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1.0 Introduction

This report was jointly written by engineers from the United States (US) and the
Republic of Korea (ROK) under the auspices of the US/ROK Engineer and Scientist
Exchange Program. The study objective was to generate an improved assembly level
environmental stress screening (ESS) process through a detailed analysis and
evaluation of the many existing ESS guidebooks. A process analysis technique (PAT)
was used to map the processes depicted in the guidebooks. An improved process
was then defined and documented using the same PAT.

Environmental stress screening involves the removal of latent part and
manufacturing process defects through the application of environmental stimuli such
as random vibration and thermal cycling while the equipment is still in the factory. By
exposing equipment to predetermined levels of stress, latent defects are precipitated
in the factory precluding their occurrence as failures in the field. As defects are
precipitated, root causes should be determined and design and manufacturing
processes improved. Several guidebooks have been developed to aid in setting
effective ESS screening levels and to lend engineering and program management
guidance for implementation. The following is a list of thirteen equipment/assembly
level ESS guidance documents that were investigated for this effort.

» Tri-Service Environmental Stress Screening Guidelines
+ Mil-Hdbk-344, "Environmental Stress Screening of Electronic Equipment”

+ Institute of Environmental Sciences, "Environmental Stress Screening
Guidelines for Assemblies”

+ NAVMAT P-9492, "Navy Manufacturing Screening Program”

« TEO00-AB-GTP-020A, "Environmental Stress Screening Requirements and
Application Manual for Navy Electronic Assemblies”

+ AFP 800-7, "USAF R&M 2000 Process”

+ AMC-R 702-25, "Army Materiel Command Environmental Stress Screening
Program”

+ DOD 4245.7-M, "Transition From Development to Production” (with
companion document - NAVSO P-6071, "Best Practices")

» Mil-Hdbk-338, "Electronic Reliability Design Handbook"
« Mil-Std-781, "Reliability Testing for Engineering Development, Qualification,
and Production™(with companion document Mil-Hdbk-781, "Reliability Test

Methods, Plans, and Environments for Engineering Development,
Qualification, and Production”)

1-1
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« Mil-Std-2164, "Environmental Stress Screening Process for Electronic
Equipment”

- Sacramento Air Logistics Center Environmental Stress Screening
Handbook

« Warner Robbins Air Logistics Center Environmental Stress Screening
Handbook

Of the thirteen documents listed, the first five were studied in detail and
documented in formal process descriptions. The improved process description was
generated based on the combination of the five studies. A process analysis technique
which is a modification of the Xerox Product Delivery Process technique was used to
define and document the five processes as well as the improved process. The
process analysis technique consists of a top level activities flow diagram, individual
activity flow diagrams, and a detailed discussion of each activity and all inputs and
outputs to the activities. The procedure as used within this report is illustrated in

Figure 1.1.
ACTIVITY ACTIVITY ACTIVITY
vm]_pAcTvYL y, ... —pfAeT
TOP LEVEL ACTIVITIES FLOW DIAGRAM
INPUT ’ mm 1 ACTIVITY - "TITLE" - DESCRIPTION
E ACTIVITY 1 1.1 INPUT - DEssgnupqu
1.2 INPUT - DESCRIPTI
vrrer P4 oure 1.3 OUTPUT - DESCRIPTION
1.4 OUTPUT - DESCRIPTION
E INPUT 1.5 OUTPUT - DESCRIPTION
—P{ 1.5 oure
ACTIVITY, INPUT AND OUTPUT

ACTIVITY WITH INPUTS AND OUTPUTS SHOWN DESCRIPTIONS

Figure 1.1. Process Analysis Technique Used to Define and Document ESS
Processes

Focusing on ESS from a process perspective has several advantages.
Advantages include: 1.) Providing a valuable educational tool. This report could be
used to educate an engineer or manager with little or no understanding of ESS. 2.)
Providing flexibility to tailor and structure well defined ESS programs. 3.) Forming a
basis for automation. An automated ESS tool is a logical follow-on to this study. 4.)
Continuous improvement of ESS approaches. Improvement could take place
individually on the ESS guidebook methodologies studied. For the purpose of this
effort, a "process merging" and improvement exercise was accomplished to generate
a grand ESS process. Using the format documented in this report, improvement could
continue indefinitely, striving for perfection of the ESS process.
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Value added activities and sub activities were extracted from the individual ESS
processes and combined to form the improved and optimized process. Figure 1.2
illustrates how this concept was implemented.

MIL

HDBK

344
’@

MIL-HDBK-344 PFIOCESS\ A RI-SERVICE ESS PROCESS

» >

IMPROVED CLASSICAL IMPROVED QUANTITATIVE
ESS PROCESS ESS PROCESS

TE000-AB-GTP-020A

IES ESS PROCESS ESS PROCESS

NAVMAT P-8492 ESS PROCESS
Figure 1.2. Merging the Processes to Define a "Grand/Optimized" ESS Process

There are two general approaches to ESS, this report designates the two as
"classical" and "quantitative". The differences between the two lie in how initial goals
are set, how random vibration and temperature cycling regimens are developed and
modified, and how monitoring and tracking of precipitated defects are accomplished.
With "classical” screening, the government either explicitly specifies the screens and
screening parameters to be used or the contractor is given the freedom to propose a
screening program which is tailored to the product and is subject to government
approval. The "classical” approach often involves determining ESS requirements for
each level of assembly and then designing each screen using available methods.

1-3
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Some of the methods include flaw precipitation threshold, internal response levels,
step-stress tests, fault replication tests, heritage screens and surveys. The
"quantitative” approach to ESS focuses on the defects which remain in the product at
delivery and their impact on field reliability. The use of a "quantitative” approach
requires that the initial part latent defect levels, the defect level introduced during
manufacture of the product, the effectiveness of the screens, and acceptable values for
the latent defect content (which remains and escapes into the field) are all addressed
when setting up screening regimens. Improved processes were defined for both
approaches. The two approaches do have many similarities.

Chapter 2 of this report provides a detailed description of the improved ESS
process(es). ESS practitioners can use the information to help implement their
programs. The format and content could also be used to continuously improve ESS
and to develop an automated ESS tool. Automation of the processes is desirable and
should be explored as a follow-on to this effort. Chapter 3 contains individual process
descriptions of the 5 guidebooks studied. This section can be used to help implement
and improve upon each process individually. Chapter 4 is a summary of the report
with recommendations for further research. Appendix A documents an improved and
easier to use calculation procedure for the quantitative ESS methodology of Mil-Hdbk-
344A.
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Glossary of ESS Terms

Axes of Excitation - The number of axes of vibration applied during vibration
screening.

Classical ESS - ESS where screening levels are not determined and continuously
modified through quantitative means such as those found in Mil-Hdbk-344.

Defect: Latent Defect - An inherent or induced weakness, not detectable by
ordinary means, which will either be precipitated to early failure under environmental
stress screening conditions or eventually fail in the intended use environment.
Patent Defect - An inherent or induced weakness which can be detected by
inspection, functional test, or other defined means.

Defect Density - The average number of defects per item.
Detection Efficiency - A measure of the capability of detecting a patent defect.

Environmental Stress Screening (ESS) - A process or series of processes in
which environmental stimuli, such as rapid thermal cycling and random vibration, are
applied to electronic items in order to precipitate latent defects to early failure.

Failure-Free Period - A contiguous period of time during which an item is to
operate without the occurrence of a failure while under environmental stress.

Fallout - Failures observed during, or immediately after, and attributed to stress
screens.

Fallout Analysis - The study of fallout failures for the purpose of modifying screens.

Fault Replication Test Method - A method used to generate a satisfactory initial
vibration screening level by gradually increasing the stress level until previously
known faults are precipitated.

Final Acceptance Test - The environmental test used to validate that customer
mean time between failure or failure-free requirements have been achieved. Final
acceptance test is usually conducted after ESS.

Fixture - The apparatus used to mount the electronic equipment on the
vibrator/shaker machine.

Flaw Precipitation Threshold Method - A method used to generate a satisfactory
initial vibration screening level by performing a vibration survey and then performing
detailed computations on the global responses within the test specimen. This method
is also referred to as the "Tailored Spectral Response™ method.

Functional Test Program - Procedures associated with testing the functionality of
electronic equipment.
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Heritage Screen Method - A method used to generate satisfactory initial screening
levels by studying results of screening experience on similar equipment. This method
is used for both vibration and thermal screening.

Mounting Scheme - The method used to affix the equipment to the shaker/vibrator.

Overall Internal Response Level Method - A method used to generate a
satisfactory initial vibration screening level by performing a vibration survey and then
performing simplified versions of the computations used for the flaw precipitation
threshold method.

PARETO Chart - A bar chart used to highlight the few major contributors to problems
vs. the trivial many contributors. The PARETO chart is based on the PARETO principle
which states that 20 percent of the problems have 80 percent of the impact.

Precipitation (of Defects) - The process of transforming a latent defect into a
patent defect.

Precipitation Efficiency - A measure of the capability of a screen to precipitate
latent defects to failure.

Power Spectral Density - A unit of measure for random vibration. A random

vibration spectrum is usually shown graphically as power spectral density in g2/Hz on
the ordinate and frequency in Hz on the abscissa.

Product Reliability Verification Test (PRVT) - A test to provide confidence that
field reliability will be achieved. PRVT is a segment of the ESS program implemented
primarily when ESS has been nearly eliminated through corrective actions that have
reduced the incoming defect densities for parts and manufacturing.

Quantitative ESS - ESS where screening parameters are determined based on
models and equations which relate required reliability to allowable remaining defect
content. Such a method is outline in Mil-Hdbk-344.

Random Vibration ESS- The excitation of equipment with continuously changing
frequency and peak acceleration. The equipment is exposed to a wide frequency
range.

Rescreening: Incoming Parts Rescreening - The process of applying
environmental stress screening to microcircuits, semiconductors and discrete parts at
the point of receiving them from a supplier. Repaired Equipment Rescreening
The process of screening equipment after the equipment failed as a resuit of ESS and
was repaired back to a functional state.

Screening Regimen (or Screening Profile) - A combination of stress screens

applied to an equipment, identified in the order of application (i.e., assembly, unit and
system screens).

1-6
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Screening Strength - The probability that a specific screen will precipitate a latent
defect to failure and detect it by test, given that a latent defect susceptible to the screen
is present. It is the product of precipitation efficiency and detection efficiency.

Step Stress Method - A method used to generate a satisfactory initial vibration
screening level by incrementally increasing the vibration stress level until the
tolerance limit is found. The tolerance limit is then used to determine the screening
level.

Temperature Cycling (or Thermal Cycling) ESS - A method of ESS where
equipment is exposed to high and low temperature cycling. A temperature cycling
profile consists of temperature range, temperature rate of change, temperature dwell
duration, number of cycles, and equipment condition (i.e., power on or off, equipment
monitored or not, etc.).

Thermal Chamber- A cabinet in which hardware is placed in order to apply thermal
stress to it.

Thermal Survey - The measurement of thermal response characteristics at points of
interest within an equipment when temperature extremes are applied to the
equipment.

Vibration Survey - The measurement of vibration response characteristics at points
of interest within an equipment when vibration excitation is applied to the equipment.

Vibrator or (Electrodynamic Shaker) - A unit which an electronic equipment is
attached to for conducting vibration ESS.

Yield - The probability that an equipment will pass a screen or test without failure.

1-7
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Abbreviations

CFR - constant failure rate

D - damage index

dB - decibel

DL - damage index for product life

DE - damage index for environmental stress screening
DE - detection efficiency

D|N - incoming defect density

DLAT - latent defect density

DpPAT - patent defect density

DREMAINING - remaining defect density

ESS - environmental stress screening

FRACAS - failure reporting and corrective action system
g - acceleration due to gravity

g2/Hz - power spectral density

Hz - hertz

IES - Institute of Environmental Sciences

IES ESSEH - Institute of Environmental Sciences environmental stress screening of
electronic hardware committee

K - stress constant

MTBF - mean time between failure

PAT - process analysis technique

PE - precipitation efficiency

PRVT - product reliability verification test

PWA - printed wiring assembly
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QML- qualified manufacturers list
R&M - reliability and maintainability
RMS - root mean square

RV - random vibration

SAF - stress adjustment factor
SOW - statement of work

SPC - statistical process control

TC - temperature cycling or thermal cycling

TDP - technical data package

US/ROK ESEP - United States/Republic of Korea Engineer and Scientist Exchange

Program
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2.0 ESS Process Improvement

In order to develop an overall improved/optimized ESS process, it was
necessary to study the various philosophies outlined in the guidance documents,
depict them as individual processes, and then structure the optimized/improved
process. As discussed in chapter 1 there are two philosophical approaches to ESS: 1.
A quantitative approach such as that outlined in Mil-Hdbk-344, and 2. The classical
approach based on surveys and other experimental screening. On the basis of this
fact, it was necessary to develop an optimized process for each style or approach. The
two styles do have some common activities as can be seen from the General ESS
Process Flow Diagram shown in Figure 2.1 below.

ASSURANCE OF ADDITIONAL IDENTIFY
Pnsmg:mon INGOMING PART NATURE OF
ESS PLANS P |oARTS QUA scREENING [P ANTICIPATED
LEVELS (RESCREENING DEFECTS
2
CLASSICAL QUANTITATIVE PRVT FIELDED
a——b SCREENING SCREENING AND FINAL >
PROCESS OR | “process Pl ACCEPTANCE SYSTEM
ACTIVITIES ACTIVITIES TEST
IMPLEMENTATIONG——
OF
Fracas |4

1 Note: Part Rescreening is not always necessary

2 pRVT: Production Reliability Verification Test
AND TEST

Figure 2.1. General ESS Process Flow Diagram
The Improved Classical Screening Process

Figure 2.2 illustrates the top level activities flow diagram for the improved
classical screening process. Activities are numbered C1 through C19 where the "C"
represents "Classical". Figures 2.4 through 2.24 show the activity flow diagrams with
inputs and outputs. The descriptions of the activities, inputs and outputs follow each
activity flow diagram.

The Improved Quantitative Screening Process

Figure 2.3 illustrates the top level activities fiow diagram for the improved
quantitative screening process. The eight activities shown in figure 2.1 above are the
same for both the classical and quantitative processes, therefore detailed activity
descriptions are not repeated for the quantitative process. Activities are numbered Q1
through Q19 where the "Q" represents "Quantitative™. Figures 2.25 through 2.38 show
the activity flow diagrams with inputs and outputs. The descriptions of the activities,
inputs and outputs follow each activity flow diagram.

2-1




Downloaded from http://www.everyspec.com

§S9004d Buiuealog ssellg [eluswiuoliAug [eaisse|D panosdu "2 g 81nbig

2-2

\E

ONIHNLOVINNYI
‘NOIS30 40
AN3WIAOHHNI
SNONNILNOD
810
-5 A v
ONITdNVS _|||.V
OL 5§63 %00} SYovud
WOH4 09 0l
Noisioa0 1€ > zo_pﬁwmv:u._a:_
819 —————)
TOUINOD
$5300Hd
— Tssz [
= ‘ 2o ININ3OV1d GNV
1§31 AUVSS303N
WaLSAS 3oNvLd300Y| o | oV ¢ _ e SISATYNV ONIN3IHOS SN NOILOnOL
e Rlvihi NOHLPOLIION 180D \Bl o NolLofidoud 1 3zvni WILINI
910 1) €L /3ZINILAO 19
63 40 80
ONIHOTIVL
aniLviunvio[¢
119
ELICED]
ONILHVLS ATaW3ssy d0 nmw,«oam_w_m_.ﬂ< {ONIN33HOSTH) E;wu@m“m& SNV1d
.T.I OLBAUIO (g— S13AM |S5340 l¢— 203univN [ONINAIHOS LUVdlg¢——| “ONINOONI 40 jg—r ss3do
IN3INdOI3A3A AdILN3O IVNOLLIgaVY 3DNVHNSSY NOLLYHVYd3Hd
80 0 0 £9 20 10

TYNOILDO



Downloaded from http://www.everyspec.com

I IS3LONT |

ONIHNLOVINNVYIA
‘NOIS3a 4O
INIWIAOHNI
SNONNILNOD
81L0/810

a1

$59901d Bujuaalog SSallg [eJUSLIUOIIAUT SANBHIUBND panosdwy "g°Z a1nbi

2-3

©

TVYNOILdO

SYOVH
40
NOLLVAINIWI1dWI
—p LIILO
HLON3YLS
»| N3zuos
40
JLVNILST
3NI43Y
860
70HINOD
aNV 31VNILS3
HOLINOW 34N h 4
ToaL $10 -anoiLv4 HLON3ELS A
W3LSAS 5ONVLdIO0V §63 60 N334Os INIWIDVId ONY 10
a3g13d VNI ONIN3IHOS | . |INIWT1dWI O 40 NOILO313S SILYNILE3
810/610 ONV 1ANd NOILONAaOHd [ NolLYY Y datd saiviitsa [  Nagwos e
910/910 80710 ZI0 TVILINI 0 21VHINES
SISATYNV SISATYNY 31VH3INIO V90
1nonv4 1800 V80
»10 010
A1ISN3d
» zo_pmu._to ‘o730
40
ka3 vmiisa
ETNEED)
—p| a90
Sv09 % 8103430 S13A31
S3IALLOIrEO (ONIN3aHOS3H) ALIVND S1HVd SNVid
ml 551 l— Toiumivn  |eg{oNNa2U0s Luvd ONINOONI 20 §6340
ONIHSIaVv.1s3 AdILN3a TYNoLLigay JONVHNSSY NOLLYHVYd3Hd
o) YO0 £O/ED 70720 10/10




Downloaded from http://www.everyspec.com

INPUT ACTIVITY OUTPUT
Contractual .
Requirements

. - Co Submitted
Production Plan . ¢17 ESgtrF'ar‘::ga:arr:l P;:L °

C1.0
2;':2;252: Ig:::m — ——1 o8 ESS Management Plan

Preparation

Required/Available g
E;g Documentation | > Of | 19 ESS Implementation

Plan
ESS Plans

Equipment Accessibility .
and Status

{4 1g | Training Plan

Access to In-Place .
FRACAS

Figure 2.4. Activity C1.0: Preparation of ESS Plans

C1.0 ACTIVITY - Preparation of ESS Plans

Plan preparation is the first step required for any sound ESS program. This activity
was generated by combining all value added elements concerned with plan
preparation from the guidebooks studied.

C1.1 INPUT - Contractual Requirements

ESS plans must focus on ways to satisfy customer specified contractual requirements.
Requirements are usually documented in the customer generated statement of work
(SOW).

C1.2 INPUT - Production Plan
This includes information relative to the quantity of items being manufactured, the
master production schedule, etc.

C1.3 INPUT - Similar Equipment Experience Data

This can be data from the failure reporting and corrective action system (FRACAS) of
identical or similar equipment. It can originate from the field, ESS or other test. The
data are useful to estimate the type and quantity of defects likely to be present in the
hardware.

C1.4 INPUT - Required/Available ESS Documentation

All documentation should be gathered including available ESS guidebooks, military
handbooks or standards, technical reports, procedures, etc. The technical data
package (TDP) of the equipment which usually includes specifications, drawings, part
histories, assembly procedures, test procedures, etc. Any available software to help
automate the ESS process will also be useful.
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C1.5 INPUT - Equipment Accessibility and Status
Available screening equipment vs. equipment requirements should be realized during
the ESS planning phase.

C1.6 INPUT - Access to In-Place FRACAS

The organization should have an in-place operational FRACAS. The FRACAS system
should be made available to the ESS personnel. As illustrated in figures 2.1, 2.2 and
2.3 ESS gets into the FRACAS loop by reporting failures after fallout analysis from
production screening. FRACAS data is used by ESS personnel to help optimize ESS
profiles and to generate estimates of defect density.

C1i.7 OUTPUT - Contractor Submitted ESS Program Plan

The contractor should submit a program plan to document planned ESS methods and
procedures. The plan should include a description of all planned activities found in
both the management and implementation plans.

C1.8 OUTPUT - ESS Management Plan

This should include as a minimum the following: a checklist of ESS activities planned
for each life cycle phase, the planned ESS process flow, criteria for going from 100%
ESS to sampling, data collection plans, analysis and management methods relative to
the FRACAS, list of available TDP related to ESS and equipment, selection criteria for
random vibration (RV) and temperature cycling (TC) screen selections , description of
subcontractor and supplier ESS to be performed, and decision criteria for parts
rescreening.

C1.9 OUTPUT - ESS Implementation Plan

This should include as a minimum the following: master schedule of planned ESS
activities, acquisition plan for ESS test equipment and accessories (vibration plan,
chamber, fixtures, required tooling), available/required TDP, existing ESS procedures
and documentation.

C1.10 OUTPUT - ESS Training Plan

Those responsible for management of ESS should assure that all personnel involved
are properly trained and that any voids are filled through formal training.
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INPUT ACTIVITY OUTPUT
Considerations f
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Cc2.4 |Screening Requirements {—
for Passive Parts

Figure 2.5. Activity C2.0: Assurance of Incoming Parts Quality Levels

C2.0 ACTIVITY - Assurance of Incoming Parts Quality Levels
This activity involves assuring that incoming parts meet minimum acceptable quality
requirements either through rescreening or supplier centification/control.

C2.1 INPUT - Considerations for Supplier Process Certification, i.e., QML
Cooperative customer/supplier relationships should be sought. The qualified
manufacturers list (QML) program involves the certification of a suppliers
manufacturing process as opposed to individual product cettification. Qualified/trusted
suppliers should be attained when possible and a system of customer/supplier
partnership should be developed as opposed to the classical adversarial relationship.

C2.2 INPUT - Incoming Part Screening Requirements for Microcircuits
This includes minimum acceptable criteria for microcircuits. The criteria could be in
the form of either minimum/certified test exposure or proof of a minimum defect density
level.

C2.3 INPUT - Incoming Part Screening Requirements for Discrete
Semiconductors
This includes minimum acceptable criteria for discrete semiconductors. The criteria
could be in the form of either minimum/certified test exposure or proof of a minimum
defect density level.

C2.4 INPUT - Incoming Part Screening Requirements for Passive Parts
This includes minimum acceptable criteria for passive parts. The criteria could be in
the form of either minimum/certified test exposure or proof of a minimum defect density
level.

C2.5 OUTPUT - Prescreened and/or Acceptable Parts
This includes all received parts that have met minimum acceptable criteria.
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C2.6 OUTPUT - Parts Requiring Rescreening
This includes all received parts that have not met minimum acceptable criteria and
must therefore be rescreened.

INPUT ACTIVITY OUTPUT
C3.0
N e

Additional Parts

c33 Rescreened Parts

Screening

Part Screening | .
Facllitios (Rescreening)

Figure 2.6. Activity C3.0: Additional Parts Screening (Rescreening)

C3.0 ACTIVITY - Additional Parts Screening (Rescreening)
This activity involves screening of all incoming/supplier parts that require rescreening.
Rescreening isn't always necessary, it is determined on a case by case basis.

C3.1 INPUT - Parts Requiring Rescreening
All those parts not meeting minimum acceptable criteria as discussed above in activity
2.0. This is the same as output C2.6.

C3.2 INPUT - Part Screening Facilities
Screening and test equipment and any other associated facilities or equipment used
for part screening.

C3.3 OUTPUT - Rescreened Parts
Those parts which have undergone rescreening.
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INPUT ACTIVITY OUTPUT
C4.0
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ca.2 Encountered Under ! L. Assembly
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Defects

43 | Eporionce baa” [P

Figure 2.7. Activity C4.0: Identify Nature of Anticipated Defects

C4.0 ACTIVITY - Identify Nature of Anticipated Defects
This activity involves studying the equipment and determining the typical flaws
expected to be precipitated through ESS.

C4.1 INPUT - Product Designs/Equipment Configuration ,
The equipment makeup is necessary for determining the nature of anticipated defects
that will be precipitated.

C4.2 INPUT - Typical Failure Encountered Under Screening
Environments

Tables are provided in most of the ESS guidebooks that give examples of various
types of defects that are generally precipitated through thermal cycling, vibration, or
both.

C4.3 INPUT - Similar Equipment Experience Data
This is the same as input C1.3 above.

C4.4 OUTPUT - Expected Flaws at Each Level of Assembly

This information is necessary in order to help select the appropriate ESS
environments and levels of assembly. ESS personnel should be aware of the defect
types that are likely to be screened out.
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C5.3 Cost Considerations

Assembly

INPUT ACTIVITY OUTPUT
cs1 | ey ]
Cs5.0
C52 | e dware —  Determination of
ESS Levels of [P ©55 |oEaeh Lovelof Assembly
.
|

Preferred Screening
Cc5.4 Conditions with
Risks/Results Summaries

Figure 2.8. Activity C5.0: Determination of ESS Levels of Assembly

C5.0 ACTIVITY - Determination of ESS Levels of Assembly

This activity involves determining at which levels RV, TC, or both forms of ESS should
be conducted for a given development. Printed Wiring Assembly (PWA), unit, and
system are the three levels delineated here. When making the decision at which
levels to screen at, a number of important variables should be taken into account.
These include technical effectiveness, cost effectiveness, and index of failure
detectability.

C5.1 INPUT - Expected Flaws at Each Level of Assembly

An understanding of the population of flaws to be expected at the various levels
contributes greatly to the determination of ESS levels of assembly. This is the same
as output C4.4.

C5.2 INPUT - Experience with Similar Hardware
Data available from past field or ESS experience is useful in setting initial profiles.

C5.3 INPUT - Cost Considerations

Cost should be considered when selecting ESS levels of assembly. An excessive
cost at a higher level may lead to elimination of the screen with resultant increase in
screening at a lower level.

C5.4 INPUT - Preferred Screening Conditions with Risks/Results
Summaries

Several of the published ESS guidebooks provide tables containing information
relative to cost, risks and results for screening at various levels of assembly and
equipment conditions. The tables are useful for initial planning of ESS levels of
assembly.

C5.5 OUTPUT - Hardware to be Screened at Each Level of Assembly

The choice of level of assembly for both random vibration and thermal cycling screens
is the main output of this activity.
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Figure 2.9. Activity C6.0: Development of RV and TC Starting Regimens

C6.0 ACTIVITY - Development of RV and TC Starting Regimens

This activity is broken down into two sub activities as shown. The sub activities are
development of random vibration starting regimen and development of thermal cycling
starting regimen. Flow diagrams for the sub activities are found below. Inputs to
activity 6.0 apply to both sub activities.

C6.1 INPUT - Known or Anticipated Manufacturing Process Flaws

The choice of RV and TC screen selection is heavily dependent on known or
anticipated flaws. Different types of screening scenarios are more effective than others
depending on the flaw type anticipated. For example, thermal cycling is known to be
effective in precipitating flaws caused by improper crimp, chemical contamination,
wrong component placement, improper component installation and parameter drift.
Vibration is more effective in screening out the effects of particle contamination,
defective crystals, poorly bonded components and loose wires. This is the same as
output C4.4.

C6.2 INPUT - Factory, Field and Depot Failure Results

The study of factory, field and depot failures is necessary to determine not only what
flaws are anticipated and how to structure the screen, but also to determine how
screens should be modified if they are too weak or too strong.

C6.3 INPUT - Hardware to be Screened at Each Level of Assembly
This is the same as output C5.5 above.
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C6.4 INPUT - Screening Environments vs. Typical Failure Mechanisms
The various guidebooks provide tables which list failure types under three columns:
thermal cycling, vibration, and thermal and/or vibration. This information can alsc be
obtained from historical data. It is important to understand the various flaw types that
can be precipitated by the two different types of ESS. This is the same as input C4.2.

C6.5 INPUT - Design Capabilities of Units, Subsystems, & Systems
Profiles must not exceed the design capabilities of the units, subsystems, and systems
to be exposed to screening.

C6.6 OUTPUT - Mounting Schemes/Fixtures, Required or Available
Chambers and Vibrators
This refers to those schemes, fixtures, chambers and vibrators that will be required for
initial production screening.

C6.7 OUTPUT - Monitoring and Power Considerations
What points will be monitored during the screen and whether or not equipment will be
fully functional/powered with normal inputs and outputs should be decided at this time.

C6.8 OUTPUT - Establishment of Functional Test Program
The purpose of the test program established is to assure that the various flaws
precipitated by ESS are detected.

C6.9 OUTPUT - Random Vibration Starting Regimen
See output C6A.6 below. ,

C6.10 OUTPUT - Thermal Cycling Starting Regimen
See output C6B.4 below.

INPUT ACTIVITY OUTPUT
cent | hasemen ! 58 —
C6A.0
e RV Starting Regimen
RV Starting Regi C6A.6
C6A.2 DovoI:p;:gnt .Mgo;:::!s ——— DeveloPment
to Choose From
of
Availability of Hardware, r— CsA.7 | Screening Configurations
C6A.3 | Vibration Equipment,and [~ .
Exparionced Personnel RV
CoA4 :: h::;:,?:‘ Sample Starﬂng | — P gap | Axesof Excitation
Regimen

Results of Vibration

CEA5 | girvay (It Applicable)

Figure 2.10. Activity C6A.0: Development of RV Starting Regimen




Downloaded from http://www.everyspec.com

C6A.0 ACTIVITY - Development of Random Vibration Starting Regimen
This activity outlines the process for generating a starting regimen for random vibration
ESS.

C6A.1 INPUT - Baseline RV ESS Regimen

Several references suggest using as a starting RV spectrum: 6 grms consisting of .04
g2/Hz with a frequency range of 20 - 2000 Hz and 3 dB/octave rolloffs from 80 to 20 Hz
and 350 to 2000 Hz. Some ESS guidebooks express caution when using this
spectrum. It may be harmful with certain equipment types.

C6A.2 INPUT - RV Starting Regimen Development Methods to Choose
From

The following methods are recommended for use in several ESS guidebooks: 1.
Development of Input Spectrum Using Flaw Precipitation Threshold; 2. Development
of Overall Screening Level Using Overall Internal Response Levels; 3. Development of
Overall Screening Level Through Step-Stress Tests; 4. Development of Overall
Screening Level Through Fault-Replication Tests; 5. Heritage Screens.

C6A.3 INPUT - Availability of Hardware, Vibration Equipment, and
Experienced Personnel
This information is used to help decide on which of the five methods mentloned in
input C6A.2 should be used.

C6A.4 INPUT - At Least One Sample of Hardware
A sample of hardware identical to that to be screened is needed along with any
necessary functional test equipment.

C6A.5 INPUT - Results of Vibration Survey (If Applicable)

A vibration survey is used to measure the response of the equipment when exposed to
vibration levels less severe than the actual screen. The results of the vibration survey
are used with the first two of the RV starting regimen development methods listed in
input C6A.2 above.

C6A.6 OUTPUT - Random Vibration Starting Regimen

Characteristics of an RV starting regimen include the spectrum which consists of a
grMs value that is also represented graphically as power spectral density (g2/Hz) on
the ordinate and frequency (Hz) on the abscissa. The graph will show rolloffs in
dB/octave. Screen duration must also be determined.

C6A.7 OUTPUT - Screening Configurations
This includes fixture setups/installation required to stress out expected flaws.

C6A.8 OUTPUT - Axes of Excitation

A determination of the number of axes of excitation is required One, two or three
sequential axes will usually be sufficient. A historical base of flaw detection versus the
number of axes should be kept.
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Figure 2.11. Activity C6B.0: Development of TC Starting Regimen

C6B.0 ACTIVITY - Development of Thermal Cycling Starting Regimen
This activity outlines the process for developing an initial thermal cycling starting
regimen.

C6B.1 INPUT - Baseline Thermal ESS Regimen

A baseline regimen is provided in most guidebooks for those programs having no data
on similar items. Tables are usually provided outlining recommended temperature
ranges, rate of change, stabilization criteria, soak times, number of cycles, and
equipment conditions. The information is normally provided for PWA, unit, and system
levels of assembly.

C6B.2 INPUT - Thermal Survey Results

A thermal survey measures the thermal response during experimental temperature
cycling of the equipment intended for TC ESS. The survey results are helpful in
setting up the initial thermal cycling regimen.

C6B.3 INPUT - Facility Requirements
A chamber is required with adequate heating and cooling capacity as well as chamber
air speed fast enough to produce the required temperature rate of change.

C6B.4 OUTPUT - Temperature Cycling Starting Regimen

The TC starting regimen includes the following characteristics: number of cycles, for
each cycle the high and low temperature, the temperature rate of change, the dwell
times at the high and low temperatures, whether the equipment is powered or
unpowered and monitored or unmonitored.
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Figure 2.12. Activity C7.0: Initial Production Screening

C7.0 ACTIVITY - Initial Production Screening

The initial production screening is the first screening conducted on the production lot.
Lessons are learned from the initial screening to help optimize/refine screening
profiles and placement.

C7.1 INPUT - Initial Profiles (Starting Regimen) and Placement

This information is derived from outputs C6A.6, C6A.7, and C6A.8 for random
vibration, output C6B.4 for temperature cycling, and output C5.5 for level of assembly
determination

C7.2 INPUT - Procedures for Power Control & Monitoring Equipment

This information is derived from output C6.7 and from existing/known ESS procedures.
The procedures include equipment installation, method of power control, monitoring
and test.

C7.3 INPUT - Mounting Schemes/Fixtures
The same as output C6.6.

C7.4 INPUT - Appropriate Chamber and Vibrator, and Chamber Air Flow
Characteristics
This information is also derived from output C6.6.

C7.5 INPUT - Functional Test Program
This is the test program that is defined as output C6.8 for the purpose of assuring that
precipitated flaws are detected.

C7.6 OUTPUT - Screened Equipment
The main output of the initial production screening activity is the screened equipment.
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C7.7 OUTPUT - Fallout/Defect Precipitation
All defective equipment resulting from ESS and detected by test means.

C7.8 Input to FRACAS
Information relative to failure type and circumstances of occurrence should all be
logged to the FRACAS.

INPUT ACTIVITY OUTPUT
C8.0
» ’ Optimal ESS
ca.1 g‘ﬁ:ﬁ?mm +—1 csa4 Sgo:saLovals and
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cs3 | OporationalUseData L & ——m{ o6 | Measuring Point Locauo:al
Placement

Figure 2.13. Activity C8.0: Optimize/Finalize Initial ESS Profiles & Placement

C8.0 ACTIVITY - Optimize/Finalize Initial ESS Profiles & Placement
As soon as initial production screening takes place, results should be available to
modify ESS profiles and placement for full production ESS.

C8.1 INPUT - Initial Production Screening Results
This includes the initial fallout records (Output C7.7) and any other lessons
learned/observation from Activity C7.0, Initial Production Screening.

C8.2 INPUT - Failure Analysis and Corrective Action Results
Determinations can be made as to whether or not precipitated defects were due to
overstress. FRACAS data is a good source for this information.

C8.3 INPUT - Operational Use Data
Failure analysis results should not only include those from initial production screening
but also any available field results.

C8.4 OUTPUT - Optimal ESS Stress Levels and Assembly Placement
Upon study of the inputs to this activity, optimal stress levels that will precipitate defects
but not overstress the equipment should be generated. Appropriate level of placement
can also be refined at this time.

C8.5 OUTPUT - Documentation of ESS Details
Appropriate details are documented to maintain a current technical data package.
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C8.6 OUTPUT - Measuring Point Locations
Final measuring point locations for production screening are determined/finalized at
this time.

INPUT ACTIVITY - OUTPUT
TC & RV Initial Starting -
Co.1 Regimens
Optimized ESS Stress —=1 9.6 | Screened Equipment
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C9.4 Monitoring and Power - Decision to
Considerations —1 o8 4 os:r::n
c35 Functional Test Program . [ o

Figure 2.14. Activity C9.0: Production Screening

C9.0 ACTIVITY - Production Screening
This activity involves the actual screening of production hardware.

C9.1 INPUT - TC & RV Initial Starting Regimens
This includes all information derived from outputs C6A.6, C6A.7, C6A.8, and C6B.4.

C9.2 INPUT - Optimized ESS Stress Levels and Assembly Placement
This is the same as output C8.4.

C9.3 INPUT - Facility Requirements and Screening Configurations

All requirements for both shakers and thermal chambers must be met at this time. This
includes appropriate mounting schemes and fixtures (Input C7.3), required chambers
and vibrators, and appropriate chamber air flow requirements.

C9.4 INPUT - Procedures for Power Control & Monitoring of Equipment
This information is derived from output C6.7 and from existing/known ESS procedures.

C9.5 INPUT - Functional Test Program

This is the same as input C7.5. Included are full functional pre and post screen tests
as well as functional monitoring capabilities during ESS. Assurance of all proper
measuring point locations is necessary at this time.

C9.6 OUTPUT - Screened Equipment
The main output of the production screening activity is the screened equipment.
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C9.7 OUTPUT - Fallout/Defect Precipitation
All defective equipment resulting from ESS which is detected by ordinary test means.

C9.8 Decision to Rescreen
Rescreening to certain levels/stresses after repairs are made is often necessary.

INPUT ACTIVITY OUTPUT
C10.0 f———31 (102 | DataTabulation
€10.1 | Fallout/Detect Precipitationt— Fallout
Analysis L 103 | Inputto FRACAS

Figure 2.15. Activity C10.0: Fallout Analysis

C10.0 ACTIVITY - Fallout Analysis

This activity involves an assessment of the flaw types to assure feedback and a
positive effect on the manufacturing process. It also involves preparation of data for
use with any quantitative procedures for monitor and control.

C10.1 INPUT - Fallout/Defect Precipitation
This is the same as output C9.7.

C10.2 OUTPUT - Data Tabulation
Data is tabulated for use in ESS process control or any other quantitative monitoring.

C10.3 OUTPUT - Input To FRACAS
All failure data are to be made available to the in-place FRACAS system.
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ACTIVITY OUTPUT
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Figure 2.16. Activity C11.0: Quantitative Tailoring of ESS

C11.0 ACTIVITY - Quantitative Tailoring of ESS

The Institute of Environmental Sciences (IES) guidebook contains an appendix which
outlines an approach for determining required screen sirengths based on reliability
requirements. The quantitative aspect of the classical ESS process is much less
detailed than the Mil-Hdbk-344 approach which is a complete quantitative approach to
ESS.

C11.1 INPUT - Specified and Estimated Inherent Reliability
The inherent reliability is estimated from prediction or other appropriate methods. The
specified reliability is that value required by the customer to satisfy objectives.

C11.2 INPUT - Estimate of Latent Defect Quantities

An estimate of the quantity of latent defects present is obtained by data from a previous
population. If no prior data is available, a method is provided in the IES guidebook to
estimate defects present.

C11.3 INPUT - Desired Yield
The desired yield and the estimate of defects present are used to tailor screening
strength by the methods provided in the IES guidebook.

C11.4 OUTPUT - Plots of Defects vs. Screen Strength for Various Yield
Values
Mathematical methods are provided in the IES guidebook to graphically illustrate a
family of first pass yield curves with the ordinate being defects and the abscissa screen
strength.

C11.5 OUTPUT - Required ESS Screen Strength
The required ESS screen strength is extracted from the plot discussed above in output
C11.4.
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C11.6 OUTPUT - Conversion of Screen Strength Required Values Into
Appropriate RV and TC Screens

The main output of the quantitative tailoring is what required screen strength values
are and the conversion of such into RV and TC screens.

INPUT ACTIVITY - OUTPUT
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Figure 2.17. Activity C12.0: ESS Process Control

C12.0 ACTIVITY - ESS Process Control

Methodology is provided to help in assuring and controlling both the ESS process of
precipitating latent defects to failure and the capability of the production process. The
control methods depicted here were derived from the IES guidebook.

C12.1 INPUT - Company Product Improvement Curves
A product improvement curve plots the average number of failure reports per item of
final product against product sequential serial numbers.

C12.2 INPUT - Estimate of Number of Flaws in Equipment at Start of ESS
The IES guidebook provides a method to estimate the number of flaws based on the
slope of the product improvement curve, complexity of the hardware, and serial
number.

C12.3 INPUT - ESS Fallout Analysis Results

This includes results from activity C10.0. ESS fallout results are necessary to
construct control charts, result plots, and PARETO charts as defined below. An ESS
effectiveness figure of merit can also be computed from the results.

C12.4 OUTPUT - Modified Product Improvement Curves

As data on ESS fallout is accumulated the product improvement curves should be
adjusted accordingly.
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C12.5 OUTPUT - Control Charts and Out of Control Processes

Control charts plot failures on the y-axis and number of items screened on the x-axis.
The IES guidebook provides a method for structuring the control charts, i.e., upper and
lower control limits. When a point falls outside of the control limits, the process should
be checked for problems. ESS can help to pinpoint manufacturing problems. When
an abnormal number of a certain defect type is precipitated during a screen this is an
indication that the process may be out of control.

C12.6 OUTPUT - ESS Effectiveness Figure of Merit

The IES document provides a gross figure of merit which can be used in some cases.
The figure of merit is defined as the ratio between the average total failures per item
and the number of flaws per item at the start of ESS. The guidebook recommends the
use of control charts as a better method of controlling the screening process.

C12.7 OUTPUT - ESS Result Plots

ESS result plots are recommended for use in lieu of control charts when a
predetermined value for failures per equipment is not available but a value for failures
per cycle is. In this case failures per unit would be plotted against number of thermal
cycles. The plots should be used to increase or decrease the number of cycles in the
screen.

C12.8 OUTPUT - PARETO Charts
As a supplement to control charts, it is sometimes useful to generate a PARETO chart
to display a breakdown of failure causes.

INPUT ACTIVITY OUTPUT
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Figure 2.18. Activity C13.0: Cost-Benefit Analysis

C13.0 ACTIVITY - Cost-Benefit Analysis

A cost-benefit analysis is used to optimize repair and test costs against required levels
of ESS. The cost analysis can be accomplished through use of a personal computer
spreadsheet program.
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C13.1 INPUT - Failure Class. and Quantity for Each Level of Assembly
For the module, unit, and system levels of assembly, failure descriptions and flaws
precipitated through pre-screen testing, screening, and post-screening are tabulated.

C13.2 INPUT - Factory ESS and Associated Test Costs ,
An input to the cost-benefit analysis is the cost associated with screening and the
functional testing conducted subsequent to screening.

C13.3 INPUT - Rework Costs
Costs associated with both part and non-part rework are used to compute an overall
total rework cost for each screen and functional test at each level of assembly.

C13.4 INPUT - Defect Cost
The defect cost is determined by multiplying the number of defects at each stage by
the cost to repair each defect.

C13.5 INPUT - Users Cost Due to a Defect
This cost treats the field as an extension of the ESS test flow by determining the users
cost associated with a defect.

C13.6 OUTPUT - Total User/Producer Cost for the ESS Program
The total user/producer cost is the sum of inputs C13.2, C13.3, C13.4 and C13.5.

C13.7 OUTPUT - Comparison of ESS Cost with Repair and Functional
Test Cost
The main output of the cost-benefit analysis a comparison of the cost of screening and
functional test with those costs associated with rework and repair at each level of
assembly.

C13.8 OUTPUT - Optimization of Repair and Functional Test Cost
This is the end result of the cost-benefit analysis. It involves optimizing ESS levels of
assembly. A

Cost-Benefit Analysis -
C14.1 Results c14 O
Modificati - Decision to Modify,
Add or Eiminate Selected
Ciaz |FdlloutResuts - odification C185 o reons
of Screens
Calibration & Preventitive
Process Control Data ——P1 c145 | Maintenance of Screenin
c1a3 as 15| Paciites o
Necessary
ci4.4 QuantlativeTailoring —
. Resuks

Figure 219. Activity C14.0: Modification of Screens as Necessary
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C14.0 ACTIVITY - Modification of Screens as Necessary
During the course of a screening program it is often necessary to modify screening
regimens based on observed and calculated results.

C14.1 INPUT - Cost-Benefit Analysis Results
Results of activity C13.0.

C14.2 INPUT - Fallout Results
Results of activity C10.0.

C14.3 INPUT - Process Control Data
Results of activity C12.0.

C14.4 INPUT - Quantitative Tailoring Resuits
Results of activity C11.0.

C14.5 OUTPUT - Decision to Modify, add or Eliminate Selected Screens
Screens are modified as fallout or a lack of fallout are observed. If a new class of
defects is discovered, ESS should be modified accordingly.

C14.6 OUTPUT - Calibration & Preventive Maintenance of Screening
Facilities

Proper maintenance of the ESS equipment is necessary. Periodic calibration and
maintenance is necessary to assure that the facilities remain accurate and operable.

INPUT ACTIVITY OUTPUT
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Figure 2.20. Activity C15.0: Decision to Go From 100% ESS to Sampling

C15.0 ACTIVITY - Decision to Go From 100% ESS to Sampling

At the point in time when manufacturing processes and parts are under control and
ESS is no longer precipitating a significant number of defects, a decision must be
made to go from 100% ESS to sampling. If process control is lost at any time, the tri-
service guidebook recommends reverting to 100% ESS.
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C15.1 INPUT - Mil-Std-1235 Sampling Plans

This standard is titled "Single-and Multi-Level Continuous Sampling Procedures and
Tables for Inspection by Attributes™. It provides methods for applying continuous
sampling plans for inspection.

C15.2 INPUT - Failures Attributed to ESS
This information is derived from output C9.7.

C15.3 INPUT - History of ESS Results
C15.4 INPUT - Record of Improvements by Corrective Actions

C15.5 OUTPUT - Sampling Plan for ESS Program

INPUT ACTIVITY OUTPUT
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Figure 2.21. Activity C16.0: PRVT and Final Acceptance Test

C16.0 ACTIVITY - PRVT and Final Acceptance Test

The final acceptance test is conducted after all ESS and post ESS functional test. At
times, a production reliability verification test (PRVT) may be required/desired. PRVT
is the portion of ESS retained for the purpose of providing a mechanism to indicate
whether or not the process is in control and whether or not reliability is being achieved.

C16.1 INPUT - Screened Equipment
This is the same as output C9.6.

C16.2 INPUT - Final Test Contractual Requirement

The customer generated requirements or equipment specifications may call for some
sort of PRVT and/or final acceptance test.
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C16.3 OUTPUT - Final Acceptance Test Resuits

This involves the customer either accepting or rejecting the equipment based on
results of a reliability production acceptance test. Rejection will involve repair and
return to an improved manufacturing process. '

C16.4 OUTPUT - Failure-Free Period
Determination of a failure-free requirement for the final acceptance test may be
required.

C16.5 OUTPUT - PRVT Results

INPUT ACTIVITY OUTPUT
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Figure 2.22 Activity C17.0: Implementation of FRACAS

C17.0 Activity - Implementation of FRACAS
A FRACAS - failure reporting, analysis and corrective action system should be in place
at the contractor facility. Its interaction with the ESS program is outlined here.

C17.1 INPUT - Faults Precipitated During ESS
All faults precipitated during screening should be reported and analyzed by the
contractors closed loop FRACAS.

C17.2 INPUT - Field Failure Information
Procedures should be in place to track and record field failure information.

C17.3 INPUT - Mil-Std-2155 Procedures
Mil-Std-2155, "Failure Reporting, Analysis And Corrective Action System” establishes
requirements and criteria for a FRACAS.

C17.4 OUTPUT - Failure Report and Corrective Action

Includes failure reports which specify all failures precipitated during ESS. Corrective
action procedures are necessary to correct any parts, equipment design,
manufacturing or test procedure problems uncovered during the screening process.
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C17.5 OUTPUT - Parts Failure Information
Parts failure information should be supplied to manufacturers for the purpose of
continuous improvement.

C17.6 OUTPUT - Defect Analysis
An analysis of all defects is necessary 10 determine corrective actions for improvement
of the manufacturing process.

INPUT ACTIVITY OUTPUT
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Figure 2.23. Activity C18.0: Continuous Improvement of Design, Manufacturing and
Test Processes

C18.0 ACTIVITY - Continuous Improvement of Design, Manufacturing and
Test Processes

Environmental Stress Screening can help to optimize the manufacturing process
thereby resulting in cost savings. This activity illustrates how ESS interacts with the
continuous improvement process.

C18.1 INPUT - Objective of Corrective Action
Specific objectives of corrective action should be spelled out. This can be derived
from output C17.4.

C18.2 INPUT - Results of FRACAS

This includes information pertaining to any improvements to the design,
manufacturing, and test processes resulting from the closed loop FRACAS.

C18.3 OUTPUT - Required Corrective Actions

Actions reported to engineering disciplines responsible for design, manufacturing and
test to improve their processes.

C18.4 OUTPUT - Modified Manufacturing, Design, or Test Processes

C18.5 OUTPUT - Revised Technical Data Package
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INPUT ACTIVITY OUTPUT
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Figure 2.24 Activity C19: Fielded System

C19.0 ACTIVITY - Fielded System
This activity involves feeding back failure information from the field to the FRACAS

system.

C19.1 INPUT - System/Equipment Ready for Deployment
The final equipment/system accepted by the customer and ready for field deployment.

C19.2 OUTPUT - Field Failure Data Feedback

This involves the user sending field failure data back to the FRACAS. The data is
valuable to aid in process improvement
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Q1.0 ACTIVITY - Preparation of ESS Plans - Same as activity C1.0

Q2.0 ACTIVITY - Assurance of Incoming Parts Quality Levels - Same as
activity C2.0

Q3.0 ACTIVITY - Additional Part Screening (Rescreening) - Same as activity
C3.0

Q4.0 ACTIVITY - Identify Nature of Anticipated Defects - Same as activity
C4.0

INPUT ACTIVITY OUTPUT
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Figure 2.25. Activity Q5.0: Establishing ESS Objectives & Goals

Q5.0 ACTIVITY - Establishing ESS Objectives & Goals

Mil-Hdbk-344 provides methods to relate reliability requirements to allowable
remaining defect density values. This activity marks the first phase of the quantitative
modeling and goal setting.

Q5.1 INPUT - Reliability Requirements

Values of limiting or inherent mean time between failure (MTBF) and required MTBF
must be known in order to determine the maximum number of permissible remaining
defects. These values will usually come from contract documents and/or product
specifications.

Q5.2 INPUT - Factory Integration Sequence
The factory integration sequence must be defined with all restrictions and
requirements with respect to assembly, calibration and acceptance testing.

Q5.3 INPUT - Math Models
The models found in the Mil-Hdbk-344A are used to compute the allowable remaining
defects based on the reliability requirements.
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Q5.4 INPUT - Stress Adjustment Factor (SAF)

The SAF is the ratio of the number of defects at the field stress level to those at
baseline(factory) stress level. This value is used to adjust the allowable remaining
defect value at field stress to an equivalent value at factory stress. The SAF becomes
available during activity Q6B.0 and is output Q6B.7.

Q5.5 OUTPUT - Allowable Remaining Defects (Field Stress)
Based on the math models discussed in input Q5.3 and the reliability requirements
discussed in input Q5.1, the allowable remaining defects at field stress are estimated.

Q5.6 OUTPUT - Multi-Level ESS Flow Diagram

A flow diagram is to be developed depicting the integration and environmental testing
requirements. This diagram illustrates the production flow and provides the framework
for ESS selection and placement.

Q5.7 OUTPUT - Allowable Remaining Defects (Factory Stress)
This value is calculated using the math model found in Procedure A1, section 5.2.3 of
Mil-Hdbk-344A.

INPUT ACTIVITY OUTPUT
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Figure 2.26A. Activity Q6A.0: Generate Initial Estimates of Defect Density

Q6A.0 ACTIVITY - Generate Initial Estimates of Defect Density
The intent of this activity is to estimate the initial defects resident in each assembly
both from a baseline (factory) and a field stress perspective.

Q6A.1 INPUT - Equipment or System Breakdown Diagrams
A three level equipment breakdown structure is recommended: system, unit, and
assembly level.

Q6A.2 INPUT - Complexity Vectors

The assembly complexity vector or matrix comprises the individual complexity vectors
for each assembly and subassembly. This basically defines all part types, quantities,
connections, leads, terminals, wire connections and PWAs.
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Q6A.3 INPUT - Baseline Stress Defect Density Table

Mil-Hdbk-344A provides this table which contains values of defect density for a factory
screening environment for various electronic component types and assembly
activities.

Q6A.4 INPUT - Field Stress Defect Density Tables
Mil-Hdbk-344A also provides tables which contain values of defect density for various
field environments and quality levels.

Q6A.5 OUTPUT - Defect Density At Baseline Stress

The initial estimated number of defects at baseline stress is determined by multiplying
the assembly complexity vector by the baseline stress defect density vector values
obtained from INPUT Q6A.3.

Q6A.6 OUTPUT - Defect Density At Field Stress

The initial estimated number of defects at field stress is determined by multiplying the
assembly complexity vector by the field stress defect density vector values obtained
from INPUT Q6A.4.

Q6A.7 OUTPUT - Stress Adjustment Factor (SAF)
The SAF is determined as the ratio of the number of defects at the field stress level to
the number of defects at the baseline stress level.

INPUT ACTIVITY OUTPUT
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Figure 2.26B. Activity Q6B.0: Refine Estimates of Defect Density

Q6B.0 ACTIVITY - Refine Estimates of Defect Density

This activity involves the computation of incoming defect density (D|N) and remaining
defect density (DReMAINING) from analysis of fallout data. The values are used to
indicate if action is required to reduce incoming defect density. This activity takes
place after activities Q14 "Fallout Analysis” and Q15 "Monitor and Control".

Q6B.1 INPUT - Extracted Values of D_aT, DpaT, k, and CFR
This is the same as output Q14.3.
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Q6B.2 OUTPUT - Determination of D|n

Din represents the total incoming defects (or defect density) resident in the equipment
before screening. DN is calculated as the sum of the latent and patent defect content
which are values extracted from the fallout analysis (activity Q14).

Q6B.3 OUTPUT - Determination of DRemMmAINING

DREMAINING represents the total defects (or defect density) remaining in the equipment
after screening. DREMAINING is calculated as the difference of incoming defects and
number of defects removed, where the number of defects removed is found through
the fallout analysis (activity Q14). The value of DRemaINING iS later used to determine
whether screen strength should be increased or decreased.

Q6B.4 OUTPUT - Required Action to Reduce Dy

DN is reduced only through corrective actions which reduce further incoming defect
density and thereby improve process capability. The observed value of DN is
compared to the planning value to determine whether or not corrective action is

necessary.
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Figure 2.27. Activity Q7.0: Screen Selection and Placement

Q7.0 ACTIVITY - Screen Selection and Placement

This is an iterative process which begins by initially selecting assembly and system
level ESS placement and regimen based on recommended handbook (Mil-Hdbk-344)
tables and experience with similar equipment.

Q7.1 INPUT - Proportion of RV and TC Defects

A ratio must be determined based on prior experience or engineering judgment. Mil-
Hdbk-344A recommends using a starting ratio of 80% TC and 20% RV.
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Q7.2 INPUT - Multi-level ESS Flow Diagram
This is the same as output Q5.6.

Q7.3 INPUT - Guidelines for InitiaI‘Screen Selection and Placement
Table 4.4 in Mil-Hdbk-344A is recommended as a guide in selecting and placing
screens for a starting regimen.

Q7.4 INPUT - R & M 2000 Initial ESS Regimen

Screen types, parameters and placements recommended as initial regimen are
outlined in Table 4.5 in Mil-Hdbk-344A.

Q7.5 INPUT - Cost Optimization, Defect Density, and Screen Strength
Information

This information comes from Activity Q11, "Optimization”, Activity Q6A.0, "Generate
Initial Estimates Of Defect Density", Activity Q6B.0, "Refine Estimates Of Defect
Density", and Activity Q8B.0, "Refine Estimates Of Screen Strength”.

Q7.6 INPUT - Detection Efficiency (DE)
Detection Efficiency of each assembly should be determined in accordance with Mil-
Hdbk-344A, step 2 of Procedure C.

Q7.7 INPUT - Precipitation Efficiency
Precipitation Efficiency of each assembly should be determined by Mil-Hdbk-344A,
Tables 5.14 - 5.17 or step 1 of Procedure C.

Q7.8 OUTPUT - Assembly Level ESS Regimen

This includes the determination and placement of RV and TC ESS parameters for
each assembly and subassembly. For RV a GRMS value and vibration duration and for
TC a temp. range, rate of change and number of cycles are required.

Q7.9 OUTPUT - Assembly Level ESS Selection & Placement

RV and TC screens are placed at various locations in the ESS model. Guidance for
initial selection and placement comes from inputs Q7.3 and Q7.4 Modification and
improvement of selection and placement comes after data is available as mentioned in
input Q7.5.

Q7.10 OUTPUT - Charted Values of Costs and Defects Remaining and
Removed

The multi-level ESS flow diagram is modified by the addition of cost and remaining
and removed defect values. The handbook provide procedures to compute these
values. The values are a function of defect density and screen strength.

Q7.11 OUTPUT - Screen Strength
Screen strength of each assembly is calculated by multiplying precipitation efficiency
(PE) by detection efficiency (DE).

Q7.12 OUTPUT - Estimated System Defect Density
This is an estimated value of system defect density at factory stress level before ESS.
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INPUT ACTIVITY OUTPUT
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Figure 2.28A. Activity Q8A.0: Generate Initial Estimates of Screen Strength

Q8A.1 ACTIVITY - Estimated System Defect Density
This is the same as output Q7.12.

Q8A.2 INPUT - Assembly Level ESS Selection And Placement
This is the same as output Q7.9.

Q8A.3 INPUT - Mathematical Expressions & Table Values for RV & TC
Precipitation Efficiency

Precipitation efficiency is defined as a measure of the capability of a screen to
precipitate latent defects to failure. Mil-Hdbk-344A provides equations and tables for
computing values of precipitation efficiency based on number of cycles, temperature
rate of change and temperature range for temperature cycling and grms for random
vibration.

Q8A.4 INPUT - Estimation of Factors Effecting Detection Efficiency
Detection efficiency is a measure of the capability of detecting a precipitated latent
defect. Mil-Hdbk-344A provides factors and equations for computing detection
efficiency based on type of testing performed and conditions during test.

Q8A.5 INPUT - Detection Efficiency of System
This is the same as input Q7.6.

Q8A.6 INPUT - Allowable Defects Remaining as a Goal
This is the same as output Q5.5.

Q8A.7 OUTPUT - Estimated System Defect Density at Field Stress Level
This is estimated by multiplying output Q6A.7 by output Q7.10 (input Q8A.1)
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Q8A.8 OUTPUT - Required Screening Stress
This value is estimated by the foliowing formula:

output Q8A.7 - output Q8A.6
output Q8A.7

Required Screening Stress =

Q8A.9 OUTPUT - Precipitation Efficiency Of System
A value in terms of probability is determined for the system. It is obtained by dividing
required screening stress (output Q8A.8) by detection efficiency (input Q8A.6).

Q8A.10 OUTPUT - System ESS Regimen
This involves the determination and placement of RV and TC ESS throughout the
system.

INPUT ACTIVITY OUTPUT
Determined Value of
GaB.1 DREMAINING — Q8B.0 1 0353 g::::‘;:::;t ?‘ts
Refine Estimates =
V quired Action to
G8B2 :;?:-glg;nomwr' " —1 6B.4 Incrsase ::r:g;tchroaso
of Screen Strength

Figure 2.28B Activity Q8B.0: Refine Estimates of Screen Strength

Q8B.0 ACTIVITY - Refine Estimates of Screen Strength

This activity involves the computation of screen strength from the analysis of fallout
data. The observed value of DREMAINING iS compared to the planning value to
determine if screening strength should be increased or decreased. This activity takes
place after activities Q14 "Fallout Analysis™ and Q15 "Monitor and Control".

Q8B.1 INPUT - Determined Value of DREMAINING
This is the same as output Q6B.3 This is the "observed” value of DREMAINING-

Q8B.2 INPUT - Extracted Values of D_aT, DpaT, k, and CFR
This is the same as output Q14.3.
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Q8B.3 Determination of Screen Strengths

Screen strength is the probability that a specific screen will precipitate a latent defect
to failure and detect it by test, given that a latent defect susceptible to the screen is
present. It is the product of precipitation efficiency and detection efficiency. Equations
are provided within Mil-Hdbk-344A to calculate screen strength from the parameters
listed in input Q8B.2.

Q8B.4 Required Action to Increase or Decrease Screen Strength

Upon determining screen strength, the observed value is compared with the planning
value. The same comparison is made with DremainiNg. If necessary, screen strength
is increased by changing the screen type, stress levels or duration of the screen and
by increasing the thoroughness of tests which are performed in conjunction with the
screen.

INPUT ACTIVITY ‘ OUTPUT

Q9.1 ESS Regimen . Q9.0 ——1 0.3 Damage Index

Fatigue-Life

Thermal and Vibration . % Of Usaful Life
Q92 gztl{‘g;o( g)xpononu for . Estimate : .4 Consumed by ESS

Figure 2.29. Activity Q9.0: Fatigue-Life Estimate

Q9.0 ACTIVITY - Fatigue-Life Estimate

This activity attempts to estimate the fatigue-life and to ensure that ESS is not too
stressful and does not consume too much of the useful (fatigue) life. This is the same
as Procedure A4 of Mil-Hdbk-344A.

Q9.1 INPUT - ESS Regimen
This is the same as output Q8A.10.

Q9.2 INPUT - Thermal and Vibration Fatigue Exponents for Solder (B)
B = 2.5 - thermal fatigue exponent for solder

B = 6.4 - vibration fatigue exponent for solder

The source of these values is Mil-Hdbk-344A, procedure A4.
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Q9.3 OUTPUT - Damage Index (D)

Damage index is calculated separately for random vibration and thermal cycling

The equation used to compute damage index is D = NSB. The same equation is used
to compute damage index for life (D) and for ESS (Dg). For temperature cycling, N =
number of cycles, S = temperature range in degrees Celsius and B = 2.5. For random
vibration, N = duration of vibration in hours or minutes, S - GRMS vibration level and B
= 6.4.

Q9.4 OUTPUT - % of Useful Life Consumed by ESS
This is estimated by dividing the damage index for ESS by the damage index for life.

INPUT ACTIVITY OUTPUT

Flow Chart w/ Values of
Q10.1 Remaining and Removed e
Defocts at Each Stage ‘

Factory ESS and

Q10.2 |Associated Test s
Costs > Flow Chart Modified
Q1 00 Q10.6 With Cost Information
Q103 Factory Rework Costs Cost
> Total User/Producer Cost
Analysis Q0.7 for the ESS Program
Q10.4 Defact Cost -—»

Users Cost Due to a Defec
Q10.5 —

Figure 2.30. Activity Q10.0: Cost Analysis

Q10.0 ACTIVITY - Cost Analysis
This activity involves determining the cost of the ESS program. Cost analysis data is
used to modify the program to save money.

Q10.1 INPUT - Flow Chart with Values of Remaining and Removed
Defects at Each Stage
This is the same as output Q7.10.

Q10.2 INPUT - Factory ESS and Associated Test Costs
This includes the cost of all factory ESS and any associated testing which basically
consists of equipment and labor costs.

Q10.3 INPUT - Factory Rework Costs
This is the average total cost to repair defects at each stage including diagnostics,
rework/repair, retest, repeat ESS, and data recording costs.

Q10.4 INPUT - Defect Cost
The defect cost is determined by multiplying the number of defects at each stage by
the cost to repair each defect.
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Q10.5 INPUT - Users Cost Due to a Defect
This cost treats the field as an extension of the ESS test flow by determining the users
cost associated with a defect.

Q10.6 OUTPUT - Flow Chart Modified With Cost Information

 The flow chart consisting of values of defects remaining and removed is modified at

this point to include the cost associated with screening.

Q10.7 OUTPUT - Total User/Producer Cost for the ESS Program
The total user/producer cost is the sum of inputs Q10.2, Q10.3, Q10.4, and Q10.5.

INPUT ACTIVITY OUTPUT

Total User/Producer Cost »

ana for the ESS Program
Q11.0
Optimized Screen Selectiorn
Assembly and Module _ —P| a11.4
Q1.2 | [ovel ESS Cost i Optimization and Placement

Estimate of Percentage ot
Q11.3 | Useful Lite Consumed [
by ESS

Figure 2.31. Activity Q11.0: Optimization

Q11.0 ACTIVITY - Optimization
This activity involves an optimization of the screen selection and placement based on
cost and fatigue life estimation.

Q11.1 INPUT - Total User/Producer Cost for the ESS Program
This is the same as output Q10.7.

Q11.2 INPUT - Assembly and Module Level ESS Cost
The cost associated with system level ESS is determined for all assemblies and
modules. Assemblies and modules with high system level ESS cost are identified.

Q11.3 INPUT - Estimate of Percentage c¢i Useful Life Consumed by ESS
This is the same as output Q9.4.

Q11.4 OUTPUT - Optimized Screen Selection and Placement

For those assemblies and modules with high system level ESS cost a lower level ESS
placement should be selected. The cost is then recalculated and mathematical
verification that field reliability will be achieved is then made by using the modeling
procedures in Mil-Hdbk-344A.
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Mounting Scheme/Fixture:

Q121 Technical Data Package —— T Q125 Required or Available
Q12.0
Existing ESS Hard s : R e Monitoring and Power
Q122 Xisting araware Preparation Q126 Considerations
to Implement
» Establishment of
Qi12.3 ESS Implementation - Q12.7 Functionail Test
Plan ESS Program
Required/Available I ESS Impl ntation
Q124 | gSS Documentation > Q128 Proco':;l:r:me 2

Figure 2.32. Activity Q12.0: Preparation to Implement ESS

Q12.0 ACTIVITY - Preparation to Implement ESS
This activity involves all final equipment and procedural preparation for actual
production screening.

Q12.1 INPUT - Technical Data Package

The technical data package includes all documented information relative to the
system/equipment to be screened. For example, specifications, drawings, test
procedures, manufacturing instructions, etc.

Q12.2 INPUT - Existing ESS Hardware
Available ESS hardware including fixtures, chambers, vibrators, etc.

Q12.3 INPUT - ESS Implementation Plan
This is the same as output Q1.9.

Q12.4 INPUT - Required/Available ESS Documentation
This is the same as input Q1.4.

Q12.5 OUTPUT - Mounting Scheme/Fixtures, Required or Available
Chamber & Vibrator
This is the same as output C6.6.

Q12.6 OUTPUT - Monitoring and Power Considerations
This is the same as output C6.7.

Q12.7 OUTPUT - Establishment of Functional Test program
This is the same as output C6.8.
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Q12.8 OUTPUT - ESS Implementation Procedure

This includes a list of items to be screened, installation procedures for monitoring/test
equipment, placement method of chamber and vibrator, and pre, post and functional
ESS test procedures.

Q13.0 ACTIVITY - Production Screening - Same as activity C9.0.
INPUT ACTIVITY OUTPUT

Q14.0

Fallout Data from RV and -
Q141 |7c scroens (Separated)

Fallout Extracted Values of

Q142 |CurveFitof Fallout - Analysis
Data

Figure 2.33. Activity Q14.0: Fallout Analysis

Q14.0 ACTIVITY - Fallout Analysis
This activity involves analysis of the fallout data to extract defect density values and
other parameters for use in quantitatively modifying screening levels.

Q14.1 INPUT - Fallout Data from RV and TC Screens
The data required should be available from the FRACAS system. This includes fallout
data from each type of environment (i.e., TC and RV).

Q14.2 INPUT - Curve Fit of Fallout Data

Fallout data is collected for each type of environment (i.e., temperature cycling,
random vibration, etc.) separately and graphs should be prepared with the cumulative
defects per system as the ordinate, and the stress duration as the abscissa.

Q14.3 OUTPUT - Extracted Values of DLaT, DpaAT, k, and CFR
Mil-Hdbk-344A provides methods for extracting various required parameters. The
parameters required include DpPAT - Patent Defect Density, DLAT - Latent Defect
Density, k- stress constant, and CFR - Constant Failure Rate. The parameters are later
used to compute "observed” values of remaining and initial defect density, and screen
strength.
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CINPUT ACTIVITY OUTPUT
Q15.0 | | 152 | SPCChans
Parameters of interest Monitor

Qi5.1 (DiN» DREMAINING: +—
Screen Strength, Etc.)

| 0153 | PARETOChants

and

Control

» Forward Planning
Q15.4 Analysis, and Cor;'ectlve

Actions __

Figure 2.34 Activity Q15.0: Monitor and Control

Q15.0 ACTIVITY - Monitor and Control
This activity involves utilizing modified Statistical Process Control and PARETO
Charts to monitor parameters of interest against established requirements.

Q15.1 INPUT - Parameters Of Interest (DiN, DREMAINING: Screen Strength,
Etc.)

The parameters of interest are determined (and defined) in Activities Q14.0, Q6B.0,
and Q8B.0. '

Q15.2 OUTPUT - SPC Charts

Statistical Process Control charts are used to display goals and compare actual results
to the goals. When using SPC charts to monitor values of defect density, the charts
are different than conventional SPC charts in that the parameter of interest should be
improving with time, thus making it necessary to use regression analysis.

Q15.3 PARETO Charts

As a supplement to SPC charts it is sometimes useful to generate a PARETO chart to
display a breakdown of failure causes.

Q15.4 Forward Planning, Analysis, and Corrective Actions
Out of control conditions and failure causes should be examined to compare
requirements with any variations. The amount of resources required to understand
and resolve problems should be determined along with the comparison.
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3.0 ESS Guidebook Process Descriptions
This Chapter provides process descriptions of the following ESS guidebooks:

« |[ES ESS Guidelines For Assemblies

Tri-Service ESS Guidelines

Navy Manufacturing Screening Program

Mil-Hdbk-344A, ESS of Electronic Equipment

TE000-AB-GTP-020A, ESS Requirements And Application Manual For Navy
Electronic Equipment

Also provided are short summaries of eight other ESS guidebooks.

3.1 Institute of Environmental Sciences (IES) Environmental Stress
Screening Guidelines For Assemblies (Dated March 1990)

3.1.1 Discussion of IES Environmental Stress Screening
Guidelines For Assemblies

The IES ESS Guidelines document was prepared by the ESSEH Technical
Committee Working Group. It contains guidance in the areas of ESS program
management, project engineering, and some contracting. Major sections of the book
are devoted to random vibration and thermal cycling stress screening characteristics
development. For random vibration the following five methods are provided to
generate an initial starting regimen for RV screening: Development of Input Spectrum
using Flaw Precipitation Threshold; Development of Screening Level From Overall
Internal Response Levels; Development of Screening Level Through Step-Stress
Tests; Development of Screening Level from Fault Replication Tests; and Heritage
Screen. A vibration survey is required for the first two methods. Details are provided
in a separate section on how to conduct a vibration survey. For thermal cycling,
~thermal survey guidelines are provided for developing an initial thermal cycling
regimen. The guidebook also provides a cost-benefit analysis procedure, quantitative
tailoring methods, and information useful for ESS process control. A format for an
ESS statement of work is also included. The level of assembly addressed in the
guidelines document is from the printed wiring assembly up to the system level. Part
level ESS guidance is not included. The document is very tutorial in nature in
providing details on various ESS topics and definitions.

3.1.2 IES ESS Guidelines Process
Figure 3.1 illustrates the top level activities flow of the IES ESS Guidelines
document. Figures 3.2 through 3.11 illustrate the individual activities of the process

along with their inputs and outputs. Activity and input and output descriptions follow
each illustration.
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INPUT ACTIVITY OUTPUT
A
il I e IES.1 - sas | S
Preparation of
ESS Plans ;
IES.1.2 (E:ggtgg;; Generated —— e |E5.1.4 ESS Documentation

Figure 3.2. Activity IES.1: Preparation of ESS Plans

IES.1 ACTIVITY - Preparation of ESS Plans

The guidebook provides management guidance useful to both the government and
the contractor. A statement of work format is provided as well as an entire section on
Program Management.

IES.1.1 INPUT - Access to In-Place FRACAS
An in-place failure reporting analysis and corrective action system is recommended to
aid in the improvement of the manufacturing process as a result of screening.

IES.1.2 INPUT - Customer Generated ESS SOW

A government (or other customer, e.g. prime contractor) generated statement of work
specifies the ESS processes to be followed. A sample ESS SOW is found in the IES
guidebook.

IES.1.3 OUTPUT - Contractor Submitted ESS Program Plan

The IES guidebook, in its sample SOW, requires the contractor to submit a Program
Plan to document cost effective ESS methods and procedures to implement the ESS
program.

IES.1.4 OUTPUT - ESS Documentation

The |ES guidebook also requires in its sample SOW, that the contractor submit
detailed ESS documentation. This is to include all planned procedures, schedule,
ESS starting profiles for all equipment to be screened, etc.
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INPUT ACTIVITY OUTPUT
Expected Flaws at Each
2. ovol of Assem —
IES.2.1 | Lovel of Assembly IES.2

Determination of

I Hardware to be Screened

IES.2.2 | Cost Conslderations [ ESS Levels of IES.2.4 lat Each Level of Assembly

Assembly

Table 2-7, Preferred
IES.2.3 | ScreeningConditions with (=1
Risks/Results Summaries

Figure 3.3. Activity IES.2: Determination of ESS Levels of Assembly

IES.2 ACTIVITY - Determination of ESS Levels of Assembly

This activity involves determining at which levels ESS should be conducted for a given
development. PWA, unit, and system are the three levels delineated in the guidebook.
When making the decision at which levels to screen at, a number of important
variables should be taken into account. These include technical effectiveness, cost
effectiveness, and index of failure detectability.

IES.2.1 INPUT - Expected Flaws at Each Level of Assembly
An understanding of the population of flaws to be expected at the various levels
contributes greatly to the determination of ESS levels of assembly.

IES.2.2 INPUT - Cost Considerations
The cost effectiveness of screening is an important consideration when determining
levels of assembly.

IES.2.3 INPUT - Table 2.7, Preferred Screening Conditions with
Risks/Results Summaries

The IES guidebook provides a table containing information relative to cost, risks and
results for screening at various levels of assembly and equipment conditions. The
table is useful for initial planning of ESS levels of assembly.

IES.2.4 OUTPUT - Hardware to be Screened at Each Level of Assembly

The choice of level of assembly for both random vibration and thermal cycling screens
is the main output of activity IES.2.
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INPUT _ ACTIVITY OUTPUT
IES.3
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Figure 3.4. Activity IES.3: Development of RV and TC Starting Regimens

IES.3 ACTIVITY - Development of RV and TC Starting Regimens

A major portion of the IES guidebook is devoted to this activity. The activity is broken
down into two sub activities as shown. The sub activities are: Development of Random
Vibration Starting Regimen and Development of Thermal Cycling Starting Regimen.
Flow diagrams for the sub activities are shown below. Inputs to activity IES.3 apply to
both sub activities.

IES.3.1 INPUT - Known or Anticipated Manufacturing Process Flaws

The choice of RV and TC screens selected is heavily dependent on known or
anticipated flaws. Different types of screening scenarios are more effective than others
depending on the flaw type anticipated.

IES.3.2 INPUT - Factory, Field and Depot Failure Resuits

The study of factory, field and depot failures is necessary to determine not only what
flaws are anticipated and how to structure the screen, but also to determine how
screens should be modified if they are too weak or too strong.

IES.3.3 INPUT - Hardware to be Screened at Each Level of Assembly
This is the same as output IES.2.4.

IES.3.4 INPUT - Table 2.5, Screening Environments vs. Typical Failure
Mechanisms

The guidebook provides Table 2.5 which lists various failure types under three
columns: thermal cycling, vibration, and thermal and/or vibration. It is important to
understand the various flaw types that can be precipitated by the two different types of
ESS.

IES.3.5 OUTPUT - Establishment of Functional Test Program

The purpose of the test program established is to assure that the various flaws
precipitated by ESS are detected.
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IES.3.6 OUTPUT - Random Vibration Starting Regimen
See output IES.3A.6 below.

IES.3.7 OUTPUT - Thermal Cycling Starting Regimen
See output IES.3B.4 below.

INPUT ACTIVITY OUTPUT

Defacto Standard RV
IES.3A.1 | Spectrum ——

IES.3A
. ’ ————- RV Starting Regimen

5 RV Starting Regimen IES.3A.6
IES.3A.2 | Development Methods 1B~ Development

to Choose From

of

Availabllity of Hardware, ——1 ES3A7 Screening Configurations
IES.3A.3 | Vibration Equipment, and {——»]

Experienced Personnel RV

At Least one Sample artin 1 Axes of Excitation
IES.3A.4 | of Hardware L St g —P Es.aaa

Regimen

Results of Vibration

IES.3A.5 | Survey (If Applicable) -

Figure 3.5. Activity IES.3A: Development of Random Vibration Starting Regimen

IES.3A ACTIVITY - Development of Random Vibration Starting Regimen
The IES guidebook contains detailed guidelines on how to generate a starting
regimen for random vibration.

IES.3A.1 INPUT - Defacto Standard RV Spectrum

Several references suggest using as a starting RV spectrum: 6 grms consisting of .04
g2/Hz with a frequency range of 20 - 2000 Hz and 3 dB/octave rolloffs from 80 to 20 Hz
and 350 to 2000 Hz. The IES guidebook expresses caution in using this spectrum
with certain equipment types.

IES.3A.2 INPUT - § RV Starting Regimen Development Methods to
Choose From

The |ES guidebook provides guidance on the use of the following methods: 1.
Development of Input Spectrum Using Flaw Precipitation Threshold; 2. Development
of Overall Screening Level Using Overall Internal Response Levels; 3. Development
Of Overall Screening Level Through Step-Stress Tests; 4. Development Of Overall
Screening Level Through Fault-Replication Tests; 5. Heritage Screens.

IES.3A.3 INPUT - Availability of Hardware, Vibration Equipment, and
Experienced Personnel

This information is used to help decide on which of the five methods mentioned in
input 1IES.3A.2 should be used.
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IES.3A.4 INPUT - At Least One Sample of Hardware
A sample of hardware identical to that to be screened is needed along with any
necessary functional test equipment.

IES.3A.5 INPUT - Results of Vibration Survey (If Applicable)

A vibration survey is used to measure the response of the equipment when exposed to
vibration levels less severe than the actual screen. Appendix B1 of the IES guidebook
provides detailed guidelines on how to conduct a vibration survey. The results of the
vibration survey are used with the first two of the RV starting regimen development
methods described in input IES.3A.2 above.

IES.3A.6 OUTPUT - Random Vibration Starting Regimen

Characteristics of an RV starting regimen include the spectrum which consists of a
grMs value that is also represented graphically as power spectral density (g2/Hz) on
the ordinate and frequency (Hz) on the abscissa. The graph will show rolloffs in
dB/octave. Screen duration must also be determined.

IES.3A.7 OUTPUT - Screening Configurations
This includes fixture setups/installation required to stress out expected flaws.

IES.3A.8 OUTPUT - Axes of Excitation

A determination of the number of axes of excitation is required One, two or three
sequential axes will usually be required. A historical base of flaw detection versus the
number of axes should be kept.

INPUT ACTIVITY OUTPUT
IES.3B
IES.38.1 | Paseline ThormalESS — f—I= Development
of
IES.38.2 | Thermal Survey Resutts {—9= ———— |e53B.4 | TC Starting Regimen
TC
IES.3B.3 | Facility Requlrerﬁents Startlng
Regimen

Figure 3.6. Activity IES.3B: Development of Thermal Cycling Starting Regimen

IES.3B ACTIVITY - Development of Thermal Cycling Starting Regimen
The IES guidebook contains detailed guidelines on how to develop an initial thermal
cycling starting regimen.
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IES.3B.1 INPUT - Baseline Thermal ESS Regimen

A baseline regimen is provided for those having no data on similar items. The table
outlines recommended temperature ranges, rates of change, stabilization criteria, soak
times, number of cycles, and equipment conditions. The information is provided for
PWA, unit, and system levels of assembly.

IES.3B.2 INPUT - Thermal Survey Results

A thermal survey measures the thermal response during experimental temperature
cycling of the equipment intended for TC ESS. The survey results are helpful in
setting up the initial thermal cycling regimen. The IES guidebook contains detailed
guidelines on how to conduct a thermal survey.

IES.3B.3 INPUT - Facility Requirements
A chamber is required with adequate heating and cooling capacity as well as chamber
air speed fast enough to produce the required temperature rate of change.

IES.3B.4 OUTPUT - Temperature Cycling Starting Regimen

The TC starting regimen includes the following characteristics: number of cycles, for
each cycle the high and low temperature, the temperature rate of change, the dwell
times at the high and low temperatures, weather the equipment is powered or
unpowered and monitored or unmonitored.

INPUT ACTIVITY OUTPUT

IES.4.1 TC Starting Regimen -

IES.4
IES.4.2 RV Starting Regimen e e IES.4.5 Screenad Equipmant
Production
Facility Requirements and reenin 31 £s 46 |Faliout/Detect Precipitation
IES.4.3 Szﬁoe:lng‘q Co;ﬂgunraﬂo: — Scree g

1ES.4.4 | Functional Test Program |-

Figure 3.7. Activity |ES.4: Production Scréening

IES.4 ACTIVITY - Production Screening
This activity involves the actual screening of production hardware.

IES.4.1 INPUT - TC Starting Regimen
This is the same as output IES.3B.4.

IES.4.2 INPUT - RV Starting Regimen
This is the same as output IES.3A.6.
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IES.4.3 INPUT - Facility Requirements and Screening Configuration

All requirements for both shakers and thermal chambers must be met at this time. The
fixture setup and installation requirements determined in output IES.3A.6 must also be
addressed.

IES.4.4 INPUT - Functional Test Requirement
This is the same as Output IES.3.5.

IES.4.5 OUTPUT - Screened Equipment
The main output of the production screening activity is the screened equipment.

IES.4.6 OUTPUT - Fallout/Defect Precipitation
This includes all defects precipitated as a result of screening.

INPUT ACTIVITY OUTPUT
IES.5 ——>| |Es5.2 | Defect Analysis
IES.6.5 |Fallout/Defoct Pracipitationt—— Fallout - gm::: ion

Analysis

——»-| ES 6.5 Input to FRACAS

Figure 3.8. Activity IES.5: Fallout Analysis

IES.5 ACTIVITY - Fallout Analysis
This activity involves an assessment of the flaw types to assure feedback and a
positive effect on the manufacturing process.

IES.5.1 INPUT - Fallout/Defect Precipitation
This is the same as output IES:4.6.

IES.5.2 OUTPUT - Defect Analysis
An analysis of all defects is necessary to determine corrective actions for improvement
of the manufacturing process.

IES.5.3 OUTPUT - Corrective Action Procedures
This includes reporting back to manufacturing and anyone else responsible for
continuous improvement of the manufacturing process as a result of fallout analysis.

IES.5.4 OUTPUT - Input to FRACAS
All failure data are to be made available to the in-place FRACAS system.
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INPUT ACTIVITY OUTPUT
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Figure 3.9. Activity IES.6: Cost-Benefit Analysis

IES.6 ACTIVITY - Cost-Benefit Analysis

The IES document provides guidance on how to conduct a cost-benefit analysis to
optimize repair and test costs against required levels of ESS. The cost analysis can
be accomplished through use of a personal computer spreadsheet program.

IES.6.1 INPUT - Failure Classification and Quantity for Each Level of

Assembly
For the module, unit, and system levels of assembly, failure descriptions and flaws
precipitated through pre-screen testing, screening, and post-screening are tabulated.

IES.6.2 INPUT - Costs of Screening and Associated Testing
An input to the cost-benefit analysis is the cost associated with screening and the
functional testing conducted subsequent to screening.

IES.6.3 INPUT - Rework Costs
Costs associated with both part and non-part rework are used to compute an overall
total rework cost for each screen and functional test at each level of assembily.

IES.6.4 OUTPUT - Comparison of ESS Cost with Repair and Functional
Test Cost
The main output of the cost-benefit analysis a comparison of the cost of screening and
functional test with those costs associated with rework and repair at each level of
assembly.

IES.6.5 OUTPUT - Optimization of Repair and Functional Test Cost
~ This is the end result of the cost-benefit analysis.




Downloaded from http://www.everyspec.com

INPUT ACTIVITY OUTPUT
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Figure 3.10. Activity IES.7: Quantitative Tailoring of ESS

IES.7 ACTIVITY - Quantitative Tailoring of ESS

The IES guidebook contains an appendix which outlines an approach for determining
required screen strengths based on reliability requirements. The methods empioy the
continuous improvement philosophy where results are measured and screening
regimens adjusted accordingly.

IES.7.1 INPUT - Inherent and Specified Reliability Estimates
The inherent reliability is estimated from prediction or other appropriate methods. The
specified reliability is that value required by the customer to satisfy objectives.

IES.7.2 INPUT - Estimate of Latent Defect Quantities

An estimate of the quantity of latent defects present is obtained by data from a previous
population. If no prior data is available, a method is provided in the IES guidebook to
estimate defects present.

IES.7.3 INPUT - Desired Yield
The desired yield and the estimate of defects present are used to tailor screening
strength by the methods provided.

IES.7.4 OUTPUT - Plots of Defects vs. Screen Strength for Various Yield
Values

Mathematical methods are provided to graphically illustrate a family of first pass yield
curves with the ordinate being defects and the abscissa screen strength.

IES.7.5 OUTPUT - Required ESS Screen Strength

The required ESS screen strength is extracted from the plot discussed above in output
IES.7.4.
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IES.7.6 OUTPUT - Conversion of Screen Strength Required Values Into
Appropriate RV and TC Screens

Random Vibration and Temperature Cycling screens are modified based on screen
strength

INPUT ACTIVITY OUTPUT

> Modified Product
IES.8.4 Improvemant Curves

Company Product . SN Control Charts
IES.8.1 Improvement Curves IES.8 IES.8.5

Estimate of Number of ESS - IES.8.6 Out of Control Processes
IES.8.2 | Flaws in Equipment at — -0

Start of ESS

Process Control

. ESS Effectiveness
1 IES.8.7 Figure of Merit

IES.8.3 | ESS Fallout Results —

e—J>1 £ 3 g | ESS Resuit Plots

Figure 3.11. Activity IES.8: ESS Process Control

IES.8 ACTIVITY - ESS Process Control
Methodology is provided to help in assuring and controlling both the ESS process of
precipitating latent defects to failure and the capability of the production process.

IES.8.1 INPUT - Company Product Improvement Curves
A product improvement curve plots the average number of failure reports per item of
final product against product sequential serial numbers.

IES.8.2 INPUT - Estimate of Number of Flaws in Equipment at Start of
ESS

The IES guidebook provides a method to estimate the number of flaws based on the
slope of the product improvement curve (IES input 8.1), complexity of the hardware,
and serial number.

IES.8.3 INPUT - ESS Fallout Results
ESS fallout results are necessary to construct control charts and result plots. An ESS
effectiveness figure of merit is also computed from the results.

IES.8.4 OUTPUT - Modified Pr’oduct Improvement Curves
As data on ESS fallout are accumulated, the product improvement curves should be
adjusted accordingly.
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IES.8.5 OUTPUT - Control Charts

Control charts plot failures on the y-axis and number of items screened on the x-axis.
The IES guidebook provides a method for structuring the control charts, i.e., upper and
lower control limits. When a point falls outside of the control limits, the process should
be checked for problems.

IES.8.6 OUTPUT - Out of Control Processes

ESS can help to pinpoint manufacturing problems. When an abnormal number of a
certain defect type is precipitated during a screen this is an indication that the process
may be out of control.

IES.8.7 OUTPUT - ESS Effectiveness Figure of Merit

The IES document provides a gross figure of merit which can be used in some cases.
The figure of merit is defined as the ratio between the average total failures per item
and the number of flaws per item at the start of ESS. The guidebook recommends the
use of control charts as a better method of controlling the screening process.

IES.8.8 OUTPUT - ESS Result Plots

ESS result plots are recommended for use in lieu of control charts when a
predetermined value for failures per equipment is not available but a value for failures
per cycle is. In this case failures per unit would be plotted against number of thermal
cycles. The plots should be used to increase or decrease the number of cycles in the
screen.

INPUT ACTIVITY OUTPUT

IES.9 Daecision to Modify,
—» ese2 |Add orEliminate Selected
Screening

Modification

Fallout Resuits and Calibration & Preventitive
IES.S.1 | process Control Data = of Screens —— |ES9.3 g:;::::::"“ of Screening
as
| 594 |Decision to Rescreen
Necessary

Figure 3.12. Activity IES.9: Modification of Screens as Necessary

IES.9 ACTIVITY - Modification of Screens as Necessary
During the course of a screening program it is often necessary to modify screening
regimens based on observed and calculated results.

IES.9.1 INPUT - Fallout Results and Process Control Déta

This includes all of the data observed, calculated and tabulated in Activities IES.7 and
IES.8.
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IES.9.2 OUTPUT - Decision to Modify, Add or Eliminate Selected
Screening

Screens are modified as fallout or a lack of fallout are observed. If a new class of
defects is discovered ESS should also be modified accordingly. :

IES.9.3 OUTPUT - Calibration & Preventive Maintenance of Screening
Facilities

Proper maintenance of the ESS equipment is necessary. The IES guidebook
recommends periodic calibration and maintenance to assure that the facilities remain
accurate and operable.

IES.9.3 OUTPUT - Decision to Rescreen
Guidelines are recommended to rescreen to certain levels/stresses after repairs are

made.
ACTIVITY OUTPUT
IES.10
Final
—P1 £54 0.1 | Fallure-Free Period
Acceptance
Test

Figure 3.13. Activity IES.10: Final Acceptance Test

IES.10 ACTIVITY - Final Acceptance Test
The final acceptance is conducted after all ESS and post ESS functional test.

IES.10.1 OUTPUT - Failure-Free Period
The IES guidebook recommends the determination of a failure-free requirement for
the final acceptance test. '
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3.2 Tri-Service Environmental Stress Screening Guidelines (Dated
July 1993)

3.2.1 Discussion of Tri-Service Environmental Stress Screening
Guidelines

The Tri-Service ESS Guidelines document was developed by a tri-
service committee to resolve the problems and confusion associated with having
several independent guidebooks. The Institute Of Environmental Sciences (IES), ESS
Of Electronic Hardware (ESSEH) Committee also added to the preparation/review.
Portions of the IES-ESSEH Environmental Stress Screening Guidelines for
Assemblies were reprinted for use in this document. The book contains guidance in
the areas of ESS program management, project engineering, and contracting. Two
major sections are devoted to methods used for determining appropriate initial random
vibration and temperature cycling profiles and placement through experimentation.
For random vibration, the recommended method is the vibration survey where
extensive guidance is provided for both a general and a simplified technique. The
guidebook also describes the use of step-stress tests, fault replication tests, and
heritage screens. For temperature cycling, recommended techniques for establishing
starting profiles include the thermal survey and heritage screen. The level of assembly
addressed in the guidelines document is from the printed wiring assembly up to the
system level. Part level ESS guidance is not included. .

3.2.2 Tri-Service ESS Guidelines Process
Figure 3.14 illustrates the top level activities flow of the Tri-Service ESS
Guidelines document. Figures 3.15 through 3.25 illustrate the individual activities of

the process along with their inputs and outputs. Activity and input and output
descriptions follow each illustration.
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Figure 3.15. Activity TS.1: Preparation of ESS Plans

TS.1 ACTIVITY - Preparation of ESS Plans

The ESS Tri-Service Guidelines document provides planning guidance useful to both
the government and the contractor. A program managers checklist is provided as well
as considerations for cost, contractual requirements, and other general management
guidance.

TS.1.1 INPUT - Contractual Requirements
Contractual requirements are needed as a first step in planning an ESS program.
ESS plans must focus on ways to satisfy the requirements.

TS.1.2 INPUT - Tri-Service ESS Guidelines/Procedures
It is necessary to understand the guidebook as early as possible in the program.

TS.1.3 INPUT - System Criticality & Production Quantity
This information is to be used for cost and tradeoff analyses.

TS.1.4 INPUT - Cost/Benefit Analysis

The analysis considers cost tradeoffs associated with the assembly level of ESS,
automation vs. manual labor, equipment availability/acquisition, system criticality,
production quantity, conditions of ESS relative to power on vs. power off, Input/Output
conditions, and monitoring.

TS.1.5 INPUT - Equipment Accessibility & Status
Available equipment vs. equipment requirements should be well thought out during
the ESS planning phase.

TS.1.6 OUTPUT - Contractors Proposed ESS Plan

The guidebook recommends that the contractor proposes an ESS plan that overviews
all aspects of the ESS program.
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TS.1.7 OUTPUT - Training Plan
A training plan is recommended to assess the level of knowledge of all personnel
involved in the ESS program and to fill any voids.

TS.1.8 OUTPUT - ESS Management Plan and Checklist
A checklist is provided in the guidebook for use in developing an ESS management
plan. This is useful to both the government and contractor.

INPUT ACTIVITY OUTPUT
- TS.2
1521 |Emviroomentova et Identify Nature
Typical Failures

of - Known or Expected

T1S.2.3 Flaws

Ts22 |Product Designs/ - Anticipated

Equipment Configurations

Defects

Figure 3.16. Activity TS.2: Identify Nature of Anticipated Defects

TS.2 ACTIVITY - Identify Nature of Anticipated Defects
This activity involves studying the equipment and determining the typical flaws
expected to be precipitated through ESS.

TS.2.1 INPUT - Table 3-1, Screening Environments vs. Typical Failures
The table, which is provided in the guidebook gives examples of various types of
defects that are generally precipitated through thermal cycling, vibration, or both.

TS.2.2 INPUT - Product Designs/Equipment Configurations
The equipment makeup is necessary for determining the nature of anticipated defects
that will be precipitated.

TS.2.3 OUTPUT - Known or Expected Flaws

This information is necessary in order to help select the appropriate ESS
environments. ESS personnel should be aware of which defect types are likely to be
screened out.
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Figure 3.17. Activity TS.3 Determine Appropriate Initial Profile & Placement by
Experimentation

TS.3 ACTIVITY - Determine Appropriate Initial Profile & Placement by
Experimentation

This activity invoives the determination of optimum RV and TC starting profiles and
placement through procedures recommended in sections 4 and 5 of the guidebook.

TS.3.1 INPUT - Table 3.2, Risks and Results of ESS at Various Levels
The table provides relative levels of risk and categorizes cost and expected results
based on the level of assembly that ESS is applied. Whether or not power is applied,
whether the equipment is fully functional or not, and whether or not the equipment is
monitored are all taken into consideration.

TS.3.2 INPUT - Experience with Similar Hardware
Data available from past field or ESS experience is useful in setting initial profiles.

TS.3.3 INPUT - Baseline ESS Profiles, Tables 3-3 and 3-4
Baseline vibration and temperature cycling profiles are recommended in the
guidebook. These are minimum levels to assure screening effectiveness.

TS.3.4 INPUT - Design Capabilities of Units and Systems

Profiles must not exceed the design capabilities of the units and systems to be
exposed to screening.

TS.3.5 INPUT - Recommended Tailoring Techniques
Sections 4 and 5 of the guidebook contain recommended tailoring techniques for
vibration and thermal screens. For vibration these include vibration survey, step-stress

tests, fault replication tests, and heritage screen. For thermal screens these include
thermal survey and heritage screen.
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TS.3.6 OUTPUT - Engineering Evaluation for Level of Assembly
Placement ‘

Based on the inputs to activity TS.3, an engineering evaluation will result on the
appropriate level of assembly determined to be suitable for the screens.

TS.3.7 OUTPUT - Resulting Responses from Experimentation
Responses from the experiments are used to further refine initial screening profiles.

TS.3.8 OUTPUT - Mounting Schemes/Fixtures, Required or Available
Chamber and Vibrator

This information should be available at the start of or soon after experimentation. The
information includes those schemes, fixtures, chambers and vibrators that will be
required for initial production screening.

TS.3.9 OUTPUT - Initial Profiles and Placement
The initial profiles and placement resulting from activity 3 are those for initial
production screening.

TS.3.10 OUTPUT - Monitoring and Power Considerations
What points will be monitored during the screen and whether or not equipment will be
fully functional/powered with normal inputs and outputs should be decided at this time.

INPUT ACTIVITY OUTPUT
i
TS.4 ———3 1545 | Initiai Fallout Records
Installation Procedures for

TS.4.2 |Power Control & Monitorin, -

Aty Initial
TS.43 g;::.rt::g Schemes/ . Production - | g4 |nputtoFRACAS
Screening

Appropriate Chamber, and
TS.44 |yibrator, and Chamber Air [~

Flow Characteristics |

Figure 3.18. Activity TS.4: Initial Production Screening

TS.4 ACTIVITY - Initial Production Screening

The initial production screening is the first screening conducted on the production lot.
Lessons are learned from the initial screening to help optimize/refine screening
profiles and placement.

TS.4.1 INPUT - Initial Profiles and Placement
The same as output TS.3.9.
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TS.4.2 INPUT - Installation Procedures for Power Control & Monitoring
Equipment
This information is derived from output TS.3.10 and from existing/known ESS
procedures.

TS.4.3 INPUT - Mounting Schemes/Fixtures
The same as output TS.3.8.

TS.4.4 INPUT - Appropriate Chamber, and Vibrator and Chamber Air
Flow Characteristics
This information is derived from outputs TS.3.7 and TS.3.8.

TS.4.5 OUTPUT - Initial Fallout Records
Records/data are kept on all defect precipitation experienced.

TS.4.6 OUTPUT - Input To FRACAS

INPUT ACTIVITY OUTPUT
Initial Production
TS.5.1 | screening Results 1S5
. Optimal ESS
+——P1 1555 i;prto:. Lovo;s and
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Figure 3.19. Activity TS.5 Optimize/Finalize ESS Profiles & Placement

TS.5 ACTIVITY - Optimize/Finalize ESS Profiles & Placement
As soon as initial production screening takes place, results should be available to
modify ESS profiles and placement for final production ESS.

TS.5.1 INPUT - Initial Production Screening Results
This includes the initial fallout records (Output TS.4.5) and any other lessons
learned/observation from Activity 4, Initial Production Screening.

T1S.5.2 INPUT - Failure Analysis and Corrective Action Results

Determinations can be made as to whether or not precipitated defects were due to
overstress. FRACAS data is a good source for this data.
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TS.5.3 INPUT - Operational Use Data
Failure analysis results should not only include those from initial production screening
but also any available field results.

TS.5.4 INPUT - Resulting Responses From Experimentation
This is the same as output TS.3.7.

TS.5.5 OUTPUT - Optimal ESS Stress Levels And Assembly Placement
Upon study of the inputs to this activity, optimal stress levels that will precipitate defects
but not overstress the equipment should be generated. Appropriate level of placement
is also refined at this time.

TS.5.6 OUTPUT - Documentation of ESS Details
Appropriate details are documented to maintain a current technical data package.

TS.5.7 OUTPUT - Measuring Point Locations
Final measuring point locations for production screening are determined/finalized at
this time.

INPUT ACTIVITY OUTPUT
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Figure 3.20. Activity TS.6: Implementation of FRACAS

TS.6 Activity - Implementation of FRACAS

A FRACAS - Failure Reporting, Analysis And Corrective Action System should be in
place at the contractor facility. Its interaction with the ESS program as discussed in the
Tri-Service guidebook is outlined here.

TS.6.1 INPUT - Faults Precipitated During ESS
All taults precipitated during screening should be reported and analyzed by the
contractors closed loop FRACAS.

TS.6.2 INPUT - Field Failure Information
Procedures should be in place to track and record field failure information.
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TS.6.3 INPUT - Mil-Std-2155 Procedures
Mil-Std-2155, "Failure Reporting, Analysis And Corrective Action System" establishes
requirements and criteria for a FRACAS.

TS.6.4 OUTPUT - Corrective Action Procedures for Parts, Processes, and
Design

Corrective action procedures are necessary to correct any parts, design, or
manufacturing problems uncovered during the screening process.

TS.6.5 OUTPUT - Parts Failure Information
The guidebook recommends supplying parts failure information to manufacturers for
the purpose of continuous improvement.

INPUT ACTIVITY OUTPUT
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Figure 3.21. Activity: TS.7 Documentation of ESS Details

TS.7 ACTIVITY - Documentation of ESS Details
The guidebook recommends documentation of ESS details as part of the technical
data package.

TS.7.1 INPUT - ESS Requirements
These are contractual requirements discussed in input TS.1.1.

TS.7.2 INPUT - ESS Profiles :
These are final production ESS profiles determined as part of activity TS.5.

TS.7.3 INPUT - ESS Equipment & Fixtures
This includes the mounting schemes, fixtures, chambers, and vibrators required for
production screening.

TS.7.4 OUTPUT - Technical Data Package (ESS Procedures)

This includes all documented ESS details. The details should be referenced on the
equipment drawings or parts list.
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INPUT ACTIVITY OUTPUT
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Figure 3.22. Activity TS.8 Production Screening

TS.8 ACTIVITY - Production Screening
This activity involves the actual ESS of the production assemblies.

TS.8.1 INPUT - Optimized Profiles and Placement
This includes information obtained from output TS.5.4.

TS.8.2 INPUT - Monitoring and Power Methods and Equipment
This includes the information obtained from output TS.3.10 and any necessary
equipment.

TS.8.3 INPUT - Mounting Schemes and Fixtures
This is the same as output TS.3.8 with necessary modifications based on lessons
learned from initial production screening.

TS.8.4 INPUT - Chamber Air Flow Characteristics
This is the same as input TS.4.4.

TS.8.5 INPUT - Documented ESS Details
This is derived from output TS.5.5 and Output TS.7.4.

TS.8.6 OUTPUT - Screened Equipment
This includes all equipment that undergoes screening.

TS.8.7 OUTPUT - Fallout/Defect Precipitation
This includes documentation/investigation of all precipitated defects for input to the
causal analysis portion of the FRACAS.

TS.8.8 OUTPUT - Production Screen Report
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INPUT ACTIVITY OUTPUT
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Figure 3.23. Activity: TS.9 Fallout Analysis

TS.9 ACTIVITY - Fallout Analysis
This activity involves the study of defects precipitated during ESS.

TS.9.1 INPUT - Fallout/Defect Precipitation
This is almost the same as output TS.8.7. Here the information is used to make
decisions on future screening requirements.

TS.9.2 INPUT - Production Screen Report
This is the same as output TS.8.9.

TS.9.3 OUTPUT - Input to FRACAS
Fallout data should be made available to the dynamic FRACAS.

TS.9.4 OUTPUT - Failures Attributable to ESS
A listing/tabulation of all failures precipitated during ESS.

TS.9.5 OUTPUT - Decision to Rescreen

The guidebook contains helpful information on how to go about rescreening in a
manner which is not counter-productive to useful life.
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Figure 3.24. Activity TS.10: Decision to Go from 100% ESS to Sampling

TS.10 ACTIVITY - Decision to Go from 100% ESS to Sampling

At the phase when manufacturing processes and parts are under control and ESS is
no longer precipitating a significant number of defects, a decision must be made to go
from 100% ESS to sampling. If process control is lost at any time, the guidebook
recommends reverting to 100% ESS.

TS.10.1 INPUT - Mil-Std-1235 Sampling Plans

This standard is titled "Single-and Muilti-Level Continuous Sampling Procedures and
Tables for Inspection by Attributes”. It provides methods for applying continuous
sampling plans for inspection.

TS.10.2 INPUT - Failures Attributed to ESS
This is the same as output TS.9.4.

TS.10.3 INPUT - History of ESS Results

TS.10.4 INPUT - Record of Improvements by Corrective Actions

A determination should be made to see if any decline in ESS failures is due to
corrective actions as opposed to other manufacturing changes that render the ESS
ineffective.

TS.10.5 OUTPUT - Sampling Plan for ESS Program

A sampling plan is recommended when 100% ESS is no longer conducted. The
sampling plan provides means to monitor the program to make sure that
improvements are still effective.
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Figure 3.25. Activity TS.11 Continuous Improvement of Design, Manufacturing and
Test Processes

TS.11 ACTIVITY - Continuous Improvement of Design, Manufacturing and
Test Processes

The guidebook stresses the fact that environmental stress screening can help to
optimize the manufacturing process resulting in cost savings. This activity illustrates
how ESS interacts with the continuous improvement process.

TS.11.1 INPUT - Objective of Corrective Action
Specific objectives of corrective action should be spelled out.

TS.11.2 INPUT - Results of FRACAS

This includes information pertaining to any improvements in the design,
manufacturing, and test processes resulting from the closed loop FRACAS.

TS.11.3 OUTPUT - Modified Manufacturing, Design, or Test Processes

TS.11._4 OUTPUT - Revised Technical Data Package
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3.3 Navy Manufacturing Screening Program, NAVMAT P-9492 (Dated
May 1979)

3.3.1 Discussion of Navy Manufacturing Screening Program

The Navy Manufacturing Screening Program document is the original
environmental stress screening guidebook. The book was developed as a result of
lessons learned from the 1960's manned space program with respect to
environmental testing. The guidebook contains engineering guidance on the use of
temperature cycling and random vibration as effective ESS means. No administrative
guidance is provided. The original intent was not to develop a standard for mandating
contractors, however the guidebook has been called out many times in contracts. The
random vibration spectrum characterized in the book has become the standard for just

about every ESS document ever written, i.e. 6grms consisting of .04g2/Hz with a
frequency range of 20 - 2000 Hz and 3 dB/octave rolloffs from 80 to 20 Hz and 350 to
2000 Hz. The book contains background information on temperature cycling and
random vibration, a section on recommended screening profiles, and a detailed
appendix outlining a 1970's technology procedure for generating and applying
random vibration utilizing a cassette tape deck. A companion document NAVMAT P-
4855-1A/NAVSO P-3641, "Navy Power Supply Reliability” was written to be used with
NAVMAT P-9492 when screening power supplies. The level of assembly addressed
in NAVMAT P-9492 is from the printed wiring assembly up to the "black box" LRU
level. Part level ESS guidance is not included.

3.3.2 Navy Manufacturing Screening Program Process

Figure 3.26 illustrates the top level activities flow of the Navy Manufacturing Screening
Program (NAVMAT P-9492) document. Figures 3.27 and 3.28 illustrate the individual
activities of the process along with their inputs and outputs. Activity and input and
output descriptions follow each illustration.

NAV.1 NAV.2
RANDOM e J»{ TEMPERATURE
VIBRATION CYCLING
SCREENING SCREENING

Figure 3.26. Navy Manufacturing Screening Program
Top Level Activities Flow Diagram
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Figure 3.27. Activity NAV.1: Random Vibration Screening

NAV.1 ACTIVITY - Random Vibration Screening

This activity is one of the only two that make up the relatively straight forward process
of the NAVMAT ESS guidebook. Random vibration screening involves subjecting the
equipment to a predetermined level and duration of random vibration.

NAV.1.1 INPUT - Suitable Random Vibration Spectrum, Duration, and

Axis Orientation

The random vibration spectrum recommended by the NAVMAT document is 6 gRMS
consisting of .04g2/Hz with a frequency range of 20 - 2000 Hz and 3 dB/octave rolloffs
from 80 to 20 Hz and 350 to 2000 Hz. Recommended duration is for at least 10
minutes if a single axis is sufficient. If more than one axis is required then it is advised
to use at least 5 minutes in each axis.

NAV.1.2 INPUT - Fixture/Mounting Scheme
Equipment under test should be hard mounted to a shaker table. The fixture/mounting
scheme should be consistent across all units being screened.

NAV.1.3 INPUT - Random Vibration Generation Procedure Utilizing a

Cassette Tape Deck

This technique is 1970's technology and is most likely not employed anymore given
advances in state-of-the-art vibration equipment. When the technique was originally
developed, it represented a cost savings for the then expensive random vibration
screen generation.

NAV.1.4 Defective Equipment
All equipment failing as a result of the screen.
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NAV.1.5 Random Vibration Screened Equipment

All equipment/assemblies having survived the RV screen. The NAVMAT document
specifies that RV and TC screens could occur simultaneously or consecutively. The
book, however, doesn't recommend a sequential order. General practice now calls for
random vibration followed by temperature cycling.

INPUT ACTIVITY OUTPUT

NAV.2.1 | Equipment Complexity |10

'NAV.2 ——1 NAV.25 | Defective Equipment
Temperature Range, Rate
——
NAV22 | Simes o0 And Sok Temperature
cyc lin g ——1 nAv.2e | TC Screened Equipment

NAV.2.3 | Equipment Operation and »

Monitoring Procedures

Screening

Decision to Rescreen
1 Nav2.7 Ropaired Equipment

NAV.2.4 | Failure Criteria -

Figure 2.28. Activity NAV.2: Temperature Cycling Screening

NAV.2 ACTIVITY - Temperature Cycling Screening

This is the second of the two activities comprising the NAVMAT ESS process. This
activity involves subjecting the equipment to a recommended temperature cycling
regimen.

NAV.2.1 INPUT - Equipment Complexity

The NAVMAT document recommends tailoring the number of temperature cycles to
the equipment complexity which is determined by the number of parts comprising the
system.

NAV.2.2 INPUT - Temperature Range, Rate of Change, and Soak Times
The NAVMAT document recommends optimum ranges for these parameters.

NAV.2.3 INPUT - Equipment Operation and Monitoring Procedures
The document recommends operation during temperature cycling with turn-off during
chamber cool down. Monitoring is dictated by cost.

NAV.2.4 INPUT - Failure Criteria
Recommendations for a failure free final cycle are stated.

NAV.2.5 OUTPUT - Defective Equipment
This represents fallout from the TC screens.
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NAV.2.6 OUTPUT - TC Screened Equipment
All equipment/assemblies having survived the TC screen.

NAV.2.7 OUTPUT - Decision to Rescreen Repaired Equipment

After each repair, the NAVMAT document recommends review for maintenance
induced defects. When complexity of repair dictates or undesirable/questionable
circumstances of any kind occur, rescreening is recommended.
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3.4 Mil-Hdbk-344A, Environmental Stress Screening of Electronic
Equipment (Dated August 1993)

3.4.1 Discussion of Mil-Hdbk-344A

Mil-Hdbk-344 was developed as a result of several Rome Laboratory research
studies aimed at developing (and improving on) a quantitative approach to
environmental stress screening. Rome is the official preparing activity with the
responsibility for updating and maintaining the document. The handbook provides
techniques for planning and evaluating ESS programs. The guidance contained in
the handbook departs from other approaches to ESS in that quantitative methods are
extensively used to plan and control both the cost and effectiveness of ESS programs.
The quantitative methods contained in the handbook extend the traditional ESS
objective by focusing on the defects which remain in the product at delivery and their
impact on field reliability. The goal of ESS thus becomes to reduce the latent defect
population, at delivery, to a level which is consistent with the reliability requirements
for the product. General guidelines and supporting rationale are provided to plan,
monitor and control the screening process so that the quantitative goals can be
achieved cost effectively. '

3.4.2 Mil-Hdbk-344A Process
Figure 344.1 illustrates the top level activities flow of Mil-Hdbk-344A. Figures

3.30 through 3.41 illustrate the individual activities of the process along with their
inputs and outputs. Activity and input and output descriptions follow each illustration.
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INPUT ACTIVITY OUTPUT
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Figure 3.30. Activity 344.1: Preparation of ESS Plans

344.1 ACTIVITY - Preparation of ESS Plans

Mil-Hdbk-344 recommends that the contractor submit development phase and
production phase ESS plans to the procuring activity for approval prior to production.
Section 4.4 of the handbook provides guidelines on the preparation of such planning
documents.

344.1.1 INPUT - Mil-Hdbk-344 Procedures
It is necessary to understand the handbook procedures as soon as possible in the
development program.

344.1.2 INPUT - Similar Equipment Experience Data

Such data can be very helpful for planning. The data can be obtained from pre-
production ESS experimentation or from actual system experience. Potential sources
of data are identified in section 4.4 of Mil-Hdbk-344A and basically are estimates of
type and quantity of defects likely to be present in the hardware.

344.1.3 INPUT - Test Specifications

Mil-Hdbk-344A suggests the evaluation of test specifications to ensure that all failure
modes arising from various defect types and sources, can be detected by the tests
performed either during or following the screens.

344.1.4 OUTPUT - Development Phase Plan

This plan should include reliability requirements, quantitative ESS goals, equipment
identification including production quantities, descriptions of initial screens and
screening experiments (if applicable), description of the planned data collection and
analysis program, description of subcontractor and supplier ESS to be performed,
results of preliminary handbook procedure use, and descriptions of the organizational
elements that will be responsible for ESS planning and experimentation.
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344.1.5 OUTPUT - Production Phase Plan

This plan should include quantitative ESS objectives, breakdown of the assembly
level of the equipment which will be screened, descriptions of screens to be applied,
including screen parameters and exposure time, descriptions of any results from
applying Mil-Hdbk-344A procedures, description of the FRACAS and analysis
procedures for control of the screening process, description of the planned production
reliability verification test (PRVT) and identification of the organizational elements
responsible for conducting and evaluating the effectiveness of the production ESS
program.

INPUT ACTIVITY OUTPUT

Reliability
344.2.1 | Requirements

!

> Aliowable Remaining
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Factory Integration
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Mutti-Level ESS Fiow
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34423 | Math Models

> Allowable Remaining
34427 | pefocts (Factory Stress)

34424 | Stress Adjustment Factor —

Figure 3.31. Activity 344.2: Establishing ESS Objectives & Goals

344.2 ACTIVITY - Establishing ESS Objectives & Goals

The handbook provides methods to relate reliability requirements to allowable
remaining defect density values. This activity marks the first phase of the quantitative
modeling and goal setting.

344.2.1 INPUT - Reliability Requirements
Values of limiting or inherent MTBF and required MTBF must be known in order to
determine the maximum number of permissible remaining defects.

344.2.2 INPUT - Factory Integration Sequence
The factory integration sequence must be defined with all restrictions and
requirements with respect to assembly, calibration and acceptance testing.

344.2.3 INPUT - Math Models

The models found in the handbook in section 5.2.3 are used to compute the allowable
remaining defects based on the reliability requirements.

344.2.4 INPUT - Stress Adjustment Factor (SAF)

The SAF is the ratio of the number of defects at the field stress level to those at
baseline(factory) stress level. This value is used to adjust the allowable remaining
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defect value at field stress to an equivalent value at factory stress. The SAF becomes
available during activity 344.3A and is output 344.3A.7.

344.2.5 OUTPUT - Allowable Remaining Defects (Field Stress)

Based on the math models discussed in INPUT 344.2.3 and the reliability
requirements discussed in INPUT 344.2.1, the allowable remaining defects at field
stress are estimated.

344.2.6 OUTPUT - Muiti-Level ESS Flow Diagram

A flow diagram is to be developed depicting the integration and environmental testing
requirements. This diagram illustrates the production flow and provides the framework
for ESS selection and placement. ‘

344.2.7 OUTPUT - Allowable Remaining Defects (Factory Stress)
This value is calculated using the math model found in Procedure A1, section 5.2.3 of
Mil-Hdbk-344A.

INPUT ACTIVITY OUTPUT

ui nt Breakdown
344.3A.1 3;5:; —

- Defect Density at
344.3A 344.3A5 [  paseline Stress

Assembly Complexity  1__ g :
344.3A2| veciors Generate Initial

Defect Donsity at
———1 344.3A6|  Fiold Stress
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sssns| Semeine S Ouiect | g

Defect Density

Stress Adjustment
—— 34437 Factor

Field Stress Dafect .
344384 Density Tables

INPUT ACTIVITY OUTPUT
Figure 3.32A. Activity 344.3A: Generate Initial Estimates of Defect Density

344.3 ACTIVITY - Generate Initial Estimates of Defect Density
The intent of this activity is to estimate the initial defects resident in each assembly
both from a baseline (factory) and a field stress perspective.

344.3A.1 INPUT - Equipment Breakdown Diagram

A three level equipment breakdown structure is recommended: system, unit, and
assembly level.
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344.3A.2 INPUT - Assembly Complexity Vector

The assembly complexity vector or matrix comprises the individual complexity vectors
for each assembly and subassembly. This basically defines all part types, guantities,
connections, leads, terminals, wire connections and PWAs.

344.3A.3 INPUT - Baseline Stress Defect Density Table

The handbook provides this table which contains values of defect density for a factory
screening environment for various electronic component types and assembly
activities.

344.3A.4 INPUT - Field Stress Defect Density Tables
The handbook provides tables which contain values of defect density for various field
environments and quality levels.

344.3A.5 OUTPUT - Defect Density at Baseline Stress

The initial estimated number of defects at baseline stress is determined by multiplying
the assembly complexity vector by the baseline stress defect density vector values
obtained from INPUT 344.3A.3.

344.3A.6 OUTPUT - Defect Density at Field Stress

The initial estimated number of defects at field stress is determined by multiplying the
assembly complexity vector by field stress defect density vector values obtained from
INPUT 344.3A.4.

344.3A.7 OUTPUT - Stress Adjustment Factor (SAF)
The SAF is determined as the ratio of the number of defects at the field stress level to
the number of defects at the baseline stress level.

INPUT ACTIVITY OUTPUT

e 344.38.2 | Determination of D|N

344.3B

Refine Estimates
Extracted Values of DL AT, Determinati t
344.3B.11 DpaT, k, and CFR — —— 344.38.3 o ©
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Required Action to
| 344.38.4 | Reducs DI

Figure 3.32B. Activity 344.3B: Refine Estimates of Defect Density
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344.3B ACTIVITY - Refine Estimates Of Defect Density

This activity involves the computation of incoming defect density (Din) and remaining
defect density (DREMAINING) from analysis of fallout data. The values are used to
indicate if action is required to reduce incoming defect density. This activity takes
place after activities 344.8 and 344.9.

344.3B.1 INPUT - Extracted Values Of DyaT, DpaT, k, and CFR
This is the same as output 344.8.3.

344.3B.2 OUTPUT - Determination of Dy
DN is calculated as the sum of the latent and patent defect content which are values
extracted from the fallout analysis (activity 344.8).

344.3B.3 OUTPUT - Determination of DRgmAINING

DREMAINING is calculated as the difference of incoming defects and number of defects
removed where the number of defects removed is found through the fallout analysis
(activity 344.8). The value of DRemAINING iS later used to determine whether screen
strength should be increased or decreased.

344.3B.4 OUTPUT - Required Action to Reduce Dy

DIN is reduced only through corrective actions which reduce further incoming defect
density and thereby improve process capability. The observed value of Dy is
compared to the planning value to determine whether or not corrective action is
necessary.

INPUT ACTIVITY OUTPUT

Multi-Level ESS Flow
34441 Dlagram

344.4
Guidelines for Initlal Assembly and System
344.4.2 | Screen Selection and —— | 0445 Level ESS Selection And
Placement Screen Placement
R&M 2000 Initlal ESS - Selection Charted Values of
344.43 |Regimen SN 344.4.6 Costs and Defocts
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Cost Optimization, Defect
344.4.4 |Density and Screen » Placement
Strength information

Figure 3.33. Activity 344.4: Screen Selection and Placement

344.4 ACTIVITY - Screen Selection and Placement

This is an iterative process which begins by initially selecting assembly and system
level ESS placement and regimen based on recommended handbook (Mil-Hdbk-
344A) tables and experience with similar equipment.
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344.4.1 INPUT - Multi-level ESS Flow Diagram
This is the same as output 344.2.6.

344.4.2 INPUT - Guidelines for Initial Screen Selection and Placement
Table 4.4 in Mil-Hdbk-344A is recommended as an aid in selecting and placing
screens for a starting regimen.

344.4.3 INPUT - R&M 2000 Initial ESS Regimen
Screen types, parameters and placements recommended as initial regimen are
outlined in Table 4.5 in Mil-Hdbk-344A.

344.4.4 INPUT - Cost Optimization, Defect Density, and Screen Strength
Information

This information comes from Activity 344.7, "Optimization for Cost", Activity 344.3A,
"Generate Initial Estimates of Defect Density", Activity 344.3B, "Refine Estimates of
Defect Density, and Activity 344.5B, "Refine Estimates of Screen Strength".

344.4.5 OUTPUT - Assembly and System Level ESS Selection and
Placement

RV and TC screens are placed at various locations in the ESS model. Guidance for
initial selection and placement comes from inputs 344.4.2 and 344.4.3. Modification
“and improvement of selection and placement comes after data is available as
mentioned in input 344.4.4.

344.4.6 OUTPUT - Charted Values Of Costs and Defects Remaining and
Removed

The multi-level ESS flow diagram is modified by the addition of cost and remaining
and removed defect values. The handbook provides procedures to compute these
values. The values are a function of defect density and screen strength.

INPUT ACTIVITY OUTPUT
Assembly and Syst:
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Figure 3.34A. Activity 344.5A: Generate Initial Estimates of Screen Strength
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344.5A ACTIVITY - Generate Initial Estimates of Screen Strength
This activity involves the estimation of screen strength for the initial assembly and
system level ESS selections.

344.5A.1 INPUT - Assembly and System Level ESS Selection and
Placement
This is the same as output 344.4.5.

344.5A.2 INPUT - Mathematical Expressions & Table Values for RV & TC
Precipitation Efficiency

Precipitation efficiency is defined as a measure of the capability of a screen to
precipitate latent defects to failure. Mil-Hdbk-344A provides equations and tables for
computing values of precipitation efficiency based on number of cycles, temperature
rate of change and temperature range for temperature cycling and grms for random
vibration.

344.5A.3 INPUT - Estimation of Factors Effecting Detection Efficiency
Detection efficiency is a measure of the capability of detecting a precipitated latent
defect. Mil-Hdbk-344A provides factors and equations for computing detection
efficiency based on type of testing performed and conditions during test.

344.5A.4 OUTPUT - Precipitation Efficiency
A value in terms of a probability is determined for each screen.

344.5A.5 OUTPUT - Detection Efficiency
A value of detection efficiency in terms of a probability is determined for each screen.

344.5A.6 OUTPUT - Screening Strength for RV & TC Screens

Screening strength is defined as the probability that a specific screen will precipitate a
latent defect to failure and detect it by test. It is the product of precipitation efficiency
and detection efficiency.

INPUT ACTIVITY OUTPUT
ouses | Snema " [ 344.5B 245823 Sireen Sirengtns
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Figure 3.34B. Activity 344.5B: Refine Estimates of Screen Strength
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344.5B ACTIVITY - Refine Estimates of Screen Strength

This activity involves the computation of screening strength from the analysis of fallout
data. The observed value of DREMAINING iS compared to the planning value to
determine if screening strength should be increased or decreased. This activity takes
place after activities 344.8 and 344.9.

344.5B.1 INPUT - Determined Value of DReMAINING
This is the same as output 344.3B.3. This is the "observed" value of DREMAINING.

344.5B.2 INPUT - Extracted Values of D_aT, DpaT, k, and CFR
This is the same as output 344.8.3.

344.5B.3 Determination of Screen Strength
Equations are provided within Mil-Hdbk-344A to calculate screening strength from the
parameters listed in input 344.6B.2.

344.5B.4 Required Action to Increase or Decrease Screen Strength

Upon determining screening strength, the observed value is compared with the
planning value. The same comparison is made with DREMAINING. If necessary, screen
strength is increased by changing the screen type, stress levels or duration of the
screen and by increasing the thoroughness of tests which are performed in
conjunction with the screen.

INPUT ACTIVITY OUTPUT
Flow Chart w/ Values of
344.6.1 | Remaining and Removed -
Defects at Each Stage |
Factory ESS and
344.6.2 |Assoclated Test T+
Costs > Flow Chart Modified
344.6 344.6.8 | with Cost Information
344.6.3 Factory Rework Costs — Cost
» Total User/Producer Cost
Analysis 344.6.7 | forthe ESS Program
344.6.4 Defect Cost .—»
Users Cost
344.6.5 | Due to a Defect —

Figure 3.35. Activity 344.6: Cost Analysis

344.6 ACTIVITY - Cost Analysis
This activity involves determining the cost of the ESS program. Cost analysis data is
used to modify the program to save money.
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344.6.1 INPUT - Flow Chart with Values of Remaining and Removed
Defects at Each Stage
This is the same as output 344.4.6.

344.6.2 INPUT - Factory ESS and Associated Test Costs
This includes the cost of all factory ESS and any associated testing which basically
consists of equipment and labor costs.

344.6.3 INPUT - Factory Rework Costs
This is the average total cost to repair defects at each stage including diagnostics,
rework/repair, retest, repeat ESS, and data recording costs.

344.6.4 INPUT - Defect Cost
The defect cost is determined by multiplying the number of defects at each stage by
the cost to repair each defect.

344.6.5 INPUT - Users Cost Due to a Defect
This cost treats the field as an extension of the ESS test flow by determining the users
cost associated with a defect.

344.6.6 OUTPUT - Flow Chart Modified with Cost Information
The flow chart consisting of defects remaining and removed values is modified at this
point to include the cost associated with screening.

344.6.7 OUTPUT - Total User/Producer Cost for the ESS Program
The total user/producer cost is the sum of inputs 344.6.2, 344.6.3, 344.6.4, and
344.6.5.

INPUT ACTIVITY OUTPUT

344.7

Total User/Producer Cost e P
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Figure 3.36. Activity 344.7: Optimization for Cost
344.7 ACTIVITY - Optimization for Cost

This activity involves an optimization of the screen selection and placement based on
cost.
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344.7.1 INPUT - Total User/Producer Cost for the ESS Program
This is the same as output 344.6.7.

344.7.2 INPUT - Assembly and Module Level ESS Cost
The cost associated with ESS is determined for all assemblies and modules.
Assemblies and modules with high ESS cost are identified.

344.7.3 OUTPUT - Optimized Screen Selection and Placement Based on
Cost

For those assemblies and modules with high ESS cost a lower level ESS placement
should be selected. The cost is then recalculated and mathematical verification that
field reliability will be achieved is then made using the modeling procedures in the
handbook.

INPUT ACTIVITY OUTPUT

344.8
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344.8.1 |7C Screens (Separated)

Fallout » Extracted Values of
344.8.3 DLAT, DpaAT: k, and CFR

344.8.2 | Curve Fit of Fallout P Analysis

Data

Figure 3.37. Activity 344.8: Fallout Analysis

344.8. ACTIVITY - Fallout Analysis
This activity involves analysis of the fallout data to extract defect density values and
other parameters for use to quantitatively modifying screening levels.

344.8.1 INPUT - Fallout Data from RV and TC Screens
The data required should be available from the FRACAS system. This includes fallout
data from each type of environment (i.e., TC and RV).

344.8.2 INPUT - Curve Fit of Fallout Data
Graphs should be prepared with the cumulative defects, normalized as defects per
system as the ordinate, and the stress duration as the abscissa.
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344.8.3 OUTPUT - Extracted Values of DLAT, DpAT, k, and CFR

The handbook provides methods for extracting various required parameters. The
parameters required include DPAT - Patent Defect Density, DLAT - Latent Defect
Density, k- stress constant, and CFR - Constant Failure Rate. The parameters are later
used to compute "observed” values of remaining and initial defect density, and screen
strength. ‘

INPUT ACTIVITY OUTPUT
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Figure 3.38. Activity 344.9: Monitor and Control

344.9 ACTIVITY - Monitor and Control
This activity involves utilizing modified statistical process control and PARETO charts
- to monitor parameters of interest against established requirements.

344.9.1 INPUT - Parameters of Interest (Din, DREMAINING, Screen
Strength, Etc.)
The parameters of interest are determined in Activities 344.8, 344.3B, and 344.6B.

344.9.2 OUTPUT - SPC Charts

Statistical process control charts are used to display goals and compare actual results
to the goals. When using SPC charts to monitor values of defect density, the charts
are different than conventional SPC charts in that the parameter of interest should be
improving with time making it necessary to use regression analysis.

344.9.3 PARETO Charts
As a supplement to SPC charts it is sometimes useful to generate a PARETO chart to
display a breakdown of failure causes.

344.9.4 Forward Planning, Analysis, and Corrective Actions

Out of control conditions and failure causes should be examined to compare
requirements with any variations. The amount of resources required to understand
and resolve problems should be determined along with the comparison.
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INPUT ACTIVITY OUTPUT
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Figure 3.39. Activity 344.10: Product Reliability Verification Test

344.10 ACTIVITY - Product Reliability Verification Test (PRVT)

As defect density is continually reduced, a reduction in ESS is warranted. PRVT is the
portion of ESS retained for the purpose of providing a mechanism to indicate if and
when the process is out of control and reliability is not being achieved.

344.10.1 INPUT - SPC Charts
This is the same as output 344.9.2.

344.10.2 INPUT - First Pass Yield
This is defined as the number of systems completing the PRVT segment with no
failures divided by the total number of systems first time submitted.

344.10.3 OUTPUT - Corrective Actions
If the SPC requirements and the PRVT requirements of first pass yield are not

achieved, the outgoing system defect density is too high and corrective action must be
taken.

344.10.4 OUTPUT - Level of ESS Required

If the first pass yield is worse than required and the monitor and control techniques of
Activity 344.9 indicate problems, ESS should be added ‘according to Mil-Hdbk-344
guidelines. If first pass yield is acceptable, the handbook provides guidance on the
minimum necessary ESS required.
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3.5 TEOOO-AB-GTP-020A, Environmental Stress Screening
Requirements and Application Manual for Navy Electronic Equipment
(Dated January 1992)

3.5.1 Discussion of TEOOO-AB-GTP-020A

TEOQOO-AB-GTP-020A was prepared by the Naval Sea Systems Command and
the Naval Warfare Assessment Center. It defines requirements for equipment and
spare contractors and Class A and B depot personnel for conducting ESS during full
scale development (FSD), production, and reprocurement of new systems, spares,
and repaired systems. The guidebook is intended for use by program managers for
baseline minimum ESS requirements for contract statements of work (SOWs) and by
design and manufacturing engineers and depot repair specialists for implementation.
It provides both requirements and application information concerning the
implementation of ESS. Much of the guidebook is devoted to part level ESS
requirements such as part upgrade screening, minimum quality level screening, and
additional part screening (rescreening). In addition to part level screening/additional
part requirements, the document sets requirements and contains guidance for
temperature cycling and random vibration screening at the PWA and assembly levels.
The guidebook doesn't include much in the area of planning, the engineering process
of estimating and optimization, and cost analysis.

3.5.2 TEOOO-AB-GTP-020A Process

Figure 3.42 illustrates the top level activities flow of TEQOO-AB-GTP-020A.
Figures 3.43 through 3.47 illustrate the individual activities of the process along with
their inputs and outputs. Activity and input and output descriptions follow each
illustration

TE TE2 TE4 TES
ASSURANCE ADDITIONAL TE3 PWA OR HIGHER HIGHER
OF INCOMING L) PWA —p»| INDENTURE |P»| INDENTURE
|PART SCREENING TC
SCREENEDPA LEVEL LEVEL
QUALITY LEVE! (RESCREENING) ESS RV Tc
ESS ESS

Figure 3.40. TEOOO-AB-GTP-020A Top Level Activities Flow Diagram
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INPUT ACTIVITY OUTPUT
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Figure 3.41. Activity TE.1: Assurance of Incoming Screened Parts Quality Levels

TE.1 ACTIVITY - Assurance of Incoming Screened Parts Quality Levels
The guidebook requires that all electrical parts shall be purchased as screened parts
to the minimum quality levels as outlined within the book. All other active parts shall
be upgrade screened per tables 2.1 and 2.2 of the guidebook. Upgrade screening
may be performed by the part manufacturer, an independent testing laboratory, the
equipment contractor, the spares contractor, or the depot. Any screens performed by
the parts manufacturer do not need to be repeated during upgrade screening.

TE.1.1 INPUT - Table 2.1, 100% Upgrade Screening Requirements for
Microcircuits

This table was extracted from Mil-Std-883 Method 5004. It includes criteria for:
stabilization bake, temperature cycling, constant acceleration, burn-in test, final
electrical test, and hermetic seal.

TE.1.2 INPUT - Table 2.1, 100% Upgrade Screening Requirements for
Discrete Semiconductors

This table was extracted from Mil-Std-750 and Mil-S-19500. It includes criteria for:
high temperature storage, thermal shock, surge, thermal response, constant

acceleration, high temperature, reverse bias, power burn-in, final electrical tests, and
hermetic seal.

TE.1.3 INPUT - Passive Parts Requirements

The guidebook requires passive parts to meet, as a minimum, an "Established
Reliability" (ER) failure rate level. If these parts do not exist, the contractor is required
by the guidebook to use a less reliable ER level as allowed by the contract.

TE.1.4 OUTPUT - Screened Parts

This output includes all parts screened in accordance with the requirements set out in
the guidebook. The parts are either screened to the minimum acceptable levels when
received or are upgrade screened after purchase.
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TE.1.5 OUTPUT - Upgrade Screening Documentation

If upgrade screening is performed by the part manufacturer, the guidebook requires
that certification of test and results be provided by the part supplier. If the screening is
conducted by an independent lab, the equipment or spares contractor, or the depot,
the guidebook requires upgrade screening requirements to be made available to the
contracting activity.

INPUT ACTIVITY OUTPUT
TE21 |Prescresned Parts -
TE.2
te22 |otachionairan o —=  Additional Parts [ L2 _| T
Screening
e [ ™| Rescreening) | LT B men
TE24 |PartManagomentPlan  f——ppe|

Figure 3.42. Activity TE.2: Additional Parts Screening (Rescreening)

TE.2 ACTIVITY - Additional Parts Screening (Rescreening)

The guidebook recommends that all parts meeting the minimum quality levels and all
“upgrade screened parts" shall be considered for rescreening. If the parts have been
electrically tested by the equipment contractor, an independent test facility, or a
spare/repair depot, it is unnecessary to repeat any of the electrical test requirements
on these parts.

TE.2.1 INPUT - Prescreened Parts
This is the same as output TE.1.4.

TE.2.2 INPUT - Figure 3-1, Reduction/Deletion of Additional Part
Requirement

The flow chart is used to help determine which of the parts shipped to the Original
Equipment Manufacturer (OEM) should be rescreened.

TE.2.3 INPUT - Record of Part Defect Densities
Additional part screening is not necessary (according to the guidebook) if the part
defect density is less than 100 PPM.

TE.2.4 INPUT - Part Management Plan

The guidebook recommends that a total and comprehensive part management plan
be developed, providing economic and technical justification for effective tailoring.
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TE.2.5 OUTPUT - Rescreened Parts
This output consists of all rescreened and tested parts which are stored in the OEMs
store room or moved directly to the assembly line.

TE.2.6 OUTPUT - Part Failure/Discrepancies Records
Includes all part failure/discrepancies records related to input TE.2.4.

INPUT ACTIVITY OUTPUT

TE.3

PWA Temperature Cycling
TE3.1 Stress Screening PWA
Requirements

Temperature | 1ras | SireceScreened
PWA Temperature Cycling ) PWAs
Stress Screeni — .
TE32 oo Cycling
ESS

Figure 3.43. Activity TE.3: PWA Temperature Cycling ESS

TE.3 ACTIVITY - PWA Temperature Cycling ESS
This activity involves the implementation of each PWA temperature cycling stress
screen. Requirements and specific profiles are contained in the guidebook.

TE.3.1 INPUT - PWA Temperature Cycling Stress Screening
Requirements

The guidebook contains requirements for PWA level temperature cycling. The
requirements include: number of thermal cycles, temperature range, temperature rate
of change, thermal stability, dwell times at temperature limits, failure free temperature
cycle, performance monitoring requirements, and power on/off cycle requirements. In
addition to the requirements, the guidebook contains fairly detailed temperature
cycling application information.

TE.3.2 INPUT - PWA Temperature Cycling Stress Screening Profile

The profile includes the number of thermally induced stress reversals, temperature
extremes, and the thermal rate of change of the PWA.

TE.3.3 OUTPUT - Temperature Cycle Stress Screened PWAs
This is the main output of Activity TE.3. The temperature cycle stress screened PWAs

will either be assembled to a higher indenture level of assembly or will receive random
vibration stress screening.
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Figure 3.44. Activity TE.4: PWA or Higher Indenture Level Random Vibration ESS

TE.4 ACTIVITY - PWA or Higher Indenture Level Random Vibration ESS
This activity involves the random vibration stress screening of each PWA that has been
screened as per temperature cycling requirements of Activity TE.3. This activity also
includes the random vibration screening of higher levels of assembly above the PWA
level.

TE.4.1 INPUT - Random Vibration Stress Screening Requirements

The guidebook contains requirements for PWA or higher indenture level random
vibration stress screening. These include acceleration response spectrum, input
stimulus, indenture level, number of axes, and duration.

TE.4.2 INPUT - Random Vibration Stress Screening Profile

The guidebook recommends the determination of an optimum profile. A simple
engineering analysis method is contained within the book. The methodology is based
on determining the maximum allowable power spectral density level by calculating the
input profile on actual hardware.

TE.4.3 INPUT - Random Vibration Stress Screened PWAs or Assemblies
PWAs completing this phase of random vibration stress screening will be assembled
to higher indenture levels. Higher indenture assemblies will receive the next phase of
temperature cycling stress screening.
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Figure 3.45. Activity TE.5: Higher Indenture Level Temperature Cycling ESS

TE.5 ACTIVITY - Higher Indenture Level Temperature Cycling ESS
This activity involves temperature cycling stress screening at levels of assembly higher
than the PWA.

TE.5.1 INPUT - Higher Indenture Level Temperature Cycling Screening
Requirements

The guidebook provides requirements for higher level temperature cycling screening.
The requirements vary depending on the development phase. There are three sets of
requirements: Full Scale Development, Production, and
Reprocurement/Spares/Repair (When not proceeded by PWA Thermal Cycling). The
book also contains separate application information.

TE.5.2 INPUT - Higher Indenture Level Temperature Cycling Profile
This is basically the same as output TE.3.2 with some minor modifications.

TE.5.3 OUTPUT - Temperature Cycle Higher Level of Indenture
Assemblies

This is the main output of this activity. It includes an assembly or equipment which will
receive final acceptance test.
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3.6 Summary Of Other Equipment/Assembly Level ESS Guidebooks

This section provides brief descriptions of other equipment/assembly level ESS
guidebooks that are in existence. The discussions attempt to overview the books and
not to pass judgment as to their validity or worth. These documents were not selected
for detailed process descriptions because the five selected provided a more than
adequate coverage of important ESS tasks/activities.

AFP 800-7, "USAF R&M 2000 Process", Dated 1 January 1989
Preparing Activity: Former Air Force/Air Staff R&M 2000 Office (AF/LERD)

The "USAF R&M 2000 Process" pamphlet was written to outline the various
R&M practices used to improve product quality and combat readiness. One of the
practices contained is "R&M 2000 Environmental Stress Screening”. AFP 800-7,
Appendix B outlines general guidelines and requirements for ESS of electronic
equipment. The guidelines and requirements have become very popular and were
reproduced in many of the published ESS guidance documents. In total, the
guidelines only consist of three pages of text. The first page includes a list of nine
general requirement like guidelines. The second page outlines an ESS baseline
regimen for both thermal cycling and random vibration screening. The third page
contains notes relative to tailoring the initial regimens.

MIL-STD-2164(EC), "Environmental Stress Screening Process For
Electronic Equipment"”, Dated 5 April 1985

Preparing Activity: Naval Electronics Systems Center

MIL-STD-2164(EC) is the only ESS guidebook with "ESS" in the title that is an
actual military standard. The standard contains rigid requirements for conducting
screening programs on electronic equipment. General requirements are contained for
test conditions, test facilities, instrumentation ground rules, performance monitoring,
failure reporting analysis and corrective system (FRACAS), and sampling. Detailed
requirements are provided for random vibration and thermal cycling environmental
stresses, total ESS test program, and final functional operational test. ESS experts
have criticized this document as being too rigid in setting specific requirements and
not fostering a flexible/innovative ESS program. Two background appendices are
provided. One appendix provides theory and rationale for how specific test
requirements were determined in the standard. The second appendix discusses
considerations for troubleshooting ESS failures.

AMC Reg. No. 702-25, "AMC Environmental Stress Screening Program"”,
Dated 29 May 1987

Preparing Activity: Army Materiel Command (AMC)
The intent of AMC 702-25 is to provide guidance for implementing ESS

programs for electronic, electrical, or electromechanical Army materiel acquisitions. A
number of policies are listed with respect to AMC ESS intentions, planning, training,
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reporting, corrective action program, and implementation. Procedures are explicitly
spelled out for implementation of ESS programs. Responsibilities are outlined for
specific AMC personnel to adhere to. As an example, "The Deputy Chief of Staff for
Product Assurance and testing, will. . . . An appendix is included with guidelines for
preparing the ESS portion of a statement of work.

"Warner Robin Air Logistics Center (WR-ALC) Environmental Stress
Screening (ESS) Handbook"”, Dated February 1990

Preparing Activity: WR-ALC/Directorate Of Materiel Management

The WR-ALC handbook is interided to provide guidance for incorporating ESS
into "purchase requests". The book is based on many of the principles of AFP 800-7,
"USAF R&M 2000 Process”. General information is provide including definitions and
characteristics of ESS. Application guidelines are listed for equipment conditions
during ESS, desired screening setups, equipment monitoring, etc. Tailoring guidance
is contained within the book which fosters flexibility in setting up ESS programs.
Tailoring here refers to how random vibration and thermal cycling regimens are set up.
The tailoring techniques discussed include step stress analysis, previous experience,
strength models, and total time on test. Provisions for contractual ESS are also found.
These include guidelines for writing specification language, statements of work, and
contract deliverable data requirements. A specification example is found in Appendix
A and a statement of work example with contractor data requirement forms in
Appendix B. Detailed guidance for a contractor submitted ESS implementation plan is
also contained within the book. Excerpts from the AFP 800-7 document for initial
regimen levels and Mil-Std-781D task 401 are also reproduced in the document.

"Sacramento Air Logistics Center Environmental Stress Screening
Handbook"”, Dated 15 June 1988

Preparing Activity: SM-ALC/Directorate Of Material Management

SM-ALC prepared this document for use by engineers, program managers and
anyone else required to implement ESS in either the repair or acquisition process.
The book is also based on the AFP 800-7, "USAF R&M Process" approach. ltis also
very similar in structure to the WR-ALC handbook. General ESS information including
definitions and characteristics are found in the early part of the book. General
guidelines are provided for specifying requirements, equipment conditions, regimens,
facilities, performance monitoring and incoming part defect density levels. Planning
guidelines are found for ESS during the production, design and early repair phases.
Tailoring guidelines very similar to the WR-ALC handbook are also included. The
techniques included are surveys, step-stress analysis, previous contractor experience,
strength models and total time on test. Specific personnel responsibilities are also
spelled out for branch chiefs, engineers and equipment specialists along with
miscellaneous joint responsibilities. A good deal of "contracting for ESS" guidance is
also included. Specifically, provisions for designing an effective ESS program, ESS
certification, and organic manufacturing and repair ESS. In a fashion similar to the
WR-ALC handbook, this book guides the user through the specification requirements
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and statement of work generation activities. Specification, SOW, and deliverable item
examples are also provided.

DoD 4245.7-M, "Transition From Development To Production” Dated
September 1985 (with follow-on document NAVSO P-6071, "Best
Practices” Dated March 1986

Preparing Activity: Defense Science Board Task Force, Chaired By Navy's W.J.
Willoughby

The original of the two documents (DOD 4245-7-M) was intended to provide
guidance in structuring DOD acquisition programs. It identifies the various
engineering related disciplines or "templates” inherent to a quality product
development. Manufacturing screening is one of these templates. Risks associated
with the various templates and risk mitigation techniques are discussed. The follow-on
(Best Practices) identifies potential "traps”" associated with each template that a
program could become subjected to. The current practices and their problems are
outlined. Proven best practices for avoiding the traps are discussed. The ESS
guidance is philosophical in nature and is only 3 pages in length. The two books
outline many of the important aspects of ESS and help to show how it is tied to the
overall system acquisition process.

Mil-Std-781, "Reliability Testing for Engineering Development,
Qualification, and Production” (with companion document Mil-Hdbk-781,
"Reliability Test Methods, Plans, and Environments for Engineering
Development, Qualification, and Production”) dated Jul. 1987

Preparing Activity: Space And Naval Warfare Systems Command

Mil-Std-781D is used to specify the general requirements and specific tasks for
all types of reliability testing during the development, qualification, and production of
systems and equipment. The ESS task (Task 401) provides administrative guidance
on the formulation of a contractor's ESS program. The following details to be specified
by the procuring activity are identified as essential: Specification of random vibration
power spectral density curve, specification of thermal profile for temperature cycling,
specification of number of hours (cycles) for ESS, imposition of Mil-Std-785, Task 104
(FRACAS) as a prerequisite task. Mil-Hdbk-781 is designed to be used with Mil-Std-
781. The test methods, test plans, and environmental profile data are presented in a
manner which facilitates their use with the tailorable tasks of Mil-Std-781. The
handbook contains some discussion on three ESS monitoring methods. Namely, the
computed ESS time interval method, the graphical method, and the standard ESS
method.

Mil-Hdbk-338, "Electronic Reliability Design Handbook, dated Oct. 1988

Preparing Activity: Rome Laboratory, USAF
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Mil-Hdbk-338 is one of the most comprehensive handbooks ever published in
the area of Reliability. The ESS portion contains both administrative and technical
guidance on setting up and conducting ESS. The document contains some of the
early quantitative methodology that eventually evolved into Mil-Hdbk-344.
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4.0 Summary and Recommendations
4.1 Summary

This study has resulted in the development of an improved environmental stress
screening (ESS) process for electronic equipment. The application of a quality
management tool, namely process analysis, to the reliability task of ESS was proven
successful and beneficial. The major contributions of this work are the process
descriptions found in Chapter 2. Detail process descriptions were defined and
documented for both quantitative and classical ESS approaches. Differentiating
between the two approaches was a logical way to study and improve upon ESS from
a process perspective. ESS practitioners could use the process descriptions to
structure and manage well defined ESS programs. ESS researchers could use the
processes to continually improve ESS. The process descriptions could also be used
as a training/educational tool. It was necessary to define and document process
descriptions for five popular ESS guidebooks (Chapter 3). This was an important step
in the development of the improved classical and quantitative processes. The stand-
alone process descriptions of Chapter 3 are significant contributions in their own right.
They can be used to continuously improve upon the individual guidebooks from where
they were extracted.

4.2 Recommendations
Future research is recommended to address the following areas:

A.  Automation of Environmental Stress Screening Process/Activities - An
automated ESS tool would be very useful to the manufacturing and reliability
communities. The process descriptions found in this document could serve as a
baseline for the software development. The first step would be to develop software
requirements based on the process descriptions. It would be ideal to have an all
encompassing ESS tool that implemented both the quantitative and classical
approaches and was tied to the important related activities of failure reporting and
corrective action system (FRACAS) , continuous improvement of manufacturing
processes and final reliability acceptance testing procedures

B. [ESS In a Concurrent Engineering Environment - Linking the process
descriptions documented in this book to the other engineering disciplines would be a
logical follow-on to this study. Many companies are now explicitly defining and
documenting their engineering processes including ties between the various
disciplines. Process description is a valuable tool for implementing concurrent
engineering.

C. More Detailed ESS Process Description - The process description technique
used in this report included a top level activity flow diagram and individual activity
descriptions with inputs and outputs to the activities explained. It would be beneficial
to take the process description down one level further by showing more detailed
descriptions of each input and output. Each input and output could be treated as an
activity in their own right by illustrating and explaining their inputs and outputs.
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S

D. Continuous ESS Process Improvement - The quantitative and classical
processes depicted in this report are only the beginning of ESS process improvement.
The processes could be continuously improved indefinitely. A team of ESS experts
other than the authors could review the processes and come up with
recommendations for further improvement.

E. Improvement of individual ESS Guidebooks - The guidebooks looked at for this

study could be improved by incorporating some of the findings documented here.
Long term plans for Rome Laboratory ESS personnel are to use this document to
improve on the procedures documented in Mil-Hdbk-344A.
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Appendix A
An Improved/Easier to Use Mil-Hdbk-344A Calculation Procedure

This appendix provides a quick and easy way to perform the computations
associated with the quantitative procedures outlined in Mil-Hdbk-344A. Based on user
comments relative to Mil-Hdbk-344A, it can be cumbersome to use. This appendix will
ease the use of the handbook. Figure A-1 is a flow chart which steps through a
sequence of required parameters for use with the handbook. Table A-1 provides
instructions on how to compute or arrive at the parameters. This procedure should be
used in conjunction with the handbook. It is not a stand alone procedure. The
material presented here will be used to improve the handbook for the next revision. It
may also be used to form the basis for automation of the quantitative procedures
outlined in Mil-Hdbk-344A.
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Table A-1. Mil-Hdbk-344A Parameter Computations

‘| Aquesse u) sedA} opspeloeseyD
Bupnpoeynuew pue ued jo Jequinu jeio; (U

(eaoqe
S "'ON wouj) | Aquesse uj [ edAy opspeeseys
Guumoejnuew jo ued jo Aigueny :Apuent

1°S oiqe ). ‘VIve-%apH
- wou | edA} opsyezereyd Bupnioejnuew
10 jo Aijsueq wejeq :ueqpQ

§564|S sujjeseq
18 | 4Qwessy jo
fasueq wejeq : (INIg

ss6liS
e o ae - . b=
8 sinpedald 9S5%Ss By 'S ejgel Kpue = (NI eujeseg Iy Ajquessy
€'S UORIOS PYE-HAPH-IN R VIYENGPHAW Dpueno x (ueq jeg s W™a yoe3 jo Asusq ejeg | 9
95966 B4 SI0100A
g sinpesoid . -
£°S UOROBS ¥YE-¥aPH-IN VIYENIPHIN - fyxerdwog Aquessy | ¢
rsees B SUBYD UMOpXReIR
- - YIYE-NaPH-IN - Yun puy weisAs »
L OO
_ - { - = V09q ( a)
d si8j0q eqemally wnwpepy | €
¥'LY ‘2 poyiepy 481N (S) peypeds puy
sejquiessy 104 seugepino SS3 S3| - - - (d) wessyuy 10 peropesd | g1
panTIOW 8G O1 B JBIN
Lo Jen0 poped eyt 3
0002/}
005/ = oA mHdAYL
‘osmy vonmdoesd Pty |
SAOGE Y2 ‘O )0 WNseY v A.—<8n=
{i-)dxe - | 10A87] sS0.1S prol4
G dels ‘L einpescoiy . - = W09 Iy s1ej8Q Bupewey
‘£'2'S UOIDBS ‘VIFE-NAPH-AN v2) eiqemoyly wnwpey | VE
o) o . 0y
0'2 01G'| ere senjeA [eordAl ‘siaue . Ropmg  (48lWiemqu 81N pamboy (1) s1oejeq wew
uogewpgse o} smoje ulfie heps - P X A — 1 v >ud oL enq ey ey | vz
G deig ‘LY einpesdid
£'2'S UOID6S VHHE-NAPH-IIN - - 461N weleyu| g pemnbey | vy
J131dNOD OL
3HNO ER:LAN
SHYVWIY a3dviNbay Q34IND3H YINWYOA NOILdIHOS3Aq "ON

A-4



Downloaded from http://www.everyspec.com

Table A-1. Mil-Hdbk-344A Parameter Computations (Continued)
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Table A-1. Mil-Hdbk-344A Parameter Computations (Continued)
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Table A-1. Mil-Hdbk-344A Parameter Computations (Continued)
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MISSION
OF
ROME LABORATORY

Mission. The mission of Rome Laboratory is to advance the science and
technologies of command, control, communications and intelligence and to
transition them into systems to meet customer needs. To achieve this,
Rome Lab:

a. Conducts vigorous research, development and test programs in all
applicable technologies;

b. Transitions technology to current and future systems to improve
operational capability, readiness, and supportability;

c. Provides a full range of technical support to Air Force Materiel
Command product centers and other Air Force organizations;

d. Promotes transfer of technology to the private sector;

e. Maintains leading edge technological expertise in the areas of
surveillance, communications, command and control, intelligence, reliability
science, electro-magnetic technology, photonics, signal processing, and
computational science.
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