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Abstract: Optimizing dynamic performance of force measuring system in impulse combustion wind tunnel
can be helpful in improving the accuracy of the wind tunnel force measurement experimental data. A novel meth-
od is proposed, which is based on joint part dynamic property optimum, to improve the dynamic property of force
measuring system in impulse combustion wind tunnel. To the beginning, the Ansys finite element model of force
measuring system is established precisely. The spring—damper model , whose stiffness coefficient and damping co-
efficient can be calculated by Yoshimura method, are used to describe contact characteristic of joint part. Next,
the modal analysis and the calculation of strain energy density distribution for force measuring system is carried
out. On the basis of strain energy density distribution, joint part is the weakest part of stiffness in force measuring
system. Finally, surface pressure of contact area working as optimization variable is conducted to optimize the dy-
namic performance of force measuring system. The top 5 inherent frequencies and the frequency response func-

tion of strain gauge in wind load balance of the optimal force measuring system are compared with original force
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measuring system. Comparing with the original condition, results show that the inherent frequencies of force mea-

suring system are improved efficiently, the maximum one is up to 16.7%. And the amplitude for frequency re-

sponse functions of strain gauge is evidently reduced. It also shows that the dynamic characteristics of force mea-

suring system are improved obviously. The feasibility of the proposed optimization method is validated.

Key words: Impulse combustion wind tunnel; Force measuring system; Joint part; Strain energy densi-

ty; Dynamic property optimization
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Fig.2 Instruction diagram of strain balance
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Fig. 3 Simplified model of force measuring system
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Table 1 Material Properties

Material name Elasticity Densil?f/ Poisson
modulus/GPa (kg/m’) ratio
Stainless steel 200 8% 10° 0.26
00Ni18Co8MoSTiAl 175.4 8x10° 0.27
Carbon steel 210 7.8%10° 0.28
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Fig. 4 Spring damping model of joint part
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Table 2 Basic parameters of the joint part/(k/(N/m’) ;
c/(N*s/m”))

Joint k, c, k, c,

Strain balance—

. 3.78x10"  6.73x10° 2.13x10° 1.57x10"
Aircraft

Strain balance= o/ 101 718%10° 4.63x10° 2.51x10°
Support

Table 3  Stiffness coefficient and damping coefficient of
spring-damp element/( K/(N/m); C/(N/(m*s)))

J()int Kn C" Kl Cl

Strain balance—

. 2.36%10° 4.21x10" 1.33x10° 9.81x10°
Aircraft

Strain balance=) ¢/ 10 448x10" 2.89x10° 1.57x 10°
Support
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Fig. 5 Finite element model of force measuring system
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Table 4 Strain energy density distribution of force-measuring system after modifying aircraft elasticity modulus

Elasticity First—order modal Second order modal Third order modal Fourth order modal Fifth order modal

modulus/GPa Component  Joint ~ Component  Joint ~ Component  Joint  Component  Joint  Component  Joint
61 0.376 4.794 0.425 3.035 1.155 10.763 2.817 0.051 4275 70.217
72 0.397 5.368 0.444 3.297 1.249 12.977 3.244 0.053 4.607 76.069
84 0.415 5.905 0.462 3.549 1.340 15.441 3.701 0.056 4.946 80.123
96 0.431 6.367 0.477 3.771 1.420 17.904 4.155 0.059 5272 82.618

Table 5 Strain energy density distribution of force-measuring system after modifying aircraft density

Density/ First—order modal Second order modal Third order modal Fourth order modal Fifth order modal

(kg /m’) Component Joint Component  Joint Component Joint Component Joint Component Joint
1810 0.536 7.208 0.731 8.314 1.702 18.850 4.260 0.068 5.605 95.922
2810 0.397 5.368 0.444 3.297 1.249 12.978 3.244 0.053 4.607 96.069
3810 0.312 4.260 0.341 2.546 0.985 9.875 2.620 0.044 3.866 63.006
4810 0.258 3.251 0.277 2.083 1.417 17.904 2.198 0.038 3.346 53.714

Table 6 Strain energy density distribution of force-measuring system after modifying strain balance elasticity modulus

Elasticity First—order modal Second order modal Third order modal Fourth order modal Fifth order modal
modulus/GPa Component Joint Component Joint Component Joint Component Joint Component Joint
160 0.360 4.489 0.408 2.771 1.163 11.753 3.244 0.041 4.259 59.610
187 0.397 5.368 0.444 3.297 1.249 12.977 3.244 0.053 4.607 76.069
200 0.410 5.758 0.459 3.532 1.283 13.502 3.244 0.059 4717 83.551
220 0.433 6.341 0.482 3.884 1.334 14.287 3.244 0.069 4.962 94.756

Table 7 Strain energy density distribution of force-measuring system after modifying strain balance density

Density/ First-order modal Second order modal Third order modal Fourth order modal Fifth order modal

(kg/m’) Component Joint Component Joint Component Joint Component Joint Component Joint
7000 0.3969 5.3673 0.4444 3.2984 1.2540 12.8216 3.2438 0.0534 4.6794 75.6416
8000 0.3968 5.3679 0.4442 3.2972 1.2492 12.9766 3.2438 0.0533 4.6073 76.0689
8500 0.3967 5.3682 0.4441 3.2966 1.2472 13.0545 3.2438 0.0533 4.5717 76.2342
9000 0.3966 5.3685 0.4439 3.2960 1.2449 13.1324 3.2438 0.0533 4.5364 76.3695

Table 8 Strain energy density distribution of force-measuring system after modifying support elasticity modulus

Elasticity First—order modal Second order modal Third order modal Fourth order modal Fifth order modal
modulus/GPa  Component Joint Component Joint Component Joint Component Joint Component Joint
190 0.3955 5.3328 0.4413 3.2541 1.2490 12.9674 3.2438 0.0531 4.6008 75.7062
210 0.3968 5.3679 0.4442 3.2972 1.2492 12.9766 3.2438 0.0533 4.6073 76.0689
230 0.3978 5.3971 0.4466 3.3335 1.2499 12.9840 3.2438 0.0535 4.6128 76.3698
250 0.3988 5.4217 0.4487 3.3644 1.2499 12.9840 3.2439 0.0537 4.6173 76.6238

Table 9 Strain energy density distribution of force-measuring system after modifying support density

Density/  First-order modal Second order modal Third order modal Fourth order modal Fifth order modal

(kg /m’) Component  Joint Component  Joint Component Joint Component  Joint Component Joint
6800 0.3968 5.3680 0.4442 3.2979 1.2495 12.9766 3.2438 0.0534 4.6074 76.0748
7800 0.3968 5.3679 0.4442 3.2792 1.2492 12.9766 3.2438 0.0533 4.6073 76.0689

8300 0.3968 5.3678 0.4442 3.2968 1.2495 12.9766 3.2438 0.0533 4.6073 76.0656
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Table 10 Optimization scheme of joint

The number of Strain balance— Strain balance—

optimization scheme Aircraft /MPa Support /MPa
1 0.6 0.6
2 0.6 9.0
3 0.6 5.0
4 5.0 0.6
5 5.0 5.0
6 5.0 9.0
7 9.0 0.6
8 9.0 5.0
9 9.0 9.0

Floating frame

Fixed frame

(a) Location of strain gauge 41,42

(b) Location of strain gauge 43,44

Fig. 6 Paste position of foil strain gauge

Fig. 7 Projection of exciting force point

Table 11 Comparison between each order natural frequency of force-measuring system before and after optimization

Third order modal/Hz ~ Fourth order modal/Hz  Fifth order modal/Hz

First—order modal/Hz  Second order modal/Hz
Before optimization 37.7 42.8
Optimized 44.0 46.9

Change rate/% 16.7 9.6

69.7 121.6 132.9
78.1 125.6 149.8
12.1 33 12.7
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—— Before optimization
— Optimized

100 150 200 250 300 350 400
iz

0 350

(d) Strain gauge 44 in direction Z

Fig. 8 Displacement amplitude frequency characteristic

curve of strain gauge A1,42,A43,44 comparison between

force-measuring system before and after optimization

Table 12 Barycentric coordinate of vehicle model

X/mm Y/mm Z/mm

2613.420 -110.252 0.027

Tabel 13 Degree of amplitude-frequency response curve
change between force-measuring system before and after

optimization (%)

[tem Al A2 A3 A4
X 15.84 15.68 15.91 15.82
Y 15.56 15.57 15.53 15.41
Z 15.74 15.68 15.88 15.53
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