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Abstract: The stress of the helical spring changes with several parameter are studied
using (solidworks2014) program. The stress effect is by coil diameter (D) and the shape of
section of the helical spring wire (circular ,rectangular and square) for the same diameter,
where the stress on the helical spring wire increases by increasing the coil diameter (D),
also the stress on the helical spring wire affect by changing the shape of the spring wire
section .

1. INTRODUCTION

A spring is defined as an elastic body, whose function is to distort when loaded and to recover its
original shape when the load is removed. The various important applications of springs are as follows :[1]

1. To cushion, absorb or control energy due to either shock or vibration as in car springs , railway buffers,
air-craft landing gears, shock absorbers and vibration dampers

2. To apply forces, as in brakes, clutches and spring loaded valves.
3. To control motion by maintaining contact between two elements as in cams and followers
4. To measure forces, as in spring balances and engine indicators.

5. To store energy, as in watches, toys, etc. [2]

1.2. HELICAL SPRING

The helical springs are made up of a wire coiled in the form of a helix and is primarily intended for
compressive or tensile loads. The cross-section of the wire from which the spring is made may be circular,
square or rectangular. The two forms of helical springs are compression helical spring as shown in Fig. (a)
and tension helical spring as shown in Fig. (b).[3]

1.3. THE AIM OF RESEARCH

1- Study the effect of changing the shape of the spring section ( circular , rectangular , square ) on the
stresses generated in the spring wire and calculate the maximum shear stress.
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2-study the effect of changing the coil diameter for the helical spring on the stresses generated in the spring
wire and calculate the maximum shear .
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2. THEORETICAL DERIVATION OF SHEAR STRESS IN THE HELICAL SPRING WIRE

2.1. FOR CIRCULAR SPRING SECTION :

we have found out the direction of the internal torsion T and internal shear
force F at the section due to the external load F acting at the center of the coil.
The cut sections of the spring, subjected to tensile and compressive loads
respectively, are shown separately in the Fig(c). The broken arrows show the

shear stresses (Tt ) arising due to the torsion T and solid arrows show the
shear stresses (Tg) due to the force F. It is observed that for both tensile load as

well as compressive load on the spring, maximum shear stress (Tt + Tg) always
occurs at the inner side of the spring. Hence, failure of the spring, in the form of _
crake, is always initiated from the inner radius of the spring.[4] Figure (c)

The radius of the spring is given by D/2. Note that D is the mean diameter of the spring. The torque T
acting on the spring is :

T=(F*D)/2............ (1)

If d is the diameter of the coil wire and polar moment of inertia, IP = 1md”*4)/32 the shear stress in the
spring wire due to torsion is

T1 =TR/IP = ((F*D)/2*d/2)/ ((1rd"4)/32) = 8FD/(1rd"3 )......... (2)
Average shear stress in the spring wire due to force F is

Tk = FI(T dA2/4)= 4F/(T1dA2 )., 3)
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Therefore, maximum shear stress the spring wire is

Tt + TF =8FD/(Trd"3 )+4F/(md"2 ) ........... 4)
or Tmax = 8FD/(md"3 ) [ 1+ (1/(2D/d)) 1........... (5)
or Tmax = 8FD/(1rd*3 ) [ 1+(1/2C)] , where C=D/d is called the spring index.
Finally Tmax = ( ks8FD/(1rd"3 )) where, ks = 1+(1/2C)

The above equation gives maximum shear stress occurring in a spring. Ks is the shear stress
correction factor. [5]

2.2. FOR RECTANGULAR SPRING SECTION: :

If a, b is the length and width respectively of the spring wire section , the polar moment of inertia

IP = ((b a*3)/12)

The torque T acting on the spring is :

The shear stress in the spring wire due to torsion is
Tt = (T*R)/IP = T *(a/2)/( (ba*3)/12) = 6T/(ba*2)............... (2)
Tt = (6F*(D/2))/(ba*2) = (3F*D)/(ba*2) ............... (3)
Average shear stress in the spring wire due to force F is
Tr = F/A = F/(b*a)............ 4)

Therefore, maximum shear stress the spring wire is

Tmax =TT + T = (3F*D)/(ba"2 ) + F/(b*a)

Tmax =(3F*D)/(ba”2)[1 + (1/ (3 D/a)) ]
Where Dla=C

Tmax = (3F*D)/(ba*2 ) [1+B 1/C )............ (5)
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2.3. FOR SQUARE SPRING SECTION :

If a is the length of the spring wire section , the polar moment of inertia , IP = a*4/12 And D = (a/2)
, the torque T acting on the spring is :

T=(F*D)/2........ (1)
The shear stress in the spring wire due to torsion is

TT=(T*R)IP = ((T*a)/2) / (a™4/12) = 6T/a"3
T1 = (6F D/2)/a”3 =3FD/a’3 ............... (2)
Average shear stress in the spring wire due to force F is

TE=FIA=Flar2 ............ 3)

Therefore , maximum shear stress the spring wire is
Tmax =TT + T = 3FD/a”3 + F/a"2
Tmax =3FD/a*3 [1+(1/(3*(D/a))]....c.cnvonn. 4)
Where D/a=C

Tmax = 3FD/a*3 [ 1 +1/3C].......... (5)

All quantities in above equations are now known. Steel AISI 1020 material database.

Material x
B-Ii? SolidWorks Materials -~ Properties  Tables & Curves Appearance CrossHatch Custom Application Dat| 4 | *

Material properties

Materials in the default library can not be edited. You must first copy the material
.= 201 Annealed Stainless Steel [55) to a custom library to edit it.
- §E A286 Iron Base Superalloy
§E AISI 1010 Steel, hot rolled bar
= §E AlSl 1015 Steel, Cold Drawn (S5) Sl - N/m~2 [Pa) ~

21.35] steel
§= 1023 Carbon Steel Sheet [55)

Linear Elastic Isotropic S~

3= AISI 1020 Steel, Cold Rolled steel

3= AISI 1035 Steel (SS) il 1020

3= AISI 1045 Steel, cold drawn

3= AISI 304 Max von Mises Stress

32— AISI 316 Annealed Stainless Steel Bar (¢
- §E AlISI 316 Stainless Steel Sheet (55)

§E AISI 321 Annealed Stainless Steel [55)

- §E AlISI 347 Annealed Stainless Steel (55) Defined

4= AlS| 4130 Steel, annealed at 865C
2= AISI 4130 Steel, normalized at 370C

3= AISI 4340 Steel, annealed ELCExty] Value Units
= AISI 4340 Steel, normalized ElnstidModulns ST N/m~2

s c Poisson’s Ratio 0.29 /A

F §= AlSl Type 316L stainless steel Shear Modulus 7 7e=010 | N/mr2

-.3= AISI Type A2 Tool Steel Mass Density 900 Kg/m 3
= Alloy Steel Tensile Strength 420507000 | N/m*2

3= Alloy Steel [SS) Compressive Strength M/m»2

E §E ASTM A3E Steel Yield Strength 351571000 | N/m-"2

3= Cast Alloy Steel Thermal ion Coefficient | 1.5e-005 JK

--3= Cast Carbon Steel Ll S E 47 Wi m-K)

3= Cast Stainless Steel - Specific Heat = Vikg-K)
=R ial Damping Ratio MN/A
< >

Click here to access more materials using

the SolidWorks Materials Web Portal. ZEi Apply EEEE <o Eoplias Lielg
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2.4. THEORETICAL SOLUTION :

2.4.1. CIRCULAR CROSS SECTION

D= 30 mm d=8mm F=100 KN
Tmax = Tmax = 8FD/(1rd*3 ) [ 1+(1/2C) ]

Tmax = [ (8100%0.03) / 17 (0.008)A3 1 * [ 1+ ( 1/ ( 2* (0.03/0.008) ) ] = 16910212 .7 N/m"2

D= 40 mm d=8mm F=100 KN
Tmax = [ (8*100%0.04) / 1 (0.008)*3 ] * [ 1+ ( 1/ ( 2* (0.04/0.008) ) ] = 19894367.89 N/m”2

D=50 mm d= 8 mm F=100 KN
Tmax = [ (8%100*0.05) / 1 (0.008)A31*[ 1+ (1/(2* (0.05/0.008) ) ] = 26857396 .65 N/m*2

2.4.2. SQUARE CROSS SECTION
D=30 mm a=b=8mm F=100 KN

Tmax =3FD/a”3 [1+(1/(3*(D/a))]

Tmax = [ (3*100*0.03) / ( 0.008)"3 ] *[ 1+ (1 /( 3*(0.03/0.008) ) ] = 19140625 N/m"2
D=40 mm a=b=8mm F= 100 KN

Tmax = 3FD/a”"3 * [ 1+ (1/(3D/a) ]

Tmax = [ (3*100*0.04) / (0.008)*3 ] * [ 1+ ( 1/ ( 3* (0.04/0.008) ) ] = 25000000 N/m
D=50 mm a=b=8mm F=100 KN

Tmax=3FD/a”3 [1+(1/(3*(D/a))]

Tmax = [ ( 3*100*0.05) / (0.008)3 ] * [ 1+ ( 1/ ( 3* (0.05/0.008) ) ] = 30859375 N/m"2

2.4.3. RECTANGULAR CROSS SECTION
D= 30 mm a=8 mm b=6mm F= 100 KN

Tmax =@BF*D)/(ba”2)[1+ (1/(3D/a))]

Tmax = [ (3*100%0.03) / (0.006)(0.008)"2 ] * [ 1+ ( 1/ ( 3%(0.03/0.008) ) ] = 25520833 N/m~2

D= 40 mm a=8 mm b=6mm F=100 KN

Tmax = [ ( 3*100%0.04) / (0.006)(0.008)"2 ] * [ 1+ ( 1/ ( 3*(0.04/0.008) ) ] = 33333333 N/m"2
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D=50 mm a=8 mm b=6mm F=100 KN

Tmax = [ ( 3¥100*0.05) / (0.006)(0.008)*2 ] * [ 1+ (1 / ( 3*(0.05/0.008) ) ] = 41145833 N/m"2

3. ANALYSIS SETUP

A three dimensional helix was created and meshed in solid works 2014 . under these condition , static
study advisor and one fixed end and one free end and constant load. The available design parameters of
the helical to be the wire diameter (d) and the coil diameter (D) the helix diameter measured from the wire
centerline . pitch of spring (p) is 12 mm and the number of revolutions (N) is 6 . for the three type of spring
section (circular, rectangular,square) The helical spring parameters were taken from an existing prototype
with parameters in tables (1-a) ,(1-b) and (1-c) respectively.

Conl S e

<

FIGURE (1) : HELICAL SPRING PARAMETER .

D d | N | Tmax D a*a N | Tmax D a*b N | Tmax

30 |8 |6 80914616 30 | 8*8 6 | 95181256 30 | 8*6 6 | 51650756

40 |8 |6 114889872 40 | 8*8 6 114110088 40 | 8*6 6 | 75681192

50 |8 | 6 128394864 50 | 8*8 6 142575808 50 | 8*6 6 | 93188664
Table (1-a) circular parameter Table (1-b) square parameter Table(1-c) rectangular parameter

Using the boundary conditions of one fixed end and one free end and constant load as show in figure
(2-a) and (2-b) .

Page 138 Copyright © 2017 Al-Qadisiyah Journal For Enginnering Science. All rights reserved.



£ & & AL-QADISIYAH JOURNAL FOR Vol. 10, No. 2
3, N
%gi‘! e .’; R ENGINEERING SCIENCES ISSN: 1998-4456

e W %9 B Potl +
P rewes

X o M 1 u

B o u Dvwew
1y Tetan Ltiww Dooarmans Fas | hewam 5 ¢
vy . , Peromen Coopwn S Mot Tevk K e g 1 Bt
P I M =g avnns PEemet Camput

s | Ve Traccts | Sevwinticn [T Tmmies TEIT Y
. LRI T -

Figure ( 2-a)

Figure (2-b)
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4. ANALYSES MODELS

4.1. FOR CIRCULAR SPRING SECTION :

For D = 30 mm For D =40 mm For D =50 mm
von Mises (N/mA2) van Miies (VWA von Mises (N/mA2)

80,914 616000 1AM 128,395,152.000

I 74,174,552.000 ' 105,315,824.000 ' 117,695,616.000

. 67,434,496000 - %,141,776000 _106,996,080.000

. 60,694,432.000 . B6,167,728.000 . 96,296,552.000

. §3,954372000 - 1659),60000 . 85,597,016000

. 47,214312000 . 61,019628.000 . 14,897 480.000

40474,252.000 57,445, 550.000 64,197,952.000

33,734,192.000 41871,532.000 53,49 416000

| 26,994,130000 B 39,297,484000 | 42,79,884.000

. 20,254,070.000 81234800 | 32,099,352.000

13,514,008.000 19,143 390.000 21,399818.000

6,773,5%.000 9,575,342.000 10,700,286.000

33,887.457 1,293.002 752811

~P Yield strength: 351,571,000.00

CRLER

'

Figure (3-a)

AU

Figure (3-b)

trength: 351,571,000,000

# Yield strength: 351,571,000.00

M

Figure (3-c)
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4.2. FOR SQUARE SPRING SECTION :

FOR D =30 mm FOR D =40 mm FOR D =50 mm
von Mises (N/mA2) von Mises (N/mA2)
von Mises (N/m”~2)
75,681,192.000 93,183,664.000
51,650, 756.000
69,374 520000 85,422, 992000
47,348 932000
. 63,067,856.000 - 11,657,320000
L 43047112000
. 56,761,188.000 . 6989 648.000
. 38,745,292.000
. 50454520000 B
62,125,972.000 34443472000
. 44147852000 . 54 360,300.000 _30,141,652.000
l 37,84‘,‘84@ . 46,5%,628” I 25/839,832-@
Y
L 31,534 516000 [ 38,628,956.000 - 21,538,010.000
- 25,221848.000 L 31,063,282.000 L 17,236,190.000
- 18,921,100000 L 23,297,610000 L 12,934,369.000
12,614 51
OIA13R 15,531,937.000 s
6,307,844,500 7,766,264.500 4,330,726.000
1,176.616
N16616 552,011 28,901.457
P Yield strength: 351,571,000.00 # Yield strength: 351,571,000.00

$ Yield strength: 351,571,000

W

I

Figure (4-a) Figure (4-b) Figure (4-c)

Page 141 Copyright © 2017 Al-Qadisiyah Journal For Enginnering Science. All rights reserved.




¥ AL-QADISIYAH JOURNAL FOR
N ENGINEERING SCIENCES
Ve

4.3. FOR RECTANGULAR SPRING SECTION:

FOR D =30 mm FOR D =40 mm
von Mises (N/mA2) von Mises (N'mA2)
95,181,256.000 114,110,088.000
I 87,251,288.000 l 104,601,176.000
. 79,321,312000 . 95,09,264000
. T1,391,336000 . 85,583,360000
. 63,461,364.000 . 16,074,448 000
_ 55,531,392.000 . 66,565,540000
D 47,601,416000 §7,056,632.000
l 39,671,444.000 8 47,547,720.000
‘- 31,741,463.000 . 38,038,812.000
. 23811,4%4.000 . 28,529,904.000
15,881,522.000 19,020,994.000
7,951,548.000 9512,085,000
21,574,521 31715623

P Yield strength: 351,571,000.0C P Yield strengih: 351,511,000

Woohh

Figure (5-a) Figure (5-b)
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FOR D =50 mm

von Mises (N/mA2)
142,575,508.000
l 130,694,512.000
. 118,813,216000
. 106,931,920.000
. 95,050,624.000
. 83,169,326.000
11,288 032000
l 59,406,136.000
. 47,525,440.000
. 35,644,144.000
23,762 850000
11,881,553.000

251410

P Yield strength: 351,571,000.00

"ot

Figure (5-c)
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5. DISCUSSION :

According to results of the modeling analysis we notice in figure (6-a) that in which we calculate the
maximum stresses on the spring of circular cross section , where the stress is increase by increasing the
coil diameter (D) , the lowest stresses are appearing in this section since it is suitable for the most application
. in figure (6-b) that in which we calculate the maximum stresses on the spring of square cross section ,
where the stress is greater than that in circular , in figure (6-c) that in which we calculate the maximum
stresses on the spring of rectangular cross section , where the stress is highest of the three sections
because of the edges and corners that rises the stresses of the rectangular cross section as compared with

the circular and rectangular cross section .

srresses for circular speing section stresses for square spring section
140000000 100000000
FOC0I000
120000000
- BOOODOO0
100000000 70000000
s : - BOOD0O00
e — 50000000
ennonag ——p— - ACO0000
40000000 30000000
20000000
e s vl
10000000
L] - 0
& 2 3 2 1 5 4 3 2 |
sy [=5) =@=D=40 =—g=0=30 =#—D0=50 =d—D=40 = O=30
N
Figure (6-a) von-mises stresses of Figure(6-b) von-mises stresses of
circular section for five node section of square for five nodes
stresses for rectangular spring section
160000000
140000000
120000000
100000000
0000000
60000000
40000000
20000000
o
7 5 5 3 2 1
=050 =E=D=40 =——D0=30

Figure(6-c) von-mises stresses of rectangular
for five nodes vs. three diameter

Page 143 Copyright © 2017 Al-Qadisiyah Journal For Enginnering Science. All rights reserved.



¥ AL-QADISIYAH JOURNAL FOR
ENGINEERING SCIENCES

AVZo] I O I \\ [ 24

ISSN: 1998-4456

In figure (7-a) that in which we calculate the maximum stresses on the spring for it is three types for
the same coil diameter (D=30) , where the highest stress is appear in the rectangular section and the lowest
stress in the circular section , This is due to the shape of the spring section where the circular section has
not edges and angles , and the area of the rectangular spring less than the square spring section . In figure
(7-b)that in which we calculate the maximum stresses on the spring for it is three types for the same coil
diameter (D=40) , where the stress is increases by increasing the coil diameter. In figure (7-c) that in which
we calculate the maximum stresses on the spring for it is three types for the same coil diameter (D=50) ,

where the greatest stress is appearing with the greater coil diameter .

stresses for constant coil diameter : for sant coil di :
D=30 mem D=40 mm
250000000 150000000
— 200000000 -
g 100000000
150000000 i P
.——-"‘H——:: 100000000 E—J”'x. 50000000
— + v ¥ 50000000
: 0
5 M 3 2 1 5 4 3 2 1
=—f=circular =ll=cquare rectangular =—#—circular —l—square rectamgular
Figure(7-a) von-mises stresses of Figure(7-b) von-mises stresses of
constant coil diameter D=30 for three constant coil diameter D=40 for three
spring section spring section
stresses for constent coil diameter
D=50 mm
400000000
— = 350000000
- - 300000000
e 250000000
-‘/4.”4-/‘.'". 200000000
150000000
,___-—0———’_"___-_4_-_-_-_‘ 100000000
SO000000

=—d=cicular == sguar= rectangular

Figure(7-c) von-mises stresses of constsnt
coil diameter D=50 for three spring section
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In figure (8) we comparing the theoretical results with the results of the program with little differences .

Finally the circular section is the favorite for the spring design under the same condition of the square and
rectangular spring section .

theoretical and practical stresses theoretical and practical stresses
for circular section for square section
250000000 1B0000000
B 160000000
- 200000000 140000000
120000000
: 100000000
100000000 8000000)
F\*\.i
SO000000 20000000
0000000
L 0
3 1 1 3 3 1
=—+—practicol strezs.  ~f=theoretical stre 5 == practical stress  =l=theoretical stress

Figure(8-a) comparing between Figure(8-b) comparing between
theoretical and practical stresses for theoretical and practical stresses for
circular section square section

theoretical and practical stresses
for rectangular section
SOQO00000

3 2 1

=—#—practical stress  —@—theoretical stress

Figure (8-a) comparing between
theoretical and practical stresses for
rectangular section
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6. CONCLUSION:

1- From the result we notice that the stresses are rising by increasing the coil diameter (D) for the same
spring section .

2-The lower stress is being in the circular spring section as compared with the square and rectangular spring
section.

3- There are an similarity between the analysis by the program result and the theoretical result.
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