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Idenfication of elastic parameters method for graphene based on neural network

HUA Jun, WU Xiaxia, LI Dongbo, ZHANG Yuhui
(School of Science, J.Xi'an Univ. of Arch. & Tech., Xi'an 710055, China)

Abstract: Elastic parameters of graphene is the premise and foundation for the research of its material mechanics performances. The
BP neural network is used to predict the elastic modulus and shear modulus of graphene. Considering the length, width, aspect ratio,
chiral, layers and temperature of graphene as the main influence factors and choosing 84 groups of data as training and forecasting
sample, BP neural network model is established. The errors of forecasting results are analyzed, and the average relative errors are less
than 3 %, which proves the applicability and feasibility of this method. Based on the calculation results, the sensitivity of influence
factor to the graphene elastic parameter is analyzed by using L,s(5%) orthogonal table, which may provide a reference to the

performance prediction of similar material .

Key words: graphene; elastic parameter; artificial neural networks; BP model; orthogonal experiment design
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Fig.1 BP neural network prediction model of graphene
equivalent elastic parameter
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Tab.1 Partial data of training and forecasting sample

e KEmm  $Emm KR FHEOREC WK SEPREE/MPa B PIREMEEIE/ MPa

12.125 4.891 2.479 1 1 300 27833 1086.8
2 12.125 4.891 2.479 1 1 500 2765.0 1121.9
3 12.125 4.891 2.479 1 1 700 2738.5 1 086.6
4 15.104 4.893 3.087 1 1 300 3011.0 12122
5 15.104  4.893 3.087 1 1 500 2991.2 1242.4
6 14.961 4.897 3.055 2 1 300 2929.4 1190.6
7 14.961 4.897 3.055 2 1 500 2863.9 1257.1
8 14.961 4.897 3.055 2 1 700 2826.1 1351.6
9 17.91 4896  3.658 2 1 300 3243.9 13280
10 17.91 4.896 3.658 2 1 500 3231.8 1403.7

e IRERFA, 2 REHENR
*® 2 A— AR AR

Tab.2 Partial data of the network sample after normalization

B KEE/mm  GiEmm KW P OE% WK SEMEEYMPa By MR/ MPa
1 —0.147 —0995 0.061 1 1 -1 —0.158 —0.482
2 —0147 —0995 0061 —1 1 0 —0.176 —0.406
3 —0.147 —0995 0061 —1 1 1 —0.202 —0.482
4 0202  —0.99 0346 —1 1 -1 0.064 0.212
5 0202  —0.994 0346 —1 1 0 0.045 —0.147
6 0.185  —0.994 0332 1 1 —1 —0.016 —0.258
7 0.185  —0.994 0332 1 1 0 —0.079 —0.115
8 0.185  —0.994 0332 1 1 1 —0.117 0.088
9  —0531 —09% 0615 1 1 -1 0.292 0.037
10 —0.531  —0994 0615 1 1 0 0.281 0.201

2.4 FUNERRIRES

ASCHEE TR B R E 1 M2 B H 2%, B3] BLE E P IRER 2.799 %, e KIRER 5 %,
TR, MM P TSR B/NREN 0.693 %. BIPIERMEELE G #FAHXY
WAESER ML R &R, BT RN M 2N BREN 2.222%, BRIRER 6210 %, B/MREN

AU - 0.105 %. KB BP P& W) 25 I A SR AR 5 o
F 4 T BRI AR, Hoppeye  ZHEBUUNRRZEERVS, W2 B EER .
%3 SHER i —- W
Tab.3 Parameter setting — HE@&
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MAEZRHBFIRE  net.trainParam.show 100 § R
e RAEIR B net.trainParam.epochs 700 000 10° =
WE AT net.trainParam.mc 0.9 10-

10 05 10 15 20 25 30
BCEPERE H AR E net.trainParam.goal 0.001 KL HuE10%)
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Fig.2 Graphene of error varying with training times
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Tab.4 The prediction results and errors

o . E 1§ s %of FHXF . G X X
5 E Pil{E/MPa MPa B G TR {6/ MPa MPa  mE  mEm
1 1979.8 2067.1 873 4219 892.9 913.1 202 2202
2 1953.4 20406  86.2 4.245 895.5 9260  30.5 3.294
3 1940.2 20199 699 3.616 899.5 933.1 336 3.591
4 1958.4 1987.1 287 1.439 856.1 857.3 1.2 0.115
5 19412 19741 329 1.662 858.9 869.8 10.9 1.272
6 1932.9 19613 284 1.433 856.7 870.2 13.5 1.529
7 1965.9 20546  88.7 4.289 891.0 913.1 22.1 2.410
8 1965.7 2027.1 704 3.468 894.4 9260  31.6 3413
9 1946.9 2006.8  59.9 2.995 911.7 9332 215 2288
10 1945.6 1973.8 282 1.444 855.7 856.9 1.2 0.151
11 1939.9 1968.1 282 1.428 864.9 870.1 5.2 0.586
12 19345 19482 137 0.693 871.9 8702 —1.7 0218
13 37259 35327 —1932  5.469 1612.6 1523.6 —89.0 5.841
14 3579.0 34823  96.7 2.777 1617.7 1523.1 —946 6210
15 3465.4 33708  94.6 2.806 1681.7 16854 3.7 0.220

. EE, BTRYIZR S 0 R 255 R 2 )8 3k 17 1
3EFEME M SR EZERME ST W AEAHGE: ARIGHEBCER 21.839 nm,
N ) FEA 4.898 nm, KFELLHK 4.459, FHRHELAL,

3.1 IE3RAIER k A 1, EEN S00 K.

Edede, JUFRIEL, ('), St L AR iE S ST HIDL R B P L
5 nFRIERRMBITE (T ZHRREIRED; B, 3 R 2 S M A A A (o s Ak,
kAR IESRIAIIE, PIABEIIBINR B o0 jmfy 1,(5) T 3 e L4 BOM 7 19 454 DR 26 (4L
m AN R N LR ORPEC PRAERI agppy 05 MRB02% STREAR I A7 BP M2
A BPRAS s AR AL AT RE R SURIABIRIRIIL sy b STRE A BTN . Z5 50405 6 g,
16, K R AL S ARESMF AR NRIOOL e BRI S IR TR Y, 155
% WRIATWARHE K TESBMATNEERTRIE s m2e AR AEERF S5 A7 00 E M, 5 —
(JB/T 7510-1994)» , JERK-PIERRK, —BEOK, R Rk rishiokiok SH/ME2 %, 351%
HREBUNTIEREINE, HFEKFEHEIERERN M DRI ZE s AL i AR S, T3 7 gk 8.

HKFE— B, FERE LRI T, Wi 55 BROAE
%1?3&%{53 5, E]%/I\ﬁﬂg 6 /I\’ ﬁ%‘]%}%ﬁ"ﬁﬁi% Tab.5 Factor level
Ihrk S8 6 /I\%ﬁ"ﬁlﬁ%[g]o HREPLFIFE 5, KE owE K OFM 2l wE

. . s . e
Horp 55 3 AL BI R A B IR T 5 8RS IR 36 G ) B % % % 1%

BEAEL 5 S AR S RO PR B R Los(5°)IE 5 %6 I —20 —20 —20 —20 —20 —20
32 WS BWNEIMEZNREME N 2 -0 =10 =10 =10 —10 =10
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Tab.6 Prediction results

PRMEER  PEIAER

hpA eaA D T 45 51 o) 45 5 . T 45 51 T 25 5

HES Mpa G/MPa LS E/MPa G/MPa ) E/MPa G/MPa
1 27179 13529 10 38315 15938 19 38245 15369
2 27642 1 608.3 1 39102 1770.4 20 3683.9 1555.6
3 3825.5 1593.9 12 3807.2 1580.8 21 3 188.0 1701.4
4 3695.2 1546.1 13 3569.4 1661.6 2 2900.7 1320.1
5 38232 1551.1 14 38214 1592.7 23 37572 152422
6 3243.1 1 634.1 15 2850.1 14289 24 3120.7 1626.0
7 37885 15358 16 3619.7 1560.8 25 3890.5 1771.9
8 27085 1344.1 17 36713 17678
9 32537 1704.8 18 36213 1746.5
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Tab.7 The orthogonal experiment results (E)

sk KEmm  FEEMm KK P BH O REXK
B HrHME 33358 33652 37731 36953 34286 36658
WOALGEIME 33864 33651 35582 37620 34334 33786
WEMGOEME 34964 35917 35231 34815 34440 35442
BRI P 35431 36841 32899 30137 36904 32878
BHAHEYME 36159 33714 32332 34880 3381.1 3501.1
W 280.1 319.1 539.9  681.6 3093  378.1
W2 6 4 2 1 5 3
8 EXMIMEERE(G)
Tab.8 The orthogonal experiment results (G)
sk KEmm  FEEMm KR P BH O REXK
B—MHPHE 16039 15305 16405 16163 15918 16163
WOALGEYME 15626 15626 15718 15529 15045 15212
WEAGEHME 15701 16069 16277 15435 15437 1560.7
B 16013 16335 15217 15039 16721 1546.5
EHAHFEYME 15803 15887 15605 17204 16101 1677.3
W 413 103 1188 2165  167.6 1561
2 6 5 4 1 2 3

HIZE 7 Fisk 8 WAL £ SR R REE £ )
SR PR R A R AR EMRYC T KB K
GRS VLR REANEE . SO G B
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EH KIERMBLE .

4 ZEip
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