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Abstract: Now-a-days, AUTOMATION is improving at faster rates in our nation. Advantages commonly attributed to

automation include higher production rates and increased productivity, more efficient use of materials, better product

quality, improved safety, shorter work weeks for labor, and reduced factory lead times. Hence, the present work is

introducing automation (programming in ANSYS APDL) in finding out stress concentration factors for rectangular or

square plate with a circular hole at ANY LOCATION, also tested the same specimen with two materials — Structural

Steel and Aluminum 6061-T6. The plate mentioned is subjected to uniform tensile load. The stress concentration factor

has been calculated by using both analytical and finite element methods. By using this automation tool, a researcher

can directly get SCF (stress concentration factor) for different materials in a very less time and can reduced R&D lead

times.
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l. INTRODUCTION

Structural integrity is very crucial in all mechanical
industries like Aerospace, Automobiles, Oil & Gas, and
Power Sectors. As per codes and standards all the designing
and execution works will carry out, for safety and quality.
But the common structure that comes across in all types of
industries is a plate with hole appears as a single part or in
assemblies. Evaluating stress concentrations at the location
where material has been removed like holes or notches is a
standard practice followed before selection of material of
construction (MOC).

Hence in this project a Square plate with a circular hole in
it is considered with different materials, which is subjected
to normal tensile load (bi-axially). Manually if done this
project in ANSYS — Pre-processing, Solve and Post-
processing will take atleast 30 to 50 minutes from an expert
level to beginner level. Instead of that, this project has
contributed its time in develop a program/code to complete
this task in milliseconds, with Graphic User Interface and
User Customization for geometry changes has also been
added in this MACRO, which saves not only time, but also
money in research point of view.

Il. ANALYSIS OF SPWCH (SQUARE PLATE
WITH A CIRCULAR HOLE) - MANUALLY

Following are the detailed step-by-step procedure for
modeling a square plate with circular hole at center.

Since this part is symmetric in both ‘X’ and Y’ axes, we
can model quarter of the part and give symmetric boundary
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conditions, so that it will save time and also reduces
number of finite element equations to solve.

Step-1: Defining preferences as “Structural”
Step-2: Choose “8 Node 183” for Element Type

Step-3: After selecting the element type, click on “Options”
button and select Element Behavior (K3) as “Plane strs
w/thk”, which says that the thickness can be added for
element directly.

Step-4: Now go with the Real Constants and define
Thickness (THK) =2

Step-5: As shown go to Material Model and enter the
mechanical properties of the material being considered for
analysis.

Step-6: Geometry Modeling starts with defining Key
points. The Square plate which is considered has
dimensions as, L X B X T = 100 X 100 X 2 (mm). As
shown in the figures below, define key points accordingly.

Step-7: Now creating lines and arc for the geometry. As
shown in below figure, select “By End KPs & Radius”
option. In the first go, select key points — ‘2° and ‘6’, then
click on “Apply” button, again it prompts to pick the center
of the curvature, then select key point ‘1°, now a window
will appear and prompts for “RAD” value, enter 5 and
“OK”.

Step-8: Now an arc has created between key points ‘2’ and
‘6’, with 5mm radius.

Step-9: Create lines using “In Active Coord” option and
select each point.

Step-10: “Mesh Tool” has used to mesh lines for manually
setting the Number of Element Divisions (NDIV) and
Spacing Ratio (SPACE) between the elements (a.k.a
Biasing)

© 2018, IJREAM All Rights Reserved.



ol

International Journal for Research in Engineering Application
ISSN : 2454-9150

& Manaﬁement iIJREAMi

or Line ‘L1’ NDIV = 30; For Line ‘L2’ and ‘L5’ NDIV =
15 also SPACE =8

For ‘L3’ and ‘L4’ NDIV =15

Step-11: Create area using the lines (L1 to L6) including
the arc.

Step-12: Concatenate lines ‘L3’ and ‘L4’, so that mapped
meshing can be possible

Step-13: Again use Mesh Tool to mesh the area created.

Make sure that “Mapped” option was selected and choose
the area.

Step-14: Applying boundary conditions. First, define
SYMMETRY B.C. as shown.

Step-15: Plot only lines to see the symmetry symbol “s” on
the lines considered.

Step-16: The tensile force which has to be applied on the
plate must be distributed on all nodes existing on line ‘L3’.
For this to happen, choose “Coupling/Ceqn” and select all
nodes using BOX option.

Step-17: After selection of all nodes a window appears and
prompts to set reference number (NSET) — any number can
be entered; choose “UX” for “Degree-0f-freedom label” as
the tensile force/load is going to be in X-direction only.
Step-18: Applying force. Select any node on the line ‘L3’,
the force will distribute with equal share on each node.

Direction of force/mom = “FX”
VALUE =500

As this is a symmetry design, the total force applied is
1000N

1. SOLUTION

Step-1: Go to plot results and select “Deformed Shape” =
‘Def + undef shape’

Maximum Displacement obtained in X-direction, DMX =
0.127e-08 mm

Step-2: Plot Results > Contour Plot > Nodal Solu> Stress >
Von Mises Stress

Maximum Stress obtained in X-direction, SMX = 14.74
MPa

Step-3: To see full portion of the entire plate.

Go to, PlotCtrls> Style > Symmetry Expansion >
Periodic/Cyclic Symmetry > select type of cyclic symmetry
as “1/4 Dihedral Sym”

Main Menu ®|
[ Preferences
@ Preprocessor
@ Solution
@ General Postproc
[ Data & File Opts
B Results Summary
@ Read Results
@ Failure Criteria
& Plot Results
Eloeto

ANSYS|

R15.0

@ Contour Plot
@ Vector Plot

@ Plot Path ltem
® Concrete Plot

@ ThinFilm
@ List Resuits
& Query Results
£ Options for Outp
£ Results Viewer
@ Nodal Calcs

Pick & mer enfer a command (POST1) [mat=1 [type=1 [real=1 csys=0 [}

Fig:3.1 Deformed Shape of SPWCH — Quarter part
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Fig: 3.2 Von-mises Stress for the entire plate

From ANSYS APDL main window access File > Read
Input From... > Choose the TXT file which was saved in
the previous procedure. A window will appear, prompting
the required input to do the analysis.

e Select Lt Pt Puelels WorkPane Pagameters Maco MeouCiis Help
0 = @ ) & e v o A B KT )

- ot g o e Pt

s it e P

~ ANSYS|

RISO

Pk 8 e e or et & command (PREPT) mat=1 =1 rea=1 0 secn=1

Fig:3.3 Graphic-User-Interface of the Developed Macro Inputs

» That's All

Thickness, T
\ Length, L

Vertical
Distance
from Top of
the Plate, A

Height, H

Applied Force, F

Horizontal Distance from Origin, B

Fig:3.4 Actual meaning of the variables used in Macro
Units

Inputs in the macro are

Length of the plate, L = 100 mm

Height of the plate, H = 100 mm

Vertical distance from top of the plate to hole center, A =
50 mm

Horizontal distance from edge of the plate to hole center, B
=50 mm

Hole radius, R =5 mm

Plate thickness, CURTHICK =2 mm

Modulus of Elasticity, YM = 210 GPa (210e9)

Poisson’s Ratio, MU = 0.3

Force Applied, F = 1000 N

Enter the above values and click “OK”

“Solution is done!” - Exactly within 54 seconds.

Values entered at 19:03:43 and Solution done at 19:04:47,
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[Pk & meess derm o ecter 8 cormerand (BEGN) [matey [hpest Trearst o=t [secnet
Fig:3.5 Mapped Meshing done by Macro
Fig:3.6(b)
mooAL souoion AN§1Y5§
Fig:3.6 Accuracy of Mapping
This paper considering = two ductile materials for e o e T oy g T e T s
comparison: Fig:3.6(c)
Structural Steel (Young’s Modulus, E = 210GPa, Mu = 0.3) p— ANSYS
Aluminum 6061-T6 (Young’s Modulus, E = 68.9GPa, Mu = . 32 30 |
=0.33) - -
Also with four “Hole Diameter to Width” ratios has S TisThsce
selected to compare the program.
Problem description:
a. Square Plate dimensions (Length X Width X Thick)
=100 X 100 X 2 (mm)
b. Tensile Force applied, F = 1000 N
c. Four Hole Diameter (d) / Plate Width (D) ratios are T = 1200
0.10, 0.15, 0.20 and 0.25 Fig:3.6(d)
Following are the results obtained: (Figures below are - ANSYS
listed in detailed form top to bottom) e R15.0
Hole Diameter = 10 mm & 15 mm (Structural Steel) (Done — .
Manually) B seof o
Hole Diameter = 20 mm & 25 mm (Structural Steel) (Done T
Manually)
Hole Diameter = 10 mm & 15 mm (Al 6061-T6) (Done
Manually)
Hole Diameter = 20 mm & 25 mm (Al 6061-T6) (Done
Manually)
Hole Diameter = 10 mm & 15 mm (Structural Steel) (Done R —
Using MACRO) SHTESC , ooses > %1 5 10826 %% 5.376e7 = 5% 11 5605 1212 15 7am
Hole Diameter = 20 mm & 25 mm (Structural Steel) (Done Fig:3.6(¢)

Using MACRO)
Hole Diameter = 10 mm & 15 mm (Al 6061-T6) (Done
Using MACRO)
Hole Diameter = 20 mm & 25 mm (Al 6061-T6) (Done
Using MACRO
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ANSYS  S— ANSYS
R15.0 R R15.0]
JUL 21 2018 SUB =1
19:39:27 TIME=1 JUL 21 2018
SEQV (AVE) 18:35:28
DX =.2SSE-08
MM =.04€245
sz =15.7861
SMX =15.0842
L I— |
-18546¢6 3.49629 €.80712 10.1179 13.4288
1.84088 5.15171 8.46253 11.7734 15.0842
L e Saaaa——— |
. 046245 3.544 7.04175 10.5395 14.0373
F|g.3.6(f) 1.79512 5.29287 8.79062 12.2884 15.7861
- Fig:3.6(j)
NODAL SOLUTION ANSYS
J— | : ANSY
SUB =1 JUL 21 2018 HODAL. }908 T TCH, S
TIME=1 19:47:30 stEs=: R15.0]
SUB =1 it
(AVG) TrME=1 JUL 21 2018
DM 14E-08 SEQV (AVG) 18:2€:12
max = 272E-08
S - los730 i
AT SMX =1€.2815
.108738 3.50196 6.89518 10.2884 13.6816
1.80535 5.19857 15.3782
. 187064 3.7636 7.34013 10.9167 14.4932
F|g36(g) 1.97533 5.55187 9.1284 12.7049 16.2815
Fig:3.6(k)
i ey : ANSYS
SUB =1 JUL 21 2018 BODAL - 9OEIEI0N
TIME=1 19:52:22 stER=1 R15.0
JEKE; e Sy JUL 21 2018
SEQV (AVG) TIME=L
DMK =.433E-08 seav (ave) eeaess
DX =.257E-08
o= == i
= SMX =1€.558S
.161098 3.62098 7.08087 10.5408 14.0006
1.89104 5.35093 8.81081 12.2707 15.7306
Fig:3.6(h) 351809 4.04219 7.73257 11.423 15.1133
2.197 5.88738 9.57776 13.2681 16.9585
— ANSYS
stER=1 .
e R15.0] Fig:3.6(1)
ey ; JuL 21 2018
(ave) 18:34:38
Dex =.244E-08 1
v = 124253 NoDAL soruTION ANSYS
e =15_ 4225 stEE=1 R15.0
sus =1 E
ey JuL 21 2018
sEQV (2VG) 18:25:389
DMX =_740E-08 '
v = 125885
o =15_4474
124253 3.52387 6.52349 10.3231 13.7227
1.82406 5.22368 8.62329 12.0229 15.4225
Flg'3'6(|) .129889 3.53377 €.93765 10.3415 13.7454
1.83183 5.23571 8.€63959 12.0435 15.4474

Fig:3.6(m)

558 | IIREAMV0410541135 DOI : 10.18231/2454-9150.2018.0673 © 2018, IJREAM All Rights Reserved.



International Journal for Research in Engineering Application & Management (IJREAM
ISSN : 2454-9150

ANSYS
. Stress Concentration Factor from Stresses,

16:20:48 _ Omax
K = fﬂ'ﬂum

sux =15.8101

Stress Concentration Factor from Diameter to Width
Ratios,

3-3.13 (%) + 3.66 (%) — 1.53(/)

K, =3-313 (10/,40) + 3.66 [m/mo): — 153 [1‘3'{1[}&)E =2.72
: K =3-3.3 (15/,09) + 366 (15/,99) - 1.53(15/,) = 261
T L K, =3-3.13 (20/,00) + 366 (2%/10) - 153(20/yq)° =251

ig:3.6(n) z
— il — K =3-3.13 (35/199) + 366 (35/199) - 1.53(25/14q) = 242

STER=L R15.0
- JuL 21 2018

Percentage Error,

K

SEQV (AVG)
DMX =.830E-08
M =.1€878€
o =1€.2041

Theoretical Value — Experimental Value

E = X100
% Error Theoretical Value

d/D Kt
RATIO {(Formmula)

o : o L ] 2.72
SLE8TEE | s1e o ssazaz %% 513280 107 1amies T leisoar 0.15 2.61
. .20 2.51
Fig:3.6(0)
0.25 2.42
“womax. sovozzon ANSYS
e R15.0
e . T Aataateo Table:4.1 Respective Values of d/D Ratio and K
STRUCTURAL STEEL ALUMINUM 6061-T6
FEA MAGRO FEA MACRO
MOAKSTRES [NOMLSTRESS K | MASTRESS N, TRE| k| ANTRES o, TRes| ¢ | asess NowL sess| ¢
W | 5% || e | 5% |am| wM | s |a65] LM | 5% [ 2B
56 | 58 2% 5B [ s |28 s | 58 2% 18 | 5@ |28
53 | 65 || 18 | 65 |20 5y | 65 |6 160 | 65 |28
5B | 66 %] 6% | e |24 6B | 6@ 2% 69 | 6 |28
T presss U g sarse TP g serse T 15 00sa UM 16 0as Table:4.2 Nominal, Max. - Stresses & K, Obtained in ANSYS using
Fig:3.6(p) MANUAL & MACRO usage
STRESS CONCENTRATION FACTOR, Kt - % ERROR CHECK
STRUCTURAL STEEL ALUMINUM 606175
EARORB/TTHEORETICAL & FEA | ERROR B/TTHEORETICAL& MACRO | ERRORB/TTHEORETICALAFEA | ERROR B/TTHEORETICAL & MACRO
1IV. RESULTS COMPARISION,VALIDATION THEOREMCAL| FEA | % |THEORETICAL MAGRO | % |THEOREMCAL FEA | % |THEORETICAL MACRO | %
AND PERCENTAGE ERROR CHECKING L N L =
woows | o | o || o | 2% || o | o |3
Before that all the theoretical formulae which has been used o] W W) u W o|m) P ] I S I O I
to calculate and compare are shown below: W o u) W | W | o) W o] w |

Stress concentration factor, K; for a circular hole = 3,
Table:4.3 Stress Concentration Factor, K; % Error Check

generally
Nominal Stress,
Force Applied F
Fnam = Area ~ (Width — Diameter of Hole) = Thickness

Nominal Stress,
Omar — Values obtained from Numerical Analysis (ANSYS)
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THEORETICAL AND MACRO - MAX STRESS - f ERROR CHECK

STRUCTURAL STEEL ALUMINUM 606L-Té
THEORETICAL MACRO % THEORETICAL MACRO %
U 1542 46 L] 154 4%
1508 158 464 1508 1Ll 44

1537 16.8 i L3 163 605

AN 165 A 157 1697 18

Table:4.4 Max. Stress % Error Check

Since this macro is developed with a motivation that the
circular hole can be anywhere inside the plate, not only at
the center. If an engineer has to do analysis for an
unsymmetrical location of hole in a square plate, he/she has
to model and analyze in full portion and there is no chance
to consider quarter portion. Thus at those situations this
MACRO can help them.

V. CONCLUSION

From the present investigation, it can be concluded that the
maximum stress occurs at corners of holes in both
materials. Also, for both materials, while an increase in T/D
ratio resulted into a decrease in Von-Mises stress and as
T/D ratio increases with increase in stress concentration
factor. The stress concentration factor values obtained from
finite element analysis shows a maximum error of 2.51%
for Manual analysis and 5.05 for Macro analysis —
Structural Steel and also shows a maximum error of 2.51%
for Manual analysis and 5.17 for Macro analysis —
Aluminum 6061-T6 which are acceptable. Thus, from the
present study, it can be said that finite element analysis is a
very effective tool to determine stresses induced in various
materials.

Even though the experiment of tensile test on a plate with a
hole in it is very simple one, but it has enormous technical
challenges which have not been relieved yet. If for different
materials this same experiment has to run, then the entire
pre-processing process has to be changed and re-run the
analysis. If in another case the hole which is at center has
to be in another location, except center, then the entire
modeling work and then the pre & post works has to be
carried out newly. With this macro, the mentioned
challenges can be solved very easily and at rocket speeds.

VI. FUTURE SCOPE

This macro developed for square plate alone. In future it
can be upgraded to work for rectangular plates also with
holes with different geometry like circular, box type,
rhombus shape etc. Also same procedure can be followed
to develop macros that can work for plates with notches.
Forecasting also is in progress for composite materials.
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