁm&ﬂﬂmé’m 30s .
ﬁ{ﬁﬁi"iﬁﬁﬂ‘ﬂﬁ% JIEBE /N T IEA 0. 003U FS, TAERE R KRS m, 4 5 e o F2 A 7 v

& R B HLHE 770 & %éﬁﬁfﬁﬂﬁ%jﬁ H #h 1k 4% i & G50l %%&J?ﬁ&rﬁ%ﬁﬁlfﬁﬂﬂ
HreaHﬁu:E&fuI?F%l s, HouT b ml gemg AN NiR 2 .

Jﬂ* FH-TJEM%Z@;&EKHW{E&.EE@%IL, R RaRE 4, mHA4EFHAE, 55

EHRA BTG, SErl LLE R ANMIKS TN, HBoh, RARERGFSEHE, 28 TS

8. Reverse frame 9. Storage unit



104 O #H K 1998

P R FE R B, ) 7 I — B T

Table 1 A record of data while the 600kN calibration device were examined

Load up/pV Load down/pV
Load/kN
1 2 3 Average 1 2 3 Average
0 0 0 0 0 0 0 0 0

100 4214 4213 4214 4214 4235 4235 4235 4235
200 8435 8434 8435 8435 8447 8447 8446 8447
300 12656 12656 12655 12656 12664 12664 12664 12664
400 16878 16878 16878 16878 16883 16883 16883 16883
500 21103 21103 21103 21103
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