To D. Onkka

T.0. Number N23361

Date of QOrdar 10/16/89

Tast Auth. Neo.

Work Task No. TL10

Test Dates 10/21/89
— 11,/09/89

Date Rsported 11/29/89

Subject : Staady stats and transisnt handling properties of a 1989 Bronece 1l
Eddie Bauer, 1989 Chevy Blazar 4x4, and & 1990 UN46 3 Dr. at two tire
pressurss.

Requested By : Light Truck Dynamics-0D. Onkka

Object : To determine and compare the vehicle understeer coafficient, roll
gradiont, lacersl acceleracion frequency response, yaw rate fraquency
respense, lacteral acceleration response times and yaw tate Tasponsd
times of the thesa subject vehiclaos.

Summary : The test results are summarized in Tables 1 chrough 3, which appear
on pages 3 to 5 of this reporc.

1. Constant Radius Handling Test

A,

The UN4E at both Tire pressures have & higher body roll gradient in
left turns than in right turns.

The Chevy Blazer has the highest body rell gradient of the vehicles
cested. The UN46 has higher body roll gradient then the Bronco II.

The Bronce 1I and the UN46 both exhibit high levels of front
suspension jacking. The jacking increasss slowly with lateral
acceleration to sbout 0.4 G (0.25 inches jacking) and then the rate
of increase accelerates. At 0.85 G the jacking is about 2.5 inchas.
In comparison the Chevy Blazer increases slowly with lacteral
accalaration to about 0.25 inches @ 0.85 G lateral accelaracion.

The UN4L5 at both tire prassures requires’ the highsst stearing wheal
angle input to maintain s lateral acceleration level. The Bronco i
and the Chevy Blazer require similar steering wheel inputs at any
lateral acceleration lsvels until the higher G levels, where the
Broneco II requires more steering vhael angle.
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1s right turns the UNué @ 35/35 psi requires leas steering wheel
sngls input than the UNGE @ 26726 psi. This differencs incrsases vith
lateral acceleration. In left turnms che differance, although smaller
ars ravarsed.

The Blazer requires mors stesring wheel torque than any of the other -
vehicle although the oversll level is not very high.

2. Random Stesr Test

A.

Keith Van Gorder

The Chevy Blazer has the most predictable E&' flatcest yavw rate
Tesponsa.

Performanca of all parameters degrads as the speed increases from 45
to 60 mph.

All vehicles display similar lateral scceleration response.
Tha UN46 has the lssst roll damping of the group.

Yaw rate to latsral accsleration response characteristics are best in
Chavy Blazer.

Overall transient handling characteriscics are very similar although
the daca indicates cha Blazer is the best,

=

: D.8. Starr

Resaarch Enginesr ) Research Engineer
Development NVH & Handling Analysis Development NVH & Handling
NVH and Advanced Technology Dept. Analysis

NVH and Advanced Technology Dep:

A thank you to Jerry Holmes, Kevin Markham, and Len Richter, the test drivers and
rachnicians who instrumented and drove the vehicle for tha following tests.
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TABLE 1 : SUMMARY OF STEADY STATE HANDLING PROPERTIES
,=ﬁ=$—u—-—_—_—____: ———— - -
VEHICLE
UNG6& 3 Dr. || UN&6 3 Dr. ARONCO 1I CHEVY BLAZER
PARAMETERS @ 26/26 psi | @ 35/35 PSI [[(EDDIE BAUER) axh
Left |Right || Left |Right 1 Left |Right || Lafr |Righc
Maxinmum Lateral -1
Acceleration 667 | 658 || .702 | .678 || .656 | .697 || .692 | .684
{G's) )
Body Roll Gradient Il
( Dagraes / G ) 6.23 | s.61 || 6.37 | 5.22 [ 5.46 | $.30 || 6.44 | 6.42
Total Roll Gradient .
{ Degress / G ) 6.66 6.34 §.48 6.69
( average )
Steer Torqus Gradient
20.25G's 20.97 28 32| 29.19| 38.25| &7.76]] 38.48) 30.31
{ inch-lbs / G )
Understeer Coefficient
@ G leval
0.2 G's 3.30 | 4.60 ] 3.38 | 4.18 [| 3.99 | 3.59 || 3.77 | 3.47
0.25 G's 3.72 | a.68 || 3.85 | 6.18 { 4,35 | 3,79 § 3.72 [ 4.05 .
Jd
0.3 G's .58 | 512 5.26 | 4.71 fa.92 | 4148 3,94} 4.7
0.6 G's 758 | 7.06 [ 10.76] 7.34 || 6.63 | 5.20 || 5.22 | 6.3 {
0.5G's 8.20 |{ 10.61f 19.93| 12.05f 12.5 | 7.05 || 7.59 | 8.3 |
0.6 G's s6.2 | a1l ] 31.3 | 29.2 43,9 | 25,0 265 | 252
0.7G's wa | 118.2) 43.7 | 89.3 || 130.4| 77.2 || 129.7} 533 :
0.8 G's NA NA NA NA || ‘HA NA || WA NA

EXP3 1014




SUMMARY OF RANDOM STEER TEST RESULTIS

amr
— . —————— _——————

(seconds)

Roll Angls:

| TABLE 2 :
CONDITION: 45 MPH
PARAMETERS Vehicles
UN4é 3 Dr. UN46 3 Dr. Bronco II Chevy
@ 26726 psi || @ 35/35 pai Eddis Bauer Blazer
axd
Yaw Rate :
Peak Magnicude
(Deg./sec/100 deg. SWA) 21.26 21.11 21.24 22.461
Peak Magnituds/55 Mag. .
| 1.4106 1.3410 1.33%% 1.1623
Peak Frequency )
{Hz.) 1.0948 1.0948 1.173¢C L9778
-3 4B Frequency |
(Hz.) 1.8113 1.8384 2.1545 2.1387
45 Deg. Phase Lag Tine
{seconds) .1296 .1307 L1374 f
Lateral Acceleration:
Low Frequency Galn .
(G's/100 deg. SWA) . .5269 .5507 .5655 L6671 :
-3 dB Frequency :
(Hz.) 1.1662 1.1179 " 1.0%84 1.0676 )
45 Deg. Phase Lag Time
.1730 ,

Resonant Frequsncy
(Hz.)

Yaw Rats to

2.346

Lead Time @ 1 Hz. (secs.)

Lat. Accel.
0746
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TABLE 3 : SUMMARY OF RANDOM STEER TEST RESULTS

—
e — ———

e —

CONDITION: 60 MPH

PARAMETERS Vehiclas
UN4E 3 Dr. UK4é 3 Dr. Broneo 11 Chevy
@ 26726 pel || @ 35/35 psi jjEddis Bauer Blazer
- 4xi
] =
Yaw Rate :
Paak Magnitude
(Deg./sec/100 deg. SWA) 23.86 26.35 “ 24.31 ¢ 25.08
' Paak Magnitude/SS Mag.
1.6761 1.5877 1.6%943 1.3463
Peak Frequency
(4z.) L9775 .8602 L8211 .8393
-1 dB Frequency
(Hz.) 1.7027 1.85983 1.9072 1.8713
45 Deg. Phase Lag Time !
(zeconds) L1295 .1328 .1393 L1432
M
lateral Accelaration:
low Frequency Gain
(G*s/100 dag. SWA) .64628 .6861 .6846 .B265
-3 dB Frequancy
(Hz.) 1.0686 1.0272 L9454 .9186
45 Dag. Phase Lag Time
(seconds) .1826 .1862 .1857 .2021
Roll Angle: “
Rasonant Fraquency
(Hz.) 2,348 2.5026 2.3460 2.3069
Ysw Rats to Lat. Accel.
Lead Time @ 1 Hz. (secs.) 1042

.1012 .0838 L0760

e e —
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UNGE VEHICLE HANDLIRG COMPARISON TEST

VEHICLE DESCRIPTION:
Make and Modal: 1990 UN4L6 3 Dr.
Vehicle Number: 316T008 —
v.1.M.: B/A
Wheelbass: 102 inches
Track; Front:58.53 inches
Near:568.0 inches
Suspension Type; Pront:Indspendent w/stab. bar
Rear:Solid Axle vw/stab. bar
Engine: ‘ 4,0 L Vv-6 EFI
Transaission: AGD
Stearing Systen: Power Assistad rack & piniom
Overall Steering Gear Ratia: 23.5 : 1 for tirs prassure of 26/26 psi
21.7 : 1 for tire pressura of 35/35 psi
Tires: Firestons ATX M+§S
Tire Pressurs; Front: 26 psi and 35 psi  There wers 2 tire
Raar: 26 psi and 35 psi pressuras used in tests.
Test WC.
Test Waights; Llaft Front:1164
Right Front:1118
Laft Rear: 983
Right Rear: 903
Total:4170 1bs.
WT. Distribution {as tested): s4.7 & Fromt = L -
45.2 % Rear -
Other: The tires wers nav for the test with 50

miles break in. Tha tread depth was 13/32
inchas for all tiTes.
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UN46 VEHICLE HANDLING COMPARISOR TEST

VEHICLE RESCRIPTION:
Maks and Model: 198% Chevy Blarer é4x4 High CountTy
Vahicla Numbar: 3097653 "
v.1.N.: 1GNCT18Z4K8168202 .
Wheelbasa: 101 inches
Track; Front:56.25 inches
Rear:55.0 inches
Suspsnsion Type; Frent:Indspendent w/stab. bar
Rear:Solid Axle v/leaf
Engine: ' 4.3 L V-6
Transmission: Automatic with overdrive/ixh
Steering System: Powsr Assistsd rack & pinion
Overall Stesting Gear Ratio: 18.6 : 1 as detsrmined on a 195 fc
radius circlas.
Tires: - Uniroyal Laredo M+S
Tire Pressurs; Front: 35 pai
Rear: 35 psi
. Tasz Wt
Tast Weights; Left Front:1040
Right Fromc:1Q73
Left Rear: %40
Right Rear: 948
Tocal:4001 1bs.
WT. Distribution (as casted): $2.8 & Front ‘-
47.1 & Rear
Other: ) The tires wers nav for the test with 50

ailes brsak in. The tread dapth wvas 14/32
inches for all tires.
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UNA6 VEHICLE HANDLING COMPARISON TEST

YEHRICLE DESCRIPTION:
Make and Modsl: 1989 Bromce II Eddie Bauer Edition
Vahicle Number: _ 316TESE -
v.1.8.: 1MMCU14TSKIB11003—
Whealbass: " 94 inchas
Track; Front:57.0 inches
Raar:56.875 inchas
Suspensicn Type; Front:Independant v/stab. bar
Raar;:Solid Axle w/stab. bar
~ Engine: 2.9 L V-6 EFL
Transaission: Manuzl & spesd with ovardrive
Stearing Systea: Power Assisted rack & pinion
Ovarall Steering Gear Ratio: 22.3 : 1 as decermined on a 193 £t radius
_ ' - circle
Tires: Firestone FR480
Tire Pressurs; Front: s pai
Raar: 35 pai
Test WL,
Test Veights; Lafe Frone: 979
: Right Front:1013
Laefc Rear: 932
Right Rear: 910
Tocal:3836 1bs.
WI. Distribution (as tested): 51.9 & Front .
48.0 % Rear
Othar: The tires were nav for the test with 3C

ailas bBraak in. The tread depth was 10 2
inches for all tiras.
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INSTRUMENTATION:

UShé VEHICLE HANDLING COMPARISON TEST

* Hugphray Cyroscopic Platform No. TF70-0101-1

(serial number H2) to measurs corrected lataral
scceleration and roll angle. The unit was
sounted whars the front passenger seat is
normally located.

+ Humphrey Yawv Rate Gyro No. RG51-0106-1 (full

scals rangs = +-40 deg/sec)

# Sensor Developmeant Steering Wheel Angle snd

Torque Transducer Model 01002-1

Fifth vhesl used to measurs longitudinal
velecity

* 4 Rayslco string potentiomaters to measuts vartical

vheel deflecticn ralative to the body

Megadac data acquisition systea to collect dats frem the
string potentiomsters

* Signal Conditioning Package

Motorola 6809 based data acquisiticn system to collecc
and preprocess data

* Kyowa RTP-501 Phillips cassette typs FM recorder

on some Tests to Trescord data

* Terniflex HT-3 Terminal for communication with

the microprocessor
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DISCUSSION OF TEST RESULTS

A. Constant Radius Handling Method

The test results are susmatized {n Table 1. Comparison plots of che test
data output are in Appendiz A. The plocs and data analysis reports with predicted
gaina for each {ndividial vehicls at sach test condition ars in Appendices B, C,
and D. One tast veight was used for these tests. The cest weights for each
vehicle are listed on the vehicle informstion pages 6-8. The constant radius
handling plots contain ouly the UN46 @ cira pressurs of $6726 psi unless otherwvise
noted on the graph. -

1t should be noted the total vehicle roll and body roll numbers may not shov
direct correlatisn with each other, specifically with regard Tto turn dirsction.
Part of this is dus to the way that the stable platform vorks and to the conditioen
of the platform installed in the wehicle. Increased bearing friction in the
gyro glmbals adds to the operation of the gyro. This problem is not &s appatenc
fn the trucks testad, as shown by the roll gradient numbers on Table 1.

The body roll vs. lateral sccsleration comparison plots are in Appendix A.
The plots of the individual vehicles in appendices 8, C, and D show linear
response for all the vehicles. The Bronco II and Chavy Blazer sxhibit symmetric
responss betveen left and right turns, The UN46 at both tire pressures has a
higher body roll gradient in lefc curms than {n right turns. The Blazer has the
highest body roll gradient of all the vahicles tested. Tha Chevy Blazer and the
UNG6 @ 26/26 psi have the highest total rell gradiant of the all cthe vehicles
tested. The UN46 has mors body roll than the Bromco II.

Front jacking plots indicate s large difference betweaan cthe UN4S, Broneo Il.
and the Chevy Blazer. The fromt jacking on the Bronce 11 and UN4S slowly
{ncreases until about 0.4 G lateral ascceleration and than the rate of increase
accelerates. As an example for the Bronco II @ 0.4 ¢ the amount of jacking is 0.25
inches, and then at 0.65 G the jacking is at 2.5 inchas. In comparison the Chavy
Blazer increases slowly with lstaral accelaration to about 0.25 inches @ 0.65 G.

Rear jacking im both turn directions i3 low for all tast vehicles. There
appears to be little diffarence in rear jacking betwaen left and right turns.

The steer torque gradient @ 0.25 G's in left turms is lowast for the UN4E at
both tire pressurss as compared to the other vehicles testad, In right turns the
Bronco II has the highest steer torque gradient with the UN46 and Blazer about
the sams. The steering vheel corque magnitudas are highest for the Chevy Blazer.

The steering wheal angle vs. lacersl acceleration nunbef; indicata that the
UN46 at borh tire pressures requires the highesc steaaring vheel angle input to

10
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maincain a lateral scceleratien level, The UN4S at boch tire pressures, also
requires the highest stesring whasl angle input to paintair i lataral acceleracion
jevel {n right turns as comparsd to the Bronco II and Chavy Blazer.

Ths stesring whesl angle vs. lateral accelaration plots indicacte thar the UN46
with tire pressurs of 35/35 psi starts to develop large undarstear at about -.35
G's for laft turns. In left turns the Bronco II, Chevy Blarzer and UN4s @ 26/26
psi all begin extreme undarstaer &t about -0.6 G's or above. The Chevy Blazer .
reaches the highast latersl acceleration level before extreme understeer occurs.

In right turns for the stesring vhesl angls vs. lateral accsleration plots all
tha vehicles seen to have similar shaps with understeer incressing gradually to
about 0.4 G befors begimming a more rapid increass. The undsrsteer starts to
increase dramatically between 0.5 and 0.6 G depending on the vehicle. The Blazer
requires the laast stessring vheel angls to attain any cotharing levels. The
Bronco 11 requires similar angles to the Chavy Blazer. )

For left turns ths steering wheel torque vs. lateral acceleration plots
reveal that tha Blazer is ths only vehicle that gives an indicacion that cthe
vehicle is approaching, or is in extremse undarsteer. This can be sasn by the
decrease in stearing wheal torque vhich gives fasdback to the driver. The Bronce
II and UN46 both have incrsasing steering wheel torqus which doss not give any
faedback to the driver. In right turns 2ll the vehicles have a dacrease in
steering vheel tozgue in sxtremse undarztasr.

Special notes on the vehicles. Front left tire 1ift was observed in the
left turn of the Constant Radius Test with the Bronco II. This occurred at
latersl acceleration levels above about -0.63 G's. The UN4S @ 26/26 pal
exparienced extreas understeer at the higher G levels.

To summarizs the Constant Radius Handling Test results, the Chavy Blazar
displays ths most favorsble constant radius handling characteristics. The Blazer
has very low front jscking, moderata steer torque gradisnt, and symastrie body
roll betwaen turns.

5. RANDCM STEERIRG METHOD

Ths comparisen plots in Appendix A. contain the frsquancy rssponse functions

of ssch output parameter (yaw rate, lateral acceleration, roll angle) with

raspect to steering wvheel angle at 45 and 60 wph for the tast waight. 1In
addition, the fraquancy responss plots of roll angle with respect to laceral
accelerazion are also included. The plots for eack ind{vidual vehicls are
contained in Appandices B, C, and D. The frequency response plots ineluds
magnituds, phase and lag time functiens. Scme important paranstars are summarized
in Tabls 2 for the 45 oph test speed, and Table } for the §0 mph test speed.

The vehicle properties sssocisted with the shapes-of these curves applies only
+o tha linear or "normal®” driving range of the vehicle performance near the test
speed, although extrapolation of vehicls character extends into the nonlinsar
rangs in many casas, Vehicles wich good (i.s. sporty) handling charactaristics

11
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exhibit flactar fraquency response curves of both yaw ut.‘fnd lataral acceleration
wich tha "knee” or downturn of the curve at a higher frequency and they have lag
time curves that are lowsr and flgtrar than a poer handling vehicle. This

constant gain factor and short time lag independsnt of hov fast the steering

vhesel is turned is believed to be associated vwith sporcy vehicle handling
charsctaristics.

Ons mechod of quantifying the frequeancy rasponss cutves that has bean
suggested in the literaturs usas the frequancy at vhich the lateral acceleration
frequsncy response iz reduced by 3 dB and the fraguency at which the yav trate
frequency response curve shows a resonant peak to characterire a vehicle rasponse.
In each, a higher frequency, in general represencs a dezirable yaw rate frequency
response. Another factor used to decermins "flatness® is the peak o steady
stats ratic of the paramster. In this case a lowsr mmber indicates a flatter
curve. Other researchers use the lag time at & 45 degres phase shifz ro
quantify handling quality. Is this case & shorter tias is more desirable. Table
2 and 3 shows the Tssults of these analysis at all the test conditions, In
gensral, these methods work well to categorize grosz vehicle differencas but more
subtle changes requirs analysis of the vhole functions as described in 4 previous

paragraph. - :

The comparison graph's in Appendix A shov that the Chevy Blazer 4xé has the
flattest yaw rate frequency rasponse curva. The peak fregquency of all the
vehicles ars similar. The yaw rate peak to steady state magnituds ratio is lower
for the Chevy Blazer as comparsd to the other vehicles tested. This parameter is
a msssure of yaw damping, and in conjunction with the -3 dB down point also gives
an indication of flatnass, The Bromco I and Chavy Blazer have the widast
bandwideh of the vehicles. Looking at the yaw rate fraquency rssponss graph and
thess two paraneters show the UN4é @ tire prassurs of 26/26 psi has the peakiest
yav rate Tesponse and the lesst favorable ysv rats rssponss of ths vehicles
tested. The yaw rats frequency response curve for the Blazer doss not fall as
quickly as the UN46 at either tire pressure and the Blazer has a higher freaquency
content than the othar vehicles. All of thia shows that the Blazer has ths most
predictable and flattast yaw rata frequency respouss, and the UN&E @ 26/26 psi
has the least of the vehicles.

The time dalay plots for ysv rate/stesring whssl angle in Appendix A show
that balow 1 Hz. the Chevy Blazer has the longest lag time of all the vehicles.
Above 1 Hr. the lag times are comwparable for all the vehicles. But the Blazer
also has the flsttsst time delay curve of any of the other vehicles, which is
mors importsmt than a low lag time as long as the responss tims i{s not too long.
A vehicle that displays a quick change in lag time is less predictable than a
vehicle with a flat time dalsy curve. The time delay curve for ysw rate/steering
vheel angle at 60 mph shows that the problem is vorse than at 45 mph. Tha Bronco
I1 and US46 display similar yaw rats/stesring vhesal angle time dslay curves.

Tha time dalay plota of yaw racte to lateral scceleration in Appendix A

provide an indication of the lag and lead relation batween yaw rate and lataral
accelaration. When the curve is posttive, the yaw rate leads tha latersl

12
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accelaration and the vahicle yaws prior co moving laterally. A low constant lead
tima (s thought to indicate & favorable handling vehicle.-*The Chavy Blazer
followed closely by the Bronco II have the lovest lead times, with che UN4GE at
both tire pressures having the highest. The UN46 @ 35/33 psi is slightly quicker
than the UN46 @ 26/26 psi.

The fraguancy response function of lateral acceleration to stesring vhesl
angle curves in Appendix A shov that all ths vehicles have similar lsceral
acceleration responss shapes. The UN46 @ tirs pressure of 26/26 psi has the
wvidest bandwidth for lateral acceleracion frequancy responss. The Chevy Blazer
has the highest gain. All ths vehicles sxhibit & hump before the downturn in the
curve. This i unmusual and the cause is net known. The huxp is larger on the
UN46 and Bronco II than on the Blazer. Ths frequency raspense curves all fall
off at similar rates, so there isn't a major difference the fraquency responss
curves bstween the vehicles.

The time delay plots of lateral scceleration to stsaring wheel angle show
that 1ika the time dalay plot of yav rate to steering whsel angle, the Chevy
Rlazar has the longest tine delay balow about 1 Ez. Ths Blazer also has the
flattest tima delay curves which make {t the most predictable vehicle of the four
tested for this parametar.

The roll to lateral acceleration frequsncy response curves display & major
differsnce hetween vehicles. The amplitude of the roll rssonant for the UN&é at
both tire pressures are the highest of the vehicles testad. The amplitude and
width of the pesak indicace roll damping. Roll daaping is greatest on the Blazer
followed by the Bronco II. The UN46 @ 26/26 psi has the least roll damping. All
the roll resonant fraquencies are grouped between 2.3 and 2.5 He. The Brence II
has the highest roll resonant fraquency at both spasds with 2.4633 Hx. ac 45 aph
and 2.5024 Hz. at 60 mph. All of these mumbers are listad in Tables 2 and 3.

The test rasults show that all the test paramaters degrads as the vehicls
speed 13 increassd from 45 to &0 mph.

The test rasults show the Chavy Blazer 4x4 has mers favorsble Randem Steer
handling charscteristics than the other vehicle testad.

13

EXP3 1024




AFPEMDICES: UN4& VEHICLE BANDLING COMPARISON TEST

Vehicle Handling Coaparison Plots

UN46 3 Dr, Handling Results

3ronco I fddie Bausr Handling Results

Chavy Blazer 4xé Handling Results

1990 UNG6 3 Dr. vs. UI&G March 1389 Teat Rasults

Vehicle Handling Test Procsdures

14
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