


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

¢ 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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Qualification Reference: Specification

System to be split in subsystems, assemblies and units with

unambiguous and objectively verifiable interfaces

Specifications

Verification Raqmts. |

Product Requirements

Specification Level!

- . ————

e b b ARl R e et <Y, LTy

............................................

F L Sy S

" | Customer

Reamts. Document
{Requiraments SP.D)

System

Spec -

{Design Spec)
I —
Subsysatem

Spec

Assembly
Spec

Unit
Spec

Legend: -

A Father Requirernenl-

Quality of Specifications
- Tailored to products i
- Non-ambiguous / complete interrelations
- Verification method(s)
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K Q icp's

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

e |CD'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

¢ 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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Qualification Test: Principle Options

. 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 criteria/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
- I-’igh-reliability parts as for FM
e EQM
- Ildentical Flight Model design and manufacturing
- Commercial parts
e« EM
- Limited differences to Flight Model design and manufacturing
- Commercial parts
¢ 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

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

Produet ' ICD's Final
Spec Baseine ICo's
Design: Design: -
As-Desigh Drawings Controlled Changes to As-Design Changes , if nec. Due io Qual testing
e
PDR: CDR: - Quakfication
Design Final Testing
w : Approval
A 4 2
EM's: QM, FM's:
As-budd As-bulld
Unit Level A
APM System
, ETM: PFM: .
———| Funct. Systsm Quallfication Intogration Delta Qual.
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EM/FM Differences

9

S —
) : Dok:Nr./No: COL-RIBRE-TN-1440
” t 13 17" Ausgabefissue: 2 DatDste: 19.07.2002
{ rl u m Ubersibtg.frav: - Datum/Date: -
. Seite/Page: 17 vonot 19
Ref. To |n11‘paet on ETM N »
Equipment | Para EMI;oMc.Dﬂ (T ) EM to FM FFF difference Reference to FM CIDL
: Yes .. No.
ATU 421 NA X {FMtypeis imegrated and flight stitable NA
CFA, IRFA, ISFA x  |EU: EMfunctionality in fine with FM; Fan motar: No significant difference, for deizils see para
inclusive DPS 4210 RD 2.2.35 210 COL-SREM41-0055, Iss. 1/ .
{ctcu 4211 RD224.1 X INo sigrificant difference, QM is used for tesing COLKAY-LI-0046, Iss. VA
cTs 4212 RD 2235 X |EMidentica to FM *1; refer o para 6.1
HCU 4213 RD224.1 X INosignificant difference - - COL-KAY-LI0047, Iss. VA
lowsa 4214 RD2235 X JEU: EM funclionality in fine with FM COL-SREM-L1-0056, lss. 1i-
[Fsu 4215 | Notessting X ___ JNo significant difference NA
“fus 4216 | RD2235224.1} " X |nosignificant difference COL-DOR-HS-LI-0009, Iss. 477
Jirsov, Issov 4217 RD2235 X |EMidenticd to FM COL-CTH.I-0028, iss. 1/
lpPcs 4218 RD 2241 00 |aMis timely not available; retest with representative model on PFM mandatory NIA
lPPos 4219 RD2241 X QM is Smely not availzble, retest with representative el an PEM manddary N/A
CDA 422 RD2235 X No significant difference *{; refer topara. 1.2
PPRA 4220 RD2235 X [EMidentica to FM *1; refertopara 1.3
TPS 4221 | RD22352241 X [Nosignificant difference 072530-154-553 (30,9.1999)
VDD 4222 RD2235 X |emidentica to Fm *4: refer to para. 8.1
RVPS, WWPS 4223 RD2235 X INo significent difference *1; refer to para 9.1
TCV 4224 RD2235 X INosignificant difference Parts List 2357123-1 Rev. D
MLUELSRPCS [ 4225 Not existing X JEM and STE idenficel to FM
loss 4226 | Notexsting X [|EMidenticdtoFM
lpou {4227 ] rmD2231 X ]No significant difference.
) 42728 RD2232 X Mo diference 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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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 qf VCD’s and COQ’s

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

i poc, NO.. __ LI-ER-0041 _
e\ SUBSYSTEM VERIFICATION CONTROL SHEET [t —r—vr
1 SPEC. TITLE: __'MODULE STRUCTURE cuu,' ' .
, \NedularSPACELAB } = HANGE: DATE: - .
SPEC. No,: SS—ER-0001 ISSUE: _ III CHANGE 3 < PAGE; 2 ~ 21
T soea me L VERIFICATION NETHOD TRACE FIRAL VEMEIC, DOCUMENT
i.\ i 0. Syeo wec. VERIFICATION REQUIREMENTS Eowemr |suesvst, | SysTEM | o VERIFICATION REF.DOC. | (EG. TEST, ANALYSIS iHSP. REMARKS
S i LEVEL Jtever | LEVEL - . REPOAT) )
'IOM 3.2.7 Yerify that the end concs and cylinder —_— | RoD —— ey | G5-1CB-003 brvg 1-10001=—
d dandiing ansemblics permit individeal handling 1-2000 13—
8 installation and removal by NGSE 1-3000 t—
| 'iftlt].
';m Yerlily that the module is capabdle of —— | R0 — — 65-1Co-cot brug 1-5000 11—y
2 being Installed In the Orbliter in the
A horizontal positiom,can be remaved from R
the Orhiter either in 2 lawnch (vertical) Anal P RP-AI-0087 71—
| or landed (horigontal} position — -
<
I | |
11083 Yerify that module/Orbiter installation — {ROD — 45-1Cc0-001 Drwg 1-00003 -
and removal handling is accompllished by 1-5000 1
;— B sttochments to [light [ittings o
) . RP-AT-044 12—
1084 Yerily that during removal and installatiof —— :RWOD ———r— —r—r— §5-1Ch-005 B?_:AI:(?Ol_S'z:i__ _
of the secondary structure usisg the HGSE : . -
8 aechanieal rall, the [ifting range is Test 4 1
_10 *2 -.u!‘l-'u:qg_u_ (Tost) “ o IJE.B
!
. e y/ 72
# r 4 . 7 . y 7 wT8T :
08s Yerify that the module can be handled / ¥ P v . ’ - eo'n;cd. vader 1.D. No.
in the configurations with the corres- a -4 - ) . .z
ponding wasses listed in 201256 13,0680
Table 3-]0.671_.___ e -
ORI ' & -@@, =0
3 2 Iy
71'«-# ) derd | S
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VCD: Output from AIVDB

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

sent to ESA VCB for approval”

Example from Columbus shows status "Agreed by Columbus VCB,

Stfi um Attached Pressurised Module Ausgabefissue: DatumDate: 12042002
bl VERIFICATION CONTROL DOCUMENT  [oomar™ | e
ShécNo.: COL-ESA-RQ-001 Title: CSRD S ~ CINo:  1213800-00—
Tgsswe: 3 Rev: H Dater  04.07.1999
533 induced motions ofnmemst?@uﬁngfmmfluidhznsierdynamhsand venting ishall be controfied.
Spec requirement
Vetification
Method Closeout Docs RFWs VGB Reference f::- Doc Locatlon Remnarks
Para FC sslAs EQ '
5.3.3 Al i COL-RP-AI-D111 Iss 5/- COL-DOR-RFW-0035 . - JCOL-RIBRE-MIN-0040-02] P JAPM CDR DP V4, B14 |ESA pending ]
{
i
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PICA
Subcontractor{s)
Activities

PICA
Activities

APM

Activities

ESA
Activities

ESA/Industry

Actlvities

rdinate

Generate
Qual. Data -
(TSub Engineer | rneer
Pre-Coordinate
Verify / Approve

sus - v‘ EB

— Qual.Osta

Verify Generate
Sub-Qual. Data | PICA-Qual. Data
= PICAEnginesr(s)
Ve ok
PICA Qual. Data
©VCD Bookkes, Sub/PICA
o Techn, N.goﬂ:ﬂn;?\l vee Verify / Approve
H necessary Pre-Cox
[ SGB/ALENA ] P
Qual. Data
a VCO Bookkeeping
o Techn, Negotiations
i necessary

™ PICAJAPM |
i VCB (i nec.) :

[ESALTSHAER

Verify / Approve

F

Inal Aproval

_Overall Qualification Approval Flow
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CERTIFICATE OF QUALIFICATION

Cl No.: 1081625 | CL Spec. no : COL.RIBRE.SPE.0010} Cl- Nomenclatus:
Issue/Rev: 6 Data Mmmt Sﬁb-sm e
Part No. : Model/Serial No: EM V2.1/V4.0

The following is certified :

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

2. ‘The item has successfully been qualified against all requirements of specification(s) :
DMS sub/system specificatfon : COL.RIBRE.SPE.0010 isstie 6

and in accordance with the associated methods/processes as documented i the related

Verification Control Document DMS.MMT.VCD.0002 issue 5
& Verification Status Report :

3. Thelemhoscusosssiuliy-paccodaiboaionrelotobionse  Not Applichlis st /S evel

4. Al hazards identified in the Safety Analyses are eliminated or controlled and 11 Hazard Reports

are closed.

5. 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 spectﬁcationldrawmg has been approved by the Matenal Review Board

or by a contractual waiver.
: '

7. The item has successfully performed its specified function in the integrated flight configuration, s

(D092) uonesyijenp Jo sjeslIlIL8)

reported in :

S Iy Y SR 4 “‘
DMSScontractor | Prime
NAME DATE NAME * DATE -

Emmam AAL | w20

qoour | A Mg | 13,2.02

[ L O




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

o COA to be countersigned by customer

o Certificate of Conformance
Formal/legal declaration

o Detailed contents of documents differ depending on company
standards; quite different approach for American items
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ALCATEL

Y Réf../Doc.No.: COL.SXT.COA.0011

Ed./Issne: 1
Rév. [Rev.: -

Page/Page:

SPACE

Date/Date : 15/09/2001
Date/Date :
1 Ssw/or:2

CERTIFICATE OF ACCEPTANCE

@

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

requirsmerits, except as recorded in the List of Exteptibns of this cartificate.

Col. SxT RP. O |

HE €L NO. 4) Cl. SPEC. NO. {5 ClL. NAME
12350886 COL.RIBRE.SPE.0085 Issue 2 Rev, D PDU .
6)  PART NO. INDEX 7). SERIAL NO. o, éc%wrmcs LEVEL
G22380GA01 FM1 ey 2
1] T2] Talx[4]
THE FOLLOWING IS CERTIFIED: (10} EXCEPTIONS
(s) A
1. All exceptions llsted against lower lavel certifications have been resolved and closed out. V /
Except open work llst/open test list
2. Qualification of the item Is satisfactorily completed and racorded in
COL.SXT.VCD.003 Issua 4 rav. - g LOLF
3. AConfiguration inspection has been performed and the item complies with the contractual
basefine. oW
4, Each departure from specificalion and draming has been approved by the Material Review Part | Sect 10.3
Board or by contractual walver, £_
LoZ
85, Ha;_zarcis? identfied in Safety Analyses are ciosed or accepted as controlied residual hazaeds. 0 K
6. Accaptance testing in accordance with a.approved lest procedure has been successfully —-
completed and all discrepancies have been resolved. LOE
7. The Acceptance Data Package ADP No. COL.SXT.ADP.0011 Issue 1 Rev. - compiate and ‘(
. is avaliabla for shipment with the configuration Item. 0 .
8. Open workitest and-unresolved non-conformances deﬁned in the ADP are acceptable for 0 (
transfer to the user sita.
9. Packaging and shipping amrangements are defined and agreed as per L [ \/W/ Tias f &P}'

53

The undersigned certify that ail exceptions fistad can be satisfactorily resolved at the place and time slipulated
in the Log of Exceptions without degradation of the required Ct performanca.

1) LOWERTIER DA ESA T
| SOWERTIER | oaTe ALCATEL DATE ASTRIUM TE DATE
il | 5. M1 TT] A oW“
PRODUCT/ Lol N
QUALITY ASSURANCE 9. @ &
. 3 x{ A
PROJECT Aﬂw
MANAGEMENT ;

. ‘[LGK{&YL

VOO
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. EN ROUGE
v ReL 706 Mo COLSXT.COC.0011
ALCATEL ] Ed. /lssue: 1 Date/Date : 15.09.2001
SPACE . . 4 Rév./Rev.: - Date/Date :
COLUMBUS Page/Page: 1 Sur/Of: 1
Nomenclature Specification N);:mber
PDU COL.RIBRE.SPE.00B5 Issue 2 rev. D
Drawing/identification Number Serial Number Maodel
C22380CA01 FM1 FM
CI Number Contract Number
1235086 C.CD.SEX1.22 Issue 2
CERTIFICATION:

We certify that the product defined.abowe 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

Approved by: S. ZANINOTTI

Dept: BO/EI/OC Date:

Dept: Q/EVA.

Avje }c L.

5 ‘

Date:, 4410 | /ixf

/
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