
large shearing stress at the coating/substrate interface, leading 
toward delamination of the coating. 
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D I S C U S S I O N 

F. F. Ling1 

Once again, Professor Ju and his proteges have extended 
their interesting and useful series of solutions of problems in 
surface mechanics. In recent years they have tackled the 
problem set of thermal mechanical effects due to moving load; 
moreover, these problem sets include layer media and cavities. 

One of the authors' conclusions, (iii), is "for the same 
Peclet number (Rt), the critical ligament thickness (Z,cr) is 
smaller than the critical depth (j)cr) of a coating material. This 
coincides with this discusser's intuition. Their conclusion (ii) 

'Columbia University, New York, NY. 

Williams, M. L., "Stress Singularities Resulting from Various Boundary 
Conditions in Angular Corners of Plates in Extension," ASME Journal of Ap­
plied Mechanics, Dec. 1952, pp. 526-528. 

A P P E N D I X 

A, = [ iV 2 ( / - l , y )+ /V 3 ( i , y - l ) ] / ( 4^ -^ ) , (17) 

A2 =Nt ( i — ^ - , y ) / ^ 2 +JV 1 ( / , y ) . f f f / ( 2^ 3 ) , (18) 

A3=- [N2(i- 1, y) + N3(i, j+ l ) ] / ( 4 £ m ) , (19) 

A , =N3 (/, y'-^-) V +N^' M-in'QiA (2°) 

^=-(h('+4-'y)+jV'('~r'y)K+ 

+ [N, (i, j + -}-) +N, (/, y—L)]/ , /J , (21) 

A6 

A1 

A, 

A, 

By 

B2 

B3 

BA 

= /V3 (/, J + -^)W -N3(i, y h „ / ( 2 V ) , 

= - [N2(i+lJ) +N3V, J- 1)1/(4^1?,), 

= N{ (i + - i - ,y)/€ |2-^,( i ,y) .f | | / (2£ f
3) , 

= [N2(i + 1, j) + N3 (/, j + 1 ) 1 / ( 4 ^ ) , 

= lN2(i, j - l) + N3U- 1, y ) ] / ( 4 £ ^ ) , 

= N3 ( i — L , j)/l-i2+N3(i, y).f«/(2^3), 

= " \N2(i, j+ 1) + N 3 ( i - 1, y)]/(4$ fij,), 

= ^ 1 ( / , y ~ ^ - ) / i l , 2 + i V 1 ( i > y ) . , w / ( 2 i , , 3 ) , 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

B,=-{[N3(t-±-,j)+N3(t + -L,j)]/i? + 

+ [N, (/, j+-L) + /v, (;, j~)] v ] , (30) 

B6 =/V1(/,y + ^ - ) / ^ 2 - / V 1 ( / , y ) ^ / ( 2 1 ? , 3 ) , (31) 

By = - [N2(i, j - l) + N3(i+ 1, y)]/(4£fi,,), (32) 

Bs =JV3 (i + -\- , j)/Zi2 ~N3(i, y ) . ? « / ( 2 ^ 3 ) , (33) 

B9 =[/V2(/,y+l) + /V 3 ( ;+ l , y ) ] / ( 4? m ) > (34) 

where £ and f; are the coordinates of the transformed plane. 

seems to be a redundant one. Conclusion (ii) states "the loca­
tion of the cavity influences thermal stress, which reaches a 
maximum, . . . , at the critical ligament thickness of Lc = 0.094 
for both cases of a single material with a cavity and a layer 
medium with a cavity." First of all, the authors are talking 
about same material for the single as well as the layer material. 
Earlier on in the paper, the author wrote " . . . maximum ten­
sile thermal stress in the case of a single material with a rec­
tangular cavity is much higher . . . the occurrence of the max­
imum tensile stress is at the trailing corner of the cavity, which 
defines a critical thickness Lcr . . . . " As such the single 
material with a cavity and the layer medium with a cavity is 
one and the same. 
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Authors' Closure 

Professor Ling's observation is very much to the point. We 
are grateful to have the opportunity to clarify some points 
which we should have done so in the main text. The critical 
ligament thickness is indeed intuitively apparent to be smaller 
than the critical depth of the coating material. The paper did 
quantify the critical ligament thickness through a numerical 
extremizing process as shown in Fig. 4. The relationship can 
be expressed algebraically as: 

R(Lcr)
la = 17.53, 

where R is the Peclet Number and L„ is the critical ligament 
thickness. The authors agree that the conclusion in (ii) could 
have been included in (iii). As for the critical depth and the 
critical ligament thickness, both are characteristics of the 
coating material as a single material. However their effect on 
the thermo-mechancial field in a coated medium is very 
significant, if the coating thickness is in the neighborhood of 
the critical ligament thickness as demonstrated in Fig. 7. In the 
figure the same coating material, with changes in stiffness, is 
shown to result in much higher thermal principal stress than 
the case of single materials. 

.Readers of. 
The Journal of Tribology 
Will Be Interested In: 

Wear Control Handbook 
Editors: M. Peterson, W. Winer 

This landmark publication, designated as the ASME Centennial Research Project, is the first 
attempt to collect wear data which can be used in machinery design and maintenance. 
Contents: Introduction to Wear Control, Classification of Wear Processes, Systems Approach to 
Wear Problems, Wear Fundamentals, Materials, Designing for Wear, Component Wear. 

1980 Order No. G00169 1358 pp. $85 List $68 ASME Members 

To order, write ASME Order Department, 22 Law Drive, Box 2300, Fairfield, NJ 07007-2300 
or call 1-800-THE-ASME (843-2763) or FAX 1-201-882-1717. 

Journal of Tribology APRIL 1989, Vol. 111/277 

D
ow

nloaded from
 http://asm

edigitalcollection.asm
e.org/tribology/article-pdf/111/2/277/5515670/276_1.pdf by guest on 18 April 2024




