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Analysis of Nonlinear Error Caused by Large Deformation
of Load Sensor for Combination Weigher

ZHU Peng—fei, HUANG Song—he, MEI Ju
(Southwest Jiao Tong University, Chengdu 610031, China)

ABSTRACT: There is nonlinear relation between the weighing sensor’ s output and input, which is caused by the structure

characteristics of the elastomer, thus affecting the accuracy of the weighing sensor. This paper launched the analysis of the

nonlinear error caused by the large deformation of elastomer. By using the finite element analysis method, this paper

obtained the relative error caused by the large deformation of elastomer in the 0~3 kg range through quantitative analysis,

and the corresponding compensation was made. The result showed that with the increase of weighing quality, the nonlinear

error caused by the large deformation increased correspondingly, and the maximum value in the measuring range reached

0.05%. Using the nonlinear error compensation function, this paper eliminated this nonlinear error, and further improved the

accuracy of the parallel girder load sensor.

KEY WORDS: parallel girder load sensor; nonlinear error caused by large deformation; finite element analysis
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Fig.1 Bridge measuring circuit
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Fig.2 Structure of parallel girder load sensor
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Fig.3 Force applied on elastomer
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Fig.4 Finite element model of parallel girder load sensor
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Fig.5 Large deformation of load sensor elastomer
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Tab.1 Strain of different sensor patch (x10°°)

FIN & &, &, &4 e’

le-6 0.214 88e-4-0.102 64e-4 —0.122 36e—4 0.102 36e—4 0.452 24e-4

2 24975  -20.527 -24.471 20.472 90.445
5 62.439  -51.318 -61.178 51.181 226.12
9.5 118.63  -97.504 -116.24 97.244 429.62
125 156.10  -128.29 -152.94 127.95 565.28
14 174.83  -143.69 -171.30 143.31 633.13
17.5 21851 -179.61 -214.12 179.13 791.40
21.5 26849  -220.67 -263.06 220.08 972.30
26 324.68  -266.85 -318.12 266.14  1175.79
30 374.63  -307.91 -367.07 307.09  1356.70
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Tab.2 Axial deformation of different sensor patch

mm

FIN AL AL AL, AL, AL
le-60.148 15¢-9 0.231 47e-9 -0.148 58e-9 -0.232 29e-9 0.380 05¢-9
2 0.296 31e-3 0.462 94e-3 -0.297 16e-3 -0.464 58e-3 0.760 10e-3
5 0.740 77e-3 0.115 73e-2 -0.742 89e-3 —0.116 15¢-2 0.190 02e-2
9.5 0.140 75e-2 0.219 89e-2 -0.141 15e-2 -0.220 68e-2 0.361 04e-9
12.5 0.185 19e-2 0.289 33e-2 -0.185 72e-2 -0.290 36e-2 0.475 05e-2
14 0.281 49e-2 0.324 05e-2 -0.208 01e-2 —0.325 21e-2 0.532 06e-2
17.5 0.259 27e-2 0.405 07e-2 -0.260 01e-2 -0.406 51e-2 0.665 08e-2
21.5 0.318 53e-2 0.497 66e-2 -0.319 44e-2 -0.499 43e-2 0.817 10e-2
26 0.38520e-2 0.601 82e-2 -0.386 30e-2 -0.603 96e-2 0.988 12¢-2
30 0.444 46e-2 0.694 40e-2 -0.445 73e-2 -0.696 87e-2 0.114 Ole-1
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Fig.6 Nonlinear output strain caused by large deformation in sensor

patch

4 KRERHIRLMEREIME

1 7 50, D B 1 8 KA B
KPR 2% S UL BLRFAO L FERE TR . L T LA —
YR B, S € 3B W D4 1 32
T BN A Matlab BPE 1L AT
505 T 2 KPR 52 76
B

e=1.7275 x 10°F-1.0373 x 10”

U2 B S F A2

e=(1+e) &’

Ut - DX A ) v A

KATEHAARHE 2 e( x 104
(e § — [\*) (98] F - 9,1 N

5 10 15 20 25 30
Jin#E T = FIN

P70 DX R AR R AR TR R 1R 22 e

Fig.7 The relative error caused by large deformation in sensor patch
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Fig.8 Nonlinear error compensation for load sensor patch strain

caused by large deformation

PREL AL TR 32 A B PR 2 A B A PR, 77 28 T il
] {2, 4545 SR A A B S5 AR R PR 2, U A
HBARZEE G A, NI 1 25 FRE R SR
F A BROTT5 50 S AR A O A DX i 1 78
ARLAMER AT T HRALIHT, 13 HE THE0~3 kg AR
ASPE R R B i IX AR LR ERI R R 22 . 452R 3%
WA Bt AR SRR AN W, ORI EAR L
DRIEARLIE N, A AR IR 22 e 18 0.05% . 455
RIE ML PR S AN P D R AR HEA T AMES , 75
TS AMASE R A, B PR & T A A PR
RGHINEIE

Sk

(1] BRI, BN, WA, 4. AP ST Rorse 505
F[J. A2 T2 ,2009,30(12) : 74—76.
CHEN Yu—feng, LYU Hao—jie, HU Guo—qing, et al. Research
and Simulation of Combinatorial Calculation of Combined
Balance[J]. Packaging Engineering,2009,30(12) : 74—76.

(2] =&, XM, o, A5 LB R A A AR R e
BT L2 T, 2009,30(11) : 10—12.
YUAN Meng, LIU Ping, SHE Bo, et al. Software Design of
Distributed Monitoring and Control System in Combination
Balance Package Production Line[J]. Packaging Engineering,
2009,30(11):10—12.

(3] FHoRr B A G PR EORRIBETE]. A% T/, 2005, 26
(2):66—67.
JIANG Huan—xin, ZHAO Lin. Research on the Combinatorial
Weighing Technology[J]. Packaging Engineering, 2005, 26
(2):66—67.

[4] A%h, Rilvk. HEFERHLI 0 X R g r) Bk BT

(F#F1157)



H36t 234 XSEAT  JB BV L = 0 5 2k A BRIER A2 1E 2 115

LIU Xiao-li. Ink Presetting Technology Based on TIFF File
[D]. Nanchang: Nanchang University,2011:12—15.

[9] MINU S, SHETTY Amba. A Comparative Study of Image
Change Detection Algorithms in MATLABJ[J]. Aquatic Proce—
dia,2015(4) :1366—1373.

[10] MHGf. JDF B ALigt i v i 25 s SRR BESE[D]. PE%
VUL HE TR, 2008:31—39.

YE Wei-wei. Research of Ink Presetting Based on JDF Digital
Work Flow[]J]. Xi’" an: Xi’" an University of Technology, 2008 :
31—39.

[11] A°152, HEH. G2EEDRI 1000 M. JE5T: BRI T b
#t,2007.

YU Jie—yue, TIAN Pei—juan. Packaging and Printing 1000[M].
Beijing: Printing Industry Press,2007.

(12] KA, BB, AR, A0 BN 28 2 JR B 5 % B A G R ()]
A4 TR, 2004,25(3) : 161—164.

ZHENG Yun, LYU Xin-guang, SONG Bing. Study on the

[13]

[14]

[15]

Relationship Between Printing Inking Thickness and Density
[J]. Packaging Engineering,2004,25(3) : 161—164.

EE I A WRGG. A2 S G R TS
[J]. U2 T H%,2009,30(3) :93—95.

WANG Xue-mei, TANG Wan-you, CHEN Jing. Study of the
Relationship Between Printing Inking Thickness and Density
[J]. Packaging Engineering,2009,30(3) :93—95.

ARGt , A PH 2. - RRURE B v 2 2 J5 32 5 5 M 1 R B2 )
KA I EpR S AT, 2014(6) :69—74.

PANG Ye-chi, OUYANG Yun. Relationship between Ink
Thickness and Complex Frequency Spectrum Saturation in
Offset Printing[J]. China Printing and Packaging Study, 2014
(6):69—74.

CAMACHO J, PREZ-VILLEGAS A, RODRGUEZ-GMEZ R
A, et al. Multivariate Exploratory Data Analysis (MEDA)
Toolbox for Matlab[J]. Chemometrics and Intelligent Laborato—
ry Systems, 2015, 143:49—57.

(L35 106 )
[J]. U2 T, 2008,25(6) :29—41.
SHE Bo, SONG Ying—fa. Combination Weigher Packing Ma—
chine Overall Design of Distributed Control System[J]. Pack—
aging Engineering,2008,25(6) :29—41.

(5] ks TEE A PR LI AR 22 (1) RBENN AME(J .
A RS, 2010(6) :3—5.

YANG Jin-bao, WANG Lu-cai. Nonlinear Error Compensa—
tion for Load Cell Based on RBFNN [J]. Instrument Technique
and Sensor,2010(6) :3—35.

(6] Mk, TEEA . PRI RERAE LR 22 Bl W AME 7k
U1 AT RS R, 2011,47(16) : 242—245.

YANG Jin-bao, WANG Lu—cai. Method for Adaptive Com—
pensation of Load Cell’s Nonlinear Error{J]. Computer Engi—
neering and Application,2011,47(16) :242—245.

[71 LAFFRANCHI M, TSAGARAKIS N, CALDWELL D G. A
Variable Physical Damping Actuator (VPDA) for Compliant
Robotic Joints[C]// 2010 IEEE International Conference on
Robotics and Automation (ICRA) , Anchorage, 2010: 1668—
1674.

(8] KA, di JLIR. WUALPAT 3 PR B AL Jas AR R M R E B
FE] IARREALAR ,2010(6) : 64—70.

XIE Yong-—hua, MENG Fan—hu. Nonlinear Correction Study
of Double Parallel Beam Weighing Transducer[J]. Modern
Scientific Instruments, 2010(6) : 64—70.

[9] TOVEY F M. Effects of Overload on Load Cell Performance
[J]. Experimental Techniques, 1981,5(3) :8—9.

[10] Z=EHE, $060 , . PA7 R AL R e R B & F 7

[11]

[2

—

[13]

[14]

PRI AR R, 2013,26(4) :492—497.

LI Ju—tao, GUO Wei, WANG Jian. Calculation and Analysis
of Capacitive Sensor Plate Coupling Angular Displacement of
Parallel Beam[J]. Chinese Journal of Sensors and Actuators,
2013,26(4) :492—497.

KIM Moojin, MOON Wonkyu. A New Linear Encoder-Like
Capacitive Displacement Sensor[J]. Measurement, 2006(39) :
481—489.

FRAGIACOMO G, ANSBAEK T,PEDERSEN T, et al. Analy—
sis of Small Deflection Touch Mode Behavior in Capacitive
Pressure Sensors[J]. Sensors and Actuators, 2010 (161) :
114—119.

KIM M, MOON W. A New Linear Encoder-Like Capacitive
Displacement Sensor[J]. Measurement, 2006(39) : 481—489.
PO AR, F R IR, T iR/ D IR SRR R ALY AR X
PR AL AR AR L MR IE (). A7 LhHLBK, 2010, 38 (1) - 52—
54.

ZHONG Qiao-lin, JIANG Zhi—qing. Nonlinear Correction of
Mine—used Vibro-string Transducers for Dynamic Weighting
Based on Least Square Support Vector Machine[J]. Mining
Machinery,2010,38(1) :52—54.

TR1 25 BRAKLL. DU S S AR & AR At S IR 55
1 LA BRI 2% TR, 2014,35(19) :98—102.
XU Xiang—yi, CHEN Qiu-hong. Image Deploring Based on
Bayesian Model Integration with Non—Stationary Edge Pre—
serving Priors[J]. Packaging Engineering,2014,35(19) : 98—
102.



