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Computer Aided Design of Six-Revolute-Pair
Mechanism and Its Torque Analysis

Soon-Hoon Bae + Soon-Kil Chung

Abstract

A computer aided design of a Stephenson type of Chained six-link mechanism with synthesis
equations of the precision positions technigue to generate a required point path is presented.

Analysis of this mechanism is carried out by the matrix method. The torque on the input link
required to operate the mechanism was obtained by considering inertia and gravity forces of the

coupler link.
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Fig.2. D-H Kinematic Notation of Six-Revolute-Pair Mechanism
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-~.79 —1.57 —2.62 —3. 66 .01 .29 -47 .47
PX1(1-4)= QX1(1—4) =
—2.80 —8.30 —8.30 —7.20 —8.70 —8.70 —8.70 —8.70
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1.00 2.80 —3.70 12. 90
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Table 3. Computer OQutput

TORQUE REQUIRED
THETA (1) =6. 020

GNPUT1= ~—.264
RNPUT1= 1.781
THETA (1) =5. 500
GNPUT|= - 001
RNPUT[= -—.004
THETA (1) =5. 000
GNPUTI= —.435
RNPUT1=  1.893
THETA (1) =4. 450
GNPUTI= -—.012
RNPUTI= -.066
THETA (1)=3.930
GNPUT1= -—.004
RNPUTI= -—.011
THETA (1) =3. 400
GNPUT1= ~—.001
RNPUTI1= - 002
THETA (1) =2. 880
GNPUTI= . 306
RNPUTI= —2.492
THETA (1) =2. 360
GNPUT]= ~—.357
RNPUT1=  2.758

THETA (1)=1.830
GNPUT1= —1.146

GNPUT2= —.228
RNPUT2=  1.523
GNPUT2= . 024
RNPUT2= -—.083
GNPUT2= . 046
RNPUT2= -—.198
GNPUT2= . 081
RNPUT2= . 457
GNPUT2= —.012
RNPUT2= —.034
GNPUT2= - 007
RNPUT2= —.021
GNPUT2= .238

RNPUT2= —1.944

GNPUT2= - 094
RNPUT2= --.723
GNPUT2= 8.249

tual deformation 4f; & s}A3F=, virtual work ¢ RNPUTI= 14.625 RNPUT2=—25.307
Qelel wek meuE Nyol d@ 98 4fio) g W THETA (1) =1. 190
¥4t Fomzg, GNPUTI=  .000 GNPUT2= —.000
10 RNPUT1= -.000 RNPUT2= - 000
Fl_____z_f:_ P P MR PPy (30) THETA (1) =. 720
40, GNPUT1= —.000 GNPUT2= —.000
Fy=-- A:fE—Ns ............................................. (31) RNPUT]= .000 RNPUT2= . 000
2 dAv. $33E 83 39 pairiied e (L THETA(1) =. 260
AA B8 9] Frt 46, = F 32 4 gt AAY F GNPUT1= .00} GNPUT2== .00l
2 3% AAugo 2 A AT S Wl Folo. wigol & RNPUT1= . 000 RNPUT2= - 000
ol Fol= BAelAE o« F4=EF J45H=2, b 4 RNPUTI: torque required on link 1 for inertia
Auged i yPYd D, E sk mE AXUG force
g el o] F-& unit matrix 7} H=g, RNPUT?2: torque required on link 4 for inertia
force
e A1 (0i- i-1) DA (0;-+40; . .
A48 AeOrtdby) -+ Aioy (014010 Diddi (0t ,) GNPUT!: torque required on link 1 for gravity
Ay (B 1 AB5) oI oeveveenmcenanr e (32) foroe
o 7l A, GNPUT2: torque required on link 4 for gravity
D‘.;=[+Q'.Af|. .......................................... (33) force
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Fig.3. Torque Diagram of Six-Revolute-Pair Mechanism

A (Qi-+48;) = (I4-Q:d8;) Aiy  £==1,5eveveerrnveee (34)
olm 7 A (30)e] HYsld A,

46 46, 40, 46
By gf, HBs g, +B gy By
s Ay Ay QiAo A e (35)
B Hm, g8 . F92 g4 (50 sl 4(38)2
0 0 0
(Al"'Ai-l)Qi(Al“'Al'-l)—1:( Ca 0 —Cig| (36)
Ciz Ciz 0
299 465 9oz 2
(A6,
Afi Cir
M. : _—_—_[CU} (F==1,5) +rrerrreereiremearnnnan (37)
A6 ia
- Af;
0, , 40,

A @2l A gk Fol AG6F A @NAA Fz-s Fr-E
T3] 41 (30) ¢ A B AA FiF Fo& -3t 4] (29)
A el gjHFY ad Jty Foleok T 4Y Eea

E TFEgrh o14he e H3t ¥ manipulation
& E3F program it ¥ 3% 2 ®e dz od)
g8 Eox AET oy =y 33 2ok

V. # =

Displacement Matrix - &3} % 71218 w]43)

49 Ad=ukA Al &2 Newton-Rapson kel &35}
Ao wH 87L& path & 28]E JFE AAT 4
glod dzq A< 64175 dAsget.

o] AT AEe g BL AT $= 2 A&

% ATWRID2 Fobel o] Fag BYAL T
97, AU Agen o B4 T FHo o
@ 99 Eeaf Fohtd, HEdE dd A5

2F4Ee AW 2ezadgezsd % 4 do o
Aol HAE A 64Tl 48 xeaE A
2z 2 3o ke T o] e o] A
8 2zed - Hdd JH e g ALria Azl @)
Agtgeh. o1& 7 AY P ezt AZed Fobdd
E94 Hth

o] Al 6AJTE A& EeaE 23lE ALBHME
2] planting mechanism’s)] €83 t}.

References

1) C.H. SUH and C.W. RADCLIFFE, “Synthesis
of Plane Linkage with use of the Displacement
Matrix”, Trans. ASME, Series B, pp.206-214,

May, 1967

(82)



2)

3)

4

EEldl ol el Aateh o Wk

D. KOHLI and A.H. SONI, “Synthesis of Se-
ven-Link Mechanism”, Trans. ASME, Jr. of
Eng. for Ind., pp. 533-540, May, 1973

K. HAIN, Applied Kinematics, Second Edition
McGraw-Hill, 1967

J.DENAVIT and R.S. HARTENBERG, <“A
Kinematic Notation for Lower-Pair Mechanisms
Based on Matrices”, Jr. of Applied Mechanics,
pp- 215-221, June, 1955

J. DENAVIT and R.S. HARTENBERG, Kine-

matic Synthesis of Linkage, McGraw-Hill,

185
1964

J.J. UICKER, Jr., J. DENAVIT and R.S.
HARTENBERG, “An lterative Method for the
Displacement Analysis of Spatial Mechanisms”,
Jr. of Applied Meckanics, pp.309-314,
1964

J. DENAVIT, R.S. HARTENBERG, R. RAZI
and J.J. UICKER, Jr., “Velocity, Acceleration
and Static-Force analysis of Spatial Linkage”,
Jr. of Applied Mechanics, pp.903-907, Decem-
ber, 1965

June,

(83)



