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The Present paper digousges the design of conical hehcal springs an,d torsional helical springs using geometric
programming technique. It isshown thatthe present method provides a saving of about 20 per cent of
. material by weightina particular case which is substantial

Springs are one of the most- Wldely used components in different types of machines. They may be used
to apply force and to control motion as in brakes and clutches, for measuring forces as in spring balances, for
storing energy as in clock springs; for reducing shock or impact severity, asin automobiles, rail-cars, ete.,

. for altering the vibration characteristics of a machine as in flexible mounts, etc. In some of these situations
the spring may beconte a sensn;lve part and the varying spring rate may become a desuable quality.

Ever singe the start of mdust’rm} revolation: mEmoPe, the application of springs in dlfferent situations
has increased considerably (Doughtie & Valance)l. But in the recent past the interestin the design of SPrmgs
has shifted towards optimization. Some authors have tried t provide optlmum design of different types of
springs notable amongst them are Hinlde & Morse?, Rao®, Suri & Kishor, 5 .

In the present paper geometric programming method of optimization has been used for the -design of
conical helical springs and torsional helical springs. The design ‘of cylindrical helical springs can be
. dome on the lines suggested for conical springs without any dlﬂiculty

\ NOTATIONS
Spring index=D/d C
Wire diameter
Smallest mean diameter of the coil
greatest mean diameter of the eoil
mean coil diameter
torsional modulus of elasticity
Heigh‘t of the cone
number of inactive coils
Wahl’s correction factor,
maximum spring load
Weight of the spring
Optimum weight of the spring
density of wire material
maximum shear stress in the spring
deflection under maximum, load
~ Bending fnoment
distance from, the load line to the spnng axis
modulus of elasticity
number of active coils.
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DESIGN OF CONICAL HELICAL SPRINGS (MINIMUM WEIGHT)
The expression for weight of a conical helical spring is given by Suri & Kishor* -

H
ﬂzw = COnd?® 4 Cid® ,
-an -
where
i= S8KP(C\12
- T ( TTmaz ) . (2)
The deflection for conical spring is taken to be o
| 5 — 2n €8 P '
T T dGK ' @

Tn the case of a conical spring when the deflection is to be accurately calculated then it is necessary to
substitute (D%-+D%) for D®and =n (Dy 4 D,) for =n D, D, and D, heing smallest and greatest
" diameters of the coils. But for the case where the cross section dimension of the spring wire is small in
comparison t0 mean coil diameter then above formula can be used to give fairly correct results.

Substituting the value of d and » from (2) and (3) in (1), we get .

' W( H ) _4PE*G3sp piwli2 8Liz P8Iz K3ia 0512
H¥h )= P T AR @

K, the Wahl’s correction factor can be represented approximately by the following equation for spring index

greater than six as shown in Fig. 1 : - T

Theréfore

K = 1-859 (-0-2%
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" Fig. 1-—Conioal spring.

By substituting the value of K from (5)in (4), we get
H 9564 PG 8p 12-65 iPOI2
W(F;7)=—fz—"‘”*m+*-fmr—-m“ (6)

. man " magz
‘W function in equation(6) is the posynomial, which is to be minimized with the help of geometric program-
ming. At the optimum point the normality conditions and the orthogonality equations are given by Duffin,
Peterson & Zener® ’ : o
o it h=1 BN
—0°621 8 + 2:09 5 = 0 ®
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Solving the equamons (7) and (8), we get " o \ e |
=010 @

) S 8y = 0°2%0 | = (10)
Hence the optimum weight W, is givén by . | o o , - ‘
W, ( H{{}_/h ) = 25;645:’739 0770 12;/;35 ;I':;)p |0~230 . )
- b ‘ ‘ Tm Tm h
with the help of above equations, the folldw‘ing equation is obtained between W, and C.
(5w ) 226’45 e oo -

Fig, 2 gives the variation of W, with 0 for different valuesof k/H. This figiire can be used to ﬁ.nd out the
optimum value of I¥; once the value of C'is glven. and vice versa..
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Fxg 2" Torsion spring.

TORSION HELIGAL SPRING (MINIMUM WEIGH'.I,‘)

-,

The expressxon for Welght of a torsion helical spring is glven by Suri & Kighor4 o .

w2 2 ' :
W= eDat S aD, W
' : o . .89 ~ . |
where / . 0 = K324 ’ @
T Tmaz . v . L
The deflection, §, for bors ion helical springis given by "’
64 MID,, an
S=—%Fa — - | ©
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‘ Substltutmgthe value of D,..a.nd d’m(l),we get ; : Co ,Y - 0
S AMBp S -
W= ,K’ | (4)

Itis found that K can be represented approxlmately by the followmg equationforspringindex greater than -
six asshownin Fig. 3.

wl K=1'»3020‘*’°""5: S ()
209 ' .

“5;
h/H=z15

05+
0 — Y T -
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Fig. 3——Comca.l spring : o .
By substltutmg the valde of K from (5) in (4), we get - : ‘ ’ /
W = I _(;_W_P_ ‘ 0—00155 + ‘ _19_4_1}__4{_’1.9_ 00‘922 (6)
. Tmazs @ : Tmas . ‘ .

The a.bove expression is " minimized" Using geometric programmmg method of solutwn At the optimum
point the normality conditions and orthogonality equations are given by Duffin, Peterson & Zener®

+&h=1 - M

—0-155 8; +4-0°922 82=,0 : S ..®

By solving (7) and (8), we get L o '

A 8 =059 , - ©)

8, =0:405 - e 0)

" Hence the0pt1mumwe1ghtls given by . L _ '

L ' 6 76M6Ep 0595 1041 iMup - !0.405 o

. W= 5B | X | om0 E5 (}11)

The value of- Cis found out by the followmg equation, , '
6:76 E 8 e | e ' '
~ [ e s | o
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., Fig. 4 shows the va.natloﬂ of W, wn;h 0 for different valués of an The demgner can u use tlus graph fol- Qb.
talnmg the valueof elther W; orC, once the va.lue of one of them is speclﬁed\ :
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The method presented in the paper hag been ﬂlustz:ated'mth the help of an example gwen below. ,

Numemal Ezgmple e e ) : "‘v;.
A conical spring is to be deslgned for the followmg data
P=dokg
G=08x10¢ kglem? =~
: $=15om | .
" Tingi =200 kgfom? .- :
. p =18 gmjom? .
| i =2 .
Solution } : ” LT TR e T
Onsubsmtutlonofthe valuesof p,G s, P Tmap a0d’ h/H = O 5 in, (11), we get S )
W, =0588 kg T .
' Usmv the above mentlon.ed value of W1 in (12) along ‘with the values of other parameters, weget - '
. R | ¢ =709
Therefore; we adopt thé value of (=17-0.
 Thevalue of K is obtained from (5)as
| R K=1240 -
- The'iralueof dié obtained_ftom (2)9._3 ‘ , ,
| o A=059Tom - -
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The value of  is obtained from (3) 5s
- n=314
We adopt the value of n = 32.

The weight of a conical spring using the unoptimized expression as given by (1) is obtained by substituting

values of O, n, ¢, anddinit. »

| WH

p = Cnd3 + Cid®
p .

5 H+H

Therefore .
o ) W =0-734 kg (for h/H—0+5) - - (14)
The difference in weight of the spring as calculated in (13) and (14)is
‘ : SW=10-146

Henoe the saving in the material is 19-8 per- cent,

CONCLUBION

Therg 18a grea.t.necessity'to qptimise the Wéight of a machine part so asto use the minimum weight of
the material for a given application. In the present paper the same has been obtained for conical helical
and torsional helical springs withthe help of geometric programming.

Tn order to help the designer for obtaining the required values of weight ete. graphs have been plotted |
between the weight and the spring index for different value of A/H. The method of solution haI; been
iﬂu{sbrateq with the help of numerical e;mmgle. The calculations show that this method affects asaving inthe:
spring weight of about 20 per cent. This saving is substantial and can significantly affect the price of a machine
employing heavy and large number of springs. ' A "
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