


~ (g Introduction 

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

I 

• Engineers like more creativity but not so much detailed formal proof 
that all requirements are fulfilled 

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

• Several examples where insufficient/wrong verification caused 
failures on-orbit or even complete ;mission loss. 

I 
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~ (g General 

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

• 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; 

• Acceptance 
Proof that item (unit or system) is in accordance with qualified 
design and free of workmanship failures 
Related to serial number 

• 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 

• Quality of Specifications 
Tailored to products 

Verification Reqmts.: Product Requlremenbr Speclftcaflon LeYel 

Oulttomer 
Test Reqmta. Document · 

-------------'.---1-- . IRequlrementa Speo) I --------------------------~ 
I . System 
I . Spec 

_____________ 1___ - ... . A . JDn1an Spec) 
I -••-------•~--✓-=•1•-••--

Teet 

- I 

ROD I--! 
I 
I -------------r-------
' I 

ROD I a 

Teet I 1 • 

Test 

Legend: 

~ Father Requirement· () Partial Requirement ," 

Sub•Y.tem 
Spec 

Assembly 
Spec 

Unit 
Spec 

~ Accepted Reqmta. Reduction 

Non-ambiguous / complete interrelations 
Verification method(s) 
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~~ ICC's;·. 

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

• 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. 

• Interface Control Documents (ICD's) 
Describe Actual status on design level (i.e. no repetition of 
interface reqiuirements). 
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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~ (g Verification Methods 

• Qualification 
Analysis 
Review of Design (ROD) 
Test 
Inspection 

(final at CDR) 
(final at CDR) 

• ICC's have additional verification close-out options 
Marking of l~D parameters on ~anufacturing drawings 
Reference td acceptance test procedure 

• Acceptance 
Test 
Inspection 

Note: Acceptance criteria to be_tailored to design to find 
especially workmanship failures. 
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~ Qualific·ation Test: Principle Options 

I. 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. 

II. Pre-Test-Evaluation 

Note: 

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. 

Option ,1 is more efficient but critical for marginal performances. 
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~ Qualification Model Philosophy 

• Qualification Model 
Identical Flight Model design and manufacturing 
l-1igh-reliability parts as for FM 

• EQM 

• EM 

Identical Flight Model design and manufacturing 
Commercial parts 

Limited differences to Flight Model design and manufacturing 
Commercial parts 

I 

• 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: 
• QM best from technical point of view but high costs and late results 
• EQM/EM needs extensive evaluations to consider differences (e.g.: 

EM/FM Difference Lists) 
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~ System· Level Qualification Philosophy 

§] .. 
.. 

Design: 
As-Design Olawinga 

ICD's 
Baaelne 

PDR: 
Design 

Approval. 

J 

.. 
EM's: 

Design: 

Final 
ICO's 

..-

.. 
Conlrolled Changes to As-Design 

As-buld 

Unit level 

APMSystem 

ETM: 
L-+t Funct.~ ~, 

F:\PRE\Verification.doc 09.01.03 page9 

. -- A 

Design: ) Changes , If nee. Dua ID QuaL f8lllng I 
! 

=1 
Approval 

.. 
QM,FM's: 

As-bulld 

• I 
I 

I Qualficallon 
Testing 

... 
I 

PFM: 
lnlagtallan Dela Qual. 

©Astrium 



~~ EM/FM· Differences 

15tr-ium • 
Dok.-Nr ./No: COL-RIBRE-TN-1440 
·Aulgabetlssue: 2 PailumlDate: 19.07.2002 

~.lrev: Patum/Date: -
SeblPage: 17 von/f/1: 19 

·Ref. To Impact on ETM 

Equipment Para. EM/FM Diff. Test Results Assessment/Remark Referenceto FM CIDL 
Doc. (T,40ITiiO) EM to FM FFF difference 

v- ...... 
ATU 4.2.1 NIA X FM 1.YPe Is illiegl:ated a,d flid1t sulalle NIA 

CFA, IRFA, ISFA X §.!: EM fUnclicm"rt:yin line wittl FM: fa, ndcr. No&Vifictnt tifference, for dela1s see pan 
inclusive DPS 4.2.10 RD2.2.3.5 4.2.10 COL-SREM-l.Ml055, lsS. 1/- . 

CTCU 4.2.11 RD2.2.4.1 X No . QM Is usedfcrtesing COl.-KAY~. lss. 'J/A 
~TS 4.2.12 RD2.2.3.5 X EMidenlical1DFM "1; refertDp«a 6.1 

HCU 4.2.13 RD2.2.4.1 X No si!Ji(k:a1t dfference - ~ COL-KAY-ll-0047, 1ss. 'J/A 
,CWSA 4.2.14 RD2.2.3.5 X EU: EM functia1ality in line wittl FM COL-sREM--U-0056, lsS.1/-

FSU 4.2.15 Not existing X No sli,iilicatt _dfference NIA . 
HS 4.2.16 RD 2.2.3.5,2.2.4.1 ' X Nosigificartdfference COL-OOR-HS-tJ.-0009, ISS. 417 
IRSOV,ISSOV 4.2.17 RD2.2.3.5 I X EM idenlical 1D FM COL-CTI-I.J.-Oa.l6, lss. 1/-

PPCS 4.2.18 RD2.2.4.1 (X) QM iS timely not avala>le; retest wilh represEntalive model m PFM ,, - . NIA 
PPOS 4.2.19 RD22.4.1 00 QM iS timely not IMila>le; retest wilh R!preSE01alive model an PFM . NIA -~ 
CDA 4+2 RD22.3.5 X No sigifica\tdfference *1; refer to paa 1.2 

PPRA 4.2.20 RD2.2.3.5 X EM identical 1D FM *1; refer 1D Daa 1.3 
TPS 4.2.21 RD 2.2.3.5,2.2.4.1 X No sl~ dfference 072530-154-553 (30.9.1999) 

woo 4.2.22 RD2.2.3.5 X EM idenlical 1D FM "1; refer to paa 8.1 

RVPS,VVPS 4.2.23 RD2.2.3.5 X No sviflca1t dfference *1; refer1Dpaa 9.1 

TCV 4.2.24 RD22.3.5 X Nosigificartdfference Pats List2357123-1 Rev. D 

MLU,El.S,RPCS 4.2.25 Ndacisting X EM 111d STE identical to FM 
oss 4.2.26 Nd existing X EM ldenlical 1D FM i 
PDU I 4.227 RD2.2.3.1 X No sigificart dfference. 
PPSB 4.228 RO2.2.32 X No clfference COL-CIR-CDL-1003, lss. 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 

\ 

• 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 

• Competence/know-how to "control" technical results {separate 
organizational element) 
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~ Verification Control Document (VCD): Manual 

DOC.NO.: ll-ER-CI041 I-;T~,=oar~ \ 
i -E=s:-!N1'3 -: --

. ·~JlodularSPACELAB) I -SUBSYSTEM VERIFICATION' ~ONTROL ,SHEET IISSUE: ---1.... 
SPEC. TITLE: ·MODULE STRUCTURE · - . CHMGE:,..;..-__ 

DATE :~1 

OA'l'E: • • • • 

··-· -~~~~--- ' 

SPEC. lfo.: ss-£11..-t __ -~~ _ ISSUE:__!!!_ CHANGE : C · PAGE: I - 21 

---- -.• ,' . i'.f :GIIQ -Sl'CC:. •.t.-.i~-~ 
~~.;. . -. . .. _, : 

f10111 
8 

I 

l,aa 
A 

I 
I 
110A 

lB 

1084 

8 

"3 .. :!.7 
aandUng 

VIUlll'ICAliole MCIUIIIIIIEITI VUIIIICA11Gff MITIIGO 

ECIUIPIII' ISUIIIYIT• I IYSTEM 
LIVILUV!L .LMI.. 

Yertrr that tlMt end cone• uc crllnur 
... ..a,11ea peNlt lndlYld-1 •••dllng 
lutallatloa ... r-••l br HGS£ 

-- ■ ROD 

l'•rl rr that the -dule I• copaHe or I - I ltOD 
ltel11g lnotalled In the Orbiter la the 
harlaontal pooltlo■1 can be reaoYed r .... 
the Orhltcr elU.er I ■ a laonch (Yertlcal) I !Anal 
or landed (horlaontalJ pealtlon 

i 
Yerlry that -dule/Orbtter lna\allatlon I - IROD 
a■d r-•al handllng le aec-pllahed by 

-"\~to flight CltLlnga ► 

Y•rlr7 that dorlng r••••l and lnatall•tle 
ot the "•••••rr atructare ulnc th• JIGS& 
aechanlcal ra111 the 11rting raage la 
JO+ a 11.llll■etara - - . .. . ··•-

- •ROO 

IC'l'HtJ. 

!!HH 

TRACI 
NO. 

FINAL Ylilllfl«:.-IIOCUIIINT 
VElllflCATION REF.DOC. I ll!A TEST.-ANALYlll.uisr. 

lll!fORll 

- I Gli-ICD-oo3 

---- ·1 GS•IC~-001 

--

- I GG-ICD-001 

GS-lCll-005 

bi-vc 1-toocn-
1-20001-­
t-30001-

lin,: 1-soou1--, 

RP-AI-ooa7 l! -

Dr,,: 1-0000:S-­
t-S0001--; 

RP-.AI-o.14 ri­
ltP.::AI::,004~1!= --40.a.,w 

oas 
Yerlf7 that Ille -••1• eaa he llaadled 
la the cantlp~•tlo•• vltll tho oorrea­
,.adlac •••••• ll■ted 1• 

, Y Yv Y //1/ /./ 
~J~ t'aHe 3.10 .... 1. _ ·-·-·· 

~"1-p.~ 
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~~ VCD: Output from AIVDB 

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

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

. \~~. . . Dok.NrJNo: 

~strium ,Attacbed.•e~surised ;Module 
VERIFICATfOtiGONT,ROL ;DOCUMENT 

Ausgabeflssue: 
Oberarbtg.trev: 

Datum/Dale: 12;04.2002 

DatumlDate: 

Sefte/Page: 2 vonfof: 7 

COL-ESA-RQ-001 Tille: CSRO Cl No.: 121~ 

3 Rev: H Date: 04.07 ;1999. 

Induced motions or momenls ~ulling from fluid transfer dynamk:s and venting' ;staaU be controlled. 
I 

Spec requirement 

Verification 
Closeout Docs RFWs VCB Reference ea. Doc Location Remarks Method 

i.::. Para Fc1sslASIE0 
ls.3.3 l A! I I COL-RP-Al~111 lss 5/- COL-DOR-RFW-0035 , ICOL-RIBRE-MIN-0040-02 p IAPM CDR OP V4, 814 ESApendlng -·--.. 
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CERTIFICATE OF QUALlFICA110N 

ct. No. : 1081625 Cl. Spec. no : COL.RJBRB.SPE,0010 I CI. Nmiiclatmt: 
Issue/Rev: 6 bata ~t~~-·. 

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 ~ccessfully been qualified-against all requirements of specificatioil(S) : 

3. 

4. 

s. 

6. 

DMS sub/system spedftcadon : COLRJBRE.Sn:.0010ffltie 6 · 

and in accordance with the associated methodllproceaes aa documented 1ft the telttdd 

Veriflcadon Control l>oahnent DMS.MMT.VCJ>.0002 ._. 5 
& Veriftcatlon S~tus Repott : 

".Rl1 i11111 Ji11 a1111111NHy ,111111 all aafely Hla11• 111t1, Nd:App//t2bl,lts,$_/JMI 

Alfiiamds identified in the Safety Analyses are eliminated or controlled ahd ill Hamd Repol'ta 
are closed. · 

A configuration inspection has been performed with the result that the item COlnplies with the 
contractual baseline as per CIDL DMS.MMT,COL0004 r IMue !, Rev .•• 

I 
Each deviation from the spccification'tdrawing has been ~ved by the Material Review 8Ciitd 
or by a contractual waiver. . 1 . 

7 • The item has successfully performed its specified function in the integrated flight confituration, is 
reported in : 

- ·- ... 
I 

DMSS contractor Prld as• .. L 
NAME DATI NAMB I . DATI · NAMI :~fl; 

!NOINIERJNo I . I\Jl.L.. .... '2,0~ 
. 

/·· 
~111,/te- •~, i.oi 17' ··•'-•"'-"--'-'.,,_, 
I i -~, ~-, - I I 1 1 1 1 1 1 1 1 1 ,----r--, --,- , , , 

~ 

0 
CD 
;+ 
-■ .... 
-■ (') m-
p,11. 

(D 

0 .... 
D 
C 
m --■ .... 
-■ (') 
m 
pill. 
-■ .0 
::::s 
~ 

0 
0 
D ......... 



~~ 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 

• COA to be countersigned by customer 

• Certificate of Conformance 
trormal/legal declaration 

• Detailed contents of documents differ depending on company 
standards; quite different approac~ for American items 
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ALCATEL 

.., 
!l 

SPACi a Rif.1Doc.No.: COL.SXT.C()A.0011 
Ed.Jlssue: I Dt.W~te: lS/09/2001 
JHY, /Rl!II.: DawDat~ ; 
Pap/Page: 1 Sur/ Of: 2 

CERTIFICATE OF ACCEPTANCE 
(2J The endorsemehls herein eirtlfy that the Item offered for acceptance .. has been manufactiired, assembled 

1111d ~led In a<iCOrdanca will! teleUid englneiuitiii data S!ld C(lfflp!~ !ti alt telipett4 ,i¥itft ccl'llr.actuat 
requin1ments, except 1111 ratotded In the Ust of ElcteptJona .of this .certffleate. 

(3) Cl.NO. (4) Cl. SPEC. NO. (S) Cl.NAME 

12~5086 COL.RJBRE.SPE.0085 kisu• 2 ~v. D POU 

(6) PART NO. INDSX (!) _ ~ERIAL NO. W ,t. ACCEPTANCE LEVEL 
0223&0CA01 FM1 ~ ~cu,,,.,.;.>, fl 

1 I 2 I I 3 IX I 41 
THE FOLLOWING IS CERTIFIED! (10) EX.CEJ>TIONS 

(9) II/II 1. All eJCcepllon& llsled against lower level certlffcaUons have been resolved and closed oul 
Exi:eptopen 'M!Jkllstleipen testffst 

2. QuallflcalfO!I of the rtlim rs sallsfaclarily completed and recoroed In 
.,Lt:>£ COL.SXT.VC0.003.lssue4 rev. -

3. A ConllguraUon lrtapec:IIQn has been perfOmied and the Item compiles Wllh Ille conllactual 0~ basellne. 

4. Each departure from alMICfllcallon and drawing has been approved I!)' the Materflll Review Part I Sect 10.3 
Board or by contraclUal waiver. i..t.oe: 

5. Ha,mrds idantifled In Safety Analyse$ are closed or accepl!)d aa conlroUad raaldual hazanls. 
OJ< 

e. AccePl!lrtce lesling 1n IICCOldance·wlth a-epprnved test •proc:edUle .has been 8UCC8S$fuQy 
compfefaq and a11.~d'11S have been resolved. ~0.i. 

7. The il,c;:cepfli!nce Qafa~AOP No, COLSXT .ADP.Q0f1 rssu.1 Rev.• campl11leand 
-~ for•IIIJlmentwlth 11111 COllftgUllllfon 1111111, 0 K"" 

a Open~and·ul'WIISolwd n~ deftnedlA 11111 AOP an,ac:c:eptable for in< transfer io•111erus« sfta. 

a Packaging and ,ihipplng arrangements ant defined and llQl'8eCI u per ~liv/V/'7 ::tks1 ~ 
,:;,q ~. ,r-,rr; ,.,, . (> ; 

Toe undenimd certlfy.lhlltGU e~plions.listed e2111 be ~actorily r.i,~lved at the place and tline stlputilted 
in th•~ Sxceptlons without degradation of lhe required Cl perfor.n,ence. 

(11) LOWERTISR OAT&: ALCATEL OATl: 
SUBCONTRACTOR 

ASTRIUM OATE ESA OATS 

PROOUCT/ ~tioL $.;;t,41!rl V#'fi1 0~ ;~!) 
.QUALITY ASSl!~ . f.2-; ~ t-· t-· •t H 

PROJECT ..... -·· ~-11 
MANAGEMENT ,r.,;... . .7-V 

r;'.;. {b~~ 

~ 
12:J 
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0 
0 
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'f I U:.:I ,, ·~~ AfA • •·i"rl ~XT.COC.0011 
ALC.t.TEL Date/Dt.ite: J:5.09.2001 

Da~Date : SPACE 
Page/Page: 1 Suri Of: l 

CERTIFICATE OF CONFORMANCE 

Nomenclature Speclflcatlon Number 

POU COLRIBRE.SPE.0085 IS&l,le 2 rev. D 

Drawing/Identification Number Serial Number Model 

C22380CA01 FM1 FM 

CINI.Imber Contr.act Number 

1235086 C.CD;SEXl.2l Issue 2 

CERTIFICATION: 

We certify that'the product definec.i abol(S is found in accordance With the 
engineering documents, the quality requirements and .tJ:ie order for development./ 
prodUction and h~ been inspeQted .and accepted. 
The.product Status ts documented ln1he pertinent. 
Acceptance Data Package: COL.SXT.ADP.0011 Issue 1 Rev. -

Prepared by: S. BERNA Dept: BO/EI/OC Date: 
A"'ifti'}''--

ff' 
Approved by: s. ZANINOTTJ Dept: 01cEVA Oate:.4~ ·. s ,2-J<tL). ~ 
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