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Method for Improving Mass Property Measurement
Accuracy of Large-size Projectiles
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Abstract: In order to increase the mass property measurement accuracy of the large-size projectile, the
calibration methods of measured pose are investigated. A kinematics model for measurement system is
established, and the influence of measured pose errors on measuring results are analyzed. A method
and process of calibration based on the kinematics are introduced, and the calibration parameters are
analyzed and classified. A calibration method using neural networks is provided. Experimental results
indicate that the Kinematics method is used to reduce the errors of CG, MOI and POI to 10% , 90%
and 23% , respectively, before calibration. The combination method of neural networks and kinematics
is used to reduce the errors of CG, MOI and POl to 7% , 45% and 25% , respectively, before calibra-
tion.
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Fig.1 Schematic diagram of mechanical system
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Fig.2  Coordinate frame of link-pole
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Fig.3 Kinematics calibration process
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Fig.4 The learning process of neural network
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Fig.5 Calibration experiment using laser tracker
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Fig.6 The comparison of calibration results
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Tab.1 Comparison of measurement results of mass properties of standard parts

J e dh it B
S
x/mm y/mm ymm  J/(kg'm®) J/(kgm®) )/ (kg'm®) ], /(kg'm®) J./(kgm?) J./(kg'm®)
BLIENIE 1861 170 1.247 12. 832 1323.309  1323.165 0. 038 0 0
HbE 1866.195 174.474  -2.642  13.421 1320.800  1320.998 -1.707 -0.952 -0. 194
18 B ERR AR I 1860.476 170.218  0.884 12.573  1321.983  1321.212 -0.316 -0.198 -0.039
AW —iB 2 hREEE 1861.368  170. 157 1. 061 12.724 1322.325  1324.144 -0.214 -0.145 0.021

AR ESE ST n] DL B bR S B R R
AR E I 250 B 15 22 W /DS, R 32 Bh 2 a2
Je PR A A B R 22 (BN 0. 565 8 mm, B RZE
ISF-HIME R 0. 018 3 rad ; 1 FI 4 28 X 4% 55 32 Bl 27
FAGS B ebm a8 Ja 1B 4, HL 0 B R 25 - M
0.397 5 mm , LR Z K FHMEH 0. 006 2 rad. 7] L)
B B bR R B = TR

A3 BIHE SR FH PRI 2 T 2k AT 07 A M () 175 D
T IR AR R T R AR B A SR 1.
AT SN L 38 Bl 2 b s R 0 I R 22 0N
SHARSERTIY 10% 5 21 AV R a2 158 22 Ui/ s
HFRE T 90% Fl 20% 5 K P 28 M 45 532 Bl AH

455 IR AE 77 VA BB IO o (90 0 R 22 0l N b A i
(9 7% , % SR AMBT R AR R 22 Wl IN DAy s RE i
() 45% H1 15% .

6 it

T8 R RS 5 98 5 A e 2 O o T i v
ot b S I e — B AT S A A T A
77 1 T RIS — R R D i RS A SR
BRAE o DRI AR S DA ek 7 228 ) 3000 0 ) 52 Wi 1
K, o R AE 3l 2 bn 72 T5 1 A 2 ) 2% 5 52 Bl o
SRS B XA RIS E , S s 1 Bt
R ) N RS B D B T B EL AT



14

ORRUST 7 9o A 0 5 o e S S A T ik 5 113

PE—— N[ A AR 7 ity B U 2 AN AR AN T
R E ; J5 85 T3 ii%%"""@]ﬁ{ﬂ"fﬁnuzl-‘%ﬁ@
FEPERZA R XS AN (] ) A 00 7 i 5 22 B bR e
(LR A A B B iy, B S vk P D

22 3Lk ( References)

(1] HECR, EAU]L AR, %, AR 570 K5 i O I iR
ZEAMELY] . HULBKT AR, 2010(7) <1 -2.
PAN Wen-song, WANG Chang-ming, BAO Jian-dong, et al.
Measurement error compensating for missile mass centroid and cen-
troidal deviation [ J]. Mechanical Engineer,2010(7):1 =2 (in
Chinese)

(2] Sk, Aaih. A e B AR R 220 B [ 1], 3
i 5 4R, 2005 ,25(4) 1153 - 155.
WU Bin, YANG Quan-jie. Error analysis for testing missile’ s
product of inertia using torsion pendulum [ J]. Journal of Projec-
tiles, Rockets, Missiles and Guidance, 2005,25(4) ;153 - 155.
(in Chinese)

(3] O, Bz, XINET, 47, S4Bl ik o 90 Sl 5 A i
L2 30 [J]. SRR, 2008 ,29(4) 1450 - 453.
ZHANG Xin-ming, WANG Ling-yun, LIU Jian-he, et al. The
measurement of inertia moment and centroidal deviation of rocket
projectile with compound pendulum method and its error analysis

[J]. Acta Armamentarii, 2008 ,29(4) :450 —453. (in Chinese)
(4] FHE,ECE, RTEHE, &, FOR TR R 45 i Rt — Atk

RGBT J] AL ,2012,33(7) : 1634 - 1639.
WANG Chao, TANG Wen-yan, ZHANG Xiao-lin, et al. Design
of mass property integration measurement system for large size non-
rotatinig bodies [ J]. Chniese Journal of Scientific Instrument,
2012,33(7) : 1634 —1639. (in Chinese)

M RSO R SF. R S B I R G iR 4y
Bi[J]. £=T%4%,2007,28(2) :206 - 208.

LI Hui-peng, TANG Wen-yan, ZHANG Chun-fu, et al. A meas-
uring system of inertia moment of missile and its error analysis[ J ].
Acta Armamentarii, 2007 ,28(2) :206 —208. (in Chinese)

Wu C H. The kinematic error model for the design of robot manip-
ulators [ C ] // American Control Conference. San Francisco:
IEEE, 1983:497 -502.

Judd R P, Knasinski A B. A technique to calibrate industrial ro-
bots with experimental verification[ J]. IEEE Transactions on Ro-
totics and Automation, 1990, 6(1) :20 —30.

AR WBUR ST 4, 5. RO GERER AL s AEATAR
SERITIELI]. HUR T AR, 2007 ,43(9) 1195 -200.

REN Yong-jie, ZHU Ji-gui, YANG Xue-you, et al. Method of ro-
bot calibration based on laser tracker[ J]. Chinese Journal of Me-
chanical Engineering, 2007,43(9) :195 —=200. (in Chinese)
Aoyagi S, Kohama A, Nakata Y, et al. Improvement of robot ac-
curacy by calibrating kinematic model using a laser tracking sys-
tem-compensation of non-geometric errors using heural hetworks
and selection of optimal measuring points using genetic algorithm
[ C] //Intelligent Robots and Systems ( IROS), 2010 IEEE/RS]
International Conference on IEEE. Taipei, Taiwan: IEEE, 2010

5660 —5665.



