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Structure Design and Displacement Analysis of 3T1R Parallel Mechanism
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Abstract; The parallel manipulator with three-dimension translation and one-dimension rotation ( in
short, 3TIR) has wide requirements in processing technology, such as high-speed catch, positioning
assembly, transportation. A novel 3T1R parallel manipulator was presented based on the theory of
position and orientation characteristics ( in short, POC). A complete type synthesis of parallel
manipulator that can perform 3T1R motion was made based on the theory of POC. Then, one topology
was selected from the different possibilities of parallel manipulators after imposing some practical
requirements. The selected parallel manipulator was composed of four identical arms and a single
platform, and the composite parallelogram structure in each arm brought in better limb stiffness. The
parallel manipulator had characteristics of full symmetry, fold ability, good stiffness, large work space,
and so on. In addition, the forward and inverse displacement equations of the parallel manipulator were
derived, which had great importance when implemented in velocity control. The inverse position equation
had 16 solutions at most, and the forward position equation only had 8 solutions at most. Finally, the
solution algorithm of the forward displacement equations was given, and a numerical example was
provided to confirm the efficiency of the solution procedure. The research results had a reference value for
follow-up studies of the new manipulator and its application.
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Tab.2 Topology structures of parallel mechanism
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Fig. 1 Schematic diagram and coordinate systems

1ZFIR IR ANNEE O 2 S S RESIIN i e =R P s
ARSI AC  r F R 34 ZR R R SCEE T R B S A R,
R MHF R 51E 4 LA L5 R, 5 Ry Z IR A9 B 5 30
Nl FIRGEH S N E R

PO R Bl et g VTN <Y N B o = B w5 I < VA £
MR AR Oxyz MBI AR R Quow, oo, JBUgl O L F
HFEm TG, o S R M R, MELRES,y S
Ry, F1 Ry, B L A, 2 Bl O -0 & B 76 T 69 2%
iR Q5 E ER,ES, w S R, F R,
HLE A v il S Ry MR, ML E A, w il s F
B I T AL 2o
2.2 (UEHBROW

7 30 Mg 4 BT ) JBURT A 34 Sy 2 BT B AL
ECED Q fEf AL AR R P A AR 8 N (x,y,2) ) FIEE
AR5 58 2 il M, idh 0) 1 E 4 4
KA (R, AR ¢, (i=1,2,3,4), Kot
AT .

(1) MRS F- 50 %, B Q(x,y,2) Fil 0, 7] 3K
R, (i=1,23,4)fEwbr & Erystbr, X T
R 4810 R, MR EA Lz, A 5 k15 R TEFR AL bR R
AR N

OR,, =(x,y,z-1;)
OR,, =OR, + S,
OR,,=0R , +8S,
OR,, =OR , + S,
Hrp S, =(rcos +rsind, rsinf —rcosé, 0)
S, = (2rcosf, 2rsing, 0)
S, = (rcos@ —rsin@, rsinf + rcosd, 0)

(2)R,(i=1,2,3,4) fEif e bn & L #Y AL AR, 0]

(2)

M o I i i b R h
OR, =( - R +1,cosg, ,0,lsing, )
OR,, = (0, =R +,cosp, ,!,sing,)
OR., = (R +1,cosp, ,0,l,singp, )
OR,, = (0,R +!,cosp, ,l sing,)
()BT R, 5 R, ZEEERE R 1,k
IOR, -OR, |’ -1, =0 (i=1,2,3,4) (4)
(4)F002) B)YRAX4) i, KR (¢,)
MO (x,y,2,0) AT/ 8, /)15
a,cosp, +b,sinp, +¢, =0 (1=1,2,3,4) (5)
Hp a, = -2l,(x+R)
a,= =2l,[y +R +r(sinf - cos@) |
a, = =21, (x —R +2rcosf)
a, = =21,[y =R +r(sinf + cos@) |
b, =b,=b,=b, = -2l,(2-1,)

¢, =(x +R)’ +y2 +(z—l3)2 +lf —l;

(3)

¢, =2r[ (x =y =R)cos + (x +y + R)sinf ] +x° +
278 + (y+R)’ + (z2-1)° +1; -1
¢, =4r[ (x =R)cosf +ysinf] +y" +4r> +1; -
L+(x-R)+(z-1,)°
¢, =2r[ (x +y —R)cosf + (y —R —x)sinf] +x° +
27 +(y =R+ -1 +(z-1,)°
WAR(S) R AT SR, iz Cn] s B K
SRR AR o A 2 AR, B, LI AL E
fi Jr AL 2 (16) 4ifift .
2.3 EERSW
A7 E i 43 Bt 0] AT 3R Dy - N SR S R
AR AR ¢ (i=1,2,3,4) €T a
A 2 (x,y,2,0) o
2.3.1 i # R
(1)4V,=0R, -OR,(i=1,2,3,4) %X (4)
WM AL, W] A
V1> =0
IV,12 41V, 12 =1V, 12 =1V, 17 =0
1V,1? =1V, 17 =0
IV,1? —1V,17 =0
(2)F(2) L (3)FUA(6) H, FE &It (&
x'=x+R -1 cosp,,y' =y,2 =21, -l sinp,) , &5
SRR (20,2, 0) e HE (¢,) , AT A
() + () + ()" -1 =0
dix" +ey +fiz/ +6G, =0
D,x"+E,y' +f,z2' +G, =0
D.,x"-E,y' +f;z2' +G, =0

(6)

(7)

+



368 & A Bl B ¥ i

2016 4

G, =g,,cos0 +g,sinf + g,
G, =g, cos0 + g,,
G, =g,;,co80 + g5,s1n0 + g,
D, =2rcosf + d,
E, =D, =2rsinf E, =2rcosf + e,
d, = (cosgp, —cosep; ), —2R
e, = (cosp, —cosp, ), —2R
d, =cosp, +cosp, e, = — (cosgp, + cosp,)
f, =sing, + sing, — sing, —sing,
S/, = (sing, —sing; ) !, f, = (sing, —sing,)!,
g, = (2cosp, + cosp, — cosp, )T
g, = — (cosp, +cosp,)r
g, =1, —sing, (sing, +sing, ), +1,cos(p, —@,) -
(2cosg, + cosp, — cosp, )R
g, =2r[ (cosp, —cosp, ), —2R]
2y =2(r" +R*) +1; —cos(@, —@3) 1} -
2 (cosp, — cosp, ) RI,
g, = (cosg, + cosp, ),
g3, = (2cosp, + cosp, — cosp, )1l
g5, = sing, (sing, —sing, ) [; = Rl, (cosg, + cosp, )
() X)W )E 3 TR LK, AT 13
(x',y" 2" ) PR A (7)) g 5 1 A5 A, ]
RECT 0 IR T2

H(Q) =1JI” -LF (8)
Hor F=m, cosh +m,sing +m,
J]l J]Z ']13 Gl

J={Jy Jn Js| G,

Ju Jn Jull Gy
m, =2r(fod, = fie, ~fidy = fre;)
m, =2r(f,d, +f,e,)
my =fyd e - frdye, —f,dye, —4f,
Iy =21f,c080 +2rfsin + fre,
Ji, = = (2rf,cosf +fie, +fe;)
~2rf,sind + f,e,
— (21f,cos0 = 2rf,sinf + f,d, )
Jy = —21f,sinf +f,d
Jos =21f,cos0 +f,d, - f,d,
Jy = =2r(d, +e;)cosf — (dye, +417)

~ S~
N =
2 e
1l 1l

Ji, =2rd, cos@ +2re sinf + e, d,
Ji; = —2re cosf +2rd,sinf — e, d,

H 2 (8) AT A1 = 29 oy i o de i R BTN cos’ 6
R P A0 28 B, U5 (8) T8 S — ot AN AR Ky
P, WO AL A7 B I A 7 R AE A B0 R 2 A7 AE 8
A%

2.3.2 JrResRAA

XFF S WAL W —Jn s 5 # , B IR S8 0 ik
PR ECR AR, R RERF 2T B #% o iy 378 52 PR i A o
FE B8R TG 52 b S0, A A S S008I i T
SR P74 A ik B AT R AR 4 S o, LAk A
BRI

(DR RIXE[0°, 360°] 25532 N A>T X [
(AL NH3600), Xa—TFXMEL6,,0,,, 1,15
H(6,)F1 H(O,,,) W{E, I FI W e 12 & 55, it
AR A =H(0,)H(6,,, ) WIET T, & A <0, UE
TIXEIL0,, 0, ) A A7 185 S RE AT i A2 X (8)
FHSE TN G/ 1)y J3E 38 e AT 4 3R T A 31 0 0K W 119
{[ER8

(2) Kt 4 iR N A5 DX Ja), 45 219 2 07 B 20 51
Jr R (8) 4 4 3500 52 At , DA TG A5 37 B I A 1) 2 52

3 HEXH

a1 FR IR AP B 2540 2 0k O -
R=1.2m,r=0.6 m,/, =0.4 m,/, =1.8 m,/; =0.3 m,
4 A HREAE f AR B B e, =207, 9, =30°,
¢, =60°,¢, =36°,

R b R 7 B T A A5 B R Oy AR SR i 3 R
Matlab #cf 45 #2315, Al SR A 4 90 52 B0, 36 4 41
(F3) o MG R IE, X 4 4 iz L AL
P B E AR o B 23X 4 2R ik 0T I Y 2 TC A B 1

*3 NMUEEBRNLBIHE

Tab.3 Real solutions of forward displacement

75 0/(°) AFR (x,y,2)
1 9.954 1 (-0.5824,0.1800, 2.2114)
2 250.933 5 (0.3809, 0.9902, -0.4618)
3 301.269 3 (-0.3831,0.7763, 1.999 8)
4 349.087 5 (-0.0782,0.5925, —1.0904)
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Fig.2 Schematics of corresponding configurations
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