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Table 1 Design load

J15r & BT
Y +15.0 kN
M. +1.5 kNm
M, +0.5 kNm
X +5.0 kN
z +6.0 kKN
M, +0.8 kNm

F2 ANEMHHEARIER

Table 2 Technical parameters of automatic reset facility

4. [FE, M, M, X, Z, M5 H 14440 T7 R4 73 %
KON TR KM, MR R R Haks
WMETT 15 R R S, AL AIBCSHIRRHE 7155
2T S A IR 222 (ATAA)FE2003 K& A ) — AN 9%
TR P SR AE B HESE LB S bR ifEATAA R-091-
20030 SR T BN H R KT SRR,
LR B 7R A B P S A T o VRN AGR, R
FECR.

3 ABCSHEMSFRZIEIT

A A ok e B R T v RE E 4 B B AL HE R 4t
AIBCSTESEHLE BN A A E S0k AL A 2
fifi b, e SEHL T A0 F B RO AL HE, AIBCS
BT R WETRS. BUTRE. #5617
R G LU R BT R G55 4Lk

3.1 MEBTRZSE

RVEGHE R GEH (N1 R SR A& SE A LG
RN, AR R ERE AT 52 HLAE T #AF N SR &4 n
B RE P i R DA S AR 2, (L AR EOR HLAL
FREREE R 2%, a1 R GG IIR (D) kA
FHESIHLI . RISk S 2y

3.1.1  JEGEER)

e G R HE G 1) 779 2 SR FYRE RS i 4 14 77 3K
TR 28 B DN 8T Rl 1 N TR A R 3T ks
1 SO0 B H AT AL A, A% oA & 48 R TR
I, INERCRARAR. H Al E Ah— LR PR HE R T AR i
P vk BEAR A MBI TR, AE R INB TSk

[ EESURE| WItH1E Fh Ji
A Ao 0° £5" A3l
i 0° +5" =Ez)
I fry 0° +5" EE)
ERALEY 0 +100 mm +0.05 mm A3
M hr ez 0 +100 mm +0.05 mm ]
M b fx 0 +200 mm +0.05 mm A7)

064702-3



EIEMSaE. HEEE: WY 7758 R0y 2020 48 55 50 & 5 6 )

BETEE N ORI AR AT 1R R N s o AT
SERRERG T, (HBETH T — FUAL SR SR SEEL B
shin#k, AL E sh i B & (-1, FK e

I HL TSR R ORBE. AZ0ARS Hh LA Ry RS B 1k
W R HE S I T FEE B, RERS ] i [ AT S DR
OB TR CEN )M RN D). R4 H A ks R T AL
HERGRG . MERETEAREOR, R RrEad o [H R =45
K RERERD.  BEOE AN AL R B X = SRk B v 2L
R, A P AR AT I T,

3.1.2 AR BEAE

TR R 3 E B WAL A S LA B SN 3R ) 3
(&12). iR AL B — G R BETHFEHL AR BR 22 AT At L
Nigah, LA T SRR SRR, PR HERL T
BAERSIER b, B LA IERL A R T i85, FruErkid
OB S, SCHHERL I BRI INERThae. Mk, 1
1A b Is Bl SRS R Y ) T RE

3.1.3 BREING

BC & 118 2: LNk 56 (F3), R FH mks B K,
IR K S, B4R R, A, REEE
PEEIEMIER L, Sk B Rl K 58 42 v ik 51 0.0002 114
FE. N T & LG T B8 I8 B R R R TR HE (R B AL s

i

|

|

|

I

i

B 1 ke

Figure 1 Weights.
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Figure 2 (Color online) Weight string dragging mechanism.
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Figure 3 (Color online) Pulley force transmission mechanism.
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Figure 4 (Color online) Loading device.

SEANE,

JIEEN T;é?” P
» , 4 //7/11//
v // //
eniE \
Z WONE

FAEETE
ENRES

B 5 (MZROR DI ECK IR

Figure S (Color online) Loading state of the loading device.

GBI R R A

(5) Hifar EEBCRIGTH 3+ T3 ARHAM 3 FE R0 i
SRR AR R A KR R TR, 384T LA/
TR D FEAN R A AR B i o 5 L, An e A SR AE
FOPRGEERE R, I GBSk AR W] RS AN

3.2 MESLIBEMMENNE T RS

MBI AL T RGH T ANk, A
INBCKAAR R 5 LRI AR RE S, R
UER PN 0 A i i e e, AL E T AR
G5 RENTRGWE T, SLIlnEckZ Rvinh g,
BB RS R AHAE 0 AR

321 MESKAAEN T RE

Rk 0 5E (oA PRAEBE M ME R GERG - HERE (¢
B, RNk e LA LA, N e S AL s R
R — MR B R AL 2K RIS
WL, JE T HURMOIN TS 5 4% L2 e S 4F fil (3 W] 5,
Tz Sk R M URCE A7 75 2R 55 56

322 EfMNEFES%

AL E T RGCRHe MO THFHE R, R
0 RS A0 2 PR I Sk 7 RS B, T S gk Sk
NEBEREZE), SR MALE. P1-P6 N6
WAL v B S bRl = AL B (B 6).  HL e R A
(Charge Coupled Devices, CCD)s&201t 487054 &
JEATR I AL SRS, HAAREG . BBV
TAERaE . #BAEM RSN A, O ZNHT & ek
kI B . 1% R G E A5 2 AL E I FH CCDROL
RiRsit, Ha R N0.8 um, & PR T 22 35 0 5
79400 mm, FLIUE AL 70 A N0.4", 58 4R AL
THEK.

33 ENTES%

LT R GAE TRV AEI W 5T RE 0 7] I SE B
XNk 6> B R AR i R B AT E GL (7). BEihK
FER IR, HEA RGN IR SR
AR AR, BT R % A hE AR 1
RGRABPARNGE WA S, FTSLIA E
SCHEEAENL. BALT RGNS AT R FLR R R
T oEXTT A E LB S, Rk ERZM YT A E

064702-5



EIEMSaE. HEEE: WY 7758 R0y 2020 48 55 50 & 5 6 )
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Bl 6 (MR BOLRE T E(P1-P6)
Figure 6 (Color online) Position of laser displacement sensors (P1—
P6).

B 7 (MO ENR LG 17K

Figure 7 (Color online) Main body of reset system.
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Figure 8 (Color online) Data acquisition system.
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B9 (MR E)AIBCSHE
Figure 9 (Color online) Photos of AiBCS.

B 10 MRk AR SFS01-3

Figure 10 Impulse balance S01-3 for calibration test.

F 3 SOI-3R B4y
Table 3 Design loads for balance S01-3

Jior i BeitHa
Y 5000 N
M, 200 Nm
M, 50 Nm
X 2000 N
VA 2000 N
M, 100 Nm

H, SERR T 2 A B RAR S5 AT 2B AU PR 771K

4.2 BEBEESTEE 54
BT R R RN BIAIBCS B R G5, e

HalAE SR, BN R e K mEx
IR AT IZ A . 245 H T S01-3 K F &4
AR TR it 1) B R A

12 IR R T B ) B K 8 ef /2 I 5000 N, 7 H |
775 T KR B 0 AR TF-12 70 28 B 8k R B (1
A AT SRS RS M ERE. A
4 AIBCS R #E B4 5 I R v £ 48 3047 17 % L 43,
FK5-8HIH T KTV RHERIVEA S 58, NI T7 24845
MCEE B e E, H TR R FGAIBCSKM

F 4 SO1-3KPRLHER AT
Table 4 Calibration loads for balance S01-3

JI5y BT
Y 5120 N

M, 179.2 Nm
M, 80 Nm
X 1920 N
V4 1920 N
M, 73.6 Nm

F5 BT ERFABCSKAEEIR)

Table 5 Mean square error (calibration data by AiBCS)
Jir & fixtiRze A IRZEe (%) WIRIEZE30 (%)

Y 2578 N 0.05 0.16
M, 0.219 Nm 0.11 0.34
M, 0.105 Nm 0.21 0.64
X 0.409 N 0.02 0.06
z 0.694 N 0.04 0.11
M, 0.222 Nm 0.24 0.71

R 6 P ERIRRIGEAERR)

Table 6 Mean square error (original calibration data)

Ji5r & AixtiRze AN iIRZEe (%) WIRIRZE3e (%)
Y 4783 N 0.49 1.46
M, 0.229 Nm 0.47 1.4
M, 0.269 Nm 1.36 4.07
X 0.963 N 0.2 0.59
z 2.018 N 0.41 1.23
M, 0.23 Nm 0.47 1.4
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F7 LEEMEKEEIEIR(AIBCSEHER )
Table 7 Precision (calibration data by AiBCS)

R 8 OB IR bR(R AR R )

Table 8 Precision (original calibration data)

I & LEATINEAEE (%) i & SR INERE FE (%)
Y 0.02 Y 0.07
M, 0.02 M, 0.04
M, 0.04 M, 0.08
X 0.03 X 0.04
z 0.02 z 0.07
M, 0.14 M, 0.19
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High-accuracy fully automatic calibration system
for impulse balance

WANG YunPeng', LI XiaoGang” & JIANG ZongLin'
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Beijing 100190, China;
> AvIC Aerodynamics Research Institute, Shenyang 110034, China

Long-test duration shock tunnel JF-12 has been built in 2012 in the Institute of Mechanics, Chinese Academy of
Sciences. Its performance tests demonstrated that the facility is capable of reproducing the pure airflow with longer than
100 ms test time. In order to develop and improve the force test capability in JF-12, a high-accuracy fully automatic
calibration system (AiBCS) for the large-load wind tunnel balances was designed and built, based on the characteristics
of impulse-type balance. The design process and some key techniques of the AiBCS are shown and analyzed in detail in
this paper. The strain-gauge balance with the maximum loads of 15 kN can be calibrated automatically with high-
accuracy in this balance calibration system. In this paper, the calibration data of an impulse-type balance by two
calibration equipments are also compared and analyzed, where the performance of AiBCS is more excellent. Therefore,
AiBCS provides an equipment foundation and technical supports for the development of force measurement in the
impulse facilities, like a high-enthalpy shock tunnel.

shock tunnel, impulse strain-gauge balance, balance calibration system, automatic calibration
PACS: 47.11.4j, 47.40.-x, 47.27.-1, 47.70-n
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