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PREFACE 

The International Society for Terrain-Vehicle Systems (ISTVS) Workshop 
on Measurement and Evaluation of Tire Performance under Winter Conditions 
was held in Alta. Utah. 11-14 April 1983. The Workshop was jointly sponsored 
by the ISTVS. the Geotechnical Research Centre of McGill University (Mon
treal. Canada) and the U .S. Army Cold Regions Research and Engineering 
Laboratory (Hanover. New Hampshire). The intent of the Workshop was to 
gather together representatives from all of the groups who must grapple with 
winter tire performance evaluation and prediction in a spirit of mutual coop
eration. 

The ISTVS Committee on Snow. which organized the Workshop. acknow
ledges the valuable contributions and support provided by Alta Ski Lifts Cor
poration. DataMotive Inc .• and Goldminer's Daughter LOdge. 

The committee also wishes to gratefully acknowledge the hospitality of 
Jim and Alfreda Shane of the Goldminer's Daughter Lodge. 
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THE NEED FOR SNOW TIRE CHARACT~RIZATION AND ~;VALUAT[oN 

Raymond Yong and George L. Blaisdell 

INTRODUCTlON AND PROBLEM IOENTIFlCATION 

The problem of specification of required tire performance characterist.1cs for 
ope ration 1n off -road situations can he a simple o r complicated circums tance--depend
iog on the sets of perspectives that are brought to bear in the evaluation of tire 
performance. The more detailed an individua l 1s 1n specification of performance, the 
more complicated the issue becomes; primarily because the means f o r evaluation of 
performance cannot always be rigorously o r exactly s tated . Because a) proper first 
evaluation of tires requires a c tual on-terrain running interaction , b) test terrain 
variabilities canno t be readily des cribed, and c) test measur emen t systems and tech
niques have yet to be fully delineated and rationalized. we are left with the situa
tion of developing whole sets of procedures and standa r ds that need to be continually 
upgraded o r fine-tuned as more lnformatlon becomes avai l able. 

The a bove problems become considerably compounded when attention is focused on 
winter tire usage--particularly since the technology for tire design and manufactur e 
has seen tremendous advanc e in the recent decade. The need f o r snow tire cha r ac teri
zation and performance evaluation is indeed obvious . The Rubber Manufacturers ' Asso
cia tion (RMA) snow tire definition (April 1981) provides us with a certain amo unt of 
latitude in meeting the r equired physical cha r ac t eristics of "winter tires ." 

TIRE PERFORMANCE UNDER WINTER CONDITIONS 

Fr om the preceding 
tified: 

section , seve ral questions and problems can be readi ly Iden-

I) 

2) 

Measurement of tir-e per-formance under 
Test techniques and devices 
Measurement systems 
Procedures and pr otocol 
Rationalization and acceptance 
Standardization and cr-i teria 

Characterization of "winter surface" 
Identificat ion and classification 
Test techniques and devices 
Measurement and characterization 
Requirements and control 
Procedures and protocol 
Rationalization and acceptance 
Standardization and cri t eria 

winter surface conditions 

3) Analyses and prediction 
Methods and requirements 
Model reconciliation and ca libra tion 
Validation and acceptance 

4) Tire specifications and cha racterization 
Manufacturer's specifications 
Requirements and standards 
Evaluation 
Criteria 

Because of th e many problems and issues i dentified above, it was felt that a 
Workshop on Winter Tire Testing and Evaluation would be most useful--if the various 
participants from the U. S. manufacturer and t ester industries interacted in a spirit 
of "a common problem situation. " To that end, a workshop was o rganized for 11-14 
April, 1983 at Alta, Utah , under the joint sponsorship of the ISTVS, Geotechnical Re
search Center, McGiil University, and U. S. Army Cold Regions Reseach and Engineering 
Laboratory . 



A lis t of the part icipants is included in t hese P roceedings~ The formal pr og r am 
was designed to pr oceed from presen t ation of measur emen t devices thr ough tes ting 
techniques and evaluation schemes to prediction me thods and modeling . Par t icipants 
in the Worksh op were wo rki ng represen t atives of each o f these a reas. An awareness of 
the techniques, s t a t e- of -the-art and subjec t s where furthe r work is needed in each 
a rea we re aired 1n a spirit of mutual coope r ation , r es ulti ng 1n an e nhanced under
s tandlng of the unique pr oblems facing each of t he g r oups working in win t er tire per 
fa r mance asses sme n t . 

RMA SNCM TI RE DEFINITlON 

"A IIIJd and snow passenger o r light truck ( LT ) t i r e is a tire wh ich , when compared 
with conventiona l rib t ype tires, has a r e lative l y aggressive tread pattern and is 
designed t o provide additional s t a rt ing , stopping, and drivi ng trac tion in mud and 
snow. The tread has ribs , lugs, blo cks , o r buttons, is generaLly disconti nuous, and 
has the follOWing marking and charac t e ri s tics when inflated: 

a) A substantial po rt ion of the lug, block, o r rib edges in the tread design 
is a t an angle gr eater than 30 degrees to the tire circumf er e ntia l cen ter line. 

b) On at l eas t one side of th e tread de~ign , the shoulder lugs protrude at 
l eas t 1/2- in . in a direction gene ral ly perpendicular to the di rection of travel. 

c ) Passenger tires manufac tured after [ January [976 and light truck (LT) 
tires manufac tured after 1 March 1981 wi ll be pe r mane ntly l a be l ed on at least one 
sidewall with the words ' MUD AND SNOW ' o r any contraction using the l e tt e rs 1M' and 
' 5 ' (e . g . MS, MIS, M- S, M&S, e t c.)." 
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SESSION I: TIRE TESTING ON SNOW AND ICE 

The purpose of this session was t o discuss the merits of devices 
and equipment currently in use for measuring tire performance under 
winter surface conditions. The continued refinement of tire design, 
consumer demands for more effect ive tires, and the additional requirements 
for test documentation by government agencies have resulted in considerable 
improvement in techniques and devices for tire testing. 

The papers contained in this section present the latest and the 
best of these systems. In addition to the four vehic les discussed in 
print here, infor mal presentations of similar instrumented vehicles 
were given by Doug Domeck (Smither's Scientific Services vehicle) 
and Henry Hodges, Sr. (Canadian National Defense vehicle). 
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GENERAL MOTORS SI NG LE WH EEL TEST TRUCK> 

St eve Altenberndt Gene ra l Motors Corporation, General Motors Proving 
Ground, 25 -TWS, Milford, Michigan, U.S . A. 48042 

DRIVE TRACTION TRUCK 

The GMPG drive traction test vehi
cles a re used to determi ne the driving 
traction performance of a tire under 
s pe c ified t est co ndi tions. This sys tem 
utilizes two self - contained four-wheel, 
rea r-wheel-drive t es t vehicles (Chev rolet 
C- 2D and "LUV" pickups) with specially
instrume nt ed ax les to measure the fore
aft and vertical forces o n a drive n tire. 

Tes t vehicle me chanical function 

Test vehi c l e load ranges a re deter
mined by practical operating l oad limits. 

" LUV" - 275 kg t o 685 kg per tire 
"C- 20" - 500 kg t o 11 35 kg pe r tir e 

Au t omatic thro ttl e appliers with 
variable appl ication ra t es are incorpor
ated on both test vehicles. 

Each vehi c l e is equipped with an 
electro-hydraulic control system whi c h 
contro l s the brake system t o deactivate 
the t est wheel brake upon initiation of a 
tire test. 

An onboard hydraulic jacki ng system 
i s used to raise the truck rea r ax l e to 
facilitat e zer oing the transduce r s and 
changing t es t tires between t es ts. 

Test loads are adjusted by di s trib
u ting ba llast uniformly in the bed of the 
test vehicle. Additional ballas t can be 
a ttached t o the front bump e r to of f-load 
the test wheel position to achieve mini
mum t es t load. 

* From the General Motors Tire-Wheel Sys 
tems Tire Performance Criteria procedures 
and specifications . 
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Vehicle speed is measur ed with a 
t ach gene ra t o r attached to a front wheel 
of the vehicle . The t es t wheel speed is 
mon itored using a tac h gene ra to r connect 
ed to speedometer output o f the transmi s 
sion. 

To obtain prope r transduce r orienta
tion due to differences in test load and 
test tire diameter, high pressur e lifting 
shocks are used 1n place of the o r1ginal 
r ea r vehic l e shock absorbers t o adjust 
the vehicle ride height. 

A pos ition transduce r is used in 
conjunction with the lifting shocks to 
meas ure the distance between the vehicle 
frame and rear axle. The di s tance re
quired for transducer alignment is deter
mined during calibration us ing specific 
t es t l oads and tire size combinations to 
be tested. 

Drive traction load cell 

Transducers capable of measuring 
fore-aft and vertical load on a driven 
tire are spliced into the rear axle of 
the respect ive test vehi c les. The trans
ducer load cells utilize four parallel 
beams gauged in bending. 

It is important that the orthogonal 
measuring axe s be properly oriented to 
the plane o f the road surface. Improper 
o rientation of the transducer can cause a 
l oss of inpu t force signal. Misalignment 
can result from initial setting of trans
ducer angle, dynamiC change due to sus
pension "wind-up," or dynamic change due 
t o ride motion. 

The transducers we r e fabricated with 
elongated mounting holes to allow adjust
ment of initial measurement axes. This 
adjustment is accomplished by first ad-
1usting the test vehicle to the normal 



test rlde height. Th en a precision l e l/el 
is placed on the transduce r body, which 
is r otate d until i t is l e l/el . Prior to 
any testing, the ride height can be ad
justed using the high pressure lifting 
shocks t o position the transducer. 

Parallel contro l arm suspension sys 
t ems a r e incorporated t o minimize trans 
ducer angu lar change du e to axle "wind
u p . .. 

Dynami c transducer aagu lar change 
due to no rmal expected tes t vehi c l e ride 
motion was measured at the transducer 
body a nd found t o be les s than ± 0 . 5 de 
grees . 

A wheel of fset effect exists on the 
"LUV " t est vehicl e because al l fo re-a ft 
and ve rti ca l for ces are transmitted t o 
the axle housing through a pair of axle 
bearings. The outboar d bea r ing is an in
tegral part of the l oad sensing t rans
ducer , so the for ces t ran smitted through 
this bearing are me as ur ed . The inboa rd 
beari ng , l oca ted near the di fferential 
s ide gea r, also carries some of the 
l oad . Howeve r, this f orce is not mea
sured . This facto r is compensated for by 
using a known offset during ca libration 
and maintaining this refe r ence offset 
during testing , using known r i m off sets 
and proper wheel spacers. 

The configuration of the "C-20 " rea r 
ax l e allows des ign of all load-ca rrying 

ENGINE 
COMPARTMENT 

Brake 
system 
control 

CAB 

i 

bea r ings t o be incorporated into the l oad 
ce lL This result s in no fo r ce trat'l.smis 
sion path other than th r ough the t rans 
duce r from the tire and wheel assemb ly t o 
the axle housing. This a llows tire and 
wheel combinations with r easonable offse t 
differences t o be u"ed with negligible 
for ce e rrurs f r om the r e f e r ence cal ibra 
tion offse t . 

Elect r ica l an d contro l l ogic 

Two sepa r a t e 12-volt electrical sys 
tems a r e utilized in each t est ve hi c le to 
supply adequate power a nd isolate the 
following i t e",s: 

Or igina l vehicle battery and alterna
t or sys t em . 

- Normal engine and vehicle 
e l ect ri ca l sys t ems . 

- Hydraulic pump for jack sys
tem . 

- Amber wa rning beacon . 
Auxi li a ry ba tt e r y and a l ternator system. 

- l 2-VDC t o l 20 - VAC 60-Hz i n
verto r used t o supp l y 120 
vac power t o th e analog r e 
co rder, digi tal voltmete r, 
computer pr in t er , and throt
tle appl ie r motor . 

- Signal condition ing instru 
ment powe r. 

- System logic power. 

i 

EXTERNAL 
COMPONENTS 

Leveling 
shocks i I I i System and 

I II I 
logic control 

Throttle Jack 
actuator i i System 

Data 

I Chari 
acquisition I recorder 

system 

I I 
I ! 

• Position 
transducer 

I Digital • Vertical force 
volt Instrumentation 

i • Fore/aft force 

I meter 
• Vehicle speed 

• Test wheel speed 

Figu r e 1. Drive trac tion truck oper ational flow chart. 
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- Data acquisition system pow
er . 

- Electro-hydr aulic brake con 
trol system. 

A simplified truck ope r ationa l f l ow chart 
is shown in Figure 1 . 

Data acquisi t ion sys t em and da t a 
processor 

Tire- Wheel Systell6 has incorporat ed 
a GM- designed- and-built Data Acquisition 

System (DAS) which ut ilizes commerci a l ly 
available components . 

The TWS DAS was designed to 1) pr o 
vide onboa ~d data samp l ing and fi lte r ing, 
2) make coefficient calculations, 3) pro
vide data to driver (including overall 
averages , standard deviations, and out 
lie r deletlon), and 4) p r ovide pe r manent 
data storage vi a cassette tape . 

An on-site portable compute r is used 
in conjunction with the DAS to pr ovide 
final data analysis . I ndividual ti r e run 

Four-channel 
chart recorder 

INSTRUMENTATION 
TRANSDUCERS r- - , 

I I 
Test I Scale I 

wheel 

I 1 speed 
amp. 

I I 
I I r------, I I I I 

I Vertical I i Ectron 
Scale i 

I force I I 
bridge 

amp. I I amp. 

I I I I 
I I I I 

I I I I 

I ! 
I I 

I Forelaft I Ect ron 
Scale I 

I force I I 
bridge 

amp. i I I 
amp. 

L.. ______ .J I I 
I I 
I I 

Vehicle i Scale ! 
speed I amp. I 

I I L ___________ ...J 

r-- ~- - ,.. ' -
I A·D I converter I 
I 
I 
I 

Hard copy I Data d iQitall~ 

terminal I smoothed 

DAS controller, 1 Coef ficients 
output printou t I 

determ ined 

I - -
I I 

I 
Portab le computer 

I I Cassette tape 

Hard copy 
I I Individual data, 

printer Fina l data analysis T coef ficients, 
and summary final summary 

I L ________ 

Fi gur e 2 . Drive trac tion truck dat a system. 
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data stored on the DAS cassette tape is 
transferred to the computer through a 
communication interface. After data 
transfer Is complete, the computer sum
marizes the data using overall control 
tire test data, calculates significant 
differences of test tire measured per
formance, and computes GM TPC test tire 
ratings . (See schematic details in Fig
ure 2 . ) 

SYSTEM CALIBRATION 

Both vertical and fore-aft force 
outputs are calibrated with a calibration 
platform (a bi-directional force trans
ducer) using a typical calibration set
up. Calibration platform load ratings 
should be sufficient to evaluate the re
spective force outputs over expected us
age range . The calibration platform is 
isolated from the floor by three air 
bearings. The test vehicle attitude dur -
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ing calibration should be representative 
of actual test usage. The transducer be
ing calibrated is positioned such that 
any component of the vertical load is 
nulled from the fore-aft channel. 

This is accomplished by I) removing 
all vertical load from the load cell by 
lifting the axle; 2) zeroing the fore-aft 
force channel, 3) setting the test wheel 
back down; and 4) removing any induced 
signal in the fore-aft channel by adjust
ing the test vehicle transducer position. 

NOTE: This is actually a leveling 
technique in that it uses the weight of 
the truck as the indicator of transducer 
angulation. Any components of the verti
cal load which are introduced into the 
fore - aft channel (i.e., sin a x vertical 
load, where a = position error angle) are 
nulled by physically rotating the trans 
ducer until true vertical force (gravity) 
and the fore-aft measuring channel are 
perpendicu l ar. 



DESIGN AND USE OF THE CRREL INSTRUMENTED VEHICLE FO R COLO REGIONS MOBIL ITY 
MEASUREMENTS* 

Geo rge L. Blaisdell U. S. Army Co ld Regions Research and Engineering Laboratory 
Hanove r, New Hampshire 03755-1290 

ABSTRACT 

The U. S. Army Cold Regions Resear ch 
and Engineeri ng Laboratory has recently 
acq uired an instrumented vehic l e fo r the 
measurement of fo rces at th e tire/surface 
material interface. The CRREL ins tru
ment ed vehicle (CIV) is equipped with mo
ment-compensated triaxial l oad ce lls 
mounted in the front wheel assemblie s . 
Forces are measured i n the vertical, 
longi tudi nal (in the direction of motion) 
and side d1 re et i ons . In addi t lon, accur
ate whee l and vehicle speeds and rea r 
axle t orque and speed are measured . 

Modifications t o the vehicl e (to 
facilitate the performance of traction 
and motion resistance test s) include four 
lock- out type hubs t o allow front - , rear
or four-wheel drive and a dual brake sys
tem for front-, rear- or four-wheel brak
ing . A mini-computer-based data acquisi
tion system i s installed in the vehic l e 
to control data collection and fo r data 
processing, analysis and display . 

Discussion of the vehicle inc ludes 
its operation and use for the evaluation 
of the tire performance and surface mate
rial properties of motion res istance and 
traction. 

INTRODUCTION 

The quantities of traction and mo
tion resistance have characteristically 
been used to establish vehicle mobility 
(or immobility), especially on deformable 
surface materials. It is reasonable t o 
conclude that these quantities are pri-

* Reprinted with permission. C1 982 Soci
e ty of Automotive Engineers, Inc. 
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marily a measure of the strength of the 
tire/material system, provided th e vehi
cle is adequately powered. In the past, 
traction testing involved using a dyna
mometer (hold back) vehicle equ ipped 
with a l oad cell drawbar. Ca l culations 
were necessary to determine traction 
based o n th e measured drawbar pull, mo
tion resistance , and appropriate co rrec
t i o n factors . Two methods were used to 
find motion resis tance--measuring vehi
cle deceleration and t owing o r pushing 
the vehicle. 

Tractio n and motion resis t ance as 
quantities are just measures of the 
forces that are developed or are found 
present between the vehicle (namely, its 
tires) and its s upporting surface. How
ever, past testing measured quantities 
that are phYSically removed from th e ve
hicle/ma t e ri al interface. With the de
velopment of a sophisticat ed l oad cell 
and a specially eq uipped vehic l e, direc t 
me as ur ement of these forcesis now possi 
ble . Th e CRR EL instrumented vehicle 
(CIV) is one s uch vehicle tha t is bei ng 
us ed t o study the variation in tire/sur
face material forces for various cold 
regions materials . Specifically, the 
vehicle is being us ed as a meas ur ement 
device for establishing data and parame 
ters by whi ch different snows (as well 
as ice, slush and thawing solIs) may be 
categori zed for vehicle mobility pur
poses. 

INSTRUMENTED VEHICLE--MECHANICAL AND 
ELECTRONIC HARDWARE 

The CIV was or iginally constructed 
by the Nevada Aut omotive Test Center 
(NATC) in Car son City, Nevada, and i s 
based on a 1977AHC Jeep Cherokee frame 



Figure 3. Ins trumented vehicle . 

and chassis (Fig . 3) . Mechanical modifi
cations and electroni c i nst rumentation of 
the vehicle have been performed by NATC 
and CRREL , respective ly. 

The instrumented vehicle is equipped 
with Warn l ocking hubs on all four axles . 
This a llows the vehicle to be ope rated as 
a four - wheel-drive, ~ear-wheel-dr ive o r 
front-wheel-drive unit. This versati l ity 
is made possible by the Quad ra-Trac full
time four -whee l-dr ive system, wh ich was 
stock eq uipment on the vehi c l e before its 
modification. With the Quadra -Trac sys
tem, engine t orque is delivered f rom the 
transmission to a controlled- s l ip third 
diffe rential (or t ransfer case) . The 
transfe r case , in turn, transmits torque 
along th e f ront and rea r propeller s haft s 
to the differentials l ocated between the 
front and rear sets of whee ls. 

With al l four Warn hubs l ocked. the 
vehicle operates as a no rmal full time 
four-whee l-drive un it. Two-wheel-drive 
(f ront o r rea r) i s not as straightfor
ward . Since the Quad ra-T rac trans f e r 
case is sending to rque to the propeller 
s hafts in proportion to their needs , hav 
ing two hubs (both fr ont o r both rear) 1n 
the free position causes them to appea r 
t o be most in need of t orque. Th e t rans
fe r case thus sends all of the torque to 
t he differential of th e free axles . whi ch 
produces no vehic l e movement . Howe ve r, 
the vehicle is eq uipped with an Eme rgency 
Drive system (stock equipment), wh ich, 
when engaged . nullifies the differential 
action of the transfer case . An equiva
lent amount of torque is thus sent to 
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each prope lle r shaft and two-wheel- drlve 
is achieved . 

A dual brake system has also been 
built into the CIV . This system a Llows 
hydraulic pr essu r e to be ap pl ied ( through 
the standa rd brake pedal) to a LL fou r 
disc brakes , to the front wheel brakes 
on l y , o r to the rear whee l brakes only . 
The valves fo r changing the brake conf ig
uration are located on the f l oor at the 
l e ft side of t he driver's seat . 

Fou r ai r-adjus t ab l e s hock abso rber s 
take the pl ace of the standa rd shocks . 
Thes e are connected in pairs (f~ont two 
and rea r two) to a vacuum-actuated ai r 
comp ressor wh ich can be manua lly con
t rolled. This system al l ows the vertical 
force on the f ront o r rear wheels to be 
va r ied by up to 20 lb through infl a tion 
of one set of shocks and def l ation of the 
other set . I n addition , greate r wh eel 
we l l clearance fo r certain ove rsize tires 
can be ob tained by shock a bsorbe r infla 
tion. Vehic l e t rim is a lso cont ro l l ed by 
appropriate infLa t ion and deflation of 
the shocks . This is important for pr ope r 
a l ignment of the l oad ce ll axes based on 
t he tire size being t es t e d. 

Elect ri cal power (500 watts) is sup
plied fo r most of the inst rumenta tion 
from a 12-VDC t o 1IS-VAC s ine wave static 
inve rte r. Th e inver te r is mounted in 
the cargo area of the CIV next t o a 12-
volt (lead- acid) battery wh ich provides 
its input. The battery is cha r ged by an 
oversized auxiliaryalternator . Output 
from the i nve rte r 1s sent to an outlet 
bl ock located in the inst rumentat i on sec
tion of the vehicle. 

Th e vehicle is a l so equipped with 
s wive l seats for both the drive r and pas
senge r to a llow no rmal vehicle ope ration 
o r i nst rumentation operation. Shock
mounted suppo rts are provided for all of 
the instrumentation. 

Cent ral to the i nst rumentation in 
t he CIV a re the moment-c ompensat e d tri
axi a l l oad ce lls moun ted in the two front 
wheel assemb l ies . 1* Th e load ce lls are 
moun ted so t hat t hey become a ve rtical 
section of the cantileve red rod that s up 
po r ts the whee l ( Fig . 4) . Si nce the l oad 
cells add LO inches (5 inches each) of 
width to the ove rall wheelbase width. 
each of the two f r on t ax l es (fr om the 
steering unive rsal out) was repl aced with 
a l onge r s haft. Each l oad celL is an
nula r to a llow passage of the ax l e . 

Th e l oad ce lls each contain three 
complete st rain gage Wheatstone bridges 

* Numbe rs des ignat e ref e rences at end of 
pape r. 



Figure 4 . Can til evered rod . 

l v.n leo l 

o 
Fi gure 5. Axis conven t i on for t ri axia l 
Load cell s . 

for measurement of forces acting in three 
IUJtual Ly perpendicular directions (o r ien 
tation shown 1n Figu re 5) and will be re 
ferred to as ve rtical, l ongitudinal and 
side directions . Moment compensation is 
performed by t he strain gage bridges s o 
that th e fo rce s read by t he brid ge r ep re 
sent the f o rces ac ting at t he tire con
tact patch. I t should also be mentioned 
that the compensation is s uch that a 
torque or a couple appl ied to the t.ire 
registers no for ce on the l oad cell . 

Each front brake dis c i s equipped 
with 100 equal ly spaced stee l nodes on an 
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Figure 6. 

Fi gure 7 . Fi f th-wheel assembly . 

8-inch-diameter ci rcle. A counting prox 
imity detector is mounted within 0 . 05 
inch of the ends of t he nodes (Fig . 6) . 
Upon co nve rsion, t his signal yie lds exact 
i ndividual wheel di stance and velocity 
values . A simila r ar rangement is present 
on the rea r propel l e r s haft so that th e 
average rea r whee l s peed may be rrea
sured. A strain gage s haft torque senso r 
is also mounted on the rea r propel Lor 
~ haft. This signa l can be used as a mea
sure of the e ne rgy input t o the rea r 
wheels during driving an d braking . 

A 5th-whee l assembly i s attached t o 



Figure 8. Drive r read-out display unit. 

Figure 9 . Fifth-wheel speed is read on a 
digital meter mounted on top of the dash. 

the rear bumpe r for accurate measurements 
of vehicle speed and distance (Fig. 7). 
A chain has been installed on the tire to 
eliminate slippage during operation on 
ice and other low-coefficient-of-friction 
materials. This increases the wheel c ir-
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cumference and a new calibration 1UJst be 
performed to attain accurate speed and 
distance measurements. 

To allow immediate feedback of force 
and velocity values, and to allow the use 
of a particular measured quantity as a 
control parameter, a drlver read-out dis
play unit has been installed (Fig . 8) be
tween the driver's and passenger's 
s eats . The main unit consists of three 
pulse counters (front two wheels and 5th 
wheel), a right and left side digital 
panel meter (DPM), and two sets of 
swit ches (right and left side) . Each 
switch set contains four push-button 
switches that select vertical, longitudi 
nal, or side force, or wheel speed. A 
second set of switches and DPM's are pre
sen t to accommodate future instrumenta 
tion of the rear wheels. Fifth-wheel 
spe ed is read on a digital meter mounted 
on the top of the dash directly in front 
of the driver (Fig . 9) . 

The DPM's receive their input signal 
through the selector switches. When dis
playing load cell readings, the DPM's 
read in hundredths of millivolts and rep 
resent the actual force in newtons . A 
decimal point i s added to the DPM display 
when a velocity channel is displayed 
(read-out in km/hr) . 

To facilitate driver read-out in 
actual force (newtons) and speed (km/hr), 
the input signal 1UJst be zero adjusted 
and scaled. This is accomplished by a 
differential amplifier which, for space 
and convenience conSiderations , was con
structed on a blank load cell signal con
ditioner card (signal conditione r will be 
discussed later) and housed in the signal 
conditioner box. 

DATA ACQUISITION AND MANIPULATION 
EQUIPMENT 

Up to t his point, the description of 
the CIV has involved basically non-remov
able or integral parts of the vehicle. 
(The external 5th-wheel assembly is re
movable. ) Provided the proper inputs to, 
and outputs from, the previously men
tioned measuring devices are satisfied, 
any system for read- out and recording 
could be attached. This section will be 
devoted to a description of the equipment 
presently used for data acquiSition and 
its operation. Figure 10 depicts a gen 
eral block diagram of this equipment . 

Eleven channels of information have 
been identified: seven are force mea 
surements and four velocity measure
..,nts. Each channel (except the Sth-
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Figure 11. Signal conditioners. 
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wheel DC tachometer) requires an excita
tion or power sour ce in o rder to func
tion. This power is supplied by two sig
nal conditioners , one f o r load cells and 
the othe r to configure velocity channels . 

The load ceLL signal conditioner is 
a Neff Se ries 300 model (Fig . LLc) and 
a llows each channel to be separately con
figured for a parti cular t ransducer type . 
The signal condit i one r provides a con
stant voltage (2-10 volts) or a constant 
current (2-50 milliamp s ) e~citation. It 
also f urn ishes circuitry for bridge com
pletion and remotely cont rolled calibra
tion. (The system i6 normally adjusted 
to provide IO-volt excitat ion to each of 
the seven load ce 1.1 channe Is. ) Calibra
tion is obtained by shunt resistance s ub
stitution. 

A second signal conditioner (Fig. 
l1 a) provides the necessary circuitry for 
the velocity channels. This unit was in
itia lly constructed by NATC and ha s s ub
seq uent ly been modified by CRREL in order 
to properly function with the new instru
mentation. The primary function of the 
velocity signal conditioner 1s to convert 
the incoming pulse frequency (from the 
proximity detecto rs) to a DC voltage, 
which rep resents speed . Three of these 
converters are present, one for each 
front wheel and one for the rear propel
ler shaft . Frequen cy to DC conversion 
for the 5th whee I is not necessary since 
a speed-representative DC signa l 1s out
put from the assembly's tachomete r gene r
ator. Circuit ry is provided for scaling 
adjustment and filtering. 

Conditioned analog (DC voltage) sig
nals frOID each of the 11 data channels 
a re output from the two signal condition
e rs into a Neff Series 400 multiplexer 
(Fig . llb). The Se r ies 400 contains a 
high speed analog Signal multiplexer, 
programmable gain amplifiers, a sample
and-hold amplifier, an analog-co-digital 
converter and l ogic for interface con
trol . The unit houses Differential Input 
Multiple~er Plug- in Circuit Cards con
taining LO-Hz low-pass filters and re
mote-cont rol channel switches fo r 16 
channels. The output from the Multiplexer 
ca rd is applied to a two-stage program
mable gain amplifier that allows input 
sensitivities from 5 mV a 10 . 24 V. The 
signa l is then passed through a sampling 
rate fiLter and sample-and- hold ampli
fier before analog-to-digital conversion 
and output . 

The Series 300 and 400 are remot e ly 
ope rated by a Hewlett-Packard 98456 mi ni
computer (Fig . 12). The computer, 
th r ough a 16- bit-paralle1 interface, 
sends instructions that set appropriate 



Figure 12 . Hewlett- Packard 9845B mini
compute r. 
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switches , furnish sequentia l /random 
samp l ing, gain and channel address infor 
mation, and initiate conversion cycles . 
Data words sent back by the Series 400 
a r e read and stored for late r manipu l a 
tion. 

The 9845 has two 217K byte ta pe 
cartridge dr ives which a r e used for mass 
storage of data and programs . A 187K 
byte read/wrlte memory is available fo r 
working semiconductor memo r y . Data and 
prog r ams: can be displayed 1n video or 
hard copy fo rm with the computer ' s 20-
line, SO - column CRT or the SO - column in 
ternal thermal printer . A graphics r ead
on l y memory (ROM) allows data plots to be 
gene rated and output in video or hard 
copy form. The 9845 also has a real - time 
clock which is used to accu r a tely measur e 
time intervals and to generate inte r ru pts 
fo r initiating a sampling scan or data 
conversion cyc l e . Actua l ope r ation of 
the Whole system is accomplished through 
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Figure 13. Flow chart fo r data acquisition prog r am DATACQ . 
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Figure 14. Flow chart fo r 
Subprogram Calibration. 

the software instructions used by the 
computer . 

SOFlWARE 

The HP9845 computer prog rams for use 
with the CIV are written in BASIC pro
gramming language. Two pr imary programs 
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a r e present, one t hat cont r o ls and ac
quires data during operation of the vehi
cle (DATACQ) and one that reads and mani
pulates stored data (READ- 2) . The pro
grams a r e written in an interactive mode 
and prompt t he use r fo r the required in
put . Where convenient I a menu is provid
ed to a llow the use r to choose the r ou
tine he desi r es • 

TIle data acquisi tion prog r am 
(DATACQ) is divided into a ma in progr am, 
whi ch gathers documentary info rma tion 
about the locality and condi tions present 
in the test area, and seve ral subprogr ams 
(Fig . 13). 

The us e r must first choose whether 
t o proceed into the main program (docu
mentary data) o r t o run the calibration 
subp r og ram (Calibrat ion, Fig . 14). The 
purpose of th e calibr a tio n s ubprogram i s 
to take ze ro l oad/ze r o speed readings and 
and shunt res istance/fixed speed r eadings 
and ca l culat e the appropriat e scale fac 
to r s fo r each channe l . The s ubprogram 
sto res the ze r os and sca l e fact o rs in a 
calibration fi l e . A new calibration file 
is c r eated each time the front tires a r e 
change d I the air pressure in the shock 
absorbe r s is changed o r the data acquis i
tion system is turned on . 

Followi ng input of the documentary 
data, a channel sampling subprogram 
(Scan, Fig . I S) is ca lled , wh ich performs 
the actua l data samp l i ng and transfer. 
Subprogr am Scan is set up with a se ries 
of two inter.rupts. The computer's rea l
tIme c lock. is used to gene r a t e interrupts 
at a user -chosen rate . This rate repre 
sents the frequency with which a call is 
made to the subrout i ne Sample which se 
que ntia lly co lle cts a data word from each 
channe l in the systerr. . The clock inter
rup ts a meaningless infinite loop which 
a l lows the sample r ou tine t o be addressed 
as quickly as possible foll Owing the 
clock signa L 

Data acquisition may be te r minated 
in t wo ways . The clock interrupts and 
th e sa mpl e routine a re aut omatically dis 
a bled when L400 data scans (the progr am 
is set up to hold a maximum of 1400 data 
points per channel) have been comp l eted. 
Should the test be finished before the 
maximum number of scans is completed , 
data acquisition ca n be t e rminated by a 
us e r interrupt . Following the test event 
(data acquisition completed), a menu i s 
off e r ed the user. Inc luded are: sto r e 
dat a , view raw data , plot data , stop pro
gram , re - run pr ogram I calibrate system, 
and several value-gene r ating subprograms . 
The Store subprogram saves the docume n
t ary data gathered in the main program 
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Figure 15 . Flow char t fo r sampling Sub
program Scan . 

and al l of the data acqui r ed by Scan. 
The data taken in Scan is stor ed in its 
internal, unformatted bina r y form . This 
gr eatly conserves storage space on the 
tape ca r t r idge . Any s ubprogram which r e 
quires viewing o r calculation of meaning 
ful numbers r equi res conversion of the 
data acqui r ed in Scan. The Conve r t sub
program is automatically accessed when a 
subprog r am r equi r ing meaningful values is 
chosen from the menu . Using a variable
to -variable transfer and the appr opr iat e 
calib ration file, the binary data is con 
ve rt ed to numbers in units of newtons and 
kilometers per hou r. 
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Data plots can be c r eated with the 
Plots subprogram . Any of the measure d 
~uantities may be chosen fo r the ordi
nate, while time, distance or diffe r e n
tial interface velocity (DIV) a r e t he 
choices fo r the abscissa . Both the righ t 
and l e ft wheel data (fo r the chosen 
quantity) a r e plotted on a single graph • 
Distance , although not measur ed direc tly , 
is found by i nt egr ation of the s peed/time 
data. Since both whee l and vehicle (5th 
wheel) speeds are being measured, plots 
can be based on whee l or vehicle dist
ance. 

Seve r a l value-gene rating s ubprog r ams 
are present l y included in DATACQ . The Av
e rage subp r og r am gives the use r the 
choice of which data channels he wants 
ave rage force or speed values for. The 
value retur ned can be the average for any 
pe r cent (use r chosen) of the data points 
taken. Subprogram Average so r ts the data 
into an ascending order ar r ay and then 
averages the uppe r pe r cent chosen by the 
user . 

Subprogram Slip- ene r gy is an inte
g r ation routine which finds the a r ea und
e r the tractive force versus distance or 
DIV cu r ve . The distance- based ene r gy 
te rm gene r ated by the subprogram can be 
r e lative to whee l or vehic l e distance . 

Program READ- 2 is designed to access 
data files whi ch were acquired and stored 
by DATACQ. This program 1s also struc
tured with a main program and seve r al 
subp r ogr am; ( Fig . 16) . The main progr am 
r eq uests the file name of the data file 
to be viewed and proceeds to r ead the 
documentary and test da ta f r om the file . 
Test data is t hen co nverted with sub
routine Convert, just as in DATACQ. Ac 
cess to the subpr og r am is through a menu 
item select i on . The READ-2 menu contains 
th e same r outines as DATACQ except St ore 
and Ca l ibration. 

CALIBRATION 

I n- field or pre-test , calibration is 
essentia lly a self -di r ected process per 
fo rmed by the Calibration subprogram. 
The pr og r am col lects ze r o and shupt re
sistance values for the ver t ical force 
channels with the front of the vehicle 
elevated. Upon lowering, the vehicle is 
r ocked back and fo rth by s witchi ng the 
gea r shift between f o rwa rd and reve r se. 
It is then a llowed to roll to a stop 
(transmission in neutral) and zer o and 
shunt resistance r eadings a r e t aken fo r 
the longitudinal and side force channels 
and ze r o r eadings are taken fo r the vel-
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Figure 16 . Flow chart for da t a reading Program READ-2 . 

ocity channe l s . The r olling back and 
fo r th pr ocedure is pe r formed to remove 
any "unnatural" fo r ces developed when the 
ti r es were lowered back onto the pavement 
following ve r tical f orce channe l sampl
ing . 

The velocity channels a r e scaled by 
driving at a constant speed of 16 km/hr 
while data sampling occurs on those chan
ne Is . 

During the pr ogr am- directed calib r a
tion pr ocedure, the dr iver read-out unit 
may be adjusted , if necessary . When ele-, 
vated (vertical channel ze ros) and after 
r olling back and fo r th (longitudina l , 
side and velocity channel zeros) the zer o 
pots on the driver read - out amplifier can 
be ad justed to yield a ze r o reading on 
the OPM ' s. Likewise, when shunt resist 
ance is substituted into the bridge , the 
gain pots of the amp l ifie r may be adjust
ed to display the shunt r esistance load 
va lues on the OPM' s . The ve loci ty chan
nel pots can be adjusted during the 16-
km/h r run. 
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The subprogram finally ca l culates 
scaling fact ors and stores these and the 
ze r o re adings in a calib r ation file . 

As previou sly mentioned, a new cali
bration file is collected each time the 
f r on t tires are changed (to zero out the 
weight of the tire), inflation pressure 
of the shock absorbers 1s changed, or the 
sys tem i s turned on. 

A whole sys t em calib ration is only 
pe r f o rmed periodically (appr oximately ev
ery 100 hours of use o r whenever concerns 
about the validity of the data arise) . 
Two forms of whole system calib ration 
wil l be discussed. The first is perhaps 
better identified as a system adjustment. 

The system adjustment is perfo rmed 
to obtain maximum sensitivity fro m the 
instrumentation. The Series 400 Multi 
plexer r etur ns digital values (counts) in 
the range f r om - 2048 to +2047 . System ad 
justment zeros and scales the incoming 
signals so that the expected range of 
these s ignals 1s spread over the largest 
portion of the numbers from - 2048 to 



+2047 but does not fall outside them . 
Ideally, the vertical force channe l'i 
should have zero values near -2048 (or 
well into the negative numbers) since the 
vertical fo rce va ries betweell zero and 
approximately 9000 newtons (it does not 
go negative) . The longitudi nal and side 
forces both are two-di rectional forces. 
yie lding pos it ive and negative force 
values . The side forces are symmetric 
and thus the zero load reading should 
yield a digital count nea r ze r o. Longi
tudinal forces are not symmetric in that, 
gene rally, force magnitudes 1n t raction 
(positive) can range up to twice as rruch 
as res istance (negat i ve) fo rce s . Thu s, 
the ze ro load count fo r longitudinal 
forces should be abou t -700. 

Scaling of the load celi chan ne l s 
can on ly be done in integer mult iples by 
changing the gain code (set in pr ogram 
OATACQ) in the Se r ies 400 . Changing the 
gaIn code increases or decreases the sen
sitivity with which the Se r ies 400 reads 
the input data as shown in Table l . 

Table I . Gain/Fuli Scale 
Sca l e Sensitivity Values 

Gain Sens1tiv1t~ 

2048 SmV 
1024 10 
512 20 
256 40 
128 80 
64 160 
32 320 
16 640 
8 l. 28V 
4 2. 57 
2 5 . 12 

10 . 24 

The ve locity channels have no volt
age output whe n the vehicle is at rest . 
Thus , the Series 400 returns a digital 
count near ze ro for the zero-velocity 
value. Once scaling (gain) is set for 
the load cell channels , th e velocity dig
ital count is checked fo r a speed of 16 
km/hr. Adjustment of t he digital count 
for 16 km/hr can be accomplished with t he 
knurled variable resisto rs (top row) on 
the front of the velocity signal condi
tioner (Fig . lla) . Si nce zero speed 
gives a count of zero, the maximum speed 
expected should be set equal to a count 
of +2047. The count which should output 
from the calibration procedure (= 16 km/ 
hr) can be found by multiplying the ratio 
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o f calibrat ion speed to maximum ex:pected 
"peed by +2 047 . 

The second form of whole system ca l
ibration is quite involved and should be 
performed at least annua lly . Th e proce
dure really involves checking the accur 
acy of the shunt resisto rs and the 5th
wheel assemb ly. Since no variable scal
ing can be performed on the l oad cel l 
channels, system accuracy 1s wholly con
tingent on the accuracy of the sh unt re
~istance substitution. 

The reason fo r including the 5th 
wheel in the calibration is that it is 
used to scale all the other velocity 
channels. (The 16-km/hr speed maintained 
during subprogram Calibration is based on 
the 5th-wheel r ead- out . ) Calibration of 
the 5th-wheel assembly involves ope rating 
it over an accu rate ly measu red course of 
at least 1 km. The vehicle s hou ld be 
ca refully aligned at the beginning and 
end course markers and the accumula ted 
pulse counts read f rom the drive r read
out unit. If the measured and t rue dis
tances vary by less than 0 . 2% , the 5th
wheel tire pressure can be varied to 
bring the two into agreement . The 5th 
wheel speed is automatically calibrated 
by calibrating distance since a c rys tal 
clock is used fo r obtaining velocity . 

To check the shunt resisto r values, 
a special whee l has been const ructed 
(Fig . 17) . This wheel is us ed to cali-

Figure 17. Wheel used to calibrate longi
tudinal and side forces. 
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brate the longitudina l and side forces. 
When the calibration wheel is bei ng used 
the axle housing is supported by a stable 
jack stand whi ch is placed only slight l y 
outside the cente rl ine of the vehicle ~ 

o 
(toward the side with the calibration ~ 400 
whee l) . This allows the suspension to act ~ 

as uninhibi ted by the jack stand as pos
sible. If the calibration whee l chain is 
tensioned with an accurat e load ce ll in
serted in the force train, a known load 
can be applied along the longitudinal or 
s:1de directions . Ca re is taken to insure 
that th e direction of pull is dire ct ly 
along the l ongitudinal or side axes . If 
the external l oad ce ll reading differs 
from the value read out by the subprogram 
Rawdata of OATACQ, t hen the value of t h e 
shunt resisto r for the channel needs to 
be changed. 

A simila r sequence, using a flat 
load cell , is perfo rmed for calibration 
of the vertical f orce channels . In th i s 
case the vehi cle r etains i t s no rmal front 
whe e l s and tires. In order to insure 
loading a l ong the vertical axis, it is 
best if the external l oad cell is placed 
in a recess which allows the vehicle to 
dr i ve di rect ly on t o it . If a check of 
the exte rnal load cell reading s hows dif
ferent values fr om that registered by the 
triaxial load cell, the vert ical channel 
shunt r esisto r value is corrected. 

Ca r e must be us ed when performing 
the procedures for r eeva luating the shunt 
resistance values . The accuracy of the 
external load measuring devices s hould be 
within 1% o r less. ( The tri axial load 
cells have an accuracy of better than 
1%.) Al ignment when applying external 
forces roust be a s exact as possible. 
Several repetitions of each step are also 
recommended ; significant differences in 
repetit ion result s s hould be scrutinized. 

For ultimate accuracy, the shunt re
sistor calibration sequence should be 
perfo rmed on an ai r-bearing plate. These 
devices , howeve r, are not in great abund
ance and take s ignificant amounts of time 
to learn to use. Presently, three-dimen
sional air-bearing plates are non-exis
tent, although development Is in pro
gress. A two-dimensional plate can be 
used though, but care must be taken to 
insure that no load is being imparted in 
the third direction. 

BASIC OPERATION--MOTION RESISTANCE 

Vehicle motion resistance is mea
sured with the instrumented vehi cle in a 
two-part procedure. With the front 
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Figure 18. Motion resis tance test on a 
hard surface (rear wheels driving) . 
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D istance TrOve led by Tire (m) 

f. i p,ure 19 . Motion r esistance t es t on a 
hard su rface (front wheels driving). 
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wheels free-wheeling while the r ear tires 
drive, the resistance due to front tire 
flexing and surface material comp action 
is measured. Subsequently, th~ front 
tires a r e driven while the rear wheels 
are free , whi ch measures th e resistance 
du e to rear tire flexing, movement of the 
vehicle's mass and any additional sinkage 
(compaction) resistance gene rated at the 
r ea r tires . Summation of thes e two quan
tit ies yie lds total vehicle motion r esis-
tance . 

The motion resi s tance test is per
formed on a straight and level portion of 
t he test course f or a dist ance of 10 
meters . Vehicle speed is held constant 
at 8 km/hr during the test run and a 
sampling rate of 60 samples per second 
(per channel) is maintained. The resis
tance value is computed as the average of 
t he longitudinal force readings during 
the test run. Typica l output for a re
sistance test is shown in Figures 18 and 
19. 

BASIC OPERATION - TRACTION 

Traction testing is perfo rmed with 
the instrumented vehicle in its front
whe e l-drive, rear-wheeL-braking mode. 
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Dis/once Trave l ed by T ire ( m ) 

Figure 20 . Trac t ive force vs tire distance plot 
for a t raction t est on packed snow . 
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Figure 21. Trac t ive f or ce vs differential inter
face veloci t y plo t for a trac tion tes t on packed 
snow (same test as Fig. 20). 

The test 1s run by accelerating the front 
wheels while braking the rear wheels t o 
hold vehicle speed near 8 km / hr. This 
results 1n driving the front tires 
through all ranges of slip, starting with 
zero slip and proceeding to at least a 
2.2 m/s rate of s lip_ This 1s accom
pli s hed by the driver observing vehicle 
speed (output from t h e 5th wheel) and 
tire speed on the drive r read-out unit 
and adjusting his application of the 
brake and accelerato r pedals . 

The traction test is also perfo rmed 
on a level, straight section of the test 
area. The distance covered by each test 
va r ies, depending on the rate at whi c h 
the operator passes thr ough the range of 
slip va l ues . Tractive effort is estab
lished from plots of tractive force ver
sus tire distance (Fig . 20) and diff e r en -
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tial interface velocity (Fig. 21 ). 
Details of snow surface and tire 

performance evaluation are presented in 
reference number 2. 
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THE NATC DYNAMIC FORCE MEASUREMENT VEHICLE 

Henry c. Hodges, Sr . Nevada Automotive Test Center 
PO Box 234, Carson City, Nevada 89701 

BACKGROUND 

The need for quantification of mo 
bility terllS (gradeability, traction, 
trafficability, sinkage, soil type, 
angles of approach and departure, break
over angles, side slopes, turning radii 
and others) was identified in the early 
1950's. A variety of technical studies 
have been performed since that time 1n 
responRe to this requirement. 

The need for quantifying vehicle 
durability 1n terms that relate to ser
vice conditions wa s also considered In 
the early 1950's. 

Terrain measuring devices, such as 
a single-trailed wheel which measured 
the vertical excursion of the terrain by 
plotting the single wheel displacement 
relative to the vehicle towing it, were 
tried and discarded. CIvil. engineering 
tools such as chains and transits are 
still in use. These instruments failed 
to record the topography of the test 
course 1n detail sufficient enough to 
isolate terrain features that produce 
critical vehicle/terrain failures, both 
in terms of mobility and durability, as 
a function of exposure time. 

Instruments were also introduced to 
measure the react ion of the driver or the 
vehicle to the vertical excursions of a 
test course . Metal strain or sprung mass 
acceleration instruments detect relative 
levels of vehicle stress. Mass acceler
ometers were fastened to the driver or 
passenger to establish levels of acceler
ation and hence estimates of fatigue. 

The problem with all these methods 
was the sensitivity of the measuring sen
sor to the dynamic peculiarities of the 
system component to which the senso r was 
affixed. 
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In 1968, the Nevada Automotive 
Test Center developed triaxial proof 
ring force sensors. These sensors mea
sured the forces acting on the hitch 
point between towing and towed vehicles. 

In 1973, utilizing the 1968 sensor 
system concept, the Nevada Automotive 
Tes~ Center expanded the system to allow 
attachment of the sensors to each wheel 
of a vehicle. This refined system devel
oped a uniquely low level of crosstalk 
between the three axes (nominally less 
than 3%) . The triaxial sensor units 
built in 1968 experienced no change in 
calibration or sensitivity afte r more 
than 100,000 miles of test, indicating 
that proof ring durability was accept
able. 

Since 1973, a total of seven Dynamic 
Force Measurement Vehicle Systems (DFMVS) 
have been designed, fabricated and vali
dated at NATC (one such vehicle is shown 
in Figure 22) . In addition to the four 
systems currently owned and operated by 
NATC, systems have been delive red to the 
Canadian Department of Defense, U.S. De
partment of Transportation (NHTSA) and 
the U. S. Forest Service (now owned by the 
u.S. Army Cold Regions Research and Engi
neering Laboratory). These systems range 
in size from a 2400-lb 4x4 to a 32,OOO-lb 
6x6 vehicle. 

DYNAMIC FORCE MEASUREMENT VEHICLE 
DESCRIPTION 

The DFMV systems were designed by 
Hodges Transportation, Inc. (HTI) at the 
Nevada Automotive Test Center (NATC) in 
order to measure and record the dynamic 
interaction at the ground/tire or track 
interface. Thi. dynamic interaction is 



Figure 22. Dynamic Fo rc e Meas urement Vehicle Sys t em. 
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Figure 23. Four triaxial s train gauge t ype fo r ce transducers incorporated in the 
Dynamic Force Measur ement Vehicle System. 

characterized by Vertical Force (Fv)' 
Longitudinal Force (F t ), Side Force 
(Fs ), Ground Velocity (Vg) and Wheel 
Velocity (Vw) at all points of interac
tion between the vehicle and the terrain 
over which it travels. For wheeled vehi 
cle systems, steering angles (0) of the 
vehicles ' f~ont wheels are also measured . 

The system calculates, records and 
displays MUt , wh ere Mu t = F;jFv, Mus, 
where Mus = Fs/Fv and Differential Inter
face Velocity (DIV) which is equivalent 
to ground speed less wheel speed . These 
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calculations are perfo rmed independently 
o n each of the points of interaction be
tween the vehicle and the terrain. 

The system incorporates four triax
ial strain gauge type force transducers, 
providing outputs proportional to Fv ' 
Ft , Fs from each of the individual 
positions (Fig. 23) . 

Electronic counters measure and dis
play revolutions of a fifth wheel at 
tached to the test vehicle and of all 
wheels of the vehicle, thus providing 
correlation of distance t r aveled versus 



the number of wheel revolutions. Optical 
shaft encoders provide multiple pulses 
from the fifth wheel and the vehicle 
wheels to the counters . This pulse rate 
is inputted into frequency to voltage 
converters which provide an analog output 
equivalent to velocity . 

Universal in nature, the system can 
record and/or display any of the thirty
six (36) functions available from the 
transducers and/or function modules in
corporated into the system. 

The vehicle on which the system is 
currently mounted incorporates a modified 
brake system that will allow any of t he 
four wheels to be independently locked by 
the brake or to rotate free from any hy
draulic pressure. This permits the ve
hicle to act as its own dynamomete r if 
the front brakes are applied and the rear 
axle, free from braking force, supplies 
t he driving forces. 

The vehicle is equipped with locking 
hubs on both the front and rear axles. 
This allows the vehicle to be ope rated in 
front-wheel drive, rear- wheel drive or 
all-wheel drive modes. 

A modified air - assisted shock ab
sorber system was bui l t into the vehicle 
80 that the air pressure in each of the 
units can be independently regulated (up 
to a maximum pressure of 100 psig) from 
the driver's position. This provides a 
flexible system which permits changing 
the front and rear spring rates independ
ently, and transferring the ve rtical load 
from one end or corner of the vehicle to 
another through a change in ridge height . 
It also allows the establishment of nor
mal ride heights under unusual or heavy 
vehicle loads. 

The vehicles also have a special 
transfer case which allows low-range or 
high-range operation in front-wheel 
drive, rear-wheel drive or all-wheel 
drive. The modes of operation can be se
lected from the driver' s position. 

VEHICLE DESIGN SPECIFICATION DFMVS-5 

Vehicle design details, for a speci
fic inst rumented vehicle (DFMVS- 5), in
clude the following: 

1976 AMC Jeep CJ- 7 equipped with: 
a. 304 CID V8 engi ne 
b. Turbohydramatic 400 trans-

mission 
c. 4000-lb axles, 3 . 73:1 ratio 
d. 4-wheel disc brakes 
e . Dane Model 20 transfer case 
f . 
g. 

Power steering 
4-wheel drive. 
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Special vehicle modifications made 
by HTI: 

a. Steerable front-drive axle 
with O-degree camber and 0-
degree caste r 

b. Independent front-drive and 
rear-drive axles 

c. Infinitely va riable front 
axle toe-in controlled and 
monitored from within the 
vehicle; toe-in to 10 de
grees total possible. 

Instrumentation systems installed 
in vehicle: 

a. Analog Data Acquisition Sys 
tem: 
1. One 18-channel visicord

er oscillographic re
corder 

2. Twelve strain ga uge sig
nal conditioning devices 

3. Four strain gauge con
trol units 

4. DigHal read- out of 
steer angle 

5. Digital velocity read 
out from fifth wheel 

6. One 28-channel analog 
tape recorder 

7. RS 232 compatibility for 
digital interface 
through an A/D converter 

b. NATC slip velocity integra
tor : 
1. Optical shaft encoders 

at all four wheels 
2. Frequency to voltage 

converter circuits (4) 
3. Velocity integrator (DIV 

= wheel speed minus 
ground speed) 

4. Visual slip velocity 
read-out (4) 

NATe wheel force system: 
a. 4000-lb wheel force trans

ducers Simultaneously mea
suring the dynamic vertical, 
longitudinal and late r al 
forces (4) 

b. Integrated visual read-out 
(all channels) 

c. Zero force DIV calibration. 

FORCE FUNCTIONS 

Each f'orce function output of each 
triaxial load cell is conditioned by a 
strain gauge amplifier device (Fig. 24) . 
The output of each amplIfier is connected 
to a push button switch panel and then to 
a digital panel meter (DPM) . The switch 
panel allows immediate display of any of 



Figure 24. Strain gauge amplifier device . 

Figure 25. Display of wheel fo rces , 
Mu levels o r DIV values. 
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the wheel forces, Mu levels or OIV values 
(Fig . 25). The output of each amplifier 
and each function module is connected to 
a signal conditioning unit and each unit 
re gulates the span and gain of th e sig
nals into the visicorder oscillograph or 
magnetic tape recorde r. All va lues re 
corded a r e in analog f ormat and are re 
corded in r ea l time for each function. 

IIIIEf.L SPEED AND DISTANCE FUNCT lONS 

Each wheel generates 300 pulses per 
revo lu tion. Each of these a r e fed into a 
counter for driver readout and into a 
frequency-to-voltage converter circuit . 
The fifth whee l (for vehicle gr ound vel
ocity and distance) has a similar count
ing and readout system, and the counts 
for all Wheels and the fifth wheel can be 
displayed simultaneously . The output of 
each circuit is independent and can be 
displayed in f eet per second or mi les per 
hour. Individual whee t velocities or OIV 
can be re co rded on the visicorder osci l
lograph or magnetic tape . 

SYSTEM CALIBRATION 

Calibration of the system's triaxial 
load cells was accomplished through the 
use of an air bearing plate . This unit 
consists of a force transducer resting on 
an air bearing and has National Bureau of 
Standards calibration traceability. 



SUMMARY OF DATA ACQUISITION CAPABILITIES 

(All recordable on photo- sensitive 
chart paper or magnetic tape) 

1. Forces: 
a. vertical, longitudinal and 

side forces measured at all 
f our wheel positions 

b. rates of force input from 0 
to 10,000 lbfsec have been 
measured 

c. frequencies of force inpu t 
ranging from 0. 5 Hz to 5000 
Hz have been recorded. 

2. Energy Index: 
B. Mu values for all four wheel 

positions can be measured in 
the longitudinal and lateral 
directions 

b. values have been recorded 
from 0 to greater than 1.2 
on dry pavement unde r brak
ing or traction conditions. 

3. Wheel Speed Minus Ground Speed 
(DIV): 
a. DIV values from 0 to 44 ftf 

sec have been recorded 
b. the pulse counter system is 

capable of measuring a rate 
of change of DIV instantane
ously. 
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4. Front Wheel Steer Angle: 
The system displays steering 
angles from 0 to ± 30 degrees 
through all transition rates . 

5. Vehicle Speed: 
Forward velocities from 0 to 140 
mph have been accurately mea
sured ( ± 2% of actual value) a 

CONCLUSION 

In the energy - conscious 1980s, the 
need for quantification of the work done 
by a vehicle, and the efficiency with 
which this work 1s accomplished, have be
come ne cessities. Vehicle mobility and 
vehicle durability must be expressed in 
those energy terms which reflect the 
principles of propulsion common to all 
vehicles. I 
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USE OF A SINGLE WHEEL TRACTION TRUCK FOR WINTER TRACTION TESTING 

W. R. Janowski DataMotive, Inc., 14041 Mt. Bismark, Reno, Nevada, U. S.A. 89506 

Passenger car and light truck tire 
traction testing in the winter environ
ment has continued to increase In impor
tance to tire manufacturers. This Is 
due to the continued refinement of the 
all-season design, the consumer's demand 
for more effective performance, and the 
greater amounts of test documentation 
required for government agencies. Be
cause the winter season Is comparatively 
short and always unpredictable, it be
came apparent that a more efficient 
method of snow and ice driving traction 
testing was required in order to bene
ficially utilize the conditions when 
they occurred . 

The single wheel traction test ve
hicle is an important tool for accom
plishing as much testing as possible in 
the available time. Fast, consistent 
and repeatable data are produced . Fol
lowing is information on the system 
DataMotive employs as well as a descrip
tion of the special drawbar/traction 
truck demonstration that will be pro
vided later 1n the program. 

TEST VEHICLE 

Chevrolet C-I O Half Ton Pickup Sin
gle Wheel Traction Truck for pa~senger 
and LT tires on 12.0- to 16.s-inch 
rims. The axle is limited to 2000 
pounds maximum tire loading and approxi
mately 650 pounds minimum tire loading. 
The minimum weight is obtained by remov
al of the rear body. The vehicle is 
equipped with a data acquisition and 
processing system consisting of a CRT 
terminal with thermal printer, desk t op 
computer, strip chart, multiprogrammer 
and custom designed signal conditioning 
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and amplifying systems. An automatic 
throttle applicator with variable rates 
for different surfaces is utilized to 
control the 3s0-in 3 engine whiCh drives 
the right rear wheel through an automatic 
transmission in first gear during a spin
up. Brakes are applied to the front and 
left rear wheels only to hold vehicle 
speed to approximately five miles per 
hour during a spin- up. Tire chains are 
normally installed on LH side tires to 
prevent tire slippage during braking. 
Chains are not used on ice where only the 
left rear wheel is braked. A secondary 
high output alternator and separate bat
tery provides the dedicated 12 VDC power 
to the inverter which in turn supplies a 
stable and regulated 115 VAC to the com
puter and data acquisition systems. Ve
hicle speed is obtained from a tach gen
erator installed on the left front 
wheel. An analog speed meter positioned 
in front of the driver is utilized to 
monitor vehicle speed . Test tire speed 
is obtained from a pulse generator locat
ed at the right rear test wheel posi
tion. Special high pressure shock ab
sorbers are mounted on the rear axle to 
permit height adjustment as monitored by 
a string potentiometer located between 
the frame and rear axle housing. This 
system Is utilized in order to maintain 
correct geometry of the rear axle trans
ducer with varying tire size and load. 
The specially modified rear axle is 
mounted with a dual trailing arm suspen 
sion to further assist 1n maintaining 
proper axle location and geometry . The 
right end of the rear axle has been modi
fied with the addition of a biaxial 
strain gage force transducer which sup
plies an analog signal of dynamic trac
tive force and vertical tire load. 



INSTRUMENTATION 

The single whee l traction test vehi
cle is completely self contained with all 
instrumentation mounted convenien t to the 
drive r. The entire data acquisition, 
processing, displaying and printing ac
tivities are performed onboard simultane
ously with the test activities . 

A test sequence begins by driving 
the vehicle at 5 mph and pressing a "cal" 
button which instructs the computer to 
utilize the correct test wheel revolution 
speed as 5 mph. This permits the utili
zation of tires with various roll1ng 
radii (due to physical size and test 
load) with proper calibration. The driv
er then presses a "start" button which 
puts most of the spln-up function under 
computer control from throttle applica
tion to throttle shutoff after meeting 
time and speed requirements for both th e 
SAE and GH tests. During this time the 
driver need only steer the vehicle and 
apply sufficient braking to maintain a 
constant 5 mph vehicle speed. At the end 
of a spin-up a horn sounds indicating 
spln-up completion and returns throttle 
control to the driver. Approximately 
1-3/4 seconds later a complete run line 
is displayed on the terminal (the same as 
printed on interim data sheet). The 
driver can process data (calculate mean, 
standard deviation, etc.) at any time, or 
repeatedly, to assess the accuracy of the 
data to that point. After a minimum of 
10 spin-ups final data processing is com
pleted. An interim report is printed as 
the vehicle is driven back to the tire 
changing area. Following completion of 
the entire test sequence the computer 
calculates test ratings and the terminal 
prints out the results. 

Analog dynamic and static traction 
forces and dynamic wheel loads filtered 
to 20 Hz are fed to the data acquisition 
system from the instrumented right rear 
wheel position. Analog test wheel and 
vehicle speed data filtered to 5 Hz are 
also accumulated during the test spin-up. 
A time base provides the fifth channel of 
input information. The data is digitized 
and recorded at the rate of SO pointsl 
second/channel. Calibration resistors 
permit daily calibration of the force and 
speed amplifiers. 

All data acquisition and processing 
is accomplished with a Hewlett Packard 
6825T Desk Top Calculator, 6940B Hulti
programmer and 2621B Printing Terminal. 
A specially designed signal conditioning 
package with strain gage amplifiers in
terfaces with the computer equipment . A 

three-channel strip chart recorder Is in
stalled to provide a visual indication of 
input data. All equipment is mounted on 
vibration insulators. 

The test program can be inst ruct ed 
t o limit maximum slip to any range be
tween SO and 300% slip to accommodate 
special test requirements , i . e., hard 
surf ace or mud t raction tests. The GM 
coefficients are only reported when 300% 
slip is selected. In addition, a beeper 
sounds any time the GM ending speed falls 
below the prescribed minimum of 10.0 mph. 
This alerts the test engineer and allows 
him to delete that run if GM data is of 
prima ry interes t . 

A special drawbar tes t will be set 
up for comparison with traction truck 
data. Dynamic tractive force loads are 
measured with an auxiliary strain gage 
load cell whi ch is part of the drawbar 
assembly . This assembly is attached 
through freely r o tating joints on the 
test vehicle's rea r axle housing to elim
inate the variable of weight transfer due 
to drawbar pi ckup position. The load 
cell is plugged into the data acquisition 
wiring system in place of the instrument
ed axle tractive force transduce r. The 
computer takes the existing vertical load 
frqm the instrumented axle and doubles it 
to account for two driving tires. Vehi
cle ground speed continues to be measured 
from the left front wheel position. 
Wheel speed continues to be measured from 
the right r ea r wheel position. All data 
obtained during the drawbar test is pro
cessed e xactly as for the single wheel 
test mode. 

TEST DATA AND REPORTING 

I. Dynamic traction 

Tests on medium pack snow are nor
mally conducted In accordance with the 
proposed SAR Recommended Practice, "Pas
senger Car and Light Truck Tire Dynamic 
Traction in Sow." A minimum of ten 
spin-ups are made and a report printed 
with the onboard printer immediately af
ter completion of the spin-ups. This re
port is similar to that entitled "Interim 
Dynamic Traction Data Sheet" (Fig . 26). 
Information in the header defines test 
sequences by block number, tire identifi
cation, existing test conditions with 
temperatures updated with every control 
tire , etc. Each spin-up is identified by 
run number and the SAE Coefficient {area 
method over I-IS mph [Differential Inter
face Velocity] DIV test wheel speed 

28 



Block f: xxx Customer: 
Time : XXXXXX Date : 
Tire Code: Surface: 
Tire 1.0.: Tire Size : 
Amb Temp of : 

XXXXXX 
XXXXXXXXXXXXXXXXXXXX 
xxx Test Load Lbs: 

Surf Temp ' of: xxx 
Surf Comp: 

Run 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Mear. 
S.D. 
R.U. 
Adj Mean 
Adj S.D. 
C.V. 

Run 
1 
2 
3 
4 
5 
6 

13 
14 
15 

Avg. 

XXXXX 

SAE 
Coef 

X.XXX 
X.XXX 
X.XXX 
X.XXX* 
X.XXX 
X.XXX 
X.XXX 
X.XXX 
X.XXX 
X.XXX 
X.XXX 
X. XXX 
X.XXX 
X.XXX 
X.XXX 
X.XXX 
X.XXX 

XX 
X. XXX 
X.XXX 
X.XXX 

1 

X.XXX 
X.XXX 
X. XXX 
X.XXX 
X.XXX 
x.xxx 

X.XXX 
X. XXX 
X. XXX 
X.XXX 

Peak 
Coef 

X.XXX 
X.XXX 
X. XXX 
X.XXX 
X.XXX 
X.XXX 
X.XXX* 
X.XXX 
X.XXX 
X.XXX 
X. XXX* 
X. XXX 
X.XXX 
X. XXX 
X.XXX 
X.XXX 
X.XXX 

XX 
X. XXX 
X.XXX 
X.XXX 

2 

X. XXX 
X. XXX 
X. XXX 
X.XXX 
X. XXX 
x.xxx 

X.XXX 
X.XXX 
X.XXX 
X.XXX 

Ti re Inf1 PSI: 
Operator: 
Location: 

INDIVIDUAL RUNS 
GM GM 

Coef Speed 
X.XXX XX.X 
X.XXX* XX .X 
X.XXX XX .X 
X.XXX XX .X 
X.XXX XX .X 
X.XXX XX.X 
X.XXX XX.X 
X.XXX* XX .X 
X.XXX XX.X 
X.XXX XX.X 
X.XXX XX .X 
X.XXX XX.X 
X.XXX XX.X 
X.XXX XX .X 
X.XXX XX .X 
X.XXX 
X. XXX 

XX 
X.XXX 
X. XXX 
X.XXX 

Avg 
G.S. 
XX.X 
XX.X 
XX.X 
XX.X 
XX.X 
XX.X 
XX.X 
XX .X 
XX.X 
XX.X 
XX.X 
XX.X 
XX .X 
XX.X 
XX.X 

SAE COEF @ MPH DIV 
3 

X.XXX 
X.XXX 
X.XXX 
X. XXX 
X.XXX 
X. XXX 

X.XXX 
X.XXX 
X. XXX 
X.XXX 
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X.XXX · 
X.XXX 
X.XXX 
X.XXX 
X. XXX 
X.XXX 

X.XXX 
X.XXX 
X.XXX 
X. XXX 
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X.XXX" 
X.XXX 
X.XXX 
X. XXX 
X. XXX 
X. XXX 

X. XXX 
X.XXX 
X.XXX 
X. XXX 

XXXXXXXXXXXXXXXXXXXX 
XX/XX/XX 
XXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXX 
XXXX 
XXX 
XXX 
XXXXXXXXXXXXXXXXXXXX 

Run 
Time 
X.XX 
X.XX 
X.XX 
X.XX 
X.XX 
X.XX 
LXX 
X.XX 
X.XX 
X.XX 
X.XX 
X.XX 
X.XX 
X.XX 
X.XX 
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X:XXX" 
X.XXX 
X.XXX 
X.XXX 
X.XXX 
X.XXX 

X.XXX 
X.XXX 
X.XXX 
X.XXX 

Avg 
Load 
XXXX 
XXXX 
XXXX 
XXX X 
XXXX 
XXXX 
XXX X 
XXXX 
XXXX 
XXXX 
XXXX 
XXXX 
XXX X 
XXXX 
XXXX 

XXX X 
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X.XXX 
X.XXX 
X.XXX 
X.XXX 
X.XXX 
X.XXX 

X.XXX 
X.XXX 
X.XXX 
X.XXX 

Figure 26 . Interi m dynamic trac tion da ta s heet . 

r ange) , Peak Coefficient, and GM Coeffi
cient (time integration for 1. 5 seconds 
star ting at 2 mph DIV) are calculated. 
The aM speed is t he s peed of the test 
tire in mph DIV at the end of 1.5 ·second, 
of dat a. Ave r age ground speed is the avo 
e rage vehicle speed in mph over the SAE 

29 

area test. Each of the coeff icient col
umns 1s then analyzed fo r t he mean va l ue 
and standard deviation fo r a ll runs . Any 
coefficient va l ues outside ± 1. 5 standard 
deviation a r e noted wit h an (0). The 
number of runs l ef t is noted by R.U. 
(runs used) aad a new adjusted mea n and 



Customer: XXXXXXXXXXXXXXXXXXXX 
Date: XX/XX/XX 
Surface: XXXXXXXXXXXXXXXXXXXX 
Blocks Summarized: XXXXXXX 

CONTROL TIRE ANALYSIS 
Tire Code : XXXXXX Test Load Lbs: XXXX 
Tire 1.0. : XXXXXXXXXXXXXXXXXXXX Ti re Infl PSI: XXXX 
Tire Size: XXXXXXXXXXXXXXXXXXXX 

Block , SAE Coef CV% Peak Coef CV% 
Temp 

GM Coef CV% Amb Surf 
XX X.XXX XX X. XXX XX X.XXX XX XXX XXX 
XX X.XXX XX X.XXX XX X.XXX XX XXX XXX 
XX X.XXX XX X.XXX XX X.XXX XX XXX XXX 
XX X.XXX XX X.XXX XX X.XXX XX XXX XXX 
XX X.XXX XX X.XXX XX X.XXX XX XXX XXX 
XX X.XXX XX X.XXX XX X.XXX XX XXX XXX 
XX X.XXX XX X.XXX XX X.XXX XX XXX XXX 

Avg X.XXX X.XXX X.XXX 

TEST TIRE SUMMARY 
Block #: XXX Tire Code: XXXXXX Tire Load : XXXX 

Tire 10: XXXXXXXXXXXXXXXXXXXX Ti re Infl: XXX 
Tire Size: XXXXXXXXXXXXXXXXXXXX 

SAE CV% Peak CV% GM CV% 
Coef X.XXX XX X.XXX XX X.XXX XX 
Test Rati ng % XXX XXX XXX 
Avg Rating % XXX XXX XXX 

Block I: XXX Tire Code: XXXXXX Tire Load: XXX X 
Tire 10: XXXXXXXXXXXXXXXXXXXX Tire Infl: XXX 
Tire Size : XXXXXXXXXXXXXXXXXXXX 

Coef 
Test Rating % 
Avg Rating % 

SAE 
X. XXX 

XXX 
XXX 

CV% 
XX 

Peak 
X.XXX 

XXX 
XXX 

1 

CV% 
XX 

GM 
X.XXX 

XXX 
XXX 

CV% 
XX 

continued 

Figure 27. Tire t est summary sheet. 

standard deviation are calculated along 
with a coef ficient of variation. For 
those who might like to plot traction 
curves or statistically analyze data, al . 
runs are detailed at the bottom of the 
sheet based upon SAE coefficients at var · 
ious wheel speeds (DIV [20-300% slip]). 
The entire data sheet is also available 
on cassette tape for those who request 1 
in advance. At the completion of a test 
sequence for a customer, a control tire 
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analysis and test tire summary sheet with 
rating is produced and printed immediate
lyon-site. This provides an analysis of 
all control tires run during the preced
ing sequence and s ummarizes results of 
each individual test tire reported in 
order of testing. The adjusted mean co
efficients for each of these test methods 
1s presented along with a "test rating" 
based upon comparisons with control tires 
run immediately before and after the test 



tire and an "AVG rating" based upon the 
overall average of the total control tire 
runs. The attached sample sheet (Fig . 
27) continues on to cover all test ti res 
run during anyone sequence . 

2 . Static traction 

Static traction is the maximum trac
tive coefficient of the test tire mea
sured with the test vehicle held station
ary. Individual maximum static spin-up 
coefficients are recorded and displayed 
on the CRT terminal immediately after 
each spin-up. A minimum of 10 individual 
spin-up results are tabulated and data 
averaged and adjusted in the same mathe
matical manner as described under dynamic 
traction testing. Comparative ratings 
with a control tire are manually calcu
lated following completion of a test se
quence. 

CONCLUDING REMARKS 

The single wheel traction truck re
presents a significant improvement 1n the 
technology of tire driving traction eval-
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uations. The time-proven two-vehicle 
drawbar test method will continue as a 
viable method of mobility evaluations of 
whole wheeled and tracked vehicles . The 
biggest problem when using either system 
continues to be the preparation of con
sistent snow courses on which repeatable 
and reproducible test results can be ob
tained. 
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SESSION D: PERFORMANCE REQUIREMENTS EVALUATION 

The purpose of this session was to discuss current and proposed 
methods of evaluating tire performance on snow and ice. The effectiveness 
of tire design criteria was also discussed. As a necessary lead-in, 
characterization measurements of snow and ice were also covered. 

Surprising similarity exists In the manner in which tire traction 
tests are performed by the various groups represented at the workshop. 
It can also be seen that, in principle, the philosophy employed for 
evaluating tire performance is quite similar among those performing 
tire tests. The unique features of each scheme appear to result from 
specific differences in the measurement device used or in the ultimate 
use of the performance ratings . 
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PASSENGER CAR AND LIGHT TRUCK TIRE DYNAMIC DRIVING TRACTION IN SNOW: 
SAE RECOMMENDED PRACTICE 

SAE Snow Test Ad Hoc Committee 

The procedure that follows is pres
ently recommended by the SAE for deter
mining the relative snow traction per
formance of tires. It is reprinted here 
in its entirety . 

SCOPE 

This SAE Recommended Practice de
fines the best known techniques for 
evaluating dynamic passenger car and 
light truck tire driving traction in 
snow . 

OBJECT 

The object of this SAE Recommended 
Practice Is to provide a uniform test 
procedure for measuring the dynamic 
driving traction of passenger car and 
light truck tires In snow . 

PREPARATION OF TIRE(S) FOR TEST 

All tires to be tested shall be 
trimmed to remove protuberances In the 
tread and upper sidewall area caused by 
mold air vents or flashes at mold junc
tions. All tread labels shall also be 
removed at this time. Tires should not 
have evidence of force or runout grind
ing.* Test tires shall be mounted on 

* Force or runout grinding may produce 
incorrect results due to surface texture 
changes in the tread rubber. 
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rims! of a width approved by the Tire and 
Rim Aasociation (T&RA) for the tire size 
being tested, inflated to the T&RA design 
inflation pressure, applied to an appro
priate vehicle, loaded to 80-100% T&RA 
design load for recommended inflation, 
and run on a paved road for a minimum of 
80 km (50 miles) at 80-88 km/h (50-55 
q>h). This break-in 1s run to remove 
mold lubricant and mold sheen from the 
tread surface. Excessive acceleration, 
braking and cornering, that might result 
in abnormal tread surface wear, are to 
be avoided . (NOTE: Tires that have 
been buffed to simulate wear must be run 
on a paved road until all evidence of 
buffing has been removed.) 

EQUIPMENT 

Test vehicles 

Either a self-contained traction ve
hicle or a two-vehicle drawbar pull sys
tem designed to measure dynamic driving 
traction forces and meeting the require
ments outlined in Appendix A or B is re
quired. 

Course preparation equipment 

Snow handling equipment and a device 
designed for compacting the snow surface 
in a uniform manner is normally needed-
see Appendix C. 

t For meaningful comparisons, tires of 
similar size should be run on comparable 
width rims. 



Course measuring equipment 

l. Snow Compaction Measuring Device -
CTI Snow Penetrometer--see Appendix 
D. 

2. Snow Monitoring Tire (SMT) - Industry 
Standard Tires for characterizing 
test surface--see Appendix E. 

3. Calibrated thermometers or other tem
perature measuring devices used to 
measure ambient and snow t e mpera
tures. 

TEST PROCEDURE 

Test conditions 

l. Load*-

A. 
B. 

Passenger: 85% T&RA design load. 
Light truck: 5337 N (1200 lbs). 

2. Inflation Pressure -

A. Passenger: T&RA max. as stamped 
on the side of the tire. 

B. Light truck: Bias ply tires -
300 kPa (45 psi), Radial tires -
350 kPa (50 psi), but not to ex
ceed maximum shown on tire side
wall. 

3. Vehicle Test Speed -

Vehicle 8 km/h ± l. 6 km /h (5 ± 1 
mph). (NOTE: Change in speed for 
any test run should no t exceed 0.8 
km/h [0.5 mph)). 

Test surface 

The test surface shall be of a rea
sonable depth, 50-100 mm (2-4"), of pre
pared natural snow over a moderately 
packed snow base. This surface shall 
have a mean CTI Penetrometer reading be
tween 70 and 80 (see Appendix D) and snow 
monitoring tire mean fricti on coefficient 
of 0.18-0.26 (see Appendix E). A suffi
cient number of individual measurements 
shall be taken in establishing the aver
age to ensure course uniformity. The 
range of the individual measurements 
shall not exceed 8 points for Penetrome
ter readings or 0.05 coefficient for snow 
monitoring tire. The temperature of the 
prepared test course as measured one inch 

* These loads were selected to represent 
typical usage. 
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below the surface s hall be in the range 
of -12°C (+IO°F) to -4°C (+25°F). Snow 
cou rse preparation 1s extremely critical 
for obtaining valid results. See Appen
dix C for additional details. 

Testing procedure 

Tests should be conducted as out
lined in procedures shown in Appendix A 
or B. 

DATA REDUCTION AND ANALYSIS 

Data Reduction 

The quantitative measure of tire 
performance shall be the average tractive 
f orce a tire produces during a test. This 
average may be determined by one or both 
of the follOwing methods : I) DigHal or 
analog average determined between 2 and 
24 km/h (I-IS mph) DIV of a tractive 
force - DIV curve. (NOTE: DIV-Differen
tial interface velocity is the difference 
between the test tire speed and the test 
vehicle speed.) 2) Digital o r analog 
average of 1.5 seconds of data from a 
t ract i ve force-t ime plo t. Data a cquisi
tion begins when DIV is 3 km/h (2 mph). 
Minimum ending DIV must be 16 km/h (10 
mph) • 

To convert the average tractive 
force to a coefficient of friction, divide 
by the average test load (see Test Proce
dure). The average test load can be de
termined in the same manner as the aver
age tractive force. If the average test 
load is not available, the nominal test 
load 1s an acceptable alternative value. 

Data analysis 

Determine mean and standard devia
tion of test sequence. Eliminate any in
dividual test value more than 1.5 stand
ard deviations different from the calcu
lated mean. After eliminating such an 
i ndivi dual test value, recalculate the 
mean and standard deviation of the test 
sequence. 

Examine the data for variation by 
some means such as coefficient of varia
tion (C.V. ~ Standard Deviation/ Mean). 
If the data has extreme variations (i.e., 
C.V. greater than 0.20), the individual 
tire data should not be used and the test 
sequence repeated. 

The SMT tire should be used to moni
tor changes in the testsite conditions so 
that test tire coefficients can be ad
justed appropriately. A basic method to 



adjust test ti re coefficients for SMT 
tire va riations is as follows: 

The SMT tire coefficients are aver
aged for a sequence of tests (usually one 
test day) . 

Each test tire coefficient is then 
adjusted by multiplying by the ratio of 
the overall SMT tire coeffi cient to the 
ave rage coefficient of the individual SMT 
ti res tested before and after that test 
ti re. The standard deviation of each 
test tire is also adjusted by multip l ying 
by the same ratio. The following example 
test sequence computations illustrate the 
method, using four test tires: 

I ) SMT Tire (SMT 1) 
2) Test Tire (T l ) (501) 
3) Test Tire (T z) (SOz) 
4) SMT Tire (SMT Z) 
5) Test Ti re (T3) (S03) 
6) Test Tire (T,) (SO,) 
7) SMT tire (SMT3) 

Ove r all SMT average (SMT av g) -

SMT average (SMT IZ ) 

SMT average (SMT Z 3) 

The means and standard deviations of 
t he test tires Tl and T2 are adjusted by: 

( SMT avg ) ( ) - T l o r T 2 • 
SMT lZ 

Test t i res T3 or T4 are adjusted by: 
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Comparative test tire data is then 
determined by normalizing th e test tire 
coefficients to a 0 . 22 coef ficient sur
face on a proportionat e basis of SMT 
values at the time of actual test . 

Th e above procedure should be con 
sidered only as a fundamental outline for 
test tire adjustment to minimize e rror 
ca used by changes in un controlled vari 
ables . Other, more complex, methods for 
test tire adjustment can be used . These 
methods general l y inco rporate test vari
ability and sample size. If variations 
i n SMT tire values wer e observed that 
cannot be accounted for, or if test ti re 
data is corrected more than 5%, the en 
tire test should be repeated. 

An overall mean using a minimum of 
three (3) different tests (data obtained 
on different days) should be calculated. 
Testing erro r should be dete rmined using 
appropriate techniques. Means obtained 
f rom more than one day of testing com
bined with testing error, best rep resent 
a given tire ' s performance . Dif f erences 
between specific ti res or among t i re 
groups must be determined in a statisti
cal manner. The Student's T test or 
Analysis of Variance techniques are ap 
propriate for determining these diffe r 
ences . Indh'idual tire performance 
values do not necessarily imply signifi 
cant differences . 

PRECISION AND ACCURACY 

Precision 

This precision statement is based on 
data obtained from five test l aboratories 
and reflects the combined variability of 
both self-contained and drawbar pull 
dr iving traction tests . Two candidate 
ti res and the recommended Snow Monitoring 
Ti re (SMT) we re tested: 

Candidate 1 - P195 / 75R14 La r ge Lug 
Type M&S 

Candidate 2 - P195 / 75R14 Al l Season 
Type M&S 

SMT - P195/75R14 Uniroyal "Steele r " 
1/32 164-U 

Performance for each tire was determined 
by averaging three test replications. 
Al l tests we re conducted within the rec
ommended SAE test conditions. Th e pre
cision of results for tires of this 
type could be expected to fa l l within 
± 0. 04 spin coefficient. 



Accuracy 

No statement of accuracy can be pre
pared for thi s method since there is no 
absolute value for use as a comparison . 

APPENDIX A: SELF -CONTAINED DRIVING 
TRACTION TEST PROCEDURE 

This method covers the measurement 
of driving traction for passenger and 
light truck tires traveling straight 
ahead on prepared o r selected test sur
faces of uniform consistencies as mea
sured using a single instrumented vehi
cle. This procedure and equipment de
scribed herein are intended fo r snow
covered surfaces. 

Summary of test method 

This test utilizes a four-wheel, 
rear-wheel drive test vehicle with one 
special ly-instrumented drive wheel to 
measure the fore-aft and vertical forces 
on its tire and with the capability of 
deactivating the brake on this wheel. 
The test is conducted by gradual ly in 
creasing the driving torque to the test 
wheel and maintaining test speed by modu 
lating the brakes of the other nontest 
wheel positions. The test progresses 
with increasing throttle set ting and 
brake application until the desired maxi
mum tire test is achieved . 

The nominal recommended vehicle test 
speed is 8.0 km/h (5 mph) and the actual 
vehicle speed must be within ± 1.6 km/h 
(I mph) of nominal re commended. Speed 
variation during any individual test run 
must not exceed 0 . 8 km/h (0 . 5 mph) . 

Equipment 

Test vehicle. The test vehicle 
shall be a rear-wheel drive, four-wheel 
vehicle specially fabricated and instru
mented to measure the fore-aft and verti M 

cal forces at one wheel position at the 
tire/surface interface while driving 
torque is applied. Vehicle size and se
lection depends on the tire size and 
loading condition t o be tested. Automat
ic transmission is recommended. 

The test vehicle shall have the cap
ability of maintaining a specified test 
vehicle speed to within 0.8 km/h (0 . 5 
mph) e ven at maximum l e vels of applica
tion of driving torque. 

The test vehicle shall be equipped 
with an automatic throttle appller to 
provide for a smooth inc rease of driving 
torque . 

The brake system will be modified to 
deactivate the test wheel brake upon ini
tiation of a t ire test. 

Predetermined test vehicle ride 
heights adjus t ed in conjunction with a 
position transducer to obtain proper 
transducer orientation. 

Calibration instrumentation. Appro
priate l oading platform o r load cel ls, 
air bearings, and other a uxiliary equip
ment required for ca librating the verti
cal and fo re-aft force transducer (ref. 
ASTM F377) . 

Req uir ed instrumentation for cali
brating speed transducers, and adequate 
support equipment to calibrate and main
tain all intermediate instrumentation 
(ref. ASTM F457). 

Instrumentation. The test sys tem 
instrumentation and transducer shall have 
spec i fications sufficient t o meet accur
acy, filtering, and digital requirements 
as outlined in ASTM F408 . 

A force transducer, t o measure trac
tive force produced by the test tire and 
the vertical fo rce on the test tire is 
required. This transducer is generally 
mounted at the axle tire-brake backing 
plate interface of the test wheel posi
tion. 

It is important that the orthogonal 
measuring axes of the force transducer be 
properly oriented to the plane of the ro ad 
surface . Improper orientation of the 
transducer can cause errors in the input 
fo rce signal . Misalignment can result 
from initial setting of transducer angle, 
dynamic change due to suspension ro tation 
or "wind-up," or dynamic change due t o 
ride motion. 

Prior to testing at different loads 
o r changing test tire diameter, the force 
measuring transducer must be re positioned 
to null the vertical load component in
duced into the fore-aft channel. This is 
particularly important in dual-axis mea
suring devices because: 

fore-aft force indi ca ted = TA 
cosa ± VA sina (Equation 1 ) 
vertical force indicated = VA 
cosa ± TA sina (Equation 2) 

where TA = actual fore-aft force 
VA - actual vertical force 
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a ~ angle of transducer posltion
i ng erro r. 



If the fore-aft channel is zeroed 
with the static load applied to the 
transducer, the ± VA sin a term of 
Equation 1 will be essentially nulled 
(neglecting the effect of dynamic verti
cal load change, which should be made 
very small) . Because there is no practi
cal way to zero the vertical channel with 
fore - aft force applied. the ± TA sincr 
error of Equation 2 cannot be compensated 
for and increases in magnitude with in
creasing fore-aft force development. 

Vehicle speed sensor, to determine 
vehicle speed accurately . This may be 
accomplished with a speed pickup from a 
front wheel of the test vehicle, a fifth 
wheel, or some other appropriate device . 

Tachgenerator, to measure angular 
velocity of test wheel . 

Data recorder, to provide a perman
ent record of transducer output signals 
prior to any data processing . This re
corded data can be used for hand process
ing of data or to provide an information 
source for confirming outputs of any dig
ital or analog data processors . A visual 
display of these data is appropriate as 
an aid to the operator, but is not re
quired . Microprocessor, used for on
board data processing . This unit is not 
required, but simplifies data processing . 

Preparation of equipment 

All transducers and instrumentation 
should be calibrated using recognized 
procedures (see Calibration). The test 
vehicle front tires should be the same 
size and have the same inflation pressure 
as used In calibration to maintain the 
front axle heights. Mount test and SMT 
tires on appropriate rims to account for 
possible test vehicle transducer offset 
sensitivity. 

Calibration 

Calibrate the transducer for measur
ing driving forces as generally described 
in ASTH F377 . 

The vehicle transmission should be 
placed in "Park" (p) with the emergency 
brake off during fore-aft calibration. 
This allows calibration with all the com
ponents of the drive system involved, as 
in the actual test mode . The test wheel 
brake must be deactivated during calibra
tion. 

Calibrate vehicle speed sensor, test 
wheel speed tachgenerator, and all other 
intermediate instrumentation according to 
established procedures or manufacturer's 
speci fications . 
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The ride height required for trans
ducer alignment is determined during cal
ibration, using specific test loads and 
tire size combinations to be tested. A 
position transducer is used in conjunc
tion with height adjustment device to 
measure the distance between the vehicle 
frame and rear axle. 

All instrumentation is to be cali
brated prior to each test program. 

General test conditions 

Conduct the tests on a level surface 
meeting the requirements of manufactur
er's calibration specifications . 

Procedure 

1. 
ment as 

2. 

Warm up electronic test equip
required for stabilization. 
Test tires should be stabilized 

at ambient temperature and shielded from 
direct sunlight before testing. 

3 . Install test tire on test vehi
cle. A tire with a similar loaded radius 
and equipped with a tire chain or other 
traction device should be used on the 
nontest side to prevent this position 
from spinning . 

4. Adjust the vehicle static weight 
on the test tire to the test load . 

5. Check and adjust tire inflation 
pressure as required immediately before 
testing . 

6. Adjust vehicle ride height to 
the predetermined output reading of the 
position transducer by using the leveling 
device . This positions the transducer to 
compensate for different test loads and 
changing test tire diameters. 

7. Record tire identification and 
other data, including date, time, ambient 
temperature, and test surface informa
tion. 

8 . Conduct test at nominal 8 km/h 
(5 mph) test vehicle speed. 

9. Activate the automatic thr ottle 
applica t or to obtain a maximum 1780 Nlsec 
(400 lb/sec) measured fore-aft force be
fore spin and apply the brakes as re
quired to maintain test vehicle speed . 
(NOTE : An invalid snow traction test run 
occurs when a tire digs through to either 
the base road material or to glare ice 
during tire acceleration or spin. ) 

10. Record test data. Data record
ed shall include tractive force , vertical 
force, test tire speed , ground speed and 
a time reference. 

11. Repeat steps 8-10 (a minimum of 
8 times) to complete the tire test. 
(NOTE : Multiple tests should not be con-



ducted over the same surface without ade
quate surface reconditioning between 
tests.) 

12. Run an SMT tire at the begin
ning and end of each test sequence and 
every third test in between (SMT-T-T-SMT
T-T-SMT, etc.). 

13. Each test tire should be tested 
at least three times, preferably on dif
ferent days. 

APPENDIX 8: DRAW8AR PULL TEST PROCEDURE 

This method covers the measurement 
of driving traction of a pair of tires 
designed for and mounted on passenger 
cars or light trucks traveling straight 
ahead on a prepared snow surface using 
the two vehicle drawbar pull system. 

Summary of method 

The test is conducted by towing a 
hold-back vehicle (dynamometer) behind 
the test vehicle moving in a straight 
line. A constant speed is maintained by 
increasing the brake application of the 
dynamometer to compensate for increasing 
throttle setting of the test vehicle. 
The dynamometer braking is increased only 
as much as is necessary to maintain a 
constant test speed. The test progresses 
with increased throttle setting and dyna
mometer brake application until the test 
tires s pin through the desired slip 
range. 

The nominal recommended vehicle test 
speed is 8.0 km/h (5 mph). The actual 
vehicle speed must be within ' 1.6 km/h 
(1 mph) on nominal recommended. Speed 
variation during any individual test run 
must not exceed 0.8 km/h (0.5 mph). 

Equipment 

Test vehicle. The test vehicle 
shall normally be a rear-wheel drive, 
four-wheel passenger car or a light truck 
under 44,482 N (10,000 lbs) GVW (gross 
vehicle weight). A front-wheel drive ve
hicle is acceptable where test require
ments dictate. 

The test vehicle should be designed 
to carry the test load on the drive axle. 
The use of overload springs, air shocks 
or suspension blocks is acceptable. 

The test vehicle should incorporate 
an automatic engine throttle applicator 
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capable of providing a smooth increase of 
driving torque . 

Towed hold back vehicle 

The towed vehicle should have cap 
ability to develop a dynamic drawbar pull 
force and maintain test speed dictated by 
test tire size and load. 

Calibration 

Calibrate the force transducer, 
speed sensor, test wheel speed, tachgen
erator, and all other intermediate in
strumentatio n, in accordance with the 
manufacturer's recommended procedure. 
All instrumentation i s to be cal ibrated 
prior to each t est program, and provi
sions should be provided for daily field 
cal ibrations . 

General test conditions 

Conduct the tests on a level surface 
meeting the requirement s met during cali
bration. 

Procedure 

1. Warm up electronic test equip
ment as required for stabilization. 

2. Test tires should be stabilized 
at ambient temperature and shielded from 
direct sunlight before testing. 

3. Apply test tires to the test po-
s itions. 

4. Adjust the vehicle 
static weight by ballasting 
s tatic wheel load specified 
tires. 

test wheel 
to match the 
for test 

5. 
pressure 
testing. 

6. 

Check and adjust tire inflation 
as required immediately before 

Record tire identification and 
other data, including date, time, ambient 
temperature, and test surface informa
tion. 

7. Approach a t es t site moving in a 
straight line at a constant nominal s peed 
of 8.0 km/h (5 mph) and adjust the hold 
back vehicle speed to obtain near zero 
drawbar pull force. 

8. Turn on the recorder drive just 
prior to reaching the test site. 

9. Activate the automatic throttle 
applicator t o obtain a maximum 1780 N/sec 
(400 lb/sec) measured drawbar force be
fore spin. (NOTE: An invalid snow trac
tion test run occurs when a tire digs 
through to either the base r oad material 
or to glare ice during tire acceleration 
or spin.) 



10. Record test data. Data plotted 
or recorded shall includ e drawbar force 
or traction coefficient VB DIV, g round 
speed, and a time refe rence. 

11. Repeat steps 8-10 to obtain a 
minimum of 8 acceptable curves. (NOTE: 
Tests should not be conducted over the 
same surface without adequate s urface re
condttionlng between tests.) 

12. Run an SMT tire at the begin
nlng and end of each test sequ~nce and 
every third test in between (SMT-T-T-SMT
T-T-SMT, etc. ). 

13 . Each test tire should be tested 
at l eas t three times, preferably on dif
ferent days. 

14. Every effort should be made t o 
have the same test drivers perform the 
same test functions thr ough a sequence of 
tests. 

Ot her equipment 

Drawbar assembly. The drawbar as 
sembly consis ts of a load transducer in 
series with a flexible (chain) or solid 
connection between the test vehicle and 
hold-back vehicle. The attachment of the 
drawbar to the rear-wheel drive test ve
hicle 1s directly to the test vehicle's 
frame or rear axle assembly through a 
freely rotating joint . Springs can be 
provided to counterbalance the static 
weight of the force transducers and draw
bar assembly. 

Intercom--An intercom shou ld be us ed 
between the test and dynamometer vehicles 
for proper coordination of the test ac
tivities. 

Instrumentation. The test system 
measuring inst rumentation shall have 
specifications sufficient to meet accur
acy, filtering, and digital requirements 
as outlined in ASTM F408. 

Force transducer--to measure drawbar 
pull for ce. An analog or digital readout 
tMY be provided (optional) in the test 
vehicle for on-site calibration purposes. 

Vehicle speed sensor--to determine 
vehicle speed accurately . This may be 
accomplished with a speed pickup from a 
front wheel of the test vehicle, a fifth 
wheel, or some other appropriate device. 

Tachgenerator--to measure average 
angular velocity of two test wheels, in
stalled on the test vehicle . 

Multichannel Recorder or XXY or XYY 
Function Plotter--to provide a permanent 
record of transducer output signals prior 
to any data processing. This recorded 
data can be used for hand processing of 
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data o r to provide an information source 
fo r confirming outputs of any digital or 
analog data processors. A visual display 
of this data is appropriate as an aid to 
the operato r, but is not required . 

Microprocessor--used for on-boa rd 
data processing. This unit is not re 
quired, but simplifies data processing. 

Preparation of equipment 

All transducers and i nstrumentation 
s hould be calibrated to recogn l zed pro
cedures. The same tires are to remain on 
the nontest wheel positions throughout 
the test. 

APPENDIX C: SNOW TEST COURSE SITE 
SELECTION, PREPARATION, AND MAINTENANCE 

There are three basic requir ements 
for the selection of a test course site . 
First, the test area rust be flat . A 
maximum of t% grade, including c rown 1s 
preferable. This ensures t esti ng of the 
tire and not the grade requirement s of 
the vehicle. Second, the test area 
s hould be limited access. Having only 
test vehicles on the test surface re duces 
maintenance requirement s for the surface. 
Third, no vegetation should be expose d. 
If a field is used, all vegetation should 
be cu t and/or covered such that it is 
never exposed during testing . This may 
also apply to private road areas when 
vegetation occurs in pavement c racks . 
Appropriate test sites include airport 
runways, private road systems, large, un
used parking lots, and open, level 
fields. 

Once a site has been selected, a 
cou rse must be prepared . Developing a 
base is the most c ritical step in thi s 
preparation. A good base must adhere to 
the fim subsurface and be completely 
smooth and uni fo rm in consistency. With
out a good base, it is impossible to de
velop good test data . 

Deep loose snow cannot generally be 
compacted into a satisfactory hard pack 
base. Therefore, it should be packed 1n 
layers . Excessive snow should be removed 
to a depth of two to four inches, depend
ing on the compressibility of the snow 
before packing. After the first layer is 
packed, the snow that was previously re
moved can be brought in from the banks to 
a depth of two inches (provided the 
banked snow has not hardened into large 
chunks) and compacted again. This pro
cess is repeated until sufficient base 
depth is developed . Allowing a base to 



WINTER TIRE TESTING AS SEEN BY THE INDEPENDENT TESTER" 

Douglas C. Domeck Smithers Scientific Services, Inc., 1150 N. Freedom 
Street, P.O. box 351, Ravenna, Ohio, U.S.A. 44266 

ABSTRACT 

A review of tire testing in the 
winter environment is presented from the 
viewpoint of an independent tesing lab
oratory. The independent tester, by 
necessity, must satisfy the particular 
requirements of individual customers. A 
description of the drive traction truck 
which was designed to meet these indivi
dual client requirements is presented. 
Also, a comparison of results obtained 
by the various techniques of analysis 
is included. 

INTRODUCTION 

Independent testing laboratories ex
ist to assist manufacturers in testing or 
certifying their products to various in
dustry and government standards. Smith
ers Scientific Services, Inc., has been 
assisting the tire industry for over 55 
years, and has been performing winter 
tire testing since 1971. Over the years, 
we have seen many changes occur in winter 
tire testing, not only in types of test
ing, but also in data analysis methods. 

There was a time when customers 
routinely requested complete testing, in
cluding braking distance, t static trac
tion and drive traction on two or three 
snow conditions. Unfortunately, the 
various tests sometimes provided con
flicting results, meaning that the tire 
engineer had to make his choice of de-

" Reprinted with permission. 01982 
Society of Automotive Engineers, Incw 
t Appendix F contains definitions of all 
terms as they relate to winter testing. 
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sign on a compromise basis. Around the 
1977-78 winter season, we saw a fall- off 
of both braking distance and static 
traction on snow in favor of dynamic 
traction onlyw However, we still had 
some problems . 

The lack of standards resulted in as 
many dynamic traction data analysis meth
ods as there were tire companies! Some 
wanted peak traction between 0 and 8 km/h 
slip; others wanted peak traction (~ 
peak) between 0 and 24 km/h slip; then 
there was the area under the 0- to 24-
km/h curve (~ area), analysis according 
to General Motor's method of time averag
ing (u average), and ratings based on 8-, 
16-, and 24-km/h slip values. Needless 
to say, this complicated the job of the 
independent laboratory when preparing 
final reports. 

SNW TEST SURFACE 

Snow surfaces have generally been 
characterized by four separate types: 
virgin snow, soft pack, medium pack, and 
hard pack. Although combinations of the 
above are often used verbally (such as 
medium hardpack and extra hard hard
pack), it is difficult to envision being 
able to duplicate so many snow condi
tions in actual testing. Verbal defini
tions of these snow conditions are well
defined in the literature. 1 Smithers 
found from experience that verbal defi
nitions do not always have the same 
meaning to all customers or even to test 
crews, and developed the CTI Snow Com 
paction Gauge (Appendix G) to better de
fine a snow condition as "seen" by a 
tire (Fig . 29). 



Figure 29. CTr compaction gauge . 

The CT[ Compaction Gauge was devel
oped because other compaction testers 
largely ignored the necessity of getting 
some kind of measurement of the ability 
of snow to be compacted late~ally as well 
as vertically . This factor can best be 
spoken of as the "shear value" of snow . 
One might think of a snow traction tire 
as a device wh ich has the abi lity to 
first const ruct walls, then to push them 
over in a cyclic energy translation sys 
tem. Although this is a simpListic ap
proach to a very complex problem, it does 
show the importance of the shear st rength 
of snow . The CTI Compaction Gauge, by 
virtue of its conical end (Fig . 30), does 
establish a rating wh ich considers the 
shear va lue of snow as seen by a tire, as 
well as tire penetration limitations . 
The use of this device allowed us to 
characte r ize snow by means other than 
verbal definitions, and without the 
necessity of testing an actual tire. For 
convenience, a number rating system based 
on depth of penetration was assigned to 
the various snow definitions . That sys
tem is shown in Figure 31. A rati ng of 
100 was chosen fo~ zero penetration and a 
low rating of SO establis hed for approxi
mately two inches of penetration. 

Smithers ' original definitions do 
not correspond exact l y with the four def-

Figure 30 . Business end of a CTr co~

paction gauge . 

initions given above . However, hardpack 
would be generally between 80 and 84; 
medium pack, 70-80; and soft pack , 60-70 . 
Generally, numbe~s below 60 are meaning
l ess , and virgin snow is stil l rated 
based on depth and moisture content . 

cn INDEX SURFACE DESCRIPTION 

100 Stee 1 

94-98 Ice 

84 -94 Extra Hard Pack 

70-84 Standard Medium Pack 

50-70 Soft Pack 

Figure 31. CTr numbe r rating system for 
compaction gauge . 
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TEST EQUIPMENT 

As tires have improved, so have the 
techniques for evaluating their perform
ance in snow conditions . The two mainly 
accepted methods for developing driving 
traction are the two-vehicle drawbar 
method and the self - contained instrument
ed axle traction vehicle . Orawbar has 
the advantage of being relatively simple, 
requiring a minimum of investment, and 
still being able to distinguish between 
the performance of various tires . How
ever, maintenance of stable ground speed 
is imperative 1n order to reduce the high 
inertial effects of the test vehicle it
self . 

For many years, Smithers used the 
drawbar technique with great success, but 
with advancing tire technology found the 
single vehicle method to be more attrac
tive. This especially became true as the 
proposed SAE recommended practice 2 for 
measuring dynamic driving traction in 
snow took final fonn. It appeared that 
for once a standard practice in industry 
would be available. This is not to say 
that each client would not have his own 
preferred method of data analysis 
though. The basic design of the drive 
trac~ion truck is well-defined in litera
ture , and will not be repeated here . 

The Smithers drive traction truck 
was built by modifying a 1980 Chevrolet 
model cia half-ton pickup truck. The 
truck is equipped with a 350 CID engine 
and automatic transmission. The bed of 
the truck was removed to allow for a low
er net test weight without off-loading 

(Fig. 32) . As a result, the truck has an 
unloaded weight of 322 kg (710 lb). Off
loading can bring the weight even lower. 
A maximum test ~ight of 907 kg (2000 lb) 
is obtainable due to heavy duty springs 
and overload shock absorbers. 

A two - axis transducer, which allows 
for continuous measurement of load and 
traction forces, is installed in the 
right rear dr ive position. The suspen 
sion was changed to a parallelogram con
figuration holding the transducer in 
proper orientation throughout suspension 
travel . A lower rear axle ratio (5 . 35) 
was insta l led to allow greater torque ap
plication to the drive wheel under heavy 
load test conditions . 

Test wheel speed is sensed using a 
magnetic pickup mounted inside the brake 
drum. This eliminates wheel speed multi
plication problems encountered by speed
ometer take - off speed sensors. Ground 
speed is measured with a D.C. tachometer 
mounted directly to the left front wheel, 
and is displayed on a 270· analog meter 
mounted in front of the driver (Fig. 
33). Throttle application rate is con
trolled by a mechanical device which 
opens the throttle at a uniform rate . 

Signals from the transducer are con
ditioned by ultrastable instrumentation 
amplifiers and limited to 20-Hz-bandwidth 
using active filters . Daily calibration 
of the transducer is performed using pre
cision shunt calibration resistors . 
Ground speed and wheel speed signals are 
appropriately Signal-conditioned and are 
also limited to 20-Hz bandwidth. Cali 
bration signals are also provided to a1-

Figure 32. Smithe r s drive traction test vehicle. 
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Figure 33a . Drive trac tion truck instrumentation . 

~»»J)~ 

··lO~. ,} .. )H 

Figure 33b . Data acquis ition equipmen t. 

low daily calibratio n checks. Final cal
ibration of the test tire speed is per
formed automatically in the computer to 
compensate for the ro lling radii . 

All analog signals are fed to an AI D 
converter and ultimately to a Hewlett 
Packard 9825 desktop compute r (Fig . 34) . 
Once a test run begins, the entire pro
cess is under the control of the comput 
e r. The dr ive r need only be concerned 
with maintaining the vehi c le in a 
straight line and applying the brake as 
necessary to hold an 8 km/h ground speed. 
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The computer turns on the strip chart re
corder and th rott l e applicato r, then 
waits to begin sampling at 0 . 8 km /h slip. 
Sampling continues until both the ~ area 
and ~ average metho ds are satisfied. The 
throttle and recorder are then turned off 
and the coefficients fo r the various an 
alysis methods (discussed elsewhere in 
this pape r) are ca l cu lated . The ~ aver 
age is displayed to the driver for refer
ence. This process continues until 10 
satisfactory runs have been made . While 
the test tire is being changed, the com-



Fi gure 34. Hewlett-Pac kard desk- t op compute r. 

pu ter pr ints t he results of the t est on 
~he on-board thermal printer. Mu l tiple 
copies of this data can be made immedi 
ate ly . The test res ult s ar e a l so stored 
on magnetic tape fo r later processing 
through a final analysis program. 

DATA PRESENTAT I ON 

Figu re 35 is an examp l e of the da t a 
shee t printed by t he compu te r fo r ea ch 
ti re tested. Refer to Section 1 of the 
figure whe re the i dentifying information, 
includ i ng c l ien t' s name , test date, e tc . , 
i s printed at the top of the s heet . CTI 
snow comp action index and ambient and 
surface t e mpe ratu res are measured and up
dated each t i me a control tire is tested . 

The second sec tion (labeled "Indi 
vidual Run Analysis") of the data sheet 
i s divided into nine columns, as f o l lows : 

Column 1 indicates the run number . 
In general, lO runs (spinups) are made on 
each t i re . This number can be changed 
based on program requirements . 

Column 2, called "S5 Avg" (Sad the rs 
Average), i s an average coefficient de
termined in a manne r simi lar to the \..I av 
erage method of data analysis. This 
me thod begins averaging at 0 . 8 km / h DIV 
( 10% slip), but does not require 1. 5 sec
o nds of data . I nstead, the average is 
determined ac ross the t ime required to 
de ve l op 24 km/h DIV (300% slip). This 
average us ually has the g rea t est standard 
deviat ion of any of the evaluation meth
ods due to the ins tab i l ity of data devel
oped at low values of DI V ( l ess than 3 
km/h) • 

Co lumn 3 , labeled "Area" , is the av
e rage coefficient (\..I area) unde r t he co
ef fi cient DIV cur ve from 0 . 8 km/ h DIV to 
24 km / h DIV . 

Column 4 is the time in seconds that 
it takes a trr e to inc reas e fr om 0.8 km /h 
nrv to 24 km/h DIV. This time is wide ly 
scattered , again due to the diff iculty of 
measuri ng the 0 . 8 krn /h DIV poin t. Column 
4 is most i nt eresting when compa red to 
the Smithers Average (Co l . 2). Genera l
l y , the g reater the time, the l esser the 
Smithe rs Ave rage, indicating a signifi 
cant amount of time s pent bel ow t he peak 
of the ll1.l-s1ip curve . 

Column 5 (GM Average) gi ve s the av
erage coe fficient based on the \..I average 
me thod of data a na l ysis . This method be 
gins averaging at 3 . 2 km /h DIV (40% slip) 
and continues fo r 1. 5 seconds, irres pe c 
tive of fina l t e st tire speed. 

Co lumn 6 shows the fina l test wheel 
speed in mi [es -per-hour DI V. If the U 
ave r age (Col . 5) is contained within the 
lJ area , t hen this column would be l ess 
than 15 mph (24 km/h) . 

Co lumn 7 is the average ground speed 
in miles - per-hour thr oughout a test run. 
Nominal fina l percent slip fo r the U av
e rage can be f ound by di viding Co l . 6 by 
Col . 7 . The computer prog ram internally 
casts out the data which does not mee t 
the proposed SAE ground speed standard 
(8 ± l . 6 km/ h) , and for ces the test oper 
at or to repeat a test run. 

Colum 8 s hows the peak coefficient 
(u peak) developed during a run . 

Column 9 gives the average load in 
pounds throughout a test run . Gene ral ly, 
it is greater than the static l oad due to 
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DYNAMIC T R ~CTION DATA SHE ET 

Cl ie'nt; 
Test Date' : 

TlI'e 1<0.',,'-: High~/ay Design 

Test Surrac.:: 
2/9 / 81 
MED 1 Ur1 PAC K Gr-I 

Tit' E' Si7-=-: P1":J5 1' 75R1o.1 
Te'st, Load Lb$..: 1030 

Progt~ am Humber; Tit~,,: Infla t ion: 26 
Affibient Temp: 26 
Surf~ce Temp: 19 

Test UUlll ber: 20 
eTI Inde x : 74 

HID I V I DUAL RUI~ At~AL 'y'S I S 
RUn 55 AVG AREA T HIE I GI-I A'v'G SPEE lI RG S PEAK LOftli 

O. 1741 O. 17 2<: 1 . 28 0 . 1694 19 . (1 < -' . 1 0 . 2726 1 (14 ,:;: 
~ O. 1719 O. 1719 1 .28 0. 1 '" ., I:: .J ( ~, 19.2 < -~ 

~. ~ 0.2417 10e; ;:-
~: O. 17 18 O. 1736 1. 18 O. 1645 19 . 1 .. ' . .;, (I . ;"1 ::: 'S! 104 :, 
4 o. 1761 O. 1753 1 .-.-:' 

o< ~ O. 1667 19 . 1 4.9 (1 . 2763 1024 
5 O. 1694 O. 170 2 1 • 2(1 £I . 1720 19. ~: 5.2 0.246(1 1 0 1 1 
6 O. 1 :::96 o. 1897 1. 53 O. 1 82:3 1 7 . 0 < < 0.24 2 1 1 (134 .. ' • .J 

7 O. 1 :::79 o. 18:::2 1 . 3~: O. 1799 1::: . 9 < --.. " .:.:. 0.::601 101 1 
8 O. 1871 O. 18 7 1 1. 28 O. 1 'l " '~) , ';;'-=" 19.0 4 _ 7 (1. 2~:::4 1 0:2 .:: 
9 O. 1954 O. 194 3 1 ,-,,', 

.0:;.0::, O. 1819 1 :=: . 9 4.9 0.2:::00 101 .; 
10 O. 1962 O. 195 7 1 . 4<: O. I S'S!7 17. 6 < 2 (1. 2 4 (t~: 104';' .,' , 

S LIP SPEED DATA @ MPH DIV 
Run . 5 1 2 ~: 5 8 12 15 

1 0.2726 0.2726 0.2386 O. 1728 U. 189':;' O. 165 1 0. 1541) O. 1 7 ':;:(1 

2 0.2188 0.2188 0. 21105 0.2;;:'65 0 . 1 ':13 6 (1 . 1694 0. 1560 O. 1 <; ;",; 
3 0 .20 17 0.2017 O. 1684 U. 1 ':1 4 2 11.2(.170 O. 1 ::' 2 3 o. 1449 O. 1 4 ::: t.:~ 
4 · 0.2461 0 . 246 1 0. 2643 0.2403 O. 1 4 ~: 1 ~j . 2 1)(1:: o. I 1 (1 1 O. 160(: 
5 0. 1970 0. 1970 £1. 22 78 O. 1 7 48 O. 1 :::::: 1 u. t 'j 4'~ O. 132 4 O. 1 €~, 7 
6 13 . 2035 13. 2 06 3 0.2210 O. 1822 O. 1 7 71 O. 1 ';' 3 2 0.2053 O. 1 (t~ :::: 

7 0.2601 0.2601 0.2150 0 . 2 102 0.23 14 O. 19f19 O. l '~ 1 7 O. 1 62::: 
8 0.2576 0.2576 0 . 224'~ 0: . 2e~:~: 0.2002 o. 1766 [I . 1924 O. 1671 
9 0.280£1 0.2800 0 . 2 1345 (1 .2 1 1 ;;: 0. 1725 0.2 3 1 1 a- 1 7 8 ~, I) • 152(' 

10 0.2272 £1.21:::8 £1 . 2284 £1 . 2224 O. 171 2 0.22 2 4 O. 1601 (1. 18;,:5 

AVG 0 . 2 8 65 £1. 2359 0.219 3 0.20:;: ::: O. 1 ::: (. 9 ~) . 1926 O. 1625 O. 1554 

FIliAL Ar-IAl y,; I S 
TYPE AUAlY S I S PUll,: CA S T OUT I-IEAI'1 ,;TD II E 'v' 1 I-IEHH2 STII IIEV2 (:.V. 2 

GM AVERAGE 2 10 (J I) (1 . 1 7 '~:8 0.009::: 0_ 1 7 .~:t: O. (:12170 e. (140 

sss AVERAGE (1 I) [I tl O. 1 :::~I) (1. (110 :;: O. 1 :::2(' O.(~lO ·;: 0 . 057 
AREA 15t-1PH SLI F' 0 \) (1 (1 (1. I ::: 1 ::: 0.0101 O. 1 ::: 1 ::: (1 • • ) 1 0 1 0.0:-, 5 

PEAl·: :;: (1 (I 0 O. 2 ~~<: 6 O . I) 1 '~ .;: L). Z~ ;':, (1. (11 ~,::: O. ClE,:;: 

Figure 35. Sample of on-board data printout. 

load transfer as a result of the forward
driving test tire. 

Section 3 of the data sheet (labeled 
"Slip Speed Data @ MPH DIV··). contains 
the coefficients developed at various 
slip speeds . The average of each column 
is given to facilitate plotting a mu-slip 

curve, and for locating the approximate 
speed at which the peak occurs. This 
section can also be used to compare tires 
at various values of slip_ No data 1s 
cast out in the average. 
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Section 4 is the final analysis for 
each of the four methods of data cap-



SMITHERS SCIENTIFIC SERvICES . IMC. 

CTI DIVISION 

DYflAMIC TRACTION ANALYSIS 
Clioint: 
T":it Da.t.: ;2 / 9 / 81 
r.5t Surf~c~: MEDIUM PAC K GM 
Progra.rn Humb~ r : 

r.:it Humb.rs: 2 13- 33 

Tire ~h.m.: '5T EE LER COtlT PI)L 
Tire S;z~: P 1',5 ~ 7 5R 1 -1 
TO?:it L o a.d: 1 e"3~j 

Tire Inflstl0n: ~6 

Test" G~l A'J G C.V% AREA C V ', . :: .~ AVG C'.J% PEAt, CV~~ TE I1 P: Ar1B S tlO lol 

20 e. 1738 4 O. 18 1a 6 0. 182 0 6 0 . 2 '5 7'3 6 20 

23 0. 168 1 6 I) . 173 4 -I (I. 1 7313 5 I) • .2 .. '35 10 17 

26 0. 1768 .3 ~J . l :33 IJ 3 13.1815 4 13.2732 12 16 
2 '~ 0.175 3 4 O. 1 8~ O 3 O. 17 :::0 6 I) . ,2 :38.2 12 16 
"32 0. 1821 6 1).1 87'1 4 O. 1 :3:26 'J 0.2757 13 15 
3 5 e . 16 '37 7 O. 18 013 4 0. 176 3 6 0.2335 10 15 

38 0. 1759 6 e. 182 1 5 e . 1770 5 0.2557 14 15 

Av g 0. 1745 0.1815 e. 1786 0.2618 

TEST TIRE SUI1M AR Y 

Te.:.ttt 21 T,,' . 't ·~h"· : All Season Tire 
T-=' :it Lo .s,j: 10 3 0 

Tiro? Si =e: P1 9 ~ · ~5R14 

Infl:i tion : 26 

Gr't AV(; C',,'% AREA CV% 
Coer 13. 32 0 8 4 0 .. 3149 4 
%Bound 188 177 
·~ A v.~ 184 173 

Te:itl 2;: Ti,... N.j,ffI-: : Snow Tire 
rof.it L') ·:i.d: 103 0 

I~M Fi ve CV% AREA CV% 
COlfr ~.27ee 8 e. 26 '~~ g 

~ Bound 158 151 
%A'.J 9 155 14 8 

Figure 36 , 

SS AVG C ..... % PEA K CV'~ 

\3.2 8'3 6 12 0 • .3', ,) ;, 3 
16·3 1'57 
162 150 

T i ,~. S, Z~: P 1 ',5 / 75R 14 
Inf1 u ion: 26 

S '; RVe c· .... },. PEA K C" · · , '. 
o • .2 -+e~ 9 0 . 3419 4 

135 137 
13 5 131 

Sample test summa ry. 

standard deviation. Generally, CV2 is 
less than 0.07 or 7%. 

I 'J 
19 
I S 
I S 
18 
18 
18 

ture. Mean 1 and standard deviation 1 
are calculated using all runs. Data that 
falls outside ± l .S standard deviation 1 
from mean 1 is cast out and mean 2 and 
standard deviation 2 are calculated using 
the remaining points. "Pulls Cast Out" 
are indicated for each method. Zero's 
are used to fill blank spaces when there 
are less than four runs cas t out. A co
efficient of variation (CV2) is printed 
to aid in determining relative value of 

Upon completion of all tests within 
a test sequence, the data 1s analyzed to 
summarize and rank the tires tested in 
that sequence. Figures 36 and 37 are ex
amples of this printout. The top section 
of Figure 36 identifies the client, test 
date, program number, and test numbers 
included in this analysis. 

Section 2 , labeled "Control Sum-
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SMITHERS SCIENTIFIC SERVIC ES, INC. 
CTI DI VISION 

DYNA~IC TRACTI ON PNAL YSIS 
e ll ~nt: 
Te.:.t D.a te : 
TIIl.it Surf .i. c<2' : 
ProQr .i.M Number~: 

Tll st Nurn b~r s : 

2 / 9 / :31 
11ED I U~l PAC K GI1 
32800-IB- Rl 
20- 33 

STATISTICAL ANALYSIS OF AREA 

Ti re- ~la.r\)e Te:it t·lumbet' %Av .;J GM Av g 90% Cor-If; d .:'n,: e Li mit:i 
Co~f Upper' Lowlir 

All Season 21 17 3 0. 3 149 13 . 3266 0.3031 

Tire G :33 166 0.3005 0. 3 123 0.2887 

Tire fI 34 16S 0 .2 98 7 0.3105 0.2869 

Tire A 24 15 2 0.2756 0.2874 0 . 2639 

Snow Tire 22 148 0.2690 0 . 2808 e.2S7? 

Ti re B 25 135 0 . 2447 0 . 2565 13.2 3 29 

Tire K 3 7 125 0 . 2276 0 . 239 4 13.2158 

Ti re D 28 12 5 0 . 2266 13.23:34 0 . 21 4 3 

Tire C 27 121 0 . 219 1 0. 2309 0.2(17 4 

Tire E 30 li e o. 1993 0 . 2 111 13.1875 

Ti re J. 36 1 1 (I O.1 '~88 0.2 P}S 0 .1 8:'13 

Steeler - Control CONTROL 100 0 . 1815 0. 1933 O .1 6 ·~7 

Ti re F 3 1 9 8 e. 177"4 a . 1 :3'?:;:: 1),1656 

AO V TABLE 

Sour~if of Di' g r~i':i o, t' Sum of Neil'''' Sq u s,' ':- F .; t .i. f • 

V-A.ri.at;o n Fr' ol,.dom S q .. l i. rE' ~ 

T rll~tm.nts 18 O. :3S90~8 ~) .Ol '51946 11 :".0 2: 

Er r o r 151 0.02S7J9 a. 0(11) 1 7 0 

T ,jt.&1 169 13, :38 47 157 

Oun'~n~ Mult i -R.i. n q~ Te ~t Pp =0 .011 8 

Figure 37, Sample tire ranking. 

mary." identifies the control tire and 
summarizes the results of the control 
tests. Each test is identified by number 
along with Mean 2 and a percent CV2 for 
each method of analysis . Ambient and 
s urface temperatures are also included . 
The average of the control tire for each 
analysis method is printed under the last 
control tire. 

Section 3. labeled "Tire Test Sum
mary," begins a summary of each test tire 
according to the order in which the tires 
were tested. Each tire is identified by 
test number, name, Size, load and infla
tion. The average coefficient (Hean 2) 
and a corresponding CV2, expressed as a 
percentage, is given for each method of 
analysis. Percent ratings are then given 
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for each method. The first percent rat
ing (labeled "% Bound"), is the percent
age based on the average of the two near
est bounding control tires. The second 
(labeled "% Avg"), is the percent rating 
based on the average of all the control 
tires 1n a particular test matrix. Sec
tion 3 continues for as many pages as is 
necessary. 

Figure 37 is a sample of the final 
printout that ranks the tires based on 
the u area method of analysis. Rankings 
are also calculated using ~ average and ~ 

peak, rut are not shown here. Again, 
identifying information is printed in 
Section 1 so that this page may be used 
alone. A one-way analysis of variance is 
performed on the data. Then, Duncan IS 

tII.1ltlrange test'+ 1s used to develop a 
least significant range (Rp) for two 
means . Section 2 prints the various test 
tires in order beginning with the highest 
coefficient. Percentage ratings based on 
the control tire average are also print
ed. Control tire ave rage 1s included as 
a test tire rat ed 100%. An upper and 
lower coefficient based on Duncan's range 
is printed for each test tire. Use this 
range to determine significantly differ
ent tires. 

The "Analysis of Variance" table is 
printed in Section 2 of Figure 37, f or 
those who are interested. Also, Duncan's 
multi range value is given as a coeffi
cient . 

COMPARISON OF ANALYSIS METHODS 

Some of the information shown on the 
data sheet (Smithers Average, Time, and 
Final Speed), Figure 35, may prove to be 
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Figure 38 . Sample ranking based on three 
data analysis methods. Note: Bracke ts indi
cate no statistical significance between 
tires. 

useful in the future. However, this dis
cussion will be limited to the three most 
promising and accepted analysis methods . 
'The first two, ~ area and ~ average, are 
allowed under the proposed "SAE Recom
mended Practice for Testing Passenger and 
Light Truck Tires in Snow . " The third 
method, ~ peak, is still used by many or
ganizations, and 1s of some interest. 

Figures 38 and 39 summarize the re
sults from two different dynamic traction 
tests on medium pack snow bY co""aring 
the resulting rank o rder for each of the 
three analysis techniques. Arrows have 
been used to point out the same test num
bers. In Figure 38, the rank order is 
the same by all test methods. Notice, 
though, that the ~ average method for 
test number 50 rates the tire 168%, the 
same tire is rated 153% by the u area 
method, and 124% by the u peak method. A 
Quick inspection of the remaining tests 
shows that this relationship holds true 
there as well and, in fact, always holds 
true. That is, the ~ average analysis 
method shows the greatest difference be
tween tires, and the ~ peak ttethod, the 
least difference . To understand this 
phenomenon, we must examine the three 
methods of analYSis roore c losely. 

Figure 40 shows three typical trac
tion mu-slip curves on medium pack snow. 
Curve 1 is a standard highway design 
tire; Curve 2 is an aggressive design 
snow tire; and Curve 3 is an all-season 
tread design. All tires are of radial 
construction. These three tires were 
chosen from among the hundreds of tests 
performed during the 1980-81 winter test 
season. The results of this one test are 
included to facilitate the discussion of 
analysis methods, not conclusions, con-
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Figure 39. Sample rank order based on three 
data analysis methods . Note: Brackets indi
cate no statistical significance between 
tj.res. 
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Slip Speed (km/h) 

Figure 40. Three typical traction mu- slip curves on medium pack snow. 

cerning the relative performance of tire 
designs. The resulting ratings are found 
in Table 2. All ratings are expressed as 
a percentage of Curve 1. 

The standard highway design tire 
(Curve 1) and the all-season design 
(Curve 3) a r e cha r acterized by a definite 
peak at low slip speed, and a fall - off of 
coefficient as slip speed increases. The 
snow tire (Curve 2), however. shows no 
real definite peak and a relatively flat 
coefficient at high slip speeds . Deter
mination of the peak of each cur ve is 
self-evident . Notice, though, that for 
Curve 1, the ratio of lJ peak to lJ area 1s 

1. 35. In t he case of Curve 2 it is 1. 06 , 
and for Curve 3 it is L. l1. We can con
clude then that the ratio of u peak to u 
average is greater fo r highway tread de
sign tires than for the more agressive 
designs . As a result, any percentage 
ratings based on lJ peak show the least 
difference between t ire designs . 

Let ' s now examine the remaining two 
methods (lJ area and u average) that at
tempt to characterize a tire ' s perform
ance over a range of s l ip speeds. The ~ 

area method had its beginnings in drawbar 
testing where it was common to plot trac
tive force versus slip speed on an X- Y 

Table 2. Comparison of analysis methods . 

u AVERAGE PERCENT u AREA PERCENT u PEAK PERCENT .,AREA/ .,AVG , lJ PEA K/I,.AV G . I TIRE RATING RATING RATING , , 

Highway i 
,174 100S ,182 100S ,135 l00S 1.046 1. 35 ! Design 

Curvl! 1 , 
, 

Snow Des 19n , 270 155S ,269 148S ,285 122% ,996 1.06 

I Curve Z 

All~Season .321 18U ,315 173% . 355 15lS .981 1.11 Curve 3 
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recordera We obtain lJ area by computing 
the average coefficient between a lower 
(0.8 km/h) and an upper (24 km/h) slip 
speed . The lJ ave rage had its beginnings 
in drive traction where it was usual to 
plot tractive for ce versus time on a 
multichannel strip chart recorder. A JJ 

average results by computing the average 
coefficient over a period of time ( 1. 5 
sec) , beginning after t he peak has oc
curred (3.2 km/h slip). These methods 
appear similar since slip speed generally 
increases with time. However, our previ 
ous work has s hown that increasing slip 
speed is not necessarily a linear func 
tion of time a 

There are three significant differ
ences be tween these methods. Fi rs t, the 
lJ area method includes data between 0 . 8 
and 3.2 km/h slip which is not included 
in the V average method. The coefficient 
in thi.s range is generally greater than 
the coefficient at higher slip speeds. 
This would partially explain why V area 
is generally 5% greater than V average . 
The second difference involves the test 
end point. For V area, data is included 

ally overlap each other in Figure 39. In 
Figure 38, tires #46 and #47 are not Sig
nificantly different by the JJ average 
analysis method, where the JJ area indi
ca te s they are different. When examining 
the peak method, tires #46, #47 and U50 
are not significantly different from each 
other nor are the control tire and tire 
#49. From the tire engineer ' s stand
pOint, U peak data makes it difficult to 
distinguish significant peformance dif
ferences b~tween tires. 

Figure 39 illustrates this even fur
ther. Ratings based upon JJ average and JJ 

area show a performance difference be
tween most tires in this test ~roup. Mu 
average does a better job of making that 
distinction by separating the 10 tires 
involved into seven diatinct groups . Mu 
area does almost as good by separating 
them into five distinct groups . However, 
the analysis based on JJ peak is much more 
confusing with many overlaping brackets, 
including a much lesser ability to sta
tistically separate tires . 

up to 24 km/h slip speed, and the u aver- CONCLUSION 
age incorpo rates data for 1.5 seconds ir-
respective of slip speed . Since slip 
speed increases mo re rapidly for low co
efficient tires, the range of slip speed 
is different for different tire designs. 
In the example (Fig. 40), the correspond
ing maximum slip speed by the V average 
method is 23.7 km/h for the snow tire 
(Curve 2), 25 .5 km/h fo r the all - season 
tire (Curve 3), and 30 km/h for the high
way design (Cu rve 1). The first two end 
points are approximately the same as in V 
area, but the third is not. Notice that 
V average and JJ area differ the most in 
this case (Table 2, Curve 1). 

Let ' s say for the moment that for 
the highway design tire, the throttle ap
plication rate was reduced such that JJ 

average ended at 24 km/h. Inspection 
shows that the equivalent coefficient 
would increase to 0. 178, reducing the 
difference between JJ average and JJ area 
for this tire. The third reason is prob
ably the least significant of the three. 
It centers on the fact that increasing 
wheel s lip is not a linear function of 
time; however, in most cases this non
linearity can be ignored , especially af-

The real question n(N' boils down to 
which method is the most realistic from 
the consumer's point of view: From the 
al l-season design in Table 2, does he 
realize the 184% traction increase that 
the JJ average method says he has?; or, 
does he realize the 178% from JJ area, or 
just 151% from ~ peak? We may never be 
able to complete ly answer this question, 
but I suspect very few drivers actually 
operate their tires near the peak trac
tion coefficient point when they require 
maximum traction. Rather, they allcw 
their wheels to spin conSiderably beyond 
the peak traction point, a point charac
terized by either the ~ area or V average 
methods. However, the JJ area method has 
a better definition of performance range, 
having defined the ending slip speed. We 
have shown that the actual value of co-
efficients by the ~ average method varies 
slightly based on final test wheel speed 
(throttle application rate). Whether 
this difference is truly significant will 
require further research. 

ter the peak traction has been developed. REFERENCES 
Let's now examine each method's 

ability to distinguish significant dif
ferences between these tires. Those 
tires where peformance is statistically 
not significantly different are bracketed 

1. Janowski, W.R. ( 1980) Tire Traction 
Testing in the Winter Environment. SAE 
Technical Paper Series No. 800839, June. 

in Figures 38 and 39. Bracke.ts occasion- 2. "SAE Recommended Practice for Passen-
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ger Car and Light Truck Tire Dynamic 
Driving Traction in Snow . " Proposed 
September 1981 by the Tire Test Subcom
mittee of the Committee on Highway Tires . 

3. Davis, J . B. , J.R . Wild, and N.W . St . 
John (1980) Winter Tire Testing. " SAE 
Technical Paper Series No. 800838, June . 

4. Walpole, R.E. (1968) Introduction t o 
Statistics. The MaD~illian Company. 

1. BRAKING DISTANCE: The distance re
quired to stop a 
vehicle from some 
speed in the 
locked whee 1 mode. 

2. COEFFICIENT (~): 

3 . DIFFERENTIAL 
INTERFACE 
VELOCITY (DIV) : 

4 . DRIVE TRACTION: 

Drive force divid
ed by vehicle 
load. 

This is the dif
ference be tween 
the test tire 
speed and the test 
vehicle speed . 

Drive traction, 
also referred to 
as dynamic trac
tion, is the force 

7 . ~ PEAK: 

8. ~ SLIP: 

developed by a 9. STATIC TRACTION: 

5. ~ AREA: 

6. ~ AVERAGE: 

spinning tire 
while the test 
vehicle is moving. 

Digital or analog 
average determined 
between 2 km/h and 10 . TRACTION FORCE: 
24 km/h DIV of a 
tractive force-DIV 
curve . It is ex-
pressed as a coef-
ficient by divid-
ing by the average 
vertical force. 

Digital or analog 
average of 1. 5 
seconds of data 
from a tractive 
force-t ime plot. 
Data acquisition 
begins when DIV is 
3 km/h and is ex
pressed as a coef
ficient by divid
ing by the average 
vertical load. 
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The m3>eimulD force 
developed between 
2 km/h and 24 km/h 
DIV, expressed as 
a coefficient by 
dividing by the 
average verti cal 
load. 

The difference be
tween test tire 
speed and test ve
hicle speed ex
pressed as a 
percentage of ve
hicle speed. It 
is always positive 
for drive traction 
analysis. 

The maximum force 
deve loped by a 
test tire just 
prior to breakaway 
with the test ve
hicle stationary. 

Force applied to 
the test tire par
allel to the test 
surface at the 
tire pavement con
tact patch. 



CTl SNai COMPACTION GAUGE 

Instructions for use. 

When using the CTI Snow Compaction 
Gauge in the field, it should be kept on 
top of the snow to maintain the metal at 
approximately the same temperature as the 
snow . It Is also necessary that the 
gauge does not accumulate an accessive 
amount of snow on the inside. This will 
not happen if the plunger is wiped after 
each drop_ Should it occur through un
foreseen circumstances, it is preferable 
to melt the snOW' from the inside, rather 
than disassemble the unit . If for some 
reason the unit must be disassembled, be 
sure to note the location of any washers 
used in the assembly . Also note the po
sition of the lead shot weights in the 
plunger opening for the drop rod. 

Standard practice in the field is to 
drive the front wheels of the test vehl-
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cle equipped with highway tires over the 
test area. Place the gauge in the center 
of the tire track. With the plunger rod 
raised, rotate the gauge 45° and back to 
gently smooth the tread pattern left by 
the tire. Be sure the plunger is bottomed 
internally on the upper part of the drop 
tube. Keep a very light pressure on the 
aluminum foot to prevent it from changing 
position or lifting off the snow. 

Release the drop rod assembly and 
immediately set the brass engraved mea
surement scale on top of the drop tube, 
close to the knurled nut. Read the CTl 
Compaction Number from the scale at the 
top outer edge of the knurled nu t . 

Calibration may be checked by plac
ing the unit on a smooth, hard surface 
with the plunger in the down position. 
The gauge should now read 100 to the top 
of the knurled nut. If the unit should 
be disassembled for any reason, then the 
drop length should be checked for 8.62 ± 
0.0 I-in. and the plunger assembly weight 
adjusted for 220 ± 1 gram. 



TIRE PERFORMANCE EVALUATION FOR SHALLOW SNOW AND ICE 

William L. Harrison Sno-Mech , Route 103A, New London, N.H. 03257 

INTRODUCTION 

There are several methods for pre
dicting the performance of wheeled vehi
cles operating off-road. A number of 
these are listed in the accompanying bib
liography. Most of the authors tend to 
rely on solI mechanics applications to 
achieve an estimate of performance, al
though soils and snows are quite dissimi
lar in their response to external loads . l 

Not only are solI failure models used but 
the instruments for sampling solI 
strength and strength indices are used as 
well . The results of using these appli 
cations 1n predicting the performance of 
wheeled vehicles operating in shallow 
snow are reflected in a study reported by 
Harrlson,2 which concluded that neither 
of the prediction methods used ill the 
study offered a satisfactory solution. 

With this experience 1n mind, alter
native models were examined and the de
cision to attempt an energy-based prediC
tion methodology began. 3 

Another problem in predicting wheel 
performance arises when tire design 
characteristics are not included in the 
prediction model. This earlier omission 
in performance eredictions was recog
nized by Browne who used such parame
ters as depth of tread element penetra
tion, tread rubber hysteresis loss, 
tread rubber hardness, number of tread 
sipes per unit areA, length of tread 
element, etc. in a prediction model ~or 
shallow snow; by Bekker and Semonin, 
who used a measure of carcass strength 
in their proposed prediction model; and 
by Yong et al.,6 7 8 9 who considered 
various tire design parameters in their 
prediction model, which will be dis
cussed In greater detail later. 
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Of great importance to this work 
was the concept of an energy balance 
methodology proposed by Yong and Webb 10 

to be applied to wheel-soil interaction 
problems . This work describes the ener
gy-diSSipating mechanisms of a wheel
soil system as a function of slip as 
follows : 

Tw - PV + RV + EFR 

where T a torque 
w a radial velocity 
V - linear velocity 
P - drawbar pull 
R ~ deformation energy loss 

EFR - rate of interfacial energy 
loss. 

(1) 

Tw is the input rate, PV the rate of 
useful energy developed, and RV the de
formation energy rate (soil). This con
cept of slip energy dissipation is very 
useful in examining the performance of 
single wheels relative to tire design 
differences, and was maintained in later 
studies by Yong et al. 6 7 8 9 where fur
ther developments of the earlier work by 
Yong and Webb were used to examine the 
effects of Various design properties. 

In Yong et ale e an equation for 
performance efficiency is proposed, 
where 

PV 
n ,. Tw (2 ) 

with n being the performance efficiency 
and the other parameters as defined 
earlier. 

In an earlier work by Leflaive 11 a 
torque energy coefficient n was proposed 
and was defined as the energy expended 



at the axle, per unit distance traveled 
by the wheel, and written as 

n 
Mw 
WV (2a) 

where M 1s torque (N-m), W 1s l oad (N) 
and w and V are as defined in eq 2. 
Equation 2 is the inverse of eq 2a. 
Leflaive further develops this expres
sion in terms of differential slip g to 

M 
n - WR (l + g) (2b) 

where R is the rolling radius of the 
tire. It is encouraging to note that 
when eq 2b is written in terms of the 
parameters us ed in this report, i.e . 

• rlw 
Tv 

it is rather similar to the expression 
for energy efficiency Et in eq 11. 

This report discusses an effort to 
determine, quantitatively, the difference 
in tire performance over shallow snow and 
ice due to tire construction, tire com
pound, and tread design . Differences in 
tire compounds will only be discernible 
relative to the resulting tire hardness. 
Tire construction will be based on wheth
er it qualifies as radial ply or bias 
ply. with or without belts. 

SURF ACE TRACTION 

Tires generate traction through the 
development of adhesive and frictional 
forces in the tire/snow surface inter
face. Adhesive forces are dependent on 
snow properties and tread material com
pounds, while the frictional forces are a 
function of snow properties and the wheel 
load. 

The total tractive force is repre
sented by the follOwing expression: 

H - ACa + W tano 

where H - gross tractive effort 
A - tire contact area 

c a - adhesion 
W - vertical load 

(3) 

6 - angle of interface shearing re
sistance. 

To complete the picture, there are 
losses due to STlOW' compaction which also 
must be considered. These losses are 
identified as motion resistance and are 
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dependent on snow depth and tire proper
ties and the work of compaction , as ex
pressed in the following equation: 

R - 2bhO (4 ) 

where b is tread width, h is snow depth 
and w is the energy required to compact 
snow from its undisturbed density to its 
critical density1 2. The resistance due 
to tire properties is measured on a hard 
surface (rolling resistance), while snow 
resistance to motion, R, is determined by 
measurements obtained in the shallow 
snowpack of interest . 

The net traction, which is most in
dicative of tire performance, is the dif
ference between the total tractive force 
and the resistances: 

F t - H - R • (5) 

The force Ft is the traction char
acteristic available to compare the per
formance of tires having different design 
features while operating over snow and 
ice. 

Performance is affected by contact 
area as well as the general orientation 
of t he area (the more an area is oriented 
towards the direction of travel [long and 
narrow] the less resistance is devel
oped.) Also, the uniformity of loading 
on the contact area will have an effect 
on the resulting performance. The tread 
is the final force-transmitting element 
to the interface material, and thus tread 
design will or can affect the perform
ance. Tread material and carcass stif
fness are other parameters which can af
fect performance. It is not suggested at 
this time that variations in performance 
can be directed to a particular design 
feature, but only that there are differ
ences which can, individually and collec
tively, cause some tires to perform bet
ter than others . 

DEFINITION OF SURFACE PROPERTIES 

Webster defines snow as "precipita
tion in the fom of small tabular and 
columnar white ice crystals formed di
rectly from the water vapor of the air at 
temperature of less than 32°F." "Snow 
job" is defined as "an intensive effort 
at persuasion or deception." To assume 
that the first definition sufficiently 
describes "snow" is to be a victim of the 
second. 

Locomotion over snow is concerned 
with the snowpack behaving as a pseudo-



granula r medium . To observe the metamor
phism of snow in the pack as a function 
of e lapsed time, i . e . aging, 1s not a 
valid criterion for our purposes. The 
snowpack is an endochronic entity, and 
the strength properties and related phe 
nome na reflect the snowpa ck histo ry as 
such. 

Snow properties are sensitive t o 
many phenomena, such as wind and tempera
ture gradients during precipitatio n, tem
perature gradient of the snowpack, the 
unfrozen water content of the grains 
within the pack, stress history of the 
s Howpack, solar and radiational/cooling 
effects, etc. These effects or phenomena 
cannot all be observed or measured. But 
since we are aware of them, measurements 
can be made which reflect t heir influence 
on strength, which is, in fact, the char
a~teristic of interest . These measure
ments are simply material responses to 
known force applications, and are the 
strength parameters required fo r eq 3 
and 4. 

TIRE PERFORMANCE EVALUATION 

There are three easily identifiable 
tire design parameters which may affect 
tires I perfo rmance in shallow snow, ice, 
slush, etc. , excluding width and diame
ter. When performance evaluations are 
made, it is assumed that proper tire 
loads and inflation pressures relative to 
the tire size will be maintained. The 
three variable parameters are tire con
struction, tread design, and tire com
pound. Although tire compound fa rmula s 
are proprietary, there are standard tests 
to determine engineering properties, 
which are in fact more meaningful in this 
type of evaluation than chemical analy
ses. 

When snow is compact~d or sheared, a 
certain minimum amount of energy is re
quired. Thus, we can visualize the quan
tities, compaction energy and shear ener
gy. and determine their dissipation dur
ing .... ehicle motion . 1'0 change a unit 
volume. of snow from its initial densi ty 
to its critical density requires a speci
fic amount of energy dissipation through 
the process of compaction. Furthermore, 
to s hear the compacted snow in the tire/ 
snow interface requires a certain amount 
of energy to overcome the interface 
shearing resistance. Any capability of 
energy dissipation developed over and 
above these basic requirements reflects 
the performance level of the traction
producing element. 
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compaction energy diss ipation is 
easily understood, whereas shear e nergy 
dissipation requires a bit more discus
sion. If it were possible t o visualize 
the processes of shear whi ch occur in the 
tire / snow surface interface, then one 
could observe the mobiliza tion of resis
tant fo r ces attempting t o prevent surface 
failu r e through shear or slippage of the 
interface elements in contact . This pro
cess of "slip-shear" or shear energy dis
sipation can be useful in comparing tire 
traction performance. Several eva luation 
processes will be described and dis
cussed . 

Tractive force / vertical load (Ft/Fv) 

This is a well-knowll evalua tion fac 
tor common to the literature on vehicle 
mobility akin to drawbar pull/vehicle 
weight. F t /Fv is more sensitive to 
tire r esponse than drawbar pull in that 
it considers the interfacial forces of a 
single tire rathe r than the total vehicle 
ou tput and t otal weight. The sampling 
process is designed so that all forces 
are monitored simultaneously. This 
allows a g raphi c output of Ft/Fv' as 
shown in Figure 41 . Any number above 0.0 
indicates reserve traction usable for ac
celeration . deceleration (not skidding). 
slope climbing, deeper snow, etc. Fil 
Fv most probably reflects the effects 
of compounds, construction, and tread de
sign, in the order given, for low trac
tion surfaces. It 18 not a sensitive 
isolator of the effects of the Various 
design elements. 

:: O.S 
.! .!!M...l.. .. 
~ 0.6 

; 
10." 
i 
~ 

~ 0.2 w~ 

~. 

... ~ 0 '-"'-2::!O::-.L4~0;-'-:.~0;-'-;8;!:0;-'t;;,oo 

Figure 41. Eaton road traction 
test: tractive coefficient vs 
wheel distance. 

Unit shear energy (wu) 

The unit shear energy dissipation 
parameter Wu is indicative of the work
producing capability of a tire. It is 



Table 3. Tire performance--snow . 

Tire Tread 

w de S/fIlCfure Tread (.'ha ra,'leflsllc " .', ", < . , F , 

" Bias Highway Ribbed 23 .2 ) 20 liD 0. 25 

K Radial H ighway Rib-lug 35 ,S J9J JJ6 0 .28 
L Radial Hi,hway Mod-rib lug 36.6 "I i .12 0.31 
D Radial All season Neutral 35 .5 .)7 "" 0.33 
I Radial All season Aggressive '" 1.9 'JO J91 0.32 
F Radial M&S Ailiressivt: 39 .0 4J6 .106 0.3 2 
0 Bias .\1&5 Aggressive 37.8 'JO J7) 0.31 

Performance Ral1kin~ 

parameter , ) J • 7 

" F 0 L K D " ", D F 0 L K ." 
", D L F 0 K ." 

fj" Fy' D F/ I H l.' O LlO K ." 
Tire 

~.'lIdt' Scur, 

D n7 
F 9 1J 
L 897 

89l 
0 872 
K 79J 

." '78 

Table 4. Tire performance-- ice. 

Tire Treud 
code SfruC"!urt Tread (."hurUl'leris(lc " -, "" /1 0·/F" 

D Radial AS Neutral lug 2) 140 140 0.14 
S Radial M&S Agressive I. 121 III 0. 12 
T Radial ,\11&5 Agr~sive 10 I Jl 1)7 0.1 S 
U Radial ~&S Agressive II IIJ I Jl 0.1 2 
V Radial AS .\1oderate lug 21 169 I7l 0.16 
w Radial AS Aggressive 21 146 17. 0 . 16 
X Radial AS Moder31e 20 116 118 0.12 

Perfurmance Rank/ll.~ 

parameter 1 J J , , 7 

" V D w oX S V T 

" V w D T S X U 

" w V D T U S X 

FI" F't, v; w T D S/ U / W 

Tirt' 
wde S('or/! 

V J8J 
w JIS 
D J I. 
T 296 
U 1i~ 

S :!72 
oX 264 
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EVALUATION OF EMPIRiCAL TREAO DESIGN PREDICTIONS OF SNOW TRACT10N AS MEASURED 
WITH A SELF- CONTAINED TRACTION VEHICLE· 

G. P. Buchner 
R. W. Centner 
T. M. Knowles 

Uniroyal Tire Company, Uniroya l Tire Technical Center, P . O. 
Box 3940 , Tr oy Michigan , U. S. A. 48007-3940 

ABSTRACT 

This paper discusses snow testing of 
pas senge r and light truck tires , utiliz
ing a self- contained instrumented driv
ing tra c tion t es t truck . It compares the 
test res ults of snow tra c tion perform
ance t o empiri cal predictions . Tire 
test design parameters of lateral de ns
ity, sipe density, tread de pth and tread 
width a r e examined . It i s re cognized 
that additional wo rk is required t o fur
the r establish these re la tionships. 

INTRODUCTION 

Aut omo bile manufacture rs pla ce 
stringent performance c riteria on orIgI
nal equipment tires l • One of the a reas 
of tire performance i s snow tra c tion. 
New tire designs are routinely evaluated 
with actual snow tra c tion tests . This 
t es ting process is costly, time-consum
ing, and sensitive t o the availability of 
suitable facilities with proper envi ron
mental conditions. The diffi culties of 
providing such test data prOVide the 
stimulus for the devel opment of mathemat
ical methods of predicting snow trac tion 
performance. 

In a 1980 study, T.R . Nesbitt and 
D. J . Barron 2 designed an experiment to 
develop empirical equations t o pr ~dict 
snow tra c tion performance. It involved 
hand-carved tires and testing on snow us
ing a self-contained traction measuring 

• Reprinted by permission. ~1982 Soc i 
e ty of Automotive Engineers, Inc. 

67 

vehicle. Such predictions were based on 
geome tric properties of tire tread pat
terns. This technique had th e potential 
to provide realistic estimates of snow 
traction capability in the "pape r de
s i g n" stage of the tire development. 
However, it was understood that further 
validations of this technique we re re
quired . Such a follow- up investigation 
is presented in this paper. 

EQUI PMENT 

In 1968 a milestone 1n snow traction 
methodo l ogy occu rred in the form of a 
self-contained traction measuring truck 3 

This device brought with it s i gnificant 
improvements in test accuracy, manpower 
needs , and tes t surface requireme nts . 
This type of vehicle wa s used in early 
19 81 t o generate the data discussed here
in. 

TEST METHODOLOGY 

Test methodology for this program 
was developed by the SAE Snow Traction 
Task Force of the SAE Highway Tire Com
mittee . The intent is to have the meth
odology published in a future SAE Hand
book . The method utilizes a rear-wheel 
drive test vehicle with one drive wheel 
specially instrumented t o measure its 
fore-aft and verti cal f o rces. The tests 
are conducted by gradually increasing the 
driving torque at the instrumented wheel 
with an automatic throttle application 
device while maintaining an 8.0- km/h (5 -
~h) test speed by modulatlng the brakes 
of the non-test wheel positions. The ve -



hicle's ground speed , the traction coef 
ficient (definitions of all terrns are 
contained in Appendix H), and the speed 
of the test tire constitute the output 
data of the test. The duration of the 
measurement interval is 1. 5 seconds im
mediately following the instant wh en the 
test tire's speed exceeds vehicle gr ound 
speed by 3 km / h (2 mph) . The average of 
each 1.S-second signal represents a 
single run. This procedure is repeat ed 
eight times . The corresponding eigh t 
I.S-second signal averages ar e again av 
eraged to form a test data set . 

The t est tires were assigned per
centage ratings consisting of their trac
tion coefficients divided by the average 
control tire coefficient for th e day' s 
test matrix. Such ratings we re generated 
on three separate days to che ck the r e
peatability and the validity of the rat 
ing . The average of the three r at ings 
represents the final tire rating. 

All data were assigned ratings based 
on a P195/75R14 control tire . This tire 
is des c ribed in Appendix I. Four sizes 
of contro l tires were used: P195/75R14, 
P205/75RI5, P215/75R15, P235/75RI 5 . All 
were of similar design. The predominate 
volume of testing was monitored by the 
P195 / 75R14 control tire. Tires moni t ored 
by the other sizes of control tires were 
normalized acco rdingly . 

The variability of traction ratings 
for the same tire was estimated to be 
11 . 4% (of cont rol tire). These variances 
represent measurement errors that a r e
gression equation could not be expected 
to explain. 

TEST SURFACE 

Tests were performed on a surface 
prepared by compacting a natural snow 
base, using a special multi-wheel compac
tor, until this base surface could be 
traveled without leaving a tire tread im
print and with sufficient depth to pre
clude a spinning tire from cutting 
through t o the pavement below. 

In ~ second stage an additional lay
er of snow was added to the base. This 
snow was obtained mainly from a natural 
fall, but on occasion was bladed on from 
piles of natural snow set aside for the 
pur pose. This additional snow was com
pacted uniformly to a consistent depth 
between 40 and 100 mm (2-4 inches), hav
ing a mean CTI Penetrometer reading 4 be
tween 70 and 80 . 

The properties of this test surface 
reflected goals agreed upon by the SAE 
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Snow Traction Task Force . CTL Penetrom
eter readings and SMT trac tion coeffi 
cie nts were measured randomly across the 
prepared test surface, fr om which mean 
values were calculated . In order to as 
sure s urface uniformity, it was requ ired 
that the range of the individu a l Pene
trometer readin gs no t exceed 8 points and 
that the range of the indivldual SMT 
traction coe ffi c ients no t exceed 0 . 05 . 

In the tests run, trouble was en
count e red i n maintaining a mean SMT trac
tion coeff icient above 0 .18. Mean va lues 
of O. IS were at times the best obtain
able. However, the r ange requirement of 
0 . 05 wa s met, indicat ing a unifo rm sur
face . The significance of those low s~rr 

values is not fully under s tood . Never
theless , since rank o rders and meaningful 
significan t diff e rences occurred fo r re
petitive tests, the data are conside red 
t o be valid . 

TIRES AND PARAMEn:RS 

In the previous study2 of snow trac
tion prerl.ictions, tread deslgn properties 
of lateral density, late ral angle, cross 
g roove width, tread depth, sipe density, 
a nd sipe angle were invest i gated. The 
tire variables of size , tread compound , 
construc tion, and sipe width were co n
trolled by using blank radlal tlres of a 
common compound from a single build . The 
tread des i gns were hand-carved, using a 
s ingle sipe width of 1.0 mm . Our s tudy 
was broadened to incorporat e numerous and 
varied samples of size, co nst ruction, 
tread co mpound and sipe width. These 
tires were molded, rather than hand
ca rved. Tire tread width and overall 
diameter were also studied . These terms 
are listed and defined i n Appendix H. 

Shown in Table 5 of Appendix J are 
the tread element features of the 38 
tires . Where several sizes and tire 1.0 . 
numbers are shown adjacent to a single 
illustration, specific tread element di 
mensions and related features will vary 
among the tires listed. The illustration 
simply se rVes as a "guld e" to the des ign 
for that particular "family" of tires . 

To develop the equations predicting 
traction values, it is necessary to dis
tinguish tread "grooves" from tread 
"sipes". In the previous study, this was 
st raightforward, since all "sipes" were 
fixed at 1.0 mm . However, since the 
tires used in this study had tread voids 
with a wide range of widths, such a dif
ferentiation between "grooves" and 
"sipes" was not s traightforward. 
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Table 5 . Wo 1. 5 mm cor relations/ regr~s s ions analysis . 

T Pg p. D D Wg w, , " '" OD g , g 
T 1.000 

Pg 0.816 1.000 

P , - 0.195 -0.433 1.000 
D 0.123 -0.10 5 -0.283 1.000 

to -0.098 -0. 04 1 0. 132 -0.168 1.000 
-0 . 398 -0.466 -0.026 0.346 - 0. 022 1. 000 

w· - 0.172 - 0.245 0.411 -0 . U1 0.655 0.143 1.000 

" - 0.259 -0 . 389 -0.141 0.629 -0.076 0 .944 0.072 1. 000 ,. 
- 0 . 170 -0.137 0.173 -0.019 0.900 0.0 76 0.825 0.049 1.000 re 0.138 - 0.003 -0'. 220 0.466 0.016 -0.001 -0.048 0.161 0 . 098 1.000 

00 0.135 -0 . 039 -0 . 239 -0.538 -0.088 0.006 -0.133 0. 179 0 . 009 0.840 1.000 

TIRE DESIGN EQUATIONS 
im .2 ( X) R SE 

1. T - 96.4 + (1816) Pg 0-:816 66.6 66.6 l7.5 

2 . T - 78 . 0 + (2004) p. +(405) p. 0.835 69.7 68 . 9 17.0 

3. T - -6.8 + (2202) p. +(672) Po >(7 .6)0. 0 .885 78.3 77.1 14.5 

4. T - - 31. 6 + (2211) P
g 

+(698) Pa +(6.2)Og 

___ _ _ __ __ +_(E..E.5120 __ _ __________ _ ___ _ 0.!.82E. __ _ 71·1. __ 17"-4 _ _ _ li.i ____ 

5. T - - 27.4 +(2117) p. +(686)p, +(6 . 5)0. 

+(0.05) 00 -(0 . 5)W • 
Figure 45 shows the distribution of 

th e narrowest tread void for each tire 
amo ng the population of the tires anal
yzed . 

The exis t ence of such a distribution 
can be expected to complicate a ny appli
cation of the r esults of the earli e r 
study . Moreover, s ince many tir e design s 
i nco rpor a t e a di s tribution of many void 
widths in a single tire, further compl i 
ca tions can be expected. Figur e 46 il
lustrates the total distribution of the 

59.2 

1.4 2.6 

0.3 0.8 13 1.8 2 3 2.8 

Tread Vo id Widlh (mm) 

0.890 79.2 76.7 14.6 

widths of all "sipes" and "gr ooves" for 
th e test sampl e . The decision as t o what 
constitutes a "stpe" and wha t constitutes 
a "g ro ove" has bearing on the capabili
ties of the equations to predict traction 
levels . 

REGRESSION ANALYSIS METHODOLOGY 

The r eg ression models were built up 
a single variable (parameter) a t a time . 
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Figure 45. Distribution of smalles t void 
( a ipe) by void width . 

Figur e 46. Distribu t ion of projected l ater
a l lengths by void wid th . 
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Terms were included in t he regression 
equation accor di ng to thei r ability t o 
reduce the amount of unexplained vari
ances. The effectiveness of a variable 
in reducing va ri ance Is meas ur ed by the 
coefficient of determina tion, a2, the ad
justed coefficient of de t e rmina tion S, R2, 
and the s t andard er r o r (SE) of fi t for 
each r egr ession equation. This fo rward 
s tep-wi se fitting procedure requires a 
review of each of thos e three goodness of 
f it estimators at each step. 

The value of R2 varies f r om 0 t o 1.0 
and is equal to the fraction of response 
(snow trac tion) variance explained by th e 
current se t of variables included in the 
fitted equatio n. R2 continues t o in
crease (until it reaches 1.0) as extra 
explanatory variables are added to th e 
equation, r ega r dl ess of the s i gnificance 
of those ext r a explana t ory variables. 
This cont inually inc r easing featu r e of R2 

occur s because degrees of freedom a re 
ignored; hence, ((2, (R 2 adjusted for de
grees of freedom), was chosen fo r this 
study to be a key indica t or of goodness 
of fit . 

SIPE/GROOVE DEFINITION 

The issue of s ipe/g r oove demarcation 
was explored by a sear ch t echnique. A 
decision variable, Wo ' was def ined as the 
width, at and above whi ch a void is clas
sified as a "gr oove" and below whi ch it 
was classified as a "sipe. " Each void 
was either a sipe or g r oove; th e two 
classifications were mutual l y exclus i ve 
and toge ther f o rmed th e complet e se t of 
t read voids. 

Wo was varied in increasing s teps of 
0.25 mm. With the demarcation width, Wo. 
determined, each tire's lateral density 
and sipe density was calculated. This 
produced a complete r eg r ession ana l ys i s 
da ta set for each value of Wo. 

DEVELOPMENT OF PERFORMANCE EQUATIONS 

Table 5 shows corre l at ion coeff i
c ~ent and regression models fo r Wo- 1.5 
mm. The correla tion coefficients s hown 
in this table were used t o develop eq ua
tion I. The larges t coefficient in the 
column under "T" (traction) is late r a l 
density (P g). Fo r equa tion 2, t he cor
relation coefficients (no t shown) re
vealed the next dominant variable t o be 
s ipe dens ity (ps ), These prelimi nary 
regress ion analyses l ed t o the identifi
cation of three dominant variables: lat-

e r al density ( Pg) , sipe density (ps )' 
and groove depth (Dg). Equation 4 shows 
very litt l e imp r ovement ( increase in R2) . 

Linea r regression models of these 
three variables were f itted to each data 
set and the resulting R2 values wer e 
plotted t o find the maximum (bes t fit) 
value. Tables 6 and 7 show t he coef fi
c ient s and models for Wo = 1. 0 mm ( the 
sipe width used im the 1980 study) and 
Wo ... 2 . 0 mm r espec tively . S i mila r exer
cises were performed for each value of 
Wo in steps of 0.25 mm. 

Figure 47 illustrates the results of 
thi s sear ch . A maximum value for 'R? ex
i s t s at the Wo 2 1.5 mm point . This 
va lue therefor e was taken as the opt i ma l 
va lue for Wo ' and is the recommended 
value for the 38 tire population used in 
this study . 

Accordingly, equations I through 5 
a r e the preferred se t of equations . 

Equation 3 seems to be the best 
choi ce as a model for pr edicti ng snow 
traction perfo rmance . Little i s ga ined 
with additional parameters, as shown with 
equations 4 and 5. 

A non-optimal choice of Wo would al
ter the amount of cova r iance in the data 
set (ref . tables 6 and 7) and could even 
alt e r the choice of variables whi ch ent e r 
the fitted model. Hence , if any choice 
of Wo is to be made, it should be the op 
t imal value , obtained by a sea r ch tech
nique simi lar to that used for this 
st udy. 

Mo reover, compar i son of Fi gure 47 
with Figures 45 and 46 reveals simila rit y 
in struc ture. It is felt that perhaps a 
na tural optimum value fo r Wo exists for 
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Figure 47. Adjusted coefficient of deter
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Table 6 . Wo = l. 0 lM1 correlation/ regression analys is . 

T 0, o. 0, D. " A, '. T1l 00 g 

T 1.000 

0- 0 . 731 1. 000 

o· ..<J.192 - 0 .616 1. 000 
OS 0.071 - 0.232 -0 . 0 11 1. 000 , 

-0.186 - 0. 427 0 .5 26 0 . 020 1.000 D. 
Wg -0, 408 -0.604 0 .181 0.475 0. 113 1.000 
W -0.353 - 0 . 581 0.113 ..<J .08O 0.726 0 .150 1. 000 , 

-0.276 - 0 .519 0 .081 0.71 5 0 .054 0 .941 0.045 1.000 A, 
A. -0.418 - 0.60 3 0.663 - 0.085 0. 842 0. 163 0.911 0.059 1.000 

TW 0.138 0 .26' -0.'16 0.316 ..<J .18' -0.159 ..(l.333 0.034 ..<J.295 1.000 

00 0.135 0.321 - 0. 511 0.417 ..<J.302 - 0 .153 -{) .4 11 0.083 -0.413 0 .8'0 1.000 

TIRE DESIGN EgUATIONS 

Lill. 
-2 

R !...ill ...1!L 

6 . T .. 100.7 + (1380)", 0 .731 53.' 53 .' 20.7 

7 . T . 65.7 + (1862 ) 0, + (699) o. 0 .801 6,.2 63 . 2 18 ... 

e. T . -0.3 + ( 2105) OJ +(838) '" +(6 .0) c. 0.863 7' . 5 7'.3 15 .8 

9. T - 49.4 + ( 217') OJ +(708) Po .(7. 7) D. 

________ :. .i0.:.D!)_0.Q. _________________ !!..!71 __ 7~.~ __ 2-'.:.5 __ _ 11·1 _____ 

10. T - 58 .0 + (2119) 0~ +(~79) 0. +(8.1) 0, 

(-0. 10) 00 - (0.9) w. 0.876 76 .7 73 .9 15.6 

Table 7 . Wo 2. 0 mm correlation/ reg ress i on analysi5 . 

T Og o. 0, D. Wg W. A, As TW 00 

T 1.000 

0 , 0.702 1.000 
0, -0. 0 17 ..<J . 262 1.000 

0, 0.242 -0.118 ..<J.296 1 .000 

~, 0.00' - 0.001 ..<J.356 0 .'85 1.000 
-0 .29' -0 .389 ..<J.219 0.371 0.1 34 1.000 

W' 0. 120 ..<J.202 ..<J.22) 0.7" 0.321 0 . 342 1.000 
A' - 0.100 -0.318 -{) .)O7 0.697 0.290 0.9 19 0.569 1.000 
A' 0.101 ..<J.133 ..<J.331 0.767 0. 668 0.292 0.912 0 .534 1.000 , 
TW 0.138 -0 .130 ..<J.llZ 0.52 9 0 .394 0. 159 0 .511 0 .337 0 .545 1.000 
00 0.1 35 -0.186 -0.139 0.625 0.'91 0.183 0.660 0.395 0.697 0.8'0 1.000 

TIRE DESIGN EQUATIONS 
....!. ~ .2 (%) ~ 

11. T -103.6 + (1757)P, 0.702 '9.3 '9.2 21.6 

12. T - 85 . 5 + ( 1875 )P g +('29)0, 0 . 723 52.3 50.9 21. 3 

13 . T --20.8 + (210 7)0 1 +(800) 0' +(9.1)D 0 . 831 69.1 67.3 17 .4 
I 

1' . T - -42 .2 + (2136)0, +(796) p. +(7 .8)D , 
+ (0. 051 00 0.835 69 . 7 67 . 1 17.' ------------ ---------------------------------------

15. T - -32 . 9 + (2057)0. +(752)0. +(8.2 ) D, 

+(0.04) aD - (1 .2 ) W, 0. 837 70. 1 66.' 17.6 
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when applying the NB equations to data 
sets external to the "designed experi 
ment" which produced them. The sipe/ 
groove geometric parameters must be opti
mized prior to use in a NB equation. The 
goodness of fit and reliability of pre
dictions are sensitive to the distribu
tion of sipe widths, which has bearing on 
the optimal sipe/groove demarcation. 

However, once sufficient care is 
taken to properly match data set with 
fitted model, it appears that the NB 
technique of using tread measurements to 
predict snow traction performance 1s a 
sound, pre-test, tire design tool. 

It Is recommended that further in
dependent snow traction data sets be 
evaluated using this technique to confirm 
these promising conclusions. Moreover, 
further study should be expanded to in
clude other parameters such as tread com
pounds and tread contact pressure distri
bution. 
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APPENDIX H: DEFINITION OF TERMS 

Symbol 

T 

Pg 

Ps 

Dg 

Wg 

Ws 

Ag 

As 

Tw 

OD 

Tc 

Term 

Traction Rating 

Lateral Density 

Sipe Density 

Groove/Sipe 

Average Groove 
Depth 

Average Groove 
Width 

Average Sipe Width 

Average Groove Void 
Cross-Sectional Area 

Average Sipe Void 
Cross-Sectional Area 

Tread Width 

Ou tside Diameter 

Traction Coefficient 

Units 

% 

mm 

mm 

mm 

rom 

mm 

mm 

N/N 
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Description 

Traction as % of P195/75R14 control tire. 

Sum of projected lateral groove 
l engths in a tire divided by total 
surface area of the tread. 

Sum of projected lateral sipe 
lengths in a tire divided by tot a l 
surface area of the tread. 

The minimum width, at and above 
which an incision into the tread 
surface is classified as a groove 
and be low which the incision is 
termed a sipe. 

Average depth of a "groove" classi 
fied tread voids. 

Average width, perpendicular to sides 
of voids which are classified as 
grooves. 

Average width, perpendicular to sides 
of voids which are class ified as 
s ipes. 

Wg 'Dg 

WS'Ds 

Tire Tread Width (Mold) 

Tire Outside Diameter (Mold) 

Average Coefficient of Friction 
(drive force divided by vertical 
load) 

• 



APPENDIX I: SNOW MONITORING TIRE 

Tes t course surface quantification 
can be obtained by using an industry des
ignated Snow Monito ring Tire or SMT. The 
current* indus t ry SlIT is the Uniroyal 
"Steeler" steel belted radial P195/75Rl4, 
TPC spec numbe r 1024 (Uniroyal develop
ment reference number 32164-H). This 

* If the tread design, tire construction, 
.)[ rubbe r compounds 1n this SMT tire are 
changed, Uniroyal will notify the SAE 
Test Committee, who will review the 
changes and make re commendations if a new 
SMT tire should be considered . 
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tire mu s t not be subjected to uniformity 
or other g rinding procedures and should 
be obtained from the Manager of Indus try 
Standards, Uniroyal Tire Technical Cen
ter, P. O. Box 3940, Troy, Michigan 48084 . 

On an appropriately prepared surface 
(medium packed snow) the average friction 
coefficient of this tire is 0 .18 to 0 . 26. 
This performance represents a range in 
which good discrimination among tire 
types can be obtained. The range ob
tained when measuring different locations 
on a test course should not exceed 0.05 
to ensure course consistency . 

Use of the SMT concep t allows for 
direct surface measurement comparisons of 
all test agencies' test sites. 



SESSION ill: TIRE SELECTION 

The intent of this session was to discuss the user methodology, 
rationale and criteria for tire selection for specific applications. The 
methods used for specification are, obviously, tailored to ensure that 
the users' needs are met. Thus, the systems used to select a tire 
vary with the nature of the customer and the value and importance 
of the mission. 

The differences between selection considerations for military 
and public tires became immediately apparent during this session. 
For instance, the military's primary concern is with off-road operation 
while commercial manufacturers are principally interested in on-road 
driving. This leads to widely different speed, hazard, obstacle and 
surface material considerations. The methodology (and some of the 
categories) for tire specification, however, can be similar in philosophy. 

It was also apparent from this session that the military has 
just realized the need to be more critical of its tire selection and 
has begun to develop a system for ensuring user satisfaction. The 
commercial tire market, on the other hand, has available a system 
whiCh, for on-road passenger car/ light truck application, has proven 
to be valuable. 
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ABSTRACT 

OVer the yea rs, General Motors ha s 
expended considerable effort in the se
lection of tires for use on its vehi
c les. In th e early days, tires we r e 
eva lua t ed within GM by vehicle develop
ment engineers and selected primarily on 
s ub jective ride -and hand lingevalua
tions. The tire manufacturer was r e 
s ponsible fo r ce rtifying hi s tire's per
f o rmance in the othe r areas, such as 
traction and durabi lity . With this type 
of tire pr ocurement system, each manu
facturer's tire was a design created on 
c riteria judged ~ that manufacturer t o 
be satisfactory . As Gene r al Motors tire 
testing t echnol ogy incr eased , the objec
tive evaluation of our supplie r's pro
ducts indica t ed variations in othe r areas 
of perfo rmance among our s uppli e r s. 

Variat:f.on in tire performance from 
different sources supplying the same size 
original equipmen t tire for a specif i c 
usage was only one of seve r al reasons why 
General Motors Management initia t ed a eM 
Tire System Improvement Program. Field 
surveys were conduc ted whi ch indicated 
that customers de s ired improved original 
equipment tires 1n areas of performance, 
warranty, and servi ce . Further, a nalyses 
of aftermarket tire performance charac
teristics indicated that i f r eplacement 
tires fr om vari ous sources, while nomi
nally of the same size and type , were in
termixed on a vehicle, there could be a 
resulting change in the ve hi cle's han
dling qualitie s . For Qt: owners who 

• Reprinted wi th permission. c 1974 So
ciety of Automotive Engineers, Inc. 
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choose traction and durabil ity . With 
thi s type of tir e procurement system, 
each manufactu r er ' s tire was a design 
c r eated on c ri te r ia judged by tha t manu
facturer to be satisfac t ory . As General 
Motors tire t esting t echnol ogy in
creased , the objective evaluation of our 
supplier's pr oducts indicated va r iations 
i n other a r eas of pe r formance among our 
s upplie r s . 

Variation in tire performance from 
different sources s upplying th e same size 
original eq uipmen t tire for a specific 
usage was only one of several r easons wh y 
General Mo t or s Management ini tiated a GM 
Tire System Improvement Program. Field 
surveys were conducted which indicated 
that cus t ome r s desired improved original 
equipment tires in areas of performance, 
warran t y, and service. Further, analyses 
of afte rmarket tire performance charac
teristics indi ca t ed that if r epl acement 
ti r es f r om va rious sources, while nomi 
nally of the same size and t ype , were in
termixed on a vehicle, there could be a 
r esult ing change in the vehi cle's handl 
ing qualities. Fo r GM owners who choose 
t o purchase "TPC" specifi ca tion tires, 
the "TPC" system enables them t o avoid 
varia tions in their vehicle handling due 
t o tires . 

In 1971, a Central Ti re Group was 
established to direct the GM Tire System 
Improvemen t Program with headquarters lo
cated at Gene ral Motors Proving Gr ound. 
This group was assigned the tire respon
sibili ties t o provide: future planning; 
liaison with tire companies, GM divi
sions, and the government; evaluation and 
development of tires; tire specifica
tions; tire qualit y aSBurance--servi ce 
and tire warran t y program coordination. 



Each of these activities then formulated 
plans to resolve the particular problems 
related t o their areas of concern. 

INTRODUCTION 

The part of the GM Tire Program t o 
be outlined in this paper describes the 
reasoning behind the establishment of the 
Gener al Motors Tire Performance Criteria 
(TPC) Specification System and the system 
itself. (All TPC specifications are in
cluded in Appendix K.) The specific ob
jectives of this system were to provide 
the General Motors Corporation with im
proved specifications for original equip
ment tires to assure tha t all the suppli 
ers' tires are equal to or above the 
specified minimum performance levels, and 
to provide the customer with a system by 
which he could obtain replacement tires 
designed to provide the same performance 
characteristi cs as the OE tires original
ly installed on his vehicle. 

Until the development of the Tire 
Performance Criteria (TPC) specification 
system there was no method of providing a 
customer with information that a particu
lar tire possessed certain performance 
characteristics . Therefore, this "TPC" 
specification number, when used for field 
application, is beneficial to the custom
er as it will identify th e tire as one 
that meets a set of engineering require
ments in the areas of handling, endur
ance, uniformity, noise, dimensions, and 
traction performance for hi s vehicle. 

Car owners replacing their tires 
with tires having the same "TPC" specifi
ca tion number as those provided original
ly with the vehicle will be assured that 
the tires have equivalent dimensions and 
performance characteristics. This is im
portant as it offers the cus t omer a n op
portunity to more nearly maintain the de
sign characteristics of his vehicle and 
should eliminate much of the confusion 
that occurs during purchase of replace
ment tires. A special tire Owner's Guide 
supplied with GM cars equipped with these 
tires will acquaint our customers with 
the value of the "TPC" specification num
ber. 

GM also furnishes "TPC" specifica
tions to all replacement tire manufactur
ers whi ch describe the tire charact eris
tics which best meet the needs of GM ve
hicles. In addition, a service has also 
been established t o make available to re
placement tire manufacturers information 
which will enable them to provide equiva
lent replacement tires for General Motors 
vehicles. 
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Any manufacturer is welcome and en
couraged to produce a tire to meet the 
"TPC" requirements. Each tire manufac
turer is responsible for evaluating its 
tire to these "TPC" requirements and 
judging if the design complies with the 
"TPC" spec number for that size. 

Although the original equipment 
"TPC" tires supplied to General H.otors 
have one common tread design irrespective 
of supplier, this is not a requirement of 
the "TPC" system. The "TPC" system is 
ti re performance oriented and not design 
restrictive. Tires bearing different de
sign characteristics (tread configura
tions, belt and carcass materials, e tc.) 
may meet the performance requirements of 
the "TPC" system. 

The "TPC" system includes a much 
larger number of tire performance cate
gories than the current NHTSA uniform 
tire quality grading proposal and we do 
not feel the eventual adoption of a qual
ity grading system will reduce the use
fulness of the "TPC" system. 

The tire performance characte ristics 
finally specified i n the General Motors 
"TPC " specification system evolved from 
many years of tire performance evalua
tion. The evaluations in turn led to 
sets of tire performance guidelines. 
From these guidelines, specific perform
ance categories were chosen for further 
development into "TPC" specifications . 
The final "TPC" categories were selected 
based on the importance of their rela
tionship to the tire/vehicle, the exist
ence of a test procedure, a significant 
data base having reasonable test repeat
abil ity and sufficient meaning relative 
to actual tire performance. The "TPC" 
specification tests were designed such 
that they could be conduc ted by individ
ual tire companies or by other groups 
outside of General Motors. 

GENERAL MOTORS TPC 
SPECIFICATION SYSTEM 

The "TPC", or Tire Performance Cri
teria, specification sys tem covers the 
f ollowing dimensional and peformance 
a reas: 

Tire Performance Criteria (TPC) 
Specif ica tions 

Dimensions 
Maximum size 
Static loaded radius 
Revolutions per mile 

Endurance 
High Speed 



Tract lon 
Wet 
Dry 
Snow 

Pas sby Noise 
Force & Moment Chara cteristics 

Cornering coeff l cient 
Aligning torque coefficient 
Load sensitivity 
Load transfer sensitivity 

Uniformi ty 
Radial force variation 
Lateral fo r ce Variation 
Conicity 
P lystee r 

Balance 

Taking each of these performance categor
ies in the order listed , we wi l l now de
scribe the basic perfo rmance requir ement 
and the r eason behind its inc lusion in 
the "TPC" spec if ications. 

DIMENS IONS 

The tire maximum cross section di
mensional requirements are given in Table 
K- 2 (all tables are In Appendix K) which 
shows the maximum profile box in which 
the tires must fit. As shown in the 
table, a unique "TPC" number is assigned 
to each tire size . The dimensional en
velope indicated is smalle r than the 
rather broad envelope allowed by T&RA fo r 
each given tire size. It r eflects the 
enve l ope in which eM specifies its tires 
in order that tire-to-vehicle clearances 
are adequate on the GM vehicles on which 
the tires a r e installed. Consequently, 
this tire specification includes consid 
eration of th e specific vehicles that 
will us e each tire size (Fig . 50). 

In addition t o meeting the above 
clearance profile, "TPC" tires meet addi
tional dimensional requir ements (Table 
K-l). These include speciftcattons on 
maximum diameter and tire revolutions per 
mile which allow more accu rat e speedom
eter/odometer control and specifications 
on static l oaded radius t o allow more 
precise control over vehicle bumper 
heigh .t, etc. (Fig . 5 1). 

Tires purchased by GM for DE instal
lation have a further requirement in that 
they must conform to a tire drawing which 
specifies a unique tread design and side
wall treatment. As stated earlier, af 
termarket or replacement tires would not 
necessarily have to conform t o this tread 
design drawing to meet the "TPC" specifi
cation requirements, as long as they were 
equivalent to the "TPC" tires in dimen-
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rigure 50 . Laboratory tire profiler . 

Figure 51. Facility for measuring static 
vertical spring rate and s t atic loaded 
radius. 

Figure 52. GM-2B tread pattern. 

sional and performance specifications 
(Fig . 52) . 

ENDURANCE 

Genera l Motors developed the per
formance specification of the "TPC" tires 
in the area of structural integrity when 
iriven a t speeds up t o the legal maximum 
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Figure 53 . Accelerated tire endurance 
test route. 

near Phoenix, Arizona, and on specific 
~ubli c highways in that area. Higher 
speed performance was tested on the high 
speed test track at the General Motors 
Desert Proving Ground and is discussed in 
the following section (Fig. 53). 

It would certainly be desirable 
(from an economic and time viewpoint) to 
evaluate long term tire structural in
tegrity using an accelerated laboratory 
test procedure . However, GM has not yet 
been able to accurately evaluate, in th e 
laboratory, the tire endurance perform
ance obtained under real world operating 
conditions involving all the various 
speeds, road surfaces, road hazard expos
ure, lateral acceleration conditions, 
suspension dynamic loadings, etc., that 
the tire can be expected to see in ser
vice. Consequently, we are using a pub
lic highway test procedure, but have ac
ce lerated the test duration by running 
the tires continuously at 100% of their 
maximum rated loads--24 psi load and 
pressure front and 32 psi load and pres 
sure rear. This test loading tends to 
expose any areas of potential structural 
weakness and also serves to accelerate 
the test time. 

A tire's performance on this test is 
determined by its mileage until removal. 
The test is run until the tire must be 
remOved for wear, road hazard, or l ack of 
structural integrity. The primary pur
pose of the test is to determine the 
structural integrity of each tire con
struction, so the distribution of struc
tural removal mileages for a sample of 
eight tires of a given construction is 
determined. The usual statistical analy
sis technique used involves fitting a 
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Figure 54. Typical A.T.E . da ta 
analysis . 

Wei bul l distribution curve t o the st ruc
tural removal mileages . Wearout and road 
hazard remova ls are considered as sus
pended items rather than removals in this 
analysiS (Fig . 54). Such analysis tech
niques are described in references 1, 2, 
and 3. If there is no t a sufficient num
ber of structural removals to define a 
structural removal distribut io n, a Wei
bull distribution is fitted t o all the 
pertinent removal mileages. In this 
case , the mileage values of an actual 
s truc tural removal Weibull dis tribution 
are assumed t o be at least as great as 
the values determined by the remova l dis
tribution. 

The OE tire suppliers t o GM have 
test procedures that inco rporat e th e same 
tire l oading , speed content, etc., as the 
GM Accelerated Tire Endurance (ATE) pro
cedure. Each of the suppliers evaluates 
their GM Specification Number tires on 
their own schedule simultaneously with 
our own evaluation. 

Based on an evaluation of the per
formance of bias belted and radial tires, 
and a desired improvement in structural 
endurance mileage of radial tires over 
bias belted tires to accommodate their 
increased tread wear life, the "TPC" 
structural endurance specification based 
on the above test procedure is: 
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B10 Mileage ~ 15,000 miles (i.e. , at 
least 90% of the tires should exceed 
15,000 miles on this accelerated 
test). 

BS O Mileage ~ 25,000 miles (i.e. at 
least 50% of the tire should exceed 
25,000 miles on this accelerated 
tes t). 



HIGH SPEED 

The test procedure GM used for the 
"TPC" high speed performance spec ifica 
tion is conducted on a vehicle on the 
high speed track at the General Motors 
Desert Proving Ground. The development 
of a laboratory high speed test that can 
simulate results obtained on the high 
speed track has been undertaken. A lab 
oratory test procedure involving a speci
fic set o f test conditions has been de
veloped that co rre lates well with road 
tests for bias belted tires. However, 
the same set of lab conditions, when used 
for radial tires, does not produce corre
lation with a road test. Different radi
al tire constructions appear to require 
different lab test conditions in order to 
produce reasonable correlation with road 
test results. 

The road test procedure is carried 
out using specifically prepared, high
speed test vehicles run in a neutral lat
e ral acceleration lane on the General 
Motors Desert Proving Ground high speed 
track. Tire test conditions are 100% of 
the 24 psi T&RA load and 28 pst cold in
flation pressure t o accommodate the 4 psi 
pressure increas e recommended for high 
speed driving . The tes t is conducted on 
an eight tire sample run at a temperature 
corrected speed of 100 mph for 125 miles, 
or until structural degradation is de
tected. Previous high speed tire testinf 
to determine the effect of ambient tem
perature on high speed performance con
ducted at the General Motors Desert Provo 
ing Ground has indicated that equiva lent 
high speed performance can be obtained at 
different ambient temperatures by runnin~ 

at test speeds that are adjusted accord
ing to a relationship of approximately a 
1 mph inc rease in test speed per 10°F de
crease in ambient temperature. Conse
quently, high speed test mileage results 
obtained at different ambient tempera
tures can be compared on an eq uivalent 
basis by using the actual test speed that 
corresponds to 100 mph at 75°F. 

The test results f o r a sample of 
eight tires run according to the above 
test procedure are analyzed using Wei bull 
techniques. The performance specifica
tion is that the sample B20 life must be 
at least 100 miles at 100 mph. If there 
are any st ructural removals, the mileage 
distribution and its B20 life is deter
mined, 1. e . the mileage that at least 80% 
of the tires should go under these test 
conditions. If no structural removals 
occur in the sample by 125 miles, Weibull 
statistical analysis based on past high 

speed testing indicates we can have very 
high statistical confidence that the sam
ple B20 i s at least 100 miles. 

TRACTION 

Wet traction 

Development of improved wet traction 
was one of the major goals of the GM ttre 
improvement program. The performance of 
the General Motors tread design was us ed 
as a basis for establishing the wet trac
tion specifica tion. 

The specification is written as a 
pe r centage of performance of a control 
tire, in thi s case the ASTM E501-73 tire. 
Majo r wet traction improvements are spec
ified a t higher speeds with a requirement 
of 20% impr ovement over the control tire 
at 60 mph. 

This comparison is to be performed 
on a trailer test simi l ar to SAE J345A. 
And, it is felt that a minimum perform
ance difference can be effectively sub
stantiated in sound stat i s tical terms 
(Fig. 55) . 

Figure 55 . GMPG Model II friction test 
vehicle . 

Dry traction 

A similar traction test which evalu
ates performance rela tive t o the same 
control tire is used t o s ubstantiate dry 
traction performance. Th e purpose was to 
maintain dry traction near cu rrent levels 
of perfo rmance. 

Snow traction 

The current interim speCification 
for snow traction requires that a vehicle 

83 



equipped with candidate tires have a 
locked whee l stop ping dis t ance fr om 20 
q>h on sof t packed sn ow equa 1 to tha t of 
a vehicle equipped with "TPC" qualified 
tires of corresponding size produced by 
one of General Moto r s original equ ipment 
supplie rs. This specIfication will be 
revised as soon as baseline data is es
t a blished using the ASTI1 E50 1- 73 as a 
cont r ol tir e . 

PASS BY NOIS E 

Ther e i s increasing concer n ove r en 
vi r onmen t a l noise. Wh ile passenge r ca r 
tire noise is not a majo r con t ributor to 
ove r a ll envi r onmen t al noise, i t i s the 
major source of au t omobile noise a t 
s peeds above 50 mph. In t e rms of envi
r onmental nOis e, the "TPC" r equ i remen t 
1imi ts the passby noise l eve 1 t o tha t of 
the t yp i cal s traigh t ribbed highway tire 
(Fi g. 56) . 

Figure 56 . Passby noise test . 

By mee ting thi s goa l, customer in
t erio r noise complaints du e to tires can 
be virtually e limina ted . Subject t ve in
te ri or noise evaluations conducted by 
acous t ics e ngineers are a l so conducted on 
the "TPC" tires purchased by GM fo r OE 
installation. 

FORCE AND MOMENT PROPERTIES 

Tires gene rate the fo r ces a t the ve 
hicl e/road interface that playa major 
role in establishing the vehicle's direc
tional cont r o l charac t e ristics. The 
fo rces and moments specified in t he "TPC" 
s pecifications are intrinsi c prope rt ies 
of the tire itself . GM measured them on 
a laboratory test machine designed and 
built by General 110tors ' . Thi s link belt 
tire test machine allows th e tire-
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Fi gure 57. Tir e fo r ce a nd moment 
test fix t ur e . 

generated forces and moments t o be mea
s ur ed while it is ope r ated a t preset slip 
and incli nation (camber) angles (Fig . 
57) . The vertical l oad on th e tir e i s 
slowl y increased f r om 0 t o 1. 6 times the 
T&RA l oad fo r the tire to pr o vid e a full 
r ange of ge ne r a t ed forces at any des ired 
combinations of slip and inclination 
a ng l e . A weighing system i s incorpo r a ted 
in the machine whi ch measur es the three 
f orces and three momen t s gene rat ed by t he 
tire. These fo r ces and moments a r e de 
picted in Figure 58 . Th e con tinuous ana
l og fo r ce measur ements a r e digitized , 
pr ocessed, and plotted using a digita l 
computer system. While all six forces 
and moments in fluence vehi c l e behavior 
t he most impo r tan t ( r elative to vehic l~ 
directional control) are lateral fo r ce 
a nd aligning t o rque. Figure 59 shows 
carpet plots of l a t eral fo r ce and align 
ing torque as f unc t l ons of load and slip 
angle, as gene r a t ed by a typi cal fo r ce 
a nd moment measur eme nt t es t. 

The perfo rmance parameters, which 
are the basis of the fo r ce and momen t 
specification , are co rne ring coeff i c i ent, 
aligning t orque coe fficient, l oad sensi
t ivi t y (h) , and load transfer sensi ti vit y 
(g) . The tire's cornering coeff i cie nt is 
defined as t he la t eral force produced at 
one-degree slip ang le and 100% of the 24 
psi rated load, divided by the rat ed load 
(Fig. 60) . This tire parameter is prob
a bly th e most in f luential tire parameter 
affecting the linear directional contro l 
perfo rmance of th e tir e/vehicl e system . 
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Figure 62. Load sensitivity. 

Similarly, the aligning torque coef
ficient is defined as the a l igning torque 
pr oduced at one-degree slip and 100% of 
the 24 psi rated load, divided by the 
rated load (Fig . 6 1). The amount of 
aligning torque generat ed by the tire, in 
conjunction with the desired amount of 
vehicl e fron t suspension aligning torque 
compliance designed into the vehicle by 
the chassis designer, significan t ly in
f luences the vehicle directional control 
behavior. In addition, the aligning 
torque generated 1s very important 1n de
t ermini ng the force feedback through the 
steering wheel to the driver during any 
vehicle maneuveri ng. 

The load sensitivity (or h function) 
is basically a measur e of how much the 
tire is able to increase the lateral 
force produced a t one-degree s l ip 8S the 
load is increased. It is evaluated be
tween 0 .8 and 1. 0 times th e rated load 
(Fig. 62). This parameter is important 
as it helps to define how consis t en t ly a 
vehicle 's directional control properties 
can be maintained fo r various static 
loading condit i ons. This is mos t impo r
tant in vehicles which can be expected to 
operat e under va rious l oading conditions. 

The load transfer sensi tivity (or g 
function) is basically a measure of how 
much t ot al lateral for ce is lost by a 
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pair of tires when one is reduced in load 
by a certain amount from a base load 
value and the other is increased in load 
by that same amount . This situation 1s 
representative of a pair of front or rear 
wheels on a vehicle operating at a high 
lateral acceleration, with the resultant 
lateral load transfer. 

Since the tire behaves non-linearly 
with load 1n this range, the sum of the 
lateral force produced by the loaded and 
unloaded tire is less than the total lat
eral force that would be produced by two 
tires both operating at the average load
ing condition and the same slip angle. 
This function is correspondingly evaluat
ed at four degrees slip angle and between 
0 . 4 and 1.6 times the tire rated load 
(Fig . 63). The parameter is important 
since it allows the vehicle designed 
flexibility in tailoring the higher lat 
eral acceleration behavior of a vehicle. 
For example, it allows him to set the 
front and rear vehicle roll stiffnesses 
to produce a desired front-to-rear roll 
rate distribution. Too llklch tire load 
transfer sensitivity, however, would sig
nificantly limit the maximum lateral ac
celeration capability of the vehicle. A 
more complete description of these tire 
force and moment parameters and their ap 
plication is found in references 5 and 6 . 

The specified values for these pa
r ame t ers are given in Table K- 3. Note 
that there are different values specified 
fo r different tire sizes (and their cor
responding different "TPC" specification 
numbers). In the development of these 
speCifications the handling performance 
of the overall tire/vehic l e system was 
evaluated for each tir e size applica
tion. Those vehicles on which a certain 
size tire was to be installed did not 
necessarily require the same set of tire 
parame t ers as vehicles on which another 
size t ire was to be installed . Conse-
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quently. the desired tire/vehicle handl 
ing performance was obtained over the 
range of different sizes of GM vehicles 
by specifying tire force and moment pa
rameters consistent with the needs of the 
various vehicles. 

The direc tional control properties 
of the various vehicle/tire combinations 
involved were investigated using the 
analys is techniques described in refer
ence (7) . By analyzing various tire/ ve
hicle combinations in this manner, ranges 
of tire performance parameters were de
veloped for each size tire that would 
produce the desired system handling per
formance characteristics. The principle 
reason for the width of th e ranges of the 
specif ication parameters that were final
ly specified is to assure that an inter
mix of any of the tire brands meeting the 
specification range in a given size would 
still produce reasonable handling per
formance . A full set of four tires at 
one end of the specification range would 
also provide reasonable performance, as 
would another set of four tires at the 
other end of the range . Consequently, a 
customer purchasing replacement tires 
which are known to meet the specification 
can be confident that those tires will 
provide reasonable handling characteris
tics in his car. 

Two of the vehicle directional con
trol response parameters considered when 
evaluating the effect of di ff erent tires 
on a vehicle are vehicle lateral acceler 
at l on gain (By/6sw ) and lateral accelera
tion response time (1a)' Lateral ac
celeration gain is a steady state param
eter and is defined as the rat e of change 
of steady state lateral acceleration with 
steering wheel angle, expressed as G's 
per 100 degrees of steering wheel angle . 
Lateral acceleration response time is a 
transient response parameter and is de
fined as the time in seconds required for 
the lateral acceleration to initially 
reach 90% of its steady stat e value, with 
the steer ing input being a step or rapid 
ramp i nput . A tabulation of these re
sponse parameters generated for a typical 
intermediate size vehicle at full rated 
load using tires at both extremes of the 
cornering coefficient specification range 
and with a representative aligning torque 
coefficient is shown on the next pa~e . 

These values indicate tha t configurations 
A, Band C provide somewhat similar re
sponse characteristics, and intermix sit 
uation 0 provides somewhat different, bu t 
still acceptable performance. However, 
if the tires used to generate these four 
possible intermix combinations were such 



Configuration 

A Four tires near 
high end of spec 

B Four tires near 
low end of spec 

C Front near low 
end of spec, 
rear near high 
end of spec 

D Front near high 
end of spec , 
rear near low 
end of spec 

Ta y 

Sec 

0 .44 

0 . 49 

0 .42 

0 .53 

ay/osw 
G 's/100 
Degrees) 

0.77 

0.74 

0.67 

0.87 

that they represented a larger spread in 
cornering coefficients than that allowed 
by the specification range, i.e . one set 
of tires with cornering coefficients 
above the specif ication range and anothe r 
with coefficients below the range, the 
resulting performance could be marginal . 
This would be most likely to occur for 
intermix configuration o. 

UNIFORMITY AND BALANCE 

The "TPC" specification system is 
based primarily on ~asurable performance 
which must be incorporated into the over
all basic destgn of a tire. The excep
tion to this is the uniformity and bal
ance requirement s which must be measured 
on every tire produced to substantiate 
conforma nce. 

Tire uniformity is a measurement of 
forces produced by a r ol ling tire wh ich 
cause various forms of vehicle vibra
tions. The tire non-uniformities which 
create these forces are caused by inac
curacies in the build process . The simp
lest of these to visualize is radial run
out which creates a once per revolution 
disturbance similar to tire imbalance . 
This is referred to as first harmonic 
radial force variation. The others of 
concern are t otal radial force variation, 
which is a measure of all harmonics of 
radial force and which can cause higher 
order Vibrations, first harmoni c lateral 
force variation which is a radial tire 
phenomena that causes a low speed first 
harmonic lateral vehicle mode known as 
"waddle;" and conicity, which is a later
al force offset that can cause vehicle 
lead and steering wheel pull similar to 
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certain improper wheel alignment condi 
tions, road crown Si tuations, or steering 
gear asymmetries . 

Setting the specification for each 
of these areas is a very difficult task 
in that the values se lected must produce 
reasonably vibration- free cars, but s till 
be within the manufacturing capability of 
the tire companies. The process used to 
develop a specification was to first 
analyze vehicle sensitivi ties by making 
subjective evaluations of vibration per
formance with known levels of ttre non
uniformities. This is complicated by the 
fact tha t there a re four wheels on a ca r 
and simple summation of forces does not 
necessarily apply. 

Having determined vehicle sensitivi
ties, we used sta tistical techniques to 
predict the levels of performance that 
would be achieved for a car population 
but curtailed at various speciflcation 
limits. It was the n a matter of whether 
a high percentage of satisfactory vehi
cles can be achieved at a specification 
level that produces a reasonable tire 
company yie ld. In the case of the "TPC" 
specification as s hown in Table K-4 we 
feel we have achieved a reasonable level . 

Tire balance is a slightly different 
proposition in that a large amount of im
balance may indicate a tire has a major 
flaw which could be detrimental to tire 
performance . The values selected for the 
"TPC" Spec are those bel"" which there is 
any signif icant probability of faults in 
the tire. In the case of General Motors, 
original equipment suppliers correct bal
ance to lower levels to be compatible 
with vehicle assembly plant balance 
eq uipmen t. 

SUMMARY 

In summary, the actual tire specifi
cations covered 1n the GM "TPC" specifi
ca tions are solely the product of General 
Motors engineering personnel, but are 
based on the analysis of test data from 
both General Motors and our suppliers. 

This then describes how and why the 
specifications were developed. These 
specifications are available for use by 
any manufacturer on any tire configura
tion whi ch can meet the specified per
formance levels. 
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APPENDIX: GM TIRE PERFORMANCE CRITERIA 
SPECIFICATION 

General 

These specifications cover "new" TPC 
passenger tires intended for use on pas
senger cars and light trucks manufactured 

' by General Motors . They outline, 1n 
terfl'6 of laboratory and simulated service 
test results, what performance value s are 
required t o qualify a tire under this 
specif icat ton . 

Physical and performance characteristics 

Tires to meet these specifications 
shall be designed to conform to the pro
perties outlined in "General Information" 
Section as determined by the test methods 
indicated. A tire whose design has been 
demonstrated t o conform with thes e speci
fications may bear the appropriate TPC 
Spec. No. 
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5 . Nordeen, D.L . (1967) Analysis of Tire 
Lateral Forces and Interpretation of Ex
perimental Tire Data. SAE 670173 , Janu
a ry. 

6 . No rdeen, D.L . (1968) Application of 
Tire Characterizing Functions to Tire De
velopment . SAE Preprint 680409 , May. 

7. Leffert, Riede, Rasmussen (1974) . 
Understanding Tire Intermix Through the 
Compliance Concept . 

Tests 

Tests referenced under "General In
formation" are ou tlined in the appendix 
of these specifications . 

Markings 

All tires will be marked as speci 
f i ed below: 

Tire Size DesisnAtion TPC S2ec No . 

BR78- 13 Load RaIlie- B 1008 
BR78-13 Load Range C 1014 
FR78- 14 Load Range B 1004 
FR78-IS Load Range B 1010 
GR78- IS Load Range B 1003 
GR70-IS Load Range B 1007 
HR78-IS Load Range B 2001 
HR70-IS Load Range B 10 II 
JR78-IS Load Range B 1002 
LR78-IS Load Range B 1005 
LR78- IS Load Range C 1006 
LR78-15 Load Range 0 1009 
NR78-IS Load Range 0 1012 



Physical and performance 
characteristics 

Dimensional requirements 

Accelerated tire endurance 

High speed 

Traction 
Wet 

Dry 

5 """ 

Force & moment 

Noise - passby 

Uniformity & balance 

Requirements 

See Tables K-1 and K-2 

The sample 8S 0 life shall exceed 25, 000 
miles and the sample 8 10 life shall ex
ceed 15,000 miles. 

When run at a temperature-corrected speed 
of 100 mph, the sample 82 0life shall ex
ceed 100 mile s. 

The average of peak and sliding wet brak
ing traction coefficients shall be at least 
the following percentages of the control 
tire. 

100% at 20 mph 
120% at 60 ~h 

The average of 40-mph peak and s lid-
ing dry braking traction coefficients 
shall not be less than 95% of the control 
tire performance. 
Interim specification. tn soft pack 
snow at 20°F or warmer, the 20 ~h 
locked wheel stop?ing distance of a 
vehicle equipped with four test tires 
shall be no greater than the stopping 
distance of that car when equipped with 
four TPC approved tires from one of Gen
eral Motors' suppliers (Fires tone ~ General, 
Goodrich, Goodyear or Uniroyal) . 

See Table K-3 

The average levels measured from a 
four tire care set shall not exceed 
those of the control tires by more 
than 4DbA at SO ~h. 

See Table K-4 

Table K-l . New Tire Dimensional Specifica tions 

T1'C 
Suuested Maximum Slatic l.oIIded Radius @24 psi Inflation 

RCYOluatiolU 
Spec. Section o-all Ptr wa. 0. ... 
No. TirtSit.e Width' Diameler 70\\ URA Load low. URA Load (@OS mph) Rim Width 

1008 (BR78-IJ/B) · 1.20 23.99 10.94 ± .20 10.61.t .20 878< 7 4.SO 
1014 (BR78·1 ) /e) 7.20 23 .99 10.94:!: .20 10.61 t .20 878 :t7 4.50 
1004 (FR78-14/ B) 8.24 26.35 11.98:t .20 11.6O:t. .20 797 t 7 5.50 
1010 (FR78-llIB) 8.0S 26.99 12.34:t .20 11.97 :t. .20 7791:7 5.50 
100) (GR78-1 SIB) 8.56 27.58 12.6Oi .20 12.19t .20 763 t 7 6.00 
1007 (GR7()'lS/ B) 9.08 27.58 12.6O:!: .20 12.19 !, .20 763 t 7 6.00 

1001 (HR78. 1 SIB) 8.87 2S.23 12.86:!: .20 12 .42 i .20 7441: 7 6.00 
1011 (HR7()'IS/ B) 9.66 28.23 12.S6:!: .20 12.42 i .20 744:t 7 6.S0 
1002 (JR78-1 SIB) 9.24 28.59 13.01 .t .20 12. 55 .± .20 734 1: 7 6.50 
100S (LR78·1 SIB) 9.45 29.15 13.23 :!: .20 12.76± .10 719:t. 7 6.S0 
1006 (LR78-1 SICI 9.45 29.) 5 13.23:!: .20 12.761 .20 719 ! 7 6.50 
1009 (LR78- 1 SID) 9.45 29.1 5 13.23!: .20 12.76± .20 719! 7 6.SO 
1012 (NR78-1 SID) 9.8S 30.35 13.69:t .20 13.20.t .20 693:t. 7 7.00 . 

Maximum Tire Seclion Widt~ increases .20 inch for each .5 inch incre •• in mnsurirc 
rim width and decreases .20. inch for each .5 inch decrease in measurina rim widlh. 
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Table K·2. Growth Dimensional Specifications 
TPC 
Spec. Max . Crowth DUiln 
No. Tirt Size A B C 0 E F Width Rim Width 

1008 (BR78-IJ/ B) 1.47 3.64 5. 17 S.64 ~.43 Hl'l S.BS 7,]6 4.50 
1014 ( BR78-lJ/C) 1.47 3.64 5.17 S.64 ~ .43 3.0<> 5.88 7.36 4 .50 
1004 (FR78.1 4/ B) 1.66 4.11 5.84 6.37 ~ .77 3.S3 6.64 8.40 S.SO 
1010 (FR78. j SIB) 1.61 4.00 S.68 6. 19 1.72 J.46 6.45 8.14 5.50 
1003 (GR78·I S/ Bl 1.69 4. 19 5.95 6.49 1.88 3.66 6 .76 8 . 7 ~ 6.00 
1007 (GR70-I S/ B) 1.68 4 .15 S.90 6.43 3.06 3.89 6.70 9 .~6 6.00 
1001 (HR78·j SIB) 1.78 4,41 6.26 6.84 ~ .q8 3.80 7.12 '1.04 6.00 
1011 (HR70- IS/ B) 1.76 4.36 6.10 6.76 J .H 4.1 J 7.04 9.84 6.50 
1001 (JR78· ISIB) 1.83 4.54 6.45 7.04 3.11 3.96 7.33 9.42 6.50 
100S (LR78-1 SI B) 1.90 4.7 1 6.69 7.30 J.l8 4.04 7.60 9.6] 6.S0 
1006 (LR78-1 SIC) 1.'10 4 .7 1 6.69 7.30 3.18 4 .04 7.60 9.63 6.50 
1009 (LR78.j 5/01 1.'10 4.7 1 6 .69 7.30 3.18 4.04 7.60 9.63 6.S0 
1011 (N R7S·1 SID) ~ . Ol S.OO 7.0'1 7.73 3.JJ ''. 24 8.06 10.0'1 7.00 

\taximum Growth Width increasel .2D inch fo r each .5 inch incruse in menurin, TIm ..... idth and 
decru5ts .20 inch for each .5 inch decreaw in measuring rim width. 

';' , " """ .,," ~ 

~tStC'" 1 , 10 WHirl! 1 

Table K·3. Force & Moment Requirements (Procedure TWDE2·20 

(BR78-IJ/ B) 
Alianina 

1008 Corneril'C Torque Load load Tr.nsfH 
'J1IC Codlkient (10) CoeffICient ~ Senshi'rity 
Spe.c 

No. Tn Size Min. Nom. 'I ... Min. Min. Min. Max. 

1008 (BR78.' J I B) 0. 17~ 0 . '8~ 0.200 0 .020 O.OJ O. IS 0 .35 

1014 (BR78-13/C) 0 .115 0.185 0.200 0.020 0.03 0.18 0.35 
1004 (FR78-14/B) 0.1 SS 0.16S 0 .180 0 .024 0.Q3 0.20 0.3S 
1010 (FR78-1 ~ / B) 0.160 0 .170 O.IS~ 0 .024 0 .0) 0.20 O . J~ 

1003 (GR78.1 SI B) O.ISO 0.160 0.175 0.0"15 0.Q3 0.20 0.35 
1007 (GR70-1 SI B) 0.185 0. 19~ 0 .210 0 .028 0.04 0.20 0.35 
1001 (HR78-15/ B) O.ISO 0.160 O.I7S 0.026 0.04 0 .20 0.35 
lOll (HR70-1 SI B) 0.185 0.195 0 .210 0.030 0.04 0.20 0.3S 
1002 (J R78·1 S/ 8) 0.145 0.155 0 .170 0.027 0.04 0 .20 O.)S 
100S (LR7S-IS/ B) 0.14S 0 .1 SS 0.170 0.028 0.04 0 .20 O.)S 
1006 (LR7S·1 SC) 0 .145 0.1 55 0.1 70 0 .028 0.04 0.20 0 .35 

100'1 (LR78-1 SID) 0 .145 O.ISS 0.1 70 0.028 0.04 0.20 0.35 
1012 (N R78-1 SI D) 0 .140 0 .150 0.165 0 .030 0.04 0.25 0.40 

The rorce and moment properties are meaRlrtd on • sample of four tires 
inflated to 28 psi o n six inch rims ror 78 serin tires and seyen inch rim. 
for 70 series tires. The 90% confidence intervals on the mCin for nch 
measured property mUlt ~ belween the minimum and muimum specifllCd 
valun. 
In .ddilton. the cornHina coefficients shall have the 90% popuJ.llion 
limits at a 90% level not less than 0.0001 be". the minimum speci· 
flCaltons nor areater thin 0.lXlO7 above Ihe mlll.imum specific:aUon. 
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Table K4 . Uniformity & Balance 

CRJTERIA 

UNI FORMITY 

ACCEPTANCE LEVEL 

ACCEPTANCE 

(Unifu~lI1 l1y Pru~edurn per SAE JJ J ~ 

iUdi~1 FlJr~e Va riallun 

l SI llarmunic 

Tu till (ur Cumposlle ) 

uterill Fur~e Vilfl:ll iun 

t Sl Har munic 

Cun iticy (ur pseudu nlnMr) 
.!. fwm zero 

BALANCE 

Tire Size 
j"'y.7hc. TPC Nu. 1010 &; 1003) 

IS" (TPC Nu. 1010 &; 1003 unly) 
14" 
13" 

PLYSTEER 

All sizes 

1 ~ tb Ma ximum 

3S Ib Maximum 

lS Ib Maximum 

lS tb Max1mum 

Positive 
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CO RRECTION 

Corre~lion permissible . 
wllh ilppeilrilnL·e as 
:u::ceplilnce ~r i te ria 

In.-Oz. Maximum 
SO 
46 ., 
38 



ARMY BASIC CRITERIA FOR TIRES 

LTC.· Nicholas Collins U.S. Army Transportation School, P. O. Box 4178, 
Ft . Eustis, Virginia, U.S . A. 23604 

The nondirectional cross-country 
tire, hereinafter referred to as the NDCC 
tire, was one of the world's first a11-
season tires. It has been with the U.S . 
Army, in one form or another, for more 
thsn 40 years . In many instances and 
for certain particular applications, the 
tire was acceptable. Depending on the 
specification for it and the quality put 
into it, the NDCC fulfilled the Army's 
requirement from the beginning of World 
War II until about 1958. 

During this time frame, the Ordnance 
Advisory Pneumatic Tire Committee recom
mended specific design and performance 
criteria for military tires to the Tire 
and Rim Association. This committee ac
complished many significant improvements 
and innovations which contributed to en
hanced mobility. Its recommendations 
included variable tire-ground contact 
pressure, a central tire inflation sys
tem, ozone inhibiters to extend storage 
and operational tire life, single-tire 
application for wheeled vehicles used in 
tactical environments, bead-positioning 
devices for run-flat or highly deflected 
tire operations, and many others. 

For reasons that are unknown, the 
Ordnance Advisory Pneumatic Tire Commit
tee was terminated in 1958. At that 
time, the u.s. Army was In somewhat of a 
holding pattern on new wheeled vehicle 
developments, and tires just didn't seem 
to be important as the age of missiles 
came up over the horizon. 

Low- bid procurement procedures with
out Army performance verification, along 
with termination of military tire per
formance criteria, produced some defi
ciencies . Tire life was reduced because 
of decreased off-road failure resistance, 
accelerated on-road tread wear, and de-
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creased on-road ton-m1le-per-hour rating 
at off-highway military tire pressure 
requirements . By the mid-1960s, the 
low-cost tire without requirement for 
performance testing was the order of the 
day . 

In one study done by the U.S. Army 
Materiel Development and Readiness Com
mand in the early 1970s, it was discov
ered that a complete tire change was be
ing made on 2-1/2-ton trucks four times 
in slightly over 17,000 miles. Forty 
tires for a ten-wheeled truck to go 
17,000 miles--with nearly 80% of the 
travel on highways or secondary roads-
was certainly grounds for concern . No 
self-respecting tr.ucker would accept 
such performance. 

In combat line-haul operations in 
the late 1960s, tractor-trailer combina
tion drivers were hard put to avoid a 
single day without changing a tire. In 
numerous examples, it w~s found that 
tires would not last 1,500 miles . New 
replacement tires, shipped from the man
ufacturer through depots to the using 
unit, were no better. Though the Army 
was buying a low-cost tire, it was ab
sorbing huge losses in tire repairs and 
replacements as well as in administra
tive, shipping, and labor costs . And, 
all this was in addition to the poor mo
bility performance of these tires in 
general usage . The poor performance of 
the NDCC tire In mud, snow, sand, and 
freezing/thawing soils in comparison to 
tires being designed and produced today 
is well known . 

There is general agreement that the 
Army needs to require more in its tires 
than simply a torus of particular size 
and nondirectional, cross-country tread 
pattern, with a valve stem and water-



proof valve cap. The low ratio of net 
tread contact area to gross projected 
contact area 1n the NOCC tire was, essen
tially, designed for off-road inter
changeability rather than hard-surface 
use. This limitation coupled with ques
tionable construction quality has result
ed in numerous problems . These include 
irregular tread wear, fast tread wear, 
poor hard-surface horizontal slip effi
ciency, excessive cutting and chipping, 
excessive hard-surface tread nOise, poor 
tread cleaning in certain saturated 
soils, and poor interfacial (tire/sur
face) contact. Another significant prob
lem with NOCC tires is they don't all 
have similar load deflection characteris
tics at equal inflation pressures. 
Can the U.S. Army then just go out and 
select a commerical off-highway tire and 
adapt it to military service? Probably 
not--for. several reasons. Commercial 
off-highway tires are designed for tire 
loads which differ significantly in many 
cases from those required in military 
applications. Most of these tires are 
designed for higher pressures than those 
currently recommended by the Army for 
c ritical off-highway mobility in sand, 
snow, and mud. This drawback is in 
addition to their overall insufficient 
cross-count ry mobility . Another problem 
is their insufficient cut, chip, and rock 
resistance. Further, most commerical 
standard truck rims are rated for highway 
loads--not necessari 1y for milita ry off
highway maximum dynamic loads . Finally, 
there is a severe degradation in perform
ance when commerical off- highway tires 
are used 70% of the time on the highways. 

Where does the U.S. Army go from 
here? How does it determine which tires 
will enhance mobility? How does it pro
cure them? 

It is a fact that the NDCC tire is 
outdated and obsolete. It served well in 
the past and filled the requirement 1n 
its day . But, it is generally accepted 
that a replacement is long overdue. Does 
the U.S. Army then want a single tire to 
call its own, manufactured with some type 
of unique construction and tread which 
will meet its across- the-board require
ments? 

It depends on the requirement . The 
answer might be "yes" for those tactical 
vehicles primarily used by maneuver bat
talions or combat and combat support 
units in the field. But it would defi
nitely be "no" for those vehicles used by 
combat service support units behind the 
division rear boundary- -where most of the 
Army's wheeled vehicles will be found . 
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In either case, the Army needs a 
tire that will accomplish the mission. 
This tire must provide the greatest range 
of optimum mobility, have a reasonable 
minimum wear life, and be cost effec
tive. Unquestionably, some compromises 
will be necessary to obtain such a tire. 

Users of wheeled military vehicles 
do not believe that the U. S. Army should 
attempt to obtain a new tire exclusively 
for its own use. However, they do want a 
good operational tire, and they want an 
e ffort made toward the optimum tire for 
every vehicle. Should the U. S. Army 
specify the design or the performance for 
this tire or a combination of both? 
There is considerable belief today that 
military proponents must primarily speCi
fy performance with some minimum specifi
cations for the tire itself. 

The major issue is how best to re
solve the problem of the NDCC replace
ment . Over the past 15 years, many stud
ies, forums, discussions, and other in
teractions have taken place. But the 
days of meetings without results are tas t 
coming to an end . Costs and other re
strictions and the need for performance 
now require positive action. 

Three years ago, a workshop was held 
on "The Optimum Tire Design Parameters 
for Military Vehicles." Members of t his 
workshop included representatives from 
the U.S . Army Training and Doctrine Com
mand, U.S. Army Materiel Development Com
mand, Waterways Experiment Station, Cold 
Regions Research and Engineering Labora
tory, and the U. S. Army Transportation 
School, as well as test/research organi
zation representatives. For five days, 
this group hammered out every known facet 
of tire criteria and performance--and, 
some that were not known. This group in
itially established what has come t o be 
known as the Army Basic Criteria for 
Tires, or ABCT. 

One of the additional issues that 
the workshop tackled was a critical re
view of the Army Mobility Model, its sig
nificance and its shortcomings. It is 
important to point out a conclusion 
reached at that workshop: The U.S . Army 
needs to realistically acknowledge that 
the Army Mobility Model is not currently 
viable as a means for ultimate selection 
of tires for mobility. 

Several iterations of the ABCT have 
been ongoing in the three years since 
that workshop. Major efforts 1n tire re
search and testing have been undertaken, 
some of which have been reviewed with 
various members of the International So 
ciety for Terrain Vehicle Systems 



(ISTVS). Many of these efforts have 
either confirmed previous enhancements 1n 
mobility or have shown the way to new and 
better enhancements. 

The primary results of the workshop 
on optimum tire design parameters have 
since been reviewed, restudied, and, fin
ally, reduced to paper form. They are 
now being presented to the ISTVS Commit 
tee on Snow and to representatives of the 
tire and automotive industry. It 1s 
hoped that they will be considered as a 
proposed method of selecting tires for 
the U. S. Army. 

This met hod--the Army Basic Criteria 
for Tires--is a basic program that ca n be 
refined over a period of time and intense 
usage. Original as well as replacement 
tires could be procured with greater re
liability and assurance. Instances of 
relatively poor performance tires would 
be negligible while instances of rela
tively good performers should be the 
rule. The program requires some basic 
verification testing and evaluation as 
well as a verification test whenever a 
tire characteristic is suspect. However, 
the lower overall cost to the U. S. Army 
could be quite nominal while the results 
should definitely enhance tire reliabil
ity and U.S. Army mobility by a signifi
cant percentage. 

This methodology is a means of se
lecting commercially available tires 
suitable for a specific vehicle. It en
compasses mission profiles that range 
from line-haul applications to variable 
on/of f road us e, inc ludi ng cross-count ry 
and off-road travel in various multi-sea
sonal regions. 

The ABCT is broken down into five 
distinct areas, or phases, each of which 
supports the end results as well as com
plements each of the other four in arriv
ing at the selection basis. 

Phase I--Harket Survey. A market 
survey* is conducted based on the follow
ing criteria: 

a . Tire geometry and size . 
b. Load range (specified by the 

user and approved by the manufacturer). 
c . Tread design (nearly all treads 

could be considered except those obvious
ly created for cosmetic or other unique 
purposes) • 

*NOTE: Before conducting the survey, or 
in conjunction with such survey, a mis
sion profile would be provided for the 
particular vehicle in question . 
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Phase II--Manufacturer's Data. This 
data, based on standard tests, is readily 
available from the manufacturer and in
cludes: 

a. Rim recommendations . (Do the 
manufacturer's recommendations fill the 
U.S. Army ' s requirement for wheels?) 

b. Load/deflection/inflation rela
tionships (load-carrying characteristics 
of a tire related to contact area at var
ious inflation and load levels). 

c. Thermal profile (ton-miles/hour) 
(heat buildup locations and characteris
tics; design/climate operations) . 

d. Durability (DOT HVSS 109, 119) 
or capacity (DOT HVSS 110, 120) test re
sults, depending on tire size (miles, 
shelf life, ability to cope with opera
tion in non-design environment). 

e. Noise (decibel) level (DOT 
standard)(noise properties). 

f. Plunger energy data (static 
puncture resistance with a standard ob
ject) . 

g. Tube and flap recommendations 
(that is, if the tire is not tubeless). 
(While there is a general consensus that 
bias-ply tires are obsolete, no tire is 
outside consideration.) 

If the manufacturer's data meets the 
basic minimum requirement established by 
the U.S. Army (candidate tires would re
Quire the manufacturer's certification 
that they do, in fact, meet the level of 
data provided), proceed to the next 
phas e. 

Phase III--Basic Tire Criteria. 
Bssic tire criteria include the dynamic 
engineering properties of a tire. Cri
teria will be based on tests as well as 
on a tire's compatibility with other 
tires and with the vehicle's design. 
Basic criteria will include: 

a. Wet pavement mu-slip (tractive 
force, wet and dry pavement). 

b. Cornering power versus slip vel
ocity versus steering demand. 

c. Resonant frequency band(s) (the 
tire's natural frequency of vibration). 

d. Dynamic spring rate (engineering 
response to force application of tire un
der driving conditions). 

e. Damping coefficient (tire's 
damping response to forces imposed on it 
which would set up cyclic deformations). 

f . Reserve load (ability to handle 
overloads--similar to a factor of safe
ty). 



g. Tire cutting. 
h. Tire chipping . 
i. Temperature resistance (ability 

to dissipate heat built up during tire 
operation) • 

j. Dynamic road plunger energy 
(moving variation of static plunger ener
gy). 

k. Spin-up velocity. 
1. Shore "A" hardness (tread com

pound hardness). 
m. Force variation, radial and lat

eral (response of tire to single and com
bined forces and movements). 

n. Ozone and storage deterioration 
resistance. 

o. Irregular wear resistance (re
sistance to irregular wear, including 
per-tire irregular wear around circumfer
ence and from tire to tire within the 
group of tires manufactured "the same") . 

p. Dimensional stability (stability 
against changes 1n tire's geometry and 
dimensions during operations) . 

q. Air migration resistance (loss 
in air pressure). 

After determining that minimums have 
been met and that there are no associated 
discrepancies among the various criteria, 
go to the next phase. 

Phase IV--Tire System Mobility Test. 
Here traction and motion resistance will 
be measured 1n the longitudinal axis . 
All tests are to be conducted in terms of 
energy-based parameters. The following 
conditions should govern the test proced
ures and scope: 

a. Tire Conditions. 
1) Manufacturer's recommended 
deflection (user's specified 
load) • 
2) Thirty-five percent 
deflection. 
3) Course reference tire 
comparison required. More than 
one may be used. The standard 
NDCC could be used if there is 
one available in the size being 
considered. Once a tire has 
been selected, it could become a 
course reference tire for future 
criteria comparisons. 

b. Surface Conditions 
1) Road ice. 

a) 23'F ± 5' (at near 
freezing) • 
b) O'F ± 5' (lower than 
near freezing). 
c) -25'F ± 5' (option
al). 

(Item (c) is considered optional because 
current research indicates that a higher 
performer in (a) and (b) will follow 
through at the same comparative level or 
higher. ) 

2) Packed snow. 
a) 28'F ± 5' (slightly be

low freezing) . 
b) O'F ± 5' (lower than 

just below freezing) . 
c) - 25'F ± 5' (optional, 

for same reasons as pre
viously explained for 
road ice). 

3) Sand (standard coarse sand) . 
4) Mud (saturated clay, for 

consistent comparison) . 
5) Undisturbed snow (Tests 

would be conducted in four 
to ten inches of snow. All 
candidates will be in the 
same snow depth, under the 
s arne conditions, on a fi rm 
packed base, and at the same 
temperatures specified for 
packed snow. Test areas 
will be in temperate re
gions) . 

6) Thawing soil layers 

(strength properties and documentary data 
of sand and clay to be measured by stand
ard U.S. Army practices; like properties 
for snow surfaces to be measured by 
standard U.S . Army practices). 

Upon completion and compara tive 
analysis of this phase, proceed to the 
fifth and final phase. 

Phase V--Accelerated Tire Perform
ance Verification in a Controlled Mission 
Environment. This phase will provide a 
final basis for judgment and selection; 
it will be a basic comparison on a like 
or similar vehicle under the following 
parame tera: 

a. A 5,OOO-mile "equal energy in
put" method (same conditions , same sur
faces, etc. against the stated mission 
profile) • 

b. Waterways Experiment Station 
(WES) Ride Index Test. 

At the completion of each step, 
candidate tires which show sub-perform
ance may be eliminated. In some tests, 
tires which were nominated for elimina
tion in the early stages of performance 
may be included in follow-on phases to 
have or maintain a comparability rela-
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tionship and t o validate the elimi nation 
procedure. 

Everyone 1n the wh ee l ed vehicle 
business knows that a collection of an 
engine , transmission, frame, axles, and a 
body of some type i s no t a wheeled vehi
cle without wheels and tires . Tires do 
make a significant difference. What that 
difference i s and how it affects mobil
ity. reliability. and produc tivity need 
positive solution--today . 
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COMPARlSON TEST OF M151A2 TRUCK TlRES 

Cpt . Jean W. Lane 
Presented by: 
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Arthur W. Trantham 

ABSTRACT 

The Cold Regions Test Center con
ducted a test comparing four types of 
tires with the standard military nondi
rectlonal c ross-country tire currently 
used on M151A2 1/4 -ton trucks. Testing 
was conducted at Fort Greely, Alaska, 
from 5 January through 30 May 1981 in 
temperatures ranging from -13 °F to 68°p 
(-2S'C to 20'C). The four alternative 
types of tires were standard tires re
cap ped with a mud/snow tread, commercial 
mud/snow tires, and each of the above 
with studs. None of the four alte rna
tive types of tires appeared t o have any 
meaningful advantage in performance over 
the standard military tire for use on 
Ice, snow, or IDJd . However, the stand
ard military tires weremore difficult to 
control on rough, heavily-rutted roads 
and were not acceptable to drivers, who 
preferred the commercial mud/snow tires. 

Overall Ranking 
Handling 

Troop on Obstacle 
Type 

of 
Tire Accept. Course Braking 

Standard 
military 

MUita ry 
recap 

Commerical 

Recap 
with studs 

Commercial 
with studs 

5 

4 

3 

2 

3 2 

3 

4 5 

2 

5 4 
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SUMMARY 

Resul ts 

1. Four types of tires were com
pared with the standard military nondi
rect i onal c ross- count ry (NDCC) tire cur
rently used on M1SIA2 1/4-ton trucks. 
One type was the standard tire recapped 
with a mud/snow tread . The second type 
wa s a commercial mud/snow tire of the 
same nominal size as th e standard tire. 
Studded versions of the recapped and 
commercial tires constituted the third 
and fourth types. The tires were com
pared for their performance on road 
tests, an obstacle course, on measured 
grades up to 47%, and traversal of snow 
drifts during winter and spring condi
tions at Fort Greely,Alaska, from 5 Jan
uary to 30 May 1981. 

2 . The results are summarized be
low where the types of tires are ranked 

Specific Rank!ng 
Handling Braking 

on on 
Ice Snow Ice Snow Grades 

3 3 5 

2 3 4 3 

5 1 5 3 5 

2 4 2 2 

4 5 4 2 4 

Snow 
Drifts 

5 

2 

3 

2 



from highest to l owest (I to S) for 
tro op acceptance on road tests, handling 
on the obstacle course, braking, climb
ing grades, and traversal of snO'W 
drifts. Differences in performance were 
small and were consistent with the simi
lar physical characteristics of the var
ious types of tires. However, it was 
clear that the standard military tires 
were not considered acceptable by the 
172d Infantry Brigade (AK) drivers. 
Even under controlled conditions, (an ex
perienced NCO regulated vehicle speed ac
cording to conditions, ensured the cor
rect use of chains and four-wheel drive, 
and enforced correct inflation of tires) 
three serious accidents, much like the 
accident that led to this test,and 51 
other incidents that could have led to 
accidents, occurred. These incidents 
were not att ributable to anyone type of 
tir e. 

Conclusions 

1. None of the four types of tires 
compared with the standard tire have any 
meaningful advantage over the standard 
tires for use on ice, snow, and mud. 

2. Operation of an MISlA2, 1/4-t on 
truck with any of the types of tires 
evaluated is potentially hazardous when 
the roads are covered by ice, snow, or 
mud. 

3. The thoroughness of a driver's 
training and experience appear to have 
more influence on safety than the type 
of tire used. 
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SECTION I - INTRODUCTI ON 

1 • 1 Bac kg round 

a. In the spring of 19 80, in the 
wake of a serious traffic aCCident, a 
Quality Deficiency Report (ref I, Ap 
pendix p) prepared by the 172d Infantry 
Brigade (AK) imp! ted that the standard 
tire used on MISIA2 1/4-ton trucks 
(jeeps) does not provide the driver witll 
adequate control on icy roads. 

b. Road conditions in Alaska dur
ing September thr ough May are character
ized by accumulations of ice and snow or 
by muddy conditions due to thawing. 
Generally low t emperatures , high winds, 
and rugged terrain further complicate 
the problem of handli ng a jeep during 
this period. Therefore, tire perform
ance is of importance for a jeep operat 
ed in the cold regions environment. 

c. The 172d Infantry Brigade (AK) 
requested the Cold Regions Test Center 
(CRTC) to conduct a test comparing the 
performance of commercial mud /snow tires 
and military tires recapped with snow 
treads to the standard tire when used on 
jeeps ope.rated in the cold regions en
vironment during winter and spring. 

d. Authority to conduct this test 
is contained in a TECOM Test Directive 
(ref 2, Appendix pl. 

1.2 Description of material 

Five sets of seven ti res each were 
tested . Each of the five tire types (Fig. 
64 and 6S) is described below: 

I) Standard NDCC (A), Military 
bias ply tire with a nondirectional 
cross- country tread. Size 7.00-16. 

2) Standard NDCC recap w/snow 
tread(B): Military bias ply tire re
capped with a nondirectional cross 
country tread modified for snow . It was 
an A tire with a recap mold. Size 7 . 00 -
16. 

3) 
merical 
types: 

Unit 

Commercial mud /snow (C): Com
brand bias ply tire (several 
Dunlop light truck 6 . S0 x 16, 6 

MOS 

SP4 David M. Sobol 
SP4 Michael J. Evans 
PV2 David L. Edging, 
PV2 Joel R. Gibson, 
PV2 Duane H. Snider, 

28th Eng Det SIBIO 
64CIO 
64CIO 
64CIO 
64ClO 

OS Det, 172d SPT BN 
Co 0, l72d SPT BN, 
Co 0, 172d SPT BN, 
HHC. Fort Wainwright 

lOa 



Figure 63. Tire t ypes showing treads. 
B-standard mil ita ry t i re recapped with 
nud/snow tire ; D-same as B with studs ; 

A- standard military tire; 
mud/snow tread; C- comme rcial 
E-same as C with s tuds . 

ply; BF Good rich; Mohawk) with a mudl 
snow tread . Size 7. 00-16 . 

4) Studded standard NDCC recap wI 
snow tread (D): The B tire after modifi 
cation t o accept s tuds . Size 7 . 00-16. 

5) Studded commercial mud lsnow (E): 
The C tire with studs. Size 7.00 16 . 

1.3 Test Objec tive 

Provide performance data comparing 
the B, C, D, and E tires t o the A tires 
on jeeps operated in winter and s pring in 
cold regions. 

I. 4 Scope 

a. Testing was conducted at Fort 
Greely, Alaska, during the pe riod 5 Janu
a ry thr ough 30 May 1981. 

b. The test team consisted of a 
test officer, a test NCO in g rade E-7 , 
and five soldiers in gr ades E4/2 (driv
ers) prOVided by the 17 2d Infantry Brig
ade (AK). In addit ion, one so ldier in 
grade E4 acted as a substitute driver. 

c. Existing r oads (primary, im
proved secondary, and unimproved second-
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a ry) were used. In addi tion, the surface 
of a frozen lake and th e shore of another 
was used . (Refer t o Table N-I, Appendix 
N for a complete desc riptio n.) 

d. Testing emphasized evaluation of 
comparative handling characteristics of 
the different types of tires; however, 
comparative durability was no t evaluated. 

e . All participants in the test 
wore the appropriate components of the 
cold-dry uniform (Appe ndix M) and crash 
he l me t s . 

Eo Prior t o tes ting, each jeep was 
modified by installing roll bars and 
safety belts with shoulder straps and was 
te chnically inspected in accordance with 
the applicable technical manua l ( r ef 3, 
Appendix p). Each jeep and trailer were 
required to me e t all equ ipment service
ability c riteria be fore it was used in 
testing . 

g. At the end of testing , each jeep 
and each traile r we re te chnically in
spected in accordance with the applicable 
t echnical manual (ref 3 , Appendix p) and 
all differences between the conditions 
found and thos e found prior t o testing 
were do cumented. 



~ 
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I. 2. 3 . 4 . 5. 

Figure 65. MI51A2 1/4-ton trucks and 1/4 - ton trailers with five tire t ypes . From left to right : 
Types A, B, C, D and E on vehicles numb ered 1 , 2, 3, 4 and 4, respective l y: 



h. If any jeep , trai l er , or tire 
appeared t o have developed a condit i on 
not in acco rdance with equ ipment service
ab i lity c rit e r ia at any time during test
ing, the t est was stopped until the con
dition wa s evaluat ed , do cumented , and 
co rrected . 

i . Each j eep was operated as indi
eaten in each sub t es t with one of the 
loads desc ri bed be l ow : 

(I) Minimum load (MIN): The 
equ i va lent of two passengers alld gea r, 
not exceeding 500 lb nor l ess than 400 
lb, and no tra i l e r. 

(2) Medium load (MEO): The 
equivalent o f two passenge rs and gea r, 
not exceeding 500 lb nor less than 400 
l b. and a 1/4-t on traile r with 500 lb 
load. 

j . Each ti re was inflated to the 
pressure as s pecified by the applicable 
documents fo r the specific position of 
each tire on the vehicle o r trailer, th e 
ambient temp erature , and the road surface 
(ref 3 , 4, and 5 , Appendix p) . 

k. The Truck, MI 5 1A2 (Tire Compar i
son) Test qua lifies for categorical ex
clus ion under Ca t ego rical Exc lusion Num
ber 6 of DOD Oirect ive 6050.1 and there
fore was not required t o have an environ
mental asses s ment o r statement. 

1. The 29 road exerc i ses co nducted 
were adequate for analysis . 

m. tn the spring (af ter 30 April 
1981) , only three jeeps and the three un
studded types of tires we re used in road 
exercises due to restri c tions by the 
state of Alaska on the use of s tudded 
ti re s . 

n. Each driver was ass i gned a ve hi
cle and trailer fo r whi ch he was respon
sib l e . Except as noted, a driver did not 
drive any vehicle o r trailer o ther than 
that ass i gned to him . The substitute 
driver drove the vehi cle assigned t o the 
absent driver he re pla ced . 

o. Thr oughout testing, th e fol10f001 -
ing de finitions were used and all situa
tions meeting any of thes e definitions 
were documented on Driver Da t a Shee t No . 
2 (Fig . N-2, Appendix N). 

(l) Handling incident: any 
e vent that involved l oss of cont ro l of a 
jee p or a trailer during any exerc i se . 
The loss of control did not need to be 
serious or caused by tire perf o rmance. 

(2) Safety inc ident: any han
dling incident that required the filing 
of an accident report. 

(3) Maintenance incident: any 
event in which a tire was found t o re
quire maintenance to include all repairs 
and a 108S of inflation pressure in ex
cess of 5 psi. 
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(4) Neutral inc ident: any 
eve nt tha t di s rupt ed the f l ow of testing 
but was not a handling , safety , o r main
tenance incident (L e ., the break-down of 
a vehi cle during an exe rcise due t o wear 
of a part). 

p. Documenta t ion of maintenance in
cidents included tire identif i cation (by 
type and position on the vehicle or 
trailer) and a de sc ription of the repair. 

q. All t emp eratures encount e red , 
-1 3°F to 68°F (- 25°C to 20°C) , were used 
fo r testing and t hose in clima tic design 
Cl of AR7 0- 38 . Road conditions we re 
those commonly encountered by the 172d 
Infantry Brigade (AK) during rnane uv~rs in 
the winter and spr ing . 

r. Ambient air tempera tur e , road 
s urface t empera tur e , wtndspeed , and wind 
direction wer e measu red during t es ting 
using the fo ll ow ing instrume nts: 

(1) Dial the rmome te r. 
(2) Wind measuring se t AN/PMQ- 3A . 

s . Prec ipitation measur ements were 
obtained f r om the ASL Alaska Meteorologi 
ca l Team and compared with recorded sub
jective des c riptions of precipitation. 

t. At th e beginning of testing, each 
tire o f a s et was assigned to one o f sev
en positions on a vehicle/trailer - left 
f ront, right front, l ef t rea r, right 
rea r, left trailer, right trailer, and 
spare. Throughout testing, when t i res 
were excha nged between vehicles, th ey 
were exchanged as sets so tha t the tire 
in a given position on one vehicle/trail 
e r was always moved t o the same pos ition 
on the second vehicl e/t raile r - left 
front t o l ef t f ront, righ t f ron t to right 
fron t, 

u. 
t o the 

etc . 
The 

172d 
v . MIP 

was used as 
ures. 

test items will be returned 
Infantry Brigade (AK). 
2- 2- 704 ( r ef 5 , Appendix P), 
a guide in t es ting proced-

w. Eleve n of th e scheduled road ex
e rcises wer e not perfo rmed du e to the 
conclusion of s tate troopers and test 
personnel investigating safe t y incident s 
that they would be t oo hazardous fo r th e 
drivers and the public. 

x. Three of th e scheduled traction 
exe rcises were not performed due t o lack 
of suitable snow drifts . 

SECTION 2 - DETAILS OF TEST 

2 .1 Preoperational inspec tion 

2.1.1 Objective 
Determine the condition of all tires 

prior t o the beginning of testing. 
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Table 13. Inc ident s by type of tire and classification of incident . 

Number of Incidents of Classification 
Handling! 

All Types Only Unstudded 
Tire Of Ti res Types of Tires 
~ Tested Tested Safety2 Maintenance3 Neutra 14 

A 12 4 1 1 0 

B 9 8 1 2 1 

C 7 2 1 0 0 

D 7 0 0 2 

E 5 0 1 0 

'Temporary loss of control of vehicle or trailer. 
2A handling incident that ended in a reportable accident . 
3An incident requiring maintenance on a tire. 
4An incident that interrupted testing but was not a handling. safety. or 

maintenance incident. 

... 
c: 
D 
a: 

2 

& 3 
D 
~ • ,. 
« 

4 

.,.-' -. ,..-...... ./'---./' -........_·_·E '--./ 

(worst) 5 Ls.JT-R.lT--T.lU-Rl.N--Cl.L-p,4l.B--Dl.S-NLD--BLR-KLE-B.lU-p,4.lP--S,lO'"'F,1T:-""Sl.L""CLK-O"'Vl.E::LR--'_ 
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ININININININININ 
0000000000000000 

Figure 67 . Average rank fo r each type of tire by maneuver and poin t 
in exercise when evaluation wa s made by drivers . Rank gives rela
tive performance rating of the five types of tires wi th 1 to 5 (high
est t o lowest) . Maneuvers were : driving on straight f l a t ar ea (STRT), 
turning (TURN) . climbing (CLMB). descending (DSND). braking (BRKE). 
driving over bumps (BUMP), driving over soft spots (SOFT), and driv
ing over slick spo t s (SLCK). 
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ranks for the overall ratings by exercise 
and is similar t o the distributions fo r 
each of the maneuvers.) 

d. The data collected for the ob
stacle course exercise is summarized in 
Tables 14 and 15. Fo r each type of tire 
and each exercise, tire perfo rmance ~as 
scored in two different ~ays. The firs t 
method was by the percentage of the 
course completed at each speed . The 
second method subtracted up to half the 
distance of travel for each obstacle 
where the vehicle was observed to have 
maneuvering problems--skids, fishtail
ing, or contact with the markers. Since 
there were nine obstacles and it was pos
sible to complete the course and have all 
three maneuvering problems in each ob
stacle, the total number of maneuvering 
problems possible for a run was 27; thus 
the percentage score was defined as fol
lows for each run through the obstacle 
course: 

Percent Score "" 
Percent Completion -[(50/27) x (Total 
Number of Maneuver Pr oblems) J. 

In the tables, the percent o f completion 
and the score (percent) are shown for 
each run and averaged for each tire. 

2.2 .S Analysis 
a. For the road exercises, it wa s 

concluded that the drivers strongly pre
ferred either of the commercial types of 
tires to any of th e military types of 
tires. 

(I) Ranks for overall perform
ance as shown in Figure 67 were analyzed 
using a multiple comparison test bas ed on 
Friedman rank sums . Details are given in 
Table L-3, Appendix L. 

(2) It was determined that 
while the differences in ranking between 
types C and E and types A, B, or D were 
statistically Significant, neither the 
difference between type C and type E nor 
any of the differences between types A, 
B, and D were statistically significant. 

b. The apparent difference in num
ber of handling incidents for each type 
of tire in Table 13 is misleading. Sta
tistical analysis indicated that these 
differences can be explained by differ
ences in drivers and numbers of exercises 
in which a type of tire was evaluated. 
Once these factors were taken into ac
coun t, the differences in number of han
dling incidents between the tire types 
was not statistically significant. A de
tailed breakdown of handling incidents by 
driver and road conditions is given in 
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Table L- 4 , Appendix L and details ·of the 
statistical analysis are given in Table 
L-S, Appendix L. 

c . The data for the obstacle course 
exercises (Tables 14 and IS) may be used 
t o rank the performance of the types of 
tires by average percentage of completion 
and the average score; that is, the abil
ity of the driver to drive through the 
course with a certain type of tire with
out leaving the roadway and without skid
ding, fishtailing, or coming into contact 
with the roadway markers . These rankings 
are shown in Table 16. 

(I) Except for type A on snow, 
a tendency to have maneuvering problems 
led to failure to complete the course . 
Tires of type A, becaus e of their smaller 
con ta c t area and narrower width, tended 
t o interact strongly with minor irregu
larities in the road surface. They were 
associated with the only instance in 
which a maneuve ring problem occurred at 
the lowest speed on the easiest obstacle 
(Table IS, type A, 5 mph, 35 meter right
hand turn). The vehicle skidded when the 
front tires encountered ruts in the snow 
that could not be felt when riding on the 
other types of tires. 

(2) No improvement in maneuver
ability when using studs was observed in 
this test. 

(3) When performance on both 
ice and snow is averaged for an overall 
winter perfo rmance ra nking, the three 
military types of tires (A, B, and 0) 
outrank both the commercial types of 
tires (C and E), but the differences in 
performance are not sufficient to justify 
the conclusion that m11ita~' tires are 
superior. 

e . It is clear that the three tire 
types ranking highest in obstacle course 
exercises are the same tires that ranked 
lowest in the evaluations made by the 
drivers, and for which the most handling 
incidents occurred . This apparent lack 
of agreement ~ill be discussed further in 
paragraph 2 .4. 

2.3 Traction 

2 . 3.1 Objective 
Compare the effects of each type of 

tire on a jeep's ability to traverse un
disturbed snow, braking distance for a 
jeep being driven o n packed snow o r ice, 
and a jeep's ability to climb grades on 
wet, packed dirt. 

2 .3.2 C.iteria 
None. 



Table 14. Data for obstacle course exercise on ice.* 

Number of Observed Maneuver Proble.s for Ob stacle 
Skids Fi shtail in and/or Marker Contact Average 

Tire Speed 3 H 3 2 Percent Percent Percent Percent 
~ i!P.hl left Right left Right left Right left Right Circ l e C~leled Score Comeleted Score 

A 5 0 0 0 0 0 0 0 0 0 100 100 
10 0 0 0 0 0 0 0 0 0 100 100 
15 0 0 0 0 0 0 0 0 0 100 100 73 69 . 7 
20 0 0 0 1 1 48 ~ 

20u 0 0 0 0 2 2 1 1 3 91 74 
25 0 0 

8 5 0 0 0 0 0 0 0 0 0 100 100 
10 0 I 0 0 1 0 0 0 0 100 % 
15 0 1 0 0 2 0 1 1 0 100 91 82 72 . 3 
20 1 1 1 1 1 2 2 1 3 95 71 
20u 1 1 0 0 2 1 1 2 2 95 76 
25 0 0 

C 5 0 0 0 0 0 0 0 0 0 100 100 
10 0 0 0 0 0 0 0 0 0 100 100 

0 15 0 0 0 0 0 0 0 1 2 100 94 64 61 
20 0 1 1 I 38. 5 33 
ZOU 0 1 1 1 2 48 39 
25 0 0 

0 5 0 0 0 0 0 0 0 0 0 100 100 
10 0 0 0 0 0 0 0 0 0 100 100 
15 0 0 0 1 0 1 0 0 0 100 96 77 71. 5 
20 0 1 1 0 1 1 1 1 2 81 66 
20u 0 0 1 0 1 1 0 2 2 80 67 
25 0 0 

E 5 0 0 0 0 0 0 0 0 0 100 100 
10 0 0 0 0 0 0 0 0 0 100 100 
15 0 1 0 0 0 1 0 1 1 100 92.5 76. 5 68 
20 1 0 1 1 1 3 2 2 2 77 53 
20** 0 1 0 0 1 2 2 1 2 82 65 
25 0 0 

'Course surface conslsted of the surface of • frozen lake covered by • O . 25 ~ 'nch layer of rough lee for~ed by spraying water over the sur-
face and allowing it to freeze . Surface temperature was lOaF (-7°C) . 

uOriven in four-wheel drive ; all others driven in two-wheel drive . 



Table 15. Data for obstac l e course e x e rc i se o n s now. * 
HUMber of Observed Maneuver Probl~5 for Obstacle 

Skids Fishta i lin and/or Marker Contact Average 
Tire Speed Percent Percent Percent Percent 
~ i!£hl left Right left Right left Right left Right Circle C~leted ~ CO!!,E 1 eled Score 

A 5 0 1 0 0 1 0 1 0 0 100 94 
10 0 0 1 0 0 0 0 0 0 100 98 
15 0 0 1 1 2 0 1 0 0 100 91 89 81. 2 
20 0 0 0 0 1 0 0 0 1 100 96 
25 0 1 1 1 1 3 55 42 
25** 0 1 1 0 1 2 0 0 3 81 66 

8 5 0 0 0 0 0 0 0 0 0 100 100 
10 0 0 0 0 0 0 0 0 0 100 100 
15 0 0 1 0 1 0 0 0 0 100 96 87 84 
20 0 1 0 0 1 0 0 1 0 100 94 
25 0 0 0 0 0 0 0 0 3 78 72 
25-- ~ 0 0 0 2 46 42 

C 5 0 0 0 0 0 0 0 0 0 100 100 
10 0 0 0 0 0 0 0 0 0 100 100 
15 0 0 0 0 0 0 0 0 0 100 100 90 . 5 86 
20 0 0 0 1 1 0 0 0 1 100 94 
25 0 1 0 1 1 1 2 65 54 
25u 0 1 0 0 1 0 0 1 2 78 69 

0 5 0 0 0 0 0 0 0 0 0 100 100 
10 0 0 0 0 0 0 0 0 0 100 100 
15 0 0 0 0 0 0 0 0 0 100 100 83 BO . 9 
20 0 0 0 1 0 0 0 0 0 100 98 
25 0 1 0 1 1 1 54 46 . 5 
25,u 0 0 0 0 2 45 41 

E 5 0 0 0 0 0 0 0 0 0 100 100 
10 0 0 0 0 0 0 0 0 0 100 100 
15 0 0 0 0 0 1 1 0 0 100 96 76 73 
20 0 0 1 1 1 2 55 46 
20"" 0 0 0 0 0 0 0 1 1 100 96 
25 0 0 

'Course surface consIsted of the surface of a frozen lake covered by 2 1nches 01 oid packed and loose snow . surface temperatures were ObF 
to ~4°F (-ISOe to -ZOOe) . 

·-Driven in four- wheel dr i ve ; all others driven in two-wheel drive . 



Table 16. Ranking of tire performance on obstacle co urse exercises 
by average percen t score* and ave rage percent cour se comple t ion . 

Ice Snow 
Comparative By Percent By Percent By Percent By Percent 

Ranking Score Completion Score Completion 

1 B = 72 B = 82 C = 86 C = 90 .5 

2 0 = 71. 5 0 = 77 B = 84 A = 89 

3 A = 70 E = 76 . 5 A = 81. 2 B = 87 

4 E = 68 A = 73 0 = 80.9 0 = 83 

5 C = 61 C = 64 E = 73 E = 76 

Overall Winter Performance 
Comparative By Percent By Percent 

Ranking Score Completion 

1 B = 78 B = 84.5 

2 0 = 76 . 2 A = 81 

3 A = 75.6 0 = 80 

4 C = 73 . 5 C = 77 .25 

5 E = 70.5 E = 76 . 25 

*Percent Score (Percent Completion) - «50727) x (No . Maneuver PrOblems» . 

2.3 . 3 Data acqu i s ition procedu re 
a. Two trac tion exe rcises , t wo 

braking exercises , and one grade exercise 
were performed . 

b. A tract i on e xercise consis t ed of 
all vehicles tr ave rsing a st raight path 
through undisturbed snow unti l they we r e 
unable t o proceed further (road no. 12, 
Table N-I, Appendix N) . 

used . 

(I) Chains were not used . 
(2) Th e MIN vehicle l oad was 

(3) Each vehicle began from a 
stationary posit ion with the eng i ne a t 
corre c t operat i ng temperatures and pres -
s ures . 

(4) All five vehicles wer e 
driven by t he same driver ( the t es t NCO). 

(5) The relevant portions of 
Master Data Sheets No . I and 3 ( Fig . N- 4 
and N- 6 , Appendix N) wer e completed. 

c . A braking exerc ise consis ted of 
a vehicle (using each of the five tire 
type s ) acce l erating t o a speed of 15 
miles per hour while driving on one of 
two r oads ( r oads no. 10 and II, Table 
N-I, Appendix N), the driver firmly 
hraking on command, and the vehicle 

coming to a full stop. Each braking 
exe rc ise was co nduc t ed four times fo r a 
t otal of 40 trials . 

used . 

(I) Chains were not used . 
(2) The MIN vehicle l oad wa s 

(3) Veh i cle speed wa s con
trolled and reco rded as for the obs t ac l e 
cours e . 

(4) Th e braking dis t ance wa s 
measur ed by marking the braking point and 
measuring with a stee l tape meas ure. The 
braking distance was considered as the 
distance between the marke r and the final 
pos ition of the vehiclets rea r tires . 

(5) The relevant portions of 
Driver Data Sheet No . 1 and Maste r Data 
Shee t s No. I and 3 (Fig. N-I, N-4 , and 
N- 6 , Appendix N) were comple t ed. 

c . A grade exe rc ise consis ted of 
all vehicles, each with a different t ype 
of tire a nd each driven by the test NCO 
attempting to climb, successively, grade s 
of 31 , 38 , and 47 percent s l ope . 

used. 
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(1) Chains were not used . 
(2) The MIN vehicle l oad was 

(3) The vehic l e began cl imbing 



from a leve l space at t he foo t of each 
grade i n fi rs t gear and neve r exceeded a 
speed of 15 miles per hou r . 

(4) Each grade was attempted in 
t wo- wheel drive. If a grade could not be 
climbed in two-wheel drive, t he pe rcent 
of the gr ade completed was noted and 
another attempt was made in four -whee l 
drive. At this point, the next vehicle 
and type of tire was tested. 

(5) The vehicle and f i rs t t ype 
of tire tested was retested at the mid
point of th e exercise and again after all 
vehicles and types of tires had been 
t ested to ensu re that the surfaces of th e 
grades had not sufficiently changed by 
successive t rials t o alter the results. 

(6) The surfaces of the grades 
were compacted fi ne - grained silt with 
small amounts of clay and litt l e or no 
organic content at or above optimum mois 
ture co nte nt for compaction as defined in 
FM 5- 34 (r ef 7, Appendix p). 

2 . 3 . 4 Results 
Data are given in Tables 17, 18 , 

and 19 . 

2 . 3.5 Analysis 
a. On the basis of cont act area 

(Table L- l , Appendix L) , t he types of 
tires would have been expected to have 
ranked in inverse order of t heir contact 
area fo r braking and climbing grades and 
in order of their co ntact area fo r t ra
ve r sing snow drif t s (Appendix 0) . The 
degree to which this was observed indi 
cates the relative effect s of the contact 
area and other physical characteristics 
such as tread design . The act ual rank
Ings observed are compared with those to 
be expected from contact area below: 

Actual Expected rank 
rank from cont act 

Task (12345 ) a r ea (12345) 

(1) Br aking DABEC ADBCE 
(2) Climbing 

grades ADBEC ADBCE 
(3) Snow dr ifts BCEDA ECBDA 

(C-E) 

b. Fo r unstudded ti res ( t ypes A, 8, 
and C) the con t act area appeared t o de 
termine the results for braking and 
climbing wh i le othe r cha racteristics de 
termined the resul t s fo r t ravers i ng snow 
dri f ts. Studded tires (types D and E 
compared to types B and C) appear to of -

Table 17 . Data from traction exercise.* 

Tire 
~ 

A 
B 
C 
o 
E 

Rank 

5 
1 
Z 
3 
Z 

Average 
Maximu. Oepth of 

Snow Traversed ( Inches ) 

9. 6 
12 .15 
12. 0 
10.5 
12 .0 

"The test tracks were parallel lncurSlons into a wedge shaped snow drlft . 
The snow drift varied i n depth f rom 0 to 17 i nches and consisted of a si ngle 
layer of old, dry snow . 

Table 18. Data from braking exercise. 

Winter Ice* Snow** 
~verage -Average --Average 

Braking Braking Braking 
Ti re Distance Distance Distance 
~ Rank (Feet) Rank (Feet) Rank (Feet ) 

A 2 56 . 05 1 63 .6 5 48 .5 
B 3 56 . 95 3 61 . 1 4 46 .8 
C 5 60.95 5 15 .1 3 46 .2 
0 1 49. 15 2 65 . 4 1 34.1 
E 4 51.8 4 10 . 1 2 45 .5 

"Surface consl sted of a frozen lake at a surface te~erature of ZO"F (-?"C) . 
" Surface consi sted of 2 i nches of old packed and loose snow over ice at 
te~eratu res of OOF to -4°F (-18°C to - 20°C). 
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Table 19. Data from grade exercise. l 

Tire Percent Percent 
~ Slope Completion 

A2 31 100 
38 100 
47 71 

Four-Wheel 3 47 100 

8 31 100 
38 100 
47 64 

Four-Wheel 47 100 

C 31 100 
38 81 

Four-Wheel 38 100 
38 a 

a 31 100 
38 100 
47 65 

Four-Wheel 47 100 

E 31 100 
38 90 
38 100 

Four-Wheel 47 a 
'Surface of grades conslsted of compacted fine-gralned sllt with a small 
amount of clay and no detectable organic content at or above optimum mois
ture content for compaction. 

'The exercise was repeated three times with 
type A with the same results . 

3Two-wheel drive was used except where noted. 

fer an advantage for braking and climbing 
but not for traversing snow drifts. 

2.4 Subjective evaluation 

2.4.1 Objective 
Determine comparative degree of 

drivers' acceptance of each t ype of tire. 

2.4.2 Criteria 
None. 

2 .4.3 Data acquistion procedure 
a. Each driver received 24 hours of 

instruction before participating in test
ing. This instruction consis ted o f: 

(1) Data acqu isition procedure 
- 8 hour s . 

(2 ) 
t es ting SOP -

(3) 
hours. 

Maintenance, safety, and 
8 hours. 
Practical exercis e - 8 

b. Each driver maintained a daily 
log recording his portion of the relevant 
data to include results of operator ' s 
maintenance checks and subjective evalua 
tions of road conditions and tire per
f o rmance. (Driver Data Sheets No.1, 2, 

and 3, Fig. N-l, N-2, and N-3, respec
tive ly, Appendix N). 

c . Ea ch driver was encouraged to 
concentrate on evaluating the performance 
of the particular type of tires installed 
on hi s vehi c l e a t any given time. By th e 
end of eve ry 5 days of t est ing, each 
driver had driven his assigned vehicle 
with each type of tire. Each driver kept 
a record o f his continuing subjective 
evalu at i on of each t ype of tire. (Driver 
Data Sheet No . 3, Fig. N- 3, Appendix N). 

d. At the end of t est ing , each r eg
ular driver spent a 4-hour period com
pl e ting the Huma n Factors Evaluation 
Booklet (Fig. N- 7, Appendix N) . He was 
to compute the ave rage of a ll the ra tings 
he had given each type of tire during 
r oad exercises, rank the types of tires 
by this result, and then comput e the num
ber of handling incidents he had experi
enced with each type of tire. In addi
tion, he was t o consider the type of 
weather and road conditions e ncountered 
with each type of tire. He was then 
asked to make a final ranking that re
flected his best judgment as t o the rela
tive performance of the tire t ypes . 
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Tabl e 20. Dr iver' s f i nal evaluation compa red t o th e ir evalua t i on during 
road exercises by t ype o f tire . 

Rank from Road Exercises/Rank i n Fi na l Evaluatio n 
Driver For Tire T~2es 

E A B C 0 Number-

1 5/5 2/ 3 4/2 3/1 1/ 4 

2 5/ 5 2/3 1/1 3/4 4/2 

3 3/5 2/4 112 5/3 211 

4 5/3 215 1/1 3/2 214 

5 4/5 5/4 212 3/3 111 

All 5/5 3/4 1/1 4/3 212 

'On1y the tlVe regular drlVers are Incl uded . 

Table 21. Comparison of numb er o f inc idents experi enced by each 
driver wi th the rank the driver gave the t ype of t i r e in his 
final evaluat i on. 

Driver 
Number--

Handling Incidents 
While Oriving With TY2e 

ABC 0 E - - -
1 4' 1 l' 2 0 

2 2 2 2 0 2 

3 5 11 3 2 1 

4 4 l' 0 3 2 

5 0 2 3 0 0 

"Includes one safety incident. 
"Only five regu l ar driver s are included. 

2 . 4.4 Results 
a. The comparison be tween the driv

ers ' average ratings on road exercises 
and how they finally judged and ranked 
the tire types is given in Table 20. 

b. Before final ranking j udgments 
were made on the tire types , the driver s 
considered the numbe r of incidents they 
had experienced with each type of tires . 
Table 21 compare s the number of incidents 
with the final rank of each type of tire 
for each driver. 

c. The drivers complained the most 
about tires of type A, which were de
scribed by all drivers as having a tend 
ency to skid on ruts and become stuck in 
80ft spots. The most common complaint 
about tires of types C and E was that 
they "threw rocks . " 

2.4 . 5 AnalysiS 
a. The subjective evaluatio~s of 

the five regular drivers appear to dis 
agree with the evaluations of the rela-

115 

Type With 
Incident s 

Least Host 

E A 

0 ABCE 

E B 

C A 

AOE C 

Type 
Rank 

Highest Lowes t 

0 A 

C A 

E A 

C B 

E A 

tive performance of the types of ti res in 
exerci s es o ther than the road exercises . 
Despite the fac t that tires of types A, 
B, and D appear t o be at least as good or 
better performers than tires of types C 
and E, the perception of the drivers is 
that types C and E out perfo rm types A, 
B, and D. 

b. From the comments of each driv
er, it appears that each felt less confi 
dent of his ability to handle his vehicle 
with tires of type A than any of the oth
er types of tires . There is evidence 
fr om the obstac le course exercises (para
graph 2 . 2. 5c(I» to support the drivers' 
perceptions of type A. The very charac
teristic that gives these tires increased 
traction also makes them interact strong
ly with irregularities (such as ruts or 
soft spots) in the surface of the road . 
An inexperienced driver could find this 
interaction difficult to control and feel 
less confident of his ability to drive 
with these tires than those of larger 



contact area and less open tread design. 
Since the differences in contact area be
twe en the t ires could have been expected 
t o account for no more than a 5 percent 
difference in traction or flotation, the 
difference in detailed control of the 
tire 's interaction with irregularities in 
th e surface could easily have outweighed 
any perception of a difference i n trac
tion. 

c . Although not tested, the use of 
radial tires might be expected to enhance 
smooth tracking, give drivers a more se
cure "feel" of the road, and overcorre 
some of the objections to the standard 
mil ita ry tire . 

d . There is statistical evidence 
that diff erences between the drivers wer e 
more important in producing the differ
ences in hand ling incident s among the 
types of tires than the actual character
istics of the tires (paragraph 2 . 2 . 5b) . 
This, together with the discussi on in the 
preceding paragraphs, implies that, while 
none of the types of tires eva luated is 
sufficiently different f rom type A to be 
considered a decisive improvement , type A 
is not accepted as an adequate tire by 
the soldiers who drove the jeeps . 

2 . 5 Safety evaluation 

2.5 . 1 Objec tive 
Determine if any of the types of 

tires are hazardous to use under r oad and 
weather condi tions commo n to cold regions 
(winter and spring seasons). 

2.5 . 2 Criteria 
None. 

2. 5 . 3 Data acquisition procedure 
a. Before testing, each driver was 

familiarized with safety equipment and 
safety requirements. 

b. Each driver recorded in a daily 
log all inc idents that were relevant to 
the safety of operation of the tires on 
his vehicle and the road conditions re
lated t o the incidents (Driver Data 
Sheets No .1, 2, and 3 , Fig . N-l , N- 2, 
and N- 3, respectively, Appendix N). 

c . All driving was done in convoy 
o r under specific controlled condit ions . 
All drivers participated in all tests and 
exercises as a group and were under the 
continuous supervision of the test NCO. 
A safety SOP developed by CRTC to cover 
conduct of all test exercises was fol
lowed. 

d . Each driver was tested on an ob
stacle course (Fig . 66) at a speed of 15 
miles per hour to determine the relative 
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abIli ty of each driver . The obstacle 
course was th e salOO as that for the ob
stacle course exercise on ice (paragraph 
2 . 2.4 and Table 14). The performance of 
each driver was compared to that of the 
test NCO who drove th e obstacle course 
exercises . 

2 . 5 . 4 Results 
a. Three serious safety incidents , 

one for each type of unstudded tire (A, 
B, and C), occurred during testing. Each 
of these incidents was sufficiently seri
ous as to have endangered the life of the 
driver if special safety eq uipment not 
normally used in military jeeps had not 
been emp l oyed (Fig . 68) . Two involved 
MEO vehicle loads and were on primary 
roads . The other involved a MIN load and 
was on an unimproved seconda ry road . In 
each case , conditions we r e thos e fre
quently encountered by the 17 2d Infantry 
Brigade (AK) during the winter--heavily 
rutted packed snow. 

b. Investigation of tread marks and 
o the r physical evidence by state troopers 
and test t eam personnel revealed that the 
accidents were th e r esult of errors in 
controlling minor skids, whi ch caused the 
vehicle to go out of cont rol and cross 
the ce nt e r line of the highway. The most 
serious incident involved a MED vehicle 
load, and the physical evidence indicated 
that the driver failed t o conside r the 
motion of the traile r while trying to 
slC70J down durlng a skid . As a result, 11 
of the exe r cises originally scheduled for 
primary highway wer e cance led as too haz
a rdous . 

c. In addi t ion to the three han
dling incidents that were serious enough 
to be classified as safety incidents, 5 1 
other handling incidents occurred for a 
total of 54 . These .incidents varied from 
getting stuck in th e mud or snow to skid
ding 360 degrees in the middle of the 
highway, and any of them could have ended 
in an accident had there been other traf
fic on the r oad at the time. The number 
of handling incidents for each driver is 
shown in the top of Table L-4, Appendix 
L. 

d . None of the drivers could com
plete the obstacle course at 15 miles per 
hour and two of them (drivers number 1 
and 3) could only maneuver through the 
four easiest obstacles. This may be com
pared with the test NCO's performance--he 
completed the course with every vehicle 
and every type of tire at 15 miles per 
hour. 
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Figure 68. Safety incident. This involved v ehic le number 4 and tire type B. 

2 . 5.5 Analysis 
a. The two regular drivers scoring 

lowest on the obstacle course accounted 
for 67 percent of the handling incide nts 
and two of the three safety incident s 
(Table L-4, Appendix L). 

b. Even under controlled conditions 
1n which an expe rienced NCO regulated ve
hicle speed according to conditions, en
sured the correct use of chains and four
wheel drive, and enforced correct in fla 
tion of tires; thre e serious accidents, 
much like the accident that led t o this 
test, and 51 incidents that could have 
led to accident s, occurred . As this de
gree of control is unlikely to be dupli
cated 1n a field environment, the safety 
record for jeeps being driven on field 
maneuvers 1n Alaska during the winter and 
spring cannot be expected to be better 
than that observed during testing. 

c. It appears that all of the types 
of tires evaluated are hazardous for in
experienced drivers to use on a jeep on 
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wet snow and ice in cold r egions (winter 
and spring season). 

2.6 Post operational inspection 

2 . 6. 1 Objective 
Determine the condition of all tires 

and vehicles a t the end of t es ting . 

2 . 6 , 2 Criteria 
None. 

2 . 6 . 3 Data acquisition procedure 
a. At the end of testing, all tires 

were inspected in accordance with para
graph 6 .1 of MTP 2-2-704 (ref I, Appendix 
E) • 

b. Defects in tire condition were 
do cument ed by phot og raphing the specific 
conditions found . 

c . The tire condition was deter
mined in accordance with TM9-2610-201-14 
(ref 6, Appendix p) and a tire condition 
sheet (Fig . N-8, Appendix N) was complet
ed for each tire. 



2 . 6 . 4 Results 
a . The physical characteristics of 

the t ires after testing were as g iven in 
Table L- 2, Appendix L. 

b. All tires showed minor cuts and 
wer e missing chunks of rubber i n the 
tread. Tires of type D showed the most 
wear . 

c . Vehicle number 2 was found to 
have wo rn spindle bearings . 

d. Du ring the course of testing, 
four flat tires were repaired for nail 
punctures . Two of these flat t ires were 
for the same tIre (type B) . No mainten
ance was requ ired for t i res of types C 
and D. 

e. There was no indicat i on that any 
of t he alte rna t ive tires required more or 
less maintenance than standard mi lita ry 
tires or that any of them were incompat
ible with th e vehicl es . 

2. 6 . 5 Analysis 
B. All tires were in satisfactory 

condit i on at the end of testing . 

b. The worn spindle bearing found 
on vehicle number 2 does not account for 
the difference 1n tread wea r obs erved fo r 
tires of t ype 0 since both tires of t ypes 
Band D were driven for similar distances 
on vehicle number 2 and tires of type B 
showed less wear . 

c . Much of the wea r obse rved on 
tires of t ype 0 was centered around the 
area where the studs were installed . 
Studding a tire of type B may shorten the 
life of t he tir e . 

d. The tempe rature range during 
testing did not allow evaluation of the 
r eca p mo ld of types Band D for its abi l
ity to withstand temperatures below -13°F 
(-25°C) , whi ch a re common in Alaska in 
th e winte r . 

e . No disce rnible damage to any of 
the vehicles was observed due to haVing 
been driven wit h nonstandard tires o f 
types C and E. 

APPENDIX L - TEST DATA 

Tire 
~ 

A 

B 

C 

o 
E 

TABLE L-I .-- Results of Preoeerati ona l Inspection and 
Physical Characterlstlcs* of flres by Type 

Tread 
Depth 

(I nches) 

17/32 

17/ 32 

19/ 32 

17/32 

19/ 32 

Weight 
(Lbs) 

Peri
meter 

(Feet) 

30 7.B6 

33.5 7.96 

39 B.13 

34 B.OO 

39 B.17 

Dia- Contact 
Width meter Area Defects 

Inflation" 
Pres sure 

(Inches ) (Feet) (Inches;- Observed ill.!l 
7 .0 

7. 2 

7. 75 

7. 1 

7.7 

5. 66 

5.795 

6.02 

5.84 

6. 02 

42 

52 

53 

50 

54 

None 25 

Abrasions 25 
on Sidewall 

None 35 

None 25 

None 35 

"Measured ln accordance with MTP 2-2-704 (ref 6, appendl x P J. "Perimete r" 
is the outs i de circumference of the tire. "Wi dth" is the wi dth at the 
widest portion of the tire's cross-section . "Diameter" is measured by 
wrapping a tape measure around the tire so that the tape crosses the cen
ter of the tire on both s ides and mea suring the distance from a starting 
point on the sidewall back to the starting point. 

""This was the correct inflation pressure for travel on dry pavement, whiCh 
was the road condition at the time of the preoperational inspection. 
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Tire 
~ 

A 

B 

C 

D 

E 

Tread 
Depth 

(Inches) 

14/32 

14/32 

17132 

14/32 

17/32 

TABLE L-2. --Results of Postoperational Inspection, 
Physical Characteristics of f,res, 
and Total Miles Driven by Type 

Peri- Dia-
Weight meter Width meter 
~ (Feet) (Inches) (Feet) 

29 7.89 7. 1 5. 67 

33 7. 97 7. 2 5.82 

38 8.19 7.8 6.04 

33 7. 96 7.2 5.82 

38 8. 15 7.8 6. 03 

Contact 
Area 

(Inches) 

42 

52 

53 

50 

54 

Defects 
Observed 

Inflation"" 
Pressure 
~ 

Dent in 21 
r i ng 10 inch 
of rubber 
missing 
from tread 

Dry rot, 18 
tears in bead , 
10 inch rubber 
missing from 
tread 

10 to 3/8 27 
inch rubber 
missing from 
tread, cuts 
in tread 

Tears in 21 
bead , dry rot , 
wear on one 
tire uneven and 
1/32 inch below 
the average of 
the others 

Cuts in 27.5 
tread, tread 
torn and gashed 
near studs 

"Inflation pressure was that appropriate for the exercises on muddy roads, 
which were performed immediately before the postoperational inspection . 

Ti re 
~ 

A 

B 

C 

D 

E 

Total 
Miles 
Driven 

3092 

3422 . 5 

2269 

2622 . 5 

2803 

Miles Oriven on Vehicle Number 
1 2 3 4 5 

759 

400 

353 

315 

431 515 

1264. 5 655 

502 425 

1259. 5 336 

1004 

713 

269 

200 

353.5 474.5 1323 258 

119 

383 

390 

720 

512 

394 

Average 
Tread Oepth 

Loss (I nches) 

2/32 

2132 

2132 

2/32 

2/32 



TABLE L -3 . --Mult ip le Comparison Test of Ov erall Tire Performance 
Based on Friedman Ran k System 

To i "vest igate wh i ch di ff erences in overa 11 t ire pe rformance ranks 
between tires were statistically significant, the test on page 151 of 
reference 11, append ix E, was used. To apply this test , the 18 exercises 
for wh; ch overa 11 rat i "gs were obta i ned for all fi ve t i re types were used . 
The sum of ranks for each type tire were obtained as 79, 61, 3D, 62, and 38 
for tire types A, 8, C, 0, and E, respectively . The average ranks 
(l=highest to 5=10west) were 1.7 , 2. 1, 3.4,3.4, and 4. 4 for tires C, E, 0 , 
B I and A I respective ly . For experiment wi se error rate of a. it can be 
conc 1 uded that the observed di fference between two tire types is 
statistically significant if the magnitude of the difference between the 
correspondi ng rank sums exceeds the crt t i ca 1 va 1 ue computed from equati on 
(15), page 151 of re ference 11 , appendix E. It was found that di fferences 
between either tire type C or E and any of t i re types A, B, or 0 were 
statistically signif icant at the foll owing approximate levels . 

Difference 8etween 

C and B 
C and 0 
C and A 
E and B 
E and 0 
E and A 

Level of Significance 

0. 01 
0. 005 
0.0001 
0. 11 
0.10 
0.0005 

None of the other observed differences between rank sums was statistically 
si gn ifi cant . 

TABLE L-4 . --Handling Incidents by Group of Exercise, 
Type of fire, and Driver 

Group 
Road 

Exercises 
Tire 
~ 

A 
B 
C 
o 
E 

All 

Mud on Unim
proved Sec- A 
ondary Roads B 
With Three C 
Types of 
Tires All 

Improved 
Secondary A 
Roads With B 
Three Types C 
of Tires 

With Five 
Types of 
Ti res 

All 

A 
B 
C 
o 
E 

All 

Number of 

1 g 
Incidents/Number of Exercises 

B~ Driver Number·· 
4 5 6 - - -

4'/4 
1/ 4 

1'/4 
2/3 
0/ 3 

2/5 5/7 
2/6 11/8 
2/ 5 3/6 
0/3 2/3 
2/5 1/4 

4/ 5 
1'/ 4 
0/ 4 
3/ 4 
2/3 

0/ 7 
2/6 
3/8 
0/ 4 
0/4 

1/ 1 
0/ 0 
0/2 
al l 
0/ 0 

8/18 8/ 24 22/28 10/ 20 5/ 29 1/ 4 

4"/4 
114 

1'/4 
2/3 
0/3 

1/1 3/2 
2/2 6/2 
0/2 211 

3/5 11/5 

0/1 0/1 
0/2 0/1 
0/1 0/2 

0/4 0/4 

1/3 
0/2 
2/2 
0/3 
215 

2/4 4/5 
5/5 1'/4 
1/3 0/4 
2/3 3/4 
1/4 213 

0/ 2 
0/ 1 
0/2 

0/5 

0/2 
0/1 
0/1 

0/4 

0/3 
214 
3/5 
0/4 
0/4 

1/1 
0/ 0 
0/ 2 
0/1 
0/0 

8/18 5/15 11/19 10/20 5/20 1/ 4 

Driven 

7 

0/0 
0/1 
0/ 0 
0/ 2 
0/1 

0/ 4 

0/0 
0/1 
0/0 
0/2 
0/1 

0/4 

Al l 

16/29 
17/29 
9129 
7/ 20 
5/20 

54/ 127 

4/ 5 
8/ 5 
215 

14115 

0/ 4 
0/4 
0/ 4 

0/12 

12120 
9/20 
7120 
7/20 
5/20 

40/ 100 

"Includes one safety lncident. . 
**Drivers nWDber 1 through 5 were the regular drlvers; driver number 6 was 

the test NCO; driver nuDber 7 was the substitute driver. 
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TABLE L-5 . --Contingency Table Analyses of Handling Incidents 

1. Of the 54 handling incidents (including the 3 safety incidents) wh i ch 
occurred in 127 runs (100 runs from the 20 exercises involving all f ive 
types of tires and 27 runs from the 9 exercises involving only three types 
of tires), 14 incidents occurred during the 15 runs conducted on muddy 
trails in exercises involving only three types of tires (these were the only 
runs conducted on muddy trails and the only runs on trails in exercises 
involving only three types of tires) . No handling incidents occurred during 
the 12 runs conducted on secondary roads in exercises involving only three 
types of tires. 

2. The 40 handling incidents (including the 3 safety incidents which 
occurred during exercises involving all five types of tires) were fairl y 
evenly distributed over types of tires: 12,9,7,7, and 5 incidents on 
type A, B, C, 0, and E respective ly . The va 1 ue of the usual chi - square 
statistic for testing the null hypothesis of no difference between types of 
tires is 3. 50 which is only significant at level 0.48 . 

3. Of the 14 inc i dents whi ch occurred duri ng the 15 runs on muddy tra i 1 s, 
11 occurred with one driver. That driver drove tire A and tire B twice each 
but drove tire C only once, while each of the other two drivers drove tire C 
twice. Once the differences in numbers of times each driver drove each tire 
is taken into account, the difference between tires is not statistically 
s i gni fi cant, but the difference between dri vers (or perhaps dri ver/vehi cl e 
combinations) is highly statistically significant. 

a. Given 3, 11, and 0 handling incidents with drivers 2 , 3, and 5 
respectively, and the given five runs for each driver, the expected nUllbers 
of incidents per run are 0.6, 1.2, and 0. 0 for drivers 2, 3, and ,5 
respect i ve ly. Thus, gi ven the differences in nUlllber of handl i ng i nci dents 
among dri vers, the expected numbers of handl i ng i nci dents by type of tire 
are : 

Ti re A 
Tire B 
Tire C 

Driver 

0.6 
1.2 
1.2 

2 Driver 

4.4 
4. 4 
2.2 

3 Driver 5 Total 

0. 0 5. 0 
0.0 5. 6 
0. 0 3.4 

Since four, eight, and two handling incidents occurred on tires A, B, and C 
respectively, the chi-square value with 2 degrees of freedom for testing the 
null hypothesis of no tire differences is: 

x~ = (1 .0)2/5.0 + (2.4)2/5 . 6 = (1/4)2/3 . 4 = 1.80 

which is only significant at level 0.41. 

b. Given four, eight, and two handling i ncidents on tires A, B, and 
C. respectively, and given five runs on each tire, the expected number of 
incidents per run are 0 . 8, 1.6, and 0.4 for tires A, 8, and C respectivelY . 
Thus, given the differences in handling incidents between tires. the 
expected nUMber of handling incidents by driver are : 

~ Tire B Tire C Total 

Driver 2 0.8 3.2 
Driver 3 1. 6 3.2 
Oriver ~ 1.6 1.6 
Since 3, 11, and 0 handling incidents occurred 
respectively, the chi-square value with 2 degrees 
null hypothesis of no driver differences is: 

0. 8 4.8 
0. 4 4.0 
0.8 4.0 

with drivers 2, 3, and 5 
of freedom for testing the 

x~ = (1.8)2/4.8 + (5.8)2/5 .2. (4.0)2/4.0 = 11.14 

which is significant at level 0. 0005. (If possible differences between 
tires were ignored, the expected nWllber of handling incidepts for each 
driver would be 14/3 so the chi-square value would be: 

x~ = [(5/3)2 + (19/3)2 • (14/3)2]/(14/3) = 13.86 

which is also significant at level 0.0005.) 
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FIGURE L-l . --Overal I Performance I Ranks for Comparison Tires2 
On 29 Road Exerclses 3 

RANK 

1 - C C B C C C E E E C C E C C C C E 
(BEST) C C C C C C A C C C C 

PRH~ARY ROADS I~lPROVED SECONDARY UNIMPROVED SECONDAR Y 
ROADS ROADS 

2 - E E E BEE D C D B D C A E E E B 

3 

4 

5 
(WORST) 

A E 

D DCA B B C B C E B A EBB A B B B.DlJBABBA 

E A 

A B D D D DBA D B D E D B D D A A 

D AABA B CBAAB 
B A A E A A A B A A A A B D A ABC 

I 2 3 4 5 6 7 8 9 -to-TI-t21~Tkl7-{8-19 if2Ttd32~-td7-td9-
IRank is the order of relative performance of the five types of tires 

indicated by the average of the drivers' ratings as adjusted for individ
ual driver differences in rating scales . A rank. of 5 is l owest and 1 is 
highest performance. 

2A. B, C, 0, and E represent the five types of tires compared. A is the 
5 tandard mi I i tary tire , B the mi I i tary recap tire, C the commerc i a I mud/ 
snow tire , 0 the studded vers i on of B, and E the studded vers i on of C. 

3Exerci ses 1 through 9 were performed on primary roads, 10 through 19 on 
improved secondary roads, and 20 through 29 on unimproved seconda ry roads . 
On some exercises, some drivers declined to rate their tires for maneuvers 
they felt had not been required by them during the exercise. On other 
exercises , only three types of tires were compared due to a prohibition 
against using studded tires in the spring. In these cases, the ranks were 
adjusted to compensate for fewer than five types of tires being compared. 

APPENDIX H - COLO-DRY UNIFORM 

The year-round temperature variation peculiar to the cold regions 
prohibits the prescribing of a ~articular uniforlD for any season. The 
clothing which is comfortable at approximately -SOoF (-4S0C) becomes 
uncomfortable at approxi~ateJy -lSoF ( -2S0C), and vice versa. Since a large 
fluctuation is experienced on an hour-by-hour, day-by-day basis, so.e degree 
of flexibility in uniform require~ents is necessary . 

The cold-wet uniform is designed to afford ma Kim um protection against 
the hazards of changing temperatures, rain, wet snow, mud, and slush of a 
cold-wet environment. 

The cold-d ry uniform is designed to provide protection against the 
hazards of extreme temperatures, high winds, and snow of a cold-dry 
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env i ronment . As ind i cated below, the cold- wet uniform i s part of the 
co l d- dry uni form . The cold-wet uniform provides the i nner insul ating 
components of the co 1 d-dry uni form. Progress i ng from cold-wet to cold-dry 
is accomplish.d by adding IIIOre insulation in the for .. of additional outer 
garments . 

The necessary clothing components of the cold weather uniforms are wor·n 
as defined in TM 10-275, DA, Cold W.ath.r ~lothing and Sl.eping Equipment , 
dateq Apri l 1968 as a .... nd.d by curr.nt Supply 8ull.tins and 172d Infantry 
Brigad. (Arctic) Oirectiv.s. 

Item 

a. 
sleeve . 

Undershirt man , 50% cotton, 50% wool, full 

b. Draw.rs cold w.ather lIan, 50% cotton, 50% 
wool , knit, ankl e length . 

c. Socks mans , wool, cushion sole, OG 408, 
stretch type . 

d . Suspenders t rousers , scissor back typ • . 

•• 
OG 108. 

Shi rt cold weather, wool, nylon, flannel , 

f . 

g. 

Trouse rs , co ld weath'r wool serg., OG ·108 . 

Trousers, ut il ity cotton sateen , OG 107. 

h. Trousers , camoufl age cotton nylon, water 
repel l.nt whit • . 

i . Li ner co l d weather trousers, nylon rip-
stop qui l t.d whit • . 

j . Liner, snow trousers , camouflage , nylon 
ripstop qu i lt.d whit • . 

k. Boot extre.e cold weather .. ns rubb.r 
whi t e wi re lease valve. ' 

*1 . Boot, cold weath.r, .. ns rubb.r, black, 
w/releas. valve. 

II . Coat cold weath.r mans , cotton and nylon 
wi nd resistant sateen. 

n. liner cold w.ather coat, nylon quilted, 
6.2 OZ, OG 106 . 

o . Parka. extreme cold weather. mans cottonl 
nylon oxford OG 107, wo/hood . 

p. liner extreme cold weather parka . ans 
nylon quilt.d, OG 106. ' 

q. Cap, cold weather, cotton nylon oxford 
OG 107 . 

r . Hood . xtreme cold weather, cotton, nylon 
OG 107, wlfur ruff . 

s . Handw.ar ; 

(1) Hitten set arctic ; Gauntl.t style 
sh. l l w/l.ather palm. 
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Wet ~ 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X 

X 

X 

X X 

X X 

X 

X 

X X 

X 

X X 



Item 
Cold
Wet 

Cold-
!1!.\' 

"(2) Mitten shell , trigger finge r , leather 
palm and thumbj mitten inserts, wool and nylon knit, 
OG, trigger finger . x x 

"(3) Glove shells, work, leather; glove 
inserts, wool and nylon knit, OG 208 . x x 

(4) Gloves cloth, work type (anticontact). x x 

t . Special purpose clothing items : 

(1) Parka snow camouflage, white . x x 

X (2) Trousers camouflage. 

(3) Mask: Extreme cold weather . 

(4) Dickey, rayon, 00 (local item of issue) . 

(5 ) Balac l ava , wool, navy blue (local item 
of issue) . 

x 
X 

X 

X 

x 
X 

X 

'Not avai lable to CRTC . 
A-Items no t worn at same time . 

APPENDIX II - SPECIAL ROADS AND DATA SHEETS 

1. The special roads are identified by type, number , and gene ral 
descripti on in table N-l. The number is one arbitrarily aS$igned for the 
purposes of testing. 

2. Two kinds of data sheets were used during testing: 

a. Driver Data Sheets were of size 5~ x 8 inches suitable for binding 
into individual field data books for the use of individual drivers . The 
formats of Driver Data Sheets No . 1. 2, and 3 are shown in figures N 41, N2, 
and N-3, respectively. 

b. Master Data Sheets were of size Slt x 11 inches suitable for 
sto rage in loose leaf notebooks for the use of data analysts . Format of 
Master Data Sheets No . I, 2, and 3 are shown in figures 11-4, :1-5, and 11-6, 
respectively . 

3 . Figure r~ -7 shows the Human Factors Evaluation Booklet to be: completed 
by each dri ver at the end of testing. 

4. Tire data collected 
inspections and maintenance 
sheet shown in figure N -8. 

duri ng preoperat iana 1 and postoperat i ona 1 
incidents was recorded on the tire condition 
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Road No. 
and Type 

1 
Primary 

2 
Primary 

3 
Primary 

4 
Improved 
Secondary 

5 
Improved 
Secondary 

6 
Improved 
Secondary 

7 
Unimproved 
Secondary 

8 
Unimproved 
Secondary 

9 
Unimproved 
Secondary 

10 
Ice Track 

11 
Packed Snow 
Track 

12 

TABLE N-1 - SPECIAL ROAOS 

Hiles 
Length Description of Route Based on Ht . Hayes 0-4 Hap' 

120 From intersection of Headows Road with Ri chard
son Highway South for 60 mi les and return . 

120 From intersection of Headows Road with Richard
son Highway on Ri chardson Highway North for 60 
miles and return . 

120 Fro", intersection of Headows Road with Richard
son Highway South to Alcan Highway East for 60 
miles and return. 

20 . 5 Bolio Lake Test Facility to Meadows Road North 
to 33-lIile Loop North at (613885) to ll-mi Ie 
loop East at (616914) to 11-mile loop North at 
(645915) to Ft. Greely reservoir and south to 
33-lIile Loop South at (616914) to Headows Road 
South at (613885) to Bolio Lake Test Facility. 

51 Bolio Lake Test Facility to Headows Road North 
to 33-lIile Loop South at (613885) to Richardson 
Highway South at (622812) to Old Airfield Road 
South at (621790) to tank stand at (632768) and 
West to Richardson Highway at (619768) acro s s 
Richardson Highway to BH2735 to tower and 
return. 

21 Bolio Lake Test Facil i ty to Headows Road South 
to (535800) and East to (583787) and North to 
Richardson Highway North to Headows Road South 
to Bolio Lake Test Facility . 

10 . 5 (617892) east to (644885) and north to (647907) 
and east to (667908) and south to (659888) and 
west to (644885) and north to (647907) and west 
to (616906) and south to (617892). 

13. 5 (616865) east to (635862) and north to (645885) 
and east to (659888) and south to (642844) and 
west to (630844) and north to (635862) and north 
to (645885) and west to (617892) . 

20 (616865) east to (635863) and south to (630844) 
and east to (642844) and north to (667908) and 
west to (617907) and south to (617892) . 

0.25 or Bolio lake graded to remove snow. 
0.56 

0. 25 or Bolio Lake. 
0. 56 

O. 2S Shore of Big lake. Snow was undisturbed and 
was 0 to 17 inches (0 to 43 em) deep . 

• ( Reference 8. appendi x P ) . 
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FIGURE ri-] 

DRIVER DATA SHEET NO.1 

DATE : _ _ _________ TIME: _________ _ _ 

EXERCI SE NO .: TY PE: - ------
VEHICLE NO. : ____ ____ TIRE : _________ _ 

ROAD TYPE : __________ NO .: _ ____ ___ __ __ 

OPERATOR MAINTENANCE CHECKS: 

TIRE INFLATION: 

WHAT 

MILEAGE 

FUEL LEVEL 

SKY CONDITION 

LIGHT LEVEL 

TIME 

START POINT EVALUATION : 

sTART 

PSI . ADJUSTED TO: PSI. 

FiNISH 

DRI VER CONDITION : ________ _ _ __________ _ 

WEATH ER CO NDITIONS : _ _ ____ _____ _ _ ______ _ 

COMMENTS : _____ ________ __________ _ 

FIGURE ~f- 2 

DRIVER DATA SHEET NO . 2 

EXERCISE NO. CONTINUED . . . . . . • • . . • . . • ------ --
INCIDENTS : 

1) TIME : LOCATION : ___ _ _____ _ 

MANEUVER: 

DESCRIPTION : 

2) TIME : LOCATI ON : ____ ____ _ _ 

MANEUVER : 

DESCRIPTION : 

3) TIME: LOCATION : 

MANEUVER : 

DESCRIPTION : 

4) TIME : LOCATION: 

MANEUVER : 

DESCRIPTION : 

5) TIME : LOCATION: 

MANEUVER : 

DESC RIPT ION: 



N .... 

FIGURE N-l 

DRIVER DATA SHEET NO.l 

EXERCISE NO . _________ CONTINUED . 

MIDPOINT EVALUATION: 

LOCATION: 

ROAD CONDITIONS : 

WEATHER CONDITIONS : ___________________ _ 

TIRE PERFORMANCE DURING EXERCISE : (Us. scal. of 1 to 6) 

MANEUVER SCORE MANEUVER 

(Mid/End) 
STRAIGHT / BRAKING 

TURNING / ON BUMPS 

CLIMBING / ON SOFT SPOTS 

DESCENDING / ON SLICK SPOTS 

ENDPOINT EVALUATION : 

ROAD COND IT IONS: 

WEATHER CONDITIONS: 

OVERALL PERFORMANCE DURING EXERCISE : (Us. scal. of 1 to 6) 

EXPLAIN : 

SCORE 

(Mid/End) 
/ 

/ 

/ 

/ 

FIGURE ~ I -4 

HASTER DATA SHEET NO .1 

EXERCISE NO . EXERCISE TYPE ROAD NO . ROAD TYPE 
TOTAL TIME HOURS . TOTAL SOLAR RADIATION ----. -"LA"'NG""LE""Y"'S 
TOTAL PRECIPITATIoN INCHES OF 

METEO ROLOGicAL PARAMETERS 

Ambient Temperature 
HUliid i ty 
Windspeed 
Wind Direction 
light leve l, subjecti ve 
Sky Condition, subjective 
Weather , subjective 

START PO INT MIDPOI NT ENDPOINT CHANGE 

OF OF 
---Vi i 
__ ",k",t'i: k t: 

ROAO CONDITIONS MIOPOINT ___________________ _ 

ROAD CONDITIONS ENDPOINT ___________________ _ 

TIRE VEH FUEL 
SET NO . MILEAGE GAL 

A 

B 

C 

D 

E 

SPEED MPH NO . INCIDENTS 
AV HAX MIN LOAD HAND SAF HAl NT 

TIRE ENDPOINT TIRE PERFORMANCE EVALUATION 
SET STRAIGHT TURN CLIMB DE SC END BRAKE BUMPS SOFT SLICK OVERALL 

A 

B 

C 

o 
E 



N 
CD 

EXERCISE NO . __ _ 

FIGURE ~ -5 

MASTER DATA SHEET NO .2 

CONTINUED . . . . 

TIRE VEH. DRIVER SPEED DISTANCE NO . OBSTACLES SURMOU NTED BY RADIUS 
TYPE NO . NAME MPH % COURSE 20M 25M 30M 35M 35M CIRCULAR 

SURFACE TEMPERATURE OF ROAD, _____ oF 

fIGURE 11-6 

MASTER DATA SHEET NO.3 

EXERC ISE NO . ____ CONTINUED .. 

TIRE 
TYPE 

TIRE 
TYPE 

VEHICLE MIN DEPTH MAX DEPTH 
_ND__ CM CM 

LAYERS OF 
DRYIWET OLD/NEW 

BRAKING DISTANCE IN FEET FOR TRIAL NO . 
I ~ ~ 4 

SU RFACE TEMPERATURE ____ OF 

DISTANCE CHANGE 
MILES ~ 

CHN 
YIN 



FIGURE 11-1 

Human Factors Evaluation Booklet 

NAME OF ORIVER 

DATE OF EVALUATION __________ _ 

OIRECTIONS: You must complete the entire evaluation booklet correctly. If 
mistakes are found in your arithlletic or you have not laken the information 
correctly from your data book, you will be asked to do the work over again . 
If you di d not bri ng a cal cu1 ator, you may ask for one. You must do the 
work yourself and must not ask for help from other drivers. If you need 
help, ask the monitor. You have two 4-hour periods to complete the work but 
may leave when you have correctly completed the booklet. When you think you 
have finished, you must bring the completed work to the monitor, who will 
decide whether or not you may leave. Use a pencil so you can erase. 

1. Overall, rate the different types of tires by filling in Table 1. When 
you have completed this, ask the monitor for your data book . 

2. Look through your data book and fill in Tables 2, 3, 4, 5, and 6 . Be 
sure to keep track of which exercises were for which types of tires and put 
them in the correct tables . 

3 . Using the averages that you have calculated in Tables 2, 3, 4, 5, and 
6, fill in Table 7 . For example , put the tire type with the highest overall 
rating in the "BEST" block of Table 1. You now have the rating that you 
actually gave the tires while you were driving on the •. 

4. Ooes your rating in Table 1 agree with your rating in Table I? If not, 
explain why . 

5. Check the weather and road conditions that were present whel1 you were 
testing each of the tire types by filling in Table 8 using the information 
you wrote in your data book . 

6. From Table 8 , which type of tire did your drive under the worst weather 
and road conditions? 

1. According to your data book, which types of tires did you test whi;e 
not feeling your best? 

8. Check the incidents that happened while you were testing each type of 
tire by filling in Table 9 . 

9 . From Table 9, which type of tire do your think caused tl'le IK)st inci-
dents? 

10. Read your answers to all th~ questions . What is your final rating of 
the types of tires? (Put this in Table 10. What you put in Table 10 does 
not have to agree with either Table 1 or Table 7.) 

TABLE 1 First Atte.pt tq Rate Tires 

RATING TYPE OF TIRE 

BEST 

SECOND BEST 

AVERAGE 

SECOND WORST 

WORST 
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TABLE 2 

TIRE TYPE A 

EX. TIRE PERFORMANCE RATING FROM YOUR DATA BOOK FOR STD TIRES 
NO. OVERALL STRAIGHT TURN CLIMB DESCEND BRAKE BUMP SOFT SL IC K 

SUM 
AV . 
NOTE : Add each column to get sums and then divide each sum by 8 to get 
averages. 
- Tables 3 through 6 were identical excep t for type of tire and so are 
omitted . 

TA8LE 7 

Overall Tire Rating from Daily Rating Average, 

RATING TYPE OF TIRE 

8EST 

SECOND 8EST 

AVERAGE 

SECOND WORST 

WORST 
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TIRE 
TYPE 

A 

B 

C 

D 

E 

TIRE 
TYPE 

A 

B 

C 

D 

E 

TABLE B 

WEATHER AND ROAD CONDITIONS 

For how many exercises was the 
t i re type driven in weather 
that was : 

SNOW/ RAIN COLO/ FOGGY NORMAL 

TABLE 9 

INCIDENTS 

Total number of incidents that 
happened while driving the 
ti re type: 

For how many exercises was the 
tire type driven on roads t hat 
were : 

ICY SNOWY MUDDY WET DRY 

Number of incidents that you 
think were due to the tire 
type : 

NOTE: Only incidents that are recorded in your data book should be counted. 
Your opinion of what caused the incident in each case is what you shoulc1 
count, not someone el se's . The weather must be as you recorded in your data 
book for each exercise and the same is true for the road conditions . 

TABLE 10 

Final Overall Rating of Tires 

RATING TYPE OF TIRE 

BEST 

SECOND BEST 

AVERAGE 

SECOND \/oRST 

\/oRST 
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FIGUREI~ -P. 

TIRE CONDITION SHEET 

SERIAL NO . ______ TYPE" ___ POSITION ON VEHICLE" ______ _ 

1. Perform vi sua 1 inspection on defl ated tire and tube. record resu 1 ts 
below. and photograph defects found.~* 

SPLICE SEPARATION _____________________ _ 

LOOSE CORDS _____________________ _ 

EXTREME OVERLAP OF PLlES ___________________ _ 

DAMAGED BEAOS _____________________ _ 

SURFACE IMPERFECTIONS 
CAUSED BY DIRTY MOLDS ____________________ _ 

TUBE CONDITlON, ______________________ _ 

VALVE STEM CONOITlON. ____________________ _ 

OTHER ________________________ _ 

2. Measure while tire is deflated but with tube inserted: 

WEIGHT ____ lbs 

TREAD DEPTH : ___ in. ___ in. ___ in. ___ in. ___ in. 

BEAD WIDTH: ___ in. ___ in. ___ in . ___ in . ___ in . 

3. Inflate tire to rated pressure for type, position, normal temperatures, 
and dry pavement and measure: 

INFLATION PRESSURE psi. PERIMETER ft. WIDTH in. 

DIAMETER : ft. ft. ft. ft. ft. 

4. Install in selected position on vehicle and measure: 

CONTACT AREA W/ ROAD ; n. BULGE WIDTH in. 

5. Rate overall condition of tire: SATISFACTORY UNSATISFACTORY --
*Painl an 10 mark on side of tire consisting of the code for the t ype 
followed by Il LF" IIRF" IIlR" IIRRII liLT" IIRT" or "5" as applicable to 
identify the tire' posit';on wh~n "l'" is left, IIRI~ is right or rear, IIr' is 
trailer, and IISII ;s spare. 
""Standards will be in accordance with TM 9-2610-201-14. 
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APPENDIX D - RELATIVE EFFECTS OF PHYSICAL CHARACTERISTICS OF TIRES 

1. It is we 11 known that the forces of fri ct i on between two surfaces is 
directly proportion.l to the pressure exerted by one surface on the other 
(page 96, ref'<Jl, appendix P) 

10 
z. If the pressure exerted by a tire on a road surface is approxi mated by 
computing the total weight of the vehicle, its load, and its tires and 
div iding the result by the total contact area of the four tires with the 
road, differences in the weight of the tires and the contact area per tire 
compared to a given type of tire would change the pressure exerted by the 
amount: 

whe re dP is the change in pressure, d(weight) is the difference in the 
weight due to different tires, d(contact area) is the difference in contact 
area per tire due to the different tires, and P is the pressure . 

3. As the total weight of a jeep, its load , and its tires is at least 
three orders of magnitude greater than any difference in the weight of a set 
of tires, the first term of the equation in paragraph 2 above is negligible . 
However, the second term is approximately 5 percent for the values of con
t act area given in table 8. 1, appendix 8 if the given tire i s taken to be of 
type A: 

dP _ 
p; d contact area 

4 x ontact area) 
; 12in2 ; 

4 ...-s41n2 -0 . 05. 

whic h indicates that the pressure exerted by tires of type E should be 
5 percent less than that exerted by tires of type A. 
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WINTER TIRE TESTS: 1980-81 

G. L. Blaisdell u.S . Army Cold Regions Research and Engineering Laboratory 
W.L. Harri son Hanover, New Hampshire, U. S.A. 03755 -1 290 

INTRODUCTION TIRES 

Mobility prediction models for 
wheeled vehicles are lacking in the dif
ferentiation between performance levels 
due to tire design. Currently, tires 
are identified by their diameter and 
section width, and sometimes inflation 
pressure and/or deflection. No consid
eration 1s given for tread desIgn, car
cass construction, or material proper
ties. While it may prove to be imprac
tical to include all of these factors in 
prediction models, those that are 1n 
sufficient evidence relative to their 
influence on performance must be includ
ed. 

In addressing the subject of mobil
ity under winter battlefield conditions, 
it is not unlikely that tire design has 
more of an influence on mobility than in 
non-winter environments. The object of 
this research effort Is, therefore, the 
assessment of t ire design on mobility in 
winter environments. 

Tests are being conducted to obtain 
a quantitative assessment of tire design 
parameters and performance on winter 8ur
face conditions . The surfaces of inter
est are shallow snow in packed and virgin 
states, road ice, and thawing soils. 
Ranges in temperature, depth, and mate
rial properties are also of interest. 

This report describes an initial 
series of t es t s conducted during the late 
winter weeks of 1981. Several tires hav
ing different tread designs, carcass con
struction, and material properties (al
though not identifiable) were tested on 
ice and packed snow. 
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The tires used in the tests were a 
U.S . Military NDCC tire, modified Mili
tary NDCC tire, a commerical Mud and 
Snow (M&S) bias ply tire, a FRG (West 
Germany) Military off-road tire, and a 
FRG Military highway tire. A U.S. com
merical radial all-season tire was used 
for measuring snow 
as a control tire. 
tires is contained 

properties and also 
A description of the 

in Table 22. 
The control tire, whose primary 

function was measurement of snow proper
ties, was chosen specifically for its 
"neutral" design, representing a compro
mise in performance for all conditions. 

CRREL INSTRUMENTED VEHICLE (CIV) 

The CRREL instrumented vehicle (Fig. 
69) is equipped with moment compensated 
triaxial load cells l , which are mounted 
in the two front wheel assemblies . The 
load cell s measure the forces which a re 
present at the tire material contact 
patch. Three force directions are de
fined for each wheel: vertical, longitud
inal and side (Fig . 70). Additional mea
surement instrumentation includes a 
torque cell and pulse pick-up speed in
dicator mounted on the rear propeller 
shaft, a pulse pick-up device on each 
front wheel, and a 5th wheel assembly fo r 
accurate vehicle speed and dis tance 
values. The signals generated by the 
force and speed measuring devices are 
converted to digital form and collected 
by an on-board minicomputer. The com-



7.00x1 6 
7 . 00x 16 
7 . 00x16 
7 . 00x 16 
7.00x16 

Figur e 69 . The CRREL Inst rumented Vehic l e . 

Table 22 . 

Se ction 
Tire Width 

P225/75R15 8 1/4 
All season 

USA ti1l NDCC 7 1/4" 
USA MlI NDCC Mod . 7 3/4 .. 
USA Com. mud /snow 8" 
FRG ~1l1 on' road 7 1/2" 
FRG ~1I1 Hl~hway 7 1/2" 

Tes t tire description. 

Diame t e r Belt Carcass 
28 

30" 
30" 
31" 
30" 
30 

1/2" 2 polyester- 2 steel 2 polyester radial 
pl~s el~s 

NA 6 ply ny l on 
NA 6 ply nylon 
NA 4 ply nylon 
NA 6 ply ny lon 

1/4" 5 ply steel radial ply-stee l 

puter also acts as a controller for much 
of the instrumentation and , through soft 
ware, stores and manipulates test data. 

The vehicle is equipped wi th lock
ou t huhs on each of the 4 axles permi [
ting front -wheel, rear-wheel, or 4- wheel
drive and indiv.idual brake val ves for 
front, rear, or 4-wheel braking. A com
plete description of the ClV is given by 
Blaisde1l 2 • 

SURFACE PROPERTIES 

The documentary properties of the 
surface materials measured before, dur
ing, and after testing are listed in 
Table 23. 

TEST PROCEDURES 
Figure 70 . Axes convention fo r the tr i 
axial load cells. A contro l tire was included with the 

five tire types to be tested. This tire, 
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• 

Table 23 . Doc umen t a ry test data. 

SJRPACE BEARING 
TEST AREA .. ~TtRIAL SJRFACE DATE TIME 

CRRJ.:L Dock Area Ice Asphalt 5 .. bT 06 15 

Garipay field I~ct Snow Silt I3 Mar 1030 
1110 
1200 

Bret ton Woods l'acyp.J Asphalt 14 Mar 0800 
Snow 09Z0 

11 JO 

Asphalt 2S Mar 0900 
1010 
1140 
122U 

Asphal t 26 Ma r 0750 
0830 
0930 
10 10 
iO SO 

a comme rcial all-season radlal, will be 
included in all tire tests perfo rmed with 
the eIV as an indicator of the variabil
ity of test course materials . 

Each of the five military tires was 
foot printed at tire pressures of 34 and 
20 psi. These tire pressures rep resent 
the re commended inflation pressure for 
highway and off-road operation, respec
tively. The control tire was foot printed 
a t 26 psi (standard inflation pressure) 
and at 16 and 8 psi for purposes of snow 
s tre ngth measurement . The prints allow a 
dete rmination of the actual tire contact 
area and such tread design factors as 
void ratio and tread angle. Photocopies 
(reductions) of the footprin ts and some 
of the data for each are presented in 
Figures 71-83. 

The rolling circumference was mea
sured for each tire at the stated lnfla
tion pressures. Tabl~ 24 lists this data 
and depicts the difference in the effec t 
o f changing inflation pressure on bias 
and radial ply tires. Of this gr oup , 
only tires D and Z are radials and they, 
cha racteristically, show no change in 
rolling circumference with changing in
flation pressure . The bias tires, on the 
other hand, all show between 2 and 3 per
cent change when deflating from 34 to 20 
ps 1-

The tests performed with the CIV ar e 
designed to measure two quantities-
resistance to motion and traction force 
generat ed during driving. Mo tion resist
ance measureme nts are taken with the 
front wheels in a free -wheeling mo~e and 
the rear wheels driving . At a speed of 5 
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TlMPERA1URE SOI.AR 
AIR 9.JRFACE DENSITY TIIiCKNESS I NPtJl' 

· IZ"c · IZ"c NA Glee I em 0\ 

1 0 0.46 1 100 
6 0 0.016 1 0 
6 0 0.46 7 10 

0 · 1 0.54 13 0 
5 0 0 . 54 13 SO 
9 0 0.54 13 SO 

3 0 0.54 14 .5 100 
5 0 0.5< 14.5 100 
9 0 0 . 54 14.5 100 
9 0 0.54 14 .5 SO 

· 4 · 3 0 . 55 13 100 
0 · 3 0 . 55 13 100 
4 · Z 0 . 55 13 100 
5 · 1 0 .55 Il 100 
1 0 o ~S Il 100 

mph, longitudinal f o rce readings (motion 
resistance) are take n ove r a level 30-
foot section of the test course . Resist 
ance was measured a t each inflation pres
sure on a hard surface and on the test 
course. 

Traction tests are conducted with 
the vehicle in a front - wheel-drive mode 
(rear wheels disengaged) and brakes are 
applied to only the rear wheels. These 
tests are conducted with the vehi cle 
speed initially set to 5 mph. Pressure 
is applied to the rear wheel brakes to 
hold vehicle speed at 5 mph while gradu
al ly increasing the speed of the front 
wheels. This produces a force-slip 
curve . 

TEST RESULTS AND DISCUSSION 

Rolling resistance tests were per
f o r med for all six tires on a level, dry 
asphalt surface at a vehicle speed of 5 
mph. A typical plot of the longitudinal 
force as it varies along the 30-£t test 
course is shown in Figure 84 . Variabil
ity in the force is due to small bumps in 
the test cou rse and slight fluctuations 
in vehicle speed. (The longitudinal 
fo rce registers negative since it i s a 
resis tive force.) The steady-state mo
tion resistance value is found by ave rag
ing all of the force data points (10 per 
second). When performed on a snow 
course, the resistance force s hows great 
er variability than on a hard surface 
(Fig. 85). This is a result of the 
roughness of the test course surface . 
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Table 24 . Rolling cir cumference (in inches.) 

Tire 34 psi 26 psi 20 psi 16 psi 8 psi 

A 89 . 3 87 . 0 
B 90.7 88 . 9 
C 83.0 91.0 
D 84.5 84 . 5 84.4 
Y 90.7 88.7 
Z 93 . 3 93 . 3 

Again, all of the data are averaged to 
arrive a t a motion resistance value. 
Table 25 presents all of the motion re
sistance values . 

Some of the traction data are shown 
plo tted in Figures 86-91 . These plots 
were chosen to illustrate the differences 
in tire behavior on the packed snow t es t 
course . 

All of the aggressive tire designs, 
A, B, C and Y, dug a rut 1n th e snow as 
slip occurred. This had the effect of 
inc reasi ng motion resistance and is com-

monly referred to as "s lip sinkage," al
though the sinkage 1n this case 1s caused 
by excavation. This is illustrated 1n 
Figure 92, which shows an increase 1n rut 
dep th with increasing slip. The effect 
of this on the longitudinal force plo t 
(Fig. 86) is a decrease in force with in
creaSing rut depth. Thi s plot also indi 
ca tes that there is on ly a small range of 
slip values at which the maximum tractive 
fo rce can be sus tained. Tires C and Y 

Table 25 . Motion resistance values (pounds). 

Tire Code Pressure Date /Material Resistance 
Left Right 

13 Mar w. Snow 103 168 
34 25 Mar P. Snow 29 197 

26 Mar P. Snow 89 42 
17 Jul H. Sur fac e 23 35 

A 5 Mar Ice 
5 Mar Ice 

20 13 Mar w. Snow 116 184 
25 Mar P. Snow 47 248 
26 Mar P. Snow 84 55 
17 Jul H. Surface 32 47 

5 Mar Ice 
13 Mar w. Snow 169 195 

34 25 Mar P. Snow 76 87 
26 Mar P. Snow 80 122 
17 Jul H. Surface 17 2~ 

B 
5 Mar Ice 

13 Mar w. Snow 164 170 
20 25 Mar P. Snow 123 28 

26 Mar P. Snow 97 94 
17 Jul H. Surface 2~ .1 
5 Mar Ice 

l) Mar w. Snow 20 1 154 
]I. 25 Mar P. Snow 25 47 

26 Mar P. Snow 101 67 
17 Jul H. Surface lQ 1. 

e 
5 Mar Ice 

l) Mar w. Snow 47 39 
20 25 Mar P. Snow 37 33 

26 Mar P. Snow 113 73 
17 J ul H. Surface 15 26 
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Table 25 (cont'd). Mo tion res is tance values (pounds). 

Tire Code Pressure 

5 
5 

13 
25 

26 25 
26 
26 
17 

5 
5 

13 
25 

D 
16 25 

26 
26 
17 

5 
5 

13 
8 25 

25 
26 
26 
17 

25 
34 26 

Y 17 

25 
20 26 

17 

25 
34 26 

Z 17 

25 
20 26 

17 

also showed rather narrow bands of maxi
mum longitudinal force (Fig. 88 and 90) . 
This is probably true for tire B as well, 
although it is not evident in Figure 87. 

Tires 0 and Z, with non-agressive 
tread designs, were found t o dig ruts of 
between zero and approximately one inch 
1n depth. With increasing degrees of 
slip, these tires created an iced layer 
on the snow surface, which 1n turn re
sulted in a lower tractive force. Tire 
Z, with its principally ribbed design and 
5 ply tread, was particularly susceptible 
to this behavior. Figure 91 is an exam
ple of the icing effect. 

Tire 0 showed less sensi tivity to 
the degree of slip (Fig. 89), however, it 
was also prone to icing. Since tire 0 

Date/Material Resistance 
Left Right 

Mar Ice 
Mar Ice 
Mar w. Snow 64 20 
Mar P. Snow 17 38 
Mar P. Snow 29 38 
Mar P. Snow 32 70 
Mar P. Snow 80 51 
Jul H. Surface 11 I, 
Mar Ice 
Mar Ice 
Mar w. Snow 58 53 
Mar P. Snow 51 28 
Mar P. Snow 29 38 
Mar P. Snow 46 70 
Mar P. Snow 79 47 
Jul H. Surface 30 42 

Mar Ice 
Mar Ice 
Mar 101 20 
Mar P. Snow 26 26 
Mar P. Snow 26 72 
Mar p. Snow 69 106 
Mar P. Snow 118 80 
Jul H. Surface 47 70 

Mar P. Snow 74 94 
Mar P. Snow 49 39 
Jul H. Surface 20 23 

Mar P. Snow 79 49 
Mar P. Snow 55 51 
Jul H. Surface 23 34 

Mar P. Snow 38 81 
Mar P. Snow 44 24 
Jul H. Surface 16 20 

Mar P. Snow 51 22 
Mar P. Snow 
Jul H. SU'cface 27 3: 

was, in fact, more aggressive in tread 
design than tire Z, the icing effect oc
cur red at a much higher rate of slip. 

Traction test data were averaged by 
using the upper 30 percent of the longi 
tudinal force values. The 30 percent 
cut-off was chosen to represent a range 
of slip values that could reasonably be 
maintained by a vehicle opera t or . Each 
traction value (10 per second) was divid
ed by its correspo nding vertical force 
value measured concurrently during the 
test run. The resulting dimensionless 
number 1s the net traction per unit vehi
cle weight, similar in concept to the 
well-known drawbar pull/weight factor, 
differing in that there is no drawbar ef
fect included. 
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Figure 92. Increasing rut depth de
veloped with increasing tire slip . 
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Tr-action tes t da t a f o r i ce ( CRREI.. 
dock area) , we t snow (Ga ripay fie l d, Han 
over , New Hamps hire) and packed snow 
(B re t ton Woods , New Hampshire) are pre 
sent ed in Fi gu r es 93-97. Te sts proceed 
chrono l ogi cal ly during th e day ac ross the 
flgures f r om left t o r ight. 

Ice tes t s we re pe rformed i n a la rge 
asphalt - cove red a rea on the CRREL 
grounds . The ice was made by t owing a 
wa te r tank equip ped with a sprinkl e r ba r 
over the area. The wate r was applied t o 
t he paveme nt i n la t e eve ning and al l owe d 
t o freeze ove rn igh t . 

Ventu r ing some discussion on the i ce 
dat a (Fig . 93) , it appea r s tha t r e duced 
i nflat i on pressures result i n a l owe r 
tractive coef ficient . In each case ( tir e 
A be i ng the excep t ion) a reduct i on i n i n
flation pressure decreased the max i mum 
l ongi tud l nal fo r ce deve l oped . 

In t e r[l5 o f ranking , it appea rs f r om 
Fi gure 93 tha t the t hr ee tni li ta ry tires 
(t ires Y and Z we re no t availabl e until 
25 March 1981) we re ab l e t o genera t e a 
sl i gh tly highe r t ractive force than t h e 
commercial tire D. I t also ap pea rs t ha t 
t ires Band C outperformed tire A. Qui t e 
possibly the agg ress i ve "thicke r tread 
tires" (higher inflat i on pressures also ) 
were ab l e to scra pe away th e t hin i ce 
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layer to a degree , resulting in some 
tra ctive advantage. More comprehensive 
tests are planned for the coming winter 
(1981-82) when temperatures are suffi 
ciently low enough to maintain a reason
able depth o f road ice. 

Traction tests on we t snow were pe r
f o rmed in Hanove r, New Hamp shi r e , on a 
snow-covered grass field . Ai r t empera
tures wer e near O°C during and prior t o 
the t es ting period whi ch resulted in sat
ura t ed snow with a 0 . 46- g/cc density . 
Th e test cou rse was prepa red by multiple 
passes wi th a snow machine pulling a wir e 
mesh drag . 

Wet s now trac tion test data (Fig . 
94) , contrary t o the i ce dat a , generally 
shows an increase tn th e longi tudinal 
f o rce with decreasing tire inflation 
pressure . 

Perfo rman ce ranking wa s reversed, 
rela t ive t o th e ice tests, in wet s now . 
Tire 0 show the ability to gene rate a 
significantly highe r tractive force. 
Tires A, Band C all appear t o perform 
nearly equal. 

Data col l ected on packed snow is i l 
lustrated in Figures 95-9 7. Th e test 
course wa s a country highway which was 
closed t o traffi c during the winter sea
son . The road was maintained with a snow 
g ro oming machine for c ross count ry skiers 
and s now machines. The snow was dry but 
pa cked by traffic and gr oomi ng to a 0 . 55 -
g/cc dens ity and had a 13- cm thickness. 

The packed snow data support the 
data of increased traction with reduced 
tire pressure whi ch was noted tn wet 
snow . Tests fr om 26 March (Fig . 97) all 
show this trend. The packed snow data 
indicates that tire 0 was able to gener
ate the greatest tract ive forces while 
tire A was conSi s tently the poorest per
f orme r. The 26 March data (Fig . 97) sug
ges ts that tires B, C, Y and Z all per
form at about th e same l eve l. This was 
not ed in the wet s now data (Fig . 94) for 
tires Band C and in the 24 March data 
(Fig . 95) as we ll. The 25 March data 
(Fig . 96) shows tires C and Z developing 
notably higher traction coeff i c i e nt s . 
This may be the e ffect of changing tes t 
course conditions (as the day be came 
warmer) rather than actual di ffe rences 
be tween tires. Evidence fo r this is 
shown by the f act that the t ests run with 
tire 0 at the e nd of the test day r esult
ed in bette r trac tive coeffi c i en t s than 
at the beginning of the day . 

151 

Summari zing the traction test re 
sults, reduced inflation pressures give 
increased tractive coefficients in snows 
with densities g reat e r than 0 . 46 g / cc . 
Compara tive tire performance results in
dica t es that tire A is a poo r choice for 
both ice and snow conditions . Tires B 
and C perform quite simi l ar lyon both ice 
and snow . Tires Y and Z yield results 
comparable with tires Band C in snow . 
(No ice test s were performed fo r tires Y 
and Z.) Ti re type 0 s hows superior pe r
fo rmance in snow but only ave rage or 
"tire A- level" result s for ice. Agg res
sive tread ti res (A, 8, c, Z) show con
siderable rut formation during slip when 
performing traction t es t s , which leads t o 
l ower traction fo rce values . Th e non
aggressive tread patterns (D , y) showed 
little o r no rut formation rut t ended t o 
generate an ice patch when the degree of 
wheel slip became high. 

The obvious l imita tion of these 
te s t s is th e lack of s uffi cient t es t s t o 
make definit ive s t atements abou t each 
tire' s re lati ve performance. This is es 
pecial l y true fo r ice. In addition , a 
broader range of snow and ice t ypes need 
to be addressed as well as the aforemen
tioned t hawing so il regime. 

A complete series of tests, whi ch 
will includ e the s ix tires used in this 
initial study , will be conducted during 
the cOming winter test season (1981 - 82) . 
The ClV hardware and so ftwa re have been 
mod i fied and co mplet ed, in orde r to ove r
come some of the limitation in re cording 
and data analYSis experienced in th e ini
tial tests . Speci fi cally , the inc lu sion 
of wheel speed / distance and vehicle 
speed/ dis t ance signals directly int o the 
data l ogge r will allow for more compre
hensive compariso ns . 
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SOME OBSERVATIONS ON TIRE TECHNOLOGY FROM THE ITALIAN ARMY 

General Valentino Romano Corpo Tecnico Esercito Italiano, Via Antonio 
Scarpa 18, 00 161 Roma, ITALY 

I perceive some problems that have 
surfaced from the comments at the e nd of 
the very interesting presentation of tire 
testing methods. These problems pertain 
to the characteristics and properties we 
expect or desire to provide improvement 
in tire performance under winter condi
tions . The problems have their origin 
in the past differences in the condi
tions referring to predicted use. Fur
thermore, for many types of special 
tires, in addition to usage in off-road 
missions, we intend them t o be used over 
usual road conditions . 

Based on these expectations, we can 
make two observations: the first concerns 
the structure and the second the design 
of the tread. 

Modifications of the structure of 
tires can offer different resultant pos 
sibilities. As an example, I refer to 
the radial tires the Italian Army adopted 
l5 years ago . It is well known that 
radial tires appeared as a type of tire 
with a lower rolling r esistance, a longer 
life and reduced fuel consumption re
qu.irements . These qualities are much 
appreciated in civilian practice both for 
motor cars and, in general, for most road 
transpo r tation vehicles . Nevertheless, 
Italian military t echnlcians have been 
primarily interested in some qualities 
such as: a) a more uniform specific 
pressure distribution on the ground, b) a 
better deflection response of the tire on 
the soil, and c) increased tire dur
ability with lower- than-normal tire in
flation pressures . As one knows, these 
are the characteristics peculiar t o rad
ial tires . The good ~esu1ts of tests 
performed have produced the almost gen
eralized adoption of this type of tire 
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in the Italian Army transport vehicles, 
and it is pertinent t o no t e that we have 
no report of troubles to date. 1 men
tioned the above as an example of inno
Vation in the construction of tires, 
which seems t o have produced good r e
sults; also in ref e rence t o different 
applications (civilian and military) . 
Some years ago I sent a report on this 
subject to the USA TACOM . 

As for the tread for commercial 
highway tires , the little modifications 
made have also produced psychological, 
advertising and "fashion" effects . 

With reference to experience in mil 
itary testing, the Italian Army believes 
that, in the case of usual road tires, 
great differences are not expected in 
connection with different tread designs . 
However, in the field of s pecial tires, 
as off- road tires fo r military purposes 
or snow tires or agricultural tires, dif
ferences in tread design offer great im
provements . However, they obViously de
c rease the qualities of the tire in usual 
use on roads (life of tire decreases and 
fuel consumption goes up). 

There are also great differences be
tween off-road tires for military trans
port vehicles and special tires for snow 
environments . For instance, in commer
cial snow tires , we see also in Italy, in 
accordance with land l ocomoti o n, a much 
smaller spacing between tread elements 
than in the tread elements of military 
off-road tires. Theidea of the "opti
mum" compromise is an illusion. 

In conclusion, I suppose it is very 
unlikely that a suitable compromise in 
the tread design of commercial tires can 
be achieved in order to improve their 
off- road performance . 



SESSION IV: PREDICTIVE PERFORMANCE MODELING 

The purpose of this sess ion was to discuss the c urrent analytical 
empirical and correlative methods used to predict performance le vels 
of tires as influenced by the prope rties of snow and ice. It became 
apparent, ho weve r, that within the commerc ial tire industry and 
marke t, e ither little actual prediction of tire perfo rmance is done 
or tire performance modeling and prediction is shrouded in secrecy . 
Some mention is made in paper 4 of Session II (Evaluation of empirical 
tread design predic tions of snow trac tionas measured with a self-con
tained trac tion vehic le) of predicting performance levels, but it appears 
that testing and its evaluation certainly overshadowed modeling. 

For the military, ho weve r, to succeed in its tas k of providing 
national defense, it is vital to be able to predict performance for 
many different vehicle, terrain and weather scenarios. Though still 
at the beginning stages of understanding tire pe rformance on ice 
and snow for modeling and predicting purposes, the Army is t aking 
steps (as reported in the last session) to inc lude tire behavior in its 
mobility assessmen ts. Eventually, tire performance prediction tech
niques for cold regions materials will be obtained and fully incorpor
ated into Army mobility modeling. 

In lieu of the pane l discussion originally planned for this session, 
a brief description of the NATO Reference Mobility Model (NRMM, 
an extensive program which utilizes as man y vehicle and terrain param
eters as possible for mobility predict ion) was presented. Also, s ince 
informal discussions among several workshop attendees indica te d 
interest in the Wa terways Experiment Station dimensional analysis 
(numeric) approach to describing in-soil tire performance, some key 
results obtained by this me thod we re also presented. 
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THE NATO REFERENCE MOBILITY MODEL AND THE WES DIMENSIONAL ANALYSIS METHOD OF 
DESCRIBING TIR" PERFORMANCE 

Mr. Ge rald Turnage u.s. Army Engineer Waterways Experiment Sta tio n, Mobility 
Resear ch Section, P.O. Box 631 , Vicksburg, Mississippi, 
U.S . A. 39180 

As we near the close of this work
shop, it is clear that the most impor
tant general benefits to all workshop 
participants have been the mutual under
standing and appreciation of recen t work 
by a number of agencies in measuring and 
evaluating tire performance under winter 
conditions . Frotll the military perspec
tive, certainly the most impo rtant sin
gle benefit--and hopefully a break
through--has been the unanimous endorse
ment by the workshop's participants of 
the Army Basic Criteria for Tires (ABCT) 
to serve not as a final document, but as 
a reasonable strawman to promote close 
cooperation between the U.S. Government 
and the U. S. tire/ vehicle manufacturing 
communities in producing the best possi
ble tires for our military needs. 

In addressing those of you repre
senting the U.S. tire/vehicle manufac
turing community, I can assure you that 
in producing tires which will best sat
isfy our wheeled vehicle military per
formance requirements, you will have to 
consider a very broad range of opera
tional environments and scenarios . You 
will come to appreciate very quickly, I 
believe, that in addition to your exten
sive efforts, many man-years of effort 
by other investigators have also been 
expended to develop objective. detailed, 
mathematicalmodels of the performance 
characteristicsof military wheeled vehi
cles operating both on- and off-road. 
Probably the mostcomprehens i ve and al
most certainly the best field-validated 
and most internationally accepted among 
these models is the NATO Reference Mo
bility Model (NRMM),which I will now 
brie fly describe. 
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The NRMM is the product of research 
and f i eld validation efforts conducted 
by a numb er of agencies over many yea rs. 
Figure 98 illustrates a few of the many 
steps involved in this deve lopment pro
cess during "modern" time s ; Le . , during 
about the last 20 yea rs. 

In 1964, represe ntatives of the U. S . 
Army Tank-Automotive Command (TACOM, 
s omewh a t differently named then), WES, 
the U. S. Army Materiel Command (AMC, now 
DARCOM), the Office, Chief of Engineers 
(OCE) , the Office , Chief of Research and 
Development (OCRO), and Wils on, Nuttall, 
Raimond, Engineers, Inc . (WNRE, a private 
consulting firm) met large ly at the in
sistence of Mr. R.R. Philippe, AMC, to 
conduct what came to be called Mobility 
Exercise A (MEXA). The primary purpose 
of MEXA was t o "design a number o f vehi
cle test bed concepts that could operate 
in remote areas of the world where ex
tremely soft soil conditions predomi
nate .. .. .. 1 Three veh i cles ( two wheeled 
and one tracked) were designed, built, 
and t es ted whi ch a) validated the stat.e 
of the art in terms of producing vehicles 
to nego tiate extremely soft soils, and, 
just as important, b) included in their 
design the bes t features of what at that 
time were considered by many to be two 
largely incompatible research approach
es--the TACOM Land Locomotion Labora
tory's largely theoretically-oriented ap
proach and WES's primarily semiempiri
cally - oriented approach. Objectives a) 
and b) both were achieved, and Mr . Bob 
Philippe deserves considerable credit for 
bringing together two largely divergent 
philosophies of soil/vehicle mechanics to 
bear on an impo rtant real-world vehicle 



1964 : NEXA (Nobility Exercise A) 

1966-68: HERS (~Iobility Env i ronmental Research Study) 

1971: ANAI'lOB (Analysis of Ground Nobili t y Nodels) 

1971 : ANC 71 

1974 : ANC 
74 l Versions of AMN 

1975 t o Now : Al'IC 74X 

June 1977 : Al'1H Conditiona lly Accepted as NRHH , Edi tion 1 

Nay 1978: (1) Ai'IH Officially Accepted as NRNH , Edit i on 1 

(2) Technical ~Ianagement Commit t ee (TNC) of NRHN 
Formed (Ha ley , TACO~I) 

Oc t ober 1979 : N~I, Edition 1 published (Use r s Gu i de , Comput er 
Programs , Obstacle- Cross ing Module) 

Figure 98 . The NATO Refe r enc e Nobility Hodel (N~IH)--a little 
history . 

design pr oblem. 
vehi cl e mobilit y 
ate and dr amatic 
excellent today. 

TACON/ WES cooperation in 
res ea rch showed immedl
improvement and remains 

During 1966-68, the WE S eight-volume 
series of reports devel oped under the Mo
bility Environme ntal Resea r ch Study 
(HERS) produced f ield-vallda ted, quanti
tatiVe methods of describing terrain in 
terms appli cable t o th e prediction of 
off-road vehic l e mobility perfo rmance. 
In 1971 (Rula and Nuttall), the WES Anal
ys is of Ground Nobility Nodels (ANANOB) 
report , 3 mad e a comprehensive s urvey and 
analysis of then-existent vehic le mobil
ity prediction models to determine the 
best fea tures of available models and t o 
devel op guidelines for future deve l o pment 
o f g round mo bility models. 

Largely as a result of the ANAMOB 
study, the f irst version of the vehicle 
mobility model that has evolved today in
t o NRMM was developed in 1971: ANC 71 
(named after t he principal financial sup
porter of WES vehicle mobility research 
we rk up to 1971) . Steady improvements 
have been made in the mode l over the 
years , primarily in terms of a) expanding 
the capabilities of the mode l t o handle 
additional vehiCle/t e rrain and vehic le / 
road conditions, and b) modify ing the 
model to reflec t the real-world results 
of ad hoc model applications and of spe
cial field validation tests. These im
provements produced, in turn, AMC 74 and 
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ANC 74X. ANC 71, ANC 74, and ANC 74X are 
each versions of the Army Mobility Model 
(ANH) , the name by which th e model is 
called t oday . 

In June 1977, ANN was condi t ionally 
accepted as the initial model of NRMM, 
pending improvement s in cert ain of AMM's 
s ubmode ls. In May 1978, ANN was offi
cial l y accepted as the "Init ial NATO Ref
e rence Mobility Hodel," and the Te chnica l 
Nanagement Committee (THC) of NRHN was 
fo rmed . Mr. Peter W. Haley, TACOM, was 
named THC manager of the model to serve 
as "the focal po int f o r the unif o rm main
tenance of the model and as cus t odian of 
the official version. " 

In Oct ober 1979, the "NATO Reference 
Mobi lity Model, Edition I, Users Guide , 
VA lumes I and I I, ,,4 wa s published . TIll s 
report provided a) narrative descriptions 
and equations defining the predic tive re
la tions in NRHH, b) a li sting of the in
structions for all compu ter programs 1n 
NRHH , and c) a description of the NRHH 
obs tac le module ( which mathematically de 
fines the mechanics of wheeled and 
tracked vehicle override of discrete ob 
stacles) • 

Fo r those unfamiliar with the gener
al charac t eristics of NRMM , Figures 99 
and 100 desc ribe in qualitative t e rms 
some of NRMM ' s proper ties--some of the 
things that NRMM is and some of the 
things i t is not. Generally , Figures 99 
and 100 say that NRHH is a detailed, com-



• It is a comprehensive ma thema t ica l mode l of a comp l ex sys t em- 
it desc ribes majo r aspects of mobility performance for essen
tially any wheeled and/or tracked vehicle operating in nearly 
any on- or off-road env ironment . 

• i t is a mix of analytical, empir ical , and corre l a tive method s , 
nearly a~of them valida t ed by field te s ting over a wide 
r ange of conditions . 

• It is capab l e of desc r ibing vehic l e mobility pe r forman ce at 
the nut s - and-bolt s level for des i gn pu r poses (influence of 
tir e size , track widt h, e t c . ) ~ the overall vehi c l e l eve l 
(vehic l e GO/N OGO , tractive fo r ce , speed-made-good , e t c . ) , 

• It is ex t ensive and complex . The Use r s Hanual i s 17l, pages l ong 
and the comp uter pr og r ams that implement NRMM a r e longe r s til l , 
over 200 pages . (To place thi s in pe r spec ti ve , th e Use r s Manua l 
uses s ligh tly l ess than two pages t o desc ribe wh ee l ed and tr acked 
vehicle e r formance in s ha llow s now.) 

Figure 99 . NRMM--some things that it is . 

• It is not perfect (and never will be). 

• It i s not comp l e t e--i. e ., it won 't pr ed i c t every type of 
vehic l e perfol~ance in eve r y environme nt (and it neve r will), 

• It is not j udged in a r es tri c t ed arena--i . e ., it s predictive 
r e l a tions a r e sc rutini zed by a number of participating user 
agenc i es (in the U. S., Canada , France , the Fede r al Republ i c 
of Ge rmany , th e Ne the rland s , and the United Kingdom) as well 
as by cus t omers for whom the model i s app lied (well ove r 200 
pr ojects involving severa l hundred vehic l es since AJ-1H was 
a ccep t ed a s NRMM) . 

Figur e 100 . NRHM--som e things that i t is not. 

prehensive , computerized mathematical mo
del that incorporates relations backed by 
a broad range of real-world validation 
studies and successful ad hoc applica
tions involving a large number of NRMM 
users and customers . Today's NRMM, whil e 
not perfect and not all-inc lusive, ca n 
describe many important aspects of vehi
cle on- and off-road mobility performance 
accurately and in detail from the nuts
and-bolts level up to the overall vehicle 
level. 

To set in perspective the comprehen
siveness of NRMM, particularly in rela
tion to the purpose of thi s workshop ses
sion , note the observation at the bottom 
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o f Figure L0 1. The NRMM Users Guide is 
174 pages long, and NRMM mobility prediC
tion relations for wheeled and tracked 
vehi c l es operat ing in shal l ow snow are 
described within that manual 1n slightly 
less than two pages. The somewhat ltmit
ed description on thos e two pages does 
not reflect that NRMM considers vehicle 
performance in snC1W' and ice relatively 
unimportant--in fact, the accurate pre
diction of such performance is recognized 
to be vitally important fo r many large 
areas around the world. What is reflect
ed primarily by the short NRMM descrip
tion of in-snow vehicle performance is 
dearth of real-world vehicle in-snow test 



Gross trac tion coefficient (f rom Coulomb equa tion): 

tan ¢ + 

where g ross trac tion force on wheel assembly i 

~ apparent angle of internal f ric tion 

c ,.. appa rent cohesion 

Aij individual tire ground contact area on assembly i 
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Wi weight supported by assembly i 

Resistance to motion coefficient (based on a dimensional analysis 
of the force required for bulk movement of snow): 
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Figure 101 . NRNM descr ipticn of tire performance in shallow snow . 
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• Al l in put data required by NRMM to desc r ibe the vehicle , t e rrain, 
and driver a re r ead in . 

• Appropriate input scenario and field operational conditions are 
specif i ed . 

• Terrain in the area of i nt e res t is mapped in the computer in te r ms 
of c l ass values of each of the input t e rrain va riables . Then , the 
area i s divided into t errain unit s (TU's), eac h one of which i s 
different f rom it s ne i ghborin g TU ' s in t e rms of having one or more 
of its t errain c l ass va lues di ffe r ent f rom each of its neighbors . 

• Vehic l e pe r fo rman ce i s predicted fo r eac h TV, and pe rformance 
across TVts is comput ed according to logi c built into the areal 
(off- roae) modul e or the r oad module. 

• Vehicle GO/N OGO, and, if GO , vehicle speed , are us ua lly the primar 
pe r fo rmance meas ures t o be pr ed i c t ed . (In arriving a t these 
pred i c tions , NRMM computes a number of other usefu l measures of 
performance--available vehic l e tractive for ce , vehic l e obs t acle 
ov~rride force , e t c .) 

Figure 102 . Some general character i s tic s of how NRMM works . 

data that have been reported in quanita
tive vehicle and snow property t e rms that 
lend themselves to validating a vehicle 
mobility predictive system. 

Figure 103 illustrates the predic
t ive r e l ations that NRMM presently uses 
to describe tire performance in shallow 
snow. In NRMM, wheeled vehicle perform
ance is predicted in terms of "pull and 
resistance coefficients for each suspen
sion assembly (which are later summed for 
the vehicle as a whole) when the scenario 
variables indicate that the terrain unit 
is covered by a shallow layer of snow . " 
Shallow snow as considered by NRMM is 
snow cove ring frozen ground to a dep th 
less than the characteristic length of 
the tire defined as 111 under "Resist
ance to motion coefficient" in Figure 
103). In typical applications of the 
predictive relations in Figure 103, snow 
is described as belonging to one of five 
classes (new, old, wet, dry, or packed), 
and tabled values of c, $ , and y (the 
three snow properties included in the 
predictive r elations of Figure 101 are 
applied according t o snow class . 

The predic tive r elations in Figure 
101 were developed by MR. C.J. Nuttall, 
Jr., o f WES, and are based largel y on his 

extensive experience in vehicle mobility 
research. While r easonable results have 
been obtained in each application of 
these relations in many ad hoc studies, 
the range of conditions that the rela
tions treat is admittedly somewhat limit
ed , as is the quantity of field valida
tion data backing the relations. Expan
s ion and improvement of the r e lations in 
Figure 101 are welcomed, with the major 
test of acceptable changes being proof of 
improvement in terms of better correla
tion with field-validated, in-snow tire 
(and wheeled vehicle) test data . 

To this point, we have considered 
only some rather general characeristics 
of NRMM as a whole and some fairly de
tailed characteristics of NRMM's descrip
tion of wheeled vehicle performance in 
shallow snow. To be somewhat more speci
fic about how NRMM predicts vehicle mo
bility performance in nearly any type of 
00- or off-road environment, we might 
ask, "So hOW' does NRMM work?" This ques
tion is answered starting 1n Figure 102. 

NRMM requires in its input data base 
detailed, quantitative, standardized de
scriptions of those vehicle, terrain, and 
driver attributes shown in Table 26. To 
expand slightly on the Table 26 de scrip-
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Table 26 . Veh icle , terrain, and driver at t ributes charac t erized in the NRHM 
data base . 

Vehic l e 

Geometric characteristics 

Inertial charac terist i cs 

Mechan i cal charac t e ri s tics 

Drive r 

Reac tion time 

Terrain 

Sur face composition 

Type 
Strength 

Surface geometry 

Slope 
Discrete obstacles 
Roughness 

Ve geta tion 

Stem size and spacing 
Visibility 

Linear geometry 

Stream cross section 
Wa t er ve loc ity and depth 

Recogn it ion dis tan ce 

Vertica l acce l e ration limit 

Horizontal accelerat i on limit 

tion and to set in some perspective the 
detail required by the N~I data base, 
note first that NRMM presently processes 
up t o 104 vehicle input variables, each 
one of which is defined in considerable 
detail. Some 90 input variables are re
quired to define a wheeled vehicle, 87 t o 
define a tra cked vehicle, and the full 
104 t o define a combination wheeled/ 
tracked vehicle. Second, note that ter
raln in NRMM is described as being either 
off-road or on-road, with off-road ter
rain being further delineated as either 
areal terrain (terrain with a potentially 
wide variety of physical impediments to 
vehicle motion that are spread over a 
relatively broad land area) or linear 
features (terrain with geomet rical and 
sometimes wate r-carrying impediments to 
vehicle motion that are concentrated in 
land features of relatively narrow cross 
section and considerable length--rivers, 
streams, dikes, etc.). NRMM on-road ter
rain (superhighways, primary roads, and 
trails) is described by soil type and 
strength (for trails), urban cod e, slope, 
(driver) recogni tion distance for the 
four seasons of the yea r, surface rough
ness, AASHO curvature speed limit, and 
road segment length. Third, note that 
NRMM input values of driver reaction 
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time, re cognition distance, and accelera
tion limits (vertical and horizontal) are 
accurate approximations based primarily 
on extensive real-world validation t es t
ing of drivers under a very broad range 
of field conditions and operational sce
narios. 

Figure 102 shows that the use r of 
NRMM, having input the required descrip
tions of the vehicle(s), terrain, and 
driver(s) involved, next completes the 
description of the operational situation 
at hand by inputting those scenario and 
field condi tions which cause NRMM's im
plementation to most closely fit the 
real-world conditions being approxi
mated . Included among these use- con 
trolled operational conditions are driver 
visibility limits, on-road vehicle speed 
limits, tire pressure selection to match 
on- and off-road conditions, driver 
(ride) roughness acceptance level(s}, 
etc. 

Having received its full complement 
of input da t a, NRMM next maps the input 
terrain data into digitally defined geo
graphical areas called terrain units 
(TU ' s). Each TU has a particular set of 
off-road or on-road terrain factor class 
values (see Table 27) that differs from 
those of each neighboring TU in terms of 



Table 27 . Terrain data required for NRMM . 

Te rrain or Road Fac tor 

1. Surface mater i a l 

a. Type 
b. Mass strength 
c . Hetness 

2. Slope 

3. Obstacle 

a. Approach angle 
b. Vertical magnitude 
c . Length 
d. Width 
e. Spacing 
f. Spacing type 

4 . Su r face roughness ( x 10) 

5. Stem diameter 

6. Stem spacing 

7. Visibility 

8 . Left approach angle (LA) 

9. Right approach angle (RA) 

10. Differential bank height or 
diffe rential vertical mag
nitude ( 6 ) 

11. Base width or top width 

12. Low bank height or least 
vertical magnitude (LBH) 

13. Water depth (D) 

14. Water velocity 

15. Surface material 

a. Type 
h. Surface strength 

16. Slope 

17. Surface roughness (x 10) 

18. Curvature 

19. Visibility 

Description* 

Off-Road 

USCS/other 
CI or RCI 

NA 

Percent 

Degrees 
cm 
m 
cm 
m 
NA 

rms, em 

cm 

m 

m 

Degrees 

Degrees 

m 

m 

m 

m 

mps 

On- Road 

NA 
CI or RCI 

Percent 

rms, em 

Degrees 

m 

Ran ge 

NA 
o t o >280 

NA 

o to >70 

90 t o 270 
o to >85 
o to >150 
o to >120 
o to >60 

NA 

o to > 7. 5 

o to >25 

o to >20 

o to >50 

90 to 270 

90 to 270 

o t o >4 

o to >70 

o to >6 

o t o >5 

o to >3.5 

NA 
o to >280 

o to 50 

o to 4 

<140 to 180 

o t o 91.4 

No. of 
Factor 
Classes 

4 
11 

4 

8 

14 
7 
7 

5 
8 
2 

9 

8 

8 

9 

20 

20 

9 

21 

8 

6 

6 

4 
11 

8 

9 

9 

9 

* NRMM can accept terrain and other data in either English or metric units 
of measurement. Data preprocessors in NRMM convert values of all input data 
to the inch- pound system before calculations involving these data occur . 
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Vehicle GO/NOGO for oper a tion in fine- grained sailor in coarse
grain ed sai l or in muskeg i s computed from Vehicle Cone Index (VCl) 
r e lations. 

Vehicle speed in areal (off-road) t e rra in i s predic t ed by 21 NFMM 
s ubroutines, each of which e ithe r : 

• Degrades vehicle speed ind i r ec tly by s ubtracting f rom available 
tractive fo r ce the tractive force required for a given vehicle 
ope ration (traveling through sof t~ fine - grain ed soil, overriding 
an obstacle, traveling over rough ground , etc . ) , 

Trac tive 
Force 

~ .. ".,. Speed 

OR 

• Degrades vehicle s peed direct l y by imposing speed restra ints 
due to other causes (visibility limitat ion, driver-dependent 
vehic le vegetation override check, etc.) . 

Figu r e 103 . Gen eral characteristics of how NRMM predic t s vehicle 
GO/NOGO and speed . 

one or more class values . NRMM first 
predicts vehicle mobility performance 
within each TU, and then predicts per
formance across TU's using logic built 
tnto the NRMM off-road and on-road vehi
cle perfo rmance prediction modules. 

The primary vehicle performance mea
sures of usual interest in NRMM applica
tions are vehicle GO/NOCO and, if CO, ve
hicle speed. In the process of predict
ing these types of performance, however, 
NRMM also computes a number o f o ther use
ful measures of vehicle performance , a 
partial listing of which is illustrated 
in Table 28 for the N&~ areal (off-road) 
module, for example. 

As shown in Figure ' 103, GO/NOGO for 
vehicle operation tn fine-grained soil , 
in coarse- grained 5011 or in muskeg is 
predicted by NRMM using Vehicle Cone In
dex (VCI) relations. For example, 
VCI 1(fg)--the soil strength in terms of 
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cone index* that is just sufficient for 
one vehicle pass in a fine- grained 
soil--is mathematically defined by rela
tions that include nine factors . The 
definition of VCI1(fg) was developed 
from the results of field tests of liter
ally hundreds of wheeled vehicles con
ducted over a number of years, and ac
counts for the influence on vehicle GO/ 
NOGO performance of vehicle contact pres-

• Cone index (CI) is the force per unit 
cone bas e area required to penetrate a 
soil vertically to a specified depth (of
ten taken as 6 in.) a t 72 in/min with a 
right circular cone of O. 5- sq-in 2 base 
area. CI has implied units of psi. The 
equ ivalent of CI in metric units i s soil 
penetration resistance (C), in units of 
~a. 



Table 28 . Some of the measures of vehicle performance pr edicted by the area l module 
of NRMM . 

Speed Reduction Factor Due 
vegetation Avoidance 

Effective Obstac Le Spacing 

tree Density fo r all 
SteD Clasaes 

Speed Reducti on Factor Due 
obe t ac le and vegetation 
Avoidance 

Obetacle 
St rategy 

l. 
2. 

3. 

Ove rride / Avoidance 
Indicator: 
Chooae to Override 
Never Ove rride Due 
Belly / Axle Inter
ference vtth Stumps 
and Boul ders 
Never Override Due 
Lack. of Penalty 
for A.voidance 

Water Depth Go-No-Co Indica t o 

Vehi c le Floating / Fording 
Indicator 

Vehicle Buoyancy Weight 

Water Drag Rea i atance 

Se l ected Floating Vehicle 
Speed in Harsh 

Assembly Soil Dr awba r Pull and 
Motion Reaiat ance Coeff i cients 
A. So l1 

1. 
2. 
3 . 
4. 

Fi ne gr a ined 
Coarse grained 
~.keg 

Sn"" 

B. Coeffi c i en t a 
1. Powered or Braked Pul l 
2. povered o r Br aked 

Reaiatance 
3. towed Resistance 

SlIIIImed Vehicle A.8semblies' 
pull and Reaistance Coeff i cien t 

I. Powered Pull 
2. Powered Res i s t ance 
3. Braked Pull 
4! Braked Resistance 
5. Non-powered Resistance 
6; Non-braked Reaistance 

Soil Ltaited MAximum 
tractive Effort 

Ne t Force/ We i ght Slip 
Adjuatment Fact or 

Soil Running Gear S~ ip 
a t Net Force/Weight Ratio 

Tractive Ef fort Modified for 
Slope/ Soil Runni ng Gear Slip 

I. Gear by Gear veloc i tiea 
Mod ified for Slip 

2. Gea r by Gear Trac: i ve 
Effort - Up, level , 
Down sl ope 

3 . Maximum Tractive Effort -
Up, Leve l , Down s l ope 

4 . Speed at Maxlmu~ 
t r active Effort 

5 . Coeff icients fo r Cur ves 
Fitted to Tractive Effort 
va. Speed Curve 

Vegetat ion Res istancea fo r 
Overridden Stem Classes 

1. Single Tree 
2 . Maximum Due Impac t 
3 . A.verage Multiple Trees 

Driver LImi ted Stem 
Class for Override 

Total Resi s tance on Slope 
Overriding Multiple Trees 
Total Res i stance on Slope 
Ove rride Single Tree 

Maximum velocities Li a1ted 
by So il / Slope/Vege t ation 

1. n.ree slopes : up , 
l eve 1 ,down 

2. ~ine s tem classe s 
3. Total - 27 Velocities 

Between Obe tacles 

Speed LilD1ted by 
Surf ace Roughness 

tot al So U /Up , l evel, dwn 
slope/Vehicle Braking Force 

Braking For ce Go-No-Co 
Indi cator 

Drive r Limited Braking Force -
Up , level, down s l ope 

Speed Lia1ted by Viaibility -
Up , level, down slope 

Selected Speeds Between 
Obs tacle. Overriding vege tation 

Up, leve l, down slope 
Total - 27, limited by: 

1. Tires 
2. Soll/S lope 
3 . Via1bllity 
4 . Ride 

Maximum Selected Speeds 
Between Obe tacles Ove rrIdI ng 
and Avoiding Vegetation , t otal - 27 

Maximum Selec t ed Speeds 
Avo iding Obstades but Ove r
riding Vegetation , Tot al - 27 

Average Force t o Ove rr ide 
Obstade 

Maximum Fo r ce t o Over~ide 
Obs tacle 

Override/ Avoidance Strategy 
Indicat or Addition : 

Neve r Ove rride 
Due t o Dete nnlned 

Obstacle Interference 

Drive r LWeed Speed 
Contacting Obetacle 

Ohstacle Approach Velocities 
Up, Level, Down, Over riding 
and Avoidi ng Vegetation, To t al - 27 

Obstacle Exiting Veloc i ties 
Up, Level, Down, Overriding 
and Avo idI ng Vegeta tion , Tota l - 27 

Average Speed Up, Level, OOVO Slope, 
Overriding and Accele rating / Dec~lerating 

Be tween Obstacles, Ove rriding and Avoidin) 
Vegetation , Total - 27 

Possible New Obstacle/ Vege tation 
Override and Obstacle Avo idance/ 
vegetation Override Speeds Due 
Kinemati c For ce vegetation 
Ove rride Cheek, Total - 54 

Final Se l ec t ed Average Patch 
Speed Based on Dec ision St rat egy: 

Override Obs tac lea 
Avoid Obetaclea 

sure , vehicle weight, tire size, g r ousers 
(chains), wheel load, vehicle clearance , 
engine (hp/ton), transmission t ype, and 
tire deflection (which is rela t ed to tire 
inflation pressure) . 

21 s ubr ou tines , li s t ed in Table 29 , give 
an indication of th e r ange of off-road 
impediments t o vehicle mobility that are 
modeled by NRMM. As illustrated in Fig
ure 103 , these s ubr outines either a) de
grad e available vehi c l e tractive force by 
subtracting the t ractive force required 
fo r a given in-soil vehicle operation, 
thus r educing the vehicle s peed that can 
be achieved , or b) degrade vehicle speed 
di r ectly by imposing driver-controlled 

If t he cone index (soil strength) of 
a given areal off- road terrain unit is 
greater than VeIl' then vehicle speed 
wi t hin that terrain unit i s predicted as 
a function of 21 subroutines within 
NRMM's areal lOOdule. The titles of thes e 
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Table 29. Vehic l e performance prediction s ubroutines of the NRMM areal 
module. 

1. Obstacle Spacing and Area Denied 

2. Land/Marsh Operating Facto rs 

3. Pull and Res istance Coef f icients 

a. Fine- Grained Soil 

b. Coarse-Grained Soil 

c. Muskeg 

d. Sha llow Snow 

4. Summed Pull and Resistance Coefficients 

5. Slip-Modified Tractive Effort 

6. Resistance Due to Vegetation 

7. Driver- Dependent Vehicle Vegetation Override Check 

8. Total Resistance Between Obstacles 

9. Speed Limited by Resistan ce Be tween Obstacles 

10. Speed Limited by Surface Roughness 

11. Total Braking Force--Soil / Slope / Vehic le 

12. Maximum Braking Fo r ce--Soil/Slope/Vehicle/Driver 

13. Speed Limited by Visibili t y 

14. Selec ted Speed Between Obs tac les 

15. Maximum Speed Between and Around Obstacles 

16. Obstac l e Override Interference and Resistance 

17. Driver-Dependent Vehicle Speed Over Obstacles 

18. Speed Onto and Off Obstacles 

19. Average Terrain Unit Speed While Accelerating / Decelerating Between 
Obstac l es 

20. Kinematic Vegetation Override Check 

21. Maximum Average Speed 

vehicle speed re s traints (caused by visi
bility limitations, vegetation override 
considerations, etc . ) . 

Ove rall, NRMM describes nearly al l 
terrain, either natural or modified by 
man, and predicts vehicle mobili ty per
formance quantitatively in this terrain 
by using relations that, in nearly eve ry 
case , are backed by extensive field vali 
dation. Furthermore, NRMM describes ve 
hicle mobility performance both on- and 
off-road in considerable detail, as indi
cated, for example, by the listing in 
Table 28 for areal (off-road) terrain. 

It is emphasized, however, that 1n 
the proposed c09perative effort between 
the milita.~ and tire/vehicle manufactur
e r communities to provide the best pos
sible military tires, the ~~ is not en
visioned as competing with the tire/vehi-
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cle manufacturing communi t y in providing 
tire design expertise. NRMM can serve as 
a very useful, in fact an almost indis
pensable , first filter to determine the 
general tire design cha racte ristics (tire 
size, geomet ry, deflection, e t c . ) that 
are required to satisfy a particular mil
itary vehicle mission profile. Such a 
profile, often provided in rather nonter
rain-specific terms (pe rcent travel on
road, off -road, and on-trails, for exam
ple), can be made much more specific by 
NRMM (Mid-East, Federal Republic of Ger
many, Sou th Korea, e tc.) as appropriate 
fo r the mission profile. Using such a 
terrain-specific profile, and the vehicle 
performance requirements set by the mili
tary user, NRMM can be exercised in iter
ative fas hion t o define, within reason
ably narrow limits, the general charac-



Relative to NRMM, WES ha s : 

• Had major input to nea rly all parts of the fo r mulation 
of r e l ations include d in the model (though pr obably bes t 
known for vel) . 

• Conduc t ed field validation tests of many (if not most) of 
th e NRMM relation s . 

• Been one of the pr imary users of the mode l, applying i t to 
a wide var i e t y of ad hoc problems (vehicle se l ec t ion , 
per forman ce pr ediction, e t c . ). 

Relative t o tire and whee l e d vehicle resea rch , WES : 

• From the toJor l d War II era t o 1972 : Had one gr oup , VC l or 
fie l d o:::-iented . 

• From 19 59 t o 1972: Had a second g roup, numeri c or laboratory 
oriented . 

• In 19 72 : Caused the two groups to merge . 

• In 19 76: St opped l abo r a t ory testing and concen t rat ed on 
NRl-fM applications and f ull-scale vehic l e t es ting . 

Figure 104. Some WES histo ry r e l evant to NRMM and t o tire performance 
r esea r ch . 

t e ristics of the appropriate tire( s) . 
NRMM then would give way t o the e xpertise 
of the tire industry's de s i gn profession
als to determine particular r ecommended 
tire and rim des igns . Finally, testing 
of the tires recommended and of th e 
whee led vehicles involved could be done 
in a cooperative effort including bo th 
the government and the tire/vehi c le manu
facturer communities to det e rmine which 
tires in fact do satisfy bes t the mili 
tary's stated tire and wheeled vehicle 
performance requirements. 

In bridging the gap between the 
rather broad conside rations of NRMM exam
ined t o this pOint and some rathe r speci
fic in-soil tire perfo rmance characteri s 
tics that will be described next, it is 
useful to consider some past WES mobility 
research relevant both t o NRMM in partiC
ular and t o tire performance research in 
general. 

As indicated in Figure 104, WES has 
had a continuous , close involvement wi th 
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NRMM i n several respects, beginning with 
NRMM's initial development and continuing 
t oday . Th ough probably bes t known fo r 
devel opment of th e VCl relations that now 
a r e an important pa rt of NRMM 's off-road 
mob ility predictive relations , WES in 
fac t has had major input in the formula
tion of most of NRMM ' s vehicle perfo rm
ance predictive relations . Als o , WES has 
conducted extens ive vehicle field testing 
leading both to the development of new 
NRMM predic tive r elations and t o the val
idation of r e lations already in NRMM . 
Finally, from NRMH's inception, WES ha s 
been one of the principal user s of the 
model, having applied NRMM (or AMM) in 
well over 100 ad hoc studies involving 
vehicle selection and/or vehicle perform
ance prediction for a wide range of r eal
world environments and operational sce
narios. In this hands-on involvement 
with NRMM, WES has cooperated closely 
with many customers of NRMM, as well as 
with a number of users of NRMM in the 



Figure lOS. Four 9. 00R20 r adial-ply test tires and two 9.00··20 bias-ply reference tires. 

u.s. (TACOM, CRREL, others), in Canada, 
and in Europe. 

Regarding WESts research 1n tire and 
wheeled vehicle performance, the lower 
part of Figure l04 shows that beginning 
in the World War 11 era and continuing to 
1972, one WES organizational group con
ducted wheeled vehicle performance re
search primarily under field conditions, 
its most notable achievement being devel
opment of the VCl description of in-soil 
vehicle performance. From 1959 t o 1972, 
a second WES group conducted single-tire 
testing research using dynamometer/solI 
container arrangements under laboratory 
conditions, its most notable achievement 
being the development of a dimensional 
analysis (numeric) description of in-soil 
tire performance. In 1972, the two 
groups merged. By 1976, however, WES 
laboratory tire testing was stopped as 
sponsor interest 1n ad hoc applications 
of AMM accelerated and interest in ··bas
ic" in-soil tire performance research 
relative to NRMM diminished. The rela
tions described 1n the rema ining figures 
of this presentation grew out of a labor
atory single-tire test study conducted at 
WES in 1975. 

The primary purposes of the study 
were to evaluate the effects on in-soil 
tire tractive performance caused by a) 
radial versus bias ply carcass construc-

tion, b) a wide range of tire deflec
tions, and c) inherent tire stiffness . 
Six tires were tested, all 9 . 00 x 20's as 
shown in Figure 105. The four tires on 
the left were radial ply, and the two on 
the right wer e bias ply. The radials had 
ply ratings of l2 and l4, and the bias 
ply tires had an 8-ply rating. One bias 
ply tire was buffed smooth, and the other 
five tires each had a different lug pat
tern. Each tire was mounted singly in 
the WES large-scale dynamometer and l oad 
ed to 8230 N (l850 Ib), the approximate 
average Single-tire load on a 2-1/2-ton, 
six-wheeled truck. Each tire was tested 
at zero inflation pressure and at infla
tion pressures that produced tire deflec
tion ratios of 15, 35, and 60 percent. 
(Tire deflection ratio in percent is de
fined as LOO (6/h), where 6 is the dif
ference between the unloaded tire section 
height (h) and the loaded tire section 
height, with the tire inflated to test 
pressure and resting on a flat, level, 
unyielding surface. ) 

Tests were conducted in laboratory 
pits filled either with saturated, fat 
clay (a cohesive, fine-grained soil) or 
with air-dry desert sand (a frictional, 
coarse-grained soil). Each test pit of 
soil was prepared to a uniform strength 
level over the full length of the subse
quent tire test run. For this study, 
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Figure 106 . Sampl e recordings of cone penetration tes t s in clay and sand. 

clay test sections were prepared to a C 
value of about 240 kPa (35 Gl), and sand 
test sections to a G value of abou t 2 . 2 
MPa/m (8 psi/in.) . * Figure 106 shows 
representative curves of C tand Gl) ver-

* For sand, the 5011 strength parameter 
used is soil penetration resistance grad
ient G, defined as the average slope of 
the cu rve of C (or CI) versus cone pene
tration depth to a specified depth, often 
taken as 15 cm (6 in). Units of G are 
MPa/m in metric and psi/in in English. 

sus depth of penetration In clay and In 
sand . 

For this study, tire performance was 
described by two dimensionless terms, 
pull coefficient (~ - pull/load or P/W) 
and tractive efficiency (n = output 
power/input power or PVa/MW where P = 
pull, Va ~ translational velocity of 
the dynamome t er carriage, M = torque in
put to the wheel axle, and w c angular 
velocity of the wheel axle) . The t es t 
data were sampled at 20 percent slip, 
producing values of ~20 and n20 that 
co rrespond, at least nOminally, to the 
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maxi mum va lues of pull coef f i ci e nt a nd 
tra ctive e ffi c i ency obtai nable 1n c l ay 
a nd in sand. 

Figure 107 snows th e re l a tion of 10-
clay pull coef f icient u2 0 t o tire de
flection for the six 9. 00 x 20 tires over 
the f ull r ange of deflections t es ted. (A 
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curve of s hape simila r t o that in Figure 
109 was obtained fo r the relation of n20 
t o tire deflec tion fo r t ests 1n c l ay and 
f or the rela tions of u20 and n20 to de
f le ction for test s in sand.) In Figure 
109, note that ~20 increases until tire 
deflection reaches about 60 percent and 



then decreases rapidly. The major part 
of the increase in ~20 occurs between 15 
and 35 percent tire deflection (from 
about 0 . 2 to about 0 .4), and a smal l er 
part between 35 and 60 percent deflection 
(from about 0.4 t o about 0 . 47). The im
mediate and important conclusion is that 
1n-soll pull coe fficient and tractive ef
ficiency performance can be improved 
dramatically i f today's usual in- soil 
tire operational deflection of about 20 
percent could be increased significant
ly- -to, say, at least 30 or 35 percent . 

Because tire U20 and n20 performance 
in c lay and in sand de creased as tire de
flection increased beyond about 60 per
cent, t es t results from th e remainder of 
the study were e~amined only for deflec
tions of 15, 35, and 60 percent. Figure 
108 illustrates that values of tire in
ternal motion resistance coefficient, 
IMR/W, increased signifi cantly as tire 
deflection increased from 15 to 60 per
cent, the major part of the IMR/W in
crease occu rring between tire deflections 
of 35 and 60 percent . * Dashed uppe r And 
lower boundary lines in Figure 108 de
scribe stiff and fle~ible tires, respec
tively, for deflections from 15 to 60 
percent and the remainder of the test 
conditions examined . For this range of 
conditions, values of IMR/W were large 
enough that they could not be neglected 
in describing in-soil tire performance. 

The major in-soil tire test results 
were normalized by means of two dimen
sionless prediction terms (or numerics) 
developed at W'ES. 5 6 One numeric de
scribed basic conditions of the tire 
tests in clay : 

N 
c 

!i 1/2 
. H . 

h I + (b/2d) 

and the other described tire test condi
tions in sand: 

N 
s 

= G( bd)3 /2 
w 

6 
h 

where b, d, and h are the section width, 
diameter, and section height, respective
ly, of the inflated, but unloaded, tire 

* IMR is motion resistance of the tire 
measured as the tire is t owed slowly, un
der test load, in a straight line over a 
flat, level, unyielding surface. In sub
sequent relations herein involving IMR 
and in- soil tire performance, IMR is used 
to apprOximate the motion resistance that 
the tire e~periences in soil . 

(Fig . 109); W is the load on th e single 
tire; 6 i s the deflection of the inflat
ed, loaded tire resting on a flat, level, 
unyielding surface (the difference be
twee n h and the deflected section 
height); and C and G have been defined 
preViously . 

Nume ri cs Nc and Ns have two im
portant, basic properties . First, each 
is uniquely r elated to a number of dimen
sionless tire performance t e rms (includ
i ng u20 and n2 O) ' And second, in these 
numeric versus tire performance term re
lations, the numerics effectively de
scribe the influence on tire performance 
of wheel load, soil strength, and tire 
size, shape, and deflection for broad 
ranges of values of each of these vari
ables . 

Figures 110a and 110b show the nor
malized relations for the pull coeffi
cient test results in clay and in sand, 
respectively. (Turnage's normalized re
lations of tractive eff iciency in clay 
and in sand also collapsed t o e~ual ly 

well-defined central relations. ) No te 
in Figures IIOa and II0b that the dimen
sionless pull term, which in conjunc tion 
with numerics Nc and Ns ' successfully 
normalized the t es t data for the broad 
ranges of deflections and IMR' s consid 
e r ed was not P20/W, but 

P20 + IMR 
W 

(termed UI, or intermediate pull coef 
f icient) . 

To illustrate the major importance of 
tire deflection and accompanying tire in
ternal motion resistance on in-soil tire 
pull performance for deflections up t o 60 
percent, pull coefficient u20 was comput
ed as (P 2 0 + IMR)/w (from the Bingle 
curves in Figures l10a and 110b ~inus 
IMR/w (from the uppeL dashed cu rve in 
Figure 110 for a stiff tire, the lower 
curve for a flexible tire). One tire 
size was used, b = 26.4 cm (10.39 in) and 
d = 100 cm (39 . 37 in) (the average dimen
sions of the six 9 .00 x 20 tires tested), 
one load (6230 N or 1850 lb), three tire 
deflection ratios (IS, 30, and 60 per
cent), and a broad range of soil 
strengths (in terms of G or GI for clay, 
G for sand). Figures Ilia and Illb show 
the families of curves thus developed for 
u2 0 versus C (or CI) and u2 0 versus G, 
respectively . (Relations qual1.tatively 
simila r to those in Figure .' . ..Ll.U were ob
tained for n20 versus G (or GIl and ~20 

versus G for the conditions stated 
above.) 
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Figure 109. Some pneumat ic tire t e rms . 

No te, first, in both Figur~s lIla 
and 111b that increasing tire deflec tio n 
f rom 15 t o 30 pe rcent i ncreases tire pul l 
coefficient performance drastically, and 
that a further increase in deflection 
from 30 to 60 percent adds a somewhat 
lesser, but st lll s i gnificant, amount t o 
pull coe f ficient . Second, note that a 
secondary gain in perfo rmance results 
f r om using a f l exible rather than a st if f 
t lre, and that this gain becomes inc reas
ingly large as tire deflec tion increases 
( i . e ., the widths of bands in Figures 
Ilia and Illb fo r a stiff ve r sus a flexi
ble tire increase as tire deflection in
creases) . 

Th e general observations made above 
concerning th e la rge variations in tire 
performance shown in Figur e III can be 
illustrated by many detailed examples . 
For instance, in Figure Ilia the C (or 
CI) value at pull coefficient = 0 is th e 
smallest strength value of cl ay that will 
allow a tire to just propel itself at 20 
per cent slip . A s tiff 9.00 x 20 tire a t 
15 percent deflection requires a C value 
of almost 200 (29 CI), while a fl e xi ble 
tire o f the same s i ze at 30 percent de
flection r equi r es a C of only about 130 
(19 CI) , and the same flex ible tire at 60 
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percent deflection requires a C of only 
about 105 (15 CI) . In Fi gur e Illb, fo r a 
G value of 6 /iPa/ .. (22 psi/in) , the 9 . 00 
x 20 tire a t 15 percent deflectio n ca n 
develop a pull coef ficient of onl y about 
0 . 2. But if the same tire is flexib l e 
and opera ted a t 30 pe rcent deflection, 
pull coe ffi c ient inc reases to well ove r 
0 . 4 , and a t 60 pe rcent deflection t o 
about 0 . 6 . 

Figure Il L illust rates the major 
recommendation for improved in- so il tire 
pe rformance that resulted from the ju s t
desc ribed laborat ory tire study , plu s two 
suggested means for accomplishing this 
recommendatio n. For whee led vehi c l e op
e ration in soft to medium hard soils, 
pull and tractive effic i ency perfo rmance
can be improved markedly by using flexi 
ble tires at relatively large deflections 
(up t o 60 percent deflection) . Thi s im
provement will be achieved on ly after th e 
tire industry has responded t o the chal
l e nge of produc ing such tires . Whe n such 
tires are made available, they can be 
utilized best on our military trucks that 
ope rate a significant po rtion of time 
off- r oad by eq uipping these trucks with 
effective, reliable central inflation
deflation systems. These systems must 
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Figure 110. Relations of inte rmediate pull coeffi
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allow rapid, timely, in- the- field, driv
e r-cont r olled "tuning" of the military 
truck ti res' deflation and internal mo
tion resis tance chara c teristics t o meet 
the multitude of soil conditions pr esent
ed by off-road travel . 

Finally I Figur e 11.1 illustrates two 
major associat ed co nsiderations concern
ing today ' s military needs f or improved 
tire s . First, the ABCT (described in de 
tail in Sess i on III of this workshop) is 
a re asonable strawman for opening serious 
discussions between the u~s. Government / 
military and U. S. tire/vehicle manufac -
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turing communities aimed a t producing the 
best tires possible for the military. 
Second, thes e discussions need to begin 
now since production of the U. S . De fens e 
Department's new tactical tru ck flee t has 
already begun (with, for example, approx
imately 156 , 000 vehi cles t o be procured 
for the Army thr ough FY 90 at a projected 
cost of about $7 billion). Impr ovement s 
in tire performance capabilities for th e 
fleet would affect our military wheeled 
vehicle perfo rmance capabilities for many 
years t o corne . 
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s l ip t o soil s tr e ngth for f l exible and stiff 
9. 00-20 tires at a range of tire deflections in 
clay and in sand. 

Recommendation: 

Take maximum advantage of the improved pull and tractive 
efficiency performance in soft- to- medium hard soils that results 
from using flexible tires at relatively large deflections. 

Accomplish this by: 

1. Challenging the tire industry to produce such tires. 

2 . Developing and implementing reliable central iof1at100-
deflation systems for our military trucks that opera t e a signifi
cant portion of time off- road . 

Figure 112. The major recommendation arising f rom the laboratory 
s tudy of radial and bias ply tires . 
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1 . Communica tion: The ABCT i s an exi s t ent, r easonab l e st r awman 
for s t a rting se r ious disc uss ions be t ween t he U. S . Gove rnme nt / 
mil i t a r y and the U. S . ti re/veh i cl e manufactu ri ng communit ies . 

2 . Time liness : Pr od uc t ion of the Army ' s Tac ti ca l Truck Fl ee t 
ha s a lready begun. Approxima t e l y 156, 000 ve hicles will be 
procured through FY 90 a t a proj ec t ed cos t of abou t $7 £ illion. 
The time fo r s t art i ng c l ose coopera t ion be t ween t he U. S . 
Government /mil i tar y with th e U. S. tire/vehicle manu fac turing 
cornmun ~ tles in pr od ucing th e bes t poss ib le tires fo r the 
milit ar y i s now. 

Figure 113. Two significant associated co nsiderations in satis f y
ing U. S. mi l i tary needs f or improved t i r es . 
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FIELD DEMONSTRATION OF TRACTION TESTING PROCEDURES 

George L. Blaisdell U.S . Army Cold Regions Research and Engineering 
Laboratory, Hanover, New Hampshire, U. S. A. 03755-1290 

A field demonstration of snow trac
tion testing was performed in a section 
of the Upper Albion parking lot in Alta, 
Utah. Although snow conditions were 
slightly warmer than would be prescribed 
by the SAE recommended practice, a suit
able test course for demonstration and 
comparison purposes existed. 

Two instrumented vehicles were util
ized to demonstrate two variations of the 
"self-contained" type test procedures and 
a traditional drawbar-pul1 test . The 
drawbar tests and a rear-wheel, single
wheel traction test were performed by W. 
Janowski using equipment generously sup
plied for the demonstration by DataMo
tive, Inc. A front-wheel, two- wheel test 
was performed by G. Blaisdell using 
equipment belonging to the U. S. Army Cold 
Regions Research and Engineering Labora
tory (USACRREL) . 

All of the tests were run in accord
ance with the SAE recommended practice, 
with the exception that the CRREL instru
mented vehicle does not conform to the 
recommended configuration for a test ve 
hicle. Originally, it was intended that 
two tire types be tested using both 
"drawbar" and "self-contained" techniques 
with the DataMotive equipment and using 
only "self-contained" procedures for the 
USACRREL vehicle. The tires used were a 
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Uniroyal Steeler (P205/75RI5) and a 
Goodyear Wrangler (8 . 75RI6 . 5). 

The intent o f the field demonstra
tion was primarily to demonstrate and 
observe the test equipment and tire per
formance measurement techniques . Sec
ondly, it was hoped that the results 
from the two test types and the two test 
vehicles could be used to demonstrate 
tire perfo rma nce evaluation. Unfortun
a t e l y , the CRREL vehic le expe rienced a 
mechanical failure during tes ting and 
was unable to complet e t es ts on the 
Good year Wrangl er . 

Results for the Uniroyal Steeler us
ing the "mu-area" (or SAE coefficient) 
method of data analysis (the easiest 
method for both vehicles to supply for 
comparison) showed statistical equival
ence for both vehicles and with both test 
methods (drawbar-pull and self- con
tained). Using the DataMotive vehicle, 
the performance comparison between the 
two tire types also showed no significant 
difference on the snow tested . These re
sults, although based on slightly fewer 
test repetitions than some testers would 
have preferred (due to test course size 
limitation), were in accordance with pre 
vious results obtained by most of the 
tire testers in attendance . 



CONCLUDING REMARKS 
Raymond N. Yong and George L. Blaisdell 

It would be nice to report that the Workshop solved all the prob
lems of winter tire assessment and performance evaluation. Unfortu
nately, this was not so. However, it became evident that the Workshop 
did indeed provide a very useful and meaningful forum to not only 
debate the various issues, but also to place, in perspective, the many 
heretofore unresolved problems into categories that permit proper 
focus of priorities and relevance; not the least of which is the problem 
of the need for systematic and controlled winter testing. 

Bringing together the user, tester and manufac turer permitted 
each party to seek out agreement on both standards and acceptance 
criteria for winter tires. More important, the discussions generated 
between user and manufacturer in regard to proposed acceptance 
criteria for tires were most instructive. 

We believe that having now established a more interactive forum 
between the three groups, perhaps some of the complex issues existent 
heretofore have been better identified and hopefully clarified. This 
is only one collective step towards a final satisfactory working ar
rangement between user, tester and manufacturer . We hope that 
more working sessions can be planned for future meetings. 

We wish to record our appreciation to all the participants at 
the Workshop (attendance listing at the beginning of these proceedings) 
and especially to those who responded to the challenges set forth 
in the panel discussions of this Workshop. A spec ial thanks is extended 
to W.R. Janowski of DataMotive, Inc., to CRREL test c rew M. Hun 
and B. Greeley, and N. Garcia who assisted in the field demonstrations. 
Finally, we are obliged to H. Hodges and W.L. Harrison for their roles 
in the planning and implementation of this Workshop. 
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