
Finite Element Analysis of 20L Water Can Lifter
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Problem
Definition: To make a user friendly mechanism
to lift and tilt 20L water can.

Solution proposed: Lever is used to
simultaneously lift and tilt the water can.

Static conditions 
Lever : A lever with good stiffness and less
weight should effectively counter weight on one
side with force applied on other side without
bending.
Frame : A Frame should withstand static loads
without failing and provide stability.

Dynamic conditions 
Lever : The lever should withstand impact loads
due to fast operation.

Purpose statement

Criterion : Stiff material with less weight should

withstand impact loading and be corrosion

resistant.

Chosen Material : 304 Stainless Steel : Annealed

Material Properties : Young’s modulus :193GPa,

Poisson’s ratio :0.29, Yield strength :235MPa

Material selection

Free body diagram

Results – Static analysis

Results – Transient dynamic analysis

Discussion

Conclusion

Embodiment Design

Fig 1a) Embodiment  design (in mm) and 1b) Dimensional prototype

161.5N Required force, F was obtained
as 123.93N. The weight of
water can (200N) and force
(123.93N) applied is shared
between the two frames.

 The static analysis of lever shows that the induced
stress of 13.1MPa is well within the yield strength
i.e. 235MPa and hence is safe as per von Mises
failure criterion. The same is evident for the frame
and substep results of transient analysis.

 The deflection is in the order of 10-3 m which is
acceptable.

 The lever has withstood a transient analysis for an
impact load of 200N given as a ramped loading
with 10 substeps in one unit of time

Fig. 2a) Free Body Diagram (FBD) of lever, 2b) FBD of frame

Fig 3a) Static analysis of lever 3b) Static analysis of frame

Fig. 4. Results of transient analysis at various substeps (a)1 (b)6 (c)8 (d)10

(a) (b)

(c) (d)

(a)

(b)

The results of analyses have validated the purpose
statements. The lever has been tested for static and
dynamic conditions. The frame has been able to
withstand static forces without failure. The hollow
components have reduced the weight.



Spectrum Analysis
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Problem
Definition : A simply supported beam of
length L, mass per unit length m, and
section properties shown in Problem
Specifications, is subjected to a vertical
motion of both supports. The motion is
defined in terms of a seismic displacement
response spectrum. The aim of this analysis
is to determine the nodal displacements,
reactions forces, and the element solutions.

2D Elastic 3 ( BEAM3) – This is a
uniaxial element with tension,
compression, and bending
capabilities. The element has three
d.o.f at each node: translations in the
nodal x & y directions and rotation
about the nodal z-axis. The element is
defined by two nodes, the cross
sectional area, the area moment of
inertia, the height and the material
properties.

Element selection

Problem Specifications

Result - Element Solution

Date : 13-07-2016

Conclusion

The spectrum analysis was performed. The
maximum nodal displacement was found to be
0.55301 in, maximum stress was 20156 psi and the
reaction force was 12243 p

The following material properties are used 
for this problem: 

• E = 30 x 106 psi 

• m = 0.2 lb-sec2 /in2

The following geometric properties are used 
for this problem: 

• I = (1000/3) in4

• A = 273.9726 in2

• L = 240 in 

• h = 14 in

Meshing and Boundary conditions

Result – Nodal Solution

The line is divided into 8 elements and meshed. The
boundary conditions are given by constraining dof UY
in the left node and UX,UY in the right node.

Response Spectrum

Frequency, Hz Displacement, in

0.1 0.44

10.0 0.44 NODE      UY    
1   0.0000    
2   0.0000    
3  0.21163    
4  0.39104    
5  0.51091    
6  0.55301
7  0.51091    
8  0.39104    
9  0.21163

Result indicates a maximum displacement of 0.553in

EL= 5  NODES= 6 7  MAT=  1
TEMP = 0.00 0.00 0.00 0.00

LOCATION SDIR SBYT SBYB

1 (I) 0.0000 20156. 20156.
2 (J) 0.0000 18622. 18622.

The element results indicate maximum stress of
20156psi for the element node no.6.

THE FOLLOWING X,Y,Z SOLUTIONS ARE IN THE
NODAL COORDINATE SYSTEMS

NODE FX FY
1 12243.
2 0.0000 12243.

TOTAL VALUES

VALUE 0.0000 24487.

Result – Reaction Solution

Result – Modal frequency

***** INDEX OF DATA SETS ON RESULTS FILE *****

SET TIME/FREQ LOAD STEP SUBSTEP CUMULATIVE
1 6.0974 1 1 1



Application of ANSYS to Two-Dimensional Contact Stress
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Problem
Definition : An elastic cylinder of mild steel
with a radius of R pressed against a flat surface
of a linearly elastic medium of the same
material by a force P’. It is required to perform
an FEM analysis of the elastic cylinder pressed
against the elastic flat plate and to calculate
the resulting contact stress in the vicinity of
the contact point in the flat plate.

Geometry of the cylinder: radius, R=1000 mm.
Geometry of the flat plate: width, W
=1000mm, height, h=500 mm.
Material: Mild steel having Young’s modulus, E
=210 GPa and Poisson’s ratio, µ=0.3.
Boundary conditions: The elastic cylinder is
pressed against the elastic flat plate by a force
of P’=1 kN/mm and the plate is clamped at the
bottom. The cylinder and the plate is
considered to have an unit thickness in the
case of plane stress condition.

Problem Description

Choice of Elements

Model creation and meshing

Results – Stress Contour

Discussion

Conclusion

Analytical Model

Fig 1 Conversion of physical model to FEM Half model Fig 2 Half model with partial circular annulus and rectangle meshed

Fig. 3. Results of y-component stress contour

The contour plots of y-component of stress agree reasonably 
well with the theoretical curve as in Fig.4. 

Finite Element Model summary
No. of Nodes : 14761
No. of elements : 4816
Analysis : Structural (static)
Type of Mesh : Area (Free)

PLANE183 - It has. quadratic displacement
behaviour with 8 nodes and is well suited to
modelling irregular meshes. Here the element is
used with “plain strain” option.

TARGE169 - It is used to represent various 2-D
"target" surfaces for the associated contact
elements. This element is attributed to nodes in
the top of rectangular plate with “Top surface”.

CONTA172 – It represents contact and sliding
between 2-D "target" surfaces and a deformable
surface, defined by this element. This element is
attributed to nodes in the circumference of
quarter circle with “Bottom surface”.

Theoretical curve p(x) is
expressed by a parabola as

, ,where x is
the distance from the center
of contact, p(x) the contact
stress at a point x, k the
coefficient given by Equation
(1) below, and b half the
width of contact (2).

The length of contact is as small as 4.7mm, so that the
maximum value of the contact stress is as high as 270.9MPa.
Although meshes are finer in the vicinity of the contact point,
the number of nodes which fall within the contact region is
only 3.

Fig. 4. Plot of y-component stress along the 
top surface of plate

(Eq.1) (Eq.2)

The maximum stress p0 is given by 

Date : 15-06-2016

SMN= -309 MPa 
(Compressive)



Steady-state thermal analysis of a pipe intersection
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Problem
Definition : A cylindrical tank is penetrated
radially by a small pipe at a point on its axis
remote from the ends of the tank, as shown in
Figure 1.

• Inside diameter of the pipe=8mm
• Outside diameter of the pipe=10mm
• Inside diameter of the tank=26mm
• Outside diameter of the tank=30mm
• Inside bulk fluid temperature, tank=232°C
• Inside convection coefficient, 

tank=4.92W/m2 °C
• Inside bulk fluid temperature, pipe=38°C
• Inside convection coefficient (pipe) varies 

from about 19.68 to 39.36W/m2 °C, 
depending on temperature

• variation of the thermal parameters with 
temperature is provided in the table below

Problem Description

Assumption

Meshing

Solution – Load applied

Results – Temperature Contour

Inference
The temperature plot shows the variations in the

temperature when the pipe fluid at 38° C is mixed
with tank fluid at 232° C.

Choice of element

Quarter symmetry assumption is made and
that, at the longitudinal and circumferential cuts
in the tank, there is sufficient attenuation of the
pipe effects such that these edges can be held at
232°C.
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Solid Model construction
The solid model is constructed by intersecting

the tank with the pipe and then removing the
internal part of the pipe using Boolean operation
as shown below.

20node 90 – This 3-D element has 20 nodes with a
single DOF and Temperature at each node. It is well
suited to model curved boundaries.

Boundary temperatures along with the convection
coefficients and bulk fluid temperatures are applied
as shown below :-

Conclusion
Steady-state thermal analysis has been performed

for pipe intersection using ANSYS FLOTRAN.

No. of Nodes = 
No. of Elements =



Analysis of Flow Structure in a Diffuser
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Problem
Definition: To analyze the flow structure of an
axisymmetric conical diffuser with diffuser
angle 2 = 6° and expansion ratio = 4 as
shown in Fig.1.

Shape of the flow channel :
• Diffuser shape is axisymmetric and conical, 

diffuser angle 20 = 6°, expansion ratio =4
• Diameter of entrance of the diffuser: DE = 

0.2 m
• Length of straight channel for entrance: 

4.5DE.
• Length of diffuser region: 9.SSDE.
• Length of straight channel for exit: 50.0DE

• Operating fluid: Air (300 K)
• Flow field: Turbulence
• Velocity at the entrance: 20 m/s
• Reynolds number: 2.54 x 105 (assumed to 

set the diameter of the diffuser entrance 
to a representative length)

Boundary conditions:
• Velocities in all directions are zero on all 

walls.
• Pressure is equal to zero at the exit.
• Velocity in the y direction is zero on the x-

axis.

Problem Description

Choice of Elements

Preprocessing

Results

Conclusion

Fig. 3 Pressure and Velocity boundary conditions applied

Fig. 4 Vector plot of Velocity

The plot in Fig.5 shows the variation of velocity (VX) from the 
outer wall towards interior portion. The flow structure in a 
diffuser has been analysed

FLUID141 (2D FLOTRAN 141) – This element is
used to model transient or steady state
fluid/thermal systems that involve fluid and/or
non-fluid regions. This element is chosen with
axisymmetric about X option.

Date : 22-06-2016

Fig.2 Model created from keypoints, lines and meshed

Fig. 5 Plot of Velocity VX in the defined path

Fig. 1. Axisymmetrical conical diffuser



Mold flow analysis of an injection molded component
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Problem
Definition : To analyze the mold flow in the
injection molded component shown below.

Min Aspect Ratio 1.154707
Max Aspect Ratio 23.202919
Max Aspect Ratio 2.288898
Number of Elements greater
than 10.000000 is 30

Checking mesh for errors

Meshing

Mold flow analysis

Results – Filling Time

Date : 06-07-2016

Conclusion
The mold filled in 1.17 seconds. Mold flow analysis
has been completed for the component.

The CAD model saved in *.mfl format is
imported for the current analysis.

Before remeshing 2500 elements were
present as indicated in the Study Tasks pane.
The model was remeshed to create a more
suitable Fusion mesh for Modlflow analysis.

Remeshing created a finer model mesh with
approximately 3700 Fusion elements.

Material Selection

Using mesh tools, the element with the maximum
aspect ratio was selected and its nodes were merged
to remove the element.

Setting injection location

Aspect ratio statistics

A suitable location (node) for injection was
selected using Analysis->Set injection location

Material was selected from Analysis->Select material
Manufacturer : Cheil Industries Incorporated
Trade Name : VB1108R



STATIC ANALYSIS OF PEN CAP 

## material property from www.matweb.com 

AIM : To perform static analysis on a pen cap and find the maximum load it can withstand 

PROCEDURE : Material selection is done by using Material selection charts (Ashby) for light weight and moderate 

stiffness. Some of the materials that fall in this category are Polyamide6, Nylon12, Nylon66. Nylon 66 

(EX=3GPa,PRXY=0.3,Sy=81.38MPa) ## is chosen as the material for analysis. The pen cap was modeled in SolidWorks'15 

for actual dimensions (Fig.1) and imported into ANSYS'15 as parasolid file. Element chosen was Solid Tet 4 Node 285. The 

model was meshed after supplying material properties. Fixtures and load of 10N were defined (Fig.2). Subroutine was 

written in APDL defining the number of load substeps as 100, i.e for each substep a load of 10/100=0.1N was applied, 

equivalent to 10gm force. The table for load steps and stresses induced was listed and analysed. 

 
Fig.1 Dimensions in mm             Fig.2 Meshed and Load applied 

SUBROUTINE - for solution controls and analysing results in POST1

/SOLU 

NSUBST,100   

AUTOTS,OFF  

OUTRES,ALL,ALL  

SOLVE 

/POST1 

*DIM,T1,ARRAY,100,2 

*DO,I,1,100,1 

SET,1,I 

ETABLE,STRMAX,S,EQV  

ESORT,ETAB,STRMAX,0,1 

*GET,STRMAX2,SORT,,MAX 

*IF,STRMAX2,GT, 81380000,THEN 

*EXIT 

*ENDIF 

*VFILL,T1(I,1),DATA,(I*10/100) 

*VFILL,T1(I,2),DATA,STRMAX2 

*ENDDO 

*STATUS,T1,,,1,2 

 

FAILURE CRITERIA 

Von Mises Equivalent Stress can be expressed as        
         

      
      . If        , then the material fails. 

LISTING LOAD STEP, LOAD & CORRESPONDING MAX STRESS 

 

OBSERVATION : The *do loop was terminated at load step of 56, at a load of 560gm. The maximum deflection obtained 

was 0.003m=3mm. The maximum stress obtained was 0.867E08 Pa> (Sy=0.8138E08 Pa). 

 

 

 

 

 

 

 

RESULT : Static analysis has been done for pen cap. 



Rib Stiffener
Stiffness can be added to localised area of a structure though rib stiffener
Added to reduce bending, buckling and vibration effects
Attached by welding, gluing, bolting or during casting/moulding

Without Rib

Max Load : 5.6N
Max Deflection : 3mm

With Rib

Max Load : 5.8N
Max Deflection : 1.8mm

Material : Nylon 66 
(EX=3GPa,PRXY=0.3,Sy
=81.38MPa) 

Load : 10N with 100 
substeps

RESULTS

MODEL ( x10mm)

Effect of rib stiffeners in pen cap
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