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Stresses

Stresses are quantities to describe the intensity of force in a body (either solid or fluid). lIts unit is force per unit area
(i.e., N/m2in Sl). It is position dependent.

Imagine that your 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 and the
answer is good enough. For an one-dimensional case like this, the stress ¢ may be easily defined as

o=—
A

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

In general 3D cases, things are much more complicated. Now, imagine that you are buried in the soil by your friends,
and your head is 100 m 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, than 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 where the pressure applies. You've learned these concepts in your high school.
And you've learned that the magnitude of the pressure is o = pgh, where p is the mass density of the water, g is the
gravitational acceleration, and h is the depth (100 meters in this case). In general, to describe the force intensity at a
certain position in 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 situation is much more complicated. 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 where 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, and if we know the stresses on a certain shape of 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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|.1-1 Introduction

[T Consider a cantilever beam made of an alloy steel and of dimension 10 mm x 20 mm x 100 mm [2], which is fixed
at one end [3] and subjected to a force applied 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 theory, 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

—I 0,000 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 of 100 mm long and has a
cross section of 10 mm x 20 mm.

[4] A force of 10,000 N
applies at this end. The
force distributes
uniformly over the end

face.

[3] The beam is
fixed at this end.

[5] To describe the force and
stresses, we use a reference
coordinate system XYZ.
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16] Definition of Stress [7] The stress at a
. . certain point can

The stress at a certain point can be defined as the be defined as the

force per unit area acting on the boundary surfaces of an X force per unit area

on the boundary
surfaces of an
infinitesimally

infinitesimally small body centered at that point [7]. The
stress values may be different at different locations of A
the boundary surfaces. The small body can be any

o small body
shape. However, for the purpose of descrlbl.ng the [8] We usually use a small centereq at that
stress, we usually use a small cube [8] of which each point.

. ) } cube for the purpose of
edge is parallel to a coordinate axis. describing the stress.

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

[13] Negative-X-face

Each of the six f f th igned
ach of the six faces of the cube can be assigned an (opposite of the X-face).

identifier as X-face,Y-face, Z-face, negative-X-face,
negative-Y-face, and negative-Z-face, respectively
[10-13].

[11] Y-face.

[14] Stress Components

Let p, be the force per unit area acting on the X-face. V4
In general,ﬁX may not be normal or parallel to the X-
face. We may decompose p,into X-, Y-,and Z-
component, and denote Oy Ty and T, respectively
[I5]. Note that, the first subscript (X) is used to
indicate the face on which the stress components

act, while the second subscript (XY, or Z) is used to

[10] X-face.

[12] Z-face.

[16] The p, (force
per unit area on Y-

indicate the direction of the stress components. face) can be

Also note that,o,, is normal to the face, while 7, , Y decomposed into
i o

and 7, are parallel to the face. Therefore,o,, is Yy 0, Tyoand T .

called a normal stress, while Txy,and T, are called
shear stresses. In Mechanics of Materials, we
usually use the symbol o for a normal stress and 7 for

a shear stress. z
Similarly, let p, be the force per unit area acting
on the Y-face and we may decompose p, into a
normal component (o,,), and two shear components
(t, and7,,) [16]. Also, let p, be the force per unitﬂ
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
o T T [17]Thep_ (force -
e e per unit area on Z- [15]Thep, (force per
{O'} = T, O, T, n face) can be unit area on X-face) can
- _— decomposed into be decomposed into 5,
X zv zz d 7. ,and1__.
O-ZZ' TZX' an sz. XY Xz




[18] Stress Components on Other Faces

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. (1). 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 Y-face but with opposite directions [21].

The proof can be done by taking the cube as 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 can be
calculated from those on X-face, Y-face, and Z-face. We'll
show that this can be done using a Mohr's circles
(Section 10.1).

Section |.1 Stress Components

[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.

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

Ty =T Ty =T Ty =Ty (2)

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

23] Stress Components

We now conclude that 3 normal stress components and
3 shear stress components are needed to describe the
stress state at a certain point. We usually write them
as follows

lo}={ o, 0, 0, 14 1, % } ©®

Note that, for more concise, we use ¢, in place of o, ,,
o, in place of 0, ,and &, in place of o _,.

The purpose of this section is to familiarize the 6
stress components in Eq. (3). The stress field in this
section is uniform over the entire body. In the next
section, we'll explore a nonuniform stress field.

Another purpose of this section is to familiarize the
SolidWorks Simulation user interface.

XX

8

[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.
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[.1-2 Launch SolidWorks and Create a New Part

[I7 Launch
[2] User Interface. SolidWorks.
p’S SOLIDWORKS - 3 ~ | M search commands D2 B R
« Solid Works Resources =

-

»

Getting Started
D New Document
(¥ Open a Document
=X Tutorials

?:' What's New

[3] Click New to create
a new document.

B introducing SolidWorks

L) General Information

»

SolidWorks Tools

[ Property Tab Buier
SolidWorks Rx

Performance Benchmark Test
Compare My Score

&3 Copy Settings Wizard

[4] Part is selected
by default.

fity 2
New Solif¥orks Document x| Fpmu
roups
sion Forum
% a 3D representation of a single design component zal Alerts & News
P 2013 Model Manis File
s ise PDM 2012 SP2 is available for
#ed Content - Sample some of our best
@ a3Dam o e tena ki e - Uspanese Installstion and Deployment
013 SP2 is available for download
|ty | [5] Click OK to [ = ossomentsun
Content Blog for January is
create a Part
d oser VBR2013x SPO is LIVE for all
E% a 2D engineering drawing, typically of a part or assembly ocument. Jordd Top Ten List Idea Creation
Duawi ke to help define the future of S...
Al ;I
Solid Works Premiwm 2013 %64 1 [ II0EN
S T— Advanced oK cancel | ep | P—

About the Text Boxes

I. Within each subsection (e.g., |.1-2), text boxes are ordered with numbers, each of which is enclosed by a pair of
square brackets (e.g., [1])- When you read the contents in a subsection, please follow the order of the text boxes.

2. The text box numbers also serve as reference numbers when referred from other text. In the same subsection, we
simply refer to a text box by its number (e.g., [1]). From other subsections, we refer to a text box by its subsection
identifier and the text box number (e.g., I.1-2[1]).

3. A text box is either round-cornered (e.g., [I, 3, 5]) or sharp-cornered (e.g., [2, 4]). A round-cornered box indicates
that mouse or keyboard actions are needed in that step. A sharp-cornered box is used for commentary only: no
mouse or keyboard actions are needed in that step.

SolidWorks Terms
In this book, terms used in the SolidWorks are boldfaced (e.g., Part in [4, 5]).
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I.1-3 Set Up Unit System

[I] Click Options.

El -)a... searchcnmn;)v ? = @5@‘
aasHhR® 3 o2 »[id»]

&souawonxslﬁe Edt View Insert Tools Smuaton Window Help Qla-fﬁvﬁvg.-x)u@.
(PRI RMGBUMMINL T HL R NeO M |

. Swept Boss/Base g Swept Cut -1 i Rib il Wra kS
B . pt Boss) x p H P 4 b)) &y
E Fillet Linear Reference Curves
Extruded Revulved Lofted Boss/Base | Extruded Hole Revolved I Lofted Cut | Draft Dome | | Instant3D
V& Fattern Geometry
Boss/Base Boss/Base Cut Wizard Cut .
7] Boundary Boss/Base ) Boundary Cut - = H shel E' Mirror = =

Features I Sketch | Surfaces | Sheet Metal |Weidmems | Mold Tools | Data Migration | Direct Editing | Evaluate I Dimxpert | Office Products | Simulation h o & %2
""" e mBle e QANBE-F-w-@H-H-
f—\l

\jr % Partl (Default<<Default>_Photo Works Di} @
2 (&) Sensors ﬁ
\g . Gﬂ Annotations =
& = Material <not specified> =
2 ¥ Front !
@ 1
op e o
— X Rigt =
&% 1, Odgin 3

sle o
[2] Click @1
Document o-

Properties tab. 2
g’f_ -

[4] Select MMGS
as unit system. : e

Document Properties - Units

«

System Options Doqmmwropevml

Diafting Standard
Annotations

[+ Dimensions

- Virtual Sharps
2! 'l'a'hlas

[ Unit system
" MKS (meter, quam, second)

Model Diyplay
mﬁag pexties Type |l.lnlt |Declma|s |Fra:uons |More .
Sheet Metl Basic Units [7] The unit system
Dintper EE] — ore ' shows here. You
E:‘ssal‘:i\ninnw]: . Dual Dimension Length inches .123 aISO can change the
" Chain Dime Angle degrees None 7\ .
- Geometric Tole Mass/Section Properties unit SYStem by
! S?;’;fj‘o‘;zgﬁ Tength rilimeters K¥) clicking here.
[Mass grams
Per Unit Volume millimeters~3 [5] SeIeCt None
Fiotion Units (no decimal places).
Time second .12
Farce newton .12
Vﬁwer watt .12
\ergy ioule .12

[3] Select

Units [6] Click OK.
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|.1-4 Create a Geometric Model

/
[1] In the Features Tree

g

(on the left of the user
interface), right-click Right
plane and select Sketch
from the Context Menu.

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

EFad
I I E?t Sgrt
. Sketch | Dimension
Avtosize = -

71 | 3D Sketch On Plane

Section View
Comment
Parent’Child...
Add to Favorites

Properties...

Features | Sketch | Surfaces | Sheet M

Go Ta...

[3] Draw a rectangle

€«

centered at the origin (the

sizes are arbitrary for now).

»
| |
*Right
[4] In the Sketch Toolbar,
click Smart Dimension.
®
BEfoN\\-0-n~-i
St Dmton [ * &~ & - A ‘ -
- RO - % \ ,/ [5] Specify dimensions
Fealures | Sketch [ Surfaces | Sheet M \ / (10 mm and 20 mm)
‘\ / like this.
I—— Ca
-
G
/N
SN
/ \
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, { E Swept Boss/Base

Revolved afl Lofted Boss/Base
Boundary Boss/Base

[8] Click OK. )

‘= Qoss-Extrude

7 R &

|Sketch Plane

[6] In the Features

Toolbar, click Extruded

[7] In the Property Box,

Boss/Base. [fina =
2

100mm =

=

type 100 (mm) for Depth.

o (@ sweptBoss/pase @ (@ sweptcut }H & rib

Revaved () loftedBossBase | Extruded Hole Revowved [ Lofiedcut | T
Boss/Base Boss/Base Cut  Wizard  Cut

) Boundary Boss/Base ) Boundary Cut

QaymE J-o-@h-=-

[9] The finished
1)‘ geometric model.
e

»| *Trimetric

mE e R

MMGS

wwrmmm — - : TN

G

*




Section |.l Stress Components |3

[.1-5 Load SolidWorks Simulation

i & = @ E
CircuitWorks PhotoView ScanTo3D SolidWorks Solidwor SolidWorks Sdlidworks TolAnalyst
360 Motion Routi Simulation oolbox

Features | Sketch | Surfaces | SheetMetal | Weldmenf>~#6id Tools | Data Migration | Direct Editing | Evaluate | DimXpert | Office Products

I
e — ——
|

[I] If SolidWorks Simulation is already
loaded (i.e., if Simulation Toolbar is

available), skip this step. Otherwise, in the Q = b, =8 7% (71
Office Products Toolbar, click to load the Sdm_d\' | ety F‘gfwes EXEZFHEI Cow:nge:ctjons Run |
Simulation. Advisor Material Advisor Loads... Advisor

- 4 v d -

Features | Skefch | Suraces || Simulation [ Weld

Iﬁe Etit\ﬁewmtlTods'MIdoqu:Ql I — —7_
?—__ SimulationXpress.. I

-
b= |
£5: | FloXpress...
- e [2] The Simulation Toolbar
becomes available.
@a Defeature...
@} | Part Reviewer
Select
»* Invert Selection
R? Power Select...
Cornpare 4
Fuantet : l
:eﬁ?fiker ’ Active Add-ins [startup |4l
g i ElSolid Works Preminm Add-ins
[4] And then select Fg:ﬂcﬁfgfﬁs F
SkehTold SolidWorks Simulation. ™ @ Photoview 360 r
::::SB O Pl.l’l ScanTo3D -
e R e Sol?dWorks Des?gn Checker r
e , Ird @ SolidWorks Motion rd
I R 3 SolidWorks Routing
™ D Solidworks Simulation
A8 | Measure... SolidWorks Toolbox
= * - “a SolidWorks Toolbox Browser -
I 3% Solidworks Utilities r
[3] Another way to load the F_Sr::f:‘;x: Workgroup PDM 2013 ::
Simulation is selecting EI D s
Tools>Add-Ins... from Pull- = R —— =
Down Menus. ¥ Solidworks Flow Simulatiory/ W
I~ 7 solidworks Forum 2013 o=
- r
& [smneryd l[r [5] You may also check here so that the r
Dindtprt || ’ Simulation will be loaded -
Macro : automatically each time you start up |l |
ﬂ Add-Ins... SolidWorks. In this book, we assume Vi
E 2:::29 that you set up this way so that the ——
Simulation is loaded automatically
Gusbraizs Moo each time you start up SolidWorks.




|.1-6 Create a Static Structural Study

Study
Advisor

- of 1B 17 &
} A . & Fixtures External Connections Run ‘
a’:t,erTaI Advisor Loads... Advisor

- v 2 *

Feaiures |\Skeich | Surfaces | Simulation [ Weld

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

[2] By default, Static

selected as study Type.

(static structural study) is

3>

% Partl (Default<<Default>_PhotoWorks Display State0#:)
[ 7] Sensors

-[A] Annotations

3= Material <not specified >
3% Front

Q Top

- %> Right

-}y Origin

#-([§ Boss-Extrudel

(T~
(# Elongation {-Default-)
(D) Partl

-3 Connections

o Fixtures
m External Loads

- Mesh

|~ Result Options

[6] A Study Tree
appears right below the
Features Tree.

[5] A tab is added
and becomes active.

4 Elongation

Section |.1 Stress Components

[4] Click OK.

A

material

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

Name

|Elongaﬁon

Static

Frequency

7 g
a

Drop Test

i

Nonlinear

Linear Dynamic

~RERARRRRE®

Pressure Vessel Design

[3] Type Elongation
for study Name.

Submodeling
Options S
[ Use 2D Simplification

14



Section |.1 Stress Components

|.1-7 Set Up Options for SolidWorks Simulation

[3] By default,
Units is selected.

Default (fptions - Unats

2 ¥ Fatigne Study Results
© Y PaFboil

lFie Edit View Insert Tools | Simulation | Window Help &

@ |Stody

- Material 4

Load s/Fixture 4
W | Drop Test Setop
. Result Options..

ContactiGaps 3

\ Shells »

[I] From Pull-Down Menus, Mesh ’

select B |Run
Simulation>Options...

Plot Results 4

List Results L

Result Tools L

B |Report..

[2] Select Default
Options tab.

@ Inclode Image for Report...
Compare Test Data...

Fatizue »

t All Feature(s) Faces

[4] Select SI.

Expor..
Import Mgtion Loads...

Options..

Help »

Research

About Simulation

 Metiic (G)

Customize Menu

[5] Select mm for

Pressure/Stress:

r~ Units

Length/Displacement: mm - D' Llength/ t
Temperature: Kelvin vl \L ISp acement.
Angular velocity: Ilad/' sec j

[6] Select N/mmA2 [MPa]
for Pressure/Stress.

?:’hp]nﬂ [7] For a Static Study, by
-~ %@ Optimization Study Results H
G Norlinear Sty Rests default, three result plots will be

; igﬁg created after a successful run.

[P Flots Let's walk through these result

gy ormeton plots and adjust some settings,
which will be used for the
entire book.
oK I Cancel | Help... |

T —  Ee—




Section |.l Stress Components 16

Default Options - Plot - Static Plot

[10] Make sure Nodal Stress is

System Options  Default Options | selected. The stress values will be
Ui e reported at Nodes (rather than at
i e : Elements).

esults Nodal Stress .2
Tot

H Color Chart I
(=] Default Plots Results component:
B f?&yem VR Y - .[9] By default, Plptl reports von
[ Flotz Mises Stress, which will be defined in
[Py Plot
@Y Freloeney/Buskling Stody Revm Eq. 10.2-1(8), page 197 (also see Eq.
=l D Sy s , 10.2-3(15), page 203).
& *P&" Tost Study Resals [8] Click Plot]1. |
Plotl
EP].:W’
Plot
& G?E“%"ﬁ‘ Defanit Ophons =2 tats St e il [13] The displacement values are
gyimes | gt DwasOE | always reported at Nodes.
=G Nonline )
[P Flot g——UmIs : :
[P Plof : Ib:;jas;][lfpm Results type:
Me .
. User mf%ﬁl;]:; 1;];?,]5 Displacement j
R )
spot -~ Color Chart
- Detault Plots DT [12] By default, Plot2
=-cf* Static Study Resolts
[P, Plott URES: Resultant Displacement R reports Resultant
UE O Displacement, which is
@Y Frequency/Bruckling Stin i i
= 8 The Sy Revln defined in Eq. 2(2), page 51.
. PwFiotl
=] $Dmp Test Study Results
P Plotl |
~[PaPlot2
H.‘#%@nﬁ [16] Select. Nodal S.tram.
E‘;‘,ﬁ Default Options - Plot - Statie Plot The strain values will be
S T— R Optimi reported at Nodes (rather than
B ‘#Enl’hl: System Options  Default Dptions i at Elements)‘
Pk - Units
v mf%n?; - Load /Fixture Results type: \/
=
Report :gﬂm Nodal Strain ;I
- Plot
i Color Chart
© 3 Default Plots Results component:
E-g¥ Static Study Results - :
[P Plotl ESTRN: Equivalent Strain ¥
[Pw Plotz
Pazm O
@Y Frequency/Bueckingsd
B q&ggﬁsmmem
..... t
5 G Drop Test Sudy Results [I5] By default, Plot3
R [14] Click Plot3. reports Equivalent
i ¢Pu§u]22m _— Strain (Eq. 10.2-3(16),
=1 ‘Al B
Parot page 203).
O T— [PaFlo2
R Optimization Study Results
=] %N\mlima: Study Results
[P Plot!
[P Plot2
~PaPot
- User information

Report

[18] The options set up here

will be permanent unless [17] Click OK.
you change them again.

We'll assume these setups

through this book.
Specifically, makg sure ’—(% Caresl | Hob.. |
stresses and strains are —

reported at nodes [10, 16].

T — ———




|.1-8 Apply Material

?l(ﬁl@l@l

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

Sensors

[]- Annotations

3= Moterial <not specified>
Z‘Q Front

%y Top

% Right

[1] In the Study Tree, right-
click Partl (which is the
geometric model we've created)

and select Apply/Edit

Material...

0
(3] External Loads
-, Mesh

JC Result Options

x

+]  Properties | Tables & Curves | Appearance | CrossHatch | Custom | Appication Data | £4| »

T— SoldWorks Matarals

7 [[@ BossExtrudel ;

Steel

3= 1023 Carbon Steel Sheet (SS)

201 Annealed Stainless Steel (55)

3= A286 Iron Base Superalloy

.32 AISI 1010 Steel, hot rolled bar

3= AISI 1015 Steel, Cold Drawn (SS)

AISI 1020

AISI 1020 Steel, Cold Rolled

.3 AISI 1035 Steel (55)

3= AISI 1045 Steel, cold drawn

AISI 316 Annealed Stainless Steel Bar (SS
.83 AISI 316 Stainless Steel Sheet (55)

.-3= AISI 321 Annealed Stainless Steel (S5)

IMaterizl properties

Model Type:
Urits:
Category:

Mames

Default Failure
CHterion;

Description:

Sources

Section |.l Stress Components |7

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

|Linear Blastic Isotropic =|
st -Njm~2 (Pa) =
|steel

[alloy Steel

[tax von Mises Stress =l

Sustaifability: IDEﬁI'IEd
IPVDPe'tY Value U -
JEistic todulus 2e+011 |2
Poissons Ratio 0.28 A

[2] By default, Alloy
Steel is selected.

[4] Click
Apply.

[5] Click
Close.

[3] Elastic modulus,
Poisson's ratio, and
shear modulus are the
three most important
material properties in this
book. They will be
defined in Sections 4.1
and 4.2.
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1.1-9 Apply Support

lH%H@*HeI >

% Partl {Default<<Default>_Photo Works Display State(#>)

Annotations

3= Material <not specified >
. Front

& Tep

&y Right

-}, Origin

- ([ Boss-Extrudel

(T~

Q" Elongation {-Default-)
[P Patl (-Alloy Steel-)

\\\\\ [1] In the Study Tree, right-
click Fixtures and select —
Fixed Geometry... =B

Fixture

[5] This face is
fixed.

Standard (Fixed Geometry) -
¥ N @ Fixed Geometry [3] The selected
éx () votersicer face appears here.
|§| Fixed Hinge
Q
¥ Elongation (-Defanlt) Advanced v

[ Part! (-Alloy Steel- .

E..-%Ca:nn:cﬁnmy = [oyenbel Gettings. v

H ¢ Fi

.1 Extornal Loads

L‘& Iesh

|~ Result Options

[6] A fixed support is added
to the Study Tree.
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|.1-10 Apply Load

&’ Elongation (-Default-)
[ Partl (-Alloy Steel-)
..... i ; Connections

o d Fixtores

ixed- ¥

K Result Options

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

Force,/ Torque

g

Force/Torque [3] The face
appears here.

[4] Type 10000 (N)).
% Normal
" Selected direction,

e [s =
1 |10rmo S =ln

everse direction

*Trimetric

[7] A force of 10,000 N
applies uniformly on this

face. ¢ Per item
€ Total
[5] Check Reverse Ir —— vl
direction.
_/ | Symbol Settings ¥
@ Elongation {-Defanlt-) — —
- [® Part! (-Alloy Steel-)
..... T2 Connections
B- ;;ﬁFxxtures
ge Fixed-1
[=)-&] External Loads .
Ii Force-1 {:Per item: -10000 ) |< [8] A force is added to the
@ Mesh Study Tree.
|7~ Result Options

T —
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[.I-11 Solve the Model

Q I= =f 18 73 ( &

Study AI:')a Fixtures External Connections Run
Advisor Materaiﬁal Advisor Loads... Advisor

- - - - -

[I] In the Simulation

Features | Sketch | Surfaces | simulation |M Toolbar, click Run. It

takes only a few seconds to

——— ——
solve the model.
&*Elongation (-Default-)
[ Part! -Alloy Steel)
73 Connections
g Fied-1 [2] As mentioned earlier (1.1-7), by
= ) External Loads default, results for Von Mises
‘. 4 Force-1 (:Per itern: -10000 N:) Stress, Resultant
G Mesh _ Displacement, and
E Equivalent Strain are created.
E-{g] Results , Note that Stress| is highlighted,
E meaning it is active and displayed in
R ([T e e A

PI—— [3] By default, Von Mises
Stress is displayed. We'll
[5] The stress is uniform over the entire body except change to display o, later.

the area near the fixed end, where the stresses are

complicated and we'll explain this phenomenon in
5.2-3[16, 17], page 102. Let's neglect these stress
values here for now. In the next few steps, we'll turn

off the max/min annotations. von Mises (NATI2 (MPa))

67.841
@E@I [4] This is the deformed 64.418
(elongated) shape; the deformation | 50008

53\ is exaggerated. We'll turn off the
fr S F o deformed shape display later. 57573
/{/e “H\\ . 54150
z D . 50727
— \ _ 47.305
\ | 43882
. 40458

¥ \
e . 37.036
K
33.614
l 3019

-. 26.768

— Yield strength: 620.422

*Trimetric

[6] To make the model even
"cleaner," we'll turn off the display
of External Loads and

Fixtures in the next few steps. T




I.1-12 View the Normal Stress o,

*Elongation (-Default-)
@ Partl (-Alloy Steel-)

< 72 Connections

E]Fj Fixtures

4 Force-1 (:Per item: -10000 N:)
K Result Options

[=-{05) Results

. [pt! Displacement] (-Res disp-)
hs Strain] (-Equivalent-)

[1] Right-click Stress| and
select Edit Definition...
(or simply double-click
Stressl).

[3] Uncheck Deformed
Shape. The undeformed
shape will be displayed.
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[2] Select SX: X Normal
Stress (i.e,, 0,) for

Component.
Display !/ A
b ISX:XNormaI Stress O EI
EI IN/mm"Z (MPa) 3

Advanced Options
o |

[ show as vector plot

>3

[~ show plot only on selected entities

= Node Values
" Element Values
Y
I [ D):fonlnd Shape ¥ |
| Property 3
ﬁ

[8] Right-click
Fixed-1 and select

Hide.
! Elongation (-Defavlt-)
[ Part] (-Alloy Steel-)
..... ﬁ ;Connectinns [9] Rl h —cli
: ght-click
Ed FMTS i Force-1 and select
g Fue Hide.

= (3 External Loads
i.. & Force-1 (Per iter: -10000 N:) O

. Mesh

|7~ Result Options

£ Results

-8

[t Displacement! (-Res disp-)

[5] Right-click Stress| and
select Chart Options...

r Show Min\ X range on shown

parts only

(%' Automatic
0 |39.9822998 [6] Uncheck both Show
- min annotation and

— & .
0 |@2-'35°'315‘3 Show max annotation.
" Defined: \

_'u |39.952299@

"n |82.055015D1

P———mmm——



[ 1] Remember, let's neglect the
complicated stresses near the
fixed end for now.

\\
\

‘--\__‘-

Y

A [12] Except the fixed end, the
normal stress o _ is uniform

*Trimetric . .
(since the color is uniform).

Section |.1 Stress Components

SX (N/m2 (MPa))

¥ Elongation (-Defavlt-)
[ Part] (-Alloy Steel)
..... ﬁ ;Connections
=] d Fixdures
g8 Fixed-1 [14] Right-click Stress|
= (3 External Loads and select Probe.
i 4 Force-1 (Per itern: -10000 N:)
G Mesh
|7~ Result Options
[y Results
i
Y Displacement! (-Resdisp-)

Elongation

Tode: pIig
XY, Z Leoation: PITEINIS wwmm

P——— Value: ([49957 | W2 (Fa)

Hode:
X ¥, Z Location /54 1 - i
Value: ([F250T ) W2 UvFz)

52.056

78.550

75044 [10] Now, the normal
stress in the X-direction

p 7158 (i.e., 0,) is displayed. The

. BB.03 unit is MPa.

. 64525

. B1.019

. 57513

_ 54007

22

[13] From the legend

value.

colors, the normal stress
o, is aplproximately 50
MPa. Let's use Probe to
obtain a more accurate

4 N

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

Hode:
LY,

WValue:

Z Loc:

e
ahion: /23 5,-N 14,5 mim
(130007 Wimie™2 (hiFa)

%
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I.1-13 View Other Stress Components

[2] As an exercise, we leave it
& Elongation (-Default-) I to you to explore other stress
- (E Part! (-Alloy Steel.) =] AEI components.

..‘..ﬁ§Conmcﬁons A
= dFixtuIes
. g Fied-l
-] External Loads -

i 4 Force-1 (Per item: -10000 N:) /
...J‘Mesh h I‘D(Y: Shear in Y Dir. on YZ Plane :I ‘

---KRSSUltO]JﬁDn.S El I‘—
[} fg] Results Njmm~2 MP3) | [ox: X Normal Stress

=iy — = SY: Y Normal Stress
. [p& Displacementl (Res disp- anced Options SZ: Z Normal Stress

TXY: Shear in Y Dir. on YZ Plane
""" I Deformed Shape| [TXZ: Shear in Z Dir. on YZ Plane
& Automatic TYZ: Shear in Z Dir. on XZ Plane
P1: 1st Principal Stress
Mo I-zzi.ﬁsg-wsf P2: 2nd Principal Stress i
P3: 3rd Principal Stress
VON: von Mises Stress

[I7 Right-click Stress| and
select Edit Definition...

" True scale

. " User defined - i
(or double-click Stressl). ' g&gg;;ﬁp;gﬁﬁﬂ [3] These are six stress
ﬂ I“ CP: Contact Pressure components (O'X, c,,0,,
T Typ Typ) Note that,
Property ¥ YZ Plane is the same as
————— X-face,and XZ Plane is
the same as Y-face.
Stress Stress Value
Component
[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 essenti.ally.zeros, except g,
(which is 50 MPa)
p 0 [5] The stress state of any point in the
- . :
cantilever beam can be represented like
this. In the next exercise, we'll explore
Txr 0 a case in which a shear stress
component is non-zero and the stress
Tz 0 states are non-uniform.
Ty, 0

30 Mp,

Y
)\X
4

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

O-&{d)y%-9 K-8 Sa-

ﬁ—

[1] Click Save to save the document with the name
Cantilever. 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\ﬁew]nsat Tools  Simulation Wndownepo\

——

[2] From the Pull-Down
Menus, select File>Exit
to exit SolidWorks.
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