r Master programmes in English
Wroctaw University of Technology e

at Wroctaw University of Technology

Elements of modeling and simulation
researches of multibody systems

Modeling and simulation of multibody systems
Basics of modeling in MD.Adams systems
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Modeling and simulation of multibody systems

What are the multibody systems?

Mechanisms, machines - cars, airplanes, robots, suspensions, engines,
mechanismes, ...
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Modeling and simulation of multibody systems

Modeling and simulation of multibody systems -

- applications of the theoretical background in designing of machines using
computer aided designing method.

Main problems to solve:

* modeling of machines and mechanismes,

* simulation researches - kinematics, dynamics
* analyzing of results of simulations

* solving design problems of machines

Main target — create and designing better machines using computer aided
methods in easiest ways.
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Modeling and simulation of multibody systems

Knowledge needed to understand modeling and simulation (theoretical
background) of multibody systems:

e structural analysis,

* type synthesis,
 kinematic analysis,
 dynamic analysis,

* geometric synthesis, .
of mechanism and machines.

Main target — to understand physical phenomena in designing and operation
of machines.
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Modeling of multibody systems

Main problems:
to determine number n of bodies,
to determine number p, and i-class of joints,
to determine number W degree of freedom (mobility),
to determine external loads (forces, torques)
to determine motion drivers q,,
to create kinematic scheme and model

of real multibody system (machine).

Theoretical background:

- structural analysis of machines.
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Modeling of multibody systems
- kinematic scheme, mobility

Kinematic Scheme of Excavator

Excavator

s \ W =3(n-1) - 2p, - p,

—  W=3(6-1)-2x6-0=3

Motion Drivers =3=S5,, S,, S;
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Simulation researches of multibody systems

Simulation researches relay on building virtual model of

designing machines and making the kinematic or dynamic
analysis in computer system.

Goals of simulation:

determining parameters of designing machine (power,
velocities, acceleration, forces ...),

solving design problems of machines,
virtual testing of new machines.
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Steps of virtual designhing machines

1. Preparing model of machines in computer design
systems

Making proper simulation — kinematic or dynamic

Analysis of simulation results (diagrams, animations,
numbers)

4. Verifying of correctness of designing parameters:
if parameters are correct go to step 5,

if parameters are not correct change geometric date of
bodies and got o step 1.

5. Finish of virtual prototyping - start creating real
prototype of machine.
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Computer Aided Design System

What Computer Aided Design system?
Finite Element Method Systems
Solid Modeling System
Stress Analysis System
Manufacturing System, etc.

Dynamic Analysis Systems

HUMAN CAPITAL @ oy
i HUMAN - BEST INVESTMENT! Wroclaw University of Technology e
Project co-financed from the EU European Social Fund



r Master programmes in English
Wroctaw University of Technology =

at Wroctaw University of Technology

B W

Dynamic analysis of multibody
system

Simulation and Analysis of Mechanisms (SAM)
MSC.Working Model

LMS DADS (Dynamic Analysis Design system)
Virtualab.Motion

MD.ADAMS
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MD. ADAMS — MSC Software

solution for design
ADAMS — Automatic Dynamic Analysis of Mechanical Systems

MD.Adams is a computer system for modeling and making
virtual simulation researches of plane and space machines
(eg. car, airplane, robots, excavators, suspensions, slider crank
mechanism, ...).

MD.Adams target: designing of machines by
simulation researches.
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MD. Adams — steps of virtual designing

- Modeling of plane and space machines,

- Preprocesing data — create motions driver, loading (forces and
torques, mass, etc.), planning motions,

- Making simulation — kinematic, dynamic,

- Postprocessing data — animations of motions, graphic
diagrams, numeric tables,

- Complex postprocessing — making parametric models,
optimizations.

Designing by simulation researches
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MD. Adams — basics od modeling

MD.Adams is created in different version for computer operation system:
Windows, Linux and IBM Unix. The rules of modeling are the same.
Further information will be presented for Windows version.

MD.Adams is complex computer program built with many specialized
modules. Main modules are:

Adams/View — integrated module for creating models in a graphical
environment and to initiate processes of calculation and results
(postprocessing)

Adams/Solver — module for dynamic and kinematic calculation

Adams/Postprocessor — module for analysis of results (animation, graph,
tables)
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MD. Adams — basics od modeling

To initiate a start of Adams system we should run Adams/View module by
clicking icon on desktop.
e T In the welcome window we can

File Edit View Build Simulate Review Settings Tools Help

choose starting option:
| Create/Open/Import model of
How would you like to proceed? J— . machine Or exit.

& Create a new model

¢* Open an existing database ‘ g When the Option Create a neW

" Import a file

c Ea | model is chosen we need to enter
Slanin]c:\modele\adams , : L . the name Of model, Select the

Model name I model_1

oy [Extma (G ]S direction of gravity and system unit.

Units [ MMKS - mm kg N.s.deg  ~
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MD. Adams — structure of model database

New model is saved in database with name with extension bin.
(eg. model_1.bin). The database structure is given below.

Model_1.bin
(database)
Results of
Model qf _n"_nachine / \ analysis
(definition)
Parts Constraints
Loads -
bodies joints, drivers Postprocessing data
(/ K ) e B Graphs, animation, tables
Geometry Local coordinates systems
(Solids) (markers)
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System MD.Adams has 2 form of interface: Default and Classic.

System MD.Adams has 2 forms of interface: Default and Classic.
Switching between interface views could be done with the top menu
command: Settings-Interface Style.

ET——— R s N, |
W Adams View Adams 2016

File Edit View [Settings Tools [+ Hm{\ A 3

Bodies  Cor  Coordinate System... I Elements } De

The presentation is made for the
with the Classic view.

Working Grid.__
'T. - O Object Position Handle .~ |~ | © N
/& _u Units_.. 42 A
Gravity...
Solid i

MODEL_1

rrrrr

.......

------------

& Measure:
- Design V
- Simulatic  Fonts
i+ Results
@ All Other eometry Options...

sssss

HiP¢4A0®

Default view

Classic view
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MD. Adams — graphical environment

Main Adams window

Main Toolbox

o

-El\e Edit “iew Build Sirmulate Review Settings Tools Help
Mo Model
\_ Graphlcs window

i Text Menu Bar

Points of grid

Axes and origin of

©——— || globalcoordinates

system

Icon of global

/// | coordinate system

=i | [

K T

2%

o
=
=
g | A
=
[

byl
R

/- Status Bar
= @ile
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MD. Adams — structure of command

All operation in Adams system we can make using command from Main Text
Menu or Main Toolbox.

Main Text Menu Commands:

a Simulate — set of command to initiate
and prepare simualtions,

Review — set of postprocesing

Eile Edit “iew Build Simulate Eeview Settings Tools Help

File — set of file and print commands, operation (animatiom, plot),

Edit — set of modify and edit commands, Settings — main settings of system
View — set of command to changing Tools — set of commands to run
way of model view, additional tools,

Build — set of command to create Help — system help and information.
model,
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MD. Adams — structure of commands

Main Toolboxes commands (some icon hides a palette of icons):

7 Main Tuulbnxg] '\ | = SeleCt ) Slmu|at|0n DF EF Ii"
£ - undo, redo = .
h | iz§| -animation - settings of
#1| - change color hics wind
|l - plot graphics windows
[=| - change position M
- Grid Depth
ﬁ} - measure e Cm:t-r-n-.l p - view control Render lcons ‘
=1 || - buiid part x| @ command
. : o ~b~ Q - on/off graphic
w83 < -joint operation
v [, —
L #&)| - motion driver @5 B -standard
O = W S| &, point of view
Grid Depth E % - forces
Render lcons | | d
i HUMAN CAPTAL NE— e
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MD. Adams — building model

Steps to prepare model of machine:

- definition parts/bodies (solids and
geometry, points/markers),

- definition joints between bodies,
- definition loads (forces, torques),

- definition motion drivers.
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MD. Adams — building parts

Part of modeling machine is built of geometric elements (solids)
with mass and inertia. Every part has center of mass. We can
located point of interested (markers) on part.

To build the part To open that |3 P Palette build part
we use command X || palette we need to 0 A|® command.
build part |¢?| 7 m| picktheicon [ 2|  wmlala
from Main Toolbox. N and then click right i\., e
Under the icon is : mouse button. -
hidden palette of | = &. M|
icons. P ®| L
9 ®] %
|G 9
9 BT
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MD. Adams — building parts

Set of commands:

0 3| to create solids (link, box, cylinder,

o a4 d® 5 sphere, frustum, torus, extrusion

o Al D solid, revolution solid, plate, point,

v markers ,

f/'.'\ }" <> ] )

!M» | } to create polyline, arc, spline,

@ ®|©| ] tomakeboolean operation on solid: unite,
| a® %e intersect, difference, merge, split, chain,
U b e | to shape solid: chamfer, fillet, hole, boss,
BB shell.
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Here we choose option: New Part.

Eile Edit View Build Simulate Review Seftings Tools Help
MODEL_1

ORI

R AR
A

To create new part in form of box using B
mouse we choose from Main Toolbox _ |/gax AN

command Box C' New Part -
v Length —
i Dimension of

¥ Height box
_ _ 00 — (we can write
Working zone of Main Toolbox = |5 ... data with or

for every command - appropriate T50 without unit)

form At the last step using mouse we pick in
the graphic window position of box.
Render lcans
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MD. Adams — building parts — position in global
coordinate system

X Adams/View MD Adams R3

— The parts have construction markers (box has one construction
marker) and center of mass marker.
Center of mas marker ' To change position of part we modify location and orientation of

construction marker.

For example we will move part to global xyz location (0, 0, 0) and we
rotate part about 90° along x axis.

To modify data of marker we move mouse to construction marker and
click right mouse button then we choose name of marker and

command Modify to open window with marker data.

Construction marker

. \ A Marker Modify gl
. Y . -
v . Mame [MODEL 1.PART 2.MARKER
LTX GlObal Coordlnate SYStem (axes X, y) L‘“‘./ Location [150.0, 1000, 0.0 "
2 /

= = Part: PART 2 > Location Relative To | MODEL_1
A seleet @3‘ 1.‘ @| ~Block: BOX_1 v

~-Marker: MARKER_T » Select
— " \iew Contral

Curve |

Curve Reference Marker |

FEREER |Tangenl “elocity J |X | [ Z

Infi

Weasure | Orientation j |EI.EI, 00,00

Copy . g

7| Orientation Relative To |.MODELJ

Delete

Rename Solver ID [1

(De)activate v

Hide é{, OK Apply
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MD. Adams — building parts — position in global
coordinate system

A Marker Modify X Location in global coordinates system (x, y, z). We edit
Name [ MODEL 1.PART 2. MARKER 1 _— data and write here: 0, 0, O.
Locati 150.0, 100.0, 0.0 ™ .
e 150, 1000, . Angle of rotation about axes zxz of marker: a,, o, o,.
Location Relative To | .MODEL_{ / We write here: 0. 90. 0
Cume | To finish operation changing position we click Apply and
B then OK.
Curve Reference Marker |
|Tangent Welocity J|}{ | i | 7 | X Ao Vi WD Adars 3
| Orientation ~||00, 00,08 /
| Orientation Relative To | .MODEL_1 /
Salver ID |1 B ,/rf__,_;»”"'#’,’d Tlp
e I If we want to change
_ 1 S point of view, scale we
L can use option View
~l Control from Toolbox.
“iew Control
| 0 2
ﬁﬂslecl ﬂ i‘@‘
EUROPEAN
i HUMAN CAPITAL N— R
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MD. Adams — building joints

Second step after building parts is definition of kinematic joints between parts.
MD.Adams have included library of standard kinematic joint (revolute,
translational, cylindrical, ...) and have tools to create atypical joints.

To build the joint To open that ﬁ 3@ Palette Joints
we use command X | palette we need 5! @ command.
1I:§'>uild Joint |b 7z = to gicrI]( theIiCﬁn = o,
rom Main Toolbox. 1o and then clic
Under the icon is A8k right mouse ’ g@
hidden palette of |2 &, button. & & | w0
icons.
L &
&= B
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MD. Adams — building joints

Palette of Joints:

o | - revolute,

i

=) ﬁ - universal,

o4

% @ - fixed,

d

tﬂ - translational,

F(= )N
N

AN Ak

‘ f - constant velocity,

@ ‘J - cam — pomt curve,

- cylindrical,

HUMAN CAPITAL (3 o
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‘ L

Fevolute Jaoint

- lcon Revolute Joint

Construction: -

|2 Bod-1Loc v

| Mormal To Grid j Parameter for
i First Body | building
Revolute Joint
|Pick Body ¥
Revolute joint — one degree of Second Body
freedom joint. Revolute joints |PickBogy ||| |

provide single-axis rotation
between two parts.

I Render| lcons |F
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MD. Adams — building joints example - revolute joint

Before the definition revolute joint should be created two parts with two
markers. - -

Two construction methods: |
Revalute Jaint 2 Bodies — 1 location

Construction: Construction:

|2 Bod1Loc v | 2 Bodl Loc =

|Nnrma| To Grid j "

First Body 2 Bod-2 Loc

Pick Bod - ;

| ick Body J 1 Body (part) 2 Body (part) . Revolute Joint
Second Body N I~ ' . '

2 Bodies - 2 location

|Pick Body |

) ¥
}{\\/ ¥

Construction:

|2Bod2Loc

2 Bod-1 Loc
2 Bod-2 Loc

2 locations

1 Location ‘

I Render| lcons |F
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MD. Adams — motion drivers

For preparing kinematic simulation is needed to define motion drivers. Motion driver
is function which describes variability selected coordinate in time. In Adams are
three defined motion drivers: rotational, translational and general.

To define the X Main Toolbox [3X] T open that Pallete of motion
motion drives we x| palette we need driver commana
use Command FO— i * ] .
to pick the icon :
. . — {\ #;':\ ) -
geflne Motion a wd | I and then click A1
river i :
_ 7 right mouse s A
from Main Toolbox. @‘. @’ == putton. 1T 3 @
Under the icon is
hidden palette of ; - R
ICONS. | Rotational motion driver I3 General motion driver
IE Translational motion driver % (one/six coordinates)
Hi
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MD. Adams — forces (torques)

Forces (torques) define loads on parts. In Adams are defined loads: force/torques
vector (one/three components), special forces (tire, contact, friction, ...), flexible
connectors for connect two bodies and modal forces (for distributing a force to
one or more, or all nodes of a flexible body).

To define the
motion drives we

use command %
Forces ="
from Main Toolbox.

_ : right mouse
Under the icon is button. B
hidden palette of :

icons. : ‘

To open that
palette we need
to pick the icon
and then click

My 37 Mo G Y,
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MD. Adams — forces (torques) descriptions

Palette of Forces:

A
) \_? A

- Bt /::) —G
M| ey
| k) /
o

<

-E?f.

i HUMAN CAPITAL
HUMAN - BEST INVESTMENT!

Command to
define
force/torques
— vector, one,
three and
general six
components
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Tire force
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MD. Adams — vector forces (torques) descriptions

Vector forces (torques) need to define following data: point of application,
magnitude, direction and orientation.

Point of application Force Orientation:

- space fixed, /

{ o - body moving,
F 7 ?ecﬂon - two bodies.
Magnitude
| |
||
Fi I
D
Fal _J
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MD. Adams — simulation

In the reason to make virtual simulation of the machine Adams gives
possibilities to perform the following analysis:

Kinematic - simulation enables you to determine the range of values for the displacement, velocity, and
acceleration of any point of interest in the model independent of forces applied to it. This type of
simulation, therefore, is only available for models with number of motion drivers equal to mobility (DOF).
If you specify the mass and inertia properties of bodies in your model, a kinematic simulation also
calculates the corresponding applied and reaction forces required to generate the prescribed motions.

Dynamic - simulation provides a time-history solution for displacements, velocities, accelerations, and
internal reaction forces in your model driven by a set of external forces. It is a computationally demanding
simulation and is meant to be used with models that have mobility (DOF) greater than motion drivers.

Static - simulation attempts to find a configuration for the parts in your model for which all the forces
balance. This configuration is often referred to as an equilibrium configuration. Velocities and
accelerations are set to zero for static simulations, so inertial forces are not taken into consideration. A
static simulation is for use with models that have one or more DOF so ADAMS/Solver can move parts
around as it seeks to balance all the forces acting on the model.
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To initiate simulation we S Simulation control
% choose and click | command: reset, stop,
imulation i :
simulation icon |} 4 =| ) start
v_ and open simulation | Defautt N I = ‘ > ‘
palette. | End Time N
|5|:| \ |D3fnami|: j
O i - ' e
Here we choose: IE:TTT:E j [ Steps - e
End_ Time or Duration . E Kinermatic
of simulation. Duration Static
| o G
& Here we choose
Parameters of < Mo Debug ~| ... | simulation (Default.—_
End Time: 5 Render | lcans Adams makes decision)

Steps: 50.
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MD. Adams — postprocessing

Results of simulation can be presented in form of animation or plots. Animations are
presented in main graphic windows and plots in specialized module
Adams/Postprocessor.

Animations in main graphic windows Adams/Postprocessor

late Review Settings Tools Help

Eile Ed Help

s @101 0] NA[S|E]8 RIBINR EEmEE ]

o~ 3 A ~| 4 [~
] SPAAA A ] S | it
% > MODEL 7
% MODEL 8 00
#Lapage 1
T Lapage 2

+ I
% Capage_3
 Capage 4
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MD. Adams — animation

To start animation click: | Bt Graphic window with displayed animation
and open Animation palette.

File Edit Wiew Build Sirulate Review Settings Tools Help

D
[OJEARS

Animation Animation ContrOI

(| =) }Command:

el
iy

-

Rewers, Stop,
Mq 1| Forward, Reset,
- 3 o Steping +/- Motion
|Base Pan  ~|

v Contour Plots

[~ Loop J

¥
Render | lcons | Lx
ESE\EC( %P‘ i .‘ @‘
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MD. Adams — plotting

To start pl otting:Hﬁ: Main toolbar Icon to creates pages with plots
in Adams/Postprocessor. . dmspasprsesr 0 hiars 3

File Edit View Plot Tools Help

e oois B e @l Gd o] 14)b] NIAY z] A
2 Main Toolbox _| Plots toolbar ) %|%*‘9©€M‘\ﬁ‘m|1\_’,|ﬁ‘ Iy | & '\r\‘m|m| I ———————

| e
TEATA

ssssss
- A MODEL_7
\ - "% MODEL 8 5500
v ] page_1 4
E"Je,z s00.0 4 === < JOINT_14 Translatioral_Displacemert Mag
{\ *'-':\ Mt o
- #’ ¥ (1 page_3 -
1 4 L B e B
, Window to control | 570 | —— 3
A - RO ey -
Y2 d plot o NS
| pages and plots [ Gpes 5 .
] —
350.0 4 - -
3 L3

Main windows with plots

Name Filter | *
2500

-
General | Border | Gri <[» 00 10 20 EL 40 50
Analysis Last_Run Time (s8c)

W Auto Title [~ Auto Subtith

Tile  [MBDELT Dats | wiath |
Subtitle Model Filter Object Characteristic Component I~ Surf

PI‘OpeI‘tIes of curves | @ ansse @ oste samy boay [+ pa s % o pocicion = Add Gurees
— = n z Add Curves To Current ™
4 logm | e H I f' I asure characteristic for dependent axis irF‘\m ‘
Dep. s v =] Fields to define plots =7

Independent Axis
Source | Object hd =
uects J + JOINT_11 b
I Table Filter  [= 4 g

nnnnnn

= o
Angular Kinetic Ener(™ Tims Data
4| | 3
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C |
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y

For given kinematics scheme and of the crank-

slider mechanism:

* to build the model with given geometry of
the links in the computer system,

« to make simulation of the one full cycles t.
of motion.

For given mechanism:

« to determine the runs of displacements
Xc(t), velocities v*(t) and accelerations of 1
point acX(t),

» to determine the runs of unknown driving
torque M, for the mechanism,

» to determine the runs of force F in revolute
joint B.

HUMAN CAPITAL @ o
HUMAN — BEST INVESTMENT! Wroclaw University of Technology
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y/avs
4

AB = 150 mm

BC = 600 mm

®, =4n rad/s = 720 deg/s
t.=05s

F =100 N
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MD. Adams — simulation of crank-slider mechanism

B
C
X
A >
50 mm
X
Z Vv

EUROPEAN
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MD. Adams — simulation of crank-slider mechanism

Crank — Part_2

a0mm_| | Beam — Part_3
] B ' 15 mm
40 mm e
A ! R 20 mm : 50 mm S
75 mmI !
R 50 mm
150 mmI | |
‘ Slider — Part_4
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MD. Adams — simulation of crank-slider mechanism

Starting project:

1. Start Adams/View by clicking

icon on Desktop

2. Choose option: Create a new

model
3. Write model name:
crankslider —

How would you like to proceed?

f« Create a new model

/ £° Open an existing database

" Import a file
" Exit

Start in |c:‘nmnde|e‘nadams

4. Choose gravity (-Y) and units

(mm, kg, N, s, deq)

i HUMAN CAPITAL
HUMAN - BEST INVESTMENT!

2 Model name | crankslided

v | Earth Mormal (-Global X
> Units | MMKS - mm kg N.s,deg 3

Ok

‘ EUROPEAN
Wroclaw University of T(’Chnology SOOAL FUND
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MD. Adams — simulation of crank-slider mechanism

" Main Tool... @
Definition of marker on ground for joint A: A5 5*"' ” .C).
1. Open Build palette with Marker icon and click it. o=
. . 2:9/0/®
2. In Marker fields choose option: Add to ground mlals
3. In graphic window use mouse and cRoose position @"‘5\
of marker (anywhere) and click. ‘:'E“;?“ AR,
Y Main Tool... IESE
2 i
@Alic il »
)| 8,
Gravity
Marker
|A|:I|:I1|:| Ground j
Orientation
| |Globalxy | i

-financed from the EU European Social Fund
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MD. Adams — simulation of crank-slider mechanism

Modifying position of marker in joint A:

1. Move mouse to marker and click right mouse
button and chogée marker name (Marker_1) and - <-
click option Maddify.

2. In Marker Modify window in the field Location —

write cogrdinate (X, Y, z): 0, 0, -50 and click OK

button \

gravity

AL ASE T

[~ Marker Modify AY) (i | : Y

- : : : View Control
Name Tranksllgwd.MARKER_‘l ) x 0 2
gravity ) .
Locatfun . @ ‘ﬁ" 'b’» Q
o round R | Location Relative To ‘.cranksllder — W
\ &5/
View Control D : Curve Reference Marker ‘ Tlp : e
;:f:e“m [Tangent Velocity <] | To change point of view use command
Measure [ Orientation ~|[00. 0000 Rotate ‘ﬁ'
Copy Orientation Relative To ‘ .crankslider &
Delete T E to go back to standard View use ﬁ}
Rename
(De)activate | g oK | Apply | Close ‘
Hide L
i HUMAN CAPITAL W— B
Préject coifirarcad | U Euremean Secial F
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MD. Adams — simulation of crank-slider mechanism

Definition of Part_2 - crank: B Toa &JI‘ .

@Ilﬁhll
’_ﬁgg ' J

. Open Build palette and choose " /’
Link Icon. !
. In the Link fields write Length, _
Width and Depth. o
@ Length . Using two clicks in Graphic b
| window select two point (as in - s

v Width

figure). ' U L

W Depth

HUMAN CAPITAL ]’” oo
i HUMAN - BEST INVESTMENT! w Wroclaw University of Technology SOQALFNO
Project co-finan E aat Conial [
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MD. Adams — simulation of crank-slider mechanism

Making a hole in point A:

1. Open Build palette and choose Hole Icon.

2. In the fields of Hole write radius.

3. Using two clicks in Graphic windoy select part
and center of hole (as in figure).

/)II s il

)

z
h

g%@ﬂr@au
o) v SO 09

&x
&' gravity
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MD. Adams — simulation of crank-slider mechanism

Making a Boss in point B: &UI‘
1. Open Build palette and choose Boss Icon. Lﬂ'y‘\g >
2. In the fields of Boss write radius and height. |
3. Using two clicks in Graphic window select part AL ®
and center of Boss (as in figure) @»E? 85
* Main Tool... :Zisus LI ® O
\ (1.0cm) C VL
allt RO
2 \ © | w®|
- TRIE
ZL = P 2
\\_‘Jyl sl g;av""

HUMAN CAPITAL 7] e
i HUMAN - BEST INVESTMENT! Wroclaw University of Technology ot nd
Project co-financed from the EU European Social F

ject co-financed from the EU European Social Fund



r Master programmes in English
Wroctaw University of Technology e

at Wroctaw University of Technology

MD. Adams — simulation of crank-slider mechanism

Definition of marker on Part_2 (crank) for joint B: ATy ]‘ |
1. Open Build palette with Marker icon and click it. sl

2. In Marker fields choose option: Add to Part %9 3
3. Using two clicks in Graphic window gelect part and

. : o
position of marker (as in figure).

> e9

.
. Wegroar M=

Y S |7
1zlrw|_
had b~

&l [ || 7
IO MK o

*
Add to Part - l
Orientation

Global XY -
|
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Modifying position of marker in point B on crank:
1. Move mouse to marker and click right mouse button and

L3

. Yo
e
Part: PART_2

7 —HoleFeature: HOLE_2 »
—Marker: MARKER 3 » |
View Control »
* ¥ . Appearance " Marker M‘:’diff\ i

4
J‘% info Name WJMARKERJ
aravily Measure
! = Copy - : _
:y/z IEE o Location @,150_W

Location Relative To |.cranks|ider

T [

—

Rename

¥ iE: z (De)activate
M / X Hide
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MD. Adams — simulation of crank-slider mechanism

" 100, ol III‘ Definition of Part_3 beam:
L o ——1. Open Build palette and choose Link Icon.
e J . In the Link fields write Length, Width and
2= a oa | Depth.
* Main Tool, EESS . Using two clicks in Graphic window select
X || two point (as in figure).
' i
Apc ¥ o
=) 8
|l¥ Length
| 600 | zi _ kf
50] ]
¥ Depth aravity
15 oOEN ST
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MD. Adams — simulation of crank-slider mechanism

Making a hole in point B on Beam:
1. Open Build palette and choose Hole Icon.
2. In the fields of Hole write radius.

/)II ail

|
~g 0o
='olalo 3. Using two clicks in Graphic window select part
@:‘g aln and cepter of hole (as in figure). /
@> ;
Lk ;.: i <> * Main Tool... |
lfM, el R
= ololel [
G| 2 ?
v Dept
% oo E
IW——S\) Hole

: WO
<E’; N
Radius \_f

: W
20
[ Depth . }g}{
(1.0cm)

HUMAN CAPITAL 3 e
i HUMAN - BEST INVESTMENT! Wroclaw University of Technology sl
Project co-finz

roject financed from the EU European Social Fund




r Master programmes in English
Wroctaw University of Technology el

at Wroctaw University of Technology

MD. Adams — simulation of crank-slider mechanism

" Main Tool. H—H]‘ Definition of Part_4 slider:
& |l i i
< 1 Open Build palette and choose Cylinder Icon.
‘J 1|© . In the Link fields write Length and Radius.
3 Using two clicks in Graphic window select two
point (as in figure). 1

r - X
r e -
=

=

rai ¢
E R [
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MD. Adams — simulation of crank-slider mechanism

Definition of Revolute Joint A between ground and crank:

1. Open Joint palette and choose Revolute Joint Icon.

2. In the Revolute fields choose Construction option: 2 Bod-
2 Loc.

3. Using clicks in Graphic window select 2 Bodies ground
and crank and then select 2 Location (2 markers) (as in

figure).

Revolute Jaoint

Construction:

Marmal [o Grid -

First Body

1 Location

Pick Body  ~|
=econd Body

Pick Body v

r: ATk

G
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MD. Adams — simulation of crank-slider mechanism

Definition of Revolute Joint B between crank and beam:

1. Open Joint palette and choose Revolute Joint Icon.

2. In the Revolute fields choose Construction option: 2 Bod-
2 Loc.

3. Using clicks in Graphic window select 2 Bodies crank and

evolute Jain beam and then select 2 Location (2 markers) (as in

7 Main Toolbox g|

Construction:

figure). -
9 ) r2 L(Lcation
Novzal Lo <] |
First Body ' 1 Location
|Pick Body ¥
second Body Tip: _
Pick Body v Before joint definition
resize and change <+
point of view.

HUMAN CAPITAL (3 e
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Definition of Revolute Joint C between beam and slider:

1. Open Joint palette and choose Revolute Joint Icon.

2. In the Revolute fields choose Construction option: 2 Bod-
2 Loc.

3. Using clicks in Graphic window select 2 Bodies beam and
slider and then select 2 Location (2 markers) (as in
figure).

Revolute Jaint

Construction:

-2 Location E;:

First Body
Pick Body v x X =y
Second Body ' ' T/ ////,_, =
Pick Body v - VA |
¥ =Ty =z
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=in Tooloox [l Definition of Translational Joint between ground and slider:
. Open Joint palette and choose Translational Joint Icon.
In the Translational Joint fields choose Construction
option: 2 Bod-1 Loc.
Using clicks in Graphic window select 2 Bodies ground
and slider and then select 1 Location (1 marker) and 1
< Treneiatenal i direction vector (as in figure).

& ‘,l') 4

il

Construction:

2Bod1loc v 1 Locatio
TFick Feature—""
. o 1 Direction Vector
First Body
Pick Body | — * = A

Second Body
Pick Body  ~|
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X Main Toolbox [X) Definition of Force F acting on slider:

1. Open Force palette and choose Force Vector Icon.

2. In the Force fields choose option: Space Fixed, Constatnt
and write 100 N.

3. Using clicks in Graphic Window select body - slider and
point of application, then select direction vector (as in

figure).

Point of application

" Direction Vector

Space Fixed

(React on Ground)

Construction:

Pick Feature hd

Characteristic:

|Cunstant

IMAN 3 EUROPEAN
i Hl;'M £ST C[ASPH'AL @ Wroclaw University of Technology R “
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MD. Adams — simulation of crank-slider mechanism

A Main Toolbox (X Definition of Rotational Joint Motion in joint A:

1. Open Motion Driver palette and choose Rotational
Joint Motion.

2. In the Rotational Joint Motion fields write speed: 720
deg/s.

3. Using click in Graphic Window select joint A (as in

Fot Joint Maotion flgure)
- e
Construction: \\\2
Applied to a Jaint ¥ P :
@Fx el
Characteristic: i F t
Z\

Speed| 720.0 ' @m ’
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MD. Adams — simulation of crank-slider mechanism
Making simulation:
1. Move mouse to Simulation Icon

ﬁ
fﬂ ‘I] click simulation icon.

Q‘ e 2. In simulation fields choose

H

i - 1 A
— " Message Window... Lﬁ
WARNING: The markers for JOINT crankslider JOINT Z are not :Lni':iaiﬂ

t .
. options:

} . . The relative displacement between the markers, expressed in the
i v - KI nel I latIC J marker coordinate frame is:

Delta ¥ = 0.0 Delta ¥ = -100.0 Delta Z = 50.0.

RISADIEA -

- WARNING: The markers for JOINT crankslider.JOINT 3 are not initial
- End tl me The relative displacement between the markers, expressed in the
Slmulatlnn J marker cuufdinate frame is:
Delta X = -92.914 Delta ¥ = 104.48 Delta Z = 0.0.
- 0.5 -
. ‘ |

14

| »
- Steps Lﬁﬁiﬁéﬁtiiﬁnﬁgﬁéﬁ-;ﬁﬁé _ Clar | ciose_|
- 100
3. Start simulation — clik start icon.
4. Read text from Message Window.

| End Time
[X:

| Steps

HUMAN CAPITAL (3 e
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MD. Adams — simulation of crank-slider mechanism

o b |

® Making animation: o0 o o i s s
'h
’ 1. Move mouse to
2 <~ Animation Icon and click \
=) ~ icon. —
m 2. Control animation using | B d
Control Command: L

I ’ ></ Rewers, Stop, Forward, 2| #ilo|
Mq |11 Reset, Steping +/-1
a— Motion

Base Pant =] 3. Observe simulation in

| Main Graphic Window.

v Contour Plots

[ Loop J

Render| lzons ‘
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MD. Adams — simulation of crank-slider mechanism

7 Main Toolbox g|

A Adams/PostProcessor MD Adams R3

e~ @] || 0] 14| b] | A%/ 2] RG] 1) 0] BR (191D ) |
¥ erankelder

Main windows for plots

R A IS

Making plots:

Create curves button

1. Move mouse to Plotting e \\
Icon and click icon to o T | \
Start AdamS/P I Otti n g Model F}f:l:z; Clzhjina;;}2 " Characteristic Component - ‘Sl_lr:-\dd e
.:Z;:ramc + BART_4 Add Curves To Current ¥
mOdUIe. +|;I.NT id d f I Clear Plot
. to e Ine p otS Independent Axis:
2. Define curves. o [ 1e705 e o
| Fitar ’*7 . - : SFORCE_L L,j‘ ‘

Page 1 of 1
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MD. Adams — simulation of crank-slider mechanism

Curve: translational displacement of point E - xg(t) SIS

Choose option:
Body — Part_ 4 Marker_7 — Translational Displacement — X

Click Add Curves

\

Data lMath ]

flodel hJEu:t aracteristic [~ =0
.crankslider hodsy To\al_Force_On_FPoing &) Add Curves |
constraint = |Add Curves To Currentj
Hag Clear Plot |

Independent Axis:

MARKELR 1% Translational Accele: .
- ) t« Time  Data
Source |D|:I_|EETS j HMAPKEER 1& Angular Velocity =
Ancalar Acceleration ¥
Filter  |* 1| | o] 4l | o4 | »
HUMAN CAPITAL o
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Master programmes in English

MD. Adams — simulation of crank-slider mechanism

Curve: velocity v, of point E - VE(t)

Data }Math ]

Model Filter
forae
constraint

Source | Objects hd
Filter  |* « |+

Object Characteristic

+ DART 2 Total_Force_On_Point &
+ DART 3 Total_Torgue_On_Doint
- DART 4 Total_Force_kt_Locat:

Total_Torgue_ht_Locat

Translational Displac

Translational Accelel
Angular Velocity

Ang'ular_kcceleratijﬂ
| 2l | >

Component

I~ Surf

Add Curves To Current ¥
Clear Plat

Independent Axis:

t+ Time ¢ Data

Curve: acceleration a, of point E - a&,(t)

Data |Math I

Model Filter
forae
constraint

Source | Objects =
Filter |* < | »1

Object Characteristic

+ PART_Z Total_Force On_Point &
+ PART_Z Total_Torque_On_Point
- PART_4 Total_Force_&t_Locat:

cm

MANKED_13
MARKED_1E
MARKED_16

Total_Torgque_it_Locat

Translational Displac

Translational Welocit

Angular Velocity

Anqular_ﬂ.ccelarat,li,j
R | K LD

HUMAN CAPITAL
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Cormponent

[~ Surf
Add Curves

Add Curves To Current ™
Clear Plot

Independent Axis:

t+ Time ¢ Data

@ Wroclaw University of Techno!og!

7000 T

Welocty (ises)

crarksister
20000
-
-
,
2

~ .
’ 1000
N . 000 0

3 ,
A pa
12
y
;
’
2 00
-
ra
7
P
s
/
. 000
%
-
.
N s

Anatysis: Lost_Fun

200
02 03 04 08
T (sac) 2010.08-24 1240

cranksider

13

2000007 7000

6500

100000

6000

5500

Length frm

5000
100000

Accsleration (mrisec™2)

4500

200000
4000

20000

1000.0

-10000

300000 4 3500
o0

anatysis: Last_Run
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-20000
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MD. Adams — simulation of crank-slider mechanism

4 Adams/PostProcessor MD Adams R3

Eile Edit ¥iew Plot Tools Help

e =] @] 3|

N " crankslider

Create new page for plots

Switch to new page

. H M H H H crankslider
urve riving troque Mc(t) in rotational driver
.
Data | Wath | 300000
Model Fiter Object Characteristic Component [ Surf
hody + oINT_1 Pover_Consuuption % AT Clives 200000
force e Flenenc_Foree -
it g (A cirves to pint(5)
+ JOINT_4 Translational Displacss |Hag Clear Plot £ 100000
; Translarional Velomicy _ ClwPm | H
Transisionai pecatersy e £
Bngular_Velocisy E o
- & Time © Data
Sourcs [Objcts =] Angular_Accelerabion
Fiter —|= K 3 | KT | »llal ] 00000
ooma
Curves: Force in joint B Fx(t) and Fy(t
. 0o 01 2 05 oa
anaiysis Lost_Run T (sec) m0.08:24 124113
Data | Math |
ot
Model Filter Object Characteristic Component [~ Suf 00000 crone
Py + rom 1 ] ===
sorce Slenens_Toraue B [add curves to piat(s)
+ JOINI_3 Translacional Displaces |2 B T CITTe 300000 2000
+ J0INT_d4 ix_ky_Rz_Frojection_inc |Hag Clear Plot
4 worron 1 Tenaslarianal_velaciey _ Cewpat |
Translational_Accelerat Independant Axis 200000 1000
P ———
- & Time © Data
Source [Cbjects =] Angular_Acceleravion f— w B
Fiter [+ A Ullal I wtlal I sl £ i
Data \Mam | - 000 B
H
Mol Filter Object Characteristic Comporert [~ Suf
body + T0INT 1 [ Add Tlives i 100000 2000
sores Blenent_Torqwe
+ T0INT_3 Translacional_Displacer |z Add Curves To Current ¥
+ somn s Bx_Ay_dn_Projection_An Hag Glear Plot J— 0
+ morron 1 Translational valacicy
Translasional_Aeselerar Indspendent Auis
[ ——
] - - 300000 4000
Source | Objects - dngulsr_Acceleration UG (8 BED 1] 04 02 03 04 s
artysis Lost_fun i sec) anio.08.20 125208
Fiter [+ A1l [ al]al | 3
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