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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”)
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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.

AcTvTY | pAcTviiYl ), ... —pJAcTiviTy

TOP LEVEL ACTIVITIES FLOW DIAGRAM

m INPUT Em 1 ACTIVITY - "TITLE" - DESCRIPTION
ACTIVITY 1 1.1 INPUT - DESCRIIPTION
1.2 INPUT - DESCRIPTION
*TITLE" —’ m ouTP 1.3 OUTPUT - DESCRIPTION
1.4 OUTPUT - DESCRIPTION
E INPUT 1.5 OUTPUT - DESCRIPTION

—P1.5 oute

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.




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.
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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.




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.




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).
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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.
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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.
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INPUT ACTIVITY OUTPUT

Contractual .
Requirements

. c17 Contractor Submitted
Production Pian . ESS Program Plan

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.




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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tor Discrete Semicond. Parts ——1 26

Rescreening

Incoming Part Quality Levels
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
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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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INPUT ACTIVITY OUTPUT
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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.




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




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.



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.
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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.
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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.
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