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Summary : 

The evaluati o n  o f  deformat i on in an original screw connection up 

to the p l a s t i c  state i s  determined by speck l e  photography . Thi s  

method is  u s e d  t o  measure pointwi se and i n  load steps the 

displ acement vector i n  the bolt notches through sma l l  dri l l i ngs 

in the nut . Load d i stribut ions for a norma l nut and a spec i a l  

overl oad nut a r e  eva luated and compared . 
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The speckl e  photography / 1 / is a coherent opt i c a l  method and can 

be used to determ i n e  the in-pl ane displacement vectors on 

opt i c a l l y  acces s i b l e  surfaces . The determination of load 

di stributions in thread connecti ons i s  only pos s i b l e  if the 

f o l l owing two probl ems are s o l ved : ; 

- measuri ng of the di spl acement vectors in a l l  threads i n  
t h e  bol t - n u t  connec ti ons and 

- deri va t i on of a rel a tion be tween the displ acement 
func tion as the measuri ng resul t and the l oad 
dis tribu t i o n  

Figure 1 shows the experimental setup in two pro j ecti ons . The 

laser beam L is onedimens iona l ly expanded through a cyl inder 

lens CL and i l luminates the comp l etely threaded connection TC 

through a ha l f -mirror HM . I ( O )  i l lustrates the i l lumination and 

obser-vation d irection . On the right s i de the nut-bo l t  
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connection wi th the dril l ings in the nut is shown . These small 
dri l l ings end in the measuring points on the bolt . These points 
are exactly si tuated in the notches . They are prepared wi th a 
special diffuse reflecting coat . 
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Fig . 1 :  Mode of experimental procedure for the deformation 
analysis of screw connections 
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Figure 2 shows this arrangement i n the variant as a special nut . 
On the right side of this figure there is shown the construction 
of this nut . 

Fig . 2 :  Special nut-bolt connection with drill ings and 
measuring points 
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Using the double exposure technique the speckl egrams are 

recorded by the camera C .  A pointwi s e  f i ltering of this 

speckl egrams in a wel l  known manner produce the Young ' s  fringe 

patterns and a l l ows to determine the displ acement vectors in a l l  

measuring points . The measured displacement components i n  axial 

direction for the example of the norma 1 I SO-nut with 10 threads 

is presented in f i gure 3 .  The l ine shows the compensation 

function ( cubic 

with x as axia l  
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represents the function Ux = Ux ( x )  

5 6 7 
Th,.. • .s 

8 9 1 0  

- "  
x 

Fig . 3 :  Displ acements of the measuring points and 
compensation function 

In the further eva luation procedure it is necessary to cons ider 

the nut bo lt connection as a continuous connection . The average 

axi a l  stress in a bo l t  section is def ined by 

Taking into cons i deration 

the differenti ation results in 

clu", (x) C1", (X) = E · f.,(X )  = E · � 

F,,(:l: ) = C1:r.(3: )  . A 

On the left s ide i t is poss ible to trans form the d i f f erential 

quoti ent i n  a d i f ference quotient because the screw pitch is 

constant . Thus a direct proportion resul ts between the l oad 
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increment and the second derivation of the displacement 
function . 

6.F � K ·  tl2ur ( :/: ) 
rlx2 

Figure 4 shows load distribution , determined with this method . 
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� N o r- m a l n u t  

Spac i a l  n u t : 

0- _ - � 0- _  
5 6 7 8 9 1 0  

T h read 

� 1 .  Load s t e p : �N l  ....... 2 .. L o ad s t e p : O'N i  � 3 .  L oad s te p : �N l  

7 5  N I m  .. ' ;  �N 2 225 N I m  .. ' ; �N2 375 N I  .... > ;  �N2 

225 N I  ..... 
3 7 5  N /  .. m> 
525 N / mm> 

Fig . 4 :  Thread load of the normal and the special nut 

The interrupt l ine represents the results of a thread connection 
with a normal ISO-nut . The other values are results of a special 
overload nut ( see Fig . 2 ) . Before the real experiment this nut is 
loaded with a N O  = 375 N/mm 2 and unloaded . This preload produces 
an elastic-plastic expansion on the buttom of the nut . In the 
loadsteps 3 and 4 there is determined a very balanced load 
distribution . 
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