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Degradation and failure detection technology on

strain balance measuring circuit

WANG Nantian, XU Xiaobin, MA Xiaoyu, WANG Xiong, TONG Shuai
( China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract; Aiming at the degradation and failure caused by vibration, temperature cycling and etc in strain balance’s measuring circuit

( Wheatstone bridges) , a detection method was presented. In the method, the bridge was driven on different nodes at different periods and the

responses were measured. The bridge’s parameters were calculated on the basis of the theoretical calculation, and its failure was detected on the

basis of the clustering method. A principle prototype was developed and the experiment research was conducted. Experiment results show that the

presented method is effective, and it can indeed detect the failure and its test accuracy of bridge resistance can reach 0. 2%o. The designed

prototype realizes the auto-detection of degradation and failure of strain balance measuring circuit, which costs less time consumption than traditional

test method and lifts the available time of the wind tunnel test.
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Fig. 1  Structure of the balance’s measuring circuit
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Fig.2 Failure detection model of

balance’s measuring circuit
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Tab.1 Manifestations of degradation and failure in model
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Fig.3  Detecting principle of circuit degradation or

open/short circuit failure

HUMRIO A0 1 Bk 2 5795 4803 =k 4 Z [alit b,
FEIEAT 5 0 ~4 al F a2 3X 7 AN 5 2 8] (1 L
JE2%, Wit AR B4 24 BV O HL I, Ral
Fl Ra2 by ks BEARIRIE 2= 5 B

HOETET A 1 5 4 Z SN R, BN
Ly SEFRIREFEHE ISR

Ryl
= i :
U, =Rsl,, +R1 +R2Rl (5)
U,, =Ra,l, (6)

Hr,

R +R)) (R, +R
Ry = (R, +R,)// (R, +R4)=( L HR) (R +R,)

R, +R, +R; +R,
(7)

BRArx(5) ~ (7) AT AR
R (R; +R,) U,
R +R, +R, +R, U,,
53(8) L FE K 2 5 4 Z g R ]
HRESHIR

R, + Ra, (8)

R,R, U,

R, +R, +R, +R, U,

R, R, Uy

R +R, +R, +R, U,

TE 83 5 4 ZIA s il LA 3 .

R\R, U,

R, +R, +R, +R, U,,

TE A2 5 3 ZIA s i nl A3

Ry(R, +R,) :&Ra (12)
R, +R, +R, +R, U,, '

TFE(8) ~ (12) o, HA i v Hs L AT LA SE
AL %8 ( Analog-to-Digital Converter, ADC)
MEA55], H Ral 1 Ra2 2k &1 B K B G IR 7
HLBH, HLBHAE Ra, . Ra, © 1, RV AT LL3E 3 86 R 7
FE(8) ~ (12) AR B AR R (4) 153 R, ~ Ry,

BTSN AL B R, ~ Ry AT LN K- HEATIR
ot . E BRI R B R1 ~ R8 A s B 2 A
JFiE,R1 ~ R4 (RO K H B & A 0 8%, 7T 56 T iR
G3 M7 A5 3 45 b A O T B D = JE sk

Ry +

Ra, (9)

Ra, (10)

Ra, (11)

R, +

WA R Iy AT R T — BT,
BT R A MR O B R L R R 2k R [ R R
A KA R 22 1 R 3 BT 2 L & AEAERAR /N
PR A 5 1 B B o) B

2 LTS

A EAEHILTET I R , R ke +
TN 1 25 4 « 35 1 1 g 000 4 26 2 AE A 7 i
TRBHERAE , DRAUESR AL R RG  J7 158 5 2 T30
BUER A AT 858 43 B, o] LAAEAS 50738 iy ity F1) 22 il
g gy B RS
2.1 EpmNERE

ADSI1263 J& TI /N Gl Y 32 v @5 45 i ADCH |
SCRE 1L ML 5, BT AR ADC %%
2 AN SCE S R A 3 T DU TR
Ui s A0 A by 3E FH i A i i ( General-Purpose
Input/Output, GPIO) , JXEEFFAEMFZE 7 FEE
A AL FT SR A B BT

e ADS1263 B2 0 1l I ) o 26 4544 4
Kl 4 7R : 2k 1] ADS1263 + B 5 LAY S A 45 4
ADS1263 & RAE ML LFR S, A~ INx (A& rh 4L
A ML) 15 A U S 5K 3l Fe i (R AT S o
A R OQA@DH AFEHL) , I3 —4~ INx(4n &l
T U LR ) B E A GPIO i i, - s I~
A Ay v It T T g 3 B, R 1 INx VR 22 43
O T A I H R, A Uy W Usyy U
o BT LN PR ML ADS1263 5 b A HLER 14 1) 38
fF# .

M =

m@%ﬁ

: . 2| [+ 22 Hzle»
| ! g @; & o
: i — =
1 ! ||

B N |

4 i e R B

Fig.4 Schematic diagram of front-end measuring system
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Fig.5 Main interface of the upper computer software
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Fig.6 Hardware of front-end measuring circuit and

tested bridge
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Fig.7 Results of experiment



<154 - ES R s N S S

542

3.2 HBEML

F14 4~ 25 ppm ) 300 Q0 B4R 2 L L2 AR
B, 1 3 AR AL A B 3K

P2 25 T 20 REMNRSE R, K3 il TR 2
RO 1 ZE 1T 25 2R, Hoh ave JoF- 1 {H, Amax
(Amin ) Ay H AR R (/) -5 FBIE R 22 4 X {H,
err_max (err_min ) >4 Amax( Amin) 5 ave {19 {H.

I 25 R, R HLI B L BE
300 O, FrE HIBH R1 ~ R4 {14 Hi BEL{E I 43 e 158 22
230 0. 113%0( 32 3 h R RIZHMH) » =l(3) 7]
T H O ) R AT RE T R B 4 AR R 22 B RN 4 x
0. 113%0~0. 46%0, T FL LA S/, M5
R R R, e R 10 mQ, TS LRAN
SR R P42 1 o, A v ) e 2 BHL S B 2

24 P BELMI fioh bt L, DR g AN ) 18 03K 22 ] ] A
TE/NRZ SN, JX AT RE S B0 45 R A BOR R 22
—A I

4 e

L ROIVRPNE S Al NS €7 S E Rl b
oROWEIE TR RIB AL 5 Ak BRI T ik 5 A4S
R AL 1107 1 B Je i s Bt 1 s PR
BL, SRR EE R 2Tk A R, A r B RS S
A3k 0. 2%o, P BHIN ERTE L0 2% o %7k
AT AR RO IR A 23 Br 5 SRS W 4R I S8, 52
BYLSEAE IR L ) B B S, 7
W], 4 i XU G T ] R — 2R
FEH R I PR RE

x2 20 KMELR
Tab.2 Results of 20 tests

0
7= R, R, R, R, R,
1 299.748 4 299.998 9 299.533 4 299.821 4 0.569 60
2 299.768 9 300.037 9 299.545 7 299.821 1 0.562 95
3 299.764 8 300.031 6 299.512°8 299.783 0 0.576 19
4 299.748 3 299.990 1 299.529 5 299.814 9 0.576 33
5 299.7415 300.003 0 299.509 9 299.816 0 0.571 41
6 299.765 1 300.037 7 299.5323 299.804 7 0.570 68
7 299.758 9 300.031 7 299.509 0 299.831 1 0.564 74
8 299.745 7 300.004 9 299.526 4 299.817 7 0.571 97
9 299.744 4 300.019 1 299.505 6 299.827 3 0.572 81
10 299.760 0 300.028 2 299.514 3 299.814 5 0.572 00
11 299.766 4 300.034 8 299.530 0 299.808 3 0.570 31
12 299.740 4 300.010 7 299.512 9 299.821 1 0.574 52
13 299.744 0 300.013 1 299.514 5 299.8119 0.574 46
14 299.743 5 300.006 0 299.516 7 299.821 2 0.571 91
15 299.744 9 300.027 6 299.509 9 299.831 7 0.574 98
16 299.750 3 300.042 4 299.519 1 299.822 1 0.574 20
17 299.737 9 300.035 5 299.498 1 299.819 0 0.574 61
18 299.729 8 300.027 7 299.507 7 299.832 2 0.573 55
19 299.748 1 300.039 5 299.506 6 299.828 6 0.575 69
20 299.770 3 300.055 9 299.504 2 299.792 1 0.577 85
x3 FHiHHER
Tab.3  Statistic results of tests 0
2R R, R, R, R, R;

ave 299.751 1 300.023 8 299.516 9 299.817 0 0.572 54
Amax 0.019 176 0.032 115 0.028 768 0.015 254 0.005 31
Amin 0.021 256 0.033 695 0.018 846 0.033 999 0.009 591
err_max 0.000 064 0.000 107 0.000 096 0.000 051 0.009 270
err_min 0.000 071 0.000 112 0.000 063 0.000 113 0.016 751
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