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Fo rmula s  a r e  der ived for calculat ing the torque t r ansmi t t ed  by an e lec t romagne t ic  "dry-f lu id"  
coupling as a function of the rheological  c h a r a c t e r i s t i c s  of the working medium as well as  the 
s ize  and the shape of the act ive  su r faces .  

The magnetorheologica l  p r o p e r t i e s  of f e r romagne t i c  d i spers ions  have been uti l ized in the develop-  
ment of v e r y  efficient "dry- f lu id"  couplings, which offer seve ra l  advantages  over  other types .  Such coup-  
l ings a r e  becoming more  and more  widespread  in engineer ing and industr ial  p rac t i ce ,  typical ly  in meta l  
p roces s ing  [1]. As yet,  however,  there  is no known method by which the dynamic p e r f o r m a n c e  of such 
couplings can be calculated taking into account the magnetorheologica l  p r o p e r t i e s  of the working medium.  

The authors  a t tempt  here  to determine,  to the f i r s t  approximat ion,  the torque t r ansmi t t ed  by a " d r y -  
fluid" coupling with a medium the rheological  p r o p e r t i e s  of which in a magnet ic  field a r e  descr ibed  by the 
following defining equation: 

p ~  = - -  6 ~ o  -}- 2 k h n - l e i ~ .  (1) 

It is well  known that, in the phenomenological  sense,  the theological  p rope r t i e s  of many  d i spers ion  
s y s t e m s  a re  adequately well descr ibed  by this equation [2, 3]. The rheological  p a r a m e t e r s  k and n for any 
s y s t e m  must ,  of course ,  depend on the magnet ic  field intensi ty .  The magnetorheologica l  effect in a d i s -  
pe r s ion  s y s t e m  used as the working medium for a "dry- f lu id"  coupling cons is t s  of r e v e r s i b l e  changes in 
these  p a r a m e t e r s  incur red  by the appl icat ion of a magnet ic  field. In a constant magnet ic  field both theo log-  
ical  p a r a m e t e r s  depend on the physical  p r o p e r t i e s  of the d ispers ion,  espec ia l ly  of i ts  solid phase .  

According to the shape of i ts  act ive sur faces ,  a "dry- f lu id"  coupling can be of the face, the s leeve,  
or the hybrid type.  In face couplings, the torque is  t r ansmi t t ed  f r o m  the d r ive r  disk to the follower disk, 
both coupled mechanica l ly  through the working medium.  In s leeve couplings, the working medium fil ls  
the gap between two concentr ic  cyl indrical  su r f aces .  In hybrid couplings, the su r f aces  of flat disks and of 
cyl indr ical  s l eeves  a re  act ive .  

We will f i r s t  de te rmine  the torque t r ansmi t t ed  a c r o s s  a pa i r  of act ive  su r f aces  (dr iver  and follower) 
in a face coupling. Let us a s s u m e  that one disk (the follower) is  s ta t ionary  while the other (the dr iver)  
ro t a t e s  at a ce r t a in  angular  ve loci ty  r (Fig. 1). The gap between both disks is  5. The he rme t i ca l ly  sealed 
space between the disks contains a magnetorheologica l  medium the behavior  of which is  descr ibed  by Eq. 
(1). In cyl indr ica l  coordinates  r ,  q~, z (the Oz axis  being perpendicular  to the p lanes  of the disks),  as  long 
as  5 << R1, we may  a s s u m e  with sufficient a ccu racy  that v r = v z = 0 and v~p = f(r, z). The continuity condi-  
tion with r e s p e c t  to s t r a ins  will then be sa t is f ied  ident ical ly.  

The different ia l  equations become  

2 ap~z 2p~r ap  o ~ . -~ ~ ~ o.  (2) 
0--~ = Po r ' Oz  r 

The intensi ty of s t ra in  r a t e s  is 
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F i g .  I. S c h e m a t i c  
r e p r e s e n t a t i o n  of 
a d i sk  coup l ing .  

T h e  f i r s t  t e r m  unde r  the s q u a r e  roo t  wi l l  be  a s s u m e d  equal  to z e r o .  
e r i n g  that  wi th in  the  r a n g e  0 - z -< 5 

we have  

Moreover, 

Pr~ == O, 

I n s e r t i n g  th i s  into (2) y i e l d s  

ov~/az>O, 

h=Ov~/Oz. 

\ az ] L---~-z ] " 

( av~ ~n-~ a~vm - o .  
kn \ az } az ~ 

Consid- 

A f t e r  i n t e g r a t i o n ,  

v~ = u (r) z + M (r). 

In the physical sense 

Vq) ]z=O -~ 0 and VW Iz=6 = o r ,  

whence  

o ) r  
M ( r )  = 0, u ( r )  = ~~ and v~ = - - z .  

6 5 

F o r  the  s h e a r  s t r e s s  Pq~z we  ob ta in  the  fo l lowing  e x p r e s s i o n :  

It b e c o m e s  ev iden t  now that  s t r e s s  Pq)z i s  i ndependen t  of z, which  a g r e e s  wi th  the  p h y s i c a l  cond i t i ons  of 
the  p r o b l e m .  

The  t o r q u e  t r a n s m i t t e d  th rough  the  w o r k i n g  m e d i u m  i s  

R~ 

j " 2~r~p~d r 2~koP ( R~+3_ R~+3) . 
Mcr = 5" (n + 3) 

R, 

F o r  t h i s  f o r m u l a  we can  see  that ,  when w = 0, the  t o r q u e  t r a n s m i t t e d  by  a coupl ing  i s  z e r o ,  i . e . ,  wi th  a 
w o r k i n g  m e d i u m  which  has  no e l a s t i c  l i m i t  it  is  i m p o s s i b l e  to t r a n s m i t  t o r q u e  wi thout  p r o d u c i n g  s l ip  b e -  
tween  the d i s k s .  

The  r h e o l o g i c a l  equa t ion  fo r  a m e d i u m  which  obeys  a p o w e r  law but  has  an e l a s t i c  l i m i t  T O i s  

Plk =--61kp + 2 (-~-+ khn--x) eih 

( g e n e r a l i z e d  B a l k l e y - H e r s c h e l  equa t ion) .  M o r e o v e r ,  

p~, = to + k \ -~z  } 

(3) 

and the magnitude of the torque is 

2 2nkm ~ 
a" (n + 3) 

(R~ +3 _ R?+ 3).  

Slip between the disks will occur in this case if the resisting torque at the follower shaft is greater than 

M 0 �9 

2 
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We will now de te rmine  the torque t r ansmi t t ed  by a s leeve coupling, where  motion is t r a n s f e r r e d  
f rom the d r iver  to the follower through a working medium contained between two concentr ic  cy l inders .  In 
p r ac t i c e  the rad ia l  gap between the cyl inders  is smal l  as  compa red  to the radi i  of these  cy l inders .  T h e r e -  
fore,  we may  let  

v ,  = vz  = O, v~  = [ (r) .  

With this, we obtain the following different ial  equations: 

2 dp v~ 
dr = Po r ' 

dp~ q_ 2G~ _ 0 .  
dr r 

The second of these  equations yields 

Pr(p ~ C/Ir 

where  C is  the in tegrat ion constant .  F r o m  the rheologieal  equation (3) we have 

p r ~ = T o + k  ( dV~dr v : )  n ' r  

If the outer cyl inder  is  driving and the inner one is driven, then 

�9 dv~ v~ > O. 

dr r 

(4) 

(5) 

In the converse  case  

dye vr ~ 0 
dr r 

and the s t r e s s  component can be e x p r e s s e d  as 

- -  - - k l . d v ~  _ _  v ~  . 

dr r 

The constant in Eq. (4) is 

C = Mt2nl. 

The m a x i m u m  torque which a coupling can t r ansmi t  without slipping is  

Mmax = 2~IxoR~ (R1 < R~). 

If the outer  cyl inder  is  driving and the inner one is  driven, then equating (4) and (5) will yield 

r i'7  U~ 
~n ~ u 

R, 

- - - - - " c  o dr, RI ~(. r ~ R~. 

When the torque t r ansmi t t ed  by a coupling is g r ea t e r  than Mma x, then 

dO,dr ~ r=R2 :> 0, 

i . e . ,  slipping is inevitable.  

In the case  of hybrid couplings, the t r ansmi t t ed  torque is the sum of the torques  t r ansmi t t ed  by the 
fiat disks and by the cyl indrical  s l eeves .  

N O T A T I O N  

p is the hydrosta t ic  p r e s s u r e  ( isotropic component); 
Pik a r e  the components  of the s t r e s s  tensor ;  
k is the cons is tency index; 
n is the power - law exponent; 
h is  the intensi ty of the s t ra in  ra tes ;  
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M, Mma x 
l i = ~  

5ik=0 i ~ k  

a r e  the components  of the s t r a in  tensor ;  
is  the densi ty  of the working medium; 
is the e las t ic  l imi t  in shear;  
is the angular  ve loci ty  of the dr iver ;  
a r e  veloci ty  components;  
is the disk radius;  
a r e  the radi i  of the cyl indr ical  su r f aces  in a (sleeve) coupling; 
is the dis tance between disks; 
is the length of the cyl indr ical  surface;  
a r e  the opera t ing and m a x i m u m  torque t r ansmi t t ed  by the coupling; 

is  the Kronecke r  delta.  
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