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Abstract

A plastic and steel component has been analyzed under repeated
loading conditions. Design, experimental and finite element
approach has been adopted for the same. Different materials have
been explored for improving the life of the component and also
the efforts on reducing the stress concentration in the design in
increase the life of component. An experimental setup is
designed in which component under study is subjected to
repeated loading with the help of solenoid actuator and the
failure of the component observed with respect to no. of cycles.
The acceleration plots and speed of the actuator is correlated with
the failure behavior of component under study. The proposed
method is very useful for determining the life of component
subjected to repeated loaded and very good correlation is
establish between the finite element results and the experimental
test data.
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1. Introduction

The purpose of the present work is to establish the
systematic procedure for identifying the failures of the core
stop assembly with is operated by solenoid actuator. Here
the sequence of failure has been analysed to ensure the life
of assembly as per standards and improve the life of the
assembly further by taking the corrective actions on the
failure modes. Different aspects are analysed such the
significant of stress concentration factor on the failure
mode and how the life can be improved by changing the
design and by reducing the stress concentration. Different
materials have been studies for the impact strength and SN
curves for selecting the right material for the required life
of the components.

H. Nahvi and M. Jabbari [1] have come up with an
analytical, as well as experimental approach to the crack
detection in cantilever beams by vibration analysis is
established. An experimental setup is designed in which a

cracked cantilever beam is excited by a hammer and the
response is obtained using an accelerometer attached to the
beam. Samer Masoud Al-Said [2] has proposed a simple

algorithm based on a mathematical model to identify crack
location and depth in a stepped cantilever Euler—Bernoulli
beam carrying a rigid disk at its tip. The mathematical
model that describes the lateral vibration of the beam is
derived using the assumed mode method that coalesces
with the Lagrange’s equation. The proposed identification
algorithm utilizes the first three natural frequencies shift of
the beam caused by a crack to estimate its location and
depth. In addition, the proposed mathematical model is
used to illustrate the effect of the crack depth and its
location on the dynamic characteristics of the system.
Using the commercial finite element (FE) software
(ANSYS 8.0), three-dimensional finite element analysis
(FEA) is carried out to show the accuracy of the derived
mathematical model and to demonstrate the reliability of
the proposed crack identification algorithm. B. P.
NANDWANA AND S. K. MAITI [3] proposed a method
based on measurement of natural frequencies is presented
for detection of the location and size of a crack in a
stepped cantilever beam. The crack is represented as a
rotational spring and the method involves obtaining plots
of its stiffness with crack location for any three natural
modes through the characteristic equation. The point of
intersection of the three curves gives the crack location.
Vibration based methods of detection of a crack offer some
advantages. They can help to determine the location and
size of a crack from the vibration data collected from a
single point on the component. When a crack develops in a
component, it leads to a reduction in the stiffness and an
increase in its damping. Jesus Toribio, Beatriz Gonzailez
and Juan-Carlos Matos [5] analyzed the influence of
microstructure on fatigue crack growth was analyzed in
steel with slightly hypereutectoid composition. A material
constituted of pearlite colonies and a thin layer of
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proeutectoid cementite (pearlitic steel) was studied in its
initial condition (as received). In addition, the same
material was analyzed after undergoing a spheroidization
treatment obtained by an isothermal treatment on pearlitic
steel at 700°C and heating time of 10h. Results indicate
that fatigue crack propagation curve in the Paris region is
not modified by the spheroidization process. Fracto
metallographic analysis showed a change in the micro
mechanism of fatigue, evolving from transcollonial (trying
to break pearlite lamellae) in the pearlitic steel to
intergranular in the spheroidized steel, where cracking
takes place through the layer of proeutectoid cementite.
Spheroidization  treatment in  pearlite  produces
fragmentation, spheroidal shape and coalescence in the
cementite due to the diffusion processes (Chattopadhyay
and Sellars, 1982), and these microstructural changes
could influence mechanical properties of pearlite.
Spheroidization diminishes yield strength, at the same time
increasing ductility and fracture resistance. In this way, in
pearlitic and spheroidized steel, tensile strength depends
on the mean slip distance in the ferritic phase, according to
the Hall-Petch equation. Furthermore, fracture toughness
in the pearlitic microstructure increases with the decrease
of the prior austenite grain, whereas spheroidized steel
does so with the increase of the mean free path between
cementite carbides.

There are three different components which are
likely to fail under repeated loading shown in Fig.1
Stopper is made up plastic and has to be analysed under
the impact load for required number of cycles. Frame is
mounted firmly to the structure and undergoes vibration
because of repeated loading condition. Link is subjected to
tensile stresses in the first half cycle when the plunger is
pulled in and then it is subjected to compressive stresses in
the next half cycle when spring releases its energy.

Stopper (Plastic Part) v : . = N\

Frame (Steel Part)
Plunger of sclenoid
actuator (Steel Part)

Link (Stainless Steel Part)
Fig. 1 Major components of stopper assembly

Table 1 shows the calculations for impact force. This data
is used for finite element analysis using Ansys workbench
and stress have been compared for different design of
stoppers.

2. Methodology
Table 1: Calculation for impact force

Solenoid stopper assembly is designed for the required life Input
of all the components of assembly and for which each Parameters Symbols Values | Units - IPS
component is design and analyzed. Fig 1 shows the major Mass Of
components of core stop assembly which are subjected to "Weight' ml 50 Ib
repeated loading condition due to the movement of Mass Of 'Shaft' m2 2.0 b
solenoid .plunger. Solfenmd force is determlneq basedlon Inertia Of Shaft | 11 03 Ibf-Inch2
the reql'nrement of final product and ac,jcor.dlng de.51gn Inertia Of Wt 2 50 Ibf-Inch™2
calculations are done. When the solenoid is energized Angular
plunger is pulled in and at top dead centre position current Velocity Q 2350.0 | Degree/Sec
is topped to the solenoid coil. Along with the plunger o
spring is also getting compressed when the solenoid is Velocy Q 41.1 Rad/Sec
pulled in and store the energy so at top dead centre Calculations
position when the solenoid current is stopped, spring will —
release its energy and will come back to its original Max  Principal ) 22570. psi
position. This movement of plunger happens at very high Stress 0
speed and the total travel time for the plunger from top Load F 3350.0 | Ibf
dead centre to original position is less than 60ms. This Deformation X 0.0202 | Inch
results in very high impact force on the structural Material K = F/X 166006 | 1bf/Inch
components of the core stop assembly. High stresses are Stiffness
induced in all the components because of the impact force. Kinetic Energy ;3(}\;)1/2(K* 338 Ib-Inch
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ol Moment |y 153 | IbmeInch2
Of Inertia
Angular
Velocity Q 6.5 'ps
1bf-Inch"2-
— k
Kinetic Energy 1;:22)‘1/ 20 1 44733 | Revi2
/Sec”2

Total Rotating _
Mass M=ml+m2 | 7.0 Ib
Linear Velocity | V 12.7 Inch / Sec

o E3=1/2(M* 1b-
Kinetic Energy VA2) ( 563.0 InchA2/SecA2
Linear A 2114 | Inch/Sec”2
Acceleration
Radius of
Rotation R 1.9 Inch

(kM) 1078.0
V(KI) 938.0
Output

Parameters Symbols Values | Units

Impact Force F=M*a 1479.7 | Lbf

T . aring Load
Rigidly Constrained

Fig. 2 Boundary condition for link analysis

Geometry: Fig 3 shows the different geometry different

4 — f

Fig. 3(a) link 1 design and simulation results (Fatigue life 8000
operations for bearing load of 320 Lbf)

Fig. 3(b) link 1 design and simulation results (Fatigue life 24000
operations for bearing load of 320 Lbf)

El1=1/2(K* Fig 3 shows the original link design 1 (a) and link
FEA KE XA2) 33.8 Iof-Inch design 2 (b). For the modified design fatigue life can be
Aneular KineticFE2=1/2(1% 1bf-Inch”2- increased by 3 times with change geometry. However there
ngular Kinetic =12(Mw 44733 | Rev™2 could be constrains in the changing the geometry of the
Ener A2)
&y /Sec”2 component and hence the alternate approach has to be
Linear ~ Kinetic | E3=12(M* | .. | Ib- considered as well.
Energy VA2) ) Inch”2/Sec”2
Angular ® Material: different material are explore with FEA
Velocity =X*V(K/T) 3.57 simulations has been carried out to compare the strength
Deformation X=0*V(I/K) | 0.04 of material for. repeated 1oadipg. Table 2 shows the
F= different materials explores with properties the FEA
Tmpact Force (VM) 3387-0 results for improvement in life.
*
*+ (@ \/(kl)) Table 2
Comparison of different material with properties and simulation results
2.1 Design of link SS
FEA model is created in Pro-mechanism to determine i\/laterla Uni 6AOI 61 7A(§7 5 Altlzi{ 215;.7-
the impact force and same is correlated with the theoretical t
. . . Parame T6 T6 - 1150
calculations. For determining the impact for on Pro- ters 1075
mechanism position vs time data is used which is measured Densitv | 164 1 0.097 1 0.10 | 028
with the help of transducer which is connected to the Y 03 '5 2 '3 0.284
plunger of the solenoid. Ultimat
During the repeated loading link is subjected to tensile 1ema
as well as compressive stresses which resulted in the . . 8300 | 1550
failure of link which is analysed and redesigned for the ’gfnmli Psi | 44950 0 00 145000
improved life. Different materials are also explored for rlelng
higher life without the cost impact. Boundary conditions
for the link analysis is shown in Fig.2
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Tensile
Yield . 7300 | 1350
Strengt Psi | 40020 0 00

h

125000

Modulu 1040

s of G | 99905 | 0] 2850 | 285000
Elastici | P 00 0000 | 00
ty

MPS
@
Load
320 Ibf

psi | 3319 | 3319 | 3287 | 3287

MPS
@ %of | % 83 45 24 26
Yield

Deform

ation @ In 0.004 | 0.00 | 0.00 | 0.0015
320 51 43 15 7
Load

Poisson 0.27

Ratio 0.33 0.33 ) 0.272

Here different types of materials and different grades
are also compared. Also the SN curve for the material is
referred to determine the life of the component based on
the maximum principle stress of material. From the SN
curve it can be determined that life of Al7075 is 10
times more than that of Aluminium 6065.

2.2 Design and simulation of frame

Frame is subjected to the mechanical vibration because
of the repeated loading of the conditions on the assembly.
It has been observed that the frame developed crack on one
side and broke on other side after 14000 operations as
shown in Fig. 5. When the component is analysed for root
cause of failure it has been evident that at the notches and
it happened due to high stress concentration in the localize
area. Original design is modified to reduce the stress
concentration effect and came up with two variations as
shown in Fig. 4

Fig. 4 Design changes in frame to reduce the stress concentration

Fig 4(a) shows the original design which has sharp
corners which are changed to rounded corner in Fig 4(b)
with the same length of notch. Fig 4(c) shows the reduced
notch length with rounded corners. FEA is done on all the
three designed to understand the reduction in stresses. The
relief provided are as per the sheet metal manufacturing
guidelines. Full round in the flat pattern helps in easing out
the stresses.

SMalenver stress thinem

I
the g vanal ales

S e
Fig. 5 Simulation results for original frame and modified designs to
check the reduction in stresses

Fig 5 shows the simulation model of frame with
modified design there it has been observed that the stresses
reduce drastically with making the corner rounds. Fig 5(c)
design shows 31% reduction in the stresses and hence the
life of core stop assembly will be improved significantly.

2.3 Design and simulation of Stopper

Stopper has been analysed to ensure that it does not
break for at least 20,000 operations. Simulation has been
carried to ensure the required life and also material
analysis is done for the same. Fig 6 shows the simulation
of stopper to ensure it has required strength to sustain more
than 20,000 operations. Fig 6 shows the FEA model, set up
to determine the stresses under the impact load and
determine the life of component.

Fig. 6 FEA model of stopper under impact loading condition for
determining the life of component
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Also different material are explored to increase the life of
components as shown in Table 3

Table 3 Material comparison for different grades of Zytel
Material | Modulus Yield Impact Strength
(psi) Strength (psi) ft-1b/in
70G33 900,000 18,000 2.5
ST801 125,000 6,000 20

The loading condition is impact load situation, hence
super toughened nylon i.e. Zytel ST801 has impact
strength that of 8 times of Zytel 70G33.

4. Conclusions

A systematic approach of failure mode of different
components has been studied. Good correlation in the
theoretical calculations and simulation results is achieved
for determining the impact load. All the parts of core stop
assembly were analysed to ensure the life of minimum
20,000 operations. Experimental set up help in verifying
the assembly life and identifying the life of each
component. Material plays vital role in determining the life
of component and alternate materials are identified to
enhance the life along with the design changes. Effect of
stress concentration on the fatigue life of the component is
studied and rectified by changing the localized area to
reduce stress concentration. There has been very good
correlation in the calculations, FEA results and test results
for determining the impact force and hence the stresses on
the component and hence proved that all the components
are safe for the life of 20,000 operations for the assembly.
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