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Springs are extensively used in various defence equipments ranging from tanks to delicate ins- 
truments. This neoesaitates their optimum design with reapeot to weight or volume. The. pr0-t 
paper disousses the design of conical helical springs leaf springs and torsional helical sprigs uslng optl- 
mization procedure. 

- -- - - 
Springs of different types occupy an important place in mechanical devices and machines. Depending 

on the application, the springs may be of the helical, leaf, t~rsion, etc. types. The selection of springs is 
further restricted by various considerations such asweight, space, length, etc. For example, a clutch spring is 
required to have maximum deflection for least space whp,re?s-the springs used in vehicles should have mini- 
mum possible weight to perform the required task.- ConiEal compression springs are most useful for applioa- 
tions where a varying load deflection rate is needed. Such conical springs have smaller solid height, greater 
lateral stability, reduce sensitivity to buckling, .and constantly increasisg natural period of vibrations as 
each coil bottoms. Such types of springs can be used-safely in automobiles as isolating devices. . . -- 

In  this paper designs of different springs are presented by optimization with respect to parameters like 
weight and volume. 

The optimization procedufe for conical helical springs given in this paper follows that given by Hinkle 
and Morsel and Rao2. It is shown that the curves obtained have a similar trend as those of Rao2. 

N O T A T I O N S  - -, 

= design constant for optimum 
weight and volume 

= constant 

= spring index = D/d 

3: wire diameter 

= smallest mean diameter of the coil 

= greatest mean diameter of the coil 

= mean coil diameter 

= t;omional modulus of elasticity 

=: Height of the cone 

3 number of inactive'coils 

P, P = maximum spring load 

W = weight of the spring 

46 == material constant which depends on 
the serverity of the loading 

P = density of spring wire material 

7- = maximum shear stress in the spring 

T = allowable shear stress 

6 = deflection under maximum load 

M = Bendmg moment in kg. om. 

a = distance from the load line to the 
spring axis 

El, E = Wahl's correction factor E = modulus of elasticity 

h, =, direct shear correction factor L = length of the leaf spring 

m = material constant b = width of the leaf spring 
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u2 t: number of aotive coils t = thiokness * 

V, = volume mcupied by the spring when r, = graduated leaves 
compresleed solid - - - 

9 = fuU:y '~freduatea leaves 

DESIGN O F  U O N I D A ~ ~ Z I E L I C A L  SPRINGS 
Minimum Weight 

The expression for weight of e conk1 helicsl sprhg% girten by (see Appendix) 

where Dz = Cd. putting this vdue in (1) 

I r.t - -- 
.., fl 

B W  =c,a+c,s 
:- r.*= t PG ( H 4 - A )  

(2) 

The maximum shear stress in the spring is given by tihe following equation 

8 KPC 
T m  ' - ~a (31 . 

where 

Wahl's correction factor K ,  used in (4)  is normally used for oylindrical springs. But the same can be used 
#om these oo&d springs also wbee the cross-section dimensions are &mall in ec)mpbrrisOra €o .the mew ooil 
diamete*. 

FOE design purpose 
, 

T n ,  < o  (6) . 

The shear stress T deoreases wihh an increase in diameter which is ercpressed as 

(31, (6) and (6) - 

1 - 
2-m 

8 KPC 
. (71 

The defleotion, S, for oonio%l sprin'g is taken as 

6 =  2 n @ P  , n =  dGKS 
d GK 2 @ P  (8) 

In the case of a conical spring whea the defleotion is to be accurately calculated then it isn- & qbsti- 
tute (Dl% + Da2) for D and m (Dl + &) for mD, Dl and D, being the smallest and gratest mean 
meters of the cgds.8ut for thecasewherecthe moss-section dimensb 4 & spring wire is d in corn- 
pmiaon to the mean coil diameter then the above formula gives fairly acourete results6. 



- * -.-__ * - 
8 m  & -68 : 1)8& 6f ~ $ 6 ~  @timi?htion 

. - - - 

Substituting the vdue of a and la from (7) and ($)& (81, we get - 
- 4  ' 4 4 -- 3 

8 W  H - = P - ~ I J  C ~ z n a  --- 
PG ( H + h )  

-- 3 3 -- 
- - . E a - ~  C 2 - m  

This equation oan be written as : 
8 1 61-m 2m 3 I - m  

8W -- 
- H G ~ T = G - ~ T = Z  

+g 2 - m  C 2 - m  

av To optimize for weight, (9) is differentiated with respeot to 0, and by patting - = 0, we.g& 
- - ac 

A = -  
3-(ll (11) 

d B  The value of - is obtained by diffmntiating (4) with EBL(@~ to f j  
d C  

Bor light servioes the effect of curvature is ngleoted and only direct shear stress is oonsidemed. (7) oan 
be written in this form 

where 
0.6 X a = I + - -  c * 

(14) 

To obtain the optimum value for liw oondithn, E isreplaced by Ks in (11). Therefore the d u e  of A is 
given by 

0 %-"I- 

(15) 
, - ac (6 - m) .+ 2m- 

From (14) 
a& 0.6 a - -  
dC 0 06) 

Minimum V O ~  for'0mid BeZkaZ #ping 

The expression for volume is given by the following eqwtion (4) 

- =&~(@+0+1)+i~(o~+c+l) 
7r li (17) 

8 



FOE light ,wryioes-eplace E by 8, in, (19). - - .  - .  .. - e  

- 
DESIGN-FOE; TS)RSZON_S~RING -- - --- The weight expression for this base $-given by-- ' _-- .- - - -- - - - 

?l' -- - - W - = ' p ( n + i )  - d 2 ~ D , , ,  
- 4 -  

(N) 
- -  - 

- - -  
The maximum stress in a spring is given* the following ehuat10n6 -5 

- -. 

- - -  - ---, - . - --32M- -- - - w 
- - 

-- - 
- 

*= ELn- --- . nd3 -- -- (21 1 
. *  - - - . * *  . - ? - -  a d  deflection is givexi by - 

- S =  64H Dm a1.1 
-- -- -- $d4 . -  - .  

(22) 
- " " -  A- 

The maximum stress is taken to be in the following ̂ form 
- - . - 1 

4 - 
7 " -  

dm (23) 
\ .. - - ,  -.:.-*--.- - - .  - " -* - ? - ,  

'~ubstituting^the values of iE and n from (23) a& (22) in8(26), we get - - - .  
6 .  

4 W  

- ., . --  - - - -  
-43 " *  - * S  v - - I_-  _ 

1.- 

B W  = s.C13-' + K ~ ~ - "  c - (24) 
- - 

3 

where A = 

-- - - 
.+* . - 

,- 4- 

- -.. 
4 
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- *  - * d w By diffemntiating (424) w i g  - -  * e ~ ~ e & - - t & - ~ - a n 8 ~ ~ ~ t t i 9 g  -. -- --- = 0, we get -- - -- .-- \ . - - 
d C  

- 3 - -- \ - - - -. 
% - --- 

s"--I--- " 

/ +- p.& . c-. - d Ri 
A = : -  & "*. , 

d C 
* - " I3-l-m - ' - (25) 

- 6. :gis--.. - - 

3 -1% 
d &/a C --' 

- - - 
- . I'---al<g+ g1*07< dK,ldC. C x 1.08 

when m = 0.22,-A = -- - 2 16 K ~ ~ . ~ ~  d ~ ~ l d 0  
_ *__ - *  , _ _ _  _ _  - -  - . - - - -  - ^ --- - --I - -  - - ,  - - -- -.- -- - . .  

where El  is given by the following equation - - , :- 
& 

- A - .  < -. - - - -  - -- 4C"-C-1 . K,  = 
4 C  ( C -  1) 

. . -  - - . . "  - 
*dK1 - - .  - 
- 7  

- - 3 6 + 2 c - i  * 

dC 4C2 (C - - .  - - -  . 
. (26) 

- 
To set the optimum weight of the spring . put - -  dEILdC from , -  (26)'in - - (245); and we get the required . . resylt. 

The value of A against C is &own plotted in Fig. 1 for na F 0.22, -- _ , - . .. 
+ 0 

D E S I G N  F O R  L E A F  S P R I N G  

The equation for maximum stress and defle&io~ for leaf spring is giv@ byS 

&b .--- - . - -  - - - . . -  r& = 
18 FL 

bt2 (2 n, + 3 9) 
(271 

. .- . - 
1 6 =  

12 FL8 - 
bts E (2 ng-+ -3 nf) 

(28) 

The weight expr?ssion is- given by 
W = p m l m 2 b 8 ( 2 % - + 3 n j )  (29) 
- . .  - 

40- - where L = m i &  (30) 

t = m, b -' - " (311-y 

Putting the value of (2 ng + 3nf) from (28) in- 
2 0 .  (29), we get - -  - 

E Z ~ ~ W  - -mi4 -- - 
3- 

p bz 12 F 6 
(32) A 

O i .  Differentiating (32) witKrespeot to ml and keeping 
I I 

2 4 6 a to r 2 m, constant - 
C d W  - - 1. ~~a a 6 - - 4 m 1 s - - -  - 

F I ~ .  I-Spring 'index for minimum weight. -dm - 8.' 6% ( dml ) (33) 

a 6 The value of - is obtained by differentiating (28) with resp&t ml 
a ml 

d s  (34) 

d W  - - 

Butting - = 0 in (33), we get - ~ - 
4 %  - - - - 

6 : 
L 



/ 

1 3 6 F  mls - 

9 8  m18 
89bi8E(2% + 3 9 )  

92' (5)3 = 6 B ( 2 ~ +  3nl) '  (38) 

8 E @ %  -I- 3-39] 

S T E P S  F O R  T H E  D E S I G N  O F A  S P R I N G  B Y  OPTI114IZATfON P R O - C E D U R E  

From (36) it em be seen that for optimum design of the leaf spring, it is necessary to specify the 
maximum permissible deflection, 6. Then with the help -of Fig; .2, the value of nal/.naz can be oalculated 
and h e m  the value of t. 

To use the present optimization proaedure in an actualdesign of a spring, the following steps are 
tsTi6h : 

(1) Select a suitable spring index. , 

(2) Find out the corresponding value of A from the @aph. 

(3) Use the values of K, P, C and 4 in (7) to get the value of d. 

(4) D, is calculated from 0 8nd d. 

(6) With the giv& valued of D . ~  akid Bi the design is thus completed. 
- .  

N U M E R I C A L  E X A M P & E S  

Emnzy,te I 
Design a conical for the following conditions : 

(Data taken from ref. 2) 

Load P = 40 Kgf, Defleotion S = 16 mm, p = 7.8 gm per cm8 

WxWial-hard spring eted G = 8100 Kgf per d 
Eatla squsred, Service condition-severe. 
Pdr 1mr0 s&vie8s 

1 
200.  

8KPC e-m 1 160- 

M 1 * 
m = 0e22, - = 0g662 I 

2- 2 120- 
# = 0.s.m = 40. X 

CO 

K = 0.616 4C-1 + = 1 . 2 6 3 f o r  C = 6. 80- 
40-4 C 

8 X 1.253 x 4 0 x  6 Therefore d = ( w X 4 0  

= 5.28mm. 
0- 

Uehg (8), number of coils. z 4 6 .b 10 12 

dUK 6 m~ m2 
Vb = 

2,C" p Frat %Mass ratio for miemup deffecfion, 

9 8 



Total number of o& = n + i 3: 47 -6. 

Emon/ple II  

In addition to oon$tions specified in Example I, design the spring for minimum weight. 

Design Constant : ' 

. . 1 

1 

- - NOOX16 (z;g)TK 
2 ~ 4 0 x 1  

Therefore A = 2680 
log A = 3.4116 

The value of C is obtained from the Fig. 3 
C E 10.1 

Putting this value in (7), we get the diameter. 
8 X 1.27 x 4 0  x 10.1 '682 1 d =  ( = 7-07. 

S X M  . 

Putting this value in (18), we get 

n = 6-08 x BM x 1'27 x 16 
2 X (10.1)8 X 49 

Total nuqber of so& t~ tl f. i = $39, 
7 
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' D I S C U S S I O N  

The present design concerns with conical helical' springs, torsion springs and leaf springs. For 
conical springs it is shown that, the value of springindex is greater than that for a corresponding 
oylindrical spring for a given value of parameter A, for the design of spring for minimum weight. It can be 
observed from (Fig.  4) that in the case of optimization with respect to volume the conical spring gives a lower 
spring index for the same value of A. 

The problem solved in the paper shows that for the same data (i. e. load, deflection and material of the 
spring) the number of coils needed to satisfy the requirements increases when the design is op'timized. 
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