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The pr-t paper disousses the deeigq of conical helical springs asd tmsiosal helical springs usiM geometrio 
programming teohniqne. It  iaehown that the present method providee a saving of about 20 per cent of 
material by wdght in a partioular case whioh is substantial. 

Springs are one of the mo& widely used compnents in different typed of machines. They may be used 
to apply force and to control motion as in brakes aad clutches, for measuring forces as in spring balances, for 
storing energy as in clock springs, for reducing shock or impact severity, as in automobiles, rail-cars, etc., 
for altering the vibration characteristics of a machine as in flexible mounts, etc. In some of the& situations 
the spring may become a sensitive part and the varying spring rate m y  become a desirable quality. 

Ever since the start of inda&~ial revdatkgt k.iBwope, the application of springs in different situations 
has inoreased considelably (Doughtie & Va&nce)l. But in the recent past the inter& in the dggzl of *rink 
has shifted towards optimization. Some authors have tried td provide optimum design of different types of 
springs notable amoagst them are Hiikle & Morse2, RaoS, Suri & Kislror,*'6 . 

In the present papey geometric programming method of optimization has been used for the -design of 
conical helical springs and Wional  helical springs. The design .of cylindrical helical springs can be 

, done on the lines sriggegted -%or d c a l  springs without any difficulty. 

N O T A T I O N S  

C Spring index=Dld 
cl Wire diameter 

Dl Smallest mean diameter of the coil 

D, greatest mean diameter of the ooil 
Dm m e n  ooil diameter 
G torsional modulus of elasticity 
H ~ e i ~ b t  of the cone 
i number of inactive ooils 
K Wahl's oorrection factor 
P maximum spring load 
W Weight of the spring 
Wl Optimum weight of the spring 
p density of wire material 

Tw8 maximum shear stqegs in the spring 
S deflection wider maximum load 
M Bending Moment , . 
a distance from the load line to the spring axis 
E rnod&s of elasticity 
n number of active ooils. 
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~ E S I G N  O F  CONICAL B E L I C A L  GPR'INGS (MINIMUM WEIGHT)  

The expression for weight of a conical helical spring is given by Suri & K i s h o ~  

where 

(2) 

The defleotion for conical spring is taken to be 

6 = 
2ra CS P 
d G K  

In the case of a oonioal spring when the deflection is to be acclurately calculated then it  is necessary to 
substit~te (Da1+Dz2) for D2 and rn (Dl + D,) for nra D, Dl and D2 being smallest and greatest 
diame&;ene of the mils. But for the case where the cross section dimension of the spring wire is small in 
mmparison to mean ooil diameter then above formula can be used to give fairly correct resuIts. 

Substituting the value of d and la from (2) and (3) in (I), we get 

Therefore 

K, the Wahl's oorfection f&r can be represented approxhstely by the followi~g equation for epring index 
greater than six as crhown ia Fig. 1 . 
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Fig. I--Conioal eprlng. 

By substituting the value of K from (5) in (4), we get 

W function in equation(6) is the posynomial, which is to be minimized with the help of geometric program- 
ming. At the ostimurn point the normality conditions and the orthogonality equations are givea by Duffin, 

' Peterson & Zen09 
61 $ 61 = 1 (7) 



Solviag the equatiolaa (7) and (8), (we get 

> 

62 = 0.230 (10) 

Henoe the optimum weight Wl is given by 

with the help of above eqbtioss, the following equation is obtained between Wl and 0. 

Rg. 2 gives the variation of Wl with C: for different values of h/H.  This @re can 
optimum value of W, oaoe the value of C is givea and vice versa. 

used to find out the 

T O R S I O N  H E L I C A L  S P R I N G  (MINIMUM WEIGHT)  

The expression for weight of a torsion helical spring is givea by Suri & a h o r "  ". 

where 

The defleotio~, 8, for tOrs ion helioal spring is given by 4 

6 = 64 @Dm an 
B d4 (3) 

.a t 



Bubstituting the vdue of & and 8 in (11, we g%t 

It is found that g can b.e represented approximately by the following qnation for springhdex greater than  -, 
six as shown in Fig. 3. I 

- K , 1 302 c--04"'76 (6) 
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Fig. W o n i c d  sprlng. 

By substituting the valae of K Ram (6) in (a), we get 

6 - 7 6 a 6 E ~  C4"" + (6) 

The above expression is M . e d .  using geometric programming method of solution. At the optimum 
- point'the normalitx conditions and orthogoaality equations are given by Duffin, Petermn & Ztner6 

6, + 8, = 1 - (7) 
-0*165 61 + 0.92'1 6, = 0 (8) 

By solvbg (7) and (S), we get 
8, = 0.595 (9) 

8, = 0.406 (10) 

Hence the optimum weight is given by I 

<< 
6-76 at+ ip - 1 0 . 4 l i M ~ p  1 0 . 6 9 6 9 m a e  

[ '596 I T~~ 0.405 (11) 

The value ofdl is found out by the following equation. . ,  

a w1 = (12) 
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The value of K is obtained from (5)  a 
r? - 

K = 1.280 

The value of 4is obtainedfrom ( 2 ) q  

d = 0.697 om, 
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The method presented in the p9per has been i ~ u a h t e d  the - help of an m p f e  give: below, 
P 

Nm'ual  Bgmple is 
r 

A conical spring is t~ be designed for the following data \ 

_ - -  . P = & k g  
7 

G = 0.8 x 10e Wm2 
El = 1.5 cm 

- .  7&b -2500 -leg/& . . 

, p = 7-8 gn/cm2 . 

i = 2  . . , -  - I r r  

\ 

S&im I 

* -  - 
On substitution of the values of p, G, 8, P, T-,' an& hlH = 0.5 in (111, we get. - ., . 

Wl=0.Ejs8 kg . (13) 

Using the above mentioned value of in (12) along &th the values of oae t  parameters, we get 

C = 7.09 

Therefore, we adopt the value of C=7-0. 
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The value of nis obtained from @)as 

n = 31.4 

We adopt the value of n = 32. 

The weight of a conical spring using the unoptimized expremion as given by (I) is obtained by substituting 
values of C, n, i, aad d i n  it;. 

Therefore 

W = 0.734 kg (for h/R-O*S) 

The differenae in weight of the s p a  as calculated in (13) a d  (14) is 

Henoe the saving in the material is 19.8 per,cent. 

There is a great necessity to optimise the weight of a machine part so as to use the minimum weight of 
the material for a given application. In the present paper the same has been obtained for conical hel id  
and torsional helical springs with the help of geometric programming. 

,In order to help the designer for obtaining the required values of weight etc. graphs bave been plotted 
between the weight and the spring index for differenti value of h/H. The method of solution has3 been 
illustrated with the help of numerical example. The oalculations show that $his method affects a saving in the 
spring weight of about 20 per cent. This saving is substantial and caa significantly affect the price of a machine 
employing heavy aad large number of springs. 

c , R E F E R E N C E S  

1. Douu~mn, V. & V A L L ~ ~ ~ ,  E., 'Djsign of Ma~hineMem~bers', (MoCfraw Hill BookCompany, Ino. New yo&), 1964, p. 320. 

2.  H ~ x L ~ ,  R. T .  & Mortsm, I. E., J .  Zngg. Trans. A. 8. M. 1. ( UflA),  I S  (1959), 37. 

3. RAO, A. Ramabo~ana, J .  last .  Enggs. ( ~ n d b ) , ' ~  (1972), 31. 

4. S w r ,  M. K. & KISHOE, B., Def. 80;. J., 25 (1975), 1 .  

5 .  f3m, M. K. 80 Bsaoa,  B., J. Inst. Ejngga. (India), 68 (L976), 261. 

6. DU-, R. J., PBITP~BSON, E. L. & Zmw, C., 'Geometrio Programming Theory and Appliations', (John Willy & Sone, New 
york), 1867, pp. 4 $ 127, 


