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Kinematic Analysis of a Planar System
Generated by Seven Bar —Mechanism

1. Abstract:

With the recent huge industrial progress, especially in the
field of robotics and CNC. It has been essential to design new
mechanisms, and study their motion in order to employ them as
robotic arms and mechanisms of special usages.

The seven bar-mechanisms took the interest of researchers in
several industrial fields. So, this paper concentrated on studying a
planar system generated by seven bar-mechanism composed of a
fixed body, two triangle bodies, 4 bars and eight rotational pivoted
joints that performs movement according to a specific path. A
detailed mathematical analysis was done. First, the displacement
equations were attained, then the equations of velocity and
acceleration were derived. Which allows the designer to know the
output path at a specified point (that is considered the special
point of study), and makes him able to specify velocity and
acceleration of this point for special dimensions of the mechanism
bodies.

The equations concluded through research, are a beginning
for studying new machines which are more complicated.

Key words: Kinematic Analysis, Mechanism, Machine, Velocity,
Acceleration.
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ReSin(85—07)R'35In(B' 5 +03—05)+R3 (ReSin(03—06)sin(6;—05)—sin(63—60,)R’ ¢sin(~ B’  +05+63))
Rysin(0,—6,)(R' 65in(~B' ¢ +05+05)—Resin(65—65))
RgSin(8g—0;)R’3sin(B’,+635-03)+R3(ReSin(63—0¢)sin(6;—05)—sin(83—6,)R’ gsin(=B’ ;+6+63))

. (26)

fle Juans (22) ¢(21) Asleall ) 52580

Rssin s 65, + R, sin 6, 6,
= R,sin 6, 6,, + R'¢sin(BE — ;) O,
— Ry sin(6; + B5) 63, — R, sin 6, -+ (27)

RS COS 95 652 + R4 COS 04. 04-2
= R, 050,05, + R’ cos(Bs — 6,) B,
— R} cos(65 + B5) 63, — R, cos 6, ++- (28)
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P ) S (28) ¢(27)clidlal) (S5 ild shuaal) alasiuly

(Rssines R4sin94> Os2 _(P>... 29
Rscosfs Rycos0,/\@,, -\ (29)

o
P S=EL N

-

P = R,sinB,0,, + R' ¢ sin(Bi — 05) B, — R5 sin(8; + B5) 03,
— R, sin 6, -+ (30)

Q = R; cos 6, 9;2 + R'¢ cos(fg — 6¢) 0.62 — R3 cos(83 + f3) 9'32
— R, cos 8, -+ (31)

fans o) cplalead) Jaog

csc(8s)(Psin(65)cos(6,) — Qsin(6,)sin(bs))
k_ R5(sin(6,)cos(6s) — sin(6s)cos(6,)) ) -+ (32)

Pcos(68s) — Qsin(6s)
R, (sin(6,)cos(6s) — sin(8s)cos(6,))

famsn OS5l ) ol i 2Ll DL o sl
w; = 0;,; j =3,4,5,6,7
le duani (24) ¢(23) ¢(22) ¢(21) ¢(20) ¢(19) sl sl

_R7 Sll’l 97 072 + R6 Sin 06 062 + R3 Sll’l 63 932
== R7 COS 07 0"722 - R6 CoSs 96 6.622 - R3 COS 03 9;))22
— R, cos B, - (33)

R7 CoS 97 972 - R6 COoS 96 962 - R3 COoS 93 932

= R7 Sln 97 9"722 - R6 Sln 96 9.622 - R3 Sln 93 8:'),22
- RZ Sln 92 b (34‘)
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—R, sin B, 0,, — R’ s sin(B — 64) B¢, + Rs sin Os 05,
+ R, sin 6, 6, + R} sin(0; + B5) 03,
= R, cos 6, 9'722 — R'¢ cos(Bg — 6¢) 9;22
— R5 cos O¢ 9'522 — R, cos 6, 9;22

— R cos(65 + B3) 9'322 — R, cos B, -+ (35)

R, cos 6, 6,, + R's cos(f — 0g) B¢, — Rs cos Bs O,
— R, cos 8, 0,, — R} cos(8; + B3) 03,
= R, sin 6, 9;22 — R’ sin(Be — 6¢) 9'622
— R5sin g 9'522 — R, sinf, 0;22

— R.sin(0; + B) 04, — R, sin B, -+ (36)

—R,sin 8, 6,5 — R'¢sin(BL — 0g) By + Ry sin O 05,
+ R} sin(05 + %) 65,
= R7 COS 67 8'.722 - R’6 COS(ﬂé - 86) 9.622

— Rgcos bg 9;;22 — R5 cos(65 + B3) 9;22
— R, cos 8, - (37)

R, cos 6, 6,, + R cos(Bs — 0¢) B, — Rg cos Og 9;322
— Rz cos(85 + B3) 03,
= R;sin6; 9;22 — R'gsin(Bg — 6¢) 0.622

- R8 Sln 68 9522 - Ré Sln(93 + ﬂé) 8:.),22
- Rz Sln 92 b (38)

d?e,
do,>

an =

(n = 3,4,5,6,7,8) - (39)
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: ) Sl (38) ¢(37) ¢(34) (33) LBdall (iS5 cilaghoadl) Hasiul,
0 —sin(8,)R, sin(6¢)Re sin(65)R; g2
0 cos(6,)R, —cos(0g)Rg —cos(603)R; 05,

sin(6g)Rg  —sin(8;)R; sin(0g — B’ IR's  sin(03 + B',)R'5 0.,
—cos(8g)Rg  cos(B7)R; cos(8s — B’ IR's —cos(83 + B')R's 0y
/ B2y Ry(—c05(65)) — Ryc05(63) — Oy Recos(05) + 05y Rycos(6y) \
Bsy" Ra(—sin(05)) — Rypsin(6,) — Oz Resin(8g) + Byp Rysin(6;)
9.322R’3(_C05(ﬁ’3 +63)) - 9.622R,6COS(96 —B'y) — Rycos(0;) + 9.722R7C05(‘97) - eézzRSCOS(‘gs)
\ 63, R's(~sin(B', +63)) + 05, R'gsin(6g — B'g) — Rysin(6;) + 67, Rysin(9;) — O, Rsin(6s)

)

Oszs Oz s 07y 5 By oo Jomns Aald) ¥ oleal (o
ol Joani (36) (35) Asbadd) ) 5358l

Rssin s 60<, + R,sinB,6,, = R,sin@,6,, + R'¢ sin(B —
6,) 8,,—R5 sin(65 + 85) 05, + R, cos 6, 9;22 — R’ cos(fg —
0¢) 9;,22 — Rs cos B¢ 9'522 — R, cos b, 9;22 — R; cos(65 +

B1) 032 — Ry cos6; - (41)

R cos s O, + R, cos 0, 0,, = R, cos 8, 6,, + R'c cos(Bi —
0) 0.y — R, c0s(05 + BL) By — Ry sin 8, 05, + R ¢ sin(BL —
0¢) 0ip” + ResinOs Oy’ + Ry sin6, 6,  + R, sin(fs +
B))05,° + R, sin @, - (42)

t ) JSEL (28) (27)liblall (iS5 ld heaall aladiuly
Rssinfs R, sin 94> O<, (Vv
(Rs cosfs Rycos0,/\g,,) (W) (43)
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[SRELN

-

R, cos 6, 9'722 — R’ cos(Bg — 66) 9'622 — Rs cos 65 9'522 —
R, cos @, 9;22 — R cos(65 + B3) 9'322 — R, cos 0, -+ (44)

W =R, cos8,0,, + R cos(B — ) O, — R; cos(05 +
I . .2 ;. , .2

B3) 032 — R7sin6; 07, + R'gsin(fg — 6s) O, +

Resin s 0, + R, sin 6, 0, + R, sin(fs + B5) 05, +

RZ Sll’l 92 ce (45)

e Joant (il el Jasy

csc(6s) (Vsin(Os)cos(6,) — Wsin(6,)sin(6s))
~ Ro(sin(8,)cos(85) — sin(8s)cos(6,)) I
Vcos(6s) — Wsin(0s)
R, (sin(8,)cos(6s) — sin(8s)cos(6,))

.- (46)

/__\

ALl aaen JSI (gl bl a5 (46) ¢(45) Gial) (e 32l

aj = 6,wZ + 0,,a,; j=3,4567-(47)
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