Engineering
Statics Labs

with SOLIDWORKS Motion 2015

g @@ Mates
)< Coincident] {(&rm<1=Front)
J< Comcident? (Link<1 »,Front)
A Coincident? (Die<1=,Front)
( Coincidentd (Arm=1=Origin)
A Coincident5 (Arm<1»Link<]>)
/( Comecidentt (Link<l »,Die<l>)
[ Anglel (Link<!>Rig} )

E'I Lockl (Die<1=Press

T—

P=250N

A =27IN

F =746 N

Multimedia Disc

&
o

V Inclutlies Supph.emental
A"’c Better Textbooks. Lower Prices. >

Huei-Huang Lee

Instruction
PuBLICATIONS Www.SDCpublications.com




Visit the following websites to learn more about this book:

Publications

SPe | amazoncom | Googlebooks | BARNESCNOBLE



http://www.sdcpublications.com/Textbooks/Engineering-Statics-Labs-SOLIDWORKS-Motion/ISBN/978-1-58503-941-8/
http://www.amazon.com/gp/product/1585039411?ie=UTF8&tag=sdcpublications&linkCode=as2&camp=211189&creative=374929&creativeASIN=1585039411
http://books.google.com/books?vid=ISBN1585039411&printsec=frontcover
http://www.barnesandnoble.com/s/1585039411?dref=1&keyword=1585039411
http://www.tcpdf.org

4 Chapter | Equilibrium of a Body

Chapter |

Equilibrium of a Body

Engineering Statics

In Engineering Statics, we study the forces among rigid bodies at rest.

Since the bodies are not moving, the forces must satisfy Newton's equations of static equilibrium. The static
equilibrium equations must be satisfied for a single body, a group of bodies in the system, or the entire bodies system. It
is fair to say that Engineering Statics is the study of the static equilibrium equations and their application.

In "solving" a structural problem, we mean finding the forces acting on each structural member. In many cases, static
equilibrium equations are enough to solve the problems. In these cases, we called these problems statically
determinate problems. In other cases, we may need to seek other conditions, such as deformation conditions, to
solve the problems. In these cases, we called these problems statically indeterminate problems. In Engineering
Statics, we study statically determinate problems only.

Rigid Body Assumption
In the real world, all solid bodies are more or less deformable. There are no such things as rigid bodies. However, if
the deformation of a body is not our concern and if the deformation is negligible, we can treat the body as a rigid
body. In Engineering Statics, we assume all bodies studied in this book are rigid bodies. If deformation needs to be
considered, we'll use a spring to represent a body. In Engineering Statics, springs are the only elements that are
deformable.

Rigid body assumption might introduce errors. However, in many cases, the errors are negligible. In statically
determinate problems, rigid body assumption usually introduce negligible errors.



Section 1.1}

Supported Block:A 2D Case

|.1-1 Introduction

[I7 In this section, we consider a block [2] supported
by a hinge [3] and a roller [4] and find the reaction
forces at the supports. Before we proceed to solve
the problem using SOLIDWORKS, let's manually
calculate the reaction forces.

From the free-body diagram [5], taking the
moment equilibrium about A, we have

M, =0
(150 N)(I m)+ (300 N)(0.5 m)—B, (1.5 m) = 0
B, =200 N

Force equilibrium in Y direction,
2F =0
A +B,—(300 N)=0 (whereB, =200 N)
A, =100 N

Finally, force equilibrium in X direction,

2R =0
A, +(150 N)=0
A, =-150 N

=

Note that the negative sign of A_ indicates that it is
opposite to the assumed direction shown in [5].

Now, let's solve this problem with SOLIDWORKS.

If you know how to solve a simple problem like this,
you may be able to solve a much more complicated
problem.

150 N

Section |.I Supported Block:A 2D Case

5

I.5m
300 N
0.5m [2] The block has a
thickness of 0.2 m.
£
A B

i
) )

[3] The block has a [4] The block has a
hinge support at the roller support at the
lower-left edge. lower-right edge.

150 N

Y

I.5m
300 N

0.5m

I'm

[5]Thisis a
A, free-body
diagram of the B

block. #

x )A /\ X
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[.1-2 Launch SOLIDWORKS and Create a New Part

[2] User Interface.

File View Tools Help

2
25 SOLIDWORKS

-

[I7 Launch
SOLIDWORKS.

P-l2-c@x

|B Search files and models

SOLIDWORKS « SOLIDWORKS Resources -~
2015 Edition -
Getting Started Al —
D New Document
[3] Click New to create ¥ opena Document
a new document. [ERorkE
B What's New
2 Introducing SOLIDWORKS
‘/ General Information
SOLIDWORKS Tools A
. 88 property Tab Builder
[4] Part is selected L
by default.
K] Performance Benchmark Test
Compare My Score
- 1y Settings Wizard
New SOLI) WORKS Document ] [oduds
Inity A
a 3D representation of a single design component tomer Portal
Part f Groups _
‘ussion Forum
[_(" inical Alerts & News
@ a3D arrangement of parts and/or other bli ferprise PDM 2014 SP5 is available for down
RKS 2014 SPS s available for download
Ase WORKS Waorid 2015 Top Ten List is now.
Ssermaly [5] C|ICk o K to RKS Enterprise PDM 2015 SP0 is availab.
RKS 2015 SPO is available for downioad
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 364 B i J0nnn
S TT— PR
Advanced | Cancel I Help I
_
L — N
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

(eg. 1.1-2[1]).

SOLIDWORKS Terms

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

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.

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




I.1-3 Set Up Unit System
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PATRGBUNMENL THL-R|(Deow” || @R ([ e |
aasnen®-3-+-CeRE-00| 1 90O OFD |
- (5 sSwept Boss/Base - = _ [ & sweptcut & odirb  (Ed wrap ¢t
I = \[=] ' 7 L .
Extl,ded Revolved || Lofted Boss/Base Exlr:l:ed H%e Revolved Im Lofted Cut e PL;;E;L Q Draft ‘% Dome g:::t‘r; L
BosvEasel BosxBasc ) Boundary Boss/Base S i ™) Boundary Cut . < i Shell ﬁg Mirror & -
Features [Sketcn | Weidments | Mold Took T Data Miorstion T Drect Editing T Evaiuste | DimXoert | SOLDWORKS Adddms Tsomoworcsmen T - = - ==
RIE » QASHE -F-6-OR-H- g
T
I @, Putl (Defonlt<<Defeut>_PhotoHorks X
& g History 5 = .
B #-(A] Annotations =8
3= Moterial <not specified > =@ -
e - Front Bl -
XX Top -
@ X Right &
| *
é& -
o -
2
2 -
Y
}‘x
Document Properties - Units x|
System Options Document Froperties I Search Options p|
Drefting Snderd B S— [2] The unit system
% Annofatons :.: MKS (meter, kilogram, second) ——— also can be
R CGS (centimeter, gram, second)
) ‘;Eg Stacps © MMGS (millimeter, gram, second) selected here.
Detaling " IPS (inch, pound, second)
mp € Custom
Muﬂe!Di@hy .
Lings ey L L [pecmats [Fractions _[more [1]The unit system appears
Sheet Metal Basic Units h Click i d [
Weldments — — - ere. Click it and select
Plane Di .
D.bux'p::w Dual Dimension Length [inches 123 MKS as the unit S)’Stem.
;Eﬁmﬁn?mn [ degress 2 Click it again and select Edit
; gmmi an':ok’.im h"'"“m"""’“"""""’ - _ Document Units...
= er Cont "
ciom?@hym?wmm — Tiograms [3] By default, the length
i EﬂUnnVulumt meterss unit has two decimal places.
Motion Units
Time second 12
Force newton ok
Power watt a2
[Eneray [joule 12
[ Decimal
& Round half away from zero
£~ Round half towards zero
 Raund o ven [4] Click OK. #
" Truncate without rounding
¥ Gnlyapply rounding method|ta dimensions

‘0&” Cnnull

Help I

—

T
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|.1-4 Create a Part: Block

%, Partl (Default<<Default=_Photo Works Display State:)

-.{ 3] Sensors

[g..@ Annotations

G @ O

3= Material <not specified >

R (EFR3

..... 1, Origin
b—— S
£33 | 3D Sketch On Plane

-
Pl

Section View
Comment
Parent/Child. ..
Add to Favorites
Save Selection
Properties. ..

»

[I] In the Features Tree

(also called Part Tree in this
book), right-click Front plane

and select Sketch from the
context menu.

Go To...

Hide/Show Tree Itemns...

Collapse Items

¥

[3] In the Features
toolbar, click Extruded
Boss/Base.

Y

.

*Trimetric

@ Swept Boss/Base
ded | Revolved [ Lofted Boss/Base
se

@ Boundary Boss/Base

1.50

[2] Draw a rectangle
(using Corner
Rectangle tool)
like this.

[_x.

*Frant

[5] Click OK. #

[4] Type 0.2 (m)
for Depth.
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[.1-5 Create Two Points on the Block
[[7] Click Trimetric.]
[17 Right-click this
face and select m@@ @‘%‘

Sketch.
‘*

[2] In the Standard
Views toolbar, click
Normal To.

Y

i

*Trimetric

[3] In Sketch toolbar,
select Point.

[6] Click Exit
Sketch.

*
[8] The two Points will be ;““ N

used to locate the applied
forces.

\

[4] Create a Point on [5] Create a second Point like this.
the middle of this edge Impose a Horizontal relation
ge- between the two Points.

[10] This is the Features Tree.
In this book, we also call it a Part
Tree. #

V

|, Block (Default<<Default>_PhotoWorks Display State)
({5 History
*Trimetric Sensors
[J--[x_] Annotations
3= Material <not specified »
& Front
Q Top
- Right
- [§ Boss-Extrudel

[9] Click Save and save the document with B St

the name Block. A file Block.SLDPRT is
created in your working folder. P ——
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|.1-6 Create an Assembly: BlockSupported

[1] Click New. 0 -d-2-9-K]-8 & E-

[2] Select
New SOLIDWORKS Docume Assembly x|
a 3F «epresentation of a single design component
Part W ® =
"r 3 Select a component to insert, then
23D arrangement of parts and/or other assemblies place it in the graphics area or hit OK
to locate it at the origin.

Assembly Or design top-down using a Layout
with blocks. Parts may then be created
from the blocks.

&lz a 2D engineering drawing, typically of a part or assembly

Drawing

Open documents:

Advanced : I
P — — ;

[6] In the Begin

Qo @ - - . B - Assembly box, select
' X = Block. [Mumbnail Preview  ¥]
¥ Y,
I— Start command when creating
new assembly
[5] This is the assembly's Origin. We [¥ Graphics preview
want to show you how to insert the I~ Make virtual

Block so that the part's coordinate
system is coincident with the assembly's

[4] In the Head-Up %%
A coordinate system, which we also refer
b
=
)
==

toolbar, turn on
View Origins.

| Envelope

[¥ Show Rotate context toolbar

. to as the global coordinate system.

= P———
¥ ,
i h
[7] Click the global
& Origin. Now the part is
™ fixed in the space and its
L coordinate system is
!E ﬂ coincident with the global
coordinate system.
<L
[8] Select MKS for the unit 2
MKS - system with default decimal st‘x
places. (1.1-3[1-4], page 7).
N

*Trimetric




[10] This is the Features Tree of the Assembly.
In this book, we simply call it an Assembly Tree.

y

@ BlockSupported (Default<Default Display State-12)
-15) History

&> Front

,,,,, & Top
3 Right

-1,
lock<1> (Defavlt<<Default>_PhotoWorks Display State=)
m‘l ates

dr"— B—

[I'17An (f) sign indicates that the Block is fixed in
the space. Now, right-click it and select Float.

@ BlockSupported {Defavlt<Default Display State-1»)

% (73] Hisory
@ Sensors
[A] Annotations
& Front
X Top
%5y Right

ﬁ—

Section |.I Supported Block:A 2D Case

[9] Click Save and save the document

with the name BlockSupported. A

file BlockSupported.SLDASM is
created in your working folder.

[14] This is the
part's Origin.

[12] The (f) sign changes to (=), indicating that the

Block is no more fixed. We'll show that it can be

moved freely [13-16]. In I.1-7 (next page), we'll set
up constraints to fully support the Block.

il I
i) % 1]
Edit Insert Mat Linear
. Components el Compaone..
Component

*Trimetric
« F
‘-ﬁ Move @
mart Component Show
' Fasteners P Hidden

@

Move Component

[13] Left-click-drag the
body to move it around
the space.

[15] Now, the global Origin
may not be coincident with the
part's Origin.

5 4

Assembly Reference
Features Geometry

- -

- Components
8 DRKS MED
g Rotate Component Q

-

[16] Using Move Component>Rotate
Component tool, you even can freely
rotate the body. #
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|.1-7 Set Up Supports

[2] In the Graphics
Area, expand the
Assembly Tree, and
select the assembly's
(global) Front plane...

El—@ BlockSupported (Default<De...
') History

[9] Select the global
Top plane...

[5] Click OK. Note
that the Mate box
is still open.

[4] Coincident mate is

automatically selected.
Parallel

Perpendicular
O\ Tangent
@ Concentric

Lock
|o.usa4277m =

N —

Mate alignment:

——

[10] And select
the lower-left

edge. You may
need to rotate
the view.

Mate

A

[I] In the Assembly
toolbar, click Mate.

[3] And select the body's
back face. You may need
to rotate the view.

[6] Now, the body is constrained such that the
back face is coincident with the global Front
plane. To verify this, rotate to Top view, and

left-click-drag the body.

\gugﬁa@@ea%
B

~
[8] Finally, rotate to
Front view, and left-
click-drag the body.

We conclude that the

body is indeed
constrained to move
in XY-space.

[7] Also, rotate to
Right view, and left-
click-drag the body.
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E)—@ BlockSupported (Default<De...
5] History

\
[17] Select the
global Top plane...

[12] Now, the body is further
constrained such that the lower-left
edge is coincident with the global Top
plane. To verify this, rotate to Front
view, and left-click-drag the body.

[13] Select the )
\/ Right global Right

e = L. origin plane...
HE @ @ ® @ () Block<1> Defaulte<D... -

il

4 [20] Now, the body is fully

constrained (supported). To
verify this, rotate to Front
view again, and try to move
the body. The body can't be
moved now.

[16] Now, the body is further constrained
such that the lower-left edge is coincident

with the global Right plane. To verify this,
rotate to Front view, and left-click-drag the
body. Now, the body is restricted to rotate
\_ about the Z-axis.

f
[14] And select the
lower-left edge
again. You may need
to rotate the view.

-

[18] And select the
lower-right edge.
You may need to
rotate the view.

[21] Click OK again to dismiss
the Mate box.

@ BlockSupported (Default<Default Display State-1=)

-{75) History [22] In the Assembly Tree, expand
{iz] Sensors Mates and rename the four
{4 Annotations Coincident mates like this for

S o better readability.
& Top
& Right
ol % Block<1> (Default<<Default>_Phato Works Display § Ate>)
EI@@ Mates

£ Support in Z for the Body (Block<1 »Fronf)

J( Support in ¥ at Hinge (Block<1>,Top) (o}

; A Support in ¥ at Hinge (Block<1»Right) O .
- Swportin¥ atRollr Blockels,Top) [23] Click Save. #
Parallel

Perpendicular D v B % T Eé}l W ! lﬁ T
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|.1-8 Load SOLIDWORKS Motion

il

CircuitWorks PhotoView ScanTo3D

& [

Simulation Toolbox

=

SOLIDWORKS SOLIDWORKS SOLIDWORKS TolAnalyst SOLIDWORKS
Routing

Flow
Simulation

| SOLIDWORKS Add-Ins [SOLDWORKSMED]

4 N

[5] Also click here so that

T — ——— the Motion will be loaded
/ r automatically each time you
[2] If SOLIDWORKS Motion is [1] Click SOLIDWORKS start up SOLIDWORKS.
<1 > Add-Ins tab In this book, we assume that
highlighted, that means it has already . you set up this way so that
been loaded; you may jump to next the Motion is loaded
page. Otherwise, click it to load automatically each time you
SOLIDWORKS Motlon, or... start up SOLIDWORKS.
- /
lFie Edit View Insert | Tools | Window Help Q\ K
- Active Add-ins | Sta‘ ‘Up |“‘1‘,"Ln‘:“’ I:
I— | | Invert Seleotion [E/SOLIDWORKS Premium Add-ins |
r ﬂ CircuitWorks -
eompol 4 [~ %2 FeatureWorks <1s
Find/Modify > | o PhotoView 360 -
Design Checker 4 [™ @ scanTo3D -
ﬁ Format Painter... s SOLIDWORKS Design Checker <1s
Component Selection » F% SOLIDWORKS Motion <1s
SOLIDWORKS Routing -
Component » [™ [P SOLIDWORKS Simulation r -
e [T SOLIDWORKS Toolbox r -
(NI . [~ SOLIDWORKS Toolbox Browser r -
Sketch Tooks [4] And then click ™ 4% SOLIDWORKS Utiltes r s
Sketch Settings SOLIDWORKS [T SOLIDWORKS Workgroup PDM 2015 r .
Blocks Motion ™ K] tolanalyst r -
Spline Tools ’ [ SOLIDWORKS Add-ins
Dimensions » [T Autotrace r ~
Relations » [V SOLDWORKS Composer ¥ <1s
[T SOLIDWORKS Flow Simulation 2015 r -
DimXpert » [V ) SOLIDWORKS Forum 2015 = <1s
B | Measure [Elother Add-ins j
m Mass Properties...
[%] | Section Properties... ﬂl
[&] | Check... Vi
=B | Assembly Visvalization
@ AssemblyXpert... —— —~
MateXpert...
[m Interference Detection... [6] Click OK.
T2 | Clearance Verification...
@l | Hole Alignment...
Reorganize Components...
z Equations...
& | Symmtey k.. [7] SOLIDWORKS Motion is designed to
£8 | Losge Asembly Mode solve rigid-body mechanical problems, either static
[3] Another way to load . - .
or namic. rigid-noay, It means e
SOLIDWORKS | o [imiComent dy By rigid-body, it th
Motion is selecting ke > deformations of bodies are neglected. In
Add-Ins... . . .
Tools>Add-Ins... T SOLIDWORKS Motion, a static problem is
from Pull-Down Customize... treated as a special case (of dynamic problems) in
Menus. Optons.. which the response is independent of time. #




|.1-9 Create 2 Motion Study

CFle Edt View Inset Tools Window Hep | ) - V- -
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> ¥ E] B8 % &l - sowksup... IE}Ssaunmes andmodels  §) - I ?-=oB3 X

- g
DS SOLIDWORKS

B -F - CeRE- @@\,Mﬁm@@@@mw

faayn
o] i & = € 7 EL & 7 a5
Circuif i ScanTo3D | SOLIDWORKS | SOLIDWORKS SOLIDWORKS SOLIDWORKS TolAnalyst SOLIDWORKS SOLIDWORKS SOLIDWORKS
360 Motion Routing Simulation Toolbox Flow Plastics Inspection
Simulation
TAssembly wmﬁ]mlm SOLIDWORKS Add-Ins [ SOLIDWORKS MED | QN SHE-(F-6r- @R -8 - A8 o & %
P ~72 ] ¥ »
. KD
i .
" |® BlockSupported. MDefauilt<Defanlt_Display Staie-15)
2 o m s [2] Assembly
L | & senors Tree.
El [A] Amnotations
{‘} Front g
- Top i .
& Right [4] Motion
A | -k Orgn
@ Blocks1> (Defeult<<Default>_Photo Works Display State>) v toolbar.
hers ) Mates
x
I *Trimetric — —
IAnlmalion :H:ﬂﬂb = | |—| ﬂ@'ﬂﬂ‘@lW\?*l@g\Ré@lﬁ‘@' h‘f)
& R AL : P — | T
@ B @ BlockSupported (Defanlt<Default_] D.sp]aysme 1) 61T s le Z
@ Orientation and Camera Views H ime cale oom
i Lighte, Comecs d fcnr [3] Motion I:B]ut:t:ons In this book
@ % Blocks1> (Default<<Default=_PhotoWorks Display State>! Study Tree. . ’
S [ T YA because we only perform
Y- | statics study, in which time
ol plays no role, we'll not use

’w X ST SEY T TTECESES 7B

AN FVE

these buttons.

TIES

JFUNY DETme | JEMNg ASSmbly ||

SOLIDWORKS Premium 2015 264 Edition / \
— F ] 1

[I] Click Motion Study | tab.

[5] Timeline
Area.

[8] By default, Animation is the Type of Study.
It has limited capability for motion simulation.

IAnimation '“ 2 B B |—

(7% % %G

=] @ BlockSupported (Default<Default Display State-1=)
(@ Orientation and Camera Views
[st] Lights, Cameras and Scens
% Blocks<1> (Defavlt<<Default>_Photo Works Display State=)

- [ Mates

[7] You may double-click and change to a
name that makes more sense to you. We,
however, stick to this default name.

[9] Select Motion Analysis, which provides full
capability for rigid-body mechanical analysis. In
this book, we always select Motion Analysis

as the Type of Study and remember that we'll

actually perform statics analyses. #

| & I B —
v %N E
B @ BlockSupported (Defanlt<Defavlt Display State-1>)
® Orientation and Camera Views

- [si] Lights, Cameras and Scene
o % Block<1> (Default<<Default>_PhotoWorks Display State>)

Motion Analysis ¥

@[ﬁl Mates
TIER Motion S 1
—__ ——1
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|.1-10 Set Up Forces

[4] Click to
reverse the force
direction. Now the
force direction is

downward.

¢ Assembly origin
" Selected component:

ICnnstant

=
Fi [s00n O\k jl

Load references: AN

[9] Click this face to

define the direction

of the force. Rotate
the view if
necessary.

[8] Click this
Point to define
the location of the
second force.

[5] Type 300 (N).

[10] Click to
reverse the

[1,7] In Motion toolbar (I.1-9[4],
last page), click Force.

[2] Click this
Point to define
the location of the
first force.

[3] Click this face to define
the direction of the force.
Its outer-normal is taken as
the force direction.

A~

*Trimetric

. Force
0o

. Action only
Action & reaction

I| Pointl @Sketch2 @Block-1@BlockSupported |

orce relative to:
& Assembly origin
(" Selected component:

IConstant
F1 [ison o\

Load references:

force
direction.

||-_|_|;

[11]Type 150 (N).
|
P —
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[1] Click
Calculate.

[3] The calculation completes in a few seconds, and the Time Slider proceeds to
right-most position. By default, the simulation time is 5 seconds, which is an arbitrarily
chosen time. Since the body is fully supported and the forces are constant, the results
are time independent. We're in effect performing a static analysis. One thing you need

to remember about this Time Slider is that whenever you want to re-define the

forces, make sure the Time Slider is at the beginning (the left-most position). #

Motion Analysis

B
[2] If a Motion Analysis
flnsion, Sustyss bossage, (L Messages window appears,
Time Size Evaluations Steps Taken time = CIOSe It, In thIS book’ always
close this window right after
0.00000E+00 0.00000E+00 4 0 0.16
4.80000E-01 1.00000E-02 76 18 0.42 calculating results.
9.60000E-01 1.00000E-02 148 96 0.64
1.44000E4+00 1.00000E-02 220 144 0.86
1.92000E400 1.00000E-02 2092 192 1.00
2.40000E4+00 1.00000E-02 364 240 1.12
2.88000E+00 1.00000E-02 436 288 1.20
3.36000E+00 1.00000E-02 508 336 1.28
3.84000E+00 1.00000E-02 580 384 1.44
4.32000E400 1.00000E-02 652 432 1.56
4.80000E+00 1.00000E-02 724 480 1.67 =
5
—

[.1-12 View the Results

[T In Motion toolbar, click
Results and Plots.

@33R E 98 =

[2] Set up Result like this.
J

Forces

Reaction Force

¥ Component

(¥ Create a new plot

€ addto existing plot:

| []
Plot result
IT'lme 3

™ Create new motion data sensor

Value : Data not available

||- Show vector in the graphics window |

[+ Q Block<1> (Default<<Defa. ..
=00 Mates

—;( Supportin Z forthe B..
—;( Support in X at Hinge...
—A Supportin ¥ at Roller...

-
[3] Expand the
Assembly Tree in the
Graphics Area and
select Support in Y at
Hinge.

\_

?——

—“
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Solid Works

This motion study has red undant constraints which can lead to invalid force resulte. Would
you like to replace redundant constraints with bushings to ensure valid force results? Note
that this will make the motion study slower to calculate.

[~ Don'tshow again in this session | Ves I
IMotionAnaIysis -l @B >

g- Q BlockSupported (Default<Default Display State-13)
@ Orientation and Camera Views
- [3¢] Lights, Cameras and Scene

[5] Click No. In this
book, always click No if
this message appears.

[6] In the Motion Study Tree, expand
Results, click Plotl twice (not double-
click) and change name to Reaction
Force in Y at Hinge.

|
TERERE

% Blocks<1> (Default<<Default>_Photo Works Display State=)
5 fijl Mates (3 Redundancies)

(- [&7] Results
30 E0R =ction Force in ¥ at Hinge

eactinn Forcel =

[7]1 The plot shows that the magnitude of the reaction
force in Y-direction at the hinge is 100 N, consistent
with the one calculated in I.1-1[1] (page 5). Note that
the reaction force is constant over time.

Reaction Force in Y at Hinge

=100
o
s
@
£
o
g [8] Close the
w window.
S
5
3]
& 100 ; ; ; . ; ; : i i
0.00 0.50 1.00 1.50 2.00 250 3.00 250 4.00 450 5.00
Time (sec)

———

~
[9] Repeat steps [I-5] except

selecting X Component in step
[2] and Support in X at
Hinge in step [3],

[10] In the Motion Study
Tree, click Plot2 twice and
change name to Reaction

Force in X at Hinge.

IW \

IFor(es @] j

IReaction Force O E‘

|x Component O =

=t {:, Results
. Rea;:tv)n Fnrce mY at ngeecReactmn Forceh
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-150
=
o
E
] [12] Close the
o window.
3
S
[T
| =4
S
B
(1]
@
o
-150 i } } t i i i f f
0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 450 5.00
Time (sec)
[1'1]1The plot shows that the magnitude of the reaction T —
force in X-direction at the hinge is -150 N, consistent B Reaction Farce in ¥ at Hinge <Resction Forvel »
with the one calculated in I.1-1[I] (page 5). ; . . . .
[ ] (P g ) Reaction Force in X at Hinge <Reaction Force2>
...’ E! [Feaction Force in ¥ at Roller=Reaction Force3:
I

[13] Repeat steps [1-5]

[14] In the Motion Study
Tree, click Plot3 twice and
change name to Reaction
Force in Y at Roller.

Reaction Force in ¥ at Roller

« R except selecting
--- Support in Y at
Beswt Al | Rollerinstep [3],
IForces (@] ﬂ
IReaction Force (@] j
IY Component O
% | |
ﬁ

[15] The plot shows that the magnitude of the reaction
force in Y-direction at the roller is 200 N, consistent
with the one calculated in I.1-1[1] (page 5).

[16] Close the
window. #

Reaction Fo
8
o
L

250 3.00
Time (sec)

5.00
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[.1-13 Do ItYourself: Validation of the Results

Do It Yourself

[1] To verify the validity of the results, you may check the force and moment
equilibria for the body. In a 2D problem like this, you need to check 3 equilibrium
equations to conclude the validity of the results. Of course, the 3 equilibrium
equations must be independent. #

1.1-14 Wrap Up

[I] From the Pull-
Down Menus, click
Window to see that

there are two opened Viewport »
files: Block and 2 | New Window
BlockSupported. Cascade
[2] From the Pull-Down Menus, Select 8 | Tile Horizontelly
File>Exit to quit SOLIDWORKS. (13 | Tile Vertically
Arrange Icons
Closs A1
x 3k
2 BlockSupported *
I‘ \ Save modified documents Browse Open Documents... Ctrl-Tab
One or more documents being closed as a result of this Customize Menu
operation have been modified.
[ — ——

< Save all
All modified documents will be saved.

<> Don't Save
A1l changes to unsaved documents will be Iost. [3] Click Save all.

BGH
| [4] Click Rebuild and save
J—— SOLID SU ‘ the document. #
; h Wo;ﬂéq you like to rebuild the document before
= v 4

<» Rebuild and save the document O/
(recommended)

- Save the document without rebuilding
The llji‘?ititument will not be up 1o date until the next time it
is rebuilt.

[~ Don'show again HUH

When features are edited or externally-referenced documents change,
those changes are not reflected in the model until it is rebuilt.

— ——
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Section 1.2

Supported L-Plate:A 3D Case

|.2-1 Introduction

[T Consider an L-shaped plate of thickness 5 mm [2] supported at three corners [3-5] and subject to a force P [6].
We want to find the reaction forces at the supports.

There are six reaction force components in this problem, namely DX,DY,DZ,BX,BZ, and Cy. It is possible to establish
six equations, according to force and moment equilibria, and solve these six reaction forces. However, we may calculate
C, directly by considering the moment equilibrium about the axis passing through B and D,

ZMBD = 0

2’BD '(FA/B XP)+Z’BD '(Fc/D xC,)=0
where the unit vector along BD, [2] The plate has a
thickness of 5 mm. Y
G _(8 cm)i + (=9 cm)j + (12 cm)k
® V(62 +9° +12%) cm
the position vectors, [6] A force P = 200 N [4] The plate is
is applied at A like SL_’PF;?rtegl aZt B
-~ - - - i in X- and Z-
Tys = (6 cm)i. 1, = (8 cm)i ehis. # directions.

and the forces,
P = (200 N)k, C, =(C,)j
Substituting these into the moment equilibrium

equation, and after mild calculation, we have the
reaction force in Y at C,

C,=1125N (M

[3] The plate is
supported at D in all
three directions.

[5] The plate is
supported at Cin Y-
direction.
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|.2-2 Start Up and Create a Part: Plate

Q Partl (Default<<Default>_PhotoWorks Display State=)

- v it o - . D=l . [fg) History
Q) e 2-9-5-85E T

——— [ [A] Annotations

.. 3= Material <not specified

@ Front

[I] Launch SOLIDWORKS and click
New to create a new Part (I.1-2[1-5],

page 6). Select MKS unit system with _—
three decimal places for the length unit
(11-3[1-4], page 7). [2] In the Part Tree, right-click
Right plane and select Sketch
(1.1-4[1], page 8).
- 0.005

. '\% Swept Boss/Base

Extruded |Revolved | | Lofted Boss/Base
Boss/Base /Boss/Base

T Boundary Boss/Base

[4] In the Features
toolbar, click Extruded
Boss/Base.

[3] Draw a sketch
like this.

ISketch Plane 'I 0.120

*Right
[owections & ?
[Blind =l

“1 0-& (@

@ 0.080m
[T Draft :.>
[5] Type 0.08 (m) for

Depth.

[7] Click Save and save
the document with the

name Plate. #
I x

*Trimetric

ML
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|.2-3 Create a Point on the Plate ( )
[6] Click Trimetric.

[1] Right-click this
horizontal face and select
Sketch (I.1-5[1], page 9).

[2] In the Standard
Views toolbar, click
Normal To.

[5] Click Exit
Sketch.

P

*Trimetric

-
& -,
s,

[3] In Sketch toolbar,
select Point.

o |\-O-
eebiion] | 25 B3 8
. e-&
Sketch

[7] This Point will be used
to locate the applied force.

jl 0.020
3

[4] Create a Point
like this.

¥

i

*Trimetric

nD-e{@s-9-F8s=-
L

e
[ [8] Click Save. # j r
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|.2-4 Create an Assembly: PlateSupported

@&-ﬂo-@u < & -

\—‘

Qe

[6] Click Save and save the

[1] Click New and
document with the name

create an Assembly

[2] In the Head-Up

(1.1-6[1-3], page 10). PlateSupported. toolbar, turn on ‘

View Origins. |E||37|
b i
M
@ (=
-o- ||

OMES . [5] Select MKS for " ey
the unit system IE"él l‘
L (1.1-3[1], page 7).

[4] Click the global Origin.
Now the Plate’s
coordinate system is
coincident with the global

coordinate system.

Select a component to insert, then
place it in the graphics area or hit OK
to locate it at the origin.
Or design top-down using a Layout .
with blacks, Parts may then be created [3] In the Begin
from the blocks. Assembly box, select
Plate.
Create Layout
Open documents:
Y
zj“x
*Trimetric
"\% PlateSupported (Default<Defauvlt Display State-1=)
-{{g) History
(B Sonsore [7] In the Assembly Tree, Right-click
Start command when creating Annotations n the Assembly Tree, Right-clic
v L ;
™ new assemoly o Front Plate and select Float. The (f) sign changes
¥ Graphics preview r @ Top to (=), indicating that the Plate is free to
""" N move now. #
I~ ™makevitvat | il % Right
..... Origi
I Envelope ;"
E]...@lﬁh <1> (Default<<Default=_Photo Works Display State=)
ﬁ @lm ates
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|.2-5 Create Planes (" [4] Click OK. A plane

parallel to Front plane

with distance +0.12 m is
@ PlateSupported (Defavlt<Default_Display State-1>) created.

i ({5 History \_
.{] Sensors )
A ree,seice Front. e

% Front Tree, select Front. o IFrn " |
&y Top j

..y Right _

1, Origin
<3y Frontl2
%) RightB
[]...% (-) Plate<l =
[l Mates

[6] Select Right.

PhotoWorks Display State=)

-

[10] Rename the newly
created plane as Right8.

[5] Rename the newly created
plane as Frontl2.

[3] Type 0.12 (m)

" [2,7] In the Assembly for Dlstance. [umiBebmes 2]
T & toolbar, select Reference i) . I
Geometry | 0 =" Geometry>Plane.

- | 'S [(dRemre 2]
% | Bame OF
e nll |

N . [9] Click OK. A plane
J" Cc"mﬂmm Sysm parallel to Right plane -

i Feiot with distance +0.08 m is [] Flip nomnal
ﬂm Mate Reference created.

aavm®@E-3-

®
i
®

[I'1] In the Head-Up toolbar, turn on View
Planes. Now the newly created planes are
shown in Graphics Window. #

AEE v (&

4

i [8] Type 0.08 (m)
@ for Distance.
- @ O000deg

& o3 .IDDBm o s

17 E] [] Flip offset

Y @ Mid Plane
i
rimate —m—
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|.2-6 Set Up Supports

I [ITIn Assembly
) PlateSupported (Default<Defa... Mate toolbar, click Mate.
#{{8) History
—‘f;‘-’_»’l Sensors
Al Annotations
_Q Front
— Top [5] Now, try to move the body
—2 Right (using left-click-drag). The
— % Origin body is constrained to rotate

—<$ Front!2 about point D.
— Rightd
#-% () Plate<1> (Default<<De...

0 Mates L\
/

[4] Select this vertex again and,
in Assembly Tree, select
Frontl2 plane. Click OK to
create Coincident3. This
sets up a support at this vertex
in Z-direction.

)‘x [2] Select this vertex (point

D, see 1.2-1[3], page 21) and, in
*Trimetric . _\ Assembly Tree, select

[3] Select this vertex again global Right plane. Click OK
and,in Assembly Tree, to create Coincidentl. This

Selgﬁt Elgblil Top plane. sets up a support at this vertex
Ic to create in X-direction.

[8] Now, try to move the body Coincident2. This sets
(using left-click-drag). The body up a support at this vertex
is constrained to rotate about in Y-direction.

the axis passing through BD. o %

[6] Select this vertex (point
B, see 1.2-1[4], page 21) and, in
Assembly Tree, select
Right8 plane. Click OK to
create Coincident4. This
sets up a support at this vertex
in X-direction.

/ L\ [7] Select this vertex again
and, in Assembly Tree,
select global Front plane.

Click OK to create

Coincident5. This sets up a

support at this vertex in Z-
direction.

Y

.

*Trimetric




[10] Now, the body is fully
supported; it can't be moved.

*Trimetric
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[9] Select this vertex (point C, see 1.2-1[5],
page 21) and, in Assembly Tree, select
global Top plane. Click OK to create
Coincidenté. This sets up a support at
this vertex in Z-direction. Click OK again
to dismiss the Mate box.

AANHNE - P @8-

@B PlateSupported {(Defanlt<Default Display State-1>)
(9] History
.| ] Sensors
..... & Front
..... & Top
..... %> Right
..... 1, Origin
..... Q Frontl2
..... % Rights
E]---% Plate<1> (Default<<Defavlt> Photo Works Display State=)
E@ml Mates
( Supportin X at D (Plate<1>Righty O
( Supportin ¥ at D (Plate<1 =, Top) O
( Supportin Z at D (Plate<l > Front12) O
' é Support in ¥ at B (Plate<1>,Rightd) O
)< Supportin Zat B (Plate<1»Fronfy O
. £ Supportin ¥ at C (Flate<1=,Top)

[ ——

[1'1]Turn off View
Planes.

[12] In the Assembly Tree, expand
Mates and rename the six
Coincident mates like this (for
better readability). #

¢ 5 ErEEE T A %)

-,

K

(& < ERPEl * .

IS
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|.2-7 Create a Study [3] Select Motion Analysis
(1.1-9[8, 9], page 15).#
[1] Load SOLIDWORKS Motion \/
if it is not loaded yet (I.1-8, page 14). [Motion Analysis =] | 28 I > W _:
v R G

E@ PlateSupported (Default<Default_Display State-15)
@ Orientation and Camera Views

f#- i3] Lights, Comeras and Scene

EQ Plate<1 > (Default<<Default>_Photo Works Display State=)

-0 Metes

Motion Study 1
I — ]

[2] Click Motion Study 1 tab
to create a new Study.

|.2-8 Set Up Forces

[[I] In Motion toolbar, click Force]

[2] Click this
Point to define

[ [5] Click OK. # }
the location of the

foree. [Diecton A
. Action only

I%\ Action & reaction

im} I|Pointl@SketchZ@PIate-l@PIateSupparted |

BN o et )

Force relative to:

[3] Click this face to define
the direction of the force.
Its outer-normal is the

force direction.

g Assembly origin
" Selected component:

I Constant

=
Fi [0 ? ﬁ

| —

[ [4] Type 200 (N).

P

*Trimetric
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1.2-9 Calculate Results

[I7 Click Calculate. Remember that, If a Motion
Analysis Messages window appears, close it. #

“MotionAnalysis "" =2 I

*

|.2-10 Retrieve the Reaction Force at C [4] Click OK.

=P PlatsSupported (DefaulteDefs...

{5 History

Sensors

[ Ammotations

4@ Front

4@ Top

2 Right

— % Origin

<& Frontl2

< Rights

[}% Plate<1> (Default<<Defau.

@ Supportin¥atC E’-@m Mates

;( Svpportin X at D (Pla...
A Supportin ¥ atD (Pla...

| A Supportin Z at D Pla...

[2] Set up Result like this. % |
. A SupportinX st B (Pla...
[Potresuts 4] A SupportinZ et B @
e

& Create a new plot

[1] In Motion toolbar, click
Results and Plots.

I Reaction Force

FEALY T IOE]

IV Component

€ iddto existing plot:

29

I I |
Plot result
E| Results |Time ﬂ
- [] Reaction Force in ¥ at C<Reaction Forcel» e et et =enza [3] Expand the Assembly
Value : Data not available Tree in the Graphics
R — Area and select Support
[owputoptons 4] inY at C.
[5] In the Motion Study B
Tree, Rename Plotl as
Reaction Force in Y at C. R — T——
| window. #
s
=
c
- [6] The plot shows that the
3 reaction force in Y-direction at C is
il =——  +112.5 N, consistent with the
s value in Eq. 1.2-1(1) (page 21).
E 112 ; ; ; ; ; i i i 0
© 000 050 100 150 200 250 300 350 400 450 500
Time (sec)
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[.2-11 Do ItYourself: Other Reaction Forces and
Validation of the Results

1.2-12 Wrap Up

Do It Yourself

[1] It leaves you to retrieve other

e W%

,190$ — reaction forces. All reaction forces are
summarized like this.
/0
on
S
1
(8]
o Do It Yourself

[2] To verify the validity of the results, we
may check the force and moment
equilibria for the body. A moment
equilibrium can be with respect to a
point or an axis. You need to check 6
equilibrium equations to conclude the
validity of the results. The 6 equilibrium
equations must be independent. #

Viewport

New Window
Cascade

Tile Horizontally
Tile Vertically
Arrange Icons
Close All

Hm dh

3

[I] From the Pull-Down
Menus, click Window to see
that there are two opened files.

1 Plate

2 PlateSupported *

Browse Open Documents. ..

Ctrl-Tab

Customize Menu

I —

[2] From the Pull-Down Menus, Select
File>Exit to quit SOLIDWORKS. Click
Save all. Click Rebuild and save the

document. (See |.1-14[2-4], page 20) #






