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1. SCOPE

1.1 Purpose

Subject document is specifically intended for service brakes and service brakes when used for parking and/or emergency
brakes (only) that are commonly used for automotive-type, ground-wheeled vehicles exceeding 4536 kg (10000 pounds)
gross vehicle weight rating (GVWR). Subject specification provides the off-vehicle procedures, methods, and processes
used to objectively determine suitability of tactical and combat ground-wheeled vehicle brake systems and selected
secondary-item brake components (aka aftermarket or spare parts), including brake “block” for commercial applications
only, specifically identified within subject document. Subject specification is primarily based on known industry and military
test standards utilizing brake inertia dynamometers. Targeted vehicles and components include, but may not be limited to,

the following:

a. Civilian, comme
vehicles, truck
ground vehicle ¢

b. Hydraulic, air, ar
brakes (only) wh

C.

d.

e.

pad assemblies,
noted that the U
relined brake sh
by the original a

1.2 Classifications
For the purposes of

single type on a grou
front/drum rear. Dis

brakes may be mechanical, hydraulic, or air-actuated, with single or dual actuators, and may be geng

following categories:
dual-actuator “wedgs

Hydraulic, air, and mechanical “dry” disc brake pad assemblies and rotor assemblies.
Hydraulic, air, and mechanical “dry” drum brake shoe assemblies and drim assemblies.

Hydraulic, air, and mechanical brake “block” when intended for use.on 1.1.a. through 1.1.d., exce

cial, military, and militarized-commercial ground-wheeled vehicles such as carg
actors, trailers, and specialized support and engineering equipment unden.thg
ry” brake systems (GVDBS).

d mechanical “dry” disc brake and drum brake systems when used as sepvice brak
en used as emergency and/or parking brakes.

and shoe assemblies specifically procured for military use and/or tested under AT
S. Government’s Military Services buys only assemblies and doesn’t normally u
pes/pads; therefore, testing using separate brake “block” was specifically exclud
ithors.

this specification, GVDBS brakes may be “dry” only, and either disc or drum typsd
nd vehicle or in combinations of both types on the same vehicle, such as drum/dr
brakes may be mechanical, hydraulic, or air-actuated, with single or multiple p

hydraulic, single, ahd dual-wheel cylinders (actuators); air-actuated S-cam; and a
b” brakes.

raulic” disc brakes, without separate emergency/parking brake

raulic” disc brakes, with “mechanical” emergency/parking brake combination (dua

jo trucks, vocational
generic heading of

es, including service

bt for those vehicles,
PD-2354. It must be
5e “brake block” and
ed from ATPD-2354

s may be used as a
m, disc/disc, or disc
iston calipers. Drum
rally divided into the
r-actuated single- or

-actuator)

disc brakes, without separate emergency/parking brake

a. Type 1-1a: “Hyd
b. Type 1-1b: “Hyd
c. Type 1-2a: “Air”
d.
e. Type 1-3: “Mech
f.
g.
h.

(spring brakes)

anical” disc brakes, stand-alone only

Type 2: “Hydraulic” drum brakes, single and dual-servo (wheel cylinders)

Type 1-2b: “Air” disc brakes, with “mechanical” emergency/parking brake combination (dual-actuator)

Type 3-1a: “Air” S-cam drum brakes - single-actuator; single brake chamber with separate emergency/parking brake

Type 3-1b: “Air” S-cam drum brakes - single-actuator; dual brake chamber for service and emergency/parking
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brake chamber with separate emergency/parking brake

brake chamber for emergency/parking (spring brakes)

1.3

Limited Applicability

Type 3-2a: “Air” wedge drum brakes - single-actuator and dual-actuator types when only one actuator is used; single

Type 3-2b: “Air” wedge drum brakes - single-actuator and dual-actuator types when only one actuator is used; dual

Type 3-3a: “Air” wedge drum brakes - dual-actuator; single brake chamber with separate emergency/parking brake

Type 3-3b: “Air” wedge-type drum brakes - dual-actuator; dual brake chamber for emergency/parking (spring brakes)

Subject specification is intentionally limited to ground vehicle and support equipment “dry” disc and drum brake systems

when used as servi

and media for actuacl?on is mainly used within subject specification as a discriminator for determining
procedure is most applicable.

1.4 No FMVSS Cq

Subiject specification
wheeled vehicle on4
road and off-road ve

2. REFERENCES

2.1 Applicable Do
The following public
latest issue of SAE

The documents liste
documents cited in 0
effort has been mad
requirements of doc
2.1.1  SAE Publicd
Available from SAE
and Canada) or +1 1
SAE J160 Swe
Eleyv

brakes and/or service brakes used as emergency or parking brakes; theretore,

nflict/Impacts
does not, nor was it intended to, serve as a replacement for mandatory U.S. and

vehicle testing under U.S. Federal Motor Vehicle Safety Standards (FMVSS) of
hicle standards.

cuments

htions form a part of this specification to the extent specified herein. Unless oth
ublications shall apply.

] in this section will be specified in Sections 3, 4, and 5 of this document. This sec
ther sections of this document or'fecommended for additional information or as e
p to ensure the completeness oftthis list, document users are cautioned that they
iments cited in this document; whether or not they may be listed.

tions

nternational, 400.Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-6
24-776-4970+«outside USA), www.sae.org.

ated Jemperatures

the type of actuation
which standard test

Similar governmental
similar U.S. federal

prwise indicated, the

lion does not include
amples. While every
vill meet all specified

D6-7323 (inside USA

I, Growth,“and Dimensional Stability of Friction Materials and Noise Insulatols when Exposed to

SAE J379 Go

an-Hardness of Brake Lining

SAE J840

SAE J2115

SAE J2334

SAE J2468

SAE J2598

SAE J2627

Laboratory Cyclic Corrosion Test
High-Preload Deflection and Compressibility Test Procedures for Friction Materials
Automotive Disc Brake Pad Natural Frequency and Damping Test

Braking System Definitions - Truck and Bus

Test Procedures for Shear Strength of Automotive Brake Pads and Brake Lining Assemblies

Air Brake Performance and Wear Test Code, Commercial Vehicle Inertia Dynamometer
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SAE J2684

SAE J2707

SAE J3080

212

Wear Test Procedure on Inertia Dynamometer for Brake Friction Materials
Inertia Dynamometer Rotor Crack Test Procedure for Air Disc Brakes

U.S. Government Publications

FMVSS 105 Inertia Brake Dynamometer Test Procedure for Vehicles Above 4540 kg GVWR

The following specifications, standards, and handbooks form a part of this document to the extent specified herein. Unless

otherwise specified,

2.1.21

the issues of these documents are those cited in the solicitation or contract.

Federal Publications

Copies of these doc

iments are available online at https://quicksearch.dla.mil.

The Federal Standafdization Manual

2.1.2.2 Codeof F

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

Federal Motor Vehic|
2.1.2.3 Departme
Copies of these doc
FED-STD-595
MIL-STD-810
MIL-STD-961
MIL-STD-962
MIL-STD-1366
2.1.2.4 Military Pu
For copies of the ite

UsS. Army Tan
AMSRD-TAR-E/CM

bderal Regulations (CFR) Publications

pd States Government Publishing Office, 732 North Capitol -Street, NW, Was
VWW.JpPO0.goVv.

e Safety Standards (FMVSS) 49 CFR Parts 571.105,671.121, and 571.135
ht of Defense Publications

iments are available online at https://quicksearch.dla.mil.

Colors Used in Government Procurement

Fnvironmental Engineering Considerations and Laboratory Tests

PoD Standard Practice for Defense Specifications (Note: Material specifications)
Pefense Standards Format and Content (Note: Test specifications and handbook
nterface Standard for Transportability Criteria

blications

ms below.and subject ATPD, contact the appropriate Procurement Contracting

k-Automotive  Research, Development and Engineering Center (|
DM/STND Mail Stop #268, 6501 East 11 Mile Road, Warren, M| 48397-5(

DAMI_STANDARDI

hington, DC 20401,

)

Dfficer (PCO), or the
TARDEC), ATTN:
00, or by email at

Y ATION@conus army mil

ATPD-2354

over 3500 kg (7716 U.S. Lbs.) Gross Vehicle Weight Rating (GVWR)

ATPD-2383

4536 kg (10000 U.S. Lbs.) Gross Vehicle Weight Rating (GVWR)

Tank-Automotive and Armaments Command Purchase Descriptions (ATPD)

Test Operational Procedure (TOP) - Braking, Wheeled Vehicles (TOP/MTP) 2-2-608

(All changes/revisions), Off-Vehicle Brake Testing for Military and Militarized Commercial Ground Vehicles

(All changes/revisions), Commercial and Military Off-Vehicle Brake Testing for Ground Vehicles over


https://quicksearch.dla.mil/
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2.1.3 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM B117

ASTM E10

214

Standard Practice for Operating Salt Spray (Fog) Apparatus
Standard Test Method for Brinell Hardness of Metallic Materials

ISO Publications

Copies of these documents are available online at https://webstore.ansi.org/.

ISO 611

ISO 6310

ISO 6312

ISO/IEC 17025

ISO 22574

ISO 26865

ISO 26866

2.1.5 Economic C

Available from Unite|
Tel: +41-0-22-917-1

D

ECE R90 3

(ak
2.1.6 JSAE Publid

Available from Sg
Tel: +81-3-3262-821

JASO C407 Bral

oad Vehicles - Braking of Automotive Vehicles and Their Trailers - Vocabulary.
Road Vehicles - Brake Linings - Compressive Strain Test Method - Second, Editio

Road Vehicles - Dimensions of Motor Vehicles and Towed Vehicles -‘Terms a
Fdition

(General Requirements for the Competence of Testing and Calibration Laboratorig
Road Vehicles - Brake Linings Frictions Materials - Visual Inspection

Road Vehicles - Brake Linings Friction Materials - Performance Test Proced
Vehicles

Road Vehicles - Brake Linings Friction Materials - Standard Wear Test Proceq
Vehicles with Air Brakes

bmmission for Europe (ECE) Regulations/Publications

d Nations Economic Commission for Europe, Palais des Nations, CH-1211, Gen
P-34, www.unece.org.

R 90) Replacement Eriction Materials
ations

ciety of ~AUtomotive Engineers of Japan,
1, https://www.jsae.or.jp/en/.

10-2 Gobancho, Chiyoda-Ku

ing Device - Dynamometer Test Procedures

n

nd Definitions - First

S

ure for Commercial

ure for Commercial

eva 10, Switzerland,

102-0076 Japan,

217

Industry Publications

Available from Bosch Automotive Books/Manuals, Robert Bosch Gmbh, Postfach 30 02 20, D-70442, Stuttgart, Germany;
or 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.

Bosch Automotive Brake Systems, First Edition, 1995 (Table 6, Page 20 or its successors - equation reference only)

2.2 Order of Precedence

In the event of a conflict between the text of this document and the references cited herein, the text of this document takes
precedence. Nothing in this document, however, supersedes applicable federal laws and regulations, unless a specific
exemption has been obtained by the user(s).
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3. DEFINITIONS

In addition to those listed in this section, definitions, symbols, and abbreviations (acronyms) used in this specification are
listed in: (1) SAE J2627, (2) MIL-STD-810, (3) within each individual included specification contained in the subject
document, and (4) Appendix B within this document. When required, other nonstandard definitions, terms, and acronyms
may be used and must be identified and fully defined by the “RA” (see 3.1) and/or the participating testing activity.

3.1 REQUESTING ACTIVITY (“RA”)

The inclusive term “RA,” as used within subject specification, will be defined as the responsible corporate-level
management, or corporate-level engineering authority, or corporate-designated internal vehicle design authority, or similar
(non-procurement) “Officer of the Corporation” who has the legal authority to direct the conduct of testing and analysis within
the requirements of subject specification except for governmental and military-peculiar acquisitions, for which a specific, but
similar, definition o -2354. Procurement
offices/activities, other administrative and quasi-procurement offices/activities, test act|V|t|es and ether similar subordinate
organizations are specifically excluded from this definition as they do not have the engineering expertise and/or legal
approval authority rgquired for brake systems and their subcomponents.

3.2 STANDARDS|DEVELOPING ORGANIZATION(S) (SDO/SDOS)

The term “Standardg Developing Organization” (SDO/SDOs) is self-explanatory andrefers to organizations such as SAE,
ANSI, ISO, etc., with limited exceptions, such as the Technology and Maintenance Council of thg American Trucking
Association (TMC/ATA). Refer to: http://www.ansi.org/internet resources/statidards _devel organizatipns.

4. GENERAL TECHNICAL REQUIREMENTS
4.1 Design and Infended Use

Subject standard is| designed to provide objective, accurate, and repeatable data for physical ¢haracterization and
quantifiable test perfprmance of ground vehicle major brakesystems and/or the following specified component assembilies:
disc brake rotors and pads, drum brake drums, and brake shoes (assemblies only). Objectives will be afcomplished through
the application of thg standardized and multilayered proeesses, characterizations, and quantitative testing described within
subject specification

a. It will be presumed for the purposes of subject specification that the OEM test samples are regresentative of those
originally qualifigd as part of the vehicle, brake system originally tested and approved for produgtion vehicle FMVSS
compliance verifications; vehicle system and component verification and/or qualification testing] or “RA’-designated
(see 3.1) “OEM gubstitutes” when(the original OEM parts are no longer available, have been obsolefed by circumstances
that preclude availability beyend. the control of the “RA” (see 3.1), or are no longer suitable fon testing due to age,
condition, or kndwn defects:

the OEM items] or*RA’-designated (see 3.1) alternatives, may be unacceptable due to cpncerns with “pitch”
(rear-to-front bias)-and “yaw” (side-to-side bias), regardless of intended/unintended use on the same or different axles.
This concern was one of the primary reasons why emphasis has been placed on the “standard” dual-ended brake
dynamometer testing.

b. Potential aIternaLive suppliers will be forewarned that friction performance characteristics that are ];v:otably different than

4.1.1  Minimum Acceptable Performance

Even though subject specification is not a “pass-or-fail” document, the minimum acceptable performance by any potential
alternative supplier will be “equal to or better than” the average of the three OEM test sample items for all requirements,
except for the following, when not already specified by the applicable federal regulations, item-specific part drawing
specification, catalog description, or any other readily identifiable requirement of the OEM parts:

a. Material requirements, to include hardness

b. Friction material and composition
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and harshness (NVH)

ry standards for performance, wear, and marking; e.g., “edge codes” and similar

Cold-weather operations below -29 °C (-20 °F), unless specified by the “RA” (see 3.1)

an types of preservation, packaging, and marking; temporary and permanent

Witness marks and/or wear indicators

FMSI configuration (number), if the alternate product is fully functional without kits or restriction with the OEM parts

c. Noise, vibration,
d.

e. Voluntary indust
f.

g. Military and civili
h.

i. Dust(ing) and color
4.1.2 Prohibit Pre

The previous practig
range of vehicle typg
the responsible “RA’
4.1.3 “Standard” g
Observations, meas
(2) “optional” (additig
414 Potential Us
Subject specification
of the “RA” (see 3.1)
to designate accept
by 4.1.
415 R&D Use Er
The use of this sp

encouraged, and the
type of use only.

4.1.6 Use of Previ
Previously acquired

performance of OE|
approval in order to

ious Unreliable Acceptance Practices

es of acceptance or qualifying by “similarities,” or application by extepsion acro
s, weights, or performance characteristics, is specifically discouraged and shoulg
(see 3.1).

nd “Optional” Testing

urements, and tests will be divided into two categofies: (1) “standard” (min
nal) tests that may be required by the responsible “RA% (see 3.1).

e as a “Pass-Fail” Document
may be used as a “pass-or-fail” requirements.document, in whole or in part, by sp€
In this particular circumstance, it then becomes the sole responsibility of the requ

bble measurement values, range of \values, and pass-fail exit criteria beyond t
couraged

pcification for GVDBS (off-vehicle) R&D and product development engineerin

requirement for maximum use of actual hub-end/brake hardware as fixturing is 1

pusly Acquired-Test Data

ESs a broad or limited
not be permitted by

mum) required and

cific written direction
bsting “RA” (see 3.1)
hat already required

j activities is to be
ot applicable for this

test data‘that was performed to subject specification for the purposes of esta
 products, or “RA”-designated (see 3.1) OEM substitutes, may be used with

the previously (“RA’t

lishing the baseline
prior “RA” (see 3.1)

new testing must be conducted. The authority to allow this exception is solely the responsibility of the responsible “RA”
(see 3.1) and will not be delegated.

4.2 Currentand S

ubsequent Revisions of Included Specifications

The “RA” (see 3.1) will specify the required revision and date for all included specifications for the test plan and/or test
activity as part of the contract or ordering data.
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4.3 Test Costs, Scheduling, and Intellectual Property (IP)

Except when specified otherwise by contractual instruments, the “RA” (see 3.1) is fully responsible for assignment of test
costs and test scheduling to include acquisition of required OEM items, tooling and fixturing, and spare parts. In addition,
it's recommended that the “RA” (see 3.1) will retain sole ownership of any intellectual property (IP), test data and test reports,
and resulting fixturing and hardware produced, unless specified otherwise by ordering data or contract language or when
specified for government-funded procurements for which IP rights are defined by federal laws and regulations.

4.4 Laboratory/Test Facility Qualifications

All laboratories, test activities and facilities, and testing companies should comply with the requirements of ISO/IEC 17025
and objective quality evidence of same provided to the “RA” (see 3.1) prior to start of testing. This requirement should NOT
be waived or modified regardless of country of origin of the test activity(s). The following minimum capabilities must be
certified/registered t¢ the testactivity used by the . hall not be delegated
to or from another test activity in order to claim compliance to subject paragraph.

a. Required: Testing of automotive and heavy ground vehicle brake systems and subsystems
b. Required: Testing of automotive and heavy ground vehicle brake components

c. “Required” for vehicle system-level testing and “desired” for component-level testing: Testing of aitomotive and heavy
ground vehicles

4.5 General Laboffatory Test Methods (GLTM)

451 GLTM will pbe in accordance with (IAW) MIL-STD-810, paragraph 5, or similar “RA”’-ppproved (see 3.1)
international standards.

4.5.2 Instrumentation will be certified or calibrated and of sufficient range and durability to accurately report and/or record
all values prpduced under the requirements of subject specification.

4.6 Brake/Hub-Enfds and “Mirror Image” Parts

Whenever possible, [the use of non-steering brake/hub-end componentry is preferred over the same [sized steering (axle)
types, unless those Individual parts to be characterized/tested (drums, shoes, rotors, or pads) are diff¢rent from the rest of
that series/type vehigle brake assemblies or.eomponents on the same model/series vehicles. This statgment is not intended
to include items on the same vehicle model/series whose sole difference is being a mirror image for epch side of a vehicle
or which may include an integrated e-brake function (e.g., HMMWV calipers are different styles front tg back, but rotors and
pads are the same).

47 Test Methods

4.7.1 Method “A” Proéess/Procedure (aka “Primary”)

Method “A” will be performed in accordance with Appendix C, Table C1 or Table C2, as applicable. It is the primary method
used for all non-regulatory, off-vehicle commercial wheeled vehicle brake system testing, including aftermarket and
replacement (spare) parts, and requires the use of the following:

a. The OEM axle and/or brake manufacturer's weight capacity for the highest weight-rated brake/hub-end assembly,
differential-mounted brake assembly, and independently sprung hub-ends for the specific vehicle model or vehicle
model application that uses the parts to be tested is preferred.

b. When specified by the “RA” (see 3.1), the following alternate method will be used, but is not recommended, and is
specifically prohibited for any vehicle brake system and its components that are used on independently sprung hubs
and/or for military and other off-road vehicles. The alternate method uses computed values based on advertised GVWR
and/or gross combination vehicle weight (GCVW) and gross axle weights rating (GAWR) instead of 4.7.1.a.
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The vehicle tire size(s) and its OEM manufacturer’s published data or adjusted data per the “special care” comment
within this paragraph, static loaded radius (SLR), load rating, approved rim size and type, and other pertinent
design/performance information which produces the worst-case scenario within the vehicle series using the same brake
components/rating. Special care will be taken to adjust for geared hubs, viscous couplings, or any other device that
changes the effective final drive ratio between the brakes and wheel/tire contact surface are used; e.g., wheel-ends
(geared hubs).

Fixturing will be fabricated from the specified vehicle application OEM wheel-end componentry to simulate on-vehicle
mounting/use. The “RA” (see 3.1) may allow exact duplicates of the required production vehicle parts to be used as test
fixturing, but only under the fully documented special circumstances resulting from war, natural disasters, labor
disruption, or similar nonavailability.

For the purposes of subject specification, the term “brake/hub-end hardware” will also include any actuation and

adjustment devi
4711 Inthe abs
“RA” (see
performan
the results
repeatabil
4.7.1.2 Comparis
The “RA” (see 3.1) w
drums) in combinatig

combination. In this particular circumstance (only), the “RA” (see 3.1) should direct performance of the

with Appendix C, Ta
Test and Strength T
determination of the
4.7.1.3 Preferred
Appendix C, Table
methodology used

component sets; e.g
4.7.2 Method “B”
Method “B” is for nor
Method “B” will be p
“B” is specifically for
and demonstration
alternative supplier(s

€S, e.J., dISC brake callpers.

bnce of verifiable OEM-specified weight ratings required to determine testvalues
B3.1) will determine and provide the individual brake/hub-end ratings based on'all ve
ce requirements; e.g., hill-hold, slopes, fording, and similar. In addition,/the “RA

of such determinations available to the test activity in order to.ensure that b
ty are maintained between previous, current, and subsequent testing to subject s

bn Testing of Two or More Different Pad/Shoe and Rotor/Drudm Combination Asse

ill direct the comparison testing of two or more friction‘material and mating surface
n; e.g., OEM foundation brake shoes and companion drum combination versus g

ple C1 along with not less than three test sample combinations in accordance with
bst described in Appendix E. Responsibility:fortest costs and funding, all or in pg
‘RA” (see 3.1).

Use of Appendix C, Table C1, for Multicomponent-Type Testing

vhen the test objectives cover paired component “sets” being tested or comp
, pad/rotor or shoe/drum cembinations.

Process/Procedure((aka “Overload”)

standard vehicle foading only, including aftermarket spare parts. When specified &
brformed thé/same as Method “A” using actual axle/hub-end parts as test fixturing
testing purposes when the OEM manufacturer’'s specified ratings are intentiona
purposes (only). OEM vehicle, axle, brake assembly, or brake component m
) willnot be required to perform to Method “B” for the purposes of product qualifi

and parameters, the
hicle system braking
(see 3.1) will make
bth consistency and
becification.

mblies

e devices (rotors and
proposed Brand “X”
est(s) in accordance
the “Optional” Crack
rt, will be at the sole

C1 (with and without Appendix-E, Crack Test and Strength Test), should be the preferred testing

bred to other paired

y the “RA” (see 3.1),
, except that Method
ly exceeded for test
anufacturer/potential
ation or acceptance.

In addition, the “RA’

(see 3.1) will identify to the test activity all known additional safety, performancg

, and environmental

hazards Method “B” tesling presents. The opportunity for the fesiing of mafing part combinations provided to the “RA”
(see 3.1) in 4.7.1.2 will apply for Method “B” too.

4.7.3 Method “D” Process/Procedure (aka R&D or “Developmental”)

When specified by the “RA” (see 3.1) or “RA™-approved (see 3.1) developmental activities, Method “D” is performed the

same as Method “A;’

a.

" except the following:

The “RA” (see 3.1) will direct performance of the test(s) in accordance with Appendix C, Table C1 or Table C2, as

applicable, along with not less than three test sample combinations in accordance with the Crack Test and Strength
Test described in Appendix E.

b. Method “D” is specifically for R&D purposes only.
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4.7.3.1 Method “D” testing recognizes that nonstandard or fabricated components may be used for testing and test
fixturing. Brake system components, performance, design parameters, and exit criteria should be specified prior
to testing but may not be available due to the lack of firm requirements normally associated with a production
vehicle system.

4.7.3.2 Prior to start of testing, the “RA” (see 3.1) or cognizant design and testing authority will identify to the tester all

known or anticipated additional safety, performance, and environmental hazards Method “D” testing will present.
4.8 Mandatory Characterization/Comparison Test Sequencing for Product Comparison Determinations

The following mandatory sequence of events will be used to characterize, evaluate, and provide sufficient objective evidence
required to make a reasoned determination of brake system and/or component acceptability by the “RA” (see 3.1).

4.8.1 Characteriz4tion of GVDBS by Vehicle Types and OEMs

r its components, or
type, and OEM or

Characterize by observations, inspections, and/or tests for each ground vehicle brake system, ahd/g
alternate components similarly approved for use, within targeted vehicle’s weight class, \model,
depot-level manufacturer.

4.8.2 Characterizgtion of OEM (or Approved Designated Similar) Components through Standardized Testing
Characterize by standardized testing each desired ground vehicle brake system and/or its components or alternate
components similarly approved for use. The “RA” (see 3.1) will determine which OEM or current supplier will be used for

the baseline design jand performance characterizations when the originalkOEM or OEM supplier is np longer available or
multiple approved squrces of supply are being used.

4.8.3 Characterizgtions of Proposed Replacement Componentsthrough Standardized Testing

I its components, or
7.2,

Characterize by stapdardized testing each proposed alternative ground vehicle brake system and/g

alternate componentf
4.8.4 Characterize

Characterize by sta
components similarl
within the same con
brake systems on th

4841
“mixed” is
the same
individual
vehicle (fg

In accordance with established and approved replacement and maintenance procedures

s similarly approved for use, within the(same constraints/limitations of 4.7.1 and 4
tion of Proposed Alternatives if/when “Mixed” with OEM through Standardized Te

hdardized testing each proposed ground vehicle brake system and/or its comg

approved for use, iffwhen“component mixing will occur or may be presumed to
straints and limitations\of 4.7.1 and 4.7.2; e.g., replacing front axle(s) drum bral
e same vehicle.

defined ags.the installation of differing manufacturer’s parts or the use of different §
pr different-manufacturers with the OEM or OEM-designated parts and includes:
rotors/drums mixed on different hub-ends of the same axle and/or mixed on differe
r example, disc brake pad assemblies should be replaced by axle sets, and repl

sting

onents, or alternate
occur by field users
e systems with disc

or that vehicle type,
pecification parts by
1) shoe/pad pairs or
nht axles on the same
hcement by hub-end

is general

y-bot recommended but becoming more common through the use of dressed

pr filled replacement

caliper assemblies), and (2) rotor and drum assemblies are commonly replaced by hub-end, even in the military,

although certain applications may replace in axle pairs, especially when there is significant side-to-side

differences in wear and/or physical damage.
4.8.4.2 This type of characterization is to determine mutual compatibility on the same vehicle platform. It also specifically
includes mixing of pads or shoes by hub (only) on the opposing ends of the same axle and mixing on multiple
axles on the same vehicle platform regardless of those normal maintenance procedures. Of particular concern is
the potential for actual or perceived brake/vehicle performance degradation characterized by “fade” (non-heat
generated and/or unexpected extended stopping distances), “pitch” (rear-to-front bias/weight transfer), “yaw”
(side-to-side bias/weight transfer), “pull” (diagonal bias from front or rear brakes), and inability to maintain “lane
compliance” during stopping.
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4.8.5 Conduct Comparative Analysis of Results to Support Suitability Determination by the “RA” (see 3.1) or Equivalent

Conduct comparative analysis of results (apples to apples), which will enable the “RA” (see 3.1) to make a reasoned
determination of acceptability for use separately and/or “mixed” with OEM systems and componentry, except for those
vehicle brake systems that are specifically covered by ATPD-2354. For R&D and similar activities, detailed technical data

will be provided to the “RA” (see 3.1) and/or engineering test sponsor for appropriate action.

4.8.6 Post-Test Suitability Determination for Proposed Use by Each Vehicle Types/Models by the “RA” (see 3.1)

Rationale, self-expla

natory.

4.9 Test Sequence(s)

The sequence of in
otherwise or approv
testing will be condu
prevent the degradg
attempt to misguide

4,10 Test Sample(s
4.10.1 Responsibili

The acquisition, repa
“RA” (see 3.1) and

and the applicable appendices. Although it's desirable to have these, 'proposed parts randomly sel

components of the s
not required.

4.10.2 OEM or Oth

OEM or other “RA”-d

dividual tests and observations will be In accordance with subject speciticati
pd in advance by the “RA” (see 3.1) for Methods “A,” “B,” and “D.” Regardless of]
cted in such a manner as to (1) provide all the data elements or reporting \réqui
tion or negation of any subsequent test(s) on the same test sample Ot s€ries,
the test results in favor of one product or another.

) Quantities and Origin

lies

ill be not less than the quantities and types described in the applicable sections

ame part number, manufacturer, and lot, thisgnay prove highly problematic and

er “RA’-Designated Substitutes for Basgline Items

esignated (see 3.1) baseline items.should be supplied to or by the test activity in th

and to the applicabl
OEM parts will be ra
manufacturer.

4.10.3 Test Sampl

All test samples a

b requirements of 4.10.3.a. through 4.10.3.d. Whenever possible or economical
domly selected from serigs production lots of the same part number, production

Recommended Pretest Stockage

supporting<hardware will be of the same origin and manufacturer, part nu

configuration, formulation, metallurgy, and in a “green,” new, and unused condition as would be ava
manufactured vehicles and/or\commercial off-the-shelf and preinstalled condition for use. The use of
and/or separately sUpplied friction materials and brake block for coupon-type testing is acceptable, e
otherwise by the “RA” (se€ 3.1). It's recommended that coupons for friction material and metallurgig

bn, unless specified
the sequence used,
red by each test, (2)
and (3) not skew or

ir, and/or replacement of all items for testing and test.support should be solely thg responsibility of the

ithin this paragraph
bcted from available
is therefore desired,

e following quantities
y viable, designated
lot (if available), and

mber/NSN, physical
able on OEM newly
bulk friction material
cept when specified
al testing should be

made from manufacjurér-assembled assemblies to better approximate the in-use configuration. Exce

bt when specified by

the “RA” (see 3.1), Method “D” (only) is specifically exempted from the requirements of this sub-paragr:
a recommended list of minimum numbers and quantities of test samples for guidance and cost estima

aph. The following is
tion purposes only.

a. Disc brake pads testing: 20 axle sets (40 pairs) of disc brake pad assemblies (only) for OEM baseline and each
candidate item proposed by potential alternative supplier(s), plus 30 each OEM disc brake rotor assemblies.

b. Disc brake rotors testing: 30 each disc brake rotor assemblies for OEM baseline and each candidate item proposed by
potential alternative supplier(s), plus 10 axle sets (20 pairs) of OEM disc brake pad assemblies.

c. Drum brake shoe assemblies testing: 20 axle sets (40 pairs) of drum brake shoe assemblies (only) and an equivalent

number of hardware kits if not already provided with/as part of the drum brake shoe assembly pairs for OEM baseline
and each candidate item proposed by potential alternative supplier(s), plus 30 each OEM brake drum assembilies.
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d. Drum brake drums testing: 30 each brake drum assemblies for OEM baseline and each candidate item proposed by
potential alternative supplier(s), plus 10 OEM axle sets (20 pairs) of OEM brake shoe assemblies and an equivalent
number of hardware kits, if not already provided with/as part of the drum brake shoe assembly pairs.

e. Disc brake rotors and drum brake shoes may be integral to or available separately from the hub assembly. As a

cost-savings measure and when available separately, rotors and drums may be procured separately from the hubs in
the same quantities identified in 4.10.3.a. through 4.10.3.d. as “assemblies,” plus not less than four separate hubs/hub
assemblies needed to complete the disc/drum-to-hub-to-dynamometer mounting fixture (adapter or direct) connection

to enable dynamometer use.

4.10.4 Test Support Items Recommended for “Standard” Testing

a.

Disc brakes: Not less than two calipers and companion mounting hardware of each type and
designated vehifle series/type targeted;
parts; and sufficient OEM or replacement brake mounting hardware to replicate three or more actu
on dynamometefs along with appropriate tester fabricated adaptive hardware, including at-least t
brake actuation getups.

Drum brakes (hydraulic): Not less than six wheel cylinders of each type and for gach.side of thg
series/type targdted; two spare wheel cylinders; and sufficient OEM or replacementbrake mounting
backing plates) fo replicate three or more actual vehicle mountings on dynamometers along wi
fabricated adaptive hardware, including at least two complete parking,\brake actuation s
“RA”-approved (pee 3.1) equivalent backing plate will be used instead of@ny fabricated or substitd
Methods “A” and “B.”

Drum brakes (S4cam and single-actuator “wedge” types): Not less than three brake chambers of eg
side, not to excged eight total air brake chambers and connecting hardware (including S-cam) o
system and sufficient OEM brake mounting hardware to(replicate three or more actual vg

for each side of the
as separate Kits or
al vehicle mountings
o complete parking

b designated vehicle
hardware (including
h appropriate tester
btups. An OEM or
te backing plates for

ch type and for each
n designated vehicle
hicle mountings on

dynamometers, jncluding at least two complete emergengy brake actuation setups. OEM or “RA[-approved (see 3.1)
equivalent backing plates will be used instead of any fabricated or substitute backing plates for Mg¢thods “A” and “B.”

d. Drum brakes (dquble-actuator “wedge” types): Not'less than six brake chambers of each type and|for each side, not to
exceed 12 total qir brake chambers and connecting hardware on designated vehicle system and gufficient OEM brake
mounting hardware to replicate three or more actual vehicle mountings on dynamometers, including at least two
complete emergency brake actuation setups. OEM or “RA”-approved (see 3.1) equivalent backing plates will be used
instead of any fgbricated or substitute backing plates for Methods “A” and “B.”

411 Test Sample Requirements for R&D (Method “D”) and “RA”-Approved Sustainment Engineering Projects

Test sample requireents for R&D-(Method “D”) and “RA”-approved (see 3.1) sustainment engineering projects will be “as

required” using 4.10(as a general guide and recommendation.

4.12 Temporary Cdrrosion‘Resistant Substances (Oil, Wax, etc.)

Subject processes may be used in packaging and preservation of test samples. Each test item should be inspected for
temporary corrosion-resistant substances (oil, wax, etc.) used in packaging and preservation and, if present, removed in a
nondestructive manner that will not affect the conduct and results of subsequent inspections and tests. Permanent and
semi-permanent coatings (e.g., anodizing, paint over-spray, and similar) that do not affect the pretesting inspection
processes and would naturally be worn off during the burnishing procedures will not be removed prior to burnishing due to
the harsh processes required to complete this task.

4.13 Characterization of Brake Systems and Components by Vehicle Types and OEMs

The responsible “RA” (see 3.1) will provide appropriate values when: (1) information is unavailable from OEM, and/or
(2) multiple values are possible due to variation in configuration or usage, and/or (3) a nonstandard configuration or usage
(mission) scenario is required. In addition, the recommended presumed weight of each vehicle occupant should be not less
than 200 pounds or higher weight(s) from MIL-STD-1366.
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4.13.1 Special Emphasis

It's the responsibility of the “RA” (see 3.1), the test activity, and any potential alternative supplier to ensure all timing and
proportioning devices are identified and this information is provided to the tester prior to start of test. A specific example is
the HMMWV-ECV Series that has multiple proportioning valves in the same brake system and in non-traditional locations.

4.13.2 Minimum Dataset Supplied by “RA” (see 3.1)

In addition, the following information will be the minimum dataset made available by the cognizant “RA” (see 3.1):

a. Sufficient detailed technical and logistical data to ensure the right OEM parts are used for testing to include, but not be
limited to, the following, if known: national stock numbers (NSN); ordinance/military part numbers (OPN/MPM);
contractor part numbers; commercial and government entity (CAGE) codes; prior contract numbers and dates; vehicle
build orders/shefts; identifying colors and marks; manufacturers codes, such as casfing numbers; frictional material
“edge codes;” and friction material manufacturer’s identification (FMSI) codes.

b. FMVSS definitiohs of GVWR, GCVW, LLVW (lightly loaded), and similar will be used appropriately.

c. Axle, hub-end, and brake ratings.

d. Proportioning and/or timing devices, methodologies, and objectives.

e. The maximum speed (Vmax) for the vehicle will be specified by the “RA” {see 3.1) in writing, unles$ specified otherwise

f.  Maximum/minimum brake system pressures, to include all residualypressures.
g. Gearbox reductipn/overdrive ratio; e.g., Hummer H1 “downstréam” geared hubs.
h. Tire size(s) and ptatic loaded radius (SLR) at GCWR and GCVW.

m.

within a specific

Brake system s

Specify required
addition to, orin

Alternate points

Additional inform
be required if §
(targeted vehic
post-manufactur

test procedure included in subject document.

lit: type and loading (percentiles); along with numbers and types of proportioning

burnishing procedures ifiother than those specified within subject specification
lieu of, FMVSS 105, 121, and 135.

pf contact for the “RAY (see 3.1).
ation from thewresponsible OEM or specialty vehicle system engineering authority

e system); and/or has been subsequently modified by a specialty afte
e modification, or user-ordered upgrade.

devices.

or those desired in

pr management may

EM vehiclexand componentry is not available for use, not intended to be used for this application

rmarket contractor,

Additional inforni

ation. as determined by the responsible “RA” (see 3.1).

4.14 Characterization of OEM (and Similarly Approved) Components

OEM (and similarly approved) components will be characterized through the use of standardized testing for each type and
style as described in 4.8 and the standard testing requirements shown in the applicable appendices to subject specification.

a.

When specified by the “RA” (see 3.1), any optional testing, additional testing, or additional test samples beyond that
recommended by subject specification will be specified in the appropriate contract or purchase order.

When sufficient, verifiable characterization data has been obtained through previous testing and approved test report,
the “RA” (see 3.1) may waive some or all of the OEM (and similarly approved) components portion of the required
testing to prevent duplicative effort and reduce costs.


https://saenorm.com/api/?name=7ab5c0671f4dedcb581d2ce78adec939

SAE INTERNATI

ONAL J2806™ OCT2024

Page 16 of 52

4.15 Characterizations of Proposed Replacement Components

Characterizations of proposed replacement components will be the same as for OEM (and similarly approved) components

required in 4.6.

a.

if required by the responsible “RA” (see 3.1); this requirement cannot be waived.

The required number of test samples cannot be less than that specified by 4.11, but may exceed that minimum number

When specified by the “RA” (see 3.1), any optional testing, additional testing, or additional test samples beyond that

identified as “required” by this specification must be specifically addressed by the “RA” (see 3.1) within the contract,

purchase order,

or other similar ordering documents.

4.16 Characterization of Proposed Replacement Components when Mixed with OEM

Same as 4.6, except
specify additional “o
one “RA’-approved
delay the “RA” (see
a. Hydraulic-actuat
purposes only wi

All other brak
configurations/b
two axles, and f
items of the sam
brake pads or sk

not be waived ¢
increased when

417 Conduct Com

The required number of starting test samples should not be\less than that specified by 4.11, and thi

that proposed replacement components will be “mixed” as follows: the responsibl
ptional” testing of other “mixed” combinations and/or in multiple combinations‘wh
see 3.1) OEM or other supplier item(s) only when such additional “optional™*testin
.1) original test and reporting schedules, unless specified otherwise by the contra

ed disc brake pads (only) will be evaluated by axle sets only and Will-be considereq
hen being compared with other axles on the same vehicle or, trailer.

a)
-

components, except as defined in 4.16.a., willy be considered “mix
ands are used on opposing sides of the same axle, from/axle to axle on the same
'om axle to axle in multiple combinations on the same vehicle or trailer with thre
e type but different manufacturers or sources will be' mixed on the same axle hub-
oes on the same brake/hub-end.

required by the “RA” (see 3.1).

parative Analysis of Results to-Support Suitability Determination

4171 Prior to re

determinatigns, the testing activity. will compile and collate the test data into a readily readable
and provide recommendations as)to the suitability of both the baseline items and the proposeq
the specified vehicle configuration (see 4.6).

4.17.2

4.18 Suitability Det¢rmination for Proposed Use by Each Vehicle Types/Models

Upon receivjng the intefim-or final report from the testing activity, the responsible “RA” (see|
determine suitability-for-use for each proposed item, convey those results to the appropriate a
and supply the propesed item’s management a “pass-fail’-type decision with supporting narra

ort(s) submittal to the. responsible “RA” (see 3.1) or acquisition activity

b “RA” (see 3.1) may
bn there’s more than
g does not impact or
ct or purchase order.

“mixed” for analysis
pd” when different
vehicle or trailer with

e or more axles. No
end; e.g., do not mix

5 requirement should

xcept under the circumstances described in 4.1.5. The minimum number of t¢st samples may be

for (final) suitability
hnd brief-able format
items when used in

3.1) will review and
quisition authorities,
ives.

When subject specification is used as intended, the approval-for-use or acceptance resides solely with the cognizant “RA”
(see 3.1), except for government military systems and components that are specifically covered by ATPD-2354.

4.19 Applicable System and Secondary-ltem Component Types for Suitability Determinations

All ground-wheeled vehicle “brake systems” and components to include service brakes and service brakes when used for
parking and/or emergency brakes for vehicles and trailers above 4536 kg (10000 pounds) GVWR and combination vehicles
for which one or more segments exceed this same GVWR.
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4.20 Tiering of Specification and Standards

The following document types used for the conduct of testing for subject specification will be: (1) designated as the principal
(baseline) requirements, (2) all “first-tier” requirements therein will be applicable to this specification, and (3) design and
performance data identified in commercially based standards, practices, and specifications as “General Notes” and “Notes”
(e.g., ASTM, CIDs, and similar) will be required for the purposes of design and performance criteria, government and
contractor-conducted testing, and other verification activities. The author’s objective in requesting what would normally be
considered (by the government and similar) as secondary/tertiary-level and referenced information is due to the
nonavailability of sufficiently defined or on-point traditional requirements documents that would satisfy the necessary
technical and administrative requirements.

a. Commercial item descriptions (CID) in accordance with the Federal Standardization Manual.

b. U.S. MIL-Standdrds in accordance with MIL-S TD-96T and MIL-S TD-962.

c. U.S. Army TACOM “ATPDs” similarly formatted as 4.20.a. and 4.20.b.

d. SAE, TMC/ATA |and similar U.S.-based organizations.

e. ANSI, ASME, A$TM, IEEE, and similar U.S.-based organizations.

f. IS0, EC, ECE, JASO, DIN, and similar non-U.S. and/or international organizations.
g. Other specified gommercially based specifications/requirements, such,as Link Testing Procedures.

h. Other specified|regulatory-based requirements, such as FMVSS (49 CFR 571 Series), EPA, OSHA, UL, NSF,
and NOAA.

4.21 (Reserved for [Future Use and to Provide Continuity with\Original U.S. Army TACOM ATPD-235¢4 and ATPD-2383.)
4.22 Ordering Dataland Test Reports, Including Minimum Data and Rationale Requirements
The preparation and|submittal of test reports is critical to the ability of the “RA” (see 3.1) to make a reasoned decision as to
acceptability of alterpative systems and products.\Fherefore, the following minimum requirements for oydering data and test
reports, including minimum data and rationale requirements, will be used for reports submitted to|the “RA” (see 3.1).
Reporting due that mjay be duplicative (same-additional) requirements already in test procedures within|[subject specification
is neither desired nof required.

a. Title, number, and date of commercial and military specifications.

b. Type of compongnt(s) tested and source of OEM vehicle and component data if not obtained as a r¢sult of testing during
this contract or gurchase order.

c. Reporting requirements if other than “RA” (see 3.1) format.

d. Ownership, confidentiality, security, and similar security requirements for intellectual property (IP).
e. Distribution requirements when interim or final reports are constrained by the previous item.

f. Delivery requirements and distribution for pictures, facsimiles, artwork, drawings, and similar, either as separate
deliverables or as a consequence of the test reporting processes.

g. All data covering test samples to include starting mass (weight) for each test sample used in new “green” unused
condition, wear, including remaining usable thickness/mass calculations; temperature readings; and frictional
performance, crack and strength, noise, “dusting” mass loss and color comparisons (see 5.10), and similar information
on the tested parts (test samples) if not already required by the test specification itself; e.g., parallelism issues (see
Appendix E, Crack and Strength Test).
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All data covering mating parts to include starting mass (weight) for each test mating parts used in new “green” unused
condition, wear, including remaining usable thickness/mass calculations; temperature readings; and frictional
performance, crack and strength, noise, “dusting” mass loss and color comparisons (see 5.10), and obvious physical
deformities on the mating parts to those being tested, if not already required by the test specification itself; e.g.,
parallelism issues (see Appendix E, Crack and Strength Test).

All raw inspection, material certification, and testing data used to substantiate the tester's observations and
conclusions/analysis, compiled or listed in an industry-common format or programming, preferably using Microsoft Excel
or similar.

Graphs, pictorials, and photographic evidence in support of the data and, by extension, the offeror’s or test activity’s

conclusions.

A listing for eac
each test sequ
e.g., HMMWV-E

Identify the spe

A copy of the |
objective quality

The process, rat
to include the
processes for all
information will
Report) to enabl
similar manner
the offeror or te

4.23 Post-Test Ret

Test samples and m
for retention for a sp
Disposal will be in
activity as long as n

4.24 Inertia Calcul

4.24.1 Method #1 (

The “RA” (see 3.1)
worst-case axle on t

€St SEqUENCE performe
nce, unless specified otherwise by the “RA” (see 3.1) or required within the\te
V dyno testing airflow should be nil.

ific burnishing method for each test that requires burnishing (see 5.8).

O 17025 registration/certification in effect at contract award of)purchase order
evidence of compliance with 4.4.

onale, and decision protocols for the collation, compilation, and evaluation of test
e of appropriate algorithms, any associated or additional programming, and/q
electronic (computer) programming, such as “Minitab®” and similar. Sufficient tech
e supplied by the offeror or test activity as partyof the primary post-test repor
the “RA” (see 3.1) to be able to review both the raw data inputs and summary fi
s the offeror or test activity to include actual re-computation of all raw and comp
t activity.

ntion and Disposition of Test Samples

ting parts will be retained by the test activity at the discretion of the “RA” (see 3.
cified length of time post-testing should be made in anticipation of additional obser|
cordance with local regulations at the location of disposal and should be at thg
liabilities are attached:to‘the “RA” (see 3.1).

tions Requirement

Preferred Method)

will specify inertia calculations for ground-wheeled vehicles using the brake/h
ne targéted vehicle system (only).

ed (mph), if any, for
st being conducted;

issuance to provide

data will be provided
r the computational
hical and operational
ing (e.g., Final Test
hding in the same or
led data supplied by

1), but consideration
vations and analysis.
direction of the test

Lb-end rating of the

Special Requirements/Instructions: This method is required for any vehicle with or without o
requirements that has independently sprung wheel-end suspensions, e.g., Hummer H-1® and military HMMWYV series and
all vehicles subject to ATPD-2354 and its subsequent versions.

4.24.2 Method #2

ff-road performance

The “RA” (see 3.1) may specify inertia calculations for ground-wheeled vehicles using the GAWR of the worst-case
(heaviest) inertia using the same components on the targeted vehicle system (only).

4.24.3 The “RA” (see 3.1) may allow the use of 110% of the GAWR for commercial vehicles (only) without independently
sprung wheel-ends only when: (1) the brake/hub-end ratings aren’t available, (2) they have no off-road or
cross-country performance requirements, and (3) they are not used for military or similar end users; e.g.,
commercial over-the-road (OTR) straight cargo trucks, vans, truck tractors, trailers, tractor/trailer combinations,

and similar.
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4.25 "Air” Disc Brake Testing

Specific test requirements for “air” disc brakes on ground-wheeled vehicles over 10000 GVW have generally not been
developed or adopted for industry-wide use at the time of release of subject document. Therefore, except as specified in
the appendices of subject document, “air” disc brakes shall be tested the same as “air” drum brakes until such time SAE,
ISO, or a consensus standard within the braking industry is established that is suitable for its intended use and implemented
within a subsequent revision of subject document.

5. DETAILED TECHNICAL REQUIREMENTS AND TEST PROCEDURES
All test requirements and tests are identified within Section 5 and the attached appendices.

a. Those standards/test procedures listed in parenthetical (x) within each test plan table may be substituted with prior
written approval[of the responsible "TRA” (see 3.T) or commercial equivalent.

b. When specified |by the solicitation, contract, purchase order, or work order, additional tests’beypnd or different than
those already ligted as “optional” may be included if: (1) they are fully described by textof refefence, (2) applicable
values and ranggs are supplied by the “RA” (see 3.1), (3) they do not negatively impact the performance and schedule
for the standard [test requirements, and (4) they are fully funded by the “RA” (see 3:1).

c. For vehicle applications with some type of regenerative braking or electric powet/plants that will affect the operation of
the foundation Brakes, consult with the “ESA” and/or the “RA” (see 3.1)cen the methods priof to commencement
of testing.

5.1 Mandatory and Optional Tests for Military, Militarized-Commercial, and All Vehicles with Off-Road Performance
Requirements

ATPD-2354 shall befused for all vehicles of subject types, unless‘specified otherwise by: (1) the cognizgnt U.S. government
authority for military pehicles, aka engineering support activity(ESA) vehicle system engineer, or (2) the “RA” (see 3.1), for
non-governmental cpntracts only, as applicable.

5.2 Tests for Padd and Shoes Assemblies

Wheeled vehicle digc brake pad assemblies, drum brake shoe assemblies, and brake “block” are l{sted in Appendix C,
Table C1.

5.3 Tests for Rotof and Drum Assemblies
Wheeled vehicle dis¢ brake rotorssand drum brake drums for all types are listed in Appendix C, Table [C2.
5.4  Options within|Each Test-Standard/Specification

It's not the intent of [subjeet specification to limit the options of the potential alternative suppliers or {esters by specifying
each test requirement within each mandatory test specification or process. The sole requirement that|will be applied when
multiple options are provided within a specification, standard, test, or procedure is that a choice made is allowed by the
“RA” (see 3.1) and each test sample will be tested the same. For example: “SAE J160 allows either a hot-plate or oven test,
SAE J2468 allows either a disc pad or a coupon to be tested, and in SAE J2598 do you use part A or B?” The "RA" (see
3.1) decides which method is selected or defers to its test activity provider, but all test samples assigned to the same test
requirement are tested the same.

5.4.1 The risk here is to the “RA” (see 3.1) in that if they decide to use Test Procedure “1” instead of “2,” then any
subsequent use of the results/information generated would be self-limiting and/or unavailable for any follow-on
proposals or procurements of the same item.

5.4.2 When the test choice is not obvious, or the decision is made to use one of the options that may be less well-known
or not used industry wide, and/or a consensus can’t be obtained between the participating parties, the “RA” (see 3.1)
will arbitrate and issue guidance or a decision to preclude the necessity and potential expense of a retest/“no-go”
decision at the end of testing.
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5.5 Component Wear Limits and/or Mandatory Replacement Criteria

Component wear limits and/or mandatory replacement criteria as specified by the most current vehicle maintenance
manuals (preferred) or by the “RA” (see 3.1) may not be exceeded during the course of testing, except during the Crack
and Strength Tests (see Appendix E). Sufficient leeway should be provided by the “RA” (see 3.1) to the testing activity to
allow such events as long as they do not negatively impact the safe conduct of testing and the performance and scheduling
for subsequent test requirements. Should specific direction be given to the tester to intentionally exceed wear limits and
replacement criteria by the “RA” (see 3.1), the “RA” (see 3.1) will conduct an engineering analysis of the potential impacts
and identify to the tester all additional safety, performance, and environmental hazards such testing presents prior to start

of that portion(s) of t

he testing.

5.6  Hill-Hold/Slope Performance Comparison Test

5.6.1 An off-vehic
alternative i
for the vehic
between th
FMVSSis n
in accordan
conducted g
5.6.2 The testingV
brakes sepa
torque) app
recorded forj

5.6.3 Using an ing

not less tham three test samples of OEM and each candidate item for each of the engagems

the designa
hydraulic (

mechanical}
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test sample.
5.6.4 Actuation fo
and maximu
value for all
5.6.5 The “RA” (sg
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reference pu
including tra
5.6.6 When the
requirement

Test samples wi

e,
m by a slope/hill-hold performance simulation of service brakes and service.brg
e’s parking brakes. The purpose of this test is to determine the relative values{ma
OEM baseline and each candidate item, and simulated vehicle performance
ither required nor desired as part of this test and evaluation. Test samples will b
e with 5.8, preferably after the Wet Effectiveness and Performance Test (s
any point deemed appropriate by the testing activity, unless specified otherwise |

rately (without compounding) at the required force (air or&pring pressure), then a
ied to either the drum or input shaft until slippage is.observed/detected, and t
later comparative analysis and/or conversion to an equivalent slope/grade level.

rtia brake dynamometer and full-sized hub-end brake component parts, testing

ed vehicle braking system: mechanical, which may include trailer “surge” brak
g., military HMMWV-ECV rear disc" brakes); hydraulic; air-actuated; an
pring brakes (most medium-heavy truck, tractors, and trailers). For all but light
rakes only, not less than two engagement methods of the applicable types a

fce values will be provided-by the “RA” (see 3.1) and should cover the actual (n
m pressure/mechanicalforce available for each type actuator on the vehicle brake
bir-brake systems will'be 65 to 120 psi, at ambient temperatures, measured at the

“prime movers”), that will be able to perform the requirement without use of th
rposes only) the simulated maximum slope value for U.S. military combat and tacti
lers and dolly sets, will be not less than 60% per the appropriate vehicle specifice

h for OEM and each
kes when also used
imum output torque)
in accordance with
b properly burnished
be 5.7), but may be
y the “RA” (see 3.1).
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HilsHold/Slope Test is conducted separately or as a stand-alone proce

dure, the following

S apply-

Il be burnished prior to testing in accordance with 5.8.

Upon completion of such testing, the test samples will be considered unserviceable and unusable for follow-on or

additional testing or demonstrations. The use or reuse on any operational vehicle or non-operational historical or display

vehicle is specifically prohibited. Disposal by the test activity will include rendering the test samples unusable for any

other use and in

accordance with local regulations for disposal of this type of item.
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5.7 Wet Effectiveness Comparison Test (WECT)

A WECT will be conducted on not less than three brake/hub-end samples of the OEM/baseline and not less than three
brake/hub-end of each candidate item. This off-vehicle test will be conducted to the on-vehicle FMVSS 105 wet effectiveness
testing for all “air” and “hydraulic” systems, regardless of GVWR, and both the test procedure used and results
obtained/observed will be fully detailed in the Final Test Report supplied by the test activity. Failure to provide test data,
procedures, and rationale used to analyze test output data to the “RA” (see 3.1) will constitute a failure to perform by the
potential alternative supplier or test activity and will be cause for rejection of the test data or test report.

5.8 Brake Burnishing

Unless specified otherwise by the “RA” (see 3.1), brake burnishing will be conducted as follows using the brake/hub-end
rating of the worst-case targeted vehicle axles, regardless of whether the target vehicle or brake components are military

or commercially bas

a. Appendix C, Tak

FMVSS procedy
b. The burnishing
c. The burnishing g
d.

(e.g., 105 or 121
e. The burnishing

procedures (e.g
f.  When the same

sample’s perfor
Effectiveness teg
in accordance W

The burnishing procedures for the Hill-Hold/Slope Tests will be in accordance with the applicable]

Bd, UNIESS Specitied aferently by the "RA” (See 3.1). See 4.13.2 for addiional Ins

les C1 and C2, for disc and drum brakes will be in accordance with the requirems
res (e.g., 105 or 121).

rocedures in Appendix E will be conducted as written.

rocedures for SAE J2115 and SAE J2522, as applicable, will be.conducted as wr

).

procedures for the Wet Brake Effectiveness Tests will be in accordance with
, 105 or 121).

parts are used for follow-on or subsequenttests, such as immediately after the co
mance portion of the SAE J2115 of/SAE J2522 testing (as appropriate) w,
ting is normally performed (recomménded), the test samples will receive additiona
ith FMVSS 105 (32 snubs or one. eycle) or FMVSS 121 (50 snubs), as appropri

ructions.

nts of the applicable

tten.

FMVSS procedures

applicable FMVSS

mpletion of each test
nen the Wet Brake
, cleanup burnishing
hte, unless specified

otherwise in thaf test procedure. Wear-out/replacement criteria of 5.5 will also apply.

5.9 Crack Test anf Strength Test for Rotors and Drums (CT&ST) (see Appendix E)

CT&ST will be cond
not sequentially as n

icted in accordancé with Appendix E of subject specification, and each will be conducted separately,
ormally done under a similar ISO specification.
5.9.1

“Required” ¢T&ST for Retors and Drums

CT&ST should be “r¢quired™under the following circumstances:

a. Whenever internal’design changes by the OEM vehicle, OEM original equipment suppliers, or aftermarket component
manufacturers for brake systems and/or component parts that have become unavailable due to nonavailability from the

original source(s), design or performance obsolescence, design insufficiency, and/or statutory or regulatory changes.

Whenever engineering analysis and testing data is required on the actual or mating parts; and/or alternative rotor/drum
metallurgical and/or physical configuration changes are proposed, including by potential alternative suppliers; and/or
when “reverse engineering” is required to replicate, develop alternative replacements, or validate unconfirmed
performance requirements for same.

Whenever alternate friction materials are proposed that are considered to be potentially physically damaging within the
published OEM wear-out/replacement criteria, other than wear, or when the friction material testing itself indicates that
probable physical damage/failure by the targeted mating rotor/drum would occur or vice versa.

Whenever comparison testing is required of friction material (pads/shoes) and mating surface devices (rotors and
drums) in combination; e.g., matched OEM foundation brake shoes/companion drum combination versus a proposed
Brand “X” combination (see 4.7.1.2).
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5.9.2 “Optional” CT&ST for Rotors and Drums

CT&ST should normally be considered “optional,” except as described in 5.9.1, and may be conducted independently of
other tests described in subject specification. Even though CT&ST are highly desirable for engineering and logistical
analysis, test costs may be a significant factor and CT&ST should be considered under a “best value” basis, as opposed to

a routine addition to

a brake testing program.

5.10 Brake Dust(ing) Color and Mass Loss

Quantification of friction material and mating surface “dusting” (mass loss) and its color for each test sample of both OEM
and offeror-supplied test samples will be conducted during each test series that produces material loss/wear (“dusting”).

5.10.1 Brake Dust “Color”

Subject will be repoﬁled within the test results when an obvious visual difference occurs between therOE

item during testing.
FED-STD-595, or a
(see 3.1) on what co
or answer field comr

5.10.2 Brake Mass
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shoes, as applicable
of like items and com
parts (most importan

(Inpa
5.10.3 Brake Comp
The test activity will

(FTR) of any (*) vis
surface materials.

5.10.4 Corrosive Effects and Generation.of\Hazardous Materials as a Result of Brake Dust
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HAZMAT that may r
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during testing.
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Lld or should be defined as “obvious visual difference” because such information is
nents/complaints whenever a new item appears that “doesn’t look thé)same.”

Loss (“Dust Propensity”)
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pensates for the fact that rotor material has a higher.impact on the actual dust that
tly, the wheel).

i/Lead Shoe Loss + Outpad/Trail Shoe Loss),* 2 + 2 x (Rotor/Drum Loss) = Masg
onent Mass Transfer

make periodic visual observations, physical measurements, and report same in {
ally discernable and detrimental cross-transfer of pad/shoe friction materials an

Wwill identify to the_fest activity all known additional safety, performance, and en
r to start of testing and, in addition, direct identification of actual and/or potentia
to be spegifically identified in the FTR based on the applicable material safety dat
bsult of the-required testing itself. The test activity will make periodic visual obsery
FTR any visually discernable corrosion and/or oxidation on all surfaces exp

M and the alternative
the Pantone Scale,
ance from the “RA”
important to prevent

e two pads or brake

, plus two times the rotor/drum loss. Using this methed standardizes the methodglogy for comparison

sticks to the vehicle’s

Loss (Eq. 1)

ne Final Test Report
H/or rotor/drum wear

vironmental hazards
ly dangerous and/or
a sheet (MSDS) and
ations during testing
psed to brake dust

5.11 Corrosion Testing (Optional)

The “RA” (see 3.1) should specify either targeted specific areas/components or more general corrosion testing. Due to the
lack of industry-accepted or universally accepted common test specifications, the “RA” (see 3.1) must determine and specify
in the ordering documents the type and duration of each selected test or procedure. The following procedures are provided
for reference only for one specific problem area, friction material corrosion, which results in bonding to the mating surface

(rotor/drum), and/or a brake component’s “corrosion recovery test.”
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5.11.1 The Primary (Preferred) Method of Corrosion Testing

Subject will be perfo

rmed as follows:

The "RA” (see 3.1) will specify one to three test samples each of the OEM and each proposed alternative item for

post-SAE J2522 or SAE J2115 supplemental Corrosion Testing, as appropriate, which will be completed after the Wet

After the SAE J2522 or SAE J2115 is completed, including the final inspection, conduct a minimum of seven 1-day

corrosion cycles, or any other number of cycles indicated by the “RA” (see 3.1) using SAE J2334 (automatic or manual
mode), including pre- and post-corrosion inspections and (digital) pictures per the SAE J2334 instructions. During these
corrosion cycles, the parts will be appropriately mated together using a commonly accepted method with the pads held
to the braking surface of the rotor or shoes held to the braking surface of the drum.

rrosion cycle and inspection is completed, the paired test items will perform. an
as appropriate, excluding the burnish cycle. The test activity will take sufficient me
to the inertia brake dynamometer fixturing and peripheral equipment aré pro

.1) may modify the corrosion cycle or the corrosion environment’'to accommo
r evaluation requirements.

a.
Effectiveness Testing.

b.

c. After the final cq
SAE J2115 test,
mating surfaces
being corroded.

d. The "RA” (see
specific testing @

e.

torque variation,
failures - all with
post-corrosion d
to performance,

5.11.2 The alternat

be done ind¢pendently of any other testing using "green," new test samples and mating parts

accordance
corrosion cy

evaluation requirements. Using this method does not fully demonstrate how the brake

post-Corrosi
“optional” te
and will preg

5.11.3 Corrosion T

5.11.2 is the|
5.12 Appendices -

Appendices are provj

Using this meth@d demonstrates how the brake performs pre- and post<Corrosion Test related to

corrosion removal during use (“self-cleaning”), or any. actual/potential corrosion

ynamic testing, it is impossible to speculate in what'matter the corroded materials
wear, and noise.

b method of Corrosion Testing will be performed as follows: Same as 5.11.1, exce

with 5.8.a., unless specified otherwise by the “RA” (see 3.1). The "RA” (see
cle, slurry chemistry, or corrosion.environment to accommodate other or additior

pn Test and could increase the total number of test samples required for su
5ting. It should be noted thatdoing post-Corrosion Test dynamic testing with this m
lude analysis with regard to performance beyond simulated initial installation on

bsting may be tréated as a separate test, done independently of subject specifig
preferred method due to lower costs.

Detailed Jest Procedures

other SAE J2522 or
asures to ensure the
perly protected from

Hate other/additional

break performance,
induced mechanical

but having to increase the total number of test samplé€s required for “mandatory” tésting. Without doing

will react with regard

pt that the testing will
properly burnished in
3.1) may modify the
al specific testing or
performs pre- and
bject specification’s
ethod is problematic
ehicles.

ation, in which case

dediogive specific directions on applicable test procedures, some of which requir

for intended use wit

hin~subject document from an originally sourced document and/or were specifi

d either modification
lly developed to fill

known voids in generally accepted test procedures within the brake manufacturing and testing community as of the date of
the original U.S. Army TACOM ATPD-2354 and ATPD-2383, the general basis for this document. Please note that any
values expressed in non-metric units in the appendices were left that way intentionally and should be converted (if required)

using internationally

recognized procedures and values.
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6. NOTES

6.1 Revision 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 SAE TRUCK AND BUS BRAKE SYSTEMS COMMITTEE



https://saenorm.com/api/?name=7ab5c0671f4dedcb581d2ce78adec939

SAE INTERNATIONAL

J2806™ OCT2024

Page 25 of 52

APPENDIX A - INERTIA-DYNAMOMETER TESTING MATHEMATICAL CALCULATIONS AND EQUATIONS

Table A1 - Inertia-dynamometer testing mathematical calculations and equations

Item Brake Type Use Equation Definition Units
a All Two-axle pitch 2+(Te+Te)/ (Werr) Total vehicle deceleration m/s?
GAWR All Vehicle Gross axle weight rating or kg
parameter double of hub-end weight
rating, whichever is greater for
military vehicles
GAWRs All Vehicle Gross axle weight rating front kg
parameter axle or double of hub-end
two-axte weight Tating, whichevar is
greater for military yehigles
GAWR; Al Vehicle Gross axle weightrating rear kg
parameter axle or double‘of hub-ehd
two-axle weight rating, 'Whichevgr is
greater for-military vehigles
T Al Generic corner lea/rr Brake torque based on Nem
torque output deceleration
Tt Al Generic corner lrealrr Torque for front brake hased Nem
torque output on deceleration
two-axle
Tr Al Generic corner Ireal/rr Torque for rear brake bpsed on | Nem
torque output deceleration
two-axle
[ Al Corner (GAWR:rr2/2 Test inertia kgem?
parameter
It Al Corner (GAWRyerr?/2 Test inertia for front cofner kgem?
parameter
two-axle
Ir Al Corner (GAWRerr?)/2 Test inertia for rear corper kgem?
parameter,
two-axle
M Disc Corneér friction Tt/ (2on°peAperefron) Coefficient of friction -
material
effectiveness
n Disc Corner Number of caliper pistons -
parameter
Ap Disc Corner Piston area cm?
parameter
Teft Disc Corner Rotor effective radius cm
parameter
n Disc Corner Caliper efficiency (nominal = 1) | -
parameter
p All Corner value Brake pressure bar
All Two-axle pitch Te/(Te+Tr) Brake distribution factor -
and yaw
X All Vehicle h/L Center of gravity factor -
parameter
two-axle
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Table A1 - Inertia-dynamometer testing mathematical calculations and equations (cont.)

Item Brake Type Use Equation Definition Units
W All Vehicle WH/W Weight ratio factor -
parameter
two-axle
h All Vehicle Center of gravity height m
parameter measured from the ground
L All Vehicle Wheel base m
parameter
two-axle
rr All Vehicle SLRYi Equivalent rolling radius = m
parameter static loaded radius
SLR Al Vehicle Static loaded radius m
parameter
i Al Vehicle Axle-to-hub gear ratio -
parameter i =1.92 for HMMWV
i = 1.00orall non-geaned hubs
w Al Vehicle Total vehicle weight kg
parameter
W; Al Vehicle Rear axle static weight|= kg
parameter GAWR:
two-axle
Front bias Al Two-axle pitch Mt > Wir -
Rear bias Al Two-axle pitch Mir > Yt -
Front lockup | Al Two-axle pitch Mtf > Hpeak -
Rear lockup | Al Two-axle pitch Mitr 3 \[peak -
Mt Al Two-axle pitch (Isp)eal(1-yptxea) Front axle adhesion utilization
Htr Al Two-axle pitch a@/(y-x-a) Rear axle adhesion util{zation -
Mpeak Al Generic value Tire-to-road adhesion limit at -
90 km/h per Table 6, page 20,
Automotive Brake Systéms,
Bosch, 1995
Cs-cam Sicam drum | Cornér friction Tout/Tin External brake factor Stcam -
material drum
effectiveness
Tout S{cam drum~’| Corner friction Measured torque outpyt from Nem
material dynamometer test
effectiveness
Tin S Gm dlulll UTTICT fl ;Ut;ull AC IJ ls va:uu:atcd ;IllJut tUI\{u N.m
material
effectiveness
Ac All air brakes | Corner friction Air chamber nominal area cm?
material
effectiveness
Is S-cam drum | Corner friction Slack adjuster operating length | m
material
effectiveness
Cwedge Wedge drum | Corner friction Tout/(re Ac*p) External brake factor simplex -
material wedge drum
effectiveness
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Table A1 - Inertia-dynamometer testing mathematical calculations and equations (cont.)

Item Brake Type Use Equation Definition Units
r Drum brakes | Corner friction Brake drum radius at the cm
material braking surface
effectiveness
Cuisc Air-disc Corner friction TI(2¢lrpeAperern) External brake factor air-disc -
material
effectiveness
Ir Air-disc Corner friction Air-disc caliper lever ratio -
material
effectiveness
Cdrum Simplex Corner friction T/(p*Aperen) External brake factor-simplex -
hydraulic material hydraulic drum
drum effectiveness
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%

°C

°F

0.0”

ANSI

ASME

ASTM

ATPD

bar

CID

cm

CT&ST

DAPS

DIN

DTV

EC/ECE

ECV

EPA

ESA

FEMFM

FMCSR

FMSI

FMVSS

ft

FTR

GCvw

GLTM

GVDBS

APPENDIX B - ABBREVIATION LIST

Percent (X/Y)

Deg
Deg

Inch

rees - Celsius

rees - Fahrenheit

es-U.S.

American National Standards Institute

American Society of Mechanical Engineers

Ame

“TA

Pres

rican Society for Testing and Materials
COM”-Managed Purchase Descriptions

sure - Metric

Conmmercial ltem Description (see Federal Standardization Manual)

Cen
Cra
Doc
Deu
Disd
Eurd
Enh
Env
Eng
Fed

Fed

timeter - Metric

k Test and Strength Test for Rotors and Drums

Liment Automation and Production Service

tsches Institut fir Normung e.V. (German:institute for Standardization
(Rotor) Thickness Variation

pean Community/European-CGommission for Europe

anced Capability Vehicle

ronmental Protection/Agency (U.S.)

neering Suppeort Activity (Military/Governmental)

bration.of\European Manufacturers of Friction Materials

bral Motor Carrier Safety Regulations

Friction Materials Standards Institute

Federal Motor Vehicle Safety Standards (U.S.)

Feet - U.S.

Final Test Report

Gross Combination Vehicle Weight (Rating)

General Laboratory Test Methods

Ground Vehicle Dry Brake Systems
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GVWR

h
HMMWV
Hz

IEC

IEEE

ISO
ITOP

JASO

kHz

Lbs.
LLVW

m
MIL-DTL
MIL-PRF
MIL-STD
mm

mph
NOAA
NSF
NVH
OEM
OPTEC
OSHA

OTR

psi

Gross Vehicle Weight Rating

Hour (Time)

High Mobility, Multipurpose Wheeled Vehicle
Hertz

International Electrotechnical Commission
Institute of Electrical and Electronics Engineers

Intellectual Property

International Organization for Standardization
International Test Operational Procedures
Japanese Automotive Standards Organization
Kilometer - Metric

Kilohertz

Poupds - U.S. (Weight/Mass/Pressure)
Poupds - U.S. (Weight/Mass/Pressure)
Lightly Loaded Vehicle Weight

Meter - Metric

Military Standard - Detailed Requirements
Military Standard - Performance Requirements
Miliary Standard - General Use

Millimeter - Metric

Miles per Hour= U.S.

NatippaltOceanic and Atmospheric Administration

National Science Foundation
Noise, Vibration, and Harshness

Original Equipment (or Vehicle) Manufacturer

Operational Test and Evaluation Command (Army User Testing)

Occupational Safety and Health Administration (U.S.)
Over-the-Road (normally commercial vehicles)

Pounds per Square Inch - U.S.
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R&D
RA
SDO
sec, s*
SIC
SLR
STM
TMC/ATA
TOP
UL
u.s.

WECT

Research and Development

Req

uesting Activity

Standards Development Organizations

Seconds (Time)

Secondary-ltem Components (“Replacement Parts”)

Static Loaded Radius (Tires)

Standard Test Methods

Tec

Tes

Und

Unit]

Wet

nnology and Maintenance Council of the American Trucking Association
Operational Procedures (normally military)

erwriters Laboratories (U.S.)

ed States of America

Effectiveness Comparison Test
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APPENDIX C

Table C1 - Test plans for disc brake pad assemblies, drum brake
shoe assemblies, and brake block

Meditm=-Buty OTR
Heavy-Dut School Buses Class 5-8 Non-Automotive
ATPD-2383 (MIL-SPEC) Test Plan UrbanyRefuZe Urban Delivery Light-Dufy Trucks Trailer Used in
. TYPE OF TEST Urban Buses Coach Buses Light Urb&n Class 8 Combination
Disc Pads and Brgke Shoes Heavy Medium Straight Delive Tractor-Trailer with Prime
Construction Truck and Vans Postal (FMCSR and Movers Above
1 Material identification/certification$ 1 CRoC/Lab CoClL.ah CoCLalp CoC/Lab CoC/Lab
esults Results Results] Results Results
2 Visual inspection 2 ISO 22574 1ISO22574 ISO 22514 ISO 22574 ISO 22574
3 Critical dimensions verifications ST™M STM STM STM STM
. . o . SAE J840 SAE J840 SAE J84p SAE J840 SAE J840
4 Shear strength adhesion/bonding|(-40 °C) non-riveted 3 (1SO 6312) (1SO 6312) (1SO 631p) (1SO 6312) (1SO 6312)
5 Shear strength adhesion/bonding|(750 °F) (400 °C) 3 SAE J840 SAE J840 SAE J84p SAE J840 SAE J840
non-riveted (1ISO 6312) (IS0 6312) (ISO 631R) (ISO 6312) (ISO 6312)
6 Compressibility, ambient 56 SAE J2468 SAE J2468 SAE J2468 SAE J2468 SAE J2468
’ ’ (1SQ%6310) (ISO 6310) (ISO 631D) (ISO 6310) (ISO 6310)
7 Compressibility, elevated temperdture 5 6 SAE J2468 SAE J2468 SAE J2448 SAE J2468 SAE J2468
’ ’ (ISO 6310) (ISO 6310) (ISO 631D) (ISO 6310) (ISO 6310)
8 Gogan hardness (grandfathered garts) SAE J379 SAE J379 SAE J37P SAE J379 SAE J379
9 ;2;2;“333 on metallic parts (rotor, drum, shoe, backing ASTM E10 ASTM E10 ASTM E{0 ASTM E10 ASTM E10
10 Thermal swell and growth 5 SAE J160 SAE J160 SAE J16p SAE J160 SAE J160
11 Natural frequency SAE J2598 SAE J2598 SAE J2598 SAE J2598 SAE J2598
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Table C1 - Test plans for disc brake pad assemblies, drum brake
shoe assemblies, and brake block (cont.)

ATPD-2383 (MIL-SPEC) Test Plan Medium-Duty OTR
TYPE OF TEST Heavy-Duty School Buses Class 5-8 Non-Automotive
Disc Pads and Brake-Shees Urban-Refuse Urban-Delivery Light-Dety Trucks Trailer Used in
Urban Buses Coach Buses Light Urblan Class 8 Combination
INERTIA-DYNAMOMETER FRICTION COUPLE Heavy Medium Straight Delivery Tractor-Trailer with Prime
ITEM PERFORMANCE, NOISE, AND DURABILITY Construction Truck and Vans Postal (FMCSR and Movers Above
Notes (Non-OPTEC) Interstate Buses Small Buges Similar) 3500 kg GVWR
SAE J2684 SAE J2684
12 Friction Behavior and Performance Assessment 7 (lséb‘g;gggss) SA:y\?Zr?L;gCAir SAE J26384 (|SSA§;62;¢1;55) SAEyfgil:gcAir
(ISO 26865) (ISO 26865)
SAE J2806, SAEJ2806, SAE J28d6, SAE J2806, SAE J2806,
13 Hill-Hold Test 7 para. 5.6 para. 5.6 para. 5. para. 5.6 para. 5.6
(ECE R90) (ECE R90) (ECE R9D) (ECE R90) (ECE R90)
SAE J2522 SAE J2522
14 Fade Test (conducted concurrently with 7 SAE J2115 Hydraulic SAE J2522 SAE J2115 Hydraulic
Performance Test) (ISO 26865) SAE J2115 Air 1 (ISO 26865) SAE J2115 Air
(ISO 26865) (ISO 26865)
15 Wear and Durability 79 SAE J2806, SAE J2806, SAE J28d6, SAE J2806, SAE J2806,
’ Appendix D Appendix D Appendix|D Appendix D Appendix D
SAE J2707 SAE J2707
SAE J2115 Hydraulic SAE J2115 Hydraulic
16 | Wear Versus Temperature / (1SO 26866) | SAEJ2115Arr | SAEJ2TOFA | 155 26866 Air) | SAE J2115 Air
(ISO 26866 Air) (ISO 26866 Air)
SAE J2806, SAE J2806, SAE J28(6, SAE J2806, SAE J2806,
17 Wet Effectiveness and Performangce (FMVSS 105) 7 para 5.7 para 5.7 para 5.7 para 5.7 para 5.7
(JASO C407) (JASO C407) (JASO C497) (JASO C407) (JASO C407)
NOTES:
1. Certificate of Conformance and/or certified lab feports for all non-OEM parts.
2. Federation of European Manufacturers of Frictijpon Materials, wwwsfemfm.com.
3. Test allows to cut sample to accommodate mag¢hine and fixturing:eapabilities. Does not apply to riveted assemblies.
4. (Reserved)
5. Assessment test to define product variability in|preparation‘for other type of tests or product monitoring.
6. Useful to product monitoring, internal voids, anfl noise propensity evaluation.
7. Requires vehicle-specific parameters.
8. (Reserved)
9. Can include rotor wear measurement as a predictor’'of wheel dust for disc brakes.
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Table C2 - Test plans for disc brake rotor and drum brake assemblies

Medium-Duty
ATPD-2383 Test Plan Heavy-Duty School Buses OTR Non-Automotive
TYPE OF TEST Urban Refuse Urban Delivery Light-Duty Class 5-8 Trucks Trailer Used in
Rotors and Drunis Urban Buses Coach Buses Light Urban Class 8 Combination with
Heavy Medium Straight Delivery Tractor-Trailer Prime Movers
Construction Truck and Vans Rostal (FMCSR and Above 3500 kg
ITEM PHYSICAL AND DIMENSIONAIL PROPERTIES Notes (Non-OPTEC) Interstate Buses Small Buses Similar) GVWR
1 Material identification/certification 1 CoC/Lab Results CoC/Lab Results CoC/Lab Result CoC/Lab Results CoC/Lab Results
2 Visual inspection 2 STM STM STM STM STM
3 Critical dimensions verifications STM STM STM STM STM
4 Hardness on metallic parts (rotor,|drum, shoe,
backing plate) ASTM E10 ASTME10 ASTM E10 ASTM E10 ASTM E10
5 Lateral/radial runout: DTV measufement
(rotor only) STM STM STM ST™M STM
INERTIA-DYNAMOMETER FRIGTION COUPLE
PERFORMANCE, NOISE, AND) DURABILITY
SAE J2522 SAE J2522
- . N SAE J2115 Hydraulic SAE J2115 Hydraulic
6 Friction Behavior and Performance Assessment 7 (ISO 26865) SAE J2115 Air SAE J2522 (SO 26865) SAE J2115 Air
(ISO 26865) (ISO 26865)
SAE J2806, SAE J2806, SAE J2806, SAE J2806, SAE J2806,
7 Hill-Hold Test 7 para. 5.6 para. 5.6 para. 5.6 para. 5.6 para. 5.6
(ECE R90) (ECE R90) (ECE R90) (ECE R90) (ECE R90)
SAE J2522 SAE J2522
8 Fade Test (conducted concurrently with 7 SAE J2115 Hydraulic SAE J2522 SAE J2115 Hydraulic
Performance Test) (ISO 26865) SAE J2115 Air (ISO 26865) SAE J2115 Air
(ISO 26865) (ISO 26865)
9 Wear and Durabilit 79 SAE J2806, SAE J2806, SAE J2806, SAE J2806, SAE J2806,
Y ’ Appendix D Appendix D Appendix D Appendix D Appendix D
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Table C2 - Test plans for disc brake rotor and drum brake assemblies (cont.)

ATPD-2383 Test Plan

Medium-Duty

TYPE OF TEST Heavy-Duty School Buses OTR Non-Automotive
Rotors and Drums Urban Refuse Urban Delivery Light-Duty Class 5-8 Trucks Trailer Used in
Urban Buses Coach Buses | ighf Urban Class 8 Combination with
INERTIA-DYNAMOMETER FRICTION COUPLE Heavy Medium Straight Delivery Tractor-Trailer Prime Movers
ITEM PERFORMANCE, NOISE, AND) DURABILITY Construction Truck and Vans Postal (FMCSR and Above 3500 kg
Notes (Non-OPTEC) Interstate Buses Small'Buses Similar) GVWR
SAE J2707A SAE J2707A
SAE J2115 Hydraulic SAE J2115 Hydraulic
10 | Wear Versus Temperature 7 (ISO 26866) SAE J2115 Air $OE J2707A (ISO 26866 Air) SAE J2115 Air
(ISO 26866 Air) (ISO 26866 Air)
SAE J2806, SAE J2806; SAE J2806, SAE J2806, SAE J2806,
11 Wet Effectiveness and Performange (FMVSS 105) 7 para 5.7 para 5.7 para 5.7 para 5.7 para 5.7
(JASO C407) (JASO €407) (JASO C407) (JASO C407) (JASO C407)
SAE J3080 SAEJ3080 SAE J3080 SAE J3080 SAE J3080
12 Crack and Strength Tests (see 4.25 for 7 SAE J2806, SAE J2806, SAE J2806, SAE J2806, SAE J2806,
“air’ disc brakes) para. 5.9 and para. 5.9 and para. 5.9 and para. 5.9 and para. 5.9 and
Appendix E Appendix E Appendix E Appendix E Appendix E
NOTES:

1. Certificate of Conformance and/or certified lab
2. Federation of European Manufacturers of Fricti
3. (Reserved)

4. (Reserved)

5. (Reserved)

6. (Reserved)

7. Requires vehicle-specific parameters.

8. (Reserved)

9. Can include rotor wear measurement as a pred

reports for all non-OEM parts.
bn Materials, www.femfm.com.

ictor of wheel dust for DBS.
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APPENDIX D - OFF-VEHICLE INERTIA DYNAMOMETER TEST PROCEDURES
FOR PERFORMANCE, WEAR, AND NOISE

(Refer to U.S. Army Top 2-2-608, aka Laurel Mountain and Jennerstown Testing)
D.1 SCOPE

The purpose of this procedure is to evaluate specific components or brake assemblies for braking performance, fade,
endurance, structural integrity, and wear characteristics when subjected to simulation on an inertia dynamometer based on

vehicle test data from a 25-mile stretch of U.S. Route 30 in western Pennsylvania, east of Laurel Mountain.

D.2

PROCEDURE

This procedure wa

s
order to accommodal?(/e a dynamometer test environment. This test procedure can be used for both hydr:

brake systems. Thig
rating categories:
a. Procedures for v

b. Procedures for |

applicable, and dise half the test vehicle weight for the inertia calculation.

the appropriate axle load rating.

ritten from the test data derived from the driving pattern indicated. Some simplitl

test procedure is intended for ground-powered wheeled vehicles, divided \into t

ehicles up to 12000 pounds of GVW.

ehicles above 12001 pounds and below 45000 pounds of GYW.
ehicles above 45001 pounds of GVW.

NSTRUCTIONS

itions

gnated “RA” (see 3.1) will specifically identify the required Test Procedure (see D
X to use for the test.

cedure is written for single- or dual-ended testing:
testing, use the inertia atithe*brake combining static loaded radius and the whee

testing in a front-and:rear configuration, set up the appropriate rear proporn

esting in a leftand-right configuration, use the inertia at the axle combining stat

tartingthe dynamometer, complete a “pretest operator checklist” per internal prod

1ations were made in

ulic and air actuated
hree nominal weight

.4) within this

I-end load rating.

tioning valve, when

¢ loaded radius and

edures.

|| phases of this procedure, any unusual performance characteristics such as nois

e or sparks will be

the “Operator Comments Sheet.”

during the Laurel Mountain and Cross Country sections will be less than 3 mph.

c. Procedures for v
D.3 GENERAL |
D.31 Test Cong
D.3.1.1 The des
appendi
D.3.1.2 This pro
a. For single-ende
b. For dual-ended
c. For dual-ended
D.3.1.3 Before g
D.3.14 During g
noted in
D.3.15
D.3.1.6 _
appropri
D.3.1.7

ate noise analyzer or recorder.

be changed.

Direct cooling air at the brake(s) as needed to ensure efficient operation during the burnish cycle. Cooling air

When appropriate, or directed by the “RA” (see 3.1), measure the noise level and frequency using an

In the event of availability of vehicle test data, and directed by the “RA” (see 3.1), the test cycle may
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ucted in accordance
sed for Methods “B”
system is military or

ections of the test or

5i for air brakes and

e trailing/outer lining,

e maximum tire size

ice, before and after

D.3.2 Setup
a. The brake will be mounted as close to being in service as possible.
b. One thermocouple will be installed in the rotor/drum 0.020 inch below the braking surface. Also, install one thermocouple
0.080 inch below the braking surface on each brake lining as close to the center of the rubbing area as possible.
c. During the test and in real time, record the rotor/drum and pad/lining temperatures, brake torque, air/hydraulic pressure,
speed, and effectiveness/BEF.
d. During the test, record peak noise level and frequency for the 2 to 17 kHz range.
D.3.3 Operation
a. Brake burnishingl;. Unless specified otherwise by the “RA” (see 3.1), brake burnishing will be ¢and
with the requirements of FMVSS 105 or FMVSS 121, as applicable, based on the actual (er 'propd
and “D” only) GYW rating of the targeted vehicle system, regardless of whether the targét'vehicle
commercial. Refer to ATPD-2354, paragraph 5.8.
b. Unless otherwisg specified, the rate of rise (ramp rate) of air pressure will be 240psi/s during all §
2500 psi/s for hyldraulic brakes.
c. Unless pressurg level for 200-pound pedal force is supplied, pressuredimit will be set to 120 p
2500 psi for hydraulic brakes.
d. BT is defined ag the “initial brake temperature” and is the temperature of the outer pad, brake off.
e. The dynamometer will be configured to collect temperature#1*as the inner/leading lining, #2 as th
and #3 as the rofor or drum, as appropriate.
f. Test parameterq will be controlled within 2% of set-point values.
g. Unless otherwisg specified, test inertia should becalculated based on the unladen axle load and t
applicable for th¢ brake being tested.
h. When indicated,| brake will be adjusted following written manufacturer's recommendation. Mouniing bolts and critical
components will|be paint-marked for inspecting movement or loosening during the test.
i. Wear measurements will be made following customer’s instructions or test activity’s internal prac
the test.
j-  Ifthe brake is bglow témperature, perform applications from 40 to 20 mph at 10 ft/s2.
D.4 SPECIFIC INSTRUCTIONS/TEST PROCEDURES
D.41 Brake Burnishing

Refer to ATPD-2383, paragraph 5.8.
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D.4.2 Test Procedure for Vehicles Up to 12000 Pounds of GVWR

Table D1 - Test procedure for vehicles up to 12000 pounds of GVWR

190. Laurel Mountain Fade Snubs

Braking Release
Number of Speed Speed
Stops (mph) (mph) Control Level Cycle Control
18 40 20 8 fi/s? <150 °F first snub. Remaining snubs 14 seconds.
200. Laurel Mountain Hot Stop
Braking Release
Number of Speed Speed
Stops (mph) (mph) Control Level |
1 40 0.5 14.4 ft/s? 28 seconds after last-fade snub.

Pre-Laurel Mountain Inspection

- Weigh test items and companion parts.

- Measure test iten‘Ls and companion parts thickness, with/without backing.

- Take photos of the test items and companion parts.
1000. Laurel Mountain Cross Country Cycle (stops humbers in parentheses)
Braking Release
Number of Speed Speed
Stops (mph) (mph) Control Level Cycle Controj
12 (1-12) 40 20 7.5 ft/s? <150°¢F first snub. Remaining gnubs 19 seconds.
1(13) 40 20 5.5 ft/s? 28 seconds
5 (14-18) 30 20 6.5 ft/s? 28 seconds
2 (19-20) 40 20 5.5 ft/s? 28 seconds
4 (21-24) 40 20 7.5 ft/s? 28 seconds
9 (25-33) 40 20 6.5 ft/s? 28 seconds
10 (34-43) 40 20 6 ft/s? 125 seconds
36 (44-79) 35 25 8 fi/s? 15 seconds
13 (80-92) 40 20 6:5:ft/s? 70 seconds
1(93) 40 0.5 15 ft/s? 70 seconds
10 (94-103) 40 20 6.5 ft/s? 37 seconds
3 (104-106) 40 20 7 fi/s? 37 seconds
6 (107-112) 40 20 6.5 ft/s? 37 seconds
2 (113-114) 40 20 5.8 ft/s? 37 seconds
4 (115-118) 40 20 6.8 ft/s? 37 seconds
1(119) 40 20 5.5 ft/s? 37 seconds

the Post-Laurel Mpuntain_Cycle.

Repeat the Laurel|Mountain-Cycle for a total of four times; one Cross Country Cycle. Then pe

form

Post-Laurel Mountain Cycle

1500. Post-Laurel|Molintain Cross Country Cycle Effectiveness (20 mph)

—Release
Number of Speed Speed
Stops (mph) (mph) Control Level Cycle Control

1 20 0.5 200 psi-hydraulic <150 °F
20 psi-air

1 20 0.5 400 psi-hydraulic <150 °F
40 psi-air

1 20 0.5 600 psi-hydraulic <150 °F
60 psi-air

1 20 0.5 800 psi-hydraulic <150 °F
80 psi-air

1 20 0.5 1000 psi-hydraulic <150 °F
100 psi-air

1 20 0.5 1200 psi-hydraulic <150 °F
120 psi-air
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1 20 0.5 1400 psi-hydraulic <150 °F
1 20 0.5 1600 psi-hydraulic <150 °F
1 20 0.5 1800 psi-hydraulic <150 °F
1 20 0.5 2000 psi-hydraulic <150 °F
1600. Post-Laurel Mountain Cross Country Cycle Effectiveness (40 mph)
Braking Release
Number of Speed Speed
Stops (mph) (mph) Control Level Cycle Control
1 40 0.5 200 psi-hydraulic <150 °F
20 psi-air
1 40 0.5 400 psi-hydraulic <150 °F
40 psi-air
1 40 0.5 600 psi-hydraulic <150 °F
60 psi-air
1 40 0.5 800 psi-hydraulic <150,°F
80 psi-air
1 40 0.5 1000 psi-hydraulic <150 °F
100 psi-air
1 40 0.5 1200 psi-hydraulic £150 °F
120 psi-air
1 40 0.5 1400 psi-hydraulic <150 °F
1 40 0.5 1600 psi-hydraulic <150 °F
1 40 0.5 1800 psi-hydraulic <150 °F
1 40 0.5 2000 psi-hydraulic <150 °F
1700. Post-Cross Country Cycle Fade Snubs
Braking Release
Number of Speed Speed
Stops (mph) (mph) Control Level Cycle Controj
18 40 20 8 ft/s? <150 °F first snub. Remaining gnubs 14 seconds.
1800. Post-Laurel|[Mountain Fade Hot Stop
Braking Release
Number of Speed Speed
Stops (mph) (mph) Control Level Cycle Contro}
1 40 0.5 14.4 ft/s? 28 seconds after last fade snub.

Post-Laurel Moun

kain Cycle Inspection

- Measure test ite

- Take photos of t

- Weigh test items and companion parts-

s and companion paris‘thickness, with/without backing.
h

test items and.companion parts.

Repeat the Laurel{Mountain €ross Country Cycle two more times, for a total of three Cross Country Cycles.

Test is complete.
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D.4.3 Test Procedures for Vehicles Above 12001 Pounds and Below 45000 Pounds of GVWR

Table D2 - Test procedures for vehicles above 12001 pounds
and below 45000 pounds of GVWR

190. Laurel Mountain Fade Snubs

Braking Release
Number of Speed Speed
Stops (mph) (mph) Control Level Cycle Control
30 30 25 8 ft/s® <150 °F first snub. Remaining snubs 14 seconds.
200. Laurel Mountain Hot Stop
Braking Release
Number of Speed Speed
Stops mph) (mph) Control Level Cycle Contro
1 40 0.5 14.4 ft/s? 28 seconds after lastfgde snub.
Pre-Laurel Mountain Inspection
- Measure test iten‘Ls and companion parts thickness, with/without backing.
- Weigh test items and companion parts.
- Take photos of the test items and companion parts.
1000. Laurel Mountain Cross Country Cycle (stops humbers in parenthesis)
3 (1-3) 35 30 7.5 ft/s? <150 °F first'snub. Remaining shubs 19 seconds.
3 (4-6) 35 30 5.5 ft/s? 28 seconds
10 (7-16) 30 25 6.5 ft/s? 28 seconds
6 (17-22) 35 30 5.5 ft/s? 28 seconds
12 (23-34) 30 25 7.5 ft/s? 28 seconds
4 (35-38) 35 30 6.5 ft/s? 28 seconds
20 (39-58) 30 25 6.5 ft/s? 28 seconds
12 (59-70) 35 30 6 ft/s? 125 seconds
45 (71-115) 30 25 8 ft/s? 15 seconds
16 (116-131) 35 30 6.5 ft/s? 70 seconds
1(132) 40 0.5 15ft/s? 70 seconds
20 (133-152) 30 25 6.5 ft/s? 37 seconds
6 (153-158) 35 30 7 ft/s? 37 seconds
5 (176-180) 35 30 5.8 ft/s? 37 seconds
10 (181-190) 30 25 6.8 ft/s? 37 seconds
3 (191-193) 35 30 5.5 ft/s? 37 seconds

Repeat the Laurel{Mountain Cycle for‘a total of four times; one Cross Country Cycle. Then pefform
the Post-Laurel Mpuntain Cycle!

Post-Laurel Mountain Cycle

1500. Post-Laurel|[Mountain Cross Country Cycle Effectiveness (20 mph)

Braking Release
Number of Speed Speed
Stops mph) (mph) Control Level Cycle Contro

1 20 0.5 200 psi-hydraulic <150 °F
20 psi-air

1 20 0.5 400 psi-hydraulic <150 °F
40 psi-air

1 20 0.5 600 psi-hydraulic <150 °F
60 psi-air

1 20 0.5 800 psi-hydraulic <150 °F
80 psi-air

1 20 0.5 1000 psi-hydraulic <150 °F
100 psi-air

1 20 0.5 1200 psi-hydraulic <150 °F
120 psi-air



https://saenorm.com/api/?name=7ab5c0671f4dedcb581d2ce78adec939

SAE INTERNATIONAL J2806™ OCT2024 Page 40 of 52

1 20 0.5 1400 psi-hydraulic <150 °F
1 20 0.5 1600 psi-hydraulic <150 °F
1 20 0.5 1800 psi-hydraulic <150 °F
1 20 0.5 2000 psi-hydraulic <150 °F
1600. Post-Laurel Mountain Cross Country Cycle Effectiveness (40 mph)
Braking Release
Number of Speed Speed
Stops (mph) (mph) Control Level Cycle Control
1 40 0.5 200 psi-hydraulic <150 °F
20 psi-air
1 40 0.5 400 psi-hydraulic <150 °F
40 psi-air
1 40 0.5 600 psi-hydraulic <150 °F
60 psi-air
1 40 0.5 800 psi-hydraulic <150.°F
80 psi-air
1 40 0.5 1000 psi-hydraulic £a0 °F
100 psi-air
1 40 0.5 1200 psi-hydraulic <150 °F
120 psi-air
1 40 0.5 1400 psi-hydraulic <150 °F
1 40 0.5 1600 psi-hydraulic <150 °F
1 40 0.5 1800 psi-hydraulic <150 °F
1 40 0.5 2000 psi-hydraulic <150 °F
1700. Post-Cross Country Cycle Fade Snubs
Braking Release
Number of Speed Speed
Stops mph) (mph) Control Level Cycle Contro
30 30 25 8 ft/s? <150 °F first snub. Remaining shubs 14 seconds.
1800. Post-Laurel|[Mountain Fade Hot Stop
Braking Release
Number of Speed Speed
Stops mph) (mph) Control Level Cycle Contro
1 40 0.5 14.4 ft/s® 28 seconds after last fgde snub.
Post-Laurel Mountain Cycle Inspection
- Measure test iterrEs and companion parts‘thickness, with/without backing.
- Weigh test items and companion parts-
- Take photos of the test items and.companion parts.
Repeat the Laurel{Mountain €ross Country Cycle two more times, for a total of three Cross Country Cycles.
Test is complete.
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D44 Test Procedures for Vehicles Above 45001 Pounds of GVWR

Table D3 - Test procedures for vehicles above 45001 pounds of GVWR

180. Laurel Mountain Fade Snubs

Braking Release
Number of Speed Speed
Stops (mph) (mph) Control Level Cycle Control
25 30 25 8 ft/s? <150 °F first snub. Remaining snubs 14 seconds.
190. Laurel Mountain Hot Stop
Braking Release
Number of Speed Speed
Stops mph) (mph) Control Level Cycle Control
1 35 0.5 11 ft/s? 28 seconds after lastfgde snub.

Pre-Laurel Mountain Inspection

- Measure test iten‘l;s and companion parts thickness, with/without backing.
- Weigh test items and companion parts.

- Take photos of the test items and companion parts.
1000. Laurel Mountain Cross Country Cycle (stops nhumbers in parenthesis)
Braking Release
Number of Bpeed Speed

Stops mph) (mph) Control Level Cycle Contro

3 (1-3) 35 30 7.5 ft/s? <150-E first snub. Remaining shubs 19 seconds.
3 (4-6) 35 30 5.5 ft/s? 28 seconds
6 (7-12) 30 25 6.5 ft/s? 28 seconds
4 (13-16) 35 30 5.5 ft/s? 28 seconds
6 (17-22) 30 25 7.5 ft/s? 28 seconds
3 (23-25) 35 30 6.5 ft/s? 28 seconds
13 (26-38) 30 25 6.5 ft/s? 28 seconds
6 (39-44) 35 30 6 ft/s? 125 seconds
10 (45-54) 30 25 8ft/s? 15 seconds
10 (55-64) 35 30 6.5 ft/s? 70 seconds
1(65) 40 0.5 10 ft/s? 70 seconds
13 (66-78) 30 25 6.5 ft/s? 37 seconds
4 (79-82) 35 30 7 ft/s? 37 seconds
11 (83-93) 30 25 6.5 ft/s? 37 seconds
2 (94-95) 35 30 5.8 ft/s? 37 seconds
7 (96-102) 30 25 6.8 ft/s? 37 seconds
2 (103-104) 35 30 5.5 ft/s? 37 seconds

the Post-Laurel Mpuntain.Cycle.

Repeat the Laurel{Mountain Cycle for a total of four times; one Cross Country Cycle. Then pe

form

Post-Laurel Mountain:Cycle

1500. Post-Laurel[Mountain Cross Country Cycle Effectiveness (20 mph)

Braking Release
Number of Speed Speed
Stops (mph) (mph) Control Level Cycle Control

1 20 0.5 200 psi-hydraulic <150 °F
20 psi-air

1 20 0.5 400 psi-hydraulic <150 °F
40 psi-air

1 20 0.5 600 psi-hydraulic <150 °F
60 psi-air

1 20 0.5 800 psi-hydraulic <150 °F
80 psi-air

1 20 0.5 1000 psi-hydraulic <150 °F
100 psi-air

1 20 0.5 1200 psi-hydraulic <150 °F
120 psi-air
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