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1. Construction and DOF of
spatial link mechanisms

Mechanism and kinematic pairs
Mechanism: One link in a link chain which 1s composed by many

links with kinematic pairs should be fixed to frame.
Motions of input links can be transformed to motion
of output links.

Input link

Input motion

Fixed link

(Frame)

Mechanism



Various kinematic pairs and their degree-of-freedom

4  Only relative translation ~ Only relative rotation

Only relative rotation and translation
is allowed. Sellowed. subjected to each other
are allowed.
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and translation are allowed. z1 471 three axes are allowed.
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(d)Cylindrical pair (e)Spherical pair (f)Planar pair

Kinematic pairs with low DOF



Representation of kinematic pairs with lower DOF

Revolute pair R /O/ I— |
T

Prismatic pair P /

Helical pair H /

Cylindrical pair C

Planar pair E

—
Spherical pair S (’/




(b)Pillar-plane pair (c)Sphere - V slot pair

(d)Sphere—circular slot pair (d)Sphere—spherical plane pair  (d)Two pillar pair
They are hardly used in general

mechanisms.
Kinematic pairs with high DOF




Degrees-of-Freedom (DOF) of Mechanism

Definition:
Number of kinematic parameters to determine position and
posture of all links in the mechanism

Equation of DOF: (Gruebler’s Equation)

F -1
F=F(N-)-> (Fs—f)J
/ f=1 7‘ \
DOF of Nu;&ber of links / Number of pairs
DOF of space . having /' DOF
Mechanisms Planar: F =3 DOF of pairs
Spherical : /=3
Spatial: F'=6 DOF which are
constrained by
kinematic pairs

Number of parameters to determine position and posture

of all moving links which are not constrained with kinematic pairs




Example of DOF calculation:

C
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RCSP spatial 4-bar link mechanism
F=6(4-1)-(6-1)2-(6-2)-(6-3)=1

Stewart platform Manipulator
F=6(14-1)-(6-1)6-(6-3)12=12

DOF of platform is 6 while having

3RRS spatial manipulator 3 DOF of rotation of S-P-S chain
F=6(8-1)-(6-1)6-(6-3)3=3



2. Understanding of Three-dimensional

angular motion

“You should have studied them in Engineering Dynamics!”
Comparison between planar and spatial motions:

Planar motion Spatial motion
DOF: 3 6
Translational: XY coordinates of X, Y,Z coordinates of
COG of a rigid body COG of a rigid body
Angular: 1 posture angle 3 posture angles?
Correct expresai}on - o

A rigid body
@ X
This angle is defined as an angle between
axes of moving coordinate system fixed on
The rigid body and of fixed coordinate system



If you define the angle in Y/ /A
Spatial angular motion? Y z

It is possible to define posture
angles. However it is unavailable!




Therefore we use the angles to rotate coordinate axis
(Roll-,Pitch-,Yaw-angles)

7 % (1) Firstly rotate about X-axis with angle O

(2)Next rotate about Y’-axis with angle ﬂ
(3)Then rotate about Z”’-axis with angle Y

Y Directions of all axes
/4 )correspond to those of

> Y moving coordinate system.




Let focus on a position vector on two coordinate systems

7 (1) Firstly rotate about X-axis with angle

7 A _ _
1 0 0
P'=|0 cosa sina P
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Let focus on a position vector on two coordinate systems

(2)Next rotate about Y’-axis with angle ﬂ

P”
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Let focus on a position vector on two coordinate systems

Z)

(3)Then rotate about Z”’-axis with angley

Z
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Resultantly
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Inverse transformation
P=[T(a,,7)]"'P

| (B[] p
1 0
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Inverse matrix can be given

as transposed matrix.




Coordinate transformation from moving system on the rigid body to
fixed system can be expressed as

Y
S a R=[Tr+P
QY PR
R .
R=[T'r+P

Spatial angular motion can be expressed with the
coordinate transformation matrix.




Differentiation of transformation matrix:
(71 =[a] 1B [y +[a) (B [r) +[) BT 7]
[TT =[a]" [BY [y] +[e] (BT [r] +[) (BT [#]
+2[a) B [y + 20 BT 171 +2[a] (B [7]

04
0 0 0 0 0 0 |
[¢]" =|0 —dsina -dcosa [6] =|0 —dsina—d’cosa —dcosa+dad’sina
Ggcosa —asina 0 dcosa—ad’sina —o'ésina—okzcosa_
_BsinB 0 PcosfB —psinf—p*cosf 0 Pcosf— B sinf
B'=| 0o 0 0 (A1 = 0 0 0
—Bcosff 0 —pBsinf _—ﬂcosﬂ+ﬂzsinﬂ 0 —ﬂsinﬂ—ﬂzcosﬂ_
[ —ysiny —ycosy O] _—j/'sin;/—)?zcos;/ —jcosy+7 siny 0
[7]' =| ycosy —ypsiny O (71" =| #cosy—y’siny —ysiny—y’cosy O
0 0 0 0 0 0




3. Systematic kinematic analysis of spatial
link mechanisms

(1) Coordinate transformation matrix and motion of coupler point
=[T]'r+P
2=[T1"r+P
R =[T]'r+P

Point on a spatially moving link:
analysis program: Trans

Coordinate transformation matrix and posture angles

a, By &=I[11"
analysis program: RPYTT,TTRPY




(2) Motion of crank link s crank_input

Rotation axis of
Yorevolute pair L,

g\

Jn [T(_)]T

O Position and posture of —Crank angle—Position and posture
revolute pair J, of next pair J,

X VooJg 0 Ji [T

From pair to pair including velocity and acceleration




Equations to calculate:
cos® —sinf O]

"I'sin@ cos@ 0|j, :JO+[TO]T[9]TjO1
0 0 1]

J,=d,+ (5, 6T +[n.T 6]
j1:j0+(:j*'0:T:9: +2[ ]T[]T [ ]T)Jm




(3) Motion of input slider s_slider_input

Sy
21 o<W l
. . Rotation axis of
Slider axis L, revolute pair L,
z, Yo

[70,]

s\ YL

S
a XO
7 / Slider input
@

L (7,7 "ML

From pair to pair including velocity and acceleration

X X Position and posture of —Slider disp.—Position and posture
slider axis of next pair J,

L, [T.] 0 Ji, [Th]"




Equations to calculate:
J=L+[,T([0 o o +j,)
jo=i+[r,](0 o oF +j,)+[r,Tlo o of
Jo=E+[F](0 o oF +j,)+2[r,]o o 4

T T T
L] = _TL] [T01]

A PR A T
Tl = _TL_ T01

T R VA T
L] = _TL_ T01




Next let’s consider motion of spatial two adjacent links
Principle — Two adjacent links in which position and
posture of all of links can be determined
when position and posture of pairs at both
ends
— It means the link chain which becomes
a structure when pairs at both ends become
as fixed pairs.

A structure with
0 DOF



e

An excessive DOF (b
in S-P-S chain or

chains with S-S link C \
S
~

P

(d) (e)
Two adjacent links in spatial mechanisms




s_SSR links :
Intersection between
a sphere and a circle

s _CSR links :

Intersection between

a cylinder and a circle

s_SPS_links : S ]
" Distance between ﬁ C \
two spherical pairs
S
% ~= ~=

(a) (b) ()

s_SSP_links :
Intersection between S 'ﬁ C \
a sphere and a straight line

: k

s _CSP_links :
Intersection between
a cylinder and a straight line

N A

Kinematic analy51s program for two adjacent links



Several examples:
(4)SPS links s_SPS_links 4

>

X VS,

0+6,=|S,-8,|=(S,-S,)e(S,-S,)
H:\/(Sz _S1)°(S2 _Sl)_HO
j— (52 —.S.'I)O(S2 —Sl) B (S2 —S'I)O(S2 _S1)

_\/(S2_Sl).(S2_S1)_ H+Ho
b_ [(S2 —Sl)o (S, —S1)+(S2 —Sl)o((HSjgfg)kH+Ho)—(S2 —Sl). (s,-5)0




(5)SSR links s_SSR_links

"N

Position of pair S, can be calculated as an Intersection

between a sphere with radius 7 and a circle with radius rp



(6)SSP links s_SSP_links

~

Position of pair S, can be determined as an intersection
between a sphere with radius 7, and a straight line
parallel to the slider axis



WAB3[0][0] = -CP*SY;
. . - WAB3[1][0] = CR*CY - SR*SP*SY;
Il A—=)L-EvF -I—ANERRMITIERDD wm{z}{o}: SR*CY + CR*SP*SY:
WA3[0][1] = -CP*CY;

/I RPY_ANGLES WA3[1][1] = -CR*SY - SR*SP*CY;

/i A—JL-EyF-I—ALZTOMS WAZ3[2][1] = -SR*SY + CR*SP*CY;
I TT[3][3],dgT[3][§_],ddTT[31[31\ WASEO%{ZL 0.0; ' ’
Il CEEEBRITIETOMS WA3[1][2] = 0.0;

WA3[2][2] = 0.0;

WB1 = 0.0;
void RPYTT (POSTURE RPY_ANGLES, double TT[3][3], WB1{?%{8% - -(élg’*SY _ SR*SP*CY:

double dTT[3][3], double ddTT[3][3] ) WB1[2][0] = -SR*SY + CR*SP*CY;

{ WB1[0][1]= 0.0;
double CR, SR, CP, SP, CY, SY, WB1[1][1] = _CR*CY + SR*SP*SY,

inti, j; WB1[2][1] = -SR*CY - CR*SP*SY;
double WA1[3][3], WA2[3][3], WA3[3][3], WB1H{2{= SRICY - CRISPTSY;
WB1[3][3], WB2[3][3], WB3[3][3], WBI[1]2]= SR-CP;
WCA[3]3], WC2[3][3], WC3[3][3]; WB1[2][2] = -CR*CP:

CR = cos( RPY_ANGLES.RPY .x );
SR = sin( RPY_ANGLES.RPY.x );
CP = cos( RPY_ANGLES.RPY.y );
SP = sin( RPY_ANGLES.RPY.y );
CY = cos( RPY_ANGLES.RPY.z);
SY = sin(RPY_ANGLES.RPY.z );

WB2[0][0] = -CP*CY;
WB2[1][0] = -SR*SP*CY;
WB2[2][0] = CR*SP*CY;
WB2[0][1]= CP*SY;
WB2[1][1]= SR*SP*SY;
WB2[2][1] = -CR*SP*SY;
WB2[0][2] = -SP;
WB2[1][2] = SR*CP;
WB2[2][2] = -CR*CP;

WA1[0][0] = 0.0;

WA1[1][0] = -SR*SY + CR*SP*CY;
WA1[2][0] = CR*SY + SR*SP*CY;
WA1[0][1] = 0.0;

WA1[1][1] = -SR*CY - CR*SP*SY;
WA1[2][1] = CR*CY - SR*SP*SY;
WA1[0][2] = 0.0;

WA1[1][2] = -CR*CP;

WA1[2][2] = -SR*CP;

WB3[0][0] = -CP*CY;

WB3[1][0] = -CR*SY - SR*SP*CY;
WB3[2][0] = -SR*SY + CR*SP*CY;
WB3[0][1]= CP*SY;

WB3[1][1] = -CR*CY + SR*SP*SY;
WB3[2][1] = -SR*CY - CR*SP*SY;
WB3[0][2] = 0.0;

WB3[1][2] = 0.0;

WB3[2][2] = 0.0;

WA2[0][0] = -SP*CY;
WA2[1][0] = SR*CP*CY;
WA2[2][0] = -CR*CP*CY:;
WA2[0][1]= SP*SY;
WA2[1][1] = -SR*CP*SY;
WA2[2][1]= CR*CP*SY;
WA2[0][2] = CP;
WA2[1][2] = SR*SP;
WA2[2][2] = -CR*SP;

WC1[0][0] = 0.0;
WC1[1][0] = CR*CP*CY:
WC1[2][0] = SR*CP*CY;
WC1[0][1] = 0.0;
WC1[1][1] = -CR*CP*SY;
WCI1[2][1] = -SR*CP*SY;

C language program of systematic kinematics analysis




WC2[0][0] = SP*SY;
WC2[1][0] = -SR*CP*SY:;
WC2[2][0] = CR*CP*SY;
WC2[0][1]= SP*CY;
WC2[1][1] = -SR*CP*CY:
WC2[2][1]= CR*CP*CY:;
WC2[0][2] = 0.0;
WC2[1][2] = 0.0;
WC2[2][2] = 0.0;

WC3[0][0] = 0.0;
WC3[1][0] = -SR*CY - CR*SP*SY;
WC3[2][0]= CR*CY - SR*SP*SY;
WC3[0][1] = 0.0;
WC3[1][1]= SR*SY - CR*SP*CY;
WC3[2][1] = -CR*SY - SR*SP*CY;
WC3[0][2] = 0.0;
WC3[1][2] = 0.0;
WC3[2][2] = 0.0;

TT[0][0] = CP*CY;
TT[1][0] = CR*SY + SR*SP*CY;
TT[2][0] = SR*SY - CR*SP*CY;
TT[O][1] = -CP*SY;
TT[M][1]= CR*CY - SR*SP*SY;
TT[2][1]= SR*CY + CR*SP*SY;
TT[O][2] = SP;
TT[1][2] = -SR*CP;
TT[2][2] = CR*CP;
for(i=0; i < 3; i++){
or(j=0;j < 3;j++)}{
dTTIIl] = WA1[i][[]*RPY_ANGLES.DRPY x
+ WAZ[i][[['RPY_ANGLES.DRPY.y
+ WA3Ji][i["RPY_ANGLES.DRPY.z;
dTTIil[] = WA1[i][i[*RPY_ANGLES.DDRPY .x
+ WAZ[i][iI"RPY_ANGLES.DDRPY.y
+ WA3Ji][i["RPY_ANGLES.DDRPY .z
+ WBI1[i][iI"RPY_ANGLES.DRPY x*
RPY_ANGLES.DRPY.x
+ WB2[i][[[*RPY_ANGLES.DRPY.y*
RPY_ANGLES.DRPY.y
+ WB3Ji][[]*RPY_ANGLES.DRPY.z*
RPY_ANGLES.DRPY.z

+2.0*WCAH[i][i]*RPY_ANGLES.DRPY.x*

RPY_ANGLES.DRPY.y

+ 2.0*WC2]i][i*RPY_ANGLES.DRPY.y*

RPY_ANGLES.DRPY.z

+ 2.0*WC3I[i][[]*RPY_ANGLES.DRPY.z*
RPY_ANGLES.DRPY .x;

Il PR TR ICE DBRTEIZE

IIPM  BIERREDENTRL
PO BERZRERAOFLREDHEANINL

i EXEDWE
/1 TT[3][3], dTT[3][3], ddTT[3][3]
i D EFREBTIEE DS

I PF RBUEREDEENIMLEZOHS

void TRANS( VECTOR3 PM, POSITION PO,
double TT[3][3], double dTT[3][3], double ddTT[3][3],
POSITION *PF )

MPV3( TT, PM, &PF->P );
MPV3(dTT, PM, &PF->DP );
MPV3(ddTT, PM, &PF->DDP );

PF->P.x = PF->P.x + PO.P.x;
PF->P.y = PF->P.y + PO.P.y;
PF->P.z=PF->P.z+ P0.P.z

PF->DP.x = PF->DP.x + P0.DP.x;
PF->DP.y = PF->DP.y + P0.DP.y;
PF->DP.z = PF->DP.z + P0.DP.z;

PF->DDP.x = PF->DDP.x + P0.DDP.x;
PF->DDP.y = PF->DDP.y + P0.DDP.y;
PF->DDP.z = PF->DDP.z + P0.DDP.z;




Il 1

1 //
I R B EE B2 EH OEE /] ZEFS BR— Bk — EERHE2EE 0EE)
1
1
. i % 3] ALK wWMa 1w L & 4

Ip  EERBORERIFLETOHS I rs  2BkHBROERM
I the : EEMBELEZ DM g EEMBOEBAMTERTERERLD1RD
I Il MERIMILEZDMS
It /I TLT[3][3], dTLT[3][3], ddTLT[3][3]
_ _ /i (g3Z R R, BEEMBOESHAERTERERE
int s_SPS_links ( POSITION s1, POSITION s2, double p0, POSITION *p, VARIABLE *the ) /] 78T A EEIER DEELT HITE EF DM (E5E)
¢ I s2p  :HROBAHEDEBRIML

double X, Y, Z, dX, dY, dZ, ddX, ddY, ddZ, TH, dTH, ddTH, w1, w2, w3; // (EEHBI-EE LB EER)

Y =s2.Py - s1.P.y; Il the :EERBOEMLEEZDMS

Z=s2.Pz-s1.P.z

dX =s2.DP.x -s1.DP.x;

dY =s2.DP.y -s1.DP.y;

dZ = s2.DP.z - s1.DP.z
ddX = s2.DDP.x - s1.DDP.x;
ddY =s2.DDP.y - s1.DDP.y;
ddZ = s2.DDP.z - s1.DDP.z

TH = sqrt( X*X + Y*Y + Z*Z );

if(fabs( TH ) < 1.0e-30 ) {
printf( "++ Error in s_SPS_links ($$R21KEETT )¥n");
return ERROR;

}

dTH = (dX*X + dY*Y + dZ*Z )/TH;

ddTH = ( (ddX*X + dX*dX + ddY*Y +dY*dY + ddZ*Z + dZ*dZ )*TH —

(dX*X +dY*Y +dZ*Z )*dTH )/(( TH*TH );

w1 = p0/TH;

w2 = -p0*dTH/( TH*TH );

w3 = -p0*( ddTH -2.0*dTH*dTH*TH )/(( TH*TH*TH*TH );

p->P.x =w1*X + s1.P.x;

p->P.y =w1*Y + s1.P.y;

p->P.z =w1*Z + s1.P.z;

p->DP.x = w2*X + w1*dX + s1.DP.x;
p->DP.y = w2*Y + w1*dY + s1.DP.y;
p->DP.z = w2*Z + w1*dZ + s1.DP.z;

p->DDP.x = w3*X + 2.0*w2*dX + w1*ddX + s1.DDP.x;
p->DDP.y = w3*Y + 2.0*w2*dY + w1*ddY + s1.DDP.y;
p->DDP.z = w3*Z + 2.0*w2*dZ + w1*ddZ + s1.DDP.z;
the->v = TH - p0;

the->dv = dTH;

the->ddv = ddTH;

return SUCCESS;

1
1
i

P CEEMBOMENTNLEEDHS
s2 CHPROIKFBEDLENIRILEZ DM

I

ints_SSP_links (POSITION's1, doublers,

POSITION g,
double TLT[3][3], double dTLT[3][3], double ddTLT[3][3],
VECTOR3 s2p, intminv, VARIABLE *the,

POSITION *p, POSITION *s2)

VECTORS3 UVLF, PLS1F, dUVLF, dPLS1F, ddUVLF, ddPLS1F,
ww, dww, ddww;
double a, da, dda, b, db, ddb, d, rootd, w1, w2, w3, w4, w5;

UVLF.x = TLT[O][2];
UVLF.y = TLT[1][2];
UVLF.z = TLT[2][2];
PLS1F.x=g.P.x-s1.P.x;
PLS1F.y=g.P.y-s1.P.y;
PLS1F.z=g.P.z-s1.P.z

VIV3 ( UVLF, PLS1F, &a );
a=a+s2p.z

MPV3 ( TLT, s2p, &ww );
VIV3 (ww, PLS1F, &b );
b =b*2.0 + PLS1F.x*PLS1F.x + PLS1F.y*PLS1F.y
+ PLS1F.Z*PLS1F.z + s2p.x*s2p.x + s2p.y*s2p.y + s2p.z*s2p.z - rs’rs;

d=a*a-b;




if( d<0 ) {

rintf("++ Error in s_SSP_links (ESHAEHK TEEEA.) ¥n");

return ERROR;
}
rootd = sqrt(d );
dUVLF.x = dTLT[O][2];
dUVLF.y =dTLT[1][2];
dUVLF.z = dTLT[2][2];
dPLS1F.x = g.DP.x - s1.DP.x;
dPLS1F.y =g.DP.y - s1.DP.y;
dPLS1F.z =g.DP.z - s1.DP.z;
ddUVLF.x = ddTLT[0][2];
ddUVLF.y = ddTLT[1][2];
ddUVLF.z = ddTLT[2][2];
ddPLS1F.x = g.DDP.x - s1.DDP.x;
ddPLS1F.y = g.DDP.y - s1.DDP.y;
ddPLS1F.z = g.DDP.z - s1.DDP.z;

VIV3 ( dUVLF, PLS1F, &w1);
VIV3 ( UVLF, dPLS1F, &da );
da =da + w1;

VIV3 ( ddUVLF, PLS1F, &w1);
VIV3 ( dUVLF, dPLS1F, &w2 );
VIV3 ( UVLF, ddPLS1F, &dda );
dda =dda + w1 + 2.0*w2;

MPV3 (dTLT, s2p, &dww );
MPV3 ( ddTLT, s2p, &ddww );
VIV3 ( dPLS1F, PLS1F, &w1);
VIV3 ( dww, PLS1F, &w2 );
VIV3 ( ww, dPLS1F, &w3 );

db =2.0" (w1 +w2 +w3);
VIV3 ( ddPLS1F, PLS1F, &w1 );

VIV3 ( dPLS1F, dPLS1F, &w2 );

VIV3 ( ddww, PLS1F, &w3 );

VIV3 ( dww, dPLS1F, &w4 );

VIV3 ( ww, ddPLS1F, &w5 );

ddb =2.0*( w1 +w2 + w3 + 2.0*w4 + w5 );

p->P.x = the->v*UVLF.x + g.P.x;

p->P.y = the->v*UVLF.y + g.P.y;

p->P.z = the->v*UVLF.z + g.P.z;

p->DP.x = the->dv*UVLF.x + the->v*dUVLF.x + g.DP.x;

p->DP.y = the->dv*UVLF.y + the->v*dUVLF.y + g.DP.y;

p->DP.z = the->dv*UVLF.z + the->v*dUVLF.z + g.DP.z;

p->DDP.x = the->ddv*UVLF.x + 2.0*the->dv*dUVLF.x
+ the->v*ddUVLF .x + g.DDP.x;

p->DDP.y = the->ddv*UVLF.y + 2.0*the->dv*dUVLF.y
+ the->v*ddUVLF.y + g.DDP.y;

p->DDP.z = the->ddv*UVLF.z + 2.0*the->dv*dUVLF.z
+ the->v*ddUVLF.z + g.DDP.z;

§2->P.x = p->P.x + ww.X;

s§2->P.y = p->P.y + ww.y;

s2->P.z = p->P.z + ww.z;
s2->DP.x = p->DP.x + dww.x;
s2->DP.y = p->DP.y + dww.y;
s2->DP.z = p->DP.z + dww.z;
s2->DDP.x = p->DDP.x + ddww.x;
s2->DDP.y = p->DDP.y + ddww.y;
s2->DDP.z = p->DDP.z + ddww.z;

return SUCCESS;

You can download these programs from

WEB-site:
http://www.dynamics.mep.titech.ac.jp/japanese/download.html

the->ddv = -dda - ( 2.0%*(2.0*dda*a + 2.0*da*da
-ddb )*d - ( 2.0*da*a - db )*( 2.0*da*a - db ) )
/( 4.0*d*rootd );




Examples of analysis:

(1) PUMA type spatial serial manipulator

Spatial serial mechanism with only revolute pairs and 6 DOF



Location of coordinate systems

You can calculate forward kinematics by

2 using program :S_crank_input only.

X0



(2)Spatial 4-bar link mechanisms with 1 DOF
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(3)Inverse kinematics of Stewart platform manipulator
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Example



2Fa2D—rTT v b T3 —4LTTF 2 L—2OINEENFEAT with RPIKSTEWARTP .BAS
R:1,1,1,1,1,1

ASRasZE R 4 1 20, 100, 140, 220, 260,-20
7%0,0,0,0,0,0
Example of calculation R;: .5, 5, .5, .5, .5, .5
df 40, 80, 160, 200,-80.-40
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(5)Inverse kinematics of a camera head driving mechanism
with 3 DOF

A camera is mounted on a moving platform
and its 3 posture angles can be controlled.

3 slider inputs ¢ By giving 3 posture angles, positions of

spherical pairs on the moving platform can
be calculated.




You can analyze various spatial link mechanisms
by using the offered programs.

Principal analyses:
(1)Spatial angular motion expressed
by coordinate transformation matrix

(2)Crank/slider input links

(3)Two adjacent links

(4)Coupler point motion as coordinate
transformation




4. Concluding remarks

As an available tool to analyze or design link
mechanisms is expanded to spatial mechanisms.
(1)Spatial angular motion can be expressed with
coordinate transformation.
(2)Principal analysis:
Input link/Two adjacent links/Coupler point
(3)Not only displacement but also velocity and
acceleration can be calculated for various
mechanisms
(4)Students are expected to experience to analyze
some mechanisms with the offered programs.



Derive the position vector of spherical pair S,
in SSP links when position and posture of
prismatic pair P and position of pair S, at both
ends and mechanism constants are given.

The result will be summarized in A4 size PDF
with less than S pages and sent to Prof. Iwatsuki

via T2SCHOLA by May 2, 2023.



