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Research on fatigue stress monitoring technology of balance
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Abstract: During the wind tunnel testing, the balance will be subjected to aerodynamic dynamic loads for a long time,
which may lead to fatigue failure of the balance. In severe cases, cracks or fractures may occur, which can not only
cause damage to the balance, but also catastrophic situations such as test pieces falling off and being blown away along
the surface of the wind tunnel. These unexpected situations often delay the entire development cycle of the aircraft. To
reduce the risk of fatigue failure of the balance and ensure the safety of wind tunnel testing, the FL.-9 wind tunnel
pressurization test balance was taken as the research object. Combined with the finite element analysis results of the
balance, high-risk stress nodes of the balance structure were extracted, and fatigue monitoring was carried out
throughout the calibration and wind tunnel testing process of the balance. The test results indicate that the fatigue
stress monitoring technology of the balance can ensure the safety of the balance. Based on this, the load range of each
unit of the balance has been expanded by 1.5 to 2 times. The wind tunnel test results show that the balance still has
sufficient safety margin to obtain a wider range of test data.
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Table 1 12-DN6-160D balance design load
K X/N Y/N Z/N M./ M,/ M./
or i (Nem) (Nem) (Nem)
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B
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A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

1.149 7x10°
1.040 1x10° o

_7.188 5x107 3

Time: 1
4.038 1x10° Max
3.701 6x10%
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3.028 7x10° 2:5159x10°
5
§'§?§ ?i:gx 1.282 9x10° ]
2.0192x10° T
1.682 7x10° | 6.768 4x107
1.346 2x10°
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3.368x107
31 536 Min
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Fig. 1 Cloud diagram of stress calculation results
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Fig. 2 Key structural stress monitoring node
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AP &g T

BT RO SN i 2 i) 75 B AR B Y e g L Pk
FE R 55 5 BE 1 B R BB S BUR N TR o, HKOR T
NS e, o FTLAZARSCR A Goodman 1 26 [E 2k 3678 K& K
WSz 2 3 715 SR S 38 R L R ) R R P 97 R R R R
Goodman B AR T RARN

6. ©C ]<1*Ul> (€Y

I,

WA S PR o, 5N IR . o J2BRHE XS FRIE B 4%
5 NI TT IR s o, RPN T, o) SEAEREI SR BEAER
B i 32278 KAV R 3 8 AT B /N G5 TR R B 0L 98 I U
I AN 22 B AR 2 55 R o A R 3R 7S L8 0 R A 36 552 56 2 i

o« 11



948 & 2 F o

T # K

A A AT A I X PR 57 A IR 0 o L AN 2 A 2R R 5
IR o 3 AR M R 1 R AR T P 5 A
e £ 19 A7 b5 R A7 BR 77 iy DX, 768 5y JEBR A7 i DX

a
a

Al

9,

5  Goodman J 57 % BR

Fig.5 Goodman fatigue limit diagram

(3) KR 77 k7w

Bt R AL AT KPS 4y A3 Howd i R 4 AT
W75 2] A S 3h 3k for 5 A R IG5 A 45 B w5 XU, 7 4
S T ST N 5 AR IR R A 2 AR B KU B T A
SRR AT AR SE A R . N S A RN AR N 6 i
7 B RSB R 118 AN i KB I 1 95 . AT AR
B R R S A fiE #4d Goodman W 55 #% R &1 o JC BR 75 fiy
Xk, — B A AT 107 7 PR 75 A DX P 23 5% i 2R T 11
HAar, ZREEAEN LI 1 kHz B8R0 8 ok /s
BN RS, WA BREE S % KR
98 57 W BRAEL , O SF /9 B iz 8 FE AR B 760 MPa, 3% 55 #% BR 4
400 MPa, R J2& 1 UK 56 56 0F . 12 % h B A B ) R e 7
550 MPa, 3450 /1 & 300 MPa, FaZS R fi{E R 118 A%
S8 35 A5 AR A S YR O B AS R T R R T AN g
MR KESR/IMEZ 2%,

() eilen Ad o atartbearelS ¢ oot

LA P

00 350 400 450 500 550 600
i/

6 K e XU 5 a2 4k (5]

Fig. 6 Balance high risk node stress variation chart
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Table 2 Range of extended loads for balance calibration

K- M,/ M,/ M./
. X/N Y/N Z/N :
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Fig. 7 Balance lift unit overload calibration residuals as a percentage
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Table 3 Scaled extended load calibration residuals

for each unit of the balance

Lkl X Y Z M, M, M.

BR#HM 100 100 100 100 100 100
BoREE?E —0.08 0.08 0.2 —0.11 0.06 0.1
mEAE X Y Z M, M, M.
RREH 150 150 200 100 150 150
BREEE —0.08 0.12  0.25 —0.19 0.15 0.14
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