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Stresses

Stresses are quantities used to describe the intensity of force inside a body (either solid or fluid). Its unit is force per
unit area (i.e., N/m? in SI). It is a position-dependent quantity.

Imagine that your two arms are pulled by your friends with two forces of the same magnitude, but opposite
directions. What are the stresses in your arms? Assuming the magnitude of the forces is 100 N and the cross-sectional
area of your arms is 100 cm?, then you may answer, "the stresses are | N/cm? everywhere in my arms." This case is
simple; the answer is good enough. For a one-dimensional case like this, the stress g may be easily defined as

o=—
A
where P is the applied force and A is the cross sectional area.

In 3D cases, things are much more complicated. Now, imagine that you are buried in the soil by your friends, and
your head is 100 meters deep below the ground surface. How do you describe the force intensity (i.e., stress) on your
head?

If the soil is replaced by still water, then the answer would be much simpler. The magnitude of the pressure (stress)
on the top of your head would be the same as the pressure on your cheeks, and the direction of the pressure would
always be perpendicular to the surface on which the pressure applies. You've learned these in your high school. And
you've learned that the magnitude of the pressure is 0 = pgh, where p is the mass density of the water (1000 kg/m’), g is
the gravitational acceleration (9.81 m/s?), and h is the depth (100 meters in this case). In general, to describe the force
intensity at a certain position in still water, we place an infinitesimally small body at that position, and measure the force
per unit surface area on that body.

In the soil (which is a solid material rather than water), the behavior is quite different. First, the magnitude of the
pressure on the top of your head may not be the same as that on your cheeks. Second, the direction of pressure is not
necessarily perpendicular to the surface on which the pressure applies. However, the above definition of stresses for
water still holds. Let me restate as follows:

The stress at a certain position in a solid material is defined as the force per unit surface area on an
infinitesimally small body placed at that position.

Note that the infinitesimally small body could be any shapes. However, if we know the stresses on a certain shape of a
small body, we can infer the stresses on other shapes. We usually take a small cube to describe the stresses.
This chapter will guide you to learn the concepts of stresses.
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e

Stress Components

|.1-1 Introduction

[1] Consider a cantilever beam made of an alloy steel and with dimensions of 10 mm x 20 mm x 100 mm [2], which is
fixed at one end [3] and subjected to a force on the other end [4]. The force is in positive X-direction and has a
magnitude of 10,000 N. Note that we've used a reference coordinate system as shown in [5].

In this simple case, the stress is uniform over the body; i.e., every point in the beam has the same stress. How do
we describe this stress? Can we simply say, the stress is 50 MPa, which is calculated by

10,000 N

— =50 MPa?
10 mm X 20 mm

For a simple case like this, that may be adequate. In order to apply to more general cases, we need to say something
more, specifically, what is the direction of the stress? What is the surface on which the stress acts?

[2] The beam is made of an alloy
steel and is 100 mm long with a
cross section of 10 mm x 20 mm.

[4] A force of 10,000 N
is applied at this end.
The force distributes

uniformly over the end

face.

[3] The beam is
fixed at this end.

/O’ 000 N

[5] To describe the force and
stresses, we use a reference
coordinate system XYZ.




Definition of Stress

[6] The stress at a certain point can be defined as the
force per unit area acting on the boundary surfaces of an
infinitesimally small body centered at that point [7]. The
stress values may be different at different faces and
the small body can be any shape. However, for the
purpose of describing the stress, we usually use an
infinitesimally small cube [8] of which each edge is
parallel to a coordinate axis. If we can find the
stresses on a small cube, we then can calculate the
stresses on any other shapes of small bodies [18].

X-Face, Y-Face, and Z-Face

[9] Each of the six faces of the cube can be assigned
an identifier, namely X-face,Y-face, Z-face, negative-X-
face, negative-Y-face, and negative-Z-face, respectively
[10-13]. Note that X-face has X-axis as its outer
normal vector, and so on.
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[7] The stress at a
certain point can
be defined as the
X force per unit area
on the boundary
surfaces of an
infinitesimally
small body
centered at that

[8] We usually use a small ¢
cube for the purpose of point.
describing the stress.

(opposite of the X-face).

[13] Negative-X-face

Stress Components

[14] Let p, be the force per unit area acting on the X-
face. In general,p, may not be normal or parallel to
the X-face. Ve may decompose p_ into X-, Y-,and Z-
component,and denote 5, ,,7,.,and t,_, respectively
[15]. The first subscript (X) is used to indicate the
face on which the stress components act, while the
second subscript (X,Y, or Z) is used to indicate the
direction of the stress components. Note thato,
is normal to the face, while Ty and 7,, are parallel to
the face. Therefore,o, is called a normal stress,
while 7, ,and 7, are called shear stresses. In
Mechanics of Materials, we usually use the symbol &
for a normal stress and 7 for a shear stress.

Similarly, let p, be the force per unit area acting
on the Y-face and we may decompose p, into a
normal component (0,,) and two shear components
(t,, and 7 ) [16]. Also, let p, be the force per unit
area acting on the Z-face and we may decompose p,
into a normal component (0,,) and two shear
components (7, and 7, ) [17]. Organized in a matrix
form, these stress components may be written as

GXX TXY TXZ
{o}=| 10 o, 7, 0
TZX TZY GZZ

[11] Y-face.

[10] X-face.

[12] Z-face.

[16]The p, (force
per unit area on Y-
face) can be
Y decomposed into

O,
Yy Oy Ty

,and T,

[17] The p, (force
per unit area on Z-
face) can be
decomposed into
O, Tyoand 7 .

[15]Thep (force per
. X
unit area on X-face) can
be decomposed into O
TXY’ and sz'
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Stress Components on Other Faces

[18] It can be proven that the stress components on the
negative-X-face, negative-Y-face, and negative-Z-face can be
derived from the 9 stress components in Eq. (I). For example,
on the negative-X-face, the stress components have exactly
the same stress values as those on the X-face, but with
opposite directions [19]. Similarly, the stress components on
the negative-Y-face have the same stress values as those on
the Y-face, but with opposite directions [20], and the stress
components on the negative-Z-face have the same stress
values as those on the Z-face, but with opposite directions
[21].

The proof can be done by taking the cube as a free body
and applying the force equilibria in X, Y,and Z directions,
respectively.

On an arbitrary face (which may not be parallel or
perpendicular to an axis), the stress components also can be
calculated from the 9 stress components in Eq. (1). We'll show
that this can be done using Mohr's circles (Section 10.1).

[19] The stress
components acting on
the negative-X-face
have exactly the same
stress values as those
on the X-face but
with opposite

directions.

Symmetry of Shear Stresses
[22] It also can be proven that the shear stresses are
symmetric, i.e.,

Tor =Tt Tz T Tz T = Txz @)

The proof can be done by taking the cube as a free body and
applying moment equilibria in X, Y, and Z directions,
respectively.

XX

[21] The stress
components acting on
the negative-Z-face
have exactly the same
stress values as those
on the Z-face but with
opposite directions.

[20] The stress
components acting on
the negative-Y-face
have exactly the same
stress values as those
on the Y-face but with
opposite directions.

Stress State

[23] We now conclude that 3 normal stress components and
3 shear stress components are needed to describe the stress
state at a certain point, which may be written in a vector
form

fo}-{o. 0 0, 10 @ )} O

Note that, to be more concise, we use ¢, in place of &
in place of 5, ,and ¢, in place of 5 _,.

The purpose of this section is to familiarize students with
the 6 stress components in Eq. (3). The stress field in this
section is uniform over the entire body. In the next section,

xx’ GY

we'll explore a nonuniform stress field.

Another purpose of this section is to familiarize the
students with the SOLIDWORKS Simulation user
interface. #
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[.1-2 Launch SOLIDWORKS and Create New Part

2
25 SOLIDWORKS

[4] Part is selected
by default.

[2] User Interface.

-

S

[J2015
SOLIDWORKS «
2015 Edition -

New SOLIPWORKS Document

a 3D representation of a single design component

23D arrangement of parts and/or other bli

[T Launch
SOLIDWORKS.

O-]l?-cB %
SOLIDWORKS Resources -

|B Search files and models

Getting Started Al

D New Document

i'_% Open a Document

X Tutorials

B What's New

2 Introducing SOLIDWORKS

1) General Information

SOLIDWORKS Tools 2
188 Property Tab Builder
& SOLIDWORKS Rx

@ Performance Benchmark Test

Compare My Score
23

1y Settings Wizard

5' Products

Jnity A

tomer Portal

f Groups
‘ussion Forum

nical Alerts & News

rprise PDM 2014 SPS is available for down.

RKS 2014 SPS is available for download
WORKS Weorld 2015 Top Ten List is now.

9

L [5] Click OK to RKS Enterprise PDM 2015 SPO is avaiab,
IRKS 2015 SPQ is available for download
create a Part Imponant SOLIDWORKS Enterprise
a 2D engineering drawing, typically of a part or assembly document. # DWORKS Customer Satisfaction Survey
Drawing LI
SOLIDWORKS Premium 2015 264 E| i T
C — P
Advanced | Cancel I Help |
N~
C— —
About the Textboxes
I. Within each subsection (e.g., |.1-2), textboxes are ordered with numbers, each of which is enclosed by a pair of

square brackets (e.g., [1]). When you read the contents of a subsection, please follow the order of the textboxes.
2. The textbox numbers are also used as reference numbers. Inside a subsection, we simply refer to a textbox by its
number (e.g., [I]). From other subsections, we refer to a textbox by its subsection identifier and the textbox number

(eg. 1.1-2[1]).

3. A textbox is either round-cornered (e.g, [I, 3, 5]) or sharp-cornered (e.g., [2,4]). A round-cornered textbox
indicates that mouse or keyboard actions are needed in that step. A sharp-cornered textbox is used for
commentary only; i.e.,, mouse or keyboard actions are not needed in that step.

4. A symbol # is used to indicate the last textbox of a subsection [5], so that you don't leave out any textboxes.

SOLIDWORKS Terms
In this book, terms used in the SOLIDWORKS are boldfaced (e.g., Part in [4, 5]) to facilitate the readability.




10 Chapter | Stresses

I.1-3 Set Up Unit System

B S E- rattr [ seachiiesandmodes -] P - o B R

‘aagmund G -v-CeRE-00| 1 FIFEFFQ

= (55 Swept Boss/B ’ ; :
6;3 : wept Boss/Base ‘@ ,@\ |l]|
{N Lofted Extruded Hole Revolved
Boss/Base Boss/Base Cut Wizard
F) Boundary Boss/Base

Features

R ;

»

&y Q) Partl (Default<<Default>_PhotoWorks

& - ({9} History

B [A] Anmnotations
= Material <not specified >

@ %> Front
——QInp
& X Right
— L, Origin

Document Properties - Units

Tasa

System Options  Document Properties |

Drafting Standand
[ Annotations
Dimensions

- Virtoal Sharps
Tables
Detali

GridéSnap
Tnits
Model Display
Material Properties
Image Quality
Sheet Metal
Weldments
Plane Display
DimZXpert
- Size Dimension
- Location Dimension
i+ Chain Dimension
- Geometric Tolerance
- Chamfer Controls
- Display Options
Configurations

[§ swept cut & o eib (e wiap 54

[ totedcut | '€t UREA G prat @ Dome Zf::;cr; curves ||

T BoundaryCut | - . (@ shen B8 mirror - o

aavN@ - F -0 @R -W-

2

J2

FHo*

«

“«

N koS

)
i 9 g -
[
x s
IE Search Options é:\‘| &
r l;Eil system
MKS (meter, kil ) H

o [2] The unit system

& MMGS [millimeter, gram, second) < aISO can be

£ IPS (inch, pound, second)

€ custom selected here.

Type Unit Decimals Fractions | More .

= | | | | [11 The unit system appears
Tength meters Tone ] - here. Click it and select
Dual Dimension Length |inches 123 \ MMGS as the unit system.
. B - Click it again and select Edit
Length millimeters 12 Document Units...
Mass grams [3] Select None (nO

Per Unit Volume millimeters~3 decimal Places) for the

Motien s Length in Basic Unit.

Time second A2

Force newton 12

Power watt 12
Fnemy joule 12
[~ Decimal

¢ Round half away from zero

* Round half towards zero .

* Round half to even [4] CIICk OK.#

™ Truncate without rounding

¥ Only apply rounding method to dimensions

(oY _cma | _wew
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|.1-4 Create Geometric Model

@@ Partl (Defaults<Defsult-_PhotoWorks Display State=) | [1] In the Features Tree (also

.[{5) History
.| 3] Sensors
EH"{E Annotations

..... % Front
..... & Top

3= Material <not specified>

..... 5, BER O

.
Edal

,,,,, 1, Origin

T’nﬁn»(l‘mﬂ}

I —

(ih &0 7

Autosize

o | 3D Sketch On Plane

Section View
Comment
ParentChild ...
Add to Favorites
Save Selection
Properties...

Go To...

Hide/Show Tree Items...

Collapse Items

¥

[4] In the Sketch Toolbar,
click Smart Dimension.

|

Bl o \\-9-n-

SkE‘ll Dilil:l'na;:on>:|"'<;"@'A

- v - N-x*
|Sketch[

called Part Tree in this book),
right-click Right plane and
select Sketch from the
Context Menu.

[2] In the Sketch Toolbar,
select Center Rectangle.

[3] Draw a rectangle
centered at the origin (the
sizes are arbitrary for now).

*Right

\ ,/' [5] Specify dimensions
\ ,/ (1o mm and.20 mm)
‘\ ’/ like this.
¥
e
/A
7N
/ A\
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$ @ Swept Boss/Base
Extruded | Revolved B Lofted Boss/Base

[8] Click OK.
Boss/Base /Boss/Base
@ Boundary Boss/Base

‘Fellll’ﬂl

[6] In the Features
Toolbar, click Extruded
Boss/Base.

[10] If the view is not Trimetric,
then, in the Standard Views
Toolbar, click Trimetric.

I~ Draft outward

[9] In the Head-Up Toolbar,
click Zoom to Fit.

[7] In the Property Box,
type 100 (mm) for Depth.

2-@-2\9-[F]8 s8-

Partl *

i

[ searcntitesanamodets O <] R + o B 2@]

Y TR TR Y S T L INEET e Y]
lansmund-G-«-20aE-00[ 1 909906 (@Y |

s (5 swept Boss/Base Swept Cut HH & wrap 154
Extruded Revolved [\ Lofted Boss/Base Bxtruded Hole Revolved ([ Lofted Cut L "'“‘:" 2 praft (3 Dome 'é‘[;""“ Curves

Boss/Base Boss/Base Wizard

) Boundary Boss/Base ) Boundary Cut

v

S

T
% Pautl (Defsult<<Default>_Photo Worky
- (f9) History
- [ Sensore

o .

i
g

1) [ Bos-Extrudel

CSHE- -6 - @R -6 -

[ h e R

[I'1] The finished
geometric model. #

HEENOT I

RBEE g

L] | *Trimetric

| Model |
v ewR N I FISE I S OENGSFTATAANIVIFI T

¥

SOLIDWORKS Prewmivm 2015 264 Edition

IIIWMIIHEE_FI]]]]]E|

?

*
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= (9 7
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CircuitWorks PhotoView ScanTo3D SOLIDWORKS SOLIDWORKS | SOLIDWORKS | SOLIDWORKS TolAnalyst SOLIDWORKS SOLIDWORKS SOLIDWORKS

Motion Routing Simulation Toolbox

[4] And then select
SOLIDWORKS
Simulation to load
the Simulation.

r Ansys 12.0
N\
[ (o) |
N

/\

= 7 73
Flow Plastics Inspection
Simulation
l SOLIDWORKS Add-Ins

[2] In SOLIDWORKS
Add-Ins Toolbar, click to load
SOLIDWORKS
Simulation.

[I] If a Simulation tab is already present,
which means the SOLIDWORKS
Simulation is already loaded, you may
jump to 1.1-6 (next page) otherwise
continue on step [2].

T —

X

Active Add-ins | Start Up | L2stLoad | 4|
Time

[E]SOLIDWORKS Premium Add-ins

[ & Circuitworks r -

r ﬁ FeatureWorks r <1s

™ @ Photoview 360 r -

™ il scanTo3D r -

[™ &, SOLIDWORKS Design Checker r <1s

[ & SOLIDWORKS Motion r <1s

SOLIDWORKS Routing -

’EE SOLIDWORKS Simulation 1s

SOLIDWORKS Toolbox -
[T SOLIDWORKS Toolbox Browser

™ i SOLIDWORKS Utilities

[T SOLIDWORKS Workgroup PDM 2015
r TolAnalyst
EISOLIDWORKS Add-ins

r Autotrace

¥ SOLIDWORKS Composer
[T SOLIDWORKS Flow Simu
¥ I7) SOLIDWORKS Forum

Elother Add-ins

aaan

on 2015

"7
|

_|
L

-

\_

[5] Also click here so that the
Simulation will be loaded
automatically each time you start
up SOLIDWORKS. Through this
book, we assume that you've
checked this box so that the
Simulation is loaded
automatically each time you start
up SOLIDWORKS.

[6] Click OK. #

‘Tools
SOLIDWORKS Applicetions 4

Kpress Products 3
Defeature...
Export To AEC..

Select

Magnified Selection

Box Selection

Lasso Selection

Select All Ct+4
Invert Selection

Power Select...

w5 OdeH e

Compare »
Find/Modify 4
Design Checker L4
f Format Painter...

Sketch Entities
Sketch Tools
Sketoh Settings
Blocks

Spline Tools
Dimensions
Relations

v v v v v v v

Measure...

Mass Properties...
Section Properties...
Check...

Geometry Analysis...
Feature Statistics...
Equations...

Import Diagnostics...
Deviation Analysis...
Thickness Analysis. .

Simulation is selecting
Tools>Add-Ins... from Pu
Down Menus.

[3] Another way to load the

T €E MPRKDEE B

Symmetry Check...

DimXpert »

Maco >
Add-Tns... |
Save/Restore Settings...

Custornize...

—| | Options...

/

Customize Menu
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|.1-6 Create a Static Structural Study

S&! = le%f’es Exlierﬁnal Conrl?;%tiuns Ruﬁhis Results s EE E S w o
Achicor Apply Aikisor: Loads NeiEon Shell Study | Advisor Deformed Compare m Piot Tools - E Include Image for Report
Material Manager Result Results

- - -

v

- -

Q, | Study Advisor
Q New Stody

[IT In the Simulation
Toolbar, select Study
Advisor>New Study.

Study stresses, displacements, strains
and factor of safety for components
with linear material

| Elongation ({

the Study Type.

[2] By default, Static
(static structural study) is

[3] Type Elongation

»

% Partl (Default<<Default=_Photo Works Display State0#>)

- (18] History

(] Sensors

- [A] Annotations

3= Material <not specified»
. Front

&y Top

%> Right

s Origin

(- [ Boss-Extrudel

[6]A Study Tree
appears right below the
Part Tree. #

|

Y

T

I

df Elongation (-Default-)
D) Partl

-3 Connections

gé Fixtures

(] External Loads

) Mesh

-}~ Result Options

[T 7T [Miodel T 30 Views | Miotion Study 1 | ¥ Elongation _

I—

for Study Name.
Frequency

ey

Buckling

Drop Test
Fatigue
Pressure Vessel Design

Design Study

= %] [R] (2]

Submodeling

Nonlinear
Linear Dynamic

™ Use 2D simplification |

[5] A tab with the study
name is added and
becomes active.
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|.1-7 Set Up Options for SOLIDWORKS Simulation

File Edit View Insert Tools | Simulation I Window Help

[3] By default [2] Select Default @ | Stody...
[ ’ i B ;
Units is selected. Options tab. el '
Load s/Fixture 4
w Drop Test Setup..
[4] Select SI. . Result Options.
Contactiaps 4
i i Shells »
Default Cptions - Units 5‘ Mesh »
Run 4
ordystem [5] Select mm for Plot Results ’
- Mesh & si)mi i
e ng”:ilm bi L(Iangth/ . List Results ’
= Flat i ment. L
i - Color Chart " Metric (G) splaceme

|
—

[I] From Pull-Down Menus,

=] Defa Plots
- Static Study Results  Units
; i %%ﬁg Length/Displacement: mm - select
1 P Lot _ Temperature: T Simulation>Options... ;

@Y Frequency/Bucklmg ¥
=] ngnmlsmdyllmﬂ Angular velocity: |rad/sec 'i
[Py Platl
£ G Drop Test Study Resuls Pressure/Stress: IN/mrI'I" zj[M = Select Al Feature () Faces
[P Flotl Export...
[ 7loc Import Motion Load
P Plots mport Motion Loads...
=] Fatigne Study Results -
c{:"L‘,-‘!H\m:n1 Options...
Default Options - Plot - Color Chart [7] Select Color x| Help Y
Chart. A
System Options Default Options | About Simulation
. E?;‘E,Fm v Dfsplay color charts Customize Menu
Mesh v Display plot details
- Results r~ Position
B Flot_ _— % Predefined positions H B
8 Color Chart
" User defined
- Default Plots A
Ed“*?&u‘n Study Results Harizontal from left: [50 —| % [6]fse|:::t N/mn;sz[MPa]
Plotl
[P Plotz Vertical from top: IZO 3: % or Fressure ress.
- [P Plot3
@Y Frequency/Buckling Study Results [~ Width
=] EmmlstudyRamhs " Wide
Plotl (¢ Normal
@@ Drop Test Study Results : .
Choben ¢ Thin [10] For a Static Study, by default,
. E,‘Zﬁ& o three result plots will be created after a
h cientific . .
] E@E‘!ﬁ:ﬁmmm o successful simulation run. Let's walk
[P Plot2 & Gneral through these result plots and adjust
- §§ Optimization Study Results . ; . H H H
E(#NnnlinanrstudyResulﬁ Stress plot floating with one decimal recommended) some Settlngs, Wthh W||| be used for'
Eglﬁg ™ FOS plot floating y o decimal (recommended) the entire book.
[P PIot3 No. of decimal pla
User information
Report ¥ Use 1000 separato
r Color options \1\/
8] Szlect .G"ebnedr.'all. Th;. [oeman 1. -
number will be displaye No of chart colors: [12 =1 [~ Fli
. . . . po J - P
in either Scientific or e = [9]dSe|e.ct 5If0fi No. of
H - ecimal aces.
Floating format. HIINITIF 2 P
r Specify color for values above yield for vonMises plut- k

ok | cancel | Help.. |
T — ——————
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Default Options - Plot - Static Plot

System Options  Default Options 1

- Units

i... Load fFixture
i Mesh

esults
-Plot

H Color Chart
¢ =) Default Plots

Results type:

[13] Make sure Nodal Stress is
selected. The stress values will be
reported at Nodes (rather than

Nodal Stress

Results component:

— at Elements).
[

= St Study Results _ [12] By default, Plotl reports von Mises
Pl O WON: von Mises Stress [ . . N
NT Stress, which is defined in Eq. 10.2-1(8),
[Pa Plot3 .

@Y Froynenes/Buckling Study i page 197. A thotjou.gh dgrlvatlon of von
EQBEE%SWRME Mises Stress is given in 10.2-3 (pages
£ Q@ Drop Test Study Results 200-203).

[P Plotl
[P Plot I
[P Plot
B Gt’-“f&h%“]; Default Options - Plot - Static Plot
[P Fol — [16] The displacement values
s i i efaul Hons:
i E(ZS{.’E e plrs | are always reported at Nodes.
ESE e E:;‘:rpm Results type:
[P Flo o Diseh ~ I
- User informatic -Results placement
Report -Plot
i Color Chart
=] D:fm:ltPlnlx Results component: [I 5] B)’ default, Plot2
=¥ Static Study Resul
Dfﬁh;]nﬂ ¥ Results URES: Resultant Displacement v 'reports ReSUItant .
E O Displacement, which is
Plot3 R
@Y Frequenc yBruckling Stin deﬁned In Eq 2(2), page 51.
=@ Thermel Study Results
T CPaPlotl
E-@@Drop Test Study Results H
?&Pm [14] Click Plot2.
~[PaPlot2
[P Plot3 .
H"#’f&ﬂ [19] Select.: Nodal S.tram.
X8l D fault Options - Plot - Static Plot The strain values will be
- TT— 9Optimi reported at Nodes (rather than
B ‘#Enl’hl: System Options  Default Dptions ] at Elements)‘
PPk Ui
[P Pl H E:g:mm Results type: \/
User informati Mesh
Report . Results Nodal Strain ;I
[=- Plot
i Color Chart
© 3 Default Plots Results component:
= ¥ Static Sy Resul
= w&“;]ﬂtl oy Results ESTRN: Equivalent Strain ;I
[P Plot2
[P amE O
@Y Frequency/Bueckingsd
B q&ggﬁsmmem
..... r
5 G Drop Test Sudy Results [18] By default, Plot3
;jjggllgg reports Equivalent
e A Strain, defined in Egs.
1 oF ts
TR e iR 10.2-3(16, 17), page 203.
S T— [PaFlo2
R Optimization Study Results
=] %N\mlima: Study Results
[P Plot!
[P Plot2
~[PsFlott
- User information

Report

[21] The options set up in
this page will be permanent
unless you change them later.
We'll assume these setups
through this book.

Particularly, make sure

stresses and strains are
reported at nodes [I3, 19].#

[20] Click OK.
[ ok H Cancel | Hep.. |
N
L —  —
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»

T

% Partl (Defeult<<Defavlt>_Photo Works Display State(#>)

& (5] History
. {E Sensors
] m Annotations
3= Material <not specified >
- Z& Front
& Top
X Right
---- 1, Origin
w-([§) BossExtrudel

T

df Elongation (-Default-)

¥ Elongation (-Defavlt-)
- [[F)Partl (-Alloy Steel-)

.7 Connections

..... d Fixtures

- (3] External Loads

..... ) Mesh

[6] Alloy Steel is

D) Part1

17

assigned to the model. #

----- g:ﬁ Fixtures

% Mesh

— ﬁ; Connections
-] External Loads

-}~ Result Opticns

[I] In the Study Tree, right-click

Partl (which is the geometric

model we've created) and select
Apply/Edit Material...

‘.|~ Result Options

—m—

Material

4]

5] SOLIDWORKS Materials

533 steel

»E: A286 Iron Base Superalloy

3= amsi1020

8= AIS11035 Steel (SS)
3= AISI1045 Steel, cold drawn

§= AISI316 Annealed Stainless Steel Bar (S

3= 1023 Carbon Steel Sheet (55)
201 Annealed Stainless Steel (SS)

AISI 1010 Steel, hot rolled bar
AISI 1015 Steel, Cold Drawn (SS)

AISI1020 Steel, Cold Rolled

AISI304

AISI 316 Stainless Steel Sheet (S5)

AISI321 Annealed Stainless Steel (S5) ]
AISI 347 Annealed Stainless Steel [SS)

AISI 4130 Steel, annealed at 865C

-§: AJSI 4130 Steel, normalized at 870C

AISI 4340 Steel, annealed

8= AIs14340 Steel, normalized
3= AISIType 316L stainless steel

AISI Type A2 Tool Steel

3=

Alloy S{eel (55)
ASTM Steel
Cast Al joy Steel
Cast Cj rbon Steel

3= cast §{ |inless Steel -

x|

2| Properties lTabIes&CunresI Appearance | CrossHatch | Custom | Application pat 4|+

—Materiall properties

Materials in the default library can not be edited. You must first copy the material
to a custom library to edit it.

Model Type: ILin:ar Elastic [sotropic EI
Units: [s1-tmnz pa) =l
Category: |5t€5|

Tamme: |ailoy steel

Defaultfailure IMax von Mises Stress j
criterion;

Description: I

Source; I

Sustainability; IDefmed

Value Units

Property
Elastic Modulus

21e+011 |N/m*2
[Poisson's Ratio 0.28 [n/a
HShur Modulus 7.9e+010 |N/m~2

Click here to access
the SOLIDWORKS

e materials using
ials Web Portal,

| »
Open... I

‘ Apply ' ( Close } Save | Cuﬂﬁg...l Help
\ / \ /

Mass Density 7700 kg/m*3
Tensile 723825600 | N/m*2
C Strength [N/ma2
Vield Strength 620422000 |N/m*2 |
Thermal Coefficient [1.3e-005 |/K I
Thermal Condutivity 50 W/mK) I
Specific Heat 460 1/lkg-K) [ |
Ratio N/A i
||

=

[3] Elastic Modulus, Poisson's Ratio,

[2] By default, Alloy
Steel is selected.

[4] Click
Apply.

[5] Click
Close.

and Shear Modulus are the three most
important material properties in Mechanics
of Materials. They are discussed in
Sections 4.1 and 4.2.
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1.1-9 Apply Support

d‘ Elongation (-Default-)
- [FPautl -Alloy Steel)
773 Connections

[T In the Study Tree, right-
click Fixtures and select

Fixed Geometry...

[5] This face is
fixed.

¥ Elongation {-Default-)
- [FPartl (-Alloy Steel-)

ﬁ; Connections
Ed Firctures

@ Fixed-1

@ External Loads

k‘& Iesh

.|~ Result Options

[6] A fixed support is added
to the Study Tree under

Fixtures.#

[3] The selected
face appears here.
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|.1-10 Apply Load

&’ Elongation (-Default-)
(M) Patl (-Alloy Steel-)
..... T3 Connections

s o .

K Result Options

*Trimetric

[T In the Study Tree, right-
click External Loads and
select Force...

[3] The face
appears here.

' Normal
" Selected direction ﬂ“] Type 10000 (N).

E] s
J_ 10000 O~[N
[5] Check Reversg\

everse direction

direction. >@
* Peritem

€ Total

*Trimetric

[7] A force of 10,000 N
is applied uniformly on
this face.

- [® Part! (-Alloy Steel-)
..... T2 Connections

! Elongation (-Defanlt) [symboi settings v |
ﬁ

= (& External Loads [8] A Force is added to the
.. 4 Force-1 (Peritem:-10000N) O— Study Tree under
.G Mesh External Loads. #

|7~ Result Options

T —
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[.I-11 Solve the Model

[I] In the Simulation Toolbar,
click Run This Study. It takes only
a few seconds to solve the model.

Erh Design Insight w Report

Q| = of W 9

i= a . L7
:;ji‘::r Apply ;‘::Ts’:: E;t:ér;al co;;;?;?"s Deformed Compare Ex Plot Tools v E Include Image for Report
Material Result Results
Simulation
T — e
w%ﬁﬁﬁ?ﬁﬂ? [2] As mentioned earlier (1.1-7[10], page 15), by default,
T Connertions results for Von Mises Stress, Resultant
Eij ol i Displacement, and Equivalent Strain are created.
T % Fied-l Note that Stress| is highlighted, meaning it is active
- (3 Extornel Loads and displayed in the Graphics Area.
. .4 Force-1 (:Per item: -10000 N:)
G Mesh
|7~ Result Options

{05 Results
g

& Displacement] (-Res disp-)
Qi Stradn] (-Equivalent-) [4] Even you follow the
exactly steps in this book,

I —— your numerical results

may deviate from these
[5] The stress is uniform over the entire body values. It is acceptable, as [3] By default, Von Mises
except the area near the fixed end, where the long as the deviation is Strgss i dis, laved. We'll
stresses are complicated and we'll explain this small enough. change to disppla))ll o later
phenomenon in 5.2-3[16, 17], page 102. Let's neglect x '

these stress values here for now.

won Mises (N/mm#~2 [MPa])

[6] This is the deformed (elongated)
shape; the deformation is exaggerated.

g™ We'll turn off the deformed 63.815
f_{\\\ shape display in the next page. 60,446

. 57.076

67.184

. 53.707
. 50338

. 46,969

. 436
. 40.231

. 36.862

33.493
l 30,124
26,755

— Yield strength: 620,42

T

*Trimetric

[71We'll turn off the display of
External Loads and Fixtures
in the next page. #
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I.1-12 View the Normal Stress o,

*Elongation (-Default-)

[ Part! (-Alloy Steel)

T3 Comnections [2] Select SX: X Normal
EgﬁFﬂdu:ces Stress (ie.,0 ) for

| g¥ Fixed- Component.

(3] External Loads
... 4 Force-1 (:Per item: -10000 N:)
% Mesh

|7~ Result Options

-/ Results

Y
&l Displacement] (-Res disp-)
E Strain] (-Equivalent-)

& IS:-(:)(NormaI Stress ;]

[1] Right-click Stress| and Bl [rvmm~2 a1pa) =l
select Edit Definition...
(or simply double-click it).

Ry | I

[~ show as vector plot

Show plot only on selected
entities

' Node Values

" Element Values

[3] Uncheck Deformed
Y Shape. The undeformed

Deformed shape will be displayed.
Result

"/h
[5] Deformed Shape can
be toggled on/off by clicking

this button in the
Simulation Toolbar.

[6] Right-click Fixed- I
c'Elongetion (-Default-) and select Hide.
[ Part] (-Alloy Steel-)

gk Foed-l
=13 External Loads
4 Force-1 (:Per itern: -10000 N:)
G Mesh
|/~ Result Options
- {[ig] Results
&: o [7] Right-click Force-1
[ Strain! (-Equivalent-)

P——m—

and select Hide.
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[9] Remember, let's neglect the
complicated stresses near the
fixed end for now.

*Trimetric

[10] Except the fixed end, the
normal stress o _ is uniform
(since the color is uniform).

¥ Elongation (-Defavlt-)
[ Part] (-Alloy Steel)
..... T ; Connections

=] gﬁFixtures

i 4 Force-1 (Per itern: -10000 N:)

G Mesh

428 Fixed-1 [12] Right-click Stress|
= (3 External Loads and select Probe.

|~ Result Options

&[] Resulis

-f
Y Displacement! (-Resdisp-)

SX (N/mmA2 [MPa])

ﬁ
Node: FIETY
X ¥. Z Locationy[41.9, 5:X1 5 mm
\ Walue: @ N/mm”2 [MPa)
—
—
~——

Node: 631
X ¥, Z Location: /60.8,-£%9,5 mm
Walue: {[50.004 | NfmmA2 (MPa)

. 68.393

. B4.786

Mode;

Walue:

2851
)(,V,Zanatiunr §6.5-2\6,5 mm

50,004 | N/mm~2 [MPa)

82,821

79.214

_ 75.607
72,000 [8] Now, the normal

stress in the X-direction
(i.e.,0,) is reported.
The unit is MPa.

. 61179

. 57571

. 53.964

[1'1] By the legend colors,
the normal stress o is
approximately 50 MPa.

Let's use Probe to
obtain more precise
values.

4 N

[13] Click several locations
(away from the fixed end) in the
model to display the normal
stress 0,. The normal stress o,
is indeed uniform and the value
is 50 MPa. Click OK in the
Property Box to dismiss the
Probe Result. #

J
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Cy Ebﬁiﬁ:}kﬁiegmﬁ; B e [2] We leave it to you to explore
---@c " * E = 2 other stress components. Use
EF;”lﬁ o Stress Probe ([12, 13], last page) to
B 8 Fooi-1 v X = retrieve precise stress values.
(3] External Loads Definitian” Chart opuons" Seltl\gsl

i 4 Force-1 (Per item: -10000 N:)
- Mesh Display A
|~ Result Options By [ Shearin ¥ Dir. on ¥z Plane ¥

-{fy] Results

B Firess1 (X normal- )| E] [mm2mpa)

[t Displacement! (-Resdisp-

S¥: ¥ Mormal Stress

[ Strainl (-Equivalent)

SZ: Z Normal Stress

[~ Deformed Shape

TXY: Shear in Y Dir. on YZ Plane

* Automatic

TXZ: Shear in Z Dir. on YZ Plane
TYZ: Shear in Z Dir, on XZ Plane

[I7 Right-click Stress| and
select Edit Definition...
(or double-click it).

ﬂ@ 42166931152

" True scale
" User defined

15

F1: 1st Pnnapal Stress

P2: 2nd Principal Stress

P3: 3rd Principal Stress

VORN: von Mises Stress

INT: Stress Intensity(P1-P3)
TRI: Triaxial Stress(P1+P2+P3)

[3] These are six stress

|m ERR: Energy Norm Error components (O‘ L OOy
CP: Contact Pressure groz
T.,T, ,and 7). Note that
—— xr* ¥ xz vz
YZ Plane is the same as
Stress Stress Value X-face,and XZ Plane is
Component the same as Y-face.
[4] Write down each stress
component value. The results
o, 50 Mpa <= should be like this. In this
example, all stress components
o 0 are essentially zeros, except o,
v (which is 50 MPa).
[5] The stress state of any point in
c 0 ; .
z this cantilever beam can be represented
like this. In Section 1.2, we'll explore a
Txr 0 case in which a shear stress component
is non-zero and the stress states are
Tyr 0 non-uniform. #
Ty, 0
5
0 Mp,

Y
)\X
4

30 Mp,
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[.1-14 Save the Document and Exit SOLIDWORKS

[I] Click Save and save the document with the name
Cantilever. Click Yes for a warning message. Two files are
created in your working folder: Cantilever.SLDPRT and
Cantilever-Elongation.CWR; the former is the main
project file, while the later stores the result data generated by
a finite element solver. Other files, if any, are not relevant; they

can be deleted.

@Eﬂt View Insert Tools Simulaon Window Help Q‘

——

[2] From the Pull-Down
Menus, select File>Exit
to exit SOLIDWORKS. #
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o ¥
acation: [10,9.95.0
lue:

108.27 W/mmA2 (MP3)

Nonuniform Stresses

ani |
¥, Z Location: [10,0.045 10 mm
[alue: 51568 M/mm~2 (MP3

|.2-1 Introduction

[1] In the last section, the stress field was uniform over the body and the only non-zero stress component was g . In
this section, we'll use the same model as in the last section [2-5], but add a uniformly distributed transversal pressure
of 1.0 MPa on the upper face of the beam [6]. In this case, non-zero shear stress components exist in the beam and
the stress field will not be uniform any more.

This section also demonstrates a way to retrieve results at specific locations in a body, namely the Section
Clipping method.

[6] A uniformly distributed pressure
of 1.0 MPa is applied on the upper
face of the cantilever beam. #

V

1.0 MPa

[4] A total force of

10,000 N distributes

uniformly on this
end face.

[3] The beam is
fixed at this end
face.

[5] To describe the force and

stresses, we use a reference .
; [2] The beam is made of Alloy
coordinate system XYZ. Steel and of 100 mm long and has
a cross section of 10 mm x 20 mm.
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.2-2 Start U
P DB o9 S 8

[ Model | 3D Views [ Motion Study1 | ¥ Elongation [
I —
[1] Launch SOLIDWORKS and open

the file Cantilever which was saved in

[2] Right-click Elongation tab Section I.l. Make sure
and select Duplicate from the SOLIDWORKS Simulation is
Context Menu. loaded (I.1-5, page 13).

Define Study Name x|

Study Name :
IBending and Elongation
Configuration to use: .
) [3] Type Bending
[4] Click OK. [Defaul | and Elongation.

:%SOLJDWOH’KS = D‘@‘E'&‘k"m. ‘g'c"'m‘?':‘ ElRES
veTLobERIRL B R Neoh BRI e
ansm onNd-@-v-Ce2E-90| 1 98FIF @@ |

Q = = 73 w B = B Desionmnsight | §& Report
Study A': Fixtures External Connections shell Run This | Results Deformed C m Plot Tools . el Jude T for Report
Advisor Mal:Ezal Advisor Loads..  Advisor Mm:gﬂ Study | Advisor " ;’:‘:ﬁ:’ nclude Image for Repo
Simulation — =% 4‘
S ElRLEe] » QASHE-F-ov- OB -8 - d
i o-
?—wr ) Cantlever (Default<Copy of <Default>_PhotoWorl
(& o ffa) History
Sensors
Annotations
= Meerisl ot pecitied> | 0] 1he new Study Tree
o is simply a copy of that of
X Top .
o S R the Elongation study. #
= Origin
R Boss-Extrudel \
4 i || B :
T~
E Bending and Elongation (-Default-)
@ Part1 (-Alloy Steel-)
13 Connections
EH[_' Fixtures
8 Fixed1
=] @ External Loads
.4 Force-1 (:Per item: -10000 N:) .
G Mesh [5] A new study is created
; Y .
Vm bt and becomes active.
B1{f) Results
Stress1 (-X normal-) i

Displacementl (-Res disp-)
§ Strainl (-Equivalent-) *Trimetric

and i

[d
(e[ ST EE I I N FEI T IIAANIVIE I I
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|.2-3 Add Transversal Load

¥ & Bending and Elongation (-Default-)
- Partl (-Alloy Steel)
..... ﬂ i Connections

E—Jﬁ Fixtures

[2] Right-click External
Loads and select Pressure...

[1] Click to select the
upper face of the cantilever
beam.

..... Mesh
.|~ Result Options

Eﬂ"m /N Results

¥ /& Bending and Elongation (-Defaul
A Partl (-Alloy Steel-)

[5] Right-click External
Loads and select Hide All.

. 7% Connectio
¥ Normal to selected face [4] Click OK. wg .nnmc "
E‘ﬁ Fixtures
(" Use reference geometry g Fixed-1
] | |Face<1> (=[] External Loads

4 Force-1 {:Per item: -10000 N:)
Qé Pressure-1 (:1 Nmm*2 (MPa):)
..... Mesh
K Result Options

Presswevave & 1 {i] A\ Results
E] [wmm~2 pa) =]

I mmmmnz (MPa)
- RNon

[7] Remember, let's neglect 72 (pal
[3] Type | (MPa) for the high stress values near the 18574
the Pressure Value. fixed end. # 168.32
l 150.91
. 13349
=2 . 11608
Run This _ 98.664
o . 81249
1 _ 63.835
’/\-‘ . 46.42
¥ . 20,008
[6] In the Simulation Toolbar, z"\%

click Run This Study.

11,591
-5.5241
*lsometric -23.239
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|.2-4 Animate the Deformation

[1]1 Double-click

@ Bending and Elongation {-Defanlt-)
[ Pertl (-Alloy Steel) Stress| to edit the
..... T3 Connections definition.

EIE! Fixtures
g3 Foeed-l

=) (3] External Loads
_L Force-1 (:Per item: -10000 N:)
m Pressure-1 (1 Nmm*2 (MPa):)

h ISX: X Mormal Stress

sMesh
.|~ Result Options N/mm*2 (MPa) =
1-{i] Results [4] Right-click | -
Stressl and select CEr—

E Stressl (-X normal-)
& Displacement! (-Res disp-)
[ Straind (-Equivalent-)

Animate...

' Automatic

o |1u7.55474304

€ True scale
" User defined

i)

P——
-
T E
. [6] Click Stop.
P

[2] Click to turn on
Deformed Shape.

Creation of Frames Completed
Playing Animation...

*Trimetric
[5] It is usually more
informative with an
animation. e |° j
[7] You may adjust
= — 150

these animation —m

parameters for your
@ ©

needs.

[
Deformed
Result

[8] You may save the
animation as an AVI file.

[10] Deformed Shape can also
be turned on/off by clicking this
button in Simulation Toolbar.
Now, click to turn it off. #




|.2-5 Create Se

@ Omm

ctionView

Section 12 Nonuniform Stresses

[T In the Simulation
Toolbar, select Plot
Tools>Section Clipping.
We'll create a section view.

B [ O
IEII"

_I

[2] By default, Front
plane is used as the first

clipping plane.

-

Plot Tools

=
=
=
JiT |
=]
=l

Ij Odeg
ﬂ Odeg

7\ 10.24695113mm

[5] Click

(Z T

B [@ O

@g Section Clipping
_— Iso Clipping
Probe
List Selected

Save As

VNG

Animate

29

[4] Click to activate this

Reverse @ box and select the Top
¢.:I|pp|‘ng =i plane from the Part Tree.
direction. & [omm =
Ij Odeg ﬂ
m Odeg ﬂ ) ) )
— = [7] Click to activate this box and
Tl 2 =l select the Right plane from the

Part Tree.

[6] Click
Section 3.

[12] We'll explore the
stress components at this
location; let's call it
location A. Thisisa

91 Click e for Distance.
I'Ee]verl':e [X [odes j location where o is large.
clipping ¥ [odeg =
direction. O =l
3 [ro22695113mm j

[10] Turn off

Show section ow section plane )
plane. Plot on section anly l
T
Show contour on the
¥ uncut portion of the
model *lsometric

7| Explode after clipping

T————

[13] And this location; let's call it
location B. This is a location

wheret,  is large. #
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|.2-6 Stress Components at the Locations A and B

[2] Click location A to display the

‘ff*BengmlgmHEbggaFon {-Default-) stress o,. You may enlarge the
@C"ﬂ (“:D ¥ Steek) model to locate the corner more
éz\%;m’i = accurately.

g8 Fixed-1 . .

L [1] Right-click Stress| \

and select Probe. Location::
X Y. Z location: | 10,9.99.0 mm

Walue: 08.27 MN/mm~ 2 [MPa)

.4 Force-1 (:Per itern: -10000 H:)
...... L Pressure-1 (:1 Nimm*2 (MPa):)
g Mesh
|/~ Result Options
£ [5] Results

. [p& Displacement! (-Res disp-) 5 ‘
..... he Stradnl (-Equivalent-) .
ot
PI——
2 \ \

[3] Click location B to )L('o;agcin:: ) EE—
display the stress o, . Value:  [51585 " WmmAE -
[5] The stress state
Co::s:en " Location A | Location B at location A.
Oy 108.27 Mpa | 51.588 Mpa
108
o, 0 0 MPa
o, 0 0 Y
/
Tar 0 -6.724 MPa 08 pp,
\ X
Tyr 0 0 7
Tz 0 0
[6] The stress state at
location B. Note
5 that the shear
- ~ 16 Mp, stresses point to

negative directions. #
[4] Use Probe to explore other g

stress components and tabulate
the data like this. Your stress Y
values may not be exactly the same
as here. Note that the shear stress
7., at location B is negative.

\_ Y, T x

6.72 MPa
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|.2-7 Distribution of o, Along Horizontal and Vertical Edges

[2] Click to turn
off Section 2.

B Odeg ::I'I
\§ Odeg ::I'I
> [o26s515mm :Il

|
& [099999978mm j
[X [ode j
[ [odeg j
A [t0:24695113mm j

P——

[1] In the Simulation
Toolbar, select Plot
Tools>Section Clipping.

m Plot Tools -
— @g Section Clipping
Iso Clipping
Probe
List Selected
Save As

Animate

Vi@ NN\

Q* Bending and Elongation {-Default-)
[ Partl (-Alloy Steel-)

73 Connections

) of Fitures

g@e Fixed-1

E@ External Loads

-4 Force-1 (:Per itemn: -10000 N:)
-4 Pressure-1 (:1 Nimm*2 (MPa):

B Mesh

[4] Make sure Stressl
is associated with o _.
Right-click Stress )

and select Probe.

u‘- Displacementl (-Res disp-)
b‘ Strainl (-Equivalent-)

_——

Location:: 2
X ¥, Z Location: [18,9.86,0 mm
Walue: 98.999 NZmm 2 (MPa)
Location::
¥ Y, Z location: [10.1,9.98,1.69e-018 mm Location:: 3
Walue: 08.16 Nfmm*2 (MPa) X, Y. Z location: [ 24.8,9.92,1.36e-017 mm
Yalue: 91,812 N/mm ™2 [MPa)
i i Location:: 4
[5] Click several locations R
along the upper edge of the Valle: 84753 N/mm~2 [MPa]
section. Keep the locations as | loction: |5
. X Y, Z Llocation: | 38.3,9.87.0 mm
equal-spaced as possible. S 7799 Nmm T Pl
Location:: [
®. Y, Z Location: | 45.4,9.9.0 mm
Walue: 71967 N/mm~2 (MPa)
Location:: 7 _
X, ¥, Z Location: [52.9,9.88,2.71e-017 mm Location:: |12
“alue: 66,262 N/mm*2 (MPa) X ¥, Z location: | 90.9,9.85,2.71e-017 mm
Walue: 50.431  N/mm~#2 (MPa)
Location::
X Y. Z location: [ 60,1,9.93,1.36e-017 mm \\ -
N Location:: 13
) ol 1.635  W/mm™2 [MPa) XY, Z Location: [99,4,9.89,0 mm
Location:: g Yalue: 49,982 Ny/mm#~2 [MPa)
¥ Y, Zlocation: | 67.2,9.88,2.71e-017 mm
z Walue: 5775 N/mm”2 (MPa]
- . Location:: 10
Isometric %, ¥, Z Location: [74.3,.9.91.0 mm
Walue: 54,71 N/mm*"2 (MPa) _
Location:: 1
¥, ¥, Z Location: | 62.5,9.85,0 mm
Walues 52.057 Nfmm 42 (MPa)
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« ¥ 42

¥ At location

€ From sensors

& Probe Result

File Options Help

[8] Click to close
the plot.

" On selected entities

Study name:Bending and Elongation(-Default-)
Plot type: Static nodal stress Stress1

110.03 LMabesmas s meisam s st asns s bae s o
N r [71The o, is 108 MPa at
100007 R e the left and decreases to
50 MPa at the right.
m.m ..............................
z
E 30.03 s rastassfecnet o e Zisecleres®sasedrunearrsndanns
:
E 70.(:0 efeneatansfareatenratian i Mgt nscletntianedoanetanandanarta
g
60.03 .........................................................
E1010 4 O R R O SR
40,00 N : : N : : N : : : : : N
#0 #1 #2 0#3 M #5 #5647 #8549 #10 #1 #M2
Location

Location |Value (N/mmA2 (MPa)) | [9] Right-click here
7 66.262 and select Clear
8 61.635 Selections.
9 57.75
10 5471
11 52057
12 50431
13 49,982
Value |
Sum 926.46 N/mm*2 (N
Avg 71.266 N/mm*2 (M
Max 108.16 N/mm*2 (N
Min 49952 N/mmA2 (N
N/mm*2 (N

—t— B Nhor2 (MPa))

0,0

[6] Click Plot.

Location::

X Y, Z Location:

[10] Click several

Walue:

3
44.-9.94.0 mm
26,827 MNfmm~2 (MPa)

locations along the lower

edge of the section. Keep

the locations as equal-
spaced as possible.

?
51.5-9.97.0 mm
32,639 N/mm*2 [MPa)

Location::
X, Y, Z location:
Value:

Location::
¥ ¥, Z Location:
Walue:

58.6,-9.88.0 mm
37.478  M/mm*2 [MPa)

Location:: 9
X, Y, Z Location: [ 65.7.-9.85,0 mm
— YWalue: 41.545 N/mmA2 (MPa)
Location::
X, Y. Zlocation: | 10,-9.56,0 mm Location:: 1
value: 118 N/mm*2 (MPa) ¥ Y, Z Location: | 72.5,-8.97,0 mm
Walue: 44,538 N/mm~2 [MPa)
Location:: 2 7 11
¥, ¥, Z Location: | 1 .93,-8.67e-016 fnm 0.9-9.945.67e-016 mm
YValue: -2.5454  N/mm*2 fuiPa) 47,487 Nimm*2 (MPa)
T Location:: 3 | Location:: 2
¥, ¥, Z Location: [23.2-9.93.0 mm_| % ¥, Z Location: [ 89.9-9.98,0 mm
Walue: 6.2324  N/mm§-2 (MPa] Walue: 9.426  N/mm*2 (MPa)
z
Location:: 1
% Y, Z Location: [ 30,-9.89,-8.67e-016 Tnm Tz 3
* : Walue: 3.853  N/mm*2 MPa) ocadon::
Isometric ¥, ¥. Z Location: | 99.6,-5.9,0 mm
N LY
(YR 5 Walue: 0.01 N/mm*2 (MPa)
XY, Z Location: | 36.7,-9.93,0 mm
Walue: 20,392 MN/mm#2 (MPa)
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[13] Click to
close the plot.

& Probe Result
File Options Help

& Atlocation Study name:Bending and Elongation(-Default-)
r Plot type: Static nodal steess Stress1
From sensars

" On selected entities Q0T = -+ = e
BOQ0Y- v b e b
Location | Value (/mm~2 (MPa)) || [14] Right-click here - T T N AR SO N N oo S N
7 32639 and select Clear P e R AR
8 37.478 Selections. & 90004 S
9 41,545 =
10 44.538 D oot T L NN e
11 47487 g N G
12 49426 R P [12]The o, is -11.8 MPa at

the left and increases to 50
MPa at the right.

13 5001

o
=

-10.00

#0 # 2 ¥ M O #5 #6 #7 # H9 #10 #1 #12
Location

——  BX Wémmn"2 (MPa))

0,0

I— —

[15] Click several locations along
the vertical edge of the section.
Keep the locations as equal-spaced
as possible.

Location::
¥ Y, Z location: [10,9.98.-0.0354 mm
Walue: 08.21  MN/mm*2 (MPa]

Location::
K ¥, Z location: [10,6.17,0 mm
Value: 8.059 N/mm#~2 [MPa)

Y

P

\\\ *Trimetric

Location:: 3
¥ Y. Z Location: | 10,2.66,0 mm
“alue: 67.424 Nimm"2 [MPa)

Location:: 4
X Y. Z Llocation: [10.1-0.793.0 mm
Walue: 46,36 MN/rmm*2 [MPa)

Location:: 5
X ¥, Z Location: [10.1-3.94 0 mm
2

Walue: 26,576 Nfmm”2 [MPa)
Location::
¥, ¥, Z Location: [10.1-7.04.0 mm
Walue: 6967 N/mm#2 [MPa)

Location:: 7
X ¥, Z Location: [ 10,-9.96,0 mm —
Walue: -12.408  N/mm”2 (MPa)
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[18] Click to close
the plot.

2 Probe Result
File Options Help

Study name:Bending and Elongation(-Default-)

(¥ At locati
O ocation Plot type: Static nodal stress Stressl

" From sensors

" On selected entities

].20.03 R AR R MARERRE AAAREARE o
| [17]The o, distribution
100007 -~ 2P S fisaeene :1 along the vertical edge is

Location |Value (N/mm*2 (MPa)) |X (1 ‘ essentially linear.
1 108.n m % 30.03 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2 88.059 186 € 1 N
3 67.424 186 ?‘ 50.03 .......................................................
4 2636 377 g
526.576 377 E’ 4003 creartfasasnsafetananenhans
6 6.6967 377 B
7 12.408 186 O - D ee e e R e

[ommary 4] b H B B n b B

=3
8

Value I Location
Sum 33092 N/mm#2 (M
Avg 47.274 N/mm*2 (W
—a—  SX (Némm"2 (MFa))
0,0
ﬂ
|.2-8 Distribution of 7, Along aVertical Edge
&* Bending end Elongation (-Default-)
[ Partl (-Alloy Steel)
-7 & Connections
@---d;?;{es“ [1] Double-click
| fgy Fomd- Stress| to edit th ; S 5
{30 External Loads definition oCehalmgee % Ben::ﬁ mii]on::ﬁ:n Pl
.3 Force-1 (Per item: -10000 N) the C om|;;on ent to - Comf;ﬁm: )
L Pressure-1 (:1 Nimm*2 (MPa):) TXY (). HE . [2] Right-click Stress|
- Mesh . xy T 8 Fied and select Probe.
l{% i?::l] zphnns - (3 External Loads
=8 Esm”l (X normal) ..... 4 Force-1 (:Per item: -10000 N:
s‘ Displacement] (-Res disp-) %...ﬁi]f;mm-l (1 Nimn’2 GMPy
i R B
[ Strednl (-Equivelent-) |~ Result Options

ﬁ EI.[EI Results

P——



Location::

X Y. Z Llocation:

0,9.97.0 mm

Value: .

010013

N/mmA2 (MPa)

Location:: 2

X ¥, Z Location:

10,6.44,0 mm

Value: -3.5423

Nfmm#2 (MPa)

Location:: 3

X ¥. Z Llocation:

10.1.3.21.0 mm

Value: -5.8605

N/mm?2 [MPa]

Location:: 4

K ¥, Zlocation:
Value:

-6.7343

10,-0.183,0

mm
N/mm*2 (hPa)

Location:: 5

¥ ¥, Z Location:

10,-3.53,0 mm

Walue: -6.012

3

N/mm*2 (MPa)

Location::

Value:

% Y, ZLlocation:

[

10,-6.73,0 mm

-3.9403  N/mm*2 (MPa]
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[3] Click several locations along the
vertical edge of the section. Keep the
locations as equal-spaced as possible.

Y

P

*Trimetric

Location::
X ¥, Z Location:
Yalue:

7

10,-9.89.0 mm

-0.31308  M/mm*2 [MPa)

(Y
ﬁ

' At location
€ Fram sensors

" On selected entities

Location | Value (N/mm#*2 (MPa)) [X 1

1 0.010013
-3.5423
-5.8605
67343
-6.0123
-3.9409
-0.31308

NN e WM

Value |
Sum -26.393 N/mm*2 (W
Avg -3.7705 N/mm*2 (N
Max 0.010013 N/mm*2 (N
Min £.7343 N/mmA2 (W
RMS 4,5359 N/mm*2 (N

[4] Click Plot.

[6] Click to close
the plot.

& Probe Result
File Options Help

Study name:Bending and Elongation(-Defaunlt-)
Plot type: Static nodal stress Stress1

TawX¥ (Fimm*2 (4Pa))

Location

—a—  Tau¥ Q2 (MPa)) '

[5] The 7,, distributes along the
vertical edge parabolically. We'll discuss
more on this curve in Section 8.1. A
more accurate distribution is shown in
8.1-5[1 17, page 160.

[8] Save the document and
exit SOLIDWORKS. #

O-2 (W) 2-9-[F-8 5=-
I — T —
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Section 1.3

Stresses in a C-Bar

|.3-1 Introduction

[1]1 The C-shaped bar is made of an alloy steel and used as a dynamometer; a
device to measure the magnitude of a force P [2]. A strain gauge is usually
attached to the surface of a location as shown [3], and the measured strain is
used to calculate the force P.

In this exercise, we will create a 3D solid model for the C-bar [4-6] and
perform a static structural analysis under a force P = 2000 N. We'll examine
the stress states at two locations, A [7, 8] and B [9, 10]. We examine
location A since it is where the strain gauge situated and its normal stress
o, is high. Location B is arbitrarily chosen for its non-zero shear stress7, .

This section also demonstrates a way to obtain results at specific
location, namely using Sensors.

110

100
70

Unit: mm. L 20

DIO [9] Location B.

[10] Location B.#

[3] A strain
gauge is
attached here.
The measured
strain is used
to calculate
the force P.

[2] The C-bar
is used to
measure a

force P.

[8] Location A.

40

20

[5] The body has a
—— thickness of 5 mm
everywhere.

[7] Location A.

[4] Details of
the C-bar.

[6] All unspecified fillets
have radii of 3 mm.
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|.3-2 Start Up

[1] Launch SOLIDWORKS and create a new part. Set up MMGS unit system with zero decimal places for
the length unit. #

|.3-3 Create a Sketch for the Sweeping Path

100
R10
+
&0 [I] On the Front [2] The origin.
plane, draw a sketch
like this.
Y
1.

—— —
BNo [\-0 -
Exit Smart

Sketch mr::sionE"E}'@'A
= - - - *

[3] Click Exit | Sketch [
Sketch. #
P——
|.3-4 Create a New Plane
[ITIn Features Toolbar,
select Reference
Geometry>Plane.
= Swept Boss/Base ~ & swept cut @ 3% i Rib @il Wrap wF YU ~
&1 ) ! : N
Extruded Revolved [} Lofted Boss/Base Extr%ed H%e Rev?\ved ] Lofted cut AL ‘,L;;':;L &) praft @ Dome Z‘:’:r’:;‘tf; urves m&m
Boss/Base Boss/Base Cut Wizard Cut
) Boundary Boss/Base ) BoundaryCut | . . [E shen B8 mirror . .

Features [

I —

37
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[6] Click OK. #

Fully defined

[3] The line is used as
First Reference. (
+

i) .Linel@Skemhl o ‘

m Perpendicular

[[] Set arigin on cuwve
Coincident
Eﬂ Project
[T — ]
i) .Pumn@smm O ‘
Ceincident
| Project
v

P——

Y

| P

*Front

[5] The point is used as Second
Reference. A plane normal to
the First Reference and
passing through the Second
Reference is created.

|.3-5 Create a Sketch for the Profile

[2] Click this line.

[4] Click this end

point.

[1] While the new plane
(Planel) is highlighted in the
Part Tree, click Sketch.

& |N-@-N-H |

Di::‘::iton & S} @ A |

. -0 T ¥ [3] Draw a sketch '

Sl like this. |

[4] This is the line g’!

[2] In the Standard Views of symmetry. # F I
Toolbar, Click Normal To. ,

PREFIIEH O

R3

DD | y

——— —— LDI
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|.3-6 Create a Solid Body Using Sweep

[2] In Features Toolbar,
click Swept Boss/Base.

|

$ @ Swept Boss/Base (5
Extruded Revolved () Lofted Boss/Base
Boss/Base Boss/Base

@ Boundary Boss/Base

|Fenl|l’sl

P ——

[3] The profile sketch
(Sketch?2) is pre-selected.
If not, select it from the

Part Tree.

[4] Select the path
sketch (Sketchl) from
the Part Tree.

created. #

18880986
r—f

[6] In the Standard Views
Toolbar, Click Trimetric. Also,
in the Head-Up Toolbar, turn-

off View Planes.
IJ“X

*Trimetric

J

[7] A solid body is

39
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|.3-7 Create an Ear

[2] In the Front plane,
draw a sketch like this.

@@ Partl (Default<<Defavlt_Photo Works D: Click Exit Sketch.

[&)] Sensors

- A] Annotations ) .

e e [1] In Part Tree, right-click
\<§ Foont Sweep| and select Hide.

35y Top

- Right
. dy Origin
43y Planel |

@B L@

?10

— 70

[3] Right-click Sweep I and
select Show.

[4] In the Part Tree, click
to highlight the newly created
sketch (Sketch3) and, In
Features Toolbar, click
Extruded Boss/Base.

[8] Click OK. #

"

[5] Select

ruded | Revolved [\ Lofted Boss/Base

E o @ Swept Boss/Base
Ext
Boss/Base/ Boss/Base
@ Boundary Boss/Base

Mid Plane.

|sketcn Plane

[midpane O~ =]

[6] Type 5 (mm).

= Draft outward [7] Make sure
Merge result is
%ﬁ&
¥
~

*Trimetric
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|.3-8 Create Fillets

[17In Features
Toolbar, click Fillet.

l[]
im| |Edge<1> (e} |

¥ Tangent propagation

[2] Create fillets
of 3 mm on
both sides. #

& Full preview

" Partial preview

" No preview
¥ ISymmetric EI

?\ 3mm (@] E

™ Multiple radius fillet

*lsometric Profile:
ICircuIar ;I
1.3-9 Mirror the Body [1] In Features P

Toolbar, click Mirror.

@ 888 o Rrib (@ wrap

Fillet Linear
Pattern a ERaE

- «  [m) shen (G Mmirror : I
= [2] From Part Tree,
— ————— (%) select Top plane.
)
N
[3] Click Bodies to
Mirror.
J
¥ Merge solids \
[™ Knit surfaces
v Propagate visual [4] In the Graphics
properties Area, select the body.
" Full preview
%' Partial preview -

T
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[.3-10 Create Sensor at Location A

[I] In Features Toolbar,
select Reference
Geometry>Point.

e [2] Click this face. A
Reference Point is
created at the center of
the face. This is the
location A, where we

\

want to set up a
Sensor.

Q Partl (Default<<Default>_Photo Works Display State=)
- {{5) History

(7] Sensors

[]..@ Annotations

3= Material <not specified>
. Front

.35y Top

.. Right

1, Origin

Q Planel

[].,@ Sweepl

[ Boss-Extrudel

() Filletl

R Mirrorl

_# Poitl O——"

- —

[5] Right-click Sensors and
select Add Sensor...

[4] A Reference Point is
created.

[9] Click OK. #

e
o~ =

E_; |Simu|ation Data

Value : Data not available

E_p IStress O j
O———,
< N |

[” Use PSD Value

b ISY: ¥ Mormal Stress

ﬁf

[6] Select
Simulation
Data.

[7] Select SY. The

Sensor is initially

set up to be

associated with 0.

It can be changed
later.

E] [wmm~2 mpa) [@) =]

5] |Average of Selected Entities Oj

O Il—lw

—

[ — | —

IAcross all Steps

[8] Set up Properties

like this and select Pointl

from Part Tree.
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[.3-11 Create Sensor at Location B

110
Exit Smart
[I] On the Front plane, draw a B irencion

Sketching Point (see [2]) like

@
this. Specify the location of the
point. Click Exit Sketch. O Sketch T

[2] Sketching Point.

70
i
| o
| \
-
Referénce
Y T Geometry
1.
O
*Frant [3] In Features Toolbar,
select Reference

Geometry>Point.

[5] In the Graphics Area, select
the newly created Sketching
Point. A Reference Point is
created at the location of the
Sketching Point.

i

Arc Center
Center of Face
Intersection

Projection

n point

| 4

[4] Click On
Point.

&
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@ Partl (Default<<Default>_PhotoWorks Display State=)
3 (9 Hisory
: @ Sensors

[ A] Amnotations
3= Material <not specified >

_____ % Front [8] Right-click Sensors

,,,,, % Right

% Top and select Add Sensor...

..... 1, Origin
,,,, <y Plael

E]"@ Sweepl

- [[§) Boss-Extrudel
@ Filletl

u Mirrorl

“““ % Pointl

[7] A second Reference
Point is created.

2 Skethd
AAAAA % FPoint2

I —

T —

Q Partl (Default<<Default> Photo Works Display State =)
@ History

-3 @ Sensors

E @ Stressl
@ Stes2 O
E]" Annotations

.. 3= Material <not specified »

% Front [13] The sensor
%y Tap Stress| will report the
@ Right stress at location A, and
_____ L Origin the sensor_StressZ at
% Planel location B.

(5 Sweepl

E]"@ Boss-Extrudel

@ Filletl

[9] Select
Simulation
Data.

B_; ISirrluIation Data [|0] Select SY.
The Sensor is
initially set up to be
associated with o, .
It can be changed

later.

g =

Value : Data not available

B_) IStress O

h ISY:YNormaI Stress O‘éir

& |
[~ Use PSD Value

El |N/mm"2 (MPa) (©) EI

@ IAverage of Selected Entities O j

[I'1] Set up Properties
like this and select Point2
from Part Tree.

[14] Save the
document with the

name CBar.#

O-2{d)&-9-E-85a-
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|.3-12 Create a Static Structural Study and Set Up Unit System
Q
Study
Advisor [3] The Study Tree.
i il
f Static Force 2000 N (-Default-)
/ \ ;~®CBar
[1] Make sure SOLIDWORKS T3 Connections
Simulation is loaded (1.1-5, page 13). ¥ Fixtures
In the Simulation Toolbar, select g el Loacs
Study Advisor>New Study. Type - .
Static Force 2000 N for Name. A et Optons
Leave Static :’C‘:S"‘:Ef‘g'&swdy Type. [T _Mogel [ 30 Views | MotionStudy1 ] v Static Force 2000N |
\_ J [ —
[2] A tab is added
and becomes active.
File Edit View Inset Tools | Simulation | Window Help
Q | Study.
Materisl v
Loads/Fixture 4
w Drop Test Setup..
. Result Options
Soniieilars i’ [5] In the Study Tree, right-click CBar and
A ' select Apply/Edit Material... and apply
4 R Mesh > Alloy Steel for the model (1.1-8, page 17). #
[4] From Pull-Down LA '
Menus, select Plot Results v
Simulation>Options... List Results v .
Make sure all settings are Result Tools ' ct*Shm Force|2000 N ¢-Defeult)
the same as those in |.1-7, G | Report... E-»--@CBBI
pages |15-16. Q&' | Include Image for Report.. . f73 Connections
k Cm.'npaxe Test Data... dF S
GG ' . 3] External Loads
lect All Feature () Faces % Mesh
B .
NLU&M._ ERESUIt ODﬁDm
Options.. ——
Help »
About Simulation
Customize Menu
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|.3-13 Create Mesh

a}* Static Force 2000 N {-Default-)
[ CBar (-Alloy Stesl-)

7§ Connections [1,4] Right-click
.. Fixtures Mesh and select
L) External Loads Create mesh...

.Gy Mesh

[8] Right-click Mesh
and select Details...

It A N N 5,

[3] This is the default mesh. In general, the
finer the mesh, the more accurate the solutions.
Let's make the mesh finer.

*1; *Isometric

[5] Drag the slider all the way
to the right. This is an easy
way to refine the mesh.

Mesh Details

[7] We will use

[2] Click OK to
accept the default

settings.
Mesh 2
(2
Mesh Density A
B J
Coarse Fine
——
[~ Mesh Parameters ¥
|Advanced v
Options A

[~ save settings without meshing

™ Run (solve) the analysis

[~ save settings without meshing
I~ Run (solve) the analysis

this mesh for
this study. Study name Static Force 2000 N (-Default) [10] Click to close the
Mesh type Solid Mesh Mesh Details #
Mesher Used Standard mesh
Automatic Transition Off
Include Mesh Auto Loops Off
Jacobian points 4 points
Element size 270116 mm
Tolerance 0.135058 mm
Mesh aually High
Total nodes 102660 <\A_‘ [9] The Mesh Details
IEEIC s iy shows that the mesh consists
Maximum Aspect Ratio 3.5407
FEErdC s w99 of 102,660 nodes and 62,597
g ineclisialy : elements. Your numbers may
e 0 not be exactly the same as
% of distorted elements 0 here. If you don't create a
[Jacobian) :
mesh, the program will

7 Time to complete mesh(hh:mm:ss) | 00:00:068 ’ P g
EETEEITETE LEE-FC automatically create a default

*sometric mesh right before solving the

— —— model.
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|.3-14 Set Up Boundary Conditions and Run the Model

df Static Force 2000 N {-Default-)
E CBar (-Alloy Steel-)

ﬂi Connections

Fixtures

(3] External Liads

‘Mesh

~|¢~ Result Op{ pns

[17 Right-click Fixtures and
select Fixed Geometry...

[6] Click Selected
direction.

]

?@Seleded direction

¥ Static Force 2000 N {-Default-)
[P CBar (-Allay Steel-)
-7 Connections
[_]5'-\5 /B, Fixtures
@ Fixed-1
@ External Loads
Mesh
lC Result Options

[2] Click this
cylindrical face.

[4] Right-click External
Loads and select Force...

Face<l>

" Normal
([7] Select Top plaj
from the Part Tree. It

is used as a reference
1 coordinate system.

) [

% Pperitem

 Total

[5] Click this
cylindrical face.

El st =l

[8] Click Normal to Plane;
i.e., the direction of the force is
normal to the Top plane.

[9] Click Reverse L

direction.

-

=2
Run This
|1 vIN [10] Type 2000 (N). et

-

e

[12] In the Simulation
Toolbar, click Run This

everse direction

——m—

Study.

47
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A

*Isometric

[16] Click OK after
viewing the
animation.

Creation of Frames Completed
Playing Animation...

> [n] [m]
o [° =

m ——— 1%

O

- @ &

|

[17] Next, we'll explore
the stresses at
locations A and B. #

145.9

133.75
121.59
109.43
97.273
85.115
72.957
60,799
45,642
36,484
24,326

12,168

von Mises [N/mm»2 (MPa))

0.010668

— Yield strength: 620,42

PN

“Isometric

~
[14] Hide all Fixtures
and External Loads

Q:Smﬁc Force 2000 N (-Default-) (| -1 2[6, 7], page 21).

[ CBar (-Alloy Steel-)
.- Connections j
{6 Fixed-1 N

(3] External Loads O
"4 Force-1 (Per item: -2000 ;)

[15] Right-click
Stress| and select
Animate...

/

[ Displacement] (-Res disp-
. [ Strsinl (-Equivalent-)

[13] Change to display
SY (o,) (1.1-12[1,2, 4],
page 21).

SY (N/mmA2 (MPa))
109.23

95,637

82,046
. 65,456
. 54,865
. 41274
. 27.684
_ 14093
. 0.50228
_ -13.088

-26.679

-40.27

-53.861
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|.3-15 The Stresses at Location A

) CBar (Defenlt<<Default>_Photo Works Display State0#>)
&[5 History [1] Recall that the sensor Stressl
=1-{2] Sensors is initially set up to be associated
- Stress1 (59.2465 Nimom'2 (MPa)) with o, at A (1.3-10[7], page 42).
{ﬁ?ﬂ S‘:‘:ﬁ’:ml'mﬁ Wimm?Z (MFa)) Write down this stress value (6] Click OK
E-LAJ Annotations ic .
3= Material <not specitied > (592465 MPa) [5]
- Front
g Top Sensor e
-2y Right
£ o . @)% =
% Planet [2] Right-click Stress|
(2 Sweep! and select Edit Sensor. i —— al
-} BossExtrudel M, ISimuIation Data |
) Filletl -
-, Mirrorl Value : 0.00426601 N/mm* 2 (MPa) |
- # Pointl
- Sketchd Data Quantity A
‘‘‘‘‘ Point2
* fom Ea IStress j
P———
[4] The sensor Stress| R X Noma Stresj/o =
reports o, value here. S N |
The o is essentially zero.
[~ UsepZd value
Stress
e Stress Value & A
/é( [N/mm~2 mpa) =
O—x 0 @ IAverage of Selected Entities j
oy 59.2465 MPa [3] Change to $X (o). v I rens
O-Z 0 IAcross all Steps j
ﬁ
TXY 0
T
“ 0 59.2 MPa
[7] The stress state
T 0 at location A.#

I

[5] Repeat steps [3, 4] to
obtain other stress
components. All other
stress components than o,
are essentially zeros.

59.2 MPa
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|.3-16 The Stresses at Location B

Q CBar (Default<<Default>_Photo Works Display State0#>)
w-{{3) History

=[] Sensors
[ Stressl (59.2465 Nimm#2 (MPa))
- Stress2(21 7056 Nimm*2 (MFs))
=+ {l’ Annotations
3= Material <not specitied >
{Q Front
Q Top
-2 Right
-}, Origin
- Plansl
(3 Sweepl
w-([§ Boss-Extrudel
) Filletl
@ Mirrorl
- # Pointl
[ Sketchd
‘‘‘‘‘ # Pomnt2
I ——
Stress
Stress Value
Component
o, 9.94663 Mpa
o, 21.7056 MPa
o, 0
Tyy -20.5321 MPa
T Yz 0
(2 0

a N
[5] Repeat steps [3, 4] to obtain
other stress components. Your

results may not be exactly the
same as here. Note that the Z-
components (o, 7,,,T,, ) are all
zeros; it is called a |:;iane stress
state (Section 12.1). The stress

states discussed in this chapter

are all plane stress states.

[1] The sensor Stress2 is
initially set up to be
associated with o, at B
(1.3-11[10], page 44). Write
down this stress value
(21.7056 MPa) [5].

[2] Right-click Stress2
and select Edit Sensor.

[4] The sensor Stress2
reports ¢ _ value here
(9.94663 MPa).

[3] Change to SX (o).

v

[6] Click OK.

‘ Sensor \TE
(Dx

Sensor Type S

E_: ISlmuIation Data :I

Value : 9.94663 N/mm*2 (MPa)

7
|D7#a Quantity

/E? IStress

& IS){:,"(NormaI Stress

/O

N |
[ use P%JE
Propertip” A
P/Umm 72 (MPa)
IAverage of Selected Entities

Q

Point2

IA(ross all Steps

) 2I.Z\MPa [7] The stress state at
% location B. Note that the
- shear stresses point to the
Se 20.5 MPa negative directions.
9.95 MPa 9.95 MPa
(o]
y 20.5 MPa > &
N
Vv 15 [8] Save the document and
X 21.7 MPa exit SOLIDWORKS. #
O-e& =-9- 8 &l
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