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A method of geometry optimization for dynamic tensile specimen
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Abstract: The split Hopkinson tensile bar is one of the most commonly used apparatuses to test the dynamic tensile
mechanical properties of materials at the high strain rates from 10% s™ to 10° s™', in which the specimens with a dog-bone shape
are usually used. The dimensions of the specimen used are critical to ensure the basic assumptions during dynamic tensile
process, such as one-dimensional stress state and uniform deformation of the specimen etc. And whether these assumptions can
be satisfied would affect the measurement accuracy of the dynamic tensile properties directly. So, it is urgent to study the
influence of the specimen structural parameters on the stress and deformation states of the specimen during the dynamic tensile
tests. At the same time, developing and establishing an effective method which can realize the global optimization of specimen
structural parameters in the entire parameter space is crucial. In order to actualize the above research objectives, indicators

which can quantify the measurement accuracy of the dynamic tensile tests were firstly proposed, namely the time required to
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reach the stress equilibrium, the deformation uniformity, the relative level of the non-axial stress, and the relative deformation
of the transition zones. Orthogonal tests with 6 factors and 5 levels were then designed for the important structural parameters
of the dog-bone shaped sheet tensile specimens. According to the rules of the orthogonal test design, 25 dynamic tensile
specimens with different structural dimensions were obtained. The commercial finite element software ABAQUS/Explicit was
used to establish a finite element model of the split Hopkinson tensile bar, and dynamic tensile test simulations were performed
on the dynamic tensile specimens obtained from the orthogonal test design. An orthogonal test dataset with the specimen
structural parameters as the input and the measurement accuracy indicators as the output was then constructed. Multi-objective
orthogonal test matrix analysis was carried out on the orthogonal test dataset to obtain the influence order as well as the
influence law of the structural parameters of the tensile specimens on the measurement accuracy indicators of tests. Taking the
orthogonal test dataset as the training dataset, an artificial neural network (ANN) model was used to fit the nonlinear
relationship which can predict the measurement accuracy indicators of the test by using the structural parameters of the
specimen, and then the fitness function in the genetic algorithm (GA) was established by using this model. Finally, the
structural parameters of the dynamic tensile specimen were optimized using the ANN-GA collaborative optimization method,
and the optimal structural dimensions of the dynamic tensile specimen were obtained as the result of the optimization. Finite
element simulation results show that the optimal structural dimensions obtained by the ANN-GA optimization method are
valid. The results of this study demonstrate the practicability and effectiveness of the ANN-GA method in the structural
optimization of dynamic tensile specimens. On the other hand, it can provide guidance for the specimen design in the dynamic
tensile mechanical properties tests of materials, and can also provide a reference for the validity analysis of the experimentally
measured mechanical properties.

Keywords: split Hopkinson bar; geometry effect; specimen design; machine learning; genetic algorithm
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Fig. 1 The split Hopkinson tensile bar device
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Table 1 Structural parameters of the sheet specimen used for dynamic tensile tests and the reference values

l/mm w,/mm I /mm w,/mm R/mm §/mm

12.0 4.0 18.0 16.0 3.0 2.0

®2 ABHENSHIERRSRULR

Table 2 Orthogonal table of the specimen structural parameters and the simulation results

S5 28 mm _
bz L ", L " X s tlus /% $/107° Dq/%
01 6.0 2.0 16.0 14.0 0.5 1.0 18.05 4.55 2.241 0.57
02 6.0 3.0 17.0 15.0 1.0 1.5 18.50 6.11 2.176 3.54
03 6.0 4.0 18.0 16.0 2.0 2.0 19.00 5.90 1.776 7.23
04 6.0 5.0 19.0 17.0 3.0 25 18.00 5.76 1.874 11.44
05 6.0 6.0 20.0 18.0 4.0 3.0 19.50 6.17 1.412 15.58
06 8.0 2.0 18.0 17.0 1.0 3.0 18.50 2.94 1.930 2.01
07 8.0 3.0 19.0 18.0 2.0 1.0 19.50 2.59 0.865 4.83
08 8.0 4.0 20.0 14.0 3.0 1.5 20.00 333 0.765 8.47
09 8.0 5.0 16.0 15.0 4.0 2.0 20.00 4.29 0.753 12.17
10 8.0 6.0 17.0 16.0 0.5 25 21.01 8.42 4.844 1.90
11 10.0 2.0 20.0 15.0 2.0 25 22.00 1.68 0.807 3.73
12 10.0 3.0 16.0 16.0 3.0 3.0 22.00 2.63 0.651 6.54
13 10.0 4.0 17.0 17.0 4.0 1.0 23.12 1.91 0414 9.65
14 10.0 5.0 18.0 18.0 0.5 1.5 21.99 6.32 3.203 1.19
15 10.0 6.0 19.0 14.0 1.0 2.0 21.00 6.88 2.925 2.34
16 12.0 2.0 17.0 18.0 3.0 2.0 23.50 1.39 0357 5.17
17 12.0 3.0 18.0 14.0 4.0 25 24.00 1.99 0316 8.14
18 12.0 4.0 19.0 15.0 0.5 3.0 21.32 521 1.972 1.06
19 12.0 5.0 20.0 16.0 1.0 1.0 21.99 4.58 1.852 1.70
20 12.0 6.0 16.0 17.0 2.0 2.0 23.00 4.46 1.651 4.18
21 14.0 2.0 19.0 16.0 4.0 1.5 26.00 0.94 0.146 6.99
22 14.0 3.0 20.0 17.0 0.5 2.0 24.51 3.53 1.295 0.74
23 14.0 4.0 16.0 18.0 1.0 25 25.11 3.93 1.205 1.77
24 14.0 5.0 17.0 14.0 2.0 3.0 25.03 3.95 0.805 4.00
25 14.0 6.0 18.0 15.0 3.0 1.0 25.50 3.39 0.750 5.18

122 R AL 5N = A5 E 4R

FR 4 SHTB 1 I It 2 A — 2k gt 1 0 5 BEE, SO0 A5 4t sl A5 g 224 Be A A st v
PEZER AR B S R T R DUT 4 A EAR R B2,

(1) R F3 A 5k« Pl R s I B iy I S 1L A 7 T K/ NAR 3

(2) 7 TE Y S 5 ShAS P R Pl R bR B BV S 1) 24 50 A8 I

(3) —ZE N J1 s A5 3 v i 07 bR kg il ) - — B g

(4) 1 P B AR AR L BhASH At F v P B A il ) L ANARIE

55 4 A FEARAS BRSNS R, 38 T AT LU AR A A AR AR . O T T UERA, K 3 M EEAT IR
TR, HAAH, K] 3(a) HIAFERG AT, (4] 3(b) MAREE B St W B R 1/4 BERL, [ 3(b) i, S5 P Py
IRFE POl o P B S R BRI A, 45 G, G, A IRRE O AR BRI B i U B A RS

014201-4



542 LN, 4 T ANN-GADE AL SIS R s i F1
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(a) The full model of the specimen (b) The quarter model of the central and transition zones
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Fig. 3 The finite element models of the pin-connected tensile specimen
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Fig. 7 Schematic diagram of the neural network model structure

4.1.2 BRI HOEIRE

o T B AR AR, R T 3R S BTEIA B T UIZRAE Y 3 Al UREAE N IREAE . ITESE b
TR {18 S 15 AR L Y LS 2 TR A X L DL 3% 6 mT LA HY, B0 UE A ASE R F000 45 3 S (i = 1] A e K
AXTHRZEAY 10.48%, FHIRZEMCE 6.03%. X Ui, 4.1.1 15 o Il Gk ik 90 45 45 80 BLA 4tk 132 AL RE 1, ]
DAl AR 235 40 o 0 3000 %o 7 1) 9000 e 5 48 e, AR ELAT A3 Rk

x5 WK
Table 5 Validation data set

LK 40/ mm

G I " L w R s tlys m/% 5107 Dal/%
01 6.0 3.0 18.0 15.0 2.0 1.5 16.0 4.45 1.018 7.02
02 8.0 2.0 16.0 14.0 3.0 1.0 18.5 1.24 0.275 7.59
03 10.0 4.0 19.0 17.0 1.0 2.5 21.0 5.43 1.946 2.34

*6 WIFSEESTMERTEL

Table 6 Comparison of the true and predicted values of the validation dataset

t Tm SZ Dd
i - - A
EE/us BUM(E/ s R2E/%  FIE/% BME/% R25/% FIEN0° BME/107° #R%/% FIE% BE% 1R2%E/%
01 16.00 15.62 2.38 445 4.87 9.44 1.018 1.072 5.30 7.02 6.73 4.13
02 18.50 17.36 6.16 1.24 1.37 10.48 0.275 0.261 5.09 7.59 8.18 7.77
03 21.00 20.78 1.05 5.43 4.99 8.10 1.946 1.778 8.63 2.34 243 3.85

42 GA 3t

GA JERIA it AL 18 T B9 AR B AN AL 240 B9 AR B AL A TR AR Y J— b s A 0L SR 0k fk
TEFE TR AT B LN T T R R T R0, GA T R R A A S S ANN 1 I, 2
T ANN ) 2 038 1 B R Ean
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(12)

o e e
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1 1 1
: l 1 : Establish initial !
I ANN modeling : l population about 1
' T | : structure parameters '
1 I 1
| Lo v i
! Train ANN model based on ! ! ] !
I simulation results o » /_\SSIED ﬁtnes.s for 1
: (from structure parameters to ' : different specimens :
: accuracy indicators) I : :
. Lo v .
I 1
: No|l | Select 1
1 | [ 1
1 I 1
i Lo ! :
| .. ..
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1 I 1
1 : 1 Mutate 1
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| . ! ' (whether measurement — |
l ANN model sa}{sﬁng I accuracy reaches highest) 1
I training conditions v 1
I 1 1
\ ! Yes !
1 ! \ | 1
\ N \ !
Al i A} i
AN End s N End R

_________________________________________________

K8 wpzemgs SRk R %

Fig. 8 Collaborative optimization scheme of neural network and genetic algorithm
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N AR . Bl At R D, R AR DL AR A% 3 1 B (i e e/ N, J5 i TAeE, ek Bl sh, LIS (11)
SR VL PR AR )38 A BT T A AR B 2 A R 1 S

51 10 2 ANN-GA P[RR AG S AR 2540 5 RT, DAk it iR 55 080 FH RO 300 D o v B 48 A 1)
TR UWLEE 7. AT LA Y, O A IS SR 4 45 S0 000 1 v B A AT BT IR ARR, T HL R 7 Sy ks 30 sk ] IR b
) 87 7 AH X 7K 2 R /)N, 22 BH RCSH AR AL 9 ialRE 7 0 e i B L ) 8 80 8 35 45 5, ANN-GA Tp[R] =
P SR RO i U SE A 30 AL T ZE Ui A2, 18] 10 sk et ROST oA A R G R
P F L, shA AR U R U B AR X AR TE | bR R B AR TE 4 5] B A AR AR KRR I 2 M Rk sh A m v
RIS . R, 10 Al ke O R F & F T BE AT AAT075-T6 B4R & 4 AT s 28k k). i b T4
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Fig. 9 Optimization process simulated by GA

Minimum fitness in each generation
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=
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Fig. 10 Optimized specimen structure and dimensions (unit: mm)

®7 RUATERAENEEREIRIRITEL

Table 7 Comparison of the measurement accuracy indicators of specimens before and after optimization

t Tm 5 Dy
Pefbnims  RALG/s  WV%  RAEETY%  DifbE/% Wi HAEE07 OifkiE/107 Wby BeAkET%  RAREY% VY%
27.0 21.0 222 2.4 1.57 34.6 0.871 0.803 7.8 5.57 5.16 7.9
5 & it

L SHTB 51 2 428 3Ry R B AR RE Sy S2 9], $ i 1 —Ff ANN-GA Ip[a] L 52 BUAE B A S 40
(] Xk Sh A PR A )T AT e B DA T vk o e, 2T SHTB Bl B2 1 1 n] DL LR
D R BE AR AR o AR, WIS A 2 B AT IE SR BT Il AT FROTRL I 57 1 E S i K dha
JE o R TE AZ R 6 R0 P I 22 F AR IE S IR AR B 2 A A B 1 AR 4 A 2 MO0k I e v R e A R o )
U e AR . ddm, DLIE SIS B 4 o I 2R 46, R ANN-GA bR SO015% 2 1 3R i fe L 45
oFo i A TAERT RIS LR e

(1) 2R 2 HARIE S 10 [ 73 B 9 K008 12 9 07 0 vl 3l 25 AR 45 4 2 B0 mieg e )
JEFEAR BB AL PR AT TR SR B A TR = A2 40

(2) ANN A AT A RO HI T30 S5 R RT3 I e 0 32 8 s =2 TR A AR Ze M 52, I 255 19 ANN ]
AR IR S8 AR RS A 000 BAT 12 RO a0 T e 7 B4 00 VA Aff HE A
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