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M e a s u r e m e n t s  a r e  r e p o r t e d  for  the s ta t ic  peel ing  and shea r  f o r c e s  fo r  va r ious  f la t  i n su l a -  
to r s  as  indicated by the e l ec t ro rheo log i ca l  effect .  

R e s e a r c h  concern ing  the e l ec t ro rheo log ica l  e f fec t  has  began r a t h e r  r ecen t ly ,  but a whole l i s t  of i ts  
poss ib le  appl ica t ions  has  a l r e ady  been drawn up including, for  ins tance ,  s tab i l iza t ion  of mechan ica l ly  labi le  
nonmeta l l ic  and nonmagnet ic  m a t e r i a l s  dur ing the i r  t r a n s p o r t  and p r o c e s s i n g  [1-5 ]. 

Studies have been made  in the Rheophysics  L a b o r a t o r y  at the Inst i tute  of Heat  and Mass  T r a n s f e r ,  
Academy  of Sciences of the BSSR, to de t e rmine  the b reakaway  force  and the shea r  s t reng th  of d ie lec t r i c  
m a t e r i a l  s p e c i m e n s  s tabi l ized  by means  of an e l ec t ro rheo log ica l  suspens ion.  

The e l ec t rodes  for  this s tudy w e r e  des igned as  shown in [5]. Cyl indr ica l  s p e c i m e n s  had been p r e -  
pa r ed  with an ac t ive  end su r face  S = 10 c m  2 and each  with a bea r ing  co l la r  around the c i r c u m f e r e n c e  to 

l imi t  the th ickness  of the working l aye r  of m ix tu r e  depos i ted  on the 
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Fig. i. Breakaway force on 
dielectric spec~ens T(gf/cm 2) 
s tab i l ized  by m e a n s  of  an e l e c -  
t r o r h e o l o ~ c a l  suspens ion ,  as  
a function of the applied vol tage  
V: 1) a sbe s to s  cement ;  2) 
Texto l i te ;  3) vinyl p las t i c ;  4) 
a c r y l i c  g l a s s .  

contact  su r face .  

P r o c e d u r e .  The a r m  of a model  T T - 1 0  ba lance ,  with the hanger  
and the pan r e m o v e d ,  was fas tened to a pull rod.  The balance  was 
adjus ted  so as  to make  it seek  i ts  equi l ibr ium posi t ion with pull rod  
h a r n e s s e d  and a f t e r  p r e l i m i n a r y  tension has  been  appl ied ("s lack"  
posi t ion).  

The t e s t s  we re  p e r f o r m e d  at  a t e m p e r a t u r e  t = 20 • 0.5"C in the 
following sequence.  

The  counterba lanc ing  a r m  was  loaded by the a t t r ac t ion  force  
between spec imen  and e l ec t rode ,  f i r s t  without an e l ec t r i c  field appl ied 
and then with a vol tage V f rom 0.5 to 2.0 kV but without a f i lm of e l e c -  
t ro rheo log ica l  fluid; the gap was f i r s t  filled with pure  t r a n s f o r m e r  oil;  
the gap was then fil led with an e l ec t ro rheo log ica l  suspens ion  the e f -  
fect ive v i s cos i t y  of which Veff had been m e a s u r e d  with a model  REVI-  
70 e l e c t r o v i s c o m e t e r .  

The t e s t  p r o c e d u r e  provided  for exce l len t  r eproduc ib i l i ty  and 
repea tab i l i ty .  

We found that:  

a) the b reakaway  force  on the s p e c i m e n  in an a i rpgap  with V = 2 
kV was  insignif icant ,  equal to 0.8-3.5 g f / c m  2 depending on the 
spec imen  m a t e r i a l .  In the case  of Texto l i t e ,  for  example ,  
it was  3 g f / c m  2. 
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Fig.  2. Schematic  d i ag ram of the appara tus  for m e a s u r -  
ing the s tabi l iz ing p r o p e r t i e s  of  e lec t ro rheo log ica l  s y s -  
t e m s :  1) Textol i te  spec imen;  2) l a y e r  of e l e e t ro rheo log i -  
eal  suspension;  3) e l ec t rodes ;  4) Tef lon base ;  5) model  
VS-23 high-vol tage  source ;  6) threaded coupling; 7) sp r ing  
was he r ;  8) rod;  9) s t r a i n  gages .  

b) with a l aye r  of pure  t r a n s f o r m e r  oil,  the m a x i m u m  force  a t  V = 2 kV was 11 g f / c m  2 in the case  
of Textol i te ;  

c) accord ing  to the r e s u l t s  obtained with an e l ec t ro rheo log ica l  s y s t e m ,  the b reakaway  force  for  
Textol i te  was in this  case  225 t imes  l a r g e r  than in t e s t  a) and 70 t i m e s  l a r g e r  than in t es t  b). 

According  to the graph  in Fig.  1, the b reakaway  force  inc reased  a t  a fas t  r a t e  for  some  spec imens  
( a sbe s to s  cemen t ,  Textol i te)  and then d e c r e a s e d  a t  vol tages  above V = 1 kV, with a subsequent  tendency 
toward sa tura t ion;  for  vinyl p las t ic  and ac ry l i c  g la s s ,  on the o ther  hand, the b reakaway  force  appea red  as  
a l inear  function of the vol tage V with a low ra te  of r i s e .  

We also p e r f o r m e d  expe r imen t s  to es tab l i sh  the re la t ion  between the shear ing  force  and the su r face  
a r e a  of  a work  p iece ,  i .e . ,  to es tab l i sh  the s ignif icance of the sca le  effect .  The t e s t s  we re  p e r f o r m e d  with 
an appara tus  (Fig. 2) which cons is ted  of s teel  e l ec t rodes  3 with flat  s u r f a c e s ,  embedded in a nonconductive 
Tef lon base  4. The vol tage a c r o s s  the e l ec t rodes  was va r i ed  smoothly  up to 3 kV. The gap between the 
su r face  of a d ie lec t r ic  spec imen  1 and the e lec t rode  a r r a y  was  filled with a l aye r  of e l ec t ro rheo log ica l  
fluid 2 (suspension of d ia tomi te ,  50% pe r  weight,  in t r a n s f o r m e r  oil). Textol i te  spec imens  had been p r e -  
pa r ed  in the fo rm of d i s k s  with va r ious  endface a r e a s .  A uniform thickness  of the e l ec t ro rheo log ica l  fluid 
l a y e r  was ensured  by means  of thin dowel pins (Fig. 2b) and co l l a r s  (Fig. 2c). The shea r ing  force  was  
t r a n s m i t t e d  f rom a model  RD-9 e l ec t r i c  m o t o r  to a t e s t  spec imen  through a threaded coupling 6, a spr ing  
w a s h e r  7, and a rod  8. Strain gages 9 were  pas ted  on the spr ing  washe r  and connected e l ec t r i ca l ly  into a 
br idge c i rcui t .  Signals we re  r ead  with a model  M265M m i c r o a m m e t e r  and r e c o r d e d  on a model  N-700 
osci l lo  graph.  

TABLE i .  
Shear Strength 

V, kV 

0 , 5  �84 
1 , 0  1,5 
2,0 

Effec t  of the Col lar  Surface A r e a  on the 

�9 ~f(cm ~ 
Scollar _ Scollar 
~ c i m e n - ' 2 ' 2  "ss~cimen =~'~ 

23 I 31 41 62,5 
5 0  , 93 60 114 
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TABLE 2. Effect  of the Specimen Material  on the Shear Strength 

Specimen material ~,gf/cm 2 at ~Joisture absorb~ 
V= 2.5 kV led in 24 h, %/  Or' ~ ' cm ~ at50Hz 

Asbestos cement 
TeXtolite 
Vinyl plastic 
Ebonite 
Acrylic glass 

65 15--25 10 s -  109 
[2 0,4--1,0 109--1011 
8 0 ,8 - - I  ,0 1014--1015 
4 0 . 0 2 - - 0 , 0 3  I014--10 TM 

2,5 0 , 0 0 - - 0 , 0 2  101n--10 a~ 

6--8 
4--5 

3,2--4 
3--3.5 

2,4--2,6 
3.5. according to 

s o m e  sources) 

Note. Data for graphs 3,4, 5 taken from Elektrotekhnicheskogo Spravochnika, VoL 1 
(1959). 
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Fig. 3. Effect  of the surface 
a rea  of a work piece to be s tab i -  
l ized S (cm 2) o n t h e  unit s h e a r -  
ing s t r e s s  r (gf/cm2):  1) spec i -  
mens  of Fig.  2b; 2) specimens  
of Fig.  2c. 

The tes t  resu l t s  a re  shown in Fig. 3. Evidently,  the curves  
for both specimens (Fig. 2b, c) a lmost  coincide for S _> 9 cm 2. Dif-  
ferences become apparent  only below this l imiting s ize  of surface  
a rea .  This can be explained by an increas ing  role  of the e l e c t r o -  
theological  effect  of the col lars  under which a thin layer  of s u s -  
pension remain  present .  The e lec t r ic  field intensity in this l ayer  
was much higher than the mean  :ntensity in the gap. As long as 
the col lar  a rea  remained  small  in compar i son  to the total spec i -  
men a rea  (8.5% of S = 72 cm2), its effect  on the tes t  resu l t s  was 
small .  When it became a l a rge r  f ract ion of the total a rea  (37% of 
S = 4.5 cm2), the resul t ing curve rose  sharply.  In o rde r  to ver i fy  
this hypothesis ,  we tested a special  specimen (Fig. 2d) with the 
suspension layer  deposited on the col lar  a rea  alone. According 
to the resu l t s  (Table 1), the unit s t r e s s ,  under these conditions, 
did exceed the mean  s t r e s s  by a fac tor  of 1.5-2. The general  trend 
appears  as follows: the unit shear ing s t r e s s  dec reases  gradually 
with an increas ing  sur face ;  eventually,  the re la t ion becomes  l inear .  
Table 2 i l lus t ra tes  the effect which the ma te r i a l  of a spec imen to 
be stabil ized has on the shear  s t rength r .  A close cor re la t ion  is 
noted between shear  s t rength T, mois tu re  absorpt ion 9, e lec t r ica l  
res is t iv i ty  p, and die lect r ic  permit t iv i ty  e.  Thus,  a new possibi l i ty  
has been establ ished of ra i s ing  the stabil izing ability of the e l ec -  
t rorheologica l  effect  in d ie lec t r ics  on the basis  of their  mois ture  
content. 

1.  

2. 
3. 
4. 

5. 

L I T E R A T U R E  C I T E D  

S. G. Kalashnikov, Elekt r iches tvo ,  Moscow (1970). 
N. M. Winslow, J .  Appl. Phys . ,  20, No. 12, 1137 (1949). 
L. Klass  and W. Martinek,  J. Appl. Phys . ,  38, No. 1 (1967). 
A. V. Lykov,  Z. P .  Shul 'man, R. G. Gorodkin,  a n d A .  D. Matsepuro,  Inzh. Fiz.  Zh,,  18, No. 6 
(1970). 
U. S. Patent  No. 3,253,200. 

873 


