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Many countries are requiring Electronic Stability Control (ESC) safety systems on new vehicles.
In the USA, nearly al vehicles sold after September 2011 must be equipped with ESC and
comply with the regulation FMV SS 126, published in 2007. The FMV SS 126 requirements were
more or less duplicated into the United Nations ECE R13H, which applies to European Union
countries and many countries in Asia. Both FMV SS 126 and ECE R13H define a test procedure
that uses a driving maneuver known as the Sne with Dwell.

OEMs simulate the sine with dwell maneuver in order to comply with both regulations. In the
case of FMV SS 126, the OEM must be confident that any vehicle sold in the USA would pass the
specified procedure if tested. A combination of testing and simulation is done to gain this
confidence. In the case of ECE R13H, the regulation specifically alows simulation to be used for
some vehicles, if the simulation has been validated through comparison with physical test results.

Shortly after FMV SS 126 was published in 2007, Mechanical Simulation posted a tech memo and
example run on the carsim.com web site for use with CarSim (the release at that time was version
7.01b). Since then, OEMs have gained experience using simulation to comply with both FMV SS
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126 and ECE R13H, and CarSim has been further developed to provide more built-in
programming to simplify the simulation of this test series.

This memo describes how the sine with dwell performance test can be smulated in CarSim, and
is demonstrated with example procedures included in CarSim.

This memo assumes that you are familiar with the basic use of CarSm. At a minimum, you
should have gone through the CarSm Quick Sart Guide and you should have some familiarity
with the way VS solvers work, as documented in the VS Solvers Manual. We also recommend
that you first read another tech memo, Making Advanced Procedures with VS Commands, which
introduces methods for using VS commands to automate sequences of tests. The examples in that
memo involve a simpler type of test: steady-state circular turning used to obtain the understeer
gradient for a vehicle. The circular testing method is related to ESC testing and provides a good
introduction for the types of VS commands covered here.

The procedure described in this memo manipulates a normalized sine with dwell waveform using
the capabilities of configurable functions that are used throughout CarSim. Details for this type of
manipulation are provided in an appendix.

The detailed reference material for VS Commands is provided in the VS Commands Reference
Manual.

Summary of the ESC Test

FMV SS 126 is described in an 88-page document that is part of the Federal Register, Vol. 72, No.
66, April 6, 2007. The standard itself (571.126) is presented in six pages (pp. 17310 — 17315); the
description needed to simulate the test is presented in just afew paragraphs.

Note The FMVSS 126 test procedure includes many specifications that are not
directly relevant to simulation and which are not covered in this memo.
These are discussed in more detail in the last section of this memo.

Slowly Increasing Steer

The simulation test procedure begins with a“Sowly Increasing Steer Test” intended to determine
the steering wheel angle A associated with a lateral acceleration of 0.3g for a speed of 80 km/h
with the steering angle increasing at a rate of 13.5 deg/s. When performed via physical testing,
three tests are repeated for counter-clockwise steering up to a lateral acceleration of 0.5 g; the
steering angle at exactly 0.3 g's of lateral acceleration is calculated using linear regression fro
each test, and the three results are averaged. The sequence is repeated for clockwise steering, and
the absol ute angles obtained in the two directions are averaged to obtain A.

Sine with Dwell

A “sine with dwell” test involves bringing the vehicle to a speed dightly above 80 km/h with no
steering or braking, letting it coast in the highest gear to 80 km/h, and then using a robot to apply
a steering control with the shape shown in Figure 1. The shape is defined as a sinusoid with a
frequency of 0.7 Hz that pauses for 0.5 seconds after reaching the second peak. Without the

2/33


VehicleSim_Solvers.pdf
../manuals/vs_commands.pdf
../manuals/vs_commands.pdf

dwell, the period would be 1/0.700 = 1.429 seconds; with the 0.5 second dwell, the control ends
at 1.929 seconds.

= [CarSim_Data] Control: Steering (Open Loop): { Sine with Dwell } Sine with Dwell Waveform E]@
File Edit Datasets Libraries GoTo View Todls Help
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Figure 1. Sne with dwell waveform, with amplitude of 1°.

Two series of sine with dwell tests are done, one with initial counter-clockwise steering (positive
steer, as shown in the figure), and the second with initial clockwise steering.

In each case, the amplitude is first set to 1.5A, where A is the reference amplitude obtained with
the dowly increasing steer test.

Notes The amplitude shown in Figure 1 is 1°; this is done to simplify scaling
the control to multiples of A aswill be shown |ater.

Details for working with this dataset are provided in the appendix.

For example, Figure 2 shows plots of two variables for the two slowly increasing steer tests and
three sine with dwell tests for a vehicle with the ESC disabled. When the lateral acceleration
reached 0.3 g's, the steering wheel angle A was 39.9°. Therefore, the first sine with dwell test
amplitude (1.5A) was 59.9°.
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Figure 2. Vehicle response for sine with dwell without ESC.

The standard identifies severa critica times for each test in the series. When the steering starts,
this time is caled the Beginning of Steer (BOS). When the waveform completes, the time is
called the Completion of Steer (COS). The plots shown in Figure 2 use alocal time in which BOS
is always zero; therefore, COS is aways 1.929. Four times are used to evaluate the vehicle
response:

1

3.

4,

Starting after the first zero crossing of the steering wheel angle (0.714 seconds after
BOS), the vehicle yaw rate is monitored for a peak value. For example, in the figure, the
peak value for the last test is-27.0°/sat T = 1.457 after BOS.

For tests where the steering amplitude is 5.0A or more, at 1.07 seconds after BOS the
lateral displacement of the vehicle mass center must be at least 1.83 m (6 ft) relative to
the start of the test for vehicles with GVW of 3,500 kg or less. For vehicles with GVW
greater than 3,500 kg, the required lateral displacement is1.52 m (5 ft).

At 1.0 s after COS (2.929 seconds after BOS) the instant yaw rate must be less than 35%
of the peak yaw rate; otherwise, the vehicle fails the test. In this example, 35% of the
peak yaw rate for the third test is —9.45°; the yaw rate at 2.93 sis -15.2°/s, which means
the vehicle fails the test.

At 1.75 s after COS (3.679 s after BOS) the instant yaw rate must be less than 20% of the
peak yaw rate; otherwise, the vehicle failsthe test.

If the vehicle passes atest, the steering amplitude isincreased by 0.5A and another test isrun.

The sequence is completed when the steering amplitude reaches 6.5A (11 tests) or 300°; the
steering wheel angle for the last test is not allowed to be greater than 300°. If the amplitude
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reaches 6.5A and this amplitude is less than 270°, then the final test uses an angle of 270°. If the
vehicle with ESC passes the last test with initial counter-clockwise (positive) steering, another
series of sine with dwell tests is made with the initial clockwise (negative) steering. For example,
Figure 3 shows the complete sequence for a vehicle with ESC that passes the test series.

Steering wheel angle - deg
400 ¢

200+

0

-200+

400+

Time since event clock reset - sec

Yaw rate (body-fixed), vehicle - deg/s
507

0=

504

Time since event clock reset - sec

Figure 3. Response of vehicle with ESC for the full sequence.

Simulating the Sine with Dwell Procedure

With the capabilities of VehicleSm (VS) commands in CarSim, the test procedure described
above can be performed in asingle run. This section describes how thisis done, using an example
procedure provided in CarSim.

Several example runs in the category Handling and Stability Tests have names beginning with
Sine with Dwell (ECE R13H). The main example is the dataset Sine with Dwell (ECE R13H)
w/ ESC (Figure 4).

Therun is set up with a vehi cIe@, a procedure @ and an ESC controller model defined using
V'S commands @ (This smple controller is described in a separate technical memo: An Example
Electronic Sability Controller, available from the CarSim 8.2 Help menu.) A link is aso
included to show arrows for the tire forces @ when the run is animated (Figure 5). In the
animation figure, he tire force arrows show a significant longitudinal force at the right-front tire,
due to the brake being actuated by the controller.
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= [CarSim_Data] CarSim Run Control; { Handling and Stability Tests } Sine with Dwell (ECE R13H) w/ ESC

File Edit Datasets Libraries GoTo Miew Tools Help

B R s [X]

This example demonstrates the simulation of a Sine with Dwell test Test Specifications Run Control: Built-In Solvers
sefies, a3 required in requlations such as FMYS5 126 and ECE [ ‘ehicle configuration: lnd_S4 - [ Bun Math Model ] Models | ¥
Requlation 13H. [ ) = 1 -

LClazz, SUY -
Dretails of the test are covered in the notes for the procedure.

[ FProcedure ( 2 [#]'write all available outputs

The programming of thiz procedure iz descibed in detail in the tech [ Site with Dwel [ECE R13H, FMWSS 12 -
memo "Example: Electronic Stability Control Test." [See Help -» . .
Technical Memos.) Show more optionz on thiz screen

Miscellaneous Data

Road/wind/mizc.: Generic group il ] Qverid
2 hle - Fx, Fy, Fz ( 3 weride time step

The procedure iz set up to maintain continuity in speed between [ Foad/wind/misc.: Generic WS EommanOZ_]

The wehicle in thiz run has a Simple Parametric ESC controller
modeled with ¥S Commands and PASSES the test. Click on the blue
link. "*Simple Parametric Stability Control” to see how this was written,

many repeated tests. However, writing to the output ERD file is = 7 =
dizabled when transitioning between tests. To see the entire run, set Simple Parametric Stabiliy Control
|W’F{ITE_ALL ol

[[] Override time and distance settings

Road/wind/misc.: |

Figure 4. Run Control screen for a sine with dwell test using VS commands to add ESC.

[ ¥s Visualizer - CarSim - Sine with Dwell (ECE R13H) w/ ESC <Handling and Stability Tests » (==

File ‘“iew Playback Flot Tools Help

x “ESC Intervention
~ “viabrake

j 56.154(87.400

Figure 5. Animation of the sine with dwell test when intervention occurs.

The ESC Testing Procedure

CarSim 8.2 includes two sine-with-dwell procedures. Figure 6 shows the one used for the
example runs shown earlier, with some explanatory notes @

This procedure covers many changes in controls that are made as the run proceeds; therefore,
none of the driver controls are set here. The tests take place on a flat, level surface (3) with a
friction coefficient of 0.9 @ CarSim supports two kinds of ground 3D descriptions. a grid in
which Z is defined as a function of global X and Y, or aroad, in which Z is defined as a function
of station (distance aong the road) and latera distance from a road reference line. Both
descriptions work OK for a flat level surface. A road dataset is used because it automatically
provides a straight reference line that will be used during some parts of the sequence by the built-
in CarSim driver model.
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/":2 [CarSim_Data] Procedures; { Stability Testing } Sine with Dwell (ECE R13H, FMVSS 126)

File Edit Datasets Libraries GoTo Yiew Tools Help

] OJ5ER s [X]

Thiz procedure demonstrates the simulation of a Sine with Dwell test |~ Driver Controls Start and Stop Conditions

zemies, as required in regulations such as FMWSS 126 and ECE ~ — — 5

R13H. [ Speed control is not specified | | Stop run at specified time hd
@ Time [sec) Path station [m]

More details about tFE example are provided in a technical memo

available from the Help menu; in the Technical Memos section, see [ Eraking: v] Start @ SSD L

"Example: Electronic Stabiliy Control Test." Stop: Road fonward |
L [[] Specify intialization details? o
The results of the test are witten into the "Log file of parsfiles and

events'” that iz accessed by clicking the "iew' button at the bottom [ Shitting cantral: v]
right of the Home screen. The result - "This vehicle PASSED the
test” or "This vehicle FAILED the test” -- is written near the end of
the log file. [ Steering v] Additional Data
Misc.: Events '/S il

Thiz procedure involves three test sequences: A, Goto 80 km/h Speed and Settle

Misc: Events >
A wait to Start Slowly Increasing Stee 9

Additional Data
First, the vehicle iz driven to the test speed of B0 km/h. DEFINE_PARAMETER WRITE_ALL =0
OPT_wWRITE WRITE_ALL @

Mext, a slowly increasing steer maneuver iz uzed to find a reference
steering wheel angle associated with a lateral acceleration of 0.3 g's.

Misc: Events ([ 0
Finally, a sequence of zine with dwell tests iz made, increasing in [ Migc.: 30 road Sl A Wwait to Start Sine with Dwell b
amplitude with multiples of the reference steering wheel angle [ 1 km Square w/ Cones 3
Trangzitions between these three sequences are controlled with the - - -
the following: ” [ Misc.: Mu wia 5-L arid a il
[ 0.9
- SProcedures: Sine with Dwell (ECE R13H, FMVSS 126) = | || | Misc A Misc; |
+-Road: 30 Surface [l Properties): 1 km Square w/ Cones
% [ Misc.: | | Misc: |

E3

Figure 6. Procedure for the full series of sine with dwell tests, suitable for HIL simulation.

Because this procedure really involves a series of tests, the overall start and stop conditions are
set to be as basic as possible, with a stop time set only as backup, in case the procedure doesn’t

terminate as intended ((5), (¢), (7).

Links are made to three sequences of events for this procedure. The first is used to bring the
vehicle from rest up to the 80 km/h test speed , the second applies the slowly increasing steer
teﬂs@ to establish the reference steering wheel angle A, and the third controls two series of sine
with dwell tests . Three sets of events rather than one handle the procedure in order to provide
modularity. For example, the slowly increasing steer sequence is used not only to set up sine with
dwell tests, but also to set up fishhook testsfor roll stability.

This procedure is set up to maintain continuity in speed throughout the series of tests. This is
done to support hardware in the loop (HIL) systems in which a hardware ESC unit might get
confused if any smulation shortcuts are taken (e.g., starting the run at the test speed of 80 km/h
rather than at zero). The plots shown earlier show steering and yaw rate based on a clock that was
reset with each test repeat. In contrast, Figure 7 shows portions of the overall sequence using
absolute simulation time on the horizontal axis. Notice that much of the time is spent between
tests. The extreme cornering that can occur during the sine with dwell test dows the vehicle
considerably, and the speed must be brought up above 80 km/h for the next test.
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Figure 7. Time histories based on absolute simulation time.

Writing to file is normally controlled in these simulations such that the output files contain only
the interesting parts of the vehicle motions. Writing to file is controlled by a system parameter
OPT_WRI TE, which is set initially to a new parameter WRI TE_ALL created with the VS
command DEFI NE_PARAMETER @ (Figure 6). The new parameter WRI TE_ALL is given a
value of zero; hence, when it is used to set the value of OPT_WRI TE, the effect is to turn off
writing to file when this dataset is loaded. This is done to avoid writing data to file during the
transitions between tests (Figure 8). Comparing Figure 7 and Figure 8, we see that the first
sequence of sine with dwell tests that finishes about 110 s into the run (Figure 7) finishes at about
46 s into the recording where transitions are skipped.

If you want to see the entire simulation time history (211.4 s), you can set the value of
VRl TE_ALL to anon-zero value. (This was done to generate the plots shown in Figure 7.)

Note As noted earlier, the tech memo Making Advanced Procedures with VS
Commands introduces and explains most of the techniques for using VS
commands that are used in the sine with dwell procedures. This
introductory tech memo is available from the Help menu.

The First Series of Events: Going to the Test Speed

Click on the blue link for the Events dataset (Figure 6) that brings the vehicle up to the test
speed. Figure 9 shows this dataset. It is one of three Events datasets in the category: Go to
Constant Speed.
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Figure 8. Time histories when writing to file is controlled to skip transitions.
= [CarSim_Data] Events: { Go to Constant Speed } A. Go to 80 km/h Speed and Settle E]@ >

File Edit Datasets Libraries GoTo Wiew Tools Help

RaM|E3M Bl (=]

Data to use now [when thiz data set loads]

e T o 5 [ bisc. Data: Brake control 4 | | Migc. Data: Cloged-loop shift control 6
D:S ey el et EM [ Mo Open-Loop Braking Pressure [ AT Al Gears
[ igc. Data: Dpen-oop steer control @}] [
[ Open-loop throttle contral 3 il [ o Sizen
[ Comztant 0.5

DEFIME_PARAMETER INIT_DONE =0 @

higc. Data v]

Pending events l'_J F:onlml the future use of dat_a & If no dataszet iz selected the run will stop if the event iz tiggered.
[ Clear &l existing events?  Mumber of pending events to. add Otherwise the linked dataset is read and the: un continues.
1:IF @ Wy [%(@ a0 @ THEM load: B. Let Speed Settls (L_?*B
v

Figure 9. Events dataset to accelerate vehicle up to test speed.

This dataset is read along with the Procedur es dataset, before the simulation starts and before the
math model initiaizes. It sets up the main control settings that will be used at the start of the run:

e The speed control modeis set to open loop and the throttle is set to half @ under the
assumption that this will be sufficient to accelerate any CarSim vehicle from rest to a
target speed of 80 km/h on a high friction surface in areasonable manner.
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¢ When the speed control was set to open loop, any closed-loop braking was disabled.
Open loop braking is also set to zero @

e Steer control is set to open-loop, with the steering wheel angle set to zero @

e Shifting is performed with a closed-loop controller that will use the shift schedules
for the vehicle, using all gears available in the vehi cle@.

The Events screen has options for controlling initialization; in most cases, including this one, the
checkbox to enable these options is not checked (1). Another option is to show more links (2).
When not checked (as in the figure) the miscellaneous fields available for providing VS
commands (e.g., @) are given more space.

The main distinction of this screen is that it can automatically generate VS commands to add
pending events. In this case, one pending event is added . A pending event is defined with a
Boolean expression (alogical expression that must have avalue of true or false) of the form:

variable operator threshold

where variable is any parameter or variable in the math model that can be identified with a
keyword (e.g., vehicle forward speed, VX @), operator isacomparison operator available from a
pull-down list , and threshold is any expression that can be evaluated by the VS solver (e.g.,
80 @). The threshold can be a number, a symbol, or an algebraic expression.

Asthe simulation runs, dl pending events are evaluated each time step. The threshold expression
is updated if necessary and compared to the current value of variable. (In this example, the
threshold is smply a number; however, in other examples the threshold can be a formula that is
applied before the comparison is made.) If the Boolean expression is false, no action is taken.
However, if the Boolean expression is true, then the event is said to be triggered and one of two
possible actions are taken:

1. If another dataset is specified (e.g., B. Let Speed Settle@), then that dataset is read by
the VS solver and processed, and the run continues using any changes in the vehicle
properties or test conditions that are specified in the new dataset.

2. Onthe other hand, if thereis no linked dataset associated with the pending event, then the
simulation run isimmediately terminated.

If thereis alinked dataset, the V'S solver removes the event that was just triggered from the list of
pending events. Any other pending events remain pending by default. It is possible to clear al
pending events, as will be seen later.

In addition to the built-in options selected on this screen, the VS command
DEFI NE_PARAMETER is used to add a new parameter | NI T_DONE and assign it a value of
zero. When the vehicle has finished this series of events, the parameter | NI T_DONE will be
given a hon-zero value to indicate that this part of the simulation is done. It will be seen shortly
that another test sequence (the dowly increasing steer) has a pending event waiting for this
condition; when that event is triggered the next part of the procedure will become active.

When the vehicle speed exceeds 80 knvh, the VS solver will read the dataset file with the title B.
L et Speed Settle (12), shown in Figure 10.
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/?' [CarSim_Data] Events: { Go to Constant Speed } B. Let Speed Settle : E

.Eile Edit Datasets Libraries GoTo Wiew Tools Help .
- & 2R B D c [ EEEE. x O EZ (2] [2
| = B0 (&

Data to use now (when this data set loads) | Misc. Data: Opendoop thiattle controo? | Mizc. Data: hd

P = B
Specify initislization details? [] Maore Links? Mo Open-Loop Thiotle
Feset all contral clacks? [] Reset wheel speeds?

[] Reset vehicle X, ', & yaw?_| Reset vehicle springs? | Misc. Data: | | Mizc. Data: hd|

| Constant target speed b i kmdh
2

Pending events to control the future use of data
] Clear all existing events? Mumber of pending eventsto add: | 1 w

1:1F T_EVENT

If no datazet iz selected the mun will stop if the event iz iggered.
Otherwize the linked dataset is read and the run continues.

3 THEN load: l C. Speed Initialization is Done (5 v|

Figure 10. Events dataset to | et speed settle.

When this event dataset is loaded, the speed control option is changed from open loop to closed
loop, with the target speed being set to the current vehicle speed @ Open-loop throttle (previous
set to 0.5) is turned off (3).

The checkbox to specify initialization details is checked @ revealing more checkboxes related
to details of initidization. In this case, the box is checked to reset al control clocks and the others
are unchecked, indicating that the math model should stay “as is’ regarding position, wheel

speeds, and suspension springs. When the control clocks are reset, a built-in time variable
T_EVENT is reset to zero. This variable is used to define a new pending event that will be

triggered when it exceeds 3 s @ This is intended to let the vehicle settle at the current speed.
When three seconds have passed, the next Events dataset will be loaded: C: Speed Initialization

is Done. As shown in Figure 11, the only change made by reading this dataset is that the
parameter | NI T_DONE is given anew value of 1. (Recall that it was initially zero.)

= [CarSim_Data] Events: { Go to Constant Speed } C. Speed Initialization is Done E]@
File Edit Datasets Libraries GoTo View Todls Help

] D)esmrs (X (O

) Sy it iy e s Mise Dol | Mize Dl >
[ Misc. Data: v] [ Misc. Data: v]
[ Speed contral is not specified -
[ Misc, Data; ']
INIT_DONE =1 @
[ Migc. Data; - |

Pending events to control the future use of data
[] Clear all existing events? Mumber of pending events ko add:

Figure 11, Events dataset that indicates the speed initialization is compl ete.
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Because no pending events remain for this series, and no new events are defined on this screen,
this dataset concludes the seriesinvolving speed initialization.

The Second Series of Events: Slowly Increasing Steer
Recall that the Procedure dataset (Figure 6, page 7) had links to three Events datasets. The
second, with thetitle A. Wait to Start Slowly Increasing Steer, is shown in Figure 12.

= [CarSim_Data] Events: { Slowly Increasing Steer Test } A. Wait to Start Slowly Increasing Steer E]@

File Edit Datasets Libraries GoTo Wiew Tools Help

E 210
(] (=]

Data to use now [when thiz data set loads] [ Misc. Data:
[ Specify intizlization details? i

*| | higc. Data - |

[ Migc. Data: V] [ isc. Data v]

[ Speed contral iz not specified V]

DEFIME_PARAMETER SLOW_STEER_DOMNE O
DEFINE_PARAMETER Swid_REF O : units = deg: | 5w for 0.3 g's

®

Pending events l'_’ F:onlml the future use of dat_a If hio datazet is selected the run will stop if the event iz iggered.
[] Clear all existing events? Hurnber of pending events to add: Otherwize the linked datazet iz read and the run continues.

1F INIT_DOME 0 THEN load: [ B. Slowly Increasing Steer to Ay = 0.3 @

Figure 12. Events dataset to wait to start the slowly increasing steer tests.

This dataset defines an event based on the parameter | NI T_DONE, which was created and
updated in the previous series. The pending event checks for the condition that | NI T_DONE is
not equa to zero @; when this happens, the dataset B: Slowly Increasing Steer toAy = 0.3 g's
is loaded @ In order for this event to be valid, the new parameter | NI T_DONE must already
exist. This is achieved by making sure the link to the Events dataset that defines | NI T_DONE
appears before the link to this dataset on the Procedur es screen (Figure 6).

This dataset also uses the VS command DEFI NE_PARANMETER to define two new parameters:
SLOW STEER _DONE and SWA_REF @ The SLOW STEER_DONE parameter will be used to
indicate when this series of eventsis complete. (Once defined, it can be referenced in any datasets
that are loaded after this one.)

When the previous sequence is complete and | NI T_DONE is no longer equal to zero, the event is
triggered and the dataset shown in Figure 13 isloaded.

Recall that the VS solver was instructed via the parameter OPT_WRI TE to not write any datato
file at the start of the run. At the time that this dataset (Figure 13) isloaded, the vehicle has settled
into the proper speed and is ready to start the dowly increasing steer. This is the first ingtant in
the simulation where the behavior might be of interest for animation and plotting. Therefore, the
OPT_WRI TE parameter issetto 1 @ instructing the VS solver to start writing to file.

The checkbox to specify initidization details is checked @ as are two related checkboxes: the
option to reset all clocks, and the option to reset the vehicle position (X, Y, and Yaw). One of the
clocks is used to define open-loop steering wheel angle. Because the clock now starts at zero, the
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dowly increasing steer can be defined in CarSim simply with a linear coefficient multiplied by
the steering clock time. The coefficient (STEER_SW COEFFI Cl ENT) is given the value 13.5 °/s

(3) as specified in the standards.

= [CarSim_Data] Events: { Slowly Increasing Steer Test } B. Slowly Increasing Steer to Ay =0.3 g =03 rV\
File Edit Datasets Libraries GoTo Yiew Tools Help
¢ 7, Ewvents211
|\—j ‘ | ‘ ‘ D ‘(C’ ‘D 10-01-2012 17:52 \X | ‘ ‘f?| |—|
Data to use now [when this data.sel ) | Mies. Data: -] | [T — ~|
(] Specify initialization details? 5
#] Reset all contiol clocks? ] Reset wheel speeds7
[#] Reset vehicle ¥, Y, & yaw¥_] Reset vehicle springs? | Misc. Data: = | Misc. Data: hd|
| Speed control is not specified |
steer_sw_coefficient 13.5 1 specified ramp
OPT_'wRITE 1 @
Pending events ‘9 _r.:ontrol the future use of dat.a — IF no dataset iz selected the run will stop if the event is tnggered.
[ Clear &l existing events?  Mumber of pending eventsto add: | 1w/ Dithemwise the: linked dataset is read and the run continues.

1-IF By [= 03 THEN loadt [ C. Set Reference Stesring Wheel .&ngl@l

Figure 13. Events dataset to start increasing steer lomy until Ay reaches0.3g's.

Steering and al other open-loop controls are represented in CarSim as V'S configurable functions
that can be constants, linear coefficients, tables, or equations. The cal culation method is identified
by a keyword that identifies the configurable function and indicates the type of calculation. The
root name for the keyword is found by looking at the screen for setting steering as a function of
time (visit this screen using the Libraries menu, e.g., Figure 1 on page 3). In this case, the root
name is STEER SW The calculation method is specified with a suffix: STEER_SW CONSTANT
indicates steering is a constant, STEER _SW CCEFFI Cl ENT indicates steering is calculated by
multiplying a coefficient with time, STEER_SW TABLE indicates steering is calculated using a
table of numbers and a specified interpolation method, and STEER_SW EQUATI ON indicates
steering is calculated using a formula provided at runtime. Details on VS configurable functions
are provided from the Help menu in the documents Driver Controlsand VS Solver Programs.

The ESC standards require this test to continue to a lateral acceleration level of 0.5 g's and that
the steering corresponding to 0.3 g's be calculated using linear regression. However, in a
perfectly repeatable simulation environment, only a single test is needed up to alimit of 0.3 g's.
Because the simulation results do not include measurement noise, the steering wheel angle that
exists at the millisecond where absolute lateral acceleration reaches 0.3 g'sis simply saved.

A pending event is defined to check the lateral acceleration @ When it reaches 0.3 g's, the next
Events dataset will be loaded (5). Figure 14 shows the dataset that will be loaded when the
acceleration limit is reached.

At the instant that this dataset is loaded (the lateral acceleration has reached 0.3 g's) the steering
wheel angle (STEER_SW defines the reference A needed later for the sine with dwell tests.
Hence, the current value is saved using the parameter SWA_REF that was defined earlier (@,

Figure 12).
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@) [CarSim_Data] Events; { Slowly Increasing Steer Test 3 C. Set Reference Steering Wheel Angle LE,
File Edit Datasets Lbraries GoTo Wew Tools Help

)] £ [o)Fs. (%] (D (2] (2] (2]

Data to uge now [when thiz data set loads) [

ComE . * Misc. Data: Open-loop steer contral il [ Misc. Data: >|
Specily initialization details? [ Mare Links? Mo Steer 3 ]
Reset all contral clocks?  [] Reset wheel speeds?
[ Reset vehicle 3. . & yaw ] Reset vehicle springs? | Mizc. Data: ] | tizc. Data: x|
[ Speed control is hat specified V]

Swis_REF = STEER_Sw
OFT_WRITE WRITE_ALL

Pending events to control the future use of data

o - If o dataszet iz selected the run will sop if the event iz tiggered.
[[] Clear all existing events?  Mumber of pending eventsto add: | 1w Othenwize the linked datazet is read and the wn continues.
1 F T_EVENT o 3 THEN load: | D. Slowly Decreasing Stee to Ay = -0.3@

Figure 14. Events dataset to set the reference steer angle and settle before the next test.

The next test in the standard is a repeat with the opposite direction (slowly decreasing steer). To
prepare for the next test, the steering is set to zero @ the local clocks are reset @ and a
pending event is added to wait 3 s for the vehicle to settle @ When the time has elapsed, a new
dataset is loaded to slowly decrease steer until the lateral acceleration reaches avalue of -0.3 g's
@. During this settling period, writing to file is once again disabled by setting the system
parameter OPT_WRI TE to the parameter WRI TE_ALL @

The next dataset, D. Slowly Decreasing Steer to Ay = -0.3 g's, is nearly identical to the dataset
for dowly increasing steer shown earlier (Figure 13). The only differences are that the sign for
the steering coefficient and lateral acceleration are negative, and that the next dataset to load in
the sequenceis E. Revise Reference Steering Whed Angle (Figure 15).

= [CarSim_Data] Events: { Slowly Increasing Steer Test } E. Revise Reference Steering Wheel Angle E]@ X

as
File Edit Datasets Libraries GoTo Wiew Tools Help

)] O)EeE. (X (O

Data to use now [when thiz data set loads] [
[ Specify inttialization details? [ Mare Links?

Misc. Data: *| | hisc. Data - |

[ Migc. Data: | | higc. Data - |

[ Speed control is not specified V]

Swit_REF = [S'wit_REF + ABS[STEER_Sw/)/2
{5LOW _STEER_DOME =1

Pending events to control the future use of data
[] Clear all existing events? Mumber of pending events to add:

Figure 15. Events dataset to conclude the slowly increasing steer tests.

When loaded, the vehicle has just reached the lateral acceleration level of -0.3 g's. The reference

steering wheel angle needed for the sine with dwell tests is set to the average of the saved value
and the absolute value of the current steering (1).
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Because no pending events remain for this series, and no new events are defined on this screen,
this dataset concludes the seriesinvolving slowly increasing speed.

The Third Series of Events: Sine with Dwell Steering
The third link to an Events dataset from the Procedure dataset (Figure 6, page 7) loads the
dataset with thetitle A. Wait to Start Sinewith Dwell.

Setting up the First Sine with Dwell Test Series

Figure 16 shows the first dataset in the series. As with other datasets linked to the Procedures
dataset, it is loaded before the simulation run starts. Any output variables that will be written to
file (e.g., for plotting) must be defined before the output files are created when the run starts.
Several new outputs are defined for this test, and the definitions are al provided in a linked
dataset (1) using the Generic: VS Commands screen.

e

) [CarSim_Data] Events: { Sine with Dwell } A. Wait to Start Sine with Dwell (=JIOJEs
File Edit Datasets Libraries GoTo Wiew Tools Help

E 215
(] Rameee (X (O (€] (2] [2]

ks to_ u.st.a. n_ow. [when. thisldatoleel Iofads] [ Mizc. Data: Generic 'S Commands * [ iz, Data: ]
[ Specify intizlization details? [ Mare Links? [ 1 -

Liefine Sine with Dwell VYanables

[ Migc. Data: V] [ higc. Data v]

[ Speed contral iz not specified V]

Pending events l'_J F:onlml the future use of dat_a If no dataszet iz selected the run will stop if the event iz tiggered.
[ Clear all evisting svents? Hurnber of pending events to add: Otherwise the linked dataset is read and the run continues.

1:IF SLOW STEER_DONE i THEN load: [ B. Bring Vehicle Speed to 82 km/h (’EE]

Figure 16. Events dataset to set up sine with dwell series.

The Events dataset also sets up an event based on the parameter SLOW STEER DONE. The
pending event checks for the condition that SLOW STEER_DONE is not equal to zero @; when
this happens, the previous series has been completed and the sine with dwell seriesis started by
loading the next dataset (3).

Figure 17 show the Generic VS Commands dataset used to define new parameters and output
variables that are unigue for the sine with dwell series of tests. This is the preferred screen for
locating multiple VS Commands because the yellow field islarge @; however, it can be easier to
read and edit using a text editor by clicking the Par sfile button @ The associated text file (in
this case, with the name GVS108. par ) has the information shown on the screen plus additional
information used to manage the database. Natice that the text is color-coded, with VS commands
such as DEFI NE_ PARAMETER and DEFI NE_QUTPUT shown in bold color.
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File Edit Datasets Libraries GoTo VWiew Tools Help

1 2
g Hesw. x =

[ratazet Code [Optional):

Use the field below for data or commands associated with this model data set. Plot Definitions

DEFIME_PARAMETER SWwA_MULT 11 Sine with Dwell integer multiplier [checked at 5 and £.5] [ v]

DEFIME_PARAMETER SwiA_ARS 11 Abzolute walue full multiplier for Sine with Dwell amplitude
DEFINE_PARAMETER 5w Sign =1 sign for test [+1 or -1] [ ']
DEFINE_P&RAMETER ESC_OK = 0;! pass/fail notice for echo file
DEFINE_FPARAMETER LatDizp 1.83; units = m; | used for event at T =1.07 [ v]
5ean every e\ 3 i pg € ConTEXT - [Z:\Current\CarSim_82\CarSim_Data\Generic\VS_commands\GVS108. par] Jo&d
define_output A%z_Feak =

C File Edit ¥isw Format Project Tools Options Window Help -8 X
! For Simulink/LabIEW digy
DEFINE_OUTPUTESC_F4| 1 PARSFILE i
ExP_ESC_FAIL z #FullDatalame Generic V3 Commands Define Sine with Dwell Varisbles 3ine with Dwell

. 3 #VehCode
| For optional save/restore m

1 .
DEFINE_PARAMETER O] [, @

& DEFINE PARAMETER 3Wi MULT 1 ! Zine with Dwell integer multiplier (checked at 5 and 6.
7 DEFINE PARAMETER 35Wai AES 1 ! Absolute wvalus full multiplier for Jine with Dwell ampli
g DEFINE PARAMETER SWA Jign = 1 ; ! sign for test (+1 or -1)

2 DEFINE PARAMETER ESC_OK = 0O; ! pass/fail notice for echo file

10 DEFIHE_PARAMETER LatDisp 1.83; units = m; ! used for event at T = 1.07

11

1z ! Scan every time step for peak yaw rate

13 define output AVz Peak = MAX(ABI(AVI), AVI PEAK); units = deg/s

14

15 ! For Simulink/LebVIEW display

16 DEFINE OUTPUT ESC_FAIL = -0.1; ! For Zimulink/LabVIEW/New Wrapper

m 17 EXP_ESC_FAIL

ig

19 ! For optional sawve/restore method

z0 DEFINE PARAMETER OFT_3WD_RESTORE 0O ; ! option to save and restore wvehicle state

71 HENDNYellow @ —
< >

Ln1, Cal1 Inzert Sel: Mormal Dos File size: 1933

Figure 17. Defining variables with the Generic VS Commands screen.

If you use atext editor, it isimportant to only edit the text that appearsin the big yellow field @
In the text file, the contents of the big yellow field start after a line that reads #M scYel | ow0
(4), and continue until a line #ENDMYel | ow (5). Be sure not to edit anything outside the lines
that define the beginning and end of the field. Once done editing, save the file; otherwise, CarSim
will not use the changes made. To see the changes made by editing the text file directly simply go
back to the CarSim window. If by any chance you don’t see the changes, click the Refresh button
@ to force CarSim to read the parsfile again.

Two new outputs are defined using the VS command DEFI NE_QOUTPUT. One is the peak yaw
rate AVz_Peak, used to evaluate the success or failure of the vehicle and ESC at two specific
times in each sine with dwell test, as described earlier. The other is a variable ESC_FAI L that
can be exported to Smulink or other external software to indicate whether the vehicle has passed
or failed the test. (It is not needed for the Windows-only examples, but is handy when this
exampleis extended in driving simulators and HIL setups.)

The other new variables are defined with the DEFI NE_ PARAMETER command, and are used to
scale the sine with dwell control at the series progresses. One of these, SWA MULT, isamultiplier
that is given values of 1.5 to 6.5 in increments of 0.5. It is given an initia value here of 1, so that
when it isincremented by 0.5 it will have the correct value for the first sine with dwell maneuver.
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Setting Up the Vehicle Initial Conditions for a Sine with Dwell Test

Once the slowly increasing steer tests are done, the parameter SLOW STEER _DONE is set to one,
the pending event (Figure 16) triggers, and the sine with dwell testing begins with the loading of
the data shown in Figure 18.

) [CarSim_Data] Events; { Sine with Dwell } B. Bring Vehicle Speed to 82 km/h =Jo&ed
File Edit Datasets Libraries GoTo Wiew Tools Help

RaM|E3M o)eestie (x) ([— (2] (2] (2]

Data tq u.st.a. n_ow. [when. thiz data set Iu.ads] Misz Data: v] [ Miss. Data: ]
[ Specify initialization details? [ More Links?
[ Misc. Data: V] [ Misc. Data v]
1
[ Constant target spesd O a3 km#h )

[
OPT_WRITE WRITE_ALL @

Pending events l'_:' F:unlml the future use of dat_a IF mio datazet is selected e run will stop if the event iz iggered.
( : ﬁ Clear all existing events? Humber of pending events to add: -1 1 Othenwise the linked datasst is read and the run continues.
1:1

v @ a2 THEN load: [ C. Coast Dawn to 80 ki/h @

Figure 18. Events dataset to start the sine with dwell testing.

This dataset has four effects. First, the closed-loop speed controller is enabled with a target speed
of 83 km/h to bring the speed up @ Second, writing to file is disabled for this speed transition
by setting OPT_WRI TE to the parameter WRI TE_ALL @ Third, any pending events that existed
when this dataset is loaded are cleared @ Fourth, a pending event is defined to trigger when the
speed reaches 82 km/h @ When this speed is reached, a dataset is loaded to begin the coast
down specified in the sine with dwell test ().

Note At this time, it might not be clear why the box is checked to clear all
pending events @ The reason is that this dataset will be loaded many
times during a run, to set up for each sine with dwell test. Some of these
times when it is loaded later, there will be multiple pending events that
must be cleared.

Once the speed has increased to 82 km/h the dataset shown in Figure 19 is |oaded.

Now that the speed has reached 82 km/h, this dataset changes to open-loop speed control with no
throttle to simulate a coast down (2). It also activates closed-loop steer control (3) to have the
vehiclefollow the road reference line (the road reference line follows the global X axis). To avoid
unwanted transient steering due to the driver model adjusting the vehicle yaw, some checkboxes
are selected to perform initialization when this dataset is |oaded @ The vehicleisrepositioned to
have the global X and Y coordinates reset to zero, along with the yaw angle. Thus, the vehicle is
perfectly positioned when the closed-loop steering controller is engaged.

Although the vehicle position is reset, other variables are not: it retains roll, pitch, height, and all
velocity properties that might be sensed by the ESC.
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= [CarSim_Data] Events; { Sine with Dwell } C. Coast Down to 80 km/h

m Events217
10-01-2012 16:50

File Edit Datasets Lbraries GoTo Wiew Tools Help

Bata lo. use now [whenl l:uis datafest Ioédsl Mizc. Data: Driver path fallower 3 [ Misc. Data: |
Cj Specify initialization details? [ Mare Links? Mo Offset, 1 sec. Previen

|| Reset all control clocks?  [[] Reset wheel speeds?

Reset vehicle %, ', & yawi_] Reset vehicle springs? | Misc. Data: | | Misc. Data: |

[ Open-loop thrattle control
[ Mo Open-Loop Thrattle

03

o _ If nio datazet is selected the rn will stop if the event is tiggered.
[ Clear all existing events? Mumber of pending events to add: Othenwize the linked datazet iz read and the run continues.

—_— o 80 D. Have Coasted to 80 kmvh @

Figure 19. Events dataset to coast down at start of sine with dwell test.

Pending eventz to control the future ugse of data

TIF i THEN load: |

Note The example ESC included in CarSim has very simple logic. However,
the procedure is intended to work with more sophisticated ESC
algorithms, including hardware that might check for potential errors in
the signals such as a discontinuous change in speed.

Running a Sine with Dwell Test

When the vehicle has coasted down to 80 knvh, the dataset D. Have Coasted to 80 m/h is loaded
@. That dataset in turn defines two pending events, one of which will supports an advanced
option that will be described later and the other (the default) that immediately loads the dataset E.
Start Sinewith Dwell, shown in Figure 20. Thisisthe main dataset that sets up a sine with dwell

test.
(& [CarSim_Data] Events: { Sine with Dwell } E. Start Sine with Dwell =
File Edit Datasets Libraries GoTo Wiew Tools Help
4 Ewvents220 =
<}—‘j ﬁ & B & | D) | 1002012 180 X =|m Rk iR
Data to use now [when thie data zet loads) [ Mise. Data: Opendoop steet control = | Misc. Data: VJ
Specify intizlization details? 1 Mare Links? [ Sine mith Dwrcll ek 3
Feset all control clocks? [ Peset whesl speeds?
Reset vehicle 3, %, & yaw?_| PReset vehicle spings? [ Misc. Data: Generic WS Commands | | Misc. Data =]
Increment Sine with Dwell Ampliude

[ Speed control is niot specifisd hd

OPT_WRITE 1 @

Pending events to control the future use of data
[ Clear all existing events?

1:IF T_Ewent =

0.714

Mumber of pending eventzto add: | 1 W

If no dakaset is selected the nun wall stop i the event is inggered.
Otherwise the linked dataset is read and the un continues.

THEMload [ F.ResctPeck YowRale 2t 0.714s @

Figure 20. Events dataset to start a sine with dwell maneuver.
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When this dataset is loaded, some initializations are done with the vehicle model @ The control
clocks are reset. This defines the Beginning of Control (BOS) to be zero in plots such as those
shown earlier in Figure 2 and Figure 3. Also, the vehicle is positioned at the initial starting
location (X and Y are moved to the start of the road) and heading (Yaw is parallel to the road).
Writing to fileis enabled (2).

The sine-with-dwell open-loop control is loaded @ As shown earlier, the waveform that is
loaded is normalized with amplitude of 1.0 degree. The STEER SW GAI N parameter is used to
assign the amplitude according to the ESC standards. (See the appendix for details on how
configurable functions are transformed.) To do this, the dataset includes a link to some VS
commands with the title Increment Sine with Dwell Amplitude @ Figure 21 shows this
dataset.

= [CarSim_Data] Generic VS Commands; { Sine with Dwell } Increment Sine with Dwell Amplitude

File Edit Datasets Lbraries GoTo Wiew Tools Help

(R — P = |
KM IS - RE N2 (=
SWwia_MULT is the multiplier. The standards

treat levels above 6.5 and above 5 as
special, o thiz count iz saved.

&, GVS109 ==
ég D 09-25-2012 07.32 x

Use the field below for data or commands associated with this model data set.
) ) Swia_MULT = Swia_MULT + 0.5 increment the multiplier 1

SWA_ABS is the absolute amplitude. It St _ABS = DR*SWA_MULT*SWwé_REF | nominal absolute Sresiing wheel amplitude in degrees

includes the scale factor DR becausze the

unscaled waveform has an amiplitude of 1 | Check: if Swa_MULT > 6.5 and Swa_ABS » 270 deg, then use 270 -

deg [1/57.29... rad]. Swis_ABS = [F_GT_O_THEN[SW&_MULT - 651, MIN[270, S'wit_ABS], SWa_ARS) @

SWA_SIGN i either +1 [first series for sine | Check: never allow SWwé_ABS to be » 300 deg /5
with dwell tests] or -1 [2nd zeries]. SWis_ABS = min[300, Swé,_ARS] (3

STEER_SWw_GAIN ig the gain for the
configurable function that gives with
wavetorm for the sine with dwell.

AVZ_PEAK iz the peak yaw rate. Itz get to
zero here, to clear past results.

| Set the proper sign for the configurable function gain

STEER_SW_GAIN = 5wt SIGN*Swih_ARS O
(a4

| Rezet the peak paw rate —
AVZ_PEAK =01 1eset | \9

Figure 21. Scaling the sinewith dwell steering control.

These eguations set the gain for the steering wheel angle (STEER_SW GAI N). To do so, they
make use of variablesintroduced at the start of the run (Figure 17, page 16):

o SWA MULT is an integer multiplier specified in the standard. For the first test in a
seriesit is 1.5, and is increased by 0.5 for each subsequent test in the series. (Recall
that the initial value was 1 (Figure 17) to allow for the increment made here.)

o SWA ABS isthe absolute value of the gain STEER _SW GAI N.

e SWA Sign is %1, depending on the direction of steering (clockwise or counter-
clockwise).

Recall that the reference steering wheel angle SWA_REF was defined in the dowly increasing
steer tests as the absolute steering wheel angle associated with alateral acceleration of 0.3 ¢'s.

Looking at the equations in Figure 21, we see that SWA_MULT isincremented by 0.5 and used to
define the absolute value of the gain SWA_ABS @ Internally, al calculations involving angles

assume units of radians. Because the steering wheel angle shown in Figure 1 and Figure 36 is
“normalized” for an amplitude of 1°, it has an amplitude in radians of 1/DR, where DR is a built-

in VS constant for “Degrees per Radian” with a value of about 57.3 (180/x). To provide proper
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scaling, the equation for SWA_ABS includes a factor DR to normalize the steering control to 1.0
radian.

FMV SS 126 limits the number of testsin each direction to 11 (when the multiplier would be 6.5).

If the eleventh test (with amplitude 6.5A) would give an amplitude less than 270°, then a value of
270° must be used. This provision is included using the VS function | F_GT_0_THEN to
possibly adjust SWA_ABS (2).

If the calculated amplitude DR* SWA_ MUL* SWA REF ever exceeds 300°, then the amplitude is
limited to 300° and this becomes the final test. This provision is included using the M N function
to adjust SWA_ABS ().

The amplitude is applied simply using the VS scale factor STEER_SW GAI N, including the sign
convention (SWA_SI GNis+1 for counter-clockwise steering, —1 for clockwise steering) @

Evaluating the Vehicle Response in the Sine with Dwell Test
Recall that there are four instants in time during a sine with dwell test where the vehicle response
is evaluated. Using the Beginning of Control (BOS) time as the reference, these are:

1. At 0.714 s after BOS the steering wheel angle crosses zero and the peak vehicle yaw
statistic isreset to zero.

2. At 1.070 s after BOS when the steering amplitude is 5.0A or more, the latera
displacement of the vehicle mass center must be at least 1.83 m for vehicles with GVW
of 3,500 kg or less, or 1.52 mfor larger vehicles.

3. At 2.929 s after BOS (1.000 s COS) the vehicle yaw rate must not exceed 35% of the
peak yaw rate for this iteration.

4. At 3.679 s after BOS (1.750 COS) the vehicle yaw rate must not exceed 20% of the peak
yaw rate for thisiteration.

When the local time T_Event reaches 0.714 s, the pending event set at BOS (@, Figure 20) is

triggered and the VS solver loads the dataset shown in Figure 22. This dataset sets the peak yaw
rate statistic (AVZ_PEAK) to zero and adds an event for the next checkpoint, when T_Event

reaches 1.07 s after BOS.

When the next checkpoint is reached at T_Event > 1.07 s, dataset G adds two pending events
(Figure 23).

These two events define alogical branch, because the second event is based on a condition that is
aways true: T > 0. (T is the simulation time, which is aways greater than zero after the
simulation starts.) Pending events are evaluated in the same sequence in which they were added.
This means that the second event might not be evaluated, in case both the first event @ is true
and the linked dataset @ clears other pending events when it is loaded. (We will see shortly that
this is the case for dataset H @.) Usually, when more than one pending events are defined, and
the last event is based on a condition that is aways true, the intent is to choose between two
mutually exclusive options.
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() [CarSim_Data] Events: { Sine with Dwell } F. Reset Peak Yaw Rate at 0.714 s =Jo&d

File Edit Datasets Libraries GoTo View Todls Help

E 221
()] DJReERe (%] (O

Data to use now [when thiz data zet loads) [
[] Specify initialization details? [] More Links?

Misc. Data: V] [ Misc. Data: v]

[ Mizc. Data: V] [ Migc. Data: v]

[ Speed control is not specified -]

ANZ_PEAK = 01 reset @

Pending events “_J F:ontml the future use of dalfa If no dataset is selected the mwn will stop if the event is triggered.
[[] Clear all existing events? Humber of pending events to add: Otherwize the linked dataset is read and the run continues.

1:1F T_Ewent e 1.07 THEM load: [ G. Check 5w Amplitude at 1.07 = @

Figure 22. Events dataset to reset peak yaw rate and set the next checkpoint.

Pending events to control the future use of data When an event occurs, the data from the associated link i loaded

[[] Clear all existing events? ~ Mumber of pending events to add: and the: run continues. If there is na link. then the: rn stops.
1:1F Swias LT = @ 5 THEM load: | H. Check Lateral Displacement kz
2IF T @ D THEM load: [ I. Clear Events and Cantinue to 2.923 @

Figure 23. New pending events added for Events dataset G to create a logical branch.

In this case, the first option is for the case where the steering control multiplier SWA_MULT has

reached 5. In this case, the lateral position of the vehicle mass center must be checked to ensure it
has moved a specified distance Lat Di sp (set to either 1.83 m or 1.52 m, depending on the size

of the vehicle). The second option is to continue without checking the lateral displacement. If the
second event is evaluated, it will always trigger, loading dataset H.

Figure 24 shows the part of the Events screen that has data for dataset H: al pending events are
cleared @ (including the check on T from the previous Event G (Figure 23) that was not yet

triggered), and two pending events are added.

Pending events to control the future use of data “When an event occurs, the data from the associated link iz loaded

Clear all existing events? Murnber of pending events to add: and the run continues. If there is no link, then the run stops.
11 LatDisp e abs{YCG_TH] THEM load: | M. This Wehicle FAILED the Test [ 3
2IF T e i} THEM load: | |. Clear Events and Continue to 2928+ o

Figure 24. New pending events added by Events dataset H to check lateral displacement.

This dataset also defines a branch. The first pending event checks the globa Y coordinate of the
vehicle mass center (2), and loads a dataset to terminate the run ) if it does not exceed the
minimum limit. The second pending event is based on the same condition that is always true (T
> 0). If the run is not terminated, the second event will trigger, loading dataset | to continue the
run.

When the Boolean formula used to define an event includes functions or more than one variable,
the expression must be placed into the yellow field on the right-hand side of the conditional
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function. The yellow field on the left side must always contain the name of a variable. In this
case, the expression is ABS( YCG_TM @ The absolute value is taken so the event condition
will be valid for either direction of steering: YCG_TMmight be positive or negative.

Because the effect of the first event @ triggering isto end the run (®), it is essential to clear this
event immediately if was not triggered at the checkpoint (1.07 s after BOS). Therefore, dataset |
is loaded at the next time step and is set to clear all pending events. Figure 25 shows the part of
the Events screen that has data for dataset 1. Indeed, the box is checked to clear adl existing events
@, so the only pending event in effect after this dataset is loaded is the one for the checkpoint
2.929 s after BOS (2).

Pending events l'_’ F:onlml the future use of dal.a R “When an event occurs, the data fram the aszociated link is lnaded
Clear all exigting eventz? Mumnber of pending eventz to add | 1 | and the rn continues. IF there is no link, then the wn stops.
1:1F T_Ewent el @ 2923 THEM load: lJ Check v'aw Rate at 2.929 2 (1.0 ¢ after EDS‘V 3

Figure 25. New pending event added by dataset | to create checkpoint at time 2.929 s after BOS.

Figure 26 shows the part of the Events screen that has data for dataset J. It compares the peak
yaw rate to the current yaw rate. The vehicle fails if the current yaw rate is greater than 35% of
thepeak: ABS(AVZ) > 0. 35* AVZ_PEAK.

Pending events to control the future use of data ‘When an event occurs, the data from the azsociated link is loaded

[[] Clear all existing events? Mumber of pending events to add: | 2 | and the run continues. IF there iz no link, then the run stops.
1:IF AVZ_PEAK [ ABS (V10,35 THEM load: | M. This Wehicle FAILED the Test lv
& IF T_Ewent 5= | 3679 THEN load: | K. Check vaw Rate at 3.679 £ [1.75 2 COS) 1" 4

Figure 26. Dataset J: checking yaw rate at 2.929 s after BOS.

As mentioned earlier, the yellow field on the | eft side of the conditional function must contain the
name of avariable. The conditional expression was therefore rearranged to the form shown in the
figure: AVZ_PEAK < ABS(AVZ)/ 0. 35

If the yaw rate remains less than 35% of the peak, the run continues to the next checkpoint at
3.679 s (1.75 s after COS). Thisis the last point of interest in a sine with dwell maneuver. The
dataset loaded at this time checks for several conditions (Figure 27):

Pending events to control the future use of data _ When an evert oceurs, the data from the assaciated link is loaded
[[] Clear all existing events? Mumber of pending events to add: | 5 | and the rum continues, If there is na link, then the run stops.

LIF AVZPEAK (< v] BBS[AVZ)0.2 THEMlosd: [ M. This Vehicle FAILED the Test___ | ™

ZIF  Steer 5w _Gain  [c=7] 270 THEM load: | M. This Vehicle PASSED the Test [ +|

FIF Steer_Sw_LGain = vl @ 270 THEM load: | L. Prepare Second Set of Tests ‘VI

4IF OPT_SwD_RESTORE [=+] @ 0 THEN load: | D2. Restore State for 80 km/h d

5 IF T = ® 0 THEM load | B. Bring Vehicle Speed o 82kmh [+ |

Figure 27. Dataset K: checks made at the end of a sine with dwell maneuver.

e Theabsolute value of yaw rate is compared with the 20% of the peak value (1); if it
is more than 20% the vehicle fails the test and the run is terminated.
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o If the steering wheel amplitude is less than or equal to -270° @ the run is over and
the vehicle passed the test.

o If the steering wheel amplitude is greater than or equal to 270° @ the first series of
sine with dwell tests is over and a few variables are set to prepare for the second
series.

o If the parameter OPT_SWD RESTORE has a non-zero value @ an advanced

simulation method is used to start the next sine with dwell test. (This method is
described in the next section.)

o Otherwise @ the vehicle speed will be increased to 82 knvh in preparation for the
next test.

Setting up the Second Sine with Dwell Test Series
When the first series of sine with dwell tests is complete (the steering is greater than or equal to
270°), dataset L isloaded (Figure 28).

SWA_Sign = -1
SWA_MULT =1
[ Misc. Data: V]
Pending events l'_’ F:onlml the future use of dat_a ‘when an event occurs, the data from the associated link is lnaded
Clear all existing events?  Mumber of pending events o add and the: run cantinues. If there is na link. then the run staps.
1:[F OFT_SwD_RESTORE 0 THEN load: | D2 Restare State for B0 km/h |~
2IF T @ 0 THEM load: | B. Bringehicle Speedto 82kméh ||

Figure 28. Dataset L: prepare for second series of sine with dwell tests.

This dataset sets the parameter SWA_Si gn to -1 so the steering will have the opposite sign from
that used in the first series. Recall that the first amplitude should be 1.5A. When each test is
started, the multiplier isincremented by 0.5. Hence, the steering multiplier SWA_ MULT is set here

to 1, just asit was before the run started.

Summary of Events for the Sine with Dwell Series
The two series of sine with dwell maneuvers are controlled by the Events datasets that have been

presented. Following is areview of all the eventsin the Sine with Dwell category. References to
local time mean thevariable T_Event , whichis zero at the Beginning of Steer (BOS).

A. Wait to Start Sine with Dwell. Add a pending event to wait for the dowly increasing
steer tests to complete. Dataset B is |oaded when the variable SLOW STEER_DONE is no

longer zero.

B. Bring Vehicle Speed to 82 km/h. Activate the built in speed controller with a command
speed of 83 km/h. Disable writing to file. Clear any existing events, and add a pending
event to load dataset C when the actual speed reaches 82 knvh.

C. Coast Down to 80 km/h. Switch to open-loop speed control and set the throttle to zero.
Also switch to closed-loop steering, using the straight road reference line as a target path
so the vehicle will be travelling in a straight line. Rest the vehicle position to ensure that
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it is where the closed-loop steer controller expects it to be. Add a pending event to load
dataset D when the vehicle coasts down to 80 kmv/h.

. Have Coasted to 80 km/h. Set up a branch using two new pending events. One will use
the save/restore method described in the next section; otherwise, dataset E isloaded at the
next time step.

. Start Sine with Dwell. Enable writing to file, restart control clocks, reset the vehicle
position and orientation, and start the sine with dwell maneuver. Scale the amplitude
using the direction associated with the series (clockwise or counter-clockwise), the
reference angle obtained from the slowly increasing steer tests, and a multiplier that is
incremented by 0.5 for each test in the series. Add a pending event to load dataset F when
local time reaches 0.714 s.

Reset Peak Yaw Rate at 0.714 s. Set the peak yaw rate variable to zero and add a
pending event to load dataset G when local time reaches 1.07 s.

. Check SWA Amplitude at 1.07 s. Set up a branch using two new pending events. Load
dataset H if the steering multiplier is five or greater; otherwise, load dataset | at the next
time step.

. Check Lateral Displacement. Clear any existing events and set up a branch using two
new pending events. Terminate the test (going to dataset M) if the lateral displacement is
less than the specified tolerance; otherwise, set up the next checkpoint using dataset |.

Clear Events and Continue to 2.929 s. Clear any existing events and set up the next
checkpoint using dataset J.

Check Yaw Rate at 2.929 s (1.0 after COS). Add two pending events. One terminates
the run by loading dataset M if the absolute value of yaw rate exceeds 35% of the peak
yaw rate. The other sets up the next checkpoint using dataset K.

. Check Yaw Rate at 3.679 s (1.75 s after COS). This is the last checkpoint for the
maneuver. The dataset adds five pending events:

1. Terminate the run (go to dataset M) if the absolute value of yaw rate exceeds
20% of the peak yaw rate.

2. Terminate the run (go to dataset N) if the steering wheel gain is < -270°. This
occurs when the vehicle has passed the full test procedure.

3. Goto dataset L if the steering wheel gain is > 270° to run the second series of
sine with dwell tests.

4. Go to dataset D2 to start the next sine with dwell maneuver in the current series
using the method described in the next section if the parameter
OPT_SWD RESTORE is not zero.

5. Otherwise, go to dataset B to start the next sine with dwell maneuver in the
exigting series.

L. Prepare Second Set of Tests. Clear any existing events, reset variables for the new
series, and load dataset B at the next time step.
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M. ThisVehicle FAILED the Test. Clear any existing events, set variables listed in the
echo end file and exported to Simulink, and immediately load dataset O.

N. ThisVehicle PASSED the Test. Clear any existing events, set variables listed in the
echo end file and exported to Simulink, and immediately load dataset O.

O. Wait 0.5 sand Stop. Disable writing to file, reset control clocks, and add a pending
event to stop the run when local time reaches 0.5 s.

Using Save and Restore to Reduce Simulation Time

V S solvers support an option to save the state of the math model and |ater restoreit. This can save
significant time when simulated repetitive test sequences such as the sine with dwell series. If you
are not interested in thistopic, feel freeto skip to the next section.

The method of restoring a previously saved state works well when using the VS solver by itself.
When other software is used, the method will not work if the external software has variables not
controlled by the VS solver that define the state of the system. For example, if CarSim is run with
hardware in the loop (HIL), it is amost certain that the save/restore method will not work. If a
Simulink model is used that in which current calculations depends on variables from a previous
time step (e.g., variables defined in Simulink with differential equations), it is likely the
savelrestore method will not work. On the other hand, if the Simulink model makes all
calculations at each time step based only on constants and variables exported from the CarSim
math model, then the method can work OK .

The example stability controller provided with CarSim 8.2 does in fact work OK with the method
described in this section.

Changes Made to Use Save and Restore

All discussion in the previous section was based on a procedure in CarSim 8.2 in the category
Stability Testing and the name Sine with Dwell (ECE R13H, FMVSS 126). Figure 29 shows a
very similar dataset in the same category with the name Sine with Dwell (Save/Restor e Option).

Comparing this dataset to the one used earlier (Figure 6, page 7) reveals only a few differences.
The earlier version included three links to Events datasets. This one has only two links. The link
used previoudly to bring the vehicle from an at-rest condition up to the test speed of 80 km/h is
not used and the link is cleared (5).

Because this run will involve discontinuities in speed, there is no reason to simulate the vehicle
transition from at-rest to 80 km/h. Instead, the vehicle starts at 80 km/h with the closed-loop
speed controller working to maintain that speed @ Other controls that were set during the first
series of events areinstead set on this screen, including braking @ gear shifting @ and steering

O}

The Events sequence to start slowly increasing steer @ begins with a pending event that
monitors a parameter | NI T_DONE that was added viathe VS command DEFI NE_PARAMETER.
Because | NI T_DONE was defined in a dataset not used here, the parameter is defined on this
screen and given avalue of 1 @ indicating that the next sequence can start at the next time step.
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= [CarSim_Data] Procedures; { Stability Testing } Sine with Dwell (Save/Restore Option)
File Edit Datasets Lbraries GoTo Yiew Tools Help

Procl1b63
E] . . n . 09-28-2012 07:31 @

Thiz iz an alternate version of the Driver Controls Start and Stop Conditions
sine-with-dwell procedure that takes —
advantage of an advanced feature in [ Caongtant target speed - a0 kmndh [ Stop run at specified time V]
CarSim to save the vehicle state at some Time [sec] Path station [m]
paint in the min and then restare it later. Shart 0

. . Braking: Brake control il
taore details about this example are Stop: SBD Foad forward ]

Mo Open-Loop Braking Pressure

[] Specify initialization details?

provided in a technical memo available from [
the Help menu; in the Technical Memos
section, see “Example: Electronic Stability [ Shiting control: Closed-loop shift contrp ¥
Control Test." [ AT All Gears
E ach sing-with-dwell test beagins by reaching Additional Data
a gpeed of 82 kmh and then coasting [ Steeringalipenoop,stesncantal O;i [ Moo 5
dow to 80 km/h, at which paint the [ Ma Steer 136,
teeri bot appli ine-with-dwell
e RS QR Additional Data
DEFINE_PARAMETER WRITE_ALL =0

. . . . . Misc: Events
In th the vehicle stat d 7
n this wersion, the vehicle state is saved in OPT_WRITE WRITE_ALL
the first test when the 80 km/h speed is DEFINE. PARAMETER INIT_DONE =1 @ [ A, % ait to Start Slowly Increasing Steer
reached [defined on this screen). In all -
future tests, that condition is restored, [ Misc: Events V]
saving the time that would othenvise be [ Mizc.: 30 road v] [ A, Wit bo Start Sine with Dwell "]
needed o reach 82 kmdh and then coast [ 1 krn Square w/ Cones ‘,]
down to 80 km/h. o OPT_LOG_VERBOSE 31 use to see savefrestore
[ Mizc.: tu via 5L gnd v] OPT_SwWD_RESTORE 11 restore state
[ 0.3 | e
iCalculator: Symbalic: Sine with Dwell (0.
[ Misc.: | Mise: - |
£ 2 [ Misc.: | Mise: - |

L o

[E:-:pand] [Collapse] [Heflesh]

Figure 29. Procedures dataset for using start/restart method.

The parameter named OPT_SWD RESTORE was defined in the previous version, but was set to

zero. When this parameter is zero the option to run sine with dwell using the restore commands is
never used. The capability is enabled on this screen by setting the value to 1 . Also, an option

to record save and restore events in the log file is set using the built-in system parameter
OPT_LOG VERBOSE (®).

The Save and Restore options are used in two Events datasets lettered D1 and D2. These are
reached with events that are triggered when OPT_SWD RESTORE has a nonzero value. The first

event is added with dataset D. Have Coasted to 80 km/h (Figure 30).

Pending events to control the future use of data When an event occurs, the data from the associated link i loaded

[[] Clear all existing events? ~ Mumber of pending events to add: and the run continues. If there is ne link, then the rn stops.
1:IF OPT_SWD_RESTORE [=+] @ 0 THEN load: | D1, Save State at 80 km/h (/EE]
ZIF T 0 THEN load: | E. Start Sine with Dwell I

Figure 30. Pending events added by events dataset D to check for save/restore option.

If OPT_SWD_ RESTORE has a nonzero value, the dataset D1 loaded at the next time step (Figure
31). It clears any existing events @ and resets the vehicle position and control clocks @ It
defines a new parameter TSTART _SWD with its value set to the current time T, and applies the
VS command SAVE_STATE @ The SAVE_STATE command makes a request to the V'S solver
to save the state of the vehicle math model at the end of the current time step. In this case, the
state is saved when the vehicle has coasted down to 80 km/h and is ready to start a sine with
dwell maneuver.
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@) [CarSim_Data] Events: { Sine with Dwell }D1. Save State at 80 km/h =/\0ES
File Edit Datasets Lbraries GoTo View Tools Help
(| Al [alln] =] " #.] [ | Events219 ™ —| (=] [&] [A]
‘\—j ‘ﬁ |‘|_ ‘\/ |E] ‘(C’ ‘D 10-01-2012 16:50 X M| & ? =
Data to use now [when thiz data zet loads) Misc. Data: v] | Misc. Data: —
Specify initialization details? [ More Links? '
Feset all control clocks?  [] Reset wheel speeds?
FReset vehicle }, v, & yaw¥_| Reset vehicle springs? | Misc. Data: | | Mizc. Data: b
| Speed contiol is not specified |
DEFINE_PARAMETER TSTART_SwWD =T
SAWVE_STATE j
Pendlng events to control the future use of data — If no dataset iz selected the run will stop if the event is triggered.
Clear all existing events? Number of pending events to add: | 1w Othenwize the inked dataset is read and the run continues.
|_'® o THEN load: | E. Start Sine with Drweell @/E

Figure 31. Events dataset to save current state of the Car Sm math model.

The pending event added with this dataset @ defines a condition that is aways true, ensuring
that the dataset E isloaded at the next time step to start the first sine with dwell maneuver (5).

Thefirst reference to OPT_SWD_RESTORE resulted in dataset D1 being loaded to save the state
of the math model. The second reference is made to load dataset D2, to restore the state. This

second reference is made at the end of each sine with dwell maneuver in dataset K (Figure 27,
page 22). An event is added which will trigger if OPT_SWD_RESTORE is not zero and another

sine with dwell test is needed in the current series.

Figure 32 shows that restoring the state of the math model is done with a single command:
RESTORE_STATE, which specifies the time associated with the state TSTART_SWD + TSTEP.
The RESTORE_STATE command requests the VS solver to restore the state of the model to a

time saved at or before the specified time. Although the request to save the state was made at time
TSTART_SWD, the action took place at the end of the time step and might be dightly later. The

current time step interval is added to ensure that the V'S solver will find the saved state.

RESTORE_STATE TSTART_SWD + TSTEP

@ [ Misc. Data; -

Pending events tf-' F“"““I the future use of dat.a When an evert occurs, the data from the associated ik is loaded
Clear all existing events? Murnber of pending events to add: and the run continues. If there is no link, then the run stops.

11F T =€) 0 THEN Ioa | E_Start Sine wih Dwel (Ejf]

Figure 32. Events dataset to restore a saved state of the Car Sm math model.

Comparison of the Simulation Methods

The motivation for using the SAVE_STATE and RESTORE_STATE commands is to save time
when simulating the entire sine with dwell procedure for testing vehicles with stability control
systems. Viewing the log files for runs made with the two procedures shows that the tota
simulation time is reduced from 211.4 sto 92.7 s. In both cases, the same portions of the testing
were recorded. Transitions between tests were not recorded even though they were smulated
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using the lengthier method, allowing direct comparison of the plots made from the recorded
motions. For example, Figure 33 shows that plots overlaid from the two runs match perfectly

(within the resolution of the plots).

Yaw rate (body-fixed), vehicle - deg/s
401

. 7 Sine with Dwell (ECE R13H)wi ESC
= Sine with Dwell (ECE R13H) wi ESC {Fast)

30 J
201

10F

0
0t
a0k

a0t

Aot

Time since event clock reset - sec

Figure 33. Comparison of recorded yaw rate time histories for the two simulation methods.

Figure 34 shows part of the log file for the run in which the save and restore commands were
used. Besides tracking every event that was triggered, the file also indicates every time the math

model state was saved or restored, as indicated by the highlighted line.

€ ConTEXT - [Z:\Current\CarSim\CarSim_Data\Runs\Run158_LOG. TXT] =Jo&d

L File Edit View Format Project Tools Options Window Help
] Run158_LOG.TXT

1013 Include PARSFILE "Z:hCurrent’Car3im\Car3im Data’\Events\Events156.par”

1o0z0 Used Dataset: Events; { Sine with Dwell } DZ. Restore State for 80 kw/h
1021

102z 3aved state was restored at t©t = §8.601; the clock was reset to t = 11.294,
10z2

loz4 Event encountered at £t = 85.60:2: T > 0 sec

1025 Include PARSFILE "Z:\Current)Car3im Car3im DatahEvents)Events147.par”

loze Include PARSFILE ""Z:\Current\CarSim\CarSim_Data\.CDntrol\Steer\SteerlD?.par"

1028 Include PARSFILE "Z:%\Current)CarSim\CarSim DatahGenerich Vs commands)GVS109. par"”

1030 Used Dataset: Events; { Jine with Dwell ¥ E. Start 3ine with Dwell

1031

103z Event encountered at t = §9.317: T EVENT »= 0.714 sec

1032 Include PARSFILE ""Z:\Current\CarSim\CarSim_Data".Events\Eventlel.par"

1034 Tsed Dataset: Events: { Sine with Dwell } F. Rezet Peak Vaw Rate at 0.714 =
1038

1036 Event encountered at t = §9.673: T _EVENT >= 1.07 sec

1027 Include PARSFILE ""Z:\Current\CarSim\CarSim_Data\Events\Eventsl‘lB.par"

lozg Uzed Dataset: Events; { Sine with Dwell ¥} 3. Check ZWA Amplitude at 1.07 =

-8 X

loz? Used Dataset: Control: Steering (Open Loop)l; { Sine with Dwell } Sine with Dwell Waveform

1023 Used Dataset: Generic V3 Commands; { Sine with Dwell } Increment 3ine with Dwell bLwplitud

1033

1040 Event encountered at £t = 59.674: 3WA MULT =>= 5 i
£ >

Ln 1022, Cal 1 Inzert Sel Mormal Dos File size: 62258 7E chars, 1 lines s

Figure 34. Portion of the log file for the run with save and restore commands.
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Time Scales
Three mgjor time scales have been used in this memo:

1

3.

The simulation time T starts at a specified value TSTART (normally zero) and increases

with each step as the ssimulation runs. This is the same as the time shown in Simulink if
used. Thisvariableis recorded in the output ERD fileswith the name T_St anp.

A loca “Event” time scale is used in which the clock is sometimes reset as the run
continues. Local time T_Event isdefined as (T — T_EVENT_START), alowing it to
be reset at any time by setting the parameter T_EVENT_START to the current time. This
is done automatically whenever the checkbox labeled Reset all control clocks on the
Events screenis checked.

A file time (recording time) named Ti e is normally used for the horizontal axisin plots
made from simulation results. This variable is not recorded directly in the filg; it is
defined implicitly based on the position in the file and the time step associated with the
file.

Figure 35 compares the three time scales for the two simulation methods. The horizontal axis is
based on the file time, Ti me. Because the same logic was used to control writing to file, both

runs generated files that covered the same amount of time (86.9 s).

Time - sec

250

200 4

1504

1004

50+

[ ¥ Event, Sine with Dwell (ECE R13H) wi ESC

| = Simulation time stamp; Sine with Dwell (ECE R12H) wf ESC

L = Event Sine with Dwell (ECE R13H) wi ESC (Fast)

Simulation time stamp; Sing with Dwell (ECE R13H) wf ESC (Fast)

510 15 90 25 30 35 40 45 50 55 60 65 70 75 80 85 90
File time - sec

Figure 35. Comparison of three time scales used in the simulations.

The two plots whose names begin with “Event” show the local event time (relative to the start of
each test). It never exceeds 3.68 s. Because both simulation methods used the same logic to reset
the control clocks, both record the same local times throughout the run. The two plots show
names begin with “Simulation time stamp” show the simulation time. These lines show jumps
whenever recording is disabled. The red line (using the method for maintaining speed continuity)
shows many jumps, corresponding to the transitions between the many tests. The blue line (fast
simulation method) shows only two jumps at the very beginning: one is the transition between the
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two dowly increasing steer tests, and the other is before the first sine with dwell test. All
subsequent transitions before the sine with dwell tests were handled using the RESTORE_STATE

command, involving only one time step in the simulation.

Limits and Assumptions

Motor vehicle safety standards contain physical testing procedures that normally include
checking electronics, conditioning the vehicle and tires, and accounting for the inevitable
variations that occur in a testing environment. Since there are no performance variations in the
simulation process, these procedures are not included here. Severa other aspects of the standards
are noted here that special attention in experimental testing, but are very easy to apply in
simulation.

In determining the reference angle A, designated SWA_REF in the ssimulations, the standards
specify six test runs, with the results processed using linear regression to relate steering wheel
angle to lateral acceleration (Ay). The intent is to reduce the effects of measurement noise and

test-to-test variation. Because these factors do not exist in the CarSim world, we run just two tests
and smply stop when Ay reaches limits of +0.3g.

Due to the expense of an automated instrumentation package that can measure absolute X and Y
coordinates, the standards allow calculation of |ateral displacement by double integrating Ay after
removing vehicle roll and pitch effects from the accelerometer measurements. Although it is
close, thisis not exactly the same as true lateral position due to the interaction with yaw during
the test. This possibly complicated data processing method was eliminated in the example by
setting up the vehicle at the start of each Sine with Dwell test such that the yaw and lateral
displacement were essentialy zero.

Two approaches were presented for handling the transition from one test to the next. In the first,
continuity in speed is maintained. The vehicle starts at rest and is controlled through throttle to
bring the speed up when necessary. This approach is intended for running with a detailed
controller model or real-time HIL system with physica electronic controllers. Real controller
algorithms can be sensitive to abrupt changes in vehicle speed or steering wheel angle, causing
them to disengage. Even though speed continuity is maintained, shortcuts are taken to reduce
simulation time and complexity. The vehicle is moved abruptly between tests. The assumption is
that ESC systems do not rely on measured global X and Y coordinates, nor do they rely on
absolute yaw angle measurements. Therefore, there is no harm in adjusting those variable to
produce nicer plots and animations.

In the second approach, continuity in speed is sacrificed to obtain smulation efficiency. The
simulation begins with the vehicle running at 80 knv/h, ready for the first slowly increasing steer
test. The full coast down simulation in preparation for a sine with dwell test is done only once and
the state of the math model is saved. The saved state is then restored as needed to start al the
subsequent tests, eliminating time between the consecutive sine-with-dwell maneuvers. This will
work with ESC controller models that base 100% of their logic on constants and on variables
exported from the CarSim math model. For example, the ESC model provided in CarSm 8.2
works with the save and restores method. On the other hand, HIL systems with ESC hardware
would probably fail if continuity in speed were not maintai ned.

30/33



Appendix: Programming the Sine with Dwell Waveform

This appendix describes how the sine with dwell waveform is generated and will be manipulated
during the series.

Creating the Sine with Dwell Waveform

The sine-with-dwell waveform is not built into CarSim. If this example were not installed, you
could choose among several methods to define the waveform. Y ou might use a spreadsheet. Or
you could use the built-in CarSim calculator library. An advantage of using the built-in library is
that you keep the definition in the database and can go back to make minor changes (e.g., better
resolution, a variation for heavy trucks, etc.).

The waveform dataset is in fact included in the CarSim 8.2 database as a calculator example. To
seeit, use the Tools menu, select Calculator, and then use the Datasets menu to find the dataset
shown in Figure 36.

@ [CarSim_Data] Calculator: Symbolic: Sine with Dwell (0.7 Hz, 0.5 dwell) M=
File Edit Datasets Lbraries GoTo Yiew Tools Help
Calcl106 =]
[€F] O & [X] =
5
This is a sine wave vith a nominal Transfoim o create? l Create new seiies with 5: X = f[5], ¥ = f[SX]Q Calculate 6
frequency of 0.7 sec, with a 0.5 sec dwel Fiange of 5:
starting 3/4 of the way through the sine Start 0/~ B Sigrificant digits: .7 data for use in another dataset
o @ Stop: 1 K= @ S~ JFGT_0 THEN(S075.5/07+055/0.7) % s ¥ fuiis ™
“Wwithout the dwell, 1FE period would be Step o if= @ SIN[ZPI*S) 1 0 7 5
107 = 1.43 sec; with the dwell it iz 1.92. ¥ 15? 5 0142857 0 0E27AE
This iz zet up to provide an amplitude of 1.0 3 00285714 0125333
deg, and iz intended ta be multiplied by &
wariable that provides scaling. The scale 0.8- 4 00428571 0187381
factor DR should be included in the: 5| 0.0571423 024863
equation for amplitude [DR = 57.29... and |
mesris "deqies per radian’] 0.6 5 0.0714206 0.309017
7 (.0857143 0.368125
b 8 o1 0425773
n2- ] 0114288 0.481754
10 0128571 0635827
-0.0- 11 0.142857 0.587785
12 0157143 0637424
027 13 071429 0684547
04- 14 0.185714 0.728369
15 0z 0770513
e : s -0.E- 16 0.214286 0.809017
Calculator: Symbolic: Sine with D'~ ¢ 17 ] B
0.8+ 19 N 247RR7 N e7RANT M
i< N R T T Y T T A SN T S e S e s s S A A T Rows: 101 | [SetTable Size
: g 00 01 02 03 04 05 0607 0809 1011 1213 1.4 15 16 1.7 1.8 13 =
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Figure 36. Sne with dwell waveform, generated with calculator tool.

To generate this waveform, the calculator tool was set to create a new series @ In this mode, the
values shown for X (first column @) and Y (second column ) were calculated as functions of
an independent variable S. (Incidentally, the variable S on this screen has no relationship to the
station S used in road descriptions.) S is automatically updated using a starting value, stopping
value, and step size. As shown in the figure, in this dataset S goes from 0 to 1 with steps of 0.01

Theformulausedto calculate Y is: Y = SIN(2*PI *S) @ This simply produces one period
of asinewave.

The formula used to calculate X is more complicated (3 ):
X = IF_GI_O_THEN(S-0. 75, S/0.7+0.5, S/0.7)
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If there were no dwell, the calculation would simply be X = S/ 0. 7 (mapping one period of the
sine wave to a frequency of 0.7 Hz). To account for the dwell, we want the first % of the sine
wave to be normal, with X = S/ 0. 7. For that last ¥, we want to add the dwell time of 0.5, such
that X = S/0.7 + 0.5. To include both, we use the VS function | F_GT_0_THEN which
applies an if-then condition: if the first argument is greater than zero it returns the second
argument; otherwise it returns the third argument.

The notesfield @ is used to document the purpose of this dataset.

Note More details about the Calculator Tool are provided in the Help
document for that screen: Help -> Tools -> Calculator Screen
(Symboalic). The detailed reference material for VS Commands and
functions such as | F_GI_0_THEN is provided in the VS Commands

Reference Manual.

Transforming the Sine with Dwell Waveform

V'S configurable functions used for driver controls al include offsets and gains that allow then to
be transformed easily by adjusting just a few parameters. This subsection shows how to find the
keywords needed to transform the sine with dwell waveform to start at the current simulation
time, and to be scaled according to the ESC testing specification.

Aswith all configurable functionsin CarSim, additional information about keywords is available
in the echo file produced with any run in which the function is used. To see an echo file (Figure
37) showing all of the open-loop steering function options, you can make a special run that stops
when the function is active and al transformation options are available.

1. GotoaRun Control dataset with asine-with-dwell run (e.g., Figure 4, page 6).

2. Change the stop time to 15 seconds. To do this, check the box to show more options (@,
Figure 37), check the box to override time and distance settings @ choose the option to
stop at aspecified time, and enter a stop time of 15 @

3. Maketherun.

4. Usethe drop-down list in the lower-right part of the screen to select Echo file with final
conditions and click the adjacent View button @ This brings up the echo file created at
the end of the run.

The highlighted part of the file (in the figure) describes the available options for specifying
steering wheel angle as a function of time @ The parameters related to the function are shown
just below this section, with their values at thetime the run ended at 15 s.

For the figure shown, the run ended during the second slowly increasing steer test. The echo file
provides the following information:

e Line 3350 indicates that steering wheel angle was specified to be calculated using a
linear coefficient (STEER _SW CCEFFI Cl ENT) withavalueof - 13. 5.
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Figure 37. Echo file for a shortened run that shows options for scaling steering wheel angle.

e Line 3352 indicates that the calculated steering wheel angle was then multiplied by a
gain (STEER_SW GAI N) of one (i.e., the gain had no effect).

o Line 3354 indicates that the calculated steering wheel angle was added to an offset
(STEER_SW OFFSET) of zero (i.e., the offset had no effect).

e Line 3356 indicates that the time multiplied by the linear coefficient was adjusted by
subtracting an offset (TSTART _STEER) of 14.396 from the simulation time.

e Line 3357 indicates that the time multiplied by the linear coefficient was scaled by a
factor (TSCALE_STEER) of one (i.e., the time scaling option had no effect).

Thus, when the simulation time was 14.396, the steering was zero; as the simulation proceeded,
the steering wheel angle (degrees) was calculated as.

Steer SW= -13.5¢(T — 14.396)

All four scaling and offset parameters are included in calculations whenever the steering wheel
angle is not a constant. (Full details for using V'S configurable functions are provided in the VS
Solvers Manual.) The example echo file shows that one of them was used during the slowly
increasing steer test: TSTART_STEER had a nonzero value of 14.396. This parameter is set
whenever the box is checked on the Events screen to Reset all control clocks (e.g., @ Figure
13, page 13). Whenever a dataset to start the sine with dwell control is loaded, the function can be
is configured such that “time” used in the calculationsis zero.
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