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AUTOMOTIVE ROAD TESTING (TSG)

Chapter

Overview

Task Objectives

In general, an actual vehicle drive test is used to obtain measurement data such as
acceleration, speed and location from sensors for the vehicle part or system durability test.
However, since measurement data are output signals derived from specific locations due to
external actuation of the vehicle, it is hard to apply them as input signals of actuators in the
actual vehicle test-rig or the virtual vehicle test-rig using RecurDyn. Moreover, since it is
difficult to reflect all the nonlinear elements of the physical system in the virtual system
modeled by RecurDyn, it is hard to assume both systems are identical. Therefore, if it is
possible to derive input signals of actuators so that the measurement data can be derived
from the RecurDyn modeling, you can resolve issues on the usability of measurement data
and the reliability of the RecurDyn modeling. The TSG Toolkit uses the input signals of
actuators included in the RecurDyn modeling for the measurement data to simulate actuation
conditions of the physical system as similar as possible using the measurement data.

In this tutorial, the TSG Toolkit is used to generate input signals of actuators based on the
measurement data obtained from the vehicle drive test.

» Configure sensors to utilize measurement data and to check the simulated result.
» Configure actuators to derive sensor results through simulation.

» Generate input signals of actuators to derive measurement data from sensors through
simulation iteration.

»  Output signal derived from the sensor: Response signal

=  Qutput signal to be derived from the sensor (measurement data utilization): Target
signal

» Input signal of the actuator: Drive signal

» Check the result to see if the result derived from the sensor (response signal) and the
measurement data (target signal) are similar.
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AUTOMOTIVE ROAD TESTING (TSG)

Prerequisites

This tutorial is intended for users who have completed the basic tutorials provided with
RecurDyn. If you have not completed these tutorials, then you should complete them before
proceeding with this tutorial.

Task

This tutorial consists of the following tasks and the time required for each task is listed in the
table below.

Procedures Time (minutes)
Opening the initial Model 10
Defining Signals 10
Performing FRF 10
Performing Iteration 10
Total 40
</ Estimated Time to Complete this Task
40 minutes
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AUTOMOTIVE ROAD TESTING (TSG)

Chapter

Opening the Initial Model

Task Objectives

To open and observe the initial model.

& Estimated Time to Complete This Task

10 minutes
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AUTOMOTIVE ROAD TESTING (TSG)

Opening the RecurDyn Model
To run RecurDyn and open the initial model

On the Desktop, double-click the RecurDyn icon to open RecurDyn.
When the Start RecurDyn dialog window appears, close it.

In the File menu, click Open.

b=

Navigate to the tutorial folder and select TSG_Tutorial_Car_Start.rdyn. (File path:
<Install Dir> \Help\Tutoria\TSG\AutomotiveRoadTesting).

5. Click the Open button. to open the model shown in the following figure.

The following explains the configuration of the model.

A shaker is prepared for each wheel of the vehicle. The shaker is connected to the ground
with a translational joint so that it can only move up and down. It is also connected to the tire
with an inplane joint so that it can only move in one surface. For further clarification, see the
relational map provided with RecurDyn.
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AUTOMOTIVE ROAD TESTING (TSG)

A Relation Map x

| | Property [F) | VFiIter =t sync :@: Fit {:; Refresh (F5) | A MName (@ Fullname «#= Circular |None ~ | Font Size (15 [T

J

Traloint1 Ground
Shaker_1 d
Inplaned Tire_1

Entity Info,

Rigid Body

To save the model:

1. In the File menu, click Save As.

(You cannot perform the simulation if the model is in the tutorial path, so you must save
the model in a different path.)
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AUTOMOTIVE ROAD TESTING (TSG)

Chapter

Defining Signals

Task Objectives

To run TSG, you should define the signals to be generated, define sensors to check the
simulated response and process the measurement data.

<’ Estimated Time to Complete This Task

5 minutes
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AUTOMOTIVE ROAD TESTING (TSG)

Defining Actuators

Define actuators as many as the number of signals to be generated. Each defined actuator
will be applied when you define the motion of the joint entity or the component of the force
entity into an expression. In this tutorial, 4 shakers, each under a tire, are defined as
translational joints and the displacement motion is applied to them to drive each tire up and
down.

To create actuators:

W 1. Click the Actuator icon in the Signal group under the TSG tab.

Actuator
2. Define 4 actuators.
Actuator List
Actuator List
Mo | Use Mame ;
1| |w Actuatorl
2 | v Actuator2
3| v Actuator3
i v
Add " | nset | | Delete |
| oK || Cancel || Apply
To apply actuators:

Click the Expression icon in the Expression group under the Subentity tab.
From the Expression List dialog window, click the Create button.

From the Expression dialog window, define the Name as EX_Actuatorl and enter
TACT(Actuatorl) in the Expression column.
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AUTOMOTIVE ROAD TESTING (TSG)

4. Click the OK button to close the Expression dialog window. Also, for the remaining 3
actuators, create EX_Actuator2, EX_Actuator3 and EX_Actuator4.

Expression List
Mo MName Expression Value Comment I
1 | B 0 E 0
o EX_Actuator? TACT[Actuator) E M/A
3 |EX_Acuator2 TACT[Actuator?) E M/
4 |EX_Actuator3 TACT(Actuator3) E M/L
5 |EX_Actuatord TACT{Actuatord) E /A A

5. Open the Properties dialog window for TraJointl and check the Include Motion
option.

6. Click the Motion button to open the

. i ) Properties of TraJoint1 [ Current Unit : N/kg/m/s/deg ]
Motion dialog window.

General | Connector | Joint

Type |Trans|ationa| |
Mation
’VIncIude Mation | Wation i
7. Set the Type field to Displacement Motian
(time) and click the EL button. "Mstion |
8. Import EX_Actuatorl created above Type [Standard Mation []
from the Expression List dialog
window.
. . |Disp|acement [time] |v|
9. Also, for TraJoint2, TraJoint3 and
TraJoint4, fill the Motion dialog window ‘NE*:”:Z““’" e =]
for EX_Actuator2, EX_Actuator3 and oresson =

EX_Actuator4 respectively.

TACT[Actuator)

oK | | Cancel

Defining Sensors

The result derived from each sensor will be compared with the target signal as the
performance index to check the simulated response. In this tutorial, the acceleration to the
chassis will be measured.
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AUTOMOTIVE ROAD TESTING (TSG)

To create sensors:

—+ | 1. Click the Sensor icon in the Signal group under the TSG tab.
B

Sensor

Click the Add button to open the Expression dialog window.

When the Expression dialog window appears, define it as follows:

Expressian

MName |5ens::ur1

acczin, 2|

Available Argument List

EI---F!LI:\m Function expressions n o] Entity
[-Frr Fortran 77 Fundtions
---T: Simulation constants
@& Displacement
; Velocity

Acceleration

Generic force

Specific force

- Jeit System element |E|
Y T

| Ok | | Cancel | | Apply |

CHAS515.CM

2 Ground.nertiaMarker

.

e=lleTl Y

From the Expression dialog window, click the OK button.
Make sure that it is added to the Sensor List dialog window.

Repeat the same steps above to create one more sensor *"ACCY(1,2)". A total of 2
sensor signals should be created.
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AUTOMOTIVE ROAD TESTING (TSG)

Sensor List

Sensor List |

Mo | Use Mame Expression :
1 | |w Sensarl ACCZ,2) E
2 ||V Sensor? ACCY[1,2) E

Add

| | Insert | | Delete |

QK || Cancel || Apply

Defining Target Signals

These are the input data that you should define. They can be defined from a set of
consecutive data over time obtained through test or simulation. These will be indices for TSG
performance evaluation.

It is necessary to define Target Signals as many as the number of selected sensors. Target
signals should be defined in the .csv file type in the order of timel, datal, time2, dataz, ....

0
0.00
0.002
0.003
0.004
0.005
0.006

0
-0.0004
-0.00303
-0.01027
-0.02232
-0.03801
-0.05629

0 0
0.001 0.000186
0.002 0.001564
0.003 0.009046
0.004 0.033633
0.005 0.080458
0.006 0.131874

| J

|

Target of Sensor1 Target of Sensor2

|
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AUTOMOTIVE ROAD TESTING (TSG)

Consecutive data over time obtained from the test contain not only low frequency
components but also a lot of high frequency components, which will cause noise and errors

during the process of applying the TSG Toolkit.

Therefore, it is recommended to use a low

pass filter to include signals not greater than 50 to 100 Hz in the .csv file before creating it.

Since 2 sensors are defined in this tutorial, the
sequentially.

To create target signals:

.csv file should contain 4 sets of data created

1. Click the Target icon in the Signal group under the TSG tab.

2. From the Target Output List dialog window, go to the Target Output Function tab

and perform as follows:

= Click the '..." button at the Target Signal field.
= Select the ACCZ_ACCY_50hz_2EA.csv file located under the path where the

initial model is.

= Check all fields in the Plot column and click the Plot button to view the target

signal using a graph.

Target Qutput List

Target Qutput Function | Target Output List

Target Signal [ *C5V) |C:\Program Files\FunctionBay, Inc\RecurDyn VBRS\HeI;"Zl

Mo |Plot | Windowing | Time Offset | Mame Target

1 |v I— 0. sensorl ACCZ(,2)
I— 0. Sensor2 ACCZ(1,2)

| Plot |

Sampling Frequency [Hz) |‘IODD. ||E||

End Time [2 o]
‘Windowing Parameter for Target Signals

’7 [Time tength  [+] [steps  [+] [02 =]

Target Output File (*TARGET] [ Target_2€4_SoHztarget ||I|I

| Create Target Output File |

A Target Output Function - O

ek BEeEes @ ¥ EE & E

= Sensorl—— Sensor

15.00

10.00

wn
o
=]

. ‘ I ; hl
0.00 W“uﬂ A \'!I AU fﬂ%\%w% ‘V}‘LU\..—‘JW F\“M
M e
-10.00
0.00 0.20 0.40 0.80 0.B0 1.00 1.20 1.40 1.80 1.80 2.00
Sampling Time

| OK | | Cancel

= Enter 1000 in the Sampling Frequency field.

= Enter 2 in the End Time field. The created .csv file contains 1000 pieces of data per
second. You should consider this fact when you enter the end time.
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AUTOMOTIVE ROAD TESTING (TSG)

= Select Time Length for Windowing Parameter for Target Signals and enter
0.2 in the input field. And select Step5 Type for Windowing Method Type. This
performs the function to forcefully set the start and end signals to zero to minimize
errors when converting time signals to frequency signals through Fourier
transformation.

= Enter Target_2EA_50Hz.target in the Target Output File field to create a
target file with the same name under the folder where the model is.

= Click the Create Target Output File button.

From the Target Output List dialog window, go to the Target Output List tab and
check the target signal created.

= Check all fields in the Plot column and click the Plot button to view the target signal
using a graph.

Target Qutput List A Target Qutput - B x
. - . .-
Target Output Function | Target Output List = & e} @ sa E (p '?r @' 73‘ jﬁ >\ Q'ﬁ l’E
Target Output File (*. TARGET] | Target_2EA_SOHztarget [ — Sensorl— Sensor2
Mo Plot Mame | Target
1 [v] Sensort ACCZ(1,2) 15.00
2 v Sensor2 ACCZ(1,2)
10.00
5.00 l -
> H q
0.00 -{i0—plfA i 5 AN oa
WYY ot w
-s.00
L) W §
-10.00
0.00 0.20 0.40 0.60 0.2 100 1.20 140 160 130 2.00
Sampling Time

| [ Flot i
|
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AUTOMOTIVE ROAD TESTING (TSG)

Chapter

Performing FRF

Task Objectives

FRF (Frequency Response Function) derives a transfer function (H(f)), which represents
system characteristics, through the signal processing course that converts the time signal to
the frequency signal.

3
4

./ Estimated Time to Complete This Task

10 minutes
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AUTOMOTIVE ROAD TESTING (TSG)

Performing FRF

To perform FRF, the sweep sine function, which sequentially changes the input signal
frequency, is applied to the parts to which expressions such as TACT(Actuatorl) and

TACT(Actuator2) are defined. The frequency band required at this moment is defined in the
Start and End Frequency (Hz) fields.

1. Click the FRF icon in the Simulation group under the TSG tab.

2. From the FRF dialog window, perform as follows:
= Enter 0.001 in the Start Frequency field.

Enter 50 in the End Frequency field. The target signal is filtered to 50 Hz or less.
So, 50 Hz is applied to the End Frequency.

FRF

A FRF Result#1_Drive Signal - O x
FRF Result | FRF = B |k |id R G | @ [E] & | e
Sampling Frequency (Hz) ‘1000. | — Actuatord
Actuator Signal Generation for Computing FRF
Start Frequency (Hz) [1.e-003 [[ev] | 0.010 b
RN
e Freaueney [z 2 , 0.005 - /“ |”1 ]1 []'I [ fFM
‘ (. '] i ’ f |I
: T
| Advanced Option | = 0‘000—/ I'[ ] ]H‘ |r| ]|
AIATLY
-0.005 ! I’I 1‘ I!r ! |r, 1
VU | ](l
o010 vy
0.0 0.20 0.50 0.60 0.80 1.00 1.20 1.50 1.50 L.80 2.P0
FRF File [ *.FRF} |FRF.fr‘f \E Sampling Time
Analysis Setting | | Simulate |
d »
| »

Algarithm by KNR SYSTEM

Click the Advanced Option button and enter 0.01 in the Magnitude field of the
sweep sine function. In this tutorial, the model used the MKS unit. If the default

setting, 1, is applied, the tire displacement changes in the unit of 1.0 m, which is
an excessive condition.
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AUTOMOTIVE ROAD TESTING (TSG)

FRF

FRF Result | FRF

Sampling Frequency (Hz)

Actuator Signal Generation for Computing FRF

Start Frequency (Hz)

End Frequency (Hz)

FRF File [ *.FRF ) |FRF.Fnc

Analysis Setting

[1000. |
[1.e-003 [[pv]
[se. e ]
Advanced Option |
Advanced Option
Mo Mame Magnitude
1 Actuator] 1e002 Pyl
| |2 Actuator2 1e002 Pl
3 Actuator3 1e002 Pyl
4 Actuators 1e-002 Pyl

=  Enter FRF.frf in the FRF File field to create a file with the same name under the
folder where the model is.

= (Click the Analysis Setting button and enter 2 in the End Time field and 2000 in
the Step field. Importantly, the end time and the step should be set considering
the sampling frequency when creating the target signal. In this tutorial, the
sampling frequency is 1000 Hz. So, set the End Time field to 2 and the Step field

to 2000.
FRF File (*FRF) |FRF.rf ]
Analysis Setting | Simulate |
Dynamic/Kinemati is x

General | Parameter | Initial Condition |

End Time | v |
Step | 2000, [pv]
Plot Multiplier Step Factor . | v |

[ ] output File Mame | |

= Click the Simulate button to start the analysis. Analysis is performed as many
times as the number of actuators configured.
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AUTOMOTIVE ROAD TESTING (TSG)

Viewing FRF Result

After performing FRF, you can view the result of the created frf file using a graph.

1. When the FRF analysis is completed, you will be moved from the FRF dialog window to
the FRF Result tab automatically.

Click the FPLT button to view the FRF result on the Plot Window.

Double-click the value you want to check in the Database of Plot.

FRF
FRF Result | FRF
FRF File (*.FRF) [Fre 0301 [ Fer ]
Iteration Number [ [-]
- Drive Signal
No | Pt Actuator
1 v ] Actuator]
2 [~ Actuator2
3 I— Actuator3
4 l— Acdtuatord
1 [ 1
= Magnitude-Sensor1 (dB)
- Response Signal I ——.
No Plot
T v
[ | 5000. 00 -
2 [T
-~
@ 3000.00
o
2
@ 2000.00
3
= 2000,00
o i
E 1000. 00 - \ '\r’ ] —
0,00 - }
i i
1.00 201.00 401. 00 601. 0ED11001. 00
101.00 301.00 501.00701.801.00
Frequency (Hz)
= Phaseangle- Sensori (deg)
FRF
150.00 = w i
100. 00 - st A fl
- . oo-w — I
g ] 1
B o.00-
)
B so.00- \\
< -100.00-
-150.00 -
4
-200.00 - :
1.00 ' 201.00  401.00 601.0£011001. 00
101.00 201.00 501.00701.801.00
Frequency (Hz)

4. Click the FRF icon again to open the FRF dialog window.

5. Set the Iteration Number field to 2, check the Plot option of Actuator2 in the Drive
Signal table and click the Plot button to draw the drive signal for Actuator2 using a
graph. The sweep sine function is applied to actuators individually in the FRF course.
When an actuator is actuated, zero value is entered to the rest of actuators.
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AUTOMOTIVE ROAD TESTING (TSG)

FRF

FRF Result FRF

FRF File  *FRF) [FrE# [ ][ Frur
Iteration Number |2 |v|
r Drive Signal

Mo Plot Actuator

1 Actuator]

2 Actuator2

3 Actuator3

4 l— Actuatord

—Response Signal

Mo | Plot ‘

Sensor Expression
1 l_ Sensorl ACCZ,2)
2 |[ Sensor2 ACCY[1,2)

A FRF Result#2_Drive Signal - O

Rk GRvEPsF & EE & e

== Actuator2

T
A M Il
o |
ool L

0.00 0.20 0.%0

060 0.30 1.00 1.20 1.40 1.0 1.80 2.00

Sampling Time

6. Check the Plot option of Sensorl in the Response Signal table and click the Plot
button to check it. The graph displays the result derived from the sensor when the
sweep sine function is entered in the Drive Signal table.

FRF
FRF Result FRF
FRF File  *FRF) [FrEAE [ Feer
Iteration Number |2 |v |
 Drive Signal
No Plot Actuator
1 l— Actuatorl
2 v J Actuator2
3 l— Actuator3
4 l— Actuatord

Export | Flot |
—Response Signal
M Plol Sensor Expression
1 4 Sensorl ACCZ(,2)
2 ] Sensor2 ACCY[1,2)

A FRF Result#2_Response Signal - B x

BBk DY EPST & RE] & A

> 0.00 /f'\vf VnVA\fAVAE i

-4.,00
-5.00

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.B0 2.00

Sampling Time
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AUTOMOTIVE ROAD TESTING (TSG)

Chapter

Performing Iteration

Task Objectives

The Iteration course derives the drive signal applied to the actuator through iterative
simulation to match the response signal measured from the sensor with the target signal
defined by the user as much as possible based on the calculated FRF result.

3
a4

./ Estimated Time to Complete This Task

10 minutes
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AUTOMOTIVE ROAD TESTING (TSG)

Performing Iteration

Perform the analysis according to the following diagram.

First Drive
(FRF)1 x Targets Target
B

> Simulation
: v
Update Drive || Response |
(FRF)' x Error v

Output Comparison [«——

%ﬁ 1. Click the Iteration icon in the Simulation group under the TSG tab.

[teration

2. From the Iteration dialog window, enter data as follows:

Import the previously created FRF file by specifying the file name in the FRF File
field. In general, the field is automatically filled.

For Cutoff Frequency and Windowing Parameter, use settings applied to the
Target Output List dialog window and the FRF dialog window as is.

Enter 10 in the Iteration Number field to define the number of simulation
iterations.

Enter 0.5 in the Learning Factor field to define the coefficient to compensate for
the deviation between the target signal and the response signal.

Enter Result_50Hz_2EA.tsg in the TSG Result File field to create a result file
with the same name under the folder where the model is.
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AUTOMOTIVE ROAD TESTING (TSG)

[teration

Iteration

FRF File [ *.FRF) [FrF.ir L. [ FRT |

|:| Use First Drive Signal( *, TAl )

TAI File | |

— Cutoff Frequency

Lower Bound (Hz) [ 1.e-003 [ev ]

Upper Bound (Hz) |50, [ v

—Windowing Parameter for Drive Signals

|Time Length |v| |Lir1ear |v| |D.2 ||P':.r|

lteration Parameters

lteration Number |'||3' LPv |

Learning Factor |D.5 || Pv ||

TSG Result File ( *T5G ] | Result_S0Hz_2EA_linear.tsg . |

Analysis Setting | Simulate || Ok || Cancel |

=  Click the Simulate button to start the analysis.

Viewing Iteration Result

After performing the iteration course, you can view the result of the created tsg file using a
graph.

1. When the iteration is finished, the Result dialog window appears automatically. (If you
want to manually open it, click the Result icon in the Result group under the TSG tab.)

2. From the Result dialog window, perform as follows:

= Select RMS for the Error Rate field and click the Plot button. The deviation
between the target signal and the response signal is calculated using the RMS
method each time iteration is performed, and the calculation result is displayed
using a graph.
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TOMOTIVE ROAD TESTING (TSG)

Result
Result
TSG File (%756 ) [Resulttsg ]
Errar Rate [Rms [+|[Fity
Iteration Mumber |1 |v|
 Drive Signal |
Mo Plot | Actuator
A Error Rate - 0o x
1 I— Actuatori . - = N
~ e ® k| 0NREPSF & RE & e
2 Actuator2
4 I— Actuatord 1.80
e e L e || 4 0 N
1.60 N
1.50 N
1.40 \\
> 1.30
1.20 o~
1.10
1.00
0.90 —
T—
0.80
1 E 10
ITteration

= In the final analysis, the deviation rate becomes 0.85 approximately, which is the
smallest value.

= Set the Iteration Number field to 10, check all fields in the Plot column and click
the Plot button to view the Drive Signal for all the actuators.

Result A Iteration#10_Drive Signal - B x
et | ® bk OGRYEPSF ¥ EE K| e
T5G File [ %T5G ) |Result.tsg |—Actuatom—Ac‘tuatm’z—Actuatora Aciuator4|
Error Rate |RMS 0.040 i
0.030 Jl . i
Iteration Number |‘|0 0.020 J.\‘\.J i nl". '\'Il
Dre il oo A NS T TR AR
r Drive Signa 0. 000 - i— s Y o A S e
~ _o.o0w0 Y i\ \.\?{ WANLAY \( :ﬁf‘f
Ho _Plot Actuator —0.020 | B .'&f{ \
1 J7 Actuatort -0.030 ll'\. lluf_ :
= = 1
2 v Actuator2 0.040 ¥
v — : . -0.050
5 - RETHOTE 0.00 0.20 0.20 0.0 0.80 1.oo 1.20 1.40 1.0 1.B0 z.00
4 v Actuatord sampling Time
[ ot | [Pt ]

= Set the Iteration Number field to 10, check the field for Sensorl in the Plot
column and click the Plot button to view the response signal for Sensorl along with

the

target signal.
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AUTOMOTIVE ROAD TESTING (TSG)

— Response Signal

Mo | Plot | Sensor Expression
1 | Sensorl ACCZ(1,2)
2 Sensor2 ACCY(1,2)

[Jinclude Error Signal ‘

A lteration#10_Response Signal - b X

FEkGNYEPsEF & @E] K

| - Sensorl ~ Sensorl_Target Signal |
15.00 - |
10.00 - 4 1
5.00- - ﬁ%
-

0.00 - l hu 'A Bupﬁ.
-5.00 -

"‘s\. : L)

L
-10.00 -
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.%0 1.B0 2.00
Sampling Time

= You can see that the Response Signal shows almost the same trend as the Target
Signal. This means that there is no problem on the created Drive Signal.

3. From the Plot Window, export TSG/TimeSignalGeneration1/TSG Actuator values
to a file to apply the values to other systems.

Thanks for participating in this tutorial!
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