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This paper outlines the.application of mathematical 

prograniming in the optimum design of machine elements. 

We adopt the technique of geometric programing in this 

study for the design of axially loaded members subjected 
to structural constraints with various degrees of complex- 

ity. A following paper will include a comparative study 

between the proposed design procedure and the traditional 

optimal design procedures. 

1- INTRODUCTION: 

The optimal design of machine member has always been 
of great interest. As the machine member constitute 

a structural compenent in the integrated design, the design 

paramaters are normally subjected to limitations or struc- 

tural constraints, the design criterion, on the other hand 

strongly depend on the application. 

Thus, the optimal design. problem could finally be for- 

mulated as a mathematical programme with an objective func- 
tion subject to constraints. 

The difficulty of application of this concept emenstes 
from the fact that both the objective function and/or the 

contraints are nonlinear in nature. The size of real design 

problem-with the above mentioned non-linearity feature was- 
in many cases-challenging. 
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However t h e  technique of geomet r ic  p r o g r a m i n g  i n  

t h e  l a s t  decade o f f e r e d  an e f f i c i e n t  tool to  d e a l  wi th  

many eng ineer ing  problems. I t  is remerkible ,  t h a t  t h e  

a p p l i c a t i o n  of t h i s  technique i n  t h e  f i e l d  of machine 

d e s i g n  i s  s t i l l  i n  i ts  preleminary s t a g e s .  

T h i s  paper ( I )  i n v e s t i g a t e s  t h e  a p p l i c a t i o n  o f  geom- 
e t r i c  programming i n  t h e  d e s i g n  o f  a x i a l l y  loaded mem- 
be r s .  A fol lowing paper (11) w i l l  r e p o r t  a  comparat ive  

s t u d y  wi th  t h e  t r a d i t i o n a l  op t imal  des ign  p rocedures  and 

t h e  e f f i c i e n c y  of computa t iona l  a lgor i thm.  

2- TENSILE BARS WITH STATIC AXIAL WADS: 

The d e s i g n  problem i n  Pig .  (1) d e p i c t  t h e  s t r u c t u r a l  

c o n t r a i n t  o f  a n  a x i a l l y  loaded machine nember, t h e  l e n g t h  

is r e s t r i c t e d  by 

and t h e  d iamete r  is r e s t r i c t e d  by 

t h e  weight of t h e  machine e lements  is 

w = is t h e  d e n s i t y .  

The c o s t  o f  t h e  p a r t  C is e s t i m a t e d  to be 

Co,a,b i s  known manufucturing c o n s t a n t ,  i t h e  nuaber o f  

c o s t  a t t r i b u t e s  i n h e r e n t  i n  t h e  t o t a l  nanufuc tu r ing  C o s t .  

The a l l o w a b l e  s t r e n g t h  Tmax is g iven  by 

r m a x  5 Sy/2N ......... .15) 





subject to 

Cll d-2 1 

C21 d L 1 

C31 L d 1 
-1 C41 L 1 

Consider the case of i=2 

The dual problem is 

Maximize 

Subject to:- 

wol + w02 = 1 .......... o<lwol tB1 w02 - 2wll + w21 = 0 (11) 

0<2wol +B2 w02 +w31-w41 1 0 
m i ,  wll, w21, w31, w 4 S O  

3- TENSILE BARS WITH VARYING A X I A L  LOADS: 

The design of coupling study with repeated energy load- 

ing is considered 

3-1 Simple case 

For the simple case the subsidery design equations are:- 

.......... (12) 

.......... (13) 
2 . se .......... 

where 'Imax (1 + se/sy)N (14) 

E = youngs ~odulous 







substituting we get 

2 4 
11 tql max d4 

(P.E) = 2 B E  x r 

The optimal design problem can be cited as follows:- 

Subject to:- 

Equation (25) is the 'design" cost constraint 

Some difficulties are faced in this design problem. Firstly 

the factor Kc which depend on dr This can be overcam&.hY. 
assuming 

Also it is feasible to assume that:- 

.......... 1271 



Where Ks,Qs,As depend on the particuIar theading system. 

The Problem thus will be:- 

4- SOLUTION: 

The above models are solved by mathematical programming 

techniques, for various exaaples on computers. The c~mpartlve 

study will be reported and discussed in following paper 111). 
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APPENDIX 

Geometric programming (G.P.) is a relatively new topic 
developed for solving algebric non-linear programhiing 
problems subject to non linear constraints. In mathematical 
programming, two problems can he constructed, one is called 
the primal and a corresponding one called the dual. 

The G.P technique relies heavily on the dusl. 

We state the generalized (G.P) Problem. 

TO 
Minimize yo(x) = JI hot cot & xn aotn 

t=l n=l (Al) 
, ~. 

Subject to:- 

hot, hmt = + 1, cot, cmt 7 0 
amtn, aotn urestricted in sign 

tm = No. of terms in the m 3 constraint 
to = N4. of terms in the objective.function - 

For the case when all hmt, hot = 51, we have a posynom- 
ial G.P problem. .. . . 

, . 
The primal Problem is 

T 
Minimize yocx) = z0 Cot xnaotn 

t-1 n=1 

Subject to 
N 

Y. (x)- gl cmt n xn aotn 

n=l 

The dual problem is 

Subject to 

& wot = 1 
t-1 . - & amtn nmt = o n=1,2,. N 

m=l t=l 








