Section |.] Supported Block:A 2D Case 5

-1 Introduction [2] The block has a

thickness of 0.2 m.

[1] In this section, we consider a block [2] supported
by a hinge [3] and a roller [4] and find the reaction 150 N %
forces at the supports. Before we proceed to solve
the problem using SOLIDWORKS, let's manually
caleulate the reaction forces.

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

T, =0

im

(150 N){I m)+ (300 N}O5 m)—B (1.5 m)=10 /\
B =200 N [3] The block has a 4] The block has a
Y hinge support at the rofler support at the
Force equilibrium in Y direction, lower-left edge. lower-right edge.
Y
Z{FV =0
A +B,—(300 N)=0 (where B, =200 N) 15 m

300 N
A, =100 N

Finally, force equilibrium in X direction,

SF =0 ' 150 N

A A+ (150 Ny=0

A, =-150 N E
Note that the negative sign of A, indicates that it is
opposite to the assumed direction shown in [5]. A X
Now, let’s solve this problem with S@LIDWORKS.
I you know how to solve a simple problem hll<e this, [5] This is a
you may be able to solve a much more complicated A, free-body
problem. diagram of the B,

biock. #
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I.1-2 Launch SOL €S and Create a New Part

17 Launch
2] User Interfaca. ! S@ﬂEHgﬂW@RKS.

[3] Click Mew to create
a new document.

SIpERE

4] Part is selected
by default.

|
|
|

;
i
!
i
!
|
!

[5] Click ©K to

create a Part i |
document. # _ ;
|
|
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I.1-3 Set Up Unit System

Supported Block: A 2D Case 7

HE @

{21 The unit system
also can be
selected here.

Model Display
Material ?:q_perﬁes

-Location Dimenzinn
Choin Dimsnsion

- Goomatyic Talsouice

-Chamfer Controls

.. Display Oplins

Configurslons

[3] By default, the fength
unit has two decimal places.

[4] Click ©K. #

[1] The unit system appears
here.” Click it and select
MIKS as the unit system.

Click it again and select Edliit
Docurnsent Ynits..
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1.1-4 Create a Part

HidefShoi Tees o

Egdm Favnmes
Savid Belectivn -

CollapésTome "

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

*Trimaiiie

fock

(11 In the Features Tree
{also called Part Tres in this
book), right-click Front plane
and select Sketch from the
context menu.

2] Draw a rectangle
(using Corner

1.50

Rectangle tool)
like this,

¥

[5] Click @K #
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( {7] Click Trimetric.

[17 Right-click this
face and select
Sheteh.

[2] In the Standard
Yiews toolbar, click
Mormal To.

*Teimetric
. . ”'[[3] in Sketch toolbar,
[615?;":‘; ﬁxnt select Point.
STC.
0.50

: . E- S
: [8] The two Points will be g N
used to locate the applied
ji forces.
. [5] Create a second Peint like this.
| [4] Create a Paint on impose a Horizorntal relation

the middle of this edge. between the two Points.

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

[9] Click $ave and save the document with
the name Bloclk. A file Block SLDPRY is
created in your working folden,
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|.1-6 Create an Assembly: BlockSupported

[1] Click Naw.

[2] Selact
Assambly.

[3] Click ©8.

{alace it inths graphics area or it OF
110 fotate |t at the origing. - B

| 6o desitn top:down Usiag 3 Layout “h
{withy nbocks. Parts niay then be ereated
Hroimthe Blodks: - o oot

[6] In the Bagin
- 5 - Assemibly box, select
Block.

[5] This is the assembly's Origin. Ye
want to show you how to insert the
Biaelk so that the part's coordinate

system is coincident with the assembly's
coordinate system, which we also refer

to as the global coardinate system.

[4] In the Head-Up
toolbar, turn on
Yiew Origlns.

[7] Click the global
Crigin. Now the part is
fixed in the space and s

i coordinate system is
e coincident with the global
coordinate system,

[8] Select MES for the unit 3
system with default decimal jw;.ﬂ
places. (1.1-3[1-4], page 7). #

*rimeiric
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[10] This is the Features Tree of the Assembﬂy.
in this book, we simply call it an Assembly Tree.

[9] Click $ave and save the document

with the name BlockSupported. A

file BlockSupported . SLDASM is
created in your worlking folder.

[117 An {f) sign indicates that the Bloek is fixed in [13] Left-click-drag the i
the space. Now, right-click it and select Float. body to move it around o
the space.

{14] This is the
part's Crigir.

- L
A

[12] The {¥} sign changes to (=}, indicating that the “Trimstre

Bloelk is no more fixed, We'll show that it can be [15] Now, the global ©rigin

moved freely [13-16]. In 1.1-7 (next page), we'll set may not be coincident with the
up constraints to fully support the Blacl. part's Origin.

] v Candiponant™

[16] Using Move Compeonant>Retate
Cemponent tool, you even can freely
rotate the body. #
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[.1-7 Set Up Supports

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

E}m% ElockSupporisd (afault<De...
-85 History
%@,} Sexsors
t}—f_’ﬁ:.] Apnotations
—{‘-} Front
-3 Tap
< Right
— % Ouigin
-8 ¢) Blocksl> DefanlicsD..,

—-@@ Mates

[9] Select the global
Top plane...

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

[4] Coincident mate is
automatically selected.

{10] And select
the lower-left
edge. You may
need to rotate
the view.

[1] In the Assembiy
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 Fromt
plane. To verify this, rotate to Top view, and

left-click-drag the body.

[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.

_

[11] Click ®K.
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[12] Now, the body is further E}“@,Bh'ﬂ"gwpmd Default-Te... [17] Select the A
constrained such that the lower-left b History global Top plane
edge is coincident with the global Tep @ Sem‘f’ﬁ" PP
plane. To verify this, rotate to Front {j’"g] Lnnotations
view, and left-click-drag the body. "“@» Fromt
—3% Tap [13] Select the
<3 Right global Right
4 Origin plane.., )
[3”% ) Blocksl> Defmit<D...
‘”@Eﬁl Mates

/.{76] 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

L about the Z-axis.

the bo

[20] Now, the body is fully
constrained (supported). To
verify this, rotate to Front
view again, and try to move

dy. The body can't be
moved now.

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

[15] Click I,

[18] And select the
lower-right edge.

[21] Click ©#K again to dismi
the fMate box.

You may need to
rotate the view.

58

[19] Click ©K.

[22] in the Assambly Tres, expand

Mates and rename the four
Coincident mates like this for
better readability.

[23] Click Save. #
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|.1-8 Load SOL

/

[5] Also click here so thatw
the Motion will be loaded
automatically each time you

[2] f SOLIDWORKS Motion is [1] Click SOLIDWORIKS ;iﬁ;ﬁﬁé’iﬁiﬁfﬁﬁfﬁ;

highlighted, that means it has already Add-Ins tzb. 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 Metion, or.. tart up EOLIDWORKS.

N W

EESOLIBWORKS Pramium Add-ns
i @ ChreuitWarks
FE Festuraoks
13 Pnatoview 360
[t santosD
L= o CONMWORKS Design Chadker
é@é SOLIDWORKS Mation
AT sOUDWORKS Rowting
§7E3] SOUDWORKS Simulation
SOULWORKS Toothes
E [ 57 SCUOWORKS Toolbox Browssr
[4] And then click : E; SOLIDWORKS Uittes

SOLIDWORKS E SCAIDWORKS Workgroup PDM 2015

. HET Talanalyst
pMation. FiidTolinaiy
El50U8WORKS Add-ins

I Autabrace
SOUDWORES Comprser
[T SOUDWORKS Flow Stmutation 204%

7 5 SOUDWORKS Forum 2015

Fi0thes Add-ins B
|
|

/O™ "i'!"‘l“'l"?"l@

[6] Click ©IK.

: | [7] SOLIDWORKS Motion is designed to N
Large hsstmbyMode solve rigid-body mechanical problems, either static

Symmety Chack. -

[3] Another way to load Mebe S Component.. L or dynamic. By rigid-body, it means the

SOLIDWORKS b e ) .
Motion is selecting ;I;Tns D ! deformations of bodigs are neglected. In
Tools>Add-1is... : o SOLIDWORKS Motion, a static problem is

Savelesioe Seflings.. © 2 v
F sl : 8

ireated as a special case (of dynamic problems) in
which the response is independent of time. #

L

from Pull-Down
Mernus.
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1.1-9 Createa

[2] Assembly i -
Tree. : i = |

[4] Motion
toolbar.

*Ti

[3] Motion [6] Time Scale LZoom
Study Tree. Buttons. In this book,
because we only perform
statics study, in which time
plays no role, we'll not use
these buttons.

(I i

{5] Timeline
[1] Click Motion Study [ tab. Area.

[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. #

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

[7] You may double-click and change to a
name that makes more sense to you, We,
however, stick to this default name.
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1.1-10 Set Up Forces

-

[41 Click to
reverse the force
direction. Now the

force direction is
downward.

[6] Click OIK.

Sketeh2@Block-1@BlockSuppated

9] Clicl this face to

define the direction

of the force. Rotate
the view if
necessary.

A

3

iy,

g

¥

{8] Click this
Point to define
the location of the

second force.

[12] Click ©K.#

[1,7] in Motion toolbar {1.1-9[4],
last page), click Foree.

[2] Click this
Paint 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.

Hrimetric

[10] Click to
reverse the
force
direction.

[11]Type 150 (N).
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[.1-11 Calculate Results

[3] The calculation completes in a few seconds, and the Tirme 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 rernember about this Time Slider is that whenever you want to re-define the ‘

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

V

[1] Click
Calculate.

hotion Analysis

[2] If 2« Motion Analysis
Messages window appears,
close it.. In this book, always
close this window right after
calculating results. |

[4] Click OK.

.1-12 View the Results

£ @ BlockSuoported (Refsult<De...
| Histocy

;E‘J Serane

E-{E] hnnostinns

""K\\A Front

‘@i Top

(171 In Motion toolbar, click
Results and Plots.

-f"“iv“@ Ei] Mates
e pf’ Suppnrt nZiorthe B..

w,
§

Suppr_\ﬁ inX at ng
Fappodd in ¥ ot Boller, .

rm coenp g

?‘uhn

[2] Set up-Result like this.

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

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

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

[7] The plot shows that the magnitude of the reaction
1 “force in Y-direction at the hinge is 100 N, consistent

with the one calculated in |.1-1]1] (page 5). Note that
the reaction force is constant over time.

158
8
z
o
: £
- {8] Close the
; b window,
¢ | 8
! 5 :
I H : . < : : : H
2 {pg o : § ; ; } § : i ;
.66 g.50 150 150 208 250 306
Time (380}

[9] Repeat steps [1-5] except

selecting 3 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.
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= : : ‘

o : : -

§ H

2 12} Close the
_ o window.
g 3 i
i E=] H
i e :
E 2 :
: g
b [4] B :

o i H

& ! : {

<150 ' b ] e ——— ; } } f
0.00 5,50 .00 1.56 200 2.50 300 .50 400 450 500
Time (sec}

[11] The plot shows that the magnitude of the reaction
force in X-direction at the hinge is -150 N, consistent
with the one calculated in |.1-1{1] (page 5).

'

[13] Repeat steps [1-5]

except selecting
Support in ¥ at

I fMaoti
Roler in step [3], [14] In the Motion Study

Tiree, click Plot3 twice and
change name to Reaction

Force in Y at Roller.

[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 |.1-1}1] (page 5}.

2608 -

[16] Close the
window. #

Reaciion Foree3 {newton)
=
h=
=X

i 5 ! i

1 i
T T T ¥ z
150 a0 2.5 X 350 400 ER2H o0
Ty fRes)

[
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| 1.1-13 Do It Yourself: 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 2 2D problem fike this, you need to check 3 equilibrium
equations to conclude the validity of the results. Of course, the 3 equilibrium
equations must be independent. #

L

1.1-14 Wrap Up

[1] From the Pull-
Down Menus, click
Window to see that
there are two opened
files: Bioek and
BlockSupported.

[2] From the Pull-Down Memnus, Select
File>Exit to quit SOLIDWORKS.

{4] Click Rebuild and save
the decument. #
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&

Supported L-Plate:A 3D Case

|.2-1 Introduction

[1] 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 D,,D,,D_,B, ,B,,and C . 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

Ao - (Fy X P) 4+ Ay (71 X C,) =0

where the unit vector along BD, [2] The plate has a
thickness of 5 mm,

1 - (8 em)i + (=9 em)j + (12 cm)k
J6 +97 +12%) em

8D
the position vectors, [61Aforce P= 200 N
is applied at A like

T = (6 cm)il Ty = (8 em)i this. #

{41 The plate is
supported at B
~in X-and Z-

directions.

and the forces,

P = (200 Nk, €, =(C,)j
Substituting these into the moment equilibrium

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

¢, =1125N ()

[31The plate is [5] The plate is
supported at D in all supported at Cin Y-
three directions. direction.
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1.2-2 Start Up and Create a Part: Plate

[17 Launch SGLIDWORKS and click
Mew to create a new Part (1.1-2[1-5],
page 6). Select MIKS unit system with
three decimal places for the length unit
{1.1-3[1-4], page 7).

toolbar, click Extrud
Boss/Base.

[4] In the Features

ed

[6] Click O

Shefch Plane

Bitnd

[2] In the Part Tree, right-click

Right plane and select Sketeh
(1.1-4[17, page 8).

[3] Draw a sketch
like this.

-0.005

0.005

*Bight

0,120~

[5} Type 0.08 (m) for

[71 Click $ave and save
the document with the
name Plate. #

*Trimabie
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|.2-3 Create a Point on the Plate
[6] Click Trimetric.

[17 Right-click this
horizontal face and select
Sketch (1.1-5[1], page 9).

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

[5] Click Exit
Sketeh.

*Teimedric

[31 In 8keteh toolbar,
select Point.

[7] This Point will be used 0.020

to locate the applied force,

[41 Create 2 Point
like this,

*Frimefrie

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

[6] Click Save and save the ,

document with the name 2] In the Mead-Up
PlateSupported. toolbar, turn on
View Origins.

[17 Click Mew and
create an Assembly
(1.1-6[1-3], page 10).

[5] Select MKS for
the unit system
(1.1-3111, page 7).

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

coordinate system.

Setect 5 companént to insert, thert -
place it if the graphics drea of Bit OF
ti fncate it at the arigin. ’

Qr design tnp-_d:ﬂi&m asing a_iayém_ ' .
with blacks, Pasts may then ba créatad [3] In the Begin
from the Blocks 5 |1 Assemibly box, select

Plate,

[7] In the Assembly Tree, Right-click
Plate and select Fioat. The {f) sign changes
to (=), indicating that the Plate is free to
move now. #
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parallel to Front plane
with distance +0.12 m is

created.
N

[1] In the Assembly
Tree, select Front.

[6] Select Right.

[10] Rename the newly plane as Front]2.

G} Rename the newly created
created plane as Right8.

[31 Type 0.12 (m)
for Distance.

[2, 7] In the Assembly
toolbar, select Reference
Geometry>Plane.

[9] Click €28, A plane
parallel to Right plane
with distance +0.08 m is

created.

[11] In the Head~Up toolbar, turn on Yiew
Planes. Now the newly created planes are

1

shown in Graphics Window. #

i

? H

s

*Trimatde

[81 Type 0.08 (m)
for Distance.
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[.2-6 Set Up Supports

“@ PlateSuppored (Defeult<Defa...
LH@ History
—{E Sensors

[17In Assembly
toolbar, click Mate.

B{A] Annotations
——‘@—Z Front
52 Top

%3 Right
ks Origin
43 Frontl2
-3 Rightd

[5] Now, try to move the body
(using lefi-click-drag). The
body is constrained to rotate

about point D.

-5 () Platsel> (DefanlteDe...

“@@ Mates

[4] Select this vertex again and,
in Assembly Tree, select
FrontZ plane. Click @K to
create Coincident3. This

sets up a support at this vertex
in Z-direction. J
(i

Firimelris

[8] Now, try to move the body

(using left-click-drag). The body

is constrained to rotate about
the axis passing through BD.

v
&

e
E}‘a& T

z

*rimetric

i
¢
i
i

[2] Select this vertex (point
D,see 1.2-1[3], page 21) and, in
Assembly Tres, select
global Right plane. Click O
to create Coincidentl. This
sets up @ support at this vertex
in X-direction.

N
[3] Select this vertex again |
and, in Assembly Trae,
select global Top plane.
Click ©¥K to create
Coincident2. This sets
up a support at this vertex

in Y-direction.
. J

" ™

[6] Select this vertex (point
B, see 1.2-1[4], page 21) and, in
Assembly Tree, select
Right8 plane. Click @K to
create Coincldent4. This
: sets up a support at this vertex

E LR
in X-direction.

[7] Select this veriex agairr\
and, in Assembly Tree,
select global Fromt plane.
Click ©¥ to create
Coincidents. Thissets upa
support at this vertex in Z-

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

s ™
! [9] Select this vertex {point C, see |.2-1]5],
! i -l page 21) and, in Assembly Tree, select
vt N global Fop plane. Click OK to create
P Coincidents. This sets up a support at
% T P this vertex in Z-direction. Click ©¥ again
T to dismiss the Mate box,
Trrimelric \_ y

MEYWE -

[H]Turn off View
Planes.

[12] In the Assenmbly Tree, expand
Mates and rename the six
Coincident mates like this (for
better readability). #
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|.2-7 Create a Study

[1] Load SOLIDWORKS Motion
if it is not loaded yet {1.1-8, page 14).

|.2-8 Set Up Forces

[11 In Motion toolbar, click Force.

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

L

7

0

*rimehic

[3] Select Motion Analysis
(1.1-9(8, 9], page 15).#

the location
force.

[2] Click this
Point to define

Maotion Analysis

of the

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

[5] Click OK.#

Polmliaskeich2E Plate-1 @ lateSupn

artad

[4] Type 200 (N).
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1.2-9 Calculate Results

{171 Click Caleulate. Remember that, If 2 Motion
Analysis Messages window appears, close it. #

i

[4] Click ©1K.

'—E@ PlhabSopporied Oefaclt<Defs...
s History

“{‘E Bensors

-] Ammatations

"”& Front

"‘?SZ Top

] n Motion toolbar, click
Results and Plots.

—~1 Origin

2 Prontl2

8! Right

3"% Plate 21> Defavlic<Defon...
E‘*ﬂ}{’]} Fistes

4, SuppodtinE 6t Pl
4 Suppord i ¥ D (Pla..
L;ﬂf Sugport i ZatD {Pla..,
;

[2] Set up Result like this.

- A SupporiinE ot B (..
— A, Supportin Z st B (Ple...

£, hapienis

[3] Expand the Assembly
Tree in the Graphics
Area and select Support

inY at €.

[5] in the Botion Study
Tree, Rename Plotl as
Reaction Force in Y at ©.

[7] Close the
window. #

i
—_
ad

fé] The plot shows that the
reaction force in Y-direction at C s
= +112.5 N, consistent with the
; value in Eq. 1.2-1(1) (page 21).
GB  GEE 100 158 260 250 B60 350 L0 450 DR '
Time {3e0}

e
bt

Reaction Forced {newton)
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| 2-11 Do ltYourself: Other Reaction Forces and
Validation of the Results

Do it Yourself

[1] It leaves you to retrieve other
reaction forces. All reaction forces are
summarized like this.

Do ltYourself

[21 To verify the validity of the results, we
may check the force and moment
equilibria for the body. A moment
equilibrium can be with respectto 2
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. #

—

Vipvrpad -
Mew Window |
Cascade clE
- TﬂaHomntzdhf

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

Tié Vertioally
ﬁﬁmgicnm._ -
Closi 4T e

2PlSippotd ® L
Browse Opsgn Docaments... - Cirl-Tab

Cusforiize Memn =+ . o .

[2] From the Pull-Down Menus, Select
File>Exit to quit SOLIDWORKS. Click
Save all. Click Rebuild and save the
docurment. (See |.1-14[2-4], page 20) #




