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ABSTRACT 

This paper p resen t s  a simple f o r c e  a n a l y s i s  of a 

mechanical tong g r ipper  which i s  a t tached t o  t h e  w r i s t  of 

an i n d u s t r i a l  robot.  Resul t s ,  which a r e  in  e x p l i c i t  analy- 

t i c a l  expressions i n  terms of fo rce  r a t i o ,  a l l  t h e  kinematic 

diamensions and t h e  workpiece diameter,  a r e  used f o r  cons- 

t r u c t i n g  a set of design c h a r t s .  Furthermore, t h e  r e s u l t s  

can be converted t o  a computer-aided design technique. 

I NTRODUCT I ON 

The hand, o r  end e f f e c t o r ,  of a robot  i s  usual ly  a 

g r i p p e r  o r  special-purpose t o o l ;  i t  is  a s p e c i a l l y  se lec ted  

device a t t ached  t o  t h e  w r i s t  of an i n d u s t r i a l  robot .  

Figures  ( 1  a-e) show some kinds  of t h e  mechanical tong 

g r i p p e r s  [ I ] .  I n  t h i s  paper a t t e n t i o n  i s  foucsed on t h e  

tong g r i p p e r  u n i t  Fig.  (1 e )  . 
The r a t i o ,  between gr ipping  f o r c e  and d r iv ing  f o r c e ,  

of a robot  g r i p p e r  r e p r e s e n t s  t h e  main design c r i t e r i o n  

of such mechanism, because it c o n t r o l s  t h e  performance 

of t h e  robot  g r ipper  regarding t h e  s a f e  holding of t h e  

workpiece during i t s  movement. 

The c l a s s i c a l  procedure used t o  determine t h e  kinem- 

a t i c  dimension of t h e  tong g r ipper  was only based on t h e  

diameter of t h e  workpiece. This  w a s  usual ly  done by a 

schematic drawing of t h e  workpiece and t h e  corresponding 



s u i t a b l e  kinematic dimensions of t h e  g r i p p e r  u n i t  consid- 

e r i n g  t h e  technologica l  process  and i ts  requirements. 

Although t h e  prel iminary dimensions obtained by t h i s  

technique g i v e s  a r e l a t i v e l y  p r a c t i c a l  f o r c e  r a t i o ,  it 

i s  obviously n o t  t h e  d e s i r e d  one. I n  f a c t ,  t h e  g r i p p e r  

f o r c e  r a t i o  depends n o t  only on t h e  kinematic dimensions 

of t h e  mechanism b u t  a l s o  on the dr iven  displacement. 

Accordingly, the determinat ion of t h e  a n a l y t i c a l  r e l a t i o n  

between t h e  f o r c e  r a t i o  and those dimensions w i l l  provide 

a r igorous  matematical bases  of t h e  tong g r ipper .  By the 

a n a l y s i s  of such r e l a t i o n ,  the l i g h t e s t  p o s s i b l e  design 

of a g r i p p e r  mechanism w i l l  be a v a i l a b l e .  This  design 

must be s a t i s f y  t h e  predetermined requirements,  t h e  range 

of t h e  f o r c e  r a t i o  and t h e  diameter of t h e  workpiece t o  

be clamped, and g i v e s  a l i g h t e s t  p o s s i b l e  g r i p p e r  which 

means volume reduct ion and i n t u r n  lower c o s t  of m a t e r i a l s ,  

handling, and shipping. 

To synthes ize  a robot  hand f o r  a predetermined mech- 

anism may become an opt imiza t ion  problem. One may so lve  

t h i s  problem by optimizing a l l  of t h e  parameters a t  t h e  

same time. But one may so lve  t h e  problem i n  an a t t e r n a t i v e  

way : study t h e  e f f e c t s  of l i n k  parameters on t h e  s t r u c t u r e  

s f  t h e  robot  hand f i r s t ,  then use t h e  r e s u l t s  t o  a r r i v e  a t  

t h e  optimal va lue  of t h e  l i n k  parameters. I n  t h i s  way, one 

may reduce t h e  number of parameters i n  t h e  f i n a l  optimi- 

za t ion  problem and may s impl i fy  t h e  o r i g i n a l  problem 

s i g n i f i c a n t l y  . 
The method presented h e r e  p inpo in t s  t h e  kinematic 

dimensions t h a t  w i l l  permit t h e  l i g h t e s t  p o s s i b l e  design 

of a mechanical tong g r i p p e r  f o r  i n d u s t r i a l  robot  while 

sti l l  meeting thk  des ie red  f c r c e  r a t i o  of the g r ipper .  



BASIC RELATIONSHIP 

Figure (2) shows a schematic diagram f o r  a tong 

g r ipper  mechanism with i t s  kinematic dimensions. 

F i r s t  t h e  g r ipper  u n i t  i s  dismembered and a separa te  

free-body diagram is drawn f o r  each m e m b e r .  These diagrams 

a r e  arranged in t h e i r  approximate r e l a t i v e  pos i t ions  t o  

a i d  in keeping t r a c t  of t h e  common fo rce s  of i n t e r ac t i on  

Fig. ( 3 ) .  The two-force members 2 and 3 e x e r t  f o r ce s  of 

equal magnitude FA = FB on t h e  connections a t  t h e  s l i d i n g  

element 1. Equlibrium of t h e  s l i d i n g  element g ives  : 

- FA = FB - Fd 
2 cos 0 

Because of symmetry only one of t h e  two hinged members 

4 o r  5 can be analysed, The upper hinged member i s  chosen. 

Since member 2 i s  a two-force member, boththe d i r ec t i on  a ~ d  

magnitude of t h e  fo r ce  a t  I on t h e  hinged m e m b e r  4 can 

e a s i l y  be known. The claw of t h e  g r ipper  (remote-action 

ac tua to r )  debelops a gripping fo r ce  F a s  a r e s u l t  of t h e  
g 

dr iv ing fo r ce  Fd ( tens ion fo r ce  i n  t h e  con t ro l  r od ) .  Because 

t h e  d i r e c t i o n  and magnitude of t he  gr ipping fo r ce  F a r e  
g 

known t h e  d i r ec t i on  and magnitude of t h e  fo r ce  a t  I1 on t h e  

hinged member 4 can hence be determined. From t h e  f ree -  

body diagram of t h e  upper hinged member, t h e  equil ibr ium 

of moment about I11 can be expressed a s  : 

Solving f o r  F / F ~  g ives  
9 

From the geometry of Fig.  ( 2 )  9 and -5 can be .  wr i t t en  a s  



= A .  where; d - e = F , and 5 

It can be r e a l i z e d  t h a t  t h e  workpiece diameter dw i s  

n o t  included i n  Eqn. ( 3  o r  4 ) .  Therefore,  it i s  necessary 

t o  determine another  r e l a t i o n s h i p  between dw. From F i g . ( 2 ) ,  

8 can be r e w r i t t e n  a s  : 

d - d  
0 = 180 - a + s i n  -1 w 

where : d/C = A 1  

Hence, Eqn.(2) r e l a t e s  t h e  f o r c e  r a t i o  t o  a l l  t h e  kinematic 

dimensions of t h e  g r i p p e r  u n i t .  

D E S I G N  CHARTS CONSTRUCTION 

TO o b t a i n  t h e  requi red  f o r c e  r a t i o  with t h e  p o s s i b l e  

minirmun kinematic dimensions, a des igner  should combine 

between t h e  va lues  of A ,  C ,  A ,  L ,  F, a and Xd. However, 

t h e  combination process  n e c e s s i t a t e s  a numerous t r i a l s  

which i s  a waste of t ime and it may n o t  g ive  t h e  requi red  

f o r c e  r a t i o  with t h e  p o s s i b l e  minimum dimensions. 

Consequently, t h e  idea  of r ep resen t ing  Eqns. (3-5) i n  a 

set of design c h a r t s  i s  t o  determine a l l  parameters 

t h a t  g i v e  t h e  d e s i r e d  f o r c e  r a t i o  with p o s s i b l e  minimum 

dimensions. In  t h e s e  design c h a r t s  it i s  considered 

t h a t  those  parameters have d i f f e r e n t  va lues  i n  o rde r  t o  

be widely app l i cab le .  F igures  (4-6)  show some of t h e s e  

design c h a r t s .  F igure  ( 4  a )  r e p r e s e n t s  t h e  r e l a t i o n  

between dw and 0 f o r  d i f f e r e n t  C ,  A l  and f o r  d i f f e r e n t  

A and F a t  L = 1 2 0  mm. Furthermore, Fig.  ( 4  c )  shows t h  

r e l a t i o n  between Xd and ( f o r  t h e  same A ' s ,  F ' s  and L. 

To exp la in  how t o  use  t h e  above design c h a r t  l e t  u s  

assume t h a t  a tong g r i p p e r  u n i t  i s  t o  be designed, with 



p o s s i b l e  m i n i m u m  dimensions, f o r  an i n d u s t r i a l  robot  with 

a f o r c e  r a t i o  (1.3 d S 1 . 6 )  and a workpiece diameter 

dw = 70 mrn. Fd 

From Fig.  (4 a) it can be seen t h a t  f o r  t h e  given dw 

(70 ma11 a designer can have va r ious  va lues  of 0 ,  depending 

on X1 and C a t  u = 135' ( i n  our  case t h e r e  are 6 va lues  

from p o i n t  1 through 6 ) .  Construct ing h o r i z o n t a l  l i n e s  

from p o i n t s  (1 through 6 in Fig.  ( 4  a ) ,  i n t e r s e c t i n g  t h e  

curves in Fig.  (4 b ) ,  one can f i n d  more than one value 

of Xd depending on and F a t  L = 120 mm f o r  each po in t  

i n  Fig.  ( 4  a )  . For ins tance ,  po in t  1 i n  Fig. ( 4  a )  w i l l  

g i v e s  5 d i f f e r e n t  va lues  of Xd i n  Fig. ( 4  b ) ( l l ,  12, 13, 

14 and 15) . F i n a l l y  each va lue  of Xd i n  Fig.  ( 4  b )  w i l l  

g i v e  one va lue  of + by cons t ruc t ing  v e r t i c a l  l i n e s  from 

p o i n t s  (11, 12, 13, 1 4  and 15) t o  meet t h e  ( $  - xd) curves 

in Fig.  ( 4  c )  . For ins tance ,  p o i n t  (1 1 ) i n  Fig.  ( 4  b) w i l l  
produce one va lue  of C$ (po in t  11 i n  Fig.  ( 4  c )  according 

t o  t h e  va lue  of h and F a t  L = 120  mm. 

Now, by knowing t h e  d i f f e r e n t  parameters given i n  

Eqn. ( 2 )  above (a  , c ,  0 ,  b and 4 )  , F / F ~  can be obtained 
'3 

f o r  a l l  t h e  p o s s i b l e  t r ia ls .  Table (1 )  i s  an example showing 

t h e  design parameters of t h e  d i f f e r e n t  t r i a l s  obtained f o r  

p o i n t  1 i n  Fig.  ( 4  a ) .  I t  i s  f a i r l y  obvious t o  r e f u s e  t r a i l s  

(13 and 15) because they  does no t  s a t i s f y  t h e  requirement. 

Although t r i a l s  (11, 1 2  and 14) g i v e  F / F ~  i n  t h e  requi red  
g 

range t r a i l s  (12 and 14) g i v e  d r i v e  displacement l a r g e r  than 

t h a t  given i n  t r a i l  ( I  1 ) . Therefore,  t r a i l  (1 1 ) should be 

chosen because it g i v e s  n o t  only F /Fd i n  t h e  d e s i r e d  range 
g 

bu t  a l s o  it g i v e s  t h e  poss ib le  minimum d r i v e  displacement 

( X d ) .  



Table ( 1 )  

T r a i l  11 12  13 1 4  1 5  

mm 

mm 
mm 

mrn 
0 

Fd Tension. 

Fd Comp. 

This  procedure should be repeated f o r  a l l  t h e  po in t s  

i n  Fig. ( 4  a )  then t abu la ted  and f i n a l l y  t h e  s u i t a b l e  t r a i l  

t h a t  g i v e s  F / F ~  i n  t h e  requi red  range with minimum d r i v e  
g 

diqplacement can be se lec ted .  I t  i s  important t o  know t h a t  

t h i s  procedure can be repeated f o r  a l l  p o s s i b l e  design 

c h a r t s .  I t  would be b e t t e r  and t i m e  saving t o  use Eqns. 

(2 ,3 and 5) i n  form of a computer-aided design technique. 

CONCLUSION 

A simple f o r c e  a n a l y s i s  of a mechanical tong g r i p p e r  

Which a t t ached  t o  t h e  w i r s t  an i n d u s t r i a l  robat w a s  made 

and converted t o  a design c h a r t s .  
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Pig. (2) Schematic Diagras f DT a Tsng - ~ r i ~ ~ e r  u n i t .  



Fig.(3) Pree-Body Diagran 3f t h e  T ~ n g  G r i p p e r  
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Fig. ( 4 )  Design chart .  
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Fig. (5) Design Chart. 



Fig. (6) 

Design chart. 


