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Tab.1 Polynomial surrogate model for stainless steel film materials

W57 Z 15 AR 1Y
1 fi(E,»=0.212E"+0. 025Ev—0. 008V —13. 42E—0. 527v+275. 1
2 f2 (E,»)=0. 210 +0. 025 Ev—0. 008V —13. 31 E—0. 522,+272. 9
3 f3CE,»=0.205E"+0. 024 Ev—0. 008V —13. 00E—0. 510v1+266. 5
4 fi(E,w=—0.773E +0.612Ev—0. 221 +10. 21 E—0. 462v1+29. 10
5 [sCE.w=0.186E*+0. 022Ev—0.007v' —11. 81E—0. 464v+242. 2
6 Ffs CE,») =0, 173E* +0. 020 Ev—0. 007V —11. 81 E—0. 464+ 242, 2
7 J7CE,»)=0. 157E +0. 019 Ev—0. 006 —9. 97 E—0. 391 v+ 204. 4
8 s CE,») =0. 139 +0. 016 Ev—0. 005V — 8. 854 E—0. 347v+181. 5
9 Jo(E,»=0.120E"+0. 014 Ev—0. 005V — 7. 649 E—0. 300v+156. 7
10 F10(Esv)=0.101E*+0. 012Ev—0. 004 —6. 389 E—0. 250v+130. 9
11 S (E,»=0.08E*40.009Ev—0. 003V —5. 117E—0. 200v+104. 8
12 f12(E,»=0,061FE*+0.007 Ev—0. 002 —3. 875 E—0. 151v+79. 44
13 f13CE,»)=0.042E*+0.005Ev—0. 001 —2. 713E—0. 106 v+55. 62
14 fu(Eyv»)=0.026 E*+0. 003 Ev—0. 001 — 1. 686 E—0. 065v+34. 56
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Tab. 2 Polynomial agent model for rubber film materials

W P Z I AQ AR
1 Fi (Crp s Cor) =0. 208y +-0. 441 Cyo Coy +0. 275C5 — 1. 667 Cro — 1. 850Coy +5. 893
2 F, (G s Cn)=0.207C,+0.439C, Cor +0. 274 C5 — 1. 660Cyo — 1. 843Cyy +5. 869
3 Fy (Crp s Cor) =0. 205K, 0. 434 Cio Coy +0. 271C5 — 1. 641Cyo — 1. 823Cyy +5. 803
4 Fi (G, Cp)=0.201C5,+0.426 Gy Cor +0. 266 C5 — 1. 610Cyo — 1. 789Cyy +5. 694
5 F5 (Crp s Co1) =0.195CH, 0. 415Cyo Coy +0. 259C; —1. 566 Crp — 1. 741 Cy +5. 541
6 Fs (Cio» G ) =0. 188C3, +0. 400Gy, Cor +0. 249C5 — 1. 510Cy — 1. 680Cyy +-5. 344
7 F; (Crp s Co1) =0.179CH, +0. 382Cro Coy +0. 238C5 — 1. 441Cyo — 1. 606 Cyy +5. 102
8 Fy (Cyo» G )=0. 169G, +0. 361Gy Gy +0. 225C5 — 1. 36 Cio — 1. 517Cyy +4. 815
9 Fy (Cip» Co1) =0.157Cf 0. 336 Cio Coy +0. 21Ci1 — 1. 265Co — 1. 413Cop +4. 481
10 Fio (G » Co ) =0. 143C3, +0. 307 Cro o +0.192C5 — 1. 156 Cio — 1. 296 Gy +4. 098
11 Fi1 (Gro» Co1) =0. 127y +0. 275Crp Coy +0. 172C5 — 1. 034 Cp — 1. 162Gy +3. 666
12 Fr2(Cio» Cn)=0.110C, +0. 24 Gy Coy +0. 15C5 — 0. 898Cio —1. 013Cyy +3. 183
13 Fi5 (Cry » Co1) =0. 091y +0. 2C10 Gy +0. 1255 — 0. 747Cyp — 0. 848Co1 2. 646
14 F1 (Gl C)=0.07Ci5 +0. 157 Crp Cor +0. 098C5 —0. 581 Cyo — 0. 666 Coy +-2. 054
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Fig. 1 Design of experimental device
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Tab. 3 Design data record table for working conditions

TH 1 T 2 A
HIEAEEE H 62.5 133.5 cm
ZEMBAE T E h 16.6 17.3 cm

4 304 A BB RE B iC 3¢ (AL . mm)

Tab. 4 304 deflection data record of stainless steel specimens (unit: mm)

BE 0 1.8 3.6 5.4 7.2 9.0 10. 8
TH 1 0.6012 0.5906 0.5936 0.5962 0.5959 0.5812 0. 5802

T 2 0. 6854 0. 6757 0. 6755 0.6731 0. 6699 0. 6494 0. 6456

B 12.6 14.4 16.2 18.0 19.8 21.6 23.4

TH 1 0.5792  0.5834  0.5673  0.5708  0.5639  0.5528  0.5487

TH 2 0.6331  0.6313  0.6091  0.6108  0.5881  0.5689  0.5585
5 AR B R D R (A7 - mm)

Tab.5 Record of deflection data of rubber specimens (unit: mm)

berg 0 1.8 3.6 5.4 7.2 9.0 10. 8
TH 1 2.3413 2.1805 2.2434 2.1896 2. 1446 2.0327 1.7927
TH 2 5. 7853 5.4638 5. 5896 5. 4820 5.3919 5. 1667 4. 6868

B 12.6 14. 4 16. 2 18.0 19. 8 21.6 23.4
TH 1 1. 1681 1. 4305 1. 3067 0.9529 0. 6679 0. 4499 0. 3874

TH 2 3.4377  3.9625  3.7149  3.0073  2.4372  2.0013  1.5763
6 IR R I A B2 A ) S K CLE : mm)

Tab. 6 Measured data of deflection changes of two materials in response to measuring points (unit: mm)

A 0 1.8 3.6 5.4 7.2 9.0 10. 8
NN 0. 0842 0. 0851 0. 0819 0. 0769 0. 0740 0. 0682 0. 0654

B 3. 4440 3.2833 3. 3462 3.2924 3. 2473 3. 1340 2. 8941

iz 12.6 14.4 16.2 18.0 19.8 21.6 23.4

RN 0.0539 0. 0479 0.0418 0. 0400 0.0242 0.0161 0.0098
i 2. 2696 2. 5320 2. 4082 2. 0544 1. 7693 1.5514 1. 1889
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Fig. 2 Flow chart of state transition algorithm
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Tab. 7 Relative error between Young's modulus obtained by three parameter identification

methods and Young's modulus obtained by tensile test

ViR 1 [t/ MPa FAXS 15 22/ Y%
LA S 192000 0
Scik[20] 198311. 3 3.18
k[ 21] 182654. 1 5.12
ARSIy 195559 1. 81

E : SCHR[20 12 56 T 3w 5 AR/ INVE TR BLE AH 455 i S B0R B 05 2 SCRR (21 02 7 T Heenky (7] 25 95 £ ) 2 40
WAk .

R AR oL g

0 10 20 30 40 50 60

K3 oA B b bR B0 B SR A 1 A AR

Fig. 3 TIterative process for optimizing objective function values
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Mechanics parameter identification of thin film
materials based on polynomial proxy model

DUAN Hui-ya, YANG Chang-qi, JIA Zi-chu

(College of Aerospace and Aeronautics, Chongging University, Chongqing 400000, China)

Abstract: In order to solve the difficulty in unifying the methods for identifying mechanical parameters
of thin film materials with different constitutive relations by the bubbling method, a method based on
polynomial proxy model for identifying mechanical parameters of thin film materials is proposed.
Firstly, the polynomial proxy model is used to show the relationship between the unknown mechanical
parameters of thin film materials and the simulated deflection values at different measuring points on
the thin film specimens. The experimental values of the deflection at different measuring points on the
thin film specimens are obtained by using the improved bubbling device. Then, the inverse problem
model is constructed by taking the sum of squares of the difference between the experimental values
and the corresponding polynomial proxy model at measuring points as the objective function. Finally,
the state transition algorithm is used to reverse the material parameters and obtain the real material
parameters which can characterize the thin film. In this work, the 304 stainless steel thin films and
the rubber materials are taken as examples to identify the effectiveness and reliability of this method.
The numerical results show that the inversion method based on polynomial proxy model has a strong
ability to identify the unknown parameters of thin film materials, and can identify all the constitutive
parameters of thin film materials at one time. The calculation efficiency and recognition accuracy are
both superior.

Keywords: polynomial agent model; identification method; material parameters; thin {ilm materials



