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In the paper appl ications o f  the photoelastic 
reflected l ight technique for thin- wa l led structure 
models investigations are presented. Casting of the 
epoxy resin models and procedure of the stress 
concentration testing , for example in the coachwork 
truss j o int , are descr ibed . Experimental des ign method 
for models of the stress concentration factor 
determining were applied . 
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The modern des igning of the supporting machine structures 
is aimed at making maxi ma l  use of the load-carrying capac ity 
of materials and at minimiz ing their we ight with l i mitations 
to constructional ,  technological and functiona l na ture be ing 
retained . This can be achieved by applying thin- walled 
s tructures . 

One of the bas ic problems connected with the use of 
photoe lastic measuring techniques for thin- wal led s tructure 
investigations is making a model of the construction be ing 
tested.  T he use of the s imple s i milarity criteria makes it 
necessary to perform models with very thin walls . In this 
connection it is common practice to use the so-called aff ine 
model l  ing ( e . g .  [ 1 ] )  for which the scale of the thickness of 
walls is d ifferent from that of other l inear d i mens ions 
( kt 

= k
d

) .  This combined with the recording of photoe lastic 
images by means of the ref lected light technique makes it 
poss ible to test mode ls of thin-wal led constructions . 

The techno logy of making the above models depends , f irst 
and foremost , on their conf iguration. The relative ly s implest 
technology is constructing a model cons ist of elements cut out 
of thin cast plates j oint by means of gluing . In the case of 
constructions made of prof iles with non-flat s urfaces , the 
fol lowing techniques are used : gravitational casting , pressure 
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casting , o r  forming a thin plate before po l i mer ization o f  the 
compos ition used is complete d .  In the f irst case , however . the 
occurrence of a substantial l i mitation to the thlckness of the 
walls of the element be ing cast (t > 2 2 . 5 mm) can be 
observed . The use of pressure casting technology offers far 
greather poss ibil ities . By way of example . a schematic diagram 
of the system for pressure casting of pipes with a square 
cross- section ( 4 0  x 40 x 1 . 0 ( 1 . 5 »  and being about 5 0 0  mm 
long is given in Fig. 1 .  
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Fig. 1 .  

I n  order to carry out an experimenta l ana l ys is o f  the 
phenomena of stress concentration in the coachwork truss 
j o int , their mode ls have been made . The pi pes cast with the 
use of the pressure technique were connected by means of 
gluing. In the exper iment , an analys is was be ing made of 
stress concentration in the j o int presented i n  F i g .  2 ,  whi le 
the stress concentration coef f i c ient was def ined as the 
relation of maximum stresses in the given j o int with 
reference to the u basic " j o int (T type , L e . r = 00 ) .  Tested 
j o i nts were loaded by the torque moment appl ied to the 
cross- bars where as the two cases of conditions for f ixing 
the longitud ina l member of framework , L e .  ( i  = 00 and (i t 00 
( free turn ) were being cons idered . As the cr iter ion of the 
optimization of the exper iment the minimization was accepted 
of the number of experiments being indispensable for 
determining the mathematical mode l of the stress concentration 
coefficient . lt has been assumed that the mode l i s  
approximated b y  the non- l inear function whose general form i s  
a s  fol lows : 



where : leg = leg Ix
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dimens ionless relation 
variables ( in this case 
parameters ) , 

number of variables 

Fig. 2 .  

of phys ical 
geometrical 

As parameters affecting the value � the angle y was assumed 
as wel l  as the d imens ions L

l 
and L : 

� = f (y , L
l

' L )  = f
l 

(a , L
l

' L )  ( 2 )  

By us ing the orthogonal experiment des ign N = 9 experiments 
(for S = 2 )  were obta ined . In order to carry them out it was 

enough to make 5 phys ical mode ls of the joint being tested . 
Based on the analysis of photoelastic images recorded with 
the use of the ref lected- l ight technique the va lues � were 
calculated in the particular experimenta and next , the 
values of the model coeff icients ( 1 )  were determined . The 
following forma of the functions approximating the va lues � 
were obtained : 

- for (1 = O 

ai = 3 . 46 + 1 . 02 a 

L 

+ 

(3 ) 
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- for (3 = O 
L

l a
2 L 

2 

�
n = 2 . 46 + 1 . 4 1  � - 4 . 8 5  - 1 . 86 (-- ) + 3 . 18 (_1_ ) + 11: 

L L L
2 

L
2 

aL1 + 2 . 62 - -- ( 3 )  
L

2 

Tbe distr i butions of � ( L 1 /L ) given as examples are sbown in 
Fig. 3 .  Tbe analys is of the experimenta l results indicates 
a more s ignif icant effect of tbe parameter L lL than a /L as 
wel l  as tbe occurrence of tbe essential irtteraction between 
L 1 /L and a /L parameters . 
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Fig. 3 .  

Tbe example o f  the experiment presented above has shown 
the suitabi lity of the research methodology accepted . This has 
also been conf irmed by otber research s tudies carried out by 
the author ( e . g .  [ 2 ] ) .  
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