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ABSTRACT 

The s t r e n g t h  of a sh r ink  f i t  j o i n t  f o r  t h e  R H I C  magnet support  pos t  l e g  
has  always been d i f f i c u l t  t o  v e r i f y .  P r imar i ly  t h i s  i s  due t o  s m a l l  clear- 
ences used between t h e  metal r i n g s  and t h e  G-11 tubes ,  and the  d i f f i c u l t i e s  i n  
t e s t i n g  a p a r t i a l l y  assembled l eg .  Although t h e  s t r e n g t h  of an assembled l e g ,  
c o n s i s t i n g  of series of j o i n t s ,  can be checked on a t e n s i l e  tes t  machine, i t  
i s  d e s i r a b l e  t h a t  an i n d i v i d u a l  j o i n t  can be v e r i f i e d  independent ly  dur ing  as- 
sembly wi thout  us ing  t h e  t e n s i l e  t e s t i n g  machine. A measurable q u a n t i t y  has  
been found as an u s e f u l  means t o  determine t h e  s t r e n g t h  of the j o i n t .  The 
measurement can be performed on each j o i n t  during assembly. This procedure i s  
s u i t a b l e  f o r  q u a l i t y  c o n t r o l  purposes.  

SHRINK FIT J O I N T  

The s e c t i o n a l  view of a t y p i c a l  j o i n t  cons i s t ing  of the G-11 tube  and t h e  
m e t a l  r i n g s  i s  shown i n  Fig.  1. The con tac t  p re s su res  between t h e  i n n e r  r i n g  
and t h e  G-11 t ube ,  and between t h e  o u t e r  r i n g  and t h e  G-11 tube  are obta ined  
through t h e  i n t e r f e r e n c e s  among t h e  sur faces .  The s t r e n g t h  of a sh r ink  f i t  
j o i n t  i s  then  obta ined  from t h e s e  con tac t  pressures  and the f r i c t i o n  c o e f f i -  
c i e n t  between t h e  m e t a l  and t h e  G-11 su r f aces .  Primaray concerns of t h i s  
t e c h n i c a l  no te  are t h e  con tac t  pressures .  

SHRINK FIT SHRINK FIT 
INTERFACE #l I NTERF ACE U.2 

MATERIAL PROPERTIES 
Elastic Modulus: E 1 .Ez.E3 
Poisson's Ratio: v 1 J 2  3 3  

INTERFACE PROPERTIES 
Contact Pressure: P l J b .  
Radial Interference: Ai ¶A2 
Coefficient of Friction: fi J L ~  

Fig.  1. S e c t i o n a l  V i e w  and Nomenclature of a Shrink F i t  j o i n t  
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1 
Equat ion 1 t o  4 re la te  t h e  c o n t a c t  pressures  with i n t e r f e r e n c e s ,  f o r c e s  

and bending moments requi red  t o  cause a j o i n t  t o  s l i p  as given by T. H. Nicol  
i n  a s tudy  f o r  SSC. 

where 

2 b 2 2 2 b b + a  -'j ; K = b ['z + b 2  fv2 y K  = -  
- a  2 E2 c - b  1 E'2 [c2 I c b 2 ]  

r c2 + b2 C 2b2 

E2 Lc2 - b 2 -'2] ' Kg = 5 [c2 - , 2 ]  

F1 = P1 (2rbtp1) ; F 2 = P2 (2 rc tp2 )  

Equat ion 1 through 4 provide  s t r a i g h t f o r w a r d  c a l c u l a t i o n s  f o r  des igning  a 
s h r i n k  f i t  j o i n t .  When a j o i n t  i s  formed, equat ion  1 through 4 can not  b e  
used t o  determine t h e  pressures  b u i l t  i n  t h e  j o i n t  and t e n s i o n  o r  compression 
tes t  must be performed on test machine t o  v e r i f y  t h e  s t r e n g t h  of t h e  j o i n t .  
It becomes i m p r a c t i c a l  t o  tes t  every j o i n t .  

VERIFICATION PROCEDURF, 

The procedure presented here employs t h e  r e l a t i o n s h i p  of t h e  metal r i n g  
displacement  U a t  p o s i t i o n  d and a t o  t h e  c o n t a c t  p r e s s u r e s  P2 and PI as g i v e n  
i n  equat ion  5 and 6. 

2 u = -  '2 2c d 
2 3 (d2 - c ) d E  

2 '1 (-2ab ) u = -  
a E  2 1 (b2 - a ) 

The minimum des ign  requirement f o r  PI and P2 s u g g e s t s  a minimum set of 
v a l u e s  f o r  Ua and ud. By measuring t h e  diameter  displacements  of t h e  r i n g s  
b e f o r e  and a f t e r  t h e  s h r i n k  f i t ,  t h e  displacements Ua and ud are obtained and 
t h e  c o n t a c t  p r e s s u r e s  can be determined. In p r a c t i c e  i t  i s  not  necessary  t o  
measure both Ua  and ud f o r  each j o i n t ,  because both t h e  t h i c k n e s s  and t h e  
e l a s t i c  modulus of t h e  G-11 tube are q u i t e  small compared t o  t h e  o u t e r  and t h e  
i n n e r  metal r i n g s .  The d i f f e r e n c e  i n  contac t  pressure  between t h e  i n n e r  
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s u r f a c e  and t h e  o u t e r  su r f ace  are small. The sum of Ua and ud are s l i g h t l y  
less than  t h e  sum of t h e  r a d i a l  i n t e r f e r e n c e s  of t h e  j o i n t .  Therefore  by mea- 
s u r i n g  e i t h e r  t h e  displacement of t h e  o u t e r  r i n g  o r  t h e  i n n e r  r ing  whichever 
i s  more convenient ,  t h e  contac t  p re s su res  of t he  s h r i n k  f i t  j o i n t  can be v e r i -  
f i e d .  

Nominal va lues  f o r  the  o u t e r  r i n g  diameter  d i sp l acemen t ' 2  ud and f o r  t h e  
i n n e r  r i n g  d iameter  displacement  2 Ua are given i n  Table  I. The maximum 
v a l u e s  f o r  2 Ua and ud shown i n  Table  1 are the  displacements  r e s u l t i n g  i f  t h e  
p a r t s  are produced such t h a t  t h e  maximum i n t e r f e r e n c e  p o s s i b l e  r e s u l t s .  A 
measured va lue  f o r  t he  outer  r i n g  displacement  is a l s o  shown i n  Table 1. 

Table 1 

Outer Ring and Inne r  Ring Displacements 

7 " Tube 
Bottom 
Outer  Ring 

Minimum : Inch 

Maximum : Inch 

Measured : Inch 

Minimum : Inch 

Maximum: Inch 

0.0024 

0.0028 

Inne r  Ring 

-0.0053 

-0.0061 

7 " Tub e 

Outer Ring 
TOP 

0.0080 

0.0090 

Inner  Ring: 

5" Tube 
Bottom 
Outer Ring 

0.0074 

0.0085 

Inner  Ring: 

5" Tube 
TOP 
Outer Ring: 

0.0029 

0.0036 

0.003 

Inner  Ring: 

-0.008 1 

-0.0091 

-0.0047 

-0.0054 

-0.0013 

-0.0017 

CONCLUSION , 

The technique  of measuring e i t h e r  t h e  ou te r  r i n g  o r  t he  i n n e r  r i n g  d i s -  
placement f o r  each s h r i n k  f i t  j o i n t  fol lowing assembly i s  a u s e f u l  t o o l  t o  
v e r i f y  t h e  des ign  con tac t  p re s su re  and avoid l eng thy  mechanical tests of each 
j o i n t  € o r  des ign  v e r i f i c a t i o n .  
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