<Chapter 3 Beam
2 Bottom Truss ANALYSIS .-

A. Enable SolidWorks Simulation.
Step 1. If necessary, open your Beam1 part file.

Step 2. If necessary, turn on SolidWorks Simulation. To turn on Solid- _ | -

Works Simulation, click Tools Menu > Add-Ins. Elsolidworks Premium Add-ns

r @ Circuitworks
r ﬂ FeatureWaorks
7 ) Phataview 360

Step 3. Check SolidWorks Simulation check box under Active Add-Ins | s

. r g Solidworks Design Checker
- 1 ™ & solidworks Mation

and Start-Up, Fig. 1. Click OK. D =ittt

7 (W sclidworks Simulation

r licworks Toolbox

¥ T Wlidwiorks Toolbox Browser

B. Enable Simulation Toolbar. I B sk Ltes

™ solidworks Workgroup POM 2013

. . . . . 0 [T Tolanalyst
Step 1. If necessary, display Simulation toolbar. To display, right click i
= atnatrare

Sketch | Sketch | on the Command Manager Fig. 1
toolbar and select Simulation, Fig. 2.

DA

e e i i e e e Bt |

j%SOLfDWORKS I File Edit View Insert Tools Toobox Sim

: @ &8 & %
Step 2. Click Simulation | Simulation | onthe Command | g 4 Sswesex 5 o @
Extruded  Revolved & Lofted Boss/Base Extruded Hole Revolver
Manager tOOlbaI‘. Boss/Base Boss/Base ) Boundary Boss/B Cut Wizard Cut
ouUNaary boss/base
Features | Sketch Weldments | Render Tools
Feat
C. New Study. SElRelE i
Step 1. Click the drop down =1 of Study Advisor % Sl Darattial ;Fm .
q . (A Annotations
Study @ Cut st{10) E] Weldments
T Balsa D Mald Tools
. . . > Front Plane ¥ || Render Tools
=1 on the Simulation toolbar and click New —
: A > Top Plane [ S|mulatlons
Riaht Plans ——
Step 2. In the Study Property Manager:
under Name, Fig. 3 ¢ % 8
key-in Bottom Truss [Message v
under Type Name A
select Static [Bottam Truss
: “ﬁ. Type s A
click OK .
@ Skatic
|@| Frequency
|§| Buckling
|a| Thermal
|@| Drop Test
|§| Fatigue
|@| Morlinear

||£‘I‘| Linear Drynarnic
|qi| Pressure Vessel Desian

Submodeling

Fig. 3
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D. Fixture.

ot

Fixtures

Step 1. Click the drop down (=1 of Fixtures Advisor | advisor

on the Simula-
tion toolbar and click Fixed Geometry. - ‘

Step 2. In the Fixture Property Manager:
under Standard, Fig. 4

select Immovable
in the Joints field

click corner joints on

Beam, Fig. §

click OK V'?

E. Force. X
18
Step 1. Click the drop down (=1 of External Loads ="l on the Simulation
toolbar and click Force. -

Step 2. In the Force/Torque Property Manager set:
under Selection, Fig. 6

v,
select Joints [~

click the 4 joints in two middle members, Fig. 7
click in the For Direction field, Fig. 6 P

click top face of a Member, Fig. 7
under Units

select English
under Force

select Normal to Plane
set Force Value 2

click OK g .

. |@| | 0. 224805 7] I

R B

o

Standard{Immovable (No %
translation))

A

l§| Fixed Geometry

I@ Imrnovable (ro translation)

|E| Use Referencey@eometry

Joint<41, 1>

30 M Joint <46, 1>
Joint <38, 1>

| Symbol Settings ¥ |

Fig. 4

Force/ Torque ?

K B

Selection

|ﬁ| Jaink<zz, 1>
==/ W it <te, 15
I Toink <14, 1>
i Joint <20, 1>
(S

L —

Units S
El IEninsh (IPS)& -]

Force A

b3

()=l
@‘IZ & vllbl’

[T Reverse direction

Moment

|@| | e
|§| |8.85074E ~|ibfin
|?| |8.850?4E ~|ibfin

Fig. 6

b3

Note: 2 Ibs. applied per
Joint = total load of 8 Ibs.
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F. Run.

2

Run

Step 1. Click Run on the Simulation toolbar.

-

G. Results - Displacement.

Step 1. Double click Displacement1 in the Simulation
Study Tree located below the Feature Man-
ager to display the Displacement] plot,

Fig. 8.
Step 2. Double click Displacement1

in the Simulation Study Tree
a second time to edit Dis- *
placementl, Fig. 8.

* w
4° 1, 4°
Step 3. In the Displacement Plot Property M‘qager set: *
under Display, Fig. 10 ®

Units EI inch «
under Deformed Shape L
select True scale

click OK g

Oops, we need to do a
little work on our Beam,
but first lets use Factor

of Safety to determine how
much load Beam can handle.

Step 4. Note the Displacement
value in the legend all
most 9 inches, Fig. 12.

Fig. 11

[\ ? i
d" Bottom Truss {-Default <As Machin:
- T EEAML
K Joink group
ﬁ; Conneckions
E;:f Fixtures
w Trnrnovable-1
E‘E External Loads
_L Force-1 (:Per item: 2 IbF:)
-4 Mesh
-}~ Result Options
=i/ Results

..... [ stressi {-STRMAX: Upper |

W=, Displacement Plot 7

Fig. 8

K B

Display ]

& IURES: Resultant: Displace 'l

e

| Advanced Options ¥ |

[V Deformed Shape ]

 Aukomatic

la |0.1138834:
% True scale

" User deFined~
ol

¥ show calors

Fig. 10
URES (in)
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Fig. 12

SoLibDWoRrks 13 BOTTOM TRUSS ANALYSIS BEAM PAGe 3-3




Ka

H. Results - Factor of Safety. As
. . . . Bottom Truss (-Defaulk <As Machin
Step 1. Right click Results folder in the Simula- |G ageeams va
tion Study Tree and click Define Factor % i Message v
onnections
Of Safety Plot, Fig. 13. @---gﬁ;;wes . ien :j:j A
Immovahle-1 O
é--@Externall ‘; EhERT.o 7 Selected bodies
Step 2. In the Factor of Safety Property Manager %;t;m Sl essages. . ® [ 5]
i {/_— Resulk Cp Define Fackor OF Safety Plot The Automatic option uses the
Step 1, Fg- 19 CEEIE o penne. W | S
1' k N t @ gstres &l Define Displacement Plat... See online help ForJdetaiIs.
clic ex ° El Disp| Define Bearn Diagrams. ..
Fig. 13 Fig. 14

Step 3. In the Factor of Safety Property Manager
Step 2, Fig. 15

v R @ )

set Multiplication factor 1 — .
. W R @ @ : Farckar of safety .
click Next @ . P - ‘ (" distributifon ’
Mulkiplication Factor 0 ggfe:tibelow P
Step 4. In the Factor of Safety Property Manager E | E V
Step 3, Fig. 16 Figo 15 :;ee;ly;stﬂ; appropriate
select Areas below factor of safety .Egguon; factor of safety:
note Minimum factor of safety .10405 N
your FOS might be slightly different Fig. 16

click OK ‘iﬁ? :
Step 5. View the FOS plot, Fig. 17. The red members will not support the current load.

Step 6. Next, we will change load using formula
current FOS * current Force = safe load
or .10405 * 2 1bs. = .208 Ibs.
let’s try .208 Ibs of force.
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I. Edit Force.
Double click Forcel in the Simulation Study Tree

Step 1.

to display the Force Property Manager, Fig. 18.

Step 2.

In the Force/Torque Property Manager set:

under Force, Fig. 19
Force Value .208

click OK 4

J. Run.

Step 1. Click Run

Run

-

Note: .208 lbs.
applied per Joint

= total load of .832 lbs.

on the Simulation toolbar.

K. Confirm Factor of Safety = 1.

Step 1.

Safety1 plot, Fig. 20.

Step 2.

Looks good!, Fig. 21.

Step 3.

Step 4.

In the Factor of Safety Property Manager, Fig. 22

Step 1 click Next @
Step 2 click Next @

Step 5.
Fig. 22

note Minimum factor of safety .9999
your FOS might be slightly different

click OK

In the Factor of Safety Property Manager Step 3,

T )

Q*Bnttnm Truss {-Default <As Maching
. - TS BEAML
..... 3 Juint group
----- ﬁ ; Zonnections
E| g:\g Fixtures
F Jﬁe Immovable-1
E| @ External Loads
[ _L orce-1 40
Mesh
{/_— Result Options
E| {_| [| Results
..... [ stress1 {-STRMAX: Upper |
----- &l Displacementl {-Res disp-)

er ikem: 2 |bf: )

« R B

Selection

Joink=22, 1
|@ll Y22, 1>

Joint<i4, 1>
K

N .

Units

E| IEnghsh (IPS) l

..... @ Factor of Safety1 {-Aul

Fig. 18

All members should be blue. The blue member will support the load.

Double click Factor of Safetyl in the Simulation Study Tree to dis-
play the Factor of Safety Property Manager, Fig. 20.

Force A

|Q_\| | 0. 22480E 7] I
|§| [o-zz4m0e =] bt
@ [ 208 ‘ [

™ Reverfe direction

Fig. 19

Double click Factor of Safetyl in the Simulation Study Tree to display the Factor of

(T~ )
Ct* Bottom Truss {-Default<As Machir
- BEAML
...... _‘K Joink group
...... ﬁ § Connections
EI g:fletures
% Immovable-1
E| @ External Loads
- L Force-1 (:Per item: 0.205 |
o Mesh
{/_— Result Options
E{E] Results
[ stress1 (-STRMAR: Upper |
&l Displacementl (-Res disp-)

@ actor of Safety1 {-Bu
Fig. 20 E

| Message
Step 1 0of 3 al
i Fac 5 7
Step 2 of 3 Al | )
1
v Fac Safe ?
Step 3 of 3 =
Factor of safety
distribution

I Areas below Fackor of
safety

[
afety result
ased on the appropriate
riteria:
inimurn Factor of safety:

.9999‘

Fig. 22
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URES (in)
L. Results - Displacement Plot. 055
Step 1. Double click Displacement1 in the Simulation Study I o.asrs
Tree to display the Displacement] plot, Fig. 23.

. 0779

o
. nynz
Step 2. Note the Displacement value in the legend 0524
935 inches, Fig. 24. e
- 0465
Step 3. Save. Use Ctrl-S. 0390
M. Efficiency. 02
Step 1. Click Tools Menu > Mass Properjjes. Z;:
0.000

Step 2. Click Options button in the
Mass Properties dia-
log box, Fig. 25.

Fig. 24

Step 3. Inthe Mass Property Options dialog box:
select Use custom setting, Fig. 26. S=EY

set Mass Units grams G [ e
and click OK. N

COvetride Mass Properties, .. Recalculate

[ Include hidden bodiesjcomponents

Step 4. Make note of Mass in grams in the
. . [™ Create Center of Mass feature
Mass Properties dialog box and close B S e
dialog Fig 27 Repott coordinate values relative ko | -- default - j
, Fig. 27.

Mass properties of BEAM]
Configuration: Default<as Machined >
Coordinate system: -- default --

Step 5. Use formula total load in lbs. * 4.54 /
Structure Mass in grams = O e
Efﬁciency Yolume = 0,47 cubic inches

Surface area = 15.31 sauare inches

.832*%4.54/1.23=3.071 Fig. 25
=] =10 x|

Density = 0.01 pounds per cubic inch

[~ Units
BEAM1.SLOPRT
Step 6. Save. Use I™ Scientific Mokation % Options.. |
Ctrl_s "~ Use document settings
% Use custom settings . .
‘E Cwerride Mass Properties. .. Recalculate |
Length: cimal places:
IInches j I 2 ::|I ™ Include hidden bodies{components
M ™ Create Center of Mass feature
Mass:
lﬁ ™ show weld bead mass
arams =
g 't& Report coordinate values relative to: -- defaulk -- j
'er Uik vONPnE:
lﬁ Mass properties of BEAM1
inches™3 Configuration: Default<as Machined >

Coordinate system: -- default -

~Material Properties
Density = 2.62 grams per cubic inch

Density: I 0.00575 Ibfin3
Mass = 1,23 grams
olume = 0,47 cubic in'!. 25

—Accuracy level

Lawer (Faster) Higher (slower) Surface area = 15,31 square inches
I Center of mass: { inches )
i ' 0 #=0.00
¥ =0.06
Z=10.00

v Show output coordinate system in

corner of window Frincipal axes of inertia and principal moments of inertia; { grams * square inches )

Taken at the center of mass.

Ix=(0.00, 0,00, 1,00)  Px=0.44
ez | Ity | Iy=(1.00,0.00,0.00)  Py=10.16
Iz=(0.00,1.00,0.00)  Pz= 10,50

Fig. 26 Fig. 27
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