©

winiiyse



K Q  Introduction

e Verification during phase C/D mostly underestimated during
proposal preparation / contract negotiations causing schedule
delays and in worst-case technical problems

( .
e Engineers like more creativity but not so much detailed formal proof

that all requirements are fulfilled

e Depending on customer strength compromises can be "sold" but
one should never rely on that

e Several examples where insufficient/wrong verification caused
failures on-orbit or even complete mission loss.
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K Q General

e Definition: Verification is summary term for
Qualification activities
Acceptance activities

e Qualification

Proof that design fulfills all applicable requirements (incl.
manufacturing tolerances, lifetime effects) in all combinations

Independent of serial number of Qualification Model; related to
part number,

e Acceptance

Proof that item (unit or system) is in accordance with qualified
design and free of workmanship failures

Related to serial number
e Principle agreement with ECSS-E-10-02
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9

Qualification Reference: Specification

e System to be split in subsystems, assemblies and units with

unambiguous and objectively verifiable interfaces
e Specifications

¢ Quality of Specifications
- Tailored to products

Verification Reqmis. |
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- Non-ambiguous / complete intérrelations
- Verification method(s)
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L Q Icps

e Interface requirements defined by customer (normally paragraph 5 of
specification).

e |ICD's are based on interface requirements and grow gradually in line
with design progress, i.e. in addition to the wider requirements range
the design capabilities as well as additional data are included as
deemed necessary by the custodian to ensure interface
compatibility.

e Interface Control Documents (ICD's)

Describe Actual status on design level (i.e. no repetition of
interface requirements).

Common, formally agreements between interfacing design
responsibles under control of upper design level ( = approval of
design).

ICD's must be verified as early as possible to ensure successful
integration on upper level.

Verification method design depending

ICD's are valid for EM and FM units
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K Q Verification Methods

e Qualification

Analysis (final at CDR)
Review of Design (ROD) (final at CDR)
Test

Inspection

ICD's have additional verification close-out options
Marking of ICD parameters on manufacturing drawings
Reference to acceptance test procedure

e Acceptance
Test
Inspection
Note:  Acceptance criteria to be tailored to design to find
especially workmanship failures.
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L 9

Qualification Test: Principle Options

l. After-Test-Evaluation

Test success criteria/test procedure based on specification data
As-run procedure extended by "Engineering evaluation" for:

>

>
>
>

Variations due to temperatures, min./max. supply voltages
Measurement tolerances

Manufacturing tolerances

Wear-out/degradation versus time etc.

Il. Pre-Test-Evaluation

Success criterial/test specification and/or procedure more
stringent than specification or ICD, i.e. margins for tolerances,
lifetime etc. are subtracted prior to test.

No engineering evaluation necessary.

Note:

Option |l is more efficient but critical for marginal performances.
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k Q Qualification Model Philosophy

e Qualification Model
- Identical Flight Model design and manufacturing
- High-reliability parts as for FM
e EQM
- ldentical Flight Model design and manufacturing
- Commercial parts
e EM
- Limited differences to Flight Model design and manufacturing
- Commercial parts
e Protoflight Model
- Flight Model tested with reduced levels/test durations

- For units with low complexity and/or similar to items qualified in
different programs

Notes:
e QM best from technical point of view but high costs and late results

e EQM/EM needs extensive evaluations to consider differences (e.g.:
EM/FM Difference Lists)
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System Level Qualification Philosophy

‘Product ' IcD's Final
Spec Basefine ICO's
Design: Design:
As-Design Drawings Controlled Changes to As-Design Changes . if néc. Due 1o Qual. testing
3 L3
PDR: CDR: Quakfication
Design Final Testing
Approval . Approval
; .
\ 4
EM's: QMm, FM's:
As-build As-build
Unit Level A
APM System
, ETM: PFM: .
| Funct. System Qualification Integration Delta Qual.
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EM/FM Differences

- -
Dok.Nr./No: COL-RIBRE-TN-1440
‘Ausgabeissue: 2 DatimiDate: 19.07.2002
Obersibtg.irev: - Datum/Date: -
) Seite/Page: 17 vonok 19
A Ref. To impact on ETM )
Equipment | Para. | EM/FM Diff. Test Results Assessment/Remark Reference to FM CIDL
: Doc. (T40/T60) EM to FM FFF difference -
_ Yes Do
Jatu 421 N/A X |FMiypeis integrated and flight suitable N/A
{CFA, IRFA, ISFA X U: EM functionality in fine with FM; Fan motor: No significant tifference, for details see para
inclusive DPS 4210 RD2235 4.2.10 COL-SREM-LI-0055, Iss. 1F-
fcteu 4211 RD224.1 X |No significant difference, QM is used for tesing COL-KAY-LI-0046, Iss. VA
fcts 4212 RD2235 X |EMidentical to FM *1; refer to para 6.1
HCU 4213 RD224.1 X INo significant difference - - COL-KAY-LI-0047, Iss. 3/A
fowsa 4214 RD2235 X JEU: EM functionality in fine with FM COL-SREM-L1-0056, Iss. 1/-
|Fsu 4215 |  Notesisting X |No significent difference NA
“fHs 4216 | RD2235224.1 " X INosigrificent difference COL-DOR-HS-LI-0009, Iss. 47
Jirsov, issov 4217 RD2235 X  |EMidenticd to FM COL-CTH.I-0028, Iss. 1/-
|pPcs 4218 RD224.1 00 |aMis timely not availsble; retest with representative model on PFM mandatary NA
lpros 4219 RD 2241 Xy QM is timely not availeble; retest with representative tmodel an PFM mandatary NA
CDA 422 RD2235 X INosignificant difference *1; refer to para 1.2
PPRA 4220 RD2.235 X |EMidenticd to FM *1; refer topara 1.3
TPS 4221 | RD2235224.1 X INosignificant difference 072530-154-553 (30.9.1999)
VVDD 4222 | RD2235 X__ [EMidentical to FM *1; refer o para 8.1
RVPS, WPS 4223 | RD2235 X INo significent difference *1; refer to para 9.1
TCV 4224 RD2235 X INo significant difference Parts List 2357123-1 Rev. D
IMugLsrecs | 4225 Not existing X J|EM and STE identical to FM
0SS 4226 | Notexsting X  |EMidenticdtorm
|PDU 4227 RD2231 X JNosignificant difference-
) 4228 RD2232 X INodfference COL-CIR-CDL-1003, Iss. 2/A

Table 5-1: EM to FM difference List - Equipment Level Synthesis for Functional Qualification Test
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L 9

Verification Management and Control

(
e Verification needs strict and formal control

Requirements/Spec coherence over all responsibility levels
(product and verification requirements)

Verification activities definition and planning
Implementation of RFW’s and DDR’s
Close-out status accounting

Generation of VCD’s and COQ’s

e Competence/know-how to “control” technical results (separate
organizational element)
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Verification Control Document (VCD): Manual

LI-ER-001

o SUBSYSTEM VERIFICATION CONTROL SHEET |’ - o
ERNE s ” prov it - P L
"\ ModularSPACELAB ) [srec. m L8 SThacToRE CHANGE____ OATE: - .
53 Unhinig SPEC. No.: SS—-ER-0001 ISSUE: _ IXX CHANGE K [ PAGE: 2 - 21
AR B Y 5 . VERIFICATION NETHOO TRACE - FINAL VERIFIC, DOCUMENT
soent.na.| o Mm VERIFICATION REQUIREMENTS EQuIPMT JSUBSYST. | SYSTEM o, VERIFICATION REF.DOC, | (E.G. TEST, ANALYSIS, INSP. REMARKS
NI 5 LEVEL [LEvEL | LEVEL . e AEPOAT) .
ium 3.2.7 Yerify that the end cones and eylinder — jroD —— s | 65-1C0-003 hrvg 1-10001—4%
J dandling asscmblics permit individual handling 1-20001—yp
8 fustallation and removal by MGSE 1-30001—
‘ KTent).
'lm Yerify that the module is capable of | Q00 ————— — 65-1C2-C0O1 breg 1-50001-——<¢
g being installed in the Orbiter in the
A horizontal position,can de removed from ' .
the Orbiter either {n a launch (vertical) Anal —_—— RP-A1-0087 71 —,
' or landed (horizontal) pesitien —— - -
<
l ,. .
11083 Yerify that module/Orbiter installation —— 180D -] —— } 65-1c0-001 Drvg 1-00003
and removal handling is accoaplished by 1*"0001—'1
i8 sttachments to flight fittings -
, . RP-AT-044 12—
1084 Yerify that during rcmoval and installatiof —— |RoOD — s | §5-1CD-005 RP=-AI-0045/2—$
of the secondary structurc using the NGSE : I i
8 mechanical rail, the lifting range is .
o2 -“!!-,':-.!.-_ {Fest) 3 M“'
i ..
g / .’ P
08S v, 7 4 7 nTBT, .
Verify that the module can be handled Y, . > 7 eoveud under 1.0, No.
in the configurations with the corres- g : '
ponding masses listed in
Table 3.10.6-1. o ‘201286 49,08 80
@ |6 e —@). : ,
1S 7 o/, 3/ 3 1§} LA\
71':-‘# g & 7}@ | 5ta
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Q VCD: Output from AIVDB

e Due to high amount of data and changes computerized AIVDB
mandatory.

e Example from Columbus shows status "Agreed by Columbus VCB,
sent to ESA VCB for approval”

Dok.Nr./No:

Sil‘i um Attached ;(Pmsunsei Module Ausgabefissue: Datum/Date: 12.04.2002

e VERIF!CAT!GN i)ONTRGL DOCBMENT SeltalPage: T

fo.. COL-ESA-RQ-001 Title: CSRD } ~ CINo.:  1213800-00—

3. Rev: H Date: 04.07.1999 ‘,
Induced motions or moments resutting from fluid transfer dynamics and venting’ shall be controfled.
1)
Spec requirement
v';g::: n Closeout Docs RFWs VCB Reference W: Doc Location ) Remarks

Para FC sslas-eu | ' '

5.3.3 Al 4 COL-RP-AI-0111 Iss 5/- ] COL-DOR-RFW-0035 . - JCOL-RIBRE-MIN-0040-02] P |APM CDR DP V4, B14 |ESA pending
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CERTIFICATE OF QUALIFICATION

%LM

CLNo.:1081625 | CL Spec. no : COL.RIBRE.SPE.0010| CL Nomienclatute:
Issue/Rev: 6 Data Managemit Snb-smun

Part No. : Model/Serial No: EM V2.1/V4.0

The following is certified : -

1.  All exceptions listed against lower level certifications have been resolved and closed out.

2. The item has successfully been qualified against all requirements of specification(s) :
DMS sub/system specification : COL.RIBRE.SPE.0010 {sstie 6
and in accordance with the associated methods/processes as documented in the related
Verification Control Document DMS.MMT.VCD.0002 issue 5
& Verification Status Report :

3. Theilomhas-sucosssfuly-passod-aiisaionselatod-ionisn  Not Applicable at /S level

4.  All hazards identified in the Safety Analyses are eliminated or controlled tnd 8ll Hazard Reports
are closed.

S. A configuration inspection has been performed with the result that the item complies with the
contractual baseline as per CIDL DMS.MMT.COL.0004 , Issue 5, Rev.-.

6. Each deviation from the speclﬁcation/drawmg has been approved by the Matenal Review Bosrd
or by a contractual waiver,

7. The item has successfully performed its specified function in the integrated flight configuration, ds
reported in :
S . LY L) (™ '"

DMSS contractor | . = Prime
NAME DaTs NAME " DATE -

movemm| WAL | 92,02
e | A/l | B3.2.02

(©09) uonesyijenp jo ajesyIHad

I e




k Q Acceptance Documentation

Certificate of Acceptance (COA) for each serial number:
Configuration identical to "Qualified Design”
COQ approved by customer

Acceptance activities in accordance with approved test
procedure successful

e COA to be countersigned by customer

e Certificate of Conformance
Formal/legal declaration

e Detailed contents of documents differ depending on company
standards; quite different approach for American items
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v : Ré{. /Doc.No.: COL.SXT.COA.0011

Ed./Issne: 1
Rév. [Rev.: -

Page/Page:

SPACE
COLUMBUS

Date/Date : 15/09/2001
Date/Date :
1 su/of:2

CERTIFICATE OF ACCEPTANCE

@

The endorsements hereln certify that the item offered for acceptance has been manufactured, assembled
and tested in accordance with released engiheering data and complies i all réspects with cantractual

requiremenits, excapt as récorded in the List of Exceptions of this certificate.

HE) Cl. NO. 4) Cl. SPEC. NO. Cl. NAME
1235086 COL.RIBRE.SPE.0085 Issue 2 Rev. D '
©  PARTNO. INDEX @) SERIALNO. ), ACCEPTANGE LEVEL
G22380CA01 FM1 AL THaw, o o

1]

2] [a]x|2]

THE FOLLOWING IS CERTIFIED:

(10) EXCEPTIONS

{9)

1. Al exceptions listed against lower lavel cartifications have been resolved and closed out.

. Ac

Except open work list/open test list

Qualification of the item is satisfactorily completed and racorded in
COL.SXT.VCD.003 Issue 4 rav. -

A Configuration Inspection has been performed and the item complies with the contractual
baseline.

. Each departure from specification and drawing has been approved by the Material Review

Board or by contractual waiver,

. Hazards Identified in Safety Analyses.are closed or accepted as controlled rasidual hazards.

P testing in d: with a.approved test procedure has béen successfully
completed and all discrepancies have been resolved.

. The Acceptance Data Package ADP No. COL.SXT.ADP.0011 Issue 1 Rev. - compiate and

Is avallabie for shipment with the configuration ltem.

Open work/test and-upresolved non-conformances defined in the ADP are acceptable for
transfer to the user sita.

. Packaging and shipping arrangements are defined and agreed as per

V/a

LOF

ox

Part| Sect 10.3
LloE

O K

LoE

oK

oK

:T,?e[;‘uuffjns

CoL. ST RP. O

The undersigned certify that all exceptions fisted can be satisfactorily resolved at the place and time stipulated

in the-Log of Exceptions without degradation. of the required Cl performance.

(11} LOWERTIER ]
SUBCONTRACTOR OATE

ALCATEL DATE ASTRIUM

DATE

ESA DATE

2GMI0 TV}
PRODUCT/ s o\

ot
QUALITY ASSURANCE bt 02, @ S

Py

PROJECT Aﬁw
MANAGEMENT

53

VOO
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. EN ROUGE
v Rel 706 Mo COSXT.COC.0011
ALCATEL Ed. /lssue: 1 Date/Date : 15.09.200]
SPACE Rév./Rev.: - Date/Dare :
Page/Page: 1 Sw/Or:1
Nomenclature Specification Nﬁmber
PDU COL.RIBRE.SPE.0085 Issue 2 rev.D
Drawingl/ldentification Number Serial Number Model
C22380CA01 FM1 FM
Cl Number Contract Number
1235086 C.CD.SEX1.22 Issue 2

CERTIFICATION:

We certify thatthe product defined above is found in accordance with the
engineering documents, the quality requirements and the order for development/
production and has been inspected and accepted.

The product Status Is documented in the pertinent.

Acceptance Data Package: COL.SXT.ADP.0011 Issue 1 Rev. -

Prepared by: S. BERNA , Dept: BO/EIOC Date: A“([f-rj}tb.
Approved by: 8. ZANINOTT] Dept: Q/EVA Date: 140 ] /64
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