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I i1. SCOPE

1.1 This specification establishes performance, design, development,
and test requirements for the Lightweight Towed Howitzer Demonstrator
System prime item.

U 2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications and standards. These documents, of the issue
in effect on the date of invitation for bids or request for proposal,
form a part of this specification to the extent specified herein:

SPECIFICATIONS

FEDERAL

VV-F-800 Fuel Oil, Diesel

P-C-437 Cleaning Compound, High Pressure Cleaner

MILITARY

DOD-D-IOOOB Drawings, Engineering and Associated

Lists

MIL-F-17111 Hydraulic Fluid

MIL-F-16884 Fuel, Naval Distillate

MIL-G-3056 Gasoline, Automotive, Combat

MIL-P-116 Preservation, Packaging, Methods of

MIL-T-5624 Turbine Fuel, Aviation, Grades JP-4 and

JP-5
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U Other Documents

S STANDARDS

FEDERAL

5 FED-STD-595 Colors

5 MILITARY

DOD-STD-100 Engineering Drawing Practices

MIL-STD-130 Identification, Marking of U.S. Military

Property

3 MIL-STD-470A Maintainability Program For Systems
and Equipment

MIL-STD-471 QA

MIL-STD-721C Definitions of terms for Reliability and

I Maintainability

MIL-STD-785B Reliability Program for Systems and
Equipment Development and Production

U MIL-STD-810D Environmental Test Methods and

Engineering Guidelines

MIL-STD-847A Format Requirements for Scientific and
Technical Reports

MIL-STD-882B System Safety Program Requirements

MIL-STD-961A Preparation of Military Specifications

and Associated Documents

MIL-STD-1098

MIL-STD-1472C Human Engineering Design Criteria

for Military Systems, Equipment and
Facilities

I
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MIL-STD-1474B Noise Limits For Army Materiel

MIL-STD-1552A Uniform Department of Defense
Requirements for Provisioning
Technical Documentation

MIL-STD-1561A Provisioning Procedures, Uniform

Department of Defense

i MIL-STD-1944 Polymor Matrix Composites

MIL-STD-6083D

Military Handbooks

MIL-HNDB<-472 Maintainability Prediction

MIL-HNDBK-759A Human Factors Engineering Design for

I Army Materiel

2.1.2 Other Government documents, drawinas and publications.

3 DRAWINGS

USA Armament Research and Development Command

12008000 Howitzer, Med, Towed, 155mm, M198

120079C Body Assembly, Cradle (machining)

120(:)7903 Body Assembly, Cradle (weldment)

12008200 Cradle Assembly, M39 155mm

12008100 Top Carriage Assembly

12008101 Top Carriage (machining) M39

9357756 155mm HIP Sys Interface drawing

5 11741626 Telescope, elbow M138

10554823 Mount, telescope & quadrant M172U



a

U 11741101 Telescope, panoramic M137

11727800 Mount, telescope & quadrant M171

12008185 Trunnion, right M39, 155mm HC

11741648 Alignment device

10554685 Mounting bracket assy for telescope and

quadrant

11729606 support quadrant

11727834 Collar

11729530 M17 quadrant

Watervliet Arsenal

8768770 M198 Band

11579253 Barrel Assembly M199

11578962 Ballistic drawing, cannon 155mm, How
3 M199

Benet Weapons Laboratory

WTV-F31771 Barrel assy, XM283 How Cannon 155mm

WTV-D30106 Thrust collar, 155mm HIP

U WTV-F30077 XM283 Tube (muzzle end details)

11578887 Muzzle brake for M199 cannon

11578888 Muzzle brake (casting)

155mm Projectiles

92116352 M107 HE

I 9217030 M110A1 Smoke (WP)

7514317 Ml10 Chemical

8885162 M116 Smoke

g 8861029 M121 Chemical

8e7585) M449 HE ICM



dwg ____M454 Nuclear

39215220 M483A1 HE ICM (dual purpose)

9214150 M465 ILLUM

9235999-1 M549A1 HERA

dwg ____M6B7 Binary

39196316 M692/M731 HE ADAM

9305300 M7 12 HE COPPERHEAD

19278014 M71B AT

am11786215 M71BEl AT

9298316 M731 HE

927B014 M741 AT

11786240 M741EI

9331794 MB04 PRACTICE

dwg ___ M625 SMOKE

3 PUBLICATIONS

U.S. ARMY

AR 70-44 Criteria for Air Transportation and

U2.1.3 Other publications. Aido ofMtra

3AMERICAN SOCIETY FOR TESTING AND MATERIALS
ASTM-E-865 Methods of Tension Testing of Metallic

Mater ials

ASTM-E-94 Guide for Radiographic Testing

V"ASTM-E-142 Method for Controlling Quality ofI Radiographic Testing

ASTM-E-238 Pin-Type Bearing of Metallic Methods

ASTM-C-393 Method of Flexural Test of Flat Sandwich
Constructions

mu



ASTM-E-407-70 Methods for Microetching Metals and
Alloys

ASTM-D-695 Compressive Properties of Rigid Plastics

ASTM-D-790 Flexible Properties of Unreinforced
Forced and Reinforced Plastics and

Electrical Insulating Materials

ASTM-D-792 Specific Gravity and Density of Plastics
by Displacement

ASTM-E-793 Heats of Fusion and Crystallization by
Differential Scanning Colormetry (DSC)

ASTM-D-897 Tensile Properties of Adhesives Bonds

ASTM-D-1876 Peel Resistance of Adhesives

ASTM-D-2563 Recommended Practices for Classifying
wVisual Defects In Glass - Reinforced
MPlastics Laminates and Parts

ASTM-D-2584 Ignition Loss of Cured Reinforced Resins

ASTM-D-2734 Void Content of Reinforced Plastics

h ASTM-D-3039 Tensile Properties of Fiber-Resin
AM; Composites

ASTM-D-3171 Fiber Content of Rosin-Matrix Composites3 by Matrix Digestion

ASTM-D-3355 Test Method for Fiber Content of

unidirectional, Fiber Composites by
Electrical Resistivity

ASTM-D-3410 Compressive Properties of Unidirectional
or Crossply Fiber-Resin Composites

ASTM-D-3418 Transition Temperatures of Polymers by
Thermal Analysis

ASTM-D-3518 Practice For In-Plane Shear
Stress-Strain Response of Unidirectional
Reinforced Plastics

ASTM-D-3528 Strength Properties of Double Lap Shear
Adhesive Joints by Tension Loading

Lu ft .. .... •iiii!:: . . ..1 ;l



3 ASTM-D-3532 Gel Time of Carbon Fiber-Epoxy Prereg

ASTM-D-4065 Determining and Reporting Dynamic3- Mechanical Properties of Plastics

BOEING AIRCRAFT COMPANY

Boeing Material Specification 8 - 256F

Lockheed-Georgia Company

LG86BDRC)05 Loadability/Transportability
Characteristics of the USAF C-13CH,
C-141B, and C-5 Aircraft

(Copies of specifications, standards, drawings, and publications
required by suppliers in connection with specific procurement
functions should be obtained from the contracting agency or as
directed by the cc-intracting officer.)

2.2 Precedence of documents. Should any conflict exist beteen theI requirements of (1) the applicable documents listed in 2.1, (2) the
contract, and (3) this specification, the order of precedence shall
be:

a. Contract

b. This specification

c. Drawings and list of drawings

d. Military specifications

e. Military standards

f. Other government publications

g. Non-government documents

. REQUIREMENTS

.1 Prime Item Definition.

U
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3 3.1.1 Prime Item Diagrams. The LTHD systems breakdown structure and
functional flow block diagrams are shown in Figures _ thruU

3.1.2 Interface Definition.

3.1.2.1 Functional Interfaces -AMMUNITION INTERFACEB
3.1.2.2 Physical Interfaces -

:.1i.2.3 Major Components/sub assemblies.

3 3.1.3 Major Component List

* 3.1.4 Government Furnished Property List. The following items of

Government-Furnished Equipment (GFE) shall be made available:

3 a. Fire Control Equipment -- M198 Fire Control System.

b. Cannon Assembly -- XM-284 Cannon with the following
changes/exceptions:

h / p * Lunette integral with titanium muzzle brake.

2M* Band is titanium.

* Center mount is taper-locked to yoke.

* Breech handle is replaced by a hex (for a wrench).

* Incorporation of autoprimer and thermal indicator.

5
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c. Test Ammunition -- 155mm projectiles, bag and modular

charges, fuzes and primers from the lists identified within

3 paragraph of this specification.

d. Test Facilities -- at Aberdeen Proving Grounds.

e. Detailed Interface Drawings -- of Government-Furnished

Equipment, materials and components.

3 3.1.5 Government Loaned Property List. Non-applicable to this

specification.

II
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3.2 CHARACTERISTICS.

3.2.1 Performance. The LTHD shall provide and maintain the
performance characteristics specified herein during and after
exposure to the applicable environments specified in 3.2.5.

3.2.1.1 Firing rates.

3.2.1.1.1 Maximum rate of fire. The LTHD shall achieve the
following maximum firing rates for standard-size rounds (assuming
Swiss Notch will hold propellant in chamber at elevations up to 800
mils):

Firing Elevation Maximum Rate of Fire
800 mils ---------------------- 4 rounds/min.

> 800 mils 1----------------------1 round/min.

The LTHD shall be able to fire over-size rounds (COPPERHEAD) at a
maximum rate of TBD rounds/min.

The LTHD shall be able to maintain the above specified maximum
rates of fire for up to MB minutes (to be determined by Benet
Weapons Laboratory).

3 3.2.1.1.2 Sustained rate of fire. The LTHD shall be able to
maintain a sustained firing rate of TBD rounds per minute (to be
determined by Benet Weapons Laboratory).

S 3.2.1.2 Projectile delivery error. The LTHD shall be able to
deliver the specified projectiles on target at the level of precision
currently demonstrated by the M198. The delivery error associated
with the LTHD material and ammunition elements shall not exceed a 3

mil CEP at maximum range, assuming "stable" Met conditions.

U 3.2.1.3 Rane.

3.2.1.3.1 Maximum range. The LTHD shall provide fire support to
maximum ranges equivalent to or better than the current M198. An3rocket assisted projectile can reach a range of approximately 30 km.
3.2.1.3.2 Minimum ranue. The LTHD shall have a minimum rangeU capability of 3.5 km or less (Z3).

3.2.1.4 Direct fire. The LTHD shall possess a direct fire
capability which is at least equivalent to that of the M198.

3.2.1.5 Elevation. The LTHD cannon shall be able to elevate between
the limits of -75 to + 1275 mils. Elevation rates shall be
sufficient to allow achievement of the required firing rates.
Elevation precision shall be sufficient to allow attainment of
projectile delivery error specifications.

U
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3.2.1.6 Traverse. The LTHD shall be able to traverse 400 mils to

the right and left of the emplacement orientation. The traversal
rates and precision shall be sufficient to allow achievement of the

required firing rates and delivery error specifications.

3.2.1.7 Firina stability. The LTHD design should ensure weapon
system stability under all specified firing conditions. The slide3and hop reactions to firing shall not exceed those of the M198 for
the respective worst case combinations of charge, gun-pointing, soil
conditions and off-level weapon orientation.

S:1.2.1.8 Fire control. The LTHD design shall incorporate the M198
Fire Control System (to be provided GFE). Firing preparation
activities, fire enable and post-fire activities performed by the
LTHD shall be developed and defined in accordance with the functions,
capabilities and limitations of the M198 Fire Control System.

a 3.2.1.9 Muzzel blast pressure.

S 3.2.2 Physical Characteristics.

3.2.2.1 Weight. The total weight of the LTHD shall not exceed 9000
pounds. This weight limit is the projected maximum load which can be
tactically deployed by the UH60 BL. I MOD helicopter. The weight
limit of 9000 pounds is the actual hook load, and does not include
any allowance for ammunition or for slings/hardware that must be used

MU by the UH60 to carry the LTHD.

3 3.2.2.2 Size. The LTHD size envelope specifications are identified
below for the stowed, towing and firing configurations of the
howitzer.

3.2.2.2.1 Stowed Configuration. The LTHD size limitations in a
stowed configuration are driven by constraints associated with
deployment from the C130 aircraft. The maximum allowable dimensions
are as follows.

Lenath -- 38 feet.

Width -- The width shall be no greater than that of the M198
howitzer in its stowed configuration (110 inches).

U
U
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Heiaht -- The maximum allowed height for a stowed M198
howitzer is 84 inches. This height enables the M198 to
clear the exit opening of the C130 as it tips and slides

O down the ramp during extraction via parachute.

The height allowance actually increases with the distance
from the last part of the howitzer to exit the aircraft.
Therefore a slight increase (to about 87 inches) in stowed
height over that of the M198 is allowable on the LTHD, if
the maximum height occurs further forward than on the M198.

3 3.2.2.2.2 Towing Configuration. The LTHD towing configuration size
envelope shall be within that of the M198 which is as follows:

Length: 40'3"
Width: 9'2"
Height: 9*6"

U3.2.2.2.3 Firina Configuration. The dimensional limits for the LTHD
in a firing configuration should be determined via the design
tradeoff process which seeks the proper balance of firing stability,
survivability and operational deployment/emplacement considerations.
As a guideline, the M198 firing size envelope is 37'2" X 25'9" X
9'6". The LTHD firing size envelope, while not restricted to these
dimensions, should enable emplacement on a similar size piece of
terrain (37-foot diameter circular area).

3.2.3 Reliability.

U 3.2.4 Maintainability. The LTHD shall be designed to achieve
maintainability within the constraints provided herein.

3.2.4.1 Corrective-maintenance time.

3.2.4.2 Preventive-maintenance time.

M 3.2.4.3 Maintainability program.

V
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U 3.2.5 Environmental Conitions. The LTHD system shall meet the
requirements of this specification under extremes of temperature,
humidity, shock, rain, dust, vibration and other environmental
factors and induced factors to the extend specified below:

3.2.5.1 Natural Environment. The LTHD should be able to perform its
missions and operate effectively under the natural environmental
conditions described below:

Operatina Temperature -- exposure to any ambient air
temperature between -25 degrees F and +160 degrees F for up
to 8 hours. (These temperature limits include the effects of
winterization kit heating, solar radiation and internally

*generated heat.

Storaae Temperature -- exposure to ambient air temperatures
between -70 degrees F and +160 degrees F for extended
periods.

Temperature Shock -- Per MIL-STD-810D, Method 503.

Humidity -- no degradation in performance during or after
exposure to conditions of relative humidity up to 99% per
MIL-STD-810D Procedure II.

Waterproofness -- Per MIL-STD-810D, Method 512.2.

Dust -- Per MIL-STD-810D, Method 510,Procedure 1.

It should be possible to perform all LTHD functions under adverse
weather conditions (high winds, rain, snow, sleet, fog, etc.) day or3 night.

3.2.5.2 Self-induced Environment. The LTHD should be able to
perform its missions and operate effectively under the self-induced
(or interface-induced) conditions described below:

Shock --The LTHD shall be capable of operating in the
sustained high shock and vibration environment associated
with cross-country towing (Use MIL-STD-810D, Method 514.2 as
a guide). All components shall also withstand repeated gun
firing shock conditions.

Vibration -- conditions which consist of imposing sinusoidal
vibrations of 0.40 inch double amplitude from 1 to 14 Hz and
4g from 14 Hz to 500 Hz at the component mounting
interface. Vibration frequency will be imposed at a
logarithmic sweep rate of 20 minutes per sweep cycle (from 5
to 500 to 5 Hz) followed by 20 minute dwells at each
resonant frequency (maximum of 4 frequencies). Total
vibration time including dwells shall be 120 minutes. Use
MIL-STD-B1OD as a guide.Uf



3 Chemicals -- withstand exposure to vapors of or contact with
the following for durations up to 48 hours:

1) Fuel per VV-F-800, MIL-T-5624, 1 MIL-G-3056, and
MIL-F-16884.

2) Hydraulic Fluid per Standard Fire Retardent Spec.
MIL-STD-6083D.

3) Cleaning Agents per P-C-437.

Cleaning Spray -- withstand water jet spray from 12 inches
away applied perpendicular to the surface.

3.2.5.3 Threat-imposed Environment. Vulnerability to aerial bursts
should be a primary consideration for design decisions and tradeoffs
involving component placement and routing of cables, pipes, and
hoses. The design should reflect selective use of shrouds as an
additional means of physical protection.

U The LTHD shall also be able to operate on an NBC-contaminated
battlefield. To the maximum extent possible, the LTHD design should

Suse materials which do not absorb NBC contaminants and are not
maffected by decontaminating solutions. The design should also

facilitate decontamination of the LTHD (maximize smooth surfaces,
minimize sharp/inaccessible corners).

Fire retardancy is also a necessary design consideration, especially
when composite materials are used.

3.2.6 Transportability.

3,U DESIGN AND CONSTRUCTION

3.3.1 Materials, processes. and parts.

S 3.3.1.1 Materials.

£ .,
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U 3.3.1.1.1 Dissimilar metals. Dissimilar metals as defined in
MIL-STD-889 shall not be used in direct contact with each other
unless suitably protected against electrolytic corrosion.

3...1.2 Processes.I
U3.3.1.2.1 Finish.

-1.3.12.2 Threads.

3.3.1.2.3 Nondestructive inspection (NDI).

S3.3.1.3 Parts.

I
-.3.1.4 Hydraulic power requirements.

3.3.1.5 Maintenance design. The LTHD system shall be designed to
permit repair or replacement by USA personnel of an TBD skill level
using common hand tools and repair equipment.

3.3.1.5.1 Accessability. The LTHD system shall be designed to
provide access to the system and ammunition functions to the degree

necessary to meet the requirements of this specification.
MIL-STD-1472 shall be used as a guide for determining accessability3 requirements for system maintenance.

3.3.1.6 Lubrication. Means shall be provided for lubrication of
moving parts involving material combinations which necessiate the use

* of lubricant. Lubricants shall be selected from those lists in
MIL-STD-838.

- 3.3.2 Electromagnetic Radiation.

3.3.2.1 Electromagnetic vulnerability.

I 3.3.2.2 Lightning and orecioitation static.

F



3.3.3 Name plates and Product Markinas. Newly developed equipment,
assemblies, subassemblies, and parts shall be marked for
identification using MIL-STD-130 as a guide. Existing LRUs (either3 military or commerical) and support equipment end items shall retain
their existing identification.

.3.4 Workmanship. The LTHD system shall be manufactured and
assembled with a quality of workmanship which ensures all delivered
items are free of defeats which might effect the life, strength, or
reliability and that all requirements of this specification are met.

3.3.5 Interchangeability. Unless otherwise specified on applicable
drawings, all configuration end items shall be mechanically and
functionally interchangeable with items having identical part numbers
from the same or other items of the LTHD system without selection or
fitting.

* 3. 3.6 Safety.

.. .3.6.1 Ammunition loading safety.

3.3.6.2 Safety during non-gunnery missions.

3.3.7 Human Performance/human enQineering. The LTHD system shall be
designed, to the maximum extent possible, to comply with the
requirements of MIL-STD-1472 except where they conflict with the

requirements in the following paragraphs.

3.3.7.1 Equipment hardware.

U 3.3.7.1.1 Noise.

U -3.3.7.2 Maintenance. Maintenance requirements shall comply with
MIL-STD-1472.

3.3.8 Hydraulic system construction. Hydraulic systems shall be
designed, constructed, installed and meet all applicable requirements

l in accordance with MIL- _ . Hydraulic fluid shall meet the
requirements of MIL-H-83282.

3.4 DOCUMENTATION. Data delivery requirements shall be set forth in
* the development contract.

U



rn 3.5 LOGISTICS.

3.5.1 Maintenance. Maintenance functions shall be based upon the
Maintenance Allocation Chart (MAC) derived from the Logistic Support
Analysis.

-.5.1.1 Levels of maintenance. Maintenance shall be performed at
the decribed levels below:

E ...5.1.1•1 Organization level.

M "".5.1.1.2 Direct support level.

I 3.5.1.1.3 Depot support level.

3.5.2 Supply. The LTHD system shall complement the following supply
considerations:

a. The existing Government supply system shall be utilized to
the maximum extent possible.

b. Modification requirements shall maximize use of standard or
preferred parts, accessories and components unless single purpose

peculiar items can be shown to be more cost effective.

IC. Introduction of new items into the supply system shall be
held to a minimum and methods of supply/re-supply of all items shall
not require development of additional supply systems/reporting

p procedures.

...5.2.1 Spares. Operational spares provisioning sahll be performed
in accordance with MIL-STD-1561.

3.5.3 Facilities and facility equipment. The LTHD system and
support equipment shall be capable of using existing US Army
facilities to the maximum extent possible. These facilities shall
include but are not limited to, training facilities, operational
buildings, maintenance buildings,shops, and test facilities.

3.6 PERSONNEL AND TRAINING. The LTHD system shall be designed to
provide for efficient operation and maintenance support by personnel
properly trained in the use and care of the system. Requirements for

special aptitude and training shall be kept to the lowest level
commensurate with deploying an acceptable system.

"U



* 3.6.1 Personnel. The LTHD system shall be designed to be operated

and maintained by a crew of _ The functions of emplacement,
displacement and speed shifting shall only involve 4 personnel.

3.6.2 Training. Training courses shall be prepared and conducted as
specified in the contract, for government operator and maintenance
personnel. The operator course will serve to train crew personnel to
operate the system and perform daily maintenance services.

3.7 MAJOR COMPONENT CHARACTERISTICS.

3.7.2I
S 3.7.3

I .. 7.4

i 3.7.5

3.7.6

3.8 PRECEDENCE.U

U
U
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I 4.0 QUALITY ASSURANCE PROVISIONS

4.1 General. Verification of the performance and physical
requirements specified in section 3 shall be accomplished using the
evaluation methods of analysis, inspection, demonstration,
similarity, and tests. A plan to include testing, and measuring
shall be prepared, as specified in the contract, and submitted for
approval by the procuring agency.

Tests shall consist of ............

5 4.1.1 Responsibility for tests. Unless otherwise specified, the
contractor shall be responsible for the performance of the quality
assurance provisions as defined in this specification. Through
governemt approved test plans, the contractor may use data gathered
from government tests and previous validation tests for possilbe
qualification purposes. The procuring agency reserves the right to
witness or separately perform any tests specified or otherwise
certify any or all tests and inspections. Inspection records of the
examination and tests shall be kept complete and available to the
procuring agency.

4.1.1.1 Determination of compliance with requirements.
Vertification shall form the basis for the determination that the

Wrequirements of this specification have been met. Measurements shall
be made with instruments of the labotatory precision type whose
accuracy has been certified to at least one tenth of the tolerance
for the variable to be measured unless not attainable with existing
measuring devices. Calibration shall be in accordance with
MIL-STD-45662. The contractor shall maintain a record of
vertification data to determine compliance with the requirements
defined herein. Any adjustments, repairs, or maintenance performed
on test articles shall be logged and become part of the test record
available for inspection upon request. Compliance to the
requirements of Section 3 shall be verified by methods identified in
Section 4 as defined in Section 6.

4.1.1.2 Standard conditions. Unless otherwise specified in the test

plans, all tests shall be conducted under standard conditions of
ambient temperature, atmospheric pressure, and relative humidity, as
specified herein.

a Actual conditions shall be reported periodically during the
inspection or test period and reported as part of the test results.

U
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U4.1.1.3 Rejection and retest. When an item fails to conform to the
specification, acceptance shall be withheld until the extent and
cause of the failure are determined. If the item cannot meet the
requirement of this specification, the procuring agency may
conditionally accept an item by specifying additional corrective
measures to be accomplished by the manufacturer.

- 4.2 Quality conformance inspections. Each of the design
requirements set forth in Section 3 of this specification shall be
verified by the method stated in the following paragraphs. These9 vertification methods are summarized in Table for information.

5.0 PREPARATION FOR DELIVERY

5.1 General. For purposes of shipment, the LTHD system shall be
divided into the minimum practicable number of subassemblies.

5.2 Preservation, packaging, packing, and marking.

6.0 NOTES

6.1 Intended use.

U
U



6.2 Documents required. These documents shall be supplied by thecontractor under the provisions of this specification (all data items
must be specified on contract Form DD 1423):

Phase II.

Product Assurance Test Plan

Material Test Samples

WLevel II Drawings

Reliability Stress Analysis Report

Long Lead Items List

Performance and Cost Reports

Purchase Description (as required)

Agendas

Meeting Minutes

Tradeoff Analysis Report

Quality Program Plan

Demonstrator Specification

Updated PHA

Phase III

I



6.3 Ordering data. Procurement documents for equipment covered by

this specification shall specify the following:

a. Title, number, and date of this specification

b. Quantity of equipment on order

c. Name and address of technical directing agency

d. Serial numbers to be assigned to equipment

e. Whether or not qualification is required

f. Date required for delivery

g. Level of packaging and marking

S 6.4 Definitions.

6.4.1 Specification terminology.

a. Test - A method of verification of compliance with

requirements denoting the qualitative determination of the properties
and parameters of item (or components thereof) by technical means
requiring the use of laboratory equipment, procedures, items or

services to determine conformance to specified requirements.

b. Demonstration - A method of verification of compliance with
requirements involving a trial or test wherein it is established that

equipment can be safetly operated and maintained and conforms with

the contract requirements.

i c. Analysis - Analysis is the mathematical process of resolving

data into its primary elements to permit logical conclusions to be

formed allowing direct determination that the data analyzed satisfies

the purpose fpr the analysis. Specifications, drawings, test data

and other related data are used. Mathematical simulations are

considered an analysis tool.

d. Similarity - Similarity as used herein shall refer to the

demonstration of compliance to design requirements for the purpose of

qualifying a component by displaying commonality between the

component and one of similiar design, manufacture, use and

environmental exposure which has been previously qualified.

e. Failure - Any incident wherein the system or any of its

assemblies, subassemblies, components, or parts operates outside of

limits set by the appropriate specification. Malfunction due to

government furnished equipment or human error will not be considered

a failure.

•



4. Inspection - A method of vertification of compliance with

requirements for physical characteristics, without the use of special
laboratory equipment, procedures, items and services to determine
conformance to speified requirements.

g. Contractor - The organization that contracts to manufacture
the LTHD system.

h. Procuring agency - The organization that contracts to buy the
LTHD system.

10.0 APPENDIX
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1. PROGR:AMSCP

The primary objective of the LTHD project is to conceptualize, design

and fabricate a 155mm technology demonstrator which can meet or

exceed the performance characteristics of the M198 howitzer, but in a

much lichter configuration. The demonstrator shall nct weigh encre

than 9000 p-ounds. This represents a substantial reduction from the

15,760 pound weight of the M199.

The LTHD design objectives are to maximize system effectiveness,

reliability, fle-ibility, safety, simplicity and maintainability

while minimizing the overall size, weight, vulnerability and cost.

The resulting LTHD design ihculd reflect the proper balance o+

deployability, mobility, firePower, survivability and supportability.

The specifications associated with each of these major areas are

described within Section 2 of this document. The current system

description is also attached for reference purposes.

1.2 c-VEFNMNT-FUFNlSEDMATE=TAL

The folloLwina items o4 Government -Fur n ished Mater-ial (,SFM) have been.

requested: _ _ _ _ _ __ _ _ _ _

1) Fire Ccntrol ECLiOC-t -- M19S Fi4re Ccn~trc .t:~

V% AAJFZ I



2) Cannon Ass'fmbly -- XM-284 Cannon with the following

3 changes/e::cept ions:

o Lunette integral with titanium muzzle brake.

a Band is titanium.

o Center mount is taper-lccked to yoke.

Uo Breech handle is replaced by a he... (fcr a wrench).

5 a Incorporation of autcprime- and thermal indicatr

are considered proven technology and thus beycnd

the scope of this project.

3 Z) Test Ammunition -- 155m projectiles, bag and modular

charges, fuzes and primers from the lists identified within

Section 2.4.2. o+ this document.

4) Test Facilities at Aberdeen Frovino Grounds.

5) Detailed interface Drawinos for Government-Furnished

I components.

CII
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2. LTHD DESIGN SPECIFICATIONS

I
.1. PHYSICAL CHARACTERISTICS

2.1.1. SIZE

The LTHD size envelope specifications are identified below for the

stowed, towing and firing configurations of the howitzer.

2.1.1.1. STOWED CONFIGURATION

The LTHD size limitations in a stowed configuration are driven by

constraints associated with deployment from the C130 aircraft. The

maximum allowable dimensions are as follows.

Length -- 38 feet. 24 1 of

Width -- The width shall be no greater than that of the M1SE

howitzer in its stowed configuration (110 inches).

Heiaht -- The maximum allowed heioht for a stowed M198

howitzer is 84 inches. This height enables the M196 to

clear the e':it openino o- the C130 as it tips and slides

down the ramp during e,:tracticn via parachute.

The height allowance actually increases with the distance

frcm the last part c the howitzer to e-it the aircrait.

Therefore a slight increase (to about 87 inches) in stowed

height over that of the M19 is allowable on the LTHV, if

the ma:.i nimu height CCCL'! further iorward tnan cn tne MIS-

3



.1.1.2. TOWING CONFIGURATION

The LTHD towing configuration size envelcpe shall be within that c'

the M192 which is as follows.

Length: 40"3"

Width: 9'2"

Height: 9"6"

=.. .. FIRING CONFIGURATION

The dimensional limits for the LTHD in a firing configuration should

be determined via the design tradeoff process which seeks the proper

balance of firing stability, survivability and operational

deployment/emplacement considerations. As a guideline, the M19S

firing size envelope is 37°" X 259" X 96". The LTHD firna size

envelope, while not restricted to these dimensions, should enable

emplacement on a similar size piece of terrain (7-foot diameter

circular area).

2.1.2. WEIGHT

The total weight of the LTHD shall not exceed 9000 pounds. This

. _weight limit is the proJected ma.imum load which can be tacticall,

deployed by the UH:C' B i-L[ I MOD helicopter. The weight limit c-F FC'K"

pounds is the actual hook load, and does not include z.ny ailckance

for ammunition or for slincs/hardware that must be used by the LJU ,')

to carry tho LTHD.

I



2.1.Z. DESIG-N

The design should incorporate standard military parts, materials and

hardware tc the ma:xmum ex~tent possible.

.i~.. RODUCISILITY

The design should re-flect producibility cmnsiderations in that it may

be manufactured without elaborate machinery cr rare skills. Exo 0ti C

materials requiring special machining or treating shculd be avoided.

.1. .S=ECIAL REQUIR:EMENTS

o The LTHD design shall maintain ballistic similitude with

the M158 howitzer to the exten~t practical.

c The maximum impulse tc be imparted to the recoil mechanisi-

is 12,500 lbs. sec.

o Standard hydraulic fluid shall be used per MIL-STZ-60E"7.

o The LTHD design shall inte-rate and ezfecti-vely interzaC-e

4 with the G'-' items listed in Secticn 1.2. cz this

doc'ument.

~ sp***w..**
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32.2. DIEPLOYMENT
U 2.2. 1. AIR TRANSPOR.T AND DEPLOYMENT

The LTHD shall be transportable and deployable via fixed-wing

aircraft and helicopters. The requirements associated with air

fl transpcrt and deployment are presented below.

2.2.1.1. FIXED-WING AIRCRAFT

The LTHD design shall allow it to be loaded, transported and deployed

from C-13C)E, C-141 and C-5 aircraft. The design shall take into

5. account all mechanical interfaces (i.e. attachment/release points)

with these aircraft. It shall also permit interface with the ground

suppcrt vehicles/hardware used to load and off load these aircraft.

The LTHD shall be Low Altitude Parachute E:traction System (LAFES)

certifiied and able to withstand the deployment forces and shocks

3associated with air drops. It should remain aerodynamically stable

I . during its separation from the aircraft and throughout the parachute

descent. It shall remain upright upon ground impact and withstand

impact shock loads of 15 to 20 crs.

2.2..2.HELICOPTERS

The LTHD desicn shall enable it to be airlifted by the UH&O Plackha.-A4

ELK 1 MOD helicopter, w-.hich is e-.pected to have a maximun lift

capatility of 91)00 pounds. This requirement is the driver c-f tha

sicni-ficant weicht reduction on the LTHD cver that of the MITS2.

shall also be possible to airlift the LTHD with the hzliccpters uszt

to transport the M198 hovwit:er (CH1-47C and larger helicopters).

G
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The LTHD design shall provide sling attachment points which allow

stable lift operations by the helicopters designated to transport the

howitzer.

2.2.2. VEHICLE INTERFACE

The LTHD shall be towable by designated tactical trucks from the

Army's present inventory. This includes the ME13 5-ton cargo truck

and the M548 6-ton tracked cargo carrier which currently can tow the

Mige hzwitzer. It shall also be possible to tow the LTHD with the

M992 Field Artillery Ammunition Support Vehicle (FAASV).

Requirements associated with the towing vehicle interface include the

4 ol 1 cwi no:

LTHD ground clearance may not be less than that of its

designated towing vehicles; this requires that a around

clearance of at least 10.5 inches be provided.

A turning radius of at least TED feet shall be achieveable

with either the MS13 or the M542 towing the LTHD.

LTHD towing configuraticn shall minim-ze the risk cf hitting

roadside obstacles during towing; design shall limit the

vulnerability of critical ccmponents to tcwina damace.

It should be possible +cr 4 crew members to couple and

uncouple the LTHD frcm it4 towing vehicle.

7
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I 2.Z. TACTICAL MOBILITY

2.Z.1 TOWING SFPEEDS AND STABILITY

The LTHD shall remain stable at the following max~imum towing speeds:

o Cross-Country--------------- 5 mph

o Secondary Roads------------- 25 to 30 mph

o Improved Roads-------------- 45 mph

The LTHD should remain more stable than the M19E under all towing

conditions, including rough cross-country terrain, sharp turns and

towing on side slopes.

CIA 2.3.2. FIRING POSITION

It shall be possible to deploy and fire the LTHD from any position.

used to fire the M198S hcwitzer. This includes type of terrain/soil,

amount of area needed to deploy the weapon, and o+f-levsl terrain

allowances. These requirements are as follows:

It shall be possible to deploy the LTHD on all types of

solid terrain, ranging from desert sand to rocky surfaces.

The LTHD shall be operatio-nally deployable within a cirCuL.E'

3 area Z~7 feet in diameter.

It shall be possible to load and 4fire the LTHD from the

f ol lowing worst case of+-level vweapcn crientation:

MAx.imUM terrain slocpe =10-dea.ree cin~t



... WEAPOJN EMP LACEMENT

3 The LTHD shall be emplaceable ty a +our-person crew in "0 minutes cr

less (up to the point o4 laying the weapon), assuming it has been

previctusly disconnected from the helicopter or truck which

transported it to the emplacement site.

2.3;.4. WEAPON DI SPLACEMENT

It shall be possible for a four-person crew to chance the LTHD fromr a

fir-inc configuration to a towing or stowed cor'.Figuration in I- minutes

or less. This time allowance does not include attaching the LTHD to

the towinga vehicle or helicopter slings.

2-7-5. SEDSHIFTINGC

5The LTIHD desian shall allow a four-person crew t_- shizt th-e howitzer

thrcugh 6 ,400 miils in 3 m-inutes or less.

UL
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2.4. FIREFOWER

2.4.;1. OPERATIONAL PERFORMANCE

The LTHD should have performance characteristics equal to or better

than the M198 howitzer.

2.4. 1.1. ELEVATION

The LTHD cannon shall be able to elevate between the limits of -75 tm

+ 1275 mils. Elevation rates shall be sufficient to allow

achievement of the required firing rates. (Elevation rate

requirement is an output of timeline budget tradeoff analyses.)

Elevation precision shall be sufficient to allow attainment of

projectile delivery error specifications. (Elevation precision

% requirement is an output of error budget tradeoff analyses.)

W 2.4. .2. TRAVERSE

The LTHD shall be able to traverse 400 mils to the right and left cf

the emplacement orientation. As was the case for-elevation, the

traversal rates and precision shall be sufficient to allow

achievement of the required firing rates and delivery error

specifications.

. a. * -. IRING FATE-E

2 4. i..1. MAXIMUM PATE OF FIR:E

The LTD shall achie .. the follwing ma:.Imum firina rates -'or

standard-size rounds (assuming Swiss Notch will hold prcpel1ant i.-

chamter at elevations up to S00 mils):

Firinn ElevPticn Mz::ium Rate of Fire

i8C)C) mi ls ---------------------- 4 rounds/min.

: 800 mils 1----------------------1 round/min.
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The LTHD shall be able to fire over-size rounds (COPPERHEAD) at a

ma::imum rate of TE'D rounds/min.

The LTHD shall be able to maintain the above specified maximum rates

of fire for up to TBD minutes (to be determined by Benet Weapons

Laboratory).

2. .. . SUSTAINED RATE OF FIRE

The LTHD shall be able to maintain a sustained firing rate cf TED

rounds per minute (to be determined by Benet Weapons Laboratory).

24. 1.4. NE

The LTHD shall provide fire support to max:imum ranges equivalent to

Sor better than the current M1'F8. The M192 can deliver
rocket-assisted projectiles to ZO. 1 km.

The LTHD shall have a minimum range capability of 3.55 km or less

The LTHD: shall also possess a direct -fire capability which is at

least equlivalent to that o-f the M19e.

2.4.j.E~. PR:OJECTILE DEL IVERY EPROR

The LTHD shall be able to deliver the sPeci-fied projiectiles on tarcet

at the ievel cf precision currently derronstrated by the M1.The

deliver. error associated with the LTHD mater-ial and am-mo e~em-:nt:

shmnot e: ceod a fni CEF at i1ia: irnumn ranc, assuming "stz.L e" Me--

condi tions.



2.4.1.6. FIRING STABILITY

The LTHD design shculd ensure weapon system stability under all

specified firing conditions. The slide and hop reactions to firing

shall not exceed those of the M198 for the respective worst case

combinations of charge, gun-pointing, soil conditions and off-level

weapon orientation.

2.4.1.7. FIRE CONTROL

The LTHD_ design shall incorporate the M192 Fire Control System (to be

provided GFE). Firing preparation activities, fire enable and

post-fire activities performed by the LTHD shall be developed and

defined in accordance with the functions, capabilities and

limitations o z the MlE Fire Control System.

-
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2.4._. AMMUNITION INTERFACE

7.4.2. . PROJECTILES

The LTHD should be capable of loading and firing all 15mm

3projectiles which are presently in inventcry. This includes the

follcwing:

3 -- M07 HE

-- MIO SMOKE

-- M!IO CHEMICAL

-- M! 6 SMOKE

-- M121 CHEMICAL

-- M449 HE ICM

-- M454 NUCLEAR

-- M483A! HE ICM

-- M485 ILLUM

U -- M549AI HERA

-- M687 BINARY

-- M692/M73! HE ADAM

-- M712 HE COPPERHEAD

-- M71 /M741 HE RAAM

-- MS04 PRACTICE

-- M925 SMOKE

i1



U 2.4.2.2. CHARGES

3 The LTHD should be able to load and fire using the following

propelling charges:

-- MAl GREEN BAG (Z5 or less)3 -- M4A2 WHITE BAG (ZZ-7)

-M119/M119A1 WHITE BAG (ZS)

-- M119A,2 RED BAG (Z7)

-- M207 RED BAG (ZE2S)

-Unique Charge used for M454 NUCLEARF ProJectile

-Modular Charges currently under development

'2.4. 2.Z. FUZES

Frcjecti4le/-fu~e combinations fired from the LTHD should include all

such ccmbinaticns currently fired from the M192. This includes the

follcwing types of -Fuzes -- Impact/Point Detonating, Mechanical

Timer, Mechanical Timer Super Quick, Electronic Timer, and Fro,.imity.

.2.4.2.4. PRIMER

The LTHD design should make allowances (weight, space and functional

interface) for an autclma';ic pric-er inserticn capability clonsistent

vith achievement of the ma.-imum rate of fire specificaticns in

paracraph 2.4.1.7.
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!.4.7:.POST-FIR;E ACTIVITIES

Following each 4iring, the LTH: shall be readied 4or loading o4 th~e

n~ext round within the time budcet associated with achievement a- th.e

maximum 4iring rate specifications. The esign shall provide a

-weF z~i;~al~ between each roun~d.

2.4.72. r-ENOF-:MPAL ACTIVITIES

The LTHZ design shall en'able develicpment c-F saxe, efzective

procedures to handle mis-Fires, hang'ires, stickers and cockc~z

situations.



p =.5. I. NATURAL ENQIF:DNMENT

The LTHD should be able to perform its missions and operate

effectively under the natural environmental conditions described

beow Oerating Temperature -- exposure to any ambient air

temperature between -25 degrees F and +160 degrees F for up

to 8 hours. (These temperature limits include the effects c-'

winterization kit heating, solar radiation and internally

cenerated heat.

' Storaoe Temperature -- exposure to ambient air temperatures

between -70 degrees F and +160 decrees F for extended

periods.

TemeratLtre Shock P- er MIL-STD-e10D, Method 50Z.

HUMidity -- no degradation in performance during or after

FIN ~ exposure to conditions of relative h~timdity Up. to 99 per

MIL-STD-61C'D Procedure II.

Wate -prcofness -- Per MIL-STD-S1QD, Mathcd 51.2

Vt.st -- Per tllL-ETD-El--1D, Method E'rccedurz 1.

It V!.:Uld be pcszibli- to pericr- all1 LTHD -F~tctx crs under adv.-rcca

vweather conditions t.hign L-inz rain, snow. sleet, 4c::, etc.) d-Av. cr--

night.

LO1



2.5.2. SELF-INDUCED ENVIRONMENT

p The LTHD should be able to perform its missions and operate

effectively under the self-induced (or interface-induced) conditicns

described below:

Shocl: -- operate in sustainedi high. shock and vibration

environment associated with cross-country towing (Use

MIL-STD-ElOD, Method 514.2 as a guide). All cnmpcnents

shall also withstand repeated gun firing shock conditions.

Vibration -- withstand conditions which consist o4 impcsinc

sinusoidal vibrations of 0.40 inch double amplitude from' 1

to 14 Hz and 4g from 14 H:z to 500 Hz: at the component

% mounting interface. Vibration frequency will be imposed at

a logarithmic sweep rate of 20 minutes per sweep cycle (from

S 5 to 500 to 5 H_-) followed by 20 minute dwells at each

resonant frequency (rna::imum cf 4 frequencies). Total

vibration time including dwells shall be 120 minutes. Use

MIL-STD-SI0D as a guide.

Chemicals -- withstand e..POS~lre to vapors o-f cr contact wit'-

the fcilowing for dUrations up to 4S hoUrs:

1) Fuel per 'A'-F-200, MIL-T-5624, 1 MIL-03-056, and

MIL-F-162S4.

2 ) H YdraUlic: Fluid per Standard Fire Retardent Spec.

MI L -ST D- 6C! B D.

.Cleaning Agents par P-C-477.

Cleaning Spray_ -- withstand water jet spray,. from 12 inches

away applied perpendicular to the surface.

,17.



.. ~THFEAT- I MFOSED ENVI PONMENT

Vulnerability to aerial bursts should be a primary consideration 4cr

design decisions and tradeoffs involving component placement and

routing of cables, pipes, and hoses. The design should reflect

selective use of shrouds as an additional means of physical

protection.

The LTHD shall also be able to operate cn an NBC-ccntaminated

battle-'ield. To the ma:imum e:tent possible, the LTHD design shOUl!

use materials which do not absorb NBC contaminants and are not

affected by decontaminating solutions. The design should also

facilitate decontamination c+ the LTHD (ma::imi:e smooth surfaces,

minimize sharp/inaccessible corners).

Fire rtard.ancy is also a necessairy desicn consider-t'.n. esp :alY

w-.en co-zposite materials are Used.

''AI
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2.6. MANUAL INTEFFACE

2.. I. CFREW

The LTHD shall be operable by a crew of no more than 11 personnel.

The crew will consist of a section chief, a gunner, an assistant

gunner, a driver, and up to 7 cannoneers. Manual tasks associated

with operations of the LTHD shall be compatible with the range of

human capabilities of the 5th to 95th percentile of the U.S. Army

male pCpuL aticn.

2.6.2. HUMAN FACTOF:S CONSIDEF:ATIONS

The LTHD design shall reflect human factors engineering which will

allcw the crew and maintenance personnel to perform their assigned

tasks under the stressful conditions of a battlefield engagement.

* The desicn shall enable manual tasks to be accomplished withcut

e;:-_=: "v e:.erticn and without e:;posinc personnel to hazardoLus

operations. The design should provide easy access tc controls,

indicators and any components requiring manual interface for routine

operations (i.e. loading tray, etc.).

Spe:ic .i human factors requirements and guidelines for the desI cn c-

the LT. r include the fcllctjinc:

Cperaticr. of the LTHD sha.l1 not result in an' adverse

efzects cn the cre. from noise and blast overpres=_Lure.

Noi se and blast overpressure shall conform to MIL-Tn-147-

:--rd MIL Handboc 759. Ellast/overpressL;-e data (amplipl I

zand durltion) shall be generated for each creJ pCsItiCr.

Iq) .. .*-



Elevating and traversing controls and activation mechanism

design shall conform with MIL-STD-1472 and MIL Handbook 75 .

Desion shall enable operation, maintenance and repair under

MOFF IV and Arctic conditions.

The LTHD shall be operable, maintainable and repairable by

- soldiers in Educational Categories 1-4 per para. 2.0

(Document # DA FE-MFA-CS).

Reach distances, visual access and lifting req.iirements

shall be in accordance with MIL-STD-1472 and MIL Handbook

759.

Fire ccntrol and communication component desi/interface

shall be in confcrmance with MIL-STD-1472 and MIL Handbcck

759.

2.6.-. MANUAL BACKUP

rw To the ma',imum e.-tent possible, the LTHD design shall provide

manu!l-baCkup cperatina modes for mission critical 4.uncticns.

...
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2.7. MAINJTENANCE AND SUPPF'ORT OF DEMONSTRATOR

2.7.1. ELIABILITY AND MAINTAINABILITY GOA.LS

The LTHD design shall maintain M198 reliability and maintainability

1r in accordance with MIL-STD-785B and MIL-STD-470A. Desicn

support efforts should include correlation between types cf defect-

and associated per-ormance degradation.

The LTHD shall achieve the f-cl.:ing preliminary hardware rel-ability

~ to mach the po ~ ~ c4 the mice howitze-:

Corrective Maintenance MRBF = TBD

Combat Abort MRPF = TFE- O V\L0 &A)

The LTHD shall achieve the +cllowinc preliminary maintainability

t -s to match the of4cr -e c the M19 howitzer:

Mean Time to Repair -~LA OCcLA.~

2.7.2. LF - -MO , ITOF.NG

The LTHD design should incorporate the internal sensors, indicators.

and ca-Ces nEeded to enable the crew to monitor the cperatic

condition cf the howitzer. A prin'%ary fLncti on o: the-ze tznsors "

be to provide early indications o- potential problems ar-d theret,

prevent or recuece personnel hazards and equip ;nt. daza:c.

U



.7. .. MAINTENANCE AND REPAIR

3 The LTHD design should stress simplicity and allow for modular field

replacement of subsystems. LTHD field maintenance activities shall

be acccmplished, to a large extent, by the crew members assigned to

the weapon. Maintenance and repair activities shall make use of

Rcommon tools and support equipment; the use of unique/special tools

and equipment shall be strictly limited.

The LTHD design should enable operations in degraded mcdes until

proper repairs can be made. The design should strive to limit the

Simpact o- component +ailures and crew reductions on mission

performance.

The d;sicn shall minimize the time the crew must spend performing

routi ne/scheduled maintenance on the LTHD. It shall enable manual

access to LTHD components during scheduled and unscheduled

fmaintenance without exposing personnel to hazardo-us conditions.

" DEMONSTRATOR SPARES. TOOLS AN'C In T-
The spares, tools and suppcrt and test equipment (S&TE) needed to

trou . leshot, maintain and reair the LTHD shal! be identified pric.-

to any and all demonstration firings.

., q
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£1'T--- The Ri s. Analysis Report was prepared 3- January, IEv7
;nc- retiectE-- well the current configuration as of 1- March 1997.
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Risk Management
for the

Lightweight Towed Howitzer Demonstrator
(Updated Report)

*Risk management begins with the identification of uncertainties at

the highest level of WBS planning and continues through the task

planning of the individual WBS task and subtask levels.

Uncertainties, unknowns, inconsistencies, or even areas of unusual

complexity are identified at each significant milestone in the design

process and are evaluated as to their impact on performance,

schedule, and cost. Alternatives that present near-term promises of

alleviating the risk will be identified and evaluated as corrective

options and, when acceptance of risk is deemed necessary, contingency

S lans will be developed.

The risk management process designed for the LTHD program is based on

the early identification, assessment, and control of the risks

associated with meeting performance criteria of critical parameters

J V. , identified by the Technical Performance Measurement (TPM) process.

0,

Prepared By:

Errol A. Quick
LTHD Systems Engineer

I I30 January 1987
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1. Risk Identification and Assessment

The TPM process identifies the LTHD performance criteria which are
critical to system success. In addition, it also associates each of
these critical criteria with the WBS elements essential for achieving
the required performance values. To arrive at a preliminary
identification of the risk associated with these essential WBS items,
members of the LTHD program team assessed the probability of failure
(Pf) and consequences of failure (Cf) for each essential WBS
element. Based on the team's assessment, a preliminary risk factor
(Rf) value was established for WBS items noted in chart 1.

Based on the calculated risk factor (Rf), the essential WBS elements
were determined to have a low, medium, or high risk. The breakdown

that was used for this determination was as follows:

Risk Factor Assessed Risk

0.1 < Rf ":. 0.55 Low

0.55 < Rf < 0.8 Medium

Rf > 0.8 High

i 2. Change in risk factors.

As we all know, the risk factors associated with corresponding WBS

elements will change as the TPM criteria become fully defined, as new
risk areas are identified, or as new information on current risk

areas becomes available.

During the past few months we have lowered the risk of the program in
a number of areas. Chart 2 was presented during the design review at
ARDEC on 15 January 1987. The probability, consequence and risk
factors which have changed during our TPM process are highlighted by
the boxes. There have been two items added to the Chart 2 matrix:
the rail assembly and the fire control linkage. One item was
deleted: the claws.

. Justification for Change in risk factors.

a. Primer Autoloader. The probability of failure due to
complexity and dependence as well as consequence factors have been
reduced. The operating linkage has been simplified and a capability
now exists for manual cyclying. This area was previously listed as a
medium to high risk: (.817).



b. Cradle. The risk factor of the cradle has been lowered fromP(.841) to (.783) because the design utilizes readily available hand
laying techniques and can be locally reinforced if needed. Testing
has been added to evaluate the critical joints to minimize the risks.
We are still assigning a medium to high risk to this area for our
management purposes.

c. Trails. The trail design is now of conventional construction
with areas being easily reinforced if necessary. Manufacturing
processes are being valided by test. The risk factor has decreased
from a high risk (.841) to a medium risk (.599).

d. Gimbal. Probability and consequence factors have been
lowered because the design is of a conventional box beam
construction. The welding procedures that will be utilized are being

S validated by test. Additionally, localized reinforcement is
practical if necessary. The rating of medium risk has not changed.

e. Recoil Mechanism. The risk factor of (.841) has been lowered
4 to (.683) for a medium risk rating. The main reason for lowering the

factors was that the recoil system is similiar to existing designs
with the added variable of the long length. In addition, the recoil
system can be isolated from the other hydraulics in the event of a
malfunction.

f. Inertial Rammer. Previously this item was called the flick
rammer, but the name was changed to deplict its proper function. The
risk factor has decreased from (.754) to (.599) based on that the
long stroke inertial rammer utilizes conventional hydraulics.
Testing is proposed to validate that the hydraulics circuit provides
controlled ramming under all environmental extremes. The assembly
still maintains a medium risk assignment.

g. Spade. The rating of the spade has decreased from a medium
risk to one of a low risk. The spade design is simplified titanium
weldment. The areas in contact with the ground has increased and the
part can be locally reinforced if required.

4. Risk Frogram Management.

The Program Manager along with the project and systems engineers will
still follow the elements listed in chart 2. The risk identification
and tracking is the responsibility of every program team member.
Should a team member identify a new element of risk or believes that
a risk -factor should be changed he or she will notify the systems
engineer.

INM.11111 111- '



CHART 1p

WEIB Probability Consequence : Avg. Avg. Risk 1
Element Description Factors Factors 1 Prob. Consequ. 1 Factor :Rating

Pm Pc Pd Ct Cc Cs Factor Factor : ,

11100 Int/assby 0.3 0.3 0.3 0.5 0.3 0.3 0.300 0.367 0.557
11200 Cannon

Tube BFE
Puzzel Brake 0.3 0.3 0.5 0.3 0.3 0.3 0.367 0.300 0.557
Breech GFE
Primer Autoloader 0.5 0.5 0.9 0.7 0.3 0.5 0.633 0.500 0.817 : f-H

11300 Carriage
M Cradle 0.5 0.3 0.9 0.9 0.5 0.5 0.567 0.633: 0.841 fl-H

Trails 0.7 0.5 0.5 0.9 0.5 0.5 0.567 0.633 0.641 M-H
Simbal 0.5 0.5 0.5 0.5 0.5 0.5: 0.500 0.500 0.750 M

( UIPlatform 0.3 0.1 0.3 0.3 0.3 0.3 0.233 0.300 0.463
Wheel units 0.1 0.3 0.3 0.1 0.3 0.3 0.233 0.233 1 0.412 1
Recoil Mechanism 0.5 0.5 0.9 0.7 0.5 0.5 0.633 0.567 0.841 1 M-H

Equilibrators 0.3 0.3 0.3 0.5 0.3 0.3 0.300 0.367 0.557
Hydraulics 0.5 0.5 0.5 0.7 0.5 0.5 0.500 0.567 0.783 M-H
Flick Rammer :0.7 0,5 0.5 1 0.7 0.3 0.3 0.567 0.433 0.754 1M
Load Tray 0.3 0.i 0.1 0.1 0.I 0.1 0.167 0.100 0.250
Spade 0.3 0.I 0.3 0.7 0.3 0.3: 0.233 0.433 0.566
Claws 0.3 0.3 0.3 0.5 0.3 0.3: 0.300 0.367 0.557

11400 Fire Control
Elevation 0.1 0.3 0.3 :0.1 0.3 0.3 0.233 0.233 0.412
Traverse 0.1 0.3 0.3 :0.1 0.3 0.3 0.233 0.233 0.412

Pm = probability of failure due to maturity
Pc probability of failure due to complexity
Pd = probability of failure due to dependency on other items
Ct = consequence of failure due to technical factors
Cc = consequence of failure due to changes in cost
Cs = consequence of failure due to changes in schedule

Iz



CHART 2

WBS Probability Consequence Avg. Avg. Risk
Element Description : Factors Factors : Prob. :Consequ. Factor :Rating

Pm Pc Pd :Ct Cc Cs Factor Factor

11100 Int/assby 0.3 0.3 A.3 0.5 0.3 0.3 : 0.300 0.367 0.557 L-M
11200 Cannon

Tube :6FE
Puzzel Brake :0.3 0.30 0.5 0.3 0.3 0.31 0.367 0.3100 0.557 L-M
Breech :6FE _ _,

Primer Autoloader [0.3 0.3 0.5 0.5 0.1 0.11 I O.3671: L I .51 _Lm,

f Rail Assembly , 0.3 0.1 0.3 0.3 0.1 0.3 0.233 ' 0.233 0.412
11300 Carriage

Cradle :0.5 0.3 0.9 :0.9 0.3 . 0.567 LO0 10.783] : -H
Trails 0.: .03:0.5 0.3 0.3~ 1 0.3671: .67 10.59911j~
Gimbal :0 .5 0.3 0.31 0.5o o.,J: _o30.671: 0.360 .5 : H
Platform :0.3 0.! 0.3 0.3 0.3 0.3 0.233: 0.300- 0.463
Wheel units :0.1 0.3 0.3 :0.1 0.3 0.3: 0.233: 0.233: 0.412
Recoil Mechanism :0.5 .51". :0.5 0.3 0.3 500 =: 0.683 E:
Equilibrators :0.3 0.3 0.3: 0.5 0.3 0.3: 0.300 0.367 0.557
Hydraulics :0.5 0.5 0.5 0.7 0.5 0.5 0.500 0.567 0.783: M-H
Inertial Rammer :F. 0.3 0.5 :T5 0.3 0.3: -0.367(1 0.3671' 0.5-9 M
Load Tray 0.3 o.1 0.1 : 0.1 0.1 0.1 : 0.167 0.100 0.250 :
Spade 0.3 0.1 0.1 :10.3 0.1 0.1 : 01 0o00

11400 Fire Control :6FE : :
Elevation 0.1 0.3 0.3 0.1 0.3 0.3 0.233 0.233 0.412:

',Traverse 0.10.30.3:0.1 0.3 0.3 0.233 0.233 0.412
* Linkage 0.3 0.1 0.1 :0.1 0.1 0.1 : 0.167 0.100 0.250

Ps = probability of failure due to maturity
Pc = probability of failure due to complexity
Fd = probability of failure due to dependency on other items
Ct = consequence of failure due to technical factors
Cc = consequence of failure due to changes in cost
Cs = consequence of failure due to changes in schedule
f = Added to list
NOTE: c.laws were deleted

.-
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PRELIMINARY HAZARD ANALYSIS
FOR

LIGHTWEIGHT TOWED HOWITZER DEMONSTRATOR

1.0 INTRODUCTION

System safety activities are an integral part of the concept development
of the Lightweight Towed Howitzer Demonstrator (LTHD). Using a systems
engineering approach, safety will be a part of all future design reviews.
At each design review, the Preliminary Hazard Analysis (PHA) will be a
base document for identifying safety hazards and formulating corrective
action using the following order of precedence: (1) eliminate the
hazard, (2) provide a safeguard, (3) provide a warning, (4) provide
training.

Research from a wide variety of sources was incorporated into this PHA.
Material was supplied from the U.S. Army Safety Center, from records of
industrial safety, MIL STD's and FMC's own, in-house safety standards and

Program system safety objectives will be in accordance with MIL-STD-882B
to ensure that:

1. Safety consistent with mission requirements is designed into theUsystem in a timely, cost-effective manner.
2. Hazards associated with each system are identified, evaluated,

and eliminated, or the associated risk reduced to a level
acceptable to the managing activity (MA) throughout the entire
life cycle of a system.

3. Historical safety data, including lessons learned from other
programs, are considered and used.

4. Minimum risk is sought in accepting and using new design and
materials.

2.0 METHOD

Hazards can be identified through many sources. Historical data is
particularly helpful. In this context the U.S. Army Safety Center was
asked to provide a record of all recent accidents on the M109 howitzer,
M198 howitzer and airlift sling load accidents. These sources show a

VI significant number of accidents being caused from dropping heavy projec-
tiles or from the close proximity of the cannoneer to the howitzer
breech. These two hazards should be significantly reduced in the new
lightweight howitzer design.

Hazards are also identified by identifying sources of high energy which
if not properly controlled can be dangerous. As always the analysis
considers not only the primary system but also the associated support
equipment,

---



personnel, environmental exposures, and interfacing systems. Therefore
the PHA includes items from the anmunition, towing and lifting vehicles.

Energy sources are hazardous and as such are fundamental to the safety
analysis. Generic energy sources include kinetic, potential, chemical and
electrical. Kinetic sources are represented by the moving vehicle and
machinery. High potential sources include stored pressure and system
mass. Chemical sources are present in the ammunition, hydraulic fluid,
NBC agents and NBC decontaminates. Electrical sources are present in
static electricity during helicopter lift.

The presence of an energy source is not necessarily hazardous unless
system events can cause the energy to become uncontrolled. Typical causes
leading to loss of control include human error, component failure and
external forces such as hostile fire. Thus a typical hazard
identification will begin by identifying a possible system event leading
to a hazardous loss of control. A close working relationship is
maintained between human factors, reliability and safety as human error

wor mechanical failure frequently generate hazards. Energy sources are
compared to the system events which can lead to loss of control in a
Accident-Risk Factor Matrix presented as Attachment 1.

The preliminary Hazard Analysis Report presents a listing of identified
hazards classified by subsystem and including the following information
as specified by MIL-STD-882B.

(1) System/Subsystem/Unit. Enter the particular part of the

system that this phase of analysis is concerned with. For
example, if this item (or items) applies to a radar system
modulator, enter "modulator." If there are several modulators
in the system, be sure and clearly specify which one the~analysis pertains to.

(2) System Event(s) Phase. The configuration or phase of the
mission the system is in when the hazard is encountered, for
example, during the maintenance, during flight, during pre-
flight, full-power applies, etc., or it could be encountered
in all system events.

W. (3) Hazard Description. A brief description of the hazard, for
example, "Radiation leakage from radar set wave guide."

(4) Effect on System. The detrimental results that an uncontrol-
led hazard source could inflict on the system or personnel.

(5) Risk Assessment. An assigned risk assessment for each hazard
as defined in MIL-STD-8823, paragraph 4.5, or contractually
designated classification for severity and probability of

occurrence.
"9 (6) Recommended Action. A technical description of the recom-

mended action to eliminate or control the hazard, for example,
detailed design criteria, possible protective devices or
special procedures. Include alternative designs criteria,
possible protective devices or special procedures. Include
alternative designs and cost impact where appropriate.

-2-
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(7) Effect of Recommended Action. The effect of the recommended
action on the assigned risk assessment.

(8) Remarks. Any information relating to the hazard not covered inIthe blocks, for example, applicable documents, previous
failure data on similar systems, or administrative directions.

(9) Status. The status of actions to implement the recommended, or
other hazard controls.

SEVERITY

Descriotion Category Mishap Definition

CATASTROPHIC I Death or system loss

CRITICAL II Severe injury, severe occupational
illness, or major system damage.

MARGINAL III Minor injury, minor occupational

illness, or minor system damage.

NEGLIGIBLE IV Less than minor injury,
occupational illness, or system
damage.

I

PROBABILITY

Descriotion Level Specific Individual Item Fleet or Inventory'

FREQUENT A Likely to occur frequently Continuously
NExperienced.

PROBABLE B Will occur several times Will occur frequently
in life of an item.

OCCAS:ONAL C Likely to occur sometime Wil! occur several
in life or an item times

-REODE D Unli-kely, it can occur Unlikely, but can
in life of an item reasonably be

expected to occur

IMPROBABLE E So unlikely, it can Unlikely to occur
be assumed occurrence may but possible
not be experienced

*-3-



a
In category 5, above, severities and probabilities are defined in
accordance with the following definitions taken from MIL-STD-882B. In

general all catastrophic, category I and critical category II hazards
shall be eliminated or their risk reduced to an acceptable low level.

3.0 SYSTEM DESCRIPTION

The basic LTHD consists of three major subsystems: (1) cannon,
including barrel and breech, (2) carriage, including basic structure,
trails, spade, travel wheels, brakes, suspension recoil and
equilibration, (3) fire control including direct and indirect sights,

elevation and traverse control systems.

3.1 Cannon

The cannon consists of a new, 39 caliber barrel, a modified M185 breech
and a new muzzle brake incorporating the towing lunette. The barrel and
breech are of conventional, steel construction. The muzzle brake is
made of titanium for weight savings. The section modulii are modified
to provide equivalent strength to the current, steel muzzle brake.

Prolonged firing can lead to the initiation of fatigue cracks in the
bore of the barrel, generally starting at the root of the rifling
grooves. Procedures similar to the current 155mm howitzers will be used
to maintain a log of number rounds and zones fired. After an
established number of rounds the barrel will be replaced or removed for
inspection.

The M185 breech is an existing unit except for minor modifications to
mount the primer autoloader. Current procedures will be used for
periodic replacement of the breech ring. The breech is opened upon
hydraulic cormand from cannoneer #1 after completion of the
counterrecoil cycle. After loading the next charge the breech is closed
by hydraulic command from cannoneer #1. There is a hazard of closing
the breech while the cannoneer's hand is still in the breech. It is
controlled because cannoneer #1 operates the control for breech closing
and he is the only person exposed to the hazard. The situation is
similar to all currently fielded howitzer systems. Proper precautions
and the nature of the hazard should be emphasized in training.

The muzzle brake is essentially the same as the M198 but incorporates a

lunette for towing. Pressure pulse in the crew area should be improved
because the crew stations are further to the rear of the muzzle.
Testing should be done to determine positions, protecting and maximum

number of rounds which can be fired without risking hearing damage to
the crew.

Cannoneer #1 may be exposed to increased blast reflected from the
trails. His location should be considered in the test program. The
addition of the towing lunette to the muzzle brake should pose no
safety hazards as the unit is far stronger than any imposed towing
loads.

For the production version the primer inserter will be mounted on the
breech with a minimal modification. It holds a clip of primers and is
activated by hydraulic command from cannoneer #!. It will automatically
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insert a new primer and cock the firing mechanism. In the event of a
misfire a new primer can be inserted by a mechanical linkage. This
feature is a safety advantage relative to current cannons since the
cannoner will be further from the primer hole for this operation. If the
apparent misfire is really a "sticker" the chamber will be full of hot
gases which will escape when the primer is removed.

Firing the howitzer is normally accomplished by hydraulic command from
cannoneer #1. As a safety feature to prevent inadvertent firings, the
firing control must first be moved in and then moved to the side in order
to fire. A lanyard ring is provided for charges which require a long
lanyard. The lanyard will require a force of 10 to 20 pounds to fire.

The primer clip is removeable for misfire diagnosis. Both the front end
and back end of the primer are visible to determine its condition.

Removal and replacement does not cause an error in the primer count. The
proper count of remaining, good primers is displayed.

3.2 Carriage

The carriage subsystem consists of the cradle trails, gimbal platform,
inertial ramming load tray spade, trunnions, wheels, brakes and
suspension.

The platform is constructed of composite structure. The surface is
smooth, non absorbent to NBC contaminants and resistant to both high
pressure water spray and supertropical bleach decontaminates. The edges
of all composite structures are sealed to prevent absorption of NBC
contaminants into the weave of the fabric. The strut tubes are closed at
the ends to prevent infiltration of contaminants inside the tubes. The
production gun will use C.A.R.C. paint.

The trails are a truss structure with composite flanges and AlSiC
struts. The structures for the platforms and trails are stronger than
the worst case loading which is firing at negative elevations. In a
normal duty cycle the life of the units is infinite. Loss of structural
integrity could only be caused by abuse or handling. In the case of
overstress it is possible that layers or individual filaments of the
structure could delaminate which would not be visually apparent. However,
during emplacement, the gun is not being fired and any hidden structural
delaminations will give clearly audible cracking noises.

The spade will be made of titanium. The static balance of the gun is such
that the vertical load on the spade is much higher than the M198, 2800
pounds versus 500 pounds, which greatly increases the resistance to a
catastrophic pullout. Spade area is also increased.

The gun derives its stability from the configuration of the forward

pointing trails. In the static position, load is distributed evenly at
three contact points: the central spade, the forward left trail and the
forward right trail. Firing recoil forces increase the load on the
central spade and unload the forward trails. Positive system stability is
maintained even in the worst case which is firing maximum zone charge a:
zero elevation. Dynamic analysis indicates positive stability. System
test will be used to support initial stability calculations. T1he spring .
effect caused by rapid unloading of the trails wi:l be investigated.

The transpor: system consiSts D-:: :res ,! a7 n2v : susens:'.
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The four tire configuration with individual hydraulic suspension provides
increased tracking stability in the towing mode and reserve load capacity
for the tires. Rated load for the four tires is 10,720 lbs. while actual
load is only 9000 lbs. Even in the event of a sudden flat in one of the
tires the remaining tire on that side will be able to carry the load for
a short time at maximum speed, 55MPH, or for much longer at reduced speed.

Springing is provided through the hydraulic system. Oil is transferred
between the front and rear tires to create an action similar to a
suspension bogey. The use of oil provides damping to the suspension
action.

The system is equipped with air over hydraulic brakes which can be
-, mechanically locked in the park position when so desired. Loss of

pressure will not destroy the park the brake hold.

Sling lift Rings are provided, two at the front of the cradle assembly
and two at the rear frame. For helicopter sling lifting the unit will be
supported on rubber tires at the point of sling attachment. Therefore, it
will be insulated from the ground which may reduce the hazard of static
electric shock due to a build up of charge on the helicopter. However, a
grounding strap should be used prior to attachment.

The center of gravity is located centrally to the sling points for stable
sling load operation. The large cross section of the trails will provide
a natural center of air resistance which will move stably to the rear of
the sling center for streamlined sling flight.

3.3 Fire Control

The standard M198 optical sights will be used and no safety related
difficulties are anticipated.

3.4 Hydraulic System

In the work breakdown structure, the hydraulic subsystem is split between
the carriage and fire control subsystems. However, it is convenient to
address all hydraulic functions in one section of this report.

The hydraulic system consists of the recoil, equilibration, elevation,

traverse ramming, primer autoloader/lanyard control, and suspension
subsystems and their associated cylinders, reservoirs, and accumulators.

, Standard hydraulic fluid is used per MIL-STD-6083. This is a reasonably
non-volatile petroleum based hydraulic fluid which is used i7 many A=.
systems. A slight hazard could exist :f absorbent materials are allowe_

to accumulate fluid. However this can be controlled with Drocedures
general good housekeeping. The materials used in the howitzer construc-
tion are non-absorbent. Disposal of this should be by current procedures

~. to avoid environmental pollution.

The equilibration accumulators use mo':eable pistons ts separate the oi!

from the gas and minimize leakage. The accumulators will require
occasional rechargang with nitrogen. The pressures invc.vec are
extremely high, approximately 5000 psi. There are hazards from the gas

-6-
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pressure and from any mixing of oxygen with the system. For the
production gun, procedures and product labels must be provided for safe
recharging.

The accumulators and recoil cylinders are positioned to give them maximum
protection from hostile fire and are protected by the torque tube struc-
ture. In the event of a hit, the positioning of the crew should prevent
any injury from pressure leaks or from the resulting loss of barrel

elevation.

The equilibration and recoil systems employ dual hydraulic cylinders. The
loss of one cylinder from any system will allow function but in a

degraded mode with higher system operating pressure using reduced

Vcharges.

The cylinders are provided with "bear locks." In the event of loss oF
hydraulic pressure the cylinder will lock in position. Hoses are
minimized by use of manifolds and commutator joints. There are three
cylinders which support the barrel in the raised position, the elevation
cylinder and the two equilibration cylinders. The loss of any one or
these cylinders will not cause the barrel to catastrophically drop.

The systems are temperature sensitive and oil must be added or removed to

compensate for variations. This is easily done by a bleed valve which
returns oil to the reservoir or a handpump which transfers oil from the
reservoir back into the system. Pressure gauge readings are used to

indicate low or high oil condition. If a high or low level occurs in the
equilibrator, the corrections for elevation and azimuth will require
increased effort which will prompt the gunners to replenish oil. In the

case of the recoil system, extremely low oil will result in the gun
failing to return all the way to battery which will be apparent to the
crew. The system is safe for firing maximum zone charges from the load
position. If the oil pressure is so low that the cannon does not return
to the load position then it will be impossible to load the next round.
Thus the degradation caused by low oil will be gradual, visible and

safe.

Thermal relief valves will relieve pressure increases due to thermal
expansion for any locked portion of the system.

All hydralic valves require motion in two directions in order to
actI.ate. The valves must be pushed downward to unlatch and then to the
side to actiate. This is done to protect against an inadvertent
activation caused by grabbing or bumoing into a valve. The effectiveness

of this action should be evaluated in the test program.

~r -. 9 ,PEAT- 7 ON

~p *.' T~s ~ar~ga~h ives an ocera!.na decrption of deployment, emplace-

me', . r:ng, soeet shift, .'lerability and displacement.

i.. ... Devlovmen:

-...... ..... D w-th four wheels ac '¢draul icsuspension provides better towing
stab:lv than the M:Q8. For highway safety, stop, tail, and side marker
per FMVSS '08 sbo'.d be pro ided which are easily detached for field

.are,.ver' lo pre damage. A Kev'.ar rope is used as a safety chain for
S' acts as a road wheel mud flap.

-7-



,: The LTHD height is minimized for LAPES, specifically from the C130, to
c lear the top of the exit door during parachute extraction.

4.2 Emplacement

Positioning the LTHD requires a smaller area than conventional howitzers
due to the configuration's capability to focus the firing forces into an
integral platform and central spades. The additional ground contact area

of the forward trails combined with the ability to retract the spade,
simplify emplacement in rocky terrain.

Tne emplacement procedure consists of the following steps which can be
performed by a crew of four without any special skill or ability and with

minimum training.

1.. Check for minimum hydraulic pressure, pump up if necessary.

2. Disconnect highway lights.

3. Lower front wheels so that the howitzer is supported only on
the front wheels. This shifts the balance of the gun so that
the lunette load is reduced and the crew will be able to lift
the lunette.

4. Unlock the lunette and raise above the pintle.

5. Drive the truck forward.

6. Lower the lunette to the ground.

7. First raise the rear wheels into the trails then raise the
front wheels. As the front wheels are raised, the howitzer
will be lowered fully to the ground. Both sides of the
howitzer must operate together to keep the gun level.

8. Unlock both trails from the cradle.

9. Elevate the trails.

" 10. Spread the trails fully to their stops. If the trails are not
fully spread, there is no safety hazard. A narrow
configuration may be desired for firing from a roadway.

11. Pin the trails to the platform.

12. Lower the trails to the ground.

13. Release the barrel travel locks.

° 14. Extend the cannon to the load position using the hydraulic

controls.

15. Equilibrate the barrel.

16. Adjust equilibration pressure

-8-
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17. Elevate the barrel to 300 mils using the hydraulic controls.

If below-zero QE firing is required, a trench must be dug, or the lunette
will hit the ground. The maximum trench depth is 32 inches on level
ground. This is a result of the reduced trunnion height, a necessity for
stability. If the trench is not deep enough and the LTHD is fired, the
lunette mounted on the muzzle brake, being the low point, will dig a
trench. The recoil accumulators (mounted beneath the slide tubes for
protection) do not recoil and will not be damaged if the trench is of
insufficient depth.

4.3 Firing

The LTHD crew positions are shown in figure 1. Locating the trunnion
behind the breech at full recoil enables the section chief position to be
at the focal point of operations. From this position, the section chief
can see all personnel, check the fuze settings as the projectiles enter
the load tray, see the prescribed tube lay, and observe the status of the
cannon relative to the prescribed tube lay. In addition, all personnel
are further from the muzzle brake than the M198 layout permits, which
results in a reduction of the theoretical blast overpressure to which the
crew is exposed.

The LTHD employs a load tray to facilitate mechanical breech access. The
load tray has an important safety advantage by keeping the crew away from
the recoiling mechanisms and breech area both of which are sources of
accidents in the M198. The ram cycle for the projectile is controlled by
hydraulic command from cannoneer #1 and there is a hazard if rams while
his hand is in the breech. It is very important that this control
requires both of his hands for activation. This will ensure that he does
not inadvertently ram the projectile while his hand is still in the
chamber for swabbing or other unplanned reasons. This control should
require two buttons which are spaced far enough apart that he cannot
activate them with one hand or arm.

It is possible that the hydraulic ram will not firmly seat the projectile
due to low oil pressure, cold oil or projectile ballotting at the entry
to the forcing cone. If the projectile falls back immediately with the
retraction of the load tray the situation will be obvious. If the
projectile falls back after the breech is closed there may be mincr
damage to the forcing cone and lands. This is not a serious hazarc :-d
can be monitored during test.

The LTHD is not equipped with a thermal warning device and it is not
anticipated that the demonstrator would be subjected to extreme barrel
heating. Only one set of misfire procedures is given. It is anticipated
the production model would have a temperature indicator and procedures
similar to the M198 would be used. The procedures for loading and
firing, as well as for handling malfunctions, is shown below.

4.3.1 Loading and Firing

1. Upon completion of the last counter recoil cycle or the
beginning of a new firing sequence, cannoneer 0l opens the

-9-
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breech by hydraulic command.

2. if necessary, the chamber is swabbed.

3. Load the projectile on the tray.

4. Ram the projectile using hydraulic control.

5. Cannoneer #! inserts the propellant into the chamber.

6. Close the breech by hydraulic command.

7. Advance the barrel fIlly to the battery position.

8. Load a fresh primer.

9. Fire upon command, either with hydraulic control or with the
lanyard.

-10-
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NOTE: The M198 is provided with a temperature indicator. However, the
demonstrator is not provided with one. In the following procedures
it will be assumed that the barrel is cool, below 170 0 F. If the
barrel is too hot to touch by hand, stop firing and allow the

barrel to cool down.

NN 4.3.2 Misfires

1. Attempt to fire two more times.

2. If there is no recoil, keep the howitzer on target, and wait
two minutes.

3. Cycle the primer inserter. Be careful to stay away from
primer vent hole as a sticker will release a hot gas jet. If
there is a gas jet it indicates a sticker. See the procedure
for stickers.

4. Remove the primer magazine and inspect the primer. If the
primer has been fired it indicates a hangfire condition. See
the procedure for hangfires.

5. If the mechanism appears to be working satisfactorily but the
primer did not fire, replace the primer magazine to the primer
inserter, insert a new primer and fire again.

6. If the mechanism is not working properly, repair it.

7. Resume load-fire process at Step 8, insert fresh primer.

4.3.3 Hangfires

1. Wait three minutes from the last attempt to fire.

2. Replace the charge and primer and resume load-fire process

from the top

4.3.4 Stickers

1. Wait two minutes

2. Combustion chamber is vented by removing the primer. Be
careful to stay away from the hot gas jet.

3. Tube is depressed

4. Breech is opened hydraulically.

5. Projectile is removed (unless plan is Larger Charge)

-11-
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6. Tube is elevated

7. Load-Fire process is resumed

A. With new projectile, Step 3 (load projectile)

B. With larger charge, Step 5 (load propellant)

4.3.5 Cookoff

A temperature indicator and hot tube cookoff procedures are not provided
with this demonstrator. If the tube is too hot to touch by hand, allow it
to cool before loading the round. Cook off is not a oroblem with a cool
tube. Treat as misfire, hang fire or sticker.

4.4 Speed Shifting

Speed shift (3 minutes with crew of 4)(3 it o i

1. Move swab & bucket.

2. Traverse to 0 mils, depress to 300 mils.

3. Lower speedshift assy.

4. Put cannon weight on the speedshift assembly by raising the
trails.

5. Lower the rear wheels, thus pulling the spade up out of the
ground.

6. Rotate the howitzer to its new heading by pivoting about the

speedshift assembly and rolling on the rear wheels.

7. Raise the rear wheels.

8. Lower the trails to the ground.

9. Equilibrate the barrel.

10. Elevate the barrel using the hydraulic system.

11. Raise the speedshift assembly.

12. Retrieve the swab and bucket.

4.5 Vulnerability to Aerial bursts

roThe LTHD minimizes vulnerability to aerial bursts to improve surviv-
ability through component placement and the selective use of armor by the
following:

1. Designing the recoil cylinders so dynamic sealing surfaces do
not interface with the outside wall. (Instead, the insi.de o
the outer cylinder provides the orifice function). The preci-
sion surfaces are buried deeper within the assembly.

-13-



2. Providing a protective shroud for the upper recoil cylinder

rod to protect it during the 3-second recoil/counterrecoil
cycle.

3 3. Providing a protective shrcud for the elevation cylinder to
protect its rod surface.

4. Accumulators are housed within and protected by the torque
tube.

4.6 Displacement

The displacement procedure is essentially the reverse of the emplacement
procedure.

5.0 Suwxmary of Results

This PHA considered each of the hazard sources listed on the PHA

worksheet. A breakdown of the hazard categories is as follows:

HAZARD NUMBER

Category I, Catastrophic 27

Category II, Critical 14

Category III, Marginal 5

a Category IV, Negligible 0

Note: In some cases, there are more than one hazard per item. This
results in more hazards than total items. In addition, in cases
where there are more than one risk assessment indicated; e.g., IC
to IIB, then the worst case assessment was assumed.

Recommended actions noted in block 7 of the PHA worksheet are being
analyzed by the designers for incorporation into the final concept. An

analysis of block 8 (Effects of Recommended Actions) in the PHA worksheet

shows that all Category I risks can either be downgraded or the frequency

of their occurrence can be reduced to a point where there are no major

safety hazards in the system.

In the Category I hazards, after the applications of preventative
meas-:res, none are rated to occur at probability level A, frequent; B,

probable; or C, occasional.

s:x category ' items are rated to occur at "D" level probability; i.e.,

remote. They involve barrel rupture, NBC decontami'nation, vehicle

collisions, crew runovers, lapes damage and ballistic errors. In all

cases the LTHD is judged to be equal to or better than the M198.

The remainder of the category I items are rated as improbable, category,~"E".
,,~.,,-14-
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3 ATTACHMAENT I

ACCIDENT-RISK FACTOR MATRIX

PRODUCT SHIP/ SET- TRAIN OPERATION GROUND AIR MAINT- DISOS
L

PHASE STORE UP 7TAN S. TRS. ENANCE

ENE.RGY SOURCES

ELECTR:CAL X X X

CHEMIICAL

PROPELLANT X X X X X X x
PROJECTILE X X X X x
COMPOSITES X x
NBC X
FLUIDS X X X

PRESSURE

HYDRAULIC X X X
FIRING X
NOISE X

K INETIC

TRANSPORT X X
RECO IT X
BREECH X
BALLISTiC X

POT Er":A

GUNJMASS x x xX
CREW POS:::ON x x

N-..5
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?'A(L-) A.

STABLE 1 -LTHD SYSTEM RELIABILITY PREDICTION AND ALLOCATION (AS OF 1B-FEB-1987)

MEAN ROUNDS BETWEEN FAILURES (MRBF)
(ROUNDS)

SUBSYSTEM

BASIC MISSION CRITICAL MISSION CRITICAL
(F3) PREDICTION (Fl) PREDICTION (Fl) ALLOCATION

Lo1.0 CANNON 11,619 26,245 19,287

w2.0 CARRIAGE 980 3,1833 2,339

3.0 FIRE CONTROL 708 5,697 4,180

LTHD SYSTEM 397 1,904 1 100
I (REQUIREMENT)



Z;pl

1 10 LTHD CANNON (F3 MRBF =11,619 ROUNDS)
1.11.2 1.3

TUBE MUZZLE BREECH
-ASSEMBLY BRAKE

BLOCK PREDICTION
F3 MRBF (RNDS)I 56,945 236,126 2,1

1 1.4I

I PRIMERI
AUTOLOADER

BLOCK PREDICTIONI
F3 MRBF (RNDS) 139,674

RELIABILITY EQUATION

1
F3 MRBFB __________

n
Z(1/F3 MRBF,)

WHERE; F3 MRBF, = BLOCK F3 MEAN ROUNDS BETWEEN FAILURES

F3 MRBFmo = SUBSYSTEM F3 MEAN ROUNDS BETWEEN FAILURES

n = NUMBER OF BLOCKS IN THE SUBSYSTEM

F3 = CORRECTIVE MAINTENANCE (ALL) FAILURES

FIGURE I - LTHD CANNON BASIC RELIAB4ILITY BLOCI DIAGRAM
(AS OF 2/18/67)



I. CRDL (F RF 3 62RUNS 2.2 TRAILS tFl MR E... PIKM

~ADLESPIEEDSHIFT TRAI TRAIL LFI
FES STRUCTUE PIN EPA-UJ

88~~F~ S2,3 ,687 1 1,,1B 47,617 59 1 L0

- - - - - - -~1WS - - -

22..SA 2.6 E49I8A~ KF 9:3,98 RDM) I

2.523 2. .I. 22

22P~f S48,749 2,015 102,2774 264,8415 1474,061 79 244

2. 12.6.L1 EQILBATR (BF: 1,8353,48 RN9 I
..2 2.5.3 2.75.4 2.6.51 2.7.b2..

WH~SEfEVJE L1LSA~ ELBAO EQUIIAO R Sys-, D

2.7~L1 HYDRAULIC (F3RMIC MH185RM

2.7.2 2. 7.93 2.7.40 2.7.11 2.7.62 2.7.73

TRESE ONRT~ ELIBRASTION STOED CAI RCOLKfDRAULICS HYRALICS HR PICS PNDIMSSR POSITIONW COLDPERRCS '

2.8o AS 1 DDTA 20,984 10,953R"dS 15,768l I 1 35,1 1233906, 57

1~~. 2.7. 2.7.9 2..1 2..1 2..1 2.7.1

I B.-.. INEL IA LI E LOADPTION WHEPRM. AYF

HY. 1RU SR I6HDALIC fRUISHDALC YRULIC
F MRBF.,~DAU I CS________

ULOER OF SPADE N H SBYSE
TRAY ORRCIENATESNE(AL AIU

~I3JRL2 rD ARIB BSCRELIABILITY EQUATION~d.~

(AS (JFB~l/67

~m .n



13.0 LTHD FIRE CONTROL (F3 MRBF = 708 ROUNDS)I
1 3.1 3.2

•ASSISTANT FIRE CONTROL
GUNNER AND LINKAGE

-- I GUNNER FC

BLOCK PREDICTION7
F3 MRBF (RNDS) 709 659,278

RELIABILITY EQUATION

Ir F-7 MRBFma =
n
i(1I/F3 MRBF,)

WHERE; F3 MRBF, = BLOCK F3 MEAN ROUNDS BETWEEN FAILURES

F3 MRBFma = SUBSYSTEM F3 MEAN ROUNDS BETWEEN FAILURES

n = NUMBER OF BLOCKS IN THE SUBSYSTEM

F-3 = CORRECTIVE MAINTENANCE (ALL) FAILURES

FIGURE ; LTHD FIRE CONTR bASIC RELIAPILITY bLOC DIAGkAM
(AS F 2,18187)



74D S'STEM RE.XAB:L!TY PRECIC' WORKSIE (AS O' 18 lee, 8,

j. ~ T BAsisC (,I) RE lJy PRED :CTh. T.
FAILURE RATE BLOCK QA-; 6.

NA" EN, ATURE QTY (FLR/HOUR (FLR/ROUND MRBF DATA SOURCE 1 , F3 ..% .,

1OX 6) 0X-b) (rs) x t

- '~E .~'VER ECSAOR25 17. 875 397 -

2 :ANNON a6.064 11619

TUBE ASSEMBLY 16.965 58945 F, p;_

.BE ASSEMB.y 16.965 58945...

576, TUBE 1 56.779 56.779 10.902 M198 DATA 0.95 C.35 
-

5131 COLLAR SE' 5 2.000 10.000 1.920 ESTIMATE 0.20 c.35-

6C0!t2 EXTRuSiON RA>L 2 1.000 2.000 0.384 ESTIMATE 0.20 C.0-7
6022 KEY 20 0.946 18.920 3.633 M198 DATA 0.1C 0.3t3

.02 BCIT 40 0.011 0.440 0.084 CATFAE PRED N.C. .C.

6C .03 2 NUT 20 0.011 0.220 0.042 CATFAE PRED N.C. NC.

H "- .2 MUZZLE BRAKE 4.199 238126 C.8 . "

1.2.1 MUZZLE BRAKE 4.199 238126 c. 84 !'9C32

: 5765 MUZZLE BRAKE 1 18.926 18.926 3.634 M198 DATA 0.20 0.727

5786 KEY 0.946 0.946 0.182 M198 DATA 0.20 0.036
- 5787 TRUST COLLAR 1 2.000 2.000 0.384 ESTIMATE 0.20 0.077

.3 BREECH 39.820 25113 15.549 64312

'.3.1 BREECH 39.820 25113 15.549 64312

578V BREECH 1 121.704 121.704 23.367 M109 DATA 0.55 12.852

5816 BAND (CUTER BREECH) 1 37.850 37.850 7.267 M198 DATA 0.17 1.235

*.5788 BAND (INNER BREECH) 1 37.850 37.850 7.267 M198 DATA 0.17 1.235
6022.005 KEY 2 0.946 1.892 0.363 M198 DATA 0.20 0.073

.... CLAMP 4 2.000 8.000 1.536 ESTIMATE 0.10 0.154

.. BOLT 9 0.011 0.099 0.019 CATFAE PRED N.C. N.C.

.4 PRIMER AUTOLOADER 25.079 39874 10.533 9.T3

5802 PRIMER AUTOLOADER 1 261.240 261.240 50.158 ARROW PRED EST 0.21 10.533

'ARRIAGE 1020.35 980 311.41"

29.445 33962 , . -

' " A-E 18.169 55038 .

53- CRAD.E 9..631 9..631 18.169 M198 DATA 0.26

2 .Es-:"~ 1. 1.276 868'

-RA' E S- 2 C 5./I C 7 [rS mA'

G;M c.'3 2 C 602 .S A
BF2

''" ,; : BF F 
' , ""

' i ... f 'uA N



.*." S'S'Em REAB:L:T PREDICTICN hJOKSmEET (AS 3F 18 Feb 87 )

SB.7. AS:I (F ) LTBL1TY PREDIZTION m:SS;,. A!':2A. '
c FAILURE RATE BLOCK Q RATE 6.c-&

PAR' N3MEQ"TR oly (FLR/HOUR (FLR/ROJND MRBF DATA SOURCE F1:J3 (Rt~./F jN7 M ;

10X 6) 1 lX-6)** (rnds ICx b"67

5-0 Ck 'ANDE 1 14.300 14.300 2.746 AVCO 0.20 C.549

1SPR:N. 1 2.310 2.310 0.444 AVCO 0.20 0.089

6• ".1 BOLT 11 0.011 0.121 0.023 CATFAE PRED N.C. N.C.

%"77 NIL 8 0.011 0.088 0.017 CATFAE PRED N.C. N.C.
- * 57-

"  
N', (SPEECSH:F, :VC', 2 1.000 2.000 0.384 ESTIMATE 0.20 0.077

6 CC5 WASHER 8 0.002 0.016 0.003 CATFAE PRED N.C. N.C.
P:N 8 0.374 2.992 0.574 AVCO 0.20 0.115

* 676 BEAR:NL 4 3.790 15.160 2.911 RADC (NPRD 3) 0.20 0.582

57X., B S :N: ?:s5' 2 4.57C 9.140 1.755 RADC (NPRD 3) 0.20 0.351

,.7A:,S 123.274 8112 18.207 5.923

21 'aA.. STR ,RE 78.626 12718 7.837 127,;3

S..,58- UPER RAL 2 40.650 81.300 15.610 M198 DATA * EST 0.10 1.561

5-.2,59 5 L3"ER REAR TRAIL 2 20.320 40.640 7.803 M198 DATA - EST 0.10 0.780
. 5843,58 9; LOWER FRONT TRAIL 2 30.480 60.960 11.704 M198 DATA * EST 0.10 1.170

5845 FRONT BULKHEAD 2 4.060 8.120 1.559 M198 DATA * EST 0.10 0.156

58.6 Wl-EE. BULKHEAD 2 4.060 8.120 1.559 M198 DATA - EST 0.10 0.156
593' MIDDLE BULKHEAD 2 4.060 8.120 1.559 M198 DATA * EST 0.10 0.156
5932 REAR BULKHEAD 2 4.060 8.120 1.559 M198 DATA + EST 0.10 0.156
5933,5;3- LATTICE 24 6.770 162.480 31.196 M198 DATA + EST 0.10 3.120

5834,583; PIN (TRAIL CLEVIS) 64 0.374 23.936 4.596 AVCO 0.10 0.460
5844 SPACER 128 0.002 0.256 0.049 ESTIMATE N.C. N.C.

5857,5858 X'RING 64 0.100 6.400 1.229 ESTIMATE 0.10 0.123
60CT :'6 BOLT (BULKHEAD) 48 0.011 0.528 0.101 CATFAE PRED N.C. N.C.

600i 07 NUT (BULKHEAD) 48 0.011 0.528 0.101 CATFAE PRED N.C. N.C.

-,%2.2.2 TRAIL PIN 21.001 47617 5.237 190958

6009 303 SCREW 4 0.011 0.044 0.008 CATFAE PRED 0.25 0.002
63C5 0': WASH-5 4 0.002 0.008 0.002 CATFAE PRED 0.25 0.000
6C26 00g BEAR:IN PIN 4 14.300 57.200 10.982 AVCO 0.25 2.746

60'6 712 BEARIN3 4 3.790 15.160 2.911 RADC (NPRD-3) 0.25 0.728
6C2- 0- BSHI!NG (RETAINER) 4 4.570 18.280 3.510 RADC (NPRD-3) 0.25 0.877

6C25 OC? RETA:NER 4 0.010 0.040 0.008 ESTIMATE 0.25 0.002
6010 -C5 SNAP RING 4 0.004 0.016 0.003 ESTIMATE 0.25 0.001
6006 c1" BSHINS (TRAIL BEAR!N) 4 4.570 18.280 3.510 RADC (NPRD 3) 0.25 0.877
6003 07 N!.T 16 0.011 0.176 0.034 CATFAE PRED 0.05 0.002

60C2 0'5 B2,T 16 0.011 0.176 0.034 CATFAE PRED 0.05 0.002

'2.2.3 L:FT;N hAN:LE 16.773 59620 4.035 2.7808

5891 LIFT:N3 HAN,:E 4 1.000 4.000 0.768 ESTIMATE 0.05 0.038

6C^4 :3 SI D 2 0.051 0.102 0.020 RADC (NPRD-3) 0.05 0.001
60 4 WAS-EQ 4 0.002 0.008 0.002 CATFAE PRED 0.05 0.000
577- .7 A~v 2 5.000 10.000 1.920 ESTIMATE 0.25 0.480
6-' 2: ;.... 2 14.300 28.600 5.491 AVCO 0.25 1.373

57t, LC P-A'; 2 3.000 6.000 1.152 ESTIMATE 0.25 0.288

*' B, " 2 0.011 0.022 0.004 CATFAE PRED 0.25 0,0c"

6 0.0'1 0.066 0.013 CATFAE PRE, 0.25 0.3 3
" . 2 1.000 2.00C 0.38- ESTIMA'E 2.25 : :€

67 .8 457, 36.560 7 02C RADC (NPRD 3) C." .

3 6 637 '77 RADC (NPRZ C\ -

" .. 3' RADC (WPRI i .
-. A'" PRE. N

S.~~~C,, N'. A~IE~j



, 3 L +* 2 S'S'EM EE. A .:,: ' PR E. " IS: 'f). E A', IF "

COc; FA'IURE RATE B, .Ct A

PAR' OMENCLA'. RE QTY (FH M (FR'ROUN' MRB DATA SLAZ ."

556,55tc SUPPORT BAR 3 2.000 6.000 1.152 EST:MATE 0 2 : 3
18 t LINK 2 1.000 2.000 0.38.. EST:KATE C 1.
c>,, - BOLT 31 0.011 0.341 0.065 CATFAE PRE7 NO.

6-Z3 N !' 31 0.011 O.3.1 0.065 CATFAE PRE: N.

, 3 GTMBAL 11.971 83539 . "

"3.2 51MBAL 3.840 260415 C.96,

58"' GIMBAL 1 20.000 20.000 3.840 ESTIMA
T
E c 2

S3.2 GIMBAL BEARING 8.130 122994 2.13-

6007- PIN (GIMBAL/TRAVERSE) 2 14.300 28.600 5.491 AVCO 0.25 1.373
5935 SLEEVE 1 4.570 4.570 0.877 RADC (NPRD-3) 0.25 0.2'
5936 SPACER 1 0.002 0.002 0.000 ESTIMATE 0.25 0.002
5937 COVER 1 0.500 0.500 0.096 ESTIMATE 0.10 0.010
6002- BOLT 2 0.011 0.022 0.004 CATFAE PRED 0.25 0.001
6005 WASHER 3 0.002 0.006 0.001 CATFAE PRED 0.05 0.000
6006- BEARING 2 3.790 7.580 1.455 RADC (NPRD-3) 0.25 0.364
6010 SNAP RING 4 0.004 0.016 0.003 ESTIMATE 0.25 0.0cI

6030-001 O-RING 1 1.050 1.050 0.202 RADC (NPRD-3) 0.25 0.050

2.4 PLATFORM 10.640 93985 2.597 3850;2

2.4.1 PLATFORM 3.840 260415 0.960 IC.1660

5800 PLATFORM 1 20.000 20.000 3.840 ESTIMATE 0.25 0.960

7 2.4.2 PLATFORM/TRAIL CONNECTOR 6.800 147061 1.637 612;73

-. HANDLE 2 1.000 2.000 0.384 ESTIMATE 0.10 0.038
% .... BOLT (SPRING LOADED) 2 14.300 28.600 5.491 AVCO + ESTIMATE 0.25 1.373

6013-0C1 SPRING 2 2.310 4.620 0.887 AVCO 0.25 0.222
6010 006 SNAP RING 2 0.004 0.008 0.002 ESTIMATE 0.10 0.000
6002-029 BOLT 4 0.011 0.044 0.008 CATFAE PRED 0.10 0.001
6003 NUT 4 0.011 0.044 0.008 CATFAE PRED 0.10 0.001
6001-004 ADHESIVE 2 0.050 0.100 0.019 ESTIMATE 0.10 0.002

2.5 WHEEL SYSTEM 213.406 4686 35.254 2?3t5

2.5.1 PIN ASSEMBLY 12.531 79804 1.405 7'''3

573C PIVOT PIN 2 14.300 28.600 5.491 AVCO 0.000
6025 C2 THRUST WASHER 8 0.002 0.016 0.003 CATFAE PRED 0.05 0.000
t>3 32 0C0 BOLT (PIVOT) 4 0.011 0.044 0.008 CATFAE PRED 0.05 0.000
6 OC3 S01 NUT (PIVOT) 4 0.011 0.044 0.008 CA7FAE PRED 0.C5 0.0,
566 ' BUSHING (PIVC') 8 4.570 36.560 7.020 RADC (NPRD 3) 0 '..

BEAM ASSEMBLY 20.63C 47, .2 2 4-4

LEADING BEAM 2 357 7.140 1.371 1 M'Q AA 3.
AG,;N4 BEAM 2 3.57C. 7.1I. 1.371 W'8 -A'A C C C: .~ P (SUPPORT) 4 0 37. 1.9e C 2B8AVO
'AP (AX E BEAM -N. a C.500 I'll C. 7t ES':AE r

WASHER (AXl CA' it 0 1 0 . CA') cr[ U N

8 w SA )N AA . j-.0 % "PAZ, " E:

A:;,," . . ..

;I A A.



A k w ILA

a.

A.

- '3r ~~T8M;e A'A
'~o2. .A.. $(haAN: .66 a5lt. :3 8 ' :A'A* -

5 CAP c4B) IM.A3 6.322 1 '32 (ST.qA> .
t-: 2 Bc.' (H,, ZA; 2 .1 0.5 O,
53X3 GRASE SEA. I 3.-9 55.922 1C.1,3- RA,: (N: 3

S Nu, (AXLE BEAR:%I. 8 1 110 8.88C 1 703 ES :MA'-
LOCKwASHER (BEAR:N>, 8 0.002 0.016 0.003 CATFAE P;:.

-., 5, ROLLER BEAR:N 8 6.5410 52.32C 10.046 MIQ8 ATA TA
5',7 AXLE 4 1.342 5.368 1.03- M198 DATA
57,6 ROTOR (DISC BRAKE) 4 14.256 57.024 10.9.9 Mi98 DATA ,A C.8'.
62C 0 00 BOLT (ROTOR DISC) 2. 0.011 0.264 0.051 CATFAE PRE, N." N.C.
622-' BOLT (WHEEL) 32 0.011 0.352 0.068 CATFAE PRED N.C. N.C.
60C5 05 WASHER (WHEEL BOLT) 32 0.002 0.06' 0.012 CATFAE PRED N .
6019 31C GREASE ZURK 8 10.436 83,488 16.030 RADC (NPRD.3) N.. N.C.
-4-lwc \ELIEF VALVE (CAP) 8 1.714 13.712 2.633 RADC (NPRDo-3) N.C. N.C.
6037-002 PIN (ROTOR) 4 0.374 1.496 0.287 AVCO 0.05 0.014

2.5.4 BRAKE SYSTEM 97.302 10277 14.775 67681

5749 BRAKE CALIPER (SERVICE) 4 57.023 228.092 43.794 M198 DATA 0.08 3.504
6006-002 BUSHING (BRAKE) 16 1.443 23.088 4.433 M198 DATA 0.12 0.532
5753 PIN (BRAKE) 8 0.374 2.992 0.574 AVCO 0.05 0.029
5750 PARK BRAKE CALIPER 4 18.112 72.448 13.910 198 DATA 0.05 0.696

5827 PIN (PARK BRAKE) 4 0.374 1.496 0.287 AVCO 0.05 0.014
5824 SHAFT (PARK BRAKE) 2 3.444 6.889 1.323 RADC (NPRD-3) 0.05 0.066
5825 HEX HEAD (PARK BRAKE) 2 0.011 0.022 0.004 CATFAE PRED 0.05 0.000
5826 BEARING BLOCK (PARK BRAKE) 4 3.790 15.160 2.911 RADC (NPRD-3) 0.05 0.146
6002-008 BOLT (BEARING BLOCK) 16 0.011 0.176 0.034 CATFAE PRED N.C. N.C.
5823 ROD END (PARK BRAKE) 4 0.336 1.344 0.258 M198 DATA 0.05 0.013
5822 ROD (PARK BRAKE) 2 0.671 1.342 0.258 M198 DATA 0.05 0.013
5819 LEVER (PARK BRAKE) 2 2.012 4.024 0.773 M198 DATA 0.05 0.039
5715 HYDRAULIC/AIR ACTUATOR 1 50.459 50.459 9.688 NPRD-3-ESTIMATE 0.50 4.844
5752 RELAY VALVE (W CHECK V) 1 13.416 13.416 2.576 M198 DATA 0.14 0.361
5715 AIR TANK 1 0.671 0.671 0.129 RADC (NPRD-3) 0.50 0.064
5757 DRAIN COCK 1 12.075 12.075 2.318 M198 DATA 0.15 0.348
5759 AIR FILTE' 2 3.303 6.606 1.268 RADC (NPRD-3) 0.05 0.063
5758 FRAME NIPPLE 2 0.466 0.932 0.179 M198 DATA + EST 0.35 0.063
5756 AIR HOSE ASSEMBLY 2 3.466 6.932 1.331 M198 DATA 0.35 0.466
15755 GLADHAND 2 1.000 2.000 0.384 ESTIMATE 0.10 0.038

575- HOSE SUPPORT BRACKET 1 0.264 0.264 0.051 AVCO 0.10 0.005
6027 PIPING AND FITTINGS 12 1.765 21.180 4.067 RADC (NPRD-3) 0.35 1.423
5829 HOSE AND COUPLING 10 1.952 19.520 3.748 RADC (NPRD-3) 0.35 1.312

ELBOW PIP:No 5 0.767 3.835 0.736 M198 DATA 0.35 0.258
60'9 .006 NIPPLE 4 0.466 1.864 0.358 M198 DATA + EST 0.35 0.125
%. 67 ; 22.' uN ;. 1 1.715 1.715 0.329 ESTIMATE 0.35 0.115

!cl; AZAP'ER 6 0.894 5.364 1.030 M198 DATA 0.05 0.051
T2 TEE 3 0.932 2.796 0.537 M198 DATA - EST 0.35 0.188

>2 N" 0.011 0.044 0.008 CATFAE PRED N.C. N.C.
32' X wAS EQ 16 0.002 0.032 0.006 CATFAE PRED N.C. N.C.

"- R"BAT 7.492 133483 .733 7'

Bi i

!A

NIPA.A ~ W.3 " 2~.- A

* '' 2-,e



SS'EH RE..IABILI Y PREDICTION WORKSHEET (AS OF 18-Feb-87

. ASIC (F3) RELIABILITY PREDICTION MISSIO N RICA.

SAILURE RATE BLOCK FLR RATE
NCP"tCAA'_RE CTy (FLR/HOUR (FLR/ROUND MRBF DATA SOURCE F3/F3 (F R/RDUN: -

IiS IOX.6) 10X-6)*
t  

(rnds) '.CX6)

'RA:, NES':N: BS,:N3 2 4.570 9.140 1.755 RADC (NPRD-3) 0.50 0.87-
Z-AMP SE' 3 2.000 6.000 1.152 ESTIMATE 0.25 C.2B?

" s... SJ3 7 0.051 0.357 0.069 RADC (NPRD-3) 0.25 0.017
" , N." 8 0.011 0.088 0.017 CATFAE PRED 0.25 0.03.

E...EI.:BRATOR CABLES 5.736 174331 . .

5-9 CABLE 2 10.400 20.800 3.994 VENDOR DATA 0.70 2.74;
" Ot 00' BEARING 2 3.790 7.580 1.455 RADC (NPRD-3) 0.70 1.0,;

00C' 33. PIN 4 0.374 1.496 0.287 AVCO 0.70 0.22,

V HYDRAULIC SYSTEM 544.890 1835 223.

7.' SYSTEM HYDRAULICS (MISC) 40.430 24734 6_. .

.... MANIFOLD ASSY 4 7.390 29.560 5.676 RADC (NPRD-3) 0.6C 3 ..C
5906,5907 HAND PUMP 2 50.449 100.898 19.373 RADC (NPRD-3) 0.4c , '.. .. ,

5903-002 PUMP CONTROL VALVE 2 9.950 19.900 3.821 NPRD-3+ESTIMATE 0.60 2 37 .
.... QUICK-DISCONNECT CHECK VLV 2 10.436 20.872 4.007 RADC (NPRD-3) 0.5- 2-
5903 003 SAFETY RELIEF VALVE 1 1.714 1.714 0.329 RADC (NPRD-3) 0.5'
.... HOSE AND COUPLING 3 1.952 5.856 1.124 RAOC (NPRD3) 0.35

PIPING AND FITTINGS 18 1.765 31.770 6.100 RADC (NPRD-3) 0.35 '

. 2.7.2 TRAVERSE HYDRAULICS 47.656 20984

5904,5905 CANNON LAY TRAVERSE VALVE 4 9.950 39.800 7.642 NPRD-3+ESTIMATE 1C.6
5904,5905 HYDRAULIC JOYSTICK 2 21.240 42.480 8.156 RADC (NPRD-3) 0.3? --
5920 TRAVERSE VALVE 1 9.950 9.950 1.910 NPRD-3+ESTIMATEl C .

TRAVERSE BEAR LOC 1 23.446 23.446 4.502 NPRD-3 + AVCOD
INTENSIFIER (BEAR LOCK) 1 5.500 5.500 1.056 NPRD-3 ESTIMA';
EMERGENCY ZERK??????? 1 10.436 10.436 2.004 RADC (NPR 3

5714 TRAVERSE ACTUATOR 1 50.459 50.459 9.688 RADC (NPRC 3
.... SLIP RING 1 -49.879 49.879 9.577 NPRD -ES":-'-'

" .... PIPING AND FITTINGS 9 1.765 15.885 3.050 RADC (NPP

. 6007-006 PIN 1 0.374 0.374 0.072 AVC

2.7.3 ELEVATION HYDRAULICS 32.329 30932

5904,5905 CANNON LAY ELEVATION VALVE 4 9.950 39.800 7.642 N 2
5919 ELEVATION VALVE 1 9.950 9.950 1.913 - -.
5716 ELEVATION ACTUATOR 1 50.459 50.459 9.68 0: GA:
.... SLIP RING 1 49.879 49.879 95
.... PIPING AND FITTINGS 8 1.765 14.120 2.7'
6007-009 PIN 1 0.374 0.37. C
6006-013 BEARING 1 3.790 3 70 -,

6005-011 WASHER 2 C.073 0
6017-001 X-WASHER 2 0.012 1 1-

2.7.4 EQUILIBRATION HYDRAUL::S

5893 EQUILIBRATION PRESSUP; ...

5892 E2UILIBPA!0N VAVE . --
5915 INTENSIFIER (1,) 9 F >; -- '-

572 302 EOU:L:BRAT2Ck A:JM". A.

5712,57'3 EQ.:LIBRA':oD A- A',

r E.EA>:?N BEADE.EERNI?':;:F F -; , -

E -f A S , k

'A iU



AO-AiS3 996 LIGHTWEIGHT TOWED HOWITZER DEMONSTRATOR PHASE I AND d
PARTIAL PHASE 2 VOLUM (U) FliC CORP MINNEAPOLIS MINN
NORTHERN ORDNANCE DIV R RATHE ET AL APR 87

UNLSSFIED FMC-E- 1-VOL-F DAAA2C F/G 19/6 NL

EhhEEEEE 1- s nh4s hhEl
smhhhhEmhhhhh
-Ehh.EEEmohhhE
EhmhhhhEmhhmhE
EEEEEmhEEEohhE
mhhEEEEEEEmhEE
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MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS- 1963-A



PAGE 6 LTHD SYSTEM RELIABILITY PREDICTION WORKSHEET (AS OF 18-Feb-87

BLOCK BASIC (F3) RELIABILITY PREDICTION MISSION CRITICAL (Fl) PRED
CODE/ FAILURE RATE BLOCK FLR RATE BLOCK
PART NOMENCLATURE QTY (FLR/HOUR (FLR/ROUND MRBF DATA SOURCE F1/F3 (FLR/ROUND MRBF

NUMBER 1OX-6) * 10X.6)** (rnds) 10X-6) (rounds)

5894,5900 PRESSURE GAGE 2 7.180 14.360 2.757 RADC (NPRD-3) 0.05 0.138
5720-003 RESERVOIR ACCUMULATOR 1 55.045 55.045 10.569 RADC (NPRD-3) 0.30 3.171
5900- VALVE (ON/OFF) 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.20 0.382
.... PILOT OPER CHCK VLV W SEAL 1 16.130 16.130 3.097 NPRD-3+ESTINATE 0.40 1.239
.... HYDRAULIC FILTER 1 2.977 2.977 0.572 RADC (NPRD-3) 0.30 0.171
.... CHECK VALVE (FILTER) 2 8.423 16.846 3.234 RADC (NPRD-3) 0.50 1.617
.... PIPING AND FITTINGS 7 1.765 12.355 2.372 RADC (NPRD-3) 0.35 0.830

2.7.6 CANNON POSITION HYDRAULICS 8.104 123390 3.624 275951

5895 CANNON POSITION VALVE 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.60 1.146
.... PILOT OPER CHCK VLV W SEAL 2 16.130 32.260 6.194 NPRD-3+ESTIMATE 0.40 2.478

2.7.7 RECOIL & CIRECOIL HYDRAULICS 152.061 6576 63.405 15772

5710-555 RECOIL CYLINDER 2 152.132 304.264 58.419 M109 DATA 0.45 26.289
5710-315 C' RECOIL CYLINDER 1 152.132 152.132 29.210 M109 DATA 0.45 13.144
5710-310 ENERGY STORAGE CYLINDER 1 152.132 152.132 29.210 M109 DATA 0.45 13.144
5718,5719 C' RECOIL ACCUMULATOR 2 55.045 110.090 21.137 RADC (NPRD-3) 0.30 6.341
5912 CHECK VALVE 3 8.423 25.269 4.852 RADC (NPRD-3) 0.50 2.426
5913 RELIEF VALVE 1 1.714 1.714 0.329 RADC (NPRD-3) 0.50 0.165
5914 PRESSURE REDUCING VALVE 1 1.714 1.714 0.329 RADC (NPRD-3) 0.50 0.165
5916 CIRCUIT BREAKER 1 10.733 10.733 2.061 NPRD-3 + AVCO N.C. N.C.
5916 ORIFICE 1 7.180 7.180 1.379 RADC (NPRD-3) N.C. N.C.
5947 ROD/PISTON (RECOIL) 2 1.000 2.000 0.384 ESTIMATE 0.45 0.173
5948 ROD/PISTON (C'RECOIL) 2 2.050 4.100 0.787 NPRD-3+ESTIMATE 0.45 0.354
5949 ORIFICE ROD 2 2.150 4.300 0.826 NPRD-3+ESTIMATE 0.45 0.372
5950 GUIDE ROD 2 2.150 4.300 0.826 NPRD-3+ESTIMATE 0.45 0.372
5951 END CAP 8 1.000 8.000 1.536 ESTI1ATE 0.20 0.307
5952 WASHER (END CAP) 4 0.002 0.008 0.002 CATFAE PRED 0.20 0.000
5954 COLLAR (END CAP) 4 1.000 4.000 0.768 ESTIMATE 0.20 0.154
5955 NUT (END CAP) 4 0.011 0.044 0.008 CATFAE PRED 0.05 0.000

2.7.8 BREECH HYDRAULICS 26.924 37142 13.057 76589

5900-001 BREECH VALVE 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.60 1.146
5725 BREECH ACTUATOR 1 50.459 50.459 9.688 RADC (NPRD-3) 0.50 4.844
.... ACTUATOR CONTROL VALVE 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.60 1.146
.... CHECK VALVE 1 8.423 8.423 1.617 RADC (NPRD-3) 0.50 0.809
5922 PILOT OPER CTRL FLOW VALVE 2 24.553 49.106 9.428 NPRD-3+ESTIMATE 0.45 4.243
.... PIPING AND FITTINGS 4 1.765 7.060 1.356 RADC (NPRD-3) 0.35 0.474
.... HOSE AND COUPLING 2 1.952 3.904 0.750 RADC (NPRD-3) 0.35 0.262
.... LINK 1 1.000 1.000 0.192 ESTIMATE 0.50 0.096
5725 PIN 1 0.374 0.374 0.072 AVCO 0.50 0.036

2.7.9 INERTIAL RAMMING HYDRAULICS 19.967 50084 10.140 98618

5900-002 VALVE (RAM/RETRACT/CREEP) 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.60 1.146
5902- OEINTENSIFIER 1 36.750 36.750 7.056 ESTIMATE 0.55 3.881.... AIR FILTER 1 3.303 3.303 0.634 RADC (NPRD-3) 0.05 0.032

5729 RAMMER POSITION ACTUATOR 1 50.459 50.459 9.688 RADC (NPRD-3) 0.50 4.844
.... PIPING AND FITTINGS 2 1.765 3.530 0.678 RADC (NPRD-3) 0.35 0.237

2.7.10 LOAD POSITION HYDRAULICS 22.291 44861 10.998 90929 I
5900-003 VALVE (BATTERY/LOAD) 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.60 1.146
5728 LOAD POSITION ACTUATOR 1 50.459 50.459 9.688 RADC (NPRD-3) 0.50 4.844
5921 PILOT OPER CHCK VLV W SEAL 2 16.130 32.260 6.194 NPRD-3+ESTIMATE 0.40 2.478
5917 BATTERY VALVE 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.60 1.146
5918 LOAD POSITION VALVE 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.6L 1.146
.... PIPING AND FITTINGS 2 1.765 3.530 0.678 RADC (NPRD-3) 0.35 0.237

2.7.11 WHEEL HYDRAULICS 68.380 14624 32.464 30804

5910 WHEEL HYDRAULIC VALVE 8 9.950 79.600 15.283 NPRD-3+ESTIMATE 0.60 9.170
5721-5722 WHEEL ACTUATOR 4 50.459 201.836 38.753 RAOC (NPRO-3) 0.50 19.376

() FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; (**) 5.2083 ROUNDS PER HOUR CONVERSION FACTOR
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PAGE 7 LTHD SYSTEM RELIABILITY PREDICTION WORKSHEET (AS OF 18-Feb-87

BLOCK BASIC (F3) RELIABILITY PREDICTION MISSION CRITICAL (Fl) FRED
CODE/ FAILURE RATE BLOCK FLR RATE BLOCK
PART NOMENCLATURE OTY (FLR/HOUR (FLR/ROUND MRBF DATA SOURCE F1/F3 (FLR/ROUND MRBF

NU4BER 1OX-6) * 10X-6)** (rnds) 1OX-6) (rounds)

.... LINKAGE (WHEEL ACT VALVE) 4 1.000 4.000 0.768 ESTIMATE 0.50 0.384

.... BURST PLUG 4 1.000 4.000 0.768 ESTIMATE 0.50 0.384
5903-001 CIRCUIT BREAKER 2 10.733 21.466 4.121 NPRD-3 + AVCO N.C. N.C.

H.... OSE AND COUPLING 14 1.952 27.328 5.247 RADC (NPRD-3) 0.35 1.836
.... PIPING AND FITTINGS 8 1.765 14.120 2.711 RADC (NPRD-3) 0.35 0.949
.... PIN JOINT 8 0.374 2.992 0.574 AVCO 0.50 0.287
.... RETAINING RING 8 0.100 0.800 0.154 ESTIMATE 0.50 0.077

2.7.12 PRIMER HYDRAULICS 17.668 56598 8.586 116466

5900-004 PRIMER VALVE 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.60 1.1463 5726 PRIMER ACTUATOR 1 50.459 50.459 9.688 RADC (NPRD-3) 0.50 4.844
5922 PILOT OPER CTRL FLOW VALVE 1 24.553 24.553 4.714 NPRD-3+ESTIMATE 0.45 2.121
.... PIPING AND FITTINGS 4 1.765 7.060 1.356 RADC (NPRD-3) 0.35 0.474

2.7.13 LANYARD HYDRAULICS 17.329 57705 8.468 118098

5900-005 LANYARD VALVE 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.60 1.146
5727 PRIMER ACTUATOR 1 50.459 50.459 9.688 RADC (NPRD-3) 0.50 4.844
5922 PILOT OPER CTRL FLOW VALVE 1 24.553 24.553 4.714 NPRD-3+ESTIMATE 0.45 2.121

m .... PIPING AND FITTINGS 3 1.765 5.295 1.017 RADC (NPRD-3) 0.35 0.356

2.8 LOAD TRAY 70.658 14153 17.907 55843

2.8.1 LOAD TRAY 49.719 20113 10.037 99635

5867 LOAD TRAY 1 20.284 20.284 3.895 M109 DATA 0.20 0.779
.... BARS 2 1.000 2.000 0.384 ESTIMATE 0.20 0.077
.... CLEVIS 3 3.800 11.400 2.189 CATFAE PRED 0.20 0.438
---- ROLLER HOUSING (FIXED) 1 3.000 3.000 0.576 ESTIMATE 0.20 0.115
.... TIE BAR 2 5.000 10.000 1.920 ESTIMATE 0.20 0.384
.... TROLLY SUPPORT 4 5.000 20.000 3.840 ESTIMATE 0.20 0.768
.... ROLLER HOUSING (PIVOTING) 4 3.000 12.000 2.304 ESTIMATE 0.20 0.461
6002- BOLT 125 0.011 1.375 0.264 CATFAE PRED N.C. N.C.
6003- NUT 211 0.011 2.321 0."6 CATFAE PRED N.C. N.C.
6005- WASHER 546 0.002 1.092 0.210 CATFAE PRED N.C. N.C.
5927 TRACK (REAR) 1 22.312 22.312 4.284 M109 DATA + EST 0.20 0.857
5928 GUIDE (REAR TRACK) 2 22.312 44.624 8.568 M109 DATA + EST 0.20 1.714
5926 TRACK (CENTER) 1 22.312 22.312 4.284 M109 DATA + EST 0.20 0.857
5925 TRACK (FORWARD) 1 22.312 22.312 4.284 M109 DATA + EST 0.20 0.857
5888 HINGE (BRACKET INNER) 4 3.800 15.200 2.918 ESTIMATE 0.20 0.584
5889 HINGE (BRACKET OUTER) 4 3.800 15.200 2.918 ESTIMATE 0.20 0.584

5929,5930, BAR (TRACK SUPPORT) 3 1.000 3.000 0.576 ESTIMATE 0.20 0.115
5940
5939 BRACKET(REAR TRACK ROLLER) 4 0.264 1.056 0.203 AVCO 0.20 0.041
5887 ROLLER 28 0.442 12.376 2.376 NPRD-3 + AVCO 0.40 0.950
5868 WEARSTRIP 3 1.000 3.000 0.576 ESTIMATE 0.05 0.029
5869 BACKSTOP (PROJECTILE) 1 2.000 2.000 0.384 ESTIMATE 0.10 0.038
5870 STRIP 2 1.000 2.000 0.384 ESTIMATE 0.05 0.019
5871 BRACKET 2 0.264 0.528 0.101 AVCO 0.20 0.020
6006-015 BUSHING 2 4.570 9.140 1.755 RADC (NPRD-3) 0.20 0.351
6009- SCREW 38 0.011 0.418 0.080 CATFAE FRED N.C. N.C.

2.8.2 SHOCK MOUNT 20.939 47758 7.871 127056

5872,5873, BAR 4 1.000 4.000 0.768 ESTIMATE 0.20 0.154
5874
5941 PRIMARY SHOCK 2 7.682 15.364 2.950 RADC (NPRD-3) 0.50 1.475
5875 BRACKET 1 0.264 0.264 0.051 AVCO 0.20 0.010
5942 SHOCK (MAN) 1 7.682 7.682 1.475 RADC (NPRD-3) 0.56 0.737
5878 PAD (PROJECTILE STOP) 1 3.316 3.316 0.637 RADC (NPRD-3) 0.20 0.127
6002- BOLT 3 0.011 0.033 0.006 CATFAE PRED 0.20 0.001
6003- NUT 7 0.011 0.077 0.015 CATFAE PRED 0.20 0.003
6005- WASHER 2 0.002 0.004 0.001 CATFAE PRED 0.20 0.000
5879 MOUNT (PAD) 1 2.776 2.776 0.533 RADC (NPRD-3) 0.20 0.107
5880 CUSHION 1 3.316 3.316 0.637 RADC (NPRD-3) 0.20 0.127
5881 BAR (PIN PIVOT) ?1???? 2 1.000 2.000 0.384 ESTIMATE 0.20 0.077

() FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; (**) 5.2083 ROUNDS PER HOUR CONVERSION FACTOR
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3 BLOCK BASIC (F3) RELIABILITY PREDICTION fMISSION CRITICAL (Fl) PRED
CODE/ FAILURE RATE BLOCK FLR RATE BLOCK
PART NOMENCLATURE OTY (FLR/HOUR (FLR/ROUND MRBF DATA SOURCE F1/F3 (FLR/ROUND MRBF

NUMBER 1OX-6) * 1OX-6)** (rnds) 1OX-6) (rounds)

5877 MOUNT (PROJECTILE STOP) 1 2.776 2.776 0.533 RADC (NPRD-3) 0.50 0.266
5876 GUIDE (SHOCK MOUNT) 4 11.000 44.000 8.448 M109 DATA + EST 0.30 2.534
5882 PIN (PROJ STOP PAD) 1 14.300 14.300 2.746 AVCO 0.50 1.373
6006-014 BUSHING 2 4.570 9.140 1.755 RADC (NPRD-3) 0.50 0.877
6010-004 SNAP RING 2 0.004 0.008 0.002 ESTIMATE 0.50 0.001

2.9 SPADE 7.403 135081 2.762 362086

2.9.1 SPADE 7.403 135081 2.762 362086

5820 SPADE 1 37.853 37.853 7.268 M198 DATA 0.38 2.762

6002-011 BOLT (SPADE/PLATFORM) 64 0.011 0.704 0.135 CATFAE PRED N.C. N.C.

3.0 FIRE CONTROL 1411.46 708 175.83 5687
3.0::::::::::: ... ::================ ==Z = in, 2 = =

.1 ASSISTANT GUNNER & GUNNER 1409.95 709 175.528 5697

- ELBOW TELESCOPE 1 643.496 643.496 123.552 M198 DATA N.C. N.C.
.... J172 MT, TELE, QUAD 1 132.484 132.484 25.437 M198 DATA 0.18 4.579 REDUNDANT

M18 FIRE CONTROL QUADRANT 1 1343.771 1343.771 258.006 M198 DATA 0.23 59.341 REDUNDANT

M137 PANORAMIC TELESCOPE 1 3217.480 3217.480 617.760 M198 DATA 0.23 142.085
M171 MT, TELE, QUAD 1 946.318 946.318 181.694 M198 DATA 0.18 32.705
M17 FIRE CONTROL QUADRANT 1 1059.876 1059.876 203.497 M198 DATA 0.23 46.804 REDUNDANT

3.2 FIRE CONTROL LINKAGE 1.52 659278 0.30 3296392

.... TRUNNION TUBE 1 0.500 0.500 0.096 ESTIMATE 0.20 0.019

.... END CAP 2 0.200 0.400 0.077 ESTIMATE 0.20 0.015

.... SIDE SUPPORT STRUT 2 1.000 2.000 0.384 ESTIMATE 0.20 0.077

.... ACTUATOR STRUT 1 1.000 1.000 0.192 ESTIMATE 0.20 0.038

.... SHORT STRUT 2 1.000 2.000 0.384 ESTIMATE 0.20 0.077

.... SUPPORT STRUT 2 1.000 2.000 0.384 ESTIMATE 0.20 0.077

I
I

U
I
U
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I 1.0 LTHD CANNON (F 1MRBF PRED =-26 245 ROUNDS)
(Fl MRBF ALLOC - 14,287 ROUNDS)

I 1 1.2 1.3
TUBE MUZZLE BREECH
ASSEMBLY BRAKE

BLOCKF1MRBF I
PRD RNDS) 89,440 1,190,632 47263
ALLOC (RNDS)I 65,730 874,992 64,312

1 1.4I

PRIMER
AUTOLOADER 

BLOCK Fl MRBF I
PRED (RNDS) 94,937
ALLOC (RNDS)1 69,769 I

I

RELIABILITY EQUATION

Fl MRBFmm - n 1

iE(1/Fl MRBF,)

WHERE; Fl MRBFI - BLOCK Fl MEAN ROUNDS BETWEEN FAILURES5Fl MRBFw= - SUBSYSTEM Fl MEAN ROUNDS BETWEEN FAILURES

n = NUMBER OF BLOCKS IN THE SUBSYSTEM

Fl - MISSION CRITICAL FAILURES

I

FIGURE 4 - LTHD CANNON MISSION CRITICAL RELIABILITY BLOCK DIAGRAM
(AS OF 2/18/87)
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121 T AL FIW PIRED7 14-3 462 ROUNS) 1 2.2 TRAILS (Fl MW PRED a54 9 S )~ I
32.2.1 2.2.2 2.2.3 24I

B LOKFI .I .

PREDICTION (1 ) 211,685 445,139 I 127,593 190,958 247,ON 4,274,705
A.LCATION (RIS)I 155,566 327,131 93,768 140,334 152,113 3,141,468

I 12.3 6I1 F(. (FI R D -335 796 RIDS) 12.4 PLATFORM (F1 1W PRED.-35 098 IS)I I
(FI 19* AL.OC z24,776 RNDS) (FI M ALLOC21,0O0 RIDS)

I 2.2.5 2.3.1 2.3.2 2.4.1 2.4.2 2.5.1U I ~CADLEITRAIL Slik 61IIAL H PLATFORII" ~TA1 ITIE-IN WEINS CONECTOR~ ASSEMBLY

BLOCK FI W I
PREDICTION (IRNS) 1,157,606 1 1,041,660 495,542 I 1,041,660 610,973 I 240,933
A.LOCATION (INS)I 050,721 765,513 364,173 765,513 449,002 177,061 1

2.5 I1EL (W PD z-26 316 ROUNS) - -- -- -- -- -- -- -- - -

S(FI RBF ALLOC 14,339 RWE) 12.6 EQUIL. fF W P z 211 300 RIDS)(F!IF W .J.OC r 155,284 RN)S)I
2.5.2 2.5.3 2.5.4 2.6.1 2.6.2 :2.7.1.1 :1

I BM *EEL BRAKE EQUILIRATOR E9UILIRATOR SYSTEM HYD.
ASSEMBLY ASSMLY SYSTEI ACTUATOR COBLES (ISCl*MINI

I MOUTS HAREWARI
BLOCK FI RN I

PEDICTION (RIIS) 240,846 67,014 67,681 I 697,112 249,044 I 144,592
-_. ALCATION (RNDS) I 176,997 49,248 49,738 512,306 183,021 106,261

2.7.1 SYSTEM HYD. (MIC) V 2 I
(Fl 1WO PRED.144 429 IDS) 2. 7.2 TRA. WYD. IfI NO PRED.6 056 NRiS 2E7.3 ELEVATIN AfY. (F W WPD z9" 20RS

I (FI I1F ALLO=106,140 RNDS): (Fl MW ALLC--56,602 RIDS) : IF W ALLOC - 6A,245 RIDS) I
2.7.1.2 2.7.2.2 2.7.3.1

HANDPUHP, PUMP /JOYSTICK, VW LAS I NO LAY ELEVATIO

AM NSVE PIPES P ES P PIPES
AND FITTINGS ho0) 2.7.2.1 AND FITTITE (1) FTIS(2) 2.7.3.2

,TR RSE HYD.- ELEVATION HYD.-I: OF 2 REQUIRED EMAINNG I OF 2 EWIRED RMAINING
S2.7.1.2 HA& !2.7.2.2 , 2.7.3.1

J T CANO WeW LA :," ,

PREDICTION (RDS) 1: 179,126 68,884 266,418 395,335 87,451 1
M.LOATIWN (RlIS) 242,382 50,623 195,790 290,530 64,267

2.7.4 2.7.5 2.7.6 2.7.7 2.7.B 2.7.9

EgUILIBRATION STUB CPANN RECIL I IREEO INERTIAL
I HYDRAULICS PRESSURE POSITION COUI4EREWIL HYDAULICS WMINS I

n HYDRAULICS HYDRAULICS HYDRAUL.ICS HYDRULICS

BLOCK F1 1W
PREDICTION (11) I 35,65 120,301 275,951 15,772 76,599 98,618 1
ALLOCATION (RIDS) 26,188 88,409 202,796 11,591 56,295 72,474

2.7.10 2.7.11 2.7.12 2.7.13

LOADPSTIONd *lEL PRIMER LAYAR(D
I HYDRAULICS HYDRULICS HYDRULICS HYDRAUICSA

AM FI N 1 2.7 HYDRALLIC S STEM
PREDICTION RlDS) 1 90,929 30,804 116,466 118,098 (Fl W PRED : 4a545 ROLUDS)~.ALLOCATION (RIDS) ,923 22,637 85,591 8,79 (Fl 1 LL., -,340 ROJNS)

FIGURE 5 - LTHD CARRIASE MISSION CRITICAL RELIABILITY BLOCK DIAGRAM -
1 OF 2 DIAGRAMS (AS OF 2/18/87)
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IF M 41:03 ROM (Fl Ml FEDx&,69=2..1 2F . If 2.9.1~(l~ 326

LCCTIONNS ) " ,635 1273:0 I

2.0 Liii CNIAGE (F1 NNF FED 183 MMW)3 ~(Fl MWF 31C339 W1j)

RELIABILITY EQUATIONS

U -N/ (BLOCK MRBF)
BLOCK R =-

RF.1 R2BF .. 1 1  fR.7  .- R.,.3Ln 1.2

N 25 roundund

F1 MRBF....-, f R2.,..1(n).m~n dn

IF MRBF.. ... =20rud

F 1 - l/MRBFz

E~~~~F FlMRF 2 7. -1/2..

n

.E (1/Fl MRBF0)

WHR;N - 250 ROUNDS FIRED -BASED ON M198 HOWITZER 48-HOUR BATTLEFIELD
MISSION (EQUIPMENT MAINTAINED AT THE END OF MISSION)

Fl -MISSION CRITICAL FAILURES

ko R - RELIABILITY

F1 MRBF, - BLOCK Fl MEAN ROUNDS BETWEEN FAILURES

I - FAILURE RATE (FAILURES PER MILLION ROUNDS)

Fl MRBFmw - SUBSYSTEM Fl MEAN ROUNDS BETWEEN FAILURES

n -NUMBER OF BLOCKS IN THE SUBSYSTEM

FIGURE 5 - LTHD CARAFMBANPIALA RSLAB IY BLOCK DIAGRAM -
2 RAMS ( F /18/8
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ALIOCATION~RLIBIIT EQUATI6054ONS3411,0 5,7221,7

i I
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FRDCTO (M MISO CRIICA FAILURE
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Fl MR~mFl SUBFSTM(IECNRLFlMARONSBWENALUS
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MISIO (EUIMEN MI(ASNE OF TH/1NDO/7)SON



PAGE 1 LTHD SYSTEM MISSION CRITICAL (F) RELIABILITY PREDICTION AND ALLOCATION WORKSHEET (AS OF 18-Feb-87

BLOCK MISSION CRITICAL (Fl) PRED MISSION CRITICAL (Ff) ALLOCATION
CODE/ FLR RATE BLOCK FAILURE RATE BLOCK
PART NOMENCLATURE OTY FI/F3 (FLR/ROUND MRBF (FLR/ROUND 1OX-6) MRBF3 NU4BER I0X-6) (rounds) COMP COMP X OTY (rounds)

LIGHTWEIGHT TOWED HOWITZER DEMONSTRATOR 528.090 1894 909.091 1100

1.0 CANNON 38.103 26245 51.848 19287
======== = 3========== =================== =33===---------------=-==========

1.1 TUBE ASSEMBLY 11.181 89440 15.214 65730

1.1.1 TUBE ASSEMBLY 11.181 89440 15.214 65730

5767 TUBE 1 0.95 10.357 14.093 14.093
5781 COLLAR SET 5 0.20 0.384 0.105 0.5236016-001 EXTRUSION RAIL 2 0.20 0.077 0.052 0.105

6022- KEY 20 0.10 0.363 0.025 0.494
6002- BOLT 40 N.C. N.C. N.C. N.C.
6003-007 NUT 20 N.C. N.C. N.C. N.C.

1.2 MUZZLE BRAKE 0.80 1190632 1.143 874992
1.2.1 MUZZLE BRAKE 0.840 1190632 1.143 874992

5765 MUZZLE BRAKE 1 0.20 0.727 0.989 0.989
5786 KEY, 1 0.20 0.036 0.049 0.049
5787 TRUST COLLAR 1 0.20 0.077 0.105 0.105

1.3 BREECH 15.549 64312 21.158 47263

5 1.3.1 BREECH 15.549 64312 21.158 47263

5789 BREECH 1 0.55 12.852 17.488 17.488
5816 BAND (OUTER BREECH) 1 0.17 1.235 1.681 1.681
5788 BAND (INNER BREECH) 1 0.17 1.235 1.681 1.681
6022-005 KEY 2 0.20 0.073 0.049 0.099.... CLAMP 4 0.10 0.154 0.052 0.209
.... BOLT 9 N.C. N.C. N.C. N.C.

3 1.4 PRIMER AUTOLOADER 10.533 94937 14.333 69769

5802 PRIMER AUTOLOADER 1 0.21 10.533 14.333 14.333

2.0 CARRIAGE 314.156 3183 427.483 2339

S= = ==If====z 2===== ====== = zz= ===== = === ===z==2===

2.1 CRADLE 6.971 143462 9.485 105430

2.1.1 CRADLE 4.724 211685 6.428 155566

5730 CRADLE 1 0.26 4.724 6.428 6.428

2.1.2 SPEEDSHIFT PEG 2.246 445139 3.057 327131

5780 BRACKET 1 0.20 0.115 0.157 0.157
5772 CRADLE STOP 1 0.20 0.019 0.026 0.026
5777 GIMBEL MOUNT 3 0.20 0.023 0.010 0.031
5776 GIMBEL SPEEDSHIFT 1 0.20 0.038 0.052 0.052

i 5790 DISK 1 0.20 0.269 0.366 0.366
5773 LOCK HOUSING 1 0.20 0.019 0.026 0.026
5778 LOCK HANDLE 1 0.20 0.549 0.747 0.747



PAGE 2 LTHD SYSTEM MISSION CRITICAL (Fl) RELIABILITY PREDICTION AND ALLOCATION WORKSHEET (AS OF 18-Feb-87

U BLOCK MISSION CRITICAL (Fl) PRED MISSION CRITICAL (F1) ALLOCATION
COOE/ FLR RATE BLOCK FAILURE RATE BLOCK
PART NOMENCLATURE QTY F1/F3 (FLR/ROUND MRBF (FLR/ROUND 10X-6) MRBF3 NUMBER 10X-6) (rounds) COMP COMP X OTY (rounds)

6013- SPRING 1 0.20 0.089 0.121 0.121
6002- BOLT 11 N.C. N.C. N.C. N.C.
6003- NUT 8 N.C. N.C. N.C. N.C.
5771 NUT (SPEEDSHIFT PIVOT) 2 0.20 0.077 0.052 0.105
6005- WASHER 8 N.C. N.C. N.C. N.C.
6007- PIN 8 0.20 0.115 0.020 0.156
6006- BEARING 4 0.20 0.582 0.198 0.7925 5774,5775 BUSHING (DISK) 2 0.20 0.351 0.239 0.478

2.2 TRAILS 18.207 54923 24.775 40363

5 2.2.1 TRAIL STRUCTURE 7.837 127593 10.665 93768

5841,5897 UPPER TRAIL 2 0.10 1.561 1.062 2.124
5842,5898 LOWER REAR TRAIL 2 0.10 0.780 0.531 1.062
5843,5899 LOWER FRONT TRAIL 2 0.10 1.170 0.796 1.593
5845 FRONT BULKHEAD 2 0.10 0.156 0.106 0.212
5846 WHEEL BULKHEAD 2 0.10 0.156 0.106 0.212
5931 MIDDLE BULKHEAD 2 0.10 0.156 0.106 0.212
5932 REAR BULKHEAD 2 0.10 0.156 0.106 0.212
5933,5934 LATTICE 24 0.10 3.120 0.177 4.245
5834,5835 PIN (TRAIL CLEVIS) 64 0.10 0.460 0.010 0.625
5844 SPACER 128 N.C. N.C. N.C. N.C.
5857,5858 X-RING 64 0.10 0.123 0.003 0.167
6002-016 BOLT (BULKHEAD) 48 N.C. N.C. N.C. N.C.
6003-007 NUT (BULKHEAD) 48 N.C. N.C. N.C. N.C.

2.2.2 TRAIL PIN 5.237 190958 7.126 140334

6009-003 SCREW 4 0.25 0.002 0.001 0.003
6005-010 WASHER 4 0.25 0.000 0.000 0.001
6026-001 BEARING PIN 4 0.25 2.746 0.934 3.736
6006-012 BEARING 4 0.25 0.728 0.248 0.990
6024-001 BUSHING (RETAINER) 4 0.25 0.877 0.298 1.194
6025-001 RETAINER 4 0.25 0.002 0.001 0.003
6010-005 SNAP RING 4 0.25 0.001 0.000 0.001
6006-011 BUSHING (TRAIL BEARING) 4 0.25 0.877 0.298 1.194
6003-006 NUT 16 0.05 0.002 0.000 0.002
6002-015 BOLT 16 0.05 0.002 0.000 0.002

2.2.3 LIFTING HANDLE 4.035 247808 5.491 182113

5891 LIFTING HANDLE 4 0.05 0.038 0.013 0.052
6004-003 STUD 2 0.05 0.001 0.001 0.001
6005-019 WASHER 4 0.05 0.000 0.000 0.000
5770 LOCK ARM 2 0.25 0.480 0.327 0.653
6012-001 PULL PIN 2 0.25 1.373 0.934 1.868
5762 LOCK PLATE 2 0.25 0.288 0.196 0.392
6002-010 BOLT 2 0.25 0.001 0.001 0.001
6003- NUT 6 0.25 0.003 0.001 0.004
6011-001 SPACE CYLINDER 2 0.25 0.096 0.065 0.131
6011-016 BUSHING 8 0.25 1.755 0.298 2.388

2.2.4 GROUND PAD 0.234 4274705 0.318 3141468

5832,5833 GROUND PAD 2 0.10 0.127 0.087 0.173
5856 SPACER 2 0.10 0.107 0.073 0.145
6002-017 BOLT 20 N.C. N.C. N.C. N.C.
6003-008 NUT 20 N.C. N.C. N.C. N.C.

2.2.5 CRADLE/TRAIL TIE-IN 0.864 1157606 1.175 850721

855 SLOTTED PLATE 4 0.20 0.461 0.157 0.627
5854 SHIM 4 0.20 0.015 0.005 0.021
5863 LUG 4 0.20 0.080 0.027 0.110

5864,5865 SUPPORT BAR 3 0.20 0.230 0.105 0.314U
Ui



PAGE 3 LTND SYSTEM MISSION CRITICAL (F1) RELIABILITY PREDICTION AND ALLOCATION WORKSNEET (AS OF 18-Feb-87

BLOCK MISSION CRITICAL (Fl) PRED MISSION CRITICAL (Fl) ALLOCATION
COOE/ FLR RATE BLOCK FAILURE RATE BLOCK
PART NOMENCLATURE OTY F1/F3 (FLR/ROUND MRBF (FLR/ROUND 1OX-6) MRBFSNM4BER 10X-6) (rotmds) COMP COMP X OTY (rounds)

5866 LINK 2 0.20 0.077 0.052 0.105
6002- BOLT 31 N.C. N.C. N.C. N.C.3 6003- NUT 31 N.C. N.C. N.C. N.C.

2.3 GIMBAL 2.978 335796 4.052 246776

2.3.1 GIMBAL 0.960 1041660 1.306 765513

5810 GIMBAL 1 0.25 0.960 1.306 1.306

5 2.3.2 GIMBAL BEARING 2.018 495542 2.746 364173

6007- PIN (GIMBAL/TRAVERSE) 2 0.25 1.373 0.934 1.868
5935 SLEEVE 1 0.25 0.219 0.298 0.298
5936 SPACER 1 0.25 0.000 0.000 0.000
5937 COVER 1 0.10 0.010 0.013 0.013
6002- BOLT 2 0.25 0.001 0.001 0.001
6005- WASHER 3 0.05 0.000 0.000 0.000
6006- BEARING 2 0.25 0.364 0.248 0.495
6010- SNAP RING 4 0.25 0.001 0.000 0.001
6030-001 O-RING 1 0.25 0.050 0.069 0.069

2.4 PLATFORM 2.597 385098 3.533 283008

2.4.1 PLATFORM 0.960 1041660 1.306 765513

5800 PLATFORM 1 0.25 0.960 1.306 1.306

3 2.4.2 PLATFORM/TRAIL CONNECTOR 1.637 610973 2.227 "9002

.... HANDLE 2 0.10 0.038 0.026 0.052

.... BOLT (SPRING LOADED) 2 0.25 1.373 0.934 1.868
6013-001 SPRING 2 0.25 0.222 0.151 0.302
6010-006 SNAP RING 2 0.10 0.000 0.000 0.000
6002-029 BOLT 4 0.10 0.001 0.000 0.001
6003- NUT 4 0.10 0.001 0.000 0.001
6001-004 ADHESIVE 2 0.10 0.002 0.001 0.003

2.5 WHEEL SYSTEM 38.000 26316 51.708 19339

2.5.1 PIN ASSEMBLY 4.151 240933 5.648 177061

5730 PIVOT PIN 2 0.50 2.746 1.868 3.736
6005-002 THRUST WASHER 8 0.05 0.000 0.000 0.000
6002-001 BOLT (PIVOT) 4 0.05 0.000 0.000 0.001
6003-001 NUT (PIVOT) 4 0.05 0.000 0.000 0.001
6006-001 BUSHING (PIVOT) 8 0.20 1.404 0.239 1.910

2.5.2 BEAM ASSEMBLY 4.152 240846 5.650 176997
5794,5796 LEADING BEA 2 0.30 0.411 0.280 0.560
5795,5797 LAGGING BEAM 2 0.30 0.411 0.280 0.560

6007-001 PIN (SUPPORT) 4 0.20 0.057 0.020 0.078
5736 CAP (AXLE BEAN END) 8 0.05 0.038 0.007 0.052
6002-002 BOLT (AXLE CAP) 16 N.C. N.C. N.C. N.C.
6005-004 WASHER (AXLE CAP) 16 N.C. N.C. N.C. N.C.
6005-006 WASHER (CYLINDER PIVOT) 8 N.C. N.C. N.C. N.C.
6006-003 BUSHING (CYLINDER PIVOT) 4 0.20 0.702 0.239 0.955
6006-004 BUSHING (SUPPORT PIVOT) 12 0.20 2.106 0.239 2.866
5803,5804 CROSS SUPPORT 2 0.20 0.077 0.052 0.105
5809 HANDLE LOCKING (X-SUPPORT) 2 0.20 0.230 0.157 0.314
5812 BRACKET 2 0.20 0.020 0.014 0.028
5813 GUIDE (SPRING) 2 0.05 0.010 0.007 0.013U



PAGE 4 LTID SYSTEM MISSION CRITICAL (Fl) RELIABILITY PREDICTION AND ALLOCATION WORKSHEET (AS OF 18-Feb-87

BLOCK MISSION CRITICAL (Fl) PRED MISSION CRITICAL (Fl) ALLOCATION
CODE/ FLR RATE BLOCK FAILURE RATE BLOCK
PART NOMENCLATURE QTY F1/F3 (FLR/ROUND MRBF (FLR/ROUND 1OX-6) MRBF3 NUMBER 10X-6) (rounds) COMP COMP X OTY (rounds)

6002-006 BOLT (SUPPORT HANOLE BRKT) 4 N.C. N.C. N.C. N.C.
6003-005 NUT (SUPPORT HANDLE BRKT) 4 N.C. N.C. N.C. N.C.
6002-007 BOLT (HANDLE GUIDE) 8 N.C. N.C. N.C. N.C.
6013-002 SPRING 2 0.10 0.089 0.060 0.121
6033-001 LOCKWIRE 2 0.10 0.000 0.000 0.000

2.5.3 WHEEL ASSEMBLY 14.922 67014 20.305 49248

5738 TIRE 4 0.30 7.263 2.471 9.8835739 WHEEL 4 0.30 0.309 0.105 0.421

6020,6021 VALVE STEM AND CAP 4 0.30 0.107 0.037 0.1465741 IIUS 4 0.62 1.597 0.543 2.173

5742 CAP (HUB) 4 0.30 0.346 0.118 0.470
6002-003 BOLT (HUB CAP) 32 N.C. N.C. N.C. N.C.5743 GRASE SEAL 16 0.10 1.074 0.091 1.461

57" NUT (AXLE BEARING) 8 0.24 0.409 0.070 0.557
5745 LOCK'MASHER (BEARING) 8 0.24 0.001 0.000 0.001
5746 ROLLER BEARING 8 0.24 2.411 0.410 3.2815747 AXLE 4 0.50 0.515 0.175 0.701
5748 ROTOR (DISC BRAKE) 4 0.08 0.876 0.298 1.192

6002-004 BOLT (ROTOR DISC) 24 N.C. N.C. N.C. N.C.
6002-005 BOLT (WHEEL) 32 N.C. N.C. N.C. N.C.
6005-005 WASHER (WHEEL BOLT) 32 N.C. N.C. N.C. N.C.
6019-010 GREASE ZURK 8 N.C. N.C. N.C. N.C.
.... RELIEF VALVE (CAP) 8 N.C. N.C. N.C. N.C.

6007-002 PIN (ROTOR) 4 0.05 0.014 0.005 0.020

2.5.4 BRAKE SYSTEM 14.775 67681 20.105 49738

5749 BRAKE CALIPER (SERVICE) 4 0.08 3.504 1.192 4.767
6006-002 BUSHING (BRAKE) 16 0.12 0.532 0.045 0.724
5753 PIN (BRAKE) 8 0.05 0.029 0.005 0.039
5750 PARK BRAKE CALIPER 4 0.05 0.696 0.237 0.946
5827 PIN (PARK BRAKE) 4 0.05 0.014 0.005 0.020
5824 SHAFT (PARK BRAKE) 2 0.05 0.066 0.045 0.090
5825 HEX HEAD (PARK BRAKE) 2 0.05 0.000 0.000 0.000
5826 BEARING BLOCK (PARK BRAKE) 4 0.05 0.146 0.050 0.198
6002-008 BOLT (BEARING BLOCK) 16 N.C. N.C. N.C. N.C.
5823 ROD END (PARK BRAKE) 4 0.05 0.013 0.004 0.018
5822 ROD (PARK BRAKE) 2 0.05 0.013 0.009 0.018
5819 LEVER (PARK BRAKE) 2 0.05 0.039 0.026 0.053
5715 HYDRAULIC/AIR ACTUATOR 1 0.50 4.844 6.592 6.592
5752 RELAY VALVE (U CHECK V) 1 0.14 0.361 0.491 0.491
5715 AIR TANK 1 0.50 0.064 0.088 0.088
5757 DRAIN COCK 1 0.15 0.348 0.473 0.473
5759 AIR FILTER 2 0.05 0.063 0.043 0.086
5758 FRAME NIPPLE 2 0.35 0.063 0.043 0.085
5756 AIR HOSE ASSEMBLY 2 0.35 0.466 0.317 0.634
5755 GLADHAND 2 0.10 0.038 0.026 0.052
5754 NOSE SUPPORT BRACKET 1 0.10 0.005 0.007 0.007
6027- PIPING AND FITTINGS 12 0.35 1.423 0.161 1.937
5829 HOSE AND COUPLING 10 0.35 1.312 0.178 1.785
6019- ELBOW PIPING 5 0.35 0.258 0.070 0.351
6019-006 NIPPLE 4 0.35 0.125 0.043 0.170
6019-007 UNION 1 0.35 0.115 0.157 0.157
6019-001 ADAPTER 6 0.05 0.051 0.012 0.070
6019-002 TEE 3 0.35 0.188 0.085 0.256
6003-002 NUT 4 N.C. N.C. N.C. N.C.
6017-002 X-WASHER 16 N.C. N.C. N.C. N.C.

2.6 EQUILIBRATORS 4.733 211300 6.440 155284

2.6.1 EQUILIBRATOR ACTUATOR MOUNTS 1.434 697112 1.952 512306

5763 TUBE 1 0.50 0.048 0.065 0.065
5779 TUBE (OUTSIDE) 4 0.50 0.192 0.065 0.261
5760 CAP 2 0.20 0.008 0.005 u.010
5761 TRAIL NESTING BUSHING 2 0.50 0.877 0.597 1.194



PAGE 5 LTHD SYSTEM MISSION CRITICAL (F1) RELIABILITY PREDICTION AND ALLOCATION WORKSHEET (AS OF 18-Feb-87

BLOCK MISSION CRITICAL (Fl) PRED MISSION CRITICAL (Fl) ALLOCATION
CODE/ FLR RATE BLOCK FAILURE RATE BLOCK
PART NOMENCLATURE OTY F1I/F3 (FLR/ROUND MRBF (FLR/ROUND 1OX-6) MRBF

NUMBER 10X-6) (rounds) COP COMP X OTY (rounds)

S5664 CLAMP SET 3 0.25 0.288 0.131 0.392
6004- STUD 7 0.25 0.017 0.003 0.023
6003- NUT 8 0.25 0.004 0.001 0.006

2.6.2 EQUILIBRATOR CABLES 4.015 249044 5.464 183021

5791 CABLE 2 0.70 2.796 1.902 3.804
6006-007 BEARING 2 0.70 1.019 0.693 1.386
6007-004 PIN 4 0.70 0.201 0.068 0.274

2.7 HYDRAULIC SYSTEM 220.002 4545 299.364 3340

L- 2.7.1 SYSTEM HYDRAULICS (MISC) 6.924 144428 422 106140

.... MANIFOLD ASSY 4 0.60 3.405 - 1.158 4.634
5906,5907 HAND PUMP 2 0.40 7.749 2 REDUNDANT 5.272 10.544
5903-002 PUMP CONTROL VALVE 2 0.60 2.292 2 REDUNDANT 1.560 3.119
.... QUICK-DISCONNECT CHECK VLV 2 0.50 2.004 1.363 2.727
5903-003 SAFETY RELIEF VALVE 1 0.50 0.165 0.224 0.224
.... HOSE AND COUPLING 3 0.35 0.394 t  0.178 0.535
.... PIPING AND FITTINGS 18 0.35 2.135 1 AN 0.161 2.905

-2.7.2 TRAVERSE HYDRAULICS 14.523 68856 19.762 50602

5904,5905 CANNON LAY TRAVERSE VALVE 4 0.60 4.585 4 REDUNDANT 1.560 6.239
5904,5905 HYDRAULIC JOYSTICK 2 0.30 2.447 2 REDUNDANT 1.665 3.330
5920 TRAVERSE VALVE 1 0.60 1.146 1.560 1.560
.... TRAVERSE BEAR LOC 1 0.55 2.476 3.369 3.369
.... INTENSIFIER (BEAR LOCK) 1 0.60 0.634 0.862 0.862

f .... EMERGENCY ZERK??????? 1 N.C. N.C. N.C. N.C.
5714 TRAVERSE ACTUATOR 1 0.50 4.844 6,592 6.592
.... SLIP RING 1 0.50 4.788 6.516 6.516
.... PIPING AND FITTINGS 9 0.35 1.067 4 REDUNDANT 0.161 1.4536007-006 PIN 1 0.50 0.036 0.049 0.049

.7.3 ELEVATION HYDRAULICS 11.439 87420 15.565 64245

5904,5905 CANNON LAY ELEVATION VALVE 4 0.60 4.585 4 REDUNDANT 1.560 6.239
5919 ELEVATION VALVE 1 0.60 1.146 1.560 1.560
5716 ELEVATION ACTUATOR 1 0.50 4.844 6.592 6.592
.... SLIP RING 1 0.50 4.788 6.516 6.516
.... PIPING AND FITTINGS 8 0.35 0.949 4 REDUNDANT 0.161 1.291
6007-009 PIN 1 0.50 0.036 0.049 0.049
6006-013 BEARING 1 0.20 0.146 0.198 0.198
6005-011 WASHER 2 0.20 0.000 0.000 0.000
6017-001 X-WASHER 2 0.20 0.000 0.000 0.000

L,2.7.4 EQUILIBRATION HYDRAULICS 28.063 35635 38.186 26188

5893 EQUILIBRATION PRESSURE VLV 1 0.60 1.146 1.560 1.560
5892 EQUILIBRATION VALVE ON/OFF 1 0.60 1.146 1.560 1.560
5915 INTENSIFIER (DOUBLE-ENDED) 1 0.55 4.720 6.422 6.422
5720-002 EQUILIBRATION ACCUMULATOR 1 0.30 3.171 4.314 4.314
5712,5713 EQUILIBRATION ACTUATOR 2 0.50 9.688 6.592 13.183
.... INTENSIFIER (BEAR LOCK) 1 0.60 0.634 0.862 0.862
.... ELEVATION BEAR LOC 2 0.55 4.952 3.369 6.738
--.-- EMERGENCY ZERK????????? 2 N.C. N.C. N.C. N.C.
5896 PILOT OPER CHCK VLV W SEAL 1 0.40 1.239 1.686 1.686
.... PIPING AND FITTINGS 6 0.35 0.712 0.161 0.968
.... HOSE AND COUPLING 5 0.35 0.656 0.178 0.892

_nv.2.7.5 STORED PRESSURE HYDRAULICS 8.312 120301 11.311 88409
5894,5900 VALVE (PRESSURE GAGE) 2 0.20 0.764 0.520 1.040
5894,5900 PRESSURE GAGE 2 0.05 0.138 0.094 0.188

62L Ai ' . z



PAGE 6 LTHD SYSTEM MISSION CRITICAL (F1) RELIABILITY PREDICTION AND ALLOCATION WORKSHEET (AS OF 18-Feb-87

BLOCK MISSION CRITICAL (F1) PRED MISSION CRITICAL (Fl) ALLOCATION
CODE/ FLR RATE BLOCK FAILURE RATE BLOCK
PART NOMENCLATURE QTY F1/F3 (FLR/ROUND MRBF (FLR/ROUND 1OX-6) KRBF

NUMBER 1OX-6) (rounds) COMP COMP X OTY (rounds)

5720-003 RESERVOIR ACCUMULATOR 1 0.30 3.171 4.314 4.314
5900- VALVE (ON/OFF) 1 0.20 0.382 0.520 0.520
.... PILOT OPER CHCK VLV W SEAL 1 0.40 1.239 1.686 1.686
.... HYDRAULIC FILTER 1 0.30 0.171 0.233 0.233
.... CHECK VALVE (FILTER) 2 0.50 1.617 1.100 2.201
.... PIPING AND FITTINGS 7 0.35 0.830 0.161 1.130

2.7.6 CANNON POSITION HYDRAULICS 3.624 275951 4.931 202796

5895 CANNON POSITION VALVE 1 0.60 1.146 1.560 1.560
.... PILOT OPER CHCK VLV W SEAL 2 0.40 2.478 1.686 3.371

V 2.7.7 RECOIL & C'RECOIL HYDRAULICS 63.405 15772 86.277 11591

5710-555 RECOIL CYLINDER 2 0.45 26.289 35.772
5710-315 C' RECOIL CYLINDER 1 0.45 13.144 17.886
5710-310 ENERGY STORAGE CYLINDER 1 0.45 13.144 17.886 17.886
5718,5719 C- RECOIL ACCUMULATOR 2 0.30 6.341 4.314 8.629
5912 CHECK VALVE 3 0.50 2.426 1.100 3.301
5913 RELIEF VALVE 1 0.50 0.165 0.224 0.224
5914 PRESSURE REDUCING VALVE 1 0.50 0.165 0.224 0.224
5916 CIRCUIT BREAKER 1 N.C. N.C. N.C. N.C.
5916 ORIFICE 1 N.C. N.C. N.C. N.C.
5947 ROD/PISTON (RECOIL) 2 0.45 0.173 0.118 0.235
5948 ROD/PISTON (C'RECOIL) 2 0.45 0.354 0.241 0.482
5949 ORIFICE ROD 2 0.45 0.372 0.253 0.506
5950 GUIDE ROD 2 0.45 0.372 0.253 0.506
5951 END CAP 8 0.20 0.307 0.052 0.418
5952 WASHER (END CAP) 4 0.20 0.000 0.000 0.000
5954 COLLAR (END CAP) 4 0.20 0.154 0.052 0.209
5955 NUT (END CAP) 4 0.05 0.000 0.000 0.001

2.7.8 BREECH HYDRAULICS 13.057 76589 17.767 56285

Wrk5900-001 BREECH VALVE 1 0.60 1.146 1.560 1.5605725 BREECH ACTUATOR 1 0.50 4.844 6.592 6.592
.... ACTUATOR CONTROL VALVE 1 0.60 1.146 1.560 1.560
.... CHECK VALVE 1 0.50 0.809 1.100 1.100
5922 PILOT OPER CTRL FLOW VALVE 2 0.45 4.243 2.887 5.773
.... PIPING AND FITTINGS 4 0.35 0.474 0.161 0.646
... . HOSE AND COUPLING 2 0.35 0.262 0.178 0.357
,LINK 1 0.50 0.096 0.131 0.131
5725 PIN 1 0.50 0.036 0.049 0.049

" L- 2.7.9 INERTIAL RAMMING HYDRAULICS 10.140 98618 13.798 72474

5900-002 VALVE (RAM/RETRACT/CREEP) 1 0.60 1.146 1.560 1.560
5902- DEINTENSIFIER 1 0.55 3.881 5.281 5.281
....- AIR FILTER 1 0.05 0.032 0.043 0.043
5729 RAMMER POSITION ACTUATOR 1 0.50 4.844 6.592 6.592

P... IPING AND FITTINGS 2 0.35 0.237 0.161 0.323

~ 1-2.7.10 LOAD POSITION HYDRAULICS 10.998 90929 14.965 66823

5900-003 VALVE (BATTERY/LOAD) 1 0.60 1.146 1.560 1.560
5728 LOAD POSITION ACTUATOR 1 0.50 4.844 6.592 6.592
5921 PILOT OPER ClICK VIV W SEAL 2 0.40 2.478 1.686 3.371
5917 BATTERY VALVE 1 0.60 1.146 1.560 1.560
5918 LOAD POSITION VALVE 1 0.60 1.146 1.560 1.560
.... PIPING AND FITTINGS 2 0.35 0.237 0.161 0.323

2.7.11 WHEEL HYDRAULICS 32.464 30804 44.175 22637

5910 WHEEL HYDRAULIC VALVE 8 0.60 9.170 1.560 12.478
5721-5722 WHEEL ACTUATOR 4 0.50 19.376 6.592 26.366
.... LINKAGE (WHEEL ACT VALVE) 4 0.50 0.384 0.131 0.523



PAGE 7 LTHO SYSTEM MISSION CRITICAL (Fl) RELIABILITY PREDICTION AND ALLOCAT N WORKSHEET (AS OF 18-Feb-87

BLOCK MISSION CRITICAL (Fl) PRED MISSION CRITICAL (Fl) ALLOCATION
CODE/ FLR RATE BLOCK FAILURE RATE BLOCK
PART NOMENCLATURE QTY F1/F3 (FLR/ROUND MRBF (FLR/ROUND 10X-6) MRBF

NUMBER 10X-6) (rounds) COMP COMP X OTY (rounds)

.... BURST PLUG 4 0.50 0.384 0.131 0.523
5903-001 CIRCUIT BREAKER 2 N.C. N.C. N.C. N.C.
.... HOSE AND COUPLING 14 0.35 1.836 0.178 2.499
.... PIPING AND FITTINGS 8 0.35 0.949 0.161 1.291
.... PIN JOINT 8 0.50 0.287 0.049 0.391
.... RETAINING RING 8 0.50 0.077 0.013 0.105

2.7.12 PRIMER HYDRAULICS 8.586 116466 11.683 85591

5900-004 PRIMER VALVE 1 0.60 1.146 1.560 1.560
5726 PRIMER ACTUATOR 1 0.50 4.844 6.592 6.592

5922 PILOT OPER CTRL FLOW VALVE 1 0.45 2.121 2.887 2.887
.... PIPING AND FITTINGS 4 0.35 0.474 0.161 0.646

2.7.13 LANYARD HYDRAULICS 8.468 118098 11.522 86790

5900-DO5 LANYARD VALVE 1 0.60 1.146 1.560 1.560

5727 PRIMER ACTUATOR 1 0.50 4.844 6.592 6.592
5922 PILOT OPER CTRL FLOW VALVE 1 0.45 2.121 2.887 2.887
.... PIPING AND FITTINGS 3 0.35 0.356 0.161 0.484

2.8 LOAD TRAY 17.907 55843 24.367 41039

LT 2.8.1 LOAD TRAY 10.037 99635 13.657 73221

5867 LOAD TRAY 1 0.20 0.779 1.060 1.060
---- BARS 2 0.20 0.077 0.052 0.105
.... CLEVIS 3 0.20 0.438 0.199 0.596
.... ROLLER HOUSING (FIXED) 1 0.20 0.115 0.157 0.157
--- TIE BAR 2 0.20 0.384 0.261 0.523
.... TROLLY SUPPORT 4 0.20 0.768 0.261 1.045
.... ROLLER HOUSING (PIVOTING) 4 0.20 0.461 0.157 0.627

6002- BOLT 125 N.C. N.C. N.C. N.C.
6003- NUT 211 N.C. N.C. N.C. N.C.
6005- WASHER 546 N.C. N.C. N.C. N.C.
5927 TRACK (REAR) 1 0.20 0.857 1.166 1.166
5928 GUIDE (REAR TRACK) 2 0.20 1.714 1.166 2.332
5926 TRACK (CENTER) 1 0.20 0.857 1.166 1.166
5925 TRACK (FORWARD) 1 0.20 0.857 1.166 1.166
5888 HINGE (BRACKET INNER) 4 0.20 0.584 0.199 0.794
5889 HINGE (BRACKET OUTER) 4 0.20 0.584 0.199 0.794

5929,5930, BAR (TRACK SUPPORT) 3 0.20 0.115 0.052 0.157
5940
5939 BRACKET(REAR TRACK ROLLER) 4 0.20 0.041 0.014 0.055

5887 ROLLER 28 0.40 0.950 0.046 1.293
5868 WEARSTRIP 3 0.05 0.029 0.013 0.039
5869 BACKSTOP (PROJECTILE) 1 0.10 0.038 0.052 0.052
5870 STRIP 2 0.05 0.019 0.013 0.026
5871 BRACKET 2 0.20 0.020 0.014 0.028

6006-015 BUSHING 2 0.20 0.351 0.239 0.478
6009- SCREW 38 N.C. N.C. N.C. N.C.

2.8.2 SHOCK MOUNT 7.871 127056 10.710 93373

5872,5873, BAR 4 0.20 0.154 0.052 0.209

5874
5941 PRIMARY SHOCK 2 0.50 1.475 1.004 2.007

5875 BRACKET 1 0.20 0.010 0.014 0.014

5942 SHOCK (MAN) 1 0.50 0.737 1.004 1.004

5878 PAD (PROJECTILE STOP) 1 0.20 0.127 0.173 0.173

6002- BOLT 3 0.20 0.001 0.001 0.002

6003- NUT 7 0.20 0.003 0.001 0.004

6005- WASHER 2 0.20 0.000 0.000 0.000

5879 MOUNT (PAD) 1 0.20 0.107 0.145 0.145

5880 CUSHION 1 0.20 0.127 0.173 0.173

5881 BAR (PIN PIVOT) ?????? 2 0.20 0.077 0.052 0.105
5877 MOUNT (PROJECTILE STOP) 1 0.50 0.266 0.363 0.363



5PAGE 8 LTHD SYSTEM MISSION CRITICAL (Fl) RELIABILITY PREDICTION AND ALLOCATION WORKSHEET (AS OF 18-Feb-87

BLOCK 14ISSION CRITICAL (Fl) PRED MISSION CRITICAL (Fl) ALLOCATION
CODE/ FIR RATE BLOCK FAILURE RATE BLOCK
PART N0ONENCLATURE OTY FIIF3 (FIR/ROUND NRSF (FIR/ROUND IOX-6) MRBF

NUM4BER I0X-6) (rounds) C01MP C014P X OTY (rounids)

5876 GUIDE (SHOCK MOUNT) 4 0.30 2.534 0.862 3."49

5882 PIN (PROJ STOP PAD) 1 0.50 1.373 1.868 1.868
6006-014 BUSHING 2 0.50 0.877 0.597 1.194
6010-004 SNAP RING 2 0.50 0.001 0.001 0.001

2.9 SPADE 2.762 362086 3.758 266096

2.9.1 SPADE 2.762 362086 3.758 266096

5820 SPADE 1 0.38 2.762 3.758 3.758
6002-011 BOLT (SPADE/PLATFORM) 64 N.C. N.C. N.C. N.C.

3.0 FIRE CONTROL 5687 239.260 4180

53.1 ASSISTANT GUNNER It GUNNER 175.528 5697 238.847 4187

ELBOW TELESCOPE 1 N.C. N.C. N.C. N.C.
... M172 MT, TELE, QUAD) 1 0.18 4.579 REDUNDANT 6.230 6.230
--- M18 FIRE CONTROL QUADRANT 1 0.23 59.341 REDUNDANT 80.748 80.748

M137 PANORAIC TELESCOPE 1 0.23 142.085 193.340 193.340
M171 MT, TELE, QUAD 1 0.18 32.705 "4.503 "4.503

--- M17 FIRE CONTROL QUADRANT 1 0.23 46.804 REDUNDANT 63.68 63.688

3.2 FIRE CONTROL LINKAGE 0.30 3296392 0.413 2422509

TRUNNION TUBE 1 0.20 0.019 0.026 0.026
... END CAP 2 0.20 0.015 0.010 0.021
... SIDE SUPPORT STRUT 2 0.20 0.077 0.052 0.105
... ACTUATOR STRUT 1 0.20 0.038 0.052 0.052

SHORT STRUT 2 0.20 0.077 0.052 0.105
... SUPPORT STRUT 2 0.20 0.077 0.052 0.105

I m
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I PAGE I LTHD SYSTEM RELIABILITY PREDICTION WORKSHEET (AS OF 19-Mar-86

BLOCK BASIC (F3) RELIABILITY PREDICTION MISSION CRITICAL (Fl) FRED
CODE/ FAILURE RATE BLOCK FLR RATE BLOCK
PART NOMENCLATURE OTY (FLR/HOUR (FLR/ROUMO MRBF DATA SOURCE F1/F3 (FLR/ROUND MRBF

NUMBER 10X-6) * 106)** (rm ) 10x-6) (rounds)

I IrtllS 'Jtszcl Z4,$19c'
LIGHTWEIGHT TOWED HOWITZER DEMONSTRATOR 'lif "tm

3 1.0 CANNON 112.295 8905 38.333 26087
1. URbbbfbb SSEMBLY 18.11s.3f uf333 3513z 33I 11.4S 835,

.1.1 TUBE ASSEMBLY 18.117 55197 11.411 87635

1.1.1 TUBE ASSEMBLY 18.117 55197 11.411 87635

5767 TUBE (BARREL) 1 56.779 56.779 10.902 M198 DATA 0.95 10.357
5781- COLLAR SET 8 2.000 16.000 3.072 ESTIMATE 0.20 0.614
6016-001 EXTRUSION RAIL 2 1.000 2.000 0.384 ESTIMATE 0.20 0.077
6022- KEY 20 0.946 18.920 3.633 M198 DATA 0.10 0.363
6002- BOLT 40 0.011 0.40 0.084 CATFAE PEED N.C. N.C.
6003-009 NUT 20 0.011 0.220 0.042 CATFAE P IED N.C. N.C.

1.2 MUZZLE BRAKE 4.199 238126 0.840 1190632

1 1.2.1 MUZZLE BRAKE 4.199 238126 0.840 1190632

5765,5766 MUZZLE BRAKE 1 18.926 18.926 3.634 M19 DATA 0.20 0.727
5786 KEY 1 0.946 0.946 0.182 M198 DATA 0.20 0.0363 5787 TRUST COLLAR 1 2.000 2.000 0.384 ESTIM4ATE 0.20 0.077

1.3 BREECH 39.820 25113 15.549 64312

1 1.3.1 BREECH 39.820 25113 15.549 64312

5789 BREECN 1 121.704 121.704 23.367 M109 DATA 0.55 12.852
5816 BAND (OUTER BREECH) 1 37.850 37.850 7.267 M198 DATA 0.17 1.235
5788 BAND (INNER BREECH) 1 37.850 37.850 7.267 N198 DATA 0.17 1.235
6022-005 KEY 2 0.946 1.892 0.363 M19" DATA 0.20 0.073
.... CLAP 4 2.000 8.000 1.536 ESTATE 0.10 0.154
.... BOLT 9 0.011 0.099 0.019 CATFAE PRED N.C. N.C.

3 1 .4 PRI4ER AUTOLOADER 50.158 19937 10.533 94937

5802 PRIMER AUTOLOADER 1 261.240 261.240 50.158 ARROW PRED+EST 0.21 10.533

2.0 CARRIAGE -- l ERR ERR ERR

S~flSSSSSSSSSZS*3S3333333333333333333333 --SX-----ZZ ----------- ::s= := , -- -- --

2.1 CRADLE 29.445 33962 6.971 143462

2.1.1 CRADLE 18.169 55038 4.724 211685

5730,5831 CRADLE 1 94.631 94.631 18.169 M198 DATA 0.26 4.724

2.1.2 SPEEDSHIFT PEG 11.276 88687 2.246 445139

5780 BRACKET 1 3.000 3.000 0.576 ESTIMATE 0.20 0.115
5772 CRADLE STOP 1 0.500 0.500 0.096 ESTIMATE 0.20 0.019
5777 GIMBEL MOUNT 3 0.200 0.600 0.115 ESTIMATE 0.20 0.023
5776 GIMBEL SPEEDSHIFT 1 1.000 1.000 0.192 ESTIMATE 0.20 0.038
5790 DISK 1 7.000 7.000 1.344 ESTIMATE 0.20 0.269
5773 LOCK HOUSING 1 0.500 0.500 0.096 ESTIMATE 0.20 0.019

() FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; (**) 5.2083 ROUNDS PER HOUR CONVERSION FACTOR

b6.Id il1 111



PAGE 2 LTHD SYSTEM RELIABILITY PREDICTION WORKSHEET (AS OF 19-Mar-86

BLOCK BASIC (F3) RELIABILITY PREDICTION MISSION CRITICAL (Fl) PRED*CODE/ FAILURE RATE BLOCK FLR RATE BLOCK
PART NOMENCLATURE OTY (FLR/NOUR (FLR/ROUNO MRBF DATA SOURCE FI/F3 (FLR/ROUND MRBF
NUMBER 10X-6) * 1OX-6) "*  (rnds) 10X-6) (rounds)

5778 LOCK HANDLE 1 14.300 14.300 2.746 AVCO 0.20 0.549
6013- SPRING 1 2.310 2.310 0.444 AVCO 0.20 0.089
6002- BOLT 11 0.011 0.121 0.023 CATFAE PRED N.C. N.C.
6003- NUT 8 0.011 0.088 0.017 CATFAE PRED N.C. N.C.
5771 NUT (SPEEDSHIFT PIVOT) 2 1.000 2.000 0.384 ESTIMATE 0.20 0.077
6005- WASHER 8 0.002 0.016 0.003 CATFAE PRED N.C. N.C.
6007- PIN a 0.374 2.992 0.574 AVCO 0.20 0.115
6006- BEARING 4 3.790 15.160 2.911 RADC (NPRD-3) 0.20 0.5823 5774,5775 BUSHING (DISK) 2 4.570 9.140 1.755 RADC (NPRD-3) 0.20 0.351

2.2 TRAILS 123.249 8114 18.207 54923

2.2.1 TRAIL STRUCTURE 78.626 12718 7.837 127593

5841,5897 UPPER TRAIL 2 40.650 81.300 15.610 M198 DATA + EST 0.10 1.561
5842,5898 LOWER REAR TRAIL 2 20.320 40.640 7.803 M198 DATA * EST 0.10 0.780
5843,5899 LOWER FRONT TRAIL 2 30.480 60.960 11.704 M198 DATA * EST 0.10 1.170I 5845 FRONT BULKHEAD 2 4.060 8.120 1.559 M198 DATA + EST 0.10 0.156
5846 WHEEL BULKHEAD 2 4.060 8.120 1.559 M198 DATA + EST 0.10 0.156
5931 MIDDLE BULKHEAD 2 4.060 8.120 1.559 M198 DATA + EST 0.10 0.156
5932 REAR BULKHEAD 2 4.060 8.120 1.559 M198 DATA + EST 0.10 0.156
5933,5934 LATTICE 24 6.770 162.480 31.196 M198 DATA + EST 0.10 3.120I 5834,5835 PIN (TRAIL CLEVIS) 64 0.374 23.936 4.596 AVCO 0.10 0.460
5844 SPACER 128 0.002 0.256 0.049 ESTIMATE N.C. N.C.
5857,5858 X-RING 64 0.100 6.400 1.229 ESTIMATE 0.10 0.123
6002-016 BOLT (BULKHEAD) 48 0.011 0.528 0.101 CATFAE PRED N.C. N.C.3 6003-007 NUT (BULKHEAD) 48 0.011 0.528 0.101 CATFAE PRED N.C. N.C.

2.2.2 TRAIL PIN 21.001 47617 5.237 190958

6009-003 SCREW 4 0.011 0.044 0.008 CATFAE PRED 0.25 0.002U6005-010 WASHER 4 0.002 0.008 0.002 CATFAE PRED 0.25 0.000
6026-001 BEARING PIN 4 14.300 57.200 10.982 AVCO 0.25 2.746
6006-012 BEARING 4 3.790 15.160 2.911 RADC (NPRD-3) 0.25 0.728
6024-001 BUSHING (RETAINER) 4 4.570 18.280 3.510 RADC (NPRD-3) 0.25 0.877
6025-001 RETAINER 4 0.010 0.040 0.008 ESTIM4ATE 0.25 0.002U6010-005 SNAP RING 4 0.004 0.016 0.003 ESTIM4ATE 0.25 0.001
6006-011 BUSHING (TRAIL BEARING) 4 4.570 18.280 3.510 RADC (NPRD-3) 0.25 0.877
6003-006 NUT 16 0.011 0.176 0.034 CATFAE PRED 0.05 0.002
6002-015 BOLT 16 0.011 0.176 0.034 CATFAE PRED 0.05 0.002

32.2.3 LIFTING HANDLE 16.773 59620 4.035 247808

5891 LIFTING HANDLE 4 1.000 4.000 0.768 ESTIMATE 0.05 0.038
6004-003 STUD 2 0.051 0.102 0.020 RADC (NPRD-3) 0.05 0.00156005-019 WASHER 4 0.002 0.008 0.002 CATFAE PRED 0.05 0.000
5770 LOCK ARM 2 5.000 10.000 1.920 ESTIMATE 0.25 0.480
6012-001 PULL PIN 2 14.300 28.600 5.491 AVCO 0.25 1.373
5762 LOCK PLATE 2 3.000 6.000 1.152 ESTIMATE 0.25 0.288
6002-010 BOLT 2 0.011 0.022 0.004 CATFAE PEED 0.25 0.001
6003- NUT 6 0.011 0.066 0.013 CATFAE PRED 0.25 0.003
6011-001 SPACE CYLINDER 2 1.000 2.000 0.384 ESTIMATE 0.25 0.096
6006-016 BUSHING 8 4.570 36.560 7.020 RADC (NPRD-3) 0.25 1.755

32.2.4 GROUND PAD 2.398 416931 0.234 4274705

5832,5833 GROUN PAD 2 3.316 6.632 1.273 RADC (NPRD-3) 0.10 0.127
5856 SPACER 2 2.776 5.552 1.066 RADC (NPRD-3) 0.10 0.107
6002-017 BOLT 14 0.011 0.154 0.030 CATFAE PRED N.C. N.C.

6003-008 NUT 14 0.011 0.154 0.030 CATFAE PRED N.C. N.C.

2.2.5 CRADLE/TRAIL TIE-IN 4.450 224709 0.864 1157606

5855 SLOTTED PLATE 4 3.000 12.000 2.304 ESTIMATE 0.20 0.461U5851, SHIM4 4 0.100 0.400 0.077 ESTIMATE 0.20 0.015I5863 LUG - 4 , 0.524 2.096 0.402 RADC (HPRD-3) ,0.20 0.080

5 M FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; (**) 5.2083 ROUNDS PER HOUR CONVERSION4 FACTOR
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I PAGE 3 LTHD SYSTEM RELIABILITY PREDICTION WORKSHEET (AS OF 19-Mar-86

I BLOCK BASIC (F3) RELIABILITY PREDICTION MISSION CRITICAL (Fl) PRED
CODE/ FAILURE RATE BLOCK FLR RATE BLOCK
PART NOMENCLATURE OTY (FLR/HOUR (FLR/ROUND MRBF DATA SOURCE FI/F3 (FLR/ROUND MRBF
NUMBER IOX-6) * IOX-6)** (rnds) 1OX-6) (rounds)

3886 586 5 SUPPORT BAR 3 2.000 6.000 1.152 ESTIMATE 0.20 0.230
5866 LINK 2 1.000 2.000 0.384 ESTIMATE 0.20 0.077
6002- DOLT 31 0.011 0.341 0.065 CATFAE PRED N.C. N.C.3 6003- NUT 31 0.011 0.341 0.065 CATFAE PRED N.C. N.C.

2.3 GIMBAL 11.971 83539 2.978 335796

32.3.1 GIMBAL 3.840 260415 0.960 1041660

5810 GIMBAL 1 20.000 20.000 3.840 ESTIMATE 0.25 0.960

2.3.2 GIMBAL BEARING 8.130 122994 2.018 495542

6007- PIN (GIMBAL/TRAVERSE) 2 14.300 28.600 5.491 AVCO 0.25 1.373
5935 SLEEVE 1 4.570 4.570 0.877 RADC (NPRD-3) 0.25 0.219
5936 SPACER 1 0.002 0.002 0.000 ESTIMATE 0.25 0.000
5937 COVER 1 0.500 0.500 0.096 ESTIMATE 0.10 0.010
6002- BOLT 2 0.011 0.022 0.004 CATFAE PRED 0.25 0.001
6005- WASHER 3 0.002 0.006 0.001 CATFAE PRED 0.05 0.000
6006- BEARING 2 3.790 7.580 1.455 RADC (NPRD-3) 0.25 0.364
6010- SNAP RING 4 0.004 0.016 0.003 ESTIMATE 0.25 0.001
6030-001 O-RING 1 1.050 1.050 0.202 RADC (NPRD-3) 0.25 0.050

2.4 PLATFORM 10.640 93985 2.597 385098

2.4.1 PLATFORM 3.840 260415 0.960 1041660

5800 PLATFORM 1 20.000 20.000 3.840 ESTIMATE 0.25 0.960

3 2.4.2 PLATFORM/TRAIL CONNECTOR 6.800 147061 1.637 610973

.... HANDLE 2 1.000 2.000 0.384 ESTIMATE 0.10 0.038

.... BOLT (SPRING LOADED) 2 14.300 28.600 5.491 AVCO + ESTIMATE 0.25 1.373
6013-001 SPRING 2 2.310 4.620 0.887 AVCO 0.25 0.222
6010-006 SNAP RING 2 0.004 0.008 0.002 ESTIMATE 0.10 0.000
6002-029 BOLT 4 0.011 0.044 0.008 CATFAE PRED 0.10 0.0016003- NUT 4 0.011 0.044 0.008 CATFAE PRED 0.10 0.0013 6001-004 ADHESIVE 2 0.050 0.100 0.019 ESTIMATE 0.10 0.002

2.5 WHEEL SYSTEM 208.877 4788 37.452 26701

32.5.1 PIN ASSEMBLY 12.522 79857 4.150 240958

5730 PIVOT PIN 2 14.300 28.600 5.491 AVCO 0.50 2.746
6005-002 THRUST WASHER 8 0.002 0.016 0.003 CATFAE PRED 0.05 0.000
6002-001 BOLT (PIVOT) 2 0.011 0.022 0.004 CATFAE PRED 0.05 0.000
6003-001 NUT (PIVOT) 2 0.011 0.022 0.004 CATFAE PRED 0.05 0.000
6006-001 BUSHING (PIVOT) 8 4.570 36.560 7.020 RADC (NPRD-3) 0.20 1.404

2.5.2 BEA1 ASSEMBLY 20.626 48484 4.152 240846
579U,5796 LEADING BEAN 2 3.570 7.140 1.371 M198 DATA 0.30 0.411
5795,5797 LAGGING BEAM 2 3.570 7.140 1.371 M198 DATA 0.30 0.411

5807 PIN (CROSS SUPPORT) 4 0.374 1.496 0.287 AVCO 0.20 0.057
5736 CAP (AXLE BEAM END) 8 0.500 4.000 0.768 ESTIMATE 0.05 0.038
6002-002 BOLT (AXLE CAP) 16 0.011 0.176 0.034 CATFAE PRED N.C. N.C.
6005-004 WASHER (AXLE CAP) 16 0.002 0.032 0.006 CATFAE PRED N.C. N.C.
6005-006 WASHER (CYLINDER PIVOT) 8 0.002 0.016 0.003 CATFAE PRED N.C. N.C.
6006-003 BUSHING (CYLINDER PIVOT) 4 4.570 18.280 3.510 RADC (NPRD-3) 0.20 0.702
6006-004 BUSHING (SUPPORT PIVOT) 12 4.570 54.840 10.529 RADC (NPRD-3) 0.20 2.106
5803,5804 CROSS SUPPORT 2 1.000 2.000 0.384 ESTIMATE 0.20 0.077
5809 HANDLE LOCKING (X-SUPPORT) 2 3.000 6.000 1.152 ESTIMATE 0.20 0.230
5812 BRACKET (CROSS SUPPORT) 2 0.264 0.528 0.101 AVCO 0.20 0.020

(*) FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; (**) 5.2083 ROUNDS PER HOUR CONVERSION FACTOR

kl



PAGE 4 LTHD SYSTEM RELIABILITY PREDICTIOi WORKSHEET (AS OF 19-Mar-86

BLOCK BASIC (F3) RELIABILITY PREDICTION MISSION CRITICAL (Fl) PRED
CODE/ FAILURE RATE BLOCK FLR RATE BLOCK
PART NOMENCLATURE OTY (FLR/HOUR (FLR/ROUND MRBF DATA SOURCE F1/F3 (FLR/ROUND MRBF

NUMBER 1OX-6) * 10X-6)** (rnds) 1OX-6) (rounds)

5813 GUIDE (SPRING) 2 0.500 1.000 0.192 ESTIMATE 0.05 0.010
6002-006 SOLT (SUPPORT HANDLE BRKT) 4 0.011 0.044 0.008 CATFAE PRED N.C. N.C.
6003-005 NUT (SUPPORT HANDLE BRKT) 2 0.011 0.022 0.004 CATFAE PRED N.C. N.C.
6002-007 BOLT (HANDLE GUIDE) 8 0.011 0.088 0.017 CATFAE PRED N.C. N.C.
6013-002 SPRING 2 2.310 4.620 0.887 AVCO 0.10 0.089
6033 LOCKWIRE 2 0.001 0.002 0.000 RADC (NPRD-3) 0.10 0.000

2.5.3 WHEEL ASSEMBLY 77.575 12891 14.385 69515

5738 TIRE 4 31.523 126.092 24.210 M198 DATA 0.30 7.263
5739 WHEEL 4 1.342 5.368 1.031 M198 DATA 0.30 0.309
6020,6021 VALVE STEM AND CAP 4 0.466 1.864 0.358 M198 DATA + EST 0.30 0.107
5741 HUB 4 3.354 13.416 2.576 M198 DATA 0.62 1.597
5742 CAP (HUB) 4 1.500 6.000 1.152 ESTIMATE 0.30 0.346
6002-003 BOLT (HUB CAP) 32 0.011 0.352 0.068 CATFAE PRED N.C. N.C.
5743 GREASE SEAL 8 3.495 27.960 5.368 RADC (NPRD-3) 0.10 0.537
5744 NUT (AXLE BEARING) 8 1.110 8.880 1.705 ESTIMATE 0.24 0.409
5745 LOCKWASHER (BEARING) 8 0.002 0.016 0.003 CATFAE PRED 0.24 0.001
5746 ROLLER BEARING 8 6.540 52.320 10.046 M198 DATA 0.24 2.411
5747 AXLE 4 1.342 5.368 1.031 M198 DATA 0.50 0.515
5748 ROTOR (DISC BRAKE) 4 14.256 57.024 10.949 M198 DATA 0.08 0.876
6002-004 BOLT (ROTOR DISC) 24 0.011 0.264 0.051 CATFAE PRED N.C. N.C.
6003-044 NUT (WHEEL) 32 0.011 0.352 0.068 CATFAE PRED N.C. N.C.
6005-005 WASHER (WHEEL BOLT) 32 0.002 0.064 0.012 CATFAE PRED N.C. N.C.
6019-010 GREASE ZURK 8 10.436 83.88 16.030 RADC (NPRD-3) N.C. N.C.
6019-11 RELIEF VALVE (CAP) 8 1.714 13.712 2.633 RADC (NPRD-3) N.C. N.C.
6007-002 PIN (ROTOR) 4 0.374 1.496 0.287 AVCO 0.05 0.014

2.5.4 BRAKE SYSTEM 98.153 10188 14.764 67732

5749 BRAKE CALIPER (SERVICE) 4 57.023 228.092 43.794 M198 DATA 0.08 3.504
6006-002 BUSHING (BRAKE) 16 1.43 23.088 4.433 M198 DATA 0.12 0.532
5753 PIN (BRAKE) 8 0.374 2.992 0.574 AVCO 0.05 0.029
5750 PARK BRAKE CALIPER 4 18.112 72.448 13.910 M198 DATA 0.05 0.696
5827 PIN (PARK BRAKE) 4 0.374 1.496 0.287 AVCO 0.05 0.014
5824 SHAFT (PARK BRAKE) 2 3.44 6.889 1.323 RADC (NPRD-3) 0.05 0.066
5825 NEX HEAD (PARK BRAKE) 2 0.011 0.022 0.004 CATFAE PRED 0.05 0.000
5826 BEARING BLOCK (PARK BRAKE) 4 3.790 15.160 2.911 RADC (NPRD-3) 0.05 0.146
6002-008 BOLT (BEARING BLOCK) 16 0.011 0.176 0.034 CATFAE PRED N.C. N.C.
5823 ROD END (PARK BRAKE) 4 0.336 1.344 0.258 M196 DATA 0.05 0.013

5822 ROD (PARK BRAKE) 2 0.671 1.342 0.258 M196 DATA 0.05 0.013
5819 LEVER (PARK BRAKE) 2 4.695 9.390 1.803 M198 DATA 0.05 0.090
5751 HYDRAULIC/AIR ACTUATOR 1 50.459 50.459 9.688 NPRD-3+ESTIMATE 0.50 4.844
5752 RELAY VALVE (W CHECK V) 1 13.416 13.416 2.576 M198 DATA 0.14 0.361
5715 AIR TANK 1 0.671 0.671 0.129 RADC (NPRD-3) 0.50 0.064

5757 DRAIN COCK 1 12.075 12.075 2.318 M198 DATA 0.15 0.348
5759 AIR FILTER 2 3.303 6.606 1.268 RADC (NPRD-3) 0.05 0.063
5758 FRAME NIPPLE 2 0.466 0.932 0.179 M19S DATA * EST 0.35 0.063
5756 AIR HOSE ASSEMBLY 2 3.466 6.932 1.331 M196 DATA 0.35 0.466
5755 GLADHAND 2 1.000 2.000 0.384 ESTIMATE 0.10 0.038
5754 NOSE SUPPORT BRACKET 1 0.264 0.264 0.051 AVCO 0.10 0.005
6027- PIPING AND FITTINGS 12 1.765 21.180 4.067 RADC (NPRD-3) 0.35 1.423
6034- HOSE AND COUPLING 10 1.952 19.520 3.748 RADC (NPRD-3) 0.35 1.312
6019- ELBOW PIPING 5 0.767 3.835 0.736 M198 DATA 0.35 0.2586019-006 NIPPLE 2 0.466 0.932 0.179 M198 DATA * EST 0.35 0.063
6019-007 UNION 1 1.715 1.715 0.329 ESTIMATE 0.35 0.115
6019-001 ADAPTER 6 0.894 5.364 1.030 M198 DATA 0.05 0.051
6019-002 TEE 3 0.932 2.796 0.537 M198 DATA + EST 0.35 0.188
6003-002 NUT 4 0.011 0.044 0.008 CATFAE PRED N.C. N.C.
6017-002 X-WASHER 16 0.002 0.032 0.006 CATFAE PRED N.C. N.C.

2.6 EOUILIBRATORS 7.492 133483 4.733 2113 ¢

2.6.1 EOUILIBRATOR ACTUATOR MOUNTS 3.511 284840 1.434 697'2

5763 TUBE 1 0.500 0.500 0.096 ESTIMATE 0.50 0.0485779 TUBE (OUTSIDE) 4 0.500 2.000 0.384 ESTIMATE 0.50 0.1925760 CAP 2 0.100 0.200 0.038 ESTIMATE 0.20 0.008

() FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; (*) 5.2083 ROUNDS PER HOUR CONVERSION FAC'D;



5 PAGE 5 LTHD SYSTEM RELIABILITY PREDICTION WORKSHEET (AS OF 19-Mar-86

BLOCK BASIC (F3) RELIABILITY PREDICTION MISSION CRITICAL (Fl) PRED
CODE/ FAILURE RATE BLOCK FLR RATE BLOCK
PART NOMENCLATURE OTY (FLR/HOUR (FLR/ROUND MRBF DATA SOURCE F1/F3 (FLR/ROUND MRBF
NUMBER 10X-6) * IOX-6)** (rnds) 1OX-6) (rounds)

3 5761 TRAIL NESTING BUSHING 2 4.570 9.140 1.755 RADC (NPRD-3) 0.50 0.877
5664 CLAP SET 3 2.000 6.000 1.152 ESTIMATE 0.25 0.288
6004- STUD 7 0.051 0.357 0.069 RADC (NPRD-3) 0.25 0.017
6003- NUT a 0.011 0.088 0.017 CATFAE PRED 0.25 0.004

2.6.2 EQUILIBRATOR CABLES 5.736 174331 4.015 249044

5791 CABLE 2 10.400 20.800 3.994 VENDOR DATA 0.70 2.796
6006-007 BEARING 2 3.790 7.580 1.455 RADC (NPRD-3) 0.70 1.019

6007-004 PIN 4 0.374 1.496 0.287 AVCOD 0.70 0.201

2.7 HYDRAULIC SYSTEM 514.374 1944 4568

2.7.1 SYSTEM HYDRAULICS (MISC) 43.702 22882 6.924 144428

* ... MANIFOLD ASSY 4 7.390 29.560 5.676 RADC (NPRD-3) 0.60 3.405

5906-001 HAND PUMP 2 50.49 100.898 19.373 RADC (NPRD-3) 0.40 7.749 2 REDUNDANT
5906-002 PUMP SELECTOR VALVE 2 9.950 19.900 3.821 NPRD-3+ESTIMATE 0.60 2.292 2 REDUNDANT
5906-003 HYDRAULIC ON/OFF VALVE 1 9.950 9.950 1.910 NPRD-3 ESTIMATE 0.60 1.146
.... QUICK-DISCONNECT CHECK VLV 3 10.436 31.308 6.011 RADC (NPRD-3) 0.50 3.006

5903-003 SAFETY RELIEF VALVE 1 1.714 1.714 0.329 RADC (NPRD-3) 0.50 0.165
HOSE AND COUPLING 4 1.952 7.808 1.499 RADC (NPRD-3) 0.35 0.525

.... PIPING AND FITTINGS 15 1.765 26.475 5.083 RADC (NPRD-3) 0.35 1.779 10 REDUNDANT

2.7.2 TRAVERSE HYDRAULICS 29.044 34130 14.523 68856

5904,5905 CANNON LAY TRAVERSE VALVE 4 9.950 39.800 7.642 NPRD-r+ESTIMATE 0.60 4.585 4 REDUNDANT
5920 IRAVERSE VALVE 1 9.950 9.950 1.910 NPRD-3ESTIMATE 0.60 1.146
.... TRAVERSE BEAR LOC 1 23.446 23.446 4.502 NPRO-3 + AVCO 0.55 2.476

INTENSIFIER (BEAR LOCK) 1 5.500 5.500 1.056 NPRD-3+ESTIMATE 0.60 0.634
5714 TRAVERSE ACTUATOR 1 50.459 50.459 9.688 RADC (NPRD-3) 0.50 4.844
.... HOSE AND COUPLING 3 1.952 5.856 1.124 RADC CNPRD-3) 0.35 0.394
.... PIPING AND FITTINGS 9 1.765 15.8 5 3.050 RADC (NPR-3) 0.35 1.067 4 REDUNDANT

6007-006 PIN 1 0.374 0.374 0.072 AVCO 0.50 0.036

3 2.7.3 ELEVATION HYDRAULICS 23.502 42550 11.439 87420

5904,5905 CANNON LAY ELEVATION VALVE 4 9.950 39.800 7.642 NPR-3 ESTIMATE 0.60 4.585 4 REDUNDANT
5919 ELEVATION VALVE 1 9.950 9.950 1.910 NPRD-3 ESTIMATE 0.60 1.146
5716 ELEVATION ACTUATOR 1 50.459 50.459 9.688 RADC (NPRD-3) 0.50 4.844
.... NOSE AND COUPLING 2 1.952 3.904 0.750 RADC (NPRD-3) 0.35 0.262
.... PIPING AND FITTINGS a 1.765 14.120 2.711 RADC (NPRD-3) 0.35 0.949 4 REDUNDANT

6007-009 PIN 1 0.374 0.374 0.072 AVCO 0.50 0.036
6006-013 BEARING 1 3.790 3.790 0.728 CATFAE PRED 0.20 0.146
6005-011 WASHER 2 0.002 0.004 0.001 CATFAE PRED 0.20 0.000
6017-001 X-WASHER 2 0.002 0.004 0.001 CATFAE PRED 0.20 0.000

2.7.4 EQUILIBRATION HYDRAULICS 59.410 16832 28.063 35635

5893 EQUILIBRATION PRESSURE VLV 1 9.950 9.950 1.910 NPRD-3.ESTIMATE 0.60 1.146
5892 EQUILIBRATION VALVE ON/OFF 1 9.950 9.950 1.910 NPRD-3.ESTIMATE 0.60 1.146
5915 INTENSIFIER (DOLIJLE-ENDED) 1 4.692 44.692 8.581 NPRD-3+ESTIMATE 0.55 4.720
5720-002 EQUILIBRATION ACCUMULATOR 1 55.045 55.045 10.569 RADC (NPRD-3) 0.30 3.171
5712,5713 EQUILIBRATION ACTUATOR 2 50.459 100.918 19.376 RADC (NPRD-3) 0.50 9.688
.... ELEVATION BEAR LOC 2 23.446 46.892 9.003 NPRD-3 * AVCO 0.55 4.952
.... INTENSIFIER (BEAR LOCK) 1 5.500 5.500 1.056 NPRD-3*ESTIMATE 0.60 0.634
5896 PILOT OPER CNCK VLV W SEAL 1 16.130 16.130 3.097 NPRD-3+ESTIMATE 0.40 1.239

PIPING AND FITTINGS 6 1.765 10.590 2.033 RADC (NPRD-3) 0.35 0.712
HOSE AND COUPLING 5 1.952 9.760 1.874 RADC (NPRD-3) 0.35 0.656

2.7.5 STORED PRESSURE HYDRAULICS 29.519 33877 9.169 1.0906'

5894,5900 VALVE (PRESSURE GAGE) 2 9.950 19.900 3.821 NPRD-3.ESTIMATE 0.20 0.764
589,5900 PRESSURE GAGE 2 7.180 14.360 2.757 RADC (NPRD-3) 0.05 0.138
5720-003 RESERVOIR ACCUMULATOR 1 55.045 55.045 10.569 RADC (NPRD-3) 0.30 3.171

3 (*) FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; () 5.2083 ROUNDS PER HOUR CONVERSION FAC'OR
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S PAGE 6 LTHD SYSTEM RELIABILITY PREDICTION WORKSHEET (AS OF 19-Har-86

BLOCK BASIC (F3) RELIABILITY PREDICTION MISSION CRITICAL (Fl) PRED
CODE/ FAILURE RATE BLOCK FLR RATE BLOCK
PART NOMENCLATURE CTY (FLR/HOUR (FLR/ROUND MRBF DATA SOURCE F1/F3 (FLR/ROUND MRBF

NUMBER 10X-6) * 1OX-6)** (rnds) 10X-6) (rounds)

3 5978 PILOT OPER CHCK VLV W SEAL 2 16.130 32.260 6.194 NPRD-3+ESTIMATS 0.40 2.478
5720-005 HYDRAULIC FILTER 1 2.977 2.977 0.572 RADC (NPRD-3) 0.30 0.171
5710-004 CHECK VALVE (FILTER) 2 8.423 16.846 3.234 RADC (NPRD-3) 0.50 1.617
.... PIPING AND FITTINGS 7 1.765 12.355 2.372 RADC (NPRD-3) 0.35 0.830

2.7.6 CANNON POSITION HYDRAULICS 8.104 123390 3.624 275951

5895 CANNON POSITION VALVE 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.60 1.146
5976,5977 PILOT OPER CHCK VLV W SEAL 2 16.130 32.260 6.194 NPRD-3+ESTIMATE 0.40 2.478

2.7.7 RECOIL & C'RECOIL HYDRAULICS 150."4 6647 62.596 15975

5710-555 RECOIL CYLINDER 2 152.132 304.264 58.419 M109 DATA 0.45 26.289
5710-315 C' RECOIL CYLINDER 1 152.132 152.132 29.210 M109 DATA 0.45 13.144
5710-310 ENERGY STORAGE CYLINDER 1 152.132 152.132 29.210 M109 DATA 0.45 13.144

5718,5719 C' RECOIL ACCUMULATOR 2 55.045 110.090 21.137 RADC (NPRD-3) 0.30 6.341
5912,5978 CHECK VALVE 2 8.423 16.846 3.234 RADC (NPRD-3) 0.50 1.617
5913 RELIEF VALVE 1 1.714 1.714 0.329 RADC (NPRD-3) 0.50 0.165
5914 PRESSURE REDUCING VALVE 1 1.714 1.714 0.329 RADC (NPRD-3) 0.50 0.165
5916 CIRCUIT BREAKER 1 10.733 10.733 2.061 NPRD-3 + AVCO N.C. N.C.

5916 ORIFICE 1 7.180 7.180 1.379 RADC (NPRD-3) N.C. N.C.
5947 ROD/PISTON (RECOIL) 2 1.000 2.000 0.384 ESTIMATE 0.45 0.173
5948 ROD/PISTON (C'RECOIL) 2 2.050 4.100 0.787 NPRD-3+ESTIMATE 0.45 0.354
5949 ORIFICE ROD 2 2.150 4.300 0.826 NPRD-3+ESTIMATE 0.45 0.372
5950 GUIDE ROD 2 2.150 4.300 0.826 NPRD-3+ESTIMATE 0.45 0.372

5951 END CAP 8 1.000 8.000 1.536 ESTIMATE 0.20 0.307
5952 WASHER (END CAP) 4 0.002 0.008 0.002 CATFAE PRED 0.20 0.000
5954 COLLAR (END CAP) 4 1.000 4.000 0.768 ESTIMATE 0.20 0.154
5955 NUT (END CAP) 4 0.011 0.044 0.008 CATFAE PRED 0.05 0.000

2.7.8 BREECH HYDRAULICS 25.352 39445 12.029 83132

5900-001 BREECH VALVE 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.60 1.146
5725 BREECH ACTUATOR 1 50.459 50.459 9.688 RADC (NPRD-3) 0.50 4.844
5725-001 CHECK VALVE 1 8.423 8.423 1.617 RADC (NPRD-3) 0.50 0.809
5922 PILOT OPER CTRL FLOW VALVE 2 24.553 49.106 9.428 NPRD-3+ESTIMATE 0.45 4.243
.... PIPING AND FITTINGS 5 1.765 8.825 1.694 RADC (NPRD-3) 0.35 0.593
.... HOSE AND COUPLING 2 1.952 3.904 0.750 RADC (NPRD-3) 0.35 0.262
.... LINK 1 1.000 1.000 0.192 ESTIMATE 0.50 0.096
5725 PIN 1 0.374 0.374 0.072 AVCO 0.50 0.036

3 2.7.9 INERTIAL RAIMIING HYDRAULICS 19.967 50084 10.140 98618

5900-002 VALVE (RAN/RETRACT/CREEP) 1 9.950 9.950 1.910 NPRD-3 ESTIMATE 0.60 1.146
5902 DEINTENSIFIER 1 36.750 36.750 7.056 ESTIMATE 0.55 3.881
5729-001 AIR FILTER 1 3.303 3.303 0.634 RADC (NPRD-3) 0.05 0.032
5729 INERTIAL RAMMING ACTUATOR 1 50.459 50.459 9.688 RADC (NPRD-3) 0.50 4.844
.... PIPING AND FITTINGS 2 1.765 3.530 0.678 RADC (NPRD-3) 0.35 0.237

3 2.7.10 LOAD POSITION HYDRAULICS 22.291 44861 10.998 90929

5900-003 VALVE (BATTERY/LOAD) 1 9.950 9.950 1.910 NPRD-3 ESTIMATE 0.60 1.146
5728 LOAD POSITION ACTUATOR 1 50.459 50.459 9.688 RADC (NPRD-3) 0.50 4.844
5921,5971 PILOT OPER CHCK VLV W SEAL 2 16.130 32.260 6.194 NPRD-3 ESTIATE 0.40 2.478
5917 BATTERY VALVE 1 9.950 9.950 1.910 NPRD-3+ESTIATE 0.60 1.146
5918 LOAD POSITION VALVE 1 9.950 9.950 1.910 NPRD-3 ESTIMATE 0.60 1.146
.... PIPING AND FITTINGS 2 1.765 3.530 0.678 RADC (NPRD-3) 0.35 0.237

2.7.11 WHEEL HYDRAULICS 68.380 14624 32.464 30804

5910 WHEEL HYDRAULIC VALVE 8 9.950 79.600 15.283 NPRD-3+ESTIMATE 0.60 9.170
? ?? WHEEL ACTUATOR 4 50.459 201.836 38.753 RADC (NPRD-3) 0.50 19.376
.... LINKAGE (WHEEL ACT VALVE) 4 1.000 4.000 0.768 ESTIMATE 0.50 0.384
.... BURST PLUG 4 1.000 4.000 0.768 ESTIMATE 0.50 0.384
5903.001 CIRCUIT BREAKER 2 10.733 21.466 4.121 NPRD-3 + AVCO N.C. N.C.
.... HOSE AND COUPLING 14 1.952 27.328 5.247 RADC (NPRD-3) 0.35 1.836

() FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; (**) 5.2083 ROUNDS PER HOUR CONVERSION FAC'C,$



PAGE 7 LTHD SYSTEM RELIABILITY PREDICTION WORKSHEET (AS OF 19-Mar-86

BLOCK BASIC (F3) RELIABILITY PREDICTION MISSION CRITICAL (Fl) PRED
CODE/ FAILURE RATE BLOCK FLR RATE BLOCK
PART NOMENCLATURE QTY (FLR/HOUR (FLR/ROUND MRBF DATA SOURCE F1/F3 (FLR/ROUND MRBF

NUMBER 10X-6) * 1OX'6)** (rnds) 1OX-6) (rounds)

---- PIPING AND FITTINGS 8 1.765 14.120 2.711 RADC (NPRD-3) 0.35 0.949

.... PIN JOINT 8 0.374 2.992 0.574 AVCO 0.50 0.287

.... RETAINING RING 8 0.100 0.800 0.154 ESTIMATE 0.50 0.077

2.7.12 PRIMER HYDRAULICS 17.329 57705 8.468 118098

5900-004 PRIMER VALVE 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.60 1.146

5726 PRIMER ACTUATOR 1 50.459 50.459 9.688 RADC (NPRD-3) 0.50 4.844

5922 PILOT OPER CTRL FLOW VALVE 1 24.553 24.553 4.714 NPRD-3+ESTIMATE 0.45 2.121
.... PIPING AND FITTINGS 3 1.765 5.295 1.017 RADC (NPRD-3) 0.35 0.356

2.7.13 LANYARD HYDRAULICS 17.329 57705 8.468 118098

3 5900-005 LANYARD VALVE 1 9.950 9.950 1.910 NPRD-3+ESTIMATE 0.60 1.146

5727 PRIMER ACTUATOR 1 50.459 50.459 9.688 RADC (NPRD-3) 0.50 4.844

5922 PILOT OPER CTRL FLOW VALVE 1 24.553 24.553 4.714 NPRD-3+ESTIMATE 0.45 2.121

.... PIPING AND FITTINGS 3 1.765 5.295 1.017 RADC (NPRD-3) 0.35 0.356

2.8 LOAD TRAY l~rR ERR ERR

3 2.8.1 LOAD TRAY ERR ERR ERR ERR

5867 LOAD TRAY 1 20.284 20.284 3.895 M109 DATA 0.20 0.779

5868 WEARSTRIP 3 1.000 3.000 0.576 ESTIMATE 0.05 0.029

5869 BASE SPRING (PROJECTILE) 2 ? ERR ERR ESTIMATE 0.10 ERR

5870 STRIP (BACKSTOP) 1 1.000 1.000 0.192 ESTIMATE 0.05 0.010

5871 BRACKET (BACKSTOP) 2 0.264 0.528 0.101 AVCO 0.20 0.020
5881 RETAINER PLATE 4 ? ERR ERR AVCO 0.20 ERR

5783 ROD 2 ? ERR ERR AVCO 0.20 ERR

5768 FORWARD PLATE 2 ? ERR ERR AVCO 0.20 ERR

5773 AFT PLATE 2 ? ERR ERR AVCO 0.20 ERR

5814 FORWARD STRUT 2 ? ERR ERR AVCO 0.20 ERR
5815 REAR STRUT 2 ? ERR ERR AVCO 0.20 ERR

5737 BLOCK (CLEVIS) 2 ? ERR ERR AVCO 0.20 ERR

5817 PIVOT PIN 2 ? ERR ERR AVCO 0.20 ERR

5883 HOUSING 4 ? ERR ERR AVCO 0.20 ERR

5885 SUPPORT 4 7 ERR ERR AVCO 0.20 ERR

5884 PAD (BEARING) 4 ? ERR ERR AVCO 0.20 ERR

5778 SLEEVE 4 ? ERR ERR AVCO 0.20 ERR

5887 ROLLER 16 ? ERR ERR AVCO 0.20 ERR

5818 SUPPORT 4 ? ERR ERR AVCO 0.20 ERR

5833 TOP PLATE 2 ? ERR ERR AVCO 0.20 ERR
5962 ROLLER 16 ? ERR ERR AVCO 0.20 ERR

5837 PAD (BEARING) 4 ? ERR ERR AVCO 0.20 ERR

5840 FRAME 2 ? ERR ERR AVCO 0.20 ERR

5861 PIVOT PIN 2 ? ERR ERR AVCO 0.20 ERR

5886 PIN (HEADED) 1 ? ERR ERR AVCO 0.20 ERR
5890 WASHER (BUMPER) 2 ? ERR ERR AVCO 0.20 ERR

5981 SPACER 2 ? ERR ERR AVCO 0.20 ERR

6002- BOLT, SCREW 221 0.011 2.431 0.467 CATFAE PRED 0.20 0.093

6003- NUT 183 0.011 2.013 0.386 CATFAE PRED N.C. N.C.
6005- WASHER 262 0.002 0.524 0.101 CATFAE PRED N.C. N.C.
6006- BUSHING 5 4.570 22.850 4.387 RADC (NPRD-3) 0.50 2.194

6006- BEARING 8 3.790 30.320 5.821 RADC (NPRD-3) 0.70 4.075

3 2.8.2 TRACK ERR ERR ERR ERR

5929,5930, BAR (TRACK SUPPORT) 3 1.000 3.000 0.576 ESTIMATE 0.20 0.115

5940
5939 BRACKET (ROLLER MOUNT) 4 0.264 1.056 0.203 AVCO 0.20 0.041
5908 SPACER 1 7 ERR ERR AVCO 0.20 ERR
5798 BUTTON (GUIDE) 4 7 ERR ERR AVCO 0.20 ERR

5924 SUPPORT (FORWARD TRACK) 1 ? ERR ERR AVCO 0.20 ERR

5925,5926 TRACK (FORWARD, CENTER) 3 22.312 66.936 12.852 M109 DATA * EST 0.20 2.570

5888,5889 HINGE (BRACKET INNER) 8 3.800 30.400 5.837 ESTIMATE 0.20 1.167

5928,5938 GUIDE (REAR TRACK) 2 22.312 44.624 8.568 M109 DATA + EST 0.20 1.714
5731,5734 TIE BAR 7 1.000 7.000 1.344 ESTIMATE 0.20 0.269

5 (o) FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; (*) 5.2083 ROUNDS PER HOUR CONVERSION FACTOR
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PAGE 8 LTHD SYSTEM RELIABILITY PREDICTION WORKSHEET (AS OF 17-Mar-86

S LOCK BASIC (F3) RELIABILITY PREDICTION MISSION CRITICAL (Fl) PRED
COE/ FAILURE RATE BLOCK FIR RATE BLOCK
PART NOMENCLATURE OTY (FLR/HOUR (FLR/ROUND MRBF DATA SOURCE FI/F3 (FLR/ROUND MRBF

NUMBER 1OX-6) * 1OX-6)** (rnds) 1OX-6) (rounds)

3 5927 TRACK (REAR) 2 22.312 44.624 8.568 M109 DATA + EST 0.20 1.714
5735 PLATE 8 ? ERR ERR AVCO 0.20 ERR
5784 STIFFENER 4 ? ERR ERR AVCO 0.20 ERR
6007-012 PIVOT PIN 4 14.300 57.200 10.982 AVCO 0.50 5.491
6002- BOLT 68 0.011 0.748 0.144 CATFAE PRED 0.20 0.029
6003- NUT 96 0.011 1.056 0.203 CATFAE PRED N.C. N.C.
6005- WASHER 150 0.002 0.300 0.058 CATFAE PRED N.C. N.C.
6006- BUSHING 12 4.570 54.840 10.529 RADC (NPRD-3) 0.50 5.265

2.8.3 SHOCK MOUNT ERR ERR ERR ERR

5941 SHOCK ABSORBER (FRONT) 2 ? ERR ERR RADC (NPRD-3) 0.50 ERR
5982 BAR (STOP) I ? ERR ERR RADC (NPRD-3) 0.50 ERR
5942 SHOCK (MAIN) 2 ? ERR ERR RADC (NPRD-3) 0.50 ERR
5872,5873, SHOCK MOUNT 4 1.000 4.000 0.768 ESTIMATE 0.20 0.154
5874
5875 BRACKET 1 0.264 0.264 0.051 AVCO 0.20 0.010

5876,5a36 GUIDE (SHOCK MOUNT) 4 11.000 44.000 8.448 M109 DATA + EST 0.30 2.534
5877 MOUNT (PROJECTILE STOP) 1 2.776 2.776 0.533 RADC (NPRD-3) 0.50 0.266
5878 PAD (PROJECTILE STOP) 1 3.316 3.316 0.637 RADC (NPRD-3) 0.50 0.318
5880 CUSHION 1 3.316 3.316 0.637 RADC (NPRD-3) 0.20 0.127
5879 MOUNT (PAD) 1 2.776 2.776 0.533 RADC (NPRD-3) 0.20 0.107
5882 PIN (PROJ STOP PAD) 1 14.300 14.300 2.746 AVCO 0.50 1.373
5983 GUIDE (SHOCK PLUNGER) 2 ? ERR ERR RADC (NPRD-3) 0.50 ERR
5984 SPACER 16 ? ERR ERR RADC (NPRD-3) 0.50 ERR
5991 BLOCK (STRIKER) 1 ? ERR ERR RADC (NPRD-3) 0.50 ERR
5992 ROD 2 7 ERR ERR RADC (NPRD-3) 0.50 ERR
6002- BOLT, SCREW 44 0.011 0.484 0.093 CATFAE PRED 0.20 0.019
6003- NUT 30 0.011 0.330 0.063 CATFAE PRED N.C. N.C.
6005- WASHER 88 0.002 0.176 0.034 CATFAE PRED N.C. N.C.
6006- SLEEVE 26 ? ERR ERR RADC (NPRD-3) 0.70 ERR

2.9 SPADE 7.403 135081 2.762 362086

2.9.1 SPADE 7.403 135081 2.762 362086

5820,5821 SPADE 1 37.853 37.853 7.268 M198 DATA 0.38 2.762
6002-011 BOLT (SPADE/PLATFORM) 64 0.011 0.704 0.135 CATFAE PRED N.C. N.C.

* 3.0 FIRE CONTROL 1411.46 708 175.83 5687
S55== =zz= =SZ. 5 55 = :=SS====3 =..=5==55=== == .

3.1 ASSISTANT GUNNER & GUNNER 1409.947 709 175.528 5697

.... ELBOW TELESCOPE 1 643.496 643.496 123.552 M198 DATA N.C. N.C.

.... M172 NT, TELE, UAD 1 132.484 132.484 25.437 M198 DATA 0.18 4.579 REDUNDANT

.... MIS FIRE CONTROL QUADRANT 1 1343.771 1343.771 258.006 M198 DATA 0.23 59.341 REDUNDANT

.... M17 FIRE CONTROL QUADRANT 1 1059.876 1059.876 203.497 M198 DATA 0.23 46.804 REDUNDANT

.... M137 PANORAMIC TELESCOPE 1 3217.480 3217.480 617.760 M198 DATA 0.23 142.085

.... M171 MT, TELE, QUAD 1 946.318 946.318 181.694 M198 DATA 0.18 32.705

3 3.2 FIRE CONTROL LINKAGE 1.517 659278 0.303 3296392

.... TRUNNION TUBE 1 0.500 0.500 0.096 ESTIMATE 0.20 0.019

.... END CAP 2 0.200 0.400 0.077 ESTIMATE 0.20 0.015
SIDE SUPPORT STRUT 2 1.000 2.000 0.384 ESTIMATE 0.20 0.077

.... ACTUATOR STRUT 1 1.000 1.000 0.192 ESTIMATE 0.20 0.038

.... SHORT STRUT 2 1.000 2.000 0.384 ESTIMATE 0.20 0.077

.... SUPPORT STRUT 2 1.000 2.000 0.384 ESTIMATE 0.20 0.077U
U
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B FAGE 1 LTHD SYSTEM MAINTAINABILITY PREDICTION WORKSHEET (AS OF 17-Mar-86

BLOCK FAILURE RATE MEAN TIME TO REPAIR
CODE/ (FLRIHR 10X-6) AVE MAINTENANCE TASK TIMES ORG DIR ;NHERENT
PART NOMENCLATURE OTY ORG DIRECT (minutes) COMB SPPRT SPPRT AVAIL-

NUMBER SPPRT SPPRT LC IS DS EX RE AL CH (hrs) (hrs) (hrs) ABILITY

LIGHTWEIGHT TOWED HOWITZER DEMONSTRATOR ERR ERR ERR ERR ERR ERR

1.0 CANNON 227.291 356.816 2.10 0.81 2.92 0.998775

1.1 TUBE ASSEMBLY 28.112 65.587 6.40 1.59 8.47 0.999396

1.1.1 TUBE ASSEMBLY 28.112 65.587 6.40 1.59 8.47 0.999396

5767 TUBE (BARREL) 1 9.652 47.127 9.98 3.93 11.22
5781- COLLAR SET 8 8.000 8.000 10 10 10 10 10 10 10 1.17 0.47 1.87
6016-001 EXTRUSION RAIL 2 1.000 1.000 7 7 7 0 7 7 7 0.70 0.28 1.12
6022- KEY 20 9.460 9.460 6 6 6 6 6 6 6 0.70 0.28 1.12
6002- BOLT 40
6003-009 NUT 20

1.2 MUZZLE BRAKE 6.763 15.109 0.83 0.47 1.00 0.999982
1.2.1 MUZZLE BRAKE 6.763 15.109 0.83 0.47 1.00 0.9Y9982

5765,5766 MUZZLE BRAKE 1 5.489 13.437 0.85 0.50 0.99
5786 KEY 1 0.274 0.672 0.85 0.50 0.99
5787 TRUST COLLAR 1 1.000 1.000 7 7 7 0 7 7 7 0.70 0.28 1.12

1.3 BREECH 61.796 145.500 2.19 1.71 2.40 0.999546

3 1.3.1 BREECH 61.796 145.500 2.19 1.71 2.40 0.999546

5789 BREECH 1 35.294 86.410 2.94 2.50 3.12
5816 BAND (OUTER BREECH) 1 10.977 26.874 1.02 0.61 1.19
5788 BAND (INNER BREECH) 1 10.977 26.874 1.02 0.61 1.19
6022-005 KEY 2 0.549 1.343 0.85 0.50 0.99
.... CLAMP 4 4.000 4.000 12 12 12 60 12 12 12 2.20 0.88 3.52
.... BOLT 9

1.4 PRIMER AUTOLOADER 130.620 130.620 0.58 0.23 0.93 0.999848

5802 PRIMER AUTOLOADER 1 130.620 130.620 5 5 5 5 5 5 5 0.58 0.23 0.93

2.0 CARRIAGE ERR ERR ERR ERR ERR ERR

2.1 CRADLE 36.821 116.312 6.15 1.31 7.68 0.999358

2.1.1 CRADLE 7.570 87.061 9.12 4.28 9.54 0.99'33

5730,5831 CRADLE 1 7.570 87.061 9.12 4.28 9.54

2.1.2 SPEEDSHIFT PEG 29.251 29.251 1.34 0.54 2.14 0.999;2'

5780 BRACKET 1 1.500 1.500 5 5 5 5 5 5 5 0.58 0.23 0.93
5772 CRADLE STOP 1 0.250 0.250 10 10 10 10 10 10 10 1.17 0.47 1.87
5777 GIMBEL MOUNT 3 0.300 0.300 7 7 7 0 7 7 7 0.70 0.28 1.12
5776 GIMBEL SPEEDSHIFT 1 0.500 0.500 6 6 6 6 6 6 6 0.70 0.28 1.12
5790 DISK 1 3.500 3.500 12 12 12 60 12 12 12 2.20 0.88 3.52
5773 LOCK HOUSING 1 0.250 0.250 13 13 13 0 13 13 13 1.30 0.52 2.08

(*) FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; (**) 5.2083 ROUNDS PER HOUR CONVERSION FACTOR

.... il,



PAGE 2 LTHD SYSTEM MAINTAINABILITY PREDICTION WORKSHEET (AS OF 17-Mar-86

BLOCK FAILURE RATE MEAN TIME TO REPAIR
COOE/ (FLR/HR 1OX-6) AVE MAINTENANCE TASK TIMES ORG DIR INHERENT
PART NOMENCLATURE OTY ORG DIRECT (minutes) COMB SPPRT SPPRT AVAIL-
NUMBER SPPRT SPPRT LC IS DS EX RE AL CH (hrs) (hrs) (hrs) ABILITY

5778 LOCK HANDLE 1 7.150 7.150 13 13 13 0 13 13 13 1.30 0.52 2.08
6013- SPRING 1 1.155 1.155 13 13 13 0 13 13 13 1.30 0.52 2.08
6002- BOLT 11
6003- NUT 8
5771 NUT (SPEEDSHIFT PIVOT) 2 1.000 1.000 13 13 13 0 13 13 13 1.30 0.52 2.08
6005- WASHER 8
6007- PIN 8 1.496 1.496 13 13 13 0 13 13 13 1.30 0.52 2.08
6006- BEARING 4 7.580 7.580 13 13 13 0 13 13 13 1.30 0.52 2.08
5774,5775 BUSHING (DISK) 2 4.570 4.570 13 13 13 0 13 13 13 1.30 0.52 2.08

2.2 TRAILS 304.365 304.365 0.77 0.44 1.09 0.999508

2.2.1 TRAIL STRUCTURE 188.930 188.930 0.73 0.42 1.04 0.999702

5841,5897 UPPER TRAIL 2 40.650 40.650 5 5 5 5 5 5 5 0.58 0.23 0.93
5842,5898 LOWER REAR TRAIL 2 20.320 20.320 10 10 10 10 10 10 10 1.17 0.47 1.87
5843,5899 LOWER FRONT TRAIL 2 30.480 30.480 7 7 7 0 7 7 7 0.70 0.28 1.12
5845 FRONT BULKHEAD 2 4.060 4.060 6 6 6 6 6 6 6 0.70 0.28 1.12
5846 WHEEL BULKHEAD 2 4.060 4.060 12 12 12 60 12 12 12 2.20 0.88 3.52
5931 MIDDLE BULKHEAD 2 4.060 4.060 13 13 13 0 13 13 13 1.30 0.52 2.08
5932 REAR BULKHEAD 2 4.060 4.060 13 13 13 0 13 13 13 1.30 0.52 2.08
5933,5934 LATTICE 24 81.240 81.240 13 13 13 0 13 13 13 1.30 0.52 2.08
5834,5835 PIN (TRAIL CLEVIS) 64
5844 SPACER 128
5857,5858 X-RING 64
6002-016 BOLT (BULKHEAD) 48
6003-007 NUT (BULKHEAD) 48

2.2.2 TRAIL PIN 54.460 54.460 0.74 0.42 1.05 0.9999.9

6009-003 SCREW 4
6005-010 WASHER 4
6026-001 BEARING PIN 4 28.600 28.600 7 7 7 0 7 7 7 0.70 0.28 1.12
6006-012 BEARING 4 7.580 7.580 6 6 6 6 6 6 6 0.70 0.28 1.12
6024-001 BUSHING (RETAINER) 4 9.140 9.140 12 12 12 60 12 12 12. 2.20 0.88 3.52
6025-001 RETAINER 4
6010-005 SNAP RING 4
6006-011 BUSHING (TRAIL BEARING) 4 9.140 9.140 13 13 13 0 13 13 13 1.30 0.52 2.08
6003-006 NUT 16
6002-015 BOLT 16

S2.2.3 LIFTING HANDLE 43.635 43.635 1.05 0.60 1.49 0.999909

5891 LIFTING HANDLE 4 2.000 2.000 5 5 5 5 5 5 5 0.58 0.23 0.93
6004-003 STUD 2 0.051 0.051 10 10 10 10 10 10 10 1.17 0.47 1.87
6005-019 WASHER 4 0.004 0.004 7 7 7 0 7 7 7 0.70 0.28 1.12
5770 LOCK ARM 2 5.000 5.000 6 6 6 6 6 6 6 0.70 0.28 1.12
6012-001 PULL PIN 2 14.300 14.300 12 12 12 60 12 12 12 2.20 0.88 3.52
5762 LOCK PLATE 2 3.000 3.000 13 13 13 0 13 13 13 1.30 0.52 2.08
6002-010 BOLT 2
6003- NUT 6
6011-001 SPACE CYLINDER 2 1.000 1.000 13 13 13 0 13 13 13 1.30 0.52 2.08
6006-016 BUSHING 8 18.280 18.280 13 13 13 0 13 13 13 1.30 0.52 2.08

2.2.4 GROUND PAD 6.092 6.092 0.59 0.34 0.85 V.99; ;3

5832,5833 GROUND PAD 2 3.316 3.316 5 5 5 5 5 5 5 0.58 0.23 0.93
5856 SPACER 2 2.776 2.776 10 10 10 10 10 10 10 1.17 0.47 1.87
6002-017 BOLT 14

1 6003-008 NUT 14

2.2.5 CRADLE/TRAIL TIE-IN 11.248 11.248 0.55 0.31 0.78 C.9 9;07

5855 SLOTTED PLATE 4 6.000 6.000 5 5 5 5 5 5 5 0.58 0.23 0.93
5854 SHIM 4 0.200 0.200 10 10 10 10 10 10 10 1.17 0.47 1.87
5863 LUG 4 1.048 1.048 7 7 7 0 7 7 7 0.70 0.28 1.12

I(*) FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; (**) 5.2083 ROUNDS PER HOUR CONVERSION FAC'C-



PAGE 3 LTHD SYSTEM MAINTAINABILITY PREDICTION WORKSHEET (AS OF 17-Mar-86

BLOCK FAILURE RATE MEAN TIME TO REPAIR
CODE/ (FLR/HR 1OX-6) AVE MAINTENANCE TASK TIMES ORG DIR INHERENT
PART NOMENCLATURE OTY ORG DIRECT (minutes) COMB SPPRT SPPRT AVAIL-

NUMBER SPPRT SPPRT LC IS DS EX RE AL CH (hrs) (hrs) (hrs) ABILITY

3 5864,5865 SUPPORT BAR 3 3.000 3.000 6 6 6 6 6 6 6 0.70 0.28 1.12
5866 LINK 2 1.000 1.000 12 12 12 60 12 12 12 2.20 0.88 3.52
6002- BOLT 31
6003- NUT 31

2.3 GIMBAL 31.161 31.161 0.51 0.29 0.73 0.999968

2.3.1 GIMBAL 10.000 10.000 0.41 0.23 0.58 0.999992

5810 GIMBAL 1 10.000 10.000 5 5 5 5 5 5 5 0.58 0.23 0.93

2.3.2 GIMBAL BEARING 21.161 21.161 0.56 0.32 0.79 0.999976

6007- PIN (GIMBAL/TRAVERSE) 2 14.300 14.300 5 5 5 5 5 5 5 0.58 0.23 0.93
5935 SLEEVE 1 2.285 2.285 10 10 10 10 10 10 10 1.17 0.47 1.87
5936 SPACER 1
5937 COVER 1 0.250 0.250 6 6 6 6 6 6 6 0.70 0.28 1.12
6002- BOLT 2
6005- WASHER 3 0.003 0.003 13 13 13 0 13 13 13 1.30 0.52 2.08
6006- BEARING 2 3.790 3.790 13 13 13 0 13 13 13 1.30 0.52 2.08
6010- SNAP RING 4 0.008 0.008 13 13 13 0 13 13 13 1.30 0.52 2.08
6030-001 O-RING 1 0.525 0.525 13 13 13 0 13 13 13 1.30 0.52 2.08

2.4 PLATFORM 27.610 27.610 0.63 0.36 0.90 0.999965

2.4.1 PLATFORM 10.000 10.000 0.41 0.23 0.58 0.999992

5800 PLATFORM 1 10.000 10.000 5 5 5 5 5 5 5 0.58 0.23 0.93

3 2.4.2 PLATFORM/TRAIL CONNECTOR 17.610 17.610 0.75 0.43 1.07 0.999973

HANDLE 2 1.000 1.000 5 5 5 5 5 5 5 0.58 0.23 0.93
.... BOLT (SPRING LOADED) 2 14.300 14.300 10 10 10 10 10 10 10 1.17 0.47 1.87
6013-001 SPRING 2 2.310 2.310 7 7 7 0 7 7 7 0.70 0.28 1.12
6010-006 SNAP RING 2
6002-029 BOLT 4
6003- NUT 4
6001-004 ADHESIVE 2

2.5 WHEEL SYSTEM 447.000 639.130 1.27 0.46 1.84 0.998b8

2.5.1 PIN ASSEMBLY 48.870 16.290 0.28 0.24 0.41 0.999982

5730 PIVOT PIN 2 21.450 7.150 5 5 5 2 0.28 0.16 0.65
6005-002 THRUST WASHER 8
6002-001 BOLT (PIVOT) 2
6003-001 NUT (PIVOT) 2
6006-001 BUSHING (PIVOT) 8 27.420 9.140 5 15 4 1 4 2 0.52 0.30 1.18

2.5.2 BEAM ASSEMBLY 66.750 40.294 0.74 0.15 1.72 0.99992,

5794,5796 LEADING BEAM 2 0.357 6.783 5 128 5 128 10 4.60 1.19 4.78
5795,5797 LAGGING BEAM 2 0.357 6.783 5 128 5 128 10 4.60 1.19 4.78
5807 PIN (CROSS SUPPORT) 4 1.122 0.374 5 5 1 0.18 0.10 0.42
5736 CAP (AXLE BEAM END) 8 3.000 1.000 5 5 2 0.20 0.11 0.46
6002-002 BOLT (AXLE CAP) 16
6005-004 WASHER (AXLE CAP) 16
6005-006 WASHER (CYLINDER PIVOT) 8
6006-003 BUSHING (CYLINDER PIVOT) 4 13.710 4.570 5 10 3 5 0.38 0.22 0.88
6006-004 BUSHING (SUPPORT PIVOT) 12 41.130 13.710 5 5 3 0.22 0.12 0.50
5803,5804 CROSS SUPPORT 2 1.000 1.000 5 14 5 0.40 0.16 0.64
5809 HANDLE LOCKING (X-SUPPORT) 2 3.000 3.000 5 5 2 0.20 0.08 0.32
5812 BRACKET (CROSS SUPPORT) 2 0.264 0.264 5 5 2 0.20 0.08 0.32

(*) FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; (**) 5.2083 ROUNDS PER HOUR CONVERSION FACTCD



5 PAGE 4 LTHD SYSTEM MAINTAINABILITY PREDICTION WORKSHEET (AS OF 17-Mar-86

BLOCK FAILURE RATE MEAN TIME TO REPAIR
CODE/ (FLR/HR 1OX-6) AVE MAINTENANCE TASK TIMES ORG DIR INHERENT
PART NOMENCLATURE OTY ORG DIRECT (minutes) COMB SPPRT SPPRT AVAIL-
NUMBER SPPRT SPPRT LC IS DS EX RE AL CH (hrs) (hrs) (hrs) ABILITY

U 5813 GUIDE (SPRING) 2 0.500 0.500 5 5 7 2 0.32 0.13 0.51
6002-006 BOLT (SUPPORT HANDLE BRKT) 4
6003-005 NUT (SUPPORT HANDLE BRKT) 2

L 6002-007 BOLT (HANDLE GUIDE) 8
6013-002 SPRING 2 2.310 2.310 5 5 2 2 0.23 0.09 0.37
6033 LOCKIIRE 2

2.5.3 WHEEL ASSEMBLY 234.880 168.108 1.11 0.49 1.97 0.999553

5738 TIRE 4 100.874 25.218 1 2 11 20 2 5 5 0.77 0.48 1.92

5739 WHEEL 4 4.294 1.074 1 2 11 20 2 5 5 0.77 0.48 1.92
6020,6021 VALVE STEM AND CAP 4 1.491 0.373 1 2 11 20 2 5 5 0.77 0.48 1.92
5741 HUB 4 0.671 12.745 5.73 3.53 5.85
5742 CAP (HUB) 4 1.800 4.200 5 5 10 22 2 0.73 0.24 0.95
6002-003 BOLT (HUB CAP) 32
5743 GREASE SEAL 8 8.388 19.572 5 5 10 22 2 0.73 0.24 0.95
5744 NUT (AXLE BEARING) 8 4.440 4.440 5 12 10 24 2 0.88 0.35 1.41
5745 LOCKWASHER (BEARING) 8
5746 ROLLER BEARING 8 15.696 36.624 2.27 1.56 2.57
5747 AXLE 4 1.610 3.758 2.27 1.56 2.57
5748 ROTOR (DISC BRAKE) 4 17.107 39.917 1 2 11 30 2 5 5 0.93 0.30 1.20
6002-004 BOLT (ROTOR DISC) 24
6003-044 NUT (WHEEL) 32
6005-005 WASHER (WHEEL BOLT) 32
6019-010 GREASE ZURK 8 66.790 16.698 5 5 15 5 0.50 0.31 1.25
6019-11 RELIEF VALVE (CAP) 8 10.970 2.742 5 5 15 5 0.50 0.31 1.25
6007-002 PIN (ROTOR) 4 0.748 0.748 5 5 23 10 15 5 5 1.13 0.45 1.81

2.5.4 BRAKE SYSTEM 96.501 414.437 1.64 0.74 1.85 0.999162

5749 BRAKE CALIPER (SERVICE) 4 22.809 205.283 2.31 1.37 2.41
6006-002 BUSHING (BRAKE) 16 6.926 16.162 5 10 11 10 11 0.78 0.25 1.01
5753 PIN (BRAKE) 8 0.898 2.094 5 10 11 10 11 0.78 0.25 1.01

5750 PARK BRAKE CALIPER 4 28.979 43.469 1.19 0.82 1.44
5827 PIN (PARK BRAKE) 4 0.598 0.898 1.19 0.82 1.44
5824 SHAFT (PARK BRAKE) 2 3.444 3.444 5 5 6 0.27 0.11 0.43
5825 HEX HEAD (PARK BRAKE) 2
5826 BEARING BLOCK (PARK BRAKE) 4 7.580 7.580 5 5 5 5 5 0.42 0.17 0.67
6002-008 BOLT (BEARING BLOCK) 16
5823 ROD END (PARK BRAKE) 4 0.672 0.672 5 5 6 5 0.35 0.14 0.56
5822 ROD (PARK BRAKE) 2 0.671 0.671 5 5 4 5 0.32 0.13 0.51
5819 LEVER (PARK BRAKE) 2 4.695 4.695 0.57 0.41 0.72
5751 HYDRAULIC/AIR ACTUATOR 1 5.046 45.413 10 20 14 20 5 1.15 0.31 1.24
5752 RELAY VALVE (W CHECK V) 1 1.342 12.074 10 30 24 20 5 1.48 0.40 1.60
5715 AIR TANK 1 0.067 0.604 10 20 34 20 5 1.48 0.40 1.60
5757 DRAINCOCK 1 1.207 10. 115 068 120
5759 AIR FILTER 2 0.661 5.945 10 12 5 5 5 0.62 0.17 0.67
5758 FRAME NIPPLE 2 0.03 0.839 1.15 0.68 1.20
5756 AIR HOSE ASSEMBLY 2 3.466 3.466 0.61 0.46 0.75
5755 GLADHAND 2 1.600 0.400 0.52 0.46 0.75
5754 HOSE SUPPORT BRACKET 1 0.211 0.053 5 5 2 0.20 0.13 0.50
6027- PIPING AND FITTINGS 12 2.118 19.062 1.76 1.04 1.84
6034- HOSE AND COUPLING 10 1.952 17.568 1.48 0.88 1.556019- ELBOW PIPING 5 0.383 3.452 1.67 0.99 1.74
6019-006 NIPPLE 2 0.093 0.839 1.15 0.68 1.20

6019-007 UNION 1 0.172 1.544 1.15 0.68 1.20
6019-001 ADAPTER 6 0.536 4.828 1.67 0.99 1.75
6019-002 TEE 3 0.280 2.516 0.57 0.34 0.60
6003-002 NUT 4
6017-002 X-WASHER 16

2.6 EQUILIBRATORS 19.487 19.487 1.17 0.47 1.87 C.999954

2.6.1 EQUILIBRATOR ACTUATOR MOUNTS 9.099 9.099 1.17 0.47 1.87 C.99;7;

5763 TUBE 1 0.250 0.250 10 10 10 10 10 10 10 1.17 0.47 1.87
5779 TUBE (OUTSIDE) 4 1.000 1.000 10 10 10 10 10 10 10 1.17 0.47 1.87
5760 CAP 2 0.100 0.100 10 10 10 10 10 10 10 1.17 0.47 1.87

(*) FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; (**) 5.2083 ROUNDS PER HOUR CONVERSION FAC-C



PAGE 5 LTHD SYSTEM MAINTAINABILITY PREDICTION WORKSNEET (AS OF 17-Mar-86

U BLOCK FAILURE RATE MEAN TIME TO REPAIR
CODE/ (FLR/HR 1OX-6) AVE MAINTENANCE TASK TIMES ORG DIR INHERENT
PART NOMENCLATURE OTY ORG DIRECT (minutes) COMB SPPRT SPPRT AVAIL-3 NUMBER SPPRT SPPRT LC IS OS EX RE AL CH (hrs) (hrs) (hrs) ABILITY

5761 TRAIL NESTING BUSHING 2 4.570 4.570 10 10 10 10 10 10 10 1.17 0.47 1.87
5664 CLAMP SET 3 3.000 3.000 10 10 10 10 10 10 10 1.17 0.47 1.87
6004- STUD 7 0.179 0.179 10 10 10 10 10 10 10 1.17 0.47 1.87
6003- NUT 8

2.6.2 EQUILIBRATOR CABLES 14.938 14.938 1.17 0.47 1.87 C.999965

5791 CABLE 2 10.400 10.400 10 10 10 10 10 10 10 1.17 0.47 1.87
6006-007 BEARING 2 3.790 3.790 10 10 10 10 10 10 10 1.17 0.47 1.87
6007-004 PIN 4 0.748 0.748 10 10 10 10 10 10 10 1.17 0.47 1.87

2.7 HYDRAULIC SYSTEM 303.706 2374.447 2.97 0.72 3.25 0.992118

2.7.1 SYSTEM HYDRAULICS (MISC) 22.761 204.852 1.90 0.51 2.06 0.999567

MANIFOLD ASSY 4 2.956 26.604 5 5 197 40 227 1 5 8.00 2.16 8.65
5906-001 HAND PUMP 2 10.090 90.808 5 24 15 5 0.82 0.22 0.88
5906-002 PUMP SELECTOR VALVE 2 1.990 17.910 5 5 30 44 60 5 2.48 0.67 2.68
5906-003 HYDRAULIC ON/OFF VALVE 1 0.995 8.955 5 5 30 34 60 5 2.32 0.63 2.50
.... QUICK-DISCONNECT CHECK VLV 3 3.131 28.177 10 5 20 0.58 0.16 0.63
5903-003 SAFETY RELIEF VALVE 1 0.171 1.543 5 5 1 15 5 0.52 0.14 0.56
.... HOSE AND COUPLING 4 0.781 7.027 5 7 10 15 2 0.65 0.18 0.70
.... PIPING AND FITTINGS 15 2.648 23.828 5 7 10 15 2 0.65 0.18 0.70

2.7.2 TRAVERSE HYDRAULICS 15.370 135.900 1.67 0.45 1.81 0.99y747

5904,5905 CANNON LAY TRAVERSE VALVE 4 3.980 35.820 5 49 30 44 60 5 3.22 0.87 3.48
5920 TRAVERSE VALVE 1 0.995 8.955 5 49 29 15 1.63 0.44 1.77

TRAVERSE BEAR LOC 1 2.345 21.101 30 14 17 15 5 1.35 0.36 1.46
.... INTENSIFIER (BEAR LOCK) 1 0.550 4.950 30 17 15 5 1.12 0.30 1.21
5714 TRAVERSE ACTUATOR 1 5.046 45.413 30 17 15 5 1.12 0.30 1.21
.... HOSE AND COUPLING 3 0.586 5.270 5 7 10 15 2 0.65 0.18 0.70
.... PIPING AND FITTINGS 9 1.589 14.297 5 7 10 15 2 0.65 0.18 0.70
6007-006 PIN 1 0.281 0.094 5 6 0.18 0.10 0.42

2.7.3 ELEVATION HYDRAULICS 14.946 107.451 1.74 0.41 1.93 0.999787

5904,5905 CANNON LAY ELEVATION VALVE 4 3.980 35.820 5 49 30 44 60 5 3.22 0.87 3.48

5919 ELEVATION VALVE 1 0.995 8.955 5 49 29 15 1.63 0.44 1.77
5716 ELEVATION ACTUATOR 1 5.046 45.413 30 17 15 5 1.12 0.30 1.21
.... HOSE AND COUPLING 2 0.390 3.514 5 7 10 15 2 0.65 0.18 0.70

.... PIPING AND FITTINGS 8 1.412 12.708 5 7 10 15 2 0.65 0.18 0.70
6007-009 PIN 1 0.281 0.094 5 6 0.18 0.10 0.42
6006-013 BEARING 1 2.843 0.948 5 6 0.18 0.10 0.42
6005-011 WASHER 2
6017-001 X-WASHER 2

2.7.4 EQUILIBRATION HYDRAULICS 30.943 278.484 1.68 0.45 1.81 U.9S

5893 EQUILIBRATION PRESSURE VLV 1 0.995 8.955 5 5 44 15 5 1.23 0.33 1.33
5892 EQUILIBRATION VALVE ON/OFF 1 0.995 8.955 5 5 34 15 5 1.07 0.29 1.15
5915 INTENSIFIER (DOUBLE-ENDED) 1 4.469 40.223 5 5 44 15 5 1.23 0.33 1.33
5720-002 EQUILIBRATION ACCUMULATOR 1 5.505 49.541 5 67 20 66 30 3.13 0.85 3.39
5712,5713 EQUILIBRATION ACTUATOR 2 10.092 90.826 5 20 40 15 10 5 1.58 0.43 1.71
.... ELEVATION BEAR LOC 2 4.689 42.203 30 17 15 5 1.12 0.30 1.21
.... INTENSIFIER (BEAR LOCK) 1 0.550 4.950 30 17 15 5 1.12 0.30 1.21
5896 PILOT OPER CHCK VLV W SEAL 1 1.613 14.517 5 68 15 19 30 2.28 0.62 2.47
.... PIPING AND FITTINGS 6 1.059 9.531 5 7 10 15 2 0.65 0.18 0.70
.... HOSE AND COUPLING 5 0.976 8.784 5 7 10 15 2 0.65 0.18 0.70

2.7.5 STORED PRESSURE HYDRAULICS 17.309 136.434 1.95 0.48 2.14 C.99-,"

5894,5900 VALVE (PRESSURE GAGE) 2 1.990 17.910 5 5 34 15 5 1.07 0.29 1.15
5894,5900 PRESSURE GAGE 2 1.436 12.924 5 34 5 17 5 1.10 0.30 1.1l
5720-003 RESERVOIR ACCUMULATOR 1 5.505 49.541 5 67 20 66 30 3.13 0.85 3.39

3 (*) FAILURE PER MILLION HOURS - BASED ON GROUND MOBILE ENVIRONMENT; (**) 5.2083 ROUNDS PER HOUR CONVERSION FAI''



PA-SE 6 LTHD SYSTEM MAINTAINABILITY PREDICTION4 WORKSHEET (AS OF 17-Mar-86)

BLOCK FAILURE RATE MEAN TIME TO REPAIR

CODE/ (FLR/NR 1OX-6) AVE MAINTENANCE TASK TIMES ORG DIR INHmEREN'
PART NOMENCLATURE OTY ORG DIRECT (minutes) COMB SPPRT SPPRT AVAI.-
NUMBER SPPRT SPPRT LC IS DS EX RE AL CH (hr$) (hr$) (hrs) ABILITY

5978 PILOT OPER CHCK VLV W SEAL 2 3.226 29.034 5 40 30 5 60 2.33 0.63 2.52
5720-005 HYDRAULIC FILTER 1 2.233 0.7"4 2 10 0.20 0.11 0.46
5710-004 CHECK VALVE (FILTER) 2 1.685 15.161 5 5 15 0.42 0.11 0.45
.... PIPING AND FITTINGS 7 1.236 11.120 5 7 10 15 2 0.65 0.18 0.70

2.7.6 CANNON POSITION HYDRAULICS 4.221 37.989 0.74 0.20 0.80 0.999969

5895 CANNON POSITION VALVE 1 0.995 8.955 5 5 44 15 5 1.23 0.33 1.33
5976,5977 PILOT OPER CHCK VLV W SEAL 2 3.226 29.034 5 5 10 15 0.58 0.16 0.63

E.7.7 RECOIL & CIRECOIL HYDRAULICS 89.994 693.511 6.71 1.59 7.37 :.9--.71

5710-555 RECOIL CYLINDER 2 30.426 273.838 5 5 197 40 227 1 5 8.00 2.16 8.65
5710-315 C' RECOIL CYLINDER 1 15.213 136.919 5 5 197 40 227 1 5 8.00 2.16 8.65
5710-310 ENERGY STORAGE CYLINDER 1 15.213 136.919 5 5 197 40 227 1 5 8.00 2.16 8.65
5718,5719 C' RECOIL ACCUMULATOR 2 11.009 99.081 5 5 30 15 60 5 2.00 0.54 2.16
5912,5978 CHECK VALVE 2 1.685 15.161 5 5 30 5 60 5 1.83 0.50 1.9e
5913 RELIEF VALVE 1 0.171 1.543 5 5 5 15 5 0.58 0.16 0.63
5914 PRESSURE REDUCING VALVE 1 0.171 1.543 5 5 30 5 30 5 1.33 0.36 1.44
5916 CIRCUIT BREAKER 1 8.050 2.683 5 5 0.17 0.10 0.38
5916 ORIFICE 1 5.385 1.795 5 5 0.17 0.10 0.38
5947 ROD/PISTON (RECOIL) 2 0.200 1.800 5 5 197 40 227 1 5 8.00 2.16 8.65
5948 ROD/PISTON (C'RECOIL) 2 0.410 3.690 5 5 197 40 227 1 5 8.00 2.16 8.65
5949 ORIFICE ROD 2 0.430 3.870 5 5 8 240 20 4.63 1.25 5.01

5950 GUIDE ROD 2 0.430 3.870 5 5 8 240 20 4.63 1.25 5.01
5951 END CAP 8 0.800 7.200 5 98 30 127 4.33 1.17 4.68
5952 WASHER (END CAP) 4
5954 COLLAR (END CAP) 4 0.400 3.600 5 8 60 37 1.83 0.50 1.98
5955 NUT (END CAP) 4

2.7.8 BREECH HYDRAULICS 14.097 117.944 1.05 0.27 1.14 C.;9St2

5900-001 BREECH VALVE 1 0.995 8.955 10 44 15 5 1.23 0.33 1.33
5725 BREECH ACTUATOR 1 5.046 45.413 5 51 7 15 10 5 1.55 0.42 1.68
5725-001 CHECK VALVE 1 0.842 7.581 5 51 7 15 10 5 1.55 0.42 1.68
5922 PILOT OPER CTRL FLOW VALVE 2 4.911 44.195 5 2 10 15 0.53 0.14 0.58
.... PIPING AND FITTINGS 5 0.882 7.943 5 7 10 15 2 0.65 0.18 0.70
.... HOSE AND COUPLING 2 0.390 3.514 5 7 10 15 2 0.65 0.18 0.70

.... LINK 1 0.750 0.250 5 11 0.27 0.15 0.61
5725 PIN 1 0.281 0.094 5 6 0.18 0.10 0.42

2.7.9 INERTIAL RAMMING HYDRAULICS 12.546 91.446 1.47 0.35 1.62 0.999847

5900-002 VALVE (RAM/RETRACT/CREEP) 1 0.995 8.955 10 44 15 5 1.23 0.33 1.33
5902 DEINTENSIFIER 1 3.675 33.075 5 5 30 10 60 5 1.92 0.52 2.07

5729-001 AIR FILTER 1 2.477 0.826 10 0.17 0.10 0.38
5729 INERTIAL RAMMING ACTUATOR 1 5.046 45.413 5 10 30 30 5 1.33 0.36 1.44
.... PIPING AND FITTINGS 2 0.353 3.177 5 7 10 15 2 0.65 0.18 0.70

7.10 LOAD POSITION HYDRAULICS 11.610 104.489 1.25 0.34 1.36 C.

5900-003 VALVE (BATTERY/LOAD) 1 0.995 8.955 10 44 15 5 1.23 0.33 1.33
5728 LOAD POSITION ACTUATOR 1 5.046 45.413 5 10 60 30 5 1.83 0.50 1.98
5921,5971 PILOT OPER CHCK VLV W SEAL 2 3.226 29.034 5 5 20 15 0.75 0.20 0.81
5917 BATTERY VALVE 1 0.995 8.955 5 5 18 15 0.72 0.19 0.77
5918 LOAD POSITION VALVE 1 0.995 8.955 5 5 18 15 0.72 0.19 0.77
.... PIPING AND FITTINGS 2 0.353 3.177 5 7 10 15 2 0.65 0.18 0.70

7.11 WHEEL HYDRAULICS 51.857 303.485 0.81 0.19 0.91 :.Q99713

5910 WHEEL HYDRAULIC VALVE 8 7.960 71.640 5 5 44 15 1.15 0.31 1.24
"I WHEEL ACTUATOR 4 20.184 181 .652 5 5 12 15 5 0.70 0.19 0.76
.... LINKAGE (WHEEL ACT VALVE) 4 3.000 1.000 5 15 5 0.42 0.24 0.95
.... BURST PLUG 4 3.000 1.000 5 0.08 0.05 0.19
5903.001 CIRCUIT BREAKER 2 2.147 19.319 56 15 15 1.43 0.39 1.55
.... NOSE AND COUPLING 14 2.733 24.595 5 7 10 15 2 0.65 0.18 0.7C

()FAILURE PER MILLION HOURS - BASED O GROUND MOBILE ENVIRONMENT; (*)5.2083 ROUNDS PER HOUR CONVERSIC' FAC'
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PAGE 7 LTHD SYSTEM MAINTAINABILITY PREDICTION WORKSHEET (AS OF 17-Mar-86 )

- BLOCK FAILURE RATE MEAN TIME TO REPAIR
COOE/ (FLR/HR 1OX-6) AVE MAINTENANCE TASK TIMES ORG DIR INHERENT
PART NOMENCLATURE QTY ORG DIRECT (minutes) COMB SPPRT SPPRT AVAIL-

NUMBER SPPRT SPPRT LC IS DS EY RE AL CH (hrs) (hrs) (hrs) ABILITY

3 " "" PIPING AND FITTINGS 8 10.590 3.530 5 6 0.18 0.10 0.42
.... PIN JOINT 8 2.24 0.748 5 6 0.18 0.10 0.42
.... RETAINING RING 8

2.7.12 PRIMER HYDRAULICS 9.026 81.231 1.19 0.32 1.28 0.99;E,3

5900-004 PRIMER VALVE 1 0.995 8.955 10 44 15 5 1.23 0.33 1.33
5726 PRIMER ACTUATOR 1 5.046 45.413 5 51 7 15 10 5 1.55 0.42 1.68
5922 PILOT OPER CTRL FLOW VALVE 1 2.455 22.098 5 2 10 15 0.53 0.14 0.58
.... PIPING AND FITTINGS 3 0.529 4.766 5 7 10 15 2 0.65 0.18 0.70

2.7.13 LANYARD HYDRAULICS 9.026 81.231 1.19 0.32 1.28 0.991893

5900-005 LANYARD VALVE 1 0.995 8.955 10 44 15 5 1.23 0.33 1.33
5727 PRIMER ACTUATOR 1 5.046 45.413 5 51 7 15 10 5 1.55 0.42 1.68
5922 PILOT OPER CTRL FLOW VALVE 1 2.455 22.098 5 2 10 15 0.53 0.14 0.58
-- PIPING AND FITTINGS 3 0.529 4.766 5 7 10 15 2 0.65 0.18 0.70

2.8 LOAD TRAY ERR ERR ERR ERR ERR ERR

2.8.1 LOAD TRAY ERR ERR ERR ERR ERR ERR

5867 LOAD TRAY 1 10.142 10.142 10 10 10 10 10 10 10 1.17 0.47 1.87
5868 WEARSTRIP 3 1.500 1.500 10 10 10 10 10 10 10 1.17 0.47 1.87
5869 BASE SPRING (PROJECTILE) 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5870 STRIP (BACKSTOP) 1 0.500 0.500 10 10 10 10 10 10 10 1.17 0.47 1.87
5871 BRACKET (BACKSTOP) 2 0.264 0.264 10 10 10 10 10 10 10 1.17 0.47 1.87
5881 RETAINER PLATE 4 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5783 ROD 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5768 FORWARD PLATE 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5773 AFT PLATE 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5814 FORWARD STRUT 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5815 REAR STRUT 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5737 BLOCK (CLEVIS) 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5817 PIVOT PIN 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5883 HOUSING 4 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5885 SUPPORT 4 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5884 PAD (BEARING) 4 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5778 SLEEVE 4 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5887 ROLLER 16 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5818 SUPPORT 4 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5833 TOP PLATE 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5962 ROLLER 16 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5837 PAD (BEARING) 4 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5840 FRAME 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5861 PIVOT PIN 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5886 PIN (HEADED) 1 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5890 WASHER (BUMPER) 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5981 SPACER 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
6002- BOLT, SCREW 221
6003- NUT 183
6005- WASHER 262
6006- BUSHING 5 11.425 11.425 10 10 10 10 10 10 10 1.17 0.47 1.87
6006- BEARING 8 15.160 15.160 10 10 10 10 10 10 10 1.17 0.47 1.87

-.8.2 TRACK ERR ERR ERR ERR ERR E"

5929,5930, BAR (TRACK SUPPORT) 3 1.500 1.500 10 10 10 10 10 10 10 1.17 0.47 1.87
5940
5939 BRACKET (ROLLER MOUNT) 4 0.528 0.528 10 10 10 10 10 10 10 1.17 0.47 1.87
5908 SPACER 1 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5798 BUTTON (GUIDE) 4 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5924 SUPPORT (FORWARD TRACK) 1 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5925,5926 TRACK (FORWARD, CENTER) 3 33.468 33.468 10 10 10 10 10 10 10 1.17 0.47 1.5'
5888,5889 HINGE (BRACKET INNER) 8 15.200 15.200 10 10 10 10 10 10 10 1.17 0.47 1.87
5928,5938 GUIDE (REAR TRACK) 2 22.312 22.312 10 10 10 10 10 10 10 1.17 0.47 1.87
5731,5734 TIE BAR 7 3.500 3.500 10 10 10 10 10 10 10 1.17 0..7 1.81

() FAILURE PER MILLION HOURS BASED ON GROUND MOBILE ENVIRONMENT; () 5.2083 ROUNDS PER HOUR CONVERSI-N rA[" ;



PAGE 8 LTHD SYSTEM MAINTAINABILITY PREDICTION WORKSHEET (AS OF 17-Mar-86

BLOCK FAILURE RATE MEAN TIME TO REPAIR
CODE/ (FLR/NR 10X-6) AVE MAINTENANCE TASK TIMES ORG DIR INHEPEN'
PART NOMENCLATURE OTY ORG DIRECT (minutes) COmB SPPRT SPPRT A,A:.

NUMBER SPPRT SPPRT LC IS DS EX RE AL CH (hrs) (hrs) (hrs) ABIL:''

5927 TRACK (REAR) 2 22.312 22.312 10 10 10 10 10 10 10 1.17 0.47 1.87
5735 PLATE 8 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5784 STIFFENER 4 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
6007-012 PIVOT PIN 4 28.600 28.600 10 10 10 10 10 10 10 1.17 0.47 1.87
6002- BOLT 68
6003- NUT 96
6005- WASHER 150

6006- BUSHING 12 27.420 27.420 10 10 10 10 10 10 10 1.17 0.47 1.87

3 2.8.3 SHOCK MOUNT ERR ERR ERR ERR ERR Ek;

5941 SHOCK ABSORBER (FRONT) 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5982 BAR (STOP) 1 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5942 SHOCK (MAIN) 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR

5872,5873, SHOCK MOUNT 4 2.000 2.000 10 10 10 10 10 10 10 1.17 0.47 1.87
5874
5875 BRACKET 1 0.132 0.132 10 10 10 10 10 10 10 1.17 0.47 1.87
5876,5836 GUIDE (SHOCK MOUNT) 4 22.000 22.000 10 10 10 10 10 10 10 1.17 0.47 1.87
5877 MOUNT (PROJECTILE STOP) 1 1.388 1.388 10 10 10 10 10 10 10 1.17 0.47 1.87
5878 PAD (PROJECTILE STOP) 1 1.658 1.658 10 10 10 10 10 10 10 1.17 0.47 1.87
5880 CUSHION 1 1.658 1.658 10 10 10 10 10 10 10 1.17 0.47 1.87
5879 MOUNT (PAD) 1 1.388 1.388 10 10 10 10 10 10 10 1.17 0.47 1.87
5882 PIN (PROJ STOP PAD) 1 7.150 7.150 10 10 10 10 10 10 10 1.17 0.47 1.87

5983 GUIDE (SHOCK PLUMGER) 2 ERR ERR 10 10 10 10 10 13 10 1.17 ERR ERR
5984 SPACER 16 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
5991 BLOCK (STRIKER) I ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR

5992 ROD 2 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR
6002- BOLT, SCREW 44
6003- NUT 30
6005- WASHER 88
6006- SLEEVE 26 ERR ERR 10 10 10 10 10 10 10 1.17 ERR ERR

2.9 SPADE 3.028 34.825 1.68 0.79 1.76 C.999935

' 9.1 SPADE 3.028 34.825 1.68 0.79 1.76 0.999935

5820,5821 SPADE 1 3.028 34.825 1.68 0.79 1.76
6002-011 BOLT (SPADE/PLATFORM) 64

3 3.0 FIRE CONTROL 885.16 6466.16 1.86 0.47 2.06 0.953t3C

3.1 ASSISTANT GUNNER & GUNNER 881.211 6462.214 1.87 0.46 2.06 0.98b- ;

-- ELBOW TELESCOPE 1 77.220 566.276 0.59 0.15 0.65

.M172 MT, TELE, QUAD 1 15.898 116.586 4.83 1.20 5.33
.... M18 FIRE CONTROL QUADRANT 1 161.253 1182.518 1.95 0.48 2.15
.... M17 FIRE CONTROL QUADRANT 1 127.185 932.691 1.66 0.41 1.83

m137 PANORAMIC TELESCOPE 1 386.098 2831.382 1.81 0.45 1.99
M171 MT, TELE, QUAD 1 113.558 832.760 2.63 0.65 2.90

3.2 FIRE CONTROL LINKAGE 3.950 3.950 1.17 1.17 1.17 .

.... TRUNNION TUBE 1 0.250 0.250 10 10 10 10 10 10 10 1.17
END CAP 2 0.200 0.200 10 10 10 10 10 10 10 1.17

.... SIDE SUPPORT STRUT 2 1.000 1.000 10 10 10 10 10 10 10 1.17

.... ACTUATOR STRUT 1 0.500 0.500 10 10 10 10 10 10 10 1.17

.... SHORT STRUT 2 1.000 1.000 10 10 10 10 10 10 10 1.17

.... SUPPORT STRUT 2 1.000 1.000 10 10 10 10 10 10 10 1.17

L
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PROBLEM DESCRIPTION

S The desired result of the Lightweight Towed Howitzer program is to provide
a weapon which has the same capabilities as the present howitzer, the
M198, but which is more versatile due to its lighter weight.

In the M198, the recoiling mass recoils back from the trunnion center
line. The recoiling mass of the Lightweight Towed Howitzer Demonstrator
(LTHD) is forward of the trunnion center line and recoils back toward but
not past that center line. On the M198, the trails extend rearward to
prevent the recoil forces from tipping the howitzer backward where as, on

S the LTHD they extend forward to prevent the weight of the howitzer from
tipping it forward. The trunnion center line of the LTHD is only 18
inches above the ground. All of these changes were made in order to
provide a stable howitzer which is 7,000 lbs. lighter than the present
M198 (the M198 weighs 16,000 lbs.).

When the recoiling mass of the LTHD is in battery, the breech opening is
about 9 feet (along the center line of the barrel) forward from the center
line of the trunnions. When the cannon is elevated to 45 deg. (the
maximum elevation for loading) the breech opening is about 7.5 feet above
the ground. In this position, it is not possible to load the howitzer

th out mechanical assistance nor is it possible for the artillery crew,

who are stationed behind the howitzer, to accurately determine the
position and condition of the bag charge. Mispositioned or damaged
charges are serious problems and must be detected and corrected before the

y; firing sequence continues. The customer is comfortable with power ramming
of projectiles but is quite uneasy with mechanical handling of the bag
charges.

If the LTHD could be loaded in its fully recoiled position, some of the
hydraulics could be eliminated and an artillery crewman could load and
position the bag charge by hand. This change in the configuration would
reduce weight and complexity and would give the artillery crew the
capability of visually checking the condition and position of the charge
before firing.
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Discussion of Results

From an examination of the present coni:iguration of the LTHD, it is not
possible to load at full recoil (see figure 1). Since the trunnion center
line is so low, the breech opening is very close to the gimbal when the

recoiling mass is fully recoiled. The breech block hinges up but does not

move far enough out of the way to allow clear access to the chamber for
loading.

If the recoiling mass is positioned about 2 feet forward from full recoil,

the cannon could be loaded (see figure 2). A power rammer will still be
required but can be incorporated into the load tray eliminating the rammer

positioning mechanism. At 2 feet from full recoil, the chamber is close

enough to the artillery crew that the charge could be manually positioned
and visually inspected prior to closing the breech.

One of the original design requirements was that the howitzer be capable

of handling misfires and cookoffs in a controlled and predictable

fashion. Since it is dimensionally possible to load in this recoiled
position, a numeric analysis was conducted to determine if the howitzer

could withstand a misfire when it was fully recoiled and remain upright

And intact. For this analysis, chamber pressures were used to determine a

?arward force on the howitzer structure (worst case ammunition

combination is M203A1 & XM795 which produced a maximum chamber pressure of
56,000 psi). The assumptions used in this analysis were as follows:

-recoiling mass is fully recoiled and resting against the slide
-structure is perfectly rigid; no structural deformation occurs
-no sliding; howitzer is fixed to the ground and only allowed to

pivot about its rear most point of contact with the ground

-torque component from rifling not considered

Based on these assumptions at 26 ms. after start of chamber

pressurization the ends of the trails will have raised just over 30 inches

off the ground (see graph, figure 3). Based on this analysis, it appears

that the howitzer will not overturn as a result of a misfire at the fully
recoiled position. All of the energy of firing will be transmitted

directly to the slide. A maximum calculated force of 2.1 million lbs.

occurs 6 ms. after start of chamber pressurization. This force is-over 26

Page 5



U Goals and Benefits

1. Overall system capabilities
-load & fire all types of 155 mm. ammunition used by or

under development for the M198 howitzer

-load at elevations up to 45 degrees

-fire at a rate of 4 rounds per minute

2. Chamber close to artillery crew
-manual loading especially of bag charges

-visual inspection of potential problems

-correction of problems

Elimination of hydraulics
-simplify system
-reduce weight
-reduce / eliminate need for energy recovery

4. Eliminate auto primer feeder
-reduce weight

-reduce complexity / increase reliability

Page 4
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times the maximum force that the slide is presently designed to
accommodate and will cause some kind of structural damage to the slide. A
shear stress of well -over 100,000 psi. will be experienced in the
interrupted threads between the cannon and yoke and over 167,000 psi.

between the breech block and breech ring. This would require the use of a
material with a tensile strength of at least 175,000 psi. for the yoke /
cannon interface and 300,000 psi tensile strength material for the breech
block / breech ring interface. Another possible failure area is the
"spade" which sticks into the ground below the gimbal. The spade is
designed to prevent any horizontal movement of the howitzer. The spade
itself is not likely to "plow" much dirt but will probably tear loose from
the base structure. If the spade does separate from the howitzer
structure, the entire howitzer will be relatively free to move backwards.
This is particularly dangerous since the artillery crew will be standing
behind the howitzer during firing.

As a result of the extremely high forces present, some kind of
catastrophic failure will occur in the event of a misfire. This failure
will more than likely render the Howitzer unusable and may endanger the
lives of some of the artillery crew as well.

Table I lists various considerations of the two loading concepts
A-onsidered with a measure of technical/developmental risk and customer
iceptability assigned. Critical items are ones which must be satisfied

in the design or the howitzer will not be able to perform its function
safely.

Low scores in the OPERATIONS section of the Load Out of Battery (LOB)
concept are because of the additional design effort that will be needed to
obtain the the required performance. The low scores on the Load In
Battery (LIB) concept are the result of the customers dissatisfaction with
mechanical handling of bag charges and poor visibility of the chamber when
the oscillating mass is in battery.

In the SAFETY section, the low scores associated with the LOB concept are
due to the p-ssibility that of one of these failures might occur without
sufficient recoiling space to safely dissipate the energy of firing. A
missfire, for the purposes of this discussion, shall be defined as any
unplanned ignition of the charge which is the result of some action of the

crew or some mechanical interference. An example of this would be the
- *. lanyard snagging on something while the recoiling mass is moving back into

battery. A cookoff shall be defined as the unplanned ignition of the

9
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charge as a result of the charge getting too hot in the chamber. (This

type of ignition would probably not develop the maximum chamber pressure
attainable by normal firing.) The potential for a cookoff depends on the
amount of time that the charge is in the chamber and the chamber
temperature during that time interval. Data enabling the calculation of a
safe time interval prior to high cookoff risk has not been made available,

so the precise risk of experiencing a cookoff is not known.

In the HUMAN FACTORS section, the low score was assigned to the LOB
concept because of the anticipated difficulty of designing the system to
meet the necessary human factors requirements. In the LOB concept, a man

would be required to lean through the gimbal with a bag charge and

position it in the chamber by hand. Since human interfacing is required
with the howitzer and ammunition in the LIB concept, a higher score was

assigned.

As illustrated by the total weighted scores in table I, the concept of

loading the howitzer out of battery raises some serious safety and cost

questions.
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SUMMARY

The load out of battery concept will require considerable additional

design time to develop. Aspects such as energy recovery and constant

precoiling length have not been designed into any previous recoil/

counterrecoil system resulting in a greater developmental risk. The

reliability of such a recoil/counterrecoil system will likely be degraded

by the increased complexity. The cost of development, prototype, and

production will increase in proportion to the increase in complexity.

Lastly, once the functional design is complete, it probably will be

unacceptable with regards to survivability of a misfire and personnel

safety. Thus, it is the conclusion of this study that the load out of

battery concept should not be pursued in the design of the Lightweight

Towed Howitzer Demonstrator.
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APPENDIX

FIRING REACTION FORCE CALCULATIONS
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1.0 FOREWORD

1.0.1 Tests Planned During Phase II

The tests listed in figure 1 (LTHD Test Schedule) will be
conducted during Phase II to provide material test samples
which are representative of those materials and joints
utilized in the FMC LTHD design. The composite material
chosen for the design is Hexcel's W3X282-42-F593
Graphite/Epoxy Prepreg. The low/ high temperature/ high
humidity tests will be performed by FMC and will qualify the
Hexcel material. If the test data does not meet Hexcel
published data, then FMC data will be used as design
allowables. The room temperature test will be performed by
both FMC and the vendor chosen to build parts of the
demonstrator. Conducting this test will provide a check of
the vendor's process and fabrication procedures by
comparison of the vendor's data with FMC's data. Additional
test samples will be fabricated and provided to the
government for test and evaluation upon request.

1.0.2 Quality Control Planned During Phase II

The quality control plan outlined in section 5.0 will be
exercised for the purpose of preventing production of
defective test panels and verifying that only quality test
panels be used in FMC LTHD Phase II Composite Testing. The
material specification to be followed is that recommended by
the material supplier, Hexcel: Boeing Material
Specification 8-256F, Appendix A. Cured test panel quality
will be controlled by using only quality raw materials,
insuring that all process specifications are followed, and
final checking of test panel integrity. Raw materials will
be acceptable for use if they have been certified by the
vendor, pass all FMC QC inspection tests, and have been
properly stored. Test panels will be acceptable if they
have been fabricated per process specification and pass all

~l' FMC QC inspection tests. Test specimens will be acceptable
if they have not been damaged by machining and meet all the
dimensional and conditioning requirements specified in the
Phase II composite test plan.

In addition to assuring the quality of the Phase II test
panels, implementing this quality control plan will provide
a check of the quality control procedures planned for the
FMC Lightweight Towed Howitzer Demonstrator.

M'4
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LTEM TEST SC-MO.E

!101 Grahite E.'2pcxy L-.wIigh Te.mp/High HJmidity
Tensile Test

1102 Graphite E.oxy 1cw/High Te.m_/High Humidity
Shear Test

1103 Graphite B-oxy raw/High Temp/Eigh Humidity
C-moress ion Test

4. 1110 Adhesive Low/H~igh Temp/High FIumidity Dcuble LZD

Shear and Flexural Shear Strength Tests

1-11 Adhesive Low/High Tem/High Humidity
T-Peel Test

1120 Trunnion Lug Test

1130 Graphite Epoxy Chemical Resistance Test

1140 Titanium Weld Test

11 0 Aluminum Silicon Carbide Weld Test

1160 Graphite Epoxy Poo Temp Tensile Test

1201 Cradle Trunnion Structural Joint Test

FIGURE I

I
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CCMOSTE TESTIfM
TEST 1101

2.0 MA - L QUAI=FICATION TESTS

2.0.1 LoW/HaI - ERAZMRPE/}HI- hUIDMl TNSILE TEST

2.0.1.1 IUMPOSE. ThiS test is to verify the mecJanical
properties of W3X282-42-F593 conposite material
when this material is subjected to extreme
envirornptrntal conditions.

2.0.1.2 TEST SPECI=ENS. Forty specimens will be tested, twenty
each for high and low temperature tests. Of each set
of twenty specimens, ten will be tested for properties
in the warm direction (0 degrees) and ten for
properties in the fill direction (90 degrees). Each
specimen will consist of 8 plies of prepreg with a
[0] layup. Total specimen thickness will be .072
inches. Specimens will measure 1.000 t .010 inch
wide by a minimum of 10.0 inches total leng'h with
endtabs bonded on each side of each end.
Additional specimen details will conform to section 7
and figure 1 of ASLM D 3039.

2.0.1.3 TEST EQUTPA=. The equipment required to perform
this test consists of:

1) A tensile test machine with grips capable of
securing the test specimens described in
section 2.0.1.2 above. It shall also be capable
of applying a constant crosshead move-Toent of
.050 inches per minute. A load indicator,
accurate to within ± 1% of the maxinum indicated
test load, must be included as part of the test
machine and the machine must be capable of
continuously recording the load, longitudinal
strain, and transverse strain.

2) A liquid nitrogen chamber capable of -65 t1OF
minuimum.

.3) A constant temperature water bath or equivalent
capable of 200 ±10F minimum.

4) An extensometer that is copatible with the
test machine described in #I above.

2.0.1.4 TEST PIRO IRES, IOW T'I A=.
1) Measure the width and thickness of the twenty

specimens in several places and record the
miniimu value of each on the data sheet. (See
included sample data sheet)

2) Place the test specimens in the liquid
nitrogen chamber and allow the-- to reach
-65 t1OF throughout. (Minimum time 12 hours)

3) Set the tersile test Machine to provide a



CSCt ITE TESTING
TEST 1101

constant cross head speed of .050 inch/rin
4) Install a specimen in the grips and attach the

extensometer on the specimen.

5) Apply the load and plot the load vs
longitudinal strain on figure 1 of the data
sheet. Plot the longitudinal and transverse
strains on figure 2 of the data sheet.

6) Record the maxntmim load carried by the specimen
on the data sheet.

7) Record the extension at or as near as possible

to the mcment of rupture.
8) Calculate and record to three significant

figures:
I. Tensile strength

MW2. Elastic modulus
3. Poisson's ratio

9) Repeat steps 4 through 8 for the remaining
specimens.

10) Calculate and record to three significant
figures for each prcperty listed in step 8:
1. Average value
2. Standard deviation
3. Coefficient of variation

2.0.1.5 TEST PROCECXRES, HI TEMRAMRE/HIGi HLMDITY

1) Measure the width and thickness of the tenty
remaining specimens in several places and
record the dimensions that yield the miniamnm
cross sectional area of each specimen on the
data sheet.

2) Condition these specimens per BMS 8-256F,
section 5.3.3 with the exception of a 200t 1OFimmersion instead of the 160± 1OF immersion.

3) Repeat steps 3 thru 10 from section 2.0.1.4

2.0.1.6 ACPICE CITEIA. A statistical analysis will be
performed on the test results to establish a standard
deviation and mean. The results will be acceptable if
there is a 99% probability of falling within one stalarld
deviation of the mean. In the event that one data point
lies outside of this range, that point will be deleted
from the data set and another soecimen will be tested
and inserted into the data set. If any specimen fails
due to non-test related conditions or obvious
manufacturing problemts, that specimen shall be discarded

'4. and another will be tested and inserted into the data
set.



COMOSITE TESTING
TEST 1101

2.0.1.7 CRITICAL TEST CONDITIONS.
1) The te=peratures of the ritrgc n chamber and

the water bath will be -65 1 10F and 200= 10F,
respectively.

2.0.1.8 TEST SCHE E. Results from these tests will be

provided to the custcmer no later than 30 days after
test ccatletion.

I

)

I



CCtlPC E TESTING
TEST 1101

lOw/H1cHi TDa UR/HlGi EUMIDImY TENSI=E TEST
DATA Sir= 1

TEST PERSONN=L:
YA.T=AL DESCRPION:

VOID CONTENT OF MATERIAL:
VOLUME % REINFORC %
SPECIMEN TEMPE-1rTURE: DEG F
CSSHEAD SPEED: .050 IN/MIN
SPECIMEN TYPE (iVARP OR FILL):
TEST TEXPERIMTRE: DEG F
TEST hUMIDITY:
CONDITIONING:

SECD-MEN GAGE DIMENSIONS (K2MIM VALUES)

SPEC124J NO. W (IN) X T (IN) = A (SO IN)

R CALAT THE AVERAGE , STANDARD DEVIATION, AND COFI=CI OF
VARIATION OF T= FOLUMING (SEE ASTIM D 3039 FOR FORMULAS):

AVE STD DEV COV

1) TENSILE STRIENGTH PSI PSI

2) EIASTIC MO ,LLS PSI PSI

3) POISSON'S RATIO

4) EXT @ RJP E IN IN

I'



TEMPSrTE TES7Ii0G

L ; TPoERA T7RE/{: HtAMDI'TY TENSILE TEST
DATA S=EET 1

LOAD AND SMAIN DATA:
LONGI' JINAL SIAIN -0

SPECDE NUMBER

LOAD (P)

SnIZA (L) fNC-MS

FIGURE 1. FIGURE 2.

FACMHM LOAD CARIE LB

EXESION AT RUFItRE flI

TENSIE STRENGTH PSI

SLOPE OF LINEAR PORTION OF FIG 1

MASLPING IN~SUI' GAGE LENGTHI

SLOPE OF LINEAR PORTION OF FIG. 2
(POISSON'S RATIO, U)

SEISTIC MOUUS (E) E (A P// A L) (L./A) PSI

E=

CMENTS:

.0 t w; -
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TEST 1102

2.0.2 LCW/1(i T RA7UE/HIGi HU=IDITY S TEST

2.0.2.1 PUP OSE. This test is to verify the mechanical
prcerties of W3X282-42-F593 ccmposite material
when this material is subjected to extreme
environmental conditions.

2.0.2.2 TEST SPEClS. Twenty specimens will be tested, ten
each for high and low temperature tests. Each specimen
will consist of 8 plies of prepreg with a [ t 45]
layup symetric about the midplane. The total

Nspecimen thickness will be .072 inches and they will
be 1.000 f .010 inches wide by a miriianm of 10.0
inches total length with endtabs bonded on each side
of each end. Additional specimen details will conform
to section 7 and figure 1 of ASTM D 3039.

2.0.2.3 TEST EQUIPMT4B. The equirment required to perform this
test consists of:

1) A tensile test machine with grips capable of
securing the specimens described in section
2.0.2.2. It shall also be capable of applying
a constant crosshead moverment of .050 inches
per minute. A load indicator, accurate to
within ± 1% of the maximum indicated test load,
must be included as part of the test machine
and the machine must be capable of plotting

-• load vs. longitudinal and transverse strain.
2) A liquid nitrogen chamber capable of -65 t 1OF

minimumn.
3) A constant te-erature water bath or equivalent

capable of 200 t !OF minimu.
4) A biaxial extensoeter that is ccratible with

the test machine described in #1 above.

% 2.0.2.4 TEST PDCE ES, LOW T RATJPES.

1) Measure the width, thickness,and length of the
ten specimens in several places and record the
minimum value of each on the data sheet.
(See included sample data sheet)

2) Place the test specimens in the liquid
nitrogen chamber and allow them to reach
-65- 1OF throughout. (Minimum time 12 hours)

3) Set the test machine to provide a constant
cross head speed of .050 indh/min

4) Install a specimen in the grips and attach the
exteznscineter so a reading of longitudinal and
tran-verse strain is obtained.

%..
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'Ni "MrIE TESTING
TEST 1102

5) Apply the load and continuously record the load
longitudinal strain and transverse strain.

6) Record the maximum load carried by the specimen
on the data sheet and plot the two strains on
the graph on the data sheet.

7) Record each strain at or as near as possible to
the moment of rupture.

8) Calculate and record to three significant
figures:

1. Shear strength
2. Shear modulus

9) Repeat steps 4 through 8 for the remaining
specimens.

10) Calculate and record to three significant
figures for each property listed in step 9:

1. Average value
2. Standard deviation
3. Coefficient of variation

2.0.2.5 TEST PRCECURES, H1I_ H R /H HM=DIIY

1) Measure the width and thickness of the ten
remaining specimens in several places and
record the dimensions that yield the minimum
cross sectional area of each specimen on the
data sheet.

2) Condition these specimens per 34S 8-256F,
section 5.3.3 with the exception of a 200± 1OF
immersion instead of the 160 -!OF immersion.

3) Repeat steps 3 thru 10 from section 2.0.3.4

2.0.2.6 ACCEPTANCE CRITERIA. A statistical analysis will be
performed on the test results to establish a standard
deiation and mean. The results will be acceptable if
there is a 99% probability of falling within one standard
deviation of the mean. In the event that one data -oint
lies outside of this range, that point will be del %ted
from the data set and another specimen will be tes aed
and inserted into the data set. If any specimen fails
due to non-test related conditions or obvious
manufacturing problems, that specimen shall be discarded
and another will be tested and inserted into the data
set.

AN



COMPOSITE TESTINTG
TEST 1102

2.0.2.7 CRITICAL TEST CONDITIONS.
1) The temperatures of the nitrogen chamber and

the water bath will be -65 * 10F and 200 ± 10F,
respectively.

2.0.2.8 TEST SCE LE. Results from these tests will be
provided to the customer no later than 30 days after
test completion.

w
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COMPSITE TESTING
TEST 1.102

IC)W/HlaE i A /IM HUMIDITY SHEAR TEST3 DM SHEET 2

TEST PESONNhEL:
19TIAL DESZIPI'ION:

VOID COIN OF MATER-AL:
VOLUME1r % RLL± ±RCEMENT:

SPECMEN TEMPEA= : __DEG F
ICOSSHEAD SPEED: .050 IN/!{LN
TEST TEMERA=UR: __DEG F
TEST HUMIDITIZ:__

XvCONDITIONING: ____________

SPECMEN CAGE DnflESIONS (MDM-lM VALUES)

SPECME NO., w (IN X T (IN) = A (SO IN)

1 ____ _ _ _ _ ______

2__ ___ ___ _ _

CALCULATE TIHE AVERAGE ,STANDARD DEVIATION, AND COFFICET OF

VARIATON OF TIHE FOLLtIAING (SEE MM~ D 3518 FOR FORMULAS)

AVE STD DEV COV

1) SHEAR STREGl ____ PSI _ __PSI __

2) SHEAR MO=TJS ____ PSI ____PSI ___

3) LONG. STRAIN~ @ PP ___ IN ____ N _

4) 'IRAN. STRAIN @ FJP _____IN ____IN ___

I



C t' OS=IT TESTING
TEST 1102

Low/HCi A= RE/HIGH K=DITY SH TEST
DA SHr 2

ALOAD AND STRAIN DATA:

SPEC NUMBER

SISAR SHEAR STRAIN IS DEFINED AS
STRESS LONGITUDINAL STRAIN (. ) AT
(PSI) ANY GIVEN LOAD MINUS TRANS-

VERSE STRAIN (Zr) AT THAT
SAME LOAD.

SHEAR STRAIN

FIGURE 1.

U @~1tJm LOAD CARR (P)

LONGITIUDIlAL STRAIN @ MJPIJRE ( ) __ IN

TRANSVRSE SMRAIN @ P= ( ) IN

SHEAR STRNGIH (SQP/2WT) PSI

SLOPE OF INqEAR POICION OF FIG. 1 PSI
(SHEAR 1M) S, PSI)

COMMETS:

LA(



CMPSITE TESrING

TEST 1103 -

2.0.3 IcW/HEi TEqm -E/JI:GH HUX7ITY CCMPRESSION TEST

2.0.3.1 aPFOSE. This test is to verify the mechanical
properties of W3)282-42-F593 comnosite raterial when
this material is subjected to environmental extremes.

2.0.3.2 TEST SPECIMENS. Eighty specimens will be tested, twenty
each for strength and stiffness tests at both high and
low temperatures. Of each set of twenty specimens, ten
will be tested for properties in the warp direction (0
degrees) and ten for properties in the fill direction
(90 degrees). Each strength specimen will consist of 6
plies of prepreg with a [0] layup. Total specimen
thickness will be 0.054 inches before endtabs are
added. Specimens will measure .500 ± .001 inch wide by

Da minimum of 2.200 inches long and will have .500 inch by
1.000 inch endtabs on each- . 0 ;a These tabs
will be made from 6 plie-s of 7781 glass Eabric nd will
be bound to the specimen - dip-4M -e e-
stiffness specime-ns (40 total)' wi1 be identical to the
strength specimens except they will not have endtabs.

2.0.3.3 ST EQUI N. The equipment required to perform this
test consists of:

1) A compressive test machine with grips capable
of securing the test specimens described in
section 2.0.3.2 above. It shall be capable of
applying a constant crosshead movement of .050

inches per minute ard it shall be equipped with
a load indicator accurate to within ±1% of the
maximum indicated test load. The machine must
be capable of continuously recording load,
longitudinal strain, and transverse strain.

2) A liquid nitr gen chamber capable of -65 +-10F
minim .3) A onstant erperature water bath or equivalent

capable of 200 l0F minimum.
4) Strain gages compatible with the test machine

described in #i above.

2.0.3.4 T-ST PROIC ES, LCW T RTE.S

1) Measure the width, thickness,and length of
twenty strength and t-wdenty stiffness specimens
in several places and record the dimensions
that yield the minimum cross sectional area for
each specimen on the data sheet.

2) Place the test specimens in the liquid
nitrogen chamber and allow them to reach
-65 ±1OF throughout. (Minimum time 1 hour)

*1"



5 XTOSITE TESING
TES 1103

3) Set the test machine to provide a constant

cross head speed of .050 irnch/min
4) Install a strength specimen in the machine.
5) Apply the load and record the load that causes

Dthe specimen to fracture.
6) Repeat steps 4 and 5 for the remaining strength

specimens.
7) Calculate the compression strength of each

specimen and the average conpression strength
of the specimens and record on the data sheet.

8) Attach strain gages to the stiffness specimens
such that the gages are located in the middle
of the gage portion of the sample. One gage
shall be mounted to measure longitudinal strain
and the other gage shall be mounted on the
opposite side of the sample in such a way that
it will measure transverse strain.

9) Connect the strain gages to the test machine
and apply the load.

10) Continuously record the applied load, the
longitudinal strain, and the transverse
strain.

11) Plot the longitudinal strain vs the load on
figure 1 of the data sheet.

12) Plot the longitudinal strain vs the transverse
strain on figure 2 of the data sheet.

13) Calculate and record to three significant
figures:
1. Ccmm~ressive strength
2. Poisson's ratio
3. Modulus of elasticity

14) Repeat steps 8 through 13 for the remaining
specimens.

15) Calculate and record to three significant
figures for each property listed in step 14:

1. Average value
2. Standard deviation
3. Coefficient of variation

2.0.3.5 ST PREE , HIGH TEMPERATRLE/EGH HULMDI=

1) Measure the width and thickness of the
remaining specimens in several places and
record the dimensions that yield the minimum
cross sectional area of each on the data sheet.

2) Condition these specimens per EMS 8-256F,
section 5.3.3 with the exception of a 200-10F
immersion instead of the 160 t.OF inmersion.

3) Repeat steps 3 thru 15 from section 2.0.3.4



COXWITE TESTING
TEST 1103

2.0.3.6 ACCEFANgCE CRI _A. A statistical analysis will be
performed on the test results to establish a standard
deviation and mean. The results will be acceptable if
there is a 99% probability of falling within one standard
deviation of the mean. In the event that one data point
lies outside of this range, that point will be deleted
from the data set and another specimen will be tested
and inserted into the data set. If any specimen fails
due to non-test related conditions or obvious
ranufacturing problems, that specimen shall be discarded
and another will be tested and inserted into the data
set.

2.0.3.7 CPTICAL TEST CONDITIONS.
1) The te.'peratures of the nitrogen chamber and

the water bath will be -65 ± 1OF and 200 ± 10F,
respectively.

2.0.3.8 TEST SCHE . Results from these tests will be
provided to the customer no later than 30 days after
test corpletion.

-U
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TEST 1103

LOW/HIGH TE IURE/HIG HrMIDITY CadTZSSION TEST
DATA SHEET 3

DATE:
TEST PERSONNE:
MATERIAL DESCIPTION:

VOID CONTENT OF MATERIAL: -

VOLUME % REINFORCEMENT:
SPEC= TM PEAURE: DEG F

CpDSSHEAD SPEED: .050 IfT/IVN

SPECIMEN TYPE (NARP OR FILL,
STIFFNESS OR STRENGTH):

TEST TPL!-ATURE: - DEG F

TEST HUDITY:
CONDITIONING:

SPECIMEN GAGE DIMENSIONS (NUM VALUES)

SPEC NO. W (IN) X T (IN) A (SQ IN) L (IN)

1 _ _

5

CALCULATE THE AVERAGE , STANDARD DEVIATION, AND COEFFICIT OF

VARIATION OF THE FOLLOWING (SEE ASTM D 695 FOR FORMLAS) :

AVE STD DEV COV

1) CFPZSSVE STRENGH PSI Psi

2) POISSON'S RATIO

3) MULUS OF ELAST_ PSI PSI

Ij



CXX-ITES TESTING
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3LOW/HICGc RAJEHG HUMIDITY CCPRESS ION TEST
DATA SH=I 3

I-CAD AND ST AD -N D ATA: (£GTU ' A L)AI

I SPE=2E NUMBER__

LO-Ac (P) I(t
LBS

FIGJRE 1. FIGURE 2.

MIX@ff.UM LOAD CARIE (P) ___LB

CCMIRESSIVE STDRGI1. (P/A) ___PSI

MOtUWS OF E.ASTICIIY (SLOPE OF FIG. 1) __

PISSON'S RATIO (SLOPE OF FIG. 2)___

ccvMENTS:



MPITE TESTING
TEST 1110

2.0.4 LW/HIGH TENI AME/HIGH HUMIDITY ADHESIVE TEST (DCBLE3 LAP SHEAR STNGTH AND FIZ<URAL STRENGl M .OS)

2.0.4.1 PURPOSE. This test is to verify the shear strength of
FM 300M adhesive when applied to two different
substrates, and when subjected to extremee-nvirorznental conditions. The two substrates to be
tested are:

1) W3X282-42-F593 graphite/epoxy carposite
2) H 10-1/8-6 honeycomb

2.0.4.2 TEST SPECIENS. Forty specimens will be tested, ten
each for high and low te.perature tests on each
bonding system. The specimens for the first
substrate type shall be made by making four panels of
the bording system and then cutting five specimens
from each of these panels. The panels will consist of
two 8-layer sheets of W3X282-42-F593 fabric with a
(0/0/+45/90/90/-45/0/0] layup sandwiched around the
substrate. Panels will measure 7.000 ±.125" wide
by 9.304t .125" long and they will be made per figure
2 of ASLM D 3528 whvere L=.40 +.01 -.05. The specimens
will be 1.000 ± .010" wide and a spacer the thickness

, of T2 shall be used as shown in figure 1 of ASTM D
3528. T2 shall be .162". Additional panel/specinen
details and manufacturing details shall conform to
sections 5 and 6 of ASfl D 3528. The honeycomb
specimens shall be made by raking ten panels 12" wide

by 16" long. These panels shall include two 8 ply
skins of the W3X282-42-F593 fabric laminate described
abcve sandwiched around a 2.000" thick HRH 10-1/8-6
honeycomb. The specimens will be cut from these panels
in 5" widths and 14" lengths. Additional specimen
details and manufacturing details shall conform to
ASTh C 393.

2.0.4.3 TEST ECUIPMENIT. The equipment required to perform this
test consists of:

1) A tensile test machine with grips capable of
securing the test specimers described in
section 2.0.4.2 abcve. It shall also be capable
of applying a constant crosshead move-mnt of
.050" per minute. A load indicator, accurate to
within ± 1% of the max-,un indicated test load,
mist be included as part of the test machine
and the machine ust be capable of continuously
recording the load, icngitudinal strain, and
t-ansv¢erse strain.

Iter
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32) A liquid nitrogen clhamber capable of -65 -1 OFminiimm.
3) A constant temperature water bath or equivalent

capable of 200 ± 10F minimum.
4) A test chamber capable of maintaining thermal

stability of the specimen during the test.
5) Four steel bars 2.000" in diameter and 3.000"

long. These bars must be circular within .020"
and they mus"t be straight to within .015".

6) Flexural test load fittings corpatible with the
test machine described in #i above. See figure
1 of AS-4 C 393 for typical fittings.

2.0.4.4 TEST PCEMIPES, .W T RAXURE.

1) Using ten specimens of the W3X282-42-F593
substrate (specimens must betaken from each
panel) measure the width and length of the
overlap within ± .010 inch and calculate
the shear area. Record this data on the test
data sheet.

2) Place the specimens in the liquid nitroen
chamber and allow them to reach -65 t 1OF
throughout. (12 hours)

3) Set the tensile test machine to provide a
constant cross head speed of .050 inch/min

4) Install a specimen in the grips so the final
1.25 inch of each end is used for grinning.
Remove all slack from the linkage.

5) Apply the load at a rate of .050 inch/minute.
6) Record on the data sheet the maxinm load

carried by the specimen.
7) Calculate and record to three significant

figures the adhesive shear stress at failure.
8) Repeat steps 4 through 7 for the remaining

specimens.
9) Calculate and record to three significant

figures for the adhesive shear stress:
1. Average value
2. Standard deviation
3. Coefficient of variation

10) Remove the grirs used for the pull test and
set-up the mrachine for the flexure test of the
honeycomb substrate specimens. (See figure 1
of ASTM C 393).

1i) Set the crosshead speed at such a rate that
the maximm load will occur between 3 and 6
minutes.

12) Masure the la.g th and width of the adchesive
bond on the ten hcneyccrb speciLens and reccrc
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on the data sheet.
13) Place the specimens in the liquid nitrogen

chamber and allo them to reach a constant
-65 ± 1OF te perature throughout. (Minimum
time 12 hours)

14) Provide a means of instrumenting and
continuously monitoring the flexure at the
midpoint. Deflection measurements shall be
accurate to withintOO1"

15) Place a specimen in the machine usinq either
the midspan load or the two-point load method.
(See ASTh C 393).

16) Apply the load and record the load at wtich
the adhesive bond fails. T7his should be
evidenced by the deflection increasing with no
additional load or by a disproportionate
increase in deflection with an increase in
load.

17) Calculate the adhesive shear stress and record
on the data sheet.

18) Repeat steps 15 thru 17 for the remaining
honeycomb specimens.

N* 19) Calculate the average, standard deviation, and
coefficient of variation of the adhesive shear
strength and record on the data sheet.

2.0.4.5 TEST PIRO RES, HIGH T EAZRE/UGH hUDTIY

1) Reinstall the pulling grips in the machin.e.
2) Using ten specimens of the W3X282-42-F593

substrate (specimens must be taken from eachn
panel) measure the width and length of the
overlap withiin-±. 010 inch and calculate
the shear area. Record this data on the test
data sheet.

3) Condition these specimens per HMS 8-256F,
section 5.3.3 with the exception of a 200 11OF
immersion instead of the 160 t 1OF immersion.

4) Repeat steps 3 thru 9 from section 2.0.4.4.
5) Repeat steps 10 thra 12 from section 2.0.4.4
6) Condition these specimens per Bt 8-256F,

section 5.3.3 with the exception of a 200±.!0F
, V immersion instead of the 160±1OF irme- scn.

7) Repeat steps 14 thru 19 from section 2.0.4.4

'

.IWE
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2.0.4.6 AC EANCE CRITERIA. A statistical analysis will be
performed on the test results to establish a standard
deviation and mean. The results will be acceptable if
there is a 99% probability of fallng within one standard
deviation of the mean. In the event that one data point
lies outside of this range, that point will be deleted
frcm the data set and another specimen will be tested
and inserted into the data set. If any speciren fails
due to non-test related conditions or obvious
manufacturing problems, that specimen shall be discarded
and another will be tested and inserted into the data

,. set.

2.0.4.7 ITICAL TEST CONDITIONS.
1) The terveratures of the nitrogen clhaioer and

the wdter bath will be -65 1 1OF and 200 ±1OF,

respectively.

2.0.4.8 TEST SCHEX=ILE. Results from these tests will be
provided to the custcmer no later t-han 30 days after
test copleticn.

i
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LOW/-11(i TE!E TRE/I iU 72EDrIY ACHESIVE TEST (ECUBLE LAP

DATA Slrl T 4

DATE:
p TEST PLSONNEL:

ADCiESIVE NAgE: Fl- 3OOM MFG NA, AN'D CODE NO. ________

477 ADEESI"VE =Ak:
BAT-LiT NUBER_______________________
SURFA= PlPAr--ATIN: _________________

M=~G DEPrClr-rONS: ___________________

APPUICIN DIRECTIONS:___________________
ASSL'1LY CONDTIONS: __________________

Cu7RLNC QDNDITITONS: ___________________

% pADDITbONA.L LNFOPIION:___________________

ADh1-D DAT2:
MATEIAL:____________ ___

6 TEST TEYATJRE: DEG F
C ZSSHEAD SPEDn: f~

TEST DATA

SPEC2N NO. W (flN) X L (IN) =A (SQ IN~) FflAL LOAD3P3 N/ITEM INITIAL' 12ITIAI/ fl~INII/ (LBS)
FDfL~ FINAL FNLP

ADHESIVE FA-ILJRE YMODE
SEEAR STRESS (ADFIESION,

S PE C= NO0. (PSI) COHESION, OR
PANL/IT- P/2-A (FIKL) BASE MJAL1 R )



cpSITE TE-srflNG
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LCW/IG T--AZ UE/lT HUMDD AMESIVE TEST (=JBLE LAP
SrlEAR S=Gl{ AND FLEXURAL SHEAR STEGni I.lOD)

DATA SrEI 4

CALCULATE TM AVERAGE, STANDARD DEVITIN, AND CDEFIC=I OF
VAR=10IN OF = ADhESIVE Sl-MR SIP GN-I (SEE ASIM D 3039 FOR
FO4UAS):

AVE STO DEV Coy

ACFSIVE SiTARJ STREIE_____ PSI ____PSI __

IF . li 'Fl

16 px "

111 1111111 11 1
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2.0.5 LOW/HIGH TEMPERATURE/HIGH HUMIDITY T-PEEL ADHESIVE TEST

->. 2.0.5.1 PURPOSE.This test is to verify the peel resistance

of FM 300M adhesive when applied to a steel substrate,
and when subjected to extreme environmental
conditions.

2.0.5.2 TEST SPECIMENS. Twenty specimens will be tested, ten
each for high and low temperature tests. Four panels
of five specimens each shall be made by the following
procedure. Lay five surface-prepared 1" by 12" pieces
of steel (.015"-.020" thick) side by side on a caul

LN plate. Place a 5" by 9" piece of film adhesive on the
five specimens, leaving 3" at the end of each specimen
free of adhesive. Add a scrim cloth on top of the
adhesive. Prepare another five pieces of steel the
same way except for the addition of the scrim cloth.
Sandwich the two half-panels together and clamp to
give a 1" by 9" by .005" thick bond line. Repeat this
procedure for the other three panels. After curing the
panels, snap the I" wide specimens apart and clean off
the edges. Lightly clamp a specimen in a vice and bend
the non-bonded 3" ends apart, perpendicular to the
bond line as shown in figure 1 of ASTM D 1876. Repeat
this last step for the other specimens.

2.0.5.3 TEST EQUIPMENT. The equipment required to perform this
test consists of:1) A tensile test machine with grips capable of

securing the test specimens described in
section 2.0.5.2 above and capable of printing a
chart of inches of separation vs. applied load

2) A liquid nitrogen chamber capable of -651 1OF
minimum.

3) A constant temperature water bath or equivalent
capable of 200 ± I OF minimum.

4) A test chamber capable of maintaining thermal
stability of the specimen during the test.

2.0.5.4 TEST PROCEDURES, LOW TEMPERATURE.

1) Measure the width of ten specimens at several
places and record the average width within .001
inch on the data sheet.

' 2) Place the specimens in the liquid nitrogen
chamber and allow them to reach -65.t10F
throughout. (12 hours minimum)

3) Set the tensile test machine to provide a
constant cross head speed of .050 inch/min.

4) Clamp a TEE specimen in the test grips and

VA:%
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apply the load while charting the head movement
vs. applied load.

5) Determine the peel resistance over at least a
five inch length of the bond line after the
initial peak.

6) Calculate the peeling strength in pounds/inch
of specimen width.

7) Repeat steps 2 through 6 for the remaining
V'^ specimens.

8) Calculate the average, standard deviation, and
coefficient of variation of the peeling load.

p2.0.5.5 TEST PROCEDURES, HIGH TEMPERATURE/HIGH HUMIDITY

1) Measure the width of ten specimens at several
places and record the average width within .001
inch on the data sheet.

2) Condition these specimens per BMS 8-256F,
section 5.3.3 with the exception of a 200± 1OF

i . immersion instead of the 160± 1OF immersion.

3) Repeat steps 4 thru 8 from section 2.0.5.4

2.0.5.6 ACCEPTANCE CRITERIA. A statistical analysis will be
performed on the test results to establish a standard
deviation and mean. The results will be acceptable if
there is a 99% probability of falling within one standard

*deviation of the mean. In the event that one data point
" ~.lies outside of this range, that point will be deleted

from the data set and another specimen will be tested
and inserted into the data set. If any specimen fails
due to non-test related conditions or obvious
manufacturing problems, that specimen shall be discarded
and another will be tested and inserted into the data
set.

2.0.5.7 CRITICAL TEST CONDITIONS.
1) The temperatures of the nitrogen chamber and

the water bath will be -65±tloF and 200t 10F,
respectively.

2.0.5.8 TEST SCHEDULE. Results from these tests will be
provided to the customer no later than 30 days after
test completion.

L
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Low/mc-H T R'A= P/FI(2 HUMIDITIY T-PM ADHESIVE TESTU DATA SHEET 5

DATE:
TEST PESONNL
ADHESIVE NAM: FM4 300M MfG NAME AND CODE NO. ________

ACFlSIVE DATA:

SURFAE PREPARATION: _________________

M=DING DIRECT'IONS: __________________

APPLICATION DIRECTONS:___________________
ASSa=L CONDITIONS: ___________________

CLIRING CONDIIONS: ___________________

ADDITIOAL OiFOR=ON:___________________

YK-TERIAL: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

YA2EIAL THII=ESS: __________________

TEST 'I PRXLUPE: ___DEG F
CRS1EAD SPEE: ____ -N

TEST DATA

-~ FAIILURE MOVDE
SPECMEN LOAD REQ 'D PE (ADHES ION,

SPC NO. WI=l ADHESIVE TOD PEEI 5 IN. STRENG COHESION, OR
RANZ'IT1= W (IN) THICKESS P (LBS) P/W BASE M'T 'L)

IA
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32. 0. 6 MM41h~0N LUG TESTS

2.0.6.1 PURPOSE. These tests are to verify the sizing of the
cradle trunnion lug when exposed to simulated firing
loads (compression test) and simulated twing loads
(tensile test) . The trunnion lug will be tested because
it is the most critical of the conpsite joints.

2.0.6.2 TEST SPECIMEN. Two tensile specimerns and two
cctrression specimens will be tested. The specimen
gecmetries will be per Figure 2.1. The specimen lavurs
will match the layup of the current trunnion design.

2.0.6.3 TEST EQUIP . The equipment required to perform
these tests consists of:

1) A tensile test machine with fixtures and grips
capable of securing the test specimens described
in section 2.0.6.2 above. It shall also be
capable of applying a constant crosshead
movement of .050"/min. A load indicator,
accurate to within !7 1% of the maxiimrm indicated
test load, must be included as part of the test
machine and the machine mist be capable of
continuously recording the load.

2) A compressive test machine with fixtures and
grips capable of securing the test specimens
described in section 2.0.6.2 above. It shall be
capable of applying a constant crosshead
movement of .050"/min and it shall be equipped
with a load indicator accurate to within t 1% of
the maximum indicated test load. The machine
must be capable of continuously recording load.

2.0.6.4 TENSIIE TEST PPROEE.

1) Calculate the tensile area of the bearing
specimens and record this on the data sheet.

2) Install a specimen in the machine.
3) Set the crosshead speed of the test machine to

.050"/min ar apply the load.
r. J 4) Apply the load and record the load that causes

the specimen to fail.
5) Remove the load and remove the specimen.
6) Repeat steps 2 through 5 for the second

sneciren.
7) Calculate the tensile strenath of each

specimen and the average tensile strength.
I.. Record on the data sheet.

I
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2.0.6.5 COMPRESSION TEST PROCEDURE

1) Calculate the bearing area of the
cotpression specimens and record this on the
data sheet.

2) Install a specimen in the machine.
3) Set the test machine to provide a constant

crosshead speed of .050"/mtin.
4) Apply the load and record the load that causes

the specimen to fail.
5) Remove the load and remove the specimen.
6) Repeat steps 2 through 5 for the second

specimen.
7) calculate the comression strength of each

; , specimen and the average compression strength.
Record on the data sheet.

2.0.6.6 ACCANCE I'TERIA. These tests will be acceptable if
there is reasonable agreement between the two data
points of each test.

2.0.6.7 CITICAL TEST CONDITIONS.
1) The size of the specimens will be per Figure 2.1.

2.0.6.8 TEST SCHEMME. Results from these tests will be
provided to the customer no later than 30 days after
test completion.

a
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MZMNNION LUG TEST DATA SHET 6
TENSILE TEST

DATE:
TEST PESONNEIL:
MATERIAL DESC7,=YON:

VOID CONT=' OF blA :
VOLUME % REINFORL : %
CR_,S -,.EAD SPEE: IN/XIN

TES T EM rJRE: _ _F
TEST HUIDITY: %_

SPECflN NO. BEARING AREA TENSILE ST =NGTH
(SO IN) (PSI)

AVERAGE TENSILE STRENGIH: PSI

K;

_-A

f.-
M&.
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TNNION LUG TEST DATA SHEET 6
COMPRESSION TEST

DATE:
TEST PERSONNEL:[MATRIA D ESC RPTION:

VOID CONTENT OF MTER.IAL:
VOLU!ME % REINFORCE:T: %
CROSSh D SPEED: IV/=N

TEST TEERAJtRE: F" TEST HUo MIDrTY: %___

SPEC= NO. BEARING AREA COMPRESSION STRENGTM
. (SO IN) (PSI)

AVERAGE COMPRESSION STRENGTH: PSI

-_p " '"

-.- ers:
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2.0.7 C- CAL RESISTANCE TEST

2.0.7.1 PURPSE. This test is to assess the affects of hydraulic
fluid and ethylene glycol solutions on the material
properties of W3X282-42-F593 c.crmc;site material.

2.0.7.2 MST SPECIENS. Twenty specimens will be tested, ten each
for tensile and shear tests at high teqmperature. The ten
tensile specimens will consist of 8 plies of prepreg
w-th a [0/0/+45/90/90/-45/0/0] lavup. Total specin
ticcness will be .072 inches. Specimes will measure
1.000 ± .010 inches wide by a mini m, of 10.0 inches
tLta1 length with endtabs bonded on each side of each
end. Additional specimen details will ccnform to
section 7 and figure 1 of A= D 3039. The ten shear
soecimers will be identical to the tensile soecimens
e xcept their layup will be [± 45], syroetric about the
mid-plane.

2.0.7.3 TEST EQQ-!L_ . The equiprent recuired to perform this
test consists of:

1) A tensile test machine with grips capable of
securing the specimens described in section
2.0.7.2. This machine shall be capable of
providing a direct record of applied load,
longitudial strain, and transverse strain. The
machine shall also be capable of providing a
constant crosshead speed of .050 inches/minute.

2) A 200± 10F bath of a 50 % solution of ethylene
glycol

3) A 200. 1OF bath of I"E!-F-17111 hydraulic fluid
4) A biaxial extensc-Tmeter that is cormpatible with the

test machine described in #1 above.

2.0.7.4 TEST PICECURES.

1) Place the tensile speciens in the ethylene glycol
solution and allow them to scak for 48 hours.

2) Remove the specimens from the ethylene glycol,
wipe off the excess solution, and place the
specimens in the hydraulic fluid bath for 48
hours.I'.

.. 3) Set the test machine to provide a constant
crosshead movement of . 050 inches/minute.

4) Remove the specime-ns from the hydraulic fluid batI
and wipe off excess fluid.

5) Measure the width and thichamess of the specimens
in several places and record the di-mensions that
yield the minimum tensile area.

" " ." V''."¢.." "' .' """'",V ;""'"'," ,"
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6) Install a specinmen in the gri-ps and connect the

1

extensc-meter to provide a constant readout of
load, longitudinal strain, and transverse strain.

7) Apply the load and plot the data onto figures 1
and 2 of the data sheet.

8) Record the maximum load carried and the extension
at or as near as possible to the mcnnt of
rupoture.

9) Calculate and record to three significant figures:
1. Tersile strength
2. Elastic modulus

4 3. Poisscn's ratio
.1 10) Repeat steps 6 thru 9 for the re ainiing soecie

11) Calcalate and record to three significant figures
for each property listed in step 9:

1) Average value
2) Standard deviation
3) Coefficient of variation

12) Repeat steps 1 thru 6 for the shear specimens.
13) Apply the load and plot the data onto figure 3

of the data sheet.
14) Repeat steps 8 thru 9.
15) Repeat steps 12 thru 14 for the remaining

specimens.
16) Repeat step 11 for the shear specimens.

2.0.7.5 ACC ANCE GIEIA. A statistical analysis will be
performed on the test results to establish a standard
deviation and mean. The results will be acceptable if
there is a 99% probability of falling within one standarzd
deviation of the mean. In the event that one data point
lies outside of this range, that point will be deleted

I _from the data set and another specimen will be tested
and inserted into the data set. If any specimen fails
due to non-test related conditions or obvious
manufacturing problens, that specimen shall be discarded
and another will be tested and inserted into the data
set.

2.0.7.6 C.IICAL TEST CONDITIONS.
*' 1) The te-peratures of the fluid baths in section

2.0.7.3, items 2 and 3, will be 200 110F.

2.0.7.7 TEST SC=U=. Results from these tests will be provided
to the customer no later than 30 days after test
ccrmleticn.

i
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CH=CAL RESISTNC ES DATA Sr=E 7

DATE:
TEST PERSONNEI,:

VOID CNI=I' OF MMTEIAL,:
VOLUDE ll REINFOR-T __

SPECMEN TPERNIJE: ___DEG F
(:?CSSITA SPE: . 050 LN/=~
TEST TE!S~ER!JPEv: ___DEG F
TEST h7U1lDIflY:__
C21-NDITIONING:______________

SPEC=l~ G-AZE DDESIONS (IC4MVALUES)

SPECE NO. W (L2) X T (IN A (SO fLNI

2.__________________

a.3

CALZ-JIATHE AVERAGE ,STANDARD DEVIATION, AND COEFIC4T OF
V; IATION OF T~lE FOLLOWITNG (SEE ASTM D 3039 FOR FOR4tJLA):

AVE STD DEV Coy

1) TENSII.E STRENGTH _____ PSI ____PSI ___

2) EL.ASIC MODTJLUS ____ PSI ____PSI

a's a ~~3) POISSON'S RATIO ________
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S AChCAL RESISDN EST DATA SHET 7

LOAD AND STR~AIN DATAr:
LONGITUDlAL STRAIN (F- L)

SPEC2 NBL=

LctAD (P)
_ LBS

STRA.N (L) INa-lES/INCH

FIGURE 1. FIGUPE 2.

- MAXIMM LOAD CARR=_

ThSIE STREN~GTH __

SLOPE OF LINEAR PORION OF FIG. 1

DE_ SURING INb J1= GAGE IEN -

SLOPE OF LINEAR PORION OF FIG. 2
(POISSON'S RATIO, u)

ELASTIC MKUJLUS (E) E = (A P/A L) (I/A) PSI

E=

C~MENIE
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3 CHEMICAL RESISTANCE TEST DATA SHEET 7

DATE:
TEST PERSONNEL:3 MATERIAL DESCRIPTION:

VOID CONTENT OF MATERIAL:
VOLUME % REINFORCEMENT:
SPECIM[EN TPERATURE: DEG F
CROSSHEAD SPEED: .050 IN/MDN
TEST PEAT-URE: DEG F
TEST HUMIDITY:
CONDITIONING:

SPECIMEN GAGE DIMENSIONS (MMfl4U VAlUES)

SPECIMEN NO. W (IN) X T (IN = A (SO IN)

iI 3

Ii  4
5

CAIaJIATE THE AVERAGE , STAND DEVIATION, AND COEFFICIENT OF
VARIATION OF THE FOLUJWING (SEE ASTK D 3518 FOR FORMUIAS):

I AVE STD DEV Cov

3 ~1) SHEAR STRENGTH _____PSI ____PSI

2) SHEAR MODU=US PSI PSI

I
I
I,
Ul .. ...""! :: !'lt ! 'r rri .. ' ", i!i ,"",r!, l- , c i!1..
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IHEMCAL RESISTANCE TEST DATA SHEET 7

LOAD AND STRAIN DAM:

SPECIMEN

I
SH-AAR SHEAR STRA IS DEFINED ASSTRES LONGITUDINAL STRAIN (F-,) AT
(PSI) ANY GIVEN LOAD MINUS TRANS-

VERSE SRA3N (T) AT TA
SAME L.OAD.

SHEAR STRAINl

FIGURE 3.

5M X M LOAD CARD (P) LBS

SHEAR STRENG (S=P/2Wr) PSI

SLOPE OF LINEAR PORION OF FIG. 1 PSI
(SHEAR MODUUS, PSI)

I

I
I
II OMMENTS:



TTANIUM TESTING

TEST 1140

2.1 WELD JOINT TESTS

2.1.1 TITANIUM WELD TEST

2.1.1.1 PURPOSE. This test is to verify the mechanical
properties of Titanium weld joints. Tensile strength
tests, radiographic inspections, and macro-etching3 inspections will be conducted.

2.1.1.2 TEST SPECIMENS. Ten plate specimens will be tested
for each test. These specimens will be machined from a
welded panel made by butt-welding two .125" plates per
MIL-STD-1595. This base panel shall be 18" wide (911
per plate) by 36" long.

2.1.1.2.1 TENSILE SPECIMENS. The tensile specimens shall
conform to figure 6. of ASKI E 8-84 with
dimensions for a standard 1.5" wide plate
specimen. Specimens shall be machined such that
the weld joint is centered in the "G" dimension.

17 2.1.1.2.2 RADIOGRAPHIC SPECIMENS. The radiographic
specimens shall be prepared from the cutouts of
the tensile panels.

2.1.1.2.3 MACROINSPECTION SPECIMENS. The specimens used for
macroinspection shall be prepared from the
cutouts of the tensile panels. These specimens
will be cut and ground across the weld and then
etched with etchant ccposition 187 per ASIK
E 407-70.

2.1.1.3 TEST EmIPME2?T. The equipment required to perform
these tests consists of:

1) A tensile test machine with grips capable of
securing the specimens described in section
2.1.1.2.1 above. This machine must be capable
of a corstant crosshead motion of .050 inch per
minute and it mist be capable of continuously
recording applied load, axial strain, and
transverse strain.

2) A biaxial extensameter that is compatible with
the tensile test machine.

3) Etchants as required for macroscopic
examination of the weld joints and as described
in ASIM E 407-70.

4) An X-RAY facility capable of radiographic
inspection of Titanium weld joints.

I
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TITANIUI TESTING
TEST 1140

2.1.1.4 TEST POJRES, TENSILE TEST.

1) Measure the width and thickness of the tensile
specimens in several places and record the dimensions
that yield the miniiimi cross sectional area of each
specimen on the data sheet.

2) Secure a specimen in the grips and set the crosshead
speed to .050 inch/minute.

3) Attach the extensometer to the specimen and set the
tensile test machine to continuously record load,
axial strain, and transverse strain.

4) Apply the load and record the information on data
sheet 8.

5) Calculate the tensile strength and record it on the
data sheet.

6) Repeat steps 2 thru 5 for the remaining specimens.
7) Calculate and record to three significant figures:

1. Average tensile strength of weld joint
2. Standard deviation of weld joint strength
3. Coefficient of variation of weld joint strength

2.1.1.5 TEST PROCDRES, MRSCOPIC fISPECMION.

1) Cut the specimen perpendicular to and .500" each side
of the weld and grind the cut surface smooth.i 2) Etch the specimen with etchant, composition 187, from
ASIM E 407.

3) Examine the weld grain structure microscopically
4) Repeat steps 1 thru 3 for ten total specimens.

2.1.1.6 TEST PROCEDURES, RADIOGRAC INSPECTION.

1) Radiographic inspecton shall be performed in
accordance with AS24 E 94 using quality level 2-2T.

2) Quality shall be per ASIM E 142.

U 2.1.1.7 ACCIAN CRITERIA.
1) Finished welds ay have a light wheat or straw

colored heat tint. Darker heat tints are not
acceptable.

2) No crack type defects shall be allowed.
3) Iack of penetration and lack of fusion are not

acceptable.
4) Tungsten inclusions shall be counted as porosity.
5) Porosity in excess of that listed in Table XIII

Cshall not be allowed.

I
I
I



*ITTNIU TESTING
TEST 1140

U 2.1.1.9 CRTICAL TEST CONDITIONS.

1) Direction of the central beam of radiation shall be
perperdicular to the surface of the film.

2) Safety measures shall be followed in accordance with
the National Comittee on Radiation Protection and

* Masurement.

2.1.1.10 TEST SCHEWLE. Results from these tests will be
provided to the customer no later than 30 days after
test completion.

U
U
U

I

I
U
U
I

I rJ' 'WlU i' r " i'''l '" r



TrMANUM TESTflIG
TST 1140

3TTIANIM WELD J0IU TEST
DATA. SHEET 8

DATE:
TEST PESNEL:_ __ __

MATEIAL DCI PTION _ _ _ _ _ __ _ _ _ _

U FRACTURE IOCATION: AT WELD JOIN~T NOT AT WELD JOfINT__
WELD DEl'ECTS ENT ____________________

CRSSHEAD SPEED: .050 flN11 MIN
TEST TM4PERA=P: ___DEG F
TEST HUMNIDITIY: A__

SPECnl4EN CAGE DnAESIONS (bUNlJM VA=UE)

Am SPECIMEhN NO. 2Lw XN Zx T IN A (SO INq)

1 _ _

@JUJLATE TEAVERiAG , STNDAMR DEVIATION, AND COEFII OF3 VARIATION OF ME FOILOW114G (SEE ASWIM D 3039 FOR FORKM3AS):

AVE STD DEV o

3 ~1) TENSILE SP.MGD ____ PSI ____PSI

2) ELASTIC MOUIJS _____ PSI ____PSI

3) POISSON 'S RATIO ____

4) E~r @ K3IURE IN__f~ __ l
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TEST 1140

3 TITANIUM WELD JOINT TEST
DATA SHEET 8

LOAD AND SRAIN DATA: ING INAL SRAIN

I SPECIDEN NUMER

MOAD (P) (a.')

I I

ISTRAIN (L) IN /fESIINCH

FIGURE 1. FIGURE 2.

F-AX2924 LOAD CARRIED LB

E UESION AT RUPIURE IN

TENSLE STRGIH PSI

SLOPE OF LINEAR PCRaICN OF FIG. 1

M EASURING INS7FTPI1T GAGE INGIH 32N

SLOPE OF LINEAR PORION OF FIG. 2
(POISSON'S RATIO, u)

ELASTIC M=UUS (E) E = ( P/A L) (/A) PSI

E=

* ~COMMENTS:

Um
U



AlSiC TESTNG
TEST 1150

3 2.1.2 AILMIrUM SILICON CARBIDE WELD TEST

2.1.2.1 PURPOSE. This test is to verify the mechanical
properties of Aluminum Silicon carbide weld joints.
Tensile strength tests, radiographic inspections, and
macroetching inspections will be conducted.

3 2.1.2.2 TEST SPECIMENS. Ten plate specimens will be tested
for each test. These specimens will be machined from a
welded panel made by butt-welding two .125" plates per
MIL-STD-1595. This base panel shall be 18" wide (9"
per plate) by 36" long.

2.1.2.2.1 TENSILE SPECIMENS. The tensile specimens shall
conform to figure 6. of ASIM E 8-84 with
dimensions for a standard 1.5" wide plate
specimen. Specimens shall be machined such that3 the weld joint is centered in the "G" dimension.

2.1.2.2.2 RADIOGRAPHIC SPECIMENS. The radiographic
Ospecimens shall be prepared from the cutouts of

the tensile panels.

2.1.2.2.3 MACROINSPECTION SPECIMENS. The specimens used for
macroinspection shall be prepared from the
cutouts of the tensile panels. These specimens
will be cut and ground across the weld and then
etched with etchant composition 2 per ASTIM E
407-70.

2.1.2.3 TEST E31UIPMENT. The equipment required to perform
these tests consists of:

1) A tensile test machine with grips capable of
securing the specimens described in section
2.1.2.2.1 above. This machine must be capableU of a constant crosshead motion of .050 inch per
minute and it mist be capable of continuously
recording applied load, axial strain, and
transverse strain.

2) A biaxial extenscmeter that is comatible with
the tensile test machine.

3) Etchants as required for macroscopic
examination of the weld joints and as described
in ASIK E 407-70.

4) An X-RAY facility capable of radiographic
inspection of aluminum silicon carbide weld
joints.

-I
I
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5 AlSiC TESNG
TEST 1150

2.1.2.4 TEST PROERE, T 3SIIE TEST.

1) Measure the width and thickness of the tensile
specimens in several places and record the dimensions
that yield the minimum cross sectional area of each
specimen on the data sheet.

2) Secure a specimen in the grips and set the crosshead
speed to .050 inchmiute.

3) Attach the extenscmeter to the specimen and set the
tensile test machine to continuously record load,
axial strain, and transverse strain.

4) Apply the load and record the information on data
sheet 9.

5) Calculate the tensile strength and record it on thedata sheet.
6) Repeat steps 2 thru 5 for the remaining specimens.
7) Calculate and record to three significant figures:

1. Average tensile strength of weld joint
2. Standard deviation of weld joint strengthU 3. Coefficient of variation of weld joint strength

2.1.2.5 TEST CEURES, MACROSCOPIC INSPECTION.

1) Cut the specimen perpendicular to and .500" each side
of the weld and grind the cut surface smooth.

2) Etch the specimen with etchant composition 2 from
AS]M E 407.

3) Bamine the weld grain structure microscopically
4) Repeat steps 1 thru 3 for five total specimens.

12.1.2.6 T= PROCEDURES, RADIORAPHC INSPECTION.

1) Radiographic inspection shall be performed in
accordance with ASIM E 94 using quality level 2-2T.

2) Quality shall be per ASIA E 142.

2.1.1.7 ACCEPTANCE CRITERIA.

1) Finished welds may have a light wheat or straw
colored heat tint. Darker heat tints are not
acceptable.

2) No crack type defects shall be allowed.
3) Lack of penetration and lack of fusion are not

acceptable.
4) Tungsten inclusions shall be counted as porosity.
5) Porosity in excess of that listed in Table XICII

shall not be allowed.U
U

Vo



5 AlSiC TESTING
TEST 1150

3 2.1.1.9 CRITICAL TEST CONDITIONS.

1) Direction of the central beam of radiation shall be
mperperdicular to the surface of the film.

2) Safety measures shall be followed in accordance with
the National Cormttee on Radiation Protection and
Measurement.

2.1.2.9 TEST SCHEEUU. Results from these tests will be
provided to the customer no later than 30 days after
test completion.

U

I

I
3
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U
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AlSiC TESTING
STEST 1150

A!LLONUM SILION CARBIDE WELD JOINT TEST

D ATE :A T A SHE E T 9

TEST PERSONNEL:
I MATERIAL DESCRIPTION:

FRACTURE LOCATION: AT WELD JOINT __ NOT AT WELD JOINT _
~WELD DEFECTS EVIDENT

CROSSHEAD SPEED: .050 IN/MIN
TEST TEMPERAURE: __ DEG F
TEST HUMIDITY: %

SPECIMEN GAGE DIMENSIONS MINTM VALUES)
SSPECII NO.. W (IN) X T (IN) = A (SO IN)

4
N allLULATE MHE AVERAGE , STbA DEVIATION, AND COEFFICIENT OF

VARIATION OF THE FOLL.OWING (SEE ASTM D 3039 FOR FOFMUIAS) :

1) TENSILE STRNGTH AV PSI SDLVPSI o

'_i2) ELASTIC M =DLS PSI PSI

3) POISSON'S RATIO

4) EXT @ XTTURE IN IN

2___

3 3___
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AlSiC TESTING
TEST 1150

3 ATIDCUM SILICON CARBIDE WELD JOINT TEST
DATA SHEET 9

TOAD AND STRAIN DATA:
LONGITUDINAL STRAIN ( L)

I SPECMEN NUMBER

LOAD (P) (6-0 1
LBS

STRAIN (L) INCES/IN-

3 FIGURE 1. FIGURE 2.

XMUM LOAD CA D LB

TENSILE S'RENGni P'SI

SLOPE OF LINEAR PORTION OF FIG. 1

3 1ASURING INT&DW GAGE IENGIH IN~

SLOPE OF LINEAR PWTION OF FIG. 2
(POISSON'S RATIO, U)

ELASTIC MODULUS (E) E= (6P/AL) (/A) PSI

~E =

U

I



M! L.5STD-1595A '

5 ASLE XIII. ?-=ximum, allowable rorositv.

3Porosity size, area, or amount

Ease metal thickness l/

Porosity < 0.063 2/ > >0.063 3/

Any pore 0.6 t j 0.4 t or 0.18 inch 4/

Pares of> 0.3 t 8 Spas N NA

>0.12 inch 4/2

Totaml porosity area 01 .- ic.0ic
Clstr porosity area L *j 2 1 .nh2_

Cis-0.04 t inch2  0.025 t inch
in a ny 1/2 inch o-F
weld lenoth j__________f_____________

UAiicned porosity area S/ j 0.02 t, inch2  0.015 t inch.

I/ Where tne memboers of the test. weld differ in thickness, t is the
thickness of'I the thicker memboer.

2/ These values a ppl y to a 4 inch weld lenoth. For croove welds
in tube, the values shall be adjusted in proportion to the tubeU _cfrcumf erence.

3/ These VIClues apply to a 6 inch-weld length. For croove welds in
am tube, the values shall be adjusted in proportion to the tube
K" circumfgerence.

4/T .pplicable maximum is the lesser of the two values.
~/Alioned porosity is defined as a croup of IF rre than 3 pores with

1/2 inch owldlencth , and whichn may be intersecte-d by a Lt~zioh t

line.

L16U
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I MCSrIE TESTING
TEST 1160

3 3.0 V=DR PROSS J ICAION TEST
3. 0.1 ROCM RA= TNSILE TEST

3.0.1.1 PUPOSE. This test is to verify the vendor's
processing of W3X282-42-F593 ccuposite material.

3.0.1.2 TET SPECIMENS. Ten specimens will be tested. Each

specimen will consist of 8 plies of prepreg with a
(0) layup. Total specimen thickness will be .072
inches. Specimens will measure 1.000 ± .010 inch
wide by a minimum of 10.0 inches total leng!th withendtabs bonded on each side of each end. Additional

i specimen details will conform to section 7 and figure
1 of AS Im D 3039.

3.0.1.3 TEST B7JIPMENT. The equipment required to perform
this test consists of:
1) A tensile test machine with grips capable of

securing the test specimens described in
section 3.0.1.2 above. It shall also be capable
of applying a constant crosshead movement of
.050 inches per minute. A load indicator,
accurate to within-± 1% of the maximm indicated
test load, mist be included as part of the test
machine and the machine must be capable of
continuously recording the load, longitudinal
strain, and transverse strain.

2) An extensometer that is cmpatible with the
test machine described in #1 above.

3.0.1.4 TEST PROCE .
1) Measure the width and thickness of the ten

specimens in several places and record the
minim= value of each on the data sheet. (See
included sample data sheet)

2) Set the tensile test machine to provide a
constant cross head speed of .050 inch/min

3) Install a specimen in the grips and attach the
extenscneter on the specimen.

4) Apply the load and plot the load vs
longitudinal strain on figure 1 of the data
sheet. Plot the longitudinal and transverse
strains on figure 2 of the data sheet.

5) Record the mximm load carried by the specimen
on the data sheet.

6) Record the extension at or as near as possible
to the moment of rupture.

7) Calculate and record to three significant
figures:



COPITE TEST=l~
TEST 1160

U 1. Tensile strength
2. Elastic modulus

AM3. Poisson's ratio
8) Repeat steps 3 thru 7 for the remaining specimens
9) Calculate and record to three significant

figures for each property listed in step 7:
1. Average value
2. Standard deviation3. Coefficient of variation

3.0.1.5 ACCEPTANCE alTERIA. A statistical analysis will be
performed on the test results to establish a stardard
deviation and mean. The results will be acceptable if
there is a 99% probability of falling within one standard
deviation of the mean. In the event that one data point
lies outside of this range, that point will be deleted
fr the data set and another specimen will be tested
and inserted into the data set. If any specimen fails
due to non-test related conditions or obvious
manufacturing problems, that specimen shall be discarded
and another will be tested and inserted into the data
set.

3.0.1.6 CRITICAL TEST CONDITIONS.
1) The test specimen geometry shall be consistent

with that described in section 3.0.1.2.

3.0.1.7 TEST SCHE3E. Results from these tests will be
i provided to the customer no later than 30 days after

test ccmpletion.

I
3

I
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SITE TESTING
TEST 1160

3 ~a~ROOK RATURE =ESILE TEST
DATA SHMI' 10

* DATE:
TEST PERSONNEL:
MATERIAL DESCRIPrON:

VOID CONTENT OF MATERIAL:
VOIE % P _RCEMN%

SSHEAD SPEED: .050 IN/KN
TEST PAaURE: DEG F
TEST HUMIDITY:

3 SPECIME GAGE DENSIONS (1NIMLM VA=UES)

SPECIMEN NO. W_ L X T ( IN) T A (SO IN)

5

B ~ CJM.JLATE THE AVERAGE , STANDARD IXV=CTIN, AND COEFFIEN OF

VARIATION OF THE FOLOIN (SEE ASIM D 3039 FOR FOMJKLAS):
SAVE ST D EV COV

,="R1) TENSITE STREIGMI PSI PSI

2) ELASTIC MD=~E PSI PSI

B 3) POISSON'S RATIO

4) EXT @ RTnR IN IN

3: __

* __

3 _____ _____ _______



COMPSITE TESTI1G
TET 1160

BOO EATUE TESILE TEST
D&M SHE:T 10

3LOAD AND STRAIN DAT: mc = A um(EL)

3 I SPEE NL _ I

LOD()I UII

IX34 LOAD (P)= L

TENSILE STEGI PSI

SLOPE OF LINEAR PORTION OF FIG. 1

MESRN Is~N S7REMMi GAGE LDNI!m IN

SLOPE OF LINEAR POICION OF FIG. 2
(POISSON'S PATIO, u)*r ELSTC IVUJl=S (E) E (A (P/A L) (W/A) PSI

UE
UE
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CC SITE TESTING

4.0 CRADLE 'TIZUIIN STIUCIURAL JOINT TEST 
TEST 1201

4.0.1 PURPOSE. The purpose of the trunnion joint structural load
test is to verify the integrity of the cradle trunnion joint
under simulated firing loads.

4.0.2 OBJECTE. Using a couposite mzckup of the cradle trunnion
joint section, impart simulated firing loads of up to one and
one-half the expected calculated maximum impulse load. This
shall be accomplished through the use of a hydraulic ram
actuated for a duration of up to 300 ms.

4.0.3 EQTIPMENT/FaURES. The following test equipment and/or
fixturing shall be utilized during this test:

1. Simulated Cradle Trunnion Joint Mockup

3 2. 5000 PSI Hydraulic Power Supply

3. Hydraulic Ram Cylinder (6")

4. Mockup Interface Fixture (Plate)

5. Mockup Interface Fixture (Trunnion Device)

6. Pressure Transducers

7. Digital Chart Recorder

8. 36" Drill Base

3 9. Electronic Solenoid Valve Assembly

10. Various Hydraulic Hoses and Gages

4.0.4 TEST CONDITIONS. The testing will be performed in an
environment at FMC/NOD of 68F-75F ambient temperature and3 relative humidity of 50% ± 20%.

4.0.5 TEST PROCEDJRES.

1. Secure the 36" drill base to the test platform.

2. Mount the cradle trunnion joint mockup, utilizing the
mockup interface fixture plate, to the drill base as
shown in Fig. 4.1.

3. Install the mockup interface fixture (trunnion device)
into the cradle trunnion joint mockup, per Fig. 4.1.

M



C3MPOSITE TESTING
MEST 1201

4. Install and adjust the alignment of the hydraulic ram
cylinder and connect system hoses, per Fig. 4.1.

5. Connect and calibrate pressure transducers and associated
instrumentation.

6. Verify all hydraulic and electrical instrumntation
setups, per Fig. 4.1.

7. Apply reduced hydraulic pressure to the hydraulic ram
cylinder and bleed hydraulic system of air.

8. Adjust system pressure for 600 PSI applied to the
hydraulic ram cylinder.

U 9. Actuate the hydraulic ram and record instrumentation
data.

10. Inspect cradle trunnion joint mockup. Inspect for signs
of deformation, laminate separation, cracking or laminate
copression.

S11. If inspection results are satisfactory, increase hydraulic

system pressure to 1500 PSI.

3 12. Repeat steps 9 and 10 for two cycles.

13. Increase system pressure to 2500 PSI. Note: This will
iupart a simulated load of 70,600 PSI.

14. Repeat step 9 for 50 cycles, and inspect I.A.W. step 10
every 5 cycles.

15. Increase system pressure to 3600 PSI. Note: This will
impart a simulated load of 101,800 PSI.

3 16. Perform steps 9 and 10 for 10 cycles.

17. At completion of this test, thoroughly inspect the cradle
trunnion joint for signs of deformation.

18. Remove the mockup interface fixture (trunnion device) and
perform inspection of the trunnion bore. Record all
dimensions.

19. Disconnect and disassemble test setup.

4.0.6 ACCEPTANCE CITIA. At the cmpletion of this test, the
cradle trunnion joint mockup shall show no signs of stress,
deformation, cracking, laminate separation, or campression.

U



CCMPOSITE TESTING
TEST 1201

3 4.0.7 CRITICAL T CONDITIONS.
1) The test setup of the cradle trunnion joint mockuip will be

per Fig. 4.1.

4.0.8 TEST SCREDI. Pesults fra these tests will be provided to
the custor no later than 30 days after the testicomletion

U

I

U

I
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CCPITE 7ETINIG
TET 1201.

3CADLE TRUNNION STl)CIURAL JOINT TET DATA SHET 11

TEST PONE:3ATIAL DESCIMON:

VOI CO~ OFMAERAL

TEST FD~ R._3 TEST HUMIDITY: %___

PRZESSURE RE-ADING INSPECT'ION COMETS
_ _ _ _ _ _ _ __(PSI)_

COMMENTS:
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5.0 QUA=I CNROL

This plan covers the quality control of prepreg, adhesive, and core
w materials and their processing into test panels.

5.0.1 QUAITY CONIRL INSPECTION OF PR~pREG MATERIAS

5.0.1.1 PURPOSE. Quality control inspection and testing of

incoming prepreg will be performed to verify the quality
of these materials and provide complete documentation for
future traceability. Acceptance critera will be based on
manufacturer's material specifications. If the prepreg is
certified by the supplier, passes all FMC inspection tests

based on the manufacturer's material specification, and is
stored properly, it will be considered acceptable for use
in fabricating test panels. (Gel Tine and Differential
Scanning Calorimetry will be used to screen out any
prepreg that may not be processable per process
specification.)

Ug

U
I
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U (JA=Ii (CrO)N'L INSPECTION OF PREPREG MATERA

DATA SHEET 1

DATE:

QC PERSONNEL:

3 MATERIAL DESCRIPTIN_:

PROUCT N __E_
PRODUCT FOM:
BATH/IM N __BER:

DATE OF MANtFACIUE:
EXPIRATION DATE:
SHIP DATE:
RECEIVING DATE:
STORAGE P U____ _

ACIUAL STORAGE RECORD:
ACIUAL CWTIME:

MSDS RECEVED?
SPECIAL PRECfAOTINS:

VENOR c I~r : __ _ _ _ _

CERTIFICATION OF RESIN:
CEIFICATION OF REIN2otaEDET:
PREPREG POPEIES:3 DE -CT RECORD?

I

I
I
U
I
U
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~ThLITY CONTROL

S.LITY CONROL INSPECTION OF PREP MATERIAS

DAMA SHEET 1

3 FMC INSPECTION

I VIStJAL CE : _ ____

NOEANY EIFCTS: __ _ _ _ _ _ _

NOETRC AND ERAPE CHARACISTIS:I
MEASURE WIDT OF ]PREF __:

AVE.

GEE TIME AT 350F PER ASIM D 3532

3
AVERAGE _ _

DIFFERDTfAL SCANNING CALRlMEIRY (DSC) TEST NMiOD:
XWJ 'lM SAMPLES
SAMPLE: 10-15 rag.SP E: I TRGE, 20 cc/min FUOW RATE
SCAN: 40-300C

3EAT-UP RATE: 5C/min

A7DiCH tSC THERMOGRAM

U
i
U
I



QUALITY COMM

3 5.0.2 QMLITY CONTROL INSPECION OF ADHESIVES

5.0.2.1 PURPOSE. Quality control inspection and testing of
inccming adhesives will be performed to verify the quality
of these materials and provide ccplete documentation for
future traceability. Acceptance critera will be based on
manufacturer's material specifications. If the adhesive
is certified by the supplier, passes all FMC inspection
tests based on the manufacturer's material specification,
and is stored properly, it will be considered acceptable
for use in fabricating test panels.

I

I
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QUA=IT COTROL flNSPECTION OF ADHESIVES

DATA SHEI' 2

DATE:

QC PERSONEL:

MATEIAL DESCRIPTION:_____________________

PRODUCI! NAME: _ _ _ _ _ _ _ _ _ _ _ _ _

PRODCT FORM:__ _ _ _ _ _ _ _ _ _ _ _ _

BATCF/LO NBE_ _ __ _ _
LOT N~ER: __ _ _ _ _ _ _ _ _
QUANITY:
DATE OF 1@ANUFAC7URE: _____________________

EXPIRATION DATE: _ _ _ _ _ _ _ _ _ _ _ _

SHIP DATE:
RECEIVINJG DATE: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SIORAGE REQUIREMENTS: _______________________

ACTUAL~ STORAE RECORD: __________________

ACTUAL OUT-=Ifl: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

MSS REEIVED? _____________________________

SPECIAL PRECAIYTONS:___________ __________

VENDOR CES: __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CERIFICTION OF ADHESIVE: __________________

ADHESIVE PROPRTIE RPO D:__ _ _ _ _ _
PREPEG POP=:_ __ __ _ __ _

FMC IN~SPECTION

VISUAL CHECKS:__ _ _ _ _ _ _ _ _ _ _ _ _

PACYGING:__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ADHSIVE QT LI Y: __ _ __ __ __ _
NOTE ANY DEFECT'S: ___________________



5.0.3 QUALzY CONTRL INSPECTION OF CORE MATEIA S

5.0.3.1 PMUROSE. Quality control inspection and testing of
incoming core materials will be performed to verify the
quality of these materials and provide complete
documentation for future traceability. Acceptance critera
will be based on manufacturer's material specifications.
If the core material is certified by the supplier, passes
all FMC inspection tests based on the manufacturer's
material specification, and is stored properly, it will be
considered acceptable for use in fabricating test panels.

U
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QJALTTY Cn TO

QUALITY COMI~ INSPECTION OF CORE MATERIALS

DM SHMI 3

QC PRONL

3 1~~MTEIAL DESCIPT'ION:______________________

wnPRODUCT NAM: _ _ _ _ _ _ _ _ _ _ _ _

PRODCT FORK: __ _ _ _ _ _ _ _ _ _ _ _ _

BACH/LOT NME:____

LOT NUBE:_ _ _ _ _ _ _ _ _ _

DATE OF MANUFACIURE: ______________________

STORAE RE UIIR___ ___ ___ __
ACTUAL STORAGE RECORD: __________________

AC7UAL, WTr-'f : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

MSIS RECEIVE ? _____________________________

SEILPRECAUTIONS:___________________ _____

UwuFM~C INSPECION

VISUAL CHCX: _ _ _ _ _ _ _ _ _ _ _

PACIQGING: __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CORE MATEIALS QLAI Y :_ _ __ _ _
qpNOTE ANY DEFECTS:_____________ ________

MEASURE DIMESIONS: LENGTH_____ WIDflt_______ T ESS____



5.0.4 QUA=Y CCMTL OF TEST PANEL L.AY-UP

5.0.4.1 P~URPOSE. Quality oontrol 's objective is to insure
that all manufacturer's process specifications are
followed. In-process monitoring and ccanlete
documentation of the actual lay-up perfore will be
reqired to insure part quality and provride a record for
future reference. The lay-up will be acceptable if all
raw materials used passed quality control inspection, have
been properly stored, and have been laid-up according to
the manufacturer's process specification.

DI



W=Afl 00ITL flNSPEC=IOt OF TEST PANELJ LAY-UP

DAT SHEET 4

QC PRSE:

I ~DESCIPION~ OF MIST PANEL To BE FABRICATED: ___________

RAW MATRIALS USED IN IS RAW MATERIAL
FABRICATNG TEST PANELS: QJAUfl ACCEPABLE?

DOl ALL MATMIALS
=~ POCS

TOOLING AND BAGIG MAEIALS: SPECIFICATIONS?

RECORD OWI-TIME OF RAW MATERIALS (IF APPLICABLE)

OUT OF STORAGE AT________________________

USABLE AT
PrBACK IN~ STORAGE AT __ _ _ _ _ _ _ _ _ _ _

ms



U /'.7c

QUALM1T CONTOL

3 ~QUAL=T COT''L ISPEI'ON OF TST PANEL LAY-UP

rw DMT SHEET 4

RECORD =DAND TI: lAY-VP ~SM _ _ __ _ __ _ _

RECCRD IHSIRY OF LAY-UP (IF IaJGR MM I DAY)

RECORD AMRE AND HU1MDITY OF LAY--UP AREA:
7AM RE _ __ HUIDI_____

IS PROCESS
SPECIFICATION BEING

LAY-UP PROCEREFOLWD

RECORD AM~ DEFECI':

RECORD CORRECI'IE ACTION:

L



UALIW COtROL

3 QUALM CONTROL INSPECTION OF TEST PANEL LAY-UP

DATA SH=I' 4

FMlAL CHECK

HAS P SS SPECIFICATION BEEN MET?.
LAY-UP ACCEPLAIKE?_

VOJPLER IN PLACE?
BAGGING ACETABLE?
VACUUM PRESSURE, IF APPLICABLE?

I

Im

ip

I

t9



qJhLIrY CONTIDL

3 5.0.5 QUALMX~ CCN L OF T=S PANEL C~nU24G

5.0.5.1 PJPSE. Quality control's objective is to insure
that all mamlufacturer' s process specifications are
followed. Constant in-process mnaitoring andi cocpletebN documetation of the actual. cure cycle performed will be
requirxed to insure part quality and provride a record for
future ref erence. Inspection of cured test panels will be
performed to check for defects. If there is anry reason to

curd tstpanels will be acceptable if all manufacturer's
cure process specifications were followed and test panels
pass all FMC QC inspection tests,* based on manfacturer's

MID cured material specifications.



QULMT CONTRL flNSPECTION OF TlEST PANEL CURIMJ

DAVA SH=T 5

3QC PERSE:

DESCITP'IOt OF TEST PANEL TO BE FAMICATED: __________

DOES lAY-UTP MEET PF0CSS SPECIFCATION? ______________

RECORD DATE AND TME CURE S7XArS: _ _ _ _ _ _ _ _

PROCESS SPECIFCATION MINITOR OJRE
CUGRE PRCEPOE

RECORD ANY DEVIATINS FROM PROCES SPECEFICATON:

RECORD ANM CMIRECMIE ACTIONS:

SAVE ALL PRESSURE AND 71BUOCOPE RECORDfl'JG



U
q.JALTY CINIVOLI

QJAITY CONRL INSPECION OF TEST PANEL CJRING

MA SiEr 5

3 FMC INSPECTION OF E TEST PANEL

'WAS PRSS SPECIFICATION MET?I
VISUAL CIECK

i NOTE ANY EFECIS?

U !2)ASURE FINAL DIMENSIONS:

ADDITIONAL NDE TESTING: L -ENEY RADIOGRAPHY OF TEST PANELS WILL BE
PRFM TO CHECK FOR LARGE vorDs, DE AM ATION, DENSITY VARIATIONS, AND3 INCI'SIONS. ULMRAS NIC C-SCAN MY BE PERFORED ON SELECTED PANELS.

uESTRiCTIVE TESTING:

FIBE VOLUME (PER AS'2 D 3171)
RESIN SOLIDS _(PER ASM D 2584)
SPECIFIC GRAVITY (PER AS IM D 792)
VOID CON= (PER ASIM D 2734)

DSC MAY BE RUN ON SELECTED PANELS
-- DS = MC EST D:

NJN TV7 SAMPLES
SAMLE: 10-15 mag.
AMISPHUZE: NI7OC, 20 cc/min FLOW RATE
SCAN: 40-300C
HEAT-UP RATE: 5C/min

S
I
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3 APPENDIX A.

"Boeing Material Specification 8-256F?"

The following specification will be used to establish
acceptance criteria for test materials and to outlineU prcedures for test panel processinxg.

Um
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I. SCOPE

a. This specificati n istablisb*s 9equirelets [ot non s5lt-adhasti va. Controlled
flow, 350r (177C2 c-irsj epozy cesin-Lapregnated MS 9- Trpe : j.:apnite fiber
unidirectional tapes and woven tacics.

b. This specification requires qualified products.

2. C.ASIFZC.ATZON

Preiapregnated materials shall be of the following Types, Classes and Grades or
Styles.

2.1 TYPES

Type shall specify prepeeq nominal resin content.

Type I - nominal resin content. 44 percent by weight

Type I I - nominal resin content. 38 percent by weight

Type V - nominal resin content. 40 percent by weightI Type ZZZ2 - obsolete

2.2q CLASSES

Class shall specify graphite pcepci foes.

Class I - Unidirectional prepreg tape
C.'ass 2 - Woven Tactic prepcel

2.3 C.ASS I - GRAOES

GCade snail specify nominal areal weight of unidirectional graphite tape in gm/a.

Ace. cde 95
Ccade 145
Grade 1J0

2.4 CLASS 2 - S'Y.-ES

Style shall specify weave style of INS 9-1 grap ite fabric

3K-70-PW plain weave, nonporous

3. 1~~LE.Z JLEM! S

Except where a :peciLfc issue is indicated, the -issue of .." efLtownq :ferences in
d4!act on te date of invi ation for Did shall form a par: of tnis spec:f-car.ion to
Ie extent indicated herein.3a. ANSI 946.1 Surface Texture, Surface Roughness. Waviness and Lay

b. ASTM 0495 Compressive Properties of Rigid Plastics

c. ASIM E4 Load Verification of Testing mac.ines

-. J** CJST.J,,.A CONTROL .X FLZW EPOXY PRCI.PnRrC,;A-Z
By t_ " "_ _ TAPES AND WOVEN FA8RICS B M S

a CA~t'C)1h\Ctz_ BOEING MATERIAL SPECI FICATION! A ;I;,

C21C;i "-S . - 10 / C ,O( IDENr. NO. 11205

DUSLIN QA DEPT

Flo I



3 3. (CantLnued)

d. IMS 9-1 Gcapnite Reintforcemons. Yan and Fracic

. KS 15-3 Release Sheet atecials - aMn-concainacionI. liSs 7273 GtC Enteclaminar Touqhness, Fiber-Reinforced Caposites

9. 355 720S High Prfmorance Liquid Chromatography Reverse Phase Method

h. 06-51$46 Advanced Composite Pteiapeqnated Katerial SuppLiers Process
C€ntroiS oocument Requirements and a Checklist for T&nnoloqy
Audits

t. NZL- RD-53-1 Guide for Attribute Lot Sempling Inspection3 J. MIL-STO-401 Sandwich Constructions and Core ateriaLsj Cenersl Test Mechods

4. o.FINITOUS

a. Blseder Porous material used to absocb excess resin from pcepceq durinq cure.

b. Irester A loosely woven or satted material that secves as a continuous

Y0c1aite path over a part but is not in contact with the cesin.

C. Cont:ollesd 1 I.ow - A c aractecistic of a cesin system with elevated viscosity
dur;.nq cure.

J. VADCLC Pteprq batch - Prepreq containinq 9&oric eetinq the Cequrement-s of
GM S 91-4 with tc•¢eocty to r-he individual fabric barces and iaegriqated with

bachet' of CeS~n in one c:ontinuous *potation.*

B e. fuzzx Balls - These occur when individual filameants are aorzded cc be-ckon during

the "anu fac -uce of the ispcogriated matec-ial. These bcosten f:laments and/cc
aorIdeal pac € ces collect as loose filamnt bundl.es cc ball's -nict act

Occasionally incocporced into the impcegnated material.

, f. Handling Life - The out-cf-csatrige/ation tim aoc whie.n t-.e sacec;.al maintains

its m'andleAOliy.Lr i.e.. €capacle of demonsrating peopecti es in Se~tions 5.2.1.
and 9.2- .2

"
-

Prepteg Lat - Prepces tram one batch su irted tor accsptancs at one time.

ft. Pucees - Areas on prepceg eaterial vnere the material has- .oclly blise aed

tra the separAtor film or reLease paper.

L. Resin larC. - Resin SiXed An one sMier in one operation oC blended toqether in
one homoqeneous Six with tracamoility to individual component lors.

3. Storaqe tife - he time in stocaqe at 10F or below. while contaned in a
%Lsr.ire bafrier Of continuous polyethylene 6 MLI oC tIceCr. over vnLc.i me
merCCLjl s a anS tCS handling life As Well as all oCt-er :equa:euonCS of V.aS
Spec tficat"On.

k. Surface Rosin Starvation - Incomplete cesin fil.inq o the tool side part
sur -ce.

2s. Tzo9o Ptepreg Uatch - Pcapceq conrtinng unidirectional coinfaccesent seetinq
rthe cequ~rement.s of 8145 9-A with tt-aceaotlaty to individual jac.-tat a.r: nd

E ?¢eqonaced W tn Ong !bZCC. Ofso n one co€ntinuous Operation.

a. Uorkod - Processing operation which closes intecstices in 1L4ari.

*

*,:*-, -I_
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5. ATZIIAL UtRZ91EMTSR

.1CoMPOSTC .NIn

IThe graphicse fiber unidtrectional tape or woven fabric shall te ixuregn ted with a
tnermosetting epoxy resin formulated, catalyzed. and 'N' staged in suci 3 manner as
to yield preimpregnated reinfocement eznibiting controlled-flow Cnharactecistics

that meet the requirements of this S;*CifiCC&tOn.
5.: PREPRE PROPERTICS

5.2.1 PHYSICAL VROPERTIZS

The preprel shall confom to the requirements of Table I when tested in accordance
with trie designated method.

5.2.2 CIEM'ICAL PROPERTIES

The peepres resin shall conform to the requirseents of Table DI -hen tested in
.ciordance with the 8esijnated methods.

5.2.3 INTERLAXIINAA POROSITY

The pcepreg. when fabricated into panels and examined as specified in Section 5.1.5,
shall not eshibit any internal porosity in escess of standards specified -M -able

5.2.4 DEFEC.- LIMITATIONS AND AND DIMN4SIONAL. REQUIREMENTS - M.ASS L (?A-PES)

a. The preimpregnated material shall be uniform in quality and condition, and

snaLl not exhibit charcac ter is tics detrimental to handling, layup. or struct-ural

b. Th matrialshall be free from :nimped or misaligned fibers, cured resin
patceforeign material. twists. unwetted fibers, dry or boardy areas. and

C. Location ofyarn spie hl ecloely indicated on the prepreg or release

d.All grapnite yarn*s xhall be collimated and parallel t0 the centeCLne Of thet
prepre.

e. The lengthl of open spaces between fibers shall not exceed 10 inches. 'he width
of ,pen spacLs between fibers sna1l not eceed 0.030 incles. afte 29.n poace
0.010 to 0.030 inches wide and not exceeding 10 imnes long is acceptsole in
eachi 10 sq. ft. of prepreq. open spaces less than 0.010 Intc34s Wide and not
exceeding 10 inches long are acceptaol.

f. Tolerance on the width of the material is - 0.050 inch.

q. fibers must be flush with the edge of theo separator.

ht. The Orientation of the yarn within the prepreg shall not devLarg from a
stzaignt line by more than 0.022 inch in I foot of lengtht.

i. Fuz: balls which do noe cause a sudden d1sCernible cnange in the prepreg
tch'Lnesa Shall be .cceptaole. provided the overall thiCane$S c'ijnge is no aore
thin 100 percent of the nominal tnictness for grade 95 matertal, and no %ore
than 50 percent of the nominal thickness for all other .1radJes. In determaining
if there is any apparant fiber distortion caused by a fuzz ball. it snill not
be necessary to remove the fuzz ball from thse pcepreg.

j. The edge of the prepreg tape Shall not deviate from a str-aight line by more
than 0.025 inch per foot of length.

BMS



,5_.2.1 0tTw-C"
*
? LIMITATION AsO oIMEzNSIOmAI EUIAu'rEkHTS - CL.ASS 2 (FABRRCS)

3. The preimpregnated material shall be unitorm in quality and condition and s all

not exhibit chacacteristics det:imental to handling. layup, or structural

properties.

b. Visible indications of impurities, dry aeaS, aras t nonunifoemity,

incomplete imoregnation. cured resin, hard spots. or localized color

differences in the Impregnated fabric supplied shall be matted by tags as

nonconforming areas isee Section 5.2.6).

C. Iapregnated fabric shall be tree tram curled or folded selvages that overlap

nonselvage areas. wcinKles, or resin-rich areas.

d. Selvage width on each side of the fabric shall not exceed 1.5 inches.

a. The warp and fill yarns shall be perpendLcular to each other and shall be

parallel to the warp and till direction at the impregnated cloth within 2

inches over the tull cloth width exclusive of selvage and within 1 inch in any

21 inches at cl th width or length.

f. Width of no matecial shall be within + 1 nch. Widtb shall not include selvages.

5.2.6 NONCOIFORING --MATERIAL (TAPES AND FABRICS)

a. Areas of unacceptable satcLal (not conformingi to Secions 5.2.4 or 3.2.3

shall' be identified on the prepreq raoll edge by markers at both the beginning

and the end ot tose detective area. For arel ot non-weaving defects

encompassing more than 3 ft. along the material's length, additional markers

Shall be placed at Lntervals of 2 it. (ma ixua) bet-een the beginning and

ending markers. Use a single marker for single point defects. For weaving

deiect3.s, only those defects exceeding the faoi c quality requirements of 3?iS

1- shall be marked except each crease, cut, tear, smash, fabric splice and

voave separation. markers say be any color distinguishable trom t.ae

impregnated material. material containing unecceptable areas (not conforming

in accordance with 5.2.6) stiall not me counted toward the amount purchased.

,, h. rPepreg material may be cut to remove detects, but 90 percent at supplied

. prepreg shall be in lengths at not less than SO teet and t.e cesaining 10

,~iqpercent shall be in lengths niot Less than 15 feet.

C. The type, location, and length at each detect (marked to show the outside :all

end) or cut shall be itemized on a detect log for each roll.

d. " aterial shall have a roll maximum defect weight limit at"15 percent.

5.2.7 TOIAGE STAnILITY ANO OUT OF RETRIGER.ATION TIME REQUtRETS

ALL materials shall be capable at meetinq the qualification requirements of this$:c so eciication After te following exposures:

a. Stocage Life: 130 days f:om date of shipment, stored at lOr or nelow in a

sealed .oiSt',re proof contLaineC.

t. Wandlinq Life: 240 hours at room tempecature (80F maxismum.

5. 3 LAM.INATk-/SANDwCI PROPCRRT-S

5.3.1 IMPACT PROPERTIES AND CRACX GRO-I.I RE ISTANCE-

a. Cured laminate sections shall have the minimum mechanical p operties Shown in

"aale :11 when tested in accordance with Section 8.2.1.

h. Cured Laminates snail have minimum GIC values as shown in .mOle III when tested
in accordance with flSS 7273.

"- .".' 5.3.2 PHYSICAL PR'OPCRTIES

LmiLnates, when fabricated f:om preLmptegnated materials as de r:i-ed in Section

-. 3 snaIL meet the requirements ot Taale IV, LaminateirVLdwC1. Physical P-oper:;es.

_ . C,. ' -

/
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U.
5.3.3 MECHANICAL PROPCRTIES it

A. L minate 4nd sandwich panels, when abcicated groam pteigpcegnAted material. asdescribed in Section 9.3. shall eet requirements.of Tables 7. Vt, vr, and .X
unen tested dry.

b. In addition to the above, laminate specimens immecsed In 16O water tat 14 days
prior to test shall meet the cequicments specified in Table Vll.

C. In addition to the above, sandwich specimns asposed 24 hours at 16or and $S-
~LOG percent RK[ prior to test shall meet the Ctquice00nts Of Tacles VtII and tX.

6. QOU,.ZrIC ,TION

• . Direct all requests for qualification to a Mateial De.actment of The Boeing
Company.

b. Quicion shall be based un te manufacture and successful test of three
batches of the materil. The three batches shacl contain at least two
diffecent cesin batches and at least two different lots of the ceinfocceent.
For Class 2. the two different lots of tinfocemenc apply to the till
dict¢ion only.

C. Suppliers seeking qualification to this specification shall submit to an audit
of their product manufactucing operations, caw matrial tr:ceavilir/, procass
records, test procedures. and quality assuranc records. If deeomed necessary
by the suppLier. The Boeing Czapany will enter Into a nondiscLosure agreement
with the supplier, to prctect the proprietary rights of both. The Boeing
Company reserves the rignt to reaudit any or all follow-n production orders
subsequent to qualificacton.

4. When cequested by The Boeing Company. materi el Department. the supplier shall
provide qualification material, quantities to be determined at the time of
qualification. Addicion4lly, the supplier shall submit two copies of test data
including individual specimen values. showing that the mateciaL meets all the
requirements of the specification. for the TApe, Cass. and Grade/Style
submitted. The test facility (supplier or test labor tory) used in
determination of the data snail be identified.

L. KaterialS submitted 'or qualification shall be tested against cze requi:ements
of this specification both =as-received* and after esposure to -_e maximum
storige/work life periods and snail also be evaluated for sanufactucinq
suxtaaility.

f. After review of supplier data and completion of Boeing tests, the supplier will
be advised of qualification status. Qualifled products vill be listed in the
Boeing material Oualified Products List. showing tie suppliers product desig-
nation.

9. Qualification of additional grades or styles requires one tatch of material to
be sucmitted for test to The Boeing Campany.

h. The supplier snall nave on fiLe a loeinq-approed Process Cintrol Document
containinq baseline cnemical, in-process test informaton, and 2anufactucnq
procedures. 4o cnange in approved product for3ulat'on. c:riiC4l 93. materials
or suppliers, basic methods of sanufacturt. testig, or .eoqra;ntc IoC3t:on
shall be sade without notLficat~on and prior approval by Doeing in writing.
Requalitics3ton and a revised supplier designation may be required.

i. Any or all of the qualification tests may be repeated at any t-se by the pur-

chaser and the material must Pass the qualification requirements.

j. Process Cantrol Documents shall be In accordance with 06-51846.

7. QUALITy COO WL

7. SUPPLIER OUALZlY COX-ROL

a. Test every roll of material to verity compliance with the designated require-
lents of TacaL I P:epceq Physic3l Properties. ecepC.:esc only the first and

MI.' lat rOlls of each prepreg batch for volatile Content and Flow.

BMS ~ d
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37.L (Contnud) sa al Z heia rpris
b. Test Sec. People" batch to the requirement ofTbei.Ceil opte.

It tf i supplier cannot perform the tests of Table It. theni tt tests must be
Conducted by a 31O4iLg-#pprOV41l aboratory. Test one call of tfte prepreg bat~h
for Intrafed Analysis. Test the first and last colls of the Prepreq batch foe
LC analysis. Chemoical properties data shtall be submitted ca the purcha1ser with
e*ach material shipment.

C. The laminate and sandwich physical and mechanical properties required by Tables
IV. V. Vt. VIZ. VIII. and IX for tape and fabric prepreg shall be tested as
follows tat each prepreg batth.

d mo. o Poumos IN AI-

facility ta geneate th idt Shoul th aeiltilt op wt

abov reqairent. oe reesta the tnaledBUss p ory-r thaloed.eof

d. Sup ir oml shall funs atabes c aus or ofaterialrege. anldat hl
accivipal thvaeria shoigcnm anewthtnt.v euieet ec

suepper ac n shal ibmitiyscdaawt the rolsfetlpe)i ciracen witscion

w t e c h shi ment ad1 atach a copy to dte rollingnth ainer. d th

h. sapoler shallemanta. fo*rets a f p er ofaie proyear all aecord .eThine t

acman h material shavig ipet. n e~tcin npoesrcrs n

WC prducttesting in accordance with the approved Manufacturing and Quality
Assurance Plan. Such records shall be available for inspec-zion by authorized
representatives of The Boeing Company.

7.2 PUAC.'ASER OUAL:,Y C'aNTRO.

a. Check the pactaging. marking. and supplier's test data to verity conformance to
the appropriate sections of this spec~fication.

b. Test each prepreg lot Within the shipment to verify conformance withi the
designated requirements of Table t and Sectionks S.3.2 and 5.3.3 (as apprlopriate
for each Crade/Styl). The minimum number ot rolls to be itsted for each
prepreg lot shall be as follows:

4a. of Rolls in tot Me. of Rolls to Test

I-LO I

90 1 additional roll e
each additional 40 rolls

c. noe acceptance tests in Sections S.3.2 and S.3.3 may be pec~orsed on a skip-Lot
basis for, each vendor and C !&ssin accordanc w ith a suitsoly docamenced plan

hving an AQ. .ta les . 0 pecet iL.-U M-1 and MiL-11009-53-2 are
etsbLenguides to Preparing a suip-lot plan.

d. The acceptance tests In Section S.3.2 and 5.3.3 are not required if the
purchaser has an implemented chemical characterization cipaoility and performs
the tests of Section S.2.2 an each prepreg lot to the requirements of Table :1.

4. Quality Control may perform ay additional tests df" this 3PeC~fCat1on Jetmed
necessary to ensure continuing uniform quality in producticn shipments.

Vol . ALL test data and records must be kept on tile and readily avaiaole for

j ~BMS r-.
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d. PATICRIAL TEST RM~ODS

The test methods described below or Sceing..aPPrCved equivalent test methods Snail be

Excepasc-sisnoe intets ohd. testT?; 3r three SShmPle equally Spaced

across tewdho h cpe o ahpyia rpry

8.1. RELS IN CONTENT/GRAPH I?! AACAL WCCT-UCR RZ

a. Cut three SAMPLes, each m0CS9 0c inimum and, frCas2 tldt25C
from the edge of the prepreg. Cut the sample& so that the edges are parallel
and perpendicular to the carton fiber. Weigh to the nearest milligramt IN,).
Determine aea (A) of each Sample to the Rearest %quare.ailLmeter.

b. Extract the these separate samples in separate baetrs Containing 50 %1 minimum
of warm (approuimately loOP) concentrated nitric acid. Est-act fiber (or is

minutes Minimum, Stirring Occasionally. (Option: rolfo- S.appliers,

rcomended procedure if approved by boing).

e. spacrt the fibers by filtering ar decant the acid.

..*..... DisCcrd filtered acid and water before filtering -

CAir-tos acetone. Do not allow any of the acetone to
0.0 ..... mix with the acid.

N% oTE: Caution must be taken not to lose any fiber.

d. Repast Ste ps b an C two times. then follow by rinsing the fibers with1 .&tee
and then rinse with Acetone.

e. Dry the fibers at 220 * IOr for 10 minutee. Allow to Cool to roca temperature

ii a desiccator.

E. Weg fibers to the nearest milligram (Wd2).

p. Calculate Resin Content Percent * W1 - "2 2 Lao

n. Calculate Craphite Ateal Weight * W
A

i. Repor: average and individual areal weight and esin content. The average value
must meet the requirements Of TaZd. 1.

a.. Place a:piece of pcepcep.Z2saZ inches minimum. ina tated (W, aluminum pan

adWLntesmle aweigh t the naetSliCI W1

- . Place the sample in in air circulating *van at 325 - jar fog 20 - sianutes.

C. Remove the sAMPLO, COOL to rOOm temperature in a dasiczsror. and weigh to t-ke

nearest *illigramk (dried sample . pan) (WI).

d. Calculate volatile Content Percent . W7 - x L0o. percent

a. Report average of three tests.

I.L.3 O

a. Cut four pieces of graphite preprel. each1 4 inches square: two PIeces of
perforated Teflon separator, J inches Square: and Six pieces Of 15S1 0r 181
stiLe qijes bleeder fabric. Weigh the prepreg to the neareSt SiLIIIr.im (W,.).

T-NOTE: Use a perforated Teflon or equivalent release eIL.. with 0.245 inch
hoie diameter and 2.22 percent open ares 11 " hoies/in.)J.

M. LAY UP the spec Men erartinq with three plies glass ciotn !ollowed zy one ply
Teflon separator, then four plies of prepreq (0 degree. 40 Jegree. 90 legree. 0
degree), then one ply of Teflon separator ad thee plies of glass c 1t vs

BMS -sr



A. 1. 1(Continued)

c. ea tn lyupina pes at 350 lar Ica. 10 psi lot Is III0 minutes.

Remov the cel.a@ and bleeder P1ies an snd d e 0 h cited specimen

d. Calcigatel flow W, d. *N 1. 100. percent

A. mauethe :ured Laminates prepared ltr mechaicl tooting using a single 14

tickness5.

b. Tha epocted Ply thickness shall be the averaqe af at least 10 determinations
uniformly distributed over the laminate sucface and divided by the nufoe Of
plies in the laminate.

S. 1.5 IW7TRAKNiAA PONOSITY

a. 00 mot ose release films when fabricating panels.

b. Frcste a tape, or fabric: (as appropriatei test panel as shown in rigure 14

and stsonile coce as shown in figure lb.

&.as a *inua. croas-section panel along the line marked AA in figure Is.
Examine visually, Polish I linear inch of exposed edge in the I plt' area which
appears to have the hIIIe porosity with 2-sicron diamond Polish. and eAAmI
under SOX magnification for internal porosity. Calculate the internal porosirfI
basd~ upon the worst I linear inch of Polished Cross section.U S. .. ~ L£ItROMMEN47AL RtSIS'FAMC" TEST NZTMOD

3. Cut twelve I x I-inch speceans from a four-ply (0/901 Eaoric test panel. and
c:lean with acetone.

b. Immerse two spec~mens briefly in each fluid listed in Table 17 and dry with1
clean ; auze. Weign tech specimen and record the weiqnt zo the nearest 0.1 sq

C. S.Abuerqe the specimens in each of the test fluids for 14 days. Remove the

spectsons. dry with clean gauze, weigh, and record weiqnts to the divarest 0.1

d, Calc:alate the percent weight inczease using the following equation:

Pecent Weight Increase - W - Wt x 100

MEC'1AIIIA PROPC.Tt!:S 7FS"S

a. Us* the test set.h1cds Jesc:Lbod below.

b. Zaxcept as otherwise noted in the test method, test five speczzans !or dach

PAO Tnsleand compression specimens say be fsbricated from the same pnl

194% . Pc~cnall mechanical property testing using test machines complie with AS-11

0. Lainateand sandwich test panels are to be fabricated in accordanct with

9. Seciensshall Do machined ct I d egree of the fiber test direction.

q. ctom tested at room temperature shall be canditt1pned and tes-ei at 75

.N,

BMS izc
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I. NLd test satL a s .t tompecatuce o f 5 * 10?. 160 - or, oc 200 - ior
pig( to L 

L Load accacdLnq to the T70jlOwLnq taol&:

A dry tests 8,cp .,ct A TPRATU (4MUs

ri~tw~o 
LID- 3

All dt testsa .

.Vet cOnditioninq Las 
4

4scCbed in Section S.3.1. Sp*ciNeAs shall be tested

within 6 bours :f f* o Irom exposure. and shal be protected againstmoisture loss d-Ainq t8 l rintecia peciod.

3 a.. Tr-LSME TZS1S

a. Prepare tensile speciU;s in accordance v t iqures 2 and 3.

b. Test in a universal tes echine, at ate O 0.05 inch per minute.

C. Neaaure tcCain Witn An Izten oeer o 2 ri gauge.

d. Ultimate tensile st:en J;. psi . *, * ! . !

A bt

P * atac tensto Ln i 1jd. lb

A - specimen nominal c; 020.bectional area, squat* incries
nomina. thickness 9 moeasuced widthl)

b - width. measured to ;@&cost 0.00, inch

(se T nabnle ht 1117s .31culated Eros nominal thickness/ply

Il e IVD L n'' A um be r a t p l i e s

' 8. "odls of Elasticity, psi _ See rt~ucs

The modulus of eLaztLC, lc•yi bandEo h soeo h oddf

curve divided by th ;a. o di th edo

At

r gaqe Length of2 .* estensomecer

P/t - instia atraqnt-t 1 nO ;action at the load-deflec ion curve. lb/in.

specimen no&na 101ms-sec1ona area. squat LneCes(nooln cno 7:*s-n
4

c

nm i tickes., I a (measured Vkdthl

f. Tonse Strain Uti .L ,c-o &n./Ln. - See Flbque 4

The ttrain to failure ts obtained (ran the St:ess-vt:atn cc LcowJ- fi.vcton
curvyes.

q. Test values shall e th tequrcenta lsted in Taoies V or .

the te..csec liste in Tais c

BMS

iPT.

" - -- " . , .- ~i. I i, .. . _ _.



5.4. TeNRk st S~tin? acodeO with STRD9.il

b. compressive Moduluas testing requires a separate specimen. shownl in ftqiaro Sb.
Test this coupon to approximately 1/3 fa~Alu load of treio e. again minq

C. Calculate compressive stress and modulus as follows;

Compressive Stgon.)th, Ultimate. psi

UComptress ive modulus of Elasticity, put

ComPOSsiLV. Ultimate $train. mLIcr Ln./in.
C verage PC

where.

9 - gag* length of the estensoset*9

P * ultimate compressive load. Lb

A -specimen nominal crate-sectional area. square tnehes
Inominal thtenness a actual widtn)

b - width, measured to neatest 0.00L inch

t - mna th~nSal cAlc.lated from nominal t.-%Cen@5sz/PlY

P/Y - apparent load per unit deflection (L1b/in.) based an tne slope of a
st:aiqnt line best fit of theo Load d@1!eczion curve, Isoe l'.urs 4) nsicn

iqnoces toeportionsofCilodeletowaeaezt s,%ndeflection a or pasmtt lpae

a. for C!aSS 1aeil pr1eCPAre three 6 by 6-inch laminate sections of 12 pliesa
aligned in A quasi-isotropic lAy-up aOf 4/O-1//4/0,

b. for C:ass 2 material, prepare throe.6 a 6-inch laminate sac-Lons of 12 Plies
aligned in a 10/90, - 4513 5 orientation.

C. Grip specumen in a fixture equivalent to figure S. SPOC!2*n manll MdVO A f:e
area af 1 s 5 inches. Fastener bolt snall to tiqntened until no vibration is
detected after Coin tap at specimen center.

F0CPeform 3 tnrouqh-penetr.Ition ipact test an an Effects Tecrnaolay.
IMICtncorparated Model 8000 tnstrusent mpact 'ester at equivalent. Th a

following corkditions sha.ll be used-

1ndenter: 1/2-tnch steel hemispherical tip with 3/1-inch t.nkn

velocity: 4 - 0.1 test/second

Energy: Greater than 25 foot-pounds available

L.7
In ~ I
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J. 2. 3 (Consinued)

4. Date Capture shall be on an oscilloecope ar cosputer-based system wLth
sut!lct:nt resolution to define €deacly the incipient dame load and t e fiberg rature tead.

t. Calculate impac *ech&ancal propecties as shown Ln t-e example in fiqure 7.
Divide Py and Pi by Nominal r..cLAnss (t) to notfo*LtQ.

. Each specimen shall be tosted only one tie.

1.2.4 GIC [NTRISLAAZ4AR TOUNICSS TEST

Test cured laminates Ln accordance with the methods described in ass 7271).

*. ~ LONG NIW rLexanz - 0-90 LAMUP

a. Cut test specimens from the test panel described in figure i&.

Specimen dirensions ace I # 0.03 inches a 24 inches, With coC ciboan dieC-tLon
Parallel to tne 24 inch di;snston. Test I specimens baq side up at .eeC. test
Cznd it ion.

b. Test Set-up (see figure IC)

(I1 Use two-point Loading with a 2-inch support span And a 4-inch load span.
employinq 1-inch wide steel blocks with a cubber pad (1 a I a 1/S inc.l ot
Short 'A' duometer of 60 en te load blocks or cractS.on points. Use of
the rubber pads is optional. Deflection (Y) is measured at .he center of
the span. Test baqaide up. Ezcept for the above the cst procedure shall
be in accordance th .qL .-STD-40L.

tanqent Jrawn to the tnit4Ll portion of the Load-deflection cive (jet

riqure 4).

*.2.6 LZMC NEAR FLLUtrE - OIJAST ESOTROVIC LATUP

A. Cut test spectmens trom the panel described in Fiquce Sb. Spec men dimensions
are I - 0.33 inches x 24 inches. with tn core ciboon direc::o parallel to the
24 inc. dtmansion. Test five specimens baq side up at each test condit.on.

0. Test Set-up (see riguce Sc)

(1) Use two-point loading with a 22-inch support span and a 4-inch load span.
employinq 1-incri wide steel blocks with a ruboer pad (1 x 3 s L/I anc.) of
Share A** durometer of 60 on the load blocks at reaction points. Use of
the cuboer pad is optional. 0etlection (Y) is measured at mne cencer of
the span. Test baqside up. Except "Or the &cove the test procedure shalt
be in accocdance ithm hIL-S'rO-40t.

(:) Repoct tne ultimate Load (P) and the P/Y value. PF/Y is the slope of the

tan)ent Jca.n to %he initijl porft*on ot the tosd-detfect.sn c-Jrve (set
rigure 4).

a. Spoecimen

Machine ElAtWe tens ile test specimens 2.0 x 2.0 inches square to 0-degree

Cape fibec oc taoric warp Jitec:ton trom panel shown in figure Sa.

b. Procedure

lTest in accordance ith MIL-S7-40.

Rwpott the ultimate st:enqth in pounds pet square inch.

BMS ,-k:)'
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1 PiNtL PRaPARATiOPI

C A U ? K 0 q Protective gloves should be worn while handling xattiali
........ 0... qualified to this specification.

A. for all layups. eatefully align graphite fibers with.in - I degree of tne
required fiber direction. for tactics. align vip yarns in layup.

b. IMasually sweep every ply to consolidate part before curing.

C. so5 vacuum bagging procedure shown in Figue 9.

d. Lak check each vacuum bag layup priot to cuts. Draw 22 inctes vacuum minimum

in the bag. C'loae off the vacuum line aid aeasuct the loeaaqe rate using a
ae the aseseoly. The vacuum under each bag mat not fall mae. than 5

inces In S minutes.

t. Cute specimen test panels in an autoclave using the Figure IQ cue@ cycle.

I•?llrICAL otARAC"!I:AT'ld S

|.1 K NWRAPIR SPCROSCOPY

O. Calibrate, R instrument in accmrdance with manufacturers specification.

b. Sample Preparation

MIrtract a sample of pcepreq with reagent grade acetone at room temperctuce.
make sure all tne cesin is est:acted by manipulating the f hers t.1i a pcze.
PLace a low drops of iats solution on a salt block. Allo. te acetone to
evaporati. The resin film should be of such thickness as to give t:ansittlance
of LO to O percent With the st:ongest absorbing pea.

C. Report

,he spectrum should Do compared manually or computer Lided i.th the standacd
spectrum, on tile, to detect contaminants or gross change in tormulat.on.

.(The standard to be furnished to supplier by Soeinq.l

.4.2. LIQUIO lRONATOC-PHY

a. Perform column calibration in accordance with ISS 7305.3 b. Sample Preparation

Extract a sample of prepreg with 90:10 C13 4*i20 solvent. Sait concentratron

should be 3 aq of prpreq/t ml of 90:LO f 3-C20 solvent. Resin dssolton
Is ensured by shaking for 10 minutes. The solution is filtered etirouqn a 0.5
tirtn aLilipore FM flite or equivalent.

a. Instrument Parameters

olumn: sLc.o--8ondapak CIi Waiters I/ or eq.,.ltnt.

ootle Pi&s: Cradient PrForam I/

te.I Conce~t :sion

14 100% C213C! 3/
tI too Cll3C

24 60 C3CM

flow Kate: I.S mI/mmn

Inpection Volume: 10 microliters 4/

Oetvcion: VV 230n.

Attenuation: 0.2 AUFS

Cart Speed: I cm/minute (o.5 incn/minuesl

.' -



£
8. 4.2 (Continued)

j/ Minimum column plate count requirement N(DIP) 2500 using S signa metod.

Column calibration should be performed each day An nAiYSiLS is COnduCte.
icolumn calibration procedure. see item al.

I/ Water purity from oilli-0-System ar equivalent is recommended.

Acstoihitrile Purity of IPLC gtde is eCOomended.

3/ Gradient to be linear.

4/ Other injection volumes may be used if the sample concentrt;on is
pCoportLoneLl &1 d~ustod.

d. Report

Il) Tie chromatogram should be compared manually or computer aided with a
standard viomaogcam to detect contaminants oc gross change in
formulation. (The standard to be fucnished to supplier by Boeing.)

(2) Peak aea ratios (average of two ceplicatesi is required *or each supplier
se QL).

9. MPAIEL ZL ZUTZICATlION

PLice the following intomjlion on a label on the inside the core of eac. roll of
prep req.

a. Batch number, coll number, roll length

b. SM 8-256, current revision letter. Type, Class. Crado/StyLa

C. Quantxty aPd width

d. Manufactucer and material desLqnation

A. Oar of impregnation

f. fiber identification (UMPS 9-! Class. Gradi and manufact-iaer's desLqnrcion

tF. PACXAC:G AID MAEIZNG

CAR 5 T Rq

a. All graphite prepreg snail be interleaved with noncontaminating carLerS mal tar il.

b. ?f the carrier o Interleaf materil has a celese coatinq, the Coating snail
be fully cure and no n trn rng. The carrier idth snail be not loss than

he prepreg i ncludinq selvaqes. Tie carrier oateralL snl.' contain J
nont tnsfaring or non-Lnnibitinq color and be easily reeovioL !fom te
Prepreq 4t niLent temperatures by manufacturLng personnel after noril
handling Juring !Jb /it!on.

C. rat Class 2 prepreqs. te CVrier 24tLiAl shall %ave a dissond-tzoussed
pattern, and snaIl oe placed on tie saop surface of te preireq -vit l On
dimensLon of te diaond pattern pacallel to tile flabric Arp uLrction.

NOLL S!Zt
for Class I and C l . Individual r0olS shall be becen 20 and 70 poanJS .3f no:

conforaing miateril eiqn0. Only one coll Of eac. bach may be below %inLRu5 .@Lqft.

10.)C.,st ComricumA?!om

A. Rolls of prepreq shall be supported by a core that is not defored by tie
Material Weight. ?he Core itself should be suppornd at all t ses within the

Shipping container during shipping and storage in such a way that tiic at t 1l
*iIl not be Jama4ed from its Own iLgt.

Ii

BMS i~
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10. 3 (Continued)ab. Caro inside diameter shall be 10 inches minimum far Class I PrepCeqS. and I
i hehe 0 minimum Coe Class 2 preprel.,

C. Care Length shall be 2 to 4 inches longer than the carrier width far Class 2

d. Carces hall be longer than the release paper. by 2 * I inches on either side,
fa Cas I materials.

10.4 CLOX COOE

Each prepreg roll shall be color coded either by colored carrier at by color marking
ot the roll coae end or center. The color code is as folwst

Grad/Strjl* carrier/well core Color

95 Purple

15 Orange
tIA190 White

10.5 f____ CArple

a. Packaging shall be accomplished in such a manner as to azure delivery at
material capable of meeting the requirements ot this specification.

b. Seal each roll in ank airtight. nancontaainating bag, 0.004 inch minimum
thickness. Desuicant shall be placed in bags prior to sealing.

C. Rolls of material which have been stored at low.er than cam tesperaturv shall
not be exposed to abie&nt saospneric conditions unless contained in a sealed
moisture proof bag. Sealed bags shall not be opened until the contents have
attained afcient temperature and no moisture is visible an the surface af the
bags.

LOA4 MARKMNC

41. Each container at prepres shall bie permanently and legibly sacked' to give the
inforation in Section 9.

b. Letter on each cont~Ainer. in letters at least 1/4 inch high (or use equivalent !R
statement):

C.:-eTH SON ED' f cEontiner carrying classsatt::jls on~j)

BMSr



TABLE I

PREPRErG PHYSICAL PROPERTIES

PROPERTY F ..I I ME 11 TYPE IV

Resin Content percent by wr. L/ 44 38 * 40 * 2

rlow. percent Zt. I/ Opt. QPt. QPL 8.1.3

Areal Weinht Craohit* Only 1/ ga•4m_8.2.1

Coade 15 95 S

SCcade 145 145 5_

Gead: 190 190 3_SStyle )K-7-PW 3 A

L/ Requtred for supplier and pucchaec quality control testinq.

_, SuSpplier CC Testring:

For Grade 95 tape, any roll of any prepreq lot may be witbin ./- 3 percent of nominal.

RFor 411 other Grades and Styles. 20 peccent oc one roll of any prepreq lot may be within
P- 3 pecen t of nosnal.

Pcchsec CC Testinq:

Fo; aLl Gades and Styles all simpled colls (in accacdance with 7.2.z) ot any pceproeq lot
4y be wCLn ./- 3 percent of nominal.

.-. ALZ It

N RPR REG CHEMICAL PROPERTIES

PRCP "RT ROtM, 1T" ' "

, Uncucad Resin cnemic3L Structure Report Infarned Scn 8.4.1

I Oten Co~ponent Analysis .see P. 6.4.2

BMS a-::'



TAILZ I

IMPACT MECHANICAL PROPZRTILS KMNMUM AVERAGZ RrOUIRL'MCTZ4S

I tI4C:PIZNT rBER R ITye TL'4PERATUI.E DAM A~rZ FAMR
CLASS IF LOAD LODI

1__ _ _ _ -7 4000 5Q00a

Ir4000 5000 1.0
400 0 500 M

LAWMATESANOWtCH PHYSICAL PROPER?::S (A". CLASSES)

TYE 71? 9 11 TYPE IV M-C

Ply 1i.ns.El /95 M ~R 3.5-4.5 MR 61.

145 MR S.5-4. E

Ix-70-Pv .4 M 7.7-9.3

.nctanag Pocosity A: YL

All Grads t.1.5
and Style 0.1 percenti

Eniosna Reisane ALL AL. flPCS l.

I socooAanoL (recinicaL) * RT 0.5

Me.y Iyliooe T 1.5

Ii-4-261c

L/- Ji re. Ioc supiradpr0scqult croetn.5

MtL-.re 1a-en2t 4vainfyrulcts u

.L -A ' 3ys r ) i ud /R .
1',dc u x fl i 2 .- .

N;. L/ i-:~cdic uplerAd ue

- .ae qualit coto tsig
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TABLE IV ASLAMIN zA, NOMNAL PER-FLY TH CKESS

I OMINAL THICXNESS. ICHI
caAOE/STX..E TYP E I I TYPE 11 T YPE I

95 MR 0.0040 Mi

.45 MR 0.00:1 HR

IS0 OR 0.0080 #

3K-70-PW 0.0092 OR 0.0015

TABLE V

LAI4XNATE MECHANICAL PROPERTIES (C.ASS - TAPES)

1GFl-I REOUIREY.EN-S FORTYPE :1
I TEST MIN. AVERAGF IMN. INDEVDUA. TEST .H.T20D

* TEST TE_. OR RANGE OR RANCETensil, e "i r. nqtn. -75F; Lbi 140I . .
Ulti&. C* kSL RT I/ 80 ISO0
0 Jegrees Zoor -too 160

TensiLe modulus. -75r 17.0-20.0 r6.0-21.0 I.2.U 1

sS. 0 iecrees RT 1/ 17.0-20.0 16.0-21.0
2007 17.0-20.0 16.0-21.0

, e n ~ * ; r.: n- 7 5 F" I c o o 7 .0 0 S .
Ult. m ae MY o/n A 1/ 9:.500 7,0SaoI .

a de, es No0r 9,000 7 :000

2 oor 140 -
COm ressLon odulus. -75 15 - 1. 5 - 19.58.2.

UaL ±ce s RT L5.0 - 18.0 4.- 9.
160" 15.0 11.0 0 - 19.0
200n 15.0 - 18.0 14.0 - 19.0

L' RequLcva foc suppLier and pur€e%4ser quality control tust.ing. Dry test only.

PAG5 -
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"AEL-.'I
TABJLE Vt

LAMINATE MECHNICAL PROPER'r:E (CLASS 2 -FABRICS]

1, CASS 2, STYLE 3X-70-PW
TEST .4.N. AVR.Ar I Nq. iNIV IU .. TEST

TES LEMP. 3 AG METHOD

Fnsild Strength Ulimat~e, kzi !-Tsr ps 140 55..2.
War p and F ill RT 1./ 455 10 do 65200 ,. ;6o 50 5Or 50
T~tn3L}e modulus. msi -7/t 7.0-9 .610.3 6.0-Lo51 "6.3-11.4 8I.2.1

r and fill . I - .0-9.5 17.6-10.3 6.0-10.51 .5-11. 4

TeilS -75F 5 0 .6,000 MR MR 8.2.1e44srp (and n Fill tae i. n RT l/ F000 7,000 :R N

camo.=es3LOn Stre.gt.i Ultimate. ksi. -73F r0 is 0(5 ~ .
W•' Arn0 FilXT.75 0 65.ifi . 6 0 S

S20r p5 E0 45 50
CpnreAsion Modulus. 0s11 -7sF .5-9.0 7.0-9. 7 5.5-10.0 6.0-1.8 8.2.2

.WrRndfl T .06565-9.2 S.0 9.S 5.4-10.3
lEor C.0-6.5 6.5-9.2 5.0-9.5 0.4-0..

* ,-.----d --- 20Cr .O-8.5 6.5-9.2 5.0-1.5 5.4-10.3

ReJuLCed for suppie: and purchaser quality control. Dry test in fill direction onl 7.

.•.,TABLE VIE

LAMINATE WET nEC.1ANICAL PROPERT:ES (AL". C.ASSES)

M GASS 2 M.ASS I

c :IAS5 TE-ST TS. AVG INO AVG tmO AVG

I .plcoSS ion RT x R .MR MR MR 160 140 d.2.2
Sten.qtn. t si LirF MR MR Nit 120 90

0Jeqrtes I20or I/ NB MR 70 M 100 70 ..

:,mp ress13on 55 MR S. 2R.N
t: nqtl. kSl 16or 5 40 60 45 NB NR

warp and Fill 20or 2/ 45 5 50 40 N R NB I

j ticZO e longqea flexure altimato and P/Y. or 20rwtcompression st wn.Jti1 ultimate
LS required ear supplier and purchaser quality centr.l. The test eltted is at .ne option
of born tn. supplier and the pucchasec. Test Class 2 in~ the fill direction only.

, Eitnc 200r wet Quasi-tsotropic lonq bean flexure ultimate and P/T, or 20or wet compression
At:enqth ilt&mate is cequired for supplier and pucchaser quality control.. -,e test selec-ed

,t La it t e option of both the supplier and tn* purchaser. Test Class 2 in tne fill Jtrec-;on
Only.

• on1. 7.

--- ..: "  , . . ,

..- ' BMS s~~
,. -. ,,.-
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TABLE VIII

M~ECANICAL PROPR'?T RCUREMFJITS OX SANWCH4 EST PANELS CLASS TA -S

TY~PE I'
KI 4 1 UM

Lo g te m f e ur e 0-90 t.3 u . 2 . 5

-75?

Xr 230

225. 8bLt .2.5

XTo 235

200wt 1 220

3? 450

I/ 9:7 0FwtInqba lxreutmt n P/. :c 2007 et c Qee::Lon

quality cant.-al. The test seLected L3 at the optioni 3f bothL the ju~cplier anJ

*1

BMS -:t
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TABLE Ix

MKCIIAiqrCAL PROPERTY REQUIREMENTS FOR SANDWICI TEST PANELS (C.ASS 2 - FAuRICS)

TYPES 6 :v, STY.E 3X-10-PH!
MZNI4ICJN nLNI14UN

ag auAVERAGE XNDIVIDUAL EPROPE RTY 'RUU I Itf-ME4T ILO Z T I TEST METI: -H

Long aeam Flexure 0-90 Layup

SUltimate. lb.

-7s? 250 MR
Xtr 210 MR

2007 
200 NR2007 wt 10 HR

p/Yu ltin.

-75F 220 MRK'T 200 Nit

20OrF 20 0 MR

200F :et L MRt

Quasi-Tsottepic Lo'ng Ream Flexurec

* kiagsie Ultimate. lb i.2.6

-T 210 I HR
2007 wet 1/ 140 30

FY, Wi/n.

RT 150Ni

20oPr et 1/ 125 et

pur.acase Tens ie. Pst 8.2.7

,--75 5!0 MR

• "-• 20OF M5 R

. /F Eitne or et Ovai-Isocoptc l.ong neam fl*exure ult.;ae and P/Y, or 20oo wet.

Compression streng" t oaLcmte (see T..l. V1111 LIs *eq,,rd for ,,.ppLtcv ,nd
purch aser ;u ally cont.-oL. The tst selec'ted Is at t.he opt~on of ootcn €.ne
s upplier and the pac€.tasec. Text in fi direction on~ly.

711

'43Y

Am-
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-CASS 1i 41

MASS Is
W11l I SO ~

Z/ RMS A-124 ClassaW YyPO V, GrAde I.

I/ T~ed down as shown in riquce lb.

INTALAZN'. POROSITYT EST PANEL

Figure I&

RESR PAD I/

3- 4yLAR
SKINPLI, E DGULEXPLIS-,A014ESIVE TAPEt

SKIM PLIES DOUBLER PLIES-- - _ A.

MCT! A vacuum path musat *xLsC by contact between faberglus sihe~

and vacuum soucce Line.

UVL NONCYCONB 3STAUL::ATIoN mE'HOo

taqufe lb

j/ Overlap rubber pea at least 1/2 LiACh beyond core eftaufec.

BMS o:~
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-F TLAO4O*EES.1IL1 ALZC4NKZMT HOLES ARE OP'-ZONAL. tr
u HOLES ARE USED. NOLLS SMALL SEIWITHIN 0 .005 UOc or SPEC:.-w:

ANI 46.1. COCG.S SHALL WE
j MACMIZED A11 TZSTED PAR.ALLFL TO

U Tme risciR ctmo.

OR (b) NAOHII" TO THE SAftC RELAT.IVt

4/ =4= Or OPPOSING BOF40ED TABS SUALLrvu HATC1 WITHN 0.020 ZICILS.

I/ SALANCT ORIENTATION TO PA.EVEXT

@.so:a 41.eelDAM 
GE

1. AL hensonAare i. nhs Dimensions shown without tolerances ace moainal.

2. Edge (14t and parallel within 0.001 inlCh.

j. . Use prechared fibecqlta tibs constructed in a balanced ocient.1tion (0/101 of 5 plies of
Style 111 (1531 an 7581 optional? prepraq in accordance wLth note 3.

b. Use 2SOr ceing fiberglaus tabS and adhaitves toe -43?. IT and L40F specmue.. Use 350F
curing fiberglass c~o and adhesive for 210r specimens.

C. banding suRrface preparatton - Use &)6 15-3 Class I impregnated peel ply an~J/Qr hand sand
with 100 grit in 0 degree direction. Solvent wipe sanded sur'ase priorw boandinq.

LAMINATE PLY REUIRE~t.NTS

CRADE OR! Z4?Ar'O PLZES

95 0 Degree 12

TE7ISCLE If-IT ziPt:CA!ES FOR UNID)RECTIONAL TAPE (CL.ASS U1

figure

iiX.,. .

INA..K M

JPO

Bm

?'. GE



'7, '77

j/ ALZGNENT MOLES AiR OP'njOwAL. ir HOLES
ARE USED. M.OLES SMALL E i1HIN 0.2005

IH CH Or SPECIMEN CTALLNE.

L !3 2/ TRANSITION FROM CENTE SECT!ON To---- 'TAPERECD SECTI:ON SMALL BE SMOO~TL

OLT 
JOINED IN THE AREA OF L/4 RAO.

& V' .z viO" t wAso RO m T -, cNoa or nt
Wt CAGE SECTION SHALL E StXDUCSO GaAOUALLI

4.] AJD E(EUALLY SY 0.03O-0.00S LMCMES AT?

THE CENTER TO PREVENT AflRUPT CllANdCZS
in DIMENSION.

N4/ MINMUM L4CT ' O UGR'PPED SEC-ION.
o.. y RESULTS OBTAINED rDM $PCql', WH

MAY BE DISREGARADD.

-5/ SPEC:MZN LNT.11i ivAr EC~D I .INCIS.
HOWEVER THE TAPER RUST BE VIE.LD
CONMSTANT. ANT rXT2IS ION Or~ Ll4rTil
BEYOND 9 INCHIES MY HAVE PJALLEL

U ACCORDANCE WI-"1 ANSI Q46.1.

T/ THE SPECIMEN SHALL BE SYMMETRZCAL
A.BOUT THE VCR'-:CAL CE'N4TRLtN ,kN
ABOUT THE CENTER IN TtUC CACr :CC-:ON
WETHIN 0.002 INCH.

All Ji ensi ls in incIes.

LAMINATE PLY THICKNESS

STYLE ORIENTATION PLIES

3K-70-PW wacp and ril 12

TNS:;L TES? PfC:EzN FOR WOVEN FABRIC (CLASS 22

rigute i

h BMS i-:!,

CIL"E



Uk Ultimata Load

Doeflection Axis (T)

c Dp AC

Ultissz. Stzain 10S (wtheze I !a the gage lenqtI)

-I..NTE: meaae deflection Cron zero load to at least 1/4 of expected ulinjAte load.

LOAD-ELCTON CURVt

T 4uc

BMS -:.

PAGE....L
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COMPRtESSION ULTIMATE STRENC7)' SPtC:MEz COMPRtESSION PODULUS S?--t:"M2;
.iguce Sd Fiqure So

ZenwrjL Notts:

L aminate ply rsquirements same as for tensile test specimens 1FTqures a and 3)

Test n accordance with ASTiq 0695 in compression fixture usinq appropciroe cepressooete:.

1. Prepace the specimen prtoc to bonding the t4bS by removtng previously ApPLed O: 15-3, C:4$s
1 oapreqnated peel ply, by handsandinq te bondLnq Aced of CEu* teC pAne with 150 Irit
ijndpjpec, sandblastinq ac sandinq te tao to remove 311 sucfSCc 4los. And :!eaninq
t.couqnLy wit, acetone or r:K. r -t o bninq. 250 cuf:ng dhsLve is..c .. ; . :.J .- 40 and
SMS 5-L01) say be used foC tests At 1.Or and belo.. BS 6-24, ad 1 e .i zed :o :.Or te xts

snd say be axed foc the lower tespevatures.

m,+  T t a n.Jtes :

* j. t/ 32 edqe finish &: required in AcCocdance with ANSI 046.l. Edges -aill De ejaCan d' And tested
parallel to the fiber direction.

I/ Support tab matetiaL shall be typically the same as that beinq tested. ?.t (ie Jrection
of the tabs Shall have the Same Orientation as Chat found in the opeclSen.

a s St equal b to Within 0.010 inch And c must equal & tO WLtin 0.002 inch.

S* ±/ £les Jf opposite Siie bonded t.Os *hal mACh witAin 0.005 LnCms..%

BMS

PA l __
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P3 fiber frctr loa
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JW.7
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OEEMS [ON!,

Pt * nc~pent d~aqeload#Act.
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~ AO 'YZ AND rLATWI1SE TEMS 0N . CAO/ O -zLc.rtoN

It C~.90O90~0~1C.-ASS ST Y

I K 70 p ASl 2h . O u A SC- 3, R 1- 1 /c / 0

sour Ia

N inc- C Wmb C H -t 4 ag V. ? p V.NZ CL 1d S.C. 0.YU0 . O A LnC 1( tft O

ti~~iEriiue I&can

-6~ %Q~wneye 6C0:b cor S :P-14 Class IV. ype V. rade .. 0.50 0.006 incn thaCt.

I/ 1 L0a0p notl use pooetlca PLYsj the core bassc

It Jr;e L ott ol

BMS,-s



4.. 
1 4.4 

L6

2. 2

All dLOfIS lOfl ift InCh.SSa 4
rizuu itr

aI



V...... see P11.

SeLld P.rtLq film
= ~ ~ -a~w~aww~waad~wwa - 1.. P...L

Laminate Panel

6 .q P1W-

SafLdw~cn Panel

use .a I,-tncn minimaum w~dtft *dq@ riL.ei wtt% connectionl to vacuum sourcs.I ?artn fiLm must overlap CR*e d.ye bleeder a minimumU of 1/2 iflc.

* ?YPICAL VACUUM SAC ASSL'GLrES rOR LAREMArE ANDO SANODwIC P&NELS

a triguce i

BMS ______

pa,( I

LLpLe
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300

-J~

re. a.. pressure

7%) an; remove p~nQ's

upon A9rimq

L.. Apply :: inetos )4 vacuum GLAIMUR to Vacuum tlap.

AppLy 45 - 5a~ PS19CSSUCt tO £uLeC-avt. went vacuum *49 to jtlVSpPhOtC .n )(h1s3-6

L Ftssure under thte vacuum baq an, each Assemoly %met resfala 3C *I-- PS1l t(q'.t

Ae ur, c c a

-i Lee at cur* Ls based on 1.)qqrmq t'lieocouple.

'avj&L;rd over IS-menut* Lntervl.

iiwr
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14.xce1 Corp. *CAC 7/2/50
LLt-ercre P1.ant
10 ?r var a d.
L~veraoct. CallforftA 945SO

percent Peceent

39-C-PW 4j-.2S2-42-r5S3-i 6.0 &&1. 4.5 max.
w3G-2gZ-42-r592-L 6.0 mas. 4.5 wag.

Licuid Chramato~rbm Ratios

mo Too Teo Too

- - ____-- MAC 7/15/85

IK-. O-pw o37- 2 2 -42-r5 9 j- L o .0 ma. 4.5 Sax.
-3 -23i; 4 . 0 ma. 4.5 max.

-- ~~ L~nutd V~romaeoarm lktcs 1

Percent Percent

:-J .10 S7T'40-1-rif3-L2 4.0 m~in 11 .0 6 .0

Lp

.1

i ev : BOEING MATERIAL SPECIFICATION jBMS
- - ~QUALIFIED PRODUCTS LIST PAS1O
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M . A n m ALs a S U P q 1~ j 1O Ry

IFC.D4 ftOC IVI$ION D~iSuft
rLbecit* C rpcatiol CAC 1/22/91
SOl Id. rWird Street
LIdnona, Minnesota 55917

Percent Percent
Volatile$ nzo.

Class 2
rypv I

-.K-70-PW HM - 322/1C 2.0 *ax. 5.0 sal.

HKF-322091C 2.0 was. 5.0 max.

Li"ruid Chcoaaeoaram Ratios 1/

R R7

0.275-0.580 0.052-.111

I/ Definition of ratio* and baseline
are as aqreed tfa by 8Q*Lnq and
the suppLier.

J

" "" !-;/ ,., ; , ' '

BOEING MATERIAL SPECIFICATION BMS i-23r

., - QUAUFIED PRODUCTS LIST ,A o
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T VIUE H p r EIimi n a r stru1ctura,=l test plan to tes-t the ma ior
LTHE- components via=- developed and is current as of 13- March 19p8k,
.e.:s. on s to the first draft haive been started by Dave L an aero
)rnd -ire ~. oIncluded in this etar

wOLt 5 poct en t'.i al testi1 ng fr ms h ave been -, d enti fi1 ed as av i n-o
t h n p E-2 e,4f a: C-I I t Ie S This list was,. bei n' narrovwed down as otf

r,'Ti~:Mi I:E, Lemoi ne, D-7 "e L ancer Ld
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LIHI) TE J PLAN
fid J- (DlFfTG' 54 r~2JC-rJCAL E 5T Ti WT 6 kA T[5,J NG

1 .U 1,TkI IiilikAl TF1T INI-

F'UF eL -This. tes-t is init-jene to vet ify , Uhtcug-:h Est c Iflj
t ests c , t vt ut- tu t aI i rit egt i t y o f t hc mo i i ccompori en t cf t he
iqh t woiciht lowed Howi t7Cet . Compcrrierit s tes--ted ShallI be the,

cpadle, gimbil , trta ils. arid picitfot m .~ttuctut-es. The,.' M .
riteri t sshal ItI'k t es-tedJ as- anr a-s mh, fl I e-d uri I t urnide t 1 cia i ornd
t icri. e xp)e ( t ed dJu p i ri g v at i c) s.- fit ing %c eriat ios.

I [.1;1 I F-A II F'MENI I Th (r-ql eqipmnit ecquated to pet futim this- t r- t

I A tic-,-. t f o h c 7 wI i t c aa l o 7 f s.i mu It jr, usy app, ri : or,

00(1) Ib d i t ec t z.t t i - id a 4'' 0LIfT-Ift-tqa,

c ~-s oa t p ant ( r j t ' , C
- I m cl s~t a iri gao :
S) t t m1 in gage mor iit crit ig equ i niiri t

.C) riniec t i rig hat dJWat El f Ot thfe majcit c cimpcrieri ts.
A mt-an5-. cof elev~itirig arid tp airingi the- c r adle arid g~im
h Il in the p a t fcit 1 m.

>)Loici pl ates to attach ti-i the ct adle at the ft crt a rA
peat m.-iri i folds Al I app1 ipd loadJ--,shal I be input t h t u
those lcod plates-..

:A mns.-ij cif simulatirg the ~t l weight of the-
t c ci I i rig c omponeni t

S)A b-a. V i rig plate- fcit the p e

1 ) A.SnhI~ t hk. hiiwitz,.ii i mpciripri t
2) A t ta t h th I load rIa te,- ti( th iE, c t ad I t ci t th e

niiri i foI d ..
7) Appl y s t fE---, c cia t t o a i ea -expec t ed to(- be h ighlIy

s tt e-Ssed .
4) Appl1y t he t c:c)CiI rig c omporieri t l oad .
S ) F'os --i t i cr t he ( t adl1e toc L (Jeg deqtes el eva t ion arid

degqt cE, t t a i r i .
f) Apply a: .20',000I lb dit ec t load to the ftorit face o~f

the f ot wat d l oad pl a te wh il1e si mulItarieciusl y apply ig
a C),)(,) ft -lb titoP qu e t o bcit h t hec f t orit a rid tea t load

R~,7 emcve thse load af tet 10j sec -rids. arid examinre t he-
.*~.st ec-. c ca t. FA a ce: s t t ai i g qagqes- at: c (,t d i riglI y

T) a ke s t t a i ni mea,-u t emerit -, wh ile app, yji rigq t he fiA I
:-:C),0 lbCIR di tect load to the ft ant load plate, irid
"'1 ,St)Ut ft -lbt tot que l oad toc eac h 1 iad pl ate App]
theload~ fot t enr s ec o nd~.la f t s c

10 i~t iori t he c t a dIc t o 0 deg t ee s cleva tci t id 2.
degt ec.t t a i ri

1 R E) ep ea, t s t ep thtciugh -

12) Pc i t i fn rit he c t adl e toc 7'e2 deqt ees elevat ion arid 5



LTHI) Tf ',T PLAN
E;T kI TRUTL IEAI.1 [51 ,

I 3*TL I '1'I)L~f (tLNTI NULL)

x~ ~ t p a-irF.
I 3) FkF'~.,i t ftpr'? t. ti Oluclh

1 4)P oE. I I I ,un t he c ra dIek t -it k7ee E, vm-it 1 cr arnd (

IS ) ;_t *p ( -t L t a . t n r' q .

I .ee t s. t ali- t htro q

I ct1 1, t1l t In it ,fi I

( g A'l IANCi kurn Si I a.hiab oc rnpiiu ci to) , ari nt sh l -hl~ ri

Otri~ .e ted (A hil it ig , t it c irisuti oyridniet type

dtf ii IAT FC2 t n i iD I N u rl. i gm ,h 1 (7, p iv' r I
thet I t idu m tor ai~iicmb - hat -Ia ei -f psIbl f no Lae t]

IT1 (i pA Af nu mf an- I w1ealOCot bmateC Ct )i)~kl ta thatnp id chcl Iio
to k et t tC whp 'rubt ij t,- (i w oro. at e 4. -fe -5,1 I t aa e F) cr - -)

rio t a ni a I Sjp, qt aojC f! c t -t eE ad c~l- t- c t w c~i n
CI t i c tod d civ hdle elcdat tes opein The toir-ut njirp

k-, plt llelt ton hh~ aor p tdnalE, ~s -of the I c. Unde ttziidp r

t't . i7 p m LE tI) ILL. head vt ul I om -poeni t well The fadt ca edl
rity Atus 14 on_ h cF tarn _: ~ -can w eirid or YepmPbe 1 l
cr t t mm c a c),-~ o m e tedhi1 be Yt omr I a, c e: a t e- < o p t t ciru TtI

eI t cut i t or, r g I it udI t a x 1~ c, cd fte t th d or P w c a cr I4

t I tc. Fi I in -t thJ ftct tht coiv1 1cr



~ LTHD TEST PLAN

STRUCTURAL TESTING

1.0 STRUCTURAL TESTING

1.1 PURPOSE. This test is intended to ve-ify, through static load
tests, the structural integrity of the main components of the
Lightweight Towed Howitzer. Components tested shall be the
cradle, gimbal, trails, and platform structures. These compo-

" P/ ~ T--rits shall be tested as an assembled unit under load condi-
tions expected dur'ing various firing scenarios.

1.2 TEST EQUIPMENT. The equipment required to perform this test
consists of the following:

1) A test facility capable of simultaneously applying an
el0,000 lb direct static load and a 42,500 ft-lb torque

load. / "rt ,,.a ,*.... L,*, K,. '-,

2_1) -Strt-ess c Oct fpa in t. 4cd.,)
7) Biaxial str-ain gages.
4) Strain gage monitoring equipment.

Connectirng hardware for the major components.
441 t. A means of elevating and training the cradle and gim-

bal in the platfo-m. ,94 0 9
U [,a ' r  Le, 7) Load plates to attach to the cradle at the front and

C rear manifolds. All applied loads shall be input thru
)e s these load plates.

:=_) A means of simulating the(3 -40 lb weight of the
recoiling components. -

9) A backing plate for the spade. L _4,. - -

1.3 TEST PROCEDURES.
1) Assemble the howitzer components.
2) Attach the load plates to the c:radle at the

man i fo l ds.
3) Apply stress coat to areas expected to be highly

m'stressed.
4) Apply the r-c:oiling component load.
5) Position the cradle to 0 degrees elevatior and 0

degrees train.,"- r*,4,/e..
6) Apply a 20,000 lb direct load to the frontr face of

/ the forward load plate while simultaneously applying
Ole 4 a 5,000 ft-lb torque to both the front arid rear load

SS plates.
", ) Remove the load after- 10 serords and examine the

-stress coat. Place strain gages accordingly.
Take strain measurements while applying the full

'1,500 ft-lb, tor-que load to each load plate. Apply-:0,000 lb direct load to the front load plate and

the load for ten seconds.
.- -) Remove strain gages arid clean off stress coat.

- 1 ! 10) Position the cradle to 0 degrees elevation and 22.5
/( / degr ees t rain, .--- rAi

e 11) Repeat steps 6 throuqh '.
12) Position the cr'adle to 72 degrees elevation ard 22.5

- /*" "-

10~~ ~ C, /r',"



LTHr) TEST PLAN

I TEST PROCEDURES (CONTINUED) SRCUA ETN-

Repeat Tteps t. thprough -

14) Poc--itior, the Cr-OdJE t) 72 degrie,:s ele.'ationl and~ C;
.do ees t ra 1ri.a---, A -- x-w

15) Repeat Step-T [. hrough -:4
III U i -sasi-s em c I e .

fl& 1-4 AC-:C.EFTANCE CRITERIA. The inrdividJual components shall ThOW nio
~~~~~c -n f~ilig rcking, or any othjet type

for- Titar-lum com;,onent-I, be j~~i for I~tj
(Alumiri-rn Si1licon Cat-bid'e comosie) ardl
fo-r- the clradle (WZ:.~25CGt a:phite Epoxy c omposit)Wld Ir tra upctdo vrt essa erdorp

or- Inspec tedJ other wise to insur'e sourdoJress.

1.5 C:RITICAL TEST CONDITICNS - Pin conriec t ions sal be md sn
the prod),uc tion as- sembly hztrdwarte if possible. UndjersizedJ pin:-
at pins of any weaker- material thans that T.pec ifi ed rhil ot
be per-mittedJ when :,,-btstitution-- ar-e requir-ed.1 Threaded cor-
niec tions-- shall use gr-ade :-- c apsicrews andJ all capsctrews.: in
cr-itical loadJ ar-eas shall be veplacedJ at tes -t completion. The
dJirect static load hall be applied, in each case suc-h that
iPat allel to the longitudinal axis of the crvadle withi (l

I .t TEST SCHEDULE. The individle- components will be fabr-icate-d
bo/ Auqu-Tt 14, 1 ~.Te-st irg c an begi on September I1, ~:7
anrd it Must be completedJ by September- 1:-, 1'::;7 . A tes7t. repot t

% -: ~~hall be submit tedJ no later- the -C. days after- the c orclus--icir
.. ?,. (-f te-tir.
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DE,"-:!-i 1 T : I OLLI T'y ASSURANCE PROGRAM FLAN

T 0 -f7 T h E CLItC a tN Assu~rance F'roqram Flart was written I
13 e-,te mb E! 1 c e0t nd I s CUri ent at least to 27 October 1986. i

r , I W .i~ the report is nee:Jed to determine whEit changes C
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S e,' t ) L:

*he FMC Qu d 1t y As su I dn ke (QA) s yst: .s t~ d. a
services manufactured f,,)r Ph as e I f: ~h L t
How it ze r Demo ns t r at or (LH-1I,) P rm

.Th#- QA Prora~rm Plan w.,' he~ in ct 0-- !ddfl.H w: t' 'I. . I
th.- Statement of Werk (SOW) in, the .:,r trat T t

;tizes MIL-Q 98ti8 and ANCk 700 t) av y-

The LTHD qudlity programl is designed !ii
pr-cedures and cl-ntiols throughout des--r., eK
fabricationi, processing, assembly, inspectlo. tf"
Taintenance, packaging, shipping, and s;trraqv.

* Additionally, the quality program has been desqne-d
complement the unique considerations of single- piect,
fabrication. This plan recognizes the need for resva.dr'r. w.'
necessary, to develop inspection techniques and ~s.r:
compatible with advanced manufacturing methods and :ies.cQr
requi rements.

This program provides for the prevention and ready cif--'.
discrepancies, and for timely and positive correct :*. a.-t
T he program also includes effective con' ro-l of pur- 'as*-!
materials and subcontracted work.

All LTHD supplies and services under the contract, whethe:
manufactured or performed within the FMC plant or at any 0h-
souice, are controlled to ensure conformance to contract ar.'4
requirements.

2 .4 Reia-tio tQCthjer Contr rt qzirgt-me nts5

Any procedure or document executed in the implementation of t.
QA Program plan is in addition to, and not in derogation of,
other contract requirements. If any inconsistency exists
between the contract schedule or its general provisions and t~
document, the contract schedule and its general provisions n.
take precedence.

-2-
~P
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t I +lq,

Th r ', , TH" : e' a • .
As s * [, ' : . th, " ,.A FA me! r . .. .

1: .,: ;r.. ,i syst ,' - f .; .i, .. y *" ' r I wt.: r e'. ' . . * . -

The QA F , ',ee r ,e p. r M., .A , a * Te ; I : . ."
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Secondary Responsibiity: Quiality Assurance, Advanced'-U Manu'facturing with Meas, Test, Systems Engoineering

ALOTH ERDP' N MATEIA RQTTA NENSENTCHASSSBCNTACT
Primary Responsibility: Metalst Assurag~Cnce p

Secondary Responsibility: Qualit Assurapnc, Advaned
EgneigTetAdacdManufacturing with MetalsTsStesEgnri.

Primary Responsibility: Quality Assurance
Secondary Responsibility: ConceuprtDevelopartse

c. MInteniacen of rcsetofclerlym indenfyircedures; anrl

and review of the corrections in conjunction with Engineering
to ensure designs and procedures have been properly modified.

Primary Responsibility: Quality Assurance
Secondary Responsibility: System Engineering, Test
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es:;n er.;ineering will develop a procedure for documenting ani
"t:cAiing drawing changes. QA will monitor this process once

r, re3sed for manufacture or upon release of a purchase order.

!;e'w drawings will be prepared as level 2 in accordance with
Njrthern Ordnance Drafting Practices standard as tailored by
-DI-F-0396. Drawings will be reviewed for technical accuracy
and design integrity by the Engineering checker before final
approval by the project engineer. The Engineering Standards
section will review these drawings for conformance to the leve.
2 requirements of DOD-D-1000 and the tailoring requirements of
D:-E-10396. Drawings prepared by subcontractors will be subje.:
to the same review and control procedures. Drawings will be
prepared using ARRADCOM formats, drawing numbers and FSCM's.

Northern Ordnance will control the documentation of new items tv
following the order of precedence described in MIL-STD-143 anu
reviewing the DODISS to determine the existence of items
suitable of application in the LTHD. Specification Control
drawings will be prepared only when no suitable item can be
determined to exist.

c. Part numbers received from AMCCOM will be assigned by the
project engineer. He will maintain accountability records 7
such assignment.

d. Drawings will be released for fabrication or procurement •,
project engineer. Changes to drawings will be authorize •
project engineer. He will provide distribution and ra:n-
control of any related paperwork.

The engineer will specify drawing changes by rrark r
the master drawing. The marked up print will be
the designers and the Project Engineer (or his
will become the authorization for fabricati-r-.
changes.

The master drawing will be changed as - '
print, revision level raised, and a d-
will be entered in the revision bc.-- ''
drawing will be compared with the
satisfactory the checker will
will submit for the project er>:
engineer will indicate h i
block. The project er:..
suitable files in tj -
delivery.
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S 4.2 .3 Clibru.Qn

Calibration procedures are all maintained in the Northern Ordnance
Calibration Manual, E-900. This document details the format
utilized for calibration of all items used in the final acceptance
of a component or assembly. This manual is maintained by QA, to
further monitor the program, ensuring all procedures are in
compliance with the necessary standards. Additional calibration
procedures will be initiated and maintained when necessary to
accommodate developments in instrumentation.

4.2.4 Purchasing Control

QA or the "primary" responsible department identified in 4.2.1
performs the function of ensuring that products supplied in the
performance of the contract meet all specifications necessary to
comply with quality and performance requirements. To attain this
goal, the following functions will be adhered to:

a. Only those suppliers approved by QA will furnish products used
in Phase III of LTHD. Suppliers of raw material or key
components (as described in 4.2.2.b) may be initially selected
by the cognizant engineer based on ability of the supplier to
meet design requirements. In such cases, the cognizant
engineer is responsible for surveying and approving the
supplier after consulting with QA for quality requirements.

b. All quality and technical certifications required of suppliers
with specific products will be identified by the QA department.

c. Procedures for the acceptance of the product will be determined
by the "primary" responsible department identified in 4.2.1
after consultation with QA.

d. Maintenance of records concerning the ability of suppliers to
meet specified requirements will be completed by QA. This will
include initiation of corrective action when necessary.

4.2.5 Manufacturing Control

The following items will comprise manufacturing control in the QA
Program

a. Inspection will be performed on all incoming material used in
the LTHD. The procedures and plans for inspection will be
designed and directed by the "primary" responsible department
indicated in 4.2.1, as thought appropriate. All inspection
plans, processes, and procedures developed by other departments
will be reviewed by QA prior to use.

* -9-
I-9-
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b. Design Engineering will specify those requirements necessary to
perform at stated capabilities. Inspection operations will then
be designated throughout the fabrication, assembly, test, and
shipping processes to ensure compliance as thought necessary by
QA. Detailed records will be maintained indicating the extent
and date of inspection, sample size, accepted and rejected
quantities, and inspector. Such records may include, but are
not limited to, process sheets, test reports, log books, and
inspection plans.

c. Unusual difficulties, questionable conditions and nonconforming
material will be identified and segregated from other material.
During development and manufacture of the product, Design
Engineering and Quality Assurance will evaluate proper
disposition of discrepant material. Use of nonconforming orrepaired material shall require Government approval.

I d. QA will develop procedures for maintaining quality during
handling, storage, and delivery all material provided for the
LTHD. This will include, for example, such activities as
verifying materials with special storage requirements are
properly stocked and shelf life items are properly identified.

e. Laboratory testing shall be accomplished by Northern Ordnance
Division of FMC Corporation or it's supplier. This testing
shall have written laboratory procedure containing information
necessary to control the various test principles and quality of
the end item.

4.2.6 Insnection Eguinment Lists

U A Quality Assurance Equipment list will be developed and maintained
current by QA with appropriate input from Design Engineering. This

alist will be indexed by hardware drawing number and will identify
M equipment required for acceptance inspection.

4.2.7 Statistical Process Control

IWhere deemed appropriate and useful by QA, statistical process
control data will be collected and analyzed by QA for the purpose
of determining process capability, process trend analysis,
producibility information, and correlation studies. QA will
identify characteristics to target for use of statistical process
control and document statistical procedures and methodology when

* used.

QA will coordinate with Advanced Manufacturing departments to
develop and monitor process trend charts where deemed appropriate
for the demonstrator system.

U
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4.2.8 Corrective Action

QA will have primary responsibility for corrective action for all
purchased and FMC manufactured material and services. QA will
interface with other departments as required to determine exact
causes and verify timely corrective action is complete and
effective.

U'
U'
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Section 5

Product Assurance Testing

U 5.1 A separate document entitled "Preliminary 155 MM Lightweight
Towed Howitzer Demonstrator Product Assurance Test Program Plan"
has been prepared. See FMC/NOD Engineering Specification E-2690.

1
U

I
U
U

I
U
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Section 6

Coordinated Government/Contractor Actions

3 6.1 Government Inspection

Government inspection at subcontractor or vendor facilities, when
identified that inspection of items on vendor or subcontractor
premises by the Government is required, arrangements will be made
to ascertain this with the vendor or subcontractor by initial
identification of this action on the purchase order.

U 6.2 Government Provertv

Government property will be received, inspected, documented,
maintained, modified, handled, stored, and returned to the
Government in accordance with FMC Specification E-899, Quality Work
Instructions.

1
U
U
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DESCRIPTION: PRODUCT ASSURANCE TEST PLAN

STATUS: The Product Assurance Test Plan is current as of 4 March
1S7 and reflects the current configuration. A review of the

plan prior to the completion of Phase II and during testing would

be usef-ul to incorporate necessary revisions.

3 AUTHOR: Floyd Manson, Dave Flippo, Ellen Brady, Deborah Fellows
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E-2690

I
FOREWORD

This Product Assurance Test Plan was prepared for the Commander, U.S.
Army Armament, Munitions and Chemical Command in compliance with the
provisions of Contract DAAAK21-86-C-0047 for Phase II of the
Lightweight Towed Howitzer Demonstrator. This plan will meet the
requirements identified in paragraph C.2.C.2.e of the Scope of Work.
It should also be noted, that this plan is a stand alone plan which
is referrenced in Section 5 of the Quality Assurance Program Plan
required by the Contract Data Requirements List, Sequence number
A023.

It is intended that this plan provides the test and evaluation
requirements for the Lightweight Towed Howitzer Demonstrator. This
plan will be updated upon comments and funding from the procuring
activity or upon the identification of new performance requirements
or new technology advances.

This document supercedes all previously distributed Product Assurance
Test Program Plans.
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E-2690
xx April 1987

155 MM LIGHTWEIGHT TOWED HOWITZER DEMONSTRATOR

PRODUCT ASSURANCE TEST PROGRAM PLAN

PART 1

INTRODUCTION

I 1.0 SCOPE

1.1 Purpose

This document provides the general plan for assuring the
compliance of the Lightweight Towed Howitzer Demonstrator
(LTHD) to the quality, operational and reliability
performance requirements of the 155 MM Lightweight Towed
Howitzer Demonstrator Contract, DAAK21-86-C-0047, and the
LTHD Preliminery Design Specification, E-2733.

1.2 Applicability

The provisions of this product assurance test plan are
applicability to the demonstration model of the
Lightweight Towed Howitzer-designed and developed by the
Northern Ordnance Division of the FMC Corporation.

1.3 Implementation

This product assurance test plan will be implemented by
FMC Northern Ordnance LTHD Program/Project organization.
A project test engineer and a project QA Engineer
reporting directly to the program manager, will be
assigned to implement the entire scope of this plan.

I
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PART 1, LTHD TEST PROGRAM PLAN E-2690

1 2.0 REFERENCE DOCUMENTS

The following documents of reference form an integral part of
this plan to the extent specified herewithin.

2.1 Military Documents

MIL-STD-1944 Polymor Matrix Composites

2.2 LTHD Program Document

E-2691 LTHD Quality Assurance Program Plan

E-2853 155mm LTHD Test Plan dated 13 February 1987

FMC/NOD LTHD Phase II RAM Approach, 3 September,
1986

2.3 Contractor Documents

.- E-899C Quality Work Instructions

E-1099A Quality Assurance Program

* 2.4 Trade Association Documents

ASTM - E - 8-84

ASTM - E -94

ASTM - E -142

ASTM - E - 238 Pin-Type Bearing of Metallic Methods

ASTM - C -393

ASTM - D - 695 Compressive Properties of Rigid
Plastics

ASTM - D - 790 Flexible Properties of Unreinforced
Forced and Reinforced Plastics and
Electrical Insulating Materials

ASTM - D - 792 Specific Gravity and Density of
Plastics by Displacement

ASTM - E - 793 Heats of Fusion and Crystallization
by Differential Scanning Colormetry
(DSC)

1-2A



PART 1, LTHD TEST PROGRAM PLAN E-2690

ASTM - D - 897 Tensile Properties of Adhesives

Bonds

ASTM - D - 1876 Peel Resistance of Adhesives

ASTM - D - 2563 Recommended Practices for
classifying Visual Defects In
Glass - Reinforced Plastics
Laminates and Parts

ASTM - D - 2584 Ignition Loss of Cured Reinforced
Resins

ASTM - D - 2734 Void Content of Reinforced Plastics

ASTM - D - 3039 Tensile Properties of Fiber-Resin
Composites

i ASTM - D - 3171 Fiber Content of Rosin-Matrix
Composites by Matrix Digestion

ASTM - D - 3355 Test Method for Fiber Content of
unidirectional, Fiber Composites by
Electrical Resistivity

I ASTM - D - 3410 Compressive Properties of
Unidirectional or Crossply
Fiber-Resin Composites

ASTM - D - 3418 Transition Temperatures of Polymers
by Thermal Analysis

i ASTM - D - 3518 Practice For In-Plane Shear
Stress-Strain Response of
Unidirectional Reinforced Plastics

ASTM - D - 3528 Strength Properties of Double Lap
Shear Adhesive Joints by Tension

* Loading

ASTM - W - 3532 Gel Time of Carbon Fiber-Epoxy
Prereg

ASTM - D - 4065 Determining and Reporting Dynamic
Mechanical Properties of Plastics

2.5 Other Documents

Boeing Material Specification 8 - 256F

1-3I
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3 PART 1, LTHD TEST PROGRAM PLAN E-2690

I 3.0 DEFINITIONS

This section provides - standardized interpretation of terms and

acronyms used within this document.

3.1 Definition of Terms

The definition of terms included in MIL-STD-1098,
MIL-STD-721C, and other reference documents listed in
Section 2.0 shall apply.

3.2 Definition of Acronyms

AG Assistant Gunner

ASTM American Society for Testing and Materials

DSC Differential Scannings Calorimetry

IWP Individual Work Packages

LTHD Lightweight Towed Howitzer Demonstrator

MM Millimeter

PSCS Project Status and Control System

PSI Pounds Per Square Inch

QA Quality Assurance

WPBPS Work Package Budget Planning Sheet

I 1-4
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I
155MM LIGHTWEIGHT TOWED HOWITZER DEMONSTRATOR

PRODUCT ASSURANCE TEST PROGRAM PLAN

PART 2
TEST PROGRAM CONTROL

I1.0 TEST PLAN MANAGEMENT

The LTHD Test Program shall be managed by both the project
quality assurance engineer and the project test engineer. Their
dual responsibilities shall include the tracking of taskaccomplishments and test program reviews.

1 1.1 Tracking Task Accomplishments

A combination of the Individual Work Package (IWP), Figure
1.1 and the Work Package Budget Planning Sheet (WPBPS),
Figure 1.2, provide effective tools for tracking task
accomplishments and expenditures. The IWP is approved by
the project quality assurance manager. The work
performance sheets are approved by program management.
Area managers ensure that work being performed correlates
with work authorized.

1.1.1 Individual Work Package. The IWP will provide
a detailed breakdown and brief description of
the hierarchy of tasks and subtasks to be
accomplished during the program.

1.1.2 Work Package Budget Planning Sheet. The work
package budget planning sheet defines internal
milestones (objective indicators) for task or
subtask efforts, establishes start and end dates
for the work effort, and lays out the monthly
budget for accomplishing the task or subtask.
Not every subtask defined in the IWP will have
an individual budget planning sheet. These
forms will be used only at the task hierarchy
level deemed necessary for accurate budgetary
control.

2-1
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I PART 2, LTHD TEST PROGRAM PLAN E-2690

3 1.2.2 Test Program Status Reporting. Regular, current
and disciplined information on test development and
accomplishment progress permits management
interaction with the planned activities for the
next period and enforces a management chain of
accountability, responsibility, and communications
within the project. A progress report, in FMC
Northern Ordnance format, will be delivered to the
customer on a scheduled basis. This progress
report will address all work performed during the
reporting period, any problem areas, and their
solution. Photographs close-up and illustrations'
will be added when appropriate to enhance the
clarification of performed work. An outline of
projected work that will be completed during thenext reporting period will also be addressed. Last

of all, a section of the Progress Report will be
used to address the overall status of the test
program.

UI
I
I
I
I
I
U
I
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U Figure 2.1

Individual Work Package

IU

I
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3 Figure 2.2

Work Package Budget Planning Sheet
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PART 2, LTHD TEST PROGRAM PLAN E-2690

3 2.0 TEST PLANNING AND IMPLEMENTATION

Verification that the LTHD conforms to system requirements will
be performed at several different levels of testing within the
development program. Test requirements, Part 3, of this
document, defines the testing approach and design/performance
issues to be addressed by analysis, composites testing,
component/subsystem testing, and integrated system testing. A
detailed LTHD Test Plan (E - 2853) has been provided to the
customer describing the step-by-step conduct of the testing
effort. No later than 30 days after each test event, a test
report will be completed and provided the customer summarizing
significant test findings.

U 2.1 Low-Risk Hardware Items

Low-risk hardware items will be qualified to meet
conformance requirements through analytical
examinations. One valid form of analytical verification
is the comparison of the item in question with similar
existing equipment, which has either passed qualification
tests or has demonstrated reliability performance in
actual usage. Many purchased items will be qualified by
the manufacturer prior to their being received by FMC
Northern Ordnance.

ILow-risk is defined as a condition where risk is
identifiable and would have minor effect or consequence
on program objectives, but the probability of occurrence
is sufficiently low as to cause no concern. No special
program emphasis is required other than normal designgroup monitoring and control.

2.2 Medium and High-Risk Hardware Items

Medium and high-risk hardware items will be tested to
verify hydraulic, functional, and performance
requirements. Hydrostatic tests are intended to verify
the ability of items to withstand the effects of
operating pressures. Functional test will begin at the
assembly of moving parts and continue through the
subunit/subsystem level.U

2-6U



I PART 2, LTHD TEST PROGRAM PLAN E-2690

U
Medium-risk is defined as a condition where risk is
identifiable and its occurrence would affect program3objectives, cost, or schedule. Probability of occurrence
is high enough to require close control of all
contributing factors and establishment of risk milestones
and an acceptable fallback position. This level of risk
would be handled as an action.

High risk is a condition where there is a high
probability of occurrence and the consequence would have
a significant impact on the program. This condition
could be acceptable for pure research or technology
demonstration.

2.3 Composite Material Testing

Composite material testing will be conducted by the
contractor and/or subcontractor to verify the integrity
of the design and manufacture of composite material.

2.4 Integrated System Testing

Integrated system testing will be conducted to verifysystem performance capability and the integratedcompatibility of subsystems.

2.5 Structural Testing

Structural testing of major components such as the
trails, slide and rails, and gimbal will be conducted to
verify the integrity of design and manufacturing.

2.6 System Testing

*System testing will be conducted to verify performance
capability of the LTHD.

U
U

C



U PART 2, LTHD TEST PROGRAM PLAN E-2690

U
3.0 QUALITY CONTROL

3 The Quality Assurance Program Plan (E - 2691) provides the
necessary information concerning quality functions that will be
in effect for the Lightweight Towed Howitzer Demonstrator
Program at Northern Ordnance Division of FMC Corporation.

3.1 Quality Control During Phase II

Section 5.0 pf the of the Lightweight Towed Howitzer
Demonstrator Test Plan (E - 2853) dated 13 February 1987
provides the quatilty control plan which will be
exercised during the Phase II composite testing.
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15510( LIGHTWEIGHT TOWED HOWITZER DEMONSTRATOR
PRODUCT ASSURANCE TEST PROGRAM PLAN

PART 3
TEST REQUIREMENTS

1.0 GENERAL

General requirements for LTHD testing in order to verify
compliance of design, conformance, and to qualify materials are
defined and described in this part of the LTHD Product Assurance
Test Program Plan.

1.1 General Procedure

Test shall be conducted as per the detailed requirements
specified in the continuing section of this document and
the LTHD Test Plan (E - 2853) dated 13 February 1987.

1.1.1 Problem Report. Upon failure or
non-verification of any test element, a Problem
Report shall be initiated and processed. See
Figure 3.1.
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3 Figure 3.1

Ia Example, Test Problem Report
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PART 3, LTHD TEST PROGRAM PLAN E-2690

2.0 COMPOSITE MATERIAL TESTING

2.1 Low/High Temperature/High Humidity Material Testing -
Tests 1101, 1102, and 1103

2.1.1 Purpose. The purpose of this testing is to
verify the mechanical properties of
graphite/epoxy composite materials under extreme
environmental conditions; hot, wet and sub-zero.

2.1.2 Test Equipment/Apparatus. The following testequipment and/or apparatuses shall be utilized.

r& 1. Low Temperature Sub-Zero: A liquid nitrogen
chamber.

2. High Temperature/High Humidity: A constant
temperature water bath along with heat lamps
in order to maintain the test condition
temperature during transfer of samples from
bath to testing machines.

3. Tensile Strength Test Machine.

4. Compressive Strength Test Machine.

5. Shear Strength Test Machine.

2.1.3 Test Samples. Details on the test specimens
for the tensile, shear and compression tests are
listed in paragraphs 2.0.1.2, 2.0.2.2 and
2.0.3.2 of the LTHD Test Plan dated 13 February
1987.

2.1.4 Test Conditions. Test conditions shall be as
follows:

1. Low Temperature. The tensile strength test
samples shall be cycled down to a temperature
of -651+10F throughout (minimum of 12 hours.)

f2. High Temperature/High Humidity. The tensile
compressive, and shear test samples shall be
submerged in water at a constant temperature
of 200i+10F.
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3 2.1.5 Test Procedure. The test procedure is as follows:

1. Low Temperature. With the specimen set-up in
the tensile strength test machine and
contained inside the cold temperature
chamber, the tensile, shear and compression
tests shall be conducted as outlined in the3 test plan.

2. High Temperature/High Humidity. Using heat
lamps to maintain test condition temperature,
conduct tensile, compression, and shear tests
as outlined in the test plan.

2.1.6 Test Report. The test report shall denote
actual and calculated test results of tensile
strength, compressive strength, shear modulus,
elastic modulus, and poisson's ratios. These
measurements shall be in the axial and
transverse fiber directions. Resulting values
shall be used for LTHD design allowables and
reliability data input.

2.1.7 Test Report Distribution. The original copy of
each test report shall be maintained by projectU design engineering. A copy of each test report
shall be forwarded to the customer no later than
30 days after test completion. Copies will also
be distributed to the following:

1. Advanced Technology Engineering
2. LTHD Project Test Engineering
3. LTHD System Engineering
4. LTHD Project RAM Engineering5. LTHD Project QA Engineering

2.2 Low/High Temperature/High Humidity Adhesive Test (Double
Lap Shear Strength and Flexural Strength Methods) - Test
1110

2.2.1 Purpose. This test vertifies the shear
strength of FM 300M adhesive when applied to two

Mdifferent substrates when it is subject to
extreme environmental conditions.

A
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2.2.2 Test Materials. The materials to be tested are
as follows:

1. FM 300M with W3X282-42-F593 graphite/epoxy
composite.

2. HRH 10-1/8-6 honeycomb.

2.2.3 Test Equipment/Apparatus. The test equipment
shall consist of, but not limited to the

*following:

1. Tensile test apparatus with compatible
flexural test load fittings.

2. Water tank large enough to hold specimen and
maintain a constant water temperature of 200
+1OF.

3. A liquid nitrogen chamber.

2.2.4 Test Conditions. The water tank shall be
filled with water and heated to a constant
temperature of 200J+10F. The specimens shall be
sumberged in the 200JF water for 12 hours. The
specimens will be placed into the liquid
nitrogen chamber and allowed to reach -65 +10F

Wm throughtout (12 hours).

2.2.5 Test Procedure. See paragraphs 2.0.4.4 and
2.0.4.5 for test procedures (Test Plan dated 133 February 1987).

2.2.6 Test Report. The test report shall denote the
actual results of the adhesive tests of each
specimen. Resulting values shall be used for
LTHD design allowables and reliability data
input.

2.2.7 Test Report Distribution. The original copy of
each test report shall be maintained by project
design engineering. Results of the tests will
be provided to the customer no later than 30
days after test completion. Copies will also be
distributed to the following:

1. Advanced Technology Engineering

3
3-5



PART 3, LTHD TEST PROGRAM PLAN E-2690

U 2. LTHD Project Test Engineering
3. LTHD Project QA Engineering
4. LTHD Project System Engineering
5. LTHD Project RAM Engineering

2.3 Low/High Temperature/High Humidity T-Peel Adhesive Test
Test - 1111

2.3.1 Purpose. This test covers the determination of the peel
resistance of FM 300M adhesive when applied to a steel
substrate and then subjected to extreme environmental
conditions. The adhesive systems tested shall be the same
as those tested in the previous test, subsection 2.2.

2.3.2 Test Equipment/Apparatus

1. T-Peel Tensile Test Apparatus per ASTM-D-1876.

2. Liquid nitrogen chamber and a constant temperature
water bath or equivalent capable of 200 +10F minimum.

2.3.3 Samples and Procedure. Twenty specimens will be tested.
See paragraphs 2.0.5.4 and 2.0.5.5 of the test plan dated
13 February 1987.

2.3.4 Test Report. Results of the test will be provided to the
customer no later than 30 days after test completion.

2.4 Trunnion Lug Test - Test 1120

2.4.1. Purpose. The purpose of this testing is to verify
the sizing of the cradle trunnion lug when exposed
to simulated firing loads (compression test) and
simulated towing loads (tensile test).

2.4.2 Test Equipment. A tensile and compression test
machine with fixtures and grips capable of securing

Ithe test specimens.
2.4.3 Test Samples. Two tensile and two compression

specimens will be tested. The specimens will match
Dthe layup of the current trunnion design.

2.4.4 Test Procedure. The test procedures for the
tensile and compression tests are listed in
paragraphs 2.0.6.4 and 2.0.6.5 of the test plan.
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2.4.5 Test Evaluation and Report. A comparison of the
test results data with the analytical predictions
shall be conducted. Results of the tests will be
provided to the customer no later than 30 days after
test completion. Copies will also be distributed to
the following:

1. Advanced Technology Engineering
2. LTHD Project Design Engineering
3. LTHD Project QA Engineering
4. LTHD Project RAM Engineering
5. LTHD Project Test Engineering

2.5 Chemical Resistance Testing - Test 1130

2.5.1 Purpose. To assess the effects of hydraulic oil
and ethylene glycol solution on graphite/epoxy
material properties of laminates used in the LTHD.

2.5.2 Test Equipment. Constant temperature hydraulic oil
and ethylene glycol baths.

2.5.3 Test Samples. Ten tensile specimens and ten
adhesive shear specimens will be tested.

2.5.4 Test Procedures. Specimens shall be immersed in
ethylene glycol 50% solution at 200iF for 48 hours
and then in hydraulic oil per NIL-F-17111 at
200i+10F for 48 hours. Detailed test procedures are
listed in paragraph 2.0.7.4 of the test plan.

2.5.5 Test Evaluation and Report. Test results shall be
compared with the test results of non-exposed
samples which were previously tested. Effects on
strength and modulus shall be documented. The
effects on the design shall be determined and
documented.

2.5.6 Test Report Distribution. Results of the tests
will be provided the customer no later than 30 days
after test completion of the test. A copy of the
test report shall be distributed to the following:

1. Advanced Technology Engineering
2. LTHD Project Test Engineering
3. LTHD Project QA Engineering
4. LTHD Project System Engineering
5. LTHD Project RAM Engineering
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2.6 Titanium Weld Test - Test 1140

2.6.1 Purpose. To verify the mechnical properties of
Titanium weld joints. Tensile strength tests,
radiographic inspections and macro-etching
inspections will be conducted.

2.6.2 Test Equipment. The test equipment shall consist
of, but not be limited to the following:

3 1. Tensile test machine
2. A biaxial extensometer which is compatible with

the tensile test machine.
3. Etchants as required for macroscopic examination

of the weld joints in accordance with ASTM - E
-407-70.

4. X-ray facility capable of radiographic
inspection.

2.6.3 Test Samples. Ten plate specimens will be tested.

2.6.4 Test Procedure. Details on test procedures are
listed in paragraphs 2.1.1.4, 2.1.1.5, and 2.1.1.63 of the test plan.

2.6.5 Test Evaluation. Acceptance criteria is as
described in paragraph 2.1.1.7 of the test plan
dated 13 February 1987.

2.6.6 Test Report Distribution. Results of the tests
will be provided the customer no later than 30 days
after test completion. Copies of the test report
will be distributed as indicated in paragraph 2.5.7

above.

2.7 Aluminum Silicon Carbide Weld Test - Test 1150

2.7.1 Purpose. To verify the mechnical properties of
Aluminum Silicon Carbide weld joints. Tensile
strength tests, radiographic inspections and
macro-etching inspections will be conducted.

2.7.2 Test Equipment. The test equipment required for
these tests is as listed in paragraph 2.6.2 above.

3
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2.7.3 Test Samples. Ten plate specimens will be tested
for each test. Specimens will be machined from a
welded panel made by butt-welding two .125 inch
plates per MIL-STD-1595.

2.7.4 Test Procedure. Details on test procedures are
listed in paragraphs 2.1.2.4, 2.1.2.5, and 2.1.2.6
of the test plan.

2.7.5 Test Evaluation. Acceptance criteria is as
described in paragraph 2.1.2.7 of the test plan
dated 13 February 1987.

2.7.6 Test Report Distribution. Results of the tests
will be provided the customer no later than 30 days
after test completion. Copies of the test report
will be distributed as indicated in paragraph 2.5.7
above.

2.8 Vendor Process Qualification Test - Test 1160

2.8.1 Purpose. To verify the vendor's processing of
W3X383-42-F593 composite material.

3 2.8.2 Test Equipment. The test equipment shall consist
of, but not be limited to the following:

1. Tensile test machine
2. A load indicator.
3. An extenspmeter that is compatible with the3 tensile test machine.

2.8.3 Test Samples. Ten plate specimens will be tested.
Details of specimen sizes and layup are outlined in3 paragraph 3.0.1.2 of the test plan.

2.8.4 Test Procedure. Tensile strength, elastic modulus
and Poisson"s ratio will be determined.

2.8.5 Test Evaluation. A statistical analysis will be
performed on the test results to establish a
standard deviation and mean. The results will be
accepted if there is a 99% probability of falling
within one standard deviation of the mean.

2.8.6 Test Report Distribution. Results of the tests
will be provided the customer no later than 30 days
after test completion. Copies of the test report
will be distributed as indicated in paragraph 2.5.7
above.
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3.0 COMPONENT INSPECTION

Component inspection shall be accomplished by the Quality
Assurance Department under the direction of the LTHD project QA
engineer with assistance from the LTHD project test engineer.
Piece parts shall be inspected upon receipt or manufacture for
acceptance per drawing specifications. If any component is
found to be out of drawing tolerance, it will be documented on a

problem report (see Figure 3.1) and corrected in the best method3 to ensure a reliable component at the next level of assembly.

4.0 INTEGRATED SYSTEM TESTING

4.1 Subunit Hydrostatic Testing

Subunit hydrostatic testing shall confirm system hydraulic
component integrity. Testing will verify that component
design, manufacturing process, and sublevel assembly
techniques have been performed per system requirements.
Cause for rejection shall include: wall/vessel rupture,
component distortion, significant internal leakage above
design calculations, or any exterior leakage. In
addition, any unspecified abnormality experienced during
testing as determined by the Test Engineer may be grounds
for rejection.

Each hydraulically controlled subunit shall be
hydrostatically tested at one and one half times the
nominal operating pressure for period not less than 10
minutes per hydraulic cavity. Those cavities normally
pressurized at return or head pressure shall be tested at
50 PSI +/- 5 PSI for not less than 10 minutes.

The following assemblies shall be subjected to hydrostatic

testing:

4.1.1 Gunner's Manifold Assembly

4.1.2 Assistant Gunner's Manifold Assembly

94.1.3 Cannoneer's Manifold Assembly
4.1.4 Traverse Cylinder Assembly

I
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1 4.1.5 Front Slide Manifold Assembly

3 4.1.6 Elevation Cylinder Assembly

4.1.7 Recoil Assembly

3 4.1.8 Mid-Slide Manifold Assembly

4.1.9 Equilibrator Cylinder Assembly

3 4.1.10 Counter-Recoil Cylinder Assembly

4.2 Subunit Hydraulic Functional Testing

Subunit hydraulic functional testing shall confirm system
hydraulic component operation prior to next level of
assembly. Testing will verify component design,
manufacturing process, and sublevel assembly techniques
have been performed per system requirements. Cause for
rejection shall include, internal pistons, valves, or
linkages which bind, score, or actuate erratically.
Leakage during actuation will not be acceptable. In
addition, any unspecified abnormality in operation that is
encountered during testing by the Test Engineer shall be
grounds for rejection.

The following subunits shall be subjected to hydraulic

functional testing:

34.2.1 Elevation Cylinder Assembly
4.2.2 Gunner's Manifold Assembly

4.2.3 Assistant Gunner's Manifold Assembly

4.2.4 Cannoneer's Manifold Assembly

4.2.5 Front Slide Manifold Assembly

4.2.6 Mid-Slide Manifold Assembly

4.2.7 Counter Recoil Cylinder Assembly

3 4.2.8 Traverse Cylinder Assembly

4.2.9 Equilibrator Cylinder AssemblyU
3-11
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U
4.3 Recoil Cylinder Flow Test

To be determined.

5.0 STRUCTURAL TESTING

5.1 Cradle Trunnion Structural Joint Test - Test 1201

OL 5.1.1 Purpose. The purpose of this test is to determine
W the integrity of the cradle trunnion joint section

during imparted simulated firing loads of up to one
and one-half the expected calculated maximum impluse
load. The actual strength of the composite LTHD
trunnion joint shall be measured.

5.1.2 Test Equipment/Apparatus. Test equipment shall
consist of, but not limited to, the following:

1. Simulated cradle trunnion joint mock-up.
2. Hydraulic ram cylinder.
3. Mock-up interface fixture (plate and trunnion

devices).
4. 5000 PSI hydraulic power supply.
5. 36 inch drill base.

5.1.3 Test Procedure. The sample shall be loaded through
the pivot points with the identical bushings and
hardware as designed for the LTHD. Details of the
procedures to be followed are listed in paragraph
4.0.5 of the test plan.

U 5.1.4 Test Evaluation and Report. Test data results
shall be documented and compared with calculated
joint strength data. The actual test data and the
evaluation results shall be documented in a written
report. A use-as-is determination will be
considered. Recommendations to improve the joint3 design or additional testing may also be considered.

5.1.5 Test Report Distribution. The original copy of
each test report shall be maintained by project
design engineering. Results of the test will be
provided to the customer no later than 30 days after
test completion. Copies of the test report shall be
distributed to the following:

1. Advanced Technology Engineering
2. LTHD Project Test Engineering
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3
3. LTHD Project QA Engineering4. LTHD Project System Engineering

U5. LTHD project RAM Engineering

5.2 Trails Structure Testing

I To be determined.

5.3 Cradle Structure Testing

To be determined.

5.4 Gimbal Structure Testing

To be determined.

* 5.5 Platform Structure Testing

To be determined.

U
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6.0 SYSTEMS TESTING

System level testing shall confirm the operational performance
of LTHD. Each system operational component shall be exercised
to verify that it will operate per design requirements and
limits. Preliminary system testing will be performed at FMC/NOD
prior to Demonstrator Testing. This testing will be
Non-destructive in nature and performed to verify the functional
capabilities of LTHD. Causes for rejection may include:
Component failure, system leakage, operating out of design
limits, failure to meet operating velocities, personnel or
equipment safety hazard, or any unspecified abnormality as

Pdetermined by the Test Engineer conducting to test.

6.1 System Alignment Test

6.1.1 Traverse Positions.

Verify that the Howitzer traverse Fystem positions
*:: the cradle assembly. Verify and record the maximum
•~ c-. operating limits in azimuth.

6.2.2 Traverse Plane.

U Verify system traverse plane with the howitzer
leveled, using a Gunner's Quadrant. Operate the
traverse system through it's operational limits, and
record readings of the Gunner's Quadrant for the
specified positions:

CRADLE POSITION OUADRANT READING
0 DEGREES _MIN.

+5 DEGREES MIN.
+10 DEGREES MIN.
+15 DEGREES -MIN.
+20 DEGREES _MIN.

__ +25 DEGREES MIN.
+27 DEGREES MIN.
-27 DEGREES MIN.
-25 DEGREES MIN.
-20 DEGREES MIN.
-15 DEGREES MIN.
-10 DEGREES MIN.
- 5 DEGREES MIN.
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U
6.1.3 Elevation Position. Verify that the howitzer

elevation system positions the slide assembly.
Verify and record the maximum ope::ating limits of
the elevation system.

6.1.4 Slew In Elevation Travel. Verify elevation slew
at the specified positions. Using a plumb line
and telescope verify and record the slew in
elevation travel from maximum depression to no
less than 450 elevation.

AZIMUTH POSITION
0 DEGREES MIN.

+10 DEGREES MIN.
+25 DEGREES _IN.
-25 DEGREES MIN.
-10 DEGREES MIN.

6.2 Cradle Assembly Operational Test

6.2.1 Load Tray. Verify that the cradle assembly load
tray operates smoothly in the cradle without
binding or restriction.

Verify that the load tray properly positions in
the cradle for projectile ramming.

Verify Projectile seating distances for various
types of simulated 155MM ammunition.

Verify load tray velocities at the following

elevations for projectile loading. Record and
compare the load tray velocities with those

m calculated.

ELEVATION POSITION TRAY VELOCITY
Max. Depression IPS
0 Deg. Elevation IPS
15 Deg. Elevation IPS
45 Deg. Elevation IPS
60 Deg. Elevation IPS
72 Deg. Elevation IPS
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3 6.2.2 Primer Autoloader. Verify the operation of the
primer autoloader is functional. Verify that all
safety aspects of the primer autoloader are
operational. Perform simulated misfire conditions
and verify primer extraction.

6.2.3 Howitzer Emplacement Test. Verify that the LTHD
Howitzer can be emplaced by a crew of four
personnel. Verify that all mechanisms are
operational at the completion of emplacement.
Verify that this procedure can be accomplished in
four minutes or less. Document any and all
equipment and personnel safety considerations.

6.2.4 Howitzer Speed Shifting Test. Verify that the LTHD
Howitzer can be speed shifted by a crew of four
personnel. Verify that all mechanisms remain
functional for shift requirements. Verify that this
procedure can be accomplished in four minutes or
less. Document any and all equipment and personnel
safety considerations.

6.2.5 Howitzer Displacement Test. Verify that the LTHD
Howitzer can be displaced by a crew of four
personnel. Verify that all mechanisms are
functional at the completion of displacement.
Verify that this procedure can be accomplished in
four minutes or less. Document any and all
equipment and personnel safety considerations.

6.2.6 Towing Stability Test Verify through rough terrain
or simulated rough terrain environment that LTHD can
withstand the shock, loading, and stress without
structural or component damage. Verify that all

Waspects of system operation are functional at the
completion of this procedure.

6.2.7 Load Displacement Test Verify load displacing
characteristics of LTHD at various cannon
positions. Verify load displacement with the cannon
positioned in battery, at load position, and out of
battery. Record and determine center of gravity for
all positions.
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U 6.3 System Proof Firing Test

Verify that LTHD can withstand the structural effects of
proof firing conditions. Verify that all system
components remain operational during and after completion
of each firing exercise. Instrument and record all data
pertaining to pressures, structural deviations,
recoil/counterrecoil velocities, muzzle overpressures, and
load displacements.
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