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The Analysis of Trajectory Tracking Error Caused by the
Tolerance of the Design Parameters of a Parallel
Kinematic Manipulator
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Machining error makes the uncertainty of dimensional accuracy of the kinematic structure of
a parallel robot system, which makes the uncertainty of kinematic accuracy of the end-effector of the
parallel robot system. In this paper, the tendency of trajectory tracking error caused by the tolerance of
design parameters of the parallel robot is analyzed. For this purpose, all the position errors are analyzed
as the manipulator is moved on the target trajectory. X, Y, Z components of the trajectory errors are
analyzed respectively, as well as resultant errors, which give the designer of the manipulator the
intuitive and deep understanding on the effects of each design parameter to the trajectory tracking
errors caused by the uncertainty of dimensional accuracy. The research results shows which design
parameters are critically sensitive to the trajectory tracking error and the tendency of the trajectory

tracking error caused by them.

parallel kinematic robot, design parameter, tracking error, positioning accuracy
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Fig. 1. Definition of Coordinates of parallel kinematic robot
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Fig. 3. Definition of kinematic parameter for analysis
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Table1. Definition of design parameter
Ref
N | Tolerance | Real value
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Base Joint Offset Oy ) O p=0,+6
Base Joint angle Ap 5, Ay =A,+5,
Base Radius Ry 5, R ,=R,+4,
Platform Radius R, 5, R’ p= R+,
Motor Installation Height| /), 8 H = H,+6
Arm Length L, & L,=L,+4
Leg Length L 5, L', =L +6

Fig. 4. Definition of a circle trajectory for the analysis of trajectory
tracking errors
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Fig. 5. Flow chart of error analysis of trajectory tracking error
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Fig. 7. Trajectory simulation with no tolerance of “base joint offset
(0Oy)" (Green), with upper limit tolerance (Red) and with
lower limit tolerance (Blue). Unit of x, y and z is millimeter
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Fig. 11. Trajectory simulation with no tolerance of “base radius (Z)’
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290 4 -299.998 . -299.998

190 F— 1 299998 [ - -299.998

90 £ \ 200099 [’ X 209990 f—A

- BEE = N

-10 , -300 -300

10 B 4+ -300001 ,,/ S ," 200001 A\

210 = 3 00000 4 g -300.007
TEEEY Bgs 55 S ig BB

x X Y

Fig. 13. Trajectory simulation with no tolerance of “platform radius ()’
(Green), with upper limit tolerance (Red) and with lower limit
tolerance (Blue). Unit of x, y and z is millimeter.

LRt el 2xt kel
0.03 a 0.02 |
s [ | al |
O . /. he -
A N /
FToorH 1 \ T o
E / \ E \ )i
=3 / b =3 \ Fi
o e 04001 B /
Vs N\ /
0.01 14 -0.02
0025 o -0.031— [ —
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
2t deg] 2} deg]

Fig. 14. Trajectory emor caused by “platform radius (2,,)" (Red: x directional
error, Green: y directional error, Blue: z directional error)



4) BRE WAB(A)ON  0.02 mm FR} 9hE A9
2320 BIEAAS xy BT HAG Ao BAE
A2 Aflo] AEHGS v A4 AL 2o 4
°F 2 umE(EASL F) 714 2H Yo %32
% GlEFig. 13). olfet ASRYE SIAeR 23] A
A5t ALITO] i 2% IS 2 4 9
E3} Hjo]A "R 2ol ZApe} 9 Lk
2} doige o 4 lrk

A% A2 SN I B oK vlo]
HHE At Sl A9 (Fig. 12)9 Ae] ghol Bt
FARE B4 TRICKFig. 14). 25e] A8 SR
719] e gkt x, y e WA F 03k Bt
FERX) 943 Uebehe & 4+ 9Ir0 um). WA ol
WIS TR S9E WA A Aol
7o) oS WA BSS & 4 ek

5) RE Ax] £0](#,)0] + 0.02 mm F} Qe AL
2Ho] BRAAL xyH U} Hast F| o)A B AX]|
Lolof] Zap} QIS w Zipo] Al AAL 2oz A
oF 30 umAE(TAF2] 1.54]) 27120l £2]9l0] gle-g oF

=i = =2
20 L
4> QItKFig. 13). Fig. 150 Kol nje} Zo] xz HH,
290 -299.93 T -29993
190 | -289.95 r | -299.95
/ \ 299,97 e
o / . It Y e
o -299.99 - 29999
10 B -30001 F - 3000
U T S S R T it i e e =D
Y . -
Bk BB 2ES°8E  LrsfEE
X X ¥

Fig. 15. Trajectory simulation with no tolerance of “motor installation

height (#7,,)" (Green), with upper limit tolerance (Red) and
with lower limit tolerance (Blue)
it esh SLX[EHEN
0 < 0.02 < |
AT vl | vl
( |2 |
0.01 1 ‘ | S S 0.01-
= | = /V\ /—V‘\?
E E
gl riyE, (‘j
I 1
o ﬁ_/\v_/pf 4l
Y s N I ., N | 00— | l e
-0.02- i U U T i T .02 i T
0 50 100 150 200 250 300 350 0 50 IIIU I5D znn ZEII SI‘IU 350
2 S(deg) 2 S (deql

Fig. 16. Trajectory error caused by “motor installation height (#,,)" (Red:
x directional error, Green: y directional error, Blue: z directional
error)

wWeze) A $A7H 8 Ao X g By 253

2 o) NS} S

At} Ao] SR 4

= 7K

A A=Z ok W AR ox =
AL QU A9 AHIHel upet 7152
S48 Holu] x, v, 248 2| 2FApt TR0
um)E golA A =rkFig. 15, 16).

6) o ZoI(Z )l £ 0.02 mm FA7} k& A% 2]
xy R Rt AROIARE oF Aol(L,)e] 4
3Hslsto] ALEQS nf AlA AL lgkez o oF
8 um (TR 1/3)9] F7H4Ql FAlo] Sle= o
QItK(Fig. 17).

A ARE FH5He BelA TS 03 mE
A Eol(H,) 4P} = 78-HFig. 16)2} #|9] Fgt
At dof zIck(Fig. 18). z287F] A4 4 22k= 79
Vb e x, y e A4 54 e At 5

2] ka1 VERES: ¢t 4= 9rh20 um). wlha] wo]A WX
2 S WS mR R oF Zole] Ak el

o 7FssAt ol = A e & 4 3tk

SRS

200 4 200988 o 299088
190 e 299992 - — 299992 L
/ NEE ST NN
%0 \ -209.996 299996 B2 A
- d LI~ r N L
10 s -300 - -300 -
-110 AT 300004 '/ -300.004
’ ] k — [ L
710 [oeter -300008 £ - -300.008 -
o oo oo o L e o= o S on o ow o= o
B L5 8k 8 2235 8B g BES S 28
X X Y

Fig. 17. Trajectory simulation with no tolerance of “arm length
(Z,)" (Green), with upper limit tolerance (Red) and with
lower limit tolerance (Blue). Unit of x, y and z is

millimeter
23} reteh 25N
.02 o Y =
AT ] v
f
0.01 1 | 1 L e e e
E_ | | E. r_*—\\. B .’,f—“’_(‘\
£ |1 N | £ 0 I =, SN |
o _,__/\\,_,/‘k#’ &
-0.01 e 0.01 — 1 — l
| l J
-0.02 i (B T (B 002 i T i i T
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Z! T [deg) 2 T [deg]

Fig. 18. Trajectory error caused by Z, “arm length (Z,)" (Red:
x directional error, Green: y directional error, Blue: z
directional error)



254 =333 =52 A|11Y A4S (2016. 12)

7) g2 Zoj(Z )l £ 0.02 mm FZ} QS F: 2H
o] BIEAAL xy e} FAet AxelAe 41 Zeol(z,)
9,1 /&6}/3}6}0] x%ﬁ_ OLQ q} A]xﬂ ;q]x%g Zaksokgg z:g]q{
oF 40 umAE(FA] 2u))2] Z7}E el L-2]9)o] 9L
o % gickFig. 17). T3 AR Pl wlol2 WS
(Fig. 11), SUE WA S(Fig. 13) & Zo|(Fig. 170l 2k
7h ok %St g SARRE & 4 Ak

8l Zo] BA} gl A9 9 275 7

o A HHIBHE @A Fig, 202} 2T}, Hjo]A HEX 2(Fig.

12), B WAEEis. 19 & olFis. 7] 3301 3

pacs

il

==

A
T
7

A9l x, YR 927 F2 Uepton, ) 2o
S Sl A9 24 A4 25 931 A2 339

2df A== xy o] eatet Hlssskth(Fig. 20). whebA
gL Aol 3A7E e A-olle Aol 213 ke s
W= A 75 22Kz W LPE FAD o gk

8) 2. ulau]e|o] A3let 0.02 mme} + 0.02°9] 3}
7} 20|17 AL 20| ZI|He xyHwy} Fayst 4]
o|x|ut BE wlehu|g o] ARsl/sler Tl A-LEQS
AR WAL zgaFo 2 o oF 110 umA =] 2712<)
22)9lo] 9)8-S o 4= QIKFig. 21). ZFzhe] Fak= |

200 - 4 2999 299,91
190 29996 - 29996
] o
90 At 209,98 N -209.98 ]
- - I~
-10 i f -300 300
-110 A—J 0002 — = 30002 -
ot o] ] orw it R e e Vs,
10 b . -30004 E 3004 BT
e oo o © = o DL L e o=
BESB =28 288 ° 8% g z83SER
X X Y

Fig. 19. Trajectory simulation with no tolerance of “leg length
(Z,)" (Green), with upper limit tolerance (Red) and with
lower limit tolerance (Blue). Unit of x, y and z is

millimeter.
27t Eth 27t [Bteh
0.04
0.03-—~F B
A
u.uz/- al :
F0.01- V-
A
- 1
H-0.01+

04|
o 50 'II'II] 15“ ZI'Il] 25n ]I]ﬂ 351]
2 Zldeg

L] 50 I;ll] l:;an[:g] Zl'inll 3I;ﬂ .'!;I]

Fig. 20. Trajectory error caused by “leg length (Z,)" (Red: x
directional error, Green: y directional error, Blue: z
directional error)

20 umeAJgk EFR0 R Uefhs 253 of2is oF 110 um
o]i g} 5~5‘5H4 w}ﬂ. ul-/\gﬂo o} 2 oh—/}
£ sfebuleol] ARystet FA7E A459S o U9
S 25 POl WASHE QA1 Fig. 223} 2t
@4 FAH A 20 umelAuk O et
|2f= oF 150 umo|E=2 oF 7.589] @7} HHgﬂ
& 2SItk 2 WS SRt 57 Ul
Smulsko g o] & A 2Zo 7} vtk oF 4= 9tk
a4 AukE 21| Qokshd thaat 2k b
A 250 AT eAE PN IE A TREE H
o] ZRIE L, HjojA 2QIE A, #|71 Lo)9] Lotk
U] dRiEEd eaf 7|oer) drjdes o &
Ao} W fjel A2 ol S WA =3t 47}
o] ufetulE|e] A= x, y, z A0 HgOR H”“ﬂh
AR ol vl thEe SISk Hlols &
I, "ol WiE, 3 WIAIE, 2EAEA E—fol
o2 79 FAE AR 2AE op] A
y H@oRe AATAP) aaghs] dete] oAz wijd
ok # dole x, yr o] eAjet z o] eapt B

[e:

<
ol
o?‘;
=

et}

l-
_1

BAj] 29 42olA) ARk Wols XIUE &40
vy ) ke *4741 B oI el B
AASA] 38 pEo R FFE O] YRt Hjo]X 2]
290 . 5 29986 T 29936 -

190 F 4 29989 1 29989 1

. W 1 20002 '} >\ o ::ij ‘\ "f\;
-10 f 1™ 0095 FA/ \‘: = ™ 0095 - -

-110 F 4—3 20008 —  -299.98 \ \ ]
210 ." . \ S 'N 0001 b 1 -300.01 b — ‘;

5 3 . = = 5 3 Dx s 8 s 3 Ov g 8

Fig. 21. Trajectory simulation with no tolerance of all parameters
(Green), with upper or lower tolerance(Blue). Unit of
X, ¥ and z is millimeter.

0.15
0.1 ,‘ = ‘
|
. : |
0.15 T i} 17
0 50 100 150 200 250 300 350
2t T[deg]

Fig. 22. Trajectory error caused by all parameters (Red: x
directional error, Green: y directional error, Blue: z
directional error)



(
vy

E 7Pt 1 QA 70| BAle et S0, 24
QA A B SR Lpehdek

O

5.2 B

B =22 Al 9o EUEf M| 2h: U
o] ofetE BAske A+ s AA SRS F
She 9ol A=E et TAshs AA ol2le] Bde
HYs| A= AR AAGA N Z2re] A
sfetuel7h 25 uete] 9ol ofE RS mlA=x|o]
I B S5 RS AlS3ith QAR AR4lo] A
gk 250] 2 AMgEhs HAFIE)OIA ofwet e
7HA 2L oS HHIA 7| =S ke uleldh 4= Qo g
AAGARIA 7152 R0l 2F AlEE HERR
Of AR ofwHTt FIre MA=AIE ofsfiskal thA
= vhdsk=d| avpaos B8E o & Aotk

References

[1] W.J. Shinand N.G. Cho, “A study on the error compensation of
three-DOF translational parallel manipulator,” Transactions of
the Korean Society of Machine Tool Engineering, vol.13, no.3,
pp-44-52, Jun. 2004.

[2] C.H. Park, “The effects of design parameters on the mechanical
precision of an end effector on a parallel kinematic robot,”
Journal of Institute of Control, Robotics and Systems, Vol.22,
1no.10, pp.847-852, October, 2016

[3] R Clavel, “Conception d’un robot paralléle rapide a 4 degrés
de liberté,” Ph.D. Thesis, EPFL, Lausanne, Switzerland, 1991.

[4] R. Clavel, “Device for the movement and positioning of an
element in space,” US Patent No.4,976,582, Dec. 1990

[5] J.-P. Merlet, Parallel Robots, Kluwer Academic Publishers,
2000.

[6] K. Miller, “Modeling of dynamics and model-based control of
DELTA direct-drive parallel robot,” Journal of Robotics and
Mechatronics, Vol.17, no.4, pp.344-352, 1995.

[7] SH. Lee, “Dynamic modeling of a novel ATC mechanism
based on 4-bar linkage,” Journal of Institute of Control,
Robotics and Systems, vol.22, no.4, pp.307-314, 2016.

[8] P.J, “Vibration analysis of planar cable-driver parallel robot
configurations,” Journal of Korea Robotics Society, Vol.11,
no.2, pp.73-82, 2016.

HERR A FA A AdEe] vA e 9F A 255

[9] J.H. Park, “Analysis on Kinematic Characteristics of the Revolute
joint-based Translational 3-DOF Parallel Mechanisms,” Journal
of Kora Robotics Society, Vol.10, no.2, pp.119-132, 2015.

I:I
1994 Q) 71AESTHEEA
1996 POSTECH 7| 7|88 2H(F-8tAA}
2010 KAIST 717188t 2H(Z3teAh
1996~ F=7|A|ATI 2Ru7lERY
Ea |

BAEok AEE 2R, 2R A % Ao

r2ﬂ

L Hob

4 £ o
2000 KAIST 7]A1& 8t (&8trh

2002 KAIST 7] Al 3-8t Ah
| 2006 KAIST 7]Al-82H(F-EatA}

2006-37) F27A AT 2Raplezy
27

oﬁ

Of

'.!,“"."‘ A
ik 2534 2 A, 25 vjuEolH

FN 1=
1997 A&t A7) 8SH(EEAD
,:,.;1*,,
%

1999 A&t 718 SH(EEAAT)
2004 A& W71AFE TR

‘J 1982~3 7] 277|379 2RuFIEZY
274

ok 4%1% 23 o], 21 /1%





