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Structure optimization of parallel CMM
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Abstract: A novel style Coordinate Measuring System(CMM) based on the 3-PUU parallel mechanism
was proposed to realize 3D measurement with only one linear grating and two precision guides. On the
basis of a previous prototype with passive motion, a prototype with active motion was re-designed af-
ter optimizing the structure parameters of the previous prototype. Firstly, dimensions and positional
parameters of main components were decided by the 6 —bar direct kinematics model and the principle
of maximum measuring space. Then, by re-designing and arranging the pose of each joint, the meas-
uring space of CMM was ensured. Finally, according to the motion characteristics and parameters of
the designed CMM prototype, the deformation of key components was processed by Finite Element A-
nalysis (FEA) to control and decease the affect of deformation on the precision of the CMM. As com-
pared with the previous prototype, the proposed design has a measuring space of 1 050 mm X535 mm
X426 mm,which enlarges the measuring space 92% in x axis, 134% in y axis, 113% in 2z axis, re-
spectively, and its mechanical properties can be improved greatly.

Key words: parallel mechanism; Coodinate Measuring Machine(CMM) ; structure design; Finite Ele-

ment Analysis(FEA)

5 H #5:2013-05-10; 81T H#3:2013-06-10.
EEWAB :EHRAKPFHES T H (No. 51175140)



%11

ZERN R LB L T B AR BRI & ML Y Z5 #8114k 2853

1 351 &

ULAF SR FRIBALAG LU I JEE G 5 e A 25 Al
P R AEBILIR LB e NS5 T IS 21 1 PRl 9 & g
A2z (4 N ABLIZ A 03 0 4R I A
XA e JR R DAy i i o L A7 I s
N AR X B AN AL

TEBE ] 25 — 5 sl iz gl RURE AL A B Al 1L A
SCLA R 25 18] | PR Uk 20K B B 8 A
PLEEAT AR BT . B AE T 4% 38 AT ALAF S BB B 45
80, 038 iF ANSYS X 4% b il &2 AL 31T A R
JCIEAE S A AR T AL B AR . N S
SR 22 18 1 AR (19 B 2 B8 A

2 M EAIAFRE AL AR

EFHRIF I L AR B A 1 R R, 3
AN HGE R T3 ) Bk B 3 X EFT S BT 6 A i
Mk 2 fesh 6 L s s 58615 3
AWM EAEAT B S TAE A R 457, 3 DIt
1, B2 A e Ak o BT — R
LT B R AN AR A% 2l L G Sl 9 Y R BIL 3001 ST
TR 22 AT PO o B ) SCAR A SCHE L PR
PR Bl ok el B #2 o o LRI RO T 52 R
O 7 1T b R SR 3 R S R 2 R TE IR A
bR E R R E R R RR L3
AW HAE A Kl T T B I A% Bl AT A2 5
) 15 4 IR BUE B9 B 7 23 18] N SF 3l 25 figh 4
Sk S i K A5 T Jm > 3 A1 B S 1 I 2 R A% T B
I (S O e 2% e R0 B A ) B A 8
SR Aige I Sk B 25 [R] AR AR

PR i i

ek
il .
o Wi et

B HT S

\ i
R 7

HELSH .
e s3]
HEL =k

AR

1 B B A
Fig.1 Schematic diagram of parallel mechanism CMM
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Fig. 3 Schematic of previous prototype of parallel CMM
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Tab.1 Structure parameters of previous prototype
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Tab. 2

Comparison of measuring spaces in different

structural parameters of 2™ slider’s bars

d,/mm [;/mm y/mm z/mm d,/mm /(")

540 492.3  441.2 1027.3 4.2
40 570 531.4  551.8 903.1 3.31
600 444.5  227.1 795.1 2.57
540 432.1 377.4 1184.3 8.3
80 570 469. 1 305.2  996.1 7.7
600 401.1 167.7  907.1 6.6
540 425.8  293.5 1243.7 18.4
160 570 398.9 198.2 1 181.3 16.37
600 190.4  123.2  948.5 15.6
540 254.5 157.7 1428.3 34.9
320 570 163.5 90.7 1374.7 33.2

600 180. 2 78.3 1139.1 32.8
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Tab. 3 Structure parameters of new prototype
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Fig. 5 Schematic of deformation of beam in pose P;
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Tab. 4 Deformation results of beam at different coordi-
nate points
., 7 #
A
fir % 5 1 2 3 4

x,/mm 725 885 1045 1206.5 1368
P, 8ime/pm 58.30 48.74 42,62 % 43.03 60.82%
Orvs/pm  31.71 31.78 29.82 29.49 30.28
x,/mm 687 866 1045 1219.5 1394
Py 8ime/pm 55.31 46.35 40.53 % 41.84 61.34#
Srws/pm 31,78 29,04 28.33 28.47 30.21
x,/mm 654 849.5 1045 1239.5 1434
Py 8im/pm 56,20 46.28 42.06 39.72 % 60.14#
Srvs/pm  31.53  29.94  29.47 29.16 31.41
x,/mm 589 817 1045 1272.5 1500
P, Oume/pm  58.88 46.03 42.49 38.10 % 60.53#
Srvs/pm  32.71 30.83 30.31 29.75 32.45
x,/mm 542 793.5 1045 1294.5 1544
P; 8im/pm 55,69 41,06 38.15 36.91 % 58.93#

Orws/pm 31.56 29.26 28.88 28.65 31.27
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Tab.1 Deformation results of bars in different poses

A

=

) e
-
A p. P, P, P, P,

Su/pm  0.490 0.441 0.444 0.358 0.434
&1 /pm  0.767 0.697 0.696 0.560 0.676
, Sn/pm  0.485 0.441 0.439 0.358 0.434
2 8w /pm  0.757 0.697 0.687 0.560 0.675
&s/pm  0.425 0.367 0.357 0.222 0.352
8 /pm  0.675 0.595 0.568 0.352 0.556
Su/pm  0.424 0.367 0.357 0.223 0.353
8 /pm  0.674 0.596 0.568 0.353 0.557
&s/pm  0.488 0.442 0.44  0.359 0.434
Ss/pm  0.763 0.698 0.688 0.562 0.676
Su/pm 0,488 0.442  0.44 0.359 0.434

ls
O /pm  0.763 0.698 0.687 0.561 0.676
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Fig. 6 Schematic diagram of deformation of moving

platform in pose P,
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Tab. 6 Deformation results of moving platform in differ-

ent poses (pm)
Ou 0. oy
P, 0.008 0. 006 0. 007
P, 0.008 0. 007 0.008
P, 0.009 0. 007 0.009
P, 0.008 0. 007 0.008
Ps 0.008 0. 006 0.008
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