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Development of a six-component large axial force strain
gauge balance based on complex structure

Ma Tao Wang Shumin Pan Huaye Xie Bin

(China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: To improve the measurement accuracy in wind tunnel experiments for short blunt model which has larger axial force and
shorter model length such as landing patrol device and lunar return cabin. A six-component large axial force strain gauge balance based
on complex structure was developed. The complex structure balance was compact design and has larger axial force capacity compare with
the conventional series structure balance, meanwhile, the complex structure balance could be installed in the model lumen completely to
reduce the influence of temperature. The results of numerical simulation indicate that the mean strain, sensitivity and strength of complex
structure balance meet the measurement requirements of the wind tunnel experiments. Calibration data show that the accuracy of the
complex structure balance is less than 2. 1%, which satisfied the technical index of National Military Standard.

Keywords :landing patrol device; wind tunnel; strain gauge balance; six-component; large axial force

s R, St KU 00 7 1 6 £ o A 0
IR R3304 A 2 43 1 5 0 2 )
(9B 14 3 AT I (kI 3 Y il ) X i)
I3 2) R 3 A7 1 05 R a5 M, T 1 M, R

0 5

il

B e TR =l 1 e 3 Rl A A PR 3R [T i

S RAT IR MO R BT 0] WIS RAT AR AT
TR R g 5P A ) A KT, AT
WL IR 278 RS PR RE A UL 25 4 56 22 BT 55 1 Il
We, F3—J5m, 9 1 A ASIBE e , 2 TAT R 2R
VRSB SME , RS W LR R TR L 40
WRATERAAAE R 22500 PRt , o 20 o0 K 3 14 XU
T X AT RS I BRI T R G
DRG] AP g DA 1 36 4 A I 3 26 8 o DXL 30

Wk B . 2020-12-04 Received Date: 2020-12-04

AUJIHE M) 385 AR T4 ST A g A |
A (Y AP TTA B AR Fe A A v 55 HEA T . AT A vy
DRI T L ER IR 3 PR AR, KF
L5 R T SR PR 2%, A B K BEL T i e i A
KAy, B e B 3 4 DU G PR X PR B AR
KB B RS, 00 B A1 i) FA 25 73
R IR U AR 72 RS MEAR A XU 1206 b B AT R A 9 0



12 3

AV s N WE-E ey ob N g ST - 199 -

20 4l 90 4EAXH), 7R M KU K56 rh | K138 H
QR HTERIR S5 H B Tl A 8y BAT sk KA
FRRE AL, TER FR IR S E A0 K F 1 ARS8 R BB TR A
DAL i, B3 PR o R0 A v P 5 i) J 3, K- Ui
RN, AN, B PRORTREE /N (HEIE 0. 1) R
52 3 B BH 338 B, 2 i 1R B R U R Y
ELAR ASE AN AP0 BEL ) ) AR RE g, 3 38 A S Y
B ARIME IR AT S sk 28 R R Y 75 12 A
P — b7 3 2 R T BB I ) K1 47 B X 5% B 7R T
HY R BEA T B 37, 3l 77 125 0] A5 28 IR AR AN e R
SO, HBF 3P CR A BR 5 55— 5 ik 02 e K P
J3E 8 T 40 TR i ek 98 B A A R KT RE A% i
VB AR AR SRR 75 vk BRI N 1 R RE AL
B RV HT A Saod U B 14 ek B s 4 2% 3 RSP 3 g v
FeE th 2z e f )

2002 4, 72 E 25 KBl S IS5 K v i ey i
P T AT ) S RO AR [RG5S +
17 A5 3R i G U A8 s i R I 5 58, BVEL 9%
i E PRI VR TR RS A SE B TR
[T P 7 43 0 | 75 38 T B I R 45 RS X R
17 SN B 5 R AL G I XA 1 s [E] RS A
TN B ER A B A PR T AR 5 4 ELL L

Lagutin SF82 17— FH T RO IR 15188 <03l g i
N IEPAN/ 82N W VRSN B 7 I S S i R W - R o
LA Tl (M Y Z M, M, M) Fi—ANBE )
IR TTOE (IR X) BRI AL, 7E1% 07 &0, 4 KL )
W IR FE X" FIE TR 4 A& 32, X - U1 H ™
L, 0f T BE I BE S R, A A I T4
IR TRV BE B 8 R I A 03 3, AR s AT
AN R B A

H T RS & T & IR SRR 1 45 K e o5 1%
G ERIR AR Tok HE— 2D A R K B L 58 4 B R AR AL
JE R AR T R RN O AR IR AR AME R R
SRR TR E) I RS RS A I, A A A TE Y
KRR AR AT 9 F] I B 9/ N PR, B A e 23k
A —E L B BT R G G5 KPR EE Y
RRRCRATBR 38 AN R

Sk BRI, b [ A ]S WSS R G
T RFCHRE A il s gl ) D i, B T R B
AL G G5 73 BBt TG 7S 43 RBH g AR R
S R LG T R ZE AR V- B A B T 43 B 4 R RN S A
iR, 2GRV —A 2 A A oo
Ip U 7SS0 78 S A R A v SRR
T2 R ) R[] I 45 70 1 0 e SR O X B I A i 0K, Oy
[ 210 i P BT HRAEE 15 0 JEE

1 REFH

B B BB A IR B 7 FL-24 KU 3E77
RIS K T BFEL My =3. 0, RISy — i b ) 3
YA TR KL L SR 30CMnSiA B ORE I G, 4R K
113.35 mm, AP EH42 28. 26 mm, RESMEMIE 1 xR,

BN

K1 ERESERIME
Fig. 1 Schematic drawing of Lander Model
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Table 1 Balance design loads

Y M, X M, A M,
300 N 10 Nem 2 600 N 2 N'm 80 N 2.5N'm

2 BEBEXXFEITRIFEREE

HRE bR 45 1, 56 T BRI U S5 i i 1R
KAV R FH 5 5 B [ A B 2509 00N 18 Co8MoSTiAl
(F141), EZ MR T A K R 0 10.8x 10°/C
(20 °C~200 C), % E N 8x10° ke/m’, 5 FF # KR N
1 862 N/mm”, Jit IR A% B 24 1 754 N/mm?, 3 M 455 &
187 250 N/mm’ , BiYI#R+H4 72 000 N/mm’ , JAFA L 0. 3,
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HARRK N D28 mm, 76 E4E L I BRI $E T, KF
T e A BRI N h | T L M B A 4, AR



- 200 - S 1[I I IV = 3

535 %

B2 KA P SRR B P
Fig.2 Assembly drawing of the series

structure balance and model
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Fig.3 Assembly drawing of the complex

structure balance and model
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Fig. 4 Measurement element of the complex structure balance
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Fig.5 Sectional drawing of the complex structure balance
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Fig. 6  Strain gauge glue of the complex structure balance
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Table 2 Design strain and sensitivity of the

series structure balance

Y M, X M, Z M,

SEHRIAS/(x1070) 270 260 250 140 160 170
REE/(mV-VY) 0.55  0.52 0.50 0.28 0.32 0.34
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Table 3 Design strain and sensitivity of

the complex structure balance

Y M, X M, zZ M,

SEBIRAS/(x1070) 420 370 200 170 160 210
REE/(mV-V') 0.84 0.74 0.40 0.34 0.32 0.42
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Fig.7 Distribution of the strain of the complex structure balance
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Fig. 8 Strength checking results of the complex structure balance
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Fig. 9 Stiffness analysis results of the complex structure balance
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Table 4 Static calibration results of the

series structure balance

WH Y M, X M, V4 M
HiSHIH/mV 6.6 6.2 5.0 2.8 3.9 4.0
LB H/mV 6.9 6.8 4.4 2.8 3.9 4.5

LZORUENRSE/% 0.03  0.03  0.03 0.03 0.03 0.03
LEOACHERERE/% 0.08  0.17  0.09 0.09 0.12 0.29
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Table 5 Static calibration results of the

complex structure balance

U Y M, X M, zZ M,
Mgk H/mv - 8.4 7.4 4.0 3.0 3.1 4.3
SR /mV 8.5 8.2 4.6 3.8 3.6 4.4

LEERMERSE/% 0.03  0.03 0.03 0.03 0.03 0.03
LEATCHENERE /% 0.02  0.08 0.09 0.06 0.06 0.21
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Fig. 10  Repeatability results of the experiment
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