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ABSTRACT

Springs Are The Elastic Components Which Are Used To Absorb The Shocks And Vibrations During The
Dynamic Motion Of The Locomotive. These Springs Helps To Stabilize The Motion Of The Train On The Track
By Reducing Vibrations And Deflections. We Have Primary And Secondary Suspension Springs In The
Locomotive So As To Balance The Entire System. Chromium Vanadium Steel Has Been Using As The Railway
Spring Material. But The Present Generation Needs Everything Sleek And Light In Weight. Due To The Rapid
Development In Material Science And Manufacturing Technology The Usage Of Composites Become Usual In
Each And Every Field To Make Everything Light In Weight. Here In This The Railway Primary Suspension
Spring Is Considered For The Study By Applying The Composites. Carbon Epoxy and Aluminium Silicon
Carbide Composite Materials Are Taken For the Analysis Other Than Chromium Vanadium Steel. The Spring Is
Modeled In Solidworks Modeling Software. Static, Modal Analyses Are Conducted In Finite Element Analysis
Commercial Tool ANSYS 15.0. The Stress Distributions, Displacements Are Analyzed In Static Analysis. The
Natural Frequencies And Mode Shapes Are Analyzed In Modal Analysis. Comparison Of Stresses,
Deformations And Natural Frequencies For The Primary Spring Are Studied To Determine Better Material.
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l. INTRODUCTION

Railways Are Using Steel Material For
Suspension Spring Materials. In Present Scenario
The Usage Of Composite Materials In Every Sector
Has Been Increasing Day By Day Due To The Rapid
Changes In The Evolution Of The Materials And
Manufacturing Methods. Steel Has Been Using As
The Spring Material For Decades Due To Its Elastic
Properties Which Can Able To Reduce The Shocks
And Vibrations And Regain Its Original Position.
K.Pavan Kumar [1] Has Conducted The Static
Analysis For The Primary Suspension Spring Of
Locomotive And He Proposed The New Material
Which Is 60Si2MnA Steel Material And Replaced
The Chromium Vanadium Steel Material And
Concluded 60Si2MnA Steel Material Is Better
Compared To Chrome Vanadium Steel As Its
Maintenance And Cost Is Very Less And Got The
Lesser Stresses. K. Pavan Kumar [2] Has Conducted
The Buckling Analysis On Primary Spring Of
Locomotive And He Proposed The 20nicrmo2 Steel
Material By Replacing The Chrome Vanadium Steel
Material. From The Analysis He Concluded That
20nicrmo2 Steel Material Can Bear More Loads
Than Chrome Vanadium Material And The
Maintenance And Cost Of 20nicrmo2 Steel Material
Is Less In India. Mehdi Bakshesh [3] He Has
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Conducted The Analysis For The Car Suspension
Spring By Replacing The Steel Material With
Kevlar Epoxy, Glass Fiber Epoxy, Carbon Epoxy.
He Has Compared The Numerical Results With
Analytical Results And Concluded That The Valves
Are In Good Agreement With Each Other And
Concluded Compared To Steel Spring Composite
Spring Has Got The Lesser Stresses And He
Verified The Various Spring Parameters Like
Weight Of The Spring And Optimized The
Parameters. Investigations and Case Studies on
Premature Failures of Locomotive Coil Spring [4, 5,
6, 7, 8, And 9]. Analyses Are Conducted By
Considering The  Composite  Material — Of
Combination Steel And Copper And Magnesium For
The Better Results [10]. Experimental And
Harmonic Analysis Is Conducted For The Loco
Spring When Loco Is At The Uphill And When It Is
At The Straight Path  Numerically And
Experimentally By Using Strain Gauges [11].
Optimization of Helical Spring By Using Genetic
Algorithm And Particle Swarm Algorithm To
Optimize The Spring Parameters [12, 13]. A Review
on Primary Suspension Of ICF Bogie [14]. Weight
Optimization Of The Helical Spring By Replacing
The Solid Spring With Hollow Spring And
Conducted The Analysis And Concluded That
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Weight Can Be Reduced By Considering The
Hollow Spring Which Can Be Able With Stand The
More Stresses [15]. The Contribution Of This Paper
Was To Investigate The Feasibility Of Composites
Which Are Carbon Epoxy And Aluminium Silicon
Carbide Materials Applied For The Primary
Locomotive  Spring Other Than Chromium
Vanadium Steel.

In The Second Section We Introduce The Spring
Dimensions Which Are Required For The Modeling
Using Solid Works And The Material Properties
Which Are Used For The Analysis In ANSYS 15.0
And Analytical Calculations For The Spring. In The
Third Section We Introduce 3D Modeling Procedure
To Design The Spring And The Analyses In ANSYS

=74.13 Mm.

2.3 Material Properties:

Chromium Vanadium Steel Is The Actual Material
Using For The Spring By Railways. Here We
Considered Carbon Epoxy and Aluminium Silicon
Carbide Composite Materials for the Analysis.
Chromium Vanadium Steel And Aluminium Silicon
Carbide Materials Consist Of Isotropic Properties
While Carbon Epoxy Consists Of Orthotropic And
Transverse Isotropic Material Properties.

TABLE 2: Material Properties of Carbon Epoxy
(N=Notations)

Work Bench. In The Fourth Section We Have The Material property N Units Carbon
Results And Discussion. In The Fifth Section We epoxy
Have The Conclusions.
Density p Kg/m® 1.6e3
II.  SPRING DIMENSIONS, MATERIAL
PROPERTIES AND ANALYTICAL 5
CALCULATIONS Young’s E; Gpa 140.4
2.1 Spring Dimensions: modulus
TABLE 1: Dimensions of Railway Primary Helical
Spring. Young’s E,E; | Gpa 10.344
Dimensions of helical spring modulus
Description Dimension valve Poisson’s ratio V12, 0.28
Wire diameter(d) 33.5mm V13
Mean diameter(D) 208.5mm Poisson’s ratio Vg3 --- 0.469
Total no of coils(Ny) 6.75 Shear modulus G Gpa 5183
No of active coils(N) 5.25 Gus
Load acting on each spring(w) | 19.62KN Shear modulus Gy3 Gpa 3.520
Free height (H) 360mm CTE o Tk 6.326-7
2.2 Analytical Calculations For The Helical CTE 0, O3 Ik 4.06235¢-4
Spring:
I\/IaXimum Sheal’ Stress = K (8WD/Hd 3) Longitudinal Kl W/mk 14.44
K= Wahl’s Stress Factor (4C-1/4C-4) + (0.615/C) Thermal
Where C = D/D = Spring Index conductivit
= 208.5/33.5 = 6.2238 y
Now K =1.2424
T = 1.2424 X (8 X 19.62 X 1000 X 208.5)/ (I X Transverse | KpKg | wimk | 0.24844
33_53) Thermal
Maximum Shear Stress T = 344.2486 Mpa conductivity
Deflection of the spring 8 = 8WD*N/Gd* Specific heat c Ikg-k 1200

=8 i( 19.62 X 1000 X 6.75 X 208.5° /80,000.55 X
335
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TABLE 3: Material Properties of Chromium
Vanadium Steel and Aluminium Silicon Carbide
(N=Notations)

Material N Units Chromium | Aluminium
property vanadium silicon
steel carbide
Density p Kg/m® 7860 2800
Young’s E Gpa 207 115
modulus
Poisson’s v --- 0.37 0.3
ratio
Shear G Gpa 80 44.23
modulus
Ultimate Outs Mpa 1200 700
tensile
strength
Yield Oys Mpa 1160 464
Strength
Hardness | BHN Mpa 350 210

MODELING AND ANALYSES OF

HELICAL COIL SPRING

3.1 Modeling of Helical Coil Spring in
Solidworks:

The Spring Is Designed In Solid Works
With The Dimensions In The Table 1. Draw The
Wire Diameter, Mean Diameter In Sketcher. After
That Select The Helix Option Then Give The Free
Height, Total Number Of Coils And By Choosing
Clockwise Or Anti Clockwise Direction And Select
The Constant Pitch Option In The Helix Option
Then Exit The Sketcher Then Take The Sweep
Option By Exiting In To The Part Features Select
The Wire Diameter Then Will Get The Helical
Spring With The Required Dimensions. The Below
Figure Is the 3d Model of the Helical Coil Spring.
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Figure 1: 3D Model of the Helical Coil Spring

3.2 Analyses and Boundary Conditions:

The Part Model Which Was Drawn In The
Solid Works Has To Import To The ANSYS Work
Bench 15.0 In IGES Format So As To Conduct The
Different Analyses After Meshing The Imported Part
Design By Giving Proper Boundary Conditions For
Various Materials By Providing The Material
Properties. Below Is The Finite Element Model Of
The Primary Helical Coil Spring.

000 20000 () 9
[ ——

100.00

Figure 2: Finite Element Meshing Model of Primary
Helical Spring

3.2.1 Static Analysis:

Static Analysis Performs The Calculations
For The Static Loads Which We Applied On The
Component At The Static Position. It Doesn’t
Include an  Inertial Effect (Mass and
Damping).Doesn’t consider A Time Varying Force.
In Static Analysis We Can, However Include Steady
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Inertia Loads And Time Varying Loads That Can Be
Considered As Static Equivalent Loads. From Static
Analysis We Can Attain The Deformations,
Different Types Of Stresses In Static Position
Without Applying Any External Forces And Inertial
Effects And Damping Effects. We Don’t Apply The
Dynamic Loads In Static Analysis.

Boundary Conditions In Static Analysis:

1. One End Of The Spring Is Fixed.

2. Apply 19.62KN Axially Downwards On Top Of
The Spring.

Below Is The Figure For The Boundary Conditions

Applied On The Spring For Conducting The Static

Analysis.

B: Static Structural
Static Structural

Time: 1.5
31612018 8:03 AM
[ Fixed Support
[BJ Force: 19620 N

Y
0.00 200.00 () 9
[ —]

100.00

Figure 3: Boundary and Loading Conditions Acting
On the spring in Static Position.

3.2.2 Modal Analysis:

It Is The Basic Dynamic Analysis. In This
We Can Determine The Different Mode Shapes At
Different Natural Frequencies Of An Object Or
Structure During Free Vibration. Where we can
obtain the Deformations of Objects at Different
Natural Frequencies for a Particular Mode Shape.
We Also Can Obtain The Configurations Of The
Mode Shapes For A Particular Deformation And
Natural Frequency. Mode Shapes Describe The
Configurations In To Which A Structure Will
Naturally Displace. The Number Of Modes Is
Independent Of The Material Properties And
Boundary Conditions Of The Applied On The
Component. Each Mode Is Defined By A Natural
Frequency, Modal Damping, And A Mode Shape. If
Either The Material Properties Or The Boundary
Conditions Of A Structure Change Its Mode Shapes
Will Change. The Observed Displacement At
Angular Frequency €, Is Called Operating
Deflection Shapes Also Called As Mode Shapes.
The Modal Analysis Depends On The Mass And
Stiffness Of The Body Not On The Forces Acting
On It LE. (K-M®?)=0.
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Boundary Conditions in Modal Analysis:

1. Apply Fixed Support On One End Of The
Spring

Below Is The Figure Gives The Boundary

Conditions Applied In Modal Analysis.

i \

Modal
Frequency: NiA
3I6/2018 8:32 AM

[ Fixed Support

v

&
0.00 200.00 () K\é
[ —

100.00

Figure 4: Boundary Conditions for Modal Analysis.

V. RESULTS AND DISCUSSION

Static And Modal Analyses Are Carried
Out For All The Three Materials To Obtain The
Better Material For The Primary Helical Coil Spring.
In Static Analysis Graphs Are Drawn Between the
Vonmises Stresses, Deformations vs. Materials. In
Modal Analysis Graphs Are Drawn Between the
Natural Frequencies, Deformations vs. Materials.

4.1 Static Analysis Results:

B: Static Structural
Equivalent Stress

Type: Equivalent ivan-Mises) Stress
Unit: hPa

Tirme: 1

36/2015 8:28 AM
1077.7 Max
457 94
4382
T18.46
59871
47897
30923
13949
174
3.4071e-9 Min

Y

2

Figure 5: Vonmises Stress Distribution for
Chromium Vanadium Steel

200.00 (mim)

100.00
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B: Static Structural
Total Deformation
Type: Total Deformation
Unit mm

Tirne: 1

62018 8:28 AM

95.952 Max
85.29
74629
(3.968
63,306
42645
31984
21323
10,661

0 Min

100.00

Figure 6: Deformations for Chromium Vanadium
Steel.
Fig.5 And Fig.6 Depicts The Maximum Vonmises
Stress Of Primary Helical Spring For AAR
Chromium Vanadium Steel Material Is 1077.77 Mpa
At Inner Side Of The Coils And Maximum
Deformation Is 95.952 Mm At Top Of The Spring
Coil Where Load Is Applied.
The Maximum Equivalent Vonmises Stresses and
Maximum Deflections for the Remaining Two
Materials Carbon Epoxy and Aluminum Silicon
Carbide Materials Are Shown In the Below Fig.7
and Fig. 8 Graphs.

Maximum Vonmises stress(Mpa)

= Maximum Vonmises stress(Mpa)

1206.8

1077.7
1055.5

chrome
vanadium steel

carbon epoxy  Aluminium
silicon carbide

Figure 7: Maximum Vonmises Stresses for Various
Materials.
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Maximum Deformation(mm)

=0—Maximum Deformation(mm)

1418.4

chrome
vanadium steel

carbon epoxy  Aluminum
silicon carbide

Figure 8: Maximum Deformations for Various
Materials.

4.2 Modal Analysis Results:

B: Modal

Total Defarmation

Type: Total Deformation
Freguency: 10.908 Hz
Unit: mim

37602018 8:34 AM

10.367 Max
9.2152
8.0633
6.9114
57594
46076
3.4557
23038
11519

0 Min

L.
0.00 200.00 (mm}
L S|

100.00

Figure 9: Mode Shape 1 for Chromium Vanadium
Steel

B: Modal

Total Deformation 2
Type: Total Deformation
Frequency: 10.98 Hz

Unit: mim

G018 834 AM
10.434 Max
9.2744
8.1151
£.9558
5.7965
46372
34779
23186
11583
0 Min

X\L' z
000 200,00 ooy
[ —

100.00

Figure 10: Mode Shape 2 for Chromium Vanadium
Steel.
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B: Modal

Total Deformation 3
Type: Total Defarmation
Fraquency: 19.031 Hz
Unit: mm

G018 8:34 AM

8.2 Max
7.2889
5.3778
5.4667
4.5555
36444
27333
1.8222
0.81111
0 Min

0.00 20000 ()

100.00

Figure 11: Mode Shape 3 for Chromium Vanadium
Steel.

B: Modal

Total Deformation 4
Type: Total Deformation
Frequency: 21.99 Hz
Unit: mm

62018 835 AM

13.389 Max
11901
10414
89261
74384
£.9507

4 463
249754
1.4877

0 Min

0.00 200,00 ()
10000

Figure 12: Mode Shape 4 for Chromium Vanadium
Steel.

B: Modal

Tatal Defarmation 5
Type: Total Deforrmation
Frequency, 43.885 Hz
Unit: rmm

3/8/2018 8:35 AW

11.795 Max
10.485
9174
78634
6.5528
52423
38317
28211
1.3106

0 Min

0.0o 200.00 {mm}
100,00

Figure 13: Mode Shape 5 for Chromium Vanadium
Steel.
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The Five Number Of Mode Shapes Are
Extracted In Modal Analysis. Fig.9 To Fig.13
Depicts The Natural Frequencies And Deformations
For All The Five Modes And Their Mode Shapes
And Their Deformations.

The Mode Shapes and Deformations for Carbon
Epoxy and Aluminum Silicon Carbide Materials Are
Shown In the Below Fig.14 and Fig.15 Graphs.

Natural frequencies(HZ)

= Natural frequencies(HZ)

1095

Alsic

carbon epoxy
43.885

chrome vanadium steel

Figure 14: Natural Frequencies for Various
Materials of Primary Helical Spring for 5 Modes.
[Alsic = Aluminium Silicon Carbide]

Deformation (mm)

m Deformation (mm)

Alsic

carbon epoxy

chrome vanadium steel

Figure 15: Maximum Deformations for Various
Materials of Primary Helical Spring for 5 Modes.
[Alsic = Aluminium Silicon Carbide]

DOI: 10.9790/9622-0803032834




D.Ramya Int. Journal of Engineering Research and Application WwWw.ijera.com
ISSN: 2248-9622, Vol. 8, Issue3, (Part -3) march2018, pp.28-34

V. CONCLUSIONS Table 4: Analyses Results.

e In This Study The Analysis Is Carried Out
For The Primary Helical Coil Spring Of Analyses results Chromium | Carbon | Aluminium
Locomotive For Maximum Vonmises vanadium | epoxy silicon
Stresses, Deformations In Static Analysis, steel carbide
For Natural Frequencies In Modal Analysis
And For Maximum Vonmises Stresses, For Primary helical coil spring
Various Materials Analyzed In ANSYS i i
15.0. Static a) Maxnr_num

) ana|ysi5 vonmises

e |t Is Observed That The Maximum stress(Mpa)
Vonmises Stresses Occurred At The Inner
Side Of The Coils And Maximum 1077.77 1206.8 1055.5
Deformation Occurred At The Outer Part
Of The Coil Spring Where Maximum Load b)  Maximum 95.952 14184 164.89
Is Applied For All The Materials. deformation

e Chromium Vapadium Steel Has Got The NModal | a) m:j)ral 10.909 55142 173747
Lesser Vonmises Stresses Than Carbon analysis frequency
Epoxy And Aluminium Silicon Carbide for ~ Mode
Has Got The Lesser Stresses Than shape 1 (Hz)
Chromium  Vanadium Steel In Static b) gﬂegm:{?on 10.367 22508 | 17.168
Analysis. for  Mode

e Chromium Vanadium Steel Has Got The shape 1(mm)
Lesser Deformations Than Carbon Epoxy o) ][\:g“:jfeﬂr'lc 10.99 7.7471 | 13.841
And A_Iumlnlum Silicon Carbide In Static forq l\/)Ilode
Analysis. shape 2 (Hz)

e Chromium Vanadium Steel Has Got The d) Maximum 10.434 18.428 17.295
Lesser Deformations And Better Natural ?Eformal\t/iloz
Frequencies Than Carbon Epoxy And s?]rape 2(mcr)'n;
Aluminium Silicon Carbide In Modal ) Natural 19.031 11133 | 24312
Analysis. frequency

e Chromium Vanadium Steel Is The Better f‘r’]' 3M|_C|’de
Mater_ia_l Thf"f‘ Carbo_n Epoxy ~And f) iAZE?mu(mZ) 8.2 30.078 13.725
Aluminium Silicon Carbide Even Though deformation
Alsic Has Got The Lesser Stresses In Static for  Mode
Analysis But Due To Its Less Young’s shape 3(mm)
Modulus And Less Stiffness Nature The
Deformations Are Very High. REFERENCES
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