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PURPOSE:
The intent of this report is two-fold:

7. Provide Truck Management with an overview of advancemerts which
have been made to the ADAMS total vehicle dynamic handiing model
relative to the upgrading of the tire model to incorporate the
affects of aligning torque, overturning moment, and tire satura-
tion characteristics specifically related to the performance of
prototype and production release level Eronco II.

2. Document the improvemente made to the Job #1, 1983 production
releagse level Bronco II relative to early level prototype vehicles
in pegotisticg severe limit handling maneuvers.

CVERVIEW:
The content of this review will consist of the following topics:

1. Advancements in the erea of tire modeling for dynazic vehicle handl-
ing simulations,

2. Correlatioz studies of the dynamic handling simulation with the
upgraded tire model and addition of steering systec compliance,

3. Anipated conputer graphic displeys of the early level Bronco II
protctype axnéd Jot 1, 19835 release level production vehicle
regotiating razp steer and obstacle avoidance dynanic maneuvers,

DISCUSSION:

Previous level dynazic handling simulations included & detailed representation of
front end rear suspension gecmetry, bushing compliance, shock absorber valving curves,
spring and stabilizer bar characteristics, sprung and unsprung mass definition,

and a simplified tire model. The Bimplified tire model consisted of lov speed (2 mph)
test data of the Goodyear P205/75R15 All-Terrain Wrangler tire which was generated &t
relatively emall slip angles and zero degrees camber, Curve fit routines which were
utilized to extrapolate lateral load characteristics at bigher slip angles tended

to project an increase in lateral loads for a given vertical tire force and did npot
accurately represent tire saturation characteristics which develcp at the higher slip
angle conditions. I» addition, data did not exist at higher venricle speeds and non-
zerc carber angles to properly incorporate the affects of tire overturning mements
(M) and aligning torgues (Mzi. In order to incorporate these affects gnd erhance the
tire model simulatioz, a detailed test progream was initiated et Calspan to develop =
dynamic, transient test (as compared to the conventional equilibrium/atesdy-state
procedure curreatly utilized) to obtain the additiona) tire data within an environment
vhich more closely represented "real world" situations. A nev dynamic testing procedure
vas developed whick consisted of sudjecting the tire to a trausient sweep through # 30
slip angle st a given cazber angle (maximum 6 ), vertical load (maximum 2000 1bs.), and
vehicle velocity (45 mph, typicsl). The data was then smoothed and multiple regression
coefficients were developed to define the tire performance characteristics to be used
for dyramic handlirg simulations. The incorporation of this upgraded tire model, which
includes saturatioz characteristics at slip angles betwveen 10-15" (depending upen
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DISCUSSION: (Continued)

wertical force) resulted in good overall vehicle performance correlation relative
to actual instrumented vehicle data. A detailed description of the tire testing
and model development is included in Attachment I,

The upgraded tire model, along with an improved representation of steering system
cozpliance, was then incorporated into the early level prototype model and correla-
tion was then reestablished relative to instrumented vehicle handling performance
characteristics (lateral acceleration levels, vehicle roll angles, 2&_\4_13%, etc.).
Computer simulation vs. actual instrumented data curves are shown in Attachment II,

In addition to establishing correlation relative to specific sub-lizit vehicle
tracsient and steady-state characteristics, limit handling maneuvers were simulated
and coppared to two-wheel 1ift data on the early level prototype vehicle eguipped
with P205/75R15 Goodyear Wrangler All-Terrain tires. The followirg is a sumrary
of the two-wheel 1ift speeds and ranp steering wheel angles:

APC Eerlv Prototvpe LDAMS Model Sizuletizn
35 wph/3600 SWh 35 mph/3600 SWA
Lo wpn/360 SWA 40 =zph/360_ SWA
L5 mph/270, SWA 39 mph/270° SWi
L5 =pn/5%0° SWA Stable

The prototype model was thenr converted to represent the base Job #1, 1983% produc-
ticn release level {wider track, lover center-of-gravity, forward of uxle front
statilizer bar, and rear statilizer bar) and & stadbility study at various speeds and
ramp steering wheel angles was conducted, The results of this siudy irndicated thet,
witrh e eingle razp steering wheel input, two-wheel 1ift could not be generated with
the production level configuration at any speeds up through ead includiag 60 mph
{maximur speed manalyzed), This analysis agrees with an earlier indeperdent study
conducted utilizing the pewly developed UNIHAND computer prograz (Referesce Progrem
Report entitled "Analytical Comparisons of Utility Vehicle Rollover Performance in

a J-Turn Maneuver Using the UNIBAND Computer Progran”, dated 1-13-83) which indicated
similar results up through 60 mph., 4 matrix sum=arisging limit performance for the
early level prototype vehicle as tested at APG, early level prototype simulation, and

vo

firal production release level simulation ie shown in Attachwent III,

Anirmated computer graphics comparing the perforzance of the final preduction release
level relative to early rrototype level vehicles has been gererated for the following
dynazic handling maneuvers:

1. Early Prototype Level J-Turn 36 mph 3607 SiA

2. 1983% Job #1 Release level J-Turn 36 mph 360° swA

3. 198" Joh #1 Relemce Tavel J-Turn 60 mph 35,0: (7Y 5 o o
4. Early Prototype Level Obstacle Avoidance 32 mph  2L0_L/540° R/700_L/400_R

5. 1983% Job #1 Release Level Obstacle Avoidance 32 mph  2:0°L/540°R/700°L/400°R
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Job #1 Release Level J-nm do rapb 360; SdA
4. Earl Prototype Level Obstacle Avoidance 32 mph 21iO L/54.9°9/7000@00~R
5. 1933q Job #l Release Level Obstacle Avoidcce 32 mph ~03L/5400q/7000L,/~30 fi


DISCUSSION: (Continued)

Copies of the respective handling characteristic time plots for eack of these
maneuvers have been documented and are included in Attachzent IV. The following
movie guphically demonstrates the performance of the early level prototype and
the 1983% Job #! release level vehicle in both J-Turn and obsiacle avoidance
pAnSUvVers.

SUMMARY:

Based on the results of this study and the previous analysis conducted utilizing
the UNIRAND computer code, both mutually exclusive studies concluded that it is
virtually impossible to generate a two-wheel 1ift condition on the 1983% Job #1
production release level Bronco II with a single stesring wheel ramp inmput J-turn
maneuver up through, and including epeeds of 60 mph. As a result of our increased
understanding and correlation tc actual vehicle prototype testing, state-of-the-
art computer simulations, and as evidenced by the results of various subjective
evaluations by both Truck Manageaent and the independent office of Safety Test labs,
the sta®ility end dynazic performance of the production level Bronco II represents
one of the best handling vehicles ever produced by Truck Operations.

This study and film segrment basically concludes the dynamic bandlicg analysis being
conducted relative to the Bronco II. This model will contirue to be exercised in
conjunction with the VM tctel vehicle dynamic model to develcp advencezents in
sublective vs. objective handling simulations end correlations.

FUTURE PLANS

The majority of future éynamic handling analyses will be directed toward the V.
Although a limited amount of snalysis will be conducted to confirm asxd.document

the VI4's characteristics and siability in J-turn type maneuvers, prizary ezphasis

will be placed on optimizing "down-the-road” stability and handling performance,

New analytical methods will be developed to simulate current Light Truck Development
procedures such as single and double lane change maneuvers, serpeatine (pylon)
maneuvers, portions of the hardling course, etc, Simulation of sutjective handling
paneuvers will be developed and correlated relative to the Wi+ ADAMS zodel, VI proto-
type vehicle (pending availatility), Bronco II ADAMS model and production level vehicles.

The VN4 podel has been completed and is currently being validated relative to front

and rear suspension and steering geometry, bushing rates, shock valving, etc.
Modifications to reflect recest changes in prograxm direction will be incorporated

and meetings will be scheduled with the front suspension, resr suspecsion, and steering
sections to reviev the detailed models and individual applications. Preliminary hazdling
evaluations will be sirulated utilizing the VM total vehicle model,

The following animated graphics of the VN4 front suspension, rear suspension, and
total vehicle model bas been generated to demonstrate suspension kinematics and
response as it negotiated 3 inch deep, offset potholes. (Fote that the model does
not include a enveloping tire and is meant to demonstrate the front and rear spuspension
kinematics only).
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Attachzment I
Page 1

LIGHT TRUCX DYNAMIC TIRE TESTING AND MODELING DEVELOPMENT

PREVIOUS TIRE MODELING

Traditionally, vehicle dynamic simylations have utilized a relatively narrow
range of tire/road interaction parameters: '

Iaterel Force

Camber Thrust

Aligning Torque

Verticel Load/Deflection

-

* e ¢ o

Each of these parazeters wes'assumed to be independent of each other and linearly
additive. Steady-state test values were determined in a liritel parameter

matrix that held the camber and/or slip angle at zero. Whea roll, slip, and
camber are spall, tiais formudlation is adequate, and gives reasenable correletion
with vehicle tests. However, for performeance in severe and lizit maneuvers,

the use of steady-state test values and the linearly additive assuzption cannot
be justified. Another prodlem which resulted from the use of conventional test
data and deta reduction routines was the reversal of the secornd derivative of

the lateral force vs, slip angle curve which resulted in an unrealistic tire thet
does rot saturete in cornering. (See Page 5)

The incorporation of the ADAMS code for analyzing and predictirng tetel vehicle
hendling performence crened up a new frontier irn the ert of dymexic sim:lation.
Tne correct transient values of slip angle, camber angle and positicn of ezch
individual tire, under the effect of roll steer, Ackerman, asteering cocplience

end complience steer, became available at each time step in the dynanic integratic:.
Wnen the conventional cerpet plot tire test date was utilized es input to the
sophisticated ADLXS model, correlation with test date at linit zeneuvers (near
100% lateral weight transfer and slip angles in the range of 20 to 30 degrees)

was somewhat diseppeinting. As a temporary measure, two steps were taken: cazbder
thrust was deleted, end the lateral force curves were artifically adjusted to
provide pore reesonsble values., As an additionel expediency, trze tire was modeled
&s being rigid, pentrating the road as required to maintain the proper loaded
vertical wheel center to ground distance.

With these modifications, good correlation was obtained and veluable studies
vere conducted to optimize the dynamic handling characteristics of the Bronco II.

IMPROVED TIRE MODEL

In view of ihe dynesic simulation capabilities develepsd thrcugh the incorpersiion
of the ADAMS model, state-of-the-art tire test data acquisition end utiiization

bad to be developed to support thia level of enalysis.,
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Attachmen{ I
Page 2

DMPROVED TIRE MODEL (Continued)

First, a creative nev tire test procedure had to be established to more
acurately simulate dyna:ig bandling maneuvers. The data range had to be
extended to &t least + 30  slip angle and camber thrust had to be included
in the linear region &s well as in the lateral force saturaiion zone.

During the test procedure, heat build-up, pressure rise and tire wear had

to be minimized, or inconsistent data would be collected.. Instead.of the
ptandard data set of lateral force and aligning torque, it seemed reasonable
to desire the full complement of the three force and three moment components
as a function of the dyzmamic slip angle, camber angle and rolling redius.
(See Pg. 6 for the SAE convention and definition of terms.)

Second, new elporithms had to be introduced for data analysis, The MTS
bi-cubic formuleticn thet is used to generate curreni ccnveniicngl carpet

plots wes not truly represertative of dynamic tire perfornance at relatively
high slip angles, or vhen combined slip and camber engles are present., A

Ford ECC preogrem wes developed for car engineering tire pare-eters definition,
however this progrez is lizited to low 8lip angles, and tresis lateral force
end cazber tarust es linesrly additive, There was no procedure aveiledle fer
defining generel loed/deflection reletions. These progreze neglected the
overturning momeate (14, ) and rolling resistence was evaluated for straight shead
driving only., HNew algorithms hed to be developed to more efficiently handie
these non-lineer cherscteristics end provide for e more sophisticated tire model ~
representative of dynacic tire behavior, without overvhelzing ihe siculation
with literally thousands of raw data points for each tire corndition.

‘Finslly, since the frornt spindles would now be supporied by & six degree of free-
dom model instead of a rigid tire, unique routines had itz be written to provide
the besic ADAMS code with the partial derivatives of the tire forces with re-
spect to the model's generalized coordinates. (This resuirezent pointed out a
deficiency in the current ADAMS code. As a result, Light Truck Suspernsion Design
is cooperating with ECC and Advanced Chassis to enhance the ADAMS code so that
external forces acting between defined kinematic links cen be simply iaput
through user defined F-sub statemerts).

NeW TIRS TEST PROCEDURE

In order to obtain representative dynamic tire data, the capabilities of the
Calspen tire test machine and its dedicaled cumpuier were studied, und Llhe
following test procedure was established and executed:

1. Warm up and loosen tire by running for 15 mirutes at 45 mph
under 100% of the T&RA rated loed.

2, Set the machine to the specified camber angle, with the slip
angle et -10 &nd the belt running &t the specified speed.
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Attachmeni 1
Page 3

-3-

NEW TIRE TEST PEOCEDUFE (Continued)

3. 1load tire to first specified load (usually 500 1lbs,) and
commence slip angle sweep.

4, Sseep at a rate of S5° per second from -10° to +3O° back
to ~30° and return to +5°, The overlap of the initiel
~10° to 0° and the final 0° to +50 were specified to assure
that full + 30° data would be obtained with the tire in a
transient modes : R

5. Take readings every 0.3 seconds (approximately every 1.50).
6. Maintain the specified load throughout the run,

7. Maintain the varm up tire pressure (specified cold inflation
~ plus 3 psi) throughout the run.

8. To reduce the cost and totel number of runs, utilize only
10 of the 31 channels aveilatle. (The computer cen sicre
& maxicun of 7500 date items per run).

9. Repeat steps 2 through 8 for three additionsl vertical loeds
up to 150% ¢f rated cepacity.

10. Repeat steps 2 through 9 for new camber angle.

The 10 step procedure outlined above is classified as a single test and
results in test dsta for 2 camber engles and 4 vertical loed corditions
for £lip angles from =30° to +30°9. Two such tests, et & cost of $800 each,
provide one complete set of data for a given tire.

TEST RESULTS "

A typical set of raw test data is shown in figures 7 to 1k,
indicating that:

1. Tire vertical spring rate is nearly linear ai zero slip angle,
but decreases with loed at higher slip angles

2. lateral force curves (Pg. 9) show clear saturation, with a
algo uoteworthy is that the saturation slip angle inmcreasss with
load, This saturation becomes even more evident when the cornering
force is computed (Pg. 10). (Cornering force is the resultant of the
tire forces perpendicular to the velocity vector, It is the force
that causes the vehicle to turn and have a lateral acceleration).

\
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Attachment I
Page &

TEST RESULTS (Continued)

3. The megnitude of the overturning moment (Pg. 12) vas
surprisingly high, reaching a value of 350 ft. lbs, at
2000 1lbs. vertical force, and indicating 2.1 inches of
lateral tire distortion. There was considerable scatter
in the deta, which can be attributed to in-and-out
fluctustions of the tire sidewall as different tread blocks
and grooves rotate into position to form the tire patch.- -

4. The aligning torque data (Pg. 14) shows even more scetter than
the data. This is asttrimutable to the contlnua.ly
changirng distribution of the slip/adhesion zones witrir the tire
patch.

DATA REDYCTION

As previocusly steted, new dets reduction algorithms had to be developed to
reduce the magnitude of raw tire data,

First, the MT3/QM esteblished data region boundries were replaced by new
toundriss thzt are Zors ﬁ-:rc;**=+»lv descriotive of the test deta (Pg. 15)
Second, the bﬁ-cubﬂc mult* ple linear regression algoritha uas i:zized 10 &
cubic-quadratic in slip a-gle (elpha) and vertical force (F ) in the central
four regions, and to & bi-guadratic at the two high slip angle regions,

This lutter peessure elivineted the tendency of slope reversel at high slip
angles while cainteining & multiple correlation coefficient ¢f over 0.99.
Third, the vertical force/deflection curve was represented by e cubic-
quadretic eguetion in elphe and radisl deflection, modified %o eliminste
pure alpha terms. again, the cudic terms in alnha were dropred in the high
slip engle regions, This forrulation gave &n excellent fit with & correlation
coefficient of 0.99%3.

Individual test runs/canber range data was extracted from the test tepe, smoothed,
divided into overlerping regions, and processed through the zultiple linear
regression routines, The regression coefficients were written into composite
tire data files, and contain all the data required for the ADAMS simulation.

For visual inspection of the resulting curves which are defized ty these
coefficients, routines were written to plot these characteristic curves on

local Tektronix graphics tubes. This data iy presented in plotted form on

pages 24 through 27 . Average deviation from test data is 2% for forces and

6% for moments.

In total, twelve computer programs were developed for the full sequence of
data reduction and plotting routines.
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ADAMS Similation of APG Vehicle
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10 2 B 40 50 60
Speed
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1/ Darkened points dsnote 2 wheel lift
Yon-darkened points denote stable performance throughout maneuver
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STEFRING WIFEL AN

100 4

Attachoent III

STEERING WHEEL ANGLE VS, SPEED
' . FoR
TW0 WHEEL LIFT TRESHOLDS

@« o C
™ K 0 . [
A «
G
Legend -V

® - -Actual Vehicle Data from APG Testir.
{Early Level Prototype)
ADAMS Simulation of APG Vehicle
(Early level Prototype)

O ADAMS Simulation of 1983% Jot #°
Production Level

10 20 0 4o 50 60
Speed
(mph)

1/ Darkened points denote 2 wheel 1lift
Fon-darkened points denote stabdle performance throughoul maneuver
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