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FOREWORD

1. This Military Handbook was prepared to provide those activities engnged in the establishment
and moderization of production facilitics or equipment with & statistically based methodology for
prove-out of such facilitics. [t contains background, policies, responsibilitics, and procedures for
implementing prove- out of production facilities or equipment.

2. The intent of this handbook is to provide structured guidelines based on a prove-out
methodology oriented to manufocluring processes and equipment rather than systems/materielfitems.
The handbook is organized to present the user with a general "how-10” methodology which can be

tailored o best suit specific applications from a broad spectrum of facilities and equipment
projects.

3. Prove-oul, as covered in this handbook, focuses an the production rate capability of the ultimate
full scale production facility. The term "prove-out” is often used generically to describe various
assessments and cvaluations performed throughout the acquisition life cycle. Such “prove-outs™ from
a producibility perspective are generally concerned with new or critical processes and equipment
where production feasibility and resultant item performance must be evaluated as a pant of prudent
resource management. These “prove-outs” usually occur well before the establishment of a full scale
production facility and are defined within the context of the specific item or system life cycle plan
to assure compliance with Army Sireamlined Acquisition Process and associated Industrial
Preparedness Planning milestones. Eventually, the data generated by prove-out of the full scale

production facility as described herein con serve to verify the results of carlier “prove-out”
asscssments.

4. It should be. noted that the basic prove-out methodology given in this handbook is generic to any
manufacturing facility. The U.S. Army Production Base Modernization Activity, Picatinny
Arsenal, New Jersey, developed and successfully implemented this methodology within the
ammunition community which includes the full spectrum of fundamental manufacturing processes.

Both Government and commercial contractor facilities have successfull employed this prove-out
methodology.

i'i
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1. SCOPE

1.1 Scope.

This bandbook covers a statistically based methodology for prove-out of production or
manufacturing facilities. This handbook will serve as the guidance document of both Government

and contractor personnel enoaged in prllf‘.ﬁﬂn facility nrove-out,
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2. REFERENCED DOCUMENTS

2.1 Government documents.

2.1.1 Specifications, standards, and handbooks.

Unless otherwise specified, the following specifications, standards, and handbooks of the issue
listed in that issue of the Department of Defense Index of Specifications and Standards (DODISS)
specified in the solicitation form a part of this bandbook to the extent specified berein.

CDTETET M ATT,
SPECIFICAT LONS

MIL-Q-9858 - Quality Program Requirements

(Unless otherwise indicated. copies of federal and military specifications, standards. and
handbooks are available from the Naval Publications and Forms Center, Attn: NPODS,
5801 Tabor Avenue. Philodelphic PA 19120-5099.)

2.1.2 Other Government documents, drawings and publications.
Thbe following otber Government documents and publications form a part of this handbook to
the extent specified herein.
AR 700-90 - Army Industrial Preparedness Program
AR 70-72 - Production Management

(Application for copies should be addressed 1o the Departmen: of the ARMY,
Publications Distribution Center. 2800 Eastern Boulevard, Baltimore. MD 21220-2896.)

AMC-R 7065 - Production Management

(Application for copies should be addressed to 1 eadquarters, US Army Materiel
Command, Ain: AMXDO-ST, 5001 Eisenhower Avenue. Alexandria, VA 223330001 .}
Tech Report ARPAD-SP-78001 - Generalized Production Line Modeling Routine
(GENMOD)

(Application for copies should be eddressed to the Commander. US Army Armament

Research, Development and Engineering Cenzer. Atm: SMCAR-MSI, Picatinny Arsenal,
NJ 07806-5000.)
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3. DEFINITIONS

3.1 Availability.

The probability that a system/equipment used under stated conditions, without consideration for
any scheduled or preventive maintenance, shall operate satisfactorily at any given time. It excludes
ready time, preventive mainienance downtime, supply downtime, and waitiog or administrauve
downtime.

3.2 Demonstration Test Specifications (DTS).

A specification, normally prepared by the Government, which details the requirements to be
met during the DT.

3.3 Demonstration Test Plan (DTP).

A document detailing the procedures under which the system capability will be demonstrated
and cvaluated based on the DTS.
3.4 Demonstration Test (DT).

A test conducted to verify or demonstrate the capability of a production facility or production
line 10 produce end items at the intended production rate.

3.5 Demonstration Test Report (DTR).

{ thae Asmanereati
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conclusions, and recommendations for improvements and corrective actions, as applicable.
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3.6 Maintainability,

A characteristic of design which is expressed as the probability that a system/equipment will be
restored to a specified condition within a given period of time, when the maintenance is performed
in accordance with prescribed procedures and resources.

3.7 Prove-Out.
_ The phase during which system debugging and demonstration testing takes place.

3.8 Quality Assurance (QA).

A planned and systematic pattern of all actions necessary to provide adequate confidence that
items or products produced at the facility conform 10 established technical standards.

3.9 Reliability.

A characteristic of design which is expressed as the probability that a system/equipment will
perform its intended function, for a specified interval, under stated conditions.
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3.10 System.

Production lines or major portions of such lines are considered to be systems and arc
differentiated from projects for individual or small groups of equipment.
3.11 System Debugging,

The learning phase a facility has to go through after equipment acceptance while building up to
the rate required for initiation of the DT.
3.12 Turokey Facility.

One step procurement for the design, construction, equipment installation, and prove-out (as
applicable) of a facility with a single contractor solely responsible for all efforts.
3.13 Definitions of Acronyms used in this Handbook. .

The following acronyms listed in this Military Handbook are defined as follows:
AMSDL - Acquisition Management Systems and Data Requirements Control List.
CDRL - Contract Data Requirements List.
DOD - Deparnumen: of Defense.
DODISS - Department of Defense Index of Specifications and Standards.
DTS - Demonstration Test Specification.
DTP - Demonsiration Test Plan.

DT - Demonstration Test.

F @ -0 A0 O

DTR - Demonsiration Tes: Report
FAR - Federal Acquisition Regulation.
GPO - Government Printing Office,
IPF - Initial Production Facility.

- P fews e
. » [] -

MTIRK - Mean Time To Repair

MTBF - Meantime Between Failure

PES - Production Evaluation Specification

RAM - Reliability, Availability, and Meintainability.
SOW - Statement of Work

SPC - Statistical Process Control

TDP - Technical Data Package

o v o p 3
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4. GENERAL POLICY

4.1 Introduction.

The prove-out approach presented in this bandbook is a statistically based methodology
developed to control the risk of establishing a production facility (or productioa lines) that will oot
satisfy production rate requirements. This is especially important from 2 readiness perspective
within DOD wbere production facilities may be sized against anticipated nceds during conflict but
operated at lower rates during peacetime. Data from prove-out of the full scale production fecility
can be used to verify mobilization, surge and peacetime production capacities. The keystooe of
prove-out is a system Demonstration Test (DT) conducted in accordance with a8 Demonstration Test
Specification (DTS), with reported results in 2 Demonstration Test Report (DTR). The contracior
is to prepare a Demonstration Test Plan (DTP) in accordance with the Government prepared DTS,
obtain Government approval of the plan, assure the DT is conducted, and report the results in the
DTR.

4.2 Application.

General guidelines for prove-out applicability are outlined below. Since production facilities
projects encompass 3 broad spectrum of manufacturing processes and equipment sometimes
exhibiting unique characteristics, prove-out should be tailored to best suit each specific project.
The methodologies in this handbook should be used as building blocks in conjunction with sound
engineering and managerial judgement to establish tailored prove-out plans. As 2 minimum, the
statistical methodology of Appendix A can be used to provide quantitative evaluation of aliemative
prove-out plans for specific projects. Other prove-out elements described herein may be included
or modified as well. In this maoner, a consistent approach to developing prove-out requirements
for production facilities is established.

a. Prove-out will apply 1o all facilities projects except those for individual pieces or small groups
of related equipment. However, the statistical methodology of Appendix A (with less formal DTS,
DTP, DTR documents) is valid for production rate analysis of individual pieces or small groups of

L. . =

relaied equipment.

"b. A DTS and DTP will be prepared for each project where a demonstration test will be
conducted. Each will be tailored to be cost effective and to fit specific project parameters.

c. Prove-out will consist of system debugging (where applicable) and demonstration testing.
Individual equipment debugging and acceptance will take place prior to initiation of prove-out.
Integration of the facility into the production base for ongoing production will pormally follow
prove~out. A comparison of prove-out events against the facilities life- cycle is shown in figure 1.
Also, a general sequence of prove-out events as related to production build-up is shown in figure 2.
Facilities and prove-out planning must alo be integrated with specific end item scquisition plans.

4.3 Objectives.

a. Establish facility production rate capability inclusive of associated reliability, availability and
maintainability (RAM) characteristics.
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b. Identify system deficiencies and root cause(s) early so that plans for corrective action can be
developed and executed in a timely manner,

¢. Verify that the facility can produce (at the intended production rate) end items which
comply with their technical data package.

Y
d. Document {acility/process performance.

4.4 Statistical approach.

Early in the 1970’s during the extensive Army effort 1o modernize and expand its ammunition
production base, it was decided that each facilitization program would culminate only after the
performance of an acceptance test. The test would be an integral part of the facility prove-out and
would be used 10 establish whether the facility was capable of producing at or above the required

: level. As the sumber of programs grew, it became apparent that careful planning for the resources
, necessary to accomplish the acceptance testing task was required. A sound and consistemt statistical

peremmm i ml srras mamlad 8 Batamaal - P — R saat o am oo
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and the criteria for acceptance. The approach was to have gencral application to the wide variety
of production facilities under consideraticn, be practical o implement and yield results which could
be used 1o make valid management decisions regarding production capability. Recognizing that the
Government would have already committed the majority of project funds prior to the time the test

would be exccuted, reference to the test as an “acceptance” lest was changed 10 “demonstration”
test. )

4.4.1 Capability level.

The framework of the adopied approach is a siatisiical test of the hypothesis that the capability
of the production system meets the required capability. The satistical test has the property that, if
the sysiem is capable of producing at or above the required level. it will have a high probability of
passing (low risk of failing) the test and, if the system is only capable of performing at or below
some lower capability level, it will have 2 high probability of failing (low risk of passing) the test
A graphical illustration of this property is provided in figure 3.

4.4.2 Production capability and net rate.

The parameter of interest, and consequently the one addressed by the hypothesis being tested, is
the average number of accepied units produced per hour of scheduled sysiem operating time. This
parameter is referred 10 as the production capability, and the quantity used 10 estimale it as a result
of testing for some specified time is called the net rate. If the observed net rate exceeds the
specified critical value, the system passes the test. The test time and critical value are determined
from the probability distribution of the 'net rate. This distribution results from the random
processes which contribute to the amount of acceptable product generated by a production process
over a given period of time. These random processes include probability distributions of equipment
failure time, distributions of times to repair equipment, distributions of reject and/or scrap
quantities, and so on. If the net rate is less than the critical value, appropriate corrective action

-y ’:’ -
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must be recommended. Rationale for the identification of system deficiencies and proposed
corrective actions should be based on the analysis of the reliability, availabiliry, and maintainability
(RAM) data, quality data, and production output data required to be gathered on the system during
the test,

4.4.3 Methodology.

The detzils of the swtistical methodology involved in the approach, including Statistical
assumptions, concepts, models, and procedures, are provided in Appendix A.
4.5 Acquisition and Implementation

Sample acquisition clauses togetber with corresponding DD1423, Conuact Data Requirements
List (CDRL), and Data Item Descriptions (DID) are provided in Appendix C as guidance for
implementation of the procedures covered in this bandbook. This baseline guidance may be
tailored 1o svit individual project requirements.

12
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5. DETAILED REQUIREMENTS

5.1 Prove-Out Planning and Programming.

5.1.1 Prove-Out Event Sequence.

Principal events associated with prove-out of a production facility are shown in figure 4.
Planning and programming activities must commence early and be an integral pant of the facility
planning, programming, design and execution phases. Time spans will vary in sccordance with
specific project plans.

5.2 Prove-Out Funding.

§.2.1 Prove-Out Costs.

Prove-out costs will normally include preparation of the DTS, DTP. DTR, and the pbysical
prove-out except bardware costs when run concurrent with production. Acceplance testing and
debugging of individual items of equipment will not be considered prove-oul costs and will be
completed prior 1o the sart of prove-oul. Prove-out begins with system debugging and ends with
spproval of the DTR.

5.2.2 initial Produciion Faciliiies.

For initial production facilities (IPF), preparation of the DTS and DP will be funded as facility
project prove-oul costs. All other costs will be budgeted as non-recurring costs included in end
item low rate initial production or firn production program costs. This also applics to IPF turnkey

facilities.
5.2.3 Prodoct Manufactored during Prove-Out. .

Acceptable products manufectured during proveout will be delivered against contract
requircments, considered as Army industrial siock or become Government furnished material.
5.2.4 Prove-Out of Army Facilities provided for other Services.

The Army will provide funds for prove-out of Army facilities provided for the manufacture of
other Services' (Air Force, Navy, etc.) items.

5.2.5 Turnkey Facility Prove-Out.

For tumkey projects prove-out is funded concurrent with the facility effort. If reliable cost
estimates canpot be identificd when a cootract is negotiated, an option with a ceiling price which
cannol be excecded will be included.

5.2.6 Use of Production Hardware,

Every attempt should be made to schedule production to support prove-out efforts. This is
crucial 1o minimizing overall prove-out costs. However, should there be no scheduled production at
the appropriate Ums for use in prove-out, the entire cost will be borne by the facility project.

-
(P
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5.2.7 Self - Facilitization
Prove-out costs will be charged in accordance with the approved accounting system.
5.3 Demonstration Test Specification (DTS).

5.3.1 Purpose.

The DTS provides the Governments’ demoostration lest requirements 1o be used by the
contractor in subsequent preparation of the detailed demonstration test plao.
5.3.2 DTS Preparation, Coordination and Approval.

The cognizant Government engineering center will prepare, coordinate, and approve cach DTS.
A DTS will be prepared .for all facility projects requiring prove-out. DTS format and content
. guidance provided berein is structured so the preparer (Government) may cite this handbook and
need only provide the supplemental project specific data called for therein.
5.3.3 DTS Format and Content.

A basic format for the DTS is given below. Additional information on each area in the DTS is
given in subsequent paragraphs. The DTS guidance should be considered a baseline from which a
preparer can develop a DTS tailored to a specific facility project.

a. Cover Sheet
b. Foreword
c. Table of Contents
d. List of Abbreviations
e. Project Identification
(1) Project Number
(2) Project Title
(3) Facility
(4) Eod Item
(5) Item Specification
(6) Design Rate
f. Test Objectives
(1) Product
(2) System
(3) Secondary Objective
g Applicable Documents

15
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bh. Test Requirement
(1) Debugging Phase
(2) Pre-Test Requirements
(3) Test Readiness Meeting
(4) Demonstration Test
" (5) Material
(6) Sequencing
{7) Reject Rate
(8) Data Collection
(9) Test Failure
(10) Test Time
i. Demonstration Test
{1) Procedure
(2) Conditions
(3) Panicipating Government Qrganization
j- Test Data Evaluation
k. Reports
(1) Progress Repont
(2) Test Report

5.3.3.1 Cover Shee;.

The DTS cover sheet identifies the docunient as a DTS and provides the preparation/approval
date, project title, project number, and preparing Government organization. An example is shown
at figere S,
5.3.3.2 Foreword.

The DTS foreword should provide a brief preview of the document highlighting such factors as:
Identify preparer. '

. Cite guidance material such as this handbook.
Purpose of the DTS.

Project oumber and tile,

Project objective.

a0 o

- o

Point of contact for information/questions concerning the DTS,

16
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DEMONSTRATION TEST SPECIFICATION
FOR
MOD — 5.56MM (SAWS/CONVENTIONAL)
TRACER CHARGING
EQUIPMENT
AT

LAKE CITY ARMY AMMUNITION PLANT
INDEPENDENCE, MISSOURI

PROJECT 5850086
APPROVED 30 JUNE 1986

Prepared by

PRODUCTION BASE MODERNIZATION ACTIVITY

PBMA
PICATINNY ARSENAL, NJ 07806-5000

-—
R O

FiIGURE 5. EXAMPLE DTS COVER SHEET

17
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5.3.3.3 Table of Contents.
The DTS table of contents will usually follow the format shown in §.3.3.

5.3.3.4 List of Abbreviations.
| = P L R __. e .l c aodr masamecs srmiarza ta thae TYTC e
zacn uxa SO0Og COnilain a I.Bl D.[ vialuoos o G ¥ ai.l1ULly. unijuc wias Asd g Ui

othemscnoxalreadydcﬁnzdmlhxshandbook

5.3.3.5 Project [dentifications.
The DTS will provide the following facility project and related item information.
8. Project Number.
b. Project Title.
¢. Laocation of facility: give plant name and ess.

d. End Item Identification: state item nomenclature.

e. Specificaton: cite end item specification to be used as a basis for inspection of product
manufactured during lhc demonstration test.

f. Production Rates and Shift Basis: state overall project objective (e.g., the modernized

facility shall be capable of producmg 5,400,000 M856 Tracer Cartridges per month on a 3-8-5 shift
basis}).

a. Product. To determioe if the product produced by the system coaforms 10 the latest
applicable specifications and drawings.

b. System. To determine system capability to produce at the design production rate.

¢. Secondary Objective. The secondary objective of the test is 1o assess the achicved
Reliability, Availability and Maintainability (RAM) characteristics of the production facitity.
5.3.3.7 Applicable Documents.

Cite this bandbook and any other documents referred 1o or discussed in the DTS.

5.3.3.8 Test Requirements.

a. Debugging.

Debugging is considered a part of the build-up phase of the program. During the debugging
phase, the facility will be in production. The equipment, manufacturing procedures, inspection
procedures, and set-up and calibration procedures shall be evatuated by ihe contractor and modified

or correcied as necessary. Any changes to the equipment functional criteria or Technical Data
Package (TDP) will be approved through the engineering change process prior to impiementation.

18
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During the debugging phase, log books will be maintained for each operation. The log books will
contain, as a minimum, the following:

(1) Equipment Identification (nomenclature and drawing number).
(2) A record of all changes and equipment modifications.
(3) Identification of all pertinent documentation, including revision status and ECPs.

(4) Dara sheets showing a history of production rate buildup shall be completed for all
periods of operation and be incorporated in the log book.

(5) Failure reports will be completed for cach corrective maimtenance action, including
failure identification, failure analysis, corrective actions taken, and problem statys,

A3£11 Y D | iaddiiand

(6) Verification will be accomplished through record checking andfor visual inspection that
oo covironmental safety, storage, or equipmem deficieccies (including utilities) exist which could
compromise the validity of the System Demonstration Test results.

- . s
b. Pre-Test Requirements.

Prior to the test readiness review, and the start of the demonstration test, the contractor will
demonstrate the following:

(1) All required documentation, inchuding. operating and maintepance manuaks (both
preventive and corrective), quality control manuals, inspection plans, and calibration procedures
bave been proven for accuracy and completeness, approved by the Government and in place and
ready for use. . .

(2) The system bas been in production for a sufficient length of time (as indicated by
production data, quality data, etc.) to provide confidence that the production equipment has passed
through the debugging pbase. Production, inspection, and materia) bandling equipment will have
passed acceptance requirements per an approved purchase description and completed all first article
acceptance requirements. All inspection equipment has been verified for precision and accuracy by
the Government.

(3) All acceprance inspection equipment bas been approved by the Government and fully and
accurately described in the applicable equipment drawings, operating manuals, and calibration
procedures are available.

(4) The required number of personnel have been trained and are available to conduet the
testL

(5) Sufficient material to conduct the test is available.
(6) Al aw material has inspection reports showing compliance with the specification

requirements.

(7) The required spare parts 1o maintain the facility for the duration of the test arc available.

(8) The facility conforms to all applicable safety, bealth, and egvironmental regulations, and
personnel and procedures are in place to assure continued compliance.

19
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(9) Maintenance and repair facilities and trained personnel to adequately maintain the
production and iospection equipment are available. All special tools and equipment for calibration,
maintenance, and inspection operations are available,

(10) Where applicable, SPC plans per MIL-Q-9858A, capability studies, and available
historical SPC data, should be available for review at the test readiness meeting. All planned SPC
will be in place during DT data collection.

(11) Software directly associated with production equipment, control systems, material
handling equipment, eic., that influences production rates will have passed acceptance requirements
per approved specifications and be in place during DT data collection.

c. Test Readiness Meeting.

After approval of the Demonstration Test Plan by the Government and before start of the
System Demonstration Test, the contractor convenes a test readiness review meeting at the
production facility. The purpese will be to review the prerequisites and o ensure compatibility and
understanding of all test requirements set forth in the approved test plan/procedures. The
Government will be potified a minimum of 10 days before conduct of the review to enable

appropriate representation. The results of the test readiness review will be documented and made
available to the Government prior to the start of the test.

d. Demonstration Test.

The Demonstration Test is conducted in accordance with the approved Demonstration Test
Plan. The test will commence after production criteria of para 5.3.3.8 b (2) have been me1.

e. Material.

AN asnmmwmtad cncts nod centommale ceit?l e mandermeinmm Seoace maccalls F T ..o JF R I N
A GAAL AL Pl i AU M IAD Wil W PIVALL-UOO LICUD apalic Ol UCIlp LU a3 parl ol e
producticn quantity,
f. Sequencing.
vencing of operations, when required, will be as defined in the approved Demonstration Test
limr -
g- Reject Rate.

Reject rate specified in the SOW/contract will be specified in the Demonstration Test Plan as a
test parameter.

h. Data Collection.
(1) Personnel. Data collection will be performed by the contractor.

(2) Quality. The results of all tests and inspections performed in accordance with applicable
specifications will be tabulated and included in the test report.

(3) Data Collection Plan. The DTP will state that data collection and analysis will be
performed in accordance with Appendix B.
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. Test Failure.

In the event of fallure o meet ihe rcquu:mcms of tke DTS & correction pian will be prepared
defining the problem areas, proposed corrective actions, and procedures to demonstrate the
effectiveness of the corrective actions. Implementation of the plan will be contingent upon
approval of the Goveroment.

i Taet Tima
J- A Sy & LAAVws

Using the guidance and example contained in Appendix A, test imes are determined as follows:
(1) Scheduled operating hours determination.
The demonstration test will be conducted on a 1-8-5 (or as otherwise specified) shift
basis.
Scheduled working hours per shift = 8 hours (or as otherwise specified).
Assumed down time (minimum) per shift = 1 bour (or as otherwise specified).

Euamamlas P L VY. By ey

Ho Limah teanle oarmarmd/elsan v erhednlsA
LAALIIIGY Ul AUIAL  GUW L uum m!.ua.w u.un-u. VILOADS, MOlCUMNLLAGL  UY,  JAsdbasuibAs

preventative maintenance, etc. )

Scheduled operating hours are, therefore 7.00 hours per shift (or as otherwise specificd).

Assume 21 (or as otherwise specified) working days per month.

Scheduled operating hours per month available for production is
21 X 7.00 X 1 or 147.0 hours per month {or as otherwise specified).

(2) Test Parameters. (See Appendix A, 2, for terminology and notation).

Co = Production capability required = (specify)
C,; = Lower Capability Limit = (specify)

D = & o (ealeutse)
0

= Producer’s risk = (specify)
8 = Consumer’s risk = (specify)
R = Praduction rate dunna test = f:nct:lfv\

Mp = %9- = Capability facmr = (calculate)

U = System mean time to repair = (specify based upon experience)
Ty = Test time factor (from appropriate table)

T =To-U = Sheduled demonstration test time = (calculate)

N, = Critcal value which specifies criteria for the demonstration test =
(from appropriate table)

Accepiable picces produced during test to be successful = R - T - I,

21
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5.3.3.9 DEMONSTRATION TEST
a. Procedure.
{1) After the Government has determined that the requirements of 5.3.3.8 have been met, the

et nnn b‘v u-nh-_nM Tha faﬂmhr will be run § or the 1e<t Mnn.fk datarmined i ra S.33.8 This

4w JCWILLY VAL W i Bl prd SRS et Lrh G Ak b m r-- e rar s

test should be conducted during on-going production.

(2) Reject rates are obtained by determining the total number of parts / assemblies /
components processed at each work station and dividing this sum into the total number of
(repairable and non-repairable) rejected items found. Rates should be calculated for the period of
the evaluation. The scrap rate can be extracted by identifving the number of non-repairable parts /
assemblies / components and dividing this sum by the 1otal number of untis processed. Work pieces
used 1o sel-up an operation/process will not be counted as rejects or scrap. This set-up work piece
pan quamity shall, however, be minimal and will be reviewed by the Government prior 1o the

ut:mun}uauuu st

3

(3) During the Demoanstration Test, data will be coilecied wiilizing the data sheers and
instructions contained in Appendix B for each operation / process. Data will be collected for each
operation/sub-system in the process for the scheduled demoznsization test time.

b. Conditions,
(1) Notification of system readiness will have been received by the Government.

(2) Preoperationa! Test Review by the Government will have beea concucied.

(3} Shift Schedule: (specify)

(4) Product produced during the demonstration test must comply with all requiremests and
quality assurance provisions stated in latest applicable TDP in the contract at the time of the DT.
Units produced will be inspected in accordance with approved inspection system requirements
{0AIQOC) 1o \.pnf\ the nraduct is accentable,

RO e g P weewe e S

(5) Details will be provided in the DTP of how the separate parts of the line will be operated
and scheduled to fulfill the requirements of the Demonstration Test. Details of how the material
handling equipment will be tested (operazed) will also be described in the DTP.

A EEYWTES =1

{6) A DTP will be prepared based upon this document, MIL-HDBK-792 U\l‘\), and he
contract SOW as applicable. The plan will include a schedule for testing the various operatins in
the process. The demonstration test will be performed in accordance with the approved DTP.

¢. Participating Government Organizations

The DTS will identify all participating Government organizations and their role(s) in the prove-
out effort.

5£.3.3.10 Test Data Evaluation.

See Appendix A for data analysis discussion and requirements.
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5.3.3.11 REPORTS
a. Progress Report.

A montbly progress report will be furnished to (specify). Test progress should be included in
the monthly report to (specify).

b. Test Report.

A copy of the test report, including backup data, shall be prepared utilizing the format in 5.6
apd forwarded to the following Government organizations: (List Organizations).

5.4 Demonstration Test Plan (DTP).

5.4.1 Purpose.

The DTP provides a comprehensive document deseribing all of the planned activities and related
management copntrols for demonpstrating that the facility will perform as required by the DTS.
5.4.2 DTP Preparation, Coordination and Approach.

The DTP will be prepared in accordance with the DTS and requirements set forth in the project
statement of work (SOW). The DTP is prepared by the facility contractor who will conduct the
DT. The cognizant Government engineering ceater will coordinate, as appropriate, and approve
cach DTP. DTP format and content guidance provided berein is structured so that this handbook
may be cited and only the supplemental project specific data called for therein need be provided.
See Appendix C for sample acquisition clauses and documentation.

5.4.3 DTP Format and Content,

A basic format for the DTP is given below. Additional information on cach area in the DTP is
given in subsequent paragraphs. This DTP guidance should be considered 2 baseline from which a
DTP tilored to a specific fagility project can be developed.

a. Cover Sheét.

b. Preface.

c. Table of Contents.

d. Part 1, System Debugging.

(1) Objective.

(2) Pre-Test Requirements.
(3) Management.

(4) Schedule.

(5) Data Collection.
(6) Governmeant Support.
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(7) Statdon Centification.
¢. Pan II, Demonstration Test.
(1) Objecuve.
(2) Management.
(3)  Ilospection.
(4) General Test Description.
(5) Process Description.

{6) Equipment Mainienance Program.

(7) Eavironmental Considerations. .
(8)  Schedule and Build-up Curve.

o\ Graveram ot Sirmrmart

\J, Nl F T Yl M AR wrrvl -

(10) Personnel Requirements.
{11) DT Damma Coliection.
(12) DT Evaluation.
(13) Traiaing Requirements.
(14) Reports.
5.4.3.1 Cover Sheet.
An example, except for the document title (i.e., use DTP instead of DTS), is shown in figure 5.

5.4.3.2 Preface.

Provide background information about the p project as follows: brief description of the

L AaST ..r—v.. s the fa

.!.
project, brief description of the test hxghhghung any significant aspects, point of contact for
questions concerning the test plan, picture or illustration of the item being made.

-52

5.4.3.3 Table of Contents.

Provide a table of contents which should follow the basic format (paragraph headings) shown in
5.4.3.
5.4.3.4 Part I, System Debugging.

a. Objective.

Cite the objective, c.g., what will system debugging accomplish; covering those activities
required to prepare the facilites, personnel, and equipment for the formal DT. This includes
exercising the equipment for the purpeses of troubleshooting, checking initial operation, detectiog
and ciiminating early faifures, and stabilizing equipment performance.

24
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b. Pre-Test Requirements.

Cite 5.3.3.8b as conditions which must be met before conclusion of the system debugging phase
and start of the demonstration test.

¢. Management.

Idemify by name, organizational titles, and positions the individual having overall responsibility
and those individuals responsible for major functions. Define respective responsibilities of each
individual (e.g., planning, supervision of specific aspects, issuance of directions).

d. Schedule.

Prepare a time schedule for system debugging activities, Specify interim milestones for any
activities requiring in excess of one month duration. One master schedule to include both dcbug
and DT is acceptable. See figure 6.

e. Data Collection.
Cite 5.3.3.8a for data 10 be recorded in equipment log books during the debug phase.
f. Government Support.

(1) List all Governmemt organizations that will parnticipate in the test and the corresponding
functions.

(2) List all GFM/GFE required. Indicate time frames in which GFM/GFE will be required.

(3) List all Government facilities or services that will be required and when they will be
required.

g. Station Centification.

Contractor will fumish sufficient evidence to the Government to certify that all inspection
operations can reliably detect defects specified in the approved inspection plan.
5.4.3.5 Part 11, Demonstration Test.

2. Objective.

State the objective of the test to include item(s) to be produced, item specification number (s),
and the required production rate. Information should be based on the latest kpown facility
requirements and any differences from corresponding data in the DTS should be fully explained.

b. Management.

(1) Ideniify by name, organizational title, and posmon the individual having overall test
responsibility and those individuals responsible for major funcions of the test. Define respu:twe

responsibilities of each individual (c.g.. planning, supervision of specific aspects of the test, issuance
of directions, evaluation of data).
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(2) Specify methods or procedures by which accomplishment of the test will be controlled to
insure compliance with the approved test plan.

¢. Inspection Requirements.
Cite contractor inspection plan approved by the Government.
d. General Test Description.

Give a general description of the overall DT to include type of test (mechanical functioning,
inert production, live), duration of test, sumber of items to be produced, start-up and close-down
operations, overall philosophy, special conditions, constraints, and governing documentation.

¢. Process Description.

(1) Provide a simplified flow process diagram indicating by number each step in the
production process (including, but pot limited to, manufacturing, material handling, inspection, and
storage). See figure 7.

(2) For cach step in the process, provide a parrative description which addresses the
following:

— Contractor operation number (number should be consistent throughout the DTP).
— Operation description (including inspection).

— Equipment description (include manufacturer and model).

— Inspection requirements (include calibration).

— Certification requirements (material, personnel, etc.) where applicable.

— Manpower requirements (manual operations).

— Special safety requirements.

— Special environmental controls (c.g., regulated temperature and humidity).

— Contractor operational procedure (define daysiweek; bours/shift; shifts/day;
scheduled downtime for breaks, cleanup, set-up, lunch, etc.)

(3) A summary matrix spreadsheet should be prepared and included. The format should be as
shown ip figure 8.

(4) Equipment Maintenance Program.

— Describe the overall maintenance concept to include use of alternate lines or
equipment, periodic shutdown, repair in place, etc.
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— Identify by individual operation the maintenance effort to be performed on each
item of equipment and associated tooling. Include, as a minimum, the following:

» Preventive maintenance schedule.

» Manuals.

s Records/documentation required.

e List maintenance tasks to be demonstrated during the test.

(5) Eavironmental Considerations. List all processes, operations and equipment that are
affected by and/or impact upon existing eovironmental policies or regulations (including federal,
state, and local). Cite apphcable policy/regulation in each instance. This should not contradict or
replace any applicable project Environmental Impact Assessment or Statement.

f. Schedule and Build-up Curve.

(1) Schednle. Prepare a time schedule for all major activities (mgh_ndjgc non-1e€t activities
such as facility start-up and close-down, etc.) required to 2ccomplish the dcmonstrauon test.
Specify interim milestones for any activities requiring in excess of one month duration. See figure 6

for a recommended format. One master schedule to include both debug and DT is acceprable.

(2) Buildup Curve. Prepare a production build-up curve showing production rate
acceleration from initial system stan-up through full rate and the demonstration test. Identify
associated hardware requirements. Figure 2, with bardware requirements added. would represent a
buildup curve sufficient for prove-out and production planning purposes.

g- Government Support.

(1) List all Government organizations that will participate in the test and the corresponding
funciions.

(2) List all GFM/GFE required. Separate GFM/GFE into the required for preparation and
that required for performance of the test. Indicate time frames in which GFM/GFE will be
required.

(3) List all Government facilities or services that will be required and when they will be
required.

(1) List wl number of personnel required for performance of the DT. Caiegorize by
function (e.g., data collection, production inspection, maintenance, supervision).

(2) List number of personnel required for full-scale production. Categorize by fuaction (e.g.,
production, inspection, maiatenance, supervision).

i. DT Data Collection.
State that, as a minimum, data collection will be in accordance with Appendix B.
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j- DT Evaluation.
(1) Identify companyfagency/department performing the evaluation.

(2) State that, as a minimum, DT evaluation will be performed in accordance with Appendix
A. Identify and describe any computer simulations, if used, 1o analyze DT data.

(3) Identify any prior tests or other informaton that will assist in the evaluaton of the
equipment/process capability and/er end item acceptance.

k. Treaining Requirements.

Identify personnel trammg requirements, if any, directly attributable to DT. Specnfy operations
or functions and type of training required.

1. Reports.

State that a Demonstration Test Report (DTR) will be prepared and submitted to the
Government ip accordance with 5.6.
5.5 Demonstration Test (DT).

5.5.1 Purpose.

Prove-out obpcuves are given in 4.3. The DT phase is where data collection 1akes place on
cach operation in the manufacturing system or process.

5.5.2 DT Conduct and Coordination.

a. Performanee,

The DT is performed by the facility contractor in accordance with the Government approved
DTP (sec 5.4 and Appendix C).

b. Notification of Test.

Advance notice of test dates and locations will be furnished for Government witaessing of the
test as specified in the facility cootract.
¢. Goverument Witnessing of Tests.

DTs will be monitored by the cognizant Government engineering organization rcprcscntam&s

or such other Government personnel as may be appropriate to the scope of the facility project and
contract terms. Monitoring is for the purpose of assuring conformity with the DTP and the
accuracy of the recorded test data.

5.5.3 Special DT Considerations.

The following areas of special consideration are highlighted to aid in the recording,
interpretation and evaluation of DT data and facility capability.

31
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a. System versus OQperations.

During the DT, specific data is collecied on each operation in the manufacturing process. It
should be emphasized that the operation must be runeing at its full capability during data collection
even if the overall system cannot yet sustain full production. A helpful rule-of-thumb is that data
collection on operations withio a manufecturing process should not commence until the overall
system has achieved stable production of at least 80% of its required rate. At this production level,
system debugging is essentially complete and many individual operations should be capable of
running at full rate. Raw material or parts may be “banked™ at such operations to permit them to
run at higher rates than the system may be capable of for the data collection time period. If at any
time prior to the DT it becomes evident that initial objectivies cannot be achieved, the contractor
should propose revised objectives and DT parameters for Government approval.

b. Trial DT Ruon.

After the test readiness meeting (see 5.3.3.5c) establishes that the DT phase of prove out may
commence, a short trial run would be helpful to give hands on experience 1o dawa collectors,
managers, ¢tc., with actual DT activites, documentation, etc., prior to start of the formal test
period.

¢. Provisioning.

Before commencing with data collection on any operation, in addition to assuring that the
operation has shown a basic capability o run at rate, the contractor should also assure that
sufficient material (e.g., raw material, parts, equipment spares, ¢ic.) necessary 10 conduct the test
are available.

d. Material Handling.

Material handling equipment is pormally evaluated based on its ability o support dependent

equipment under test. However, material handling equipment also commonly incorporates buffers
" or banks inwo the process. Thbe status of such buffers must be monitored during DT of any
dependent equipment and included in subsequent analysis of production capability.

e. Plant Support Equipment.
A facilities’ production capability depends not only on the manufacturing equipment but may be
limited by plant support equipment such as air, water, stcam, pollution abatement equipment, ete.

The statws of such cquipment should be monitored during the DT and included in subsequent
evaluation of production capability.

f. Software.
Production facilities are incorporating increasing amounts of production equipment, control
sysiems, and information systems which rely on software to perform properly. Software is tested in

conjunction with its associated cquipment during the DT through its affect on equipment
performance.

g- Product Considerations.

(1) Product Evaluation Specifications. Situations can occur where end item specifications
may not adequately address product acceptability at interim stages in a production process. Thisis
especially tue in the case of continuous chemical processes. In such cases, special product
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evaluation specifications (PES) should be prepared to address product acceptability at specified
points in the overall product process. This allows the process o be broken down into smaller
modules for the DT.

(2) Special Tests. Product acceptability and production rate may depend on the results of
laboratory tests or ballistic tests performed during production or afterwards. In such cases, analysis
of DT results should take these factors into account.

h. Statistical Process Control (SPC).

SPC is becoming increasingly prevalent in production facilities. If SPC is 1o be employed on an
operation during production, then SPC should be an integral pan of system debugging. SPC process
capability swdies, along with root cause analysis, cause-consequence analysis, ete., will be
extremely valuable during system debugging. An SPC plan in accordance with contract
requirements stemming from MIL-Q-9858A should have been prepared identifying processes to be
controlied, parameters and characteristics 1o be monitored. Details of capability studies conducted
for each of the controlled processes together with any other available SPC history for any processes
should be reviewed prior to conduct of the DT. All planned SPC should be in place during DT
data collection and SPC data collected during DT will be taken into account when the DT results
are evaluated.

5.5.4 Reporting.
After completion of DT, the contrector will anatyze the data collected in accordance with
Appendix B (as a minimum) and prepare a comprehensive test report in accordance with 5.6.

5.6 Demonstration Test Report (DTR).

5.6.1 Purpose.

The DTR provides a record of DT results, identified deficiencies, conclusions. and recom-
mendations for improvements and corrective actions, as applicable.

5.6.2 DTR Preparation, Coordination and Approval.

The DTR will be prepared in accordance with this bandbook and requirements set forth in the
project SOW. The DTR is prepared by the facility contractor who conducted the DT. The
cognizant Government engineering center will coordinate, as appropriate, and approve each DTR.
DTR format and content guidance provided herein is structured so that this handbook may be cited
and only the supplemental project specific data called for therein need be provided. See Appendix
C for sample acquisition clauses and documentation.

5.6.3 DTR Format and Content.

A basic format for the DTR is given below. Additional information on each area in the DTR is
given in subsequent paragraphs. This DTR guidance should be considered a baseline from which a
preparer can develop a DTR tailored 10 a specific facility project.

a. Cover Sheet,
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Table of Contents.

Introduction.

Summary.

Objective.

Requirements.

Process Description.

Summary of System Debug Testing.

o - ¢ a6 0

Demonstration Test.

Conclusions.

are
g

k. Recommendations.
l. Appendices (Daia and analyses, as applicable).
§.6.3.1 Cover Sheet.
The DTR cover sheet, except for the document tille, should contain the same basic information
as that of the DTS and DTP (sec figure 5).
5.6.3.2 Table of Coatents. .
Provide a table of contents which follows the format (paragraph headings) shown in 5.6.3.

5.6.3.3 Introduction.

a. Briefly discuss the facility project objective and background to familiarize a reader with the
project. . .

b. Briefly discuss the prove-out period.
from debugging through the demonsiration test.

his should be an overall chronology of the period
c. Briefly describe or identify the manufacturing process.

g2 4L£L72 A
FaUsdo'¢ JUHILIAR ¥

Briefly summarize the results of the demonstration test to include procuction capability, RAM
characteristics, and product quality for each operation in the manufacturing process. A suggested

format o organize the data for summarizing the results is given in figure 9. This form should be
included in the summary.

.

5.6.3.5 Objective.

State the overall objective of the DT. It should be the same as given in the DTP. but if facility

project requirements have changed since the DTP spproval, the latest information should be
reflected in the DTR.
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5.6.3.6 Requirements.
Give the test time and quaptitative production rates and reject rates to be demonstrated for cach
operation in the process. Highlight and explain any deviations from the DTP.
5.6.3.7 Process Description.
Citc the process description information included in the DTP. Highlight and explain any
changes from the DTP.
. 5.6.3.8 Summary of System Debugging.

Provide a brief chronology of the system debugging to include any significant problems
encountered, corrective actions, equipment medifications, and a summary of raie and quality level
buildup attained during debug.

5.6.3.9 Demonstration Test.
Provide the following information on the DT:

a. Provide a brief test description that includes all pertinent assumptions, definitions, and
factors which influence the data. Highlight and explain any areas which differ from the
DIP.

b. Describe how production, quality and downtime (or failure) data was collecied and
analyzed. Cite the DTP, where applicable, and fully explain any supplemental data and
analyses involved. Downiime (or failure) codes should be summarized as in figure 10.

~  ¢. Tabulate statistics used to compute quantitative production raies, RAM. and quality results
for cach operation. Resuits for every operation tested should be shown. Figure 11 is
representative of how this data should be presented. Additional information concerning
data analysis is given ip Appendix B.
d. Provide a detailed listng of downtimes and a downtime anaivsis. See figure 12 for an
example of how downtime analysis data should be presented.

¢. Computer simulations approved in the DTP may be used to analyze DT data. If so, the
simulation should be fully idemified/described and the results provided and discussed.

f. Discuss any significant equipment operating or product quality problems occurring during
the DT along with corrective actions taken.

§.6.3.10 Conclusions.
Indicate 10 what degree the system met test objectives.
5.6.3.11 Recommendations.

. * Indicate if the production system is suitable for ongoing production. If test objectives were not
yet met, provide recommendations {actions and costs) for correcling problem areas.
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FAILURE CODES - BODY LOADING

CODES DESCRIPTION DEFINITIONS

UNTRAYING MACHINE
100 MISCELLANEOUS PROBLEM UNTRAYING

101 TRAY POSITION TRAY IMPROPERLY POSITIONED TO UNLOAD
102 TRAY OVERRUN TRAY HITS UMIT SWITCH AND MACHINE
103 INFEED JAM BODY JAMS DURING UNTRAYING

CONE_SYNTRON
200  MISCZLLANEOUS PROBLEM CONE CONVEYOR .

201 FEED RATE CONE SYNTRON FEZD RATE REQUIRES ADJUSTMENT
202  CONE TURNED OVER CONE OVERTURNED N SYNTRON
203  CONE JAM CONE JAMS EXITING SYNTRON
POWDER FEED SYSTEM
210  HUNG BUCKET POWDER SUCKET HANGS UP WHILE FEEDING
21 NO POWDER CONVEYOR BRINGS PALLET W/0 POWDER
212 HUNG PALLET CONVZYOR SYSTEM JAMS WHEN CALLED FOR

215 MISCELLANEOUS PROBLEM POWDER CONVEYOR SYSTEM

ASSEMBLY MACHINE
300  MISCELLANEOUS -PROBLEM ASSEMSBLY MACHINE

301 REJECT PARYT 30DY WILL NOT FIT ON NEST

302  OUT JaM BODY & NEST ASSEZM3Y JAM ON OUTFEED

303  BODY JAM BODIES JAM ENTERING ASSEMBLY MACHINE

304  NEST JAM NEST NOT AVAILASLE FOR ASSEM3LY

305  NO BODY BODY NOT AVAJLABLE FOR ASSEMBLY

306  UMIT SWITCH SWITCH REQUIRES ADJUSTMENT OR REPLACEMENT

307 MACHINE OPERATIONAL

308 LEAD CuP LEAD CUP FALLS OUT OF BODY & CAUSES HANGUP

PELLET PRESS

400  MISCELLANEOUS PROBLEM PELLET PRESS

201 PART IN PUNCH BODY STICKS IN PUNCH AFTER CONSOLIDATING
POWDER .

402  UPPER CAM JAM UPPER PUNCH FAILS TO SEAT OVER BODY

403  HIGH PUNCH -PUNCH FAILS TO RETURN TO NORMAL POSITION

404  NO BODY BODY MISSING FROM NEST

405  NO NEST NEST MISSING FROM BODY

406  INFEZD vAM BODY ASSEMBUES JAM ENTERING PRESS

FIGURE 10. IXAMPLE FAILURE CODE SHEET
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DOWNTIME ANALYSIS OF BODY LOADING SYSTEM

STATION/CODE FREQUENCY TOTAL TIME  AVERAGE TIME
BODY LOADING STATION 2 197 392.417 1.992
o NONCODED FAILURES 1 2.500 2.500
101 TRAY POSITION 1 3.067 3.067
200 CONE CONVEYOR-MISC PROBLE 2. 10.983 5.492
210  HUNG BUCKET 6 18.433 3.072
211 NO POWDER 16 65.783 4.111
212  HUNG PALLET 2 5.000 2.500
215 POWDER CONVEYOR 2 . 5.667 2.833
302  OUT JAM 1 500 .500
303 BODY JAM 1 .650 .650
304  NEST JAM 3 4.383 1.461
307  LIMIT SWITCH 10 4.767 477
308 LEAD CUP 2 717 .358

FIGURE 12.

EXAMPLE DOWNTIME ANALYSIS
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5.6.3.12 Appendices.

Appendices sbould be used to present raw data, quality control data, apalyses, simulation
results, and other supporting data or analyses, as applicable. This supporting data should be cross
referenced 1o associated paragraphs in the DTR.
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6. NOTES.

6.1 Intended Use.

This bandbook contains requirements and guidance for the application of prove-out to the
establishment or modemization of Army Materiel Command production facilities. Because of the
wide range in scope and complexity of facility projects, the guidance contained in this handbook is
intended to help users develop prove-out programs tailored to specific projects.

6.2 Subject Term (Key Word) Listing.

— Demonstration Test
—~ Maintainability

— Prove-Qut

— Quelity Assurance
— Reliability

= ‘Turnkey Facility
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APPENDIX A

STATISTICAL METHODOLOGY

1. General
This appendix provides details of the statistical approach applicable to the planning and carrying
out of a demonstration test of the capability of a production facility.
2. Terminology and Notation
a. C = Production Capabiliry, defined as the expected number of accepiable units produced per
bour of scheduled sysiem operating time.
Co = Production capability required.

C, = Lower capability limit.
b. A = System Availability, defined as the expected proportion of scheduled system operating
time that the system acrually produces.
¢. P = Process Average, defined as the expecied proportion of acceptable units produced during
any interval of actual system operating time.

d. R = Production Raze, defined as ibe rate { i units / br, parts / hr, pounds / br, etc.) a1 which
the system will produce when actually operating during the test. R must be greater than or equal to
Co- Sec App A, 6.2(4).

e. D = C,/Cy = Discrimination Ratio, a measure of the degree to which it is desired
discriminate between acceptable and unacceptable systems. The closer D is to 1, the greater the
discrimination. Test time increases as tbe discrimination ratio increases. See App A, 6.1, for a
further discussdion of this point.

. f. @ = Probability of rejecting a system when it is capable of producing at or better than the
mobilization requirement; i.c., whea C.z Co. This quantity reflects the risk to the contractor of
having adequate systems rejected.

g B = Probability of eccepting a system when it is oaly capable of producing at or beiow the
lower capability limit; i.c., when C = €,. This quantity reflects the risk 1o the government of
accepting systems that are considered inadequate.

b. T = Scheduled System Test Time, defined as the length of the test, and which excludes
administrative downtime, i.c., tunch, breaks, etc., and logistic downtime, i.¢. waiting for parts, etc.

T, = Scheduled system operating time available per month.
To = Test ime factor given Il . 1T}, « , and B .

T o = Minimum test time = U - Ty .
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i. Tl = Capability Factor =

=iy

Corresponding to C define Tl = %

Correspoading to C, define 1, -%‘-
j- U = Upper Bound on System Mean-Time-To-Repair (MTTR), determined from experience with
the presen: sysiem or similars systems. See App A, 6.2(3).

k. N, = Critical Capability Valur, Snu_:lﬁcs the nasi fail eriteria for the demonstration test and

is selected from the appropriate table or calculated.

3. The Production Process Model

The model considered in the development of the statistical approach for DT is that of 2
production process {or system) which produces upits, both good and bad (i.e.. acceptable and
unacceplable), at a rate, R, per bour of actual system operating time. P is the expected proportion
of units produced by the process which are accepiable or good units. Hence, the rate at which
goodunitsmproduwdupmwdcdbytbcprochm?k D.xnngthecourseofthcopcra:ion
equipment comprmg the process will expericnce stoppages because of mechanical failures.
Subsequent to repair, the production process resumes operation, manufacturing units at the rate R.
The amount of time required to perform repairs is referred to as active maintenance time. If the
sys:emmandmctompairisdcnowdbym and the mean time berween failure by MTBF,
then the long run proporton of the time the production system will be operating is the availability,
A, and is given by

A = MIBE
MIBF + MTIR
For the production process total scheduled system operating time is comprised of both acmal
operating time and active maintenance time spent on repairs. Therefore, for a given amount, T, of
scheduled operating time the process is expected to have acwal operating Ume given by 4 - T,
during which it is expected o produce R - A - T units, of which P - R - A4 - T are expected to be
acceptable. If the latter expression is divided by T, an expression for C, the expected number of
acceptable units produced per bour of scheduled system operating time, results. That is,

C=P-A-R

Production Capability = (Process Averege) x (System Aveilahility) x (Production Rate)

The process parameier C, modelled in this way, is the primary parameter of interest for the prove-
out DT. However, the hypothesis 1251 procedure discussed later is structored, for convenience,
around [, the capability ratio. Inferences and tests concerning C will be equivalent to those
copcerning I1.
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4. Assumptions

In order to proceed from the model to the development of statistical infereace procedures the
following assumptions are required.

a. The production rate, R, is constant. For most applications this assumption is an idealization,
since there will generally be some variability in the production rate. However, the statistical

proccdurcsdiscusedhcrcm can be shown to be insensitive (i.c., robust, touscthestausucaltcrm)
with respect to reasonable departures from this assumption.

b. The process is in sufficient statistical control to assume that P is a constant. It should be
noted that this does not mean that the actual propomon of good units ip any period remains
constant, but only that the process average governing the random process geperating good units
remains constant. As with the preceding assumption the procedures are again robust with respect
to reasonable departures. In both cases, as well as for several of the assumptions which follow, it
shouldbenowdthatallthatisneed:disforthemmpﬁons and the model as a whole, 0

reasonably apply oaly during the execution of the demonstration test.

c. The distribution of times between failure is cxponenual with mean denoted by MTBF. If
the variance of the times betv-ecn failure is denoted by of . then because of the exponential
assumption,

o} = (MTBF ¥
The exponential distribution has been historically shown 0 be a reasonable assumption for time

between failure distributions of a wide variety of equipment. It is not unreasonable o apply it,
therefore, in the modelled process.

d. The distribution of times w repair is exponemiial with mean denoted by MTTR. If the
vanance of the time to repair is denoted by o2 | then

¢} = (MTIR P

In practice the log-normal distribution is often assumed for time to repair. For a log-pormal
distribution with mean given by MTTR it can be shown that

a? = constans - (MTTR Y

For production processes, especially at the point in time when prove-out procedures are to apply,
such a constant will generally not be known. Assuming an exponential distribution on the times to
repair is cquivalent to assuming the constant is equal to 1. Sensitivity tests conducted during the
development of the statistical procedures have shown that the procedures are robust in this respect.

¢. The demonstration tests will be s'ufﬁcienﬂy long so that the random processes governing
failure and repair will have resulted in a steady-state availability, A, for the production process.
This assumption is only necessary, if the demonstration test procedure requires that all equipment
initially be in an _operable siate and buffers between operations be sceded, rather than baving
achieved some sicady-state level pricr to the start of the test through operation of the process.
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5. The Hypothesis Test Methodology

The approach is based op a stastical test of the hypotbesis thar the wue capability ratio of the
system, 1, is greater than or equal to fly , where:

= £
=%

and C =P -4 + R, as modelled above. If a test of the system is run for test time, T, and N, the
number of acceplable units produced, is observed, thea it can be shown thaubcquantityl‘luﬁ—,

10 be used as the test statistic, is approximately normally distributed with mean, Tl , apd varianee o2
given by the following expressioa:

«lg-pl -0
o?= & (1-P) T + AMTTRY(1~4)-%
In fact, it can be shown that as T increases indefinitely, the distribution of the quantity,
approaches that of a normal distribution with mean O and variance equal 1w 1.

It can be furtber shown that under reasonable constraints on the relationships between the
parameters of the mode!,

ot s LMTTR)(1-M T

Therefore, define: g2, (l) = 2U (1= where U is the upper bound on the system MTTR.

The above.results provide the framework upon which the hypothesis test procedure can be
developed with specified risks, a at I and B at M, (I;sMl,). Consider the following test
acceptance procedure:

4 b 5 e
. T maxl ]}
Accept: if l%—no] > Z,—.’-.-L)

Reject:  if otherwise

where Z, for 0 < y < 1 denotes the 100y th percentile of the standard normal distribution; i.¢. the
normal distribution with mean equal w ( and variance equal to 1. (Table VI provides commonly
required values of Z, ). For T sufficiently large, the probability of rejection for 1 = Ty under the
above procedure is less than or equal 1o a , and the probability of acceptance for [T = I, is less
than or equal to 8, The minimum required value of T, denoted T_;, , can be shown 1o be:

e = Gk o]
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and therefore

(1) Tein = U - Ty

2
(2 7. o2 Q- MF I + 2. _____\W&l

°= i M- My [“"“ T Vaemn |

The above acceptance procedure is equivalent o

A7 o AT
Accept: lfnﬂ-%>ﬂ° Z,_,%-&

Let M, = no-z,-,i:\/“%l or

@ Moo= -2z, sz/‘%"m"&

Then the acceptance procedure- becomes:

' Accept: if 11 > m,
@)

Reject:  if otherwise

Therefore, in order to test the hypotbesis that 1 = ﬂo versus [1 = T, with specified risk levels a
and B, determine Ty, using (1) and (2) above, and use the acceptance procedure (4) with [T,

determined from (3). The required statstical test procedure is then established.

The next section of this Appendix discusses the establishment of a specific demonstration test for
agivensctofsysumandwparamewrs. The overall approach is to establish a test time and

acceptance criterin at the sysiem I'\m! bant cml‘o}y the h}m'.h‘"‘ test at the operstion level

provided the test parametcrs at the operation level do not differ substantially from the system level
parameters, as is discussed in the next section., If there is a substaptial difference for particular
operations, then new minimum test times and/or test criteria are established for just those
operations. Rejection of any operation based on the test will indicate that the operation does pot
bave the production capability necessary o support the system level requirement. In such cases
corrective action must be addressed by the contractor in the DTR.
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" 6. Establishing the Demonstration Test

a. To establish a demonstration test time for a particular production facility, or portion thereof,
values of the test parameters Cy, Cy, a, B, R, and U, defined in the preceding section, must be
specified. It is required that a sound and complete rationale be used to establish the values
specified for those parameters in the DTS and/or DTP. This rationale should include as a

IR
MAARARARANA AN,

(1) A determination of an bourly production capability, Cp, for the system, or portion
thereof, comresponding W the overall facility production requirement. The demonstration
test will have the property that, if the system has a production capability at least as good as
Cy . it will have a high probability { 1 — a ) of passing the test. A proper determination of
Co for a given production rate requirement entails an accurate specification of scheduled
sysicm operating time per month. A facility rate requirement may typically be stated in a
manner similar to the following:

**N acceptable units per month on an X/Y/Z basis™

(NOTE: X is the gumber of shifits per day, Y is the sumber of bours per shift, and Z is the
number of days per week).

The X/Y/Z portion of this requirement provides littde information relative w the amount of
scheduled system operating time per month. In fact it provides only an upper limit. For
instance, if X/Y/Z is 3/8/5, then it can be concluded that scheduled system operating time
per month must be less than or equal to 21 x3x8 = 504 hours; i.c., the product of the

o taan T, for T o § ssciamlins gmton s Fos T = T ek
aumkrcfdayaym month (NOTE: forZ = 5, thisisusually akenwbe 2Y; for Z = 7T the

value is 30) times the oumber of shifts per day times the gumber of hours per shift. The
actual amouat of scheduled system operating time per month must wake ioto consideration
periods of scheduled downtime, such as breaks, lunches, scheduled maintenance, set-up or
start-yp time, and so on. The best way to illustrate the proper determination of scheduled
sysiem operating time per month, 1o be depoied berein as 7, . .is via an example. Suppose
for a given ammunition production facility the following requirement is provided:

120,000 acceptable rounds per month on 2 3/8/§ basis.

" “The following additional information is also available.
i. A 30 minute lunch break and two 15 minute breaks are scheduled for each shift.
ii. At the beginning of each shift a 30 minute set-up period is required.
iii. At the beginning of the third shift cach day there will be 1 bour of preventive
tmaintepance.

Scheduled system operating time per month, 7,, , is then:

T, = (Maximum shift hours possible per month) - (Total monthly loss due to lunches and
breaks) - (Total moothly downtime due to set-ups) - (Total montbly downtime due to
scheduled preventive maintenance)
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=(21x3x8)- (2t x3Ix1)-(21x3x%)-(21x1)
=(504)-(63)-(31.5)-(21)
= 388.5 bours

For this value of T, , the correct value of Cy is then determined as:
(120000) _ (120,000 )
T ( 388.

= 308.9 acceptable units per hour of scheduled system operating time.

Co“

Note how this compares to the value of 238.1 which would result by incorrecty assigning 2
value of 504 to 7, . Similar reasoning sbould be applied wben the requirement for
production rale is stated in other ways. Of major importance is the fact that the value of
scheduled system opcrating time be an accurate estimate of the anticipated svstem operating

el o wxibuiat o i stasad. ettt avva sl Aniler ave
HUW overY \.m; l.w-nw WOT Waich I.I.IG lcquucumut B 2iaicAd, l <. HJLISLY . “WM‘ ua.uv L=1"

(2) A justification, possibly reflecting economic coasiderations, regarding selection of the
risk levels o and B , as well as the lower capability level, C, (or. alterpatively, the
discrimination ratio, D). The dernonstration test will have the property that, if the system
has a production capability no better than €, , it will have a high probability (1 — B ) of
failing the test.

(3) A justification for the specified value of U, the upper bound on the system MTTER. Itis

not necessary that thie value be close 1o the true system MTTR tm'mlv :rrpmer with a ggnd

- =Ny

deal of assurance, Since required test time will bc directly propomonal 1o the specified

value of U, a reasonable upper bound should be selected to aveid excessive costs associated
with over-testing.

(4) As defined above, R is the rate at which the svsiem will produce when actually
operating during the test. The key words bere are actuglly and during. The former refers to
the fact that R is the rate at which the system will produce if all operations experience no
equipment failures, including rejects and/or scrap. It is equivalent to the *‘cycle rate™ of the
system and is direcily related to the cycle rates of the equipmeant which comprise the system.
The word during refers to the fact that to some degree R may be controllable and hence set
a1 a particular value to be maintained throughout the period of the demonstration test. If R
can pot be adjusted., it is generally considered to be a known fixed value reflecting the rate at
which equipment will be running during the test. In all circumstances R must be greater
than or equal to C . In most cases R will be substantially greater than Cy . In the simuations
when sysrem uptime can be determined. it is possible 1o obtain an estimate of R by dividing
the total number of units processed ( both acceptable and unacceptable ) by the total system
uptime.

b, Faorthe cnecified values Cn O, a B R and lJ  the tahlee i
e TEN N SRR YRR g =

;.2.8 R andl  the mhles appendix

n thie
bl bt ¥
can be used to determine the required system demonstration test time, Tz, . and the test criterion,
M. First, however, the values, My and D must be calculated from:

crrtion Q af
secton V¥ o1
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® M= 52
and

@ »o=g

The tables correspond to different values for o and B. However, in each case, a and B are equal.
In developing these tables it was considered that equivalent protection to the “producer” and
‘“consumer’”, in this case, the facility contractor and the government, respectively, should suffice for
the purpose of planning demonstration tests on production facilities. The table for 11, is only valid
for a = B and should not be used for other cases. If the reader wishes to use other values of
andfor 8, the formulas for T, and [, provided in the preceding section of this appendix can be
used. The columns in the wables correspond to different values of 11y, the desired capability factor.
The rows corrcspond to different values of D, the discrimination ratio. By going to the row
coriesponding to the value of D compuied above { i.c.. the smailesi tabled value of D greater than
the computed D), and then going over to the column headed by the computed value of [l | 2 value
of Ty . the test lime factor, can be found. If there is no column headed by Iy . then linear
interpolation between columas is acceptable. The appropriate value for the test ime. T, can then
be determined from:

Tarm“U'To

EXAMPLE: Given the following test parameter specification, determine the required
demonstration test time, 7 ;,. and test criterion, [T, :

Co 1000 units / ke
¢y 900 units / hr
3 10
B .10
R 1250 vnits / hr
U 0.5 hr
Caleulate:
Mo = 22 = 4998 = 0.80
LY =
900

" Fora = @ = .10, table 11 is used. By going down to the row with D = .90 and column headed by

Iy = .80, a test time factor of Ty = 280.3 is found. The scheduled demonstration test ime, T
should then be: :

T & Ton=U"- To=(0.5)x(280.3)=140.15hrs

Similarly, 1able V is used 1o find the value:
n, = .76
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c. The values T and [[, completely specify the system level demonstration test that should be
conducied for the given test parameters. These values would be provided in the appropriate
paragraph of the DTS and/or DTP.

d. The next step is the process of establishing the matrix for each operation in the system as
described in section 5.4.3.5 of this handbook. Determination of the opcmtiom'machinc level inputs

to this matrix requires a thorough understanding of bow upstream operations must perform in order

to compensate for losses downstream. For complex systems this makes necessary the performance
of 2 manufacturing system analysis. Such analyses are often conducted using computer simulation
models such as GENMOD, which will verify whether operation level performance parameters are
adequate. To illustrate how this information is used, consider a continuation of the above example
where the system is comprised of five operations, with Operation #1, #4, and #5 performed by
single work stations (machipes), Operation #2 performed by three machines, and Operation #3
performed by four machines. To achieve the required Cy off the entire system, higher capabilities
are required for the upstream operations. Based oo a manufacturing system analysis the contractor
provides the following information in the DTP for each operation:

Co

1 1. 1280 | 1540 | 0.831 | 0.50

2 3 420 | 480 | 0.875 | 0.75

3 4 300 | 450 § 0.667 | 0.25

| 4 | 1 1100 | 1300 | 0.846 l 0.20

S 1 1000 | 1250 | 0.800 | 0.30
If , for any operation, lhemachinenovalucislcsthanthcsymmnobymorethanmalhc
d‘.ﬁemm betwees Il and [, or the machine U is more than 10% greater than the system U, the

formulas for T, end [T, provided in section 5 above should be used o recompute Ty, and [T, for
that operation. The recomputed values of both should be used if the recomputed T o, is larger than
the system 7o, The recomputed value of I, should be used if it is less than the system I1.,
regardless of the recomputed Ty, In the above example, for Operation #2, U=0.75 hrs. exceeds
the system U= 0.5 hrs. by more than 10% and, for Operation #3, I, = 0.667 is less than the
system o= 0.8 by more than 20% of the difference between My=0.8 and I, =0.761. Hence,
recomputed values of T, and 1l for these operations ( using the same D, a, and B values as in the
sys:cm computation) are for Operation #2: To;= 145:57 hrs. andl'L=0835 and for Operation
#3: Tpan= 108.03 brs. and 11, =0.633. Therefore, a slight increase ip test time is required for

operation #2 machises. And modified I1, values apply to both operations.

¢. After properly assigning values to the various parameters required and determining a value of
test time, Tsz . canmuabeukcntopropeﬂymterprctandm'l‘ It must be remembered
at T, or its operation level equivalent, is the amount of scheduled operating time required to
achieve the desired demoastration level for the sysem, or operation, respectively. Downtime due
to scheduled breaks. set-ups, or preventive maintenance is not to be counted against T. On the
other hand, downtime for corrective maintepance is counted. As a result, the number of shifts
required for demonstration will be typically greater than the number determined by simply dividing

T by 8. A sufficient number of shifts musz be run to provide the required scheduled operating time
totalling T.
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f. A point of clarification is required concerning the fact that the tables from which Tq is
determined reflect that T decreases as [l increases for a fixed discrimination ratio, D. This
appears to be counterintuitive, since higher values of Iy are associated with higher demonstration
levels for production capability and, heoce, should require longer st times. This is simply pot
true. Within a given table (i.c., for fixed risk leveks) the size of Ty depends on the size of the
difference between Il and 1T, which is to be detected by the test. For a fixed D this difference
increases as [, increases. Clearly, the larger the difference to be detected, the smaller the test time
required for detection. For example, suppose D = 0.8; for [Ty = 0.80 the value for MisM, = 0.64
and the difference to be detected by the demonstration test is Tly — T, = 0.16. If i, is increased
to fly = 0.9, the value for Il is T, = 0.72 and the difference 10 be detected is Tly = TI; = 0.18.
This increase from 0.16 10°0.18 in the difference 10 be detected corresponds 10 a consequent
decrease in required test time, 2s is reflected in the tables.

7. Statistical Test Procedure

For cach operation in the sysiem, a demonstration test for test time T & Ty ( i.c. the Ty
value for the operation which may be different than the system value) is conducted. During the test
the production rate R for each machine in the operation will be as specified in the approved DTP.
Data is collected in accordance with Appendix B of this handbook and processed to vield the
information necessary to conduct the operation level tests of hypotheses.

Continuing with the above example, the way in which the bypothesis test is conducted will be
illustrated for operation #5 as follows. For that operation a test of 140 hours (140.16 rounded 1o
the nearest integer number of bours) was conducted with production rate R=1250 units/hr. During
the test it is found that the total oumber of units (acceptable + reject) produced is M = 146,856
units, produced in 112 bours of actual uptime. This implies that the true R was actually 1311.2

upits/hr as opposed to 1250 units/br. The pumber of acceptable units was found o be N =
- 142,410. Therefore:

s N 142410
M= 2 (1311.2)(180) 716

and 1> M, = .761 Heoce, tbe operation’is not rejecied and no deficiency noted. Had the i
been less than T1,, the operation would have been rejected and corrective action required.

8. Approximate Confidence Interval Estimates

Prior to the actual running of the demoastration test, it can be c¢laimed that the minimum
100{1-8 )% lower confidence limit of production capability, C, will be €, = D - C, for cach
application of the hypothesis test procedure at whatever level, be it system or operation. After the
test is actually run and data collected, a two-sided 100(1-y)% confidence interval, [ €, , Cy ), can
be determined for each operation as follows:

Cbﬂ%-z ,,S
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where
[- o sa A“N’_‘. ]IJ?
= |2EY = ARV
il B
and .
A = ..Al
RT

U is an estimate of MTTR obuained from the collected data or from past bistory, if data is pot
considered adequate to estimate MTIR because of limited sumber of stoppages actually oocumng
during the test. The estimate should be comservative ( over-estimaie ).

To illustrate again, consider the above example. Suppose that in addition to the already
mentioned information, the collected data indicated that the 28 hours of downtime (i.c. 140 -

112) resulted from repair needed to restore operation #5 for a wral 35 failures or stoppages. This
results in an estimate of MTTR:

From the other information:

S = .(_2)&_3)(1-0.1%142410040}2 v

= 15.4 units / hr.

C, = (1424107140) — (1.645)(15.4) = 991.9 units/ hr
v = (1424107140) + (1.635)(15.4) = 1042.5 units / br

NOTE: Zg = 1.645

On the basis of this demoanstration test, it can be stated that with 90% confidence operation #5
is capable of producing between 991.9 and 1042.5 units/br of scheduled system operating time.
Had the confidence interval been below (or even predomimanty below the 1000 unitv/br required
of operation #5 it wouid have been cited as 2 deficient operation in the DTR.

9. Tablesfor T, M, .andZ,
The remaining pages of this appcndix provide the tables necessary 10 plan and evaluate the DT.

Tlea af thase tahlee io ae swmlaimad jn meenedime somefama of

Use of these tables is as explained in preceding seciions of this ‘dﬁ‘péﬁi' and the main bodv of this
report.
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54

TABLE]
TEST TIME FACTORS, 7.,
a s (5 B = .05
]
D I, , CAPABILITY FACTOR DESIRED
!

60 | .65 .70 .75 -80 85 -90 95 |
40 14517 132 s | 105 9.1 7.6 6.1 43
42 16.0 14.5 13.0 1.6 10,0 A4 6.7 1.9
44 17.6 16.0 14.4 12.4 1.1 9.3 7.5 | 5.4
46 1 195 17.7 15.9 14.) 12.3 10.3 831 60!
A3 21.5 19.6 17.6 15.6 13.6 11.5 4.2 6.7
S50 | 23.9 21.8 19.6 17.4 15.1 12.7 10,2 7.4
52 26.6 24.2 218 19.3 16.5 14.1 11.3 >3
S84 296 27.0 242 21.5 18.7 15.7 12.7 492
56 | 33 300 ¢ 271 220 204 176 1 140 10.3
S8 i 37.2 334 30.4 26.9 233 19.6 155 31.5
£0 - 41.9 3r.0 341 30,2 20.2 22.0 17.7 12.9
62 i 213 | .50 38.5 34.1 295 0 2181 199 145 ;
64 | 534 AN 437 38.0 3340 2v01 0 224 1:..31
66 61.4 557 . 49 44,0 ol s 254 ind

70,6 63.9 5120 50.3 43,9 ! 363 25.9 I 20,9
.70 51.7 73.9 66.0 58.0 50.0 31.7 Bay 238
72 95.3 AL 708 67.4 57.9 452 3} 273
.74 112.3 1.3 .2 1 79.0 67.7 56.2 12431 NS,
.76 133.7 120.3 1070 93.7 80,1 06.2 ! 519 . 3646
.78 161.4 145.1 1288 1 1124 98.8 wael 616 ada
80 97,9 1 1733 1573 . 1369 116.3 95.4 740 ¢ 513
82 2473 1 2217 1959 1 1700 14391 1178 905! 620
84 3167 2833 249.7 | 2160 152.2 147.9 nio ! 764
86 3183 373.3 325.2 I 233.0 | 2376 1918 1452 1 960
88 AFAR 120 449.0 © 3855 3223 2553 1935 1 1264
90 N30 TA6 | 6490 | 5885 | a01S | 3ena1 o 277 1736
.92 1317.60 11673 1 10170 | 866.5 715.0 5042 0 10T | 2500
.94 23608 20388 18106 4 15352 1 12595 933 0506 | 4240
.96 S3493 0 47120 30745 | 34368 | 27987 | 21599 | 15196 | 8742
.98 215313 | 180S0 (162785 | 136518 | 11024.7 | 83968 | S767.1 | 31308
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TABLE II
TEST TIME FACTORS, 7.
as.10 B =.10
D I1,,, CAPABILITY FACTOR DESIRED
60 | 65 .70 .75 80 85 | .90 .95
AC 5.5 5.0 7.2 6.4 5.5 4.6 3.7 2.6
A2 9.7 5.8 7.9 7.0 6.1 5.1 4.1 2.9
.44 10.7 9.7 8.8 7.8 6.7 S.7 45 33
46 R 10.5 9.7 8.6 7.4 6.3 50 36
A8 13.1 11.9 10.7 9.5 8.3 7.0 5.6 41
50 14.5 13.2 1.9 10.5 9.2 7.7 6.2 4.5
52 16.1 14.7 13.2 11.7 10.2 8.6 6.9 5.0
S54 15.0 16.4 14.7 13.0 11.3 9.6 7.7 56
56 20.1 18.3 16.5 14.6 12.7 10.7 8.6 621
58 ji 226 20.5 154 §. 163 14.2 11.9 9.6 701
60 1 254 23.1 2.7 18.3 159 13.4 0.7 7.5
62 25.7 26.1 23.3 20.7 17.9 15.1 121 | 8.8
64 32.7 29.6 26.6 23.4 20.3 170 | . 136 9.9
56 313 33.3 3031 267 23 19.3 154, 112
68 29 KENE 34.7 30.6 26.4 22.% 17.6 ) 12.7
.70 19.6 449 10,1 35.3 30.3 25.3 2008 | 124
.72 57.9 52.3 36.6 41.0 35.2 29.3 23.2 16.6
.74 65.2 H1.5 LERS 45.0 a1.1 34.1 26.9 19.1
76 51.2 73.2 650 56.9 A8.6 30,2 31.5 222
.78 98.0 A2 75.2 68.3 58.2 47.9 374 262
80 120.2 107.9 95.0 53.2 70.6 55.0 219 ¢ 311
82 - 150.2 133.6 119.0 103.2 57.4 71.3 549 376
84 192.4 1721 151.7 131.2 110.6 899 65.6 4b.4
B6 2540 226.7 199.4 171.9 144.3 1165 8.2 58.7
88 349.3 3oy 2127 234.3 195.7 156.9 1M7S i 768
90 ) 5078 5101 a2 337.3 250.3 223.0 165.0 105.4
92 5(N12 000, 6117 $26.2 434.6 342.7 350.) 155.5
.94 14338 12668 | 1099.7 932.4 765.0 597.2 3256 2571.5
96 3249.0 | 25619 ] 29747 ;) 20873 | 16998 | 13118 922.9 1o
98 130772 D 113821 ) 98869 | 8291.5 | 6695.9 | 5099.9 | 3502.7 | 19015
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TABLE I

Ad A

3h2kbBurbbobibbl

2RV ENBEIF AN

TEST TIME FACTORS, 7.,
as. 15 B =.15
N, , CAPABILITY FACTOR DESIRED
60 65 i .70 .75 80 | 85 90 95
5.7 5.2 3.7 3.2 3.6 3.0 2.4 1 1.7
6.3 5.8 5.2 1.6 3.0 3.3 2.7 1.9
7.0 6.4 5.7 5.1 4.4 3.7 3.0 2.1
1.7 7.0 6.3 5.6 4.9 4.1 3.3 2.4
8.5 78 7.0 6.2 5.4 4.5 3.6 2.6
9.5 5.6 7.8 6.9 6.0 50 4.1 2.9
10.5 9.6 3.6 1.6 6.6 56 4.5 3.3
11.8 10.7 | 9.6 8.5 7.4 6.2 5.0 3.7
T 1341 120 10.7 9.5 5.3 7.0 5.6 1.1
14.7 13.4° 12.0 10.7 9.2 7.8 6.3 36!
16.6 15.1 13.5 12.0 10.4 5.7 7.0 5.1
18.8 17.0 15.3 13.5 11.7 9.5 7.9 5.7 |
213 19.3 17.3 15.3 13.2 1.1 89 |- 65
23.4 22.1 19.5 17.4 15.1 12.6 10.1 7.3
25.0 25.3 22.7 20.0 17.2 14.4 11.5 $.3
32.4 29.3 26.2 23.0 19.5 16.5 13.1 9.4 |
| 378 331, 38 0 26.7 23.0 19.1 15.1 10.8
I 44.5 30.2 ¢ 358 314 269 223 17.6 12.5
53.0 78, 25t 3! kRS 206.3 20.6 14.5
64.0 Sie S 33.0 380 3y 244 17.1
78.5 705 1 624 543§ d6a 37.9 29.4 20.3
98.1 879 5 113 67141 514 66 359 246
1256 1 1124 | 994 AS.7 72.3 58.7 348 30.3
1659 - 1450 Y 130.2 112.3 91.2 76.1 57.6 38.3
2251 203.1 1 1781 153.0 127.8 102.5 | 76.8 50.1
3316 294.5 251.5 220.3 183.1 1456 1 1078 68.5 |
5226 163.0 403 .4 343.7 2838 2338 : 163.3 101.5
936.4 827.3 . 718 '605.9 499.6 390.0 @ 279.9 165.2
21217 ° 18689 5 1616.1 | 1363.1 | 11100 356.7 . 6027 346.8
85300 74983 ¢+ 6156.6 | S$414.7 | 4372.7 | 33304 | 22874 | 12418
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TABLE IV
TEST TIME FACTORS, 7.,
as=.20) 8 =.20

D I N.,, CAPABILITY FACTOR DESIRED
P60 | 65 | .70 75 1. 80 | 85 | 90 | .95
40 34 3.4 31 2.7 24 20 1.6 1.1 |
.42 1.2 3N 3.4 3.0 2.6 2.2 15 1.3
A4 1.6 4.2 38 3.3 2.9 2.4 2.0 1.4
A6 5.3 1.0 4.2 3.7 3.2 2.7 22 1.6
A48 5.6 5.1 4.8 a1 16 3.0 24 1.7
S50 6.2 5.7 5.1 4.5 39 3.3 2.7 1.9
52 6.9 6.3 5.7 5.0 a4 3.7 3.0 2.2
54 7.7 7.0 6.3 5.6 49 ER| 3.3 2.4
56 N7 7.9 7 6.3 5.4 16 3.7 2.7
S8 9.7 5.5 7.9 7.0 6.1 5.1 4.1 3.0
.60 10.9 ] 9.9 5.9 7.9 6.5 5.8 4.6 3.4
.62 12.4 1.2 101 5.9 7.7 6.5 52 s
.64 131 12.7 1.4 10.1 5.7 7.3 5.9 4.3
66 160 ] 145 13.0 11.5 9.9 5.3 6.6 48
68 (EW 16.7 14.9 13.2 11.3 9.5 76 55
.70 214 19.3 17.3 15.2 13.1 10,9 1 5.7 6.2
72 249 228 201 17.6 15.1 126 | . 100 7.1
.74 9.3 26.5 23.6 20.7 17.7 14.7 4 11.6 82
76 350 3.5 28.0 238 REIAH 17.3 } 1356 9.6
.78 322 37.9 33.7 29.3 ' 250 20.6 r 16.1 11.3
50 5.7 164 41.1 Iss 30.3 249 I 19.3 13.4
82 63.7 $1.9 $1.2 134 37.0 37! 236 16.2
84 A28 74.0 65.3 56.5 17.0 N7 29.5 20.0
86 193t 976 N3N 74.0 621 500 4 3719 25.3
88 150.3 © 1339 117.4 T(NLS 842 67.5 5016 330
.90 218 1911 109.7 145.2 120.6 95.9 . 1.0 7 154
.92 3442 305.1 205.5 226.5 187.0 147.5 107.6 | 66.9
Y 617.0 5452 | 47132 401.3 3292 257.0 . I1N2 1108
.96 13982 12316 1065.0 5983 731.5 564.5 397.2 | 2285
[ 98 I 56277 d941.2 | 42548 | 3568.2 | 28816 | 2194.7 | 1507.3 ' 8183

L
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CRITICAL VALUES, n,

g b ——p——

Fau

D I.,, CAPABILITY FACTOR DESIRED
' Heo , 65 | 70 [ .75 . 85 | 90 | .95
40 i 368 | .403 [ .31 [ .450 573 ] .632 | .13
42 379 1.415 | .a53 | .493 586 | 645 | 726
.44 390 ! A26 | 265 | 506 1599 | .o58 | .737
.46 400 } A37 | 277 | S8 L0612 | oo | as
A8 A0 ¢ 438 a8y g 529 PL623 1 682 1TS54
. S0 419 | ass | laox | 5 635§ 0693 1 T6
b 52 429 ' 368 | 509 | 55 ST [FX N A1
i 54 438 - T8 | 519 | 562 L 68T P T, AT
s6  [.aar a1 s | sm2 06T 721 796
S8 |1 .455 496 ] 538 | .5a2 CWOFT 733 sl
60 | .d634 0 S0S ] 537 S0 ONT . TA3 ] a2
62 1472 514 ) 556 ) .60) H96 1 782 1 AN20,
P64 |0 822 | SeS | 610 FOS L7601 82K |
. .66 [1.a87 530 | 571 ' a1 714 769 1 A3S
P68 h 495 53 | SN2 - 627 723 ..777 | A2
700 fLS02 546 ¢ S 63S T3 UIAS A
{272 ] 510 554 | S9N | L6aa 20 793 | KSS
y T4 FS1T 561 | 606 682 AN N0 | AG2
| 60 L824 868 ) 61 bt 56 NON | RGN
! .78 © 531 576 021 Ny L7601 MO LYAR
i 80 S3T 0 5A3 | 629 678 7720 A23 | am
I 82 Sad 590 | 636 6A3 7791 830 | 887
| 84 | 5500 597 | eas [ oo 2 TR T PRV
P86 557 ¢ 604 | 651 | o9 JU5 0 AAS 900
© B8 1 563+ 630 | 65n  F06 D02 - AR L g
.50 Y BN Y HbS Ty 1 810 SO0 92!
92 1 S5T6 ;623 1672 720 PSS ATy
94 | 582 ;630 | 679 | .72A P26 TS 920 i
96 I SEE D637 | 686 | 735 A3 7 AN 1933
95 1.9+ 643 | 693 | 743, HA2 | K91, 94
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APPENDIX B

DATA RECORDING
and
AUTOMATED ANALYSIS PROCEDURES

1. General

This appendix provides a description of recommended data collection and recording procedures
applicable 10 the conduct of a prove-out demonswation test of the capability of a producton
facility. :

-

2. Purpose

The basic intemt of the data collection and recording procedures described herein is to
adequately account for every minute of operation of every station/machine being monitored during
the demonstration test. This data provides a complete and accurate record of every machioe's
performance, so that a precise assessment of production capability will result from the analysis.
Additionaily, the recommended data recording format provides 8 means of establishing convenient
data files for input 10 automated analysis software for processing of the daia required to prepare the
DTR. :

3. Data Collection Sheet

a. The recommended data collection sheet to be utilized during the demonstration test is
provided in Figure 13. i

b. Instructions for completion of the data collection sheet are as follows:

Block Instructions
1 Enter name of production facility.
2 Print or type data collector’s name, leaving room for signature.
3 Enter function or operation that the production station performs. Only one
station/machine per data sheet. )
4 Enter page number and total number of pages for the station.
5 Enter assigned station number.
6 Enter “Start of Shift " time, to the nearest minute, using Military (2400 br) tme.

If more than one station is being observed, take care to record cach siation’s
start time on the appropriate data sheet.
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Instructions

(Blocks 7 through 12 are completed for each stoppage following start time.)

10

11

12

ok
Ww

14

15

16

Eoter test date on each data record line used. Start a pew sheet cach day. A 6-
digit format should be used; ¢.g. 3 February 1987 would be recorded as 020387

Enter the event stop Ume (o the nearest minute, using Military time. ( A timing
device, such as a swopwatch, sbould be used and started immediately to measure
precisely the duration of the stoppage).

Enter the appropriate I-digit event code selected from the list of codes provided
a1 the bottom of the form. (A detailed explanation of these codes and their usage
is provided below.)

After the station is restored 1o an operating coodition, enter the duration of
downtime in minutes and seconds.

Enter remarks which clearly describe the reason for the station stoppage unless
an equipment failure code (see Block 13) is applicable, in which case this block
need oot be completed. It is essential that stoppages for the same reason result
in this block being completed in a consistent manner. The entry in this block is
Limited to 47 alphanumeric characters including blanks.

If the number of maintenance personnel required to restore station to operauon
exceeds one (1), enter pumber utilized.

If the <toppage is the result of an equipment failure requiring corrective

.maintenance (Event Code 3) and a previously defined 3-digit failure code
describes the mode of failure, the failure code is entered.

At least four times a shift the actual production rate should be measured while
the wnaton/machine is ecxpericocing uninterrupted operation. Al rate
measurements will be averaged to compute an average rate for the shift. The
average rate is recorded in this block.

Enter the "End of Shift” dme o the nearest migute in Military time. If the “End
of Test”™ (Event Code 4) occurs during the day data is being gathered, it is that
time¢ which is recorded in this block. Under any circumstances the time
recorded in this block is the time at which the statiop was shut down for the day,
uniess required corrective maintenance on the station caused the shutdown. In
this latter case the time of day maintenance personnel cease effort is recorded.

Enter the total number of units processed during the shift whether it be in
pounds or parts.
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Block Instructions
17 Indicate whcthcrthecnu'ymmock 161$mpoundsorpans. K apother term is

anphcablc enter the term in OTHER.,

18 Enter the pumber of acceptable (conforming or nondefective) units, parts,
pounds, etc. processed during the shift.

L

| R, I s = PRI S W S N N .

Eater u'kwﬁmmuumwrmrc]:ctsvfmcnoccunwmumgmcsmm This

repairable and non-repairable (scrap) rejects.

[y

20 Sign completed data forms at the end of the shift and wr in o individual
assigned primary responsibility for the data collection process.

¢. Event Codes - The data reporting system developed for the prove-out demonstration tests
hinges upon the identification of all significant activities experienced by each producnon
operation/station/machine during the test. These activities, or events, are mutally exclusive in the
sense that every machine is engaging in one of these activities at all imes. Each of these events has
a specific code number assigned w0 it. The intent, characteristics, and requirements of each eveat
code are presented below,
i

(1) Code 0: Start of Shift - It is necessary, for every machine, for every day, to record
the time at which production was scheduled o begin, i.c. the nominal start of shift. A
decision will bave been made beforehand as 1o whether any so-called warm-up or sct-up
time is t0 be included as part of the shift.

(2) Code 1: End of Shift - The scheduled end of production time for each machine cach
day is also to be recorded. As with-stan of shift, a decision will have been made as to
whether or not tear-down or clean-up time is to be included.

(3) Code 2: Lunch/Breaks - The most common stoppage for a machine is caused quite
simiply by the operator not being preseat. There may be several reasons why an operatar is
oot present and all must be accounted for. Those abseaces due to regularly scheduled
lunches or breaks are 1o be recorded by event code 2. No other machine stoppage, even if
operator related, should be recorded with this code. The time that the lupch or break
begins shall be recorded in the usual manner. In addition, it is important to know how long
the stoppage lasted Thus, the duration must also be recorded. This, and any other
duration, is to be recorded in minutes and seconds. That is, a 30 minute lunch would be
recorded as 30-00.

(4) Code 3: Unscheduled Sioppage/Corrective Maintenance (Failure) - One of the
pmnary reasons for running a prove-out demonstration test is to estimate production
equipment availability. Hence, it is important to properly identify and calculate downtime,
1.e. anribute to the equipment all the stoppages that are due to the equipment itself and not
due to some outside influence. Event code 3 is used for all unscheduled stoppages, those
lapses in production that can properly be called a faiture of the machine. In practice, the
uscofcod:Bshouldbenmghdomrd,asmoafaﬂuremodesshouldhawbccn

- experienced or anticipated prior to the start of the test. In such cases it may be more
efficient for recording and processing of the data to assign 2l failure modes a failure code
sumber prior 10 the test.  Additional codes can be assigned after the test begins t cover
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those failures pot agtcipated. As for code 2, failure events require the start time and
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correct the failure. Ifalunchorbmaksbouldoccurwhdethcrcpmnsbcmgmadc care
should be used to record the proper duraticn of these two nop-overlapping events. If a
repair must be delayed until the arrivat of 2 repairman and if this delay is lengthy, prior
agreement may allow for part of the total downtime for that machine to be astributed to
administrative downtime (code 6). I failure codes' are employed, cach code 3 event is
appropriately annotated by one of them.

(5) Code 4: End of Test - On the last day of the test, a code 4 shall be used to note the
end of shift, rather than a code 1. All details applicable to event code 1 for data collection
also apply 0 code 4

(6) Code 5: Preventive Maintenance - If a prevenive maintepance policy is
incorporated into the test, such that a machine is deliberately stopped to preclude faiture
rather than for repair, then event code 5 shall be employed. Just as with code 3, the
information collected is start ime and duration.

(7) Code 6: Administrative Downtime - Any unscheduled stoppage that cannot be
rightly charged against the machine should be considered of an administrative pature. This
category, a code 6, covers many diverse scuivites, including se-up or tear-down time,
safety briefings, power failures, lack of parts or raw material, upion meetings, awaiting

maintenance pcmonncl or repair parts, etc. The purpose of a code 6 is to account for
swoppages which are not of a routine, recurring nature and which should not be counted as
part of the downptime for the machive. In general, the activities to be considered as
administrative downtime would be discussed before the test begins.

(8) Code 7: Special Use - This code can be used to characterize special events peculiar
to a particular system/operation/station/machine oot suitably described by other event codes
defined herein.

(9) Code §: Tool Change - Some machines require, as part of their normal
operation,replacement of tool heads at at fairly fixed intervals. Such procedures are not
preventive maintenance, because in general the machine itself is not serviced. They are not
administrative downtime because they represent repetitive anticipated stoppages. They are
not failures because the machine itself was still producing parts at the time of the stoppage.
Therefore, a distinct event code is required. Use of this code requires discussion prior to
the start of the test and care must be taken to distinguish among tool change, ool breakage,
and too] adjustment, which represent quite different situations. The larter two are more
readily included under code 3 events.

d. Special Considerations - Most events will be straightforward and the recording of them
should present no problems, cither because the pature of the event is self-evident or sufficient
preparations were made beforehand o anticipate those events which are not obvious. Occasionally,
however, some situations may arise which could benefit from further discussion berein.

(1) Off-shift Repairs - Now and then a fajlure may occur which is so severe that it
capnot be repaired during the shift in question and repairs must extend into at least the next
shift. Such a sinzation creates two problems, namely how to record the event properly and
also how to determine the correct duration for the time to repair. Two general rules apply
here.  First, only one failure has actually occurred, so that, no matter bow many days (or
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shifts) it spans, only one code 3 event should be recorded. - Second, all repairs must be
considered as taking place during a work shift. ‘Thus, if repairmen work overtime oo the
repair, the end- of-shift time must be adjusted accordingly. Consider the following
example: a machine fails at 3 pm; the normal shift ends a 4:30; repairmen stay till 5:30 but
cannot finish the repair; the pext shift starts at 7:30 am; and the repair is finally finished at
8:15. The proper way to record this event is as follows. Show a code 3 at 150000 the first

Any arith a rdvravian af 10€ mintee: o snde £ ae (YT fihe nawe Aav) far o dueatian af AL
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minutes. Note that all the repair time is shown at once on the code 3 event line and that
the 45 minutes of missed production the next day is considered as administrative downtime,
sioce all real downtime attributable to the machine has already been accounted for.

(2) Muliiple or Continuous Failures - Certain types of failures can only be repaired by
tinkering, that is by making an adjustment, running the machine, making another
adjustment, and so on. Typically these adjustments take only 10 or 15 seconds and the run
periogts are only 1 or 2 minutes. Usnder these circumstances, it is not correct o consider
each stoppage and adjustmeut as a separatc failure, so long as the same problem is being
addressed throughout. For onc thing, as long as adjustments arc necessary, e machine
should not really be considered as upand runping. Also because event times can only be
recorded in whole minutes, these multiple events tend to get recorded as having taken place
simuhancously. This causes problems when determining MTTF. As described here, these
multiple events should be recorded as a single failure, with duration reflecting the true time
the machine was out of service.

4. Data Recording

a. Followmg completion of data collection as dcscnbcd in the prmdmg section, it is
recommended that data files be established on a data storage device { magnetic tape, hard or fioppy
disk, etc.) to serve as the permanent record of the test and provide a consistent format for
automated processing and analyses. This section provides the recommended format for such data

files. This format is used for input files for already existing software available from the
Government.

b. Data File Structure - A typical file for a single operation/machine has the following basic

Thate Darnmed Doarmmnes . Eank canacd 1o she daen £ 2o
« A3 SRSOTU rOTTHAE - a8l TS00ra i W ala i s

Header Record
Coade O Recoard for 1st I):m Siant

Records for All Event Codesz 3,5,6,7, or 8 for 1st Day Evcnts
Code 1 Record for 1st Day End

Code 0 Record for 2nd Day Start

Records for All Event Codes 2, 3, 5, 6, 7, or § for 2nd Day Events
Code 1 Record for 20d Day End

Code 0 Record for Last Day Start

Records for All Event Codes 2, 3, 5, 6, 7, or 8 for Last Day Events
Code 4 Record for Last Day End of Test (Not a Code 1 Rccord)

essentially
positions, some of which may not be used (left blank) for 2 particular kind of record. The field
definitions and iengths for each kind of record are as follows:
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(1) Header Record
Char. 1-30 ... Preassigned machine or station title
Char. 31- 62  ...... Blank
Char. 63-66  ...... Preassigned 4-digit Operation Number
Char. 67 ... Blank or hyphen
Char. 68-70  ...... Preassigned 3-digit Station Number
Char. 71 ... Blank
Char. 72-80  ...... Facility Name

NOTE: The use of station numbers is optional. It provides a meaps of identifying
machines performing the same production operation. SP 1 {2) Event Code Records

Char.1-6 ... 6-digit Date (MMDDYY)

Char. 7-10  ...... 4-digit Event Time ( for Code 0 only )

Char. 11- 14  ...... 4-digit Evenot Time ( for all other codes )

Char. 15 ... 1-digit Event Code

Char. 1621 ... 6-digit Duration (where applicable) (MMMMSS)
Char. 2-25  ...... Operation Number (same as header)

Char. 26-28  ...... Station Number or Blank

Char. 29-33 ... Blank

Char. 3¢-71 . ...... Descriptive Comments ( for Codes 2,3,5,6,7,8)
Char. 72- 80  ...... Facility Name

NOTES:

i

iv.

For event code 0, the time is placed in char. 7 - 10. For all other events, the time is
placed in char. 11 - 14. This aids in locating the start of cach day’s data when
visually scanning file listing. ’

The downtime duration is placed in char. 16 - 21 only for those records requiring it.

The number of minutes go in char. 16 - 19 and the aumber of seconds in char. 20 -
21.

The ‘operation pumber is placed in char. 22 - 25 for all event records except codes 1
and 4. These event records bave specialized formats as explained in note vi below.,
prredcﬁncd failurccodcsarebcinguscdin event code 3 records, they will be placed

1n tha Sert thraa rhamator maeiriame af tha cnrmement Rald | & ﬁar A . A
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Tbe facility name shall be placed in char. 72 - 80 ip all records.

Event Code 1 and 4 records require the enuy of production data as follows:
production quantity ( right-justified ) in char, 30 - 35; rejects (right-justified) in char.
43 - 46; and production rate in parts per mipute in char. 52 - 56. When rawe timings
are not made on aoy day, the rare field should be omitted.

d. Figure 14 provides an illusiration of a sampie data file.
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WIDGET MACHINE

2612870815 ] 0005001
061287 082060034120005001
261287 ©92960006040005001
061287 10402000908000500 1
261287 120020025800085001
061287 124230023080005001
261287 131330006 120005001
061287 132530000270005001
061287 132830023 180005001
061287 143260003040005001
061287 15251 2005001
0613870730 ] 2005001
961387 074230005060005001
061387 281960004080005001
061387 082460003050005001
661387 054860014140005001
261387 D92060006140005001
061387 111060006150005001
061387 120020026000005001
061387 123050002520005001
261387 1 3056004 5000805001
061387 14021 0005001
06514870730 ° 0005001

. 061487 073062455000005001
661487 120020025000005001
261487 15301 0005001
2615870730 e 0005001
261587 ©81530410000005001
261587 120020025000005001
061587 15304 2005001

UPSET PRESS FAILURE
UPSET PRESS ADJUSTED
BREAX

LUNCH

HEATER COOLER DOWN
POWER RESET )
BILLET JAM

POWER SMUT OFF

PLERCE PUNCH ADJUSTED
212 ) .95

POWER SHUT OFF
UPSET. SWITCH STUCK

UPSET SWITCHM STUCK
UPSET SWITCH REPAIRED
UPSET PUNCH ADJUSTED
LUNCH

ROBOT STUCK

IRON - BROKE STUD

152 e .95

PIERCE DOwWN
LUNCH
200 [}

BELT BROKE
LUNCH
019 o

FIGURE 14 — SAMPLE DATA FILE

68
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. Data Reduction
The fol!owmg process should be followed in reducing the eollected data to mmnda the auantities

FowTeaa 20N ST VRAS 22 SRS NS g Y YRS SS el S

which would be pmsenlcd in the "Test Data Summary” for each operation as lllusu'at:d in Figure 11
of Section 5.6 of this handbook.

a. Scheduled Uptime = Toual Shift Leagth - (Z Code 2 + T Code 6)
where Total Shift Length = Code 1 - Code 0

b. Total Breaks = 2 Code 2 + Z Code 6

¢. Total Downtime = £ Code 3 + £ Code 5 + £ Code 8

4. Actual Uptime = Scheduled Uptime - Total Downtime

¢. Availability = ( Acwal Uptime ) / ( Schedule Uptime )

f. Total Failures = Number of Code 3 Events

g. MTBF = ( Actal Uptime ) / ( Total Fajlures )

h. MTTR = ( £ Code 3 )/ ( Touwl Failures )

i. Total Rejects = ( Chars, 44-46 on Code 1 or 4 Event Record

i, Tota IPmeﬂuff"haﬂ ?O.Mﬂnf‘fvlp'lnr.dpu ot nnnvﬂ}

J AW T AL e o T ¥ WAL L B e

k. Total Accepted = Total Proccsscd - Tota! Rejects
I. Observed Rate = ( Towal Processed ) / ( Acwal Upitime )
m. Net Rate = { Total Accepted ) / ( Scheduled Uptime )

A computer program, RAMASS, has been wrinten in the C programming language to
perform this reduction. A compiled version of the program on a 5 174~ floppy disk is
available for IBM PC's and compatibles upon request from: Commander. U.S. Army
Production Base Modernization Activity, ATTN: AMSMC.PBT-P(D), Picatinoy Arsepal,
NJ 07806-5000. Information regarding the program source code is also available upon
request from the above address. The next section of this appendix provides a sample of the
input and output for the program.

6. RAMASS Program for Automated Analysis

a. Sample Input File - a listing of a shon, but illustrative, input file is provided on the following
page.

69
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SAMPLE INPUT FILE FOR PROGRAM RAMASS

PALLETIZER - 81mmM

1115870800 0 0007001
111587 0802600300000070M
111587 094030000 150007001
111587 183430001030007001
111587 104560001210007001
111587 105230000150007001
111587 185460000230007001
111587 110260018310607201
111587 112560801480007001
111587 112932000450007001
111587 113330010150007001
111587 130560000510007001
111587 130760001260007001
111587 13286000 1580007001
111587 1331602014560007201
111587 133360000 300007001
111587 133760001 180007001
111587 134330000350007021
111587 135660000270007001 _
111587 141730002560027001
111587 14153000352000700)
111387 142530000210007021
111587 145@30000260007001
111587 152060040000007001
111587 16001 oge7e
1116872800 2] eee70e:
111687 e80060203000207001
111687 281530000300007001
111687 082530000420007001
111687 085030000350007001
111687 290530000320007001
111687 094430800120007001
111687 194450003510007001
111687 1122200250000070€ 1
111687 _129730200600007001
111887 141830001210007201
111687 14504 0007001

CPERATOR ABSENT

32 FALLED TQ COUNT 80x

33 STUCK HYD VALVE

WAIT FOR BOXES

33 STUCK HYD VALVE
OPERATOR ERROR

OPERATOR ERROR

NO PALLET

33 PALLET FEEDER VALVE STUCK
34 BROKEN LIMIT SWITCH CAm
STRAP HUNG

STRAP HUNG

STRAP HUNG

STRAP HUNG

OPERATOR ERROR

MDD s TAS  F Ot
FPERATOR TRROR

32 FAILED TO COUNT

STRAP HUNG

35 MISALIGMMENT LIMIT SwlTCH
35 MISALIGMMENT LIMIT SwiTCH
32 FAILED TO COuUNnT

35 MISALIGNED LIMIT SwiiTC=
CLEAN UP

10800 °o a3

OPERATOR NOT PRESENT
32 FAILED TO COUNT 13
32 FAILED TO COUNT 13
32 FAILED TO COUNT 1 BOX

32 FAILED TO-COUNT 1 BOX

35 FAJLURE TO STACK PROPERLY
walT FOR BOXES

BOX
BOX

LUNCH BREAK

32 FAILED TO COUNT 1 BOX

32 FAILED TO COUNT 20X
14589 0 47

70
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b. Sample Output - a portion of the output provided by RAMASS for the input file listed above
is provided on the following pages.

!
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SAMPLE QUTPUT for PROGRAM RAMASS

MODULE 6 = PALLETIZER — B1MM OPERATION 9007 ot XAAP 12/01/87

Start Event Time to Repoir Module Systen Failure
Dote Time Tioe Foilure Length Foilure Foilure Mode

Y1/15/87 ©8:00

11/15/87 09:40 70.00 0.25 1 20 32 FAILED TO COUNT BOX
11/15/87 10:3¢  53.75  1.e5 2 21 33 STUCK HYD VALVE

11/15/87 10:52 15.60 0.27 3 22 33 STUCK MYD VALVE

11/15/87 11:29 16.03 .75 4 23 33 PALLET FEEDER VALVE STUCK
11/15/87 11:33 *3.2%  10.2% 5 2« 34 BROKEN LIMIT SWITCH CaAM
11/15/87 13:48 117,07 0.58 6 25 32 FAILED TO COUNT

13/15/87 14:17 27.97 0.93 7 26 35 MISALIGNMENT LIMIT SwITCH
11/15/87 14:19 1.07 3.83 8 27 35 MISALIGNMENT LIMIT SwiTCH
11/15/87 14:25 2.17 ©.35 9 28 32 FAILED TO COUNT

11/15/87 14:50 24.65 .43 d] 29 35 MISALIGNED LIMIT SwiTCH
11/15/87 Enc of Shitt ot 16:00

11/16/87 @8:00

11/16/87 28:15 36.%7 Q.50 1 3e 32 FAILED TO COUNT 1 BOX
11/16/87 08:23 9.50 .80 12 33 32 FATLED VO COUNT 1 BOX
11/16/87 08:50 24.20 0.58 13 32 32 FAILED TO COUNT 1 BOX
11/16/87 09:0% 18.42 .50 14 33 32 FAILED 7O COUNT 1§ BOX
11/16/87 09:44 34.50 2.20 5 34 35 FAILURE TO STACK FROPERLY
112 /16787 12:07 111,95 1.0 16 33 32 FAILED TO COUNT 1 BOX
11/16/87 14:18 130,00 1.38 17 36 32 FAILED 7O COUNT 80X
11/16/87 Eng of Shift ot 14:50

72
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SAMPLE QUTPUT for PROGRAM RAMASS

OPERATION 0007 ot XAAP 12/01/87
(In PPM)
Sched. Total Totol Actuot Tot. Tot. Total Prod Obsv  Net
Daote Uptime Breoks Down Uptime Avail. MTIBF MTTR Foil Rej. Prod. Rate Rate Rote
i/15/87 379.82 100.18 18.7¢ 361,12 9.95077  36.11 1.87 10 O 10B0O® 43 29.91 28.43
1/16/87 371.15 38.8% 4,97 366.18 ©.98662 2N e.N 7 © 14580 47 39.82 39.28
iotats 750.97 139.03 23.67 727.30 9.95849- 42.78 .39 17 @ 25380 34,90 33 82
Action Count Totol ' Avg. Low  High
Preventive [+ 0 &.00 2.0 0.9
A¢min, 1% 114 7.69 e.4 40.0
Teol Chng, o 0 0.00 0.9 0.0
S 9¢% Confidence iInt. for Net Rote
©.365 33,195

34,397
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SAMPLE QUTPUT for PROGRAM RAMASS

TSTATION SUMMARY ) 12/01/87
Totol Totol Totol
Module Sched. Actual Net Rej
Module uTBF MTIR Fail. Avail, Uptime Uptime Rote Rote
EXPLOSIVE INSP + DISP SYS 6o 131.85 3:.38 1 2.80774 163.23 131.85 33.08 9.0
MELT - 6OMM © 87.29 8.38 3  0.843M Me.62 261,89 16.57 e.
PR - Sonan 252.7¢ 1.43 1 ©.98887 277.75 252.7% 17.73 G6.8s
HOT PLATES + PALLET CONV-GOMM 120,92 2.22 2 0.98335 266.32 261.89 20.28 ¢.e0
CAST FINISHING ~ 6&nM 20.75 3.02 12 2.80434 309.55 248.93 16.34 o.0%
PALLETIZER - BiMM 42.78 1.39 17 ©.96849 750.97 727.30 33.80 ©.00
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APPENDIX C

ACQUISITION CLAUSES AND DOCUMENTS

1. General

This appendix provides baseline guidance for implementation of the prove-out procedures
covered in this handbook in copjunction with the facility acquisiion process. This baseline
guidance may be tailored to suit individual project requirements.

2. Acquisition Clauses

a. Demonstration Test Specification (DTS)

Since the DTS is a Government prepared document, acquisition is oot normally applicable.
However, where the preparing organization desires a contractor review of the DTS prior to
finalization, the following requirements clause may be included in the appropriate contract:

“The controctor sholl review the Governmerny furnished DTS and provide the results of this
review to {specify organization). (DI-MISC-80508)"

b. Demonstration Test Plan (DTP)

“The contractor shall prepare a DTP in accordance with the applicable DTS (cite specific
DTS. if possible) and the basic guidance in MIL-HDBR-792(AR), Prove-out of Production
Facilities, Section §.4. (DI-QCIC-80775).”

¢. Demonstration Test (DT)

“The comtractor shall conduct a system demonstration test 10 determine the copability of the
Jecility and equipmens to produce an acceptable product a1 the design rete. The demonstration

test shall be performed in accordance with the approved DIP (cite specific DTP, if possible}.
Advance notice of the test will be furnished 1o the Government prior to testing. (DI-T-1909)"
d. Demonstration Test Report (DTR)
“The contractor shall provide a DTR in accordance with the approved DTP (cite specific DTP,
if possible) and basic guidance in MIL-HDBK-792(AR). Prove-out of Production Focilities.
Section 5.6. (DI-QCIC-80774)."
3. Contract Data Requirements List (CDRL)
A sample CDRL, DD1423, corresponding to the requirements clauses of Appendix C, section
2, is shown in figure 15.
4. Data Item Descriptions (DID)

Sample DID's corresponding to the requirements clauses and CDRL of Appendix C, sections 2
and 3, respectively, are shown in figures 16, 17, 18, and 19.

75



Downloaded from http://www.everyspec.com

MIL-HDBK-792 (AR)

eTpbl = ad

sove T 40T 1M LS LA 8 Tha 10 He S 47 | 5 NN D EITH
18 AN YINDEHY v ARSIt
bt *1531 VOIRUTSBOWIP Y1 Jo uosnpdwnd 1oye
shop ( Aj133dS ) unyhm pojuea ) o) o st edas ulg
Lo U
.y P —— -
. Ll . .
pandde - al o] oMY QS Srondde asu) pLLOB nw_UO a |
wdod | ¥ Lo st} Wr2|tT L)
O sy [FoToRiddy 3| VWS | MAINO, N encsddv, poday 163, onwuoud(l .
™ Qpexda03u W) JOITIUCT)
- od wheot & h..uo_ag_ col e&:ﬁo
. npagas o 01
91 Xlit 28 1 01 souxd xhup { 4)100dg ) panpqas oq Ao .
» s . .
(€D » ol s .Fg. . MOS SReoNds U] +6061-L-10
3%3 10 3 | ooyio Y R oI/ T IC) 153, JO VORI NON '
S oI AT [T sy 2|01 US| OUUSY [ " rerouddv, uoday Sumpag 19), .
bl ]
n
«dn-1rs 0 soud skep ( £5100dS ) 1IN UOISSIUNGRS
xm<2 sl .
N winy 150"
TR e » oo o AUS opgeodds uase] . SLLOBONO
" GULT L]
ww_%ﬂmﬂ_uﬂuuﬁmw ﬂ“ﬂ“ﬂwo% 2 x=_3m= HRING -__.Emﬂwﬁ”_mﬂ. 159, UOJIISUOW (| ' .
e . 51401 Jo 1201 13yw
shep (A)pads) tmy) 1aie) ou Yuxing “SEREIdII3T 5| WULOJ JORRITEO]) 4
AW W
. L W, . -
{oquandde n wl sl _v] 9 MOS opquaypdde ussy) , " owQMMnm- JSIW - 1d ]
(yow3 10) taydoo | S mIjI0 151 O WLuTIL0 TS0y RITATH 1
Jo-ou Ajoodg) | EID [NAGICEY o oL os, HWLLO pacsddy o soARg/Apmg - Boday YA, .
R, L g rrti urmme |5 kot -HA -_-uq-_—lvu tspmganteg)  ALBRNIAY
oy wtsgand 3 iy empry) - o I ] P . .
L) . ]
e m—— - 5“““53 -!&-.l_ dsri--l- 1, q—nl.—lll-h-u‘””“”.— ] nh-lh-.
-_— = BOLIYHLNOD — MJLIYELNODOL
ABODALYD

INALUITALEAS

LSPI SINHWHHINDHY VLVA LIOVHLNOD

T LIGIXH oL UN HOLY

SAMPLE DDl423, CDRL

15.

FIGURE

76



Downloaded from http://www.everyspec.com

MIL-EDBX-792 (AR)

DATA ITEM DESCRIPTION Fore Approved

OME No. 0704-0188
2. TITLE 1. 1DENTIFICATION MUMBER
Technical Report - Gtudy/Services D1-nI5C-80500

3. DESCRIPTION/PURPOSE

3.1 A technical report provides fully docunented results Of studies or
analyses performec.

N .

4. APPROVAL DATE S. OFFICE OF PRIMARY 6a.DTIC &b.GIDEP .
. CYYrowD) RESPONSIDILITY (DPR) AFPL]CABLE JAPPLICABLE
§80115 G/72137 x

7. APPLICATION/INTERRELATIONSHIP

7.2 This dats iter description comaimns the farma: axd amtent preparsiion instnactions
far the data product gewrated by the specific ad discrete tash requirvoent as
jalineated in the ooouract.

7.2 This DD swpersedes D1-A-5029.

7.3 Defense Technical Informasicn Center (OTIC), Cazeron Statice:, Alexandria, VA 22314,

8. APPRODVAL LIKITATION Qa. APPLICABLE FORMS|9n. anSC NUMBER
4293

10. PREPARATION INSTRULTIONS

10.1 Foraat.

(a) Tne report and al] sttagchaents shall De typewrilten, or

otherwise clearly lettersd, end sha)l De duplicated using aon=4ading
ink.

() Text sh Y L site
8 1/2° 3 117).

(€} Wnen sttacheents are 1hcluced, they shall De éully
10entif100, referenced 1n the text, and $0l0e0 tO confora %O the size
paper used 1n the report.

(@) Security classification and cistribulion sarkings shall
Contora Lo the requirementt Of the contract, purchase Oescription ang
seCurity reguireasents checkliat, as applicetle.

10.2 Content.

{a) Title Page - loentifies the report by Droviding contragt
nueber, project Nase O PUrihase description title, task nucder, and
reporting period.

tcontinusd On page 2)

11. DISTRIBUTION STATEMENT

DISTRIBUTION STATEMENT A: Aaporoved 40r publit releass; Cistridution

is unlimiteQ.

Fors Libd, 2m 8 CUSND Provima ofitians ore svialete.
Page 1 of 2 Pages

IGURE 16. SAMPLE DID, DTS REVIEW
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DATA ITEN DEMCRTP THOM o Wt wyeata TiOm agrk:

T ST T T T T vy 1 4] -yl &
" vl Ld
Tax? Schaduling Report Army DR 11909
3 W e Y e Pt O Yr-w Tor]

. . . . . 15 Dec &7
The Test Scheduling Report inform the wyrtem or equipment technicol e
wperviser of o scheduled major tewr, , wmuc"‘"'
-

Pt SEdnnas P

 ertaBa, LrtaTEpE

P o AT VR ARG b et
This daro item & opplicable to tent progroma. other thon thaie conducted
at National Ronges 1ince test scheduting information is on integrol

* W andedns liSenineny o0 Lma sw
9010': aaars 48
AMCR 70-7
Di-A-1012, Documenn Required by National Ronges P & 70
DI-1-1905, Flash Repomn 43

DE-1-1906, Tes: ond Demonstration Reporns .

=

- Sadmd § S

:\ﬁ!;:::.e':;-"f;:??;;:un cfter o text | definitaly wcheduled, o Teletype will be sen 1o the
technicol wpervitor with the following information included:

1. Test nomenclcure

2. Scheduled doto ond howr of rep

3. Ve objective

4, Tent hordware

5. Tox? deseription

6. Comporizon of text objectives, hodwore ond description with that of projec office 1a° pian,
with explonction of deviction

7. Comporion of ten chjectives, hordwore ond description with detoiled rer plo- o eaplonction
of oll devictions. Intended *quich fixes” improvitiors ond deviations in eithe: ta” ot jestives, hord-
wore or deacription will be exploined in detail.

DD“*-IG“ cans 1 e L _caace
FIGUREZ 17. SAMPLE DID, NOTIFICATION OF TEST
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DATA TEM DESCRIPTION piedgrtanyy SN
Vel 7 OCNTSCATION Munl e
DEFPORSTRATION TIEST PLAN {(DTP) p1-QCIC-B0775

2 DESCRAFTI0m s RIS

3.1 The DT? provides a comprehensive docunent which describes all of
the planned activities and related managesent controls for demonstrating
that a facility will perform as required by the government furnished
Denonstratjon Test Specification (D7TS).

s aFsROvAL DAL T GRIdl OF PRmvAl S1IP0DMLAuTY (OPR) b DTC aPRLCAR |60 GOLP abecCad.d
89 02 28 AR/AYSMC-PRT-P(D)

T APO_CATION f T {RRELAT QNGme

7.1 This DID contains the for=a: and conten: preparation instructions
for the DTP generated by the specific and discrete task reguirepents
as delineated in the contrac:,

7.2 This DID is applicadble to prove-ou: of production or manufacturing
facilities.

7.3 This DID repiaces DI-T-1006€2,
§ AR A, W TATON Sa AP AR T LORMY o w0 Mrmpld
: . A468)

10 PRITARATON W3TAUCT O

10.1 Refecence Docunen:is. ~—ne applicable issue of the document cited
herein, ancluding the approval dase and dates of any applicadle
azendoents, notices, and rev:sions, shall be as specified in the
contract. .

10.2 Conten: ané Forza:., The content &and format of the DTP shall be
as specifiec in paragrapn 5.¢ of MIL-HOBR-792(AR).

Y DATE 0N STATEWEINY

DISTRIBUTION STATENENT A: Approved for public release; digiribution
is unlinited, .

DD Form 1664, MAR §7 Aon 8% eOnin Moy B8 e S ¢ sPouTIH Pagr g O 2 Paim
.l

FIGURZ 18, SAMPLE DID, DTP
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DATA ITEM DESCRIPTION Pt oy BN
1 U K 3 OUNTHCATION abddi s
DEMONSTRATION TEST REPORT (DTR) DI-QCIC~-B80774

) DESCRATION (PURIOSE .
3.1 The DTR provides a record of depmonstration test results, identified
deficiencies, conclusions, and recomdendations {or improvements and
corrective actions, as applicable.

-4

4 APSEDVA. D47l 3 OFIKE OF PRAART RIPPONTSLITY (00 bo DTC AR AR [0 COMP AreiCalid
89 02 28- AR/AMSYC-PBT-P(D)

{7 artoCation s mTIRRL AT ONI=P

7.1 This DID contains the format and content preparation instructions for
the DTR generated by the specific and discrete task reguirenents 2s
delineazed in the contrac:.

7.2 This DID is applicadle to prove-ount of produczion and manufacturing
facilities.

7.3 This DID replaces DI-7-10063.

4 ArPRQvA, L TAYON S aMLCAl T SORVY B AV sUMBLR
A&640

0 PEEPARLTON WITRUCTIONS

10.) Reference Docunen:s. The applicadble issve of the docuzen: cited
hezein, 1ncluding the approval cate and daies o! any applicadble anencmens,
notices, and revisions, shall! be as specified in the contrac:.

10.2 Conzen: and Porzat. The content and forza: of the DTR shall de as
speci¥yed in paragraph €. 6 of ™IL-YIBK-792(AR),

11 OATRBLTON 1TATIVENS

DISTRIBTTION STATEMENT A: Approved for public release; diszzidutcion
is unlioited.

DO Form 1664, MAR §7 hon B TR My o BT RS 4 PITE Page ) ot} e

FIGURE 19. SAMPLE DID, DTR
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INSTRUCTIONS: In a continuing effornt Lo make our standardization documents better, the DoD provides thia form for use in
cubmitting comments and suggestions far improvements, All users of military standardiration documents are invited to provide
sggestions. This form may be detached, folded slong the lines indicated, taped along the loose odge (DO NOT STAPLE), and
oiled. In hiock 5, be o specific as pomible about particular problem aress such as wording which required interpretation, was
too rigid, restrictive, loose, ambiguocs. or was incompatible, and give proposed wording changes which would alleviate the
problems. Enter in block 6 any remarks oot related to a specific paragruph of the document. L[f block 7 s fHled out, an
scknowledgement will be oniled o you within 30 days to lst you know that your comments were roceived and are being
congdered.

NOTE: This form may oot be used L0 request copies of documents, por Lo request waivers, deviations, or clarification of
specification requirements on current costoacte. Comments submitted on this form do not cootitute or imply authorization
to waive any portioo of the referenced dommment(s) or to amend contractual requirements.

{Fold along this Line}

(Foid along this line)
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UNITED STATES
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‘EIRST CLASS  PEAMIT NO. 12082 WASHINGTON D, C,
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{See Instructions - Reverse Side )

STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL

1. DOCUMENT NUMBER . 2. OOCUMENT TITLE

3 NAME OF SUBMITTING ORGANIZATION

b ADOKEES.Strewt, City, Siats, ZLPF Code)

4, TYPE OF ORGANIZATION (Mot one)

[J vewoon
[ wsea
D MANUFACTURER

D OFTWER (Specity ):

5 PROSLEM AREAS
a Persgrech Number end Wording:

|
|

4 REMARKS

Ta NANE OF SUBMITTER /Last, Firet, M) = Optional

b. WORK TELEPHONE NUMBER (Iactuds Arve
Code) - Optionsd

€ MAILING AQORESS (Street, Ciry, Stote, ZIP Code) ~ Optionat

8. DATE OF SUBMISSION (YYMMDD)

DD S"Q’Z’i‘- ]426 PREVIOUS EOITION 1S OSSOLETE,




