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Slip in Polycrystalline Materials 
…and all you’ll ever need to know about it in MSE250 and life (unless you’re actually in MSE…) 

Slip is the first of two plastic deformation mechanisms we will learn about (the other is twinning). 

Slip is the process by which plastic     deformation occurs by dislocation motion       . 

Slip occurs on slip systems, which are comprised of the densest planes and close  -packed       directions (i.e. 
LD = 1) in a crystal. Movement along these directions is energetically favorable because these movements 
cause the least atomic distortion. 
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Slip system example 1 
A sample with BCC crystal structure is axially loaded with a stress of 50 MPa in the 

x-z plane. Calculate the maximum τR  on the given plane. 
Note: this problem looks at one of the millions of randomly oriented grains in a polycrystalline material. The 
maximum τR  you are being asked to calculate is not necessarily the maximum resolved shear stress that exists in the 
material, because there may be other grains in the sample which are oriented more favorably with respect to σapplied. 
Even though this particular grain may not be favorably oriented, slip will still occur on the plane with the highest PD 
(verify that this is true for the given plane). 

 

1) Directions 

σapplied (load direction)  plane normal   slip directions 

 

 

 

 

2) Cosines: θcosbaba
vvvv =•  

σR (plane normal) – σApplied (load direction) 

 

 

 

 

τR (slip direction) – σApplied (load direction) 

 

 

 

 

 

 

 

 

3) τmax  on this particular grain =  

 

Sanity check: is the maximum cosφ cosλ on this grain < 0.5? 

2/3 

σApplied 

x 

y 

z 



Slip system example 2 
A sample with BCC crystal structure is axially loaded with a stress of 50 MPa along 
the y axis. The critically resolved shear stress of the material is 30 MPa. 

a) Does slip occur somewhere in the sample, given this load? 
b) What is the minimum applied stress needed to initiate slip in this particular 

grain? 
c) What is the minimum applied stress needed to initiate slip somewhere in the 

sample? 
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