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Principle Errors Analysis of Thrust Measurement Test Bench System for Aeroengine
Zhang You'?, Wu Feng*?, He Pei-lei?
(1. Key Laboratory on Aero—Engine Altitude Simulation Technology, Jiang you Sichuan 621700;
2. AVIC China Gas Turbine Establishment,Jiangyou Sichuan 621700, China)

Abstract: To study the factors and function of principle errors which influenced thrust measurement test bench system, that supported
by spring for aeroengine, established mechanical model based on thrust eccentricity assumption, the principle errors of an aeroengine test
bench were analyzed using both theoretical analysis and simulation. Under a given condition, the angle eccentricity of the stand in vertical
and horizontal plane was much smaller than that of thrust eccentricity, it will affect on thrust measuring indistinctively, and the eccentric
angle caused by malformation of test bench system is very small. On the contrary, from most to least, the influence factors on principle errors
analysis are thrust eccentricity, thermal deformation and spring resistance, principle errors are 0.38%, 0.16% and 0.38% respectively, and
all the factors should be controlled. When principle errors from thrust eccentricity are over accuracy, the situ-calibration system or vector
thrust measurement should be used for assessment.

Key words: supporting measurement test; principle errors; spring; thrust eccentricity; stand eccentricity; aeroengine

Hh LR A s e Fe A,

WA BRI S e s AL 0 e 5 R0 5
2, R AR Ty SR A S B 1 T T, TR
THRSPRE XGRS AP O A AENFTE , LS
JIIN RS L, (B 65 28 i FNAE 3 0 257 T B JE 3
REEIFARIATIRA

M T A 2R R G BRZEAH B, Gl X0y vk
HELAAS B HEZ MR N S A LB, A SCHE T4 g i
1B, KBS 0 A5 A A 7 ik, S 5 A
SR G IRAR GO I 2258, AT il i

0 5§

TR R B LR B REFS bR — . VA )
R BHHLIE J1 % T R BB R SME Re T B B
B HETT G ERVE SR HE S I & 15 2R v ) S A,
P BE X HE 7 I oK B8 5% M R o s sl AILAE 0 0
BABR et ke BAE itk o iE 5 R ek 1T
SCHERRE ] . B el I 5 4 4 AR s T e
2 A, 3 s G RMm A G4, &
RN AR T ) Be e RV S st oo 4 , 45 20 17

75 HHA:2016-02-28
YEE Bk (1985), %5, TR, 322 g = 25 L B0 B AR ST TAF ; E-mail: 623908967@qq.com

S| AR KA, REE, (5522 A as K shPLIfE IR & 4 FRIRZE I AL K 5081, 2016,42(4) : 76-80. ZHANG You, WU Feng, HE Peilei. Principle errors
analysis of thrust measurement test hench system for acroengine(J]. Aeroengine2016,42(4): 76-80.


mailto:E-mail:623908967@qq.com

#

414 ik A AU RSP I S 2R R 22 i

BEE PR 221908 .
1 REGHER
1.1 #EHEZE

SRS SRS I 1 T SR S

FAXGHN, KLl FA SR E RS L 5 B

for , — i AL A A T o iR A S AR B R
KANPUES) - T30 - SR - 4 IR A% Al 5 AL

WS B R IR 5 S,
LS PN S SR

BHT— A 8—R AL 99— 4 10—
W A e s 10— o 03 1y 4]

1 HEXEHER

AL A R R

THR

1.2 HER
FEGIRRG D A A AE S T, o

REAFIRXIHE I SRS B A R . 303 R AR TR I L

Kl 2 Fim. B, 1 s i ARG st 2 Br KBl

152 Sy R oy KRR ¢33 Sl e BL

Mo
! ~
P Mz
2 112 6
3 ’ springs
/ 12
(a) B3 iy (b) B &A% (¢) MBI
B2 gERTHE
S At ) D SC Ry
_ EAA
z_m (1)
S ] W SR
ke S (2)
S 0 g D Sy
ky=acB- GF];I' (3)
S A WIS S
k= Me (4)

¢

R T A K T
B 4 YO S R S, — B A SR
5@%%@m%ﬁ,m@3;§
ORGSR RS
R A o B3
- AR FeR cos

L E RS o R TR R BB R
M RAC A A A ML M, B 2

PR s b R R AL AL
1.3 FEIERE
— B E O FE B I S R

Thrust stand

..............

Load cell
H gk b, HBE &g b

I N R S

B3 #HANE

‘ RN X o HETT IR 2E e=(1-cos o R
FEBARIDL T RN | i mmenas e

e o | ANFAR B FEE 20 SRR RS

O XTI LR T G R

1B F S AR R PO P R R 6

TR 2R IE /N THE AR IR AR RS

R & R SRR

N T B HE IR, TR S R
REAS T 2 18 25 4 ) 218405 s NN BE , W) 23 hid e )

COMRRR2E . TEREE R A A LR R A A
CJRUBRRIE M SO TR KPR A Y R EH
o ) ey KBRS BRI S B AR S BRI 4
L IR eess BEDNIRES DRSS A 20 i A AR
L R C sevy e TETGIREHZEIY sr; 720

: ﬂﬁ%%ﬁ“ﬁ Ero
2 RGED
L 21 RILEX

FR G L2 i IICHEE 3 A T i 1 4 3 2 T

R B R A A L SR A
CAPR. HZE P TE HEA
A R LR R, E R UL

ML o PRI, BT g 3L

eI HETIVERIZ S E L L2 g 2
(I Ff o, AT 73R oy A1 o

12 w0 HETIVE LS & S HLE O ()2 (] B

B8, T4 8, 1 6,0

BAA N 5 2R 5 BN 2 1) 25 8] e £

o, 1R o, Fl o

BARA R - 5 A DA SHE LR i )

' ZSEIREESA, A4 A, F A,



78 Moz % % M 542 %
S A 222 KFEAEEE R AR
=E ' (B AR S — B, R

(a) HE S F Rt (b) 12 (R J7 IR AR TE R AR o B 2R K AN I E T T 7=

B4 B RIS AR SRS B o PR )

LT T R Ag RIS KRR A (A

22 ABERLEYE C ) TEHE ST o VIR, B0 1 72 2 (0 i) iz

N T AR RGN R I R R
BADN AT s, 0 X S i O R 5 i D
PEATIISE , £ BT HE 1A% 3 i AR v 25 W A T X
N8 AR 520
2.2.1 P P RO O

s &5 4o 2 Yeofias e (14 f1 2#) W52 J1—
UG 2 B (3 R A8 RS2 )] — 3K, Z s
Fr AT A B S, IR 5 i, 8 A 1
167 N A 1 F R RIS TE 0] 43k & shFILER g G Andfe
T EH i F AT, 3R 778 Z R4
A FEHETIKE e Fo AR, 3 S A5 B K
AL Fe A FFREE F 7K r_
PR As WP 6 FT 7R s 75 vi—>
A My R . B
By B o), IE
7 HR.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

A=

E6

z “ o
KERERETEN | | g

Z B S BEAT 0 L O

ALK

| F

e
— o

AU O MBI -

El7l<i'j L BE fw._l _I

Iz] 8 E?mo jf*%ﬂﬂ—l\— fix
B8 BREFEZN

(G-F)=4k,-A's

Fo=FntdK, e A

My=Focr het (G-Fo) - I,

Mg=0.5L * (fi~fas, ) = (Fio=Fas) * s
2P :h AR SIHLE G5 A RO REE EEEE L Y
RANHLE.LE GO KRR sh Ao i K
BEsL N RARKEE,

IR AR (5) T3 fr Fow, B 2R B A FE R

(fiorfas) (6)

kAL

(5)

R A, W 9 TR TER 5 "

R

IR Mo FEFT R L 4325 =
LML 0, 10 5 oh i

MRk rENg b o
SIS IHEFT5M, FERE A |
AL O S .
11 . JiRn T f bl -

Fo=4k,* Ay
Mo=Fe*6,~F¢ I
Mq=2K,* AL -W+2k,* AW - L+4K,,* w,

C 2P AL SRS FE 5 SR (2 B AW 3

| ER

P e B ) A B s WO R ARTERE
RGN 10 Fros L AL B, AL 5 AW A AnR

2AL=w,AW
2AW=w,AL
a7 FI(8), nI 4+

Me,
KW 2+k, L2+4k,,

B ARG DR T
5 ARG (O P P T B AR . P I AR TR
ANk 12 fies ), G 2RI (& 13 J7R ), E30 5

(8)

(9)

W=

2.2.3

B, ARMEES G RHEAE AR Fu fEHH
R PRI 12), B SRS (R
R, AR (A NI,

r

|
| iy

= W,
X n 0 =3
: S Wlf"
|
|
.
1

13 ARATR



%4

ik A AU RSP I S 2R R 22 9

Fr AR, 77 Az B9 B TISEL T R0 el 4 3000 A i
G o 3SR AR A S LHE I L gt , 52

M 0 A

3 HRSTERWIE

31 BmigF&H

PIanE 14 e demizs Z a4 6 om 6, b
M ROOL F R G o »
DA R 2. #
T8 SABRBESRA AN F

(1) F#EJ) F=100

kN, ZZiHLiE G~15 t;

(2)HEST L ctmme=<5°, M| 0y, <5°,0,<5%

(3)HE ST AR L S50 mm, M §,<50 mm,§,<
50 mm;

(ML A <0.2 mm, #5545 I
H# As=<0.51 mm;

(5)BHUREEAE M 20 C;

(6) A5 I 3 1 (1) 22 I 25 o
32 RILER

W B 4K 14) 280 A (1)~(9) 178
WA, IR A BRI/ B A AT T LT AR E R 1 1
FAT, GRS RSO R LIEREG R L
(AN J7 03 i ULER 2, 43 A 43 i W e R (H 5 53
SRR G RGAIY & WK 3; 5 22451 025 5 L
T4, 3.4 IG5 O A5 R AT UL HE T O
TN 5 480 U 1 A AN K 5 5B R AR IE S R I &
B/ N T B4 H B AR S A G s AH L2
T RIS DR B 42 O oK .

®1 BERVBEESH

T B kJ(kN/m) Kk, /(10°kN/m) Kk, /(10°kN/m) Kk, /(10°kN/m)
B 81.07 0.118 1.02 8.67
iFfE 7714 0.116 0.827 12.84

*k2 EREABELAMMNSE

HiH [G-FJ/(KN) Fo/(kN) Fy/(KN) My /(KN-m) Mg/(kN+m)
JeHfE I 147 98 0 114.66 0
1w 23.241 97.627 8541 11850 -4.27
LFIEAIN 14.700 98 0 119.56 4.90
falRD + &R0 23241 97.627 8541 123.40 9.15

®3 BERTEIIENERRELER

5 w,/(10% rad ) w, /(10 rad)
: B 5 H. BL S 5 .
Jete Ity 1.96 1.99 0 0
1 wC 2.09 2.06 0.98 1.32
AN 211 2.08 1.16 1.55
FAC + 2wl 2.16 2.12 2.24 2.81
T4 BREHTESIEMEOER
WH 0, /(107 rad) wy /(10 rad) wy /(10 rad)
LB 347 3124 246

33 RERESW
AR SO I BRERZE A E S, 55 A AR BE 2%

oA, T G2
14) e RJEFIR 22 7045
W 15 fizs o KT

R BIRZE T R R
WU HET T Fa i A
ARTEHISHEE TT o

0.40
0.35
0.30

025
€ 020

R R AR &

0.15
0.10
0.05

Ers Ere  Ermy Er R Er

15 EIERENTH

(1) R s = AR B IR B DR 250 0.04%, Y
WO . eI R rh , & S WLE ) DO
PR B8 ) s 1 A AR AR (20(2)) S
AR UEF R LA NI A T 30%A 22 5, AR fbifa i an
& 16 F /.

(2) &S A B4 J1 0= AR 10 R 22 (] 3)
3 0.38%, Tl 17 firai

0.07

0.06 0.6
& 0.05 05
2004 T T T T T T T T 2 S04
©0.03 §03

\ 1
| |
! |
} | 1 5 — v T v
0 1 2 3 4 5 6 0 1 2 3 4 5 6

al(®) ()
E 16 HEMENRREERE E17 HEANERERFAEC
MmO ES THER

()M RGeMw O &5 SR v A, S AT | B 1
NI BEAR K, 4 1 B 3 Do IR 23 il 5 20 A
WARC, E ARG ERE B OO A 10 SR R 25 4
/N, AT

(4)HETHE B EE R ST 7 e 1) SR R 25 3 T 5y
Z—, EEA M E S5 0 G A AN 32 SR A )
TERTF AL

(5)RRAEIASTE (& 13) T4 S n] i, g



80 B

L3

3 Al a2 %

IR 1B E R R A (LT 020
AL, TREEAEIL 20 CHE, & .oy
Ji, 0.16% M iR 2%, MR ©oos

P LRSI 18 B LN N

TR A A 4 B 18 [FIBIREMEE
T TER

FEORE 7 D0 BRI 3
0.5%, W& RGEHERE | M RGRE (—BA
0.2%) FIEEMLTRE . (BB 22 Al 152 B A
0.2%, U5 ZEFA i HE 3 A O FA P 15 AR RE AR AL i A
— & B N, QA i O f 4 AR 2,500 LB 28R
JEARARAE I 6 T

4 ZEig

TEME S BB BEZRAE T, SRR R A 5
W, BEXIE T SC AR R G HEAT TR IR 2E
Pr A RU R S5

(1) B8R 2K A T 6 2B MZE R 22
JE | SRR JCHE I R 2E Y 2 A F2 BRI 4 T L
FAZIE LA R

(2) 209 1 B v T IR A 2, o4 0 i 1 5
W 5 A S92 13 A 63 1T 5 209 3 R 458 B 5 2 g 47 7
T BT A .

(3) 13 AR M X 4 3 i ELAT BRI 4 P, 2R 4
T LR, BG4 S B UR 22 e & AP REHes2 1Y
R RE T R, U327 R P UL N 3 3R e e Ok 44 7
B AR

SHE

[1] Runyan R,RYND,JR J,et al. Thrust stand design principles [R].
AIAA-1992-3976.

(2] £, BB i A S I 5 SR B AR S T ST [). R
1A 585, 2013,26(1):9-11.
WANG Runming,LUO Yi. Supporting methods for movable stand of
aero-engine thrust measurement test bench[J]. Gas Turbine Experiment
and Research,2013,26(1):9-11. (in Chinese)

[3] Wrenn M W,Jackson A G,Nalin J C. Modification to AEDC C-1
thrust thrust
AIAA-2009-5371.

stand for improved measured uncertainty [R].

[4] Castner R S,Goodnight T W. Improvements to the propulsion systems
lab dynamic thrust measurement system at the NASA Glenn Research
Center[R]. AIAA-2005-1294.

(5] A BT, 2R el S Sl Sy I e B A BRI ], P

Tk K2E2A4],1997,15(3) : 338-342.

YANG Shengfa, FAN Ding, LI Yuanye. A better calibrating device for
measuring engine thrust accurately and conveniently in China[J]. Jour-
nal of North Western Polytechnical University,1997,15(3):338-342.
(in Chinese)

[6] FRAEAS , XA AT, SCHIL ¥ 25 A NI 5 28 BE X R S L 15 S D0 e 4
JIEMAR T[] A 31244, 2005, 20(3 ) : 384-388.

HOU Minjie, LIU Zhiyou, WEN Gang. Research of the secondary flow
and vacuum impact on the thrust measurement[J]. Journal of Aerospace
Power,2005,20(3):384-388. (in Chinese)

[7] P, MR R o s 4 0 D & R AR 8 S R S RATHE T Y

i), BRI 5075, 1995,8(2) : 26-30.
YANG Zhijun,CHEN Jianmin. Calibration of thrust measurement sys-
tem in a high altitude test facility and determination of the flight thrust
[J]. Gas Turbine Experiment and Research,1995,8 (2):26-30. (in
Chinese)

(8] I, fEdikT. K FHUR A ST & 2 O B RS
ARBFFI. T D 54, 2009, 29(1) : 28-30.

WU Huiming,JIAO Xianrui. Study of in situ calibration technology of
test cell thrust force measuring system [J]. Metrology and Measurement
Technology,2009,29(1):28-30. (in Chinese)

[9] Her I ,Chang J C. A linear scheme for the displacement analysis of
micro positioning stages with flexure hinges [J] . Journal of Mechanical
Design,1994 ,116 (9):770-776.

[10] Z=F, E/NATL AT X S AR Sk 3T H). AL T 5 A
3h1k,2003,9(15):14-15.

LI Ping,JIN Xiaoli. The design of 3-D analog probe of parallel plate
springs[J]. New Technology and New Process,2003,9(15):14-15. (in
Chinese)

[11] Ankeney D P,Woods C E. Design criteria for large accurate sol-

id-propellant static-thrust stands[R]. NOTS-1963-8353.

[12] Runyan R B,Deken L R,Milkler J T. Structural dynamics of a small

rocket thrust stand[R]. AIAA-1992-923787.

[13] 27, ¥R BH.CS-01 /55 %5 5 HH 3 ) 4 RIS o2 AT 1 3], 48
BAXE 55T, 2002,15(3): 38-42.

ZHU Qing, XU Jianyang. Development of thrust measurement and
calibration system in a high altitude test facility [J]. Gas Turbine Ex-
periment and Research,2002,15(3):38-42. (in Chinese)

[14] #EH1YF , HATE 0, BR4E RS W2P1 (iR st 2 sh L ik 42 &5 4

W B 2] R, 1999,18(9): 40-41.
HUANG Zhitao,HU Zhengfeng, GUO Weimin. The thrust measure-
ment system of the ground test bed of the W2P1 micro-turbojet en-
gine [J]. Measurement and Control Technology,1999,18(9):40-41.
(in Chinese)

[15] Vleghert J P. Measurement uncertainty within the uniform engine test

program [R]. AGARD-1989-307.

(i - X))



