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Early Considerations

ARNDT - “Partial separation produced the most significant vehicle
disturbances. The range of vehicle responses is a continuum from

minor responses... to critically destabilizing responses resulting
from partial separations.” SAE 2001-06-0145.




Front v. Rear Separation

The Vehicle will pull to the side of the failed
tire, regardless of whether its on the front or
back.

However, the effect on the vehicle
dynamics will change.



Front v. Rear Separation

Understeer




Front v. Rear Separation

Oversteer




Front v. Rear Separation

MICKY GILBERT'S TESTING
@ 4 Good Tires (JTROT — End Visw)
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Front v. Rear Separation

Where did the loss of control occur

Rear Tire:
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Front v. Rear Separation

Where did the loss of control occur

Rear Tire:

LOC at Opposite Tread Sep Side

Arndt - SAE 1999-01-0450

the cases where complete fread detachment occurred,
once the noise stopped, there was not any feedback to
the driver to indicate that there was a problem with the
vehicle.

In the three runs presented, the test driver did not input
any steering until it was necessary to do so fo remain on
the track

DISCUSSION - TEST RESULTS - Plots for Run A show
that an external disturbance fo the vehicle caused by the
tire separation occurred at approximately 7.5 seconds
The vehicle speed was approximately 2468 m/s (55 mph)
and the test driver held the whee! steady until approxi-
mately 10.5 seconds. The separation resulted in a spike
in the yaw rate data and a heading deviation to the right
Ower a period of about 3 seconds a small tire separation
induced heading change tock place

The longitudinal acceleration shows an instantansous
deceleration. Later in the run this increases as the driver
releases the throttle then applies brakes. Between 10.5
and 14 seconds, the test driver inputs a steering pulse
with 2 i amolitds of annrovimatahy O0 deorees

CONCLUSIONS

Two test programs were run o quantify the effects of tire
tread separation on the handling characteristics of a
sport utility vehicle. In the first program a tire was modi-
fied by removing the tread and outer belt with the
intended purpose of creating a ftire that had suffered a
complete tread detachment. This modified tire was
mounted on the test vehicle and a series of handling
teste performed. From these tests some conclusions can
be expressed

If the separated fire was on the back of the vehicle and
the vehicle was turned away from the tire, the vehicle
exhibited dramatic overstesr characieristics and was
unstable.

If the separated tire was on the back of the vehicle and
the vehicle was turned towards the tirg, the vehicle exhib-
ited less understeer was generally stable. Overall the
behavior was asymmetric.

In avoidance gituations, the vehicle required greater steer
inputs and produced significantly different vehicle

unatakle.

15 on the rear axle.

front of the vehicle, then
understeer. This effect

If the ssparated tire was on the back of the vehicle and o
the vehicle was turned away from the tirg, the vehicle pessos
exhibited dramatic overstesr charactenstics and was

a straight line at highway
fied tire was mounted on

the vehicle pulled in the
re

driver heard a loud noise
pe inner wheel well and

TE PO T OppOSIE STeET DETWESTT T Ay T e
onds. Overall a 6 degree heading change was recorded
with a non-driver induced 3 degree heading deviation at
the beginning of the tire failure induced disturbance.

Cwerall review of the steering shaft terque data revealed
that little, if any, torque was fed back to the driver during
the separation event. Phasing of the torque data relative
to the steering wheel angle data supported this. Since
this vehicle was equipped with power steering, this was
to be expected

o TATETON OCCOITeD, aiter the separafion was
complete, there was not any feedback to the driver to
suggest that there was a problem with the tire.

The work presented has been performed using a sport
utility vehicle with a relatively narrow frack width and high
center of gravity as compared fo a typical sedan. This
resulted in significant lateral load transfer and played a
role in the maagnitude of the asymmetry of the results and
the magnitude of the difference in the handling character-
istics for different modified tire locations.



Front v. Rear Separation

Where did the loss of control occur

Rear Tire:

LOC at Opposite Tread Sep Side

Arndt - SAE 2000-01-0697

2000-01-0697

Properties of Passenger Car Tires with Tread Detachment

Copyright & 2000 Society of Automative Enginesrs, Inc.

ABSTRACT

A series of tire property tesis have been performed at
CALSPAN on the flat bed tire test machine. The tires
used in the testing were inflated tires with the tread
removed. ldentical make/modslisize tires in normal
(tread not removed) condition were also tested. Three
passenger car tires and one fruck tire were tested. The
purpose of this paper is fo present comparative results of
the testing and data analysis_The test results objectively

Mark W. Arndt and Michael Thorne

Transportation Safety Technologies, Inc

Charles P. Dickerson
Collision Engineering Associates, Inc

This paper conveys the results of fire properfies testing
performed at CALSPAN on the flat bed tire test machine.
Testing of four different types, in pairs (& total tires), one
with and one without the tread removed, was performed.
All tires were inflated during testing. Testing was con-
ducted art of the Enginesring Dynamics Corporation
% 1999" in which 26 different tires were tested
on the fiat bed tire test machine at CALSPAN. Although
brake testing was contemplated (and completed on nor-
mal tires) only cornering tests were completed on the

The test results objectively demonstrate substantial
differences in cornering properties. Grouping all tires
together, the measured cornering stiffness of a modified
tire was reduced on average to 36.1 percent of the

normal tire measured properties

tions provide explicit coding of tire factors affecting motor
vehicle crashes [7,8].

ing test program is described in SAE
0120, Vehicle Handling wih Tir= Tread
Separation [0]




Front v. Rear Separation

Where did the loss of control occur
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LOC at Tread Sep Side

Force Response during Tire
Tread Detachment Event

Arndt - SAE 2004-01-1075

Mark W. Arndt and Michael J. Rosenfield
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Stephen M. Arndt and Don C. Stevens
Safety Engineering and Forensic Analysis

1) Demonstrates both lateral and
longitudinal forces in tread sep.

event;
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361 to 1151 IbS; (SP-1869)
T SAE International
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Front v. Rear Separation

Where did the loss of control occur

Front Tire:

LOC Opposite Tread Sep Side

1) Look for other contributing factors or if the
vehicle is prone to oversteer — such a 15
passenger van or bus.



NHTSA NADS STUDY

Only study looking at real world
reactions to unforeseen tread seps

1) Expected driver reaction is to counter-steer;

2) Experienced driver who are expecting a tread separation can
easily control the vehicle;

3) A previously appropriate steer input can result in loss of control;

4) Knowledge of the imminent tread separation reduced the overall
probability of control loss from 55% to 20%;

5) Findings from test track studies in which test drivers were aware
of an imminent tread separation may underestimate the extent to
which tread separation occurring in the real world leads to
instability and loss of vehicle control;

6) The increased difficulty in vehicle handling and the associated
increased likelihood of loss of vehicle control with decreasing
vehicle understeer generalize to real-world driving.




Cross Examination Points

THE FRAUD

SAE TECHNICAL
~4PER SERIES 1999-01-0446

Anatomy of Accidents Following Tire
Disablements
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@ B [ The Enginsering Soclely International Congress and Exposition
Land soa. if:%s":ﬂ'.i Detroit, Michigan
wTERNATIONAL March 1-4, 1999

400 Commenwaealth Drive, Warrendale, PA 15096-0001 U.S.A.  Tel: (724) 776-4841 Fax: (724) 776-5760

Klein & Black
1999 paper




Cross Examination Points

THE TRUTH

1) Atrticle is from 1968 — prior to steel
belted radial tires;

2) Bias Ply tires rarely suffered tread
separations;

3) Article discusses tire disablements,
meaning flat tires and blow outs.

-On High-Speed Roads

Tire Disablements and Accidents

1. STANNARD BAKER 3rd G. DECLAN McILRAITH, Traffle Institute,
Worthwestern Unlversity- - | :

*THE study of Hre disablements 2od aceldents on high-speed rozds was undertaken to
cive, for the firat time, reasombly trustworthy numerleal answers bo questions that
h=ve long bren botherszome. For example, In what peveent of accldents are tire dig-
=blements o eontributing factor? ) : .

The profect wes 2 cooperative undartzking of the Trafllc Insiitute of Northwesticn
University, the Jlinols State Toll Highway Commiasion, the Illinols State Follce (Tall-
way Eattalien), znd the Rubber Manufactursrs Assoctztan. No federal :un:.;.s were in-
volved R . . B .
The atudy was made on 2 tell road for the following rexsonss )

1. Tel collectlons rive 2 very preclse mezsurement of vehlele mieage. .

2 Contiruous high speed Ia acknowledped lo be severe tire serviee and it cerialnly
increases necldent severily, Hence, tire disablements and s3soclated aceldefts would
probably be maximum rather than minkmbm on such 2 road,

3. Accidonte are very completely reported on'a tall voad

4, Uniform speeds minimize cpeed as 2 varizhle In the study, .

Te further reduea the number of varizhles, only four-tired vehicles were included;
malnly plesenger ears. . - . -

Four 2ssociated projects were required;: Tire Stedy l—frequency of tire diszble- °
ments, Tire Study 2—use nnd condittan of tres, Tire Study 3=Yre disahiements not
followed by aceidents, and Tire Study 4—tre disablements [ollowed by accidenta,

Datz were collected between September 1, 1068, and Abpust 31, 1867, The llmited-
acecest Jilinels Tollway 1s 130 miles long and I mestly Interstate, around Chicage
(Flg, 1) Wee-and-condition studles were made nt five service aveas; frequency -of~
disahlement stedies were made at bwo toll plazas, .

In this abbrevialed report, results rather than methodology are emph:

TIRE STUDY 1: FREQUENCY OF TIRE DISABLEMENTS

Three surveys were conducted ok twe exdt toll plazas. Two were made 2t South
Belolt where ¢arg left Dllnals to enter Wisconsin, Thése gave maximum Toliway trip
lengthe  One was made where ears left the Tollway to enter Chlcaps, Thase were
malaly commuter trips plving minimum aversge brlp mileage, .

One gurvéy was begun as early in April as practical ta give 2 low mean lempersture,
achually 38 F, Two were meda In July te give 1 hich mean temperatare, 65 F. .
h;:h survey, counts were made 16 hours per day, T.days per woek for at least

2 ek, . . s

Cars stapped to pay tell were asked where they entered the Talleay, This pave an
scenrate {igare for thelr Tellvay travel Thep were also zsked whether they had had
tire er other car trouble on the Tollwsy, The slze of each car and Its State of regla- |

fred

BDEP0057967

Paper wpsrasiad by Committas on Highway Sefely and Fracated ot the 40t Anaval Mzating.
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Cross Examination Points
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belleve that still lewer lempereturas would bave plven somewhat lower disablement

ratas apd that higher es might glve higher rates, but net much
of the year would fall outside the 48 F 1o 89 F range cotilned, From the three palrs
. of cordtione rapracantad, the dlsakl b rate for low bure short trips coutd

he deduced; 46 digablements per million vehiele-mllas,

Tallway tavel was divlded Into proups ascardlng to approxlmate mean temperature
and trip length. To these group totals wers applied the appropriate digablamert rates
to obiain eatlmated totals for the enbire tollway for 12 months. Thess astimates of tre
disablaments wore 23 follows: 48 per 1,000,000 vehicle=miles, 1 per 22,000 vahlele-
miles, I per 88,000 tire-miles, 1 per 340 hours of Tallway driving, 155 par day for
eatire Tollway, 7 per hour for entirs Tallway, and L per mlls per day.

Drivers reported whether tire dlsihlement was slow or sudden. This was z stb-

Jective evaluation but gt 15 balleved 113 domlze 30 experjgoce to which

48% described event as “slow leak”
52% described even as a “blow out”

2 out of 5 reported as “repairable”
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