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WORKSHOP 2

VALVE TRAIN MECHANISM
RE PB4

Rocker

Guide (ground)

Cam Valve
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Step 1. Import File

a. BARXAdams View
b. #Welcome dialog boxEh:# Existing Model.
s . = N P I
c. EhiEFile NamezGiZME M RFTHE
d. #Exercise _dir/mod_2_ aview_interface T#J valve.cmd ifi 26:& BRI EEHE.
e. FEOK
' Welcome to Adams... I48 | i Select DII"ECtDr_‘,' |—EE |
4] New Model Ad @_'(j)'| )« Adm... » admi01_exercise files 2. » v | + || Search adm701 exercise_files_... 2 |
i Extsting Model b ~ L Py Organize ¥ New folder = @
) o /¢ Favorites Name Date modified Type
4 Downloads | contact_demo 02-09-201610:24 File folde
12l Recent Places 02-09-201610:24 File folde
Ml Desktop mod_02_aview_interface 02-09-201616:39 File folde
. mod_I3_ppInterace 02-09-201610:24 File folde
MSC A Software . / :
7 Libraries . mod_04 fgling_stone 02-09-201610:24 File folde
/ . R .
= PA=| — }'— uments mind 15 Eroiectils 020020181024 Fl|=f%_
= o
HE' ﬁq:]-/g |, « ADM701_WorkshopFiles 2017 » adm701_exglcise_files 2017 » mod_02_aview_interface » v | 4o | Z&8mod. 02 aview. i P
Open an Existing M HAWE.  FRRNE - 1 ®
L BEmOE - 1} = e
& OneDrive - MSC S
FileWa mod_02_aview_interaceWalve i [ R @ Bt
< fewbs.cm ¢ fow
W Ugp File Directory as Working Directory @ x# oo T
T ] valve.cme 2017/7/1 ¥ 0. Window
Working Directory ‘rcise_files_2017/mod_02_aview_interface L
A B
[T Echo Commands ‘:227(210‘)
™ Update Screen o RECOVERY (G)
v Display Model Upon Completion @ A
& TW120501
On Error:
¢ Continue Command @ Ignore Command € Abort File oo A Nk i
MEEEO) o
€
OK
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Step 2. View the List of Keyboard Shortcuts

Front <F= |

Top <T> REMECES

Right <R> - ;
Adams ViewZE RAFB AR S W BRATUER, AMRREORE | S H2Shift
SO R R SR T LU PRt R B e BiRFEH
AT LA T B IR M E i O T A Botats XY <r=
a WERBITAKEAR RERRENEHE Singie <t

Zoom In/Out <z>

b. EtREERBENEELRE, RERREANSREE

Zoom Box <w> g
£ T—EEM
Nl Adams View Adams 2017, rope (p:’ S s
e s AR DE AL REEREE £ O Cnemen(20 (g e l_ﬂ 1E uﬁ’\-’
s tions ces | Elements | Design Exploration | Plugins | Machinery | Simulation | Results | Oflgln

Fit to View <f>
Fit to View - No Ground <Ctrl-f>

Align to 3 Point | @%}fﬁ 51
Align to Object XY <e> i~

Wireframe <S>
Shaded <S>
Hidden Line <H=

Working Grid On <g=
Working Grid Off <g>

Toggle Icon Visibility <v=

Save View Settings

Restore View Settings
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Step 3. Use the Zoom Box Shortcut

)1 Yiew Zoorm: Drag to select size of view (d Ol L D i ’ “ ,J'r; @ ©|

457 All Other

£ FAzoom Box{REEZE M ERMK:
a. ¥REEEE FHg<w>
b. Z TFfRIStatus Bar&iZ2;r T —

C. E#Fﬁ%ﬁ&kﬂ‘]lﬁﬁﬂ‘]iftﬁ %EZE% it $2

Status barZi7r:drag to select size of view.
P —1EHE, #FcamBElEZR.

WEHER RENEHEIIEE =S
BBIR<OSHE R FIRRK/ND

@ ~ oo

|Search

\} View Zoom: Select the area to be zoomed in to; right mouse button to terminate I Ol ko m liss 1 \__‘ .'I‘,.; ® @
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Step 4. View the Model from Different Angles

EEFEAAdmasTERIFHIRATEERER,
AT LIS RIERR<T>, <>, <R>REEFEEF
. E/AREHEE

ARRAI LA A B EpREREM A~

Top View

: ) O
DD Shift +rho
[ e o

Isometric View

Right View
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Browse Groups | Fiters |
Step 5. Rename the Parts =
LB TN
EREE T AMEE S EpartE Z e
4 | valve MR
a. 7E#EEE(Model Browser), Browse IGrDups lFiIters l
$E|7EBodies X THY — o
oy .
PART_1Z|PART_5 =i CJPART 3 .
b. ¥&ARIMEERename RKE m-[CJPART 2 -
%ﬁiﬁi% H-CIPART A
c. £ Rename 8%, #BiEAL Madify
AMERER A Appearance
d. ¥ OK E%ﬁ"ﬂéﬁ% Info
EHH L. -~
ZFERIEAY.valve Py
Y4 t
Emodelgy &TE, = D |
MDA Z R~ @ _
(Deyactivate
Hid
Male Flexible
ﬂ Rename | X |
Rod
Guide Object Jralve PART 1 !
(ground) — —
Cam Valve MNew Name wvalve Jocker @
| Cancel
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Step 6. Inspect the Model

BEERMERGH R BRI

a. T Status bar BA:ZEHF| Information
tool stack ELEH B ERTAEIE

b. 25E Model topology by constraints
tool.

c. EFRETHAR
d. BAPARE.

W Information

Apply | Parent | Children| Modify |I— Verbose Clear Save to File

Topology of model: valve /
Ground Part: ground
connects PART 2 with PART 3 (Curve Curve)

connects PRRT 4 with ground (Translational Joint)
connects PARRT 1 with ground (Revolute Joint)

Rev_Joint_2

A -

Rev_Joint 1 connects FRRT 3 with ground (Revolute Joint)

In Plane Joint 2 connects PRRT 2 with ground (Inplane Primitive Joint)
N In Plane Joint 3 connects PRRT 2 with EPRRT 1 (Inplane Primitive Joint)

In Plane Joint 4 connects PFRRT 4 with ERRT 1 (Inplane Primitive Joint)
connects PRRT 2 with ground (Orientation Primitive Join

connects PART 4 with ground (Single Component F

€V JOInt T (Rotatiomal Mnt@

SPRING I

cam motion constrains
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Step 6. Inspect the Model (Cont.)

ERsEfERIEE Adams ViewE E I
B—LHENMER TR, THRH
2L BR REHENERS. 28
HETENSH. A2 EBRERAED
REEENSHEME.

g T |
= @ WD G 2018/5/30

a. ¥t Status bar BIA 23
Information tool stack BhEH
R AEE, BhE Verify
tool.

b. £ Information window f#:2 2
% 887~ Model verified
successfully.

c. E4F Information window. @ inrormation

valve

Apply Parent | Children Madify |~ Werbose Clear

Topology of model: walwve

Ground Part: ground

connects DPART_Z with

1 (Inplane Pri: =
{Inplane DPrimitive_Joint)
{Orientation Primitive_ dJoi

_Force)

VERIFY MODEL: _walwe

ADM701, Workshop 2, March 2017 <: RS e
Copyright© 2017 MSC Software Corporation

KSoftware
[ 4




Step 7. Simulate the Model
©

Bodies ] Caonnectors ] hfotions \ Forces ] Elernents | Design Exploration | B Sirnulation || Results

To run a simulation: 2 = _

a QEEE—";%E Simulation. Setup birmulate

b. BE “Run an Interactive
Simulation.”

b. FESimulation Control B $%, W Simulation Control = |
7 End Time XFA# 2.0.

c. fE Steps XFAHREA 100. 4 I:"IL : @ﬁ

d. 1% Play. C )End Time (d)

e. BIREISTAIZ, 1% Reset ZRHER |Steps ‘1[]0 @
.

Sim. Type: | Default j
[ Start at equilibrium

[ Reset before running

|ND Debug j
) £ ) b= b
= bt
Hastran] —

v Update graphics display

+ Interactive  Scripted

(=)

Simulation Settings...

%}
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Step 8. Save the Simulation

=
W=[»| GV

ﬂ Simulation Control

1 AR AT, LU 2 2 B R L B EndTime ]2
a. Eh#ESimulation Controlt8 & & T £ # Save simulation tool. | Steps ~|| 100

Save Run Results tRESENE B H
b. £ Name X7 58 A L RIEHEAI & 8 first_results.
c. 5 OK.
d. E&RA Simulation Control $R%.

Sim. Type: | Default j
[ Start at equilibrium

[ Reset before running

‘ Mo Debug j
) £ ) b=
v it
Tastran) —

v Update graphics display

f« Interactive © Scripted

a
BE

Simulation Settings...

ﬂ Save Run Results

Mame:

| Cancel |

ADM701, Workshop 2, March 2017 i
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Step 9. Animate the Results Fy— R0

f
, <« <= >0
To Animate the results in the default wd Simulation Control L= | & 1
mode with icons off: || nc |, , +ne
S| v @— ® JOJ

a. ¥ Simulation ControlfRE TE T |«‘ L ‘ b

IR0 ERZR U1 E| Animation

i v Analysis: |Last Run
Controls£REs. | End Time MIE - | ke
b. #EWEIZIZ Play. |Steps j | 100 View: |.gm.ma|n.frnnt
c. B)EREMSTTMIRIZ Reset. Sim. Type: Defactt = :
d. ERE—E—IEMF, TR +inc . o | - | Fixed Base |
E‘Z -Inc E-F_mﬁﬁ‘z_ﬁﬁ_mﬁ tart at equilibrium
e. TE+IncER-IncPEIMWEFRRIREE [~ Reset before running
T 4 |St|:|. Camera j
:t”;ﬁ!?%mﬁ |NI:I Debug j

f. BHETEX Reset.

1| £ ) b=

13

B
%|ﬁ:| / |N|:| Trace j

HEEEEHERILIRITRH:

™ 7

g. ¥EAnimation ControlfR MG T A —
AEEE icons, IRETH. ™ Update graphics display _
T 34 : -

h. FTHDERR b. to f. —#& f* Interactive ¢ Scripted | me range J |U'U .20
i. RABAAinumation Control$RE. B | n T . Cycles: 1

— ~ a 73, M Frame Increment: 1

=/

Simulation Settings...

[ Supenmpose [ Icnns@
v Contour Plots

S
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Step 10. Save Your Work

File Edit View Settings Tools

OO0 0 HL ¢ s

| Machinery | Simuation | Resuits |

A% @65 L REEEHE e & O 6 e g

rees | Elements | Design Exploration | Plugins

TN R A O

sguny B oy N 4% AR P % & 8
Ik Flexible Bodies Construction Booleans Features
e R
Forces
S S SR Y FD S
- Measures B
oDesignVarables | e
- Simulafions
Results
All Other
s KYT3 =
| File Hdit ‘iew Settings Tools FRIiEE&FEREE
. S . A
= 1E R .bin 12
ew Database Ctri+M
en Database Ctrl+0
Shve Database Ctrl+5 12 )
¥ ﬂ File Export ( ) | £ |
Save Database As .. ¥ |
File Type ADIAdams View Command File I j
File Name |valve1 L
a Model Name |Va|ue
Print Ctrl+P Use Parasolid | As 15
Select Directory...
Exit Ctrl+Q

ADM701, Workshop 2, March 2017
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Apply

Cancel

£ .omd #&:

a.
b.

1% File 2E X E| Export.
FEE2 File Type 2% E/H
Adams View command File.

1EFile name#i A valvel, &
OK.

. FFRESEREN A EARA Adams

View.

Ef&FEA

VAR RR R 7 2B

BRERERA
*ﬁ?

EEEEe
A,

ERRT R1E
R ERE

MSC A Software



WORKSHOP 4

FALLING STONE
SRR
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Step 1. Create a New Model

Eﬁ¥ﬁ H"]Adams*ﬁﬂ ﬂ Welcome to Adams... ‘l‘
a. BARYAdams View.
b. #EIREEE New Model.. i
c. B I{EB&&k(Working Directory) Adams
EQEEE @ E\jsting Model / ( ) -
exercise_dir/mod_04_falling_ N\
stone. € exi
R E a4 A Projectile.
2 EH(Gravity) 2RES
Earth Normal (-Global Y).
f. WEER Units BERTE S MMKS - MSC ASoftware
mm, Kg, N, s, deg. |
g. ¥&TF OK. .
W Select Directory |i|1 Create New Model

Search adm701_exercise_files_... R |

—
@Uv| , < Adm... » adm701_exercise files 2... » v|4,|

Organize *  New folder = o- @
e N _ Gravity IEarth MNormal (-Global ')
I Favorites Name Date modified Type J
8 Downloads | contact_demo 02-09-2016 10:24_METolde Units | MMKS - mm. kg N.s deg @
2| Recent Places . mod_01_stamper File folde Working Directory Lercise_ﬁles_Em_ﬂmﬂd_m falling stozad
Bl Desktop . mod_02_aview_interface 02-09-2016 16:39 File folde
. mod_03_ppt_in 02-09-201610:24 File foldas
- Libraries . mod_04 falling_stone lif 0/-09-2016 10:24 File folde;
[ Documents mnd 05 nrojectile 12.00-901£10:24 Eile fnlde @ OK | Apply | Cancel |
ADM701, Workshop 4, March 2017 WS4 - 2 MSC ASoftware
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. iEiIe Edlt e Elettings Tools r W
Step 2. Build the Stone oo Py S—
- )
Y= 0
= 0
To build the stone:
a. {# View EEhIhE v S - .
Coordinate Window. #1E8 85 Pgs;a?e - }
B H R MBES T F i re-Se
A LUR L B HI/ 8 AT TE R A48 PostonOrentaton  »
b. ﬁl{:BOdieS ETE E, %E% ngld Layout. ..
BOdy: Sphere. Render Made »
C. %EE%E%*EE%%ESphere F'I’DJE‘.'CNDH 3
TERE EEEDIHE New
Part' File Edit View Settings Tools + H?n k l@> @» @. \) B}_,, xﬁ .l, @!Eﬂgﬁiﬁ:‘:{ ] te“‘, {"},L‘increment 300 @J
#% Radius BIRI A BRIT 4. ?»000 B s Lo P L PP B e
) of & = N 4
7t Radius MIXEEEH A S e 5.0 A RATEE N L GNUAR N N
(50mm). et :
f. FRRBBMELE,0,0), & —
i 327 BTk e

Measures
Design Variables
Simulations
Results

- All Other

Bodies J§Connectors

SAERY

@ Solids

Geornetry: Sphereo
C

© ®©

ADM701, Workshop 4, March 2017
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Step 3. Rename the Stone

S ELEMPARTEHH4:

a.

7 BB (Model Browser) #k
¥l Bodies MiBhA M + SRR
BH. 2% PART 2 EIBREIS L.
£ PART 2 HiRA 5, (#4858
252 Rename.

£ New Name XF 51, %
PART_2 tZfk Stone, SEa % Bk
£ OK.

A A
#Y.Projectile2
modelfy &, /)
I AR~

ADM701, Workshop 4, March 2017
Copyright© 2017 MSC Software Corporation
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| Projectile -
Browse  Group Filters l
— 1
. =i I Bodies
L 5. PAR a) Modify
gra
+-/ Connecto Appearance
+- Mations Infa
+- Forces
+ Elements Measure
+ Measures
+-/ Design Variables OPY
+-1 Simulations DeNgte
+- Results
-1 All Other
(De)jctivate
Hide
Makeg Flexible
i Rename | X |
R Projectile PART_2|
Mew MName @
@ | Cancel
MSC



Step 4. Set the Mass of the Stone

HEERESL Ky

a. {EHE# (Model Browser), %
¥l Bodies THJ Stone, {#H #
5|8 E, I 25E Modify.

b. 7 Define Mass by ;ZEh, ;&

£ User Input.
c. 7£ Mass XFAHBE A 1.0.
d. % OK.

rﬂ Modify Body

Body I Stone

Projectile

Browse

Filters |

grou

Connectors
Mations
Forces

L Design Variable
-1 Simulations
¥ Results
il All Other

|Mass Properties

Category

5% | 4084 5940484428

lyy | 4084 5940484423

[~ Off-Diagonal Terms

lzz| 4084 5940484423

A N
Center of Mass Marker Ismne_c,r\

Inertia Reference Marker I \

OK | Apply | Cancel

ADM701, Workshop 4, March 2017
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hiadify

Infa
Measure
Copy
Delete
Fename
(Delactivate
Hide

hake Flexible
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Step 5. Create Measures for the Falling Stone

Projectile

BiLy A=A
a. 7EASEVA B gStone binG gEE Browse W Part Measure [ = ]
Measure, Part MeasurefRB& 7t — : Measure Name;pl displacement b
%Hﬂiﬁ, + Part: Stone
b. E Measure Name I?jﬁﬁ%ﬁﬁﬁjk C - y racteristic: CM position Cc -
iEEE884LF displacement. o lerrenE
L= +- | Mations e ey ¥z o T
C. H% CharacterIStIC EQE?J CM + S Component: @ mag Cartesian
d. ¥ 9E(Component) %4 Y, KL 47 Measures Caopy
= . L g . . Orientation. ..
=RlYyARIBME. il Dgsugn ‘.h"anat Delete m
e. Hgl_ Create Strlp Chart *TE + glmu:;&ltlﬂﬂﬁ Renanme Represepf coordinates in:
- G- esults
. & OK. _ +-1 All Other (Dejactivate
g —ESHBRNTET, BB— K e 0 1 s
ik, FEAGER y A _ e
ﬁq.ﬂ#FEﬁE,‘JHﬂr{fﬁ Make Flexible ﬁ })‘ f oK Apply Cancel
wd displacement @ | 23 |
1.0
Time: 0 —Current
0.51
0'%.0 0.5 1.0
ADM701, Workshop 4, March 2017 WS4-6 MSC ASoftware
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Step 5. Create Measures for the Falling Stone

@ velocity [T =cceieration [ = |
BEBEBIL y AR EE B EE 10 10
Eiﬁ“: Time: 0 —Current Time: 0 —Current
= o S 4— 0.5 0.5
a. REBEI—EMDREST, ITH
Part Measurefi& — %80 05 1.0 %80 05 1.0
b. ¥&HEA velocity | Projectil [

(acceleration)

Browse  Groups l Filtersl
c. Characteristic ##E CM velocity '

(CM acceleration) T Bodies
BIEVHE
A AEVAE . Eground Modify &) Part Measure
- Create Strip Chart 14 | CDFI.FIECtDrS Appearance Measure Name: |ve|nciﬂ-‘ @
f. #&ROK + Mations " -
+- = Forces art: |Stnne

+- | Elements

R B2 S ST E R IR FE M~ 41 Measures

=
+ Design Varial Component: |© X & ¥ Z " mag Cartesian ~

Characteristic: |C|"u"| velocity @

Copy
+-( Simulations Delete
+- Results SlaraE
+- All Other :
(Dejactwate Orientation__.
Hide
Represent coordinates in: |
Make Flexible
Do time derivatives in: ‘
@ Iv¥ Create Strip Chart
& m Ok | Apply | Cancel | |
ADM701, Workshop 4, March 2017
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Step 6. Verify the Model

ERsEfERIEE Adams ViewE E I
B—LHENMER TR, THRH
2L BR REHENERS. 28
HETENSH. A2 EBRERAED
REEENSHEME.

g T |
= @ WD G 2018/5/30

a. ¥t Status bar BIA 23
Information tool stack BhEH
R AEE, BhE Verify
tool.

b. £ Information window f#:2 2
% 887~ Model verified
successfully.

c. E8RA Information window. @) Information /

VERIFY MODEL: _projectile

& Gruebler Count (approximate degrees of
1 Moving Parts (mot including ground)

The following parts have no constraj
forces acting on them. You may yfht to verify

that they are walid without cgyftraints and forces.

Part .projectile._Stone has pg# constraints or forces acting

it
& Degrees of Freedgf for .projectile

There are no redpfldant constraint equatiog

ADM701, Workshop 4, March 2017 ('
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Step 7. Run the Simulation ®
e&l_‘_nﬁ EJreerenfis @

R AR, RE—EEFTE &7
RESY B R R AR £ EATE,

EMEELIBAER/D LT LR e SaNE T T £ ERER S
"000%%3:” A S
a. BHEBRAXIE(Zoom tool) HFE sada/l |%EY N Lal@©YeB \
el A RRER 2, TREZE P
BRERA A S l [M FHERE 2 AT KL -
% 3| BB #81&(Working Grid). =)
b. BHEBETE (Translate tool) e
HEM AT L ERARER t, TR D v
BEEEMENRLERERE S
BRER MR E R L. J'
. OLEEPE 5@
ADM701, Workshop 4, March 2017 Wea - o WSS Software
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Step 7. Run the Simulation

f a?
Bodies l Connectors ] Mations ] Forces ] Elements l Design Exploration | Plugins l Machinery § Simulation § Results

ETREM—E1F505 1R

£:

a. {1t E Simulation, B
£ “Run an Interactive
Simulation.”

b. FESimulation Control B #% Sl ==
B, £ End Time XZFA 0.09
Bf 1.0, 7 Steps XFA | Time: 1. —Current. -4903.
BREA 50. | 1-2500.0
. >
C. HI Play '5000‘80 05 10
d. FERIEETENEE, ISte s - Isu - - -
Adamsﬁ*ailﬂllﬂl:lﬁﬁ*)%% S|m PEZ DEfELIlt M Lﬂ\relocitg,r =
EEAERN [~ Start\at equilibrium
s EZ = > i
e. EE*%??EEE‘A;&' % Reset I Reset Yefore running O o100  —Cument 9807
SRAT AR Mo Dsb -] (d)—) 5000.0
) . o Debu ~ - :
f. & B&E (Animation) K& :
Y Eh ==
EEEDE. N | 00004 o5 7
% ﬂ acceleration %
Iv Update graphics\display -9805.25 - 1000 c 9807
ime: 1. —Current: - :
f+ Interactive ,ﬂ SB0B.5,
S g >
v H . -9807.730 05 10
Simulation Settings...

ADM701, Workshop 4, March 2017
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Step 8. Find the Value of the Stones
Displacement

&

Wl displacement P9
<
_ 0.06
AHTERIDRAEMME, RMFTER Time: 1.000 . Current: -4903, a
EARREREREERE D »5000 v i
. = = -2500. egadre Info
a. Tf displacement £8IEXRHZE BB .
BLE8 HE Plot:schtl | B5E easure Modify
Transfer To Full Plot. -5000.0;5 05 10 Delete All Curves
Adams PostProcessor RE & HIR. | L Delete Strip Chart
E main toolbar ‘Eﬁig Plot Tracking File Edit View Plot Tools Help b
tool. K> %A W @ anmx Hams de
d. HBREBBHIMROEEES, TLURE | 'S \I Y il I N
NEBSHERAELAX YHHRES 00 et
x ~ =
=L ]
=10.
— s -1000.0 4
e. EXFER 1, YHNRERZLIVER
—ELEE,‘:”SLLIE T -2000.01
legend_object E
E -3000.0 4
o m
Mame Filter * 50000
- | 0.0 0.1 02 03 04 05 06 07 08 09 10 d)
Format 1 Labels I NLJL Time {sec)
¥ Auto Scale Data 1 Math 1
Simulation Filter Result Set Component W Surf
¥ Auto Time Limits acceleration Add Curves
:zzi:;zﬁ;c Add Curves To Current
Scale m velosicy Clear Plot
ﬂ\acementm Independent Axis:
Offset ’007 J & Time ¢ Data
Color Black Tl| Source |Result Sets  ~
Filter *
Plot Statistics. Navigate curves with mouse or arrow keys. Pick and drag for distance calculations. Page 1 of 1
ADM701, Workshop 4, March 2017
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Step 9. Find the Value of the Stones Velocity

File Edit View Plot Tools Help

Paing  C|[H B Y KB WA Y2 EEHO 1My HaeESde

&ﬁﬁ*ﬁmﬁiﬁﬁ{rﬁmﬁ[ uﬁilll f,ur | —QHES,EE | —958‘3':55 | rsg/ggisa | Mnmu( | 4@?325| 539"3,3{11 |hf§$m:| | |
e[ fmProjectile Projectil
*i\ E% E"] EE: : g%}:ééj 400(0": ——velacity
a. A TA/ Surf $T4). S
H%- ﬁ = = *T /j date‘y _ -3000.0
b. #F Source §%7E & Measures. Bae £ oo
o E o
c. 1% Measure 3|5, EE T e | o
velocity. " e
= drh y -5000.0
d. EEREBLE—SHMTEc. d. e
EE]—*’/\E%E"]EF;_ [ V’ 71“00”00 o1 02 03 04 05 06 07 08 09 1.0
Analysis: Last_Run TW (sec) 2016-09-02 18:33:26

Format | Labels | N 4|¥

e- ?&ﬁ_*iwﬁﬁy EEl*’/‘E%E"J ¥ Auto Scale Dala' Wath |

imulation Measure ¥ Surf

3 ,‘"—u—
7]” JE 2 [ Auto Time Limits =L : sccelerasion Add Curves
displacement
Add Curves To Current =
Scale Linear [~ Clear Plot
Placement| Bottom Independent Axis-
Offset 0.0 1 2 @ Time  Data
Color ack 7| |BBource | Measures =
ilter -
Plot Statistics. Navigate curfes with mouse or arrow keys. Pick and drag for distance calculations. Page 2 of 2

File Edit View Plot Tools Help

'a‘ Poing  C|[5 [F ) K> WA Y2 B AN HaEdde

Data | Math | X | v | Slope: I Min | Max: | A | RS | # of Points | |
: 1.0 -9806.65 0.0 -9806.65 | -9806.65 | -9806.65 9806.65 51
Simulation Measure V¥ Su =
[fProjectile Projecile
Add Curves = [ page 1 -2805.5
I,ﬂ.dd Curves To Current & [ipage 2
E-4Zplot_2 -9806.0
Clear Plaot | i analysis
date &
Independent Axis: = title 8
P! ue 1 £ -om0es
4 & Time ( Data £
i 2
ource I Measures i-legend_object S .0807.0
2 2
- - - 98075
5 with mouse or arrow keys.\rsn(and drag for distance calculations. Page 2 of 2
Name Filter = -9808.0
= 0.0 0.1 02 0.3 04 05 0.6 07 0.8 09 10
Format | Labols | I Analysis: Last_Run Time (sec) 2016-09-02 18:33:26
¥ Auto Scale Data | Math |
Simulation Measure ¥ Surf

Add Curves
displacement
velocity Add Curves To Current =
Clear Plot

Independent Axis:

@ Time ¢ Data

V' Auto Time Limits

Scale  [Lmear -]
Placement [ Bottom -

Offset 0.0 i

ADM?_Ol, Workshop 4, March 2017 _ WS- 12 | e | sovee o
Copyright© 2017 MSC Software Corporation T
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Step 10. Save Your Work

File Edit View Settings Tools

HEO Y G EELREDEHE £ 0,

ces | Elaments | Design Exploration | Plugins | Machinery | Simulation | Results |

€ noemen{ 300 (@)

| File &

Print...

Exit

ADM701, Workshop 4, March 2017
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y
OK I Apply

Cancel

PePB0 0By - A P L P DY O
neY N 4 & |E P % & 8
pn
= =
dit Wiew Settings Tools Fﬁllaﬂﬂﬁ*mﬁlgna
. S . sl
=ZERK .bin 15
ew Database Ctrl+M
en Database Ctri+0
S‘ue Database Ctrl+5 W File Export B
Save Database As .. _ - _
File Type |Adams View Command File I j
File Name |F'rnjecti|e "
Model Name | Projectile I
Ctrl+P Use Parasolid | As 1S _j‘
Select Directory...
Ctrl+0

£ .omd #&:

a.
b.

1% File 2E X E| Export.
FEE2 File Type 2% E/H
Adams View command File.
BIAES, & OK.

. FFRESERCEN A EARA Adams

View.

Ef&FEA

VAR RR R 7 2B

BRERERA
*ﬁ?

EEEEe
A,

ERRT R1E
R ERE

MSC A Software



WORKSHOP 5

PROJECTILE MOTION
Y ERE B
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Step 1. Import File

@ Welcome to Adams... ‘i‘ e Select Directory

To import afile: - —|
a Fa'ﬁ FﬂzAd ams View. v @Uv\ < Adm.. v sl errce fies2.. v o] 4 || Seorh et e fles...

+| New Model Organize »  Newfolder v @

b. 1 Welcome tR%#{E Existing Model. - ‘ Adams = : orra P

W Favorites

3 Existing Mode 1§ Dovrlosds contact demo DAQAGI0A  Fiefoldel

- . . £ Recent Places mod_01_stamper 02-03-201610:4  Filefoldef

uq- I 1’F E ﬁ%ﬁg EE mo d 05 p I OJ ectl I e o B Desttop mod 02 aview itefsce DAY Flefolde
- T Exit 6

. . = PO n mod 03 pp teface DQAGI0E  Fiefolde

C. ,%E Worki ng Directo ry HiE iﬁ\“ #J ﬁ *‘I‘ % ﬁ 755&!. ) 7 b o 04 foling stone G024 Fiefode

jﬁ E S e | e Ct D | re Ct 0 ry *E %9 *ﬁ E” j Documents mod 05 projectle @w:u Filefoldey

. . . . J\ Music mod_06_pendulum 02TFN0161024  File folded

exercise_ dir/mod _05_projecti le. & Piews o0 cined,slne QORI Fiefole

B ideos mod_08 Iift mech ] -09-2016 10 ile foldeq
% Select folder LUREEMRERTEE < ’ i cometn i

MSC A Software

fi 8 Computer mod 10t mech 3 QG102 Fiefoldel

£ Local Disk (€ mod_L1_suspension_1 0209-01610:25  Filefoldey

PRS0 =ah (a New Volume (D:) mod_12 suspension 2 0200-201610:5  Filefoldef

- . . - e : n0d_13,susp steer 0016105 Fiefolded

F;ﬁ Fa H u ,kﬁg #*‘E E"J p rOJ eCt | I e . C m d & Network mod_14 spring_damper 02-09-01610:5  Filefoldeg
‘ i i i = Open an Existing Model mod 15 nonfinear spring 02-09-201610:5 il foldef

e. !l:# }E:"] ,ji = /k ﬁ*é E% p rOJ ectile.cmd = ﬁ E @ mod 16 susp,steer 2 DBNIIS  Filefolde
H 4 Iy & mod_17_hatchback 1 02-09-201610:25 File folde

exercis €_ dir/mod 04 fal lin g_StO ne, zﬁz File Name | stone\completedstone_completed cmd E} mod 18 hatchback 2 QOBENS  Fiefode
~EiE ,k H’] T8 fi [~ Ust File Directory as Working Directory @ mn:,i,:a:c::ar:j Eﬁﬂifizi ?:s;c:t:a

o mod_20_hatchback ! -09-2016 10 ilefoldet

f. "“E File Name HiE ;% 2 Eiﬁﬁ*ﬁl-m ﬁ%ﬁ Working Directory ' es_2017\mod_05_projectile\completed mod I camvocker RBAGINS  Flefolde
. . . S mod 22 target practice 02-09-201610:25 File foldef

1£ exercise_dir/mod_04_falling_stone & i —

N ,: N ~, = > H H [~ Echo Comm: s mod_24 fe_part 02-03-01610.5  Filefoldey
Fhe ik E| £ RSERE projectile.cmd. : L ’

h p’u %L ,k ﬁﬁ &EI ufﬁé ; ;.pdate 5 i 5 Folder. mod_05 projectile
: v Display N del Upon Completion
exerC|se_d|r/mod_O4_faII|ng_stone/com @

pleted/ A% stone_completed.cmd i S, — —=

Fﬁ F& € Con® iue Command & Ignore Command € Abort File | @Qv\ < mod 04 falling stone » completed [ 42 || Search compteted 2]
ﬁ Organize v New folder = @
l. ,%E OK . S s A Name ° Dte modified Type
h OK | Cancel | 18 Downloads stone_completed 09-2016 17:09 Windows
h)

B Desktop

BEXFARMIERAIE T e
A NETIERRIR, 5 = |
SHBIE 1lilﬂ"ji¢$-ﬂ}t~ —T—
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Step 2. Build the Plane

Build the plane:

@ Adams View Adams 2017

o0, > S

a. & Settings #iE
Working Grid.

b. 7E Size: X XF A

File Edit View |Settings Tools

A 4000. g8
c. 1 Size: Y XFHikH S ey
l 3000. Icons

Colors

Force Graphics
Names

d. ZEXERYH Spacing X
FAHREAEA 50, Fh
OK.

e. FIFAHREER z MiER,
RER ER 2 18, R
BEAREEREH, M
%%, BNRIHERR,
EEE/NETLUEIE
& T {E+& B (Working
Grid)

Solver

Command File
Fonts

Geometry Options.

Interface Style
Save Settings
Restore Settings

Fed™) ) [ (7 7@ @2 L, %R o & U, Cncemen{300 (@)

Bodies ~ Cor _ Coordinate Sysle{ } | Elements | Design Exploration | Plugins | Machinery | Simulation | Results |
E, L 4 O Object Position Handle alll [ .«‘\ ,/F\A @ EP @ @ ﬁ@

G a|lPP% &0

Construction Booleans Features

View Background Color.

3 Define the properties of the working grid

Wl Working Grid Settings P

v©

v Show Working Grid

f« Rectangular © Polar

(b) x

Size | (4000mm) | (3000mm)
Spacing | (50mm) | (50mm)
Color Weight

v Dots | Contrast - ’1—L|
v Axes |Contrast - ’1—L|
[ Lines |Cuntrast j |1 j
[ Triad [Solid  ~|

F
[

OK | Apply ‘ Cancel |

|Set Location ...

|Set Origntation __.

ADM701, Workshop 5, March 2017
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Step 2. Build the Plane

File Edit ‘iew Settings Tools J

Bodies  Connectors ] N

. . Part Only...
a. F|F View >Coordinate
Window Z&BARI Coordinate ﬁ”de'“' :b) » O "j 0
Wind easUre. .. Py
4 " OV\-I . Refresh :/; & "3‘ 6 a
b. 1 Bodies 2 E#1E Box :
tool. Toolbox and Toolbars... Solids
Yiew ACCESSOrES. ..
=l : =
C. EB:_LXE;*EEPG q Command Window  F3 - N
* A JE 4 n round. Coaordinate YWindow ] i . A eometry. box
= Coordina... I&
« {8 Length ¥TH), MAEXF Message Window Lo ’m@zl
A iRE A 3500 mm. Pre-get ' \}((:: _120 n Groun
. B Height iR Depth 148, Position/Orientation v 2= 0 i Length (3500mm)
A £ X F A HREA 100 mm. Layout.. @ ¥ Height (100mm)
d. BBE;EHEEZEI Coordinate Render Mode v % Depth |F
WindowZi R /B &4EA O, - Projection C mm)
150, 0, BhAEfR.
e. BREARAEES, LEAGERE
3T RO EK Bl = M AT 7E 5 BR A2 4.
(e)
MREENHENZE £ "E Aon Ground
AFMIE ground L, A S ERRBTE 2

o = = e A R
BB A% AE B~ =S A
ADM701, Workshop 5, March 2017 T B ﬁﬁL%g EI‘J
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Step 3. Set Up Initial Conditions

HEMEREX, yARIMEIRGRTE S
V,o = 6000*cos(60° ) = 3000
mm/sec

Vo = 6000*sin(60° ) = 5196

mm/sec:

a. I RIBodies F$kZl stone,

BhA B, FEE Modify.

=1 ]

b. #F Category %3 4 Velocity
Initial Conditions.

c. f£ Translational velocity
along T#E X axis T4,
HERANXFAHRE@A
(6*cos(60d)(m/sec)) Bk
(3000(mm/sec)).

d. 7 Translational velocity
along T$kE Y axis T4,
HRAUXFHBREA
(6*sin(60d)(m/sec)) B
(5196(mm/sec)).

e. ¥ OK.

ADM701, Workshop 5, March 2017
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|pr|:|jectile

Browse lGrnups lFiIters l

-l

=[] [ [F] o[ e [ [ ][] e [ e e eeemeneeneeenc]

Bodies
+-[Elground
Connectars
Motions
Forces
Elements
Measures
Design Yaria
irulations
Results
All Other

hod if'_'." e

Appearance

Info
Measure

Copy

Delete
Rename
IDelactivate
Hide

Make Flexible

WS5-5

W) Modify Body [ %= |
Body | Stone P
Category |Velocity Initial Conditions @ j
Translational velocity along Angular velocity about
@« Ground © Marker @ Part CM © Marker
v X axis | (6 * COS(60d)(m/sec)) (C X axis
I Y axis | (6 * SIN(6Od)(m/sec)) Y axis
[ Z axis Z axis
f\ oK | Apply | Cancel
(e)
MSC ASoftware



Step 4. Create a Measure for the Projectile

Motion

EMAE—RMBEEEREILTYA

RG], EXRMLET IR FRE, Bk

TMEEET% ESAEXARNAE,

F IR AR I x A R E Al

a. TEERETHE stone , BhEE,
1#1E Measure.

b. 7E Measure Name 375 i
A R_displacement.

c. ¥ Characteristic EX¥E A CM
position.

d. # Component B X #T4).

e. Create Strip Chart $T4).

f. % OK.

g. R_displacement B & BB &5t
SER.

ADM701, Workshop 5, March 2017
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ﬂ Part Measure

Measure Name: |R_di5placement @

|Stnne

Characteristic: |C|"u1 position

Part:
©

X %Y 7 [ mag

Compnnent@

[
Cartesian -

|prnjeu::ti|e

Browse lGrDups lFiIters l

-

- Bodies

+ 2l Stone

+-[Eground
Connectors
Mlations
Forces
Elerments
Measures
Design “ari
Simulations
Results
All Other

Fee[F ][] [F] oo [ o[ [ ] oo [ ] oo [AE] e

Madify
Appearance

Info

heasure

Copy
Delete
Fename
(Delactivate
Hide

hake Flexible
Orientation__. |
W R_displacement
Represent coordinates in: @
1.0
| Time: O —Current
(®
I+ Create Strip Chart
@ %80 05 1.0
Ok | Apply Cancel |
WS5 -6 MSC A Software




Step 5. Run the Simulation

BT RE
ROARHE:

a. (2% E Simulation, B
Run an Interactive

Simulation(— BRI FF
).

b. ¥ End Time XFH R
A 15.

c. iE Steps Ak Step Size.

d. 7EStep SizetkMIXFH IR
A 0.02.

e. ¥ Play.

171.5%, £ K0.02%

f. Adams Viewf R 2840 [F B,

G RERE
R_displacement B ;I E
E.

g. HEEHEERE, ZHEE Reset.

ADM701, Workshop 5, March 2017
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Bodies ] Connectors ] Motions l Forces ] Elementvs ] Design Exploration | Plugins | Machinery  Simulation Results]
Setup Simulate
ﬂ Simulation Control =2 | W R_displacement (‘D %]
|Er1d Time | 15 4500.0 .
Time: 1.500 —Current:
@Step Size J | 0.02 d
Sim. Type: Default 2250 0
[~ Start at equilibrium
[ Reset before running 0
Mo Deoes 3 8% 0.75 15
| £ ) b P B | L J
& kit
Iv Update graphics display
t+ Interactive ¢ Scripted
Eh| £ 3 :
= =
Simulation Settings...
WS5 - 7 MSC A Software




Step 6. Find the Time at Which the Stone Makes
Contact with the Plane

Bodies ] Caonnectors ] Mations ] Forces ] Elements | Design Exploration | Plugins | Machinery | Simulation — Results

ERERT Zi=: @ -
a. # Result EHE, 3% N L
Animation Control Dialog -
boX. Review Postprocessor
b. ¥ Play. — -
C. %%ﬁaﬁﬁﬂﬂiﬂﬁ*&ﬁ% E%?i W Animation Control ——
Stop. ) «‘ 4 ‘ - ‘ |
d. FIA +Inc iR —Inc XX HEE ST e
EEiﬁE*%ﬁ% E,‘JEEEE%FEﬁ. Analysis‘ |L t R d ) Last_Run  Time= 1.0600 Frames=: 64
e. *E@E,‘]E—tﬁggaﬁ(%j:m View: |_gui_:nain_fr0nt @
e el

(REEEm-AmeEmE |
% reset. -~

Mo Trace -
@

3150, 0, 0 (mm)

|Time Range: j |U_[] J15
Cycles: 1

’7
Frame Increment: 1

[~ Superimpose [ Icons

v Contour Plots
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Step 7. Create a Point Trace of the Projectile

Motion

A] LAF| A point trace THRE, RiZ
SR - EEEEREAIED
BLER:

a. ¥ Animation Control tR& &
#J No Trace 2Rk Trace
Marker.

b. BEZAMXFHER, EiE
Marker, $#2#1%E1Z Browse.

c. Database Navigatorf8 & EJl
EEkH, E4EE Stone T
mr cm, ¥ OK &, [RAZE
BHIXF ARG R
Stone.cm .

d. BLEE Play.

e. EHEBRNER, LEFT
Stone T B{EIZ#LEFEF B E)
BOERER.

f. 8B Animation Controls R

o

E.

ADM701, Workshop 5, March 2017
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(F)

W) Animation Controls

=

4

CRTIK
-Inc 54
Kl ]

.!_l +Inc

Analysis: I Last_Run

View:

I -gui.main_front

| Fixed Base

|

| Std. Camera LI

ITrace Markez : }'I

3

Guesses ¥

Parameterize »
Create

Field Info b
S A Icons

[v Contour Plots

W] Database Navigator | = ‘
|Browse j
- projectile Model =

+ ground Part |

- Stone
ELLIPSOID 1

]

e

v Filter

| N

|M0de|ing j

| All Objects

-

Sort by

Type ~|[" Highlight + -] -
oK Close

—
im0 &S E

Bode | Coweown | Waass | forsi | Desen | Deege Dapemas | Mg | ey | Seinon 0

--------

b 35K I R RERE = o oLt

P ('3

©®

WS5-9
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Step 8. Find the Horizontal Displacement

HH A RAK R BN EE R
a. 7£ R_displacement £ 8IE

HIZE B EEREA S, #Z Plot:

schtl, BLEE Transfer to Full
Plot.

b. Adams PostProcessorti &5zt
ZFHIE.

c. BLEE Plot Tracking tool.

d. EMHEITEMTERERKMET
AR EfRh AR, R
M#EnE R, BERAE L ARX
BRI F E R AR AR

e. LERFRY Y AR BRAKFER
FEEEE.

f. FAEAAdams PostProcessorti
%, [El1Z|Adams ViewR @.

ADM701, Workshop 5, March 2017
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S

Wl R_displacement
@
4500.0
Time: 1.500 —Current:

205Q  Plt schtt > Transfer To Full Plot

Measure Info
0_&34
0

Delete All Curves 1
Delete Strip Chart

5

Measure Modify
W) Adams PostProcessor Adams 2017

(b)

File Edit View Plot Tools Help C
" o [

Plotting '@[,:in K B \AU%EH&{@Q"’” 4, » X B‘.ﬁ‘f@@
X: Y: Slope: Min: Max: Avg: RMS: # of Points: N
1.04 31200 3000.0 0.0 4500.0 2250.0 2606.7221 76

f'[fiPFUJECME R_displacement

#- ] page 1 4500.0

4000.04
3500.0 1
30000 @
z i
£ 250001
= i
=3
E 2000.0 :
1500.0
1000.0
500.04
MName Filter * 0.0 )
v | 00 05 10 15
Time (sec)
Data } Math ]
Simulation Measure I~ Surf
Add Curves
Add Curves To Current ¥
Clear Plot
Independent Axis:
J & Time ¢ Data
Source ’W‘
Filter *
WS5 - 10 MSC



Step 9. Save Your Work

ERFIER bin 18, binfER LA E

HEEED, hEaSEEiEER: File Edit View Settings Tools

a. 1 File &8 Save Database New Database Ctrl+N
As. Open Database Ctrl+0

b. 7£ File Name XF A HE#A Save Database  Ctrl+S

projectiie, 38 OK. | SaveDatabaseAs.. ()

c. AddamsEIEE£ A SER 1EH

o om e Import...
#E5RAY .bin 1B T/E B f%4E y—
7 Export_. %EE_—F y illil %%
LY Lz b VA
d. RERA Adams View. Print... Ctrl+P FH .cmd FEEC B
Select Directorny... 1%% Exportﬂ}tfv
Exit Ctri+0
[ ﬂ Save Database As .. |i|
File Name| projectile @
@ Ok | Apply | Cancel |
ADM701, Workshop 5, March 2017 WS5 - 11 MSC
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WORKSHOP 6
ONE DOF PENDULUM
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2 kgs

30°
300°/sec

I
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I
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Step 1. Create a New Model and Build the

Pendulum Link

BT HTRIE R

o BAREIAdams View, 252 New Model 14T g

$#%=% A exercise_dir/mod_06_pendulum.
b. Model Name &I A pendulum, E{hrIRATER
HEIE,
a. Gravity & Earth Normal (-Global Y)
b. Units & MMKS - mm, Kg, N, s, deg.

[ERVRLR R

c. ¥ F4 g4t View>Coordinate window $TR
Coordinate window.

d. ¢ Bodies #ZE# E25:E Link tool.

e. TEBHEM Link TE#:

« £ New Part.

« % Length T4, HEEZEMAIXFHREBA
450 mm #% Enter.

o 3§ Width T4, FEZRERIXFAHREA 20
mm % Enter.

« 3§ Depth #T4), MAZ MBI FHBEA
27.5 mm £ Enter.

f. BENER, F—EEEO0,0,0WE, F2E
2EFE 450,0,0 BIHLEE.

9. EHRHEEARE LM EMERL, BRI LUEZBEEE
AHENIE HIR LocationEventtRE, #A 0,0,0 i%
Apply, EZEEREHE—XREGH, #MA450,0,0 %
Apply.

ADM701, Workshop 6, March 2017
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Fis Ed& WVew Seotiings Tools

Hodar  Conmedlon | Mstions | Fees

Lk -
PeDD0O WY&
- e N
Sl g (T3 8=
Histead 5 Framitle Betes

P |

[T e Filers
[ 5 Bodems

- el O

n Maliona

s Forcan

L] Elssrams

s Poll s

L] DCadegn Vanabdes

B Shimedanens

- Retwits

- Al ORbhar

Saach

P Selact

#] land Ty e, | (] (] (5]

W ol R e E T

Elemans | Dasign Explorstien | Plapas | Machssry | Sesolsnon | Pesals |

s LN |29 DT
-yl =l &3
Caa AT Dy [LESAEEH

Foatres

Q- P& Aa &

Bodies |C|:|nnect|:|rs l

P30 0
GAUa/

Solids

WS6 - 2

i 23
Geamery: Lk @ LocationEvent
Newrar <] (&) |450.0, 0.0, 0.0(f)
W Length | (450rmm ) |REI.T|:| Crigin j
W Width | ({20mm) |
v Depth [27.5mm )

Apply Cancel |
MSC ASoftware




Step 2. Build Sphere Section

To build the sphere section: a Bodies | Connectors |
a. {¢1E%HE Bodies 1&1Z Sphere PO
tool. P
b. £#LE%I: 7 & Ju & o
8 New Part 2R Add to Sl
part.

% Radius TR EXFEH Geametry: Sphere

BRES A 25 mm, 1% Enter. AddtoPat o :)

c. BB AEREE PART 2, 155 ¥ Radius | (25mm)

EhnA#Part.
d. FERELE 450,0,0 fEABKIDE
A=

REKERIEEAN 2
—{EEE B EREA MR ' e i
ER—EPartit T, _graviy
EEHEIETKE!
HRAEERARE
HNew Partgtpk
Add to Part

i
=4
=
)

ADM701, Workshop 6, March 2017
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Step 3. Rename the Pendulum

HEREH DA pendulm -]
a. E*ﬁﬂ*ﬁTEﬁi%ﬁ%PART_Z, Jg Browse leups ]Filters ]
£ Rename. =i+ Badies
b. ¥ New Name £ PART_2 2Rk F'-*'*-F’TE Modify
P = +-[E groun
pendulum, WERBFEH - Cnngnectnrs Appearance
& .pendulum.pendulum, % - Mations Infi
OK &+ Forces Measure
[+~ Elements
- Measures Copy
- Design Yaria Delete
- Simulations I
E2NAMme
- Results .
- All Other (De)activate
Hide
hiake Flexible
ﬂ Fename | 2 |
Object -pendulum.PART 2
b
NewName | pendulum PART 2 2/
@ OK J Apply | Cancel

BRIEEE! P Ex3
BIEH .pendulum.

ADM701, Workshop 6, Marclizu17
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Step 4. Set the Mass

BREERMEE:

a. AEELEE Bodies THY
pendulum ifi;#1## Modify.

b. # Define Mass by &XE A
User Input.

c. ¥ Mass XFHIRE A 2.0.

d. £ Inertia XFAH IR (Ixx, lyy,
|zz)&RE& A O.

e. 7£ Center of Mass Marker X
FHREGE, I
pendulum.pendulum.cm, ifi
ZIE Modify.

f. 7E Location XF A ##iA 450,
0, 0.

g. & OK.

ADM701, Workshop 6, March 2017
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wd Modify Body [ = |
| pendulum j e | pendulum
Browse l Groups ] Filters ] e |MESS Properties j
= Bodies Define Mass By |User Input @ j
-- . pendulumn adify
B[ Eground . Mass| 2.0 Z : 5
- Cannectors Appearance
- Motians Infa x| 0.0 @ [ Off-Diagonal Terms
- Forces ’—
- Elements Measgure yy| 0.0
- Measures Izz|[] 0
[+ Design Yaria Copy -
- Simulations
= Results Delete Center of Mass Marker |pendu|um_cm @
- Al Other e Inertia Reference Marker |
(Dejactivate
Hide
Make Flexible
0K ‘ Apply ‘ Cancel
@ Marker Modify =
Name | -.pendulum.pendulum.cm
7 o\
Location 4500.00.00 ()
Location Relative To | _pendulum
Curve |
Curve Reference Marker |
|Tangent Velocity J |}{ | o Z
|Oriematiun j | 90.0,90.0, 0.0
Orientation Relative To | _pendulum
Solver ID [0
.E"" oK | Apply | Close |
WS6 - 5 MSC A Software



Step 4. Set the Mass

a. TE2HEE OK &, Adams& Bk
HIREERE, REERMER
HEIDMGIEMER, ]/E
MEMIEL TR Z2IRBECAD
HEHOELD.

b. B5& Close BAFAMRE.

c. BEEZBFLERINTE:

Wl Meszage Window_ @

o

WARNTES: .pasdulus pandules will no longer bBave its mass propactiss calculated avtomatically
bECsEE 100 CSNTAr=DI<EANE BATESr has Dean SXplicitly moved,

Setlings

Clew |

Class,

o)
¥
I
gravity
¢ —
'z il
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Step 5. Build the Pivot

To build the pivot:

a.

b.

#1ZH,E Connectors &#1%
Revolute joint tool.

T E:E#E 2 Bod-1 Loc #
Normal to Grid (XA L 27%
EIE, TA).

E5E pendulum 24 first
body.

EH&E ground (ZEHR) B4
second body.

EE 0,0, 0 4 location.

ADM701, Workshop 6, March 2017
Copyright© 2017 MSC Software Corporation

Revolute Joint

Construction:

|2 Bodies - 1 Location b Ev
-]

|N0rmal To Grid

First Fick Body -
Second | Pick Body -

gravity

First body& LA
location#JNormal to
gridk 5 E A#SE, 18
¥Hi¥second bodynEHs

-
ol A Al

©

WS6 -7

MSC



Step 6. Rename the Pivot

i JointEHdnf:
a. 7£ Model Browser Tk | pendulum M
. .
JOINT_1 #A g2 i Browse lGrnups ] Filters l
Rename. :
b. £ New Name XF AN, #% " Snd'egt
JOINT_1 FX pivot, % OK. T et
E _||_||”T_] Mﬂdlf'_lll'
#-i Motions
" Forces Appearance
-- Elements Info
w0 Measures Measure
w1 Design Variabl
-- Simulations Copy
-1 Results Delete
B0 Al Oth
#! Fenarme e
(Delactivate
Hide
i Rename |i|
Object -pendulum JOIMT 1
New Name I_pendulum.piuut @
@ oK | Apply | Cancel
ADM701, Workshop 6, March 2017 WS6 - 8 MSC
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Step 7. Create Tracking Measures

[ pint Measure 2
2 Joint EXARBNZ A: @ Joint M (@)
a. fi& Model Browser $XE| pivot HHBAEE, | | Measure Name: [ pivot_force_x )
i #5:% Measure. Joint measure REEN || (oo
EHIR. '
b. E*ﬁ'@'p‘jﬁ%“iﬁk Characteristic: |F0rce j
+ 7£ Measure Name X =5 HR%i A
pivot_force_x. Component: | X © Y © Z " mag
« & Characteristic 3% %E & Force, i
£ Component ##£ X. From/At: & pendulum MARKER_4
- Select Apply. C ground.MARKER_5
« SR From/At FiRiEM Marker 28 Orientation...
A £
7]-\ Egndulumﬂ’]. . Represent coordinates in:
. FESRAETHRY Create Strip Chart &
14
5E‘I]§J0intJ:Y_ﬁﬂEq§jj: Iv Create Strip Chart
a. %J:jiéigﬁﬁii’ﬂﬁlﬁ, REEIMEEMH S )
TERR: AN oK Appl Cancel
« 7 Measure Name XFHREIA \ & |ty —

pivot_force_y.

[ Component EE y @ pivot_force x (b) _ % @ pivot_force y (&
1.0 1.0
Time: 0 —Current | Time: 0 —Current
0.5 0.5-
%850 05 1.0 0@ 05 10
ADM701, Workshop 6, March 2017
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Step 8. Create a Reference Marker

B ZEMarker:
a. £ Bodies ZH 5818

Construction #R@E#
Marker tool.

b. fEMarker TEF{EEIHETE =2
1#E1ZE Add to Ground 0
Global X.

c. EH2E6HE 600,0,0 154
Marker I E, SEZHER
#®RAH2% A 600, 0, 0.

d. RS TE ground, i
$kZ|7E ground TEIRY
MARKER_6 2 EhE8 5 1E
Rename.

e. £ New Name XF AR
MARKER_6 2k
angle_ref, i 2h¥ OK.

ADM701, Workshop 6, March 2017
Copyright© 2017 MSC Software Corporation

Bodies  Connectors | Motions | Forces | Elements | Design Exploration | Plugins | Machinery | Simulation | Results |
$2000 B¢, - @A @ L @ BT S
sauag B89 N\ 4% &4l @ N9 8
Solids Flexible Bodies Construction Booleans Features

Geometry: Marker
|A|:||:| to Ground j
Orientation @ L @
| Global XY Plane M ' r h

ﬂ Rename |i|

Object -pendulum.ground MARKER 6

Mew Name | -pendulum.ground.angle_ref Cej

@ Ok | Apply | Cancel
WS6 - 10 MSC ASoftware




Step 9. Create Angle Measure

BiaAaESal:

a. 7£ Design Exploration &%
BEANELEE Measures 2/
Create a new Angle
Measure.

b. £ Angle Measure TE%| 24
g Advanced.

c. 7£ Measure Name XA}
#iA pend_angle.

d. 7 First Marker X5 R EHEE
A, EIE Marker ZHE Pick.

e. fEpendulumiyfis, BhERHRE
B2 Bk AR TR A B9Marker,
2552 pendulum.cm .

f. 7 Middle Marker 3X=F 5 122k
BHHE, E1E Marker BHEE
Pick.

f. 7£ Joint inBHEEG #E (FE Bk
BRMT T AT A BIMarker, BhiE
Marker_1 .

a. ¥t Last Marker XF 5 IRELE
A, EIE Marker ZHEE Pick.

f. EHREPELER T ZIH

angle_ref
g. ¥ OK

ADM701, Workshop 6, March 2017
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Bodies = Connectors ] Map> ] Forces l Elements  Design Exploration — Plugins ] Machineryl Simulation ] Results
- WaXfe &= H |@© & & 15 SN
&7 =
- A T ) - -
AR®fnkl|| & (O =" - &
Design Variable Measures Instrumentation Design Evaluation Insight Explore
Angle Measure:
e

Advancedg : )

ﬂ Angle Measure

Measure Mame: |pen|j_ar|g|e @

First Marker:
Middle Marker:

| pendulum.cm

MARKER_1

angle_ref

Last Marker:

Text
FParameterize >

.pendulum.pendulum.cm k¥

Browse. ..

Guesses  »

Create

[v¥ Create Strip Chart Ficld Info N
.3_{ 0]24 Apply Cancel
WS6 - 11 MSC ASoftware



Step 10. Set Up the Initial Conditions

BRE
A EME M WIIRIEY 6, = 30°
1R E I8 &4 6, = 300%/sec :

a. RERBHEHE Joint THY pivot Bh
B, 1258 Modify. Modify joint
REMNEHIR.

b. BLE Initial Conditions.

c. ¥ Rot. Displ. IR Rot. Velo.#3$T4), i
DRITEXFH BB A
« -30.

« -300.

d. 7£ joint initial conditions R &5 2HEE

OK.

e. £ modify joint tR &5 2HE OK.

ADM701, Workshop 6, March 2017
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) Modify Joint

OIS

Name | pivot

First EDd‘y’| pendulum

Second Budy| ground
Type| Revolute j

Force Display| Mone j

(b) itial Conditions._.
PEd
i];" Wﬂ‘ ;;HN

Impose Motion(s)...

Apply | Cancel |

DK(EJ

WS6 - 12

) Joint Initial Conditions | =

Joint Mame | pivot

[~ Trans. Displ |
[~ Trans. Velo |

% Rot. Displ.  |30.0 (C)

¥ Rot. Velo.  |-300.0

@G}{ | Apply | Cancel |
MSC ASoftware



Step 11. Verify Your Model

LrEer LRk
a. £ Status bar A IHEKE

Information tool stack(Z £

B &+ —1{Ei) AEEE

Verify tool(E & 7 ik 4

3)

- AEEEH—{Ewarning®:
the initial conditions for
the joint position does
not match the design
configuration. i& 2 ;&
=AY,

b. FARARE

ADM701, Workshop 6, March 2017
Copyright© 2017 MSC Software Corporation

Ol EHu P8 () @

| Information | =

.pendulum
Apply | Parent | Childmn| Modify |~ Verbose Clear Read from File SavetoFile | ;Iase

VERIFY MODEL: .pendulum
1 Gruebler Count (approximate degrees of freedom)
1 Moving Parts (not including ground)
1 Revolute Joints

1 Dagreas of Fresdom for .pandulum

There are no redundant constraint egquations.

Modal verified successfully

WS6 - 13 MSC A Software



Step 12. Run Simulation and Determine
Components

7\
W Simulation Control 52 |File Edit View Plot Tools Help @ @
i 7HAE Wap] glvfp sieen iy RAREIEEY L on o[ Ede
C o ope: in: ax: g - of Foints:
a. #AT—{E 2 # 100 HHIHEH. ey €Y m (S @ Ll ol bl M | |
Sim. Type: Default 2 : E:g::; e
To determine the global components (x, A o
y) of the initial force supported by the [No Debug 7]
. 5 1000
pivol. 1 2] e !
b. 7Epend_angle EAIERAIZ O RE ~ = < o
Eﬁz, ?EEIJ P|Ot SChtl, jtig?% ¥ Update graphics display
Transfer to Full Plot. (3R t—1& G el .
B| & B4 +=
workshop—#x) B & H = erter [ |
_1 imulation Settings... v 00 05 10 15 20
c. Adams PostProcessor FA & H 5. Sl | ——— —
d. &#F Plot Tracking.
e. BRI t =0 HLE.
f. EBIRYMHE.
g. ¥ T 580 Source A Measures. "
ata a
h- ﬁﬁ Measure gl]ﬁ&*g Simulation Measure v Surf
prOt_force_X. pend_sngle Add Curves |
i ﬂ%E{E“E"] Surf ?T’.LU . m | Add Curves To Current ~ |
Clear Plot |
Independent Axis:
4 f+ Time  Data
Source | Measures
Filter *
ADM701, Workshop 6, March 2017
P WS6 - 14 MSC A Software
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Step 12. Run Simulation and Determine
Components (Cont.)

X ¥ Slope: RME # of Ponts
o0 1 TN 35{'331 33 15-5'5 0.335 211805 loh}
«-| fpendulum dulu
. @ EZ = _ I pendulum
J- HEEBE t=0. page_t 30

™ * [pags_2 [ =il tores 1]
k. FBERYE 200
l. 1% Measure 3I|FK:&1E
pivot_force_y. AT / .
oo —

m. #ERZE t=0.
n. BEEYE

=108

)

Hame Filter i &0 0

- 0 (i 12 10 1.5 0
Analysis. Ladl_Run Tirrsh (29} 2016-00-06 15756

Force {newlon)

da Edt View Plot Tools Haslp
Plotting 'J- R LA HP - A l"t;[ﬂ@ﬁ: . 2 [ T a

Hopa Bl F-:lfl'cn in
M S5TFe | 01T Lo X ¥

A 'ﬁp-!'!dl.l"w"! I-l"‘-#\.ll

J-J-
aso
g n-o*_?
5.0
as.0
§ 1m0
£
E e
E-
E
%o
8.0
oo
r Filtor

gurre I i Y
- i T "
Anyabysis. Les M 0 Tumaised) 043
Dwts | stk |
Bamuilatson u
PGl Fasss —
Acd Curves To Cuiment_~
Indapanden Axia
] i & Time © Dwa
Sowrce | Massures =]
IIIII *
Pl Buatister & Haaple cufvas wilh eadude oF Bitiw lepd Pyl and diag ion Gislance © sloulainins Fraap Z of F

ADM701, Workshop 6, March 2017 i
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WORKSHOP 9

LIFT MECHANISM I
R

Mount with
respect to base

Boom with
respect to
shoulder

e
Bucket with
respect to boom

Shoulder with
respect to mount

ADM701, Workshop 9, March 2017
Copyright© 2017 MSC Software Corporation

WS9-1

MSC



Step 1. Import Model and Constrain Parts

E AT
a. BN E #EIE Existing Model.
b. ¥ T{FE ST Fixed Joint (d)
exercise_dir/mod_09_lift_mech_2.#2 Use File .
Directory as Working Directory BT &£z, ConBIMEtion: ' s
c. f¢ exercise_dir/mod_08_lift_mech_1/completed $k |2Boties - 1 Location ) |
2| lift_mech_|_completed.cmd $TE. | Normal To Grid g y T
First  [Pick Body |
18I SR AR Second |Pick Body |
d. FF Fixed joint # base EE7E ground.
« 1f Connectors {Z# H T2 Create a Fixed
Joint
o FEEREMTERKRE
o 5 PLEE Bsae EEHEE ground, B REZEEEME
Base.cm
e. F|HA revolute joint # mount EEZF| base: ! ’
« 7& Connectors {Z# E T 242 Create a Revolute @ .
Joint =
- {EFTEE%H 2 Bod-1 Loc = ]
- I Normal to Grid & Pick Geometry Feature. e I
- JBhEE Mount BEHE Base, EIE Mount.cm {4
EEHE. 3
. 5%1%1{@;53 Global yA M TF1THILIZEH1E A TeEE 5
Aj.
ADM701, Workshop 9, March 2017 WSO - 2 MSC
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Step 1. Constrain Parts

a. #|F revolute joint #
shoulder E%E %] mount :

« FIA Normal To Grid.

o $cBhZEshoulder, E:Mount,
HEMount.cm.

b. F|A translational Joint ¥

boom EXE %! shoulder:

- {#F Pick Feature.

«  %E5E boom, Eh shoulder, ' e " @
28 shoulder.cm, R B8 —
fEEd global XA [ FATRI A z
EEEEA M. X

c. FIMA revolute joint #§ bucket |

EE %I boom : Pt

- FIFA Normal To Grid. )

o EEEMEIRENME AT _
I BRI E ) gran

ADM701, Workshop 9, March 2017 WS9 - 3 MSC A Software
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Step 2. Verify and Simulate

To verify your model:

a. 7t Status bar HEELE
Information tool stack, ifi ;&%
Model topology by
connections, FiEMpart@%&
BB E LT

b. #EITIEHE

ADM701, Workshop 9, March 2017
Copyright© 2017 MSC Software Corporation

W Information @

Apply J Parent ] Ch:ldren] Modify II— Verbose Clear ‘ Read from File Save to File Close
| E
| Topology of model: 1ift mech

Ground Part: ground

JOINT_1 connects ground with Base (Fixed Joint)

JOINI_2 connects Mount with Base {Revolute Joint)

JOINT 3 connects Mount with Shoulder (Revelute Joint)

JOINT 4 connects Shoulder with Boom (Translaticnal Joint)

JOINT 5 connects Bucket with Boom (Revolute Joint)

&5

"
"\_I_/'

WS9 -4

MSC A Software



Step 3. Add Joint Motion

18 nJoint Motion:

a. SEFIRAMERAEFAMrevolute _
joint #1317 Rotational Joint =Sl HOR2 ' f;; k
H@

Part: hount 3 Bodies l Connectors | Motions

Motion (A) EFREM --BlendFeature: BLEND 1 3
Translational Joint #3L ~Marker: MARKER_23 4 E
translational motion (B). ~Marker: cm > Joint Motions || General Motions
- THEIAEEIEER --Marker: MARKER_25 v
HEEE Modify JRIEHE ~Marker. MARKER_2 b ] _
{& Motion . et Bece » 4 Joint Motion %
--Marker: MARKER 24 3
. - Name IMOTION_mountb
s F _mountbase
b. #%:E# mount Ik base #9 Block: BOX_1 X |
revolution joint BJmotiony St el , Joint |JDINT_rnnuntbase
Functionf&t{ 4: ' .
- --Marker: MARKER_25 C Joint Type |remlute
« D(t) = 360d*time _ -
~Cylinder: CYLINDER_3 g Direction | Rotational j
Jaint: JOIMT 3 r . .
- Define Using | Function j
Joint: JOIMT _mounthase Select
Motion: MOTION mounthase m Function (time) @| 360.0d * time J
“iew Control Appearance
Info
Measure
Copy Type | Displacement j
Displacement IC |
Delete
B Velocity IC |
(De)activate
Hide ﬁ OK | Apply | Cancel
ADM701, Workshop 9, March 2017 WSO -5 MSC A Software
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Step 3. Add Joint Motion (Cont.)

#:&$% shoulder ER mount #] revolution joint fmotion
B Functionf&ti A:

. D(t) = -STEP5(time, 0, 0, 0.10, 30d)

#:& % boom ER shoulder # translation joint fmotion
B Functionf&ti 4 ::

. D(t) = -STEP5(time, 0.8, 0, 1, 5)

* Note: if arm is angled downwards, remove (-).
Right hand rule.

# 1 #% bucket ER boom B revolution joint Bgmotion#
Functionf& 4 ::

« D(t) = 45d*(1-cos(360d*time))

ﬂ Joint Mation

=

Name
Joint

Joint Type
Direction
Define Using

Function (time)

Type
Displacement IC

Velocity IC

oK

MOTION_shouldermc
Shoulder_to_Mount
revolute

Rotational -
Function -

-STEPA(time, 0, J

Displacement -

| Apply |

Cancel |

ﬂ Joint Mation

P

Name
Joint

Joint Type
Direction
Define Using

Function ({time)

Type
Displacement IC

Velocity IC

oK | Apply |

MOTION_boomshouli
Boom_to_Shoulder
translational

Translational -
Function -

STEPS(time, 08 |

Displacement -

Cancel |

W Joint Motion

P4

MName
Joint

Joint Type

Direction

Define Using

Function (time)

Type
Velocity IC

oK

Displacement IC

MOTION_bucketboor
JOINT_bucketboom
revolute

Rotational -
Function -
45d*(1-cos(360d* ---

©

Displacement v

| Apply |

Cancel |

ADM701, Workshop 9, March 2017
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Step 4. Run Simulation and Export

lit_mech
a. HET—@E 17 100
.

b. F|A File > Export &
H .cmd #E.

v

gravity

ADM701, Workshop 9, March 2017 i
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Step 4. Run Simulation and Export (Cont.)

THEIESHEE

ADM701, Workshop 9, March 2017
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WORKSHOP 14
SPRING DAMPER

BE /24 NE
R HE Rt
7

F 9
M. 187.224 Kg
K: 5.0 N/mm

K - |IC C: 0.05 N-sec/mm

L LO: 400 mm

FO: 0

ADM701, Workshop 14, March 2017 WS14 - 1
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Step 1. Create, Build and Constrain New Model

To create a model:

a FEBCOREIGE New Model 2 | - -]

BMTEBHRES Birowse ] Groups ] Filters l

exercise_dir/mod_14 spring_ = Bodies

damper. +$I . Madify W Modify Body [ = |
b. BiI%A spring_mass RIS, cikal Appearance Body |b|oc:k

Info Category |Mass Properties j

To build and constrain the model: Measure Define Mass By | User Input -
c. HATEEZRX/D, EEEMEREIL Copy Mass | 187 224 (:5

— @R, 4 A block, MR Delete x| 1.6797024988E+006 [ Off Diagonal Terms

BEA 187-224-‘( E*ﬁiﬂﬁ‘iiﬁ Fenarne |W’m

fEblockBhA 82, &;%M;d”y 5 (De)activate Izz’m

Define Mass By %7 & User i

Input, ﬁ&?jﬁﬂ"]M&SSI?jﬁ S :Cler:.er;ffl\flass M:quir Ihlock.cm

iﬁﬁﬁjkl87224) aKe XA al{=] nertia ~.ererence arker

d. {#F Translational Joint f[EB%! &
B R BE#E global y A RS ED.

0K ‘ Apply | Cancel

Bodies | Connectors l | - I —

8 DY ¥ O

5 -
W lla @ =0 @ -
Joints ' '
(-]
ADM701, Workshop 14, March 2017 WS14 - 2 MSC A Software
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Step 2. Add the Pre-defined Sprlng Damper

To add a pre-defined spring damper: ) v
a. FRFBETEWorkshopRrsEaY, % by
Working Grid#4 R EF2 E1 E block# : . gravity
cm. e .
b. 7 Force {2 E##XF| Flexible ' R i
Connection 2] Create a -
Translational Spring Damper d
c. TEBKHAY Spring TEH| 2@ K. ' o Ca:J‘ ' i
CHT4), i% Bl A58R0.05 I — - TH
d. %43 block.cm ¥E4 Spring #1—1{& “II
s | it
. {EfERZZE MM Location OR= srng i
Event. ﬂ LocationEvent | X | Direction: i
f. 38 Rel. to Origin kA Rel. to ||:|_|:|, 400.0, 0.0 @ Hine-OFSight ii:
H Construction: ]
(irld . BE gt 0 e — o] AL | Rel. To Grid h 2 Locations ' ; I! !
g. A 0, 400, 0 fE&EZERE — @R | @ @ [ il
%’j Properties: . . II. yravity
h EE A I v Kz ] i rawl
- =2 APPLY. Apply Cancel | velos : :

ADM701, Workshop 14, March 2017
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Step 3. Find the Force in Spring Damper at

Static Equilibrium

To find the force at static equilibrium:

a. #EIT—REFREMEHE, 7£Simulation
ControlfRE& R, #% Sim. Type:#EiEA
Static, fit% Play.

b. MRIBFEELZABETHRFTIHE, &2

£ Settings il 262 Force Graphics.

#% Display Numeric Values $T4).

c. fig/, BERIFRIFIEEREF.
HREREHE T ESEHER:
187.224 kg * 9806.65 mm/s?2 =
1836.04 N

ADM701, Workshop 14, March 2017
Copyright© 2017 MSC Software Corporation

ﬂ Simulation Control | 28 |
(| = | ) Sl v
[EndTime  ~|[2
| Steps j ‘ 50

Sim. Type: ‘ Static @ j

[ Start at equilibrium

[ Reset before running

|NUDebug j
) A ) b= P

Iv Update graphics display
% Interactive  Scripted

(=3l = =

Simulation Settings._.

H_:H

k2

@5.0402@@

WS14 -4
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Step 4. Run a Simulation and Create a Measure

B =

a. T£ Design Exploration 12 5 &
HMeasuresT, 2h:& Create a
point-to-point measure

b. HHIZM T EEHELE
Advance, #§Measure name %
A spring_length, To Point &
£ MARKER_6, From Point;#
£ block.cm. 20K

c. AT 2%, 508 OB H#E.
« Spring_length Z8I7E t=0 B
FEZ%EE R % 400 mm.

W Point-to-Point Measure |i
7\
Measure Mame: | spring_length @
To Point: | MARKER_6
From Paoint: |h|ock_cm

Characteristic: |Trans|atinna| displacement j

Cartesian ~

Component: [© X &Y © 2  mag

Represent coordinates in:

¥ Create Strip Chart

5‘2 OK

ﬂ Spring_Length

® )

% Simulation Control

I« = | )

[EndTime  ~|[2
| Steps j | a0
Sim. Type: ‘Dynamic j

[ Start at equilibrium

I Reset before running

|N|:| Debug

13

™| £| ) =

v Update graphics display

t+ |nteractive © Scripted

==

[1
o
L_n;.‘

Simulation Settings__

1150.0
Time: 2700 —Current: 947
775.01
400'8\?0 1.0 2.0
ADM701, Workshop 14, March 2017 WS14 -5
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Step 5. Find the Natural Frequency

FEEREER. ;
a. ﬁﬂﬁ_;ﬂ static i Simulation Control 28 El Dueston - u
equilibrium simulation. _lJ_l _I v

Z:E reset. I End Time j I 2 U
c. fE£Simulation Control & [Steps B

$E| Compute Linear T T [ static -

Linear modes done. Review results now?

Animate Show Table Mo

Modes tool. [~ Start at equilibrium
-
d. & Show Table. [~ Reset before running
E%H:Il H’]*ﬁ%’?ﬂﬂﬂﬁgﬁﬁ? IND Debug
a ln\fﬁ$ @ I-._ CD ' Information |i|
; é j |natura|
Apply | Parent | Childrenl Modify ||_ Verbose Clear Read from File Save to File | Close

¥ Update graphics display @ SICEN VALUES (Time = 0.0)

. [ Scripted FREQUENCY UNITS: (Hz)

&; £ | Ho:H + = Nu“;giu mmcy Dx;gs REAL IMAGINARY

E' E i | 1 B8.224782E-001 2.583B891E-002 -2.125194E-002 +/- 8.222035E-001

Simulation Settings...
ADM701, Workshop 14, March 2017
P WS14 -6 MSC A Software
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Step 6. Save Your Work

« To save your work:

a. 714 .cmd
b. E8BEH Adams View.

ADM701, Workshop 14, March 2017
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WORKSHOP 15

NONLINEAR SPRING
JFiRTEEE

ADM701, Workshop 15, March 2017
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%
A
M. 187.224 Kg
K: 5.0 Nfmm
K t——,C C: 0.05 N-sec/mm
L Ly 400mm
Fq: 0
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Step 1. Import File and Re
Spring Damper

To import file:
a. fEAdams#l R mEELE Existing Model
WERTE T B 8%

exercise/dir/mod_15 nonlinear_sprin

gs.
b. I BARALAS

nlace the Predefined

spring_mass

Browse leups ]Filters ]

-

Bodies
Connectors
Motions
Forces

evvesees [T oo [ o [ )

g gravity

] -

Bodies ] Connectors ] Motions | Forces

€ @ e
& B

Flexible Connections

Q@ (e

Applied Forces

= SPRING

exercise_dir/mod_14 spring_damper/
complete B9 spring_mass_completed.

I B& =% 7E 3789 pre-defined & [EE, BT
user-defined IR 4EZPEIE:

d. 7 Model Browser >& 22
SPRING_1>Delete, M} /R A HIEZEE

e. Tf Forces 2. H, ZhEE Create a single- '

{ SFORCE_1
[ ¥
ity

MWodify
Appearance
Infao
hWleasure

Copy

Delete

Renarne

(Dejactivate
Hide

Component
s

f. ¥ Run-time Direction %X%E A& Two
Bodies

g. ¥ Characteristic REA K and C

arav
] l ?7‘Z=T><

h. #KECHT4H), 7 5l& A5.08R0.05

i. T RIBEEE block IR groundE& AR HEND
RIRE, SR1ZBEEE block.cm IR
ground.MARKER_6 14 H#9/F FHE,

ADM701, Workshop 15, March 2017
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Force

Run-time Direction:
|Twn Bodies j
(Line-of-Sight)

Construction:

2 Bodies - 2 Locatic

Characteristic:

Kand C (!i)

¥ K |5 fm

#cloes

MSC



Step 2. Measure Action-Reaction Force

R GHE R R RN
SFORCE_1, ;&£ Info. 18 &%
EfunctionFMEATEE ~HY B &
& Section 14, slide 7 Ba—
¥k, FAMR 7 3% T BB IEK
and C Adamsii & B Eh&E F 1M
B 175 @function, EMER
HAaf LI B A.

EEREE LR
SFORCE_1 ;#1Z Measure.

B —{E%4 %A spring_force B4

=8
. Characteristic %4 Force
Component %24 mag

;_ﬁ 2%, 505 HIIRER, HRAE
EENER.
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| Spring_mass j
Browse lGrnups ]Filters \

+- Bodies
+- Connectars
+-1 Motions
- +Forces

Modify

-9 | gravity

Appearance

Info
Measure
Copy
Delete
Rename
(Dejactivate
Hide

| SPHng_Mmass

Browse lGrDups ]Filters ]

-l

+- Bodies
+- Connectors
+-1 Motions
- +Forces

9] gravity

® [ SFORCE 1

=

Wl Single Component Force Measure

Measure Name:

SFORCE:

| spring_force
| sFoRcE 1

|F0rce

(c)

Component: cCXCYcCze@ mag@

Characteristic:

L]
..
: & Mass_187_224kg MARKE Y EI
From/At _187_ q Pastran
" ground MARKER_10 = -
tation... . .
m v Update graphics display
Represent coordinates in: . B
f+ Interactive © Scripted
Bh| £ +=
= B B
Iv Create Strip Chart
Ta Apoly — | Simulation Settings._.

|1

W Simulation Control

K =] JJ
|End Time j|2

Default -

[ Start at equilibrium

Sim. Type:

[~ Reset before running

|ND Debug j
A == b

WS15-3

Modify
Appearance

Infa

Measure

Copy
Delete
Rename
(Dejactivate
Hide
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Step 2. Measure Action-Reaction Force (Cont.)

a. G RIEETFIE, &5 linear_force.

b. TE&RERIEIEE spring_force ¥ Spring_Length BI[E. rﬂ P———— T
ALUFRRIMELRRZEIFEFENRS, BEERAFHEHEMRR. —

=]

e
¢ = | ) 5| v
| End Time MIE
| Steps j | a0
Sim. Type: | Default j
- [ Start at equilibrium
4000.0 PR _
@ [(———spring_torce:Spring_Lengt [ Reset before running
| | Mo Debug j
3000.0 I-‘_ I-IP_ E
i M J N T |C Dl
% 2000.0 % | :‘I M
) ¥ Update graphics display
1000.0 @ Interactive © Scripted
Bh| £a| | 1=
@ =] | A
0'(-:;:-::.-:- 560.0 700.0 350.0 1000.0 1150.0 Simulation Settings._.
Anzlysis: Last_Fun Length {mm) 20180509 15:38:27
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Step 3. Change to a Nonlinear Spring

BETREMELREEZEEERAIFRIEESR. — .
File Edit View Settings Tools

EEA JE{RTEEZERE: Mew Database Ctrl+N
a. & File 2##Z Import. Open Database  Ctrl+0
b. HTFRIBRBEIFHE, BIE OK. Save Database  Cirl+S
File Type: Test Data Save Database As...
« Create Splines
* Fileto Read: Export...
exercise_dir/mod_15 nonlinear_spring/spring_data.txt .
Print... Ctrl+P
* Independent Column Index: 1
« Units: Force Select Directory...
« Model Name: .spring_mass Exit Ctrl+Q
+ “Names in File” 4 n .
_ , " TE*T’U . wd File Import @ | 25 |
c. EEA%R, AT EIAIEIements > Data Elements Tk E
SPLINE 1 File Type | Test Data (%) -
f* Create Splines © Create Measures
File To Read ‘ D:\DocumentationAdm701_2016\adm701_ex
Independent Column Index ‘ i
Units ‘Fnrce
Maodel Name ‘_spring_mass
[ Mames In File
0K | Apply ‘ Cancel |
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Step 4. Create Spline

a. MR Data Elements AR ELEE Modify BARY

SPLINE_1

b. BESPLINE_1MAE: FRARMBERAE LA View

as 4 Plot

c. HEEIBI Forces AHEELE Modify BARY
SFORCE_1, 4% Function #tiA A =@/NEAE

N

d. INEFTREA AKISPL AT

| SPring_mass j

Browse IGrnups \Filters \

+-- Bodies

+-- Connectors

+- Mations

+-- Forces

=i Elements

. -+ Data Elements

a

Appearance
Info
Measure
Copy
Delete
Renarne
(De)activate
Hide

wdl Modify Force

MName
Direction
Action Body
Reaction Body

| SFORCE._1
| Between Two Bodies In Line-Of-Sight j

| Mass_187_224kg

|grnund

W Function Builder [ =

Define a runtime function " Full names & Short names ¢ Adams ids

—AKTSPL (DM (MARKER 10, cm)-400, 0, SELINE 1,0)
+0% (-5 (DM (MARKER_10, cm) -400)+0)

Math Functions d xt|

Define Using | Function F pa N The I and J markers in the DM
Function rUU.U}-U.US*VR(MARKER_S.MARKER_1I.']} 250 function
B e Sotymemiat might be different in your model.
Salver ID | 1 z?i; Getting Object Data
. - DIM |Markers j‘
Force Display | On Action Body j e . i O N
[EJ:[I i:::i::nzi:ezuiﬁ j Plot Plot Limits... Verify
oK ‘ Apply ‘ Cancel ‘ ok ‘ ponly | canca |
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Step 5. Compare the Forces

rﬂ Simulation Control | X .|1

ERIR MR E R R ML
o AT 28, 50% MENIE AL RERE E R IR AN, (| = | )| S| v
b. ¥EHEERTFEIES non_linear_force. v gl
c. HTFIIMERMEE: e : ©

+ spring_force vs. Spring_Length # linear_force simulation | Steps MIE

« spring_forcevs. Spring_Length £ non_linear_force Sim. Type: |Defﬂu|t j

simulation

[ Start at equilibrium

[ Reset before running

| Mo Debug j
| £ ) b= |
+, ) +, ) D
BO00.0 N
L]
@ i —linear_force ; spring_force: spring_length f\r—\ I"n
= =non_linear_force : spring_force:spring_length ; Maztan
0000 - _ _
Iv Update graphics display
~=+40000 ¢ Interactive © Scripted
(=]
530000- ﬁ" ’1 ; +-
PO ' = - =t ", M
[
[=] - - .
Tg— mulation Settings...
i N
10000 1 A
ﬂ Save Run Results | 2 |
00 . . . . . . . MName: |nnn_|inear_fnr|:e @
4000 £00.0 &000 10000 12000
Length {mm) [ Auto-Increment Name
OK | Cancel ‘
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WORKSHOP 16

SUSPENSION-STEERING SYSTEM Il
LI

ADM701, Workshop 16, March 2017

Copyright© 2017 MSC Software Corporation Welb-1

MSC



Step 1. Import Model and Run a Baseline

Simulation

BEAMEE!:

a. TGS mEERE Existing Model #
TEB#RER
exercise_dir/mod_16_susp_steer

2.

b. BARY susp_steer_2_ start.cmd.

HEIT— REMRIEE, FAFHjointiZ 0
HR4A:

To run a baseline simulation:

c. f#iZsteerwheel motionfJfunction2
81 0° (Displacement(time) = 0d).

d. #4171 # 50 & IIEHE.

e. HEERERERES with_joint.
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ﬂ Joint Motion

[ = |

Name
Joint

Joint Type
Direction
Define Using

Function (time)

Type
Displacement IC

Velocity IC

oK | Apply |

| steerwheel_mation

| strwheel_body_rev

| revolute
| Rotational j
| Function j

CRON

| Displacement j

Cancel ‘

ﬂ Save Run Results

7N\

Name: |withJDint

&)

[ Auto-Increment Name

oK

| Cancel |

ﬂ Simulation Control

|"\

(| m| )|

S|

| End Time MIE

| Steps j | 50 \d/

Sim. Type: | Default j
[ Start at equilibrium

[ Reset before running

| Mo Debug j

1| £| &) b= | Bl
v Update graphics display

f+ Interactive © Scripted

H “:H =

p=ii=ll 2

Simulation Settings...
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Step 2. Deactivate the Revolute Joint

#Irevolute joint.
To deactivate the revolute joint:
a. EREEERT
lowerarm_grnd_rev B 5.
. E1E (De)activate.
c. 3 Object Active FI3TAIEH.

d. FEAEEE QL BR A L RE R AR
.
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| .steering_suspension

-

Browse  Groups ] Filters ]
+- Bodies 1=
- Connectors

~difrck_body trans
- §# strshft_body_cyl
~g@intshft_strshft_ho
~g@strwheel_intshft_|
— @ strwheel_body ra
~ @ JOINT 11
~ 48 JOINT 10
-~ difestrt_upper_lower |
~ g strtuppr_gmd_ho
- 9 strtlwr_lwrarm_sp

- 9 lwrarm_spnd|_sp
- 9 upperarm_spndN
-~ @ upperarm_grnd_r¢

“ @ body_grnd_fixed

7 lowerarm_grnd_rev

Maodify

Appearance
Info

Measure

Copy
Delete
Rename

Browse

| .steering_suspension

Groups l Filters l

3.

Bodies

Connectors
~diFrck_body_trans
- @A strshft_body _cyl
~gintshft_strshft_hook
~gstrwheel_intshft_hook
- é@strwheel_body rev
g JOINT 11
- @ JOINT_10
~difstrt_upper_lower _trans
~g@strtuppr_gmd_hook
- 8 strtlwr_lwrarm_sph
- @ lwrarm_spnd|_sph
- @ upperarm_spndl_sph
ghupperarm_grnd_rev

wera rm_grnd_rev
- (§ body_grnd_fixed

i Activate/Deactivate

Object:

I Object Active (C)

Ok

| Apply |

| .steering_suspension.lowerarm_grnd 1

[ Object's Dependents Active

Cancel
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Step 3. Create Bushings

7£ Lower_Arm IR ground Z & 3Ibushing.

To create bushings:

a. {# Forces 2% E, ;#127% Flexible Connections #£89
Bushing.

33 % A #bushing, £ T E#:E#E 2 Bod-1 Loc, Pick
Feature:

First Part Z£ R & 26:& Lower_Arm
Second Part 7R & E5E ground
Location fERE2:E HP4

Direction Vector (+z axis) £t & Eh
£ .Lower_Arm.bushing_ref B Z-direction.

=

-0 oo

Tip: To easily find the marker .Lower_Arm.bushing_ref,
find and select bushing_ref under Lower Arm tree in the
Model Browser, which will highlight it in Adams View
Model.

ADM701, Workshop 16, March 2017
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Bodies | Connectors ] Motions | Forces

3

w4 G © o
cCa T5E

Applied Forces Flexible Connections

Bushing

Construction:
2 Bod-1 Lo v
|F'i|:k Feature j

Properties:
K

-
KT
-




Step 4. Modify Bushings

ARE B THIIBUSHING_1 BiA#H:EEModify, AN TEMNSE:

a. K translational
b. C translational
c. K Rotational
d. C Rotational

ﬂ Modify Bushing ... | )

Name | BUSHING 1

Action Body ‘ Lower_Arm

Reaction B&dy‘ ground

Translational Properties (x,y,z components):

Stifiness| (7 5e3).(7.5e3),(1.25e3)

Damping‘ 10,1010 @

Preload| 0.0,0.0.0.0 (b)

Rotational Properties (x.y,z components):

Stiffness | (2 6ed),(2.6e4),0

Damping| (2 6¢2),(2.6¢2).0 @

Preload| 0.0,0.0,0.0 (d)

Force Display‘ On Action Body j

= ] &l

OK | Apply | Cancel |
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Kmatrix Cmatrix Preloadmatix
7563 0 0 0 0 0 1000 0 0 0 0 n

0 7.5e3 0 0 0 0 0 10 0 0 0 0 0

0 0 1253 0 0 0 0 0 10 0 0 0 0

0 0 0 2064 0 0 0|0 0 262 0 0 0

0 0 0 0 2.6ed 0 0 (0 0 0 2.6e2 0 0
o0 0o 0 0 0] 00 0 0, 0 0 0
Translational K Rotational K Translational C Rotational C
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Step 5. Create Bushings-2

EEBEIS—(EEEEBuUshing:
a. First Part ZEtR & B5:#E Lower_Arm
b. Second Part FE#R & 25:%E ground
c. Location 7EtR&E 2EE HP5
d

. Direction Vector (+z axis) FE{RE
= .Lower_Arm.bushing_ref 8 Z-direction

e. B F—H—KEQRHFEILKIbushing

FET—{Ebushingfy
2%E 2R —E,
EAT REfE R ARE

A B A [a] —
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s Modify Bushing .. (&) [ = |

Name | BUSHING 2
Action Bﬂdﬂ Lower_Arm

Reaction B&dy| ground

Translational Properties (x,y,z components):

Stifiness | (7.5e3),(7.5e3).(1.25¢3)

Damping| 10,10,10

Preload| 0.0,0.0,0.0

Rotational Properties (x,y,Z components):

Stifiness | (2.6e4),(2.6e4),0
Damping| (2.6e2),(2.6e2).0
Preload| 0.0,0.0,0.0
Farce Displaﬂ On Action Body j

= 2| G

Ok | Apply | Cancel |
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Step 4. Run a Static Simulation

To run a simulation:
a. 171 50 & poBhREIESE.
b. #EEHEREIES with_bushings.
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Step 5. Review the Results

70 steering_suspension
To review the results: 1 = —1
6.0 —W!th_mmt :_Tog_.i\ngle
a. BRI Adams PostProcessor. ] = —with_bushing: Too_Angle
b. FIA shift 8, #FsimulationfE#Y o
with_joint LA with_bushing o
fisee 38 5 %]
c. #% source EXE # Measures g *]
= 4
d. 7£ Measure;Z{E Toe_Angle ]
## Add Curves %07
-1.0 4
-2.0 1 —
-3.0 T T T T T T T T T
0.0 01 0z 0.3 04 0.5 0.6 07 0.8 0.9
Time (sec)
Data | Math I
Simulation Measure
O ===
Last_Run (2018-06-15 14:28:23)
7\
Source I Measures kC) -l
Filter [
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Step 6. Save Your Work

- HFE.
a. FIF Export £ cmd 1=,
b. FABAAdams View
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