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.A method is examined of determining the design thermal stresses due 
to t'riction of the material during operation of a pneumatic tire clutch, 
An example is given of the calculation of the thermal streSses in the 
tube of a PM 300 x 100 clutch. 

The t h e r m o p h y s i c a l  p r o p e r t i e s  of the r u b b e r - c o r d  
m a t e r i a l  have an a p p r e c i a b l e  inf luence on the t h e r m a l  
s t r e s s e s  in the tube of a t i r e  c lu tch .  F o r  r u b b e r - c o r d  
m a t e r i a l  the t h e r m a l  conduc t iv i ty  is  300 t i m e s  l e s s ,  
and the t h e r m a l  expans ion  is  20 t i m e s  g r e a t e r  than 
for  s t e e l .  The t h e r m a l  conduc t iv i ty  of the tube m a t e r i a l  
depends  on the f i l l e r ,  c a rbon  black,  and m a y  va ry  ove r  
a range  of f ive o r d e r s  of magn i tude .  
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F ig ,  i. Shape of e l l i p t i c a l  h y s t e r e s i s  Loop. 

Formulat ion  and so lut ion  of the heat  conduction 
equa t ion .  The fol lowing a s s u r a p t i o n s  a r e  made :  

1) The tube is c y l i n d r i c a l  in shape .  
2) T h e r e  is  no hea t  flux in the d i r e c t i o n  of the tube 

ax is ,  and the tube g ives  off hea t  to the e n v i r o n m e n t  
f rom i ts  i n n e r  and ou te r  f aces  at  a t e m p e r a t u r e  con-  

s tan t  with t ime  (@1 and @2). 
3) The tube m a t e r i a l  is  homogeneous  and i s o t r o p i c .  
4) The t h e r m a l  conduc t iv i ty  of the r u b b e r - c o r d  

m a t e r i a l  is  cons t an t  and independent  of t e m p e r a t u r e .  
Under  t h e s e  a s s u m p t i o n s ,  the equat ion of s t e a d y  

hea t  conduct ion  of a un i fo rm c y l i n d e r  with an i n t e r n a l  
hea t  s o u r c e  wi l l  have the fo rm 

cT'-t l (?l -F q 1_1 . . . .  0. (1) 
Or ~ r <)r c y 

All  the p a r a m e t e r s  a p p e a r i n g  in (1), excep t  q, a r e  
known. We s h a l l  dea l  in m o r e  de t a i l  with d e t e r m i n a t i o n  

of q. 
The sec t ion  m o s t  s t r e s s e d  in a t h e r m a l  s e n s e  is  

the top c y l i n d r i c a l  l a y e r  of the cove r ,  w h e r e  the d i s -  
p l a c e m e n t s  a r e  g r e a t e s t ,  whi le  the t h e r m a l  conduc -  
t ion in c o m p a r i s o n  with the c o r d  is l e a s t .  This  is  con-  

f i r m e d  by n u m e r o u s  t e s t s  conducted in the L W M I U  
(Len ingrad  Highe r  Naval  E n g i n e e r i n g  Col lege)  St rength  
and F r i c t i o n  L a b o r a t o r y  [1]. However ,  in p r a c t i c e  
b reakdown of the tube o c c u r s  in the lower  c y l i n d r i c a l  
l a y e r ,  whe re  the s t r e s s e s  a r e  g r e a t e s t ,  and s t r e s s  
concen t r a t i on  o c c u r s  at  the p l ace s  of t r a n s i t i o n  f rom 
the round to the c y l i n d r i c a l  p a r t  of the tube.  Moreove r ,  
the lower  f r i c t ion  l a y e r  is sub jec t ed  to add i t iona l  
hea t ing  f rom e x t e r n a l  f r i c t ion  when the c lu tch  and i ts  
loads  a r e  engaged  and d i s engaged .  

The magni tude  of the ene rgy  d i s s ipa t i on  in i n t e rna l  
f r i c t i o n  of the tube m a t e r i a l  a r i s i n g  f rom cyc l i c  loads  

on the c lu tch  m a y  be eva lua ted  f rom the h y s t e r e s i s  
loop.  It should  be noted,  however ,  that  t h e r e  a r e  a s  
ye t  no r e l i a b l e  t h e o r e t i c a l  o r  e x p e r i m e n t a l  da ta  to 
d e s c r i b e  the shape  of the h y s t e r e s i s  loop, i . e . ,  the 
law of v a r i a t i o n  of the fo r ce s  of i n t e r n a l  i ne l a s t i c  
r e s i s t a n c e  in the p r o c e s s  of cyc l i c  d e f o r m a t i o n .  We 
shal l  t h e r e f o r e  a s s u m e  an e l l i p t i c a l  h y s t e r e s i s  loop 
(F ig .  1), which is con f i rmed  by the inves t iga t ions  [1]. 
A e c o r d ~ g  to [2], the r e l a t i on  between the s h e a r i n g  
s t r e s s  v and the s h e a r  angle  "g r e s u l t i n g  f rom the 
ac t ion  of i n t e rna l  f r i c t i on  in the tube is given by the 
e x p r e s s i o n  

(2) 

Omi t t i ng  s i m p l e  t r a n s f o r m a t i o n s ,  we m a y  w r i t e  
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Fig .  2. The PM 300 • 100 pneumat ic  t i r e  
clutch:  1) o u t e r  m e t a l  c y l i n d e r ;  2) r u b b e r  
c o v e r ;  3) r u b b e r - c o r d  body;  4) r u b b e r  c h a m -  
b e r ;  5) f r i c t ion  l a y e r ;  6) inner  m e t a l  d r u m .  
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S e t t i n g  t h e  e n e r g y  d i s s i p a t e d  p e r  c y c l e  equa l  to the  
a m o u n t  of  h e a t  g e n e r a t e d  in un i t  v o l u m e  of the  tube  
m a t e r i a l  p e r  uni t  t i m e ,  wi th  s u f f i c i e n t  a c c u r a c y  f o r  
p r a c t i c a l  p u r p o s e s ,  we  m a y  w r i t e  

q = - b  ~ G [3~r~n. (4) 
Z 

I n t r o d u c i n g  the  no t a t i on  

1 
K = T- *a~-n' 

we ob ta in  

(5) 

q = K F ' ,  (6 )  

and then the heat conduction equation (i) is rewritten 
a s  

1.2 O~-t .,- 1 at § K O. (7) 
Or 2 r Or c y 

R e l a t i v e  to the  p r o b l e m  b e i n g  e x a m i n e d  

d_jt = a , ( t - - e , )  when r = q ,  
dr 

a t  (8)  
- -  a ~ ( t - - O , )  when  r = G ;  

dr 

X l Kr4.., ,':J - -  r t  4- ~,0 / ,)~-~ ~--- (9 )  
t=:O.z:-l-~/.~ ( l - - l x a ) - -  K 16i. ] mtto" 

H e r e  the  v a l u e s  of (92 and | a r e  d e f i n e d  as  

w h e r e  

--!-- f a., G O.: 4- a f f t  (1 .... a~ In Fo) O; -+- O , =  ~ I . . . . .  ' 

._,_ _K_ I4aororl In i~ 4-(4- ' -a . , r  D ( , ~ -  rt)}}. 
16k - - " - �9 

@~ 1 [ 6)i + a~r~(1 --a~r~ In %) 0.~ = - - -  I~ l t "  1 _ - -  

K P-o - -  (4 - - - a , r , )  (r:J - -  r l )  } , In 
16X / 

= cg& -:- a.,_& - -  r&{tzrir, z In ,,%, 

XO : . . . . . .  1 ~[ r,r., hl Fo a~a.,A6)" ~- -4--k (a,r,_ -',-. u.,_r~) 

(10) 
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A o '  = e ;  . -  e ; .  

T h e  t h e r m a l  s t r e s s  e q u a t i o n  a n d  i t s  s o l u t i o n .  
To  d e t e r m i n e  the  t h e r m a l  s t r e s s e s  due  to i n t e r n a l  

f r i c t i o n  in the  c l u t c h  tube,  we m a k e  u s e  of  the  e q u a -  

t i ons  of  [3]: 

,~.~t" I K r~' , ., t{-', -. 5,td ] + 
~, �9 ~ 1  - -  ~ ; :  I - -  (I -!- t,;) {I .... ~ } - ~ -  
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-' . . . .  h e  " l --I~{~) 
2 In I_tc, 

! + ' 9 1 t ~  ) I i , (11)  

1 ---,~ ~ ~ - ( 1  -}- i,c + I ,, -.-- 3,*") 4, . . . . . . .  "- 
- ' 2 I. 

l i ( l  4- 21nt~ 2uti', I I 
- (l + ) (12) 

16k ' [ ' , - - ] n ~ %  ..... 1 --- till _. " 

A t e s t  of  o p e r a t i o n  and a n u m b e r  of l a b o r a t o r y  
s t u d i e s  s h o w  tha t  r u p t u r e  of the c l u t c h  tubes  o c c u r s  

w h e r e  the t e m p e r a t u r e s  in the  body of the tube  a t t a in  

t h e i r  g r e a t e s t  va lues ,  i . e . ,  on the o u t e r  and i n n e r  

f a c e s  of  the  tube .  T a k i n g  into  a c c o u n t  that ,  in add i t ion ,  
the  m e c h a n i c a l  s t r e s s e s  f r o m  the c y c l i c  l oads  r e a c h  
t h e i r  g r e a t e s t  v a l u e s  on the  i n n e r  and o u t e r  f a c e s  of 
the  tube,  i t  b e c o m e s  c l e a r  that  the  e x t r e m e  v a l u e s  
of both s t r e s s e s  shou ld  be e x p e c t e d  a l s o  on the  a b o v e -  

m e n t i o n e d  s u r f a c e s  of  the  c l u t c h  tube .  
T h e  s i m u l t a n e o u s  ac t i on  of t h e s e  s t r e s s e s  wi l l  

p r e d e t e r m i n e  the  b e g i n n i n g  of  f a t igue  r u p t u r e  on the 
o u t e r  and i n n e r  f a c e s  of the  c lu t ch  tube .  

We s h a l l  e x a m i n e  the  t h e r m a l  s t r e s s e s  d u r i n g  

c y c l i c  d e f o r m a t i o n  of the  tube  as  a func t ion  of the  
t e m p e r a t u r e  d r o p  A |  and the  d i m e n s i o n l e s s  p a r a m e t e r s  

= 1 and P0 = r l / r 2 .  
F r o m  (11) and (12) we h a v e  

a, =- o., =-. 1 --. v i 24i,  I 4- F;; -i- ',~, -~ 3 I ~t,~ 
' 4 In p . ,  

( , 2  _:._ . . . . . .  1 )} 0 3 )  + M 0  I -.7-p.~ 2 in  ,~o : 

~,  - -  o.,. : :  f:--~ I N , :  , ' ' ~:' + -" . . . . . . . . .  4 1-, t,,, 

(' ')I (14) 

E x a m p l e .  We g ive  b e l o w  the  r e s u l t s  of c a l c u l a -  

t i ons  of the  t h e r m a l  s t r e s s e s  in the  tube  of a PM 300 • 
x 100 p n e u m a t i c  t i r e  c lu t ch  (F ig .  2) wi th  the f o l l o w i n g  

data :c~ 3 = 6.7 �9 1 0 - 4 ; E  = 2.94 M N / m 2 ;  v = 0 . 5 ; t  = 

= 0.2 and 0 .3;  G =  0.981 M N / m ~ ; f l  = 0.08,t r a d ;  w = 
= 16.6 s e c - l ;  ? ' =  4 h r ; n =  24 �9 1 0 ' ;  r 2= 196 r a m ;  

X =  0.162 W / r e .  d e g r e e ; / ~  ~ 0 . 8 ; A |  (92 -- (91 = 60 ~ . 

According to (13) 

when q- : :  <2  o~ = o., = - 0 . 5 6  MN/m z, 

when  q, 0.3 o E --o.. = -  0.84 MN/m 2. 

According to (14) 

when ~I' " 0.2 o, := on = l.il~ k, iN/m 2, 

w h e n  !: = 0.3 o~ : . - ,~. ,-= ] . 58  ,x,lN/m 2. 



52 INZHE NERNO- FIZICHESKII ZHURNAL 

NOTATION 

0~, {},:) temperatures on inner and outer faces of the tube; r) 
variable radius; e) specific heat; y') specific weight of tube material; 
q) internal source of heat generated by internal friction; r) shear 
stress; 7) shear angle; G) shear modulus of material; ~) coefficient 
of energy dissipation per cycle; 70) amplitude of shear angle: At#) 
element of work of energy dissipation per cycle; •) relative angle 
of twist; n) number of loading cycles;/a = r/r2, /a 0 = rt/r2) dimension- 
less parameterS: q, r2) inner and outer radii of tube; cq, a2) relative 
heat transfer coefficients; al) normal tangential stress; ~ )  normal 
axial stress; c~3) coefficient of thermal expansion; v) Poisson's ratio; 
E) Young's modulus: w) angular frequency~ r ' )  testing time: ~) thermal 
conductivity. 
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