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One of the most common methods of experimentally 
determining residual stresses is Blind Hole Drilling [ 11, 
BHD. A new method which is a thermo-optical analog to 
BHD is being developed. This method uses local heating 
to anneal a tiny spot and uses laser speckle interferometry 
to measure the strain that resuIts. This strain is used to 
deternine the state of stress prior to heating. The peak 
temperatures are on the order of 200 Celsius so that for 
most metals, there wii be no changes in phase or other 
material properties except for a sIight reduction in yieId 
stress. Prerdnary experiments with type 304 stainless 
steel were performed using resistance heating The 
experimental results were in excellent agreement with 
finite efement mode1 predictions of the process [2]. 
Subsequently, the resistance heating was replaced wiffi 
laser heating [3]. The heat input (22.5 Watt peak) from a 
small sealed radio fresuency (RF) excited Carbon Dioxide 
taser was used. In order to both cotitrol the heating 
temperature md efFrcientIy mupie the infrared photons 
from the laser into the test specimen, a substance known 
as Liquid Temperature Endi.cating Paint was used. 
Without this substance the laser power WOUM be so large 
as to make tlfis apprmch-kpractld. Furthemore the 
measuTement and mtfd fo? m e k t  kqmt wmldbe very 
cmflmted. rnskerhestring approach wits S U ~ S ~ l  in 
W n g  similar results to h e  obtained in referenee 2. 

body has a stifhess, k The region where this stress is 
being measured is comprised of a seriedparallel 
combination of springs which itself is attached in parallel 
to k. The heat is applied to the spring designated as ki 
which can take on values of k 
whether the spring is cold or has been heated, respectively. 
In principle one could characterize the spring constants of 
the solid by finite efement analysis but we are seeking a 
simpre mode1 which can the be modified empiridly. To 
simpIi@ the analysis we assume that the residual stress or 
force, F remains constant. This Ieads to the lumped 
parameter model as shown in Figure 2. The system is 
shown at its initid position with a total dispIacement XI, 
with a corresponding force F. F and hence Xi are 
unknown. In Fig. ZE, kj is heated and deforms due to: 
thermai expansion (x&), and eIastic (xy) and pIastic (xp) 
deformation. When the system is &owed to cool, some 
permanent deformation has ocamed due to prastic flow. 
Spring ki, has a permanent deformation and the totaI 
deformation is (X3 - XJ). The object of the analysis 
based on this simple mode1 is to express the unknown 
force, F in terms of the measurable displacement (Xg - 
XI>. The results of this analysis yield the following 
equation: 

or kH depending on 

f A 1  r A i  

and: 



continuous solid by considering square of dimension L 
with the heated spot being a smaller square of dimension d 
at the center of the larger square. The heated spot is 
heated to temperature, TH from the ambient temperature, 
TL Shearing forces between the heated region and the 
surrounding region are neglected. The results of this 
transformation is: 

I‘ 

where: 

EH = Young’s Modulus at TH, 
E = Young’s Modulus at TL, 
o y ~  = Yield Stress at TH 
E= strain relief near heated spot 

For d/L << l7 the above equation reduces to: 

o-ayH = a.($)E+B.(;)a*T 
E 

where A and B are included as dimensionless empirical 
constants. The results of the calculations presented in 
reference 2 are plotted in Figure 3. A linear regression fit 
yields a correlation of 0.92 and the A and B are computed 
to be 0.00652 and 0.363 respectively. With these 
constants the above equation can now be used to measure 
residual stresses for other materials. Naturally there is 
much work left to verify this result and apply it to general 
residual stress situations. 
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Figure 1 - Generalized Spring Model 

Figure 2 - Constant Force Model 
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Figure 3 - Reduced Stress versus Observed 
Strain where: 

Reduced Strain = 1000(0 - oylg)/E 
Reduced Strain = lOOO(L/d)E 


