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Reliability Tasks for SC Development
Generally Required Work Scope m:vpll.a
Product Design
* Requirements * Part & Material Selection
« Specifications ® Designs
* Success & Fail Definition * Design Verification
) Design Assurance
Manulaciuring and Vedficat:on
. P Specification * Part & Material Selection Criteria
. F"?!C?SZ pem. ca Revi * Reliable Design Criteria
a;uce ep:l) r;\g,ﬁ eview,  Reliability Assessment
,_ andLormecive Actions * Failure Mode & Effect Analysis
* Criticality Analysis
contra r ™
Subcentractor Control Quality Assurance
* Quality Audits
* Design Review * Process Contro! _
* Test Result & Trend Analysi * Hardware Inspection
e + MRB / FRB Coorgination
2003/5115 3123
Im Reliability Tasks for SC Development
SAT Tasks of MIL-STD-785B (Continued) u-w'uaw
Task | Program Phase
[ CONCEP | vaup | FSED | PROD
Design and Evaluation
Reliability Critical ltem s S G G
Effects of Functional Testing, Storage, Handling, NA §% G GC
Packaging, Transportation, and Maintenance
Development and Preduction Testing
Environmental Stress Screening (ESS) NA S G G
Reliability Development/Growth Test(RDGT) NA sz G- NA
Program
Reliability Qualification Test(RQT) Program NA 3 G G
Develepment and Production Testing
Production Reliability Acceptance Test(PRAT) NA NA s G
Program
CONCEP  Conceptual phase VALID Demonstration and validation phase
FSED Full scale engineering development phase PROD Production phase
S Selectively applicabie G Generally applicabla
GC Generally applicable to design change only NA Not applicable
& Requires considerable interpretation of intent (o be cost effective
Ed MIL-STD-785 is not the primary implementation requirements
& Partiat imptementation to cost effectively prepare for fulure phase
2003/5/15 5/23
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Reliability Tasks for SC Development
Tasks of MIL-STD-7858 nsEs
Task Program Phase
| CONCEP | VALID 1 "FSED | PROD
Program Surveillance and Control

Reliability Program Plan S 8§ ni
Monitor / Controf of Subcontractors and Supplier s s G
Program Review s S G
Failure Reporting, Analysis, and Corrective Action NA S G
System (FRACAS)
Failure Review Board (FRB) NA s

Design and Evaluation

Reliability Modeling s s G2 GC -

Reliability Aliocations s G G GC

Retiability Predictions S LR G GC »

Failure Modes, Effects, and Criticality Analysis s 8 G G GC v

(FMECA)

Design and Evaluation

Sneak Circuit Analysis (SCA) NA NA G GC &

Electronic Parts/Circuits Tolerance Analysis NA NA G GC

Parts Program S 8§ G5 G
2003/5/15 4123

Reliability Tasks for SC Development

e,

Tasks of KOMPSAT Il S
Normally, ility program requi are in Product PAR) and
system requi i ion. These requi will be flowed down to equlpment specification.

KOMPSAT I reliability tasks.

* Reliability Program Plan
* EEE Part Derating Criteria

* Reliability Allocation

« Reliability Prediction

= Failure Modes, Effects and Criticality Analysis
* Limited Life items

» Part Stress Analysis

* Worst Case Analysis

e Ergilumniant)

* Critical ltem Controt

« Test Results / Trend Analysis

+ Failure Reporting. Analysis, and Corrective Actions
 Failure Review Board / Materiat Review Board

o inrsgratton., oot
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l% Mission Definition
KOBPSATZ Qverall Mission Requirements .,...quw

The KOMPSAT il system shall allow the of 1m it tral high
resolution image for GIS and the composition of printed maps and d|g|uzed maps (SRDD100)

Mission Orbit Communication &
’ Maintenance ‘ Cartography Data Processing
« Orbil Insertion « Attitude Control Capability - Data Processing & Storage
- Maintaining Mission Orbit - Pointing Capability « Downfink & Uplink
» MS Image « Command Processing
+ PAN Image
Environmgq:al Hardware Interface SC Bus Power
Compatibility
+ LV Env. Compatibility * SC-LV Interface » Power Design Life
« Orbit Env. compatibility « MSC-Bus Interface + Energy Balancing
« Bus Internal Interface
2003/5/15 7123
& - Reliability Allocation & Prediction
COMDYAT.2 Introduction n-vv!unau

General

The purpose of reliability aliocation & prediction is to manage system refiability budget and to achieve
mission reliability required at end of life.

Allocation & Prediction

« Reliability Allocation : Initially allocam by heritage i ion or preliminary prediction and update it as
design matured. y is part of ificati qui .
« Reliability Prediction : Construct system reliability model and part reliability modet (if required). 1

part reliability using available data (such as MIL-HDBK-217F Methods).
Reliability Enhancement

« Additional redundancy path
* Usage of higher level reliability part
« Lower part stress level

Interface with Other Reliability Task
[ Reiiability Prediction

~>

Part Stress Analysis Part Stress Level -
Criticality Analysis - Part Failure Rate
FMEA - Retiability Modet
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'Qs%.' Reliability AHocation & Prediction
B Example : SC Reliability Requirements & Predictions unv'lnc:u
1,oJSRR) (Sl?ﬂy (PDR) {CDAY {CDR)
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Date
[ —o-Bus
A S l
EPS 0.96 ]
AOCS 0.97 ]
TC&RS 0.98 All of the subsystern comply o |
PS 0.98 the allocation requirements.
TCS 0.98 §
SMS 0.98 . ]
BUS Total 0.90 |
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System Definition
Functional Block Diagram Overview

Modular Design.

3 processor / main-locat
1553b bus.

Single fault tolerant,
Most critical functionis
redundant.

Automatic initiation of
safe mode transition.
Automatic safing for 30

g

days without GS. vt (mece
- Fuse protect primary P
power. UVD protect =
sscondary power Rivel
+ PS design compliant to 3 =5 &
EWR127-1 £ =
- NoTCS SPFforover |39 Ex .
heat. e gl e
hi=t R
T
FYSTe— S~
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Reliability Allocation & Prediction ’\
Example : AOCS Reliability Block Diagram L}

tsa - DU

PS Units
e ST
TAN(P) STA P FSSA P CES SH P}
TAM (R) STA (R} FSSA (R CES $+ {H)

«CSSA, VOE, MTA, SADE, SADA, CES SE, and SIRU are internal
redundant.

«RDU, CSSA, and VDE constitule same redundancy.

« The duty ratio of VDE is assumed to 5.9%.

« The effect of one STA loss is marginal. Same to FSSA and CES.

- The effect of one RWA loss is marginal.

2003/5/15 10123

'Q@.“ EEE Part Derating & Part Stress Analysis

Introduction u-wlewam

General

Hardware fongevity and reliability are increased by derating parts so that applied stresses are well within
ratings. Al space flight shaif employ a p ive derating program.

Derating Requirements

KOMPSAT Ii program has own derating criteria. This crileria is based on the following documents.

* MIL-STD-1547B El for Space and Launch Vehicles,

*»  MIL-STD-875M NASA Slanda(d EEE Parls LISl

+ ESAPSS-01-301 Derating Requi to EEE

* PPL-21

* Military Specifications for EEE Part.

Interface with Other Reliabiiity Task

{ Part Stress Analysis ]
<> <~z

Reliability Prediction - Part Stress Level
Worst Case Analysis Deraling Criteria Part Stress Leve!
Critical itern Control - High Stressed Part

200315115 12123



EEE Part Derating & Part Stress Analysis
Example : PCU DC-DC Converler (Diqde)

nwvvl-tnﬂi

A Goneral Purpose. Recufier, Switching Pin'Schottky, and Thyristor
7 T

« Part stress analysis is done for each
parameter described in the derating
requirements.

» Circuit analysis and thenmal analysis
results should be available to get
reliable siress value

2003/5/15

Ly FMEA
HOPSATR Introduction ,,."',.mw
General

The Purpose of the FMEA is to analyze the results of effects of item failure on system operation and to
classiy each potential failure according to its severity. Verify fault tolsrance design and system reliability
model.

Failure Mode ldentification

Specific failure mechanisms which could cause system failure
modes are identified by FMEA process. Two are
used for identifying failure mode. Before PDR,
FMEA (Top-Down) is performed. And after PDR, Hardware
FMEA (Bottom-Up) is performed.

Interface with Other Reliability Task

The FMEA has interface with following tasks. The diagram on
the right side shows the FMEA flow / work relationship in the
KOMPSAT i program,

- Higher

I EMEA ]
™1
Reliability Prediction Reliability Model -
Criticality Analysis - FMEA Resuits
Critical itern Contro! - SPFs
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& - Criticality Analysis N
® Introduction ulgva'xoa:w

General

The purpose of the criticality analysis is to rank each potential failure mode identified in FMEA, according to
the combined i of severity ification and its p ility of 3

Criticality Evaluation

Criticality is the portion of the criticality number for the item due to one of its failure mode under particular
sevetity classification. Criticality number is the comparative measure of system failure probability.

Criticality Matrix
The criticality matrix provides the means of identifying and comparing each failure mode to all other failure

modes with respect to severity. The horizontal axis of criticality matrix is the severity and the vertical axis is
the criticality level

Interface with Other Reliability Task
[ Criticali

Analysis

[

Z

<

Raliability Prediction Part Failure Rate -
FMEA FMEA Resulls

Criticat ftem Control -

Higher Criticality tem

2003/5/15 wia3
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Worst Case Analysis

HOMPEA u-w'ma
General
WCA the end of life f of the design. This analysis includes drift from initial tolerance,

temperatures effects, radiations effects, ageing effects on components and on designs.

WCA is the i i of and themmal margin in order o increase the useful lifetime
of a component. WCA is done because parameters of a components change with;

« Components dispersion

« Temperature

* Radiations

« End of life, etc.

Generally Used Methods

« Extrems Vaiue Analysis
» Quadratic Analysis

* Monte Carlo Analysis

« Timing Analysis, etc.

Interface with Other Reliability Task
{ Worst Case Analysis ]

Part Stress Analysis |

i
Derating Criteria I Part Stress Level |

200315115

FMEA
Example : SADA System FMEA

K/.\.Rl
KA EGONRRAIN

FMEA Work Sheet

The format of KOMPSAT Il FMEA sheet is compliant to MIL-STD-1629. Following table is system FMEA
rasult for KOMPSAT i SADA.

LD. Number : reference code of failure mode.

Operation Phase : mission phase code under consideration,

Failure Effect : the effect of the failure mode on the subsystem or mission.

Failure Detection Method : telemetries or SC response by which the failure could be detected.
Compensating Provisions : the method by which the failure could be isolated or prevented.
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Criticality Analysis
Example : SC Bus End Effect List quw'm.,au
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'Q% &, Criticality Analysis
o Example : SC Bus Criticality Matrix

KUBPSAT2 nREvRERSE
YT S— —
Lowl A Froguent
'g 30802
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g 25802
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Most of ihe failure modes are Severity Chassification
classified as 'Remote’ or
‘Extremely Unlikely'.
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./ - Critical Item Control
HQKPSRT-7 Introduction u.w'uu;..

General
Critical tem controt identifies parts or assemblies that have above average refiability risk and providing
special attention procedures {o reduce this risk.

Critical item Control

A criticat item is defined as one that requires additional precautions or atiention because a failure of the item
would signi affect sp P (such as SPFs).

Following criteria are used {o identify critical items.

+ Severity in the system level FMEA or criticality analysis result (which is higher than ‘2

« Limited life items

+ PMPCB issues

* Subcontractor's critical item list, etc.

Each item appearing herein has been designated as requiring special attention in design, manufacturing,
test and/or handling.

Interface with Other Reliability Task

[ Critical ltem Control |
FMEA SPFs -
Criticality Analysis Higher Criticality ltem -
Part Stress Analysis High Part -
MRB / FRB - Nonconformance to Cl Plan
2003/5/15 21/23
I/ Summary
o=/ 1
» Pt Bty

KOMPSAT il Part Program guarantees the reliability of EEE parts.

Most of the EEE parts are correctly derated with respect to the program derating
criteria.

FMECA has verified the system fault tolerance design and system reliability modet.

End of life mission performance is verified by worst case analysis and limited life
items analysis.

Potential reliability weaknesses are controlled by critical item control plan.

200375115 23/23
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Limited Life [tem Analysis

Ry

HOMPSAT 2 Introduction n-w';nvn
General
Limited Life iterns are the subject to dus to age, time, or cycles that have an

expected life of less than twice the mission fife, or the hardware which require special ground operation
conditions.

Potential Limited Life items

ftems revi include the dep i solar arrays, thenmal control surfaces, rotating
equipment, switches, thermostats, relays, battery, and propulsion time or cycl iti d . The
effects of thermal cycles, temperalure extremes, wear, fatigus, and lubricant degradation were considered.

Limited Life item Control

The cumulative operation time or cycle of the limited life item should be traced during the development and
operation period(if required).

Interface with Other Reliability Task

Limited Life Item Analysis

[ FMEA | - | Wear Out Effect ]

{ Critical item Control | - I Limited Life ltems 1
200315715 20/23
Critical Item Control

Example : SC Critical Items List ,,g..!..,.ag

Ho Ceiticat frem Implrmertation Status

ferayy

e
Chaagiargaiion tat Sommes
Llensd

Tt &IP ectivey 1Rai

Cinia o
KTE acthy tanaen |
AYE azivey mnacs i

RE ) £hrna ) AT aclidyvinEet N
FF ke, Dpiarss, and Hybeid Coupm 7 Chted .

Above table is part of the summary of critical item fist. The implementation status for each item will be traced
through development and mission phase.
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