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1. GENERAL: 

1.1 Scope: The purpose of t h i s  document is t o  def ine:  . 
._ ~. - 

- compensation washer a p p l i c a t i o n  requirements 
- r.eCommended materials 
- washer th i ckness  determinat ion 
- dimensioning 

1 . 2  Application: Coinpensation washers may be used t o  coun te rac t  t í ghkex  
losses or overloads i n  f a s t e n e r s  of  a bo l t ed  assembly thh't res'ult- 'from>the 
d i f f e r e n c e  i n  h e a t  expansion f a c t o r s  t h a t  e x i s t  among t h e  components of t h e  
assembly. _ _  

2. MATERIAL: The co r ros ion  r e s i s t an t  material  f o r  t he  washer 
by consider ing t h e  r e l a t i v e  h e a t  expansion f a c t o r s  of t he  b 
There are t w o  p o s s i b l e  cases: 

a)  

f o r  t h e  washer. 

- <,= 
c1 b o l t  > c1 flange: recommended mate'rial A286 ~ - 

b) The f l anges  have a g r e a t e r  h e a t  expansion than the  b o l t :  
induces a t i g h t e n i n g  overload: t o  prevent  t h i s  overload, a material 
having a smaller h e a t  expansion f a c t o r  than t h a t  of  t h e  b o l t  cha l& be 
selected f o r  t h e  washer. 

Th i s  cond i t ion  

cx f l a n g e  > c1 b o l t :  recommended material; low expansion a&lb>y- 
~ 

(INVAR) co ld  w o r k  
.= . -  - . 

SAE Technical Board rules provide that: "All technicat reports, irrclÜding standards approved and practices recom- 
mended, are advisory only. Their use by anyone engaged in industry or trade or their use by governmental agencies 
is entirely voluntary. There is no agreement to adhere to any SAE standard or recommended practice, and no com- 
mitment to conform to or be guided by any technical report. In formulating a proving technical reports, the 
Board and i t s  Committees will not investigate or consider patents which may the subject matter, Prospec- 
tive users of the report are responsible for protecting themselves against liability for infringement of patents." 

SAE reviews each technical report at  least every five years at  which time it may be reaffirmed, revised, or cancelled. 
SAE invites your written comments and suggestions. 
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CALCULATION DATA 

AIR 1754 

SYMBOL UNITS t 

3 .  SYMBOLS - UNITS: 

I 

Linear  expansion f a c t o r  

L. I f  d i s s i m i l a r  f o r  f l anges  1 and 2 - Flange 1 
- Flange 2 

?. I f  i d e n t i c a l  f o r  f l anges  1 and 2 
"anges 1 and 2 
Jasher 
301t 
Jasher th ickness  
Flange th i ckness  

- Flange 1 
- Flange 2 

a b  
a r  
a V  
E 

L1 
L2 

I 
l :  i 

I m  
I m  
i 
i 

O C  
! 

!. Temperature 
i 

L .  Roughness 
I 

4 .  WASHER THICKNESS DETERMINATION: 

4 . 1  General  Case: Flanges having d i s s i m i l a r  h e a t  expancion f a c t o r s :  

Formula t o  be appl ied:  

L l ( a  bl - ~1 V )  + L2 ( a  b2 - a V) 
E =  

01. v - (3 r 

(Refer to paragraph 4.4 - Example 1) 

4.2 S p e c i f i c  Case: Flanges having t h e  same h e a t  expansion f a c t o r :  

Formula t o  be appl ied:  

E = a b  - U V  X (Li -+ L2) 
a v - a r  

(Refer to  paragraph 4.4 - Example 2 )  
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I 

COMPONENT MATERIAL 
! 

Flange 1 ! AA 2618 

4.3 Rounding-Off-Rule: The resulting thickness should be rounded-up or rounded- 
down contingent on the compensation effect to be obtained. 
calculated values should not contribute to fastener overstress or loss of 

The rounding of 

Heat Expansion Factor 
(m per m"C) 

a bl = 23.1 x 

fastener preload. 

4.4 Examples of Calculation 

4.4.1 Example 1: operating Temperature: 

5 = 20OOC 

TABLE 2 

1 Bolt A286 , a v = 17.0 x 10'6 

1 Washer Low expansion alloy , cy. r = 3.0 x 
i (INVAR) Cold work 

I 

Thickness j 

(mm) 

L 1 = 6  

L2 = 10 ' 

-6 -6 -3 -3 E = 6 x 10 (23.1 - 17.0) 10 + 10 x (23.8 - 17.0) 10 = 7.47 x 10 m 
(17.0 - 3.0) 

After rounding-off: E = 7.5 mm 

I 3 
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AIR -1754 

4.4.2 Example 2: Operating Temperatcre: 

e = 4OO0C 

TABLE 3 

COMPONENT 

2 Flanges 
(with same 
material ) 

1 Bolt 

1 washer 

MATERIAL 

INCONEL 903 

WASP ALOY 

~ 2 a 6  

Heat Expansion Factor 
(m per mot) 

Thicknes s 
(mm) 

i 
I I 

U V  = 13.7 x 

a r  = 17.4 x 

-3 
E = (7.5 - 13.7) 10 " X 10 x = 16.8 X 10 m 

(13.7 - 17.4) 
After rounding-off: E = 17 mm 

5. DIMEhSIONING (DIMENSIONS IN MM): (Recommended Values for Wacher Definition) 

TABLE 4 

DIAMETER DIAMETER DIAMETER 
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