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AWPSO — SM Algorithm for Parallel Mechanism Forward Kinematics

YANG Hui HAO Lima XIANG Chaoqun
( School of Mechanical Engineering and Automation, Northeastern University, Shenyang 110819, China)

Abstract; By a combination of the numerical iteration method and the intelligent optimization algorithm,
the adaptive weight particle swam optimization with secant method ( AWPSO — SM) was presented which
was applied for solving the parallel mechanism forward kinematics problems. Then, the 3 — UCU (U is
universal pair, C is cylindrical pair) parallel mechanism was treated as the research object, and then the
detailed solving process of AWPSO — SM was given, namely, the inverse kinematics model of 3 — UCU
parallel mechanism was established firstly; based on the model, the iterated function and fitness function
was designed, and then the forward kinematics of the 3 — UCU parallel mechanism was solved by
AWPSO — SM. Finally, the effectiveness and accuracy of AWPSO —SM was verified via several numerical
examples of 3 — UCU parallel mechanism, 3 — PPR (P is prismatic pair, R is revolute joint) parallel
mechanism and 4 — SPS ('S is spherical joint) parallel mechanism which were the typical parallel
mechanisms in Matlab environment. From simulation results, AWPSO — SM avoids the effects of the local
convergence and the initial value on the calculation results, and could solve the forward kinematics of the
3 — UCU parallel mechanism effectively. Moreover, AWPSO — SM avoids the complicated derivation
process and has simple calculating process. AWPSO — SM has better accuracy with litile iteration times
and universality than AWPSO and secant method.
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Tab.1 3 - UCU results of AWPSO - SM

W/ rad 6/rad @/rad A
s ERa(ES SLBRE ELRORTE = H b e FEBRAE HipaRv = H AR e FEBRAE ARPRE W
1 0. 08299 0.082 98 1x10°° 0 0 0 0 0 0 203
2 0 0 0 0. 196 35 0. 196 35 0 0 0 0 203
3 0 0 0 0 0 0 0.174 53 0.174 53 0 202
4 0.597 57 0.597 57 0 -0.194 16 -0.194 16 0 0 0 0 203
5 0.285 25 0.285 25 0 -0.559 84 -0.559 84 0 0.084 91 0.084 91 0 205

%2 3-UCUAWPSO EiEitE%R

Tab.2 3 — UCU results of AWPSO algorithm

W/ rad 6/rad @/rad A
s HARE SLBRE EPORTE = H b i FEBRAE 2 %R 2% H AR e FBRAE fXPiRE W
1 0.08299 0.083 19 -2x10°* 0 0 0 0 0 0 1 000
2 0 0 0 0. 196 35 0. 196 32 3x107° 0 0 0 1 000
3 0 0 0 0 0 0 0.174 53 0.174 60 -7x107° 1000
4 0.597 57 0.597 39 1.8 x10°* -0.194 16 -0.19255 -1.61x107* 0 -0.100 81 0. 100 81 1 000
5 0.285 25 0.281 62 3.63x107° -0.559 84 -0.56001 1.7 x10°* 0.084 91 0 0.084 91 1 000
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Tab.3 3 — UCU results of secant method
- ¢/ rad 0/ rad o/rad AR
=R
H R A SPR1E 2 0 1R 22 H AR e PR {E 2 %} 1% 2% H¥Fr(E PR {E AixfiRzE W
1 0.082 99 NaN NaN 0 NaN NaN 0 NaN NaN 437
2 0 NaN NaN 0. 196 35 NaN NaN 0 NaN NaN 308
3 0 NaN NaN 0 NaN NaN 0.174 53 NaN NaN 42
4 0.597 57 N — -0.194 16 PNl — 0 I — >500
5 0. 28525 NaN NaN -0.559 84 NaN NaN 0.084 91 NaN NaN 434
0, =1.2 0,,=0.3.C :C2=1.8,&ﬁlﬁ¥?‘ﬂ{ﬁy§l r ﬁr . r
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B m' =1 000, HARSHOAAL . X T 9%k B
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*4 3-PPRAWPSO-SMitE4LR
Tab.4 3 — PPR results of AWPSO - SM

. x/mm ¥/mm 0/ rad ZEAR
s EEa(ES FFRE o4 % i 22 bR e EMUNIE 2t %f 1R 2% HArME J2BR1A faqfiR2E KE
1 10 10 0 15 15 0 0.087 27 0.087 27 0 203

2 10 10 0 20 20 0 0.174 53 0.174 53 0 203
3 15 15 0 15 15 0 0.174 53 0.174 53 0 203
4 15 15 0 20 20 0 0.2618 0.2618 0 203
5 20 20 0 15 15 0 0.174 53 0.174 53 0 203

£S5 3-PPRAWPSO E%itE4LE R
Tab.5 3 — PPR results of AWPSO algorithm

x/mm ¥/mm 0/ rad HEAL

S HrfE bR E 2 %) 158 2 H AR H PR {E 7% 1R 22 H b3 PR E AxfiRzE WE
1 10 9.75937 0.240 63 15 16. 167 94 -1.167 94 0.087 27 0.083 84 3.43x10°* 1000

2 10 10.204 19 -0.204 19 20 19. 036 33 0.963 67 0.174 53 0.1842 -9.67x107% 1000

3 15 15.308 9 0.308 9 15 13.6707 1.3293 0.174 53 0. 181 59 -7.06 x107% 1000
4 15 14. 495 86 0.504 14 20 19.1251 0.8749 0.261 8 0.247 16 0.014 64 1000
5 20 19. 570 45 0.429 55 15 16. 665 18 —-1.665 18 0.174 53 0. 160 04 0.014 49 1000
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Tab.6 3 — PPR results of secant method
- x/mm ¥/ mm 6/ rad ZEAL
i
. H R A SPR1E 2 0 1R 22 EE7NEN PR {E 2% 15 2 H¥Fr(E PR {E AixfiRzE W
1 10 NaN NaN 15 NaN NaN 0. 08727 NaN NaN 5
2 10 -29.392 31 39.392 31 20 20 0 0.174 53 9.250 24 -9.07571 5
3 15 -24.39231 39.392 31 15 15 0 0.174 53 9.250 24 -9.07571 5
4 15 -23.63703 38.63703 20 20 0 0.2618 9.162 98 -8.901 18 5
5 20 -19.39231 39.39231 15 15 0 0.174 53 9.250 24 -9.07571 5
i AT R AR FHEBLKM 172, a =100 mm; b 2y [ & 7 5 4K
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MR B3R SK i 2L B, M T 7 b B 8 H AR fE 2E
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N n=30,FH RKERKECH m =200.x,,, =1.22 rad,

X =—1.22rad w,,, =1.22 rad/s w,,, = —1.22 rad/s |
Xpo =300 mm x . = =80 mm v, =100 mm/s v, =
-100 mm/s w,, =1.2.w,,, =0.3.C, =C, =1.8, &Fh

HERIMEN[10,10,10,10] . XFF AWPSO Bk, Bk
TRERIBIHERLEE S n' = 100, e KIEARWRE R m' =
1000, HoR SO AL o X T 5% 0k s 3% AU 1
#[010,10,10, 10], HERNET ~9 Fimn,

o FN=H

&7 4-SPSAWPSO-SM HEZ& R
Tab.7 4 — SPS results of AWPSO - SM

W/ rad 6/rad o/rad 2/mm AL
) EbofE  Scbefd  daxhiRzs BARME  SCBR(H iRz HbE SSbE daxhiRzE BAsE SRE gxsize R
1 0.558 51 0.55851 0 0 0 0 0 0 0 200 200 0 204
2 0 0 0 0.7854 0.7854 0 0 0 0 200 200 0 202
3 0.7854 0. 7854 0 0.62832 0.628 32 0 0 0 0 100 100 0 204
4 0.5236 0.5236 0 0.5236 0.5236 0 1.0472 1.0472 0 200 200 0 206
5 0.09817 0.098 17 0 0.4488 0.4488 0 0.7854 0.7854 0 175 175 0 205
%8 4-SPS AWPSO ExitEH&R
Tab.8 4 — SPS results of AWPSO algorithm
¢/ rad 6/rad ¢/rad z/mm A
e Hbrf SEBRfE axfiids HbrfH  ScBef 4oxfiils HbpfE sebefd iz HibsH SEbefE B W
1 0.55851 0.55838 1.3x107* 0 0 0 0 0 0 200 200 0 1000
2 0 0 0 0.7854  0.78534 6x10 73 0 0 0 200 200 0 1 000
3 0.7854  0.8074 -0.022 0.62832 0.63779 9.47x10? 0 0 0 100 97.308 25 2.69175 1 000
4 0.5236 0.9328  -0.40926  0.5236  0.7759 -0.2523 1.0472  1.22173 -0.174 53 200 130. 614 69. 386 1000
5 0.098 17  0.098 57 4x107* 0.4488 0.41016 0.038 64 0.7854  0.2947 0.4907 175 200 -25 1000
®9 4-SPSTBEIHTELER
Tab.9 4 — SPS results of secant method
N Y/ rad 0/ rad ¢/ rad z/mm B
S HFME  ScbefE daxhiRzs BfeE SSPrfi  daxiiRz: BAME SShefd 4odiizs BERME ShE gaxhiRzE R
1 0.558 51 Inf Inf 0 0 0 0 Nan Nan 200 0 200 402
2 0 NaN NaN 0.7854 NaN NaN 0 NaN NaN 200 NaN NaN 490
3 0.7854 Inf Inf 0.628 32 0 0. 628 32 0 NaN NaN 200 0 200 420
4 0.5236 KL — 0.5236 KL — 1.0472 K — 200 KL — >500
5 0.098 17  KHL — 0.448 8 KL — 0.7854 KL — 175 KL — >500




352

Kok HLOB ¥ R

2017 4

FTRES HIKE /R T AWPSO - SM # £
AWPSO 533 75 3R A b B2 LA K AR b i I B
M9 Wl AFE W, S8 {H [ 10, 10, 10,10 ] i, 5%
WL ICIE X 4 — SPS R AL Y 1E 428 Bl 27 ) B AT
SRAgE, T AWPSO — SM UGB 4 1 490 {EL [l 38 X 31 53 45
R . H AWPSO — SM 53k L BN 8 A7 A0
Xf 4 — SPS R Y 1E 3 B 2 07 B pE AT 5K At , R T
DEWTIZ I B X I R ML 1E 32 8l 2 R R SR A LA
— € I E

4 ZEFRiIF

ST RUE A UL SR RE AL AL A 4 A i i
B, 3 AT XS SRR a2 2 I g )R A 3 TSR A

815 AWSPSO - SM $i3k o £ %) 3 — UCU JRECHLI,
XTSI B TR A SR A R BEAT T A s RS K IRk
SR AR ad BE B, 73 3 — UCU 3 — PPR
4 — SPS JRHK ALY /Y 1E 3 8l °7 [m) /LR 47 5K i, JF 5
AWPSO 5335 M2 G BEAT 1 H A, M X 5303 9 A
BOVE RO B PR BEAT TR . Hh (7 FLAS SR AT A, A
AWPSO — SM n] LUAE B 3t % I LA (9 1E 32 3l 5 1)
FBEAT SR A, e T AWPSO S 30 WAz S5 1k i A 1k
PIE IR U 2 25 R A2 o AL, Sk e T
SRR, 1z 5 7 1 SR EE AL AWPSO 5334
T AR A1 3 A8 TR AT LR AT B A 1 1) as B 4
R HA R A .

Aeronautical Manufacturing Technology, 2010 (4) : 60 - 62.

Development of the MACARM—a novel cable robot for upper limb

Forward kinematics analysis of the general 6 — 6 platform parallel

Journal of

(in

2 £ X

I mREH. ERIFBYURI R, iz dlsEs A, 2010(4) : 60 -62.

GAO Tianlei. Domestic development of parallel machine tools[ J].
(in Chinese)

2 MAYHEW D, BACHRACH B, RYMER W Z, et al.
neurorehabilitation[ C] // Proceedings of the 2005 IEEE 9th International Conference on Rehabilitation Robotics, 2005 ; 299 - 302.

3 DUANBY, QIU Y Y, ZHANG F S, et al. On design and experiment of the feed cable-suspended structure for super antennal J].
Mechatronics, 2009, 19(4): 503 —509.

4 W, BT, BILR, 5. I 66 MIP-A FICHLI B ERRICEI A1), FLIR TR, 2009, 45(1) : 56 —61.
HUANG Xiguang, LIAO Qizheng, WEI Shimin, et al.
mechanism based on algebraic elimination[ J]. Chinese Journal of Mechanical Engineering, 2009, 45(1) : 56 —61. (in Chinese)

5 ZEY, RUtWE. —2 6 - SPS RN IEIB S AR S [T]. N REA 4 B ARBH2 IR, 2006, 9(3) : 42 - 45.

LI Luyang, WU Hongtao. A symbolic solution of forward kinematics analysis of a 6 — SPS parallel mechanism[J].
Yangzhou University: Natural Science Edition , 2006, 9(3) . 42 —45. (in Chinese)

6 FRUF], RUL¥, ks, 5F. 6 — SPSIFIRHLIIE B 2% IE AR — AR AT AL 7k ()], MU T4 4z, 2010, 46(9) : 26 - 31.
CHENG Shili, WU Hongtao, YAO Yu, et al. An analytical method for the forward kinematics analysis of 6 — SPS parallel
mechanisms[ J|. Journal of Mechanical Engineering, 2010, 46(9): 26 —31. (in Chinese)

7T OHEAN. FEFEHAZ A ERITELT]. PR S HEAR, 1998, 17(1) : 60 -62, 81.

XIA Fujie. Finite element method of kinematic analysis of spatial mechanisms[ J]. Mechanical Science and Technology, 1998,
17(1): 60 =62, 81. (in Chinese)

8 LEE K M, SHAH D K. Kinematics analysis of a three degree of freedom in parallel actuated manipulator[ J]. TEEE Journal of
Robotics and Automation, 1988, 4(3) . 354 - 360.

9 INNOCENTI C, CASTELLI V P. Forward kinematics of the general 6 — 6 fully parallel mechanism: an exhaustive numerical
approach via a mono-dimensional-search algorithm[ J]. ASME Journal of Mechanical Design, 1993, 115(4) . 932 - 937.

10 ZEpAlr, ffts, Bk, 4. XIFREHY Steward HUFNL B IE AR A BOIEAL T RESE R (T]. AL HLAR2A 4R, 2008, 39(10) : 158 - 163.
CHE Linxian, HE Bing, YI Jian, et al. Improved particle swarm optimization for forward positional analysis of symmetrical
Steward parallel manipulators[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2008, 39(10) . 158 - 163.
(in Chinese)

1L s, Rukvs, #/hJE. 6 -3 B Steward S-SR B 2 % E M [T]. P LS4k, 2012, 41(17) : 43 -46.
DAI Wenwei, WU Hongtao, YANG Xiaolong. Numerical method for forward kinematics of 6 — 3 Steward platform parallel
manipulator[ J]. Machine Design and Manufacturing Engineering, 2012, 41(17) : 43 —46. (in Chinese)

12 /NS, BRI, RACE, 8. 5T Ok WO 357519 3 — PPR JFIEMLAY i B IE AR BF 5% [ J/OL]. Rk HLBK 2 4k, 2015,

46(7) : 339 —344. http: / www. j-csam. org/jcsam/ ch/reader/ view_abstract. aspx? file_no =20150748&flag = 1. DOI.:10. 6041/
j. issn. 1000-1298.2015.07.048.
WU Xiaoyong, XIE Zhijiang, SONG Daiping, et al. Forward kinematics of 3 — PPR parallel mechanism based on improved ant
colony algorithm[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46 (7). 339 - 344.
Chinese)

13 ZWE, TWHEZ. 6 SPS WAL & IE M0y SR FREFLLT]. BUARUHN & TR, 2009(5) : 106 - 110.

LI Minglei, JIA Yuqin.
manipulators[ J]. Modern Manufacturing Engineering, 2009 (5) : 106 — 110. (in Chinese)

Improved particle swarm optimization algorithm for forward positional analysis of 6 — SPS parallel

(THEE2R)



412 | 1 R A= 20174

20

microchannels[ J]. Journal of Micromechanics and Microengineering,2010,20(4) :045018.
CHI Y L, SANG Y L. Pressure drop of two-phase plug flow in round mini-channels: influence of surface wettability [ J].
Experimental Thermal and Fluid Science,2008,32(8) :1716 —1722.
FOX H W, ZISMAN W A. The spreading of liquids on low energy surfaces, I. polytetra-fluoroethylene[ J]. Journal of Colloid
Science, 1950, 5(6): 514 - 531.
YOUNG T. An essay on the cohesion of fluids[ J]. Philosophical Transactions of the Royal Society of London,1805,95:65 —87.
YOUNG T. Experiments and calculations relative to physical optics[ J]. Philosophical Transactions of the Royal Society of London, 1804,
9. 1-16.
P TR U 0 A B L M) U T Y AR R A AL, 2002041 - 64.
SUNG M K, MUDAWAR I. Consolidated method to predicting pressure drop and heat transfer coefficient for both subcooled and
saturated flow boiling in microchannel heat sinks[ J]. International Journal of Heat and Mass Transfer,2012,55(13 - 14) ;3720 -
3731.
LEE J, MUDARWAR I. Two-phase flow in high heat flux microchannel heat sink for refrigeration cooling applications: part I-
pressure drop characteristics[ J]. International Journal of Heat and Mass Transfer, 2005, 48(5) : 928 —940.
) B B A PIAR A [ M ] P 7R < e R 356 L K2 M WAL, 2007 : 160 ~ 167.
BN EE , BN B T2 R0 G DA 8 K R I i S LD AR R SE (T ] PR R A FARRL AR, 2014,45(7)
2209 -2216.
HU Ligin, LUO Xiaoping, LIAO Shouxue. Research on boiling flow resistance of nanofluid in rectangular microchannels[ J].
Journal of Central South University:Science and Technology, 2014, 45(7) :2209 —2216. (in Chinese)
CHIWOONG C, JEONG S, DONG Inyu, et al. Flow boiling behaviors in hydrophilic and hydrophobic microchannels [J].
Experimental Thermal and Fluid Science, 2011, 35(5) :816 —824.
LOCKHART R W, MARTINELLI R C. Proposed correlation of data for isothermal two-phase two-component flow in pipes [ J].
Chemical Engineering Progress, 1949 ,45.39 —48.
FRANCISCO R, ALEJANDRO L. Two phase flow pressure drop in multiport mini-channel tubes using R134a and R32 as working
fluids [ J]. International Journal of Thermal Sciences, 2015,92:17 - 33.
MISHIMA K, HIBIKI T, Some characteristics of air-water two-phase flow in small diameter vertical tubes[ J]. International
Journal of Multiphase Flow, 1996,22(4) .703 - 712.
QU W, MUDAWAR I. Measurement and prediction of pressure drop in two-phase micro-channel heat sinks[ J]. International
Journal of Heat and Mass Transfer,2003,46(15) . 2737 —2753.
ZHANG W, HIBIKI T, MISHIMA K, et al. Correlations of two-phase frictional pressure drop and void fraction in mini-channel
[J]. International Journal of Heat and Mass Transfer,2010, 53(1 —3) :453 —465.
X, /N, G S 0 A v T 7 R TE P R P R R S IR S [T ] AR AR ,2015(4) 120 - 26.
LIU Bo, LUO Xiaoping, XIE Mingyu. Experimental study of two-phase fractional pressure drop of nanorefrigerant through
microchannels[ J]. Cryogenics, 2015(4) :20 —=26. (in Chinese)

(L#E 352 ])

14
15

16

17

AWM. MATLAB {RALSEIE R B A SR I M . dbat iR Hi it 2014,

ERHE, JRT, XIEN, &, 250 4 - SPS/CU B ALz gh- M [J/OL]. ARl HLIA 4R, 2012, 43(3): 207 - 212,
199. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no = 20120337 &flag = 1. DOI;10. 6041/j. issn. 1000-
1298.2012.03.037.

WANG Gengxiang, YUAN Daning, LIU Hongzhao, et al. Kinematic analysis of spatial 4 — SPS/CU parallel mechanism[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(3) . 207 =212, 199. (in Chinese)

st , Bk, £, % SIS 3 - SPS - S HFBHLM B S ERE AT [J/OL]. RV AL, 2012, 43(4): 212 -
215, 207. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no = 20120440&flag = 1. DOI;10. 6041/j. issn.
1000-1298.2012. 04. 040.

ZHANG Yanwei, WEI Bin, WANG Nan, et al. Kinematic performance analysis of 3 —SPS — S spatial rotation parallel mechanism
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(4) . 212 - 215, 207. (in Chinese)
A, kA, skAedE, % A4 EhEY 3 — SPS/S JRIRHL 4 AWM BL I M [T]. 35 MhoR=222 4, 2009, 39 (B4 H 1) .
200 -205.

CUI Guohua, ZHANG Yanwei, ZHANG Yingshuang, et al. Configuration design and analysis of a new 3 — SPS/S spatial rotation
parallel manipulator[ J]. Journal of Jilin University, 2009, 39 (Supp. 1) : 200 —205. (in Chinese)



