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Research on calibration technique of twin balances

for the wing-tip support

WANG Yu-hua, LIU Wei, WANG Chao, ZHANG Yue

(China Aerodynamics Research and Development Centre, Mianyang Sichuan

621000, China)

Abstract: It is a key to study calibration technique of twin balances used for force-measure-

ment test on supporting wingtips in wind tunnel, in which twin balances are used simultaneously

to measure aerodynamic loads of the model. Based on measure principle of twin balances, a new

complex formula for twin balances is determined, it”s depending on the both calibration formulas

for two balances according to spatial force system synthesis principle and interference correction

technology among balance components, which is carried out by calibrating the special twin bal-

ances separately and synthetically, and is validated with wind tunnel tests. The results show that

the calibration technique of twin balances is reasonable and credible, while the maneuverability is
well. This technology can serve as the essential theoretical and test basic for the wing-tip support

force-measurement test technology wing-tip support.
Key words: wing-tip support;twin balances;calibration; measure principle; wind tunnel test
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Table 1 Design roads for the twin balances
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Fig. 1 Connection of the twin balances, wing and load device
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Fig.2  Loading reference frame for the twin balances
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Fig.3 Layout of the axial force
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Table2 Loading loads and uncertainty for the single balance

FR SR Y Mz X Mz Z My

14 RBEHE AT / kg 1200 80 80 48 480 48
R 5 B/ %o 0.2 0.6 1.9 1.1 0.5 0.3

" BB A kg 1200 80 80 48 480 48
AN 5 JE /Yo 0.5 0.7 1.4 1.0 1.2 1.1

3.2 WREMKHE

h T BUECR MG BRI R EAX A A
B XU ] B A 1 540 Ak 38 D7 3 7 94 AT 0
MR AP [6] I R4 7 1 BT (256 mas . B BURF- 1Y
[E] 5 i 73 ) 4 2 A0 AL S 22 50 100 799 iy o 30 o 3 3 ML
FREOBURE 1 B E i A 4 . SR T RS HE SR AR
Tl ZR AU S 38 R A R R DS P R G SN 3
B PRUE RN B A Ty ) AR 2 5 R AR R R — B
JE 7 im0 0k WUR S [] B R A7 hn 48, 15 1 B
B R o0 B )R BB AR e 1> R & B KPR
HEA X TR B S P & R & it
SR AT RN . 38 PG R RHE G S
o E P oA REE 2 E G I AR SR
R AT A .

XK [m] B 8% 75 BCL-20000 £ #E 42 | 58 1.
A IS GBS L L AN 280 B S OBUR - JA]
BF R, S BRom R Sl an & 4. R L AN 2
XK Y X Mz M 547 T 500 in 2% A 2 4

B4 WURA I os %

Fig. 4 Loading scheme for the twin balances
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Table 3 Loads and uncertainty of single-component
calibrationfor the twin balances

BRI Tk fe/ WAH/ AW B/
XK (N,N +m) (N,N+m) %o
1566. 90 1567. 39 0.3
Y 3133. 80 3134.76 0.3
4700. 70 4700. 53 )
195. 86 195. 99 0.4
391.73 392. 28 0.7
X 587.59 588. 42 1.1
783.45 784. 86 1.8
156. 69 156. 60 0.6
Ma(+) 313.38 313.53 0.5
470. 07 469. 84 0.5
-156. 69 -156. 33 0.5
Mz (-) -313. 38 -313. 24 1.8
-470. 07 -469. 52 1.7
235. 04 235, 34 1.3
Mz(+) 470. 07 470. 68 1.3
705. 11 705. 89 1.1
-235. 04 -235. 331 1.3
Mz(-) -470. 07 -470. 437 0.8
-705. 11 -705. 683 0.8
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Table 4 Loads and uncertainty of six-component
calibration for the twin balances
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Table 5 Wind tunnel test results for the twin balances
a -3° -2.5° -2° -1.5° -1° -0.5° 0°
oc,. 0.0011 0.0018 0.0019 0.0009 0.0008 0.0021 0.0021
ac 0.0003 0.0005 0.0007 0.0006 0.0004 0.0006 0.0005
oc, 0. 0002 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001
a 0.5° 1.0° 1.5° 2.0° 2.5° 3.0° 3.5°
oc, 0.0011 0.0018 0.0022 0.0019 0.0018 0.0017 0.0022
oc 0.0003 0.0005 0.0006 0.0005 0.0006 0.0004 0.0004
oc, 0.0001 0.0001 0.0001 0.0001 0.0002 0.0001 0.0002
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