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2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J57 Sound Level of Highway Truck Tires

SAE J1015 Tonne Kilometer per Hour Test Procedure

SAE J1269 Rolling Resistance Measurement Procedure for Passenger Car, Light Truck) and Highway Truck
and Bus Tires

SAE J1441 Subjective Rating Scale for Vehicle Ride and Handling

SAE J2013 Military Tire Glossary

SAE J2181 Steady-State Circular Test Procedure for Trucks-and Buses

SAE J2704 Tire Normal Force/Deflection and Gross Footprint Dimension Test

2.1.2 Military Publjcations

Available from the [U.S. Army, Combat Capabilites Déevelopment Command, Ground Vehicle Systems Center Tire
Engineering FCDD-GVS-ES (MS-268), 6501 East 11 Mile'Road, Warren, M1 48397-5000.

Administrator's Manpal for use with SAE J2014 (R) Pneumatic Tire/Wheel/Runflat Assembly Qualfications for Military
Tactical Wheeled Vghicles

2.1.3 ASTM Publi¢ations

Available from ASTIM International, "100 Barr Harbor Drive, P.O. Box C700, West Conshohockgn, PA 19428-2959,
Tel: 610-832-9585, www.astm.ord:

ASTM E274 Standard Test Method for Skid Resistance of Paved Surfaces Using a Full Sqale Tire

ASTM E501 Standard Specification for Standard Rib Tire for Pavement Skid-resistance Tgsts

ASTM E1136 Standard Specification for P195/75R14 Radial Standard Reference Test Tire

ASTM F1016 Standard Practice for Linear Tire Treadwear Data Analysis

ASTM F1805 Standard Test Method for Single Wheel Driving Traction in a Straight Line on Snow and

Ice-Covered Surfaces
ASTM F2493 Standard Specification for P225/60R16 97S Radial Standard Reference Test Tire

ASTM F2803 Standard Test Method for Evaluating Rim Slip Performance of Tires and Wheels
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ISO Publications

Available from International Organization for Standardization, ISO Central Secretariat, 1, ch. de la Voie-Creuse, CP 56,
CH-1211 Geneva 20, Switzerland, Tel: +41 22 749 01 11, www.iso.org.

ISO 2631

ISO 18106

ISO 28580

Mechanical Vibration and Shock - Evaluation of Human Exposure to Whole-Body Vibration

Passenger Car, Commercial Vehicle, Truck and Bus Tyres - Methods for Measuring Snow Grip

Performance - Loaded New Tyres

Passenger Car, Truck and Bus Tyre Rolling Resistance Measurement Method - Single Point Test

and Correlation of Measurement Results

2.1.5 Code of Fe

Available from the
Tel: 202-512-1800, v

49 CFR 571.119

2.1.6  EuropeanT

Available from the
Tel: +32-2-344-40-5

ETRTO Standards N
ETRTO Engineering
2.1.7 The Japan

Available from The
Minato-Ku, Tokyo, J

JATMA Yearbook
2.1.8 Scandinavig|
Available from the S

STRO Data Book

eral Regulations (CFR) Publications

United States Government Printing Office, 732 North Capitol Street, NW, Was
VWW.QPO.gOV.

New Pneumatic Tires for Motor Vehicles with a GVWR Vof” More th
(10,000 pounds) and Motorcycles

yre and Rim Technical Organization (ETRTO) Publications

European Tyre and Rim Technical Organization, Rue Defacqz 78/80, 1060,
D, www.etrto.org.

lanual
Design Information
Automobile Tyre Manufacturers’ Association (JATMA) Publications

Japan Automobile Tyre Manufacturers Association, No. 33 Mori Bldg. 8th Floor
bpan, 105-0001, Tel: 81-3/3435-9094.

n Tire and Rim Organization Publications

candinaviandire and Rim Orgnaization, Radhusgatan 15, 742 43 Oregrund, Tel:

hington, DC 20401,

an 4536 kilograms

Brussels, Belgium,

3-8-21 Toranomon,

46 173 30273.

219 The Tyre an

H Rim Association of Australia Publications

Available from the Tyre and Rim Association of Australia, C/- Coghlan Corporate Services Pty Ltd, Suite 1, Hawthorn House,
795 Glenferrie Road, Hawthorn, Victoria, 3122, Australia, Tel: +61 3 9818 0759, www.tyreandrim.org.au.

Standards Manual

2.1.10 National Atlantic Treaty Organization (NATO) Publications

Copies of these documents are available online at https://quicksearch.dla.mil.

AVTP-03-160W

AVTP-03-170

AVTP-13-30W

Dynamic Stability
Facilities

Tyre
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2.1.11 The Tire and Rim Association Publications

Available from The Tire and Rim Association, Inc., 4000 Embassy Parkway, Suite 390, Akron, OH 44333, www.us-tra.org.
The Tire and Rim Association Yearbook

The Tire and Rim Association Engineering Design Information

The Tire and Rim Association Military Supplement

2.1.12 Unified Soil Classification System Publications

Refer to Technical Memorandum Number 3 357, April 1960 (Reprinted May 1957), and NATO Reference Mobility Model

procedure available from U.S. Army Engineering Research Development Center (ERDC), Corps ofsEhgineers, 3909 Halls
Ferry Road, Vicksburg, MS 39180.

2.1.13 Recreationa| Off-Highway Vehicle Association (ROHVA) Publications

Available from the Recreational Off-Highway Vehicle Assocation (ROHVA), 2 Jenner,;Suite 150, Irvipe, CA, 92618-3806,
Tel: (949) 255-2560 | www.rohva.org.

American National Standard for Recreational Off-Highway Vehicles (ANSI-ROHVA)
2.1.14 NIST Publications

Available from NIST| 100 Bureau Drive, Stop 1070, Gaithersburg, MD.20899-1070, Tel: 301-975-6478, www.nist.gov.
NIST Handbook 44
2.1.15 FINABEL Eyropean Army Interoperability Centre Rublications

Available from Eurogean Army Interoperability Centre,"Quartier Reine Eliszbeth, Rue d’Evere 1, B-1140 Brussels, Belgium,
Tel: +32 (0)2 441 79 38.

FINABEL Agreement No. A.20.A
2.1.16 Test Operations Procedure (TOP) Publications

Available from Defenpse Technical‘tnformation Center, 8725 John J. Kingman Rd., STE 0944, Ft. Belvoir, VA, 22060-6218.

TOP 01-1-010A Vehicle’Test Course Severity (Surface Roughness)
TOP 1-1-014 Ride Dynamics

TOP 2-2-002 Dynamic Stability, Handling and Steering

TOP 02-2-610 Gradeability and Side Slope Performance

2.1.17 Engineer Research and Development Center (ERDC) Publications

Available from the United States Army Engineer Research and Development Center (ERDC), 3909 Halls Ferry Road,
Vicksburg, MS 39180-6199, www.erdc.usace.army.mil.

ERDC/GSL SR-13-2  Procedures for One-Pass Vehicle Cone Index (VCl1) Determination for Acquisition Support
2.1.18 American Association of State Highway and Transportation Officials (AASHTO) Publications

Available from American Association of State Highway and Transportation Officials (AASHTO) 555 12th Street NW,
Suite 1000, Washington, DC 20004, Tel: (202) 624-5800, www.transportation.org.
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3. DEFINITIONS

Definitions for this document are included in SAE J2013.

4. TECHNICAL REQUIREMENTS

4.1 List of Tests and/or Inspections

A cross reference of inspections and tests for new and retreaded replacement tires is shown in Table 1.

Table 1 - Test for new and retreaded replacement tires/wheels/runflat systems

SAE J2014 and
Administrator's Test Procedlre
Title/Subject Manual References (Appendix A, Industry Test)

List of Tesfs and/or Inspections 4.1 -
Mixed Fitment Testing 4.2 -
Retreadabjlity 4.3.1
Repairability 432
Treadwear Indicators 4.3.3
Tire Imbalance Limits 434 s
Ozone Resistance 43.8 Section A.21
Tire Tractipn 442 Section A.1
Vehicle Evasive Maneuver 443 Section A.2
Bead Unsegating 444 Section A.3
Rolling Repistance 44.5 SAE J1269
Dimensional Criteria 44.6 -
Mechanicdl Reliability (Off-Road Durability) 4.4.7 Section A.4
Tire Tread|ife Durability 4438 Section A.5
Comparatiyve Stopping Distance 4409 Section A.6
Tire Singlg Wheel Skid Resistance 4:4.10 ASTM E274
Rim Slip (Tire Indexing) 4.4.11 ASTM F2803
Load Deflgction 4412 SAE J2704
Mission Prpfile Runflat 4413 Section A.7
Paved Runflat 4414 Section A.8
Curb Impart 4415 Section A.9
Half Roun 4416 Section A.10
Ride Quality 4417 Section A.11
Mission Prpfile Speed Evaluation 4418 Section A.12
High Speed Evaluation 4.4.19 Section A.13
Steady Stgte Dynamic Stability 4.4.20 SAE J2181
Tire Underbody Impingement 4.4.21 Section A.14
Convoy Egcort 4.4.22 Section A.15
Vehicle Cqnie“lndex 4.4.23 ERDC GSL SR-13-]
Mission Profile Terrain Definitions 413774 Section A T6
Current Terrain Definitions 4.4.25 Section A.17
Coarse Grain Soil Gradeability 4.4.26 Section A.18
Road Departure Recovery 4.4.27 Section A.19
Side Slope Evaluation 4.4.28 Section A.20

4.2 Mixed Fitment Testing

Mixed fitment testing shall follow the standard fitment testing. If the standard fitment results indicate that a candidate
tire/rim/runflat system does not qualify, then a mixed fitment evaluation is not necessary. The government program office
shall work with the testing agency to determine the mixed fitment test scenarios.

Following the standard fitment, each group (including the reference if planned to be mixed with the candidates in the field)
will be given a rank order rating starting with one being the best performing for a particular test.
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Mixed fitment should consider the particular test and placement of the best performing and worst performing tires. An
example of the test order is shown in the following table. An example for a handling test of a two-axle vehicle with three
candidate tires and one control tire:

A mixed fitment test

Table 2 - Tire placement (tire ranking)

LF RF LR RR
1 1 4 4
1 1 3 3
2 2 4 4
2 2 3 3

plan with multi_avia vahiclac wwauld follow o cimilar mathadalaav  Additional mix
pra-AHR-RdH-aa e e e85 WMo the1oneW—a-SHhhaeoae19gy—aaldoRar-hx

fitment testing can

be conducted to incl

The results for each
the Administrator’s N

4.3
The design and cong
4.3.1 Retreadabili
The retreadability of

4.3.2 Repairability

Ide combinations left to right, opposing corners, or multiple different tires if so.feq

mixed fitment will be compared to the reference standard fitment results~For pas
lanual.

Design and Construction

truction of the tire/rim/runflat assemblies shall meet the description listed in the Ad
y (New Tires Only)
the tires shall meet the description listed in the Admiinistrator's Manual.

(New Tires Only)

The repairability of the tires shall meet the description listed-ib*the Administrator's Manual.

4.3.3 Treadwear |

hdicators

The treadwear indicgtors of the tires shall meet the-description listed in the Administrator's Manual.

4.3.4 Tire Imbalan
The tire/rim/runflat a
4.4 Performance

The tire or retread,

ce Limits

5sembly imbalance limits shall meet the description listed in the Administrator's M

manufacturer provides certification that the tire meets the requirements liste

Administrator’s Man

al, before proceeding with the following testing.

uired.

/fail criteria, refer to

Ministrator’s Manual.

anual.

H in Table 1 of the

441 Tire Traction
Purpose: This is a test to determine the traction characteristics of the candidate tire when compared to the reference tire on
severe off-road conditions.

When specified, a tire traction test shall be conducted to determine traction performance of the tire(s) under specified
conditions as described in Appendix A, Section A.1, to determine tire performance in mud, sand, ice, and/or snow. For
pass/fail criteria, refer to the Administrator’s Manual.
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4.4.2 Vehicle Evasive Maneuver

Purpose: This test procedure is intended to be used as a field test procedure; however, the basic criteria are also intended
to provide a standard reference for simulation of the basic maneuvers through various mathematical modeling techniques.
This document provides a procedure and instructions for instrument and equipment, vehicle preparation, and test of single
and combination vehicles. This procedure provides a method to evaluate the stability of vehicles under simulated highway
and/or secondary and gravel road conditions. Loss of stability is of primary concern.

When specified, a wet and dry pavement and/or gravel road evasive maneuver test shall be conducted to determine the
tires’ performance under specified conditions as described in Appendix A, Section A.2, to determine tire performance on
wet and dry pavement. For pass/fail criteria, refer to the Administrator's Manual.

4.4.3 Bead Unseating

hod to determine tire slip (tire indexing), air loss, or bead unseating when operJuted at the minimum
bn pressure.

Purpose: A test met
recommended inflati

When specified, a b
refer to the Administ

bad unseating test shall be conducted as described in Appendix A, Section A.3.
ator’'s Manual.

For pass/fail criteria,

44.4 Rolling Res|stance

Purpose: This procedure applies to the laboratory measurement of rolling resistance of pneumatic passgnger car, light truck,

and highway truck a
and inclination angle

When specified, to @
SAE J1269. For pas
445 Dimensiong

Purpose: The purpo

tire, wheel, or runflaf,

4451 Tire

When specified, the
diameter, section w
measurements shall
reported. Revolution
A minimum of three
vehicle may be perfq

hd bus tires. The procedure applies only to the steady-state operation of free-rol
S.

etermine conformance to this section, a rolling resistance test shall be conducte
5/fail criteria, refer to the Administrator’'s Manual.

| Criteria

be of these procedures are to compare the candidate tire, wheel, or runflat dimens

following measuréments of the candidate tire shall be compared to the refer

ing tires at zero slip

l in accordance with

ions with the control

ence/control: overall

idth, tire weight) centerline tread depth, tread width, revolutions per mile, and bead width. Tire

be taken at rated inflation pressure. A minimum sample size of four shall be re
5 per mile shall be taken at the rated inflation pressure and load for the tire, unless
runs shallkbe recorded for the revolutions per mile. As an option, a clearance ch
rmed/

4452 Rim/Whesg

corded with average
otherwise specified.
pck of the tire on the

When specified, the following measurements of the candidate wheel shall be compared to the reference/control. A minimum
sample size of four shall be recorded with average reported. As an option, a clearance check of the wheel on the vehicle
may be performed. As an option, compatibility of the runflat or tire or hub with the wheel may be performed for fitment
(mounting trial). The rim contour must conform to TRA, ETRTO, or JATMA standards for the control wheel.

44521 Rim Characteristics

Flange height; flange width; bead seat width, diameter, angle; valve hole diameter, position (location), hole depth, wall
angle; drop well position, width, depth, diameter.

44522 Disc Characteristics

Mounting surface diameter; disc thickness at hub/stub; bolt hole diameter (mounting number and assembly number); bolt
circle diameter.
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44523 Wheel Characteristics

Weight, offset, center-hole diameter.

4453 Runflat

When specified, the following measurements of the runflat shall be compared to the reference/control runflat: outside
diameter, inside diameter, overall width, runflat cap width, bead lock dimensions (if applicable), minimum clearance with
valve when mounted on wheel. A minimum sample size of four shall be recorded with average reported. As an option,

compatibility of the wheel or tire or valve with the runflat may be performed for fitment (mounting trial).

For pass/fail criteria, refer to the Administrator's Manual.

4.4.6 Mechanical Reliability (Off-Road Durability)

Purpose: This is a ftest to determine a tire/wheel/runflat’'s ability to withstand sustained operation on severe off-road
conditions.

When specified, tesfing shall be conducted as described in Appendix A, Section A4 for the tire/\vheel/runflat system
durability in off-road conditions.

4.4.7 Tire Treadlife Durability

Purpose: This is a tept to determine the tire/wheel/runflat assembly systemis(s’) treadlife durability using the vehicle mission
profile requirements

When specified, to assure conformance to the treadlife durability requirements, the test shall be conddicted on the courses
required for the mission profile as specified on the original equipment or a revised mission profile] requirement and in
accordance with Apgendix A, Section A.5. For pass/fail criteriay refer to the Administrator's Manual.
448 Comparativg Stopping Distance

Purpose: This on-vehicle test is used to compare the stopping distance of the reference/control and candidate tire.

When specified, testing shall be conducted in accordance with Appendix A, Section A.6. For pass/fail criteria, refer to the
Administrator's Man{al.

4.4.9 Tire Single-\Vheel, Skid Resistance

Purpose: This test method establishes the standard procedure for measuring the skid resistance of paved surfaces by the
use of a specified full-scale_autemotive tire. This test method utilizes a measurement representing thg steady-state friction
force on a locked tegt wheel as it is dragged over a wetted pavement surface under constant load and at a constant speed
while its major planelis parallel to its direction of motion and perpendicular to the pavement. The values|measured represent
the frictional propertles-obtained with the equipment and procedures stated herein. These values arg intended for use in
evaluating the skid resistance of a pavement relative to that of other pavements or for evaluating changes in the skid
resistance of a pavement with the passage of time.

When specified, a single-wheel, tire skid resistance test shall be conducted using procedures as established in ASTM E274.
The vehicles, loads, inflation pressures, and tires shall be adjusted to tactical military tire requirements. This test shall be
conducted on wet pavement at 64 km/h (40 mph). An ASTM E501 tire shall be used to define the test surface. This is the
recommended procedure for evaluating tire braking performance, versus 4.9.
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4.4.10 Rim Slip (Tire Indexing)

Purpose: This test method is performed to determine the amount of rotational slip occurring at the tire/wheel interface while
under heavy longitudinal load conditions. This movement of the tire on the wheel is also known as tire indexing. This test
method is suitable for research and development purposes where tires are compared during a single series of tests. They
may not be suitable for regulatory statutes or specification acceptance because the values obtained may not necessarily
agree or correlate either in rank order or absolute performance level with those obtained under other environmental
conditions on other surfaces or the same surface after additional use.

When specified, the tire/rim/runflat assembly shall be tested in accordance with ASTM F2803. For pass/fail criteria and
requirements for each vehicle application, refer to the Administrator's Manual.

4.411 Load Deflection

Purpose: This test is a method for determining the vertical force and deflection properties of a“nop-rolling tire and the
associated contact gatch length and width. The method applies to any tire so long as the equipment fis properly scaled to
conduct the measurgments for the intended test tire. The data are suitable for use in determifiing pargmeters for road load
models and for comparative evaluations of the measured properties in research and development.

When specified, tesfing shall be conducted in accordance with SAE J2704 using loads, and inflation pfessures appropriate
for the vehicle missipn. Inclusion of the runflat device in the wheel assembly is optional. The load and deflection shall be
tabulated to determine the spring rate for each tire. The percent deflection shall be calculated using the|section height minus
the rim flange height.

4.4.12 Mission Prdfile Runflat

Purpose: The purpoge of the mission profile runflat test is to ensure that the tire/wheel/runflat assembly can withstand rifle
fire and allow continflous mobility of the vehicle for a specified distance, speed, and terrain type.

When specified, tesfing shall be conducted in accordance. with Appendix A, Section A.7. For pass/fail criteria, refer to the
Administrator’s Man]AaI.

4413 Paved Runflat
Purpose: The purpose of the paved runflat test'is to ensure that the tire/wheel/runflat assembly can wjthstand rifle fire and
allow continuous mopility of the vehicle overa paved surface for 30 miles at 30 mph. This test is also used to determine the

deflated system’s thermal relationship @tythe tire-runflat interface and its ability to withstand a minjmum of 30 miles of
operation.

When specified, testing shall be\.conducted in accordance with Appendix A, Section A.8. For pass/fail criteria, refer to the
Administrator’'s Mandial.

4.4.14 Curb Impagt

Purpose: The purpose of this test is to evaluate if the candidate component adversely affects the vehicle occupants’ health
and/or comfort and to establish whether or not the candidate prematurely degrades the tire, after impacting an 8-inch curb
at a 0 degree and 45 degree angle of approach.

When specified, testing shall be conducted in accordance with Appendix A, Section A.9. For pass/fail criteria, refer to the
Administrator's Manual.

4.4.15 Half Round

Purpose: The objective of half round testing is to determine a candidate assembly’s effects on the vehicle’s suspension
while driving over 6-, 8-, 10-, or 12-inch half round obstacles. Half round performance is determined by calculating the
maximum speed the vehicle can traverse the obstacle before achieving 2.5 g of peak vertical acceleration at the driver’s
seat or CG location. TOP 1-1-014 defines the 2.5 g as the maximum allowable acceleration without posing significant risk
to occupant health and safety.


https://saenorm.com/api/?name=b627b5fef9d0231b14d7438ede16cd4f

SAE INTERNATIONAL J2014™ JUL2022 Page 10 of 65

When specified, testing shall be conducted in accordance with Appendix A, Section A.10. For pass/fail criteria, refer to the
Administrator’'s Manual.

4.4.16 Ride Quality

Purpose: The objective of the ride quality test is to determine if there is any adverse ride, handling or stability characteristics
attributable to the candidate assembly. Ride quality performance is quantified by determining the maximum speed the
vehicle can traverse a repetitive roughness course, before achieving 6 W of absorbed power at the base of the driver’'s seat
and/or using the weighted acceleration over wave number spectrum (WNS) representative roughness courses and the
exposure time of 2 hours, after which occupant health risks are likely criteria from ISO 2631. TOP 1-1-014 defines 6 W as
the maximum sustainable absorbed power the human body can endure for eight hours before injury and/or physical damage

occur.

When specified, tes

mngs all be conducted 1n accordance wi ppendix A, Section A.TT. For pass/ia
Administrator’'s Man{al.

4.4.17 Mission Prof

Purpose: The object
or stability character

When specified, testing shall be conducted in accordance with Appendix A, Section’A.12. For pass/fa

Administrator's Man
4.4.18 High Speed

Purpose: The object
the candidate asseni

When specified, tes
Administrator’'s Man

4.4.19 Steady Stat¢ Dynamic Stability

Purpose: This test p

steady-state cornering behavior. Due to the'wide range of operational conditions to which a vehicle ¢

results of this testing
does not test the veh
be necessary to con
instrumentation and
the test. If it is desi
conducted with minir
the steady-state dire]

t]‘ng shall be conducted in accordance with Appendix A, Section A.13. For pass/fa

ile Speed Evaluation

ve of the mission profile speed evaluation test is to determine if there are any ad
stics attributable to the candidate assembly.

hal.
Evaluation

ve of high speed testing is to investigate the effect of combined vibration and env
blies.

al.

focedure is used to determine the steady-state directional control response of ve

do not provide a complete description of a vehicle’s total dynamic behavior; in part
icle’s response during transient maneuvers. To fully assess a vehicle’s total dynan
duct other test\procedures in order to evaluate the vehicle’s performance as a
the required.accuracy of the measurement will be dependent on the goals of the
red simply_to determine the general performance characteristics of a vehicle, t
nal instrumentation and test item preparation. This test establishes a uniform procs
ctiohal'control response of trucks, buses, and combination vehicles.

| criteria, refer to the

verse ride, handling,

| criteria, refer to the

ronmental forces on

| criteria, refer to the

hicles by measuring
BN be subjected, the
cular, the procedure
nic behavior, it would
wvhole. The extent of
ersonnel conducting
nen this test can be
dure for determining

When specified, testing shall be conducted in accordance with SAE J2181. Results shall be graphed as shown in SAE J2181
Appendix C, Figure C1. Each candidate tire/rim/runflat system group shall be tested and compared to the reference/control
to determine any changes in handling characteristics. Mixed fitment and tests at different weight up to and including
maximum test weight are recommended. For pass/fail criteria, refer to the Administrator’'s Manual.

Tire underbody impingement purpose: This is a vehicle-specific tire test that evaluates the potential for destructive
impingement of tires on underbody structures. The test imposes full lock steer at full jounce. The test also imposes full
rebound at full lock steer, testing the strain relief design of hoses and cables attached to the tire/wheel, e.g., central tire
inflation system (CTIS).

When specified, the test is shown in Appendix A, Section A.14.
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4.4.20 Convoy Escort

Purpose: This test procedure is intended to evaluate the thermal durability of a tire operating non-stop at a constant high

speed for one tank o

f fuel on a paved road at high ambient temperature.

When specified, testing shall be conducted in accordance with Appendix A, Section A.15. For pass/fail criteria, refer to the
Administrator's Manual.

4.4.21 Vehicle Cone Index

Purpose: The objetive of the vehicle cone index (VCI) test is to ensure that the soft soil mobility capability of the vehicle as
determined through the VCI metric and associated test has not changed as a result of the installation of the candidate tire
and/or runflat and as a result of lack of self cleaning, stiffness, tire construction, and/or compounds.

When specified, test
using the guidelines
be targeted for testi
pounds per square i
(psi) conditions that

For pass/fail criteria,
4.4.22 Coarse Grai
Purpose: The object
those encountered i

assembly. Tire-grou
properties of the soil

not decrease the capability to ascend grades or exhibit undesitable performance characteristics such

When specified, test

Administrator’'s Mandial.

4.4.23 Road Depar

Purpose: The objec
tire/wheel/runflat asg
exit the primary trav
surface.

When specified, test

ng shall be conducted in accordance with ERDC GSL SR-13-2. Course preparatio
established in ERDC-GSL-SR-13-2. To establish the range of cone indexy(Cl) ¢
g, tire contact pressure calculations can be performed to reach an approXimate
ch (psi). The worst case (highest) tire contact pressure (psi) can be used as a sts
he field should exhibit at the anticipated critical layer.

refer to the Administrator’'s Manual.

h Soil Gradeability

ve of this test is to determine that the vehicle’s ability- to ascend dry coarse grain

nd contact pressure distribution has a large influence on coarse grain soil tractiorn

ng shall be conducted in accordance-with Appendix A, Section A.17. For pass/fa

ure Recovery

ive of this test is to.determine the performance of a wheeled vehicle equipped

embly when negotiating an evasive or emergency maneuver that requires the ve
| road surface (payed or secondary), transition along the road shoulder, and the

ng shall\be/conducted in accordance with Appendix A, Section A.18. For pass/fa

h shall be completed
bnditions that should
contact pressure in
rting point for the Cl

soil grades, such as

h sand dunes, has not been negatively impacted.when equipped with the candidate tire and/or runflat

due to the shearing

Vehicle performance during the evaluation‘should be characterized to ensure the¢ candidate tire does

hs traction hop.

| criteria, refer to the

with the candidate
nicle configuration to
n return to that road

| criteria, refer to the

Administrator’s Manual.
lvaluation

Purpose: The objective of the side slopes evaluation is to verify proper vehicle operation on natural side slopes when
equipped with the candidate tire/wheel/runflat assembly. Stability, performance, and controllability will be evaluated while
traversing 30% and 40% side slopes. TOP 2-2-610 and TOP 2-2-002 may be used as guides.

4.4.24 Side Slope

When specified, testing shall be conducted in accordance with Appendix A, Section A.19. For pass/fail criteria, refer to the
Administrator's Manual.
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5. NOTES

5.1 Reuvision Indicator

A change bar (I) located in the left margin is for the convenience of the user in locating areas where technical revisions, not
editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document title

indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in original
publications, nor in documents that contain editorial changes only.

PREPARED BY THE TRUCK AND BUS TIRE COMMITTEE
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APPENDIX A - TESTS

A1 TIRE TRACTION TEST (SEE 4.4.2)

This test determines the driving traction performance of the tire(s) relative to the reference/control tire tested under similar
specified conditions.

A1.1 Purpose

The driving traction performance of the reference/control tire shall be used as a basis to compare the performance of the
candidate tire(s). Tests shall be conducted on one or more of the surface conditions (mud, sand, and snow) for both the

reference/control and candidate tire tests. Desired surface conditions shall be selected in advance of the testing. Test results
shall be used to determine the tractive coefficient’ and/or mobility of both the reference/control tire and candidate tire. The

tractive coefficient o
for this determinatig
single-wheel traction
traction testing is no

A1.2 Facilities

Tests shall be condy

A1.21 Soil Tes
At least two courses
The test sections sh
on both sides of the
drawbar tests. Prior
previous usage. Cor
exceeding 3 m (10 fe
courses at the surfag

A122

The test section shal
[USCS]) or clay/clay
dimensions are app
(30 inches) deep wi
depending on the tir

Soft Fin¢-Grained Soil

(o)
lh consistent moisture content across the entire usable test area. Additional de

maximum mobility from the tesis shall be comparatively evaluated. One of three fest methods is used

n: (1) the single-wheel traction test, (2) the drawbar pull test, or (3) virgincsn

mobility test. The

test is the preferred method for measuring traction. Drawbar pull tests may-beusgd when single-wheel

available. Virgin snow mobility testing is used to identify virgin snow performance.

cted on courses prepared to the following specifications:
(s

for each selected condition shall be required to provide a large enough area to a
bll be uniform, level, relatively smooth, with no yegetation, a minimum of twice th
tire by 150 m (500 feet) long for single wheel tests and 6 m (20 feet) wide by 90
to testing, the courses shall be prepared to‘a uniform depth and strength and e

ccommodate testing.
e tire’s section width
m (300 feet) long for
hibit no evidence of

e penetrometer measurement(s) shall be\taken in a crosshatch pattern in undisturbed/virgin soil, not

et) to determine uniformity of compaction. Soil samples shall be collected at threg
e, and 150 mm (6 inches) in depth.

consist of fine-grained soil'such as silt (ML or MH, as defined by the Unified Soil
loam (CL or CH). The.course dimensions shall be determined based on vehicle din
ximately 250 m leng*and 100 m wide. The homogeneous soil test area should

size and associated sinkage.

Prior to the start of t

flat, level area will bg used’for all testing. For each test lane five cone index soil measurements will be
of travel and two acfoss thé width of the test section to create a soil compaction matrix of the test 3
prepared to provide a consistent test surface for each vehicle. Soil preparation (watering/drying/tilling)

sting an.appropriate test area will be identified based on the soil strength (Cl) ang

locations in the test

lassification System
nensions, suggested
be at least 750 mm
pth may be required

moisture content. A
aken in the direction
rea. The soil will be

Will continue until the

desired soil conditions are achieved. The soil shall be prepared with the following target soil parameters:

0 to 3 inch layer,
[ )

3 to 6 inch layer,

0<Cl<40

40 < Cl <100

Depth greater than 6 inch, Cl > 100

The moisture content shall be measured in at least three locations in the test section at 0 to 25 mm (0 to 1 inch), 25 to
75 mm (1 to 3 inches), and 75 to 150 mm (3 to 6 inches) depths. Course soil conditions will be spot-checked daily. A
sufficient number of samples shall be taken to represent the full test area.

' Tractive coefficient is d

efined as the longitudinal force from the tire divided by vertical load.


https://saenorm.com/api/?name=b627b5fef9d0231b14d7438ede16cd4f

SAE INTERNATIONAL J2014™ JUL2022 Page 14 of 65

A.1.2.3 Dry Coarse-Grained Sand

This test section shall be consist of sand (SP or SW, as determined by USCS). The depth of the soil shall be at least 750 mm
(30 inches), tilled to at least 200 mm (8 inches), and dried to a moisture content of less than 2.0% in the top 75 mm (3 inches)
of sand. The cone index at the 75 mm (3 inches) depth shall not exceed 100. Density and moisture should be measured in
at least three locations and included in the test report.

A1.24 Packed Snow Snow

A sufficient amount of snow shall be compacted such that a first untracked pass of the test exhibits a sinkage of at least
one tread depth. If compaction or grooming is necessary to obtain the required snow surface, the test course can be aged
before testing begins. Temperatures at 25 mm (1 inch) below the test surface shall be between -12 °C (+10 °F) and -4 °C
(+25 °F). Each test shall be conducted in a fresh, previously untrafficked test surface. Snow course preparation is extremely

critical for obtaining
gauge are made as
F2493) shall be useq
traction range of 0.2
A1.25 Ice

The ice surface sha
frozen ground in ord

if the ice is determined to be thick enough to support the weight of the vehilce. The ice surface sh

consistent without di
the surface to keep &
be between -20 °C
F2493) shall be useq

A.1.2.6 Virgin S

The virgin snow area shall consist of an open, flat ground~area with accumulated virgin (undisturbed)

or naturally occurrin
can approach depthg

depth but may gradiially deepen when traversing-into the field. The course is representative of sno
without vehicle traffig.

Prior to the initiation
gradually increasing
criteria shall be iden

Approximately 1

e Less than 2% sl

valld resulis. Course preparation and show compaction measurements using,C|
specified in ASTM F1805. The Standard Reference Test Tire (SRTT) (specificati
to monitor course conditions in accordance with ASTM F1805, ensuring compliar
B to 0.38 for medium pack snow.

| be constructed on flat, level ground by repeated application_of water in small
br to achieve at least a 25 mm (1 inch) thick ice layer. Alternatively, a frozen body

mples or ridges. The ice surface should be maintainedby application of thin coats
ny loose snow from accumulating on top. Temperatufes at 25 mm (1 inch) below

-4 °F) and 0 °C (+32 °F). The Standard Reference Test Tire (SRTT) (specificati
to monitor (and report) course conditions in accordance with ASTM F1805.

how

j snowdrifts. Snowdrifts typically*vaty in height depending upon the ambient we
up to 5 feet on top of a hard-packed base. The snow drifts should not provide abr

of virgin snow mobility*testing, potential evaluation areas will be visually identified
snow depths, snowdensity, and general location for recovery access. Test lanes th
ified.
DO feet long/(dependent on snowfall depth availability) and at least as wide as the

bpe ‘hard-packed base

'l snow compaction
bns ASTM E1136 or
ce with the specified

increments onto the
pf water can be used
puld be smooth and
bf water or sweeping
he test surface shall
bns ASTM E1136 or

snow of equal depth
Ather conditions and
Lpt changes in snow
v covered, flat fields

based on uniform or
at meet the following

test vehicle

e Exhibit sufficient

A13

A1.3.1

depth to cause vehicle immobilization

Test Vehicle

Exhibit a generally constant or increasing snow depth with respect to longitudinal distance from the starting point

Single Wheel Tests

A test bed capable of providing single, driven tire traction shall be equipped with an instrument package capable of
measuring the longitudinal and vertical wheel forces as well as the velocity of the test wheel and ground speed. The
capability of logging of the data at a minimum sampling rate of 10 samples per second is required. The driving test tire shall
be positioned to eliminate the test tire tracking another tire through the test course, unless otherwise specified by the
reference test specification.
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A.1.3.2 Drawbar Pull Tests

The appropriate tactical test vehicle shall be equipped with the reference/control or candidate tire(s) in all wheel positions.
The test vehicle shall be run together with a dynamometer vehicle of adequate size and load to permit controlling the test
vehicle speed. The connection between the vehicles shall be a cable or a tow bar parallel to the ground containing a load
cell capable of measuring the drawbar force. Instrumentation recording the drawbar force, time, wheel speed(s), and ground
speed shall be installed in the dynamometer vehicle. Sampling rate for the previous measurements shall be a minimum of
10 samples per second.

A1.3.3 Virgin Snow Mobility Tests
The appropriate tactical test vehicle shall be equipped with the reference/control or candidate tire(s) in all wheel positions.

The vehicle shall have functioning recovery points and/or equipment. The test vehicle shall be run at least one run with each
tire configuration dufing a givien test session.

A14 Instrumentation

Longitudinal and verfical forces on the test, along with test wheel and vehicle speeds, shall belmeasuredl within 2% accuracy
as established by annual National Institute of Standards Technology (NIST) traceable calibration.

A.141 Snow Cpmpaction Penetrometer and Trafficability Cone Penetrometer

Refer to ASTM F18p5 for the method. Use the CTl snow compaction gaude as identified in ASTM[F1805. Refer to the
NATO Reference Mgbility Model procedure for instructions for the use of the trafficability cone penetrgmeter.

A14.2 Virgin Show Instrumentation

The following equipment will be used during this evaluation.
e Calibrated tire pfessure gauge

e Digital video cameras

o Digital photographic camera

e Tape measure
e Straightedge (4 feet x 2 inches X 1/4 inch)
e Snow shovel

e Snow density me¢asurement kit

e CTlgauge
o Weather data logger, ambient temperature, relative humidity
e Inclinometer

A15 Preparation for Tests

All transducers and instrumentation must be calibrated according to recognized procedures.
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A.1.51 Tires

Two new tires for the single wheel tests and two new tires for each tire position for the drawbar test shall be recommended
as test samples for each variable. These samples shall be production tires (or pre-production), inspected by the tire/retread
manufacturer to be free of anomalies and conforming to applicable standards of manufacture. The tires shall be free of mold
flash, lubricants, and shall have tread labels removed. In addition, test and reference/control tires shall not have any force
or run-out grind.

A15.2 Rim/Wheels

The tires shall be mounted on rim/wheels specified in the TRA Yearbook and/or Military Supplement and/or Engineering
Design Information, or ETRTO Standards Manual for the size being tested, unless the military specification requires a
rim/wheel that differs from the TRA Military Supplement recommendation. In the latter case, the military specification will
apply. Rims must bg compatible with pressure and the test vehicle. Inspect and measure test ims,tq assure they comply
with the applicable rim standard (see 4.4.6.2).

A.153 Inflation|Pressure
Tire pressures shall pe per the applicable technical manual based on the mission profile \(unless otherpvise specified).
A154 Break-In

An initial break-in pefiod of 160 km (100 miles), shall be run at the maximum vehicle speed, not to excepd 90 km/h (55 mph)
on a dry, paved surface at the highway inflation pressure.

A1.55 Initial Tire Measurements
The tires shall be inspected and measured following the break:in. Measurements shall be at three |ocations around the
periphery of each tire and shall include: tread depth at crown‘and shoulders, section width, tread radius, tread arc width,
and outside diametey.
A.1.6 Test Proc¢dure

A.1.6.1 Test Tir¢/Wheel/Runflat Assembly/Preparation
Operate electronic tg¢st equipment as required for stabilized results.
A.1.6.2 Test Tir¢g/Wheel/Runflat Assembly Temperature

Assembly should be|at ambientiiemperature and shielded from direct sunlight before testing.

A1.6.3 Test Tirg/Wheel/Runflat Assembly Load

The test vehicle shall be’loaded so that each individual static test tire load(s) is within +5% of the maximum tire load for the
intended vehicle (unless otherwise specified). The single wheel tests shall measure the average dynamic tire load for a
series of test runs for calculation of tractive coefficients.

A.1.6.4 Inflation Pressure Adjustment
Adjust air inflation pressure immediately before testing to the specified test inflation pressure from +7 to 0 kPa (+1 to -0 psi).
A.1.6.5 Test Tire/Wheel/Runflat Assembly Identification

Record tire identification and other data, including date, time, ambient temperature, test surface temperature, type of test
surface, etc.
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A.1.6.6 Single Wheel Method

The test vehicle shall be equipped with either the reference/control or candidate tires, and the load adjusted to the static
load requirement. Operation shall be at a ground speed of 8 km/h £ 0.8 km/h (5 mph + 0.5 mph) driven by the test wheel
and controlled by the action of the operator on the brakes of the non-test wheels. The vehicle shall enter the test area, and
the operator engages a throttle actuator while maintaining a ground speed of 8 km/h + 0.8 km/h (5 mph £ 0.5 mph). The
actuator shall be adjustable to allow at least 1.5 seconds for a wheel-speed acceleration from 4 to 25 km/h (2.5 to 15 mph).
Testing will be conducted with a control tire at the beginning and end of each test sequence or test matrix and every third
test in between. A minimum of ten of these spin-ups shall be made with each test sample and control tire with a coefficient
of variation of less than five for sand/pavement/snow, and less than 15 for mud.

A.1.6.7 Constant Speed, Gradually Increasing Slip Drawbar Method

For each test, the teft venhicle sha nd connected to the

dynamometer vehicl
approximately 4 km/

with a cable or drawbar. The test vehicle shall operate in the lowest gear.fo

no load on the drawpar. While keeping a constant forward speed, load shall be gradually applied tg
dynamometer operafor, increasing the power necessary for the test vehicle to maintain the required grq
vehicle shall gradually increase/modulate engine rpm as necessary while progressing from a zero or 1
to a high load/max slip condition, all while maintaining a constant over the ground speed: Immediately
of the first test, the vehicles shall be repositioned at the beginning of the test lane offsetting the tracks

minimum of three dr.

A.1.6.8 Single-H
Prior to starting the t
no snowfall, extremsg
for a long enough tin
for any course evolu
the test vehicle will b
speed and maintain

External observers

capability, typically e
If the vehicle travers
This single pass run

The following snow
undisturbed snow a
the measurements,

Four in situ sno
and left sides of

wbar tests shall be conducted.
ass to Immobilization Procedure (Virgin Snow)

bst, attention should be given to the forecasted meteorological conditions for the d
thermal evolution, or high winds predicted. If therambient conditions are not expe
he to test both the reference and candidate\tires, the reference should bracket th

e operated across the area in a straightdine at less than 5 mph. Care should be tg
b straight line with minimal steering cerrections.

ivill monitor the vehicle progress. At the point of immobilization—defined as log
xhibited by excessive wheel'slip—the observers will signal to the vehicle operator t
es the entire course without immobilization, a new test lane will be chosen with
shall be repeated oncé\to-verify consistency.

measurements shall’ be taken at the point of immobilization. All measurements

d with sufficient.distance from the vehicle so that any plowed snow, or snow bu
nless otherwise stated.

the wvehicle.

a ground speed of

(2.5 mph) at its optimum engine rpm for maximum torque and proceed ipto/the fest course lane with

the drawbar by the
und speed. The test
o load slip condition
following completion
bf the prior test(s). A

ay to ensure there is
cted to be consistent
b test tire to account

ion. Starting at the entrance to the virgin snow mobility test area with the lowest récorded snow depth,

ken to hold constant

s of forward motive
D release the throttle.
greater snow depth.

should be taken in
bs, are not a part of

v depth measurements: one at the centerline of the front and rear-most axles, and one each on right

at the midpoint of the vehicle, and one at the front bumper within approximately 12 inches.

Meteorological d

ata at the approximate time of immobilization.

Snow CTI readings in the virgin snow and in the wheel imprint directly behind the rear tires.

snow compaction characteristics from the bottom of the tire to the frozen ground.

Two snow pits including in situ snow density measurements: one on the opposite side of the vehicle’s exhaust exit and

Cone penetrometer or Rammsonde profile readings in the virgin snow and the imprint behind the vehicle to quantify the
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A.1.6.8.1 Snow Depth Measurement Procedure

Except where specified otherwise, snow depth measurements shall be taken using the following procedure.

1. Inspect the probe to ensure it is straight and free of damage.

2. Insert the probe into the snow with the primary axis normal to the ground plane.

3. Apply steady downward force until the frozen ground has stopped movement.

4. After movement stops, grip the probe at the surface of the snow to provide a temporary mark on the straightedge.

5. With a positive grip, remove the probe from the snow.

6. Record the distahce between the end of the probe and hand to determine snow depth.

7. If the probe stopk progression prematurely, perform another measurement in the immediate’ vicinify to determine if the
reading was dug to a foreign object obstructing the measurement path.

A.1.6.8.2 Snow |Density Measurement Procedure
To measure the density of the snow, it will be necessary to obtain a known volume of snow and find the mass of the snow
sample. Density is lefined as mass divided by volume. A snow sampling«it will be utilized to cgnduct snow density
measurements. Snoy samples will be taken to determine the snow density;Note that two snow density ftests will be required
for each immobilized test run. The snow density profiles will be taken on the opposite side of the vehicle’s exhaust exit and
at the midpoint of thg vehicle, as well as at the front bumper. Samples.will be taken every 15 cm of sngw depth up to 90 cm
(as applicable by makimum snow depth mobility of the test vehicle)starting from the surface, using the [following procedure.
1. Dig a vertical snpw pit down to the frozen ground showing-a smooth, flat surface of the entire snow depth.

2. Cut the vertical face of the snow pit with the snow saw provided in the test kit. This vertical face will be the location for
all samples to be taken at each layer.

3. Begin at the top| layer. Clearly identify which\layer is being sampled. Firmly push the snow sampling device into the
vertical snow fade of the layer using the edgeés of the device as push points. Then cut the excess gnow utilizing a metal
shave plate to dfess off the front face«of the device.

4. Record the snow density, in grams_per cubic centimeter (g/cm?®), of the snow within the sampling device.

5. Empty the snow|collection.deVice and repeat until all layers have been sampled.

Figure A1 shows an|example image of the snow density measurement/snow pit procedure.
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Figure A1 - Snow density measurements in snow pit
(photo credit: Nevada Automotive Test Center)

A7 Test Results
A1.7.1 Single Wheel Tests

Both tabular and graphical data from the ten runs shall be obtained expressing the tractive coefficient of the reference/control
tire and the candidate tires as a function of slip-velocity. The mean peak tractive coefficient shall be ghown as well as the
area of the traction curve from 2 to 16 km/h (4 to 10 mph) slip velocity. A statistical analysis showing standard deviation and
coefficient of variatign of the peak and(area for the group of runs is also made. The mean coefficient of friction shall be
calculated using the|method described in ASTM F1805. The candidates shall be compared to the reference tire using the
gradient traction performance index\(TPI) described in ASTM F1805.

A1.7.2 Drawbar Test

Traction in terms of tractive coefficient at various slip values for each test shall be obtained from the test records and plotted
as tractive coefficienf vérsus percent wheel slip (J[wheel speed - ground speed]/ground speed x 100). Ajcurve shall be drawn
through the data to produce the performance curve for each test condition. The highest tractive coefficient value between
0% and 90% slip from the performance curve shall be determined from the tests. Values for candidate tires and
reference/control tires for the same surface condition shall be used to compare tire performance, with candidate tires rated
as a percentage of the reference/control tire performance.

A1.7.3 Virgin Snow Mobility Test

At the point of immobilization, all snow measurements will be recorded using the format in Table A1, and the data will be
analyzed to determine average snow depth and snow density. Average snow depth for both runs will be determined by
averaging all depth measurements taken beside the vehicle and will be considered the maximum virgin snow depth
capability of the test vehicle. Digital photographs and video footage also will be used as supplemental reference to document
the results of the evaluations. The average snow depth and density should be compared between the candidate and
reference tires. The average snow density measured for each configuration set of data shall be within 15% of each other.
The snow depth at the point of immobilization should be used to compare performance, with candidate tires rated as a
percentage of the reference tires snow depth performance.
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Table A1 - Virgin snow mobility data sheet
Depth from 0to 15 to 30 to 45 to 60 to 75 to
Snow Surface 15 cm 30 cm 45 cm 60 cm 75 cm 90 cm
Snow Rut Snow Snow Snow Snow Snow Snow
Depth | Depth Density Density Density Density Density Density
Run# | Side | Location cm cm glcm?® glcm?® g/lcm?® g/cm?® glcm?® g/cm?®
L/R Front axle
L/R Front axle
L/R Rear axle
L/R Rear axle
L/R Front axle
L/R Front axle
L/R Rear axle
L/R Repr axle
Average
A2 VEHICLE EYASIVE MANEUVER TEST (SEE 4.4.3)
A2.1 Purpose

This test procedure i
a standard referenc
document provides &
and combination of v
conditions where los|

A22 Facilities

A2.21 Surface
Paved Surface: The
course shown in Fig
the course are also

either with a waterin
any case, there shal
gravel surface is opt

Gravel Surface: The
recommended that

Society for Testing a
of the gravel surface
of the shoulder matg
to localized factors t

5 intended to be used as a field test procedure; however, the, basic criteria are als
e for simulation of the basic maneuvers through variouscmathematical model
procedure and instructions for instrumentation and equipment, vehicle preparati

s of stability is of primary concern.

Conditions

course shall be flat, level (not to exceed 1% grade) concrete or blacktop, large e
ure A3. Adequate acceleration and’deceleration lanes and an adequate safety z
equired. When performing the-wet evasive maneuver, the surface shall be wette
g truck or sprinkler trickle watering system. The water depth shall not to exceed

be no dry spots on the test course immediately prior to and during the test. Re
onal depending on the\vehicle mission profile.

road shoulder should be sufficiently stable to support the vehicle load without s
standard American Association of State Highway and Transportation Officials (4
nd Materials (ASTM), and other geotechnical engineering guidelines are followed ir
compaction level. The general recommended practice for road base is to maintai
rial in‘the range of greater than 90%. Where the recommended compaction level
ne engineer should determine and document the existing soil conditions to ensur

strength and surface

b intended to provide
ng techniques. This
bn, and test of single

ehicles. This procedure provides a method to evaluate the stability of vehicles undér simulated highway

hough to contain the
one on each side of
d by external means
1 mm (0.05 inch). In
beating the test on a

gnificant rutting. It is
AASHTO), American
the characterization
h the relative density
is not attainable due
e repeatability of soil

conditions.

Measurements of the relative density can be made in-situ using devices such as a nuclear densitometer (e.g., Troxler) or in
a lab after the maximum compaction is determined using conventional laboratory methods.

A2.22 Surface

Coefficients

The paved road and gravel road surface coefficients are measured using ASTM E274 and ASTM F1805, respectively, as
guides with the ASTM E1136 or F2493 reference tire. Testing will be conducted on a dry and wet surface for the paved

course and on a dry

surface for the gravel course.

The paved surface skid resistance measurement test speed shall be 40 mph. The recommended peak skid number (SN)
for the dry paved surface is greater than 90 and wet paved surface is greater than 70, measured using ASTM E274 as a
guide with the ASTM E1136 or F2493 reference tire.
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The recommended peak friction coefficient for the gravel is between 0.5 and 0.7, measured using ASTM F1805 as a guide

with the ASTM E113

6 or F2493 reference tire.

The wind velocity shall not exceed 16 km/h (10 mph) and both velocity and direction shall be recorded in the test results.

A223

See Figure A3 for co

Calculation of Test Course Dimensions

urse calculations.

The test may be repeated on a gravel surface depending on the vehicle mission profile.

A23

Test Vehicle

Vehicles to be testeq shall be serviced in accordance with manufacturers’ recommended procedures.

Payloads shall be |
Additional testing wi
partially full tank trug
stable operation und
van interior such thg
longitudinally. Consi
transversely.

A24 Instrumen

A calibrated device {
A25 Test Prep
NATO recommende

material shall be usg
visibility to the driver

ded and secured to obtain gross vehicle weight (GVW) in accordance with-nor
h abnormal payloads should be considered (i.e., loads with high center'of gravity
ks, etc.). It is strongly recommended that reasonable loads of these types be in
t the center of gravity of the payload is in the center of the vah yolume vertical
deration should be given to testing with representative “worst-case loads” with
fation

hall be used to measure vehicle speed +0.3 km/h'(£0.2 mph).

bration

] pylons and dimensions are applicablé’(see Figure A3). Vertical pylons of exper

d to mark the course as indicated by the “dots” on Figure A1. Pylons shall be suffi
and without contacting the pylon:

mal military practice.
, live loads, such as
vestigated to assure

er normal usage. In particular, van bodies should be loaded with a payload distriputed throughout the

y, transversely, and
the load off-center

dable or deformable
iently high to assure
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Lane - change track dimensions
Section 1:Length=15m

Width = 1.1 vehicle width + 0.25 m
Section 2 : Length = Overail length of vehicle') +24 m

Saction 3 : Length = 25 m
Width = 1.2 vehicle width + 0,25 m

Section 4 ; Length = Qverall length of vehicle + 24 m

Section 5: Length =15 m
Width = 1.1 vehicle width + 0.25 m

“ovaratl fength of vehicle, moasureq
at 0.50 m from the ground.

500 *3°

/—Base circle of cone

285
185
5

(Y

Figure A3 - Course layout and cone dimensions (mm)

A.2.6 Test Procedure

A.2.6.1 Maximum Test Speed

The vehicle shall be driven by a competent test driver well trained and thoroughly familiar with the test vehicle. Successive
trials shall be conducted through the test course at gradually increasing speeds to determine the maximum constant speed
at which the vehicle (or vehicle combination) can negotiate the course, without contacting any of the pylons or other loss of
control. Testing to begin at a target speed of 32 km/h (20 mph). Increase the speed of each run by 8 km/h (5 mph) increments
until the operators experience indicates the speed is near end limit. As the speed approaches end limit the speed is
increased in 2 mph increments until the end limit speed as been determined. Repeat runs shall be made until the test
director is satisfied that the maximum speed has been defined within £3 km/h (1.5 mph). The test driver shall be permitted
to call any run invalid based solely on his/her judgment.


https://saenorm.com/api/?name=b627b5fef9d0231b14d7438ede16cd4f

SAE INTERNATIONAL J2014™ JUL2022

Page 23 of 65

A26.2

Observers

Observers shall be stationed to:

a.

Observe all whe

els of the vehicle(s) to note any “lift-off.”

b. Observe any contact between the vehicle and the pylons.

Testing shall include mixed fitment (candidate and reference tires) on same vehicle when applicable to address loss of
stability concerns (see 4.2).

A2.7
A271 Vehicle

The configuration of
columns should be

moments of inertia a
shall be included an
For each test run, th
A2.7.2 Require
The results shall incl

a.

b.

Average speed:
Cone contact fof
Area of vehicle t
Wind speed: km
Wind direction

Ambient and sur

Test Results

Configuration

e desirable when available. When these detailed data are not available, afull desc
I as a minimum the individual axle loads shall be recorded for each payload confi

b data in Figure A5 shall be recorded.
i Data

ude:

km/h (mph)

each run (if any)

hat contacted cone(s)

h (mph)

face temperature;-°CJ)(°F)

bach vehicle payload combination tested shall be recorded in the format showirin Higure A4. (Additional
hdded as needed for vehicle combinations consisting of more units.)-Rayload genter of gravity and

ription of the payload
juration.
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Configuration code (for cross-reference)

Vehicle Description:

Truck/Tractor Trailer/Semi-Trailer

Make: Make:

Model: Model:

Year Mfr'd: Year Mfr'd:

Serial No,; Serial No.:

Weight as tested: Weight as tested:

Wheelbase: Wheelbase:

Axlc Loading:| Note axle type in heading (i.e. steer, drive, steer/drive, or lag)
Axle 1 — Type Axle 2 — Type Axle 3 —Type Axle 4 —[Type

Suspension Type

Axle Rating

Actual Left Load

Actual Right Load

OR

Total Load

Continued Axle 5 - Type Axle 6 — Type Axle 7 - Type Axle 8 —[Type

Suspension Tyvpe

Axle Rating

Actual Left Load

Actual Right {Joad

OR

Total Load

Payload narrat

ve description:

Centers of gra

ity (estimate if actual(nof available)

Truck with payload (x): _|

Truck with payload (z): _|

Truck with payload (v); __|

Trailer with payload (x): _|

Trailer with payload (y):

Truck (x}: Truck payload (x):
Truck (y): Truck payload (y):
Truck (2): Truck payload (z):
Trailer (x): Trailer payload (x}:
Trailer (y): Trailer payload (y):
Trailer (z): Trailer payload (z):

x = longitudinal

y = transverse = vertical

Trailer with payload (z):

Figure A4 - Descriptive information
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Date:

Configuration code:

Section dimensions: (1)

Average Vehicle speed at entry:
Pylons displaced (record area/number): Entry

Wheel lift-off observed:

ONAL J2014™ JuL2022
Wind velocity: Direction: Friction coefficient:
Run number: Direction: Start from right or left:
€3 3
4 &)
Average Vehicle speed at exit:
/ : Straightaway / : Exit /

Comments:
Figure A5 - Test data
A.3 BEAD UNSEATING TEST (SEE 4.4.4)
A.3.1 Purpose
A test method to detgrmine tire slip (tire indexing), air loss or bead unseatingwhen operated at the minjmum recommended

inflation pressure.

A.3.2 Facilities

The test course layg
level-graded surfacs
described in A.2.5.1

ut shall have an equal radius “figure 8” .configuration of predetermined asymmet
within 0.5% grade. Numbers 1 through 8 indicate the position of the pylons. P
Figure A3. (See Figure A6.)

rical curvatures on a
ylon dimensions are

A3.21

Figure A6 - Bead unseating test

Test Course Radius of Curvature (R)

The outer one-half of the opposing curvatures bisected by the length of the course is to be:

The radius at the centerline of the vehicle’s front axle travel path which is produced by steering the vehicle at 90% of its
specified full-lock turn.
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A3.22

Dimension A

Where “A” is about two times the vehicle wheelbase (A = 2WB).

The course layout is

A3.23

two off-set circles (R) connected by two short crisscrossing straights (A).

Test Course Base Material

The test course shall be constructed of sand. The test tire travel path shall be pre-rutted to a depth equal to one-half the
tire’s section height at the outside sidewall.

A3.24

Course Grained Soil (Sand)

This test section sha
depth of the soil sha
of less than 2.0% in

I be constructed of sand (SP or SW, as determined by Unified Soil Classification S
| be at least 750 mm (30 inches), tilled to at least 200 mm (8 inches), and dried'\t
he top 75 mm (3 inches) of sand. The cone index at the 75 mm (3 inches).depth

ystem [USCS]). The
D a moisture content
hall not exceed 100.

A.3.3 Test Vehigle

The test vehicles sh aximum tire load for

the intended vehicle

Bl be loaded so that each individual static test tire load(s) is within +5% of the m
(unless otherwise specified).

A.3.3.1 Speed

a. A device to meagure actual ground speed.

b. Alap time measpjrement device.

A.3.3.2 Inflation|Pressure

A calibrated pressurg gauge.

A.3.3.3 Rim Contour/Bead Seat Diameter

TRA disc tape (or eg bther rim dimensions

relating to tire fitmen

uivalent) for bead seat diameter and TRA rim contour gauges (or equivalent) for
.

A3.34 Load Saales

Mechanical or electrpnic weight.scales with 2% full-scale accuracy.
A.3.3.5
Ambient temperaturé_and percent relative humidity to be recorded at the beginning and end of each ts

A3.3.6

EnvironmentalAMMeasurements

st sequence.
Cone Penetrometer

To measure cone index (Cl) of test area berm soil before and after each test sequence.

A3.4 Test Procedure
A3.4.1 Tire/Wheel/Runflat Assemblies

Inspect and measure test rims to assure they comply with the applicable rim standard (see 4.4.6.2).

All tires and runflat devices shall be mounted for this test using the same procedures. Record maximum inflation pressure
required to seat the beads. Inflated tires at test pressure should be stored for at least 24 hours prior to mounting on vehicle.
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Test tires shall be broken in by operating them on a hard surface road for 160 km (100 miles) at test load and maximum
test inflation pressure at 80 km/h £ 8 km/h (50 mph + 5 mph) average.

A.3.4.2 Test Tire/Wheel/Runflat Assembly Positions

Test tire/wheel/runflat assemblies shall be mounted on both front steering positions. Any non-test wheel positions shall have
tire/wheel/runflat assemblies of the same size, inflation pressure, and normal maximum load distribution.
A.3.4.3 Test Sequence

Test sequence shall start at the intersection of the “figure 8” and proceed clockwise into the first turn. Constant test speed
shall be achieved after first “figure 8” lap. Cumulative lap timing for six laps at constant speed shall begin after first lap is

completed.

A34.4 Inflation

Cold tire pressures s
sequence.

Measure inflation pr
flange) at the compl

If the inflation press
inflation pressure at
next lowest speed in
Dismount and disas
A3.4.5 Test Ve

With the reference/
controllable safe spe

Pressure

hall be set at the minimum recommended inflation pressure immediately'prior to t
ssures and the tire rim rotational displacement (tire movement. felative to the rim
tion of the six-lap sequence.

ire of the reference/control tire at the conclusion of its<un is lower by 7 kPa (1
the start of the test, reinflate to the cold inflation pressure. Then rerun the referer
crement.

emble tire/wheel/runflat assemblies to check for and document foreign matter.

nicle Constant Speed Limit

Control tires installed, the test vehicle speed shall be increased incrementally
ed has been reached or air loss 6f:7 kPa (1 psi) has occurred.

Its

duction

d include:
km/h (mph)

air lass>» km (miles)

ne start of the six-lap

at the top of the rim

psi) below the cold
ce/control tire at the

until the maximum,

0SS seconds

A3.5 Test Resu
A.3.51 Data Re
Data reduction shou
a. Average speed:
b. Total distance tg
c. Total time to air
d.
e.
f.  Measured rut de
g.
h.

Measured air loss: kPa (psi)

Measured rotational displacement distance of the bead on the rim (arc length): mm (inch)

pth: mm (inch)

Measured ambient and surface temperature: °C (°F)
Measured inflation pressure at start and finish: kPa (psi)

Measured cone index (Cl) of the test area berm soil before and after each test sequence
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A4 MECHANICAL RELIABILITY/(OFF ROAD DURABILITY) TEST (SEE 4.4.7)
A4 Purpose

This is a test to determine a tire/wheel/runflat assembly system’s ability to withstand sustained operation on severe off-road
conditions.

A4.2 Facilities
The test course(s) shall be comprised of disjunctive sections of obstacles in a natural environment developed to be discrete,

repeatable, and unavoidable. The test course will be a mix of 30% secondary with severe washboard, 30% rock terrain, and
40% cross-country terrain.

A4d4.2.11 Selec{ing Test Course (See A.5.3)
The durability coursg will be selected with the following characteristics as a guideline.
a. Washboard: Amplitude 25 to 100 mm (1 to 4 inches), frequency 200 to 900 mm (8 to 36 linches).

b. Rock terrain: Irrggular shaped stone embedded in clay soil with rock size 75 to,.450 mm (3 to 6 inghes) and protruding
25 to 150 mm (1| to 6 inches) high, at a random spacing frequency of no less.than 11 stones per np? (1 stone per ft?).

c. Cross-country: A combination of hills and curves across terrain with embedded stones at a randon spacing frequency
of no less than §.6 stones per m? (0.6 stones per ft?). The cross-country/shall have a section of rdtted trail with stones
embedded for direct impingement of the tread and sidewall.

A43 Test Vehigle

The vehicle must be|capable of meeting test criteria.

A4d.4 Instrumentation

Profiling equipment pr a profiling vehicle equipped and instrumented to continuously measure and r¢cord the forces and

accelerations will bel required to quantify the gourses. A measuring device for ground speed will be fequired for distance

measurements along the courses.

The test vehicle willlbe equipped with_kilometer per hour (mile per hour) recording devices, either cable or electronically
driven, calibrated to 2% to provide, decumentation of test miles achieved.

A4.5 Test Preparation

A4.51 Tires

Reference/control and eandidate tires will be tested on each surface condition

A452 Rims/Wheels/Runflat Devices

The tires shall be mounted on rim/wheels specified in the TRA Yearbook and/or Military Supplement and/or Engineering
Design Information, or ETRTO Standards Manual for the size being tested, unless the military specification requires a
rim/wheel that differs from the TRA Military Supplement recommendation. In the latter case, the military specification will
apply. Rims must be compatible with pressure and the test vehicle. Inspect and measure test rims to assure they comply
with the applicable rim standard (see 4.4.6.2).

Runflat devices: Runflats shall be installed in the tire/rim assemblies as required. The runflat devices shall be installed
according to the manufacturer's recommendations and marked in a way to identify any slip relative to the rim (tire indexing).
All fasteners will be torqued to the manufacturer's recommendations and marked to indicate any change due to testing.
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A4.5.3 Inflation Pressure
Tire pressures shall be per the applicable technical manual based on the mission profile (unless otherwise specified).
A454 Break-in

Each of the test samples shall be driven at maximum vehicle speed (not to exceed 90 km/h [55 mph]) on a dry paved surface
for 160 km (100 miles) inflated to the highway tire pressure.

A455 Initial Measurements

The tires shall be inspected and measured following the break-in. Measurements shall be at six locations around the
periphery of each tire and shall include: tread depth at crown and shoulders, section width, tread radius, tread arc width,
and outside diametey. Runflat device measurements shall include: overall diameter, foot width, inner diameter, and overall
bead lock width.

A4.6 Test Procédure
A.4.6.1 Test Copditions
A.4.6.2 Tire/Wheel/Runflat Assembly Loads

The test vehicle shall be loaded so that each individual static test tire’s load(s) is within +5% of the maximum tire load for
the intended vehicle|(unless otherwise specified).

A4.6.3 Test Cy¢le

The test tires will be fun in sequence of 145 km (90 miles) of seeondary (washboard), 145 km (90 mileg) of rock terrain, and
193 km (120 miles) ¢f cross-country. This sequence will be repeated to complete a 966 km (600 mile)|cycle.

A4.6.4 Measurg¢ment and Recording Data
In addition to the initlal tire measurement, each tire-$hall be measured and inspected at the end of ea¢h 966 km (600 mile)
cycle. Inspect to egtablish casing growth, cutting, chipping, bruising, and modes of air loss in accordance with the
administration mandal failure and performance criteria. This data and the average velocity/mileagqg calculations will be
entered on a test data sheet. At 1932 km and 3864 km (1200 miles and 2400 miles), the tire(s) should pe removed from the
rim and inspected.
A4.6.5 Test Dufation

A maximum of four qycles fora-total of 3864 km (2400 miles) shall be run for acceptable durability of the tires.

A47 Test Results

The distances traveled shall be determined by the measured course length. Odometer readings will be recorded for each
course segment for reference. Time for each cycle shall be measured from start to finish of each segment of the test route
as recorded on the recording device and driver’s log. A segment is defined as the completion of a terrain type and the
initiation of the subsequent terrain type.

For purposes of this specification, a road hazard—such as a nail puncture through the tread area—will be repaired using
commonly accepted practices of the industry. Within this specification, typical hazards associated with road building, road
maintenance, and long term road and terrain degradation (pot holes, washboard, exposed rock, etc.) due to vehicle traffic
and environmental errosion may be included in the test condition. A road hazard that cannot be repaired will not be counted
against the candidate tire. Road hazards are defined as repairable or non-repairable penetration(s) resulting in air loss or
cutting or penetrating damage to the casing from man-made debris on the roadway (such as nails, staples, bolts, screws,
glass, metal fragments, wire, fencing material, etc.). This test is not intended to simulate damage from battlefield debris.
Specifically excluded from this definition are natural materials 100 mm (4 inches) or less that may either deliberately or
accidentally been placed in the roadway (such as stones or rocks). For pass/fail criteria, refer to the Administrator's Manual.
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The number of tire failures from the reference and candidate groups is the main metric of performance for this evaluation.
A road hazard that cannot be repaired will not be counted against the candidate tire. Road hazards are defined as repairable
or non-repairable penetration(s) resulting in air loss or cutting or penetrating damage to the casing from man-made debris
on the roadway (such as nails, staples, bolts, screws, glass, metal fragments, wire, fencing material, etc.). Specifically
excluded from this definition are natural materials 100 mm (4 inches) or less that may either deliberately or accidentally
been placed in the roadway (such as stones or rocks).

A5 TIRE TREADLIFE DURABILITY TEST (SEE 4.4.8)
A.5.1 Purpose

This is a test to determine the tire/wheel/runflat assembly system’s treadlife durability using the vehicle mission profile
requirements.

A5.2 Facilities
A5.21 Test Vehicles
The vehicle (or vehigles if using more than one) used for tire treadlife testing shall be,the production|or prototype vehicle
designed for and spgcified with the tire size being tested. A suitable alternate can be\used provided |t has similar vehicle
characteristics and quspension system as the production vehicle, has limited seryice/miles, and is properly aligned.
A5.2.2 Tire/Whegel/Runflat System
A reference/control tire/wheel/runflat system is required for comparison.and these tire/wheel/runflat sysfems must be rotated
between vehicles maintaining the same wheel position to experience.equal test mileage on each road|service condition on
all vehicles in the test.
A5.3 Instrumentation
Profiling equipment pr a profiling vehicle equipped and_instrumented to continuously measure and r¢cord the forces and
accelerations will bel required to quantify the coursesi A measuring device for ground speed will be fequired for distance
measurements along the courses.
A54 Test Courge

The test duration shall be a minimum of 16100 km (10000 miles) or the system specification tire mileage requirement. The
test surfaces should feflect the mission profile contained in the system specification for the vehicle, for gxample: 25% paved,
25% rough gravel, 3p% level cross-country, and 20% hilly cross-country.

Ab55 Test Prepgration

A.5.5.1 Tires

An appropriate number of tires for the vehicle, including spares, are required for test. These samples shall be production or
pre-production tires free of anomalies and conforming to the manufacturer’s standards.

Ab55.2 Rims/Wheels

The tires shall be mounted on rim/wheels specified in the TRA Yearbook and/or Military Supplement and/or Engineering
Design Information, or ETRTO Standards Manual for the size being tested, unless the military specification requires a
rim/wheel that differs from the TRA Military Supplement recommendation. In the latter case, the military specification will
apply. Rims must be compatible with pressure and the test vehicle. Inspect and measure test rims to assure they comply
with the applicable rim standard (see 4.4.6.2).
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A.5.5.3 Runflat Devices

Runflats shall be installed in the tire/rim assemblies as required. The runflat devices shall be installed according to the
manufacturer’s recommendations and marked in a way to identify any slip relative to the rim (tire indexing). All fasteners
will be torqued to the manufacturer’'s recommendations and marked to indicate any change due to testing.

Ab554 Break-in

An initial break-in period of not less than 160 km (100 miles) and no more than 480 km (300 miles) shall be run on a dry,
paved surface at the highway inflation pressure.

A.5.55 Initial Measurements

Each tire shall be ingpected and measured following the break-in. Measurements shall be made at am
spaced locations arqund the periphery of the tire for: tread depth at crown and shoulders, section widt
arc width, outside digmeter, and tread profile. Runflat device measurements shall include: overall diam
diameter, overall bead lock width. Refer to SAE J2013.

nimum of six equally
N, tread radius, tread
bter, cap width, inner

A.5.6 Test Procgdure

A.5.6.1 Test Copditions

Test courses and th

vehicle. Refer to Adr
A.5.6.1.1 Tire L

The vehicle load shs

hinistrator’'s Manual for listing of tactical vehicles’ mission profiles.
bad

Il reflect the system specification of the vehicle, if known. Unless otherwise speci

shall be at the maximum GVW of the test vehicle and the remaining 25% of mileage shall be at curk

payload. The payloa
A5.6.1.2 Inflatiq

Each tire pressure s
Different pressures 1
A.5.6.1.3 Cycle

Each mileage cycle s

[ shall be placed evenly over the vehiclé cargo area.
n Pressure

hall be per the applicable technical manual based on the mission profile (unless
hay be used for highway; cross-country, and mud, sand, and snow conditions.

hould contain:the required mission profile percentage. The wheel assemblies sha

for each specified sy
are rotated betwee

rface condition and vehicle load condition. The cycle should be established so th
vehicles-at four equally spaced mileage intervals. Each candidate and refe

e percent mileage on each surface selected for treadwear test shall reflect the 1

hission profile of the

fied, 75% of mileage
weight plus 50% of

btherwise specified).

| be run in sequence
at wheel assemblies
rence/control wheel

assembly being tested shallrbe rotated between vehicles maintaining the same wheel position to e
mileage on each ropd. service condition on all vehicles in the test. Each wheel assembly’s mileag
maximum, minimum|and average speed over the test course shall be recorded at each measurement

Kperience equal test
e and the vehicle’s
interval.

A5.6.14 Measurement and Data Recording

All tires shall be measured at the start of the test and at eight to 10equally spaced mileage intervals to correspond with
driver shift changes, vehicle maintenance schedules, and tire rotations. At each measurement interval the tires should be
inspected for damage, scuffing, chipping, and air loss, etc., in accordance with the administration manual failure and
performance criteria. Each tire tread condition shall be photographed at the start of the test, mid-point, and test completion.
Each tire’s mileage and maximum, minimum, and average vehicle speed shall be recorded at each measurement interval.
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A.5.6.1.5 Tire Tread Depth Measurements

The tread depth shall be measured and recorded when the tire is new, after 24 hours growth at rated inflation then adjusted
to test tire pressure, and at approximately 1600 km (1000 mile) intervals. The tire’s sidewall will be marked at a minimum of
six equally spaced locations starting at a point adjacent to the DOT or tire serial number. These marks are to be located so
they are not worn away or scuffed off during the test. Tread depth measurement must not be taken at treadwear indicators
(measurement device must bridge both sides of the groove for accurate measurement).

AL.7 Test Results

Measure the tread depth for each groove at each measurement point. Determine the amount of tread depth reduction for
each measurement, at a given mileage interval, by subtracting the latest measurement from the tread depth at 0 km (mile)
and record in 0.025 mm (0.001 inch). Calculate and record the tread depth reduction at each mileage measurement interval.

The fuel economy ofjeach group of candidate assemblies shall be tracked to ensure comparable results|between candiadate
and referance groupg. The fuel economy shall be calculated by using the vehicles odomoter or distancgs recorded from the

instrumentation pac
idling durations and
whether the candida
Ab5.71 Tire Rat

The wear rate in km

millimeters (mils) of fubber worn away. This procedure will be followed for,éach measurement point on

of the six (minimum)
wear rates of all me
where only three grg
rate for all tires of a
total number of tires

The overall average
measurement intery
reference/control tirg
mileage point. Also,
used to stop the test

Ab.7.2 Percent

This is a calculation

candidate tires and the referencé/eontrol tires.

The percent of tread
each groove of the ti

For tread depth mea

le tire/wheel/runflat assembly has a significant impact on the fuel economy over t

e of Wear

/mm (mile/mil), will be determined by dividing the kilometers (miles) traveled fo
equally spaced measurement locations. The tire’s average wear rate will be cald

bsurement points and dividing by the total number of measurements for that indi

oves are present, the center groove will be measured and recorded twice. The (¢
given design in the test will be determined.by-summing the wear rates for all tire

lvear rate will be plotted and compared-for both the candidate and reference/contrg
al. This graph should be used-to establish a wear comparison between

and as a signal for test or measurement of abnormalities that can occur at a
by mutual agreement (between the military and tire manufacturers), the tire wea

Tread Consumed

to determine.pass/fail, the overall average percent of tread consumed must b

consumed will be determined for each of the six (minimum), equally spaced me
res ‘as-follows:

kge and dividing by the total volume of fuel consumed during the testingy Due t¢ variabilty in vehicle
other vehicle performance differences, this measurement is an approximate method for determining

e mission profile.

- that interval by the
each groove at each
ulated by adding the
vidual tire. In a case
verall average wear
5 and dividing by the

| tire at each mileage

the candidate and
given measurement
[ comparison can be

b determined for the

psurement points on

surements in metric units, the metric percent tread consumed use Equation A1:

_ (OTD-RTD) _ 4

00
(OTD-3.175)

% Tread Consumed

(Eq. A1)

For tread depth measurements in U.S. customary units, the U.S. customary percent tread consumed use Equation A2:

_ (OTD-RTD)

100
(OTD_0.125)

% Tread Consumed

(Eq. A2)
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where:

OTD = original tread depth in 0.025 mm (0.001 inch)

RTD = remaining tread depth in 0.025 mm (0.001 inch)

0.125 = 4/32 inch, which is military worn tire removal criterion
The tire’s average percent of tread consumed will be calculated for each tire by adding the percent of tread consumed at all
measurement points and dividing by the total number of measurements for that tire. The overall average percent of tread

consumed for all tires of a given design in the test will be determined by summing the tire’'s average percent of tread
consumed for all tires and dividing by the total number of tires.

A.6 COMPARATIVE STOPPING DISTANCE TEST (SEE 4.4.9)

A.6.1 Purpose

This on-vehicle test is used to compare the stopping distance of the reference/control and candidate tire.

A.6.2 Facilities
The same test site and conditions as close as possible shall be used for testing both the reference/contfol and the candidate
tire/wheel/runflat asgemblies. Refer to ASTM F1805 for definitions of winter surfaces if comparitive stppping distance is to
be conductedon snpw and/or ice surfaces. Appendix A.1, Sections A-22!4 and A.1.2.5, give sulface properties and
preperation requirements for snow and ice testing.

A.6.3 Vehicle Prieparation

A.6.3.1 Tire Payload

The test vehicle sha mum tire load for the

intended vehicle (un

| be loaded so that each individual static test tire load(s) is within £5% of the maxi
ess otherwise specified).
A6.3.2

Vehicle [lires

The test vehicle sha
and 480 km (100 mil
(candidate and refer
A.6.3.3 Rims/W

The tires shall be m
Design Information,

| be equipped with a full'set of the same tires (excluding spares). The tires shall h
ps and 300 miles) of wear on them prior to conducting the brake test. Testing shall i
bnce tires) on same vehicle when applicable to address loss of stability concerns
neels

bunted on rim/wheels specified in the TRA Yearbook and/or Military Supplemen

bve between 160 km
hclude mixed fitment
see 4.2).

and/or Engineering

or. ETFRTO Standards Manual for the size being tested, unless the military spe

cification requires a

rim/wheel that differ¢ from the TRA Militar lement recommendation. In the latter the milifary specification will
apply. Rims must be compatible with pressure and the test vehicle. Inspect and measure test rims to assure they comply
with the applicable rim standard (see 4.4.6.2).

A6.3.4 Runflat Devices

Runflats shall be installed in the tire/rim assemblies as required. The runflat devices shall be installed according to the
manufacturer’s recommendations and marked in a way to identify any slip relative to the rim (tire indexing). All fasteners
will be torqued to the manufacturer’'s recommendations and striped to indicate any change due to testing.

A.6.3.5 Vehicle Brakes

Test vehicle brakes and brake system shall be checked and adjusted for proper working condition as specified by the vehicle
manufacturer. The brake lining/pad and drum/disc surfaces shall be clean and dry (free from contamination that might

reduce friction) and inspected to ensure that the minimum amount of material is present in accordance with the
manufacturer’s recommendations.
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A.6.4 Instrumentation

The test vehicle shall be equipped with fifth wheel or other high-resolution true ground speed and distance-measuring
device. The vehicle shall also be equipped with a data recorder for recording speed, time versus braking distance (data to
be taken from initial brake application to complete stop of the vehicle). A brake pressure actuated electrical switch shall be
installed in the vehicle brake system. The fifth wheel and brake pressure switch shall be wired to the data recorder so that
the readings are initiated by application of the brakes, and are continued until release of the brakes. A brake pedal force
instrument is optional.

A.6.41 Inflation Pressure

The inflation pressure for all tires shall be adjusted when cold. Air pressure in each tire shall be that recommended for the

load at the vehicle’s

maximum highway speed.

AB.5

A.6.5.1 Test Co
For testing on a pavs
that is less than 1%.

For testing on pack
preparation is extren
CTIl snow compacti
(specifications ASTN

Vehicle speeds for t
test speeds shall be
(60 mph) on wet pay
speed of the vehicle
A.6.5.2 Test Prg
Accelerate the vehic
vehicle to coast and

maximum effort. A g
handling characteris
a minimum of three
overheating. Testing
using the same test

A.6.5.3 Test Re

Test Preeration

hditions and Test Speed

bd surface testing shall be conducted on a straight, paved roadway, fre€ of loose
The paved surface temperature shall be less than 60 °C (140 °F)‘during testing.

bd snow or ice surfaces, each test shall be conducted in~a fresh test area. S

on gauge are made as specified in ASTM F1808: The Standard Referenc
| E1136 or F2493) shall be used to monitor course.conditions in accordance with

e brake test shall be as required by the vehigle’s end item specification. Unless
at 64 km/h (40 mph) and 97 km/h (60 mph); on dry pavement, and 64 km/h (4
ement. If the vehicle top speed is less than 105 km/h (65 mph), test at 64 km/h (4
minus 6 to 13 km/h (4 to 8 mph).

cedure

e to above the required test speed. With automatic or manual transmission in gea

slow down to the required speed as indicated by the fifth wheel. At the required sp

redetermined brake pedal force may be used for consistent maximum braking.
runs in each direction. Allow sufficient time between each run to prevent br
of candidate«and the reference/control tires shall be conducted in equivalent atr]

ehicle, instrumentation, and test site.

bults

material with a slope

how and ice course

nely critical for obtaining valid results. Course preparatiofrand snow compaction measurements using

e Test Tire (SRTT)
ASTM F1805.

otherwise specified,
D mph) and 97 km/h
L0 mph), and the top

and engaged, allow
eed, apply brakes at
Record any unusual

ics that occurred daring braking. Repeat the test traveling in the opposite directio. Repeat the test for

pkes and tires from
hospheric conditions

The tire average sto

bping distance shall be an average of the distances recorded using a minimum of

5ix data points within

+3 seconds (standard deviation).

a. Speed at point o

f brake application: £0.3 km/h (0.2 mph)

b. Stopping distance: £0.3 m (x1 foot)

Information documenting test control (optional):

c. Time to stop: £0

.1 second

d. Pedal force: £2 kg (x5 pounds)

e.

f.

Deceleration rate (measured): 0.3 m/s (x1 ft/s)

Static wheel load: +2% of reading
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g. Tire inflation pressure: +14 kPa (+2 psi) at start of each sequence

h.
Tire tread surfac
j-
k. Wind speed and

A.6.6

Road surface temperature: +1 °C (£2 °F)

e temperature: £1 °C (x2 °F)

Ambient temperature: £1 °C (2 °F)

direction: £0.4 m/s (1.5 ft/s)

Mix Fitment Recommendations

If multiple candidates and/or multiple tire/rim/runflat assemblies are previously qualified for the vehicle, a mixed fitment is

recommended.
A7 MISSION P¥

A.7A1 Purpose

The purpose of the mission profile runflat test is to ensure that the tire/wheel/runflat\assembly can w|

allow continuous mo|
A7.2 Facilities
Refer to the adminis

All dynamic testing W
all test articles and 4
A.7.3 Test Vehig
The vehicle shall be
alternate can be use
limited service miles

A7.4 Instrumen

A device to mea

e A device to mea

e A device to mea

ROFILE RUNFLAT TEST (SEE 4.4.13)

bility of the vehicle for a specified distance, speed, and terraintype.

rator's manual for the required total miles.

ill be videotaped. The video recording will include a time stamp and will not be ed

le

he production or prototype vehicle-designed for and specified with the tire size be
d provided it has similar vehicle Characteristics and suspension system as the prgq
and is properly aligned.
fation

sure actual ground-speed

sure distanee traveled

sure_thie ground and tire surface temperature

ncillary parts (e.g., bolts, washers, nuts, ete.).will be taken before and after testing.

thstand rifle fire and

ited. Photographs of

ng tested. A suitable
duction vehicle, has

A7.5

Test Prep

Prior to testing all tires and wheels will be marked to determine tire rotation relative to the wheel.

Two or more samples of each tire and wheel/runflat device group will be damaged in accordance with FINABEL 20.A.5 or

A.20.A standard.

If the candidate runflat system is a multi-segmented device containing radial breaks (breaks perpendicular to
circumference), the punctured quadrant will contain a segment mating surface. Punctured tires will be installed on the right
side of the vehicle, on the front and rear axles, or on multiple axles as required.
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A7.6 Test Procedure

Testing will occur with ambient temperatures above 20 °C (68 °F). When applicable, any large, loose rock of approximately
6 inches or greater will be removed from the test courses and it will be ensured that all courses are dry and free from
standing water.

If severe circumferential breaks in the tire assemblies (such as the tread breaking away from the sidewall) cause interference
with the vehicle underbody or its operation, the vehicle will be stopped. The time, temperature and mileage shall be recorded.

If the test involves a fabric body ply tire, the tread may be cut away if requested by the testing sponsor. Prior to and at the
conclusion of tread removal the time, tire temperature and ground temperature will be recorded. Down time will be minimized
as much as possible to maintain test assembly temperatures. After tread removal the time, tire temperature and ground
temperature will be recorded. Testing will then be immediately resumed with the runflat fully exposed.

Thermal profiling mepsurements will be conducted initially, at three evenly spaced locations throughout the test course, and
at the conclusion of|testing. These measurements will include ambient temperature, ground Aemperature and tire (outer
sidewall shoulder junction and tread) or exposed runflat temperatures for all test assemblies,
A7.7 Test Sequence

e Primary road

e Secondary road
e Trail (dependinglon mission profile)
e Cross country
Mileage for each condition shall be proportional to the missionprofile for the vehicle system.
A7.8 Test Results

Testing will be termipated upon the occurrence of any of the following:

¢ Inability of the operator to maintain control.of the vehicle

Inability of the ve¢hicle to be operated-safely
¢ Inability of the vehicle to maintain continuous mobility

¢ Reduction in spged notatiributed to measurement interval

e Any of the whee| fims contacting the ground

e Irreparable vehicle damage is imminent
e Completion of required mileage accumulation

The post-test inspection will include a system tear down. Any remaining deflated tire, wheel and runflat parts will be
recovered and inspected for slip, wear and damage. The inspection will also include examination of the wheels for bent or
damaged flanges, tire-to-wheel slip (tire indexing), and tire beads and/or runflat spacers dislodged from the wheel. For
pass/fail criteria, refer to the Administrator’'s Manual.
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A8 PAVED RUNFLAT TEST (SEE 4.4.14)

A.8.1 Purpose

The purpose of the paved runflat test is to ensure that the tire/wheel/runflat assembly can withstand rifle fire and allow
continuous mobility of the vehicle over a paved primary road surface for 30 miles at 30 mph.
A.8.2 Facilities

The surface used for this evaluation shall consist of primary roads as described in the mission profile. The course shall be
flat, level (not to exceed 1% grade) concrete or blacktop. Adequate acceleration and deceleration lanes and an adequate

safety zone on each

side of the course are also required.

All dynamic testing W
all test articles and 3
A.8.3 Test Vehiq
The vehicle shall be
alternate can be use
limited service miles

A.8.4 Instrumen

e A device to mea

e A device to mea

e A device to mea

A.8.5 Test Prep

IIl'be videotaped. The video recording will include a time stamp and will not be e

le

he production or prototype vehicle designed for and specified withjthé tife size be
d provided it has similar vehicle characteristics and suspension.system as the prq
and is properly aligned.

ation

sure actual ground speed

sure distance traveled

sure the ground and tire surface temperature

aration

Prior to testing, all tifes and wheels will be marked(o determine tire rotation relative to the wheel.

Two or more sample
A.20.A standard.

If the candidate runfl
the punctured quad
vehicle, on the front

A.8.6

s of each tire and wheel/runflat device group will be damaged in accordance witl

bt system is a multi<segmented device containing radial breaks (breaks perpendicy
ant will contain*a segment mating surface. Punctured tires will be installed on
and rear axlés, or on multiple axles as required.

Test Procg¢dure

cj;ted. Photographs of
ncillary parts (e.g., bolts, washers, nuts, etc.) will be taken before and after testing.

ng tested. A suitable
duction vehicle, has

FINABEL 20.A.5 or

lar to circumference)
the right side of the

vill be removed from

Testing will occur wi
the test courses and

h ambient fnmpnrafnrnc ahove 20 °C (RQ °|:) \When applir\ahln, any loose rocks

it will be ensured that all courses are dry and free from standing water.

If severe circumferential breaks in the tire assemblies (such as the tread breaking away from the sidewall) cause interference
with the vehicle underbody or its operation, the vehicle will be stopped. The time, temperature, and mileage shall be
recorded.

If the test involves a fabric body ply tire, the tread may be cut away if requested by the testing sponsor. Prior to and at the
conclusion of tread removal the time, tire temperature and ground temperature will be recorded. Down time will be minimized
as much as possible to maintain test assembly temperatures. After tread removal the time, tire temperature and ground
temperature will be recorded. Testing will then be immediately resumed with the runflat fully exposed.

Thermal profiling measurements will be conducted initially, at three locations throughout the test course, and at the
conclusion of testing. These measurements will include ambient temperature, ground temperature, and tire (outer sidewall
shoulder junction and tread) or exposed runflat temperatures for all test assembilies.
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A.8.7 Test Resu

Its

Testing will be terminated upon the occurrence of any of the following:

Any of the whee

Inability of the operator to maintain control of the vehicle
Inability of the vehicle to be operated safely
Inability of the vehicle to maintain continuous mobility

Reduction in speed not attributed to measurement interval

rims contacting the ground

Irreparable vehig

e Completion of re
The post-test inspe
recovered and inspe
damaged flanges, ti
pass/fail criteria, refe

A9 CURB IMPA

A.91 Purpose

The tire/wheel/runflg
occupants’ health arn
impacting an 8-inch

peak vertical acceler
acceleration that car
A.9.2 Facilities

An 8-inch curb that
specifications. Testir
A.9.3 Test Vehiq

The test vehicle sha
affect the outcome o

le damage is imminent
quired mileage accumulation

tion will include a system tear down. Any remaining deflated Atire, wheel, and
cted for slip, wear, and damage. The inspection will also include examination of th
re-to-wheel slip (tire indexing), and tire beads and/or runflat spacers dislodged
r to the Administrator's Manual.

CT TEST (SEE 4.4.15)

t assemblies will be tested to evaluate,if\the candidate component adversely
d/or comfort and to establish whether of-not the candidate device prematurely de
curb at a 0 degree and 45 degree angle of approach. Occupant comfort is quantifi
ation experienced at the base of the'driver’s seat. TOP 1-1-014 specifies 2.5 g as {
be attained without posing riskto occupant health and safety.

is similar to a typical curb dimension is recommended which conforms to N
g may be done on any sized curb required by the administrator’'s manual or othef
le

| be inspécted to ensure that no previous testing has degraded the suspension or
f the_résults. Mount tire/wheel/runflat assemblies in all wheel positions.

runflat parts will be
e wheels for bent or
from the wheel. For

affects the vehicle
grades the tire, after
ed by measuring the
ne maximum vertical

IATO AVTP 03-170
source.

ride height that may

A.9.4 Instrumen

K
dlurl

Speed and a driver’s seat base accelerometer measured at a minimum of 500 Hz. All accelerometer data shall be filtered
using a 30 Hz low pass filter in accordance with TOP 1-1-014.

A95

Test Preparation

Tires will be X-rayed prior to assembly and after a post-test teardown inspection. Pre- and post-test X-rays will be compared

in order to quantify d

amage to the tire structure as a result of testing.

Vehicle springs will be measured before and after test groups of each candidate to prevent unnoticed spring sag, which
would impact the results of the evaluation.

Prior to testing all tires and wheels will be marked to determine tire rotation relative to the wheel. All assembly fasteners will

be marked so that m

ovement can be visually identified.
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A9.6

Test Procedure

Height, weight, and gender of the vehicle driver will be documented in the test log.

Test tire inflation pressure(s) will as specified by test sponsor; for example, cross country, highway, etc.

All testing will be videotaped. The video recording will include a time stamp and will not be edited. Photographs will be taken
of the wheel assembly including ancillary parts (bolts, washers, nuts, etc.) before and after testing.

The curb will be painted prior to each run in order to identify the point of contact with the tire. After each curb impact, the
marking will be transferred to the lower sidewall for future inspection.

The test vehicle will be driven over the curb obstacle at a 0 degree angle of approach (perpendicular to obstacle) while a

constant speed is maintained. The initial speed will be determined by operator experience and will be G

than 2.5 g of vertical
period to capture the
increments until a m

Collected acceleratiq
and peak acceleratiq
which exactly 2.5 g i

After achieving reqy

bcceleration at the base of the driver’s seat. Speed and acceleration data will berac
entire event and vehicle response. The test run will be repeated with the-speed
nimum of 2.5 g of vertical acceleration is achieved.

n data will be post-processed with a 30 Hz low-pass filter in accordance with TOH
n will be plotted for each run and a power law regression line will be applied to th
5 achieved will be interpolated from this regression line.

independent estimafes of speed. Standard deviation of these six speed-values shall be less than 1

repeated at a 45 de
same speed and “nu

At the immediate eng
to the inflation valve
static, 48 hours stati
the 2 weeks, the gau
occurs and it is foun
be restarted.

gree angle of approach on the driver side of the vehicle. Candidate runflat shall
mber of curb impacts” as the control runflat.

of dynamic testing, prior to disassembly, a.pressure gauge with a threaded valve
c, and 2 weeks static. Due to the possibility of the pressure gauge inaccuracies,

ge will be checked against a master-gauge and an offset applied if necessary. In
| to be due to the gauge, the tire will be re-inflated to the test pressure and the 2

At the end of all curlp impact testing each tire will undergo a post-test inspection that will include a sy

runflat device, whee

, and inside of the tires.will be inspected for damage or other anomalies. Assen

checked for adequate torque with paintmarkings and wheels will be checked for damaged or bent flar

A9.7 Test Resu
The candidate asser

All results will be co

Its
nbly mustumeet the failure criteria requirements of SAE J2014 Administrator's Ma

mpared to the reference wheel assembly to determine changes in performance.

osen to induce less
guired for a sufficient
increasing in 2 mph

1-1-014. The speed
b data. The speed at

ired speed, repeat interpolation procedure five additional times so as to proddice five consecutive

mph. Test shall be
be subjected to the

stem will be attached

Df each tire. Tire pressure and ambient temperature will be recorded immediately dfter testing, 24 hours

at the conclusion of
the event that a leak
veek time period will

s5tem tear down. The
bly fasteners will be
ges.

hual, 4.4.15:

FFor pass/fail criteria,

refer to the Administ

rator's Manual.

A10

A.10.1 Purpose

HALF ROUND TEST (SEE 4.4.16)

The objective of half round testing is to determine a candidate assembly’s effects on the vehicle’s suspension while driving
over 6-, 8-, 10-, or 12-inch half round obstacles. Half round performance is determined by interpolating the maximum speed
the vehicle can traverse the obstacle before achieving 2.5 g of peak vertical acceleration at the driver’s seat or CG location.
TOP 1-1-014 defines the 2.5 g as the maximum allowable acceleration without posing significant risk to occupant health
and safety.

A.10.2  Facilities

Testing will be conducting over a half round as described in TOP 1-1-014. The height of the half round will be determined
by the maximum the vehicle is capable of traversing without significant damage to the vehicle suspension/underside.
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A.10.3  Test Venhicle

The test vehicle shall be inspected to ensure that no previous testing has degraded the suspension or ride height that may
affect the outcome of the results. Mount tire/wheel/runflat assemblies in all wheel positions.

A.104 Instrumentation

Speed and a driver’s seat base accelerometer measured at a minimum of 500 Hz. All accelerometer data shall be filtered
using a 30 Hz low pass filter in accordance with TOP 1-1-014.

A.10.5 Test Preparation

Tires will be X-rayed prior to assembly and after a post-test teardown inspection. Pre- and post-test X-rays will be compared
in order to quantify damage o the tire structure as a result of tesfing.

Vehicle springs will pe measured before and after test groups of each candidate to prevent unneticeéd spring sag, which
would impact the reqults of the evaluation.

Prior to testing all tirgs and wheels will be marked to determine tire rotation relative to the\wheel. All asgembly fasteners will
be marked so that movement can be visually identified.

Test tire inflation pregsure(s) will be as specified by test sponsor; for example, cross country, highway| etc.
A.10.6  Test Procg¢dure
Height, weight, and gender of the vehicle driver will be documented.

All testing will be vidg¢otaped. The video recording will include a time stamp and will not be edited. Photpgraphs will be taken
of the wheel assemily including ancillary parts (bolts, washers; nuts, etc.) before and after testing.

In accordance with TIOP 1-1-014, the vehicle will be driven over the half round obstacle while a constant|speed is maintained.
The vehicle will be orientated perpendicular to the halfiround so both front tires hit simultaneously. The initial speed will be
determined by operator experience and will be cheseén to induce less than 2.5 g of vertical acceleratipn at the base of the
driver's seat. Speed and acceleration data collection will start before the front tires encounter the pbstacle and will be
stopped after the rear tires have passed over the half round. The speed will then be increased in 2 mph increments until a
minimum 2.5 g of veftical acceleration is achieved at the driver’s seat base. If excessive speeds are required to achieve the
2.5 g that affects veljicle limitations, the(test shall be reevaluated.

If steering has to be jused while traversing the half round (other than for keeping the vehicle perpendigular to the obstacle)
the test results will npt be considered valid and the run will be repeated.

Collected acceleratign data-will be post-processed with a 30 Hz low-pass filter, in accordance with TOR 1-1-014. The speed
and peak acceleration data will be plotted for each run and a power law regression will be applied to [the data. The speed
at which exactly 2.5 g is’achieved will be interpolated from this regression line.

At the end of all half round testing each tire will undergo a post-test inspection that may include a system tear down. The
runflat device, wheel and inside of the tires will be inspected for damage or other anomalies. Assembly fasteners will be
checked for adequate torque and wheels will be checked for damaged or bent flanges.

A10.7  Test Results

The candidate assembly must meet the failure criteria requirements of SAE J2014 Administrator's Manual, 4.4.16:

All results will be compared to the reference wheel assembly to determine changes in performance. For pass/fail criteria,
refer to the Administrator’'s Manual.
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A11  RIDE QUALITY TEST (SEE 4.4.17)

A11A1 Purpose

The objective of the ride quality test is to determine if there is any adverse ride, handling or stability characteristics
attributable to the candidate assembly. Ride quality performance is quantified by determining the maximum speed the
vehicle can traverse a root mean square (RMS) repetitive roughness course, before achieving 6 W of absorbed power at
the base of the driver’'s seat and/or using the weighted acceleration over wave number spectrum (WNS) representative
roughness courses and the exposure time of 2 hours, after which occupant health risks are likely criteria from 1ISO 2631.
TOP 1-1-014 defines 6 W as the maximum sustainable absorbed power the human body can endure for 8 hours before

injury and/or physical damage occur.

A11.2 Facilities

Testing for absorbeq
typically vary betweg

Testing for weighted
to 4 inches RMS.

T
operation. The WN%[

uniformity between t
which tends to indu
frequency character
and embedded rock|
mission profile cours
the RMS courses, w
paths.
A.11.3  Test Vehiq
The test vehicle sha
affect the outcome o
A11.4 Instrumen
Speed and a driver’s
used to calculate ab
A.11.5 Test Prep

Tires will be X-rayed
in order to quantify d

power will be conducted over RMS ride quality courses as described in TOP\1-
n 0.5 inch and 4 inches RMS, depending on the vehicle application.

accleration and exposure time will use WNS roughness courses ranging/in rough
e WNS courses represent a broader range of terrain to more accuratély encom
courses include high coherence (HC) and low coherence (LC) térrain, coherencsg
e left and right wheel paths. Low coherence denotes courses.inwhich the wheel pg
be lateral acceleration, roll, and yaw to the vehicle dynamics. WNS courses als
stics of the course—with dominant frequencies on the high end of the spectrum,

or on the low end, which is representative of rolling\terrain. It should be unde
es are referred to as high and low coherence, both coherence conditions are con
hich have almost identical profiles with regard to displacement and phase for the

le

| be inspected to ensure that no previous testing has degraded the suspension o
f the results.

ation

seat base triaxial accelerometer measured at a minimum of 500 Hz. All acceler
sorbed power and weighted acceleration in accordance with TOP 1-1-014.

aration

prior to assembly and after a post-test teardown inspection. Pre- and post-test X-r
lamage to the tire structure as a result of testing.

1-014. RMS courses

ness from 0.5 inches
pass mission profile
being a measure of
ths are non-uniform,
o vary in the spatial
such as washboard
stood that while the
siderably lower than
left and right wheel

ride height that may

bmeter data shall be

by's will be compared

Vehicle springs will

pe_measured before and after test groups of each candidate to prevent unnoticeéd spring sag, which

would impact the results of the evaluation.

Prior to testing all tires and wheels will be marked to determine tire rotation relative to the wheel. All assembly fasteners will

be marked so that m

A11.6

ovement can be visually identified.

Test Procedure

Height, weight, and gender of the vehicle driver and any additional occupants will be documented in the test log.

Test tire inflation pressure(s) will be as specified by test sponsor; for example, cross country, highway, etc.

All testing will be videotaped. The video recording will include a time stamp and will not be edited. Photographs will be taken
of the wheel assembly including ancillary parts (bolts, washers, nuts, etc.) before and after testing.
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In accordance with TOP 1-1-014 the vehicle will be driven over the RMS or WNS course while a constant speed is
maintained. The initial speed will be determined by operator experience and chosen to induce less than 6 W of absorbed
power at the base of the driver’s seat or acceleration less then 1.73 m/s? in any axis which correlates to the 2 hour exposure
limit. Speed and acceleration data collection will begin when the rear axle crosses the entrance to the course and end when
the front axle crosses the exit. The speed will be increased in 2 mph increments until a minimum of 6 W of absorbed power
or 1.73 m/s? in any axis is achieved at the driver's seat base . The speed and absorbed power data will be plotted for each
run and a power law regression applied to the data. The speed at which exactly 6 W is achieved will be interpolated from
this regression line.

Whereas RMS ride quality analysis focuses on the vertical axis only, additional analysis using weighted acceleration in all
three axes will be used as the evaluation metric, per ISO 2631, Mechanical Vibration and Shock - Evaluation of Human
Exposure to Whole-Body Vibration, Part 1: General Requirements, dated 1 May 1997. Power law regression lines are used
to determine the minimum speed at which any one axis exceeds 1.73 m/s? of weighted acceleration, which corresponds to

an exposure time of

The 6 W/weighted aq
curve for each test ¢

At the end of ride q

device, wheel, and inside of the tires will be inspected for damage or other anomalies>Assembly faste

for adequate torque

A11.7 Test Resu

The candidate asser

All results will be co
refer to the Administ

A12  MISSION P¥

A.12.1 Purpose

The objective of the
characteristics attrib
the maximum speed
of the driver’s seat.

for eight hours befor]
are to be evaluated

assembly. For the mission profile-'evaluation, course speeds are set with the reference assembly

candidate at the sam

A.12.2 Facilities

2 NOUTrs, arter wnicn ocCuparnt neditn risks dre lkety.

celeration speed will be plotted as a function of RMS/WNS terrain roughness tode
pnfiguration.

bality testing, each tire will undergo a post-test inspection includingra.system te
pnd wheels will be checked for damaged or bent flanges.

Its

nbly must meet the failure criteria requirements of SAE J2014 Administrator's Ma

mpared to the reference wheel assembly to determine changes in performance.
rator's Manual.

ROFILE SPEED EVALUATION TEST-(SEE 4.4.18)

mission profile speed evaluation is to determine if there are any adverse ride,
Itable to the candidate assembly. Mission profile ride quality performance is quan
the vehicle can traverse.a mission terrain course, before achieving 6 W of absorb
[OP 1-1-014 defings\6 W as the maximum sustainable absorbed power the hum
e injury and/or physical damage occur. Additionally, the acceleration and turning
on mission profile terrain to determine adverse operational performance attribu

e speed,'Additional runs may be done at a higher speed as required.

fermine a ride quality

ar down. The runflat
ners will be checked

hual, 4.4.17:

FFor pass/fail criteria,

handling, or stability
tified by determining
pd power at the base
an body can endure
radius of the vehicle
ted to the candidate
and rerun with the

Testing will be conducted over terrain defined in the administrator’'s manual. Course selection must be repeatable.

A123

Test Vehicle

The test vehicle shall be inspected to ensure that no previous testing has degraded the suspension or ride height that may

affect the outcome o

A124

f the results.

Instrumentation

Speed and a driver’s seat base accelerometer measured at a minimum of 500 Hz. All accelerometer data shall be used to
calculate absorbed power in accordance with TOP 1-1-014.
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A12.5

Test Preparation

Tires will be X-rayed prior to assembly and after a post-test teardown inspection. Pre- and post-test X-rays will be compared

in order to quantify d

amage to the tire structure as a result of testing.

Vehicle springs will be measured before and after test groups of each candidate to prevent unnoticed spring sag, which
would impact the results of the evaluation.

Prior to testing all tires and wheels will be marked to determine tire rotation relative to the wheel. All runflat fasteners will be
marked so that movement can be visually identified.

Test tire inflation pressure(s) will be as specified by test sponsor; for example, cross country, highway, etc.

A.12.6
Height, weight, and

All testing will be vid
of all test article incly

In accordance with

maintained. The initi
power at the base o
entrance to the cour
a minimum of 6 W of

due to safety or course limitations.

Once the max speed

Test Procg¢dure

I

ender of the vehicle driver and any additional occupants will be documented.in th

ding ancillary parts (bolts, washers, nuts, etc.) before and after testing:

TOP 1-1-014, the vehicle will be driven over the mission profile course while
bl speed will be determined by operator experience and chosen to induce less th
f the driver's seat. Speed and acceleration data collection will begin when the r
5e and end when the front axle crosses the exit. The speed will be increased in 2
absorbed power is achieved at the driver’s seat base‘or until the maximum speed

is determined for the mission profile course,‘@max effort acceleration evaluation §

The acceleration ru

Average time to reagh the max course speed should be measured. Acceleration evlatuations shall be

s should start with the vehicle at a dead\stop and accelerate up to the max sp

e test log.

otaped. The video recording will include a time stamp and will not be edited. Photpgraphs will be taken

A constant speed is
an 6 W of absorbed
par axle crosses the
mph increments until
allowable is attained

hould be conducted.
eed for that course.
epeated at least two

times for each cand|date/reference assembly on each mission profile terrain type. Subjective tractiop characteristics (i.e.

wheel slip, traction

The minimum turning radius of the vehicle on mission profile terrrain shall be evaluated while the veh

p, etc) and vehicle traction control-tesponse should be recorded in the test log.

icle is configured for

each terrain type that is being tested on (i.e.~Cross country terrain requires vehicle use cross colintry CTIS/drivetrain

settings). The turning radius should be done-at slow speed (less than 5 mph) and should be repeated

each candidate/refer]
be noted in the test |

When testing over th
mobiliy limitations. W\
operation of the vehi

ence assembly on éach mission profile terrain type. Any adverse effects to turning
Dg.

e mission_profile course the ride quality limit of the vehicle may not be achievabl
hen this.accurs the test director will set the test speed basd on traction, mobility,
Cle.

At least two times for
and handling should

b due to traction and
ride quality and safe

At the end of ride g

Lality testing, each tire will undergo a post-test inspection including a system te

br down. The runflat

device, wheel, and inside of the tires will be inspected for damage or other anomalies. Assembly fasteners will be checked

for adequate torque

A.12.7 Test Resu

and wheels will be checked for damaged or bent flanges.

Its

Results of the candidate and reference assembly at identical mission profile speeds will be compared to determine any
change in absorbed power at the driver's seat base. On courses that both the candidate and reference assemblies were
able to reach 6 watts will be compared based on their 6 W speeds.

The candidate must meet the failure criteria requirements of SAE J2014 Administrator’s Manual, 4.4.18:

All results will be compared to the reference wheel assembly to determine changes in performance. For pass/fail criteria,
refer to the Administrator’'s Manual.
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A.13  HIGH SPEED EVALUATION TEST (SEE 4.4.19)
A.13.1 Purpose

The objective of high speed testing is to investigate the effect of combined vibration and environmental forces on the
candidate assembilies.

A.13.2 Facilities

The course shall be flat, level (not to exceed 1% grade) concrete or blacktop. Adequate acceleration and deceleration lanes
and an adequate safety zone on each side of the course are also required.

A.13.3 Test Vehicle

The vehicle shall be the production or prototype vehicle designed for and specified with the tire siz€belng tested. A suitable
alternate can be usgd provided it has similar vehicle characteristics and suspension system as-the preduction vehicle, has
limited service miles| and is properly aligned.

A13.4  Instrumentation

An instrumentation gackage shall be installed in the test vehicle to support the high.speed evaluation:
e Ground speed
e Distance
A.13.5 Equipment
The following equipment is needed to support testing:
e Calibrated infrarged thermometer

¢ Infrared thermallimaging camera (optional)

e Ambient temperature sensor

e A device to meapure actual ground speed

e A device to meapure distancé traveled

¢ A device to meapure thexground and tire surface temperature

A.13.6  Test Prepgration

Prior to testing, all assembly bolts, nuts, and fasteners will be marked with paint to indicate movement. Tires and wheels
will be marked to determine tire rotation relative to the wheel.

A.13.7  Test Procedure

Testing will be conducted with an ambient temperature of at least 20 °C (68 °F).

The test vehicle will be driven at the maximum speed of the vehicle, tire or runflat system, whichever has been identified as
the limiting factor, for a total of 100 miles. Acceleration (full throttle acceleration) and deceleration (hard stops from full speed
at every temperature stop without tire lockup) will occur throughout measurement intervals.

Thermal profiling measurements will be taken immediately before the test begins and at 24 km (15 miles), 72 km (45 miles),

121 km (75 miles), and 161 km (100 miles). Measurements will include ambient temperature, ground temperature, and tire
temperature (outer sidewall, shoulder junction, and tread) for all wheel assembilies.
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At the conclusion of testing, all test assemblies will be removed from the vehicle and inspected in detail for failures and
anomalies. This inspection will include dismounting the tire from the wheel for examination of bead area and inner liner,
measuring torques for lock nuts and lug nuts and inspecting the runflat device (including all fasteners) for damage,
looseness, movement relative to initial marking, or any abnormalities that would cause the device not to perform its function.
A.13.8  Test Results

The candidate assembly must meet the failure criteria requirements of SAE J2014 Administrator's Manual, 4.4.19. Any
anomalies during test shall be noted.

All results will be compared to the reference wheel assembly to determine changes in performance. For pass/fail criteria,
refer to the Administrator's Manual.

A.14  TIRE UNDERBODY IMPINGEMENT TEST (SEE 4.4.27)

This test requires a

the test imposes full
creep speed. In so (
scenario for contact

The test consists of

baved incline of between 16 degrees and 25 degrees (28.7 to 46.6% slope). Whe
jounce and full rebound with simultaneous full-lock steer, both right andleft, on
oing, maximum tire displacement relative to the chassis and body occurs, prod
bf the tire with underbody vehicle structures.

our maneuvers. The resulting matrix of front axle tire displacements produced is:

h properly executed,
each front tire, all at
Licing a “worst-case”

A.14.1.1 Manuevgr 1 (Forward up the Ramp from the Right), Figure A7

Right tire: full right sfeer, full jounce.

Left tire: full right stepr, full rebound.

A.14.1.2  Maneuvgr 2 (Forward up the Ramp from the Left),\Figure A8

Right tire: full left tirg, full rebound.

Left tire: full left steef, full jounce.

A.14.1.3  Manuevgr 3 (Reverse up the Rampfrom the Right), Figure A9

Right tire: full left steer, full jounce.

Left tire: full left steef, full rebounds

A.14.1.4  Maneuvgr 4 (Reverse up the Ramp from the Left), Figure A10

Right tire: full right s1eer, full rebound.

Left tire: full right tire, full jounce.

A.14.2  Maneuver 1

Park 90 degrees to the ramp, with the right front tire about 2 feet away from the right lower corner of the ramp. Steer full
right and drive forward very slowly. Stop when the left front tire is nearest to full rebound. The vehicle should be
approximately balanced on the right front and left rear tires. The observer should then check for under body impingement
of both front tires.
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\

FRONT

Figure A7 - Maneuver 1 - tire underbody impingement test

A.14.3 Maneuver|2

Park 90 degrees to the ramp, with the left front tire about 2 feet away. from the left lower corner of the ramp. Steer full left
and drive forward very slowly. Stop when the right front tire is nearest to full rebound. The vehicle shotlild be approximately
balanced on the left|front and right rear tires. The observer should then check for under body impingement of both front

tires.

_/

FRONT

Figure A8 - Maneuver 2 - tire underbody impingement test
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A.14.4 Maneuver 3

Park 90 degrees to the ramp, with the left rear tire about 2 feet away from the right lower corner of the ramp. Steer full left
and reverse very slowly. Stop when the left front tire is nearest to full rebound. The vehicle should be approximately balanced
on the left rear and right front tires. The observer should then check for under body impingement of both front tires.

FRONT

Figure A9 - Maneuver 3 - tire underbody impingement test
A.14.5 Maneuver|4

Park 90 degrees to the ramp, with the right rear tire abeut 2 feet away from the left lower corner of theramp. Steer full right
and reverse very sloyly. Stop when the right front tire'is nearest full rebound. The vehicle should be apgroximately balanced
on the right rear and|left front tires. The observer;should then check for under body impingement of bgth front tires.

FRONT

Figure A10 - Maneuver 4 - tire underbody impingement test
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A.14.6  Test Results

The candidate assembly must meet the failure criteria requirements of SAE J2014 Administrator's Manual, 4.4.21. Any
anomalies during test shall be noted.

A.15 CONVOY ESCORT TEST (SEE 4.4.22)
A.15.1 Purpose

This test procedure is intended to evaluate the thermal durability of a tire operating non-stop at a constant high speed for
one tank of fuel on a paved road at high ambient temperature.

A.15.2 Facilities

A paved road capable of supporting continuous operation at specified speed for approximately 480\km (300 miles), e.g., a
test course or a publjc interstate.

A.15.3  Test Vehigle
Any vehicle that is of interest to the investigator may be used. The air flow around the'wehicle should fepresent that which
will be encountered [in the field, e.g., vehicle armor which inadvertently shields some of the tires from convective air flow
during convoy operation.

A.15.4  Instrumeniation

¢ Device to measyre ambient temperature

¢ Minimum of two fhermocouples with associated instrumentation/read out device

¢ Slip ring couplings to connect the thermocouples to theinstrumentation
A.15.5 Test PrepIration

Road Surface: Dry, paved (asphalt or concrete).

Ambient Temperature: 27 °C (80 °F) minifmum.

Load: The maximum static load expected to be experienced at that wheel position.
Inflation Pressure: The inflation-pressure that will be used on the vehicle of interest.
Thermocouple Placgmenti/At the base of the tread in the center of the tread, and at the base of the tread on the tire’s
shoulder. It is anticipptedithat the thermocouples will be inserted into tight-fitting holes drilled at the basg of the tread. These
holes should not pehetrate-into-the-tire-carcass—n-the-case-of-a-tread-patiern-consisting-of-blecksthe holes should be

drilled at the base of the appropriate blocks with the thermocouple inserted to the approximate center of the base of the
block.

A.15.6  Test Procedure

Test Speed: A single speed that is expected to be the maximum speed for continuous use of the vehicle, e.g., 97 km/h
(60 mph).

Test Distance/Duration: One tank of fuel.
A.15.7  Test Results
Ambient Temperature Correction: Normalize the recorded data to the ambient temperature of interest via SAE J1015, 7.2.

This technique adds to the test data 60% of the difference between test ambient and the ambient temperature of interest.
This technique is limited to differences of £10 °C (20 °F) between test ambient and the ambient of interest.
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A.16  MISSION PROFILE TERRAIN DEFINITIONS (SEE 4.4.24)
A.16.1 Purpose

The following terrain definitions have been provided to augment vehicle mission profile data which has not been updated,
does not have sufficent level of detail or is not provide in the vehicle spefication such as for the winter mission profile. The
definitions include the RMS range as well as the WNS equations to provide improved terrain roughness definition.

WNS represents road roughness data as a straight-line relationship on a log-log plot with spatial power spectral density in
ft?/cycle/ft on the y-axis and wave number in cycle/ft on the x-axis. This is a technique for measuring and monitoring long
sections of various terrain types which could be encountered during mission operations or used during validation testing.
The terrains and mathematical representations include paved roads, trails and untracked cross country terrain and roads,
trails and courses used for operational and developmental test activities.

The terrain definitiorn]
over the terrain to cg

s need to be combined with the percent of each terrain type, payload condition
mplete the vehicle misson profile definition required for testing.

and average speed

A.16.2  Facilities

Prior to the develop
definitions that gave

ment of the MTVR, the terms used to define terrain roughness, were vague a
vehicle designers limited subjective guidance on what level ‘efumobility was exp

nd ambiguous word
ected. Note that the

vaguest definition is
condition ranging fro

for “cross-country.” Cross-country terrain has the widest variahce as to the act
m mud to sand to exposed rock to grasslands. Each surface condition has uniqu

will impact how a vehicle must negotiate them and it is the generally consjdered the most difficult milita

Since all vehicles m

st operate over the same “ground,” WNS provides a common terrain definition

ground vehicle systéms. Individual vehicles are differentiated by the' amount of time and the achiev

expected to operate
primary roads, 20%
the JLTV is 30/30/2
roads, with some se

The key is every mil

on/over each terrain type or their “Mission(Profile.” For example, the MTVR m
secondary roads, 30% trails, and 40% cross-country (10/20/30/40) while the LVS
D/20. Even passenger cars can have.@/mission profile” although it would be pr|
condary, and no trails/cross-country.

tary vehicle can function on ahy-given terrain type determined to be part of thei

terrain type definitions are consistent across all-vehicles. Some will spend less time than others on th

different speeds, buf

Percentage of opel
requirements.
A.17 CURRENT ]

The following terrain

all can ultimately operate on any terrain type with other military vehicles, if requir

ation mission profile *helps define reliability, availability, maintainability, and

[ERRAIN DEFINITIONS (SEE 4.4.25)

definitions are the current definitions used to describe the attributes of these terrai

Lial “ground” surface
b characteristics that
y terrain to traverse.

ppplicable across all
ed speeds, they are
ssion profile is 10%
R is 40/45/10/5, and
edominately primary

- profile, since those
e rougher terrains at
bd.

durability (RAM-D)

n types found across

ground vehicle opething environments.

A7 A

Primary Ro

ads

There are three types of primary roads, high quality paved, secondary pavement, and rough pavement. All may consist of
two or more lanes, all weather, maintained, hard surface (paved) roads with good driving visibility used for heavy- and
high-density traffic. These roads have lanes with a minimum width of 9 feet (2.75 m), road crown to 2 degrees, and the
county and state legal maximum GVW/GCVW is ensured for all bridges.

e Secondary pavement can include significantly degraded concrete, macadam concrete or asphalt pavements (potholes,

alligator cracking, freeze/thaw breakup).
e Rough pavement consists of two-lane roads with degraded shoulders, and marginal subgrades which produce long
wavelength swells and additional degradation of the surface.
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Table A2
Surface WNS RMS
High Quality Paved Road (Figure A11) Gxx(n) = 1.4 x 108 (n)2° 0.02-0.15
Secondary Pavement (Two Lane Paved Road) (Figure A12) | Gx(n) = 1.9 x 107 (n)5 0.1-0.25
Rough Pavement (Degraded Paved Road) (Figure A13) Gxx(n) = 8.0 x 107 (n)2° 0.15-0.5

Figure A11 - High-quality paved ri
(photo credit: Nevada Automotive Center)

S

C) Figure A12 - Secondary pavement
@whoto credit: Nevada Automotive Test Center)

Figure A13 - Rough pavement, severely degraded
(photo credit: Nevada Automotive Test Center)


https://saenorm.com/api/?name=b627b5fef9d0231b14d7438ede16cd4f

SAE INTERNATIONAL

J2014™ JuL2022

Page 51 of 65

A.17.2  Secondary Roads

There are three types of secondary roads; loose surface, loose surface with washboard and potholes, and Belgian block.
These roads are one or more lanes, all weather, occasionally maintained, varying surface (e.g., large rock, crushed rock,
and gravel) intended for medium-weight, low-density traffic. These roads have no guarantee that the county and state legal
maximum GVW/GCVW is assured for all bridges. Because they are trafficked roads, they develop dominant amplitudes as

described below.

e Loose surface roads with washboard have a peak amplitude of 5.0 x 103 ft?/cycle/ft at 0.3 to 0.5 cycle/ft (2 to 3 foot

wavelengths).

e Loose surface roads with a high density of potholes have a peak amplitude of 9.0 x 103 ft?/cycle/ft at 0.1 to 0.2 cycle/ft
(5 to 10 foot wavelengths). Generally, washboard occurs in operational areas that are dry, whereas pothole gravel roads

occur in wet opegrational areas.

e Belgian Block sg¢condary roads have a peak amplitude of 8.0 x 102 ft?/cycle/ft at 0.083 cyclefft (] 2 foot wavelengths)
and these wavelengths are 180° out-of-phase left to right that produces a racking input to.the vehigle. The cobblestone
blocks dominate|the amplitude of the wavelengths at 1 cycle/ft.

Table A3
Surface WNS RMS
Loose Surface (Figure A14) Gux(P)E 3.0 x 10 (n)20° 0l6
Belgian Bldck (Figure A15) Gin) = 4.0 x 108 (n)25 0J3-0.6
Loose Surface with Washboard and Potholes (Figure A16), [ <Gxx(n) = 4.0 x 10 (n)2?4 0l6-1.2

Figure A14 - Loose surface
(photo credit: Nevada Automotive Test Center)

Figure A15 - Belgian block
(photo credit: Nevada Automotive Test Center)
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Figure A16 - Washboard and potholed (1/
(photo credit: Nevada Automotive Test Center) q/

5
A.17.3 Trails

Trails are one lane, [unimproved, seldom maintained loose surface roads, intende %r low-density traffic. Trails have no
defined road width aphd can include large obstacles (boulder, logs, and stumps) a o bridging. Thesdq are surfaces having
an RMS value varyirjg between 1.0 inches and 3.4 inches.

Table A4 QQQ

Surface ‘\\) WNS RM$
Trailg (Figure A117) wa 4.6 x 10* (n)"*° 1.0-3.4

*v‘?
. 4.

Figure A17 - Trails
(photo credit: Nevada Automotive Test Center)
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