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1. SCOPE

This document covers military aircraft wheel and hydraulically actuated brake equipment.

1.1 Purpose

This document provides recommended practices for designing and testing wheels and hydraulically actuated brakes for
use on new designs of military aircraft. Intended users are airframe and military personnel who prepare detail design and

performance specificat

ions. It is not intended to be a procurement document.

information to MIL-W-5013 which has been classified inactive for new design.

2. REFERENCES

This document provides updated

2.1 Applicable Docun
The following publicatio
shall apply. The applicg
event of conflict betw
precedence. Nothing in
has been obtained.

211 SAE Publicatig
Available from SAE In
USA and Canada) or 71

hents

ns form a part of this document to the extent specified herein. The\latest is

sue of SAE publications

ble issue of other publications shall be the issue in effect on the date of th¢ purchase order. In the

ben the text of this document and references cited hereinyythe text d
this document, however, supersedes applicable laws and regulations unle
ns

ernational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Te
P4-776-4970 (outside USA), www.sae.org.

and Brakes, Supplementary Criteria for;Design Endurance Civil Transport
| Sensitive Inflation Pressure Release Devices for Tubeless Aircraft Wheel
nability Recommendations-for-Aircraft Wheels and Brake Design

ement and Modified Brakes and Wheels

ment of Aircraft Wheel Sealing Systems

Fitting End,\nternal, Straight Thread, Design Standard

ic Systems, Aircraft, Design and Installation Requirements for

f this document takes
ss a specific exemption

. 877-606-7323 (inside

Aircraft

172}

p to/Landing Gear System Integration

ARP597 Wheels
AS707 Thermg
ARP813 Mainta
ARP1619 Replac
ARP5146 Assess
AS5202 Port or
AS5440 Hydrau
AIR5451 A Guid
ARP5481 Recom
ARP5600

AS8860

AS25427

AS28775

AMS2175

mended Wheel Tie Bolt Preload Procedure

Disposition of Damaged Wheels Involved in Accidents/Incidents

Coupling Assembly, Hydraulic, Self-Sealing, Quick Disconnect
Packing, Preformed, Hydraulic, +275°F (O-Ring)

Castings, Classification and Inspection of

Landing Gear Structural Requirements as Listed in the MIL-886X Series of Specifications
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2.1.2 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 E 1417 Standard Practice for Liquid Penetrant Testing
ASTM E 1444 Standard Practice for Magnetic Particle Testing
21.3 U.S. Government Publications

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094,
http://assist.daps.dla.migeicksearehi-

JSSG-226 Airgraft Structures, General Specification

MIL-A-8625 Angdic Coatings for Aluminum and Aluminum Alloys
MIL-HDBK-275 Lubricants Fluids and Compounds for use in Flight Vehicles and*Components, Selection Guide
MIL-HDBK-838 Lubprication of Military Equipment

MIL-P-83461 Pag¢king, Preformed, Petroleum Hydraulic Fluid Resistant Improved Performance at 275°F (135° C)
forjuse in Boss Fittings, Sizes and Tolerances

MIL-PRF-23377 Primer Coatings; Epoxy, High-Solids

MIL-PRF-85285 Coating, Polyurethane, Aircraft and Support Equipment

MIL-W-5013 Wheel and Brake Assemblies, Aircraft, General Specification (for Reference |Only - Inactive for New
Degign)

MS27436 Cabple Configuration, Greunding Aircraft

MS27611 Valve, Hydraulic Bleeder, Aircraft Wheel Brake

2.2 Definitions

2.2.1 Design Drawings

The terms “specification_cantrol drawing” or “applicable design drawing” used in this document mkan the design drawing

prepared by and available from the procuring activity.

2.2.2 Normal Operating Pressure

The term “normal operating pressure” means the brake hydraulic pressure required to produce an aircraft deceleration in
accordance with the procurement document, as determined by the average of the distance averaged pressure
measurements in landplane landing design gross weight tests specified in 4.2.7.

2.2.3 Normal Parking Pressure

The term “normal parking pressure” means the brake hydraulic pressure required to lock the wheel at the rated static load
specified for the wheel.
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2.2.4 Maximum Operating Pressure

The term “maximum operating pressure(s)” means the maximum brake hydraulic pressure(s) supplied at the brake under

design conditions.

2.25  Weights and Speeds

The weight conditions specified in Table 3 and related speeds should be used to establish design values. When the
procurement document specifies more severe conditions these should be used instead. For speeds the values in Table 1

should be used:

TABLE 1- WEIGHT AND SPEED CONDITIONS

where:

V5 - Standard day 3
LPLGW = Landplan
MLGW = Maximum

MWLO = Rational n

Condition Brakes on Speed | Aircraft Weight

Normal Landing 0.9V, LPLGW
Maximum Landing 0.9V, MLGW
Rejected Takeoff (RTO) 1.0 MWLO MTOGW
Worn Brake RTO 1.0 MWLO MTOGW
Rapid Turnaround (if required)

Landing 0.9V, LPLGW
Taxi-In * LPLGW
Taxi-Out * MTOGW
RTO 1.0 MWLO MTOGW

pproach speed for related weight
e landing gross weight

landing gross weight

MTOGW - Maximum takeoff grosstweight

* = Brake energy
number of anticipat|

bd stops-during the taxi phase

2.2.6 Loads

hain wheel lift off speed'at sea level standard day or a specified by the prod

s the total amount of braking required to oppose the idle thrust over th

uring activity

b taxi distance and the

For the purpose of load testing, the following definitions will apply:

a. Limit Load: The maximum load anticipated during all normal conditions of operation as determined by the
procurement activity. It should be not less than the load determined by using AS8860 specification, JSSG-2006, or as
defined in the aircraft detail specification.

b. Yield Load: 1.15 times the limit load.

c. Design Ultimate Load: 1.5 times the limit load.

d. Design landing loads will be as determined by the procurement activity in accordance with the load conditions of

AS8860.
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3.

REQUIREMENTS

The wheel and brake should fulfill all the regulatory and/or any airframe manufacturer's design requirements that are
considered applicable to the aircraft being designed.

3.1

3.1.1

Drawings

Design Proposal Drawings

Design proposal drawings prepared by the wheel and brake manufacturer should include the following:

a. Reference to the applicable specification.

b. End-view and cross-sectional drawing including definition of the rim flange, brake and wheel mounting, hydraulic
interface data, and pnvelope definition.

c. Material, principal manufacturing process, and finish definition for all major components.

d. Wheel static and dynamic loading conditions, brake energy definitions, separate*and combingd maximum weights for
the wheel and brake assemblies.

e. Brake design parameters, including:

1. Heat sink masg and definition of heat sink components, new and fully-worn
2. Swept area
3. Mean radius
4. Piston area
f. Brake performance|predictions, including:
1. Pressure-volunje curve defining the pressure to begin brake piston movement
2.

Pressure to cayse disk contact

3. Brake release gressure‘(brake rotors are free to rotate)

4. Maximum systg@m-pressure as prescribed by the procuring activity to provide full flow to al

speed brakes, etc

ow for rudder, spoilers,

g. Other technical information required communicating the design

3.1.2 Interface Drawings

Interface drawings should be developed and approved by the procuring activity that define the applicable interfaces with
tolerances for the wheels and brakes. This should include but not limited to all interfaces with the axle, landing gear,
hydraulic system, hub cap, brake temperature or tire pressure monitoring system as applicable. Component or assembly
interface drawings suitable for alternate source procurement should be the subject of separate contract by specific
request.
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3.2 Materials

Unless otherwise specified in the procurement specification, the following materials are commonly used for the major

components:

a.
wheel halves and b

3.3

rake housings

Protective Treatment

Aluminum components: Forged aluminum alloys of 2040-T6, 7050-T74, 2014-T6 or 2014-T61 are suitable alloys for

Unless otherwise specified in the procurement specification, aluminum alloy should be anodized in accordance with MIL-

A-8625, Type Il or Il al

| over after cold working.

In addition, all exterior

85285 urethane topcoat.

3.4 Detail Design Re

3.41 Wheel Design

Wheel design should m

3.4.1.1 Tie Bolts
Wheel tie bolts, wherg
washers are used, they
thread lubricant and tig
per 3.4.3.5.1.

3.4.1.2 Demountable
Demountable flange wh
from leaving the wheel
given to protection agai
3.4.1.3 Wheel Fatigu
It is recommended tha

should incorporate rem
aircraft maintenance ph

surfaces should be painted with one coat of MIL-PRF-23377 primer and

juirements
Requirements

eet the specified requirements with all tire part numbers specified by the pr

should be chamfered on both sides. Appropriate MS head form bolts shou
bolt torque procedure (reference ARP5481) should be specified with ap

Flange

eel configuration should-be“designed in a manner that prevents the flange
f a flat tire occurs while.the wheel is rolling up to take off speeds. Design
hst corrosion and fretting.
e

a system-for tracking accumulated wheel usage in service be establish

oval due date and/or tire change counters or an alternative concept th
ilosophy.

two coats of MIL-PRF-

bcuring agency.

used, should be of the through-type with. nuts: no inserts should be permitted. If chamfered

Id be used. Appropriate
propriate substantiation

and its retaining device
tonsideration should be

d. Accordingly, wheels
t is consistent with the

3.4.1.4

Lubricant and Lubricant Retainers

Suitable retainers should be provided to prevent lubricant from reaching the braking surface and to prevent foreign
material from entering the bearings. The retainers should be removable to allow for cleaning and lubrication of the
bearings. Where possible, the wheel bearings should be sealed on a stationary surface. Wheel bearing seals should be
designed to not rub on the stationary or permanent portion of the brake housing or strut. Rubbing surfaces should be
contained to nonstructural parts that are removed from the aircraft during a typical tire change. Applicable requirements of
MIL-HDBK-838 and MIL-HDBK-275 should be observed. A suitable lubricant should be specified.

3.4.1.5 Lubrication Fittings

Wheels should not be fitted with pressure type lubrication fittings except for amphibian and beaching gear applications.
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3.4.1.6 Wheel Valve and Boss

Tubeless tire valves should conform to MS27436. The boss that accommodates the valve should be in accordance with
AS5202.

3.4.1.7 Overinflation Protection Devices

Overinflation protection devices should be provided unless deleted by the procurement specification. Valve boss should
be in accordance with AS5202.

3.4.1.8 Tire Pressure Gages

If used, Integral tire prpssure—gauges—should—corferm—to-MH-G-83046—Fhe-gatgebess—sheudld, be in accordance with

AS5202.
3.4.1.9 Wheel Mating Seals and Grooves

Seals and sealing cavities should be in accordance with proven design. If the design has not heen proven by service
experience of a similar| configuration in a comparable application, the sealing system should be| verified per ARP5146.
Standard MIL-P-83461 seal compounds should be used unless other compounds are shown to be preferred for
performance, operationpl, environmental, reliability, maintainability or cost cofisiderations

3.4.1.10 Static Balance
Wheel halves should b statically balanced with asymmetrical or:nonsymmetrical components installed within the limits

specified in Figure 1 to the nearest whole ounce-inch. Assembly.of the two wheel halves of a splititype wheel assembly in
alternative position or assembly of halves of different wheels should not result in imbalance beyond the specified limits.

//

[y
1]

ury
o

N

Static Unbalance (ounce-inches)

/

0 10 20 30 40 50
Bead Seat Diameter (inches)

FIGURE 1 - ALLOWABLE STATIC IMBALANCE
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3.4.1.11 Braked Wheel Thermal Sensitive Pressure Release Devises (Fuse Plugs)

Braked Wheel Thermal Sensitive Pressure Release Devices (Fuse Plugs): A minimum of three fuse plugs should be
provided and located in the wheel tubewell area approximately equally spaced about the wheel. They should be designed
so that tire pressure will be released prior to tire or wheel failure resulting from temperature induced structural
degradation. The wheel bead ledge temperature should not be permitted to exceed 400 °F (204 °C) without fuse plug
release. The fuse plugs should not release during tests at maximum landing weight (Table 3) (Reference AS707).

3.4.1.12 Wheel Burst Factor
The following wheel burst load factors apply to wheel tests:

TABLE2 - WHEEL BURST FACTORS ——————

Type of Aircraft Factor Times Rated Inflation Pressure
Land Based Aircraft 3.5
Carrier Based Aircraft 4.5
Helicopter 3.0

3.4.2 Brake Design Requirements
3.4.21 Seals and Glands

Piston cylinder design |sealing cavities should be in accordance with proven design. AS28775 seals should be used
unless the performancg, operational, environmental, reliability, maintainability or cost requirement| compliance justifies an
alternative seal geometfy or compound selection. Other configurations of seals may be used with grior approval.

3.4.2.2 Wear Indicatrs

The brake assembly sHould have wear indicators that;are visible during a walk around inspectior). The indicators should
show “go-no go” status [without the need for measUring tools.

3.4.2.3 Automatic Adjusters

Automatic adjusters should be provided te’compensate for brake lining wear where needed. Brake assemblies should be
designed for the most pgractical protettion of the brake adjusters.

3.4.2.4 Cylinder Liners

5 are used, the surface

Brakes should be designed(with replaceable cylinder liners. If aluminum pistons or cylinder liner|
i i i pctive coating approved

wiped by dynamic seal =A-
by the procuring activity. Helicopters are frequently waived of this requirement.

3.4.2.5 Inlet and Bleeder Fittings

Brake inlet fittings, threads, and bosses should be in accordance with AS5440. Brake bleeder valves should conform
dimensionally to MS27611 and be installed in a boss, inlet fitting, or attaching bolt machined in accordance with AS5202.
A threaded steel insert should be provided for inlet bosses in nonferrous brake housings. All fittings should be safetied or
suitably locked. Self-sealing couplings, if required by the procurement specification, should conform to AS25427. As an
option, self-sealing, quick-disconnect assemblies may be provided to enable brake assemblies to be bled in the shop
rather than on the aircraft, if appropriate to the aircraft maintenance philosophy.

3.4.2.6 Brake Operating Pressure and Release
The brake should be compatible with the full range of operating pressures provided by the aircraft. The brake return

mechanism should fully release to the design travel at a pressure not less than 110% of the maximum steady state
backpressure imposed on the brake.
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3.4.2.7 Operating Media

The brakes should be compatible with the operating media as defined in the procurement specification for the applicable
aircraft.

3.4.2.8 Piston Stops

Piston stops that limit piston travel should be provided to prevent venting of hydraulic fluid upon heat sink failure or
operation beyond the normal removal condition. The piston stops should allow sufficient piston travel to permit a
maximum design gross weight rejected takeoff at the 100% worn brake condition with the maximum operating hydraulic
pressure applied. The stops should be designed for 1.5 times the maximum operating pressure without the brake discs
installed.

3.4.3 Detail Design Requirements - General
The configuration should be compatible with the total aircraft performance, maintenance,\and operational environment.
Wheel-brake assembligs should be designed to tolerate external loads and braking agtion that may be associated with
proper performance during brake application while the aircraft is steered through, ajturn. Wheel and brake assemblies
should be capable of Use on any mounting position on the aircraft. Brake heat sink removal should not be required for
wheel removal. Standafd fasteners should be used where practical on wheel angd brake assemblies.
3.4.3.1  Assembly and Installation

Wheels and brakes should be designed so that they cannot be improperly assembled or impfoperly installed on the
aircraft.

3.4.3.2 Rework

Sufficient rework mateifial should be provided to allow tework and repair of the base material in[areas such as bearing
bores, wheel tie bolt bosses, and brake attachment bushings that have been historically troublesome.

3.4.3.3  Special Tools

Special or unusual todls and equipment Should not be required for installation, removal, or ngrmal maintenance and
inspection of the wheel$ and brakes unless authorized by the procurement activity.

3.4.3.4 Maintainability
ARP813 should be usedl as a’design guide.

3.4.3.5 Identification of Product

All markings should be legible. Where procurement activity requirements exist for unique identification, the product should
be marked accordingly.

3.4.3.5.1  Wheel Marking

Wheels should be marked with the following information using integral lettering. Nameplates should be used only when
specifically approved.

a. Size

b. Serial number on both wheel halves, on demountable flange and wheel body, or, in the case of other designs, on
similar major wheel parts

c. Manufacturer's name and/or code and part number
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d. Date of manufacture (month and year, which may be combined with the serial number)

e. All wheels should carry a warning note to require deflation of the tire before loosening of the tie bolts or removing the
lock ring retention devices.

f. Tie-bolt type wheels should carry a suitable note to clearly describe the lubrication method and to torque tie bolts per
applicable maintenance manual (reference ARP5481).

3.4.3.5.2 Brake Marking

Brakes should be marked with the following information. Stamping or integral lettering is preferred. If nameplates are
required, details should be submitted with the drawings of 3.1.1.

a. Manufacturer's nanle and part number

b. Date of manufacturg (month and year, which may be combined with the serial number)
c. Serial number
d. Fluid type
3.4.3.5.3  Location offMarking

The part number should be located to be readable after assembly of the part in the complete unit.
3.4.3.5.4 Part and Sybassembly Marking

Each part and subassgmbly, except the following, should~be marked with the appropriate paft or subassembly part
numbers:

a. Components that [are permanently assembled by welding, brazing, soldering, or riveting should carry the
subassembly part qumber.

b. Components that dp not have suitable(orsufficient surface for the part number.
c. Components whergd marking would\impair the function or structural integrity.
3.4.3.5.5 Type of Marking

Marking should be such) that'they will not be obliterated or defaced as a result of service usage.

3.4.4 Interface Definition for Wheel and Brake Detail Design

The wheel and brake detail specification provided by the procurement activity should define the following interface
information together with a statement of the basis for the information, whether analytical, test, or estimated.
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3441 Tires

The following tire data should be provided:

a.

b.

. Aspect ratio

Size designation

Tire construction (Bias or Radial)

Ply rating

Speed rating

Load rating

Dynamic load
Rated inflation pres
Load deflection cur

Weight (nominal an|

sure
es (rated deflection)

d maximum)

Minimum and Maximum Tire dimensions:

1. Grown Section

2. Grown Outside

3. Grown Shoulds

4. Grown Shouldsg

Static loaded radiug.

Flat tire radius

Polar moment of in

Width

Diameter

r Width

r Diameter

priia

Vertical, lateral, and

fare and aft anring rates aver the full range of nlnpm‘rinnq

Approximate bottoming load

Tread skid depth

Wheel dimensions:

1. Bead ledge width (minimum)

2. Wheel rim size

3. Width between flanges

4. Bead ledge diameter

5. Flange height
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3.4.4.2 Shock Strut- Axle

The following related shock strut-axle information should be provided in a format that will support compatible wheel and
brake design:

a. Dimensions
b. Material
c. Finish

d. Load distribution into the axle attachment

e. Deflection with load
f. Fore and aft spring|rates
g. Damping
h. Temperature limitations

I. Axle centerline attitide relative to ground line
j.  Strength limits
k. Torsional spring rate
3.44.3 Hydraulics
The aircraft hydraulic information should be provided a@s follows:

a. Hydraulic fluid desdription and temperature limitations

b. Normal and maximym steady state back)pressure

c. Hydraulic fitting callout

d. Definition of requirgments for braking at gear retraction, if used

e. Maximum fluid dispJacement

f.  Maximum pressure rate of application
g. Spike surge definition

h. Parking brake pressure (maximum and minimum)
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3444

Skid Control System

The following information should be provided, when available:

Wheel speed transducer interface dimensions

Wheel speed transdlucer drive interface requirements

a.

b. Envelope and mounting information
c. Temperature limitations

d. Dynamic pressure ramp rates

e. Concentricity of drive-meehanism

f.

3.4.4.5 Aircraft General

The following general i
a. Wheel well tempers
b. Orientation on aircr
c. Critical g loads duri
d. Maximum allowable
3.5 Capability Requir
3.51 Performance
The wheels and brakes
3.5.2  Reliability
Satisfactory completion

3.5.3 Maintainability|

formation should be provided:

ture profile

bt gear up and gear down

ng all phases of the operational environment
dimensional envelope

ements

should satisfy the test.requirements specified in Section 4.

of all applicable tests in Section 4 should constitute demonstration of comp

ARP813 should be u

sed” as _a dpqign gnidn The mqnimmnn‘re should _be consistent with

requirements. Quantitative task allotments should be identified.

liance.

the system program
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3.5.4 Braking Capacity

The brake energy absorption capacity of the installed wheel and brake assembly should be defined in the detailed
specification and should consider all aspects of the aircraft detail specification and anticipated realistic operational
requirements. It is recommended that the design service life and the design usage be based on the mission requirements
with due consideration of the following factors:

a. Total number of flights

b. Total number and type of landings

c. Total service years

d. Mission mix or numper of flights of each mission

e. Any other special requirements, such as functional check flights, ground maintenancejoperatignal checks, etc.
f. Special operations,|such as quick turnaround

Unless otherwise speci
3 and 4. Separate heat

Testing to Table 3 is i
safety of flight. Table 4
actual service.

3.54.1 Landing and
The design brake ene
approved by the procur

landplane landing, ma
associated with the effe

ied, the brake should be designed to provide the numbér of dynamometer
sinks are used for Table 3 and Table 4 testing.

htended to cover capacity requirements, principally for sizing and perfor
is intended to represent durability requirements under realistic average

Takeoff Brake Capacity Analysis

rgy should be the result of a rational aircraft and aircraft operational g
ement activity. For the analysis;‘the following criteria should apply unless §
imum landing and rejected\takeoff conditions, the brakes should be af
ctively available dry concrete tire-friction level. The ground velocity of brak

as defined in paragraph 2.3.5. The service energy condition should be defined from the average

landing rollout, and b
maximum takeoff weigh
3.5.4.2 Operational E

An aircraft operationa
performed. The results|

ts should be as defined in AS8860 or JSSG-2006.
nergy Analysis

energy- analysis that considers the total operational environment of
of the”analysis should be approved by the procurement activity and ref

program.

stops defined in Tables

mance limits, including
operating conditions in

nalysis and should be
tated otherwise: On the
plied to a torque level
e application should be
service landing weight,

aking techniques (anticipated for the aircraft. The landplane landing, maximum landing, and

the aircraft should be
ected in the brake test

3.5.4.21

Turnaround Capacity

If a mission turnaround requirement is placed upon the total aircraft system, a special brake dynamic torque test
sequence demonstrating the required capability should be conducted. The test sequence should be subject to the
approval of the government procurement activity.
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TABLE 3 - WHEEL BRAKE CAPACITY REQUIREMENTS

Average Rate of Energy Credit ®
No. of Deceleration * Aircraft Weight Reversed Propeller Energy Credit B
Type of Aircraft Dynamometer Stops ft/s? (m/s?) Condition or Engine Thrust Drag Parachute
1. Rotary Wing 20 6 (1.8) Basic Design Not Applicable Not Applicable
Gross
1 8.8 (2.7) Maximum No No
Landing Gross
2. Research and As Specified By The As Specified By As Specified By | As Specified By The As Specified By
Other Types Not Procurement Activity The Procurement | The Procurement | Procurement Activity | The Procurement
Listed Activity Activity Activity
3. Land and
Carrier Based:
Fixed Wing 30° 10 (3.0) Landplane Yes " Yes®
(Including USAF Landing Design
Safety of Flight) Gross
3° 10 (3.0) Maximum No Yes”
Landing Gross
17 10 (3.0) Maximum No No
Landing Gross ®
17 10 (3.0) Maximum No No
Takeoff Gross ©
Fixed Wing 100 10 (3.0)® Landing Design No Yes
(USAF) Gross
5 10 (3.0) ° Maximum No Yes
bkanding Gross
1 (new Brake) 10 (3.0) ® Maximum No No
Takeoff Gross
1 (Fully Worn Brake) 10 (3.0)° Maximum No No
Takeoff Gross
Navy Tactical 45 10 (3.0)° Landing Design No Yes
(Navy) Gross
5 10°(3.0) © Maximum No Yes
Landing Gross
1 (new Brake) 10 (3.0) ® Maximum No No
Takeoff Gross
1 (Worn Brake) 10 (3.0) ° Maximum No No
Takeoff Gross
Flag Notes:
A Aircraft deceleration gnd dynamometer deceleration should be consistent with the approved brake energy analysis.
B  The amount of energy credit'should be approved by the procurement activity in each instance.
C The 30-3 dynamic torque-sequence-sheould-be-conducted-with-3-sequences-of-40-landplane-tanding-design gross weight (normal

energy) stops followed by one maximum landing gross weight (overload energy) stop.

D If used in standard la

nding procedure.

E  Whichever condition (Maximum Landing Gross or Maximum Takeoff Gross) is the more critical should be tested. Fire if present

during and following the RTO should not exceed the height of the tire.

F A new heat sink should be used for the RTO stop. For steel and carbon brake designs, the brake may be conditioned prior to the
RTO demonstration by three 50% landplane landing design energy break-in stops (30 stop).

G Stop distance or lower deceleration may be used in accordance with aircraft performance requirements and as approved by

procurement agency.
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General Notes:
1. The calculations for Table 3 capacity requirements should represent the worst situation as they affect overall sizing of the brakes.

2.  Maximum operating pressure should be applied to the brake assembly and released prior to each of the 30-3-1 and 45-5-1/100-5-1
stop demonstrations.

3. Success criteria:
a. 30-3 and 45-5/100-5 Sequence:
(1) KE absorption

(2) Torque pressure relationship met
(3) No failed parts permitted

(4) No malfunctions

(5) No lining fusing

(6) Fuse plugs must not release

(7) Thermal limifs met

(8) Deceleration achieved
b. RTO Test:

(1) KE absorptid
Stop distanc

=

w

)
) Brake torqudg pressure relationship met
(4) No malfunctipning
) Fuse plug rejease, if temperature limits are exceeded
) Thermal limifs met as applicable
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TABLE 4 - WHEEL BRAKE FIELD SERVICE LIFE SPECTRUM

Applicable to all land and carrier based type aircraft listed on Line 3 of Table 3. All conditions should represent the average expected
operational aircraft in service.

Brake Stop Description

Typical Field
Service Landing

Short Field Landing

Overweight Landing c

Aborted Mission

Kinetic Energy- ft-Ib (J)

Deceleration- ft/s” (m/s®)

Tire Load - Ib (N)

Brake-On Velocity (kts)

Flywheel Inertia
Equivalent - Ib (N)

Taxi Distance at
30 knots — ft (m)

16 000 (5000) before
and after stop

6000 (1829)
before and after stop

16 000 (5000)
before and after(stop

6000 (1829)
before stop

Number of 30 knot

2 before and after stop

2 before and after stop

2 before and after stop

stops during taxi
(one of which is to be
at maximum effort)

2 before stop

Number of stops and 5 - 1 -
sequences of stops 5 1 - -
at each condition 20 1 - -
(read left to right and 60 - 3 -
top to bottom) 54 - 1 -
5 - - 1°
TOTAL 100 2 5 1
Flag Notes:

A The wear data obtain

members and/or linings should be machined to their respective-fully worn thickness for the final 12-stop d

B The worn brake RTO
and to demonstrate t
below.

C Maximum energy lang

General Notes:

1. For Table 4 the analy
Testing may be accor

2. The brake energy af
Cooling air of 30 knot

3. Wear data achieved,
4. Maximum operating p

bd should be used to support a calculation @f the safe removal point in aircraft serv

stop is conducted to determine the ‘aborted mission energy capacity and stopping
he ability of the brake to completeran aborted mission stop to reasonable condit

ing.

sis should be based jon the realistic average conditions that are expected during
hplished using ashaft dynamometer for all sequences.

sorbed during).taxi should be consistent with the operational environment defing
5 may be used-during all taxis. Taxi snubs during rolling may be specified if applicab

bs testing-proceeds should be extrapolated to judge the conformity of performance t
ressure/Should be applied to the brake assembly and released prior to each of the 1

ce. The stack of heat sink
Emonstration.

distance of a worn brake
ons. See General Note 1

service use of the aircraft.

d for the specific aircraft.
le to the aircraft system.

b the design goal.
08 stop demonstrations

5. Success criteria:

Torque pressure

No failed parts
No binding

S@ "0 a0 oo

Wear within limits
No detrimental brake drag
No detrimental component distortion

relationship met

Thermal limits met as applicable

No malfunctioning
Stop distance achieved
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3.54.3

Additional Testing

During the development program, consideration should be given to conducting special tests to characterize performance
to the following operating limits:

Hot brake parking - kinetic energy limit, if any, below Table 3 overload energy at which parking pressure is applied

following the stop for a period of 1-hour without seal leakage or other degradation that would limit the brake from

| integrity or metal creep after heat exposure and parking

Fuse plug release and energy limits

a.
continued use.

b. Structural functiona

c.

d. Dynamic compatibi

e. Dynamic compatibi

3.5.5 Wheel Capaci

The load capacity of e
wheel will be subjected
dynamic rating equivalg
braking. In cases wher|
wheel capacity should
The procurement activ
dynamic conditions.

3.5.6  Compatibility
Wheel and brake asser

and brake assembly wi
levels with the brakes

ity with support structure

ity with antiskid control system

Yy

Ach landing wheel on an aircraft should be equal to of.greater than the
to the maximum towing or taxiing design gross weight of the aircraft. Nos
nt to the actual maximum dynamic load for the condition of load shifting on
b auxiliary wheels do not normally support structural loads (as in wingtip
be determined by the procurement activity, based on appropriate dynam
ty should provide loading spectrum for the~main and auxiliary wheels

Requirements

nblies should be subjected to taboratory tests for the purpose of proving cq
th the airplane brake system."Dynamometer stops should be performed af

pctuated by a system that-simulates a pilot's commands through the airf

including any skid confrol provisions if they. are "available for testing and only if demanded by f{
torque requirement anplysis that considersywet and dry brake static and dynamic torque req
assembly during the expected operational aircraft environment should be performed. The results
produce the brake pregsure torque requirements definition in the procurement specification and s
during qualification testing.

These compatibility tes{s should.be designed to accumulate evidence that:

The overall brake slystem has characteristics that permit the pilot to safely control the airplane'

maximum load that the
e wheels should carry a
to the nose gear during
protection wheels), the
ic loading calculations.
based upon static and

mpatibility of the wheel
normal braking energy
blane's braking system,
he procuring activity. A
lirements of the brake
of the analysis should
hould be demonstrated

5 velocity during ground

The individual system components function as required to achieve overall system performance.

The durability or structural integrity on any individual brake system component is not impaired by operating under

simulated braking conditions and that the system components, including laboratory test axles that simulate the
structural deflection characteristics of the aircraft axle, fit together and function as required.

a.
operations.

b.

c.

3.5.7 Environment

The wheel and brake equipment should be compatible with the intended air vehicle environmental requirements.
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4. QUALITY ASSURANCE PROVISIONS

4.1  Product Verificati

on

Product verification of design and performance requirements may be made by analysis, demonstration, similarity, or by

tests.

411 Stress Analysi

S

The manufacturer should prepare a stress analysis covering the wheel and brake assembly. All static and fatigue loads
should be analyzed and margins of safety noted for critical parts.

4.2 Test Methods

4.2.1 Radial Load T
This test should be per
initial pressure equal
operations). Either air
loading to approximate
should not exceed the

the axle centerline by
nondeflecting surface.

deflections of the whee
tubeless tire mounting

the combined load test
radial load tests are spq
4211 Yield Radial |
The wheel should supq
and 270 degrees, follo
simulation installed. Th
be altered when structt
permanent set increme
degree position) should
the last loading. Therg
interference in any cr
performance of the wh
determined that no inte

pst

formed by applying the radial load to the wheel through a tire of proper s
to the rated inflation pressure (or as specified in the prog¢urement d
br water inflation may be used. If the tire is filled with water; the water sh
the same tire deflection that would result if air inflation were used, an
bressure at maximum tire deflection. The load should-be)applied to the whq
means of an axle passing through the hub. The tire should be loaded
Deflection and permanent set readings should be‘taken at suitable points
rim at the bead seat, and other critical areas identified by structural analyg
Ehould be tested with these mountings unless otherwise specified. If the rg
exceeds the radial load test requirement; then the radial load test may b
cified below.

| oad Test

ort the yield radial load for'10 seconds when applied consecutively at 90
wved by three more load. applications at the 0 degree position with brake
e 0 degree position should be the most critical load contact point. The 90
ral conditions indicate. The successive loadings at the 0 degree position
nts of increasing _magnitude. The permanent set increment caused by th
not exceed 5%-\(or 0.005 inch (0.127 mm) whichever is greater) of the to
should be/no yielding of the wheel that could result in loose bearing
tical clearance areas (as defined by the procuring activity) resulting i
bel and brake assembly. The main wheel shall be tested with the brake
ferepce exists. The bearing cups, cones, and rollers should be used for thi

ze and fit inflated to an
bcument for shipboard
ould be bled off during
l the inflation pressure
el and perpendicular to
directly against a flat,
bn the wheel to indicate
is. Wheels intended for
dial load component of
b omitted. The required

degrees, 180 degrees,
assembly or a suitable
Hegree increments may
should not cause radial
e last loading (at the 0
al deflection caused by

cups, air leakage, or
n damage or impaired
nstalled and it shall be
5 test.

4.2.1.2 Ultimate Rad

al Load Test

The ultimate load should be applied at the 0 degree position of the same wheel on which the yield radial loads were
applied. The wheel should support the ultimate load for 10 seconds after which there should be no cracks in any areas.
The bearing cones may be replaced with conical bushings, but the cups should be used. If desired, a tubeless tire may be
replaced with tire and tube.
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4.2.2 Design Landing Radial Load Test

The load should be applied in the same manner as described in 4.2.1. The load should be supported for not less than
10 seconds, and the resulting permanent set should not produce loose bearing cups, air leakage, interference in critical
running areas (as defined by the procuring activity) resulting in damage or impaired performance of the wheel and brake
assembly. The main wheel shall be tested with the brake installed and it shall be determined that no interference exists.
The tire inflation pressure should be the maximum design operating pressure for the condition being simulated. For Navy
aircraft intended for shipboard use, the wheel should be loaded for this test condition through a 1-5/8 in (41 mm) diameter
cable or steel bar that simulates statically the wheel design landing load plus the load imposed by rolling over or landing
on a 1-5/8 in (41 mm) diameter cable. If a cable is used, the specimen should be at least 3 ft (0.914 m) long with ends
secured to prevent looseness. Unless otherwise specified by the procurement activity, the wheel should be loaded
perpendicular to the axle centerline.

423 Combined Lodd Test

The combined load tes{ should be performed by applying the load to the wheel through a tire:inflated to an initial pressure

equal to the rated inflatlon pressure or the carrier design operating pressure. Air or wateninflation
If the tire is filled with whter, the water should be bled off during loading to approximatesthe same t
result if air inflation were-used, and inflation should not exceed the pressure at-maximum tire
should be applied in bgth inboard and outboard directions on the same wheel and at the groun
determined by the procpirement activity in accordance with applicable specifi€ations. The wheel a
be mounted on an axle |passing through the hub. The tire should be loaded directly against a flat,
that the combined load is as ascertained above. The loads should be _applied simultaneously, ¢
increments of approximately 10% of the specified values. Readings_should be taken at suitable
indicate deflections and permanent sets. The required combined load‘tests are specified below.

For the yield and ultims
the limit load conditions
the wheel rim structure.

te combined load tests, it is permissible;to limit the tire deflection to the de
of vertical and lateral loads by the use of load transfer blocks (saddle tyyg
An alternative, where justifiable,:is.the use of tire inflation exceeding the af
4.2.3.1 Yield Combined Load Test
The wheel should supp
and 270 degrees, follo
simulation installed. Ea
should be the most cr
dictate. The successiv
magnitude. There shol
wheel or past the wheg

prt the components oftthe yield combined load applied consecutively at 90
ved by three morectoad applications at the 0 degrees position with brake
ch load application“should be sustained for a minimum of 10 seconds.
tical load contact point. The 90 degree increments may be altered wh¢
b |oadings at-the 0 degree position should not cause permanent set in

seal 0ot interference in any critical clearance areas (as defined by the pro
in damage or impaired| performance of the wheel and brake assembly. The main wheel shall b
installed and it shall bg determined that no interference exists. The bearing cups, cones, and rol

pressure may be used.
re deflection that would
deflection. Yield loads
d angle and magnitude
hd tire assembly should
ondeflecting surface so
ither continuously or in
points on the wheel to

flection achieved under
e) that bear directly on
porementioned values.

degrees, 180 degrees,
assembly or a suitable
The 0 degree position
en structural conditions
crements of increasing

Id be nolyielding of the wheel that could result in loose bearing cups, air leakage through the

curing activity) resulting
b tested with the brake
ers should be used for

this test. A conventionaftire andtube may be used When testing a tubeless whee onty Whemn it

as been demonstrated

that pressure will be lost due to the inability of the tire bead to remain properly positioned when under load.

4.2.3.2 Wheel-Brake Interference

For wheel assemblies used in conjunction with brakes, the yield load test of 4.2.1.1, 4.2.2, and 4.2.3.1 should be run as
indicated with the brake assembly or a suitable simulation installed, and it should be determined that no interference
exists during the tests by visual confirmation and/or following the tests using an interference marking media.

4.2.3.3 Ultimate Combined Load Test

The ultimate combined load should be applied at the 0 degree position of the same wheel on which the respective yield
combined load tests were performed. The ultimate load should be sustained for a minimum of 10 seconds after which
there should be no cracks in any area. The wheel should be loaded in the most critical direction. The bearing cones may

be replaced with conical bushings, but the cups should be used. Tubeless tire mountings may be replaced with a tire and
tube.
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4.2.4 Burst Test

The burst test load should be applied to the wheel by means of hydrostatic pressure in the tire. A tire and tube may be
used when testing a tubeless tire wheel by adding the necessary valve hole to the test article. Wheels should be tested to
a burst pressure equivalent to the rated tire pressure multiplied by the wheel burst factor specified in Table 2 of this
document. If the burst pressure of the tire is less than the calculated wheel burst pressure, then test to the burst pressure
of the tire. Over-inflation devices may be removed or isolated for the purpose of accomplishing the test.

425 Roll Test

The roll test should consist of a series of landings or a continuous roll of the wheel assembly against a rotating road

wheel. Roll tests should be performed with tires having the same size and ply rating and construction (bias or radial) as
will be installed for aircraft usage Tubeless tires should be used when fneﬁng tubelesswheels. Roll test tire inflation

pressure should be the|
each loading condition,
mileage should be repo
procedures and conditi
with all hardware remo

Thermal Conditioni
other cold-working
temperature-time h
except for the rejec
testing, by simulati
temperatures enco

a.

Stress Measureme
loading condition
qualification test re
the generation of a

A

g

activity. The minim
loads encountered
1. A suitable porti
of 75 miles (12
procuring activ|
maximum desig

Helicopter whe

flat-surface inflation applicable to the loading condition imposed by the
rted in the qualification test report. Roll tests should be performed,in;accor

ed from the structural components.

ntered during the dynamic torque testing, orby a suitable oven heat soak.

port. Any change in the tire supplier construction or ply rating should requi
Suitable comparative stress analysis.

Minimum Roll Distance: The applied loading-conditions and roll distances should be suppl
im requirement should.be 3000 miles (4800 km) [2000 miles (3219 km) fi
bn the aircraft at maximum taxi gross weight.

bn of the roll test-should be conducted at the static rated capacity. A minir
1 km) in eaCh-direction should be conducted with combined radial and sid
ty; normally corresponding to those produced by a 0.25 g turn or 259

n gross.weight.

bls-are not subject to the loading conditions in (1) above unless specified in

the roll test tire inflation pressure should be constant. All tire test pressureg

bns and should not result in cracks or other evidence of failure.cKinal insg

ng: Prior to roll testing, all wheels that have been shot peened, roll burnish
processes should have been subjected to thermal, ¢onditioning equiva
story resulting from brake heat dissipation experienced during the dynan
ted takeoff condition. Thermal conditioning may ‘be accomplished by perf

!

rocurement activity. For
, road wheel sizes, and
Hance with the following
ection should be made

ed, or subjected to any
lent to the cumulative
ic torque tests of 4.2.7
orming dynamic torque

n of the thermal distribution in the wheel using‘a simulated brake heat sifk to produce the same

nt: The stresses in the bead seat or other areas affected by the tire should be measured for each
nd for each test inflation pressure~used. The stress measurements shd

uld be reported in the
e retest of the wheel or

ed by the procurement
or helicopter wheels] at

num combined load roll
e loads provided by the
o of the radial load at

the detail specification.

Instead, helicopter wheels should be rolled 2000 miles (3279 Km) minimum with an app
than the static wheel reaction based on helicopter maximum taxi gross weight.

conditions for this test should be approved by the procurement activity.

the tire inflated to the pressure required for shipboard operation.

preload if the angle torque method applies) should be performed as applicable.

ied radial load not less

Wheels for carrier-based aircraft should be subjected to a roll test that simulates catapult takeoff loads. The

Five percent of the straight roll portion of the roll test for carrier-based aircraft wheels should be conducted with

As part of the roll test, a 50-mile straight roll test at rated load with 90% recommended tie-bolt torque (or 90%
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Extended Roll Test: Upon completion of the minimum roll requirement, the roll test conditions should be repeated

until wheel failure occurs. After the minimum portion of the test has been completed, tie bolt or bearing failure should
not be construed as wheel failure. The roll to failure portion of this test may be concluded prior to failure provided a
total roll test distance of 6000 miles (9656 km) has been obtained on the test wheel. The qualification test report
should be amended to include these data.

combined loads or spectrum tests may be required.

4.2.6

4.2.6.1

Tubeless Wheel Pressure Test

Dynamic Pressure Test

Alternative Tests: When specified by the procurement document, alternative test arrangements that represent

The tubeless tire, whos
straight roll test (4.2.5)
may be used in comput
4.2.7 Dynamic Torq

The dynamic torque teq
in the procurement spe

for 25 miles (40 km) with no pressure drop greater than 5%. Mileage accu
ng the total mileage in the roll test

e Test

ts should be in accordance with the conditions outlined{en the applicable

wheel and brake sholild successfully complete the test sequence defined in Tables 3 and

fundamentally for the
demonstration of field s

Brake wear data from
relates brake life for the

purpose of establishing braking capacity and\performance capability,
brvice life. Success criteria listed on Tables 3 and 4 apply.

each of the landing test conditions should be extrapolated and a curve
various landing conditions represented? Tubeless tires should be used wh

During these tests, th¢ brake assembly may be disassembled to enhance learning during de

testing. Parts should nd
have the lining dust ren
is reinstalled, the brake
wheel disk drive keys,
and inspected for defe
integrity during the 20,
defects are present, arj
effect of continued sery
and ply rating and cons
the following procedure

a. Test to design requ

t be changed or removed except as noted at the beginning of taxiing per ]
noved by the use of an airhese or equivalent with the wheel removed. WH
-rotating disk should be, placed in the same position and in relationship
bs it was when the wheel was removed. After completion of the test, all g
ts. No parts should have cracked during these tests to the extent of com
30-3, or 100-5 stop condition of Table 3, or the first 107 stop conditions
analysis should be performed to determine the origin and cause of the

ce. Tubeless-ires should be used when testing tubeless wheels. The tire s

rements as furnished by the procurement activity.

e growth has stabilized, and the wheel assembly should be rolled under ti|1e load specified by the

mulated during this test

specification drawing or

Cification. Unless otherwise specified, the number of stops should be as spgcified in Section 3. The

4. Table 3 testing is
Table 4 testing is a

should be plotted that
bre applicable.

velopment-qualification
[able 4. The brake may
en the wheel assembly
ith the other disks and
arts should be cleaned
bromising the structural
of Table 4. If cracks or
lefect and the potential
hould be the same size

truction type, as the aircraft installed tire. The dynamic torque tests should be in accordance with

b. A flywheel weight and/or electric inertia should be selected that provides an inertia equivalent approximately equal to,
but not less than: the effective mass of aircraft per brake based on the rational analysis of 3.5.4.1. Energy and drag
forces caused by auxiliary braking means such as aerodynamic drag, reversed thrust, and drag chutes may be
accommodated by adjusting the inertia downward from the actual aircraft mass. In any cases where residual engine
thrust exceeds these auxiliary-braking forces, added inertia should be used. For testing in accordance with Table 3,
the energy credit is disallowed in certain cases. The inertia adjustments mentioned above do not apply in such cases.

The flywheel speed at application of the brake should be determined as the peripheral speed that, under the chosen

flywheel weight, will give the required kinetic energy. Brake application speed should be the actual speed when using
electrical simulation dynamometer.
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d. The following should be accomplished in the order stated: The flywheel should be brought to the proper velocity, the
test wheel should be landed, the prescribed load should be applied, brake pressure should be applied, and the test
unit should be brought to a complete stop. The design specification should identify the required deceleration. The
average deceleration for any five consecutive landplane landing weight stops should be equal to the correct
deceleration for the test condition. All stops that fail to meet the minimum required performance must be
compensated by a comparable increase in deceleration within the next five stops, alternatively, added testing, which
satisfactorily demonstrates the capability of the brake to produce the deceleration required, may be accomplished.

e. During the dynamic torque test, the brake pressures required to develop static torque suitable to comply with the
torque compatibility analysis (3.5.6) should be determined under the following conditions:

1.  With the brake at room temperature, approximately 70 °F (21 °C)

2. With the brake
applied as soon

3. Atless than 10

otherwise spec
static radius of

4. If carbon com
designated for

0.5 gal (1892 ml) of
static torque equivz
movement. The hy
the airplane.

f.  During the dynamig
1. Weight and deg
2. Flywheel diamq

3. The test facility
and present thq

(a) Hydraulig

(b) Wheel ad

as possible after completion of that stop consistent with the safety precau
%6, at 50% approximately, and again after 90% of the number of stops req
fied by the procurement activity. (This test may be conducted by applying

he tire.)

bosite or other water absorbing material is used as )brake lining mateg
shipboard operation, the following additional test shodld be performed:

water should be sprayed into heat sink cavity-of'the brake. The brake shol
lent to parking a maximum gross weight airplane in any orientation on a 1
Hraulic pressure for this test should contribute to establishing the emergen
torque test, the following data shQuld be recorded:

cription of wheel, brake, and-tire used

ter, inertia equivalent, 'speeds, and kinetic energies

should obtain timestemperature relationships of the following components
data in the farmal qualification test report:

fluid

jacént'to the fuse plug (if incorporated)

heated by a landplane landing design gross weight energy stop and, with the static torque test

ions that must be taken
uired by Table 4, or as
A tangential force at the

rial and the aircraft is

Id be able to produce a
) degrees slope without
cy braking pressure for

for the conditions noted

(c) Bead ledge above each brake

(d)  Other critical components

(e) Axle

(f)  Brake heat sink


https://saenorm.com/api/?name=bae05322971e8bc057cf40fb30fcd42a

	Blank Page


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




