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IR INTRODUCTION

Springs are elastic members which distort under load
and regain their original shape when load 13 removed. The)
are used in railway carriages, motor cars, SCOOLED
motorcycles, rickshaws, governors €tc. According [0 tel
uses, the springs perform the following functions:

(i) To absorb shock or impact loading 8 incarmé

Springs.
(ii) To store energy as in clock springs: 58
(iif) To apply forces to and to control motor
brakes and clutches. .

(iv) To measure forces as in spring bafan:if; :‘i !

(v) To change the variations charac® .
member as in flexible mounting of motors b at

The springs are usually made of el ls phos?™
steel (0-7 to 1-0%) or medium carbon alloy Swed E;Ihﬂf ™’
bronze, brass, 18/8 stainless steel and mﬂnﬂl-ﬂns
alloys are used for corrosion resistance Spnnf f.ﬂr i

Various types of springs are employ©
purposes, some of them are as folloWs
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(1 | 1 L (1) Open-coiled helical Springs
(iil) ]1-”',||I|1 IH'tl' Hl 'rI””lJ"._ i ; i)
(v) Compression helical springs,

s  [.eafl spring

(/) Full-elhptie; (i7) Semi elliptic; (i) Clantileves
1 Torsion SPrings

4 Circular springs

g Belleville springs

6 Flal spring:

HELICAL SPRINGS

. T " i R 5 g A i . J . ' . { :
A heli al Spring 1s a length of wire o bar wound into a helix, There are mainly two types of

Iu:li:.'.'ll springs . (1) Close-cotled, and (i) open-coiled,
m THE CLOSE-COILED HELICAL SPRINGS

14.3-1. Close-colled helical spring with ‘Axial load’

A, Circular section wire springs:
. _ L L L LML AL IYNRESN VVY,
In Fig. 14-1 1s shown a close-coiled helical | |
spring loaded with an axial load W.
Let, R = Radws of the coil, .
: : J i |}
d = Diameler of the wire of the » T
a= | {'
coll, . 2 | +—
: - | f & :
0 = Deflection of coil under the | i |
load W | gl
( Maodulus ol rjl','|1|LTf,“, / '* !
n Number ol coils or turns, . |
0 = Angle ol twisl, | : | ‘ I‘!(\
: i Y |
| = Length of wire = 21 Kn, 1| : \ 4
4 1
t = Shear stress, and |
f#* Polar moment of inertia P
N .4
i d’
)2 W
It may be noted that each section of the e— R —>
Lol | , e .
s under torsion but there are small bending 50 ‘j:'
{111 Y - - : : petee (
!hhuumg stresses which being small are i

Bually

IL‘ ]iLI- iy " # i :
neg cted. Fig. 14.1. Close-coiled helical spring,
hhi.'ﬂ.r Stress T .

From lorsion equation,
¥ _ GO T
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16T
: T =
N td”
16 WR =
Or, 1 m!{ (- I'=WR) __,“,g"h
T o
Again, L |
L
Tl WR X 21t Rn X 32 64 WR  n
[.] — = — L———-.— A g |
(3 C x md” Cd (14.2)
but, d=Rx0 -.,{14._‘-;-J
64 WR’ n
4 . 7 .(144)

Cd*

Wahl's correction factor:

While deriving eqns. (14-1) and
(14:2) the effect of curvature of spring and
direct shear is neglected. Eqn. (14-1) is
modified to include these effects by
introducing a factor K called Wahl's

correction factor.

16 WR
N = he K
nd’
«(14:3) § .
where, K is found from experiments e ‘
and is given by Shock absorbers of automobiles have springs.
45 -1 0-615
A= B . (14:6)

45 =4— S f

D sy |
Wiere, s e Spring index  (where, D = mean diameter of the coil)

The deflection equation is not modified as the effect, if any, is considered to have been

incorporated in the value of n by finding the effect on deflection due to end coils experimentally and
the modified value of n is then called effective number of coils.

Stiffness of the spring, k:

p=ta L SO
5 64WR'n 64R%n
cd*
4 2
[.é i Cd ".ll_‘.'.fl
= 64 R°n
I.nergy stored, U:
| 2
Energy stored, U= =X Tx0= l W -R x 64 WR" n
. 2 cd* :
_1 116WR 8WR'n 1 16WR 16WR [_H“d:,;;
2 2 ¢ d 4C md®
l 5

T ac b % volume of wire
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2
| U=__
.. 4c X Volume of wire
.-\51:|in, Cnergy stored, .(14-8)
U =20p . g ML o WEENN
? 2 "R'_:Z—'W-a {+‘.B=R_B)
ie. U= j_; Wa
L “ ...(14.9)
1d Square section wire springs:
yvootanoular and square secti ’ -
Rectangular and square section wire springs are also used in many applications.
i
5 T=0—
Here, bh* ...(14-10) (Refer to eqn. 13-38)
h
where, ﬂ:3+185
[b = longer side, 1 = smaller side (For rectangular section)
bh=hand o =438 ..(For square section)]
WR .
T=0 T K with correction factor K (14-11)
45 -1 0-615
VRS = + (S5 = spring index)
where, A5 20 S pring
= 2R
gaere, ~ Side of the section perpendicular to spring axis
o
Also, & = RO, where 6 = [T [Refer to eqn. 13-39]
RB Tl s
0 == or bl C
bh® C
3.5 (b* + h°)
where, P = B>
[=2n Rn; T= WR
3.5 (b2 + h) WRX2mRnxR
= b2 bh’- C
wren [ p*+ 1’ (14-12)

' 17 ccurate values of Tand &
By using more accurate value of and [3 from Article 13-17 more @

"0 be calculated
' RINGS
N WIRE SP

is to carry @ load of 500 N. Its mean coil

CIRCULAR-SEGTlo
e e diameters if the maximum shear

. Example 141, A closely coiled heligl fi}:-rCaIcufare thes

g i : :

r:?”f”’ 1§ to be 10 times that aflh&: wire dl;?ifomz_
S the material of the spring 1S 10 be '

Solution, Load to be carried, W= e ire diameter),
Mean ¢l diameter, D 3R o

¥ N/m’

‘
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Diameters, D and d:

Using the relation: T = 16 H:Il‘ we have
nad”
! 6 16 x 500 x 5d
80 x 10" = X
nd”
2 1630002 4 501105
80 x 10°
s 4 =0-0126 m or 12:6 mm (Ans.)
and, [) = 10 4 = 10 X 12:6 = |26 mm
I.e. D=126 mm (Ans.) |

Example 14:2. A helical spring is made of 12
mm diameter steel wire wound on a 120 mm diameter
mandrel. If there are 10 active coils, what is spring
constant ? Take: C = 82 GN/m?. What force must be
applied to the spring to elongate it by 40 mm ?
Solution. Diameter of steel wire,
d=12mm= 0012 m
Diameter of mandrel, D =120 mm =0-12 m
Number of active coils,
" n=10
Modulus of rigidity, C = 82 GN/m?
Elongation of the spring, |
d =40 mm = 0-04 m
Spring constant:

We know that, Picture shows valve guides and spring
mechanisms in an aircraft engine.

Spring constant = stiffness of spring (k),

W, Ccd®  82x10°x(0-012)"

k=—= =
&  64R’n 0:12F
: - 64 x "] x 10

or, k=12300 N/'m (Ans.)
Force to be applied to the spring, W: ™

%%
Reiin, " = 12300 or —_ = 12300

O = .04 v
or, W=492N (Ans.)

Example 14-3. (a) Draw neat illustrative sketches to bring about the difference perweeh & 1'

helical coil tension spring and helical coil compression spring

(b) A helical coil spring is made of round steel wire 6-35 mm in diameter. The mear :P i

helix is 31-75 mm, number of complete turns, 12; the spring is close-coiled. If C = 84.36 GNIT
(i) The pull required to extend the spring by 254 mm. and

(ii) The stress in the wire.

Solution. (a) ﬁ1c helical coil springs consist of a rod or wire wound in the form ©
14-2 (a, b) clearly indicates the difference between the helical coil tension and compress

|

¢ pelix. F#
jon spAnE®
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D

o ) D
t o’ |
! - 1 o
'r ) |
! - ) o

-
;J
(a) =

Fig. 14.2

[t may be noted that in case of a helical tenc: o Sitae
‘ T S f a helical \€nsion spring it is not imperative to provide spacing

wwe::n.u‘ll P DECARIC DERX angle is small while in case of helical compression spring, the helix
mg]ﬁ hﬂlﬂg Cl‘ll’ﬂpﬂ]‘::l[l"ﬁﬂ]}" more, Hpa{:ing 15 Pﬂ.l‘v'id{:d between the coils. : -

(b) Radius of the coil, R = 31-75 mm = 003175 m

Diameter of the wire, d = 6-35 mm = 0-00635 m

Number of coils, n=12

Deflection of the spring, = 254 mm = 0-0254 m

(i) Pull required to extend the spring, W:

Using the relation,

g= ad i H1wehave
cd®
0-03175)° %12
0.0054 = O XA )

8436 x 10° x (0-00635)°
0-0254 x 84-36 x 10’ x (0-00635)
i 64 x (0-03175)° x 12
or, W = 1417 N (Ans.)

i) Shear stress in the wire, T :
Using the relation.

4

16 WR

T = 7 We have
md

16x141:7 X 0-03175

T= 3
1t % (0-00635)
2 : (Ans.)
— RO. 0¢ N/m? = 895 MN/m |
[’;‘ta:p o = s mean diameler of 75 mm and sprnng constand

(44.4 close-coiled helical spring ha

kA ' re i ' shear siress
/ . : the spring wire if maxumum
wr, T has 8 coils, What is the suitable diameter of the sp

spring wire material is 80 GN/mr.
(AMIE Summer, 2000)

” & "
7 €xceed 250 MN/m? ? Modulus of rigidity of the
hat is the maximum axial load the spring ¢4" ca

rry.
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—
R-._"_.-—-—

Z 2
¢ = 250 MN/m?*;

Diameter of the spring wire, d:

Solution. Given:
C =80 GN/m”*.

T .3
We know, T =T X = d
' | 6y x 4 d’
W x 0:0375 = (250 X 107) 7
Also, W= kO
or, W=280x 10*xd

Using the relation :

3
5 64 WR’n _ 64 W x (0-0375) X8 _ 23,75 104 x

cd* 80 x 10° x d*
Substituting for & in eqn. (1), we gel
W
W = 80 x 103 x 33-75 x 107* X A

o, d* = 80 x 10% x 3375 x 107"
d=0:0128 mor 12:8 mm (Ans.)
Maximum axial load the spring can carry W :

From eqn. (i), we have
W x 0-0375 = (250 x 10°) x 1116 x (0-0128)°

W= 2745-%__?5 (Ans.)
Example 14-5. A close-coiled helical spring is to have
a stiffness of 900 N/m in compression, with a maximum load
of 45N and a maximum shearing siress of 120 N/mm?. The
solid length of the spring (i.e., coils touching) is 45 mm. Find.

(i) The wire diameter,

(ii) The mean coil radius, and

(iti) The number of coils.

Take modulus of rigidity of material of the spring
= 04 x 10° N/mm?®.

Solution. Given: k = 900 N/m = 0-9 N/mm;
W =45 N; T = 120 N/mm?; C = 0-4 x 10° N/mm?

(i) The wire diameter, d:

D ?5 i 1?5 mm = 003?5 m, K = 30 kNi’in'], n=»x

(where, 7' =

wal i)

S,

d‘4

5 _ G4 WR'n
cd*
w cdt
Or, ;l.' - —= 3
0 64R’n
. 5 4
Or, {:}(_;":II:]I‘:1’:::“‘[l{}':“‘:":f
64 R’ n
or d* = 0-9 x 64 R} o
' — n ! }
0-4x10° (1) Triggering n\ech&nlmoiwﬂﬂﬁ |
by mﬁngsbesidesodﬂ
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1
Also, T = —-ﬁ——ﬁﬁ Ta
Tt d>
120:13}5:15:‘___5 or po120xm g
md ™
o, R =052 g3 16 x45%x R
Solid length of the Spring when th : : (2)
P © cotls are touching = ng = 45
e d 3
Substituting the values of R and j, in eqn. (15, we & +(3)
5 ¥ E
dt =} 02 %64 33 45
W : 3
=0‘9x64x(0523 8
or, d4 - 0-4x10°

IO T W

d=(109-75)!4 =324 mm (Ans.)
() The mean coil radius, R:

R=0-52 & ... [Eqn. (2)]
= 0-52 x (3-24)’ = 17-68 mm (Ans.)
(1) The number of coils, n:
45
n= & ... [Eqn. (3)]

=% _13.88 (Ans)
3-24
Example 14-6. A close-coiled helical spring of 100 mm mean diameter is made of 10 mm diameter
10d and has 20 turns. The spring carries an axial load of 200 N. Determine the shearing stress. Taking
the valye of modulus of rigidity = 84 GN/m? determine the deflection when carrying this load. Also
Calculate the stiffness of the spring and frequency of free vibrations for a mass hanging from it.

Solution. Mean diameter of the spring,
D= 100 mm = 0-1 m

5 R=01/2=005m
Diameter of the rod, d=10 mm=0-01 m
Axial load, W =200 N;
No. of turns, n =20
C = 84 GN/m?.
Shear Stress, 1 :
" WR
Usmg the relation: T = 1;3 ., we have
16 x 200 x 0:05
1= 3
nx (0-01)
_ 50.93 x 10° N/m’ 50-93 MN/m* ( Ans.)
Deflec; 4 '
GG 64 WR'n 5 _ 64200 (0-05)*x 20
Usmg the relation: § = = " wehave 0= yyorT 001
i & = 0-03809 m or 3809 mm (Ans.)
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ST ness, £
W ;'”'” 52.:; N_.."“-I“] ':A"H-]
‘r' 5 3809
i i vilyir et hin |'I s
Frequency ol free yinns | | \j 0.81]
g s
: « izl ."‘T
I.]."-illl.“ th.; |1'|““”“: Jr‘ M J“ W }Il ZTL “”38”9

255 vibrations/s (Ans.)

Examole 14-7. A close - coiled helical spring 15 made out of 10 mm rdm Ererr steel rod The
;AN L' gt ! 2 e o I

E (urns with a mean diameter of 120 mm. The .apr:rn{, carries an gLIlﬂ.IlpuH
. wed in the section of the rod. If C = 80 GN/m’, find the

rgy stored in the sp ring.

cotl consists of 10 complete |
of 200 N, Find the maximum shear stress indt
I ; s 4 ol i
deflection in the spring, the stiffness and strain ene

Solution. Diameter of steel rod,
d = 10 mm or 001 m

Number of turns, n= |10
| 20) |
Mean radius of cach turn, K T 60 mm or0-06 m
Axial pull, W = 200 N; C = 80 GN/m*
DefNection of the ui‘ )
64 WR’ n | 64 %200 % (0-06)° x 10
ing the relation: 5 = ~ . wehave 0=- ;
Using the relation: ) o 0% 10° < 000"

— 003456 m or = 3456 mm (Ans.)

Stiffness of the spring, k:

Using the relation: k = W , we have k = U 5:79 N/'mm (Ans.)
0 34-56
Maximum shear stress, T :
" 16 WR . 16 x 200 < 0-06 .
s k . = —— or T=
We know T 0 .01]3

= 6111 x 10° N/m? = 61:11 MN/m? (Ans.)

Strain energy stored, U':

Using the relation: U = % - W8, we have U = %x 200 x 0-03456

=3-456 Nm (Ans.) +
Lxample 14-8. For a close-coiled helical spring subjected to an axial load of 300 N havi
12 coils of wire diameter of 16 mm, and made with coil diameter of 250 mm, find:
(1) Axial deflection,
(i) Strain energy stored;
(iif) Maximum torsional shear stress in the wire:

(iv) Maximum shear stress using Wahl's correction factor.

Take: C = 80 GN/m?

Solution.  Number of coils, n = 12 coils |
Wire diameter, d=16 mm= 0016 m E
Coil diameter, D =250 mm = 025 m

Modulus of rigidity, C =80 GN/m?

Axial load, W=300N




—

cha - L =
) s vial deflectin El s pter 3 14 " sp“ngs 4 821
(i Axial deneciaon, -
64 WR*p,
= 0-0858 . D 010)
r m
(i) ! y stored, @ or 858 mm (Ans.)
1
U=-ws=]
— — x §
e torstonl e 2 P hUGGT OSSR RS
“.:I” VIAXIHIUIN 1O1510Nnal shear S ress, T °
v=0WR _16x300x (0-25/2) :
3
nd T X (0-016)° = MN@
= 46.63 MN/m2
(iv) Maximum shear stress using Wahl’s correction factor, 1 :
16 WR -
T=——XK, where g -35-1 _ 0-615
nd 48 - 4 S
But S (spring index) g _ 230 =15.625
d 16
4x15-625-1 0-615
K= + =1-051 . =1 -
415625 — 4. 15.625 513 + 0-0394 = 1-0907
7 e O (0-2;5!2} x 1:0907 x 1075 MN/m?
X (0-016)
= 50-85 MN/m? i.e. T = 50-85 MN/m? (Ans.)
Example 14-9. A safety valve of 76 mm diameter is to blow off at a pressure of 1-12 MN/m?.

It is held by a close-coiled compression spring of circular steel bar. The mean diameter is
! 152:5 mm and the initial compression is 25-4 mm. Find the diameter of the steel bar and the number

| Ofturns necessary if the stress allowed is 126 MN/m’ and C = 79 GN/m?.

Solution. Force required to lift the valve, = p X /4 X df
[where, p = intensity of pressure; d, = dia. of the
Valve,]
— 1.12 x 106 x 7/4 (76/1000)* = 5080 N
We know that,
i 16 WR
T —
nd’
152-5
. 16 x 5080 X 5 % 1000
“+ 126 x 10° = 3
nxd
152-5_]
A 1 16 x 5080 X Zr—_xlﬂﬂﬂ
; -~ 126 X 10%% 7t Shock absorbers.
d = 0025 m or 25 mm (Ans.)
;
Also. B 64 WR" n :

cd*
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3
152-5
-1 X n
64 x 5080 X [2 s 1000]

25-4 :
T 25
1000
79 x 10 X(IO{}O]
54 144-13 n
0-025% = 30859.4
: e 0-0254 x 308594 _ o 4 (Ans)
= 144-13

o ".“1‘ \“"“P '''''' =g —§—1
"4“‘:‘;"7:_.—1' ______ ..‘ 3.““““;'*__

Shock absorbers.

Example 14-10. A railway wagon weighing 40 kN and moving with a speed of 8 km / h is
stopped by a buffer of 4 springs whose allowable maximum compression is 150 mm. Find out the
number of turns in each spring, if the diameter of the spring wire is 14 mm and the diameter of coil
is 80 mm. Assume C = 84 GN/m?°.

Solution. Weight of railway wagon,
W =40 kN
Speed of the wagon, v=8km/h
_ 8x1000
60 % 60

=2-22 m/s

1 Wy 1 40x1000
— ==X x2-22% =
PR T 2° = 10048 Nm

Energy absorbed by each spring of the buffer

K.E. of the wagon

BE

= 2512 Nm
Also, energy absorbed = Work done

]
2512 = — Wﬁ= 2 X W x (150/1000)

2512 x 2 x 1000
W= i~
150 33493 N
Number of coils, n
Using the relation: 5= WR’ n

cat we have

R e
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0-15 = 94 X33493 % (0.043 ., ¥ ik
84:"(109){(00]4)4

n= 9-__1_5_}584 X lﬁg}{ ([}014}4
64 x 33493 5 (0-04)? =3-53 (Ans.)

1anianeous compression is 80 mm,
.'

Assume. C=84 GNJ’"J’H‘?‘
Solution. Magnitude of falling weight, W = 200 N
Diameter of wire, d= 15 mm or 0-015 m

Mean diameter of coils, D =120 mm or 0-12 m

Number of coils, n =20.

[nstantaneous compression, & =80 mm or 0-08 m
Height of drop, h:

| e 64 WR>
Using the relation: 0= WI}: ”, we have
Cd
3
U*DBZMWX(O-OEJ) x 20
84 % 10” % (0-015)"
w — 0:08x 84 x10°x (0-015)*

B 51070605620 & s o)

(where, W = gradually applied load)
Also, energy supplied by the impact load = Energy stored

F(h+3)=%Wﬁ

200 (h + 0-08) =—;—><: 1230 x 0-08

h + 0-08 = 0-246
h = 0-166 m or 166 mm (Ans.)
Example 14-12. Determine amount of compression and maximum shear stress produced when

8hoad of 2100 N is dropped axially on a close-coiled helical spring jrom a height of 240 mm. The

Ping has 22 coils each of mean diameter 180 mm and wire diameter is 25 mm, C = 84000 N/mm?.
Solution. Diameter of wire, d =25 mm
Mean diameter of coil, D = 180 mm
Number of coils, n=22
Height of fa)], h = 240 mm
Faﬂing load, p=2100N
Modulus of rigidity, C = 84000 N/mm”

Amount of compression, & (mm) :

the ;:E W, = Equivalent gradually appli
n

ed load which shall produce the same effect as produced

falling load of 2100 N
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Work done by W,

Now, work done by the falling load =
. | - T8 e 64 w HI
Ph+d== W0 F 0= —Teln
2 Ld‘i
A7 oy, . 8 o
2100(240 + &) = = —5— ' © W= O
2 64 R'n : 64 R,
| 84000X (25" <2 5.98 52
> e {240+6J_E.{}4K{IH(H2}1‘}~: 22
or, 0 — 131415 -31539 =0
3141+ 131417 + 4 x 31539
or, o= i 3! .41 : ‘ﬁjl ; - : = 255 mm
Le. 5=255mm (Ans.)

Maximum shear stress, T :
Now substituting the value of & in the following relation, we get
5Cd* 255 x 84000 x (25)"

W, = = =8I5IN
‘ 64 R’n 64 % 907 x 22
L
__16W,R _16x815] :w:;)ﬂ ARG
nd’ % (25)
Hence, T = 239 N/mm? (Ans.)

14.3.2. Subjected to ‘Axial twist’

When a twisting couple is applied to the
spring parallel to the axis of the spring wire it
produces a bending effect on it. Depending upon
the direction of application of the twisting couple
or turning moment the spring coils will close or open
out. In both cases the radius of coils will close or
open out. In both cases the radius of coils changes
and bending stresses will be induced.

Let, n, = Number of coils
before application of twisting moment,

n, = Number of coils
after application of twisting moment,

O = Angle of rotation,

I‘ T ™

PP Braking mechanisms of automobiles con
[ =Moment of inertia and master cylinders (as shown *

of coil section,
R, = Mean radius of coil,
R, = Changed radius of coil,
0, = Bending stress, and
E = Young’s modulus of elasticity.

Initial curvature

Final curvature

]
R,

1

R,




e 1 curvature
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I‘.I.IH" b
R, R,
Also, as per bending equation,
M I
{ , or ! M
R R Ey
M | |
| R, R,
ince length of the wire remain Anee
Since leng -1um‘h.mgﬁt d before and after applying the twisting couple,
. [ -'.,I[htHI:_"_'nHj”‘
Rul. ¢ = Final helix angle — initial helix angle
= (2 S
@mn, -2 n) (1413)
| o el L ST )
) H_\ H‘l ] -—f“-— = — Ui: - .i"i'” = ;—
| 2xn, 21tn,
Mi
¢ = = (14-14)
5 ﬂ{_& _:I[_Hr: 128 MRn
E s = tmbd
64
M My Md/2 32M
Also, ) = = o S = ..(14:15)
Z [ ntd nd
64
} IM —lM Ml 1 M~
Now, energy stored, U = > Q= 7 EI 2 EI
| O, -md ﬂh-nd:*x | X 64
Tigi Same 32  Exnd*
?[zrfﬁﬁi!xﬁd =0'§Kndzf:ﬂ§xnd1¢'
T 2x2x2x6XExnd* 4x8E 8E 4
G2
= —2 « volume of spring wire
4 2
0 2 : ..(14:16)
Hence energy stored, [/ = ;—E__ x volume of spring (

|‘.'.\11n1|1.|{- 14:13. A {,‘fﬂ.i'ff}’ coiled fle‘ﬁc‘ﬂf Spr’fﬂg md

{l}'; diametey of 40 mm joins two shafts. The effective nur
i p.m. Ca

h"",',eﬂ,l f
N

W iransmitted through the spring at 1000 1.

he end of spring and also the intensity of b

dzjmm=[}m5

Jl”jl“]”

de of wire 5 mm in diameter and hf:wing an
nber of coils berween the shaﬁs.u 15 and
Iculate the relative axial twist in dfgrifs

earing stress in the material. E =

m

Meap diameter of the coil, D = 0-04 + 0-005 = 0-045 m

or,

WE kn[j“.r lhﬂ.l_

0-045

2
2nNT

—
—_—

P=60x1000

=(-0225 m
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= 0733 = % 1000
= V0735 X60X1000 _ 5 g,
| 27t % 1000
128 MRn 128 x 7 x 0-0225 x 15
SO, = Ed* "~ 200 x 107 x {Urﬂﬂ'ﬁ)d

o =2-4 radians = 137-5° (Ans.)

32M 32.% 7
Gh =i

OT,
= 570-4 MN/m®> (Ans.)

nd’ o Eﬂ-Uﬂﬁ)“

Example 14-14. A close-coiled helical spring made of round steel wire 6 mm diamete
cted to an axial couple M. The mean coil radius is 42 mm. If h,

having 10 complete turns is subje :
wire is not to exceed 240 MN/m?*, determine:

maximum bending stress in Spring
(i) The magnitude of axial couple M;
(ii) The angle through which one end of spring is turned relative to the other end.
Take: E el = 200 GN/m~.
Solution. Diameter of steel wire,
"~ d=6mm=0-006m
Number of complete turns, n = 10
Mean coil radius, R =42 mm = 0:042 m
Maximum bending stress, o, = 240 MN/m’
E ... =200 GN/m?.

(i) Axial couple, M:

Using the relation: O = 32“? . we have 240 x 10 = e
il n % (0-006)°
240 x 10° x 0-006)°
M= ;”{( 009)" Nim =5-089 Nm (Ans)
(ii) Angle of rotation ¢ : :
Using the relation: — 128 MR”, we have
Ed*
128 x 5-089 x 0042 x 5
0= : 10 180 egrees = 60-47
200 x 10° x (0-006)* Tt
Hence, ¢ = 60-47° (Ans.)

[ERN OPEN-COILED HELICAL SPRINGS

14-4.1. With Axial Load

Employing the same symbols as used in previous articles, the slope of coils O is in

additionally.
The wire length is now [ = 27t R sec o X n, where R is the radius of coil.

The couple applied to the material under the applied load W will be WR, an
along the centre line of wire this couple may be resolved into two components, one

one of bending.
The couple producing torsion, T = WR cos o

The couple producing bending, M = WR sin o

de'ﬂf

d al Eﬂch F[;:E
of torsion’




__Fi'lfl_pter :

" 1 : L1
Refer to Fig. 14-3. The couple WR wir act i — i___%ﬂ_fiﬂ_gs n 827
In a e S

: the wire being : lane :
;en[fﬂ [iné of 5 g al Engle O to Ox. P PESSII'IE ﬂ]rgugh the axes OY and OX the
g Y :
§| .n"* ;*’f; :
2 W Al
| - l /
L i ’ 4 ]
- E | y g 7]
ONINE 7
| Oy &
e NS e i e
| A Y e
l A e T
1 ._r | H ":IM'H_
| /' : NSNS % ‘4“ RO sina —»
£ ' b |
! f | ) j}“ S (¢) Deflection due to torque
a) Coil of a helical spring | /I -
! { } pring - | - )
1 A\ l
![ﬁ 2 ] A
g T | 3 »
! = _ I Ed: -th-“'-\ﬁ/
: = c _j\‘\ L,E—_ > -@:‘*-ﬁ_xhh’
|< 2R >1 < R, cosa —"
(b) Length of a coil (d) Deflection due to bending
Fig. 14.3

The bending moment will tend to wind the coils of the spring more tightly, and to a smaller
radius of curvature.
The axial extension of the spring may be most easily calculated by equating the work done by

the load to the internal strain energy of the material.

M?1

2EI

e i

The strain energy for twisting = —2—&; )

The strain energy due to bending =

“. Where the deflection is 0,

g
costol  sin” @ (1417

e DEﬂECtinn,




—
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"If o is taken as Zero ]
2 WR’nTt
i
ol WR'n as before
e _

Alternaftive method:

0, = Angle of twist caused by torque, T (= WR -

LFEL 1 ety ' '[I-)

Then RO, = Total twisting effect along OY

and ¢, = Angular change due to bending moment M (= MR
Then R ¢, = Total bending effect along the axis of the wire. ),

Now, total downward deflection [Fig. 14-3 (¢) and (d)]
6=R 6, cos o+ R, sin O

El

But, B=%,ﬂﬂd¢=.‘%{—!
SOBE L o B L Sin o
CIP E] .
_ R X WR coso. X [ X cos O i R X WR sino X [ X sin g
Cl,
— WR21 [ cos2 ot 5 sin? o |
! CIF El |

Shock-absorber of a motorcycle.



ChaptEr v

14 spﬂ"g; e 329

.j #
R°X 21 R sec oy x p | SO @ smlf;x:l
(- I =21 R gec O X n)

2
2

+'_—-————-_

3 CI, El
cesult is the same as in eqn. (14-17)
The y = The resultant of the rotationg b
@ y =0, sin -9, cos
Tf Mi
— —— sin 00 — — cos o
C'fp El
WR cos 0 X 2T R sec o x :
= = ﬂsinuﬁWRSI“{IXEERSECHX”UDSH
P El
2 . 1 I
=2 WR” n T sin o " |
Cl, EI b i
442 with Axial Thrust

Let the torque 7' applied about axis of spring OY' [Fig. 14-3 (a)] be resolved about OX’ and
' Component about OX',

T'=T sin @ ....causes forsion of spring
Component about OY",
M'= T cos o ....causes bending of coil.

If¢'be the angular twist due to 7", 8’ due to M" and ¢ due to T then, by principle of conservation
{energy, we have

2 2 2 2 CI 2 I
. 1'r sin® 0, - L, 1 T?cos® o x|
= _!_ T’z L + — M 22
28 L. 2, . JEP )R &L, S
Tsino-1 T cos® o -1
§= +
el EI
But =2t Rsecoxn
. B 5 =
sin~ O cos™ O
¢I. 2 TR n T sec o = —
For axiq] : iy 458 ]
deflection/extension resolve rotations as before:
3 . 1 1
=TRlsin ot cos Q4| — — —
Ci, El
| |

| — p— -

= TR x 21t Rn sec o, X sin O cos O CIF El

| I ..(14-20)
=2TR?> p wsin o| — — — l

Ci, El
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14.4.3. Stresses in Circular Wire of Open Coll Spring

Consider on open coil helical spring of a ety
diameter d. The stresses in the circular wire are calculated as follows:

Case I. Subjected to an axial load W:

On any section of the spring wire,
T=WR cos O

M = WR sin O

Twisting moment,

Bending moment,

Maximum torsional stress on any section,
16T 16 WK costt

de Tt d
Direct shear stress due to axial load,
W 4 W
T 5 - — -
n s
LIV Tt d
4

Maximum shear stress at inner coil radius,
16 W cos o 4 W
3 + 2
nd nd”

T=T+T=

Minimum shear stress at outer coil radius,
16 WR cosot 4 W

td’ nd?

T=T-T,=

Maximum stress due to bending,

mean coil radius R, angle of helix ¢ and
: Wi

=M_WR5inu_32WRsin{1

Op
z =nd nd’

32
Maximum principal stress occurs at the inner coil radius.

2
" o c
Principal stresses: Opays Opmin = —2"‘1 + J [?"’J + *

Case Il. Subjected to axial torque 7T :
Twisting mioment, I"=Tsin o
Bending moment, M'=Tcos o
Maximum torsional shear stress due to 7",
<ol I{ST’:lﬁTSincﬁ
nd rd’
Maximum stress due to bending,
_32M 32Tcosa
nd® rnd’

O,

Principal stresses at the extreme radii (inner and outer radii of coil)

Oy

2
Omaxr Opin = —= + (-——] + 17

2

Iy

)

vl 1)

+(14:2])

.(1422)

..(14:23)

...(14-24)

L)

(1429
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Example 14:15, An open-coiled helical «. . e Sl_irlngs n 831

L . al . .
ired to carry a load of 120 N. The oin SPring made Jrom wire

ﬁ’ff" ~ 1 o i
helix angle of the spring is 30° ang 3

(i) Axial deflection,
(ii) Angular rotation of free end w

Tﬂkf: [__;“T! = Hﬂ GNF”HJ; f_':

rf.f.‘] o e 1
'espect to the fixed eng of the spring.

Steel o 20{} GN;"}HE-
d=8 mm = 0-008 m

R =48 mm = 0.048

Solution. Diameter of wire_

Mean radius of coil,

Helix angle, Q= 30°
Number of turns, n=12

Axial load, W =120 N
Modulus of rigidity, C = 80 GN/m?
Young’s Modulus, E =200 GN/m2.

(i) Axial deflection, §:

Axial deflection is given by :

7

Y
3 08" sin®
d=2WR’n Hsacﬁ[{'m il u]

CJF El {Eq 14-17)

=2 x 120 x (0-048) x 12 x 1 x sec 30°

==

(cos 30°)2 ; (sin 30°)

80 x 10° x = x (0-008)* 200 x10°% -~ x (0-008)°
32 64 _

= 1-1554 (0-0233 + 0-006217) = 0:034]1 m = 34:-1 mm
Hence, d=34-1 mm (Ans.)

(i) Angular rotation, :

1 1
i 2 : 3
Angular rotation, Vi WA, nifisin & [C.’ o El J

— 2 x 120 x (0-048)* x 12 x 7 x sin 30° X

1 |

9 i 4 9 —E 008 ?
N N 0-008) 200 x 10" x I:D )

=

= 16‘-423 (003108 — 0-02486) = 0-0648 rad. = 3.71°

Hence =371’ (Ans.) . -
: : ' ‘ nsists of 12 coils, each of mean diameier
Example 14-16. An open-coiled helical spring €0 _ | B
Jmm, the wlfre fgnnf,;g the im’f being 6 mm in diameter. Each coil makes an angle of 30° »
Plane Perpendicular to the axis of the spring:
(i) Determine the load required 1o elon
shear stresses caused by that I vad,

W) Calculate the axial twist that would ﬂ”,ﬂf i 2 GN/m-~
Take: % = 200 GN/n?, and C = 82 GN/nt’

d=6mm= (0-006 m

gate the spring by 25 mm and the bending and

nding stress of 50 MN/m® in the coils.

Hlllutimi. Wire diameter,
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Coll dinmeter (mean),
1) w 60 mm = 006 m

Number of turms, nw= 12

Helix angle, o = 30° ;
Dellection &= 25 mm = 0025 m

J: = 200 GN/m*
("= 82 GN/m?,
({) Load W, 0, T
2 [y
cos” o A sin”
Cl, El
we have 0025 = 2W x (0:06/2)3 x 12 x 1t sec 30” X

oL
Using the relation, & = 2 WR' nn sec U,[ ] with usual notations (Eq. ]4,1—”

(cos 30°)° (sin 30°)*

]

——————

0% 10” % - x (0-006)* 200 x 10° X = x (0.006\*
8l x Jﬂ'jz}(( :I' 7 ( [I]ﬁ]ﬂ

= (:00235 W (0-07188 + 0:01965)
A W=116 N (Ans.)
Bending moment, M = WR sin ot = 116 x (0-06/2) x sin 30° = 1-74 Nm

Now bending stress,

oM _M My Mxd/2_32M 0
W Fiyr il L 4 nd’
64
32 % 1-74
P 7 %107 MN/m?* = 82-05 MN/m’
7t % (0-006)
ie. 0, = 82:05 MN/m? (Ans.)

s MR

e .

Shock-absorbers n a speciai

purpose motor vehicle.
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Coil diameter (mean),
D = 60 mm = 0-06 m
Number of turns, n=12

Helix angle, a=30°

Deflection § =25 mm=0025m
E = 200 GN/m*
C = 82 GN/m>.

(i) Load W, G,, T:

cos’a  sin’o
= + I with usual notations (Eq. 14.17)
p

we have 0-025 = 2W x (0-06/2)3 x 12 x 7 sec 30° X

Using the relation, 0 =2 WR> nmt sec O [

(cos 30°)° A (sin 30°°

g9 T 4 1S n \ AL,
T (0-006)* 200 x 10° x — % (0. 00¢

= 0-00235 W (0-07188 + 0-01965)
= W=116 N (Ans.)
Bending moment, M = WR sin a = 116 x (0-06/2) x sin 30° = 1-74 Nm
Now bending stress,

M M My Mxdl2 32M
el Vinnel oo B ot N
64

)

b

32x1-74
= = x 107 MN/m* = 82-05 MN/m’
x % (0-006)
ie. o, = 8205 MN/m’? (Ans.)

S . | S e
hock-absorbers on a special purpose motor vehicle,
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Twisting moments about the axis of the spri
ing,

I'=WR =
; Cos O = Ilﬂx(ﬂ+{}6!2)}<c053{]“=3~{]13Nm
-
Bul, .,F_-:'__;-_ T:—‘]:tz I'xr 2 0
I n nd
T_;de and“ nd’
_ 16x3.013 -6 ‘ o
-——m—ﬁﬁn(o_u%ﬁxm =71-04 MN/m?2
b T =71-04 MN/m? (Ans.)

(i) Axial twist, T"':

: que required to P
Component of axial torque causing bending = 7" cos ‘:L’SE il i

From eqn. (i), we have :

50 x 10° = 32T’ cos q
n d’
v 30 x10°% 7 x (0-006)*
32 X cos 30°
Hence, I'=1-22 Nm (Ans.) "

E;a:jnplf 1-1-1?‘;r An (Z.i'pEH-CGEIEd helical spring of wire diameter 12 mm, mean coil radius
84 mm, helix angle 20° carries an axial load of 480 N. Determine the shear stress and direct stress

developed at inner radius of the coil.

Solution, Diameter of wire,
d=12mm=0-012 m

Mean coil radius, R = 84 mm = 0-084 m
Helix angle, o= 20°
Axial load, W =480 N.
Shear stress; direct stress:
Twisting moment, T = WR cos O
Bending moment, M = WR sin 0.
* 16T 16 xWR cos O
Torsional shear stress, T)=—3 = i
- T d td
_ 16 480X 0-084 X €05 207 , -6 jN/m? = 111-66 MN/m’
7t X (0- 012)
| | W 4w _ 4x480 106 MN/m?=4-24 MN/m’

Direct shear stress, 72~ n 2 ~nd? mx(0-012)°

4

er coil radius,

.. Total shear stress at the inn
+7, = 11166 +4:24 = 115-9 MN/m?

T=1,

Hence, 7= 1159 MN/m?  (Ans.)

Direct stress due to bending, :
30 M 32 X WR sin &

-ndj_ nd’
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32 X 480 X 0-084 X sin 2[1_ 9 l[]—ﬁ MNIIHE — 81.28 MN‘;mi

—

'd—_—ﬂ;x([}-{]m)j

o, = 81-28 MN/m? (Ans.) . |

_coiled helical spring made of steel W”’F 6 ”?.fﬂ diameter and 30
coils with the spring axis, Is subjected to an axiq| torgue
1/8 and the original number of turns is 12 calculgte.

Hence,

Example 14-18, A open
mean coil radius, with 65° inclination of the

T. If number of turns in the spring increases by
(i) Magnitude of axial torque / IS
(ii) Change in axial length of the spring. :
Take: C.i= 84 GN/m?, and E ,,,, = 210 GN/mm~*.

Solution. Diameter of steel wire,
d =6 mm = 0-006 m

. Polar moment of inertia,
r = ® o =~ x (0:006)* = 1272 x 10719 m*
ST, 7. 32

Sl il
Moment of inertia, ]=-—=6:36 X107 m

Mean radius of coil, R=30mm =003 m

Angle of helix, o =90 - 65 =25°
Number of turns, n=12
Angular rotation, b= é turn = é}{ 360° = 45° = (0-7854 radian

(r) Magnitude of axial torque, T':

: sin” o % cos” 14.19)
Angular rotation, ¢ =2 TRn Tt sec o cI, El ..(Eqn.
0-7854 = 2T x 0-03 x 12 7 sec 25 0 20 + (cos 25°)
R =2/ x003x 12w %
i 84 x10”x1-272 x107'° 210 x10°x 6-36 x10™"

= 2495 T (0-0167 + 0-0615) .. T=4.33 Nm
(##) Change in axial length of spring, §:
Change in axial length of spring is given by:
5=2Tﬁlnnsin(x[—l————l—
IC b
=2 x 4033 x (0-03)% x 12 7t sin 25° x

j i ,#,H]
[84 x10°x1-272x10° ~ 210 x 10°x 6-36x 10
= 0-1156 (0-0936 — 0-0748) = 0.002173 m = 2.173 mm
Hence, 0=2173 mm (Ans.)

SPRINGS IN SERIES

Fig. 14-4 shows two springs connected In series
Let, W= Load applied,

kl = Stiffness of spring l,
0, = Extension of spring 1,

Eol - 1o DN
k = Stiffness of composite SPris

k, = Stiffness of spring 2,

0, = Extension of spring 2, and




[t can be ﬂ&Sily imagined that eéach spri . | -‘ - e .. TS e

duced will be the sum of extensjons of ?jsipjligze subjected to load W and the tota] extension
. Total extension, d = SI + 61 |
LN
k N I_I_ % -.E;; [ E} = l:':_
r LI )
el k kl 2 .l ]-1 :ﬁr

CAE AT A N AR A A AT

Fig. 14.4. Springs in series. Fig. 14.5. Springs in parallel.

EXN SPRINGS IN PARALLEL

Fig. 14-5 shows two springs, connected in
parallel. When subjected to load, W, they will
extend equally say by an amount d. The load will
be shared such that,

W = wl + WZ
Le., 5'k=6'k1+5'k3
Or, k:}kl.+k2

..(14-27)

Example 14-19. A composite spring has iwo
dose"‘:“"-’fﬁ‘d springs connected in series; one spnf:g
“12 coils of g mean diameter of 25 mm and wire
'r 2'S mm. Find the wire diameter of the other _ : _ ..
PAng, if it has | 5 coils of mean diameter 40 mm. Suspension spring near 1::\-? front wheel of an
' automobile.
nlemﬂheﬁ of the composite spring is 1-5 kN/m.
Determine the greatest load that can be carried by

Hension if maximum stress is 250 MN/m?. C = 80 GN/m”.

\-:lllllilju. In case of Spring CDI’IHEC[Ed 1N SEries,

&:15.-?51

the composite spring and the COTTeSpORGIng

Ul', _“—r:*-d'*""___
k
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s 2 |
or, P i)
4 9 % (0-0025)°
s Cd, zgnxl{} x (0 {;‘.;0 ) — 2083 N/m
but, i 64313 n 64 x (0-0125)"x 12
4 9 d*
Cdz = 80}{10 A a, . 10416}{]{:‘9({2

=GR n, 64x(0-02)°x15

Putting these values in eqn. (i), we get

1
= l t 9 ,4
1500 2083 10416 x10°d,
1

.00067 = 0-00048 +
: i 10416 x 10° d;

From which, d, = 000474 m or 474 mm (Ans.)
The greatest load that can be carried h}’ the SPI'iI'Ig will CC'ITESPDI"Id to the smaller 'IiiElIHE[EI-_

3
r=]6WR, o W=7 nd
nd? | 16 R
6 : 3
W=25{]:<l{] x 1t X (0-0025) 613N (Ans)
16 x0-0125
W. 61-3

Total extension, = (0-0408 m or 40-8 mm (Ans.)

% = % T 1-5x1000
Example 14:20, A helical spring B is placed inside the coils of a second helical spring 4,
having the same number of coils and free axial length and of same material. The two springs are

compressed by an axial load of 210 N which is shared between them. The mean coil diameters of A
and B are 90 mm and 60 mm and the wire diameters are 12 mm and 7 mm respectively. Calculate

the load taken and the maximum stress in each spring. (LES.)
Solution, Let, W, = Load shared by spring A,

W, = Load shared by spring B,
, = Deflection of spring A, and
0, = Deflection of spring B.

dmaa e —

Now, W, +W,=210N ....... (Given) D)
|
Also, 0, =0,
(" Springs are connected in parallel)
‘ 64 Wy Ryiny _ 64 Wy Ry ny i
Cady Cp dj
WyR: WyR; o e
OF. A4 A HfB Ng=nNg,
d.”s ':ilﬂ & CA - CB
3 4 ; 4
or, —‘E=[Eﬁ-]v[d—-“ Svalee EHKI:E“ |
WE R.r'l. dﬂ . : ! WB 45 ?
A = 2.559 (i)
or, W,=2.559W

Or, __".Jl_
f
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qubstituting this value of W, in (i) we get
2.559 W+ Wy =210
Wy=39N (Ans.)

and, W,=210-59=151 N (Ans.)

S = O WiRy _16x151x0.045 |
& U T T
Of, T';.‘=20 MN;"I‘HI (A“S.}

o =0l 16x59x0.03
Sl Y, = d?g a2 [U{)[}?}Ir
Or, Tﬂ.: 26'28 MmeI (AHS.}

= 2628 x 10° N/m?

[IEA FLAT SPIRAL SPRING

Fig. 14:6 ShDW.S a ﬂa} spiral spring which consists of a uniform thin rectangular metallic strip

(of thickness ¢ and W1d_th b) wound into a spiral in one plane, the outer end being anchored to a pin

p and the inner end being attached to the winding spindle C for winding the spring. Let H and V be

respectively the reactions at D along and perpendicular to the line joining the axis of the spindle to
the centre of the pin D. Let AB be a small length dl with co-ordinates x and y as shown in Fig. 14-6.

Bending moment M at the element (taken positive if the number of turns increase) is given by

M=V-x-H-y ..(14:28)

Let, dp = Rotation of the end B with respect to end A of the element dl due to the bending moment

M,
M di
dhp = ——
Then, o El
or, do = o ;IH ki dl (from eqn. 14-28)
Integrating both sides, we get
q;:i xdf—i_[yd! ..(14-29)
oping i i«
If the centroid of the spring 1S assumed to be at | .
the centre of the spindle C, the first moment of the length <—R—> f 2
| about the line CD will be zero. | | 7
i J‘y =0 ..[14-30 (a)] S (S
and, moment of the length about YY line gives S
[xdi=1R 140G
where, | = Length of spring strip, and Y ] [ A% e
R = The distance between He—"— T} \ ‘*’1% o i 2
points C and D. | N
Also, the spring strip will be in equilibrium, when ;
T=VR (14:31) v
Fig. 14.6

(where, T = winding torque)
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n ¢ 2! » have
Substituting eqns, (14-30) and ( 14.31) in eqn. (14:29), we have

(T R) Tl
. " f"} ¥ #ag I ]
u Il { k1 _ : i (14 32)
From eqn (14.28) we (1 that the lllilﬂillllllll hl‘.:lll;lllig moment WI“ h{: thﬂll’lﬂd on HU.L‘h 2

section of strip where x is maximum and y 1§ minimum. Obviously the point F'is such a point Where

y 18 zero and x is maximum,
Let, DF=2K

Then from eqn. (14:31), we gel

iy o
M,.=M; v (2R)=21 .(14.33)
The corresponding maximum bending stress on the cross-section of the strip,
i J 2t e
max & A " . ! o 9 1]4'34 (ﬁ'}]
[ 2 bt bt
2
or, T = bt Gy [ 14:34 (b)]
12

[If o
Energy stored (U);

is known, the value of T can be calculated)

FHifLY

The energy stored (corresponding to the torque 7T) can be calculated as follows:

- . v d )
We know, {f:l?'[p:-l?'.”:i’_f_: ;;. :f"u
2 et B o1 2 b EbP
2F X
12
, 6 Tl
1.e. = e _

To find maximum energy which can be stored (when the stress reaches its maximum value)
will be obtained by substituting the value of 7' from eqn. [14-34 (b)] in eqn. (14-35).

2 ‘ 2
o ) i 2 R
'Umtu. = 1 — l‘:bff}
E bt 12 24 E

02

or, U .3

max = 54 X volume of spring ..(14:36)

Resilience of spring (= energy per unit volume)
2
i ﬂm:u

Example 14-21. A flat spiral spring is 5 mm wide, 0-25 mm thick and 3 metres lon g. Assuming
maximum stress of 1000 MN/m? to occur at the point of greatest bending moment, calculate:
(i) The torque,

(t1) The work that can be stored in the spring; and

(iit) The number of turns required to wind up the spring.

Take: E = 200 GN/m’ (Madras Uniy ersity)
Solution. Width of the strip,
b=5mm

Thickness of the strip, 1 = 0-25 mm




‘

Chapt'&f - 14 " s -

. EIe, 5 s M ¥ p"“ s .
Lengﬂ‘lﬂthESmp, ‘!:31'11 — e 9 . 839_
Maximum stress, G, = 1000 MN/m?

(i) The torque T: (or 1000 N/mm?),

[

S _bt'-c
Now torque, I'=— = —  with usual notations .-[Eqn. 14.34 (p)]
_3x0-25"x 1000
12 =26 Nmm =0.026 Nm
j.e. I'=0-026 Nm (Ans,)
(ii) Work that can be stored, .
U = Onm
24 g * Volume of spring ..(Eqn. 14-36)
_ (1000 x 10%)?2 . N
24}(200}(105 XI(3x107) x (0-25 x 10~ X 3]=0-781 Nm
ie. U =0781 Nm (or J) (Ans.)
(i1) Number of turns:
We know, = i (Egn. 14-32)
= .
0-026x3

3
200 x 10°x 2L
12

0-026 x3x12 — 59.9 radians

B 200 % 10° x 0005 x (O+DU[}25}3

Shock-absorber system.

___‘
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e

Since, 1 turn = 2x radians,
“o Number of turns = E}—g = 9.533 turns (Ans.)
21

Example 14:22. A flat spiral spring is made of a strip 6 mm wide, 9'25_ mm thick gng 12,
long. The torque is applied at the winding spindle and 9 complete turns are given, Calculate. '

(1) The torque,

(if) Maximum stress developed at the point of greatest bending moment;
(iii) The energy stored.

Take: E = 210 GN/m®.

Solution, Width of the strip,
b =6 mm (= 0-006 m)

Thickness of the strip, ¢ = 0-25 mm (= 0-00025 m)
Length of the strip, [/=12m
Number of complete turns, n = 9
Young’s modulus, E = 210 GN/m2.
(1) The torque, T
Angular rotation,

O=2nn=2n1%x9=56-55 radians

Alse; L ~_ 9 El _ 56-55x 210x10°x (br’ /12)
El / |
_ 36-55% 210 x 10”7 % (0-006) x (0-00025)° 5
12x12 H
=0-00773 Nm = 7-73 Nmm.
ie. T=773 Nmm (Ans.)

(ii) Maximum stress, g :
12198 12x0-00773

FrLax g

b>  0-006 x (0-00025)>

% 107° MN/m?2 = 247 -4 MN/m>

[Eqn. 14-34 (a)]
i.e. o, .. =247-4 MN/m* (Ans.)
(ii1) The energy stored, U;

| l
U=ET¢=—2'X7?3K5655

=218.56 Nmm
ie. U =218'56 Nmm (Ans.)

(BN LAMINATED SPRINGS 0

These springs are called semielliptical, leaf or carriage springs and find their use in rruflb-
trains, trolleys etc. They consist of a number of leaves of spring steel held together at the centr with
clamps. The plates are provided with curvature initially and the ends of the top plate are pin juinlcd;'f‘
chassis of the vehicle. (Fig. 14-7). The load at which the plates become straight is called “Proof 10d8

14.8-1. Semi-elliptical Spring:

Refer 1o Fig. 14-7.
Let, b = Width of each plate,
t = Thickness of each plate,




a = Overlap at each end,
N = Number of plates in the
spring,
I = The spring span length,
o, = Bending stress, and

E = Young's modulus of 5

elasticity.

c_h_apt_g[i 14 : Springs w 841

—_—

O

Ly

e

5,
g’

—, occurs
o the centre and 1s resisted by all N plates equally. £
- Resisung moment of each plate, — & —

— - e

W2

w24
4 N i
ﬂ‘f‘-' 3
Now, 0, = T e
W
o, G, = Wi tasl —
4 N 2 bf3
+ shive e
i 3 WI
= A Nbt’

...(14-38)
& = Initial deflection
of the plates, and
R_= Radius of curvature
of the plates.
Refer to Fig. 14-7.

v

(c) B.M. diagram
Fig. 14.7




B e T RTINS

Neglecting 8%, we ge!

2 5= (/2 arﬁ"—fz—
hg: 9= . 8R.
Also, M 2
L. K. .
El Eb’ _ENb
or, Rr."z M & W [ ki 3 wi i
P23
4 N
- Iz
0= :
o END g
3WI
¢ e WP
8 EN bt A1)
: M*
Strain energy, U = x total length of leaves
2
W x 12
4 N
= -— X total length of leaves
2 Ebt
3w/
= 5— X total length of leaves
8 EN* bt
Ll doas 0 T otallenettiof
—_ :.: N
T > x3 g tota ength of leaves
2 2
_ 5 Oy
"6 F X bt x total length of leaves = 6E ™ volume of spring
5.2
i.e. U =—- x volume of spring ..(14-40)
14.8-2. Quarter Elliptical Spring W
These springs are called cantilever laminated springs. J%/
In Fig. 14-8 is shown a spring of this type. __Z%

It has an effective span length / and carries a load
W. If observed carefully it will be noted that the spring is
equivalent to a laminated semi-elliptical type spring of
length 2/ carrying a load 2W at the centre. Hence by
replacing ! by 2/ and W by 2W the deflection and stress

can be obtained as follows: I B ;| —
5= 32W)- ) :
8 EN b i
3
or, 0= ;;"E 1 ~(1441)
..

3
Similarly, 0, = (2W) (21)

2 N bi?
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f Hh —_ -E_‘r_t_l,_
- N :’?f:
3 - 5 s} X
mﬂl’h 14:23. A carriage Spring is to b w(1442)
i . ¢

000 mm long and made

ates and 50 mm broad. How ma
ired 1o carry a load of 4-5

ceding 230 MN/m 2

What would be central defle
under the load? E = 200 GN/m?

Solution. Span length,

of 95 mm thick steel

ny plates are requ
kN, without the stress

AL

[ = 600 mm = 0.6 m

=95 mm = 00095 m
b =50 mm = 005 m
Load. W=4.5 kKN

E =200 GN/m?
O, = 230 MN/m?2

Thickness of each plate,
Wldth of l.;‘:.lL"h []‘Iﬂlﬂ',

Number of plates, N:

We know, Rl EPN :
M — IFJ {Un h‘.r{:, L'!f — 'hcndln!-l ”“.“”LLIH I:H,I. Pldll.'j
but, M = Gh X £ (where, Z = section modulus of one pl;m: - I m-' )
Wi o bt? v
o N S
4-5%x10°x0-6 05 x (0 2
or, = 230 x 10° % 0-05 % (0-0095)
4x N 6
e 4.5x10°x0-6x 6
4 x 230 % 10°x 0-05 x (0-0095)°
or, N=39say4 (Ans.)
Initial radius of carvature, Rf:
, O E '
Using the relation =2 = = we get /
y .

WD

230 x 10° - 200 x 10

t/2 R.
200 x 10° x 0-0095

r =413m (Ans.)
230 x 10" x 2

Central deflection, O:
3 Wi

Using the relation: o= 8 EN bt’

3 AL
3}(455§i0 X[U 0) -= 106 mm (Ans.)

s 8 x 200 X 10° x 4 x 0-05 x (0-0095)°
central load of 53-8 kN. If the
Id not exceed

» we have

spring 1 m long is to support

- . nated steel .
k xample 14:24° A lamina exceed 45 mm and maximum SIress shou

Maximum deflection of spring is not 10
300 MN/m?, calculate:

(i) The thickness of the leaves.

(il) Their number if each plate is 1o be 80 l:lll'll wide.
"= 200 GN/m*.

Take: E=2
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Solution. Span length, i=1m

Width of each plate, b= 80 mm = 0-08 m
Load, W= 5-8 kN
Deflection, & =45 mm = 0045 m
Stress, o, = 300 MN/m*

(i) Thickness, f:
(i1) Number ol plates, /V:

3. Wi

2 ﬂ, - — X
We know that, b= N b

3 X 5.3;{1[;“:-::_;

300 % 10° = —
2% Nx0:-08t°
X 5.8%10° x |
or, Nt = —> - = 3625 x 10 "
300 x 10° x 2 x 0.08 i)
3
Also, S= 3 Wi
8 EN bt’
e Ix5-8x10°x1”

8 x 200 x 10”x N :-r:ﬂ*'[}hi::-::.*_"i

NP = IxS5.8x10°%1° pd
=R =] " o ¥ B
0045 x 8 x 200 x 10° x 0-08 0 i)

Dividing (ii) by (i), we get
N 3.02x107
Nt*  3.625x 10~
4 t=0.00833 m =833 mm (Ans.)
and, N =302 x 106
3-02 3-02x107°°
£ (0-00833)]
or, N=522say5 (Ans.)

; Example 14-25. A leaf spring of semi-elliptic type has 11 plates each 9 cm wide and 1-5 cm
thick. The length of spring is 1-5 m. The plates are made of steel having a proof stress (bending) of
650 MN/m*. To what radius should the plates be bent tnitially?

From what héight can a load of 600 N fall on to centre of the
be one-half e proof stress?

or, N =

spring, if maximum stress 15 1

E = 200 GN/m?. (Bombay University
Solution. The bending equation is given by,

U S PR
ks SV
£EXy S
n o | (where, R = radius of curvaiu
b \

= 2Xt/2 _200x10”x (0-75/100)

e

O 650 x 10°

or, R. =231 m (Ans.)




6 em wide and 0-6 cm thick. Find the least number of 2
8radually applied load of 3 kN is not to exceed 8 cm.

Chapter : 14 . Springs » 845

The stress in the second case is half the proof stress

650
i.e. T =325 MN/m?
Let, W= ii;iﬂivalem static load which will produce this stress.
Then, Op =
2 N bt
w=2Nb'o, _2x11x(9/100)x (I-5/100) x 325 x 10°
31 3x1-5
= 32175 N or 32-175 kN
Deflection under this load § = _>.". P = 3% 32175 % (1-5)°
8 EN b’ 8x 200 x 10°x 11 x (9/100) x (1-5/100)°
=0-06l m =61 mm .
Let, P = Falling wei gh;;
Then, work done by the falling weight
=P (h+§)
where, h = Height through which the weight falls.
But, P (h + &) = Energy stored in the spring due to static load,

P(h+6)=%wﬁ

600 (4 +0-061) =%x 32175 % 0-061

h=1574m (Ans.)

Leaf spring.

50 ¢ ~Onsi "plates each
PR o has a length of 50 cm and consists of p
Example 14-26. A quarter elliptical spring i Saias whSch com be used if deflection under

= 200 GN;"‘HI:.

S'U]Utii'jn_ Sp&n lﬂﬂgth. | = 50 Cm = 0-5m

Width of each plate, DrapiampREs
Thickness of each plate, = g6 cme0 000w
Deflection, o
Load, e 2
Least number of plates, N: X

6W I
Using the relation: prs W 20

e
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6 x3x10°% (0-5)°
0-08=—2-"10°x N x 0-06  (0-006)’
6x 3% 10°x (0-5)°
N = 200 x 10°% 0-08 x 0-06 X (0-006)’
N = 1085 say 11  (Ans.)

Example 14:27. A quarter elliptical leaf spring has
a length of 600 mm and consists of plates each 50 mm
wide and 6 mm thick. |
(i) Determine the least number of plates which
can be used if the deflection under a gradually
applied load of 1-8 kN is not to exceed 80 mm. [
(it) If the applied load of 1-8 kN, instead of being
gradually applied, falls a distance of 6 mm on
to the undeflected spring, find the maximum
deflection and stress produced.

Take: E = 200 GN/m°.
Solution. Length of the spring,

[ = 600 mm = 0-6 m
Width of each plate, b =50 mm =005 m

Thickness of each plate, =6 mm =0-006 m
Gradually applied load, W= 1-8 kN
Deflection under the above load,

O = 80 mm = 0-08 m
() Number of plates, V:

3
We know, &= oW1 Leaf spring fatigue testing system,
E N bt
& . 3
i 0.08—_  0%x1:8x10°x0-6
200 % 10° N x 0-05 x (0-006)
6x1-8x10°%0-6°
or, N = 5 =13-5 say 14
0-08 x 200 x 10° x 0-05 x (0-006)°
Hence, number of plates =14 (Ans.).
(i) o0';0_ :

frax

Let, W, = Equivalent gradually applied load which would produce the same deflection as is
caused by the impact load.

Then. 5_SW.I _ 6 W,x 0-6°

EN b*  200x10°x 14 x 0-05 x (0-006)°
or, W, =23-33x10°§'N
Loss of potential energy =18 x 103 (6 x 103 + "

Strain energy absorbed by the spring

_l 4 l
=5 We =2 x23-33%10°x §2

1-8 x10° (0-006 + &) = % X 23-33x10%x §2
or, 0-006 +8'=648 82 or §2_ 0:154 &' — 0.000926 = 0

5 — 0154 £ J(0-154) + 4 x 0- 000926
2




Chapter 14 : Springs m 847

= 0-154 + 0-1656

| > =0-1598 m = 159-8 mm
Hence, deflection = 1598 mm (Ans.)
. W, =23.33 x 103 x 0-0598 x 103 kN = 3.728 kN

Maximum stress, G, . = E_]i’f:—*_{ _0Xx3-728x10°x 0-6

N bt* 14 x 0-05 x (0-006)>
= 532:57 MN/m?

% 107 MN/m?2

e

Example 4728, A close-coiled helical Spring has stiffness of 10 Nfmm. Its length when fully

compressed with adjacent coils touching each other is 400 mm. The modulus of rigidity of material
of the spring = 80000 N/mm?.

F TYPICAL EXAMPLES (For Competitive Examinations)

(i) Determine the wire diameter and mean coil diameter if their ratio is 1/10.

(ii) If the gap between any two adjacent coils is 2 mm, what maximum load can be applied
before the spring becomes solid i.e. adjacent coils touch.

(iif) What is the corresponding maximum shear stress in the spring?
Solution. Let, d = Wire diameter, mm,

D = Mean coil diameter, mm, and

n = No. of turns of the coil.

ol =
D 10 = (Given)
I:€. D=10t‘f,ﬂﬂd R=3d

| (i) Wire diameter, d:
| When the coils are touching, length of spring,

| 400
Ii 400 = nd - n= _d_
64 WR’
Using the relation: § = , we get
; cd*
Wi s %ed!
S 64 WR'n
4 10 % 64 x 125 x 400
2 20000 x d oy 42 =
10 = 400 80000
64 x (5d)’ X =
d = 20 mm (Aﬂs)

: i1 di , D
iran coll digh p=10d=10x20= 200 mm (Ans.)

(i) Load that can make the spring m-hd, P;:mm
Difference between ARVEWO adjacent coils =

400 _ 400 _
No. of coils, ot =20 4

.. Total deflection of the load
=20 x2 =40 mm




and, load that can make the spring solid,

W= ko {wht:”:u k = 5l
—10x 40 or W=400N (Ans.) ey,
(iii) Maximum shear stress in the spring, 7 :
16 WR
Using the relation: 1= 5 we gel
m
16 x 400 x 100

= 2546 N/mm? (Ans.)

T ;
1t X 20

Example 1429. A close-coiled helical spring is made of a round wire ha VINgG n turpy i,
mean coil radius R is 5 times the wire diameter. Show that the stiffness of such q Spring is k

constant. Determine the constant when the modulus of rigidity C of the spring wire iy #2000 m‘:m?-
If the above spring is to support a load of 1-2 kN with 120 mm compression and the |

Xy,
shear stress 250 N/mm?, calculate:

(i) Mean radius of the coil;

(11) Number of turns;
(iti) Weight of the spring.

Assume density of material as 765 kN/m’.

Solution. Let, d = Diameter of the spring wire.

Then, mean radius of the coil,

it =34

E d=02R

Number of turns = n

Stiffness of the spring, k = i = Cd

8 64 nR’
CX(0-2R) .CxX1bx10" %R R
B — — = — X constant
64 nR> 64 nR’ n
Hence, stiffness = f— R EORAIARE ™o T S SR EE (Proved)
where, constant _Cx1:6x107 _82000x1-6x10” =9.05
64 64
. Stiffness, k=2.05x% R
rn

Another view of leaf spring.
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" :‘ s
Axial load on the spring, | e 849

W=12x10- 1200 N

Compression,

0=1]
(i) Mean radius of the coil R 20 mm
Stiffness, k=2.08 R
n
W
T sy R 2
a' '-E'USI — Or 1;@ =j'[}5}{£
n 120 n
Or, ﬁ = —1_”_.
_ n 2-05
Also, shear stress in the wire. :
]
g 6 H:R
nd”
But, T = 250 N/mm? AGiven)
16 x 1200 x 54 : ;)
25{}: :-:'f o d':lﬁji_(ﬂu};ﬁzlﬁ ..}.:I
nd’ 250 x AN
d=11 mm
and, =11 x5=55mm (Ans.)

(ii) Number of turns, n:

R 10 55 10
— - Or
n 2-05 n 2-05

n=11-275 (Ans.)

Now,

—r
—

(iii) Weight of spring:

Weight of spring = Volume of wire x density of the wire material
w .2 ;
= (I d- J::-c (21t Rn) x density

| o D - 2
I x (11 x 1072y x (2x x 55 x 10—~ x 11-275)
x (765 x 1°F) N=28-32 N
ie. Weight of spring = 2832 N (Ans.)
Example 14-30. A close-coiled helical spring of 18 mm mean ca;:f diameter am:f 10 m.::s is
arranged within and concentric with an ouler spring. The free length o] I':IE inner {pn_ngda_s I"?;H'I
, . : ~ weter
more than that of the outer. The outer spring has 12 coils of Hffﬂﬂfiﬁﬂma&'ff; : {3' nm; ﬂﬂi : :f Iﬁﬁ:ihgf
35 mm. The sprine load against which a valve is opened is provided by the inner spnng. minal
1 et ¥ alve is closed. Calculate:
YOmpression in outer spring is 6 mm when o ) red to open the vaive by 9 mm
(i) The stiffness of the inner spring if the greatest force require pe; _

1s 150 N. : =
(ii) The diameter of the wire of the inner sg:t#n Fg- L
fake: C= 80 x IF N/mmr. B i
| : ‘ ffix ‘2" represent ouler SpABE
Solution. Let suffix ‘1" represent 100et 5?nﬂ5 and suffix = Tep
Then, mean coil diameter of the inner Spring.
D, = 18 mm
Number of turns, n, =10

Ul onc

. _ . : - m more than the
Free length of inner sprng “ 1

: ! , ; - 3.5 mm
Wire diameter of owter spring, d.‘ ‘“5
o m
Mean diameter, D, = -l _J, :
‘\“ﬂﬂ'&:r of turns. e A
= 6 mm

[nitial compression
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Imital compression i the ner spnng
=4 + 6= 10mm

Stiffness of inner spring:
Let ¢ = Stffness of inner spring 1n N/mm, and

¢ = Stiffness of outer spring in N/mm,

Initial load on the valve, F.=10k +0 Ky

. g ; %35
Cd, 80 X 107 X 3-3
: ———— = 4.63 N/mm

Stfiness of the outer spnng, 64 B2 n. 64 x15%%12

The valve is to open by 9 mm, additional force required to open the valve,
F, =9k, + 9K,

Total load to lift the valve by 9 mm
F=F +F,=19 +15k =130

or, 19k, + 15 x4.63 =130
k, =424 N/mm (Ans.)

(11) Wire diameter of the inner spring, d.:

Y, &y ) : i 4
‘ Ox10°x d
L-l — -,L—fj ‘.,.l_ 4_ :4 — b‘___. ) : - ‘_l_
64 Ry 64 x9'x 10
i 3 ; ':Jj' . '}
'I}r‘ tf:i = 4 _4 i hhl " v Il—k— = 3"1‘1 ?3?

80 x 10°

d,=223mm (Ans.)

Example 14-31. In a compound helical spring, the inner spring is arranged within and

conceniric with the outer one, but is 7 mm shorter in length. The outer spring has 12 coils of mean
diameter 30 mum and the wire diameter is 3-5 mm.

(i) Find the stiffness of the inner spring if an axial load of 150 N causes the outer spring 10
compress by 20 mm.

(i) If the radial clearance between the springs is 1-5 mm, find the wire diameter of the
inner spring, if it has 10 coils.

Take: C = 77000 N/mm°.

Solution. Outer Spring:

Wire diameter, d= 35 mm

Mean coil diameter, D =30 mm

Number of coils, n=12

Compression, 0 =20 mm

Load required, W = E]i?— 2 P00 X 3-5)7x20 = 89.16N
64 R'n 64 x15°x 12

Inner Spring:
Load shared by the inner spring,

F

150 - 89:16 = 60-84 N

Il

Inner

Compression, 0=20-7=13mm
Number of coils = 10




Stil

iness ol inner SPring k

“'l_i”.'r 3

(i) Wire diameter of the

Let.

Now, mean coil radius of outer

inner Spring:
d = Wire diameter of
Spring

=15 mm

=35 mm

the inner spring.

Wire diameter of outer Spring

[nner colil radius of outer spring =15 — 3-5

| T 13-25 mm
Radial clearance between the two Springs = 1-5 mm
-. Outer radius of inner Spring = 13.25 _ 1.5 = 1175 o
= 1175 mm

Mean coil radius, R i {I =8 = 5{ mim

2
— e 77000 x d* % 13

64x(11:75 - d /2y’ x 10

4

= 60-84 — 1564 d

(11-75 - d /12)°
(11-75 - df2)°> =25.7 ¢*
(23-5 - d)’ =205-6 &
From which, d =2-58 mm say 26 mm (Ans.)

Example 14-32. A close-coiled helical spring has 30 turns, the
mean radius of the coils is 75 mm while the wire diameter of the wire is
IS mm. Find the work done in rotating one end of the spring by 80°
relative 1o the other end (fixed end), by a couple whose axis coincides
with the axis of the spring.

Take: E = 210000 N/mm?®.

Solution. Wire diameter of the spring,
d=15mm

Mean coil radius, R =75 mm

Number of turns, n=30

Young’s modulus, E = 210000 N/mm?

7 e T | 4 _ 4
Moment of inertia, I = a g a X 15" =248 mm
Length of the wire. 1=2nRn=21X 75 x 30 = 14137 mm  Another view of an automobile
= ’ —

Angular rotati g = 80° =80 x /180 = 1-396 radians wheel and spring suspension.
rotation, = =

_ M

" H
o EI _1:396% 210000 2485 _ 143 Ny — 51.53 Nm

We know,

M=*T‘= 14137

" Work done on the spring,
]

]

% 51-53 % 1-396 = 35-97 Nm (Ans.)
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Example 14-33. A stiff bar of negligible
weight transmits a load P to combination of three
springs as shown in the Fig. 14-9. The springs
are made up of the same material and out of rods
of equal diameters. They are of the same length
before loading. The number of coils in the three

springs are 10, 12 and 15 respectively, while the

-
i

mean radii are in ratio of 1 : 1:12 : 14
respectively, Find the distance x such that the bar
remains horizontal after applying the load.

Solution. Refer to Fig. 14-9.

The stiff bar will only remain horizontal if the -

springs get compressed by the same amount, say 0.
Let W, W, and W, be the loads carried by the three
springs respectively. Let the mean radii of the coils
of three springs be R, 1-2 R and 1-4 R respectively as
per the proportion of three coils.

For first spring:

5 _ 64 W, R n,

- =
e — S
-_-\_-_'_—\_'-_, S -J_.:_'__'_F
"-'-—-:_-_-___ -:TIF-_FF:' -_:?_h
No.l =< No.2 _— N3-S
— — P
r?, :; ——_'_-:_-____:* "'hn._'d:._‘-
-='-”'______ -t '-:'__::-
.rr,#'; I_a-;-:':' -1_:_-:}
_LI_ — — —
Sisauadly L i L~
Fig. 14.9

64 WR % 10

cd’

For second spring:

Cd”

_64WoR3xn, 64 WoR;x 12

cd?

64 WyR;x 15

O
cd*
For third spring:
5 04 W, Rin,
Cd”

cd*

Since 8, C and d are same for all springs and
Ki=R.R,=12Rand R, =14 R
10 W, =(1-2)° x 12 W, =(1-4)* x 15 W,

W,

_(1-4°x15 W,

(1-4)°x 15 W,

Or,

10

and,

1:

1-2)°x 12

Now let the load W act at a distance x from the left end as shown. Takine moments about the
b =

point where the load is acting, we have

Wox=W, (I-x)+ W, (21 -x)

where, [ =l=1
or, (1-4°x15 Wi-x 1l (d-4)°x15 % l-x)+W
10 B0 X 10 e = a2
4-116x = 1:985 (I - x) + (2] - x)
4:116x = 1-985 ] — 1.985x + 2] —
4:116x = 3-985 | — 2.085y
7-101x = 3.985]

e

X

energy of truck weighing 95 kN and moving

0561/ (Ans.)
Example 14-34. Find the weight of a close

-cotled helical spring which w ould absor®
with a velocity of 12 m /s if
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(i) spring is compressed by the impact. . .
i spring is wound up by the impact.
Working SITess: 290 MN/m? (bending): 240 MN/m? (torsion)
£ = 200 GN/m?, C = 80 GN/m?; Specific gravity of material = 7.9

Fa " [“H“ﬂlurr l!“i‘rl‘rﬁil'\ )
golution. Kinelic energy to be used, -

AE = - H{ e
i 2 g
where, W = Weight of truck = 95 kN,

V= Velocity of truck = 1.2 m/s, and

8§ = Acceleration due to gravity = 9-8] m/s?.

(
5 R =i B
I.€. E L)E]

(i) Spring is compressed by impact:

X 1-2°=6.97 kNm

If the spring absorbs the energy

in direct compression, then the wire oF O i
«on. Hence strain energy,

for ;
U T
= —— X volume of spring
aC M.
Equating the strain energy to K.E. and substituting values, we get

T R, ,
EE x volume of spring = K.E.

_KEXx4C (6-97x10°)x4x80x10’

*. Volume of spring — —~=0-03872 m"

T (240 x 10°)*
Weight of spring = Volume of spring x specific gravity x density of water
= 0-03872 x 7-9 x 9-81 kN (- Density of water = 9-81 kN/m")
=3 kN (Ans.)

1s
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(i) Spring is wound up by impact:

= N NN A -
[] = Y o« volume (where, O, = maximuim lh'mim*‘f stress, in i
r

Strain energy, /= BF

- s -l
Equating strain energy 10 K.E., we ge

% volume of spring = K.E.
- K.E.X8E _ 697xl(]rh‘r2{ﬁjxln
_ X ik i . - 017 :
Volume of spring x _U* (790 % ]” )-1326 Im
and, weight of spring = Volume of spring x density

~0-1326 x (79 x 9-81) kN
— 10276 kN (Ans.)

HIGHLIGHTS

1. Types of springs: (i) Helical springs, (11) Leaf springs, (iii) Torsion springs, (iv) Circular $prings, (,
Belleville springs and (vi) Flat springs.
Close-coiled helical springs subjected to ‘axial load’:

[

16 WR
Shear stress, V= 0
et O 64WRn
Angle of twist, cd’
Deflection, d=R6 Jib
5 _ 64 W R’
or, = :
W Cd
Stiffness, k=—= 3
8 64Rn
!
Energy stored, U= 5 xT %6 _
Z

U v % vol f spri
=— XV
AC ume of spring

v=Lws
2

3. Helical springs subjected to ‘axial twist’:

Angle of twi L
ngle of twist, El

Bending stress, Op= ——

o
Encrgjf stored, Us -"::: x volume of Epﬂﬂg wire




e ———

)

'_J‘l

Open-coiled helical spring

() With axial load.

e ‘-m;plu.‘ E‘!'Udtlﬂllg forsion

I'=WR cos o

Ihe couple producing bending

Deflection,

Angular rotation,

where,

(11)

Angular rotaton, ®=2TRn mtsec o [

Deflection,

Springs in series:

Springs in parallel:

where,

Flar spiral spring:

M= WR sin o

0=

W= Applied load,
n = Number of coils,

C = Modulus of rigidity, and
With axial thrust:

.

I | !
—_— = — e —
o
k=k +Kk

k, = Stiffness of spring 1,
k, = Stiffness of spring 2, and
k = Stiffness of composite spring.

2WR n ntsec o

F D I ] |
W:El‘.H-nnainﬂ[—‘_—‘] ;

8 =2 TR*n & sin o !C’f E E"jt (where, T = Applied torque)

Bi‘_xapter : 14 : Springs =»

-

l..‘l._‘ll-.‘-2 0

R '
sin '
+ {1] ‘

cl, El

ck, 2]

R = Mean coil radius,
0 = Helix angle,
E = Young’s modulus.

v 2
sin- O + Cos O
ClomiiLEl }

| 1

P

‘ £ Tl wo\2)
Angular rotation, ¢ =7
Maximum bending mﬂmﬂg; (i) |
M__ = |
19T (1)
Maximum stress, Omax = ;:2_-
2 V) |
, bt”* Omax
Winding torque, s
5 (V)
[
Energy stored, = gzj
Ebt |
Maximum energy stored,
: L)
O max rin
Uie= 4 E % volume of spring

I
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n..'-‘
v, - FIex
Restlience of spring (= cnergy per unil volume) 24 E ol
Ay
1. Laminated spring.
A, Semi-elliptical spring:
IWI(
nding slress Op = 3
Hending streas, b ) Nbt? 0
_ —
Deflection, e e |
B EN bt -l
Strain energy, [} = Ob % volume of spring o
6F B
Where, W = Applied load,

b = Width of each plate,

t = Thickness of each plate,

N = Number of plates in the spring,
| = The spring span length, and

E = Young’ modulus of elasticity.

B. Quarter elliptical spring:

. 6 Wi
Bending stress, Op=—7 7
Nbt )
3
Deflection, S = oW (i
ENbt® Gt

e —— C—

OBJECTIVE TYPE QUESTIONS

Choose the Correct Answer:

3. The energy stored in a close-coiled helical spring

. If a close-coiled helical spring is subjected to when subjected to an ‘axial twist’, is given by
load W and the deflection produced is 6, then 5
. * TR : e : c -H . : ':F
stiffness of the spring 1s given by (@) Sl ol of spring
(a) W15 (b) W6 22
(c) 6/ W (d) W*8. o
b -
2. Wahl's connection factor (K) is given by the (b) 3E X volume of spring
relation
35 -1 0615 S
o ' () —= x volume of sprin
(a) K‘ﬁ._q"‘ S AE pring
5
i 45 - 1 + 0:615 (d) -2—"’ x volume of spring.
o T T 2

(where s, = bending stress)

i g wiiloh
=1 '0-615 4. Two springs of stiffness k, and X, “*_P_"’k]; e
O i T g LS are connected in series, the stffness =
composite spring (k) will be given o
b 952105615 (@) k=k +k, (b)) k=kxk
@ K= o
kg ks R

8 e wi . ™

(where § = spring index)
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g, The resilience of a flat spiral SPring is piven |
y I SYEN Dy

(¢1) {'I'f'm” ‘.'."J} ﬂ;:'lru
i | ..'4“... :
o . f:l.-"'lllf',l
- ’,
s o
() S (@ Sma
|2E 0

(where, 0, = bending stress)
6. In case of a laminated spring, the loag

. _ al which
the plates become straight is called

(@) working load (b)) safe load

(¢) proof load (¢) none of the e

7. o are called cantilever laminated Springs

(@) Semi-elliptical springs

(b) Quarter elliptical springs

Even good seats need springs to cushion shocks, The
above picture shows a tractor driver seat.

(¢) Both (a) and (b)
(d) None of the above,

=5 ANSWERS |
4.04¢c) g |

1. (a) . (b) i) (b) 6. (c) 7. (b)

[t

UNSOLVED EXAMPLES

Close-coiled helical springs :

[, A close-coiled helical spring, with the coil diameter as 100 mm and wire diameter as 12 mm consists ;
of 16 coils. If it is subjected to an axial tension of 400 N, find the maximum stress induced in the |
coil. the extension suffered by the spring and the energy stored in it. Modulus of rigidity, C = 84
GN/m?. [Ans. 59 MN/m?; 29-4 mm; 5-88 Nm]
A close-coiled helical spring having 100 mm mean diameter is made of 20 turns of 10 mm diameter
steel rod. The spring carries an axial load of 100 N. Find the shearing stress developed in the spring

and the deflection of the load, C = 84 GN/m?.

[ )

[Ans. 25-5 MN/m*; 19:1 mm]
3. A close-coiled helical spring, made of 6 mm diameter steel wire has 20 coils, each of 100 mm mean
diameter. When subjected to axial load of 70 N, calculate:

(i) The maximum shear siress produced, (i) The deflection,
(iii) Stiffness, and (iv) The energy stored.
Take: C 84‘-1‘ :C'Na"rnz (Ans. 82:6 MN/m®; 103 mm; 0-68 N/mm; 3-6 Nm]
> — ¥ X

) e S T

: : ot f 100 N and the mean coil diameter 1S to be eig
A close-c al sprin |stncarryﬂlnadu | . A 2
i L{““; Lﬂliﬂd ;;][]‘Elm t :p{ja]‘-f:ulatc these diameters if the maximuit shear stress is to be 75 MN/m*.
imes the wire diameter. Ana. 521 o 43 &8 i)
d 21 mm

40 mm and length 320 mm. It is required to exien

5. A clocecoiled spring has a radius of . Tk
close-coiled spring 2 determine the diameter of the wire.

under a pull of 185 N. If € = 84 GN/m* [Ans. 4-84 mm]

e wire. It extends by 60 mm I.Irl"ldﬂl' a pt:l
find the s1ze of the wire dﬂl;i {lr.i
[Ans. d = 4.9 mm; n= 26

is six times the diameter of th

y
"';) . - - ”
e oen dlameser o A A able shear stressiis 350 MNAY'

of 550 N. If the maximum allowabie =
number of coils. Take C = 84-4 MN/m”.
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