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Chapter

Getting Started

Objective
In this tutorial, you will simulate and control a dynamic system using CoLink, an interactive
environment for designing, simulating, and testing time-varying systems. You will define a

control system in CoLink to control a mechanical system that you defined in standard
RecurDyn.

The system to be simulated is a simple one-dimensional problem. The scenario involves two
cars, one slower car in front and one faster car coming up from behind. This situation could
represent what happens when you drive around a turn and finding that someone is in front of
you or when someone unexpectedly moves into your lane. The controller will automatically
adjust the amount of torque being applied to the drive wheels to set the distance between
the cars to a desired value. A simple PID controller will be used for this objective.

As a final part of the tutorial, you will a complex controller used to model an adaptive
cruise control system.
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Audience

This tutorial is intended for intermediate users of RecurDyn who previously learned how to
create geometry, joints, and force entities. All new tasks are explained carefully.

Prerequisites

You should first work through the 3D Crank-Slider and Engine with Propeller tutorials, or the
equivalent. We assume that you have a basic knowledge of physics.

Procedures

The tutorial is comprised of the following procedures. The estimated time to complete each
procedure is shown in the table.

Procedures Time (minutes)
Opening the initial model 5
Creating joints and coupler 15
Refining the model 15
Integrating CoLink 15
Argumenting ColLink 15
Total 65

3

/ Estimated Time to Complete

This tutorial takes approximately 65 minutes to complete.
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Chapter

Opening the Initial Model

Task Objective

Learn how to import a mechanical model in preparation for refining the model for use with a
control system.

Estimated Time to Complete

5 minutes




Starting RecurDyn

To start RecurDyn and open the initial model:

é 1. On your Desktop, double-click the RecurDyn

icon.

2. When the Start RecurDyn dialog box appears,
Close dialogue because you will not be
creating a new model but using an existing
one.

From the File menu, click Open.

From the CoLink tutorial directory (<Install
Dir> \Help \Tutorial \Colink \Car), select the
file CarCruise_Initial.rdyn.

5. Click Open.

Your model should look like the following.

CAR TUTORIAL (COLINK)

Start RecurDyn

New Model

Name  |Modelt

Unit ‘ MMES{Millimeter/Kilogram/Newton/Secand)

|
| [ setting |
|

Gravity [
ope ose
Recent Madels
3 -
Excavstor Final.rdyn Madel.rdyn Excavator.royn

Show 'Start RecurDyn' Dialog when starting

To save the initial model:

1. From the File menu, click Save As.

2. Save the model different directory, because you cannot simulation in tutorial directory.
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Chapter

Creating Joints and Couplers

Task Objective

In this chapter, you will create the joints for the wheels and couple them to the forward
velocity of the car. You will also define the initial velocity of the car and the friction in the
translational joint that represents the rolling drag resistance of the car. You will then run a

simulation.

5

"/ Estimated Time to Complete

15 minutes
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Creating the Revolute Joints

In this section, you create revolute joints that attach the wheels to the car body.

To create the joints:

Xz 1. Change the working grid orientation to the XZ plane. shortcut is (shift + A).
This guarantees that the revolute joints will be oriented correctly.

Tip: Press C to center the car.

%

2. Press A to turn on Auto Operation mode to do one task continuously.

Tip: Auto Operation mode helps when you want to perform the same task repeatedly, by
saving you from having to select the same task from the ribbon menu multiple times. Once
you turn on Auto Operation and select a task from the ribbon menu, RecurDyn repeats that
task after each completion, until you exit Auto Operation mode.

ﬁ 3. From the Joint group in the Professional tab, click the Revolute.
. I‘t Set the Creation Method to Body, Body, Point.
Eviolute
- 5. For each of the four wheels, create revolute joints between the car body (Car_Body)
and the wheel at the center of mass marker of the wheel.

= Click Car_Body.

» C(Click a wheel.

»  Click the marker at the center of that wheel.

= Repeat these steps for each of the four wheels.

6. When you are done creating the four joints, press A again to turn off Auto Operation
mode and then press Esc to cancel the creation of another revolute joint.

7. Rename the four newly-created joints to something meaningful, such as
Rev_Front_Right, Rev_Front_Left, Rev_Rear_Right, Rev_Rear_Left.

Tip: In the Database window, right-click a revolute joint, click Property, and change the name.

Your model should now look like the following:

10
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Creating the Translational Joint

Create a translational joint that defines the motion of the car.

To create the joint:

1. From the Joint group in the Professional tab, Properties of Traloint1 [ Current Unit : Nykg/mm/s/deg ]
click the Translate. General | Connector | Jaint
Base Marker
?_ 2. Using the Body, Body, Point, Direction creation Name Body |Ground 8 ]
- method, select Ground, the Car_Body, and orenation ngles || ke rame | Ground _
. R arigin -1759.9771, 0, 475.00879 Pt
Translate enter the following coordinates: cer [anges [7]| %, 50, %0 |
§ = -1759.9771, 0, 475.00879 P
. - - - Mame Markers Body |Car_Bod3r |
Click the +X-axis of Ground InertiaMarker. orientation [sger ] et ame [cor 5oy
4. Change the properties of the translational joint Origin "759'9”“0“”7'”””9 ||ﬁ||
. . .. . uler ngle A 90., 90., 90.
(right-click joint and click Property). ! ngests ||
= On the General page in the Properties dialog || [ comesetosdion |[ copyaciontogaze Jlar |~
box, rename the translational joint to Scope ox Cancel
' ]
Tra_Car_Ground.
- . .. . i f Traloint1 [ Current Unit : N/kg/mm/s/deg ]
= On the Joint page, provide the joint with an | ""*™°
Y] . p g ! p J General | Connector | Joint
initial velocity:
Type |Trans|at\onal ‘
Click Include Initial Conditions. ~Mation
I:‘ Include Maotion
Set Velocity to 35760 mm/s (35.76 m/s or 80 ——
mph). Pasition [0, [T ]| Jvetocity |3s760. (el
You will also include friction in the model to simulate &4 include Inital Conditions ] [ trict Inital Conditions
drag and friction that normally decelerate a car.  Friction
i .. [“] Include Friction |© Sliding O
5. Click Include Friction.
. L . L. Force Display [inactivate [~]
6. Click Sliding and change Dynamic Friction
Coefficient to 0.2 as shown below.
[oc [ e | [ momy |

11
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General ! fonnetar | Joint

A Friction Definition x
T
1] cross seton G T [
[] absolute Threshold Velocity

~ ] static Friction Cosfficient |
Dynamic Friction Coefficient ‘ :|
P

Weight Factor
I -
|| &

_F DhﬂaximumFrictionForce :|_
r
| Close || Cancel |
o ][ e ][ omy |

7. Click Close and then OK to accept changes and exit.
Now you are ready to create couplers between the wheels and the forward motion of the car.

Creating Couplers

Create couplers so the angular velocity of the tires matches the forward velocity of the car.

To create the couplers:

From the Joint group in the Professional tab, click the Coupler.

2. Using the Joint, Joint, Joint creation method, click Tra_Car_Ground then click
Rev_Front_Right and Rev_Front_ Left.

3. Right-click the newly-created coupler to display its Properties dialog box. Calculate the
scale factors that are needed to define this coupler.

Tip: Defining the scale factors for the coupler
The coupler is defined by the following equation, where the d’s represent the scale factors
and the u’s represent the velocities of the corresponding joint:
d, xu, +d, xu, +d, xu, =0

The forward velocity of the car is related to the rotation of the tires by the basic relationship,
V=WXT where:

*» vis the velocity of the vehicle.

* wis the angular velocity of the wheels.

» ris the wheel radius.

This, of course, assumes that the car is only moving forward in a straight line so the wheels
are both rotating at the same velocity. This will be enforced by an additional coupler in the
next step. For the provided geometry, the wheel radius is 336 mm so the equation above
becomes the following:

12
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Coupler
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d,-rxw+d,xw+d,xw=0
d,-r+d,+d, =0

Because the wheels both have the same radius d2=d3, assume that d1=1 because the scale
factors are relative and one of them needs to be chosen. This leads to the following:

r+d,+d,=0
d, =-r/2

d, =-336/2
d, =-168

d, =-168

In summary, the scale factor for the translational joint is 1 and -168 for both revolute joints.

4. 1Inthe Coupler page of the Coupler Properties of Couplerd [ Current Unit : N/kg/mm/s/deg ]
Properties dialog box, enter the scale [Generai | Coupter |
factors: 1,-168 and -168.
Coupler Type M
5. In the General page, change the name
to Coupler_Front and click OK.r Joint Scale Type
6. Repeat the procedure from Steps 1 Driver |Tra_Car_Ground | I‘I. IEI Translatio
through 5 for the rear wheels, naming Coupled|Rev Front Right || J | [-168 [[Pv] |matation
the coupler Coupler_Rear and using the Coupled |Rev_Front_Left [3] Lass M[pv] |Rotation
same scale factors.
As mentioned previously, now you will create
a coupler between the two front wheels to
guarantee that they rotate at the same
angular velocity.
[ ox J[ e ][ mwr |
To create a coupler:
1. Click the Coupler of the Joint group in Properties of Coupler_Front2 [ Current Unit : MN/kg/mmy/s/deq ]
the Professional tab. General | Coupler
2. Using the Joint, Joint creation method, Coupler Type Two Joint Coupler -
click Rev_Front_Right and then
Rev_Front_Left ot seale e

i A Drriver Rev_Front_Right I‘I. !El Rotation
3. Edit the properties of the newly created
Coupler changing' Coupled | Rev_Front_Left |-1. IE Rotation
P .

Coupled| | | |

» Its name to Coupler_Front2.

» Scale factors to 1 and -1,
essentially saying that the two
rotations must be equal.

= Click OK.

QK | | Cancel

4. Repeat Steps 1 through 3 for the rear
wheels, naming the coupler

Coupler_Rear2, using the same scale
factors (1 and -1).

13
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After completing these steps your model should appear as shown next.

RecurDyn VOR1 - [CarCruise_Initialrcyn *]

ADDEBgS- -« T -
A

Ry CarCruise_Initialrdyn x

CarCruice

)

4.

Professional Customize
L 1T %% ALLO FQQF S N Ky F =
Motker Cyinder General | Fed  Tonsite Revalute AtPoint CMofin Coupler | Sping RotSpring Bushing  Beam | Geosw  Solld  Sphsph Oyl | Geocur Camd | PoinBon taser | Subsystem
Mavk:r;nd Body i ’ i Joint. i " " i i Force " " i i Cunta:tv " vZDCnmta:tv Sensor SubSystem
sty [[ v [oena wiHOoe @000
i L =] wib Jiw ] i

IS

A CarCruise
A Groups
@ Bodies
- Ground
-8, Markers
&, InertiaMarker
f 8, Markerl
# Wheel Left Rear
P Wheel Left Front
P CarBody
# Wheel Right Front
§ Wheel Right Rear
@ Joints
@ Rev_Front_Right
@ Rev_Front Left
@ Rev_Rear Left
@ Rev_Rear Right
& Tre_Car_Ground
F Forces
@ Couplers
% Coupler_Front
% Coupler Rear
% Coupler_Front2
b¢ % Coupler Rear2
-8 Contacts
El Requests

A splines
& PP
-0 PV
1 PPC
£q PVC
o
1) UsUB
%, DitFEq
xy Varkq
¥ Scopes
€ Sensors
Bu BC: U
bl P
@3 DP
W AR

@ Subsystems

u\‘

[ 0000000 EF

For Help, press F1

ip
Car | Giobal | X:600Y:7400 2:0 Local | X:500¥:7400 Wjkgmm /s

Running a Simulation

You are now ready to run a simulation.

To run a simulation:
1. Click the Dyn/Kin of the Simulation Type
group in the Analysis tab.

Byn/Kin - 2 Set the simulation to run for 0.5 seconds with

300 steps as shown in the figure on the right.

This provides adequate time to view the motion of
the wheels and the car.

3. Click the Parameter tab and set the
Maximum Time Step to 1.e-003.

4. Click Simulate.

Dynamic/Kinematic Analysis

General |Parameter I Initial Condition ‘

C—
Step [Gee. |

Plot Multiplier Step Factor

[ ]
| |

D Qutput File Name

rInclude
[ static Analysis
[ Eigenvalue Analysis
[ state matrix

[IFrequency Response Analysis

|:| Hide RecurDyn during Simulation

DDispIayAnimation

Gravity
’7 x [o. | v [o. | z [-g80665 | [Gravity]
Unit | Newtan - Kilogram - Millimeter - Second |
Simulate | | oK | | Cancel |
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Viewing the Results

To view the results:

= From the Animation Control group in the Analysis tab, click the Play button in the
animation controls.

Tip: What if the car has no motion?
Carefully check the magnitude and sign of all of the coefficients that you set up in the couplers.
For example, the car will not move if you have both coefficients set to +1.

Looking at the results of the simulation, notice that there is flaw with this setup. Depending
on how you set up the revolute joints, some of the wheels may be rotating in the wrong
direction as the car drives forward. The solution is to make sure that the Z-axes of all of the
revolute joints point in the same direction, which you will do next.

Fixing the Revolute Joints

To fix the joints:

1. For the revolute joint of any wheel that is
rotating in the wrong direction, in the Database
window, right-click joint name, and click
Property to display its Properties dialog box.

The steps below use the Rev_Rear_Right joint
as an example.

2. Change the 313 Euler angles from 0, 90, o Properties of Rev_Rear_Right [ Current Unit : N/kg/mm/s/deg ]
to 0, -90, O for both the Base and Action

General Joint

Markers and click Apply r Base Marker
Mame Marker1 Body Car_Body
Orientation | Angles |v Ref Frame | Car_Body
Origin _4361.9771, -873.16071, 475.00879 [et]
Euler Angle3t3 [ ~]| 180,90, 180, |

 Action Marker

Name Marker2 Body Vheel_Right_Rear
Orientation | Angles |v Ref Frame | Body1

Origin [-4361.9771, -873.16071, 475.00879 [pt]

Euler [Angle3t3 [~]] 180,,90,,180. |

| Copy Base to Action || Copy Action to Base ||AII |v
[or ][ o 1[ oo |

Note: RecurDyn changes the Euler angles from 0, -90, 0 to 180, 90, 180. This is not a
problem because both combinations of Euler angles position the markers in the same
orientation.

(Refer to the Tip on the next page for additional information about working with Euler angles.)
This changes the orientation of the markers and the dialog box appears as shown on the right

15



3. Click OK.

4. Repeat these steps for the other joints as needed.

CAR TUTORIAL (COLINK)

5. Simulate the model again to verify that the problem is corrected.

This car is now complete. Next, you will make a copy of the car and set up the model for

integration with CoLink.

Tip: Working with Euler Angles

The standard Euler angles in RecurDyn are

3-1-3 Euler angles. This angular transformation is made by:

=  First, rotating about the #3
(or +2) axis.

= Then, rotating about the new #1
(or +X) axis.

= Finally, rotating about the new #3
(or +2) axis.

The coordinate system in the figure to the right is

yler angles =
= 0, 90, 0.,
Euler angles = +7.,
0,00,
+‘|r.l +x.l
—_—
Global +X =
coordinate (Euler angles =
5}'51E|'|"|.| ':'. 4-:-':'. I:I}.
+.,

the global coordinate system. A positive rotation about the +X-axis of 90 degrees results in
the coordinate system shown in the upper right of the figure. A negative rotation about the
+X-axis of 90 degrees results in the coordinate system shown in the lower right of the figure.
Notice that changing the Euler angles from 0, 90, 0 to 0, -90, 0 reverses the direction of the

Z-axis.

16
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Chapter

Refining the Model

Task Objective

In this chapter, you will refine the model by copying the first car to make a second car. You
will then move the second car and change it to a different color and to drive at a constant

slower speed.

Estimated Time to Complete

15 minutes

17
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Creating the Second Car

To create the second car, you will make a copy of the first one, move it, and then modify it.

To copy the car:

General b

Setting group in the Home tab | ™"
and clear the selection of Shift

v 1. Click the General of the

General [iosez
= When Pasting s shown on the Hame NEFEE
r|ght Comment
Click OK.

To select all of the vehicle, draw
a selection box around the entire
vehicle.

4. Press Ctrl-C to copy and then
Ctrl-V to make a duplicate of
the car, joints, and couplers.

Error Tolerance |‘I.De-12 |v|

Zoom Factor | 1.|

[4] shift when Pasting

[ Hide Inactive Entity

Tip: You can also click Copy of the Clipboard group in the Home tab and then Paste of the
Clipboard in the Home tab.

&) 5. Without clicking anywhere on the model so the copied model remains selected, from the
= tool bar, clicks the Object Control tool.

18
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6. Move the duplicated car 30,000 mm in the +X direction as shown in the following

figure.
CUBBAS - &

& b of

XGridsize [100 |
O | Goordinate G [F]| DFEE Mass imeroits

Veridsize 100 |
Cipboard | Working Plane

Measure

Mirror

Tools

RecurDyn VoR1

W9 L P oA

Merge DelUMarker Sp.Reload

[CarCruise Initi

UpdatePro | Gravity

Setting

¢ F &

H O 8| % &

[entty []

Display Simulation SetDefauit | CloseAllDIg Database Message ~ New | Parameter | License
Windows Template | Control
sIMve.

B 0O OIL-HUA<ED b

& CarCruise_Initialrdyn x

CarCruise

(3

B T

CE®

i |

v [fBXA 54000 8800008 [ELADNBLIO0

AT () X
Database 4
A CarCruise

IS

® scalar Translate

A Groups

O Veetor Transiate Bodies

onsetvatue [s000 |

¥ Ground
P Wheel Left Rear
# Wheel_Left Front
# Car Body

Apply

# Wheel_Right Front
¥ Wheel Right Rear

Reference Frame

d [w]

# C1_Wheel Right Rear
# C1_Wheel Right Front

# C1.Wheel Left Rear

# C1.\Wheel Left Front

# C1.Car Body

& Joints

€ Rev Front Right

@ Rev Front Left

€ Rev Rear Left

@ Rev Rear Right

& Tra_Car_Ground

@ C1Rev_Front Left
@ C1Rev_Front Right
& C1_Rev_Rear Right
@ C1Rev_ Rear Left

& C1_Tra_Car_Ground

F Forces

% Couplers

8 Coupler_Front

% Coupler Rear

% Coupler Front2

8 Coupler Rear2

% C1_Coupler_Rear
% C1_Coupler Rear2

8 C1_Coupler_Front
% C1_Coupler_Front2
% Contacts

<[] Requests

4\ splines

Ending Time/Date = 13:56:55 / 2017.5.17
CPU Time = 0.4 Second (0 hr. 0 min 0.4 sec.)

Analysis is accomplished successfully

v ~

Car | Giobal | X:26900 ¥:0 Z: 1700 Local | £:26900 ¥:1700 Nhkgjmmfs
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Modifying the Second Car

To modify the duplicate car:

1. To display the Properties dialog box for the translational joint of the second car, in the
Database window, right-click C1_Tra_Car_Ground and click Property.

2. Because this second car will be going at a constant speed, clear the selection of Include
Friction.
Click OK.
You also need to decrease the speed at which it is traveling, so change the initial velocity
(X) of the body C1_Car_Body to 22,350 mm/s, which is 50 mph.

Tip: To change the initial velocity of C1_Car_Body

1. Click Property on the C1_Car_ Body in the Database window.

2. Click the Body tab.

3. Click the Initial Velocity button.

4. Click X of Translational Velocity.

5. Enter 22350.

6. Define Reference Marker of Translational Velocity to Ground.InertiaMarker.

7. Define Reference Marker of Rotational Velocity to C1_Car_Body.CM.

8. Click Close.

9. Click OK.

5. Now you will change the color of the car to be something more appropriate for a car
going this slowly on a freeway.

* To enter Body Edit mode, double-click the duplicate car’s body (C1_Car_Body).
Tip: To enter Body-edit mode, you can also right-click C1_Car_Body in the database window
and click Edit.

* Draw a selection box around the entire car body. Then, while holding down the Ctrl
key, click the three white portions of the roof and windows, and the two red
taillights to clear their selection.

20
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Tip: Rotate the car so you see the rear or from the Database window, clear the selection of
the following:

= C1_C1_C2_ImportSurfacel
= (C1_C1_C3_ImportSurfacel
= C1_C3_ImportServicel

= C1_C2_Ci_ImportSurfacel
= (C1_C2_C2_ImportSurfacel

Your model should look like the following.

= Right-click anywhere on the selected body and | colors x
click Property. [Standard | Custom |
= C(Click the Graphic Property tab and set Color i e

Cancel

New

to other.

= In the Custom page of the Colors dialog box,
change the Red, Green, and Blue values to
251, 184, and 3, respectively.

Current

= Click OK twice to accept and apply the color e [5E TF] eet: [BLIE
Change. Sat: |248 % Green: | 184 %
You may have to wait a few minutes for the changes to wm: [126 = sue: [4 53

take effect after clicking OK depending on the speed of
your processor.

6. Click Exit to leave Body Edit mode and return to
the main model level.

B4t Your model is now ready for integration with CoLink.

21
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Chapter

Integrating CoLink

Task Objective

In this chapter, you will set up the model for integration with CoLink and create the CoLink
model. You will then simulate the system and plot the results.

9

8
765

B,

Estimated Time to Complete

15 minutes
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You will first create inputs to the model from the control system. This entity will be created as

a placeholder that you will then go back and define.
To create the Plant Input:
- 1. From the Colink group in the Colink tab, click
? the Plant Input.

Flantin 2 Click Add and change the name of the plant
input to Pin_DrivingTorque.

3. Click OK.

To create the torques:

F 1. From the Force group in the Professional tab,
@ click the Rotational Axial.

RotAxial 2 set the Creation Method to Joint, select
z Rev_Front_Right.

Repeat these steps for Rev_Front_Left.

Click RotationalAxiall and while holding down
Ctrl, click RotationalAxial2. With both
selected, right-click one of them and click
Property.

5. To display the calculated torque in the
animation, set Force Display, near the bottom
of the dialog box, to Action.

6. Click EL to enter an expression for the driving
torque.

Plant Input List

[ Plant Inputs |
Mo, U| Name | :
1 ’7 Pin_DrivingTorque
A
A4
Y
-
add | [ mset | [ Delete |
2 entities [ Current Unit : N/kg/mm/s/deg ]
General | Rotational Axial
Type |Standard Rotational Axial Force |v|
 Expression
MName | |

Expression

Force Display |EXEIMM | ~ ] ~pply Only to Action Bady

| oK || Cancel ||

Apply
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7. In the Expression List dialog box, click Expression
Create. Mame Ex_DrivingTorque

PIN(T)

8. Name the expression
Ex_DrivingTorque and for the
expression itself, type PIN(1).

9. In the Argument List, click Add and

then from the Database window, drag Lvatable J—
Pin_Dl‘iVingTOl‘que tO the ﬁl"St entlty, =|-fwe Function expressions - D Entity
. . - i-Fry Fortran 77 Functions ———
as shown in the figure on the right. U Simulation HE i i AT e
- @ Displacement -
5 & Velocity

H- 4 Acceleration
- Fg Genericforce
G- JL Specificforce

- Jdt System element E|

< m ] [ ada ] | Delete

| oK | ‘ Cancel | | Apply |

Tip: Alternatively, you can double-click the yellow box and type Pin_DrivingTorque.

10. Click OK three times to accept all changes.

Creating the Plant Outputs

Output the relative velocity between the two cars, as well as the distance between them,
from the model to the control system.

To create the plant outputs:

" 1. From the Colink group in the Colink tab, | Feresion
- click the Plant Output. Name  [Pout Rehe

VX([2,1)

Plant_Out

N

In the Plant Output List dialog box, click
Add.

3. In the Expression dialog box, change the
name to Pout_RelVel and type VX(2,1)

as the eXpreSSion. Available Argument List
- . —Rm Function expressions - D Entity
4. Add two entities to the Argument List i i CorBoay
and enter the CM markers for Car_Body @ st 2 C1_car_Body.cu
and C1_Car_Body into the yellow boxes, & aumieaton
as shown on the right. #-F Spedicforce
+j_'d‘r system element |z|
A wm | I [ Edd ] [ Delete

5. Click OK to accept and return to the Plant
Output List.

| oK ‘ | Cancel ‘ ‘ Apply |

6. Click Add in the Plant Output List again and repeat Steps 3 through 5 using DX
instead of VX and naming it Pout_Distance instead of Pout_RelVel.

7. Click OK
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Creating the ColLink Model

You will now open ColLink and create the control system. This will involve creating the block
diagram from scratch. Blocks will be created to represent the RecurDyn model, gains for a
standard PID controller, summation blocks, and a constant reference signal.

To create the CoLink model:

ul.

Run

A

RecurDyn

@3.

Dremux

Scope

Click the Run Colink of the Colink group in the Colink tab
Colink opens with an empty model.

From Link group in the Connector tab, click the RecurDyn block and then, click into
the model window, as shown below.

?&chun YuF
Plant

RecurDwn

From the Link group in the Connector tab, click the Demux block and then, click to the
right of the RecurDyn block in the model window, as shown below:

A RECURDYMF
Plant

RecurDwn Demux

This splits the single output from the RecurDyn block into the two outputs you created
in the RecurDyn model: RelVel and Distance.

To connect the two blocks, click the RecurDyn block and hold down Ctrl key and click
the Demux block.

This is how you connect blocks. Use the same procedure during the rest of the CoLink
model creation.

You will want to view the results of your simulation, so create scopes for both the

relative velocity and distance signals. Scopes draws x-y plots of simulation time (x) and
input data (y).

From the Output group in the General tab, click the Scope block and then, click into
the model window twice. Place one on the top right and one on the bottom right, as
highlighted in the figure below.
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=

Scope

}&chun N
Plant

RecurDwn Demux

-

Scopel

Connect the outputs from the Demux block to the two scopes using the same method
described in Step 5.

Double-click the text below the top scope and change its name to Velocity. Change the
name of the bottom scope to Distance.

Save the model as CarCruise_Control.

Your model should look like this.

e

Velocity

?’&chun YN
Plant

RecurDyn Dremux

e

Diztance
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Creating the Proportional Feedback Control

You will now create a reference input signal and a feedback loop and add proportional
control. This is the first step in building a PID controller.

To create the proportional control:

_____ 1. Inthe General tab, click the Constant block of the Source group and then, click into
T the far left middle of the model window, as highlighted in the figure below.

-

Velocity

Constant

. P }&chun
Plant

Constant

RecurDyn Demux

-

Diztance

This constant will represent the desired distance between the cars.
Double-click the Constant block in your model and change the constant to 22,000.
z 3. In the Math tab, click the Sum block of the Math group and then, click into the model

window, placing it just to the right of the Constant block.

SUm 4. Connect the Constant block to the top input of the Sum block and then double-click the

Sum block and change the list of signs to -+ as shown below.

-

Velocity

- E &
RECURDY M|
Flant

Constant Sum
RecurDyn Demux /\I\f

Distance

List of signs |“ |

Sample time |C' |

| QK | | Cancel
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5. Click OK.

Now you need to connect the Distance signal to the bottom input of the Sum block.
This creates an error signal representing the actual distance between the cars minus the
desired distance, 22,000.

6. Connect the Distance output to the Sum block as follows:

»=  Click once on the line connecting the Demux block to the Distance Scope to
select it.

= Right-click the line where it bends just before entering the scope and drag your
cursor to the bottom input of the Sum block, then release the right mouse button.
This creates a junction at the point where you first right clicked. Your model should
now look like this.

— /\/\f
Velocity
22000, [ <
o+ = RECURDYN
Constant Sum Plant L
RecurDyn Demux 4/\%
Distance

L

-1 7. Inthe Math tab, click the Gain block of the Math group and then, click into the model

window and place it to the right of the Sum block, as highlighted in the figure below.
Gain

N

Velocity

220001 - L. >I>:»
™ ?&chun N

Constant Sum Gain Plant

RecurDyn Demux /\/\/_

Distance
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8. Change the gain to 800 and connect the two blocks as shown below.

-

Velocity

22000 1™ - L >I>:>
i . RECURDYM

Constant um Gain Plant

RecurDyn Demux ’—P/\/\ﬁ

Distance
Gain ‘sm |
Sample time 0 |

| ok || cancel || appy |

9. Rename the Gain block Kp because it is the gain for the proportional part of your PID
controller.

Adding Derivative and Integral Control

Now, you will add derivative and integral feedback to the controller. Because the Velocity
signal is the derivative of the Distance, you will use it directly as the input to the derivative
gain block. For the integral control, you will need to add an integrator block and use that as
the input to the integral gain block.

13 =

Gain Welocity
22000. — > - »am o
P ’ RECURDYN
Constant Sum Kp Plans

RecurDyn Demux /\I\ﬁ

Distance

To add derivative control:

1. In the Math tab, click the Gain block of the Math group and then, click into the model
window and place it above the first one that is now labeled Kp, as highlighted in the
figure below.
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2. Rename the block Kd because it will be the gain for the derivative control.
3. Connect the Velocity output to the Gain block, as shown in the figure below:
»= Click once on the line connecting the Demux block to the Velocity Scope to select
it.
= Right-click the line where it bends just before entering the scope and drag your
cursor to the input of the Gain block, then release the right-mouse button.

-

elociy

Kd

This creates a junction at the point where you first right-clicked.

4. Change the gain value to 600.

Your model should now look like the following:

> —>f\

Kd . Welocity

| ——————™ -
22000,
—— } :’&RIELR

Constant Sum Kp Plans

RecurDwn Demux /\/\/_

Distance

To add integral control:

1. In the Math tab, click the Gain block of the Math group and then click into the model
window and place it below the Kp gain block, as highlighted in the figure below.
Rename the block Ki and change its value to 100.

From the Continuous block in the Continuous and Discrete tab, click the Integrator
block.
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4. Right-click the signal connecting the Sum block and the Kp block and feed that into the
Integrator block.

5. Connect the Integrator to the Ki block.

Your model should now appear as shown next.

s o

Kd + Velocity
22000. —'—_: . . A0
B RECURDYN
Constant Sum Kp Plant
RecurDyn Dremux ’—P/\/\f
1 Distance
— =
s
Integrator Ki
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Closing the Loop

Now, you will close the loop by adding all three feedback signals together and connecting the
sum to the RecurDyn plant block.

To close the loop:

1. In the Math tab, click the Sum block of the Math group and then click into the model
window and place it between the Gain blocks and the RecurDyn block, as highlighted in
the figure below.

z 2. Double-click the newly added Sum block and change the list of signs to +++.

This adds a third input so all three elements of the feedback controller can be specified

— as inputs to the summation block.

-

Welocity

22000 - - .
RECURDYN|
Constant Plant

+ RecurDyn Demux /\/\f

Distance

Surmi

Integrater i

List of signs |"_ |

Sample time |E' |

| QK | | Cancel

3. Connect the Gain blocks to the summer and the summer to the RecurDyn plant.

Congratulations, you have finished building your controller model. It should now look like
this.
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22000, M - .
’ —l—P&mcun

Constant Plant

+ RecurDyn Demux

Sum1

Integrator Ki

4

-

Velocity

-

Distance

Simulating the Model

Now simulate the model and view the results.

To simulate the model:

Change the Type to RecurDyn Start Stop  Parameter

E = C@End|S.
"’%, Type  [|RecurDyn i

and change the Solver to Solver |RecurDynSolver |~
RecurDynSolver Time Analysis

From Time Analysis group in the A velodty : - o x
Simulation tab, click the Start. Ehelke|Q MY = [R[E] 5% |

When the simulation has completed, oo Ve

double-click the Velocity and Distance zrs0000

scopes to view the response. The )

response plots should look like the figure |z ™/ e
on the right.

The Velocity converges to zero, indicating -10980.000

that the two cars maintain a fixed /

distance after the transient response has R s e e

died out. The Distance plot shows that r— ——

the final value is 22,000 mm (22 m) as

= By e |0 R | @ | i@ [E] % | 2
well, as it should be. The response time is
a bit slow, however, and the overshoot is
too great. You will now fix these and run e\
the simulation again. -\

)
> 25200.000

23400.000

21600.000

0.000 1.000 2.000 3.000
Time

= Distance #1

4,000 5.000
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Tip: What if the co-simulation does not run?
If the co-simulation does not run, a Server Busy dialog box may appear. If the dialog box
appears:

= Click Switch to and review the message in the RecurDyn Output window.

If the error message is that the CoLink model could not be found, review the locations of your
RecurDyn and CoLink models. Make sure that both models are located in the same directory.
If not, place both models in the same directory and restart both RecurDyn and CoLink. The
simulation should now proceed properly.

To adjust the control gains:

Double-click the Kp block and change the gain to 1000. In addition, change Kd to 800.

2. Run the simulation by clicking the Start tool.
Notice that the plots shown in the scopes did not change. These plots only update at the
beginning of a simulation so to view the results from the current simulation, you need to
run the simulation again. Then, the plots will be updated.
The system behavior now looks acceptable. Next, you will go back to the RecurDyn plot
environment and plot the results.

Viewing the Results

In this section, you will plot the driving torque, relative velocity, the distance between the
cars, and include the animation.

To view the results:

1.

2.

a

10.

Go back to the RecurDyn program, leaving the CoLink program open in case you want to
explore your model further.

Open the Plot window.

In the upper row of tools in the toolbar, click the Show All Windows tool to divide the
window into four panes.

Click the top left pane to activate it.

From Animation group in the Tool tab, load the animation
by clicking the Load Animation.

—-CarCruise_InitiaI
-~ TIME
+ Bodies

A warning appears about deleting the view in that pane.

Because there is nothing in the plot, click Yes to proceed. +) Force

+ Jaints
Modify the view and rendering mode of the animation using £ Couplers
the same commands and tools you would normally use in =} Plant input

= Fin_DrivingTorque
: e Value
+ Plant Output

the modeling environment.

Click the bottom left pane to activate it and draw the
Driving Torque (see the figure on right).

Click the top right pane to activate it and draw Relative Velocity, the first Plant Output

Click the bottom right pane to activate it and draw the Distance between cars, the
second Plant Output. The next figure shows the resulting plot.
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[RICHCRIREER] = o %
CarCruise Page 1
Time = Initial State ) 5c
4@ e o P @4 DE &
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?ﬁ CarCruise_Initial
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L
2.50
Time (s)
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BkEl - RE P F|&SDE & Bl -[RE P r &5 DE *
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—
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You have now finished the main steps of this tutorial. Additional steps include adjusting the
control gains to further improve performance or increasing the complexity in the controller by
making it adaptive based on the actual distance between cars or time to impact. In the next
section, you will implement an adaptive control system that resumes driving at the desired
speed when the car in front has moved.
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Chapter

Augmenting the CoLink Model

Task Objective

In this chapter, you will modify the CoLink model to include an adaptive cruise control. You
will then simulate the system and make plots of the results.

Estimated Time to Complete

15 minutes
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Modifying the RecurDyn Model

You will first modify the RecurDyn model to allow the implementation of the adaptive cruise
control system. This will require an additional translational joint for the lateral movement of
the front car and additional plant outputs to the control system from the model.

First, create a dummy body in the middle of the front axle of the front car.

To create the dummy part:

0 1. From the Professional tab, click the Properties of Body1 [ Current Unit : M/kg/mm/s/deg ]
E"ipSOid icon Of the BOdy group. General |Graphic Propertyl Origin & Orientation I Body |
Bllipsoid - 2 Using the default Point, Distance creation Name [C1_bummyBoa |
- method, select the markers at the existing nit
translational joint and couplers of the front Force [newton [+] [ ]
car, as shown in the following figure. Mass [ilogram [+] [[mmiks ]
. Length [ millimeter [+] [ css
Enter 35 as the radius of the sphere. s lrecons o [
Right-click the sphere and click Angle [degree [+] [es
Properties. i .
5. On the General page, change the name of
the body to C1_DummyBody as shown in =
the figure to the right. tyer [1 ]| |
6. Click OK.
[or ) [ come ][ aow0 ]
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To create the translational joint:

? 1. From the Joint group in the Professional tab, click the Translate icon.
- 2. Using the Body, Body, Point, Direction creation method, and select:
Tranjlate = Ground
= Cl1_DummyBody
* The center of the sphere
= Enter the direction 0, 1, 0 (or click the +Y-axis of Ground InertiaMarker.)
3. Change the properties of the newly created joint:

= Right-click the newly created joint and click Property.
= On the General page, change its name to C1_TraLaneChange.

* On the Joint page, create an expression for the lane change:

=  Check the box next to Include Expression
Motion and click Motion. wame [ tanechange |
| 5000+STEPTIME, 2,0,3,1) I

= Click EL to open the expression
window and then click Create to
Create a new expression.

= Name the expression

Ex_LaneChange and enter the Available Argument List
following as the expression: Ty o e[| cr
-5000*STEP(TIME,2,0,3,1) T St ot o

: z ::l:;:;tryat\on

# T Genericforce

-Ji Specific force

@ fdt System element [+]
4 1] [»] [ Add ] [ Detete

[ ok ] [ canet | [ apey |

This expression will move the car 5 meters to the right (the negative
Y-direction) starting 2 seconds into the simulation and ending at 3 seconds

The Expression dialog box should look like the one on the right.
= Click OK four times to accept all changes and exit the dialog boxes.

Now you will modify the original translational joint so that it connects the car body
(C1_Car_Body) to the sphere (C1_DummyBody) instead of ground.

4. In the Database window, right-click C1_Tra_Car_Ground and select Property.
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5. On the Connector page, change the Base Marker Body and Ref Frame to
C1_DummyBody and change Name to Marker2 because it is the next available one in
the list of Markers associated with the dummy body as shown in the Database window in
the figure below.

Properties of C1_Tra_Car_Ground [ Current Unit : N/kg/mmys/de...
[General || Connedtor { Joint |
—Base Marker
Name || Markerz || Bady C1_DummyBody
Orientation | Angles | = | Ref Framef C1_DummyBady
Origin 28240.0229, 0, 475.00879 [et]
Euler [anglestz [+]] 30,, 90, 90. |
—Action Marker
MName Markerd EBody
Orientation | Angles |v Ref Frame
origin |28240.0223, 0, 475.00879 [et]
Euler [anglesiz [+]] 90,, 90., 90, |
| Copy Base to Action || Copy Action to Base ||AII |v
Cor ][ cma ][ som |
6.

Run the simulation to verify that it is working properly.

The five-second simulation should run as before with the exception that now the lead car
should change lanes halfway through the simulation.

Next, you will define the additional plant outputs so the CoLink control system can be

augmented to include them.
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Double-click an existing plant output to display the Plant Output List dialog box.

Click Add create a new output.

In the Expression dialog box, add
an entity to the Argument list by
clicking Add and then either
typing in
C1_DummyBody.Markerl or
dragging it in from the Database
window.

Change Name to
Pout_LatDistance and enter the
expression as shown below, where

Expression

MName I Pout_LatDistance I

l D) |

Available

Argument List

=}-Fune Function expressions
+ ~Fr Fortran 77 Functions
#-TC Simulation constants

D Entity

1 C1_DummyBody.Markeri

&
[ |

ok |

+- @ Displacement
- A& Velacity

-4 Acceleration
#- i Generic force
+F; Spedfic force
_DY( 1) - e System element
4 m

In the Plant Output List dialog
box, click Add again to enter one more plant output.

1 refers to the entry in the
Argument List:

add | [ Delete

| Cancel ‘ |

Name the expression Pout_AbsVel, enter Car_Body.Marker5 in the Argument List,
and enter the expression VX(1).

Marker5 on Car_Body is the marker associated with the translational joint
Tra_Car_Ground.

Tip: You may need to enter a different marker number if you took extra steps (for example,
created joints erroneously then deleted and created them again) and your numbering is
different than that shown here.

Find the correct marker by expanding the entry for Tra_Car_Ground in the Database window
and looking for the marker associated with Car_Body.

8. Click OK twice to accept changes and exit the dialog boxes.

9. The Plant Output List should look like the one
shown on the right. Then click OK again.

Plant Output List

Plant Qutputs

M... U| Mame Expression | e
1 | o (ke
2 |[v ﬂ
S | (N
(2 <
\ 4
y

add | [ inset | | Delete |

| oK | | Cancel Apply |
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Augmenting the ColLink Model

You will now modify the CoLink model to implement the adaptive cruise control system. This
will require a switch based on lateral movement of the front car and an additional feedback
control system to maintain desired speed once the front car has moved out of the way.

To modify the CoLink model:

Display the CoLink model window of the model that you created previously.

2. Save the CoLink model as a new file by clicking the clicking the Save As in the File
menu and entering a new name.

3. Double-click the Demux block and change Demux
the number of outputs to 4.

4. In the Math tab, click the Switch block of
the Nonlinear group and then, click into the | ok || cancet || sppiy |

Mumber of ouputs |“I |

block diagram.

5. Double-click the Switch block and change | S"ich
the Threshold value to 4500.
Setting the Threshold to 4500 means that wulol y=u[0] (u[l] = threshald)
when the second input, u[1], is greater ot ] ly=ul2] Il <threshold)
than or equal to 4.5 meters, the first input,
u[0], will be passed to the output of the
b|OC|(, Y. This is why: Criteria for passing first |L|[1] »= Threshold |v|
Threshold |45DD- |
= u[1] is set as the lateral distance Sample time |“I |
between the two cars in the : ;
simulation. | OF | | Cancel | | Apply |

= u[2] is the control signal for the original system when the two cars are in the same
lane.

= u[0] is the control signal for the new control system that sets a desired driving
speed.

6. Using the figure below as guidance, do the following:

» Delete the connection between Sum1 block and the RecurDyn block and, connect
the Sum1 block to the bottom port of the Switch block.

= Connect the output of the Switch to the RecurDyn block and the third port on the
Demux block to the second port of the Switch block.
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| -

. Velocity

22000, ———M™

- A RECURDYN
.+ P 1000 . Plant

Constant

RecurDyn

M

Distance

Demux

ol
L

Sum1

Integrator

Switch

7. Now, create a new constant/sum block, highlighted in the figure below:

| =

+ Velocity

22000, ————M™

B A RECURDYN|
.+ P 1000, . Plant
Constant
Sum RecurDyn N

Distance

Demux

ol
z\% é? év

Sum1

Integrater

w— M
- Abs Velocity
35760. R ™ 250, p—

Sumz Kpl Switch

h

h

Constant1

Click the Sum block and press Ctrl+C to copy the block. Then, press Ctrl-V to paste a
copy and drag it down to the lower section of the block diagram to the left of the Switch
block.
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a. Change the signs of the new Sum2 block to -+ so it appears as shown above.

b. Connect the fourth output port from the Demux block to the negative terminal on
the new summation block, Sum2.

c. Similarly, copy the Constant block and the Kp block and place them to the left and
right of the Sum2 block. Then, do the following:

= Change the constant value to 35760 (mmy/s, or 80 mph).
= Connect the Constant1 block to the positive port on Sum2
=  Connect the output of Sum2 to the input of Kp1.

= Change the gain for Kp1 to 250 and connect its output to the first input port
on the Switch block.

8. Add a scope to the fourth output from the Demux block and label it AbsVelocity
because it represents the actual forward speed of the blue car, as highlighted in the
figure below.

| P

+ Welocity

22000, ——W - e
+ P 1000, &m%li?n( )
Ll +
Constant
Sum RecurDyn /\/\ﬁ

Distance|

Demux

% Y 3

Sum1

Integrator

h

) I /\/\ﬁ
g

‘ Abs Velocity
35760. I + 250, .

Sumz Kpi Switch

Constant1

9. Run a simulation of your system for 10 seconds to verify that it is working correctly.

Tip: Change the simulation time by either:
In the toolbar bar next to the animation controls, entering 10.

Clicking Simulation —Parameter and changing End Time to 10.
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The velocity of the second car should match the following plot

A Abs Velocity
= ke |G [

30D

33600.000

|
A
|
1
|
\
|
\
30800.000 \
|
1
A
1
\

Y Axis

28000.000 \
\

25200.000

22400.000

0.000 2.000

4.000

Time

6.000 8.000

= Abs Velocity #1

10.004

Note that the forward speed does not ever reach the value at the beginning of the
simulation. To rectify this, you will add integral control to the control system. You will
also add derivative control and a rate limiter to control the rapid acceleration 3 seconds

into the simulation.

To add integral and derivative control, highlighted in the figure below:

AL M

Delete the connector between the Kp1 block and the Switch.

Copy the Sum1 block and paste it just to the right of Kp1.

Change the signs of the new Sum3 block to +++ so it appears as shown below.
Connect Kp1 to the second port of the new summer, Sum3.

Connect the output of Suma3 to the open first port on the Switch block.

Copy the Integrator and Ki blocks from the original control system and paste them into

the augmented portion in the same place. Connect the blocks in the same manner in

which they were previously done.

When this step is complete your model should look like the following:
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| -

+ Velocity

10.

22000, ————W - » 1000 &mcun
L . Plant
Constant
Sum RecurDyn /\/\ﬁ

Distance

Dremux

z\% éY é?

Sumi

Integrator

+ '/\/\ﬁ
|—’—|
—= — Abs Velocity
+ —
L

Switch

35760,

Constant1

Sum3

Integrator1 Ki1

In the Continuous and Discrete tab, click the Derivative block of the Continuous
group and then, click into the control system and place it above the Sum2 block.

Make a copy of the Kd block and paste it above the Kp1 block.

Connect the following:
* The signal running between Sum2 and Kp1 to the Derivative block.
» The Derivative block to the Kd1 block.
* The Kd1 block to the first input port on the Sum3 block.

Change the gains for Kd1 and Kil to 5 and 7, respectively.

Your model should now look like this:
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11. Double-click the Derivative block and change the Linearization Time Constant to -

le-6.

As seen in the Derivative dialog box, the transfer
function for this differentiator is now s/(-1e-6s + 1).

A perfect differentiator would have a transfer

function of simply s, or s/1. This is not physically
realizable though because at high frequencies, the

Derivative

Linearization Time Constant  s/[Ns+1)

|1e—6 |

F ok ]| cancel || mpey |

gain would be infinite. Instead, we choose the Linearization Time Constant, so the block
approximates a differentiator for frequencies less than about 1e6 rad/s, as shown in the

following Bode diagram:
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12. Simulate the system again to verify that the system is working properly, and that the
final velocity is now the desired value. The car velocity should appear as shown on the

right.

Next, you will add a rate limiter to the control system, so the rate of acceleration is not so
high. Specifically, as soon as the front car moves over, the back one changes suddenly from
a steady speed to a rapidly increasing velocity. This would feel like the car is flooring the gas
pedal and would be uncomfortable for passengers. The rapid decrease in velocity is not a
problem because the car needs to maintain the ability to slow down quickly if an object is in

its way.
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To add the rate limiter, highlighted in the figure below:

Delete the connector between the Switch and RecurDyn blocks.

2. In the Math tab, click the Rate Limiter block of the Nonlinear group and then, click
into the model and place it to the right of the Switch block.

3. Connect the Switch to the Rate Limiter and the Rate Limiter to the RecurDyn block
as shown below.

» /\/\ﬁ
+ .
Kd Velocity
220040, —| 4
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Sum Kp RecurDyn Ll /\/\ﬁ
+ Distance
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+

1
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4. Double-click the Rate Limiter and change
the Rising rate to 3e6 and the Falling rate
to -1e10. Leave the initial conditions as they
are.

Rate Limiter

\\\\\\\\\\\"{;—. -
S

Rising rate |3E6

Initial Condition |°-

|
Falling rate |'1E1D- |
|
|

Sample time |0

| 0K || Cancel || Apply |
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5. To see the effect of the rate limiter, add two scopes to the model. Connect one of them
before the rate limiter and the other one after it.. Change the name of Scope and the
name of Scopel to RawTorque and LimitedTorque.

-
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* ‘."/\/\ﬁ r/\/\ﬁ
1
s Raw Torgue Limited Torgue
Integrator Ki Sum3
6. Simulate your model again, double-click the two new scopes, and look at the results.

They should appear as follow.
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7.

Display the RecurDyn model, press the Play button on the Animatio

the Analysis tab, and watch the simulation.

n Control group in
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When you are satisfied that your model is working properly, display the plotting environment
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and make the same plot as you did at the end of Chapter 5, but rather than plotting the
distance between cars in the lower-right pane, plot the lateral distance, Pout_LatDistance.
This plot is shown below.
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If you are interested in investigating this model further, try these additional steps:

= Adjust the control gains to improve performance even more.

= Set Kd and Ki to zero and tune the controller from scratch.

Thanks for participating in this tutorial!
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