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Thesis Summary 

To improve the efficiency and performance of Aston University’s Formula Student Team with respect to 

its engineering configuration management process, successful integration of a Project Data Management 

System was achieved. This thesis has identified an approach that is both quantitative and qualitative, for 

establishing a framework of Key Success Factors that are specific to the requirements of the Formula 

Student Team data handling practices. These Key Success Factors have directly complemented the use of 

a computer aided design package, SolidWorks Education Edition 2007, during the design and 

development stages. 

In understanding the historical background of Aston University’s participation in the Institution of 

Mechanical Engineering’s Formula Student competition, this thesis has evaluated the complexity of the 

problems experienced within the context of the historical organisational team structures and project 

teamwork over the preceding years. 

A literature based review of the experiences of Industry, engineering business strategies and approaches 

to engineering organisational structures, contributed significantly to identifying the Key Success Factors 

recommended for implementing a Project Data Management System. This thesis also demonstrates the 

direct benefits, including the effect of teamwork, of a strong transformational leadership culture in 

organisations that can adapt to more efficient working practices. The research further demonstrated the 

uniqueness of a/the Formula Student Project Team in comparison to Industry based engineering 

organisations as a result of the small organisational setting and academic framework within Aston 

University School of Engineering and Applied Sciences. 

Successful Project Data Management Systems integration has increased performance, communication and 

discipline of teamwork and provided an approach to support a learning organisation and an ability to 

retain and increase knowledge in order to continue the evolving, competitive capability of the Formula 

Student Team.



Acknowledgements 

I want to express my thanks and appreciation to Dr Mark Prince; his patience, guidance and 

recommendations on research editing have lead to the completion of this thesis study. 

I am personally grateful to Dave Smith for creating the opportunity and requirements for this thesis. His 

commitment and tireless effort over the last 10 years in running the Formula Student project within Aston 

University has been extraordinary. His persistence, dedication, and many hours spent developing and 

promoting the project within the University have secured the continued funding the project deserves, thus, 

providing many students with the opportunity to experience a hands-on motorsports engineering 

challenge. The success the Formula Student project has experienced and the status it now holds within the 

university is a testament to him. 

I would also like to extend my thanks to Aston University’s lab technicians Bill Curtis, Ian Murkett, John 

Thurgood and Paul Pizer. Without their unwavering support, dedication and commitment to the project, 

the car would simply not be ready and able to compete. The enjoyment and success of the project is a 

direct result of their contribution. 

Iam very grateful to Brenda Smith for her time and editing guidance to complete this thesis. 

At a risk of turning this into some form of acceptance speech, my sincere thanks go to my close friends 

Tom Mountney, Matt Snook, Rebecca Armstrong, Chris Shaw, Ben Neary, Katie Wickenden and Victoria 

Farrington for their continual inspiration, humour and support. Not forgetting to mention my friend John 

Thornton ‘JT’; his memory lives on in always “daring to dream.” 

Finally, my thanks and love go to my family, particularly my parents Pauline and Tony for their 

understanding and encouragement. For their sacrifices which have provided me with the opportunity to 

explore and learn I am sincerely grateful.



Table of Contents Page No. 

DO: So AMID cats io ceed anchadia Vaceaicasthangestsoiasse bag stl deaertoskiass shasboeslaskvedcleppcandi ateann bGaalgeecavuaktanaetal 12 

RE 5 I ial ca tiaras cab andy ccsbacs caseecncyessiddeswsiis supose lacuncbeaabeneensaeslvoncivececekasussinstbeseiatinee 16 

i i i a ch aia os eis skied nde eaitis danse Got anubeannrgend 17 

Be CU i shri 0d: ac passa es osu devas Ue ah inh os Bpdndenseddiondn DWV ek apa sNoseanl eeskoavaphdtncadoostns 17 

Chapter 1 — Aston University Formula Student History ............sscsssssssssssorsserssssscessssvesceseors 18 

SAD FRI eM Oe cits ink iy cnienssoc ache dbpsieceschisyonse hncsshesscssbneysevcnnieschintsadlsceaiipdapbentvadaes 18 

4.0 Development of Formula Student at Aston Uniiversity.............ccccccsssssscssssssscessssssseesees 20 

Alix CamANMQ Ar re een epee eee Scees ease ese Serres Tes oes SEE TUR idole due eae MELEE ee ues SESE 22. 

BD x Ce am ae ays estes ech n nicBds pect yao chy spate ig endiico ovis oud segation Ga phacneataiaseicedons tt 25 

ALS. CARI ers cress posits os OE Ras iain: 28 

A <i aise enti AG hci eid en me mmnnbontihiae 32 

AS) CargQ MO Sree eee voce cess ess acne eos eo Eee ee et ei sae os SEL AL a OE es 34 

SO. GRIN Bem. POAT CACHIUION, jesciiesicisvosschosactassiacosssecsesctecenciecerdvabossbaceahsscdepsotasibeyidk 38 

5:1 JIntroductionomthe Moder Desion Cabin... etn tec ete crite Semi e ec tr eee 38 

6.0 SolidWorks and the Formula Student Teai..........cccsccosccsscosssesscoesscsscessecsseccsscnsesscecess 39 

Gul. Software Package Overviews sei. eater tee et secre ete ected 39 

G.2 Tee ey Ores Leer nig es tener CMEIISCOE EIN fig cdot. a snare psdbinscscxinsanenedaeneacnadeent nhs tases iGo tell 40 

ToD” FICE PB Ee NERO CINE ss dcinisessscsiceesssesageviisbisastenvieanasassctefiaatindsDhshatevesgeseessotgexseunstqsis 42 

7.1 “Previous Attempt to Implement Project Data Management .......5...cccccccsssesesestosvevorsocadatepstienssvessoienss 42 

S.0 ~ FOPMUIa SUUGONE TOA LOSsGId Liar jig iciisesstcscsisssssvesvvegisicscascoseiscersestnssentsseessosooanssees 43 

8.1  Prepectcomnatt Or Ccmtitinid oe On Oe OGLE ci. cissccs lobes scbadsnocsiticgdenaeth scarvtigngy vob Aboads onnsdes 43 

8.2 Lees Ge errstaren mnie Gea Stee) Fe oe 2 ss ish rads dag rts scabs vias aasnchetetsdenpnathvaspepmrassnsns 44 

8.3 Supervisors Assessment and Formula Student Rules Distribution... ceseeseseeseseeeeeeeeseeeeseeees 44 

SA WR rape Ras Ss ae a hase EG hasta ais eivapovsgedesingeresbanagpertoponisnneonns 45 

BS AM en ES INE CEVA oh oop 5 05 ous bens spe sitevo dee sonsnsg sh uciGhades dias pot snarpslbaavalgebuetacssovencsialsnvieett¢ 45 

PG OE pena ReeA LE ORPUNCPNAI <5. 6806 11h 5 ea face ucts satvs cata desl aad saecaaacde sta iGiocteeedeas sayeth Gal foley ca¥TCa, caus bel shee 46 

Ba] VMMMEOY FE c sis ben furageassi cc tos ss kqavoaes Neus tesaycssetasy avi /ofae¥o si aga eslajlicveenes cnvetes iste cee iseicegab et ssantaih OLVae sass 47 

Chapter 2 — Analysis of Industry Experiences and Identifying Key Success Factors........... 48 

UD x RRR e Bee CCR CE PVG ion vccccscsdicncasise svvsvicnsdtasoeeasassiiadehsdcessisessecsavabpoabaaanesecpenssseas 49 

Ol “Interinn ODServatlons: . cist. cecceeccecce ecole cscs cc eeetete ten tesco este ncEa Tue te tare IES Fume ARE ST oe 53 

OTe TS ABENCPILS Of SID MIS ere nec os ree ees ist AO Ce cas et ee arene, Ee REE TE OTT Da 

9] 2 PFOD I CMANCHATCOS Mites Steeles Te SET ELTCa Chore etc s corona EE OTT Ee J4 

ERY Re © OAR ENG PII oo 16) Fisasapeihc suai posvsstsicorvntg in ¥l bea Ssdapladsnlaicnseaktisentesiviesons De) 

EE ear ei ae a, ee oa hg aa po ele oer ST eee MOR eR rr ere Teer OL et herr oh) 

10.0 Comparisons of Formula Student to Industry ...........ccsessssscsrsscssscseessserssssssseseesessoees > 

LOSI AB BUSINESS State Oy ae cress cece evtectinecst restora festa eter eestsasu esate it csiecscetsarvarterestevscsusdeeroperttecst ahaa Oe 

LOS Tes SROVINULQ EL: 8 as asc Pte Ee ee EO oe CLE LT LT ECS D7.



Os] 2s PAULOMOLV Chace Cer Ritter GE nese pie Be as Re 58 

LOD Be: 0 A CROSD ACER. con eels ee LOTT os CRT Ong iets PEPE GONE TECEELL beGR 59 

HOM. VASIOMUNIVErSILy, HOFMUIG SIUCENIFICQIN: orc 8s hic ccc ss EN es 59 

BO Cm ii aacs nj Gedgtcash oooh cvncidapsipnd Vic vb 00h scanoihnsdo¥dcadvstcdhj svar ble deasarvobiVcsvadesiiaaacvl« 61 

aed MR OR NN oe si sss Pas eie cht his saws thas carte nga dcdes iN Biases hn isda rtang evspecnes 61 

10.2.2 Formula I Team Model Compared to Aston University Formula Student .......cccccccssecessssevees 67 

LOS" «Complexityomrequirements tor PIM ees. feccotorccetss eats cscs setecc a cacs aes oe Soto oot tac fes acer tosis 73 

VOPA> INVGSUICI ese erate sctseeie scarcer ies ccsnecescooscsseecetcoseser eteicceceh edieteceuot tacts eben iets tecceotteeteeottetusrsuneeuiedt 76 

LOsS- {SU ary eee icle soccsotecseccdeceecccssccestegetcoaseocsttsdiceniselecsscd Piet cosccsts Goh Oni as eur ieeds ai 

11.0 TRIO, LOAereid Bd Motivation ........cc.iccsetissscsessssscsstndagessccternasecessceisecsseensveooes 80 

LE 1, FRaRRnn See RIN RNIN 5260p fsb canna sss vesdvencdhonsanidnseeansesg issccesoantysaushashi tdocbantdtddabartbawslapekss sing 80 

TEE SEM ES TI0 1 TI DAVT (0) OUT ASICES Pet ecco OO CLEC RCE &3 

Mobo: Se og ea chap sesso cky Sobnsd adn: 4aj) Ove ead snenevvd cade jg sthaauennssesials ovbavaposedoeisberces 84 

dle Veame Mian aC CM CO ier cre tee ci tucesesccscoetecgiocssessscecesvevsesuttetssisestetentssotescutes Sustucsucheceute ateeiecuttatess 86 

doled. gleamworksand eadership SumMarye estore. se tec si sociectcesei Sect te ssss Sie eeey cise Teneo ssesu rete ticree 90 

A2.0 * TGA TIAte PRS GG: ACCESS PEACHICES. ....00s.50.cscceccsesescconssscussseseniasnsienpiidbubyvsspesesons 92 

1212 HistonicaleAnalysisior Data Handling Bracticess.:..0 sistsccsccccscce eset ee ese tes 92 

12.5.1 Peles ene Server AHOCGHON ANA ACCESS .avsisceiesspixalistigstiihvinsespabensenequeesdhcbocien gh rlivnesijecles 93 

BL Fe OL iss iach ndsdabng sa Dope chose eans gar gaishsosstikeoaubiatals ypusiieg thaes 95, 

12 TS SAMO OS eamelDatd: OFZANISGUON ee Rehab te a keunk cot occs ives eee deur ee es 99 

DZ TI Be Ue hg isin oats sds son nnpstsscsos “biog vice isee sks Ih suvcdy Spealll cPaglpiarvensen gang vdebas aee’ 100 

12.2) -PIDMS Bunctionalttyp sortie cereenccscccccstes overeat eee RUT DS ME aie boson 101 

12:25) RID MS EEUNGLONGLILY OV CnViCW ccc. .oer 508s feckeces vsactancaee Go Foes oes Noon FE ERE 102 

12.230 PEAS FOO ME Le Cele DIGNORC MICE 55.5 cies scein. coh es acta does ws alates Oven aad Blan heaps taht 105 

LQ LF aa TI 5 08 Fin siiee ryokan santo sort el atic iascitd Gk ake hei 106 

12,.2.@+ Summary of Benefits-of Project Data ManGQemenit... ties. ccistesardayacspsegesonds chro dbcdessedthjuixatuacells 107 

13.0 Identification of Key Success Factors for PDM Implementation..............sssscsssessees 109 

Bid. < Bec iey © renee Se tmeeeee oan PROVE ONTO EN 20155055 ih vs fannscas sa sassancancidl sash dpunass feeandvucghtscpadeidans tt 109 

ES. EF ae a OTL i Sarees ticks cineccastestaskesiaetcatidscsmiustexssodtuas carga es dae las 109 

DSR IDRE ae MPRA Gi steven cfs 2 sa cc aus Yh cattvag dads anh snsessd aged en cr tavlea A tel eee saute aay ce Sag Paes 110 

OTS Feria ia pecs tt pase as heii RS ass NTE agro aL tee dit 

a a ee CLINE OM 5. spon cisssas ils Io tas causivnserstchedasscdua nego opens eldencces TUL 

BD Lge a ri oa as earn sic das ek vase sensdusisiadetines Aj Mbareeicglel. es ial id2 

LS ee ee MITE ey MELO PIOTIER TID gos oo c5, cad cinnscseniicas sata pecacaveiessveneyscasausoeescav aves acu tases warves ede Be 

13.2.4 ~ ASP 6+ QPganisatonal SIUCTUPE 65. tek isnt edad aie nda din Oe ae ad 133 

LS. Bid TR BE FRE N sesrach sf AGES acho secs secuge dvenseobsheh Extes eneuacTaNIC TEL essere: ies CPI et oe 114 

Bet SRR Ces ae MR Pg Fi ees 05 vay vb sSe ls biasesywtnioy vs Glage gue Ubi es Fade. fidyo MeO Gaga c@ MCG Mea oi alae bile ratopenLases 114 

ae Mam I te OF OPI i 2 ss cars esas ts sSsas bets aiiwondip/ewlangBie cate epsesrusm atti: 114 

PON Wee ERNE CR OIEY ch occa nase sss vcs tg de sol oh eanlcks tess dei tesota Caeuekardins Bote re ee oe He) 

19.3 Sie a mash cas ger varthk cae dcskd ens Fasgsi <4) tasbesstaepevng ogee gots ee tseNes Hoar oyiplc hss 116 

16.0 PREP repeal For Ler OU eins PIM onc cisccestscsasonensnsasoossoscocesvorsboastonsindsasiegbeuoneaseds 117 

141" SSORGETON OF POMS ROR WERG (53: ..cocisccrcrisesnevg, vicastass aor er ele nrneck ns iaiislaaetoeaptiecklt ii] 

14:2) SISSE EB Valuationscchsccscctcstscecoe ts ccs to eet cr stone aces act asic cyst eT irre ered rns 119



SRD ok Me ee TI Ne esas le op cea Races icky 0 AW aataahe cinch \Ooeesi feds ohar canes 119 

DG Zak Rage OM aah sed kG ABS ck Ba cane Pac'obs hs bg dogs di cae se panna id ba tlanth dag Fo dape inc 120 

TDS EE oe Car seein 6 Halide A Wohin ciparicrebde larga bans Alcs pute dari anedaie ei uin aes 121 

BAD cote 4 — MEAD CIE POCIINCNEIIOM. 545 ccc inisacansvsiscivens he l#\iStirs Pov'egsletagtqasiny Ciocaniahetegd ss ohkakins Hs b 121 

WADE: ROS HED AC, CVC Cp ee ie Re coals Soni ives ivces ete hed ee Real reat as hee RG ON as els ihn 122 

TAOIO: SEO OLS AN ISL ONAL SIUCIUTE Li nose este AES, BACs Adis I ees seh ae 122 

VASD J), ROS Hii, PLO] COURIOI Reet co isles Pern AMES oo. ioe Ge Clee Ge eg Me ESS aE, 124 

LAID BE BIBS HES gl CST se Fern eres soos eects Fact ga OTs a hh Fee PST oss TOU be es ECE 124 

1 2.7) Se PRES PRR 65260 Soles cads sos svuagss vetbogpas edatsai aah siaad aimee tefetsiahotea io isnig 125 

D2, 2m RI 51s. oa cas ininctecgecsur ses ndost fina vetqusls Ges Wukes ti Veensubadeessntecssarsotessediciass 123) 

N43) SUIT Breerese ee era site tees cag sicctis tien: heteciverseiecoseo eee ise ce etna e tee eee te Lee esas 125 

15.0 Chapter 2 Conclusions and Recommendation,.............sccsssccsssssssssscssessccssscssssssssscees 127 

Chapter 3 — Implementation of Project Data Management Software ............sssessssssessseees 129 

0 G0 ars poche ccs hence patna acaadipaein vss edaceseabadsas saan ead tprusiiptiibonsiccedarcnct 130 

16.) PEQR Weteiici We corer oly PAPC WEP Riri sg oven jas caso otdeos ose sepasansias sdeeveyeareasa¥encdnses 130 

LO, To 1 Pe IN sacha, fags ast nish ahs tack aeons Se che seuss; casei aap oapihs ase ks reuaa 131 

16:2; .Broject Blanaee eee crabs cacao cette See asec as eset cth occsceaesaticccs torsion ee ioe Stes 132 

17.0 Phase 1 - PDMWorks WorkGroup Installation and Testing ..............sscsssssssssssesees 134 

i171 PDMWorks WorkGroup server Access ée:Software Installation ssi s.01csss-..cc:-<:s2eosesestesesssoccs tees 134 

17.2 PDMWorks WorkGroup Configuration in University Facilities... .ccssssesesseesseseseeeteeeeeees 135 

17.3. PDMWorks WorkGroup Familiarisation and Initial Testing ........... ce csesessssesseeeteeseeeeeeteeseesees 136 

LBD] PER ONRS Ve OF aL ILOUD [NTs Wee Sacco igg t0p ks Ph Aces fice aes eid eaags weno asc ante eavanieet 136 

17.3.2, % @Greation of OSer Groups And RrOjeCisicacret ee hae Ee ins 139 

17:38" ROUTE OPES PACCESE TO FOI OVKS W OPI TPOUD ns ciao ess lish i easiceasatascesss 14] 

ETF he FE SIT PC ooo ccs ot we bison sks pve cvegh eA ssn case EE Ade aA EE A ch ann 142 

17.358" GRECK OUP OPED GIG rte eT GEE ENGI OT ICRA IA OL OON Gts BeGSs 143 

LF. 3g MARTIN OT IS SOUS sind. Vortec eae svelte igiecea geesvac teeter esi GT teas gc 145 

17,4 BOAR Y ioc alas iokncy cascode itd ae eae «se nabs dein Sm dks 146 

18.0 Phase 2 -PDM Management Structure for Formula Student...........ccscssscssessssesees 147 

18.1: Aocation Of Access Privieges for AMOS i oicssi. cfgity sisaisvents tavseetslcseveseens serdacalyysancnegsesbanssdaesieetoass 149 

Baa ee eM RG 6 iat a ic Rh cscs Woes soni Secsndc tapcaeap cheapie slated tv igees tak hatssi@e oa ousasvensles 151 

Be aia och cnr ftbeies nobis cas inst vibinn buthacak nna sFonnhnsmencsdbeardshasdibeons 52 

19.0 ~ Phase S PDVOW orks WorkGroup Tutorials..sossscccvosssseccectssesvsserscessssacsvstsesnsesssesasens [53 

19.1. Proposed Administrator f WtOrials sc...) -seeesdioscteacs gsc sas sac staecesie lace ue el tessciy yet sci ips 

19.1.1 Connection to PDMWorks WorkGroup Server and Login to PDMWorks WorkGroup Vault 

TUTE) RTs Sosnsi cee tne ty ccivo cased sed Rote le Me 154 

EFL A NCW CSEES GRE UOS ACOUMEE CIC QTON esc ssnick csthssteg spd tae hGipeuntecehst naedeg ides Gavdaelgan lan insnpsegne» 158 

TI D,9 SCRIP OR EW Lied POMER IANE VIUIL 5s ssshseescivosstgeesielissssakerlisconhde ich laenl Peobstssoveesveaeed 159 

LOL” DCE ie FUE ER I os Fach iin pdt Aste ods ges Goes tales dards ss Boatman spteetptagehn vive} 161 

OAD RTOS 1 TEIN OTE SV SEGUE Ga vias tici Lisstsos sancseisssecaoscecaataavecapsesnyFtisseg lente dtsvivieaperrscaeie tions 161 

P9.2.  PrOpOSed FEMI WOIRS WOPRCPOUD Ciner LUCOKUME cocpiligsiccoscteineans etiels wh Griesdusinai bance ecatapiauberece 162 

19.2.1 Basic PDMWorks WorkGroup Activation and Sign In/Out....c.cccccscessssssssesesseseeeesseeeseeneeeees 162



19.2.2. Opening Parts and Assemblies from the Vault (Check Out Function). .....cccccccccecessesesseresseess 165 

19.2.3 Saving Parts and Assemblies back to the Vault (Check In). ....cccccsccssssssssssssessessssesesesessseceees 167 

19.2.4 Generating New Parts and Assemblies to Check Into the Vault. ......ccccccccccscsssscsssesssssssssescesees 169 

19:3. Best PracticejGuideces. cerns ae ee ee eeeral ge iota oe nce ee cationic ieee 170 

19.3.1 PDMWorks WorkGroup Options Icon & Password Chan ge..ecsccccccsscssssscsscsscssessesseseesesseesses TL 

1:9; 352) @ AREVISI OMA OLKUI Can cee cect: sues eek Cee ent ROOST ec sect Tt Coded N GENO oss issih heb 172 

TO.9.D Spee TS rao oor ed ater a says Gass tc eeanrasco sede SiS d tage a dnvan inns vith cihackioase 173 

19.3.4 Deleting Documents from the PDMWorks WorkGroup Vaullt...ccccccccccscsssessssssseesseseessesesees Ips} 

19.4 SUMeay ee cere cesses ce eer ees ete ves ce eect ster aaa ene ese see Mote es oecaeb tr euht sus heccotenssdactttiocnces Le 

20.0 Phase 4-PDMWorks WorkGroup Performance Assessment ..........sscssscsssscsssseessees 174 

20: Te {PilOtgSCHeIm ee ee oer oee eee creer eee oes Re see ols DEON bis FRCS Eis ob ovis baniees 174 

20.2... Reviewsanditeed backs io tenses eos ses es ceiee thre ve eicse coset o sees cates etolseh iii esscess 175 

LO 2.1 Mee AIO OIAS FORT UTURO 7 CRIES OLIN ie ei vai engs gnssVhthnn sss snnitdtac dosesoso uadedas <Bhdkes 0d 176 

203% SUMMA ere eccrr ce cscs sce Reese esac ese CEG occ cates Medes suc cuetUiecGe sets sucdectisscisecisssteite 178 

21.0 Chapter 3 Conclusions and Recommendations............c.sscsscsssssssscssssesees aes thanassiaies 179 

QZ s1 , (CONCTUSIONS se te el esr hats eeccscccg coe selecss besa elation es 179 

21.2". RECOMMENDATIONS ss eres eee eel oeti ca esr rotiec crore er TEM ool epen eigen cae eens ous 180 

OL meee MET RT NO Bg esos cnet Ps tayo sini bteonixsoi toes irias ios ddomncacecpaines Di isins 180 

22-2 BD OCUIICT CUO Na KS HUN OA eres esis sok cree ooo TE POO a Rae heen Ae. 180 

21:2; Sie ACCESS = KIS FINO 2 ees Bee NO eee Sec Sets eT ERENT CTE 181 

a1 Dt aerate TRIN BSE INO F085 os scas st. cis cst en ned eel e RIE BIE Na srs 6 onsen aseentcs sot toa 181 

21.2.5. <Eagineering Faculty Business Strategy — RaSl NO 20... ese ee Nii ipods ds aisseglibin sig carte 18] 

Chapter 4 — Thesis Conclusions, Recommendations and Reflections...........cscssscssssseseresees 183 

ZZO,, CARER DING vsssiccssovesiscnsencecegssnnss asieredusdipeunublyscdseuins lip riba tioi c okedatle headieicdeelibes Gssgateni tens 183 

23.0 “RORSCHORS i ciiicliaundentieiinue boss sbadasbesdlgaistabasitageacabecitasss seg teceasea tlle nipAcbasdes 187 

ZA.O  PRCO Ri a THOU ois ca cississvaseiics de sctaccapctses¥iqicoervacahosucdiveka: tebahig ed iublsenlasesuthesuichutes intend ots 189 

SAL. PRR ROR COON 2a. ssitssiataacis\dasacinseabinsst tallovccgeciriveases radi eeansetcags ted axssesnclgsesasiistbelibisigihasins 190 

26.0 Appendix A—PDMWorks WorkGroup Hardware Requirements ..........s..sseessee 193 

270... ADDENOIS B & Connect Press LAG. sisiisscoscassscigscacctenstvoevacesenscbsoneasosextkaxvedecbsedsiveiadesconsee 195 

ZO ADPOMGES C — AMMISTEAEOR FUP Ai cs cessiciscavtsscheessisas ty eaiiosesscssvindineeroscsanecsdnenienes 201 

290 Appendix D —User Guide PUtorial oc ci.cccjcacsscssscenssselenytedeeecsh kedbspensiasbeinsessieatopercscseyss 209



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Table of Figures Page No. 

Figure 1: Aston University Formula Student Team 2006 Car Launch 18 

Figure 2: Car AMO01 2001 Entry 20 

Figure 3: Car AM07 2007 Entry 21 

Figure 4: Roles & Responsibilities for Academic Year 2004-2005 24 

Figure 5: AM04 Team Hierarchy and Structure 24 

Figure 6: AM04 Car Entry 25 

Figure 7: Roles and Responsibilities for Academic Year 2004-2005 27 

Figure 8: AM05 Car Entry and Team Members 27 

Figure 9: AM06 Formula Student Team Structure 29 

Figure 10: Roles and Responsibilities for Academic Year 2005-2006 31 

Figure 11: AM06 Car Entry and Team Members 31 

Figure 12: AM07 Formula Student Team Structure 33 

Figure 13: Roles and Responsibilities for Academic Year 2007-2008 35 

Figure 14: AM08 Formula Student Team Structure 36 

Figure 15: Typical Engineering Organisational Structure 62 

Figure 16: Engineering Project - Vertical Functional Approach 63 

Figure 17; BAESYSTEMS Division Structure 65 

Figure 18: Engineering Project - Matrix Organisation Approach 66 

Figure 19: Formula 1 and Formula Student Team Organisational Roles ............cssssscssssssssssescessensees 68 

Figure 20: Illustration of Renault Organisational Hierarchy 70 

Figure 21: Illustration of Potential McLaren Engineering Organisation Matrix Model ...............000 wl 

Figure 22: AM08 Formula Student Team Structure 72 

Figure 23: Central KM Function 75 

Figure 24: Action Centred Leadership Model (Adair 1973) 87 

Figure 25: Map Network Drive Log In Screen 94 

Figure 26: AM05 Car 56 Assembly Folder Structure 95



Figure 27: 

Figure 28: 

Figure 29: 

Figure 30: 

Figure 31: 

Figure 32: 

Figure 33: 

Figure 34: 

Figure 35: 

Figure 36: 

Figure 37: 

Figure 38: 

Figure 39: 

Figure 40: 

Figure 41: 

Figure 42: 

Figure 43: 

Figure 44: 

Figure 45: 

Figure 46: 

Figure 47: 

Figure 48: 

Figure 49: 

Figure 50: 

Figure 51: 

Figure 52: 

Figure 53: 

  AM05 Assembly Relationship Logic 

AM06 Assembly Relationship Logic 

97 

99   

Overview of PDM Object Relationships   

CAD Data Assembly Relationship Tree   

PDMS IT Infrastructure   

PDMS Products Available   

PDMS Option 2 KSF Evaluation   

  Proposed AM08 Organisational Structure 

PDMWorks WorkGroup Server System Properties   

  Project Plan 

Remote Desktop Connection Entry Screen   

naxos.aston.ac.uk Operating System Screen   

PDMWorks WorkGroup 2007 VaultAdmin Login Screen 

PDMWorks WorkGroup VaultAdmin Menu Screen 

  

  

PDMWorks WorkGroup Vault Admin Project Screen   

PDM Vault User Login Screen   

PDM Vault Check In Menu   

Open Parts or Assembly Menu Screen   

PDM Vault Check Out Screen Menu   

Proposed AM08 Organisational Structure   

Proposed AM08 PDMWorks WorkGroup Administrator and User Allocation 

PDMWorks WorkGroup Vault Administrators and User Flow Diagram 

Remote Desktop Connection   

PDM Server Microsoft Windows Desktop Screen   

PDMWorks WorkGroup Vault Login Screen   

  PDMWorks WorkGroup Vault Menu Settings Screen 

PDMWorks WorkGroup Vault Users and Groups Menu   

103 

104 

107 

118 

119 

123 

132 

133 

134 

135 

137 

138 

140 

142 

143 

144 

145 

148 

149 

150 

154 

155 

156 

157 

158



Figure 54: 

Figure 55: 

Figure 56: 

Figure 57: 

Figure 58: 

Figure 59: 

Figure 60: 

Figure 61: 

Figure 62: 

Figure 63: 

Figure 64: 

Figure 65: 

Figure 66: 

Figure 67: 

Figure 68: 

Figure 69: 

Figure 70: 

Figure 71: 

Figure 72: 

Figure 73: 

Figure 74: 

Figure 75: 

Figure 76: 

Figure 77: 

Figure 78: 

Figure 79: 

Figure 80: 

  PDMWorks WorkGroup Add New User Screen 

PDMWorks WorkGroup Vault Project Screen   

SolidWorks 2007 Add-Ins Options Screen   

PDMWorks WorkGroup Toolbox in SolidWorks Tool Bar   

PDMWorks WorkGroup Quick Keys   

  PDMWorks WorkGroup Login Screen 

PDMWorks WorkGroup Log out Button   

  SolidWorks Open Document Menu Screen 

PDMWorks WorkGroup Additional Check Out Menu Screen .........ccsccsssssscsssssssssseseees 

PDMWorks WorkGroup Tool Bar Check In (Active) Button ............csccssssssssssssssscseseoees 

PDMWorks WorkGroup Check In Screen   

PDMWorks WorkGroup Check In Document Screen   

PDMWorks WorkGroup Toolbox Options Button   

PDMWorks WorkGroup Options Screen   

  Recommended Vault Global Settings 

Remote Desktop Connection 

159 

160 

162 

163 

164 

164 

165 

166 

166 

168 

168 

170 

171 

172 

177 

201   

  PDM Server Microsoft Windows Desktop Screen 

PDMWorks WorkGroup Vault Login Screen   

  PDMWorks WorkGroup Vault Menu Settings Screen 

PDMWorks WorkGroup Vault Users and Groups Menu   

PDMWorks WorkGroup Add New User Screen 

202 

203 

204 

205 

206   

PDMWorks WorkGroup Vault Project Screen   

SolidWorks 2007 Add Ins Options Screen   

PDMWorks WorkGroup Quick Keys   

PDMWorks WorkGroup Login Screen   

  PDMWorks WorkGroup Log Out Button 

SolidWorks Open Document Menu Screen   

10 

207 

210 

211 

212 

213 

214



Figure 81: PDMWorks WorkGroup Additional Check Out Menu Screen ........cssssccssssssssssssssssssceses 214 

  

  

  

Figure 82: PDMWorks WorkGroup Toolbar Check In (Active) Button.........sccsssssssssssesssscsesseseeceees 216 

Figure 83: PDMWorks WorkGroup Check In Screen 216 

Figure 84: PDMWorks WorkGroup Check In Document Screen 218 

Figure 85: PD MWorks WorkGroup Toolbox Options Button 219 

Figure 86: PD MWorks WorkGroup Options Screen 220   

ot



1.0 Synopsis 

‘Coming together is a beginning, keeping together is progress, working together is success’ ! 

Within any major Engineering Design Team, it is important that the cohesion and management of the 

design data be maintained in a secure, organised and structured environment. One of the key critical 

factors to ensure the success of the project is Teamwork. This thesis presents the unique situation of how 

the Aston University Formula Student Team enters an international competition every academic year. The 

new team members each year rely on the importance of teamwork to design, develop and manufacture a 

racing car to compete in the competition. Coherent and consistent project and data management structures 

that extend beyond the team are therefore vital. There is an essential need for implementing a Project Data 

Management System (PDMS) to control the team’s design data. 

This thesis is organised into four distinct Chapters. 

Chapter 1 — Aston University Formula Student Team History 

The opening chapter presents the background of the Formula Student Competition and the participation of 

Aston University. Section 3.0 introduces the concept of Formula Student and its development by the 

Institution of Mechanical Engineers (IMechE), to beat the forefront of undergraduate engineering team 

competitions with entries from universities around the world. 

With the growth of the competition, Section 4.0 discusses the historical background and experiences of 

the Aston University Formula Student Team, particularly focusing on the evolving organisation and 

presenting the benefits that these changes have made to roles and responsibilities within the management 

team. 

The investment and development of the University facilities to create a dedicated teamworking 

environment and how this has assisted the growth and effectiveness of the project is discussed in Section 

5.00. An overview is also provided of the technological advances in the design and manufacture of the 

cars which have evolved concurrently with the university focus and technological investment within the 

School of Engineering. 

An overview of the engineering core design software package, SolidWorks, is introduced in Section 6.0. 

An analysis of how the software licence agreement is structured and the access rights of the university 

students, particularly the Formula Student Team, is presented. 

  

* A definition of Teamwork by Henry Ford. 
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Section 7.0 details a previous attempt to implement a PDMS for dedicated use by the Formula Student 

Team, providing a brief evaluation of the reasons why this was unsuccessful. 

The lessons learned and improvements required in order to adapt to the growth and experiences of the 

project are discussed in Section 8.0. An in-depth overview of the continual problems with Formula 

Student data management and the key drivers for the need to implement a PDMS are detailed. Areas that 

require further research are discussed in order to support a potential solution. 

Chapter 2 — Analysis of Industry Experiences and Identifying Key Success Factors 

The second Chapter of the thesis considers Industry experiences of PDMS. The focus of research content 

within Chapter 2 aims to give an overview of the benefits of PDMS and the reasons that these systems 

form an integral part of modern engineering organisations. The research objective is to derive the Key 

Success Factors (KSFs) that are required when implementing and developing PDMS within an 

engineering organisation. Particular attention is given to the comparisons between Industry and the Aston 

University Formula Student Team, highlighting the differences between the needs and the environment of 

academic undergraduate implementation and those of Industry, whilst summarising the most appropriate 

solution. 

Section 9.0 presents various research papers and journals that have been consulted and evaluated for 

Industry experiences and established standard practices. This has aided the identification of key factors to 

be considered when introducing PDMS into (established) management practices. The research of journals 

has been based on selecting a sample from a time line of 1999 till 2008, associated with Automotive, 

Aerospace and Engineering sectors. Implementation processes that aid a smooth transition into an 

organisation are also discussed, in order to ascertain the optimum method to launch and educate the new 

PDMS users. Business strategies and structures for use of PDMS are also analysed, providing pointers to 

ways in which a PDMS could be adapted and utilised most efficiently; in line with the expansion and 

development of the project. 

Using benchmark examples of PDMS from the Aerospace and Automotive Industry, Section 10.0 draws 

comparisons between the organisational structures and identifies why the Formula Student Team is a 

unique concept. Discussions on common problems are highlighted, evaluating the interplay between 

personal management structures and the data management systems. Analysis of the past Formula Student 

Team structures compared to those used in Industry is also discussed, to enable conclusions on how 

PDMS can be best adapted. The analysis particularly focuses on the team hierarchy and the lessons that 

can be learned from past attempts, limiting the problematic areas and improving the team organisation 

and working environment. 
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Another key area that is vital to the success of the Formula Student Team is leadership and teamwork. 

Section 11.0 discusses the aspects that are required to build and lead a successful team. An in-depth 

review is presented on how the initial teamworking dynamic is shaped during the course of the first 

academic term. The psychological and motivational aspect is a wide and varied subject, but particular 

focus is given to the skill sets required to develop and nurture the team. (Both from the role as an 

undergraduate team member and postgraduate team manager; drawing from the point of view for each 

role from the author’s experiences). This section also evaluates the leadership and management styles that 

could be used to help develop the team going forward. 

The data management handling practices are discussed in Section 12.0, providing an in-depth overview of 

the continual common problems experienced with the SolidWorks data, and establishing the data 

management requirements to be addressed. Presenting the functionality of PDMS with the requirements 

and benefits the PDMS will offer, in terms of configuration management, design specification and 

product life cycle, enables the identification of the KSFs required to evaluate PDMS. 

From the theoretical knowledge and practical experiences learnt during the previous chapters, Section 

13.0 summarises the identified KSFs associated with evaluating a proposed solution to implement PDMS 

into Aston University for the Formula Student Team. Specific requirements are identified for the Formula 

Student Team, providing the necessary tools and capability that is most suitable for the management of 

the team, in terms of aiding supervisors to assess the progress of the team, as well as assisting with the 

development and component life-cycle of the car. 

In Section 14.0 a proposed solution is deliberated. This takes into consideration the products currently 

available on the market and how these can be tailored and utilised effectively to suit the team. With all 

these factors taken into account, the final proposal for introducing PDMS is presented. 

The final section (15.0) of Chapter 2, presents the conclusions and recommendations from the knowledge 

gained from the research. It evaluates why some problems have occurred, what the solutions are and the 

best practices to be adopted to manage the PDMS by the Formula Student Team. From the knowledge 

learnt from the research of Journals, hypothetical predictions are discussed on how PDMS could 

potentially evolve over the next few years. 

Chapter 3 

The third Chapter of this thesis looks at the application of the research knowledge, from Chapter 2, that is 

recommended to implement a PDMS successfully within the Formula Student Team. The assessment of 

the KSFs identified is split into 4 phases. 

14



Section 16.0 explores the hardware and software requirements for PDMS installation. This leads into the 

project plan, detailing the execution of the required tasks in order to launch the PDMS, in readiness for 

the 2007 - 2008 academic year. The tasks include server installation, software setup, initial testing and 

finally PDMS tutorial guidelines and workshops. 

Section 17.0 presents Phase | of chapter 3. It discusses the PDMS software installation, setup and initial 

testing within Aston University School of Engineering designated computer labs and highlights the 

problems encountered and the lessons learned to overcome these issues. A description of the breakdown 

of how the PDMS Vault functions, the user interaction between the CAD software package and the 

designated administrators and users are discussed. 

In Section 18.0 Phase 2 evaluates the proposed PDMS solution detailed in Section 14.0 in light of the 

identified KSFs to establish the suitability of the PDMS for the revised organisational structure. The 

proposed organisational management structure to control PDMS for the Formula Student Team is detailed 

and tested, formulating the most suitable solution for the new team. 

The observations made during the PDMS implementation throughout the initial testing, Phase 3 (Section 

19.0) establish the framework to detail the guidelines and tutorials, including the improvements which 

will be required to efficiently launch the PDMS software for the Formula Student Team. 

The final phase, detailed in Section 20.0, presents the pilot scheme developed to assess the PDMS 

software, which illustrates the initial performance evaluation and testing from the current Formula 

Student Computer Aid Design (CAD) model files. 

The concluding part of Chapter 3, Section 21.0, summarises the observations and conclusions made 

during the installation, setup and testing of PDMS and recommends solutions to potential risks, in order 

to mitigate the impact of using the software by the new team. 

Chapter 4 

The final Chapter thoroughly discusses the approach taken to meet the aims and objectives of this thesis. 

The conclusions made are discussed and reviewed, providing recommendations and improvements to the 

PDMS management organisation by the Formula Student Team and how further benefits can be harnessed 

in line with the expected future growth of the project within Aston University. From the research 

presented in Chapter 2, hypothetical predications are contemplated on how PDM will evolve and be 

developed within Industry, concurrent with improvements in global access and computer devices. 
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2.0 Introduction 

Since 2001, the Formula Student project has evolved exponentially and is now at the forefront in leading 

team engineering challenges available to undergraduate students. 

‘Formula Student is about building future engineering talent by designing and producing a single-seater 

racing car, not just in design and manufacture, but in many of the management, marketing and people 

skills so vital in the modern world, across all sectors of employment” 

The increasing status of the Formula Student project within Aston University has presented various 

challenges, particularly with the evolving working environment and practices for the team in order to 

enable Aston Formula Student Team to compete more effectively year upon year. 

One of the main problems that has been consistently highlighted as an area to be addressed and 

developed, is the ability to organise and manage the team’s data for the 3D CAD design software package 

SolidWorks 2007. 

This became a critical factor in the management of the project, because the data management of the 

designs had proven so problematic, that it was observed to hinder the progress and ultimately the success 

of the team. Previous attempts had been made to rectify the growing problem, but were proven to be 

ineffective due to lack of teamwork and limited knowledge of a potential solution. 

The implementation of a Project Data Management System was considered essential in order to provide 

the foundations of establishing a successful working team. 

  

? Institution of Mechanical Engineers - Formula Student Definition www.formulastudent.com 
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2.1 Aims 

The aims of this thesis are: 

To understand and analyse the team practices (2001 — 2007) and working environment when 

designing a Formula Student car. 

To establish the leadership tools and organisational changes required to utilise the full benefit of 

implementing a PDM system for the Formula Student Team. 

To apply the theoretical and practical knowledge gained from the Industry research into PDM 

software, in order to provide a fully working system capable of servicing the requirements of the 

team, in an effective and maintainable way. 

2.2 Objectives 

The objectives of this thesis will cover the following: 

Understand the Formula Student Team roles and responsibilities and leadership requirements. 

Evaluate the previous attempt in implementing PDM at Aston University and understand the root 

cause of the limited success. 

Setup and install a Project Data Management System for the Formula Student Team at Aston 

University. 

Establish and provide a tutorial on how to use the software for the Administrators and Users, 

specific to the Formula Student Team. 

Test and prove a working design assembly of a Formula Student car within the PDM system. 

Launch the PDM system ready for the start of the next academic year. 

Propose developments for the PDM system in order to enable other student teams within the 

university to use the program effectively. 

From the research, identify future potential development for PDM systems. 
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Chapter 1 — Aston University Formula Student History 

3.0 Formula Student Concept 

The Formula Student competition is organised by the Institution of Mechanical Engineers (IMechE), who 

encompasses a global participation. This has become a high profile event and respected within Industry 

worldwide. The competition has been held in the United Kingdom since 1998 and has seen a consistent 

rise in the number of competitors entering. 

The concept of the competition is for a manufacturing company to engage a team of engineering students, 

who are studying at recognised educational institutes, to design and produce a prototype racing car for 

evaluation. The sales brief stipulates that the intended market is the non-professional weekend autocross 

or sprint racer. Therefore, the car must have very high performance in terms of acceleration, braking, and 

handling qualities. The car must be low in cost, easy to maintain, and reliable. In addition, the car's 

marketability should be enhanced by other factors such as aesthetics, comfort and use of common parts. 

The design and build of the prototype racing car is controlled by a strict set of rules provided by The 

Society of Automotive Engineers (SAE). This car would then compete against other cars from different 

universities worldwide. 

  
Figure 1: Aston University Formula Student Team 2006 Car Launch 

18



The team is assessed on the vehicle design, the business presentation case, the short production run of the 

design, and the costing analysis. Within this framework, the car is not only judged on the race 

performance, but also on a static design assessment and dynamic events. 

The performance event includes the following tests: 

e Straight-line speed/acceleration 

e Handling 

e High performance endurance event, testing reliability and economy 

The competition rules limit the performance of the engine and chassis, in order to encourage ingenuity 

and resourcefulness. (An understanding of the performance implications of light-weight racing is essential 

for success.) For the team to be successful an appreciation of lightweight racing needs to be considered, 

with the understanding of the effects this has on car performance characteristics; cornering and 

acceleration are a prime example of this. 

The brief specifies that the car must be capable of being manufactured by a small company, delivering up 

to 1000 units per year. To meet the criteria, the design needs to be as simple as possible, using the most 

cost effective production methods available. This forms a key part of the assessment, not only for the 

submission of the cost report, but also because there is a prize for the lowest priced manufactured car. 

The Assessment marking criteria can be found in Appendix A, 2008 FSAE rules, Pages 116-118. 
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4.0 Development of Formula Student at Aston University 

Aston University School of Engineering and Applied Science began participating in the Formula Student 

competition in 2001. Over the years this has seen significant growth in participation from students, as 

well as in support from faculty staff. 

Since 2001 the initial team (setup) has been formed by a group of 8 final year undergraduate students 

from courses within the School of Engineering and Applied Science. The project has been headed by a 

single faculty supervisor and supported by technical staff. The students have been responsible for various 

aspects of the production of the racing car, both design and manufacture, which also formed the basis of 

their final year project. The team has been created in October, the beginning of the university academic 

year and has worked together until July when the competition is held. 

Each year has seen a design and manufacture evolution compared to previous years. This advancement 

has been in parallel with the rising profile of the project within the university, attracting more secure 

funding from both the University and external sponsorship. 

The remarkable progress or improvement in the design of the cars can be seen from comparing the first 

entry in 2001 to the 2007 entry considered in this thesis, as pictured in Figure 2 and Figure 3. 

  

wee ATE AE 
ASE ERG 

  
    

Figure 2: Car AM01 2001 Entry 
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Some of the design technical components of the AM01 (Aston Motorsports 01) entry consisted of the 

following: 

e Honda CBR 600cc Motorbike Engine 

e Tubular Space Frame 

e Klicktronic Manual Gear Box 

e 55Bhp 

e Glass fibre body Shell [to follow style of above: Glass Fibre Body Shell] 

The AM07 car entry is shown below. 

  
Figure 3: Car AM07 2007 Entry 

Some of the technical components for the AM07 are as follows: 

e Smart Car 600cc Turbocharged Engine 

¢ Composite front Monocoque, Carbon Fibre & Space frame hybrid rear chassis 

¢ Continuously Variable Transmission (CVT) Gearbox 

e Epicyclic gear ratio reduction system 

° 55 Bhp 
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e Features and Mounting Points integrated into the chassis 

The comparison between these two cars highlights the continual development over the years that has been 

achieved through the use of new materials, in particular the advancement of composite technologies and 

manufacturing processes. 

The growth of the project provided further challenges to adapting the team structure of one year to the 

following year, detailed in Figure 12, in order to harness the extensive benefits available to the project. 

Consideration was needed to effectively utilise and manage the financial investment in the university 

facilities, the amount of resource allocated to the Formula Student Team and the extra funding that the 

project was attracting from external sponsors. 

4.1 CarAM04 

The appointment of a postgraduate student as Team Manager in the academic year 2003/2004 (Car 

AM04) was the first real (or significant) organisational change. The reasoning behind this decision was to 

divide and share the role of the faculty advisor whilst also redistributing some of the responsibilities. 

The skill set identified and key considerations for this role led to the decision to appoint a postgraduate 

with previous experience; either within Formula Student Competition or in managing similar engineering 

projects. The preference and therefore the outcome was to offer the position to a member of the previous 

year’s undergraduate team. 

There were several advantages this presented: 

e Provided a transition period from one team to the next 

e Maintained the knowledge and expertise for the Aston University 

e Shared the work load of the faculty supervisor 

e Provided the ability to fully implement lessons learned more effectively 

e Provided a dedicated fulltime contact for undergraduate team members 

e Continued to build on relationships with faculty staff and Industry sponsors 

e¢ Improved communication, direction and advice for team members, from all supporting University 

staff 

The disadvantages that needed to be addressed were: 
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e The amount of authority and influence on the undergraduates final year project mark. 

e With the postgraduate studying for Master Degree, there would be potential motivation aspects 

and clashes with the project demands 

e No cultural changes: bad practices from the previous years could be continued 

e No real measure of the potential work load with the increased university staff:- this could impact 

the studies of postgraduate Masters Degree 

With the increased numbers of final year students from different engineering courses within the team, this 

necessitated more faculty staff support to supervise the student’s projects. 

The benefits that this new role provided to the team, greatly out-weighed the potential disadvantages, 

which would be addressed in due process. A dedicated postgraduate Team Manager without doubt set a 

new precedent on how the Formula Student Project could be developed and run for future years. 

A breakdown of the revised roles and responsibilities is detailed in Figure 4 below. 

  

Position Role Responsibilities Include 

  

Faculty Manager | Permanent University | University contact for all aspects of Formula Student. 

Member of Staff — Budget control. Project and technical guidance. University 

Lecturer & Overall faculty staff co-ordination. Logistics, accommodation and 

Management of FS travel for the team. 

Project 

  

Faculty Project Permanent University | Supervise and provide direction on project work to 

Supervisors Member of Staff — undergraduate team members 

Department Lecturer 

  

Faculty Technical | Permanent University | Support the manufacture and production aspects of the car, 

    
Staff Member of Staff — in particular the operation and instruction of machinery 

Technical within the university facility. 

Team Manager Postgraduate Student - | IMechE team co-ordination, Rules and Regulations 

Co-ordination and adherence. Ensure all deadlines are met for reports and 

Management of paperwork. Manage the build and testing of the car. 

Provide assistance and direction where necessary. Improve       
23 

 



  

Formula Student publicity and sponsorship exposure for the team. 

  

  

Team Member Undergraduate Student | Complete final year project aims and objectives for formula 

— Final Year Project student team 

Tasking 
Team player in assisting the manufacture, build and testing 

of the car.       
Figure 4: Roles & Responsibilities for Academic Year 2004-2005 

The revised and improved hierarchal structure, and lines of communication that had been formed for 

AM04 team, is shown below in Figure 5. 

Formula Student 
University 

Faculty Manager 

  

Faculty Project Postgraduate 
Supervisors Team Manager 

Faculty 
Technical Staff      

      

  

Undergraduate 
Final Year Team 

Members 

Figure 5: AM04 Team Hierarchy and Structure 

In essence, the Faculty Project Supervisor acts as an independent advisory role to the Faculty Manger, 

providing guidance and direction to the undergraduate students throughout the academic year. The lines 

of communication are such that the undergraduate students can approach either the Project Supervisors, 

Team Manager, Faculty Manger or support staff for help in various aspects of their work. There is no 

mandatory requirement to directly report to the postgraduate Team Manager. 
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The AM04 car that was produced by the team is shown in Figure 6. 

  
Figure 6: AM04 Car Entry 

Technical Components: 

e Honda CBR 600ce Motorbike Engine 

e Tubular Steel Space Frame 

e 67 BHP 

e Continually Variable Transmission (CVT) 

e Carbon Fibre Non Structural Body Work 

4.2 Car AM05 

The success that the new project organisation brought to the AM04 team was continued into the 2004 - 

2005 academic year. AMO05 had an opportunity to capitalise on the increasing exposure within the 

University, coupled with the substantial funding and departmental resource, which was now available for 

the projects disposal. These increased benefits available to the AM05 team, provided the justification to 

support an expansion of the organisation hierarchy, by creating additional roles for more postgraduate 

students. 
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From the networking and project publicity within Aston University, the Business School created an 

opportunity to provide a postgraduate student to observe and evaluate how the leadership and programme 

management could be improved for the project. The aim was for the student to assist the Team Manager 

with the increasing responsibilities and workload. However, the main priority was to deliver the project 

plan and help with ensuring important milestones were met. The student would also research and suggest 

a strategy for how the project organisation structure could be evolved for future teams. Figure 7 below 

details the revised roles and responsibilities for the AM05 team. 

  

  

  

  

  

Position Role Responsibilities Include 

Faculty Manager | Permanent University | University primary contact for all aspects of Formula 

Member of Staff— Student. Budget control. Project and technical guidance. 

Lecturer & Overall University faculty staff co-ordination. Logistics, 

Management of FS accommodation and travel for the team. 

Project 

Faculty Project Permanent University | Supervise and provide direction on project work to 

Supervisors Member of Staff — undergraduate team members 

Department Lecturer 

Faculty Technical | Permanent University | Support the manufacture and production aspects of the car, 

Staff Member of Staff — in particular the operation and instruction of machinery 

Technical within the university facility. 

Project Advisor | Postgraduate Student — | Produce and deliver project plan. Identifying important 

Project planning milestones and assist project manager where possible. 

Produce business case strategy for developing the team. 

    Team Manager   Postgraduate Student - 

Co-ordination and 

Management of 

Formula Student   IMechE team co-ordination, rules and Regulations 

adherence. Ensure all deadlines are met for reports and 

paperwork. Manage the build and testing of the car. 

Provide assistance and direction where necessary. Improve 

publicity and sponsorship exposure for the team. 
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Team Member Undergraduate Student | Complete final year project aims and objectives for the 

— Final Year Project formula student team. Team player in assisting the 

Tasking manufacture, build and testing of the car. 

    
  

Figure 7: Roles and Responsibilities for Academic Year 2004-2005 

The lines of communication were maintained from the previous year’s AM04 team, but with the benefit 

of the project postgraduate student working alongside the Team Manager and assisting on the project 

planning and milestone setting. The project postgraduate student role was to act as an independent 

advisor, with no direct authority over the project decisions; either technical or design. 

The benefit that this approach brought to the team was to allow the project plan to have substantial detail 

behind the tasks required, with the primary aim to drive for an earlier manufacturing completion date. 

This would provide sufficient time to allow developmental testing to be performed, and time for 

improvements to be identified and incorporated into the car before the competition began. 

  
Figure 8: AM05 Car Entry and Team Members 
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Technical Components: 

e Honda CBR 600 cc Motorbike Engine 

e Carbon fibre Monocoque chassis 

e Continually Variable Transmission (CVT) 

e 69 Bhp 

e Features and Mountings integrated into the chassis 

4.3 Car AM06 

The continued success that Aston University Formula Student Team was building upon each year was 

further demonstrated by the AM05 team competition results. An in-depth review was held to capitalise on 

the gains made and further integrate the lessons learned, together with the proposed recommendations 

from the Business School. 

An improvement suggested by the Business School was to create an additional Team Mangers role, 

splitting the responsibilities between the two. The 2005 - 2006 academic year provided another increase 

in funding and resources allocated to the Formula Student project. A decision was taken to appoint two 

postgraduate students to oversee the AM06 team. 

The rationale to support the change in the organisational structure was firstly to meet the growing demand 

of undergraduate students participating in the team, and secondly, to build on the potential sponsorship, 

marketing and publicity the project gave the University. 

The Business School also ensured that the postgraduate student role of assisting the project management 

role was maintained, with further responsibilities added for controlling the Business Plan and Presentation 

required for the competition. The hierarchy and structure had again evolved, as shown in Figure 9. 
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The AM06 team consisted of 12 undergraduate final year students, increased faculty support staff and 

postgraduate students. The breakdown of roles and responsibilities for project team is detailed in Figure 

  

  

  

  

  

10 below. 

Position Role Responsibilities Include 

Faculty Manager | Permanent University | University contact for all aspects of Formula Student. 

Member of Staff - Technical guidance. University faculty staff co-ordination. 

Lecturer & Overall Logistics, accommodation and travel for the team. 

Management of FS 

Project 

Faculty Project Permanent University | Supervise and provide direction on project work to 

Supervisors Member of Staff — undergraduate team members 

Department Lecturer 

Faculty Technical | Permanent University | Support the manufacture and production aspects of the car, 

Staff Member of Staff — in particular the operation and instruction of machinery 

Technical within the university facility. 

Project Advisor Postgraduate Student — | Produce and deliver project plan. Identifying important 

Project planning milestones and assist project manager where possible. 

Produce business case strategy for developing the team. 

  

Team Manager Postgraduate Student - 

Co-ordination and 

Management of 

Formula Student 

Ensure all deadlines are met for reports and paperwork. 

Improve publicity and sponsorship exposure for the team. 

Manage the build and testing of the car. Budget control. 

  

Team Manager Postgraduate Student - 

Co-ordination and 

Management of 

Formula Student 

IMechE team co-ordination, rules and Regulations 

adherence. Manage the build and testing of the car. Provide 

technical assistance and direction where necessary. 

    Team Member   Undergraduate Student 

— Final Year Project   Complete final year project aims and objectives for formula 

student team. Team player in assisting the manufacture, 
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Tasking build and testing of the car. 

      
Figure 10: Roles and Responsibilities for Academic Year 2005-2006 

The project lines of communication remained the same as the previous AM06 team, however, the two 

Team Mangers would work together in matters of design and technical decisions. Guidance from the 

Faculty Manager and input from the Project Supervisors were provided when needed. 

The scope of the postgraduate programme student role was to devise the project plan and important 

milestones, working alongside the team managers throughout the academic year. The aims and objectives 

for the role were maintained, the focus being on delivering a manufactured car in sufficient time to test 

and allow improvements. 

The benefits brought to the project by the increase in postgraduate numbers were as follows: 

e Shared responsibility and increased team effort to meet the project deadlines 

e Project schedule is owned by dedicated resource, benefiting undergraduate students in preparing a 

schedule for their final year project plan 

e Team Mangers enabled to focus on technical development of the car 

e Further support provided to the undergraduate team 

  

Figure 11: AM06 Car Entry and Team Members 
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Car Technical Components: 

e Smart Car 600 cc Engine 

e Full Composite Chassis 

e Continually Variable Transmission (CVT) Gearbox 

e 50 Bhp 

e Integrated Mounting and Fix Points into the Chassis 

4.4 Car AM07 

In appointing two postgraduate Team Managers for the AM06 team, along with the support for the project 

planning, the success and performance was demonstrated by delivering a manufactured car with sufficient 

time to perform test work before participating in the competition — a major break through, compared to 

the previous years. This achievement allowed time for modifications and improvements to be 

incorporated, ultimately optimising the performance of the car during the competition. This was a major 

milestone that each car entry had strived to achieve over the previous years. 

The 2007 - 2008 academic year continued with the same overall project hierarchy structure as AM06 and 

there were no major changes to the distribution of responsibilities. However, from the previous year’s 

recommendations and observations, a realignment of the postgraduate project students’ role was made. 

The postgraduate Project Planners role would be directly supervised and aided by the appointment of a 

dedicated member of the engineering faculty staff, to bring further advice and skills into the management 

structure. 

The benefits that this brought to the team, allowed the Team Managers to focus more on the creativity and 

technical development of the design of the AMO07 car, which is shown in Figure 3. 

The revised organisational structure for the AMO07 team is outlined in Figure 12. The lines of 

communication for the undergraduate students would continue to be the same in previous years. 
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4.5 Car AM08 

The academic year of 2008 - 2009 saw the largest resource and funding allocation since the first car entry 

of AM01. The breakdown of increased resource involved was as follows: 

e 12 University Faculty Staff and Technicians 

e 5 Postgraduate students 

e 10 Final year undergraduate students 

e 4Honorary Members 

From the recommendations of the previous AM07 team, further projects were created for postgraduate 

students. The benefits this approach brought to the team were: 

e Dedicated projects to deal with the Business plan and Marketing 

e Refined technical and engineering focus for the Team Managers 

e Continued development of relationships between faculty staff and Industry sponsors 

e Increased support for the undergraduate team members 

e Improved communication, direction and advice for team members, from all supporting university 

staff 

The areas that need to be addressed were: 

e Establish lines of communication and teamworking to avoid a complete separation between 

engineering, product design and marketing students 

e Minimise the learning curve expected with the co-ordination of a larger team 

With the increased numbers and new roles, Figure 13 below outlines the responsibilities across the 

project. 

  

Position Role Responsibilities Include 

  

Faculty Manager | Permanent University | University primary contact for all aspects of Formula 

      
Member of Staff — Student. Technical guidance. University faculty staff co- 

Lecturer & Overall ordination. Logistics, accommodation and travel for the 

Management of FS team. 

Faculty Project Permanent University | Supervise and provide direction on project work to 
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Supervisors Member of Staff — 

Department Lecturer 

undergraduate team members 

  

  

  

Faculty Business | Permanent University | Supervise and provide direction to the Business 

Project Member of Staff — undergraduate student. 

Supervisor Department Lecturer 

Faculty Technical | Permanent University | Support the manufacture and production aspects of the car, 

Staff Member of Staff - in particular the operation and instruction of machinery 

Technical within the university facility. 

Honorary Technical Specialists | Bring technical speciality skills to the project with the 

Member and former university | development of the manufacturing process. Provide advice 

staff and guidance where needed. 

  

Project Advisor Postgraduate Student — Produce and deliver project plan. Identifying important 

  

Project planning milestones and assist project manager where possible. 

Produce business case strategy for developing the team. 

Team Manager Postgraduate Student - | Ensure all deadlines are met for reports and paperwork. 

Co-ordination and 

Management of 

Formula Student 

Improve publicity and sponsorship exposure for the team. 

Manage the build and testing of the car. Budget control. 

  

Team Manager Postgraduate Student - 

Co-ordination and 

Management of 

Formula Student 

IMechE team co-ordination, Rules and Regulations 

adherence. Manage the build and testing of the car. Provide 

technical assistance and direction where necessary. 

    Team Member   Undergraduate Student 

— Final Year Project 

Tasking   Complete final year project aims and objectives for 

Formula Student Team. Team player in assisting the 

manufacture, build and testing of the car. 

  
Figure 13: Roles and Responsibilities for Academic Year 2007-2008 

The team hierarchy structure is detailed below in Figure 14. 
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During the initial first weeks of the formation of team AM08, there will be scope for the adjustment and 

refinement of the responsibilities. The increased university support will undoubtedly benefit the project 

execution. However, in order to avoid potential problems and conflicts, the following areas should be 

considered and observed. These are: 

e Communication lines between departmental staff and students 

e Best use of university facilities 

e Technical aims and objectives 

e Structure and control of data files 

e Introduction of team practices and processes 

An ongoing situational analysis, in order to establish the team’s strengths, weaknesses, opportunities and 

threats (SWOT) that affect the organisational performance, should be continually undertaken by the 

postgraduate management team.” 

  

‘ Management Fifth Edition, Richard L Daft, Page 245 
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5.0 Formula Student Team Facilities 

Since the start of the project, AM01, the team has been allocated a separate space within the university 

engineering laboratories on the Lower Ground Floor. The lab L37A, which was appropriately named 

‘Formula Student Garage’, has been turned into a working environment to enable the manufacture of the 

car, with the various tools, bespoke car components and equipment that is required. 

With the increased funding and resources allocated to the project, a re-organisation of the teamworking 

environment has been implemented over the years, along with dedicated and revamped storage facilities 

located on the Lower Ground Floor, to house expanding technical and manufacturing equipment. The 

general layout provides the team with a small working office area, with university networked computers, 

facilities to hold team meetings, and sufficient workbench space. 

5.1 Introduction of the Modern Design Lab 

In 2005 the building work of a new design lab with additional workshops was completed. Space from the 

old unused laboratories on the Lower Ground Floor was refurbished to give a purpose built facility, now 

called L77. 

The main initiative behind the introduction of the new lab, was the need for space to hold design review 

meetings for various student projects run within the department, whilst also providing much needed 

additional workshop space. An influence in the commissioning of the new lab was to help with the design 

review meetings and aid the composite development work for the Formula Student Team. The new 

facility provides a 24 hour access computer lab, with an additional capacity of 12 PCs with SolidWorks 

installed, wood working lab, filtration and extraction room for composite lay-ups, a large general 

workshop and much need materials storage space. 

The benefits seen with the use of this facility by the Formula Student Team have been quite significant, 

with it now taking over from the Garage as the main assembly area for the car. 
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6.0 SolidWorks and the Formula Student Team 

Over the past five years SolidWorks has evolved to be the essential software design package for the 

Formula Student Team. The software development and evolution within the School of Engineering is a 

continual process. There have been various upgrades in the software since its implementation into the 

university, which have required adjustment with learning new techniques and functions. At the time of 

writing the latest issued standard installed in the university is SolidWorks Education Edition 2007. 

SolidWorks is the main Computer Aided Design (CAD) package that is used in the School of Engineering 

and Applied Science. Undergraduate students throughout their degree course have timetabled lectured 

study in using the software, with assessments in competency at the end of each module. The benefits of 

the SolidWorks package are that it integrates with the various Computer Aided Manufacturing machines 

in the department, particularly CNC machining. This has provided many advantages in designing various 

car components, in respect to being able to produce parts “in house” automatically, whilst being cost 

effective to the project. 

By the time students have reached their final year, their skill set would have developed and reached a 

certain standard of competency from the assessed CAD modules. As with any new team, there are various 

levels of abilities, but with the increasing reliance over the years on the software package, the Formula 

Student Team have had to secure additional tutorials and help from various areas in the engineering 

department. 

6.1 Software Package Overview 

“A powerful 3D design solution for rapid creation of parts, assemblies and 2D drawings with minimal 

training.” 4 

Building a model in SolidWorks usually starts with either a 2D or 3D sketch. The sketch consists of 

geometry such as lines, arcs, conics and splines. Dimensions are added to the sketch to define the size and 

location of the geometry. Relations are used to define attributes such as tangency, parallelism, 

perpendicularity, concentricity and etc. The parametric nature of SolidWorks means the dimensions and 

relations drive the geometry, not the other way round. The dimensions in the sketch can be controlled 

  

* SolidWorks Product Information. www.solidworks.com 
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independently, or by relationships to other parameters outside the sketch. For example, one can sketch a 

rectangle and dimension its height and width. Then you can extrude the rectangle to create a rectangular 

prism. One can then relate the length of the extrusion to the height of the rectangle so that if the extrusion 

gets longer, the height changes accordingly. Furthermore, one can subsequently add a hole in the face of 

the prism and create another relationship so that the diameter of the hole, which was created after the 

prism, drives the width of the prism. This way, if the hole has to grow larger, the prism’s dimensions 

would also increase to accommodate it. 

Additional features that are integrated within the software package are COSMOSworks, eDrawings, 

COSMOS flow works, to name a few. COSMOSworks provides Finite Element Analysis (FEA) on 

models and assemblies. The benefit of using this integrated feature is that quick and easy analysis can be 

completed for a set of constraints and applied loads. This allows constant modification and retesting 

within a very short space of time. There are other software packages such as ANSYS available for FEA, 

but this requires design models to be built within them, thereby increasing the time to achieve an analysis. 

Therefore COSMOSWorks is more appropriate in completing design iteration tasks quickly and 

accurately. 

All SolidWorks components and assemblies that are created by individual team members are saved within 

the students allocated network space. 

6.2 SolidWorks Licensing and Computer Labs 

The licence agreement with Aston University and SolidWorks comprise 150 user seats, thus limiting the 

number of users at any point in time within the School of Engineering. The ratio of seats to students 

however is becoming even more imbalanced with the increased number of undergraduates within the 

department. 

The SolidWorks software package is installed as an ‘Image’ on a limited number of computer labs within 

the university. The software in turn is held on the main university server allowing the licence control 

facility. When a student who has SolidWorks user rights, logs in and activates the software, this in turn 

reduces the number of seats available to use SolidWorks through the server. It isn’t until the students 

SolidWorks session is complete and the program is closed, that the seat becomes available again. 
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The number of computer labs that are able to provide a project group of this size with the ability to hold 

design reviews and meetings is quite limited. Timetable clashes and general everyday university student 

use limits the amount of time and computers that can be available to the team. 

41



7.0 Project Data Management 

The planning, designing, and manufacturing of an engineering project creates large amounts of data; CAD 

models, drawings, design specifications, stress reports, manufacturing drawings and test plans. 

Product Data Management (PDM) is an information management system that provides an infrastructure 

to manage all Product related data that is produced. The types of data managed include parts, assemblies, 

and change history for all of these objects; providing the function of complete traceability for the project 

for auditable approval. 

7.1 Previous Attempt to Implement Project Data Management 

During the AMO5 project, the postgraduate Team Manager attempted to install and trial run the 

PDMWorks software package. This is as an additional install optional within SolidWorks 2005 software. 

The PDM Vault was installed and run from the dedicated Formula Student server hard drive named 

‘Frank’. The project was created within the PDMWorks vault to house the AMO5 car assembly and 

various components. Initial tests established that the PDM system worked correctly. However, due to the 

vault being located on the main Formula Student hard drive, combined with the frequent and general 

everyday usage, this caused the hard drive to breakdown and become corrupt. The university ICT 

department relocated the Formula Student project to a new dedicated server. An attempt was made to 

recover the data from the Vault, with most of the documents and files being restored and saved onto the 

new server. No further attempt was made to setup PDMWorks software again. 

Investigating the root cause on why the PDMWorks software caused the hard drive to become corrupt, it 

was found that the installation and hardware requirements to run the PDMWorks 2005 Vault were not to 

the required manufactures recommendations. The key element that contributed to the fault was 

insufficient RAM memory for the server when the Vault was being used, particularly when other 

documents saved on the Frank drive were continually being accessed when the Vault was running. It was 

recommended that the PDMWorks Vault be housed on a separate dedicated server. 
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8.0 Formula Student Team Lessons Learnt 

Being able to present the historical perspective on management is important, as this gives consultants and 

company executives a way of thinking, a way of searching for patterns and understanding trends. An 

historical perspective provides a context or environment in which to interpret current problems.° 

Based on the Formula Student Team organisational changes from AM01 - AM08, common themes have 

been observed and identified. The key areas that need to be considered and researched further are: 

e Project Chain of Command and Conflict Resolution on Car Design Changes between 

Undergraduates, Team Managers and Project Supervisors 

e Lines of Communication and Team Formation 

e Supervisor Assessment on Student’s Work and Performance 

e Team Data Handling and Access Practices 

e Team Leadership and Motivational Issues 

e Organisational Structure 

8.1 Project Chain of Command & Conflict Resolution 

The chain of command within the organisational structure can become distorted and potential conflict can 

arise between the Team Managers and University Project Supervisors. A primary example of this would 

be a technical design change on the car, which would potentially impact the students’ original final year 

project brief, resulting in negotiations between all parties. This was particularly evident during the AM04 

to AM06 academic years with the introduction of more postgraduate students within the team. 

Clarification at the immediate start of the project on the responsibilities and authority to be able to make 

significant changes to individual’s project scope would avoid confusion and time lost during the 

important design stages. 

  

: Management Fifth Addition, Richard L Draft, Page 38 
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8.2 Lines of Communication and Team Formation 

Formal lines of communication, channels that flow within the chain of command or task responsibility 

defined by the organisation’ need to be established early within the project standard practices. This is 

critical to team formation and progression through the “five stages of development”, Forming, Storming, 

Norming, Performing and Adjourning’. A process that each new Formula Student Team goes through 

during the course of the academic year. The project is a learning organisation, where everyone within the 

team is engaged in identifying and solving problems, enabling the team to continually experiment, 

improve, and increase capability®. This is important in order to help the team hierarchy adapt and evolve 

to new ideas and technology advancements available to the Formula Student Team. 

8.3 Supervisors Assessment and Formula Student Rules Distribution 

Another problem that was originally highlighted during the AM04 academic year, and has subsequently 

remained an issue for the AM05 - AM07 teams, is the ability to distribute the applicable Formula Student 

rules to each of the individual projects, in order for examiners to independently assess student 

performance and work. There have been several instances recorded during the AM04 - AM07 years, 

where specific rules and regulations that are applicable to certain areas of the car design, have either been 

overlooked or incorrectly distributed. This has lead to misinterpretation of the design specification 

requirements and understanding of who is responsible for delivering and meeting these needs, whilst also 

impacting the project schedule. The increased incidents seen from this problem can be associated with the 

evolving and more technically complex rules and regulations issued each year, and with no formal 

process established to track and trace the applicable rules the priority for this issue to be addressed has 

increased. 

The ease with which supervisors can continually assess the students’ design progress and performance, 

particularly identifying the latest work to provide any feedback, is an area to address. The access to the 

students’ design files within the Formula Student hard drive (‘Frank’) was continually problematic. 

  

° Management Fifth Addition, Richard L Draft, Page 575 

7 Management Fifth Addition, Richard L Draft, Page 609 

* Management Fifth Addition, Richard L Draft, Page 40 
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8.4 Team Data Handling and Access Practices 

Throughout the AM04 - AM07 academic years the team data handling and access practices is a vital area 

to be resolved. The ability to share and assess the latest design models is crucial to an efficient and 

effective car design phase. The common issues highlighted were: 

e The latest version of data files being used is confusing and not known 

e Consistent access to the data files on the network from university computers 

e Conflict with saving latest files on the server 

e Frequent SolidWorks software crashes when altering design files across the network 

e Continual reiteration of car assembly models due to file saving issues 

The guidelines issued to the project team on accessing and saving car assembly drawings were 

continually improved throughout the duration of the academic year. These necessary changes led to 

confusion on which access practice is being used at any one particular time, resulting in files and time lost 

on the project. 

The out-of-hours access to university facilities during the project had caused additional problems with 

SolidWorks data storage. The control of the Car Assembly model file presented problems with individual 

access, with respect to being unable to identify which user is currently working on the latest version, 

resulting in valuable time lost; a common problem encountered during the AM04 to AM07 academic 

years. 

The basic elements of management information systems, particularly data access and storage practices 

needed to be considered when identifying the key deliverables for implementing a PDM system. This is a 

critical process in order to aid the expansion and development of the Formula Student Team. 

8.5 Team Leadership and Motivation 

The step change seen from the AM04 academic year onwards in the management hierocracy, introduced 

postgraduate students into a leadership and management role. The postgraduate team leadership style is 

primarily based on the student’s previous experiences and is a continually steep learning curve. The 

gradient of this learning curve could be significantly reduced if their skill set could be developed before 
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the formation of the team. Distinguishing the difference between leadership and management is an 

important lesson, particularly when dealing with the challenges that the project offers throughout the year. 

It is vital to the success of the team that the key traits and style of leadership are appropriate to the 

Formula Student Project. 

The team motivational aspect is something to be continually addressed throughout the year. The concept 

of Motivation — the arousal, direction, and persistence of behaviour’ is a key area in order for the team to 

succeed in delivering a car to the proposed plan and overcoming obstacles during the course of the year. 

There are various motivational attributes within the Formula Student Project that can be related to 

McGregor’s motivational Theories of X and Y'°, which describes an approach to work in general, where 

motivational traits and assumptions of adopting a working environment can be distributed into X or Y 

categories. The understanding of this theory could help lead to developing more effective and efficient 

team members. 

With the unique situation of the Formula Student Team being composed of unpaid students, and the 

variety of these students joining from different university courses, it is essential to maintain an objective 

goal for the team. A common problem that occurs during every academic year is the ability to maintain 

interest and enthusiasm from team members during the difficult design decisions. The project 

motivational factors are an area to be further explored, to aid a commitment and a balanced goal setting 

approach to meet the project aims and objectives. The Formula Student Project is a time consuming 

effort, with the students constantly having to balance university course commitments, Formulas Student 

deadlines and social interests and activities. 

8.6 Organisational Structure 

Selecting an appropriate organisational structure that is relevant and commonly found within engineering 

teams in Industry, particularly in comparison within the Automotive Industry, needs to be evaluated and 

further researched. This will establish whether the adopted Vertical Functional approach, used from 

AMO01 - AMO08, is the most suitable organisational structure. Alternatively, if a Horizontal Matrix can be 

  

: Management, Fifth Addition, Richard L Draft, Page 534 

° Juran’s Quality Control Handbook, Fourth Addition, J.M.Juran, Page 10.5 
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adopted because there is more than one factor around which a structure can be built'’. A Horizontal 

Matrix is a combination of structures and often takes into account both geographical and product 

divisions. This could be implemented to improve the decision making process and harness the resource 

benefits that are available to the team. The advantages and disadvantages of changing the organisational 

structure should be researched and evaluated, in parallel with Industry practices of installing and 

managing PDM systems. This will help propose the optimum solution for which the Formula Student 

Team organisation should be best adapted. Considerations should be taken into account of how to best 

utilise the investment in technology within Aston University School of Engineering facilities. 

8.7 Summary 

In summary, Chapter 8.0 has presented the common, yet complex, problematic themes associated with the 

development of Aston University Formula Student Team from AM01- AMO07. In analysing the steps 

taken to improve the management structure and data handling practices, this has provided key focal points 

for the research to consider in order to determine what benefits can be gained from similar Industry 

experiences. This discussion supports the aims of this thesis in successfully implementing a Project Data 

Management System to increase the performance, communication and competitive capability of the 

Formula Student Team. 

  

"' Exploring Corporate Strategy, Fifth Edition, Gerry Johnson & Kevin Scholes, P409 
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Chapter 2 — Analysis of Industry Experiences and Identifying Key Success 

Factors 

This chapter covers the research required to ascertain and support a proposed solution to the problems 

highlighted in Section 8.0, whilst also establishing the appropriate Key Success Factors (KSFs) in order to 

successfully implement a PDMS within Aston University Formula Student Team. 

The aim of this research discussion is to gain a perspective on the experiences of Industry over the last 10 

years, with the development of PDMS, consulting literature evidence on implementing PDMS and how 

business organisational strategy is interlinked with an information business strategy. 

The changes and benefits that a PDMS brings to the performance of an organisation need to be considered 

with an understanding from the literature research on how standard business practices are formulated and 

KSFs can be derived. This will aid the measurement of management effectiveness and performance for 

the Formula Student Team, whilst sustaining the benefits of PDMS to Aston University for future years. 

The research will investigate what may be learned from business organisational structures, particularly by 

what is proposed in both theory and teaching contained within text books and discussed in research 

journals. This knowledge and how it can be aligned to PDMS, will provide comparisons to the Formula 

Student Team organisation and confirm why this project is a unique case. Furthermore, the research will 

investigate what can be learned from project design management matrixes for complex and small to 

medium enterprises and how PDM systems integrate into engineering New Project Development (NDP) 

processes. 

Other important areas that the research will focus on are the initial team formation, leadership, teamwork 

and motivation required to successfully meet the thesis objectives. The context of this evaluation for these 

topics is divided between drawing from the author’s involvement and experiences, in conjunction with 

direct comparisons to leadership and management theories discussed in various text books and research 

papers. In essence, presenting the unique case of the Formula Student Team, what benefits can be drawn 

from understanding the motivational and teamworking aspects and how this information can be best 

utilised to provide an additional Key Success Factor for implementing PDM. 

The approach and methodology taken was to obtain data from research journals based on PDM research 

and review papers, and also to investigate the setting of PDMS within the New Product Development 

process associated with large and small organisations. 
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9.0 Industry Experiences of PDM 

S B Harris (1996) " illustrates the interplay between business strategy and Information Systems (IS) 

strategy, with the emphasis on the manufacturing Industry. It is important to understand the impact on 

enabling and investing in information technologies as this can change a whole Industry in a short space of 

time. The relationship and alignment between business and IS strategy can be summarised into five stages 

consisting of: define the business context; define the strategy; define the business architecture and 

information architecture; define the information systems architecture. This approach can be used to aid 

the development of KSF for the Formula Student Team. 

The requirements for Information Systems are directly associated with the products and manufacturing 

strategies and can be interpreted differently; S B Harris discusses the three options to be considered. The 

first option is how the information is modelled, structured and formatted. The second option is the system 

software that is used for creating and managing the information. The third option is the technology 

requirements for the systems to be built to and the data stored. It is important to note the value of the 

information to businesses and the costs associated with implementing new software. Some businesses 

consider the data to be a vital asset and should be managed in line with other business assets. 

Most communication within and between manufacturing business takes place through using documents 

that contain product data. The Department of Trade and Industry (DTI) publish a guide for PDM, which 

defines the requirements of a PDMS as being concerned with: managing the vault of product data; 

automating workflow process; managing product structures; classification; coding and retrieval of data 

and program/project management. This will help enforce meeting Quality Assurance (QA) procedures 

and aid in gaining International Organisation for Standardisation (ISO) status. 

The consensus and themes that can be drawn to implement a PDMS cover the following points: 

e Education and awareness of the engineering problems and potential solutions. This relates to the 

historical background of Formula Student. 

e Analysis of requirements based on business practices related to product life cycles. The project 

organisation and life cycle is structured and based on one academic team, the life cycle being 

refreshed each year. 

  

"? SB Harris (1996) Business strategy and the role of engineering product data management 
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e Analysis of the information and document structures. How undergraduates’ projects are assessed 

by supervisors: communication of design, manufacturing ideas and feedback. The distribution of 

rules that are applicable to individual projects within the team. 

e Statement of user requirements from the PDMS. 

e Preparation of a business case, detailing costs and benefits. 

e Pilot implementation, towards a phased and then full implementation. 

Some of the key benefits highlighted from the literature review that PDM brings into an organisation are 

as follows: 

e Ability to locate the correct data quickly. 

e Improved work process and workflow between design and manufacturing. 

e Cost analysis of the project through the creation of a single bill of materials. 

e Cost savings in terms of increased productivity and reduced impact on project schedules. 

The areas to consider which could impact the introduction of PDM are the education of new users. PDM 

usually brings substantial change to an organisation and the culture has to be one that can adapt and 

respond quickly in order to harness the full benefits that these changes can bring. Also, there is a lack of 

awareness of the advantages that the technology brings, the costs associated in purchasing a PDMS and 

maintaining the capability. 

S B Harris, J Owen, M S Bloor and I Hogg (1997)"* — provides an approach to document management 

strategy, by formulating an implementation plan for organisations, in order to handle the vast amount of 

engineering documents that a project generates. Some of the key information gleamed from this research 

is the importance of a decision making process for the user and functional requirements, which allows 

guidelines to be formed to address these issues, before committing to investment in the technology. Even 

though the paper predominately discusses document management strategies, there are many 

commonalities and themes between the processes required for PDM implementation. Document 

management is universal practice across all industries, product life cycles and personnel, although 

engineering organisations have the additional complexity of data formats which include drawings, 

product structures, manufacturing process and plans. The business practices to access data from global 

sites at various times, particularly the control of the data: the suggestion that distinguishing between 

  

S'S B Harris, J Owen, M S Bloor and I Hogg (1997) Engineering document management strategy: analysis of 

requirements, choice of direction and system implementation. 
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‘master’ and ‘copy’ is one of the biggest areas of confusion within organisations. The strategy for dealing 

with the various formats the document data is created in, particularly design software drawings, and the 

ability to archive and store appropriately, is also discussed. 

The key point that can be derived for the implementation of PDM is how an implementation plan can be 

developed and executed. The awareness, education and training for the organisation is essential to the 

success of the project. The areas to consider are the selection of an appropriate system based on user and 

functional requirements, piloting the new PDMS, the re-evaluation of the user requirements, roll-out with 

the project team and writing of practices and guidelines. 

Yuh-Min Chen and Tien-Heng Tsao (1998)'* provides a structured approach to implementing 

engineering data management, discussing a series of steps that could be adopted by business to improve 

the planning, design and implementation of engineering data management. The importance of concurrent 

engineering within projects and the collaborative processes between different disciplines, sharing of 

product and process information through the lifecycle is discussed. These requirements have a direct 

effect on what approach is to be taken to improve commercially available PDMS that are on the market, 

in order to suit the business organisation and user needs; this will influence the investment and time 

required to modify the PDMS. A PDMS implementation procedure is presented, providing a methodical 

approach of a staged implementation plan and procedure to tackle specific problematic areas in 

developing a PDMS to suit the organisational requirements. This approach can then be tailored and 

modelled to the requirements of the business. The need for flow diagrams to aid the analysis and 

definition of information flow within the organisation and specific user requirements is an important point 

to note. This allows a top down view of an engineering organisation, considering the various individual 

inputs from within the project area, detailing the relationships and lines of communication between the 

data, process, activities and people. 

  

** Yuh-Min Chen and Tien-Heng Tsao (1998) A structured methodology for implementing engineering data 

management. Pergamon. 
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E J Umble, R R Haft, M.M Umble (2003)"° indicates the implementation strategy for Enterprise 

Resource Planning (ERP) systems. As these are highly complex information systems, to assist the 

organisation’s ability to generate and communicate timely and accurate information, the paper discusses 

key factors to consider in order to be successful. ERP is essentially a database where all business 

transactions are entered, recorded, processed, monitored and reported. Successful factors for ERP include 

defining clear strategic goals for organisation and interaction with customers and suppliers. Commitment 

from the leadership within the business, in parallel with strong project management of defining the 

requirements and implementation of the software are also noteworthy. The ability to react to changes in 

organisational practices and structures will have to evolve to in order to benefit from the ERP system. 

The steps proposed within the Journal for software installation can be directly translated to PDMS. These 

are: 

e Review prior planning for PDMS and software selection process 

e Install and test required hardware, servers, computers etc 

e Installation of software and test 

e System training 

e Establish required security and permissions for PDMS access 

e Transfer of previous data into the PDMS 

e Document standard practices 

e Educate users and roll-out PDMS 

e Continually monitor and improve as necessary 

It has been shown that the reasons for failure of ERP is due to bad planning, management and lack of 

organisational support to accept the changes and benefits the system brings. 

In-Ho Song, Jeongsam Yang and Beom Park (2008)'° research presents the need for customising a 

standardised commercial PDMS to suit the specific needs of an individual organisation, using a Unified 

Modelling Language (UML) in PDM authoring framework. There are various complex requirements of 

organisations attempting to implement PDMS. UML provides the ability to model the business process to 

  

'S E J Umble, R R Haft, M M Umble (2003) Enterprise resource planning: Implementation procedures and critical 

success factors. Elsevier. 

'® In-Ho Song, Jeongsam Yang and Beom Park (2008) Development of an authoring framework for the simplified 

customisation of PDM systems. Springer. 

52



build a framework for how the data is managed and stored. This would also allow the PDM authoring to 

be adapted. 

This approach could significantly reduce the amount of PDMS specialism required in changing the 

software code and object models within the system. The PDMS authoring framework can be directly 

adapted to suit the organisation data structure. 

9.1 Interim Observations 

Reviewing the research presented so far, there are common themes emerging that should be considered 

for the implementation and management practices of PDMS for the Formula Student Team. 

9.1.1 Benefits of PDMS 

Some of the benefits highlighted for PDMS can be grouped in the following categories: 

e Aids Business Strategy objects. 

© Can directly enhance the overall business strategy, allowing the organisation to adapt and 

maintain competiveness within the specific Industry. 

o Can provide a secure, worldwide access to a PDMS, improving communication 

throughout the organisation and the product life cycle. 

e Cost Reduction and impact on schedule. 

© Controls the project workflow and practices of the business more efficiently and 

increasing productivity. Thus providing an overall return of investment to the 

organisation. 

e Product Lifecycle Management. 

o Will be able to fully control the product life cycle: from concept, design, manufacture, to 

competition completion. 

e Improved work process and workflows between design and manufacturing. 

o A centralised and generic approach to managing the PDMS data in a controlled and 

structured environment. 

e Improved traceability of data. 
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o Enabling the creation of a single bill of materials that will aid the cost analysis project for 

the Formula Student competition. 

e The ability to search and locate the correct data quickly. 

o The PDMS provides correct issue of components, assemblies and documents. 

e Audit and Quality Control. 

o This is an important aspect for business requirement and ability to meet the quality 

management and standards that are governed through ISO10007.”” 

© Product Management. 

" The challenging task of meeting the needs to simultaneously design and redesign 

products in a shorter time period will be aided by PDMS 

9.1.2. Problematic Areas 

Some of the areas for consideration: 

e One of main points to be highlighted in implementing PDMS concerns the education and 

awareness of personnel within the organisation. There is documented evidence, as presented by E 

J Umble, R R Haft, M.M Umble (2003)'*, that suggests the more adaptive the organisational 

culture is, the greater the transition and acceptance to the revised working process and practices 

with PDMS 

e Education and training is an area to focus on, with suggestions within the research of launching a 

pilot scheme, to resolve problems as they arise and to adapt preliminary working practice before a 

full roll-out to the organisation is initiated. 

e Meeting the PDMS requirements of an organisation is also important. Customising commercially 

available PDMS to suit the specific needs for large organisation is complex and costly, both in 

terms of schedule and also specialist time and labour to adapt software code. 

e Strong project leadership is required to execute the PDMS plan within an organisation. 

Maintaining the progress and communicating effectively to resolve problems is essential. As 

  

*71$01007:2003 Quality Management Guidelines For Configuration Management (International organisational 

standard June 2003) 

'8 E J Umble, R R Haft, M M Umble (2003) Enterprise resource planning: Implementation procedures and critical 

success factors. Elsevier. 
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PDMS implementation may take in excess of 12 months (depending on the organisational size) it 

is important to ensure that the project has the support of the senior management during this time. 

9.1.3 Differences between the Journals 

Some of the key differences highlighted within the research so far is how to address the complex 

requirements of large organisations. There has been significant consideration and analysis put into how 

the PDMS programming structure can be customised to the specific needs of the organisation. The basics 

of searching the data, being able to increase the search criteria in respect to name fields, issue number and 

the definition of the relationships between them, is a growing research topic. The main aim and purpose 

for this functionality is to provide an increased performance within the PDMS. The format of how the 

data is stored and distributed is aided by workflow modelling, detailing the actions and activities required. 

This provides a framework of relationships between the data information and how they are classified by 

version and accessed. 

The strategy for managing documentation, in respect to the model, which defines the relationship between 

ownership, authoriser and issue, is a topic for debate. As past experience presented in S Harris research 

has shown the decision process involved for the organisation can take months or years, due to the inherent 

change this will require both in a cultural sense, but also in work processes and practices. 

The investment required and the duration of the implementation is a delicate balance for an organisation. 

Ensuring a healthy return of investment from large cost associated with the installation, training and 

education, particularly for the amendments required to the organisation working practices and process. 

This also encompasses the complexity of requirements, ensuring the specific needs of the organisation are 

met; without incurring unsustainable schedule impact and costs in reprogramming the PDM software by 

specialists. 

9.1.4 Approach 

Summarising some of the key points from the research to successfully implement PDMS, the general 

consensus for an approach to take is outlined in the following points: 

e Education and awareness of the historical background of the engineering problems and potential 

solutions 
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Analysis of requirements based on business practices related to product life cycles; How the scale 

of the product life cycle may be determined and over what time scales 

Analysis of the information and documentation structures. Customer specifications, programme 

schedules, design concepts, technical data, manufacturing processes etc 

The organisation of departments, administrators and users. Distribution of access, specific 

documents etc 

Statement of user requirements for the PDMS. Interaction, search fields, control of data 

Preparation of a business case, detailing costs and benefits and return of investment 

Pilot implementation and review 

A phased and then full implementation within the organisation 

Continual development and improvement 
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10.0 Comparisons of Formula Student to Industry 

Based on the issues presented throughout Chapter 1 and the research in Section 9.0, to evaluate some of 

the fundamental and unique differences between the Formula Student Team project and Industry, the 

following approach is adopted. 

In respect to Formula One, manufacturing and commercial engineering projects, the key areas that have 

been identified to provide a base line for analysis are as follows: 

1. Business Strategy — University and project strategy. 

Organisational Structure — How does Formula 1 and Industry compare? 

Complexity of requirements — What are the needs for the Formula Student Team? 

e
e
 

Return on investment — How will this differ from Industry? 

Comparing these individual areas, the objective is to highlight where possible, what considerations are 

needed for identifying potential PDMS requirements for the Formula Student Team. In addition to this, 

deliberation on how the current AM08 team organisation structure should be best optimised and 

configured to integrated PDMS, to fully benefit the team. 

10.1. Business Strategy 

A brief overview of the potential business strategies adopted for various engineering industries, in 

comparison to Formula Student concept are discussed below. 

10.1.1 Formula 1 

In reviewing the business strategies of Formula 1 teams, in particular the McLaren Group Limited, their 

aim simply is ‘‘Race to win’ '’. The business strategy would therefore be adopted and aligned to meet the 

ultimate goal of championship victories. That is the direction and scope of the organisation over the long 

  

'? Information taken from www.mclaren.co.uk 
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term: which achieves competitive advantage for the team through configuration of available resources 

with the rapidly changing environment.” 

The partnerships involved within the F1 teams, particularly for example with engine manufactures (if 

required), would see a complex co-ordination of engineering departments, potentially based at different 

locations around the world. This will determine the approach required for the IS and PDMS in meeting 

the requirement of providing access to engineering data, drawings and processes at any given time. 

The significant investment and resources typically made available to Formula 1 teams, have resulted in 

breakthroughs in technology innovation, for example: the development in Carbon Fibre components. The 

advancement in manufacturing process and technical expertise gained through F1 to be used within the 

Aerospace and Automotive Industry. The use of carbon-fibre in the construction of aircraft wings, as seen 

on the Boeing 787, whilst in the Automotive Industry, the material is commonly now used for 

construction of car chassis and various internal components within luxury sports cars. 

The strategy to harness the technical investment is constantly evolving each year, providing the 

competitive edge to the Formula 1 teams. 

10.1.2 Automotive 

The Automotive Industry business strategy will be arguably different. Jaguar for instance, is seeking to 

build beautiful driving experiences”', whilst becoming a market leader that is cost effective and provides 

value for money. 

BMW business strategies and decisions are predominately resource focused, shaping the company’s 

future viability. It uses the resources required to design cars to enrich people’s lives, inspire new 

possibilities, through efficient processes as well as mitigating against recognised risks to the business. 

The common theme between these competitors is providing value for money whilst not restricting the 

technological development in designing more efficient and advanced cars. 

These large multinational corporations present various complexities and diverse challenges in the 

organisational structure, which will have significant impact on IS strategy and PDMS investment. 

  

?° G Johnson, K Scholes, Exploring Corporate Strategy, Fifth Edition, Page 10 

** Information taken from www.jaguar.co.uk 
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10.1.3 Aerospace 

There is some commonality between the Automotive and Aerospace Industry. The majority of the 

organisations have various locations worldwide, specific to the business needs. As prudent economic 

investments and sustainability is vitally important to the growth and profitability of the business, it is not 

uncommon for the business to be split into various functions distributed around the world. In particular 

design, technical engineering, programme control and assembly would be traditionally based in Europe or 

North America, with the manufacturing division based in Asia. One of the underlining strategies for this 

is to invest in and benefit from low labour cost economic climates, which will sustain the company’s 

growth, profitability and efficiency. There are many economic, environmental and ethical debates around 

this topic, but for the purposes of this thesis it is sufficient to identify that this is a complex organisational 

area with which large global business contends. 

The IS and PDMS strategy would be developed in conjunction with the business strategy and future 

customer contracts, primarily directed from the business headquarters. Potentially, large projects could be 

used to integrate a PDMS strategy, which would provide a baseline for the business to transition to over a 

period of time. 

10.1.4 Aston University Formula Student Team 

The concept of Formula Student is to provide a unique engineering education experience aiming to build 

the future talent of engineering. 

A completely different approach is required to the business strategy as this lies within a Higher Education 

Institution. However, there are distinct similarities between the Formula Student Project and small 

business, which could form the basis of a business strategy. 

Gary Johnson, Kevan Scholes (1999) ~ provide an overview of the context for a small business 

strategy, particularly what is deemed to be the fundamental differences between multinational 

corporations and manufacturing organisations. In summary, the following characteristics of a small 

business can be drawn from the information presented. 

  

2G Johnson, K Scholes, Exploring Corporate Strategy, Fifth Edition 
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Single market or limit number of markets. I.e. Products for the Automotive Industry only. 

Scope of the operation is less likely to be a strategic issue 

Limited resource for central departments: market research, complex analysis 

a 
O
e
 

N
)
 

Values and expectations are likely to be driven from the core management team, rather than stake 

holders or investors 

5. The competitive strategy and technology would be influenced and driven by the people with past 

experience 

6. Likely to be a private company, which effects ability to raise capital for investment 

Not all of the points raised above would directly apply to the Aston University Formula Student Team, 

but there are certain factors that should be considered. At present, no formal strategy exists to develop the 

project within the university for future years. However, based on the initial research and taking into 

account the historical context of the project within the University, the following business strategy could 

be proposed: 

e Fully utilise the expansive resource assets available, not only from within the School of 

Engineering, but the whole university 

e Present a versatile business case to market and sell the concept of Formula Student to commercial 

Industry to secure investment and sponsorship for the team 

e Learn from the previous year’s history and experience 

e Harness the latest technologies freely available to efficiently design, build and manufacture a car 

capable of winning the Formula Student competition 

The PDMS strategy to be adopted for the Formula Student Team would be fundamentally based on the 

requirements for discrete capital investment, suitable to specific needs of a small business, without the 

complexities of a multinational organisation. There could also be scope and potential within the 

requirements to allow for expansion throughout the School of Engineering, for use by other engineering 

team projects. 

Compared to Industry, the Formula Student Team project has relatively little funding available through 

the university and education system. Additional funding is only secured through direct team sponsorship 

or based on past funding, a demonstration of continued improvement and success of Aston University 

participation within the competition. This has gained greater exposure and networking opportunities to 

promote and the market the project. An element of entrepreneurship is required to secure the additional 

finances to meet the overall coast of the project and allow technological innovations required to continue 

60



the project’s success. In referencing back to the AM08 team roles and responsibilities, this is now a key 

area of responsibility for the postgraduate Team Manger. 

10.2 Organisational structure 

For the purposes of reviewing the present AM08 Formula Student Team organisation, it is important to 

understand the formation of project structures and commonalities between conventional large complex 

engineering project organisations. From this analysis, an approach can be formed on how to best optimise 

the AM08 team structure. 

The analysis process will cover the Automotive and Aerospace Industry, specifically the engineering 

organisational models, leading onto the Formula | approach. 

Direct comparisons can be drawn between Formula 1 and Formula Student organisational structures, with 

the aim to provide further justification for Formula Student being recognised as a unique case. In 

particular, it is hoped that a hypothetical comparison can be drawn from the roles and responsibilities 

between each of the team organisations, based on the information freely available on the Formula 1 

sector. 

It is also important to appreciate how the engineering project complexity evolves throughout the 

development and manufacturing stages, as this will be beneficial in presenting the appropriateness of the 

current AM08 structure is and whether if a more suitable organisational structure can be adopted that will 

most effectively harness the use of a PDMS. 

10.2.1 Automotive and Aerospace 

In order to provide a generic overview of the organisational structures existing within the Automotive and 

Engineering Industry, consideration should be given to the fundamental building blocks of a design and 

manufacturing organisation. The framework that the majority of organisations (large or small) create to 

organise specific areas of specialisations, essentially involve the following areas: Engineering, 

Manufacturing, Supply Chain, Assembly and Test, HR, Accounting, Sales and Marketing. Detailed in 

Figure 15 is the framework on how the departments are co-ordinated and resources distributed, 

delineating the chain of command within the organisation. 
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The intent of Figure 15 is to provide a simplistic overview, as there is no strict or autocratic governance 

on how an organisation should be structured. The adopted approach takes into account variable factors 

and considerations, either in adapting and developing into a more efficient business or from the in-depth 

theoretical research available. This should detail the concepts of organisational structures and chains of 

command, and how each has their own advantages and disadvantages to the business performance and 

competiveness. However, for the purposes of this discussion, the research will focus on a generic 

framework that is commonly adopted for the Automotive and Aerospace engineering organisation and 

how PDMS is integrated within its departments. 

There are various similarities shared between the engineering departments found in both Aerospace and 

Automotive. The framework presented Figure 16 is commonly known as a vertical functional approach, 

where people are grouped together in departments by common skills and work activities.”* 

       
    

       
   

rears 
Manager 

   
Project 
Manager 

Systems Lead Deisgn Lead Ee 

  

Manufacturing 
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Figure 16: Engineering Project - Vertical Functional Approach 

  

*° Management, Fifth Addition, Richard L Draft Page P314-316 
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The relationship between departments within a project is controlled and co-ordinated by either the Project 

or Programme Manager. The skill sets contained within the project team are not bound to a specific 

framework, each engineering team structure will be different depending upon the task required and the 

resources allocated. 

The advantage that this approach provides is the efficient use of resources within the project, due to 

commonality in skill set and training experience. The expertise is grouped to handle specific problems 

and challenges, allowing for a more compatible team. However, the disadvantages are that the team will 

be less dynamic compared with other departments and slow to respond to environmental change”. 

For larger projects, a divisional approach is sometimes taken, where each project will be self-contained 

with a diverse range of skills, which might include but is not limited to accounting and finance. This is 

mostly adopted for multinational organisations, with disparate geographical locations. 

The chain of command would report up to Project or Vice President Director and finally to the CEO of 

the business. 

This provides to the business a more dynamic and flexible approach to project changes and environmental 

demands. Illustrated in Figure 17 is the organisational structure for BAE Systems, which has adapted the 

methodology for a division based organisation. 

  

** Management, Fifth Addition, Richard L Draft Page P316-317 
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Figure 17; BAESYSTEMS Division Structure 

Within large project engineering organisations the use of a vertical structure is not the most suitable 

option. A matrix approach can be adopted to combine the aspect of both a functional and divisional 

structure simultaneously.”° This concept evolved from an effort to improve the co-ordination and 

information sharing between departments. Essentially, this provides two chains of command for the 

resource contained within the department. The vertical element of the matrix structure provides control 

within the department, whereas, the horizontal element provides co-ordination across the departments. 

The Author’s experience of a common matrix structure found within engineering projects is presented in 

Figure 18. 

  

*° Jonathan Gabbi, Emergant Systems, Management and Aerospace - http://gabbai.com/category/academic 

?° Management, Fifth Addition, Richard L Draft, Page P316 
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Figure 18: Engineering Project - Matrix Organisation Approach 

This matrix based approach is the foundation of the core engineering organisation, particular used within 

BAE Systems. An additional department that should be integrated into each of the programmes is the 

Supply Chain element. The Director of the supply chain would be in line with the director of engineering. 

Both in turn would report to the CEO of this individual business unit. 

The benefit that this structure brings is to allow a more efficient use of the resource contained within the 

project, providing a flexible, adaptable team. However, the main problem that this structure presents is the 

controversy and confusion surrounding the dual chain of command and potential conflict between the two 

sides of the matrix. 

In comparison between the two Industries, a common approach to the engineering organisational structure 

is taken for new development projects. There are considerable variations with the formation of 

organisational structures, which can be associated with the following areas: technical complexity, budget 

allocation, delivery into service, profitability and return on investment. Particularly with the Automotive 

Industry the New Product Development process is increasingly becoming a shorter duration, due to the 

nature of competiveness and drive for sales. Due to the nature of the projects, the Aerospace Industry 

tends to have a historical trend of a longer duration development process. 
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In summarising the organisational differences between the Automotive, Aerospace and the Formula 

Student Team, the following areas should be considered to improve the approach of the organisation 

structure: 

1. Improved grouping of similar project areas, to be inline with core departments 

2. Integration of the Project Supervisors to be more in line with a matrix approach 

3. The Honorary Technical Members should be organised suitably on skill set and experience within 

the team: could act as a sponsor/mentor for students 

4. Establish clear lines of communication and chain of command 

5. Improve definition of roles and responsibilities 

10.2.2 Formula 1 Team Model Compared to Aston University Formula Student 

In order to provide a more direct comparison of the organisation structure between the Formula Student 

Team organisation and Industry, an in-depth look at the Motorsports Industry models is required, 

particularly with the most prestigious of competitions, Formula 1. 

As the nature of both competitions is primarily to win, the contrasts between the two projects will 

demonstrate and highlight the uniqueness of Formula Student and provide discussion points, whilst also 

providing for consideration factors that enhance the identification of KSFs and their vital contribution to 

successfully integrate PDMS into the team. This allows an approach to be formed for an improved 

baseline model for the organisational structure, on how potentially the Formula Student Team could be re- 

defined, adapted and improve the work processes to best suit PDM implementation. 

Limited information is publically available on Formula 1 team websites and respective literature, due to 

the commercially sensitive nature of the Industry. Figure 19 summaries and presents the engineering team 

organisational roles for two individual teams: Renault and McLaren. These two teams were selected 

primarily due to the amount of information that could be analysed and discussed more effectively. 

However, there is a certain differentiation of role names between teams required, so a certain amount of 

judgement and conclusions are made. The intent is to illustrate how a Formula 1 team is potentially 

organised. Also included are the Formula Student Team organisational roles, placed in line with their 

respective counterparts within Formula 1. 
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Executive Vice Chairman and 
CEO, Renault F1 Team 

Team Principal, Vodafone 
McLaren Mercedes 

Faculty Manager 

  
Managing Director, Renault 
Fl Team 

Managing Director 

  

  

Executive Director of 

Engineering, Renault Fl Team 

UK 

Director of Engineering | Team Manager 

    

  

Technical Director, Renault Technical Director 
F1 Team UK (Engine) 

  

Faculty Project Supervisors 

  

Technical Director 
Design and build of chassis. 
UK   
Technical Director 
Design and build of engine. 
France 
    

  

    

   
    

     

    

    

Head of Engine 
Operations(Engine) 

Operations Director Faculty Technical Staff 

Chief Designers Director of Design and Undergraduate Student — 

Development Programmes Final Year Project Tasking 

Head of Research & 
Development | 

  

    
| Team Manager Team Manager 

  

    
Race Engineers Car No 1 

    
Race Engineers Car No 2 

  

Chief Mechanic 

  

Sporting Manager Sporting Director 

    Commercial & Financial 

Director 

Head of Communications          
Figure 19: Formula 1 and Formula Student Team Organisational Roles 

  

?” Team Information from: www.media.renault.com/download/media/specialfile/4252 1 5.aspx -PDF attachment 

8 Team Information from: http://www.mclaren.com/management-team 

68



Additional Information: Renault UK Team approximately 420 personnel, France Team approximately 

206 personnel. No further detail was available on the breakdown of roles contained within the France 

Engine design and build organisation. 

There have been some considerable assumptions in aligning the roles with counterparts across the 3 teams 

and this is not intended to be a definitive correct answer, there is considerable information lacking to fully 

detail the team organisational role structure. This is a prime example of how organisational roles differ 

between businesses, either due to historical experience or adapting to more efficient and effective 

competitive business model. 

Not all roles from the Aston University Formula Student Team could be distributed, as the intent of the 

exercise was purely to demonstrate the vast differences between Formula | organisational roles and the 

approach taken for definition of roles for Formula Student Team. 

Based on the information provided, commonalities between the roles and the traditional matrix 

engineering models can be seen. An attempt to visualise a hypothetical organisational hierarchy model for 

Formula 1, in acknowledging the research presented so far, is illustrated in Figure 20 and Figure 21 for 

both Renault and McLaren. The current AM08 Formula Student Team organisational structure is also 

detailed in Figure 22 for reference. 
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The breakdown of the Formula 1 Teams’ organisation is missing considerable departmental information 

on how the matrix structure within the engineering would be split and co-ordinated. Some questions that 

cannot be answered is the potential chain of command and lines of communication. An overview of the 

project areas that would require specific dedicated teams is the car engine, chassis design and driver 

development. These areas would play a major role in the distribution and organisational matrix within 

engineering. The resource allocation would be specific to the project requirements and budget allocation. 

Potentially the personnel which would form the model of the engineering matrix for one of the projects 

for example, would include but would not be limited to: Design Engineers, Project Engineers, 

Manufacturing Engineers, Mechanical Engineers, Stress Engineers, Aerodynamics Specialists, Powertrain 

Specialists etc. 

In direct comparison to the Formula Student Team, the undergraduate students select their desired project 

to undertake and apply theoretical knowledge learnt from their respective degree course. This is in 

combination with the historical knowledge and university expertise, to design, manufacture and test the 

designated project area. 

10.3. Complexity of requirements for PDM 

The technical complexity and knowledge management of engineering development projects is a factor on 

the organisational structure and in particular the specific requirements for the PDMS. The importance of 

understanding how to manage complex Product Development projects and the elements that continually 

impact the programme schedule and delivery of the project needs to be considered. 

Before launching into the detail of PDMS requirements, it is important to understand and appreciate the 

common obstacles and pitfalls in data and knowledge management, which occur during new product 

development. There are similar problematic areas evident within Industry, compared to the Formula 

Student Team. 

Configuration and control of key workflow data that is networked between departments, is controlled 

within a safe and secure storage; this is a vital element to avoid costly delays and impacts on the project. 

The vast amount of information data generated, either design specifications, drawings, manufacturing 

process, stress analysis, test specification and reports, needs to be strictly controlled and detailed correctly 

to aid the work flow. It is commonplace to have standardised working practices and procedures, whereby 

the information data is controlled through configuration management. The importance of adhering to 

these standardised practices provides quality assurance to the business, meeting regulator approval. 
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The ability to understand and identify the last issue of the required data is an essential requirement. For 

example, the control of the latest issue of drawing would require approval from various heads of 

departments within engineering, before being released and issued. The management of this process will 

have a measurable effect on the efficiency and performance of the department. PDMS must be able to 

differentiate between the iteration of drawings and associated data, benefiting the workflow and meeting 

the organisational requirements for standardised practices and processes of the network relationships 

within the project. Any disconnection in referencing the correct information data, which is controlled 

within the IT systems, will not only impact progress within engineering, but at the point of use in 

manufacturing, build and test. Correct information at the point of use is an essential control aspect to meet 

quality standards applicable to the Industry. 

The organisational structure to best suit the knowledge management and technical detail of the project is 

an area that will have an influence on the PDMS requirements. How the complexities evolve and are 

consequently managed, is an important lesson that can be learned from Industry. This is an area to be 

further analysed. 

Klas Eric Séderquist (2006) discuses how large global manufacturing companies should best manage 

New Product Development (NPD), by identifying three organisational structures which are typically 

adopted to handle Knowledge Management (KM). Analysis is undertaken on how these three structures 

support the distribution of knowledge and data throughout the functional departments. This forms an 

integral part in the approach to manage the product development process and how the knowledge from 

analysis and re-engineering can be efficiently integrated back into the project. The KM approach taken is 

dependent on the business organisational strategy, either with KM being a central function separate from 

the core engineering structure (Central KM), or directly integrated (Project decentralised KM) into the 

specific project. Presented below is an example of Central KM function. 

  

** Klas Eric Séderquist (2006) Organising Knowledge Management and Dissemination in New Product 

Development 
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Figure 23: Central KM Function 

The practice of managing KM is important to the development of product designs, development and 

manufacturing process and will play a direct part in the PDMS requirements on how to effectively 

manage the project data involved. 

This is an area to be considered for Formula Student Team: clearer instructions on how to control the 

project life cycle in terms of knowledge management. Potentially the organisational structure could be 

realigned for the project supervisor role and a clear definition on the objective of knowledge management 

will benefit the symmetry between academic years and enhance knowledge retention. 

Jonathan D Owens (2006) analyses why the product development process is so problematic to 

businesses and aims to present how an approach should be formed to limit the impact on delivery of the 

project, whilst also reducing development cost, thus increasing profitability for the business. NPD is an 

area which business is consistently focusing efforts in accelerating, in order to meet a competitive 

business strategy, in being the forefront of technology innovation and competiveness. Some of the areas 

  

*° Jonathan D Owens (2006) Why do some SME still find the implementation of new product development process 

problematical 
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that affect the NPD process are presented; one of the considerations is reliance on external sources 

through the supply chain, or outsourcing. The research and development strategy also plays an integral 

part in the performance and completion of projects. Understanding the complexity of the innovation 

process will help to reduce the deficiencies of product development and provide greater risk mitigation. A 

few of the reasons for an accelerated NPD can be associated with increased competition, technology 

changes, product life cycle or pressures from management. The common pitfalls identified for the lack of 

NPD progress are unclear definition of design requirements, technology uncertainty, lack of resource or 

lack of project management and support. The analysis of the research concludes with a need for assessing 

the specific working practices, providing a more responsive approach to requirement changes and 

adapting the technology to communicate the relevant information at the point design and manufacture 

more efficiently. 

This approach is certainly evident in Formula 1, with the ethos of ‘Race to win’. The design to test phase 

is a critical factor to improve the knowledge management and development, in order to become number 

one. Within the Formula Student Team elements of the product development process exist within the car 

life cycle, however, the development and testing phase is an area for focus and further discussion to aid 

the PDM requirements for the team. 

10.4 Investment 

The investment required to implement an effective PDMS within Industry is something to be closely 

monitored and controlled. Large corporations expect to see a substantial return on the investment that can 

be measured either by performance related assessments or by simplifying workflows and practices. The 

cost of investment of PDMS is quite significant for large business, particularly for multi-national 

organisations. The challenge of installing, refining and launching the PDMS system worldwide is 

problematical and costly. Though information data is viewed as an asset*’, with secure storage and access 

to the data being vital to the business, eliminating the risk for the data being lost. 

Development cost is to refine the PDMS within a large organisation is potentially expensive, amassing to 

millions of pounds, both in terms of costs to install and network the hardware required and specialist 

resource in amending or refining the customer PDMS to the requirements. 

  

** S B Harris (1996) Business strategy and the role of engineering product data management 
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Further costs that are associated with PDMS are the changing and redefining of the standard working 

practices and the education and training required to use the system effectively. However, the investment 

required can be offset and measured against the earning potential the PDMS will bring to the 

organisation, through improved performance and efficiency between the organisational departments, 

providing greater controlled sharing of information data whilst shortening the NPD process and reducing 

budget impacts on problematic referencing throughout the business. 

Aston University Formula Student Team will only require an off the shelf system, with minimal 

investment, which will have the potential to be utilised further within the School of Engineering. 

10.5 Summary 

Reviewing the discussion areas presented throughout Section 10, the research provides an overall 

illustration of the differences between Industry and the unique situation of the Formula Student Team. It 

has demonstrated the benefits that PDMS will bring to the organisational performance, whilst also 

highlighting some key consideration areas that will aid in the selection of KSFS for the implementation of 

PDMS. 

In evaluating some of the lessons learned from the research there are common themes evident that can be 

directly related to the historical progress of the Formula Student Team. This can be split between two 

areas. Firstly, the adaptation of organisational structures, which accommodates expansion, either 

nationally or internationally, maintaining competiveness and meeting a business strategy. Secondly, the 

resolution of conflict between workflow practices and processes, with emphasises on data management. 

The situation of Formula Student organisational approach and concept genuinely reflects a small business 

model, however, the one differentiation between Formula Student and Industry is the need for 

establishing a business strategy that is complementary to the growth of the project. 

The current organisational structure of the AM08 Formula Student Team is an issue identified for 

particular consideration. Based on the Automotive and Aerospace Industry approach, a more appropriate 

framework to adopt is a Matrix structure. The intention would involve the realignment of the project 

supervisors and technical support staff, creating improved lines of communication and chain of command, 

whilst minimising the potential conflict areas of technical direction and project management. This is a 

commonplace issue experience within Industry and documented in the background of the Formula 

Student Team. 
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With the continued expansion of the project, the matrix approach will also provide a greater transition and 

alignment for new additional roles, building a framework that will provide a continuity of knowledge 

from the core University staff between each new academic year. For example, the implementation of a 

revised matrix structure combined with the PDMS will allow for a routine working practises to be 

established and embedded. This will aid maintaining knowledge that can be transferred to the new 

academic students, in conjunction with reducing the learning process more effectively, in training the new 

project teams. The organisational structure changes can be assessed and successfully quantified outside of 

the competition, by evaluating schedule adherence; demonstrating a successful test and development 

phase and providing greater knowledge retention. 

The contribution that the PDMS will bring to the Formula Student Team will provide an improved 

communication network on latest information data between Aston University staff and the undergraduate 

students, particularly during critical phases of the project. As previously discussed, this is a systemic issue 

experienced in Industry in being able to reference the correct information and data. 

The PDMS will also aid the operational aspects of the Formula Student Team, as presented in Section 9.0, 

with the improvement and adherence to standard working practices, which should be controlled by the 

management team. The areas that will directly improve as a result of PDMS are: quality assurance; 

communication and networking; efficiency of working practices; rigorous control of approved data; and 

the ability to reference design requirements. 

This compares favourably to the Automotive and Aerospace research information discussed throughout 

Section 10.0. The importance of maintaining quality assurance and the ability to control the variation of 

these processes becomes more critical in the performance of the organisation; particularly as the project 

information expands. 

Once the PDMS is implemented and embedded within the Formulas Student Team, an indication of 

system management, relative to the performance and effectiveness of the PDMS process, is the analysis 

of key metrics. For example, the iterations of an approved design drawing, reasons for change and the 

review process between technical management and project supervisor, will identify the associated 

approval lead times. In comparison to Industry and multinational corporations, the vigorous approval 

process of key data, combined with the environmental location and the communication between various 

organisation departments, is a performance measurement which management are responsible for 

improving. In directly tackling this problem will resolve this issue and will provide improved workflow 

efficiency, whilst adapting practices and integrating the latest in PDMS technology. 
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The additional operational benefit that a PDMS consistently delivers is the ability to provide the correct 

reference data, either accessed from sites globally or confined to small environments. The PDMS is not 

restrictive or constrained to one access point. This benefit will help in limiting the dangers of working 

with the incorrect or unapproved information, ultimately affecting the product life cycle. 

Refining how a Knowledge Management system can be integrated more effectively within the 

organisational structure needs to be considered. KM will directly benefit the project life cycle of the car 

and help with refinement of the workflow. This will improve the standard practices followed during the 

design development phase, whilst also building a knowledge base for future academic years to reference 

against and utilise. 

The investment required in the PDMS should be minimal, based on the budgetary constraints and costs to 

the project. Selecting the appropriate software package needs careful consideration, balancing the 

requirements of the Formula Student Team against the associated hardware costs. 
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11.0 Teamwork, Leadership and Motivation 

Teamwork is the critical component to ensuring that the project will be a success. Referencing back to the 

opening statement taken from Henry J Ford: 

‘Coming together is a beginning, keeping together is progress, working together is success’ 

It is important to understand how the teamworking relationships are shaped when the Formula Student 

Team initially comes together. The parallels between this concept and the research available on teamwork 

need to be considered, in order to ascertain how the management approach could be strengthened to 

improve the team cohesion during the course of the academic year, The leadership and management of 

the Formula Student Team throughout the year is the crux of whether the project will be an overall 

success. 

The discussion points that the research areas will focus on are as follows: 

1. Formula Student Approach — An account of how the project is currently managed; from 

initial team formation to competition day. 

2. Student Motivation —- Comparison between Industry and Formula Student. 

3. Team Management — Understanding of the skill set required and how this should be 

developed. 

4. Leadership Attributes — Identify traits of leaders and what can be learnt for the context of 

Formula Student Team leadership. 

An understanding of these areas will aid the development of the Aston University Formula Student Team, 

whilst also presenting considerations for the KSFs that should complement the implementation of PDMS. 

The research discussion presented in both Section 9.0 and 10.0, has indicated that the common problem 

within the implementation process of PDMS, was inadequate leadership or the failing of management. 

These areas are vital to ensure the challenges arising across the organisation are tackled appropriately and 

successfully. 

11.1 Formula Student Approach 
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The approach taken to formulate and build a new Formula Student Team happens at the very start of the 

academic year. Initial invitations to attend a Formula Student start-up presentation are sent to all final 

year students who are interested in taking up one of the projects available on the car. During the 

presentation, the projects are discussed and allocated to students, whilst providing a good familiarisation 

of what the coming year will entail. The initial presentation is designed to be informal, but without 

failing to state the amount of commitment that will be required. This would usually be held within the 

environment containing the previous year’s car, to help encourage communication, creativity and provide 

motivation for the new team members. During the presentation and to help accustom the new team to the 

project, a detailed starter pack is given out. This provides the students with key information such as the 

FSAE rules, lab working and Formula Student server guidelines, contact details, results of the preceding 

year’s car entry and most importantly, key deadlines for the coming year. 

The undergraduate final year timetable has an allocated three hour slot each week for Final Year projects. 

During this period the whole team meets to review and discuss progress of the project, which now takes 

place within the new L77 facility. However, more team meetings are usually arranged during the week 

around undergraduates’ availability. 

In the initial few weeks of the term, the familiarisation of the car setup and handling is an important 

aspect for the analysis and development for the new design, whilst also providing a good teamworking 

exercise. The intent is to allow the students to gain hands-on experience of the previous year’s car. This 

would involve a testing day at the Bruntlingthorpe Aerodrome. 

Team students are not only responsible for their assigned area of the car, for example suspension 

development, but also would be asked to help with additional generic components of the car. 

During the first two months, some major design decisions are made. The design process involves a 

retrospective analysis of previous years’ designs to establish what is considered to be a good design and 

manufacturing method. The design philosophy that the team learns to understand in order to succeed at 

the Formula Student event, is that there are three elements that are important to the car’s design: - its 

ability to accelerate, decelerate and comer. 

In experiencing the performance of the car, the students can relate this to the demands of the Formula 

Student event. The most efficient setup of the car requires the engine and drive train to be functioning at 

its optimum level, providing quick responses for the short straights, tight corners and meandering track. 

To improve the acceleration potential, the weight of the car must be a major consideration for the design 

of individual components. This is because of the limitations imposed by developing the power output 
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from the engine, with 20mm airflow restrictor” being in place. When referring to acceleration being force 

per unit mass, then obviously mass now needs to be the main area of improvement. 

The reduction in the overall weight of the car produces better responses to cornering. This is due to the 

moments of inertia being reduced around the centre of gravity. 

The performance and reliability of the components within the car is fundamental. A design that is 

relatively simple, engineered correctly and tested will immensely contribute towards success in the 

competition. Design ingenuity, cost appreciation, quality and functionality will also contribute to 

successful marks within the static and cost event. These philosophies are applied to the design concepts 

ensuring that a balanced method of approach is maintained. 

The analysis and testing of the previous car over the first few months, provides the Team with a grasp and 

understanding of working collectively to support the design philosophy. The team is also guided into 

looking at what can be learnt from other teams’ cars, but not take too literally the view of adopting other 

teams’ designs without significantly questioning their design theories. 

The decision process for the design is collectively made as a team and involves fully detailing the 

restrictions and specifications, which will limit the car design. These may include: engine; transmission; 

roll cage; suspension; fuel cell size; wheels and fixings. Additionally, an assessment of resources 

available is required, in order to achieve the team’s design intentions. The teamwork during this period is 

crucial, in order to ensure a milestone for the design finalisation, which is set through the project time 

plan. 

One of the main problems consistently recurring during the design stage is the control and management of 

the SolidWorks assembly data files. The background history and analysis behind the problem is presented 

in Section 8.0. 

With the designs fixed, the team members can then concentrate on producing a programme plan for the 

manufacture and production of their areas. This plan would be made in collaboration with the Program 

Management and Team Mangers, with a perspective on how the car needs to be built and the assembly 

process. 

With the nature of time spent working closely as a team, an active “social scene” is developed and 

encouraged. Automotive themed events are planned throughout the academic year to provide an 

  

*? Stated in the FSAE rules. 
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opportunity for a change of scenery, whilst still providing stimulus and creativity that would help benefit 

the project. Such activities and events organised would include Motor Shows, Formula Student 

conferences, Go-Karting and Automotive lectures. 

The IMechE organise a Formula Student event called ‘Learn to Win’ during the first month of the 

academic year, the intention of which is to give teams a full breakdown of the competition, particularly in 

respect to what the judges are looking for. This is an excellent opportunity for the team to attend and to 

gain vital exposure to what is expected. 

The build phase of the car requires a considerable amount of man-hours from all those involved, with the 

objective being able to have a complete car for testing before the competition event. There is an 

understanding within the team as the final year students prepare for the examination period, that 

flexibility is required in commitment during this time. Within the nature and timetable of the university 

academic year, there is sufficient time available once the exams are completed, for the main 

manufacturing and assembly phase to take place. 

11.1.1 Team Development Stages 

Reviewing the “five stages of development”, Forming, Storming, Norming, Performing and Adjourning,** 

the Formula Student Team project exhibits the characteristics of evolvement through these individual 

stages at the start of the academic year. Controlling and identifying the problems within the team 

development process is important, as this will maintain motivation and commitment to the team. 

The “forming stage” reflects the initial introduction and first meetings of the team, how the management 

and Formula Student Team is co-ordinated and the working practices and process. The induction into the 

team during the forming stage is an area that could be addressed, particularly the induction process, as 

this will increase the prospects of a stronger teamworking relationship at the initial design discussion. 

The “storming stage” is the point where team personalities will begin to breakthrough. With an improved 

forming stage, the potential for conflicts and disagreements can be limited and a more unified team can be 

formed, this leads into the “norming stage”. 

  

_ Management Fifth Addition, Richard L Draft, Page 609 
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Once the established working practices become routine, in terms of team communication, technical 

assistance, design reviews and an understanding of the balance of Formula Student time allocation to 

specific course requirements during the course of the first academic term, the “norming stage” is reached. 

The “performing stage” happens when the team transitions to a unified focus to solve problems and work 

effectively towards the objective of competing successfully in the Formula Student Competition. A high 

level of commitment is reached from team members during this stage. 

Finally, the “adjourning stage”. During the course of the Formula Student Competition event, it is usually 

evident that a realisation that the accumulation of a years work is almost at an end. Once the competition 

is complete, the team will be disbanded, with only the formal process of graduating from Aston 

University to remain. A social event is held to signify and acknowledge the contribution from team 

members and to celebrate the commitment, effort and success of the team. 

The appreciation of these five stages will assist in the improvement of the working practices and 

efficiency of the team, with the emphasis on transitioning from the initial “forming” to “performing” 

stage in a shorter duration. This will aid both the design review stages, but also improve schedule 

adherence. 

11.2. Student Motivation 

A definition of motivation is provided below: 

Motivation, the arousal, direction and persistence of behaviour™ 

Understanding the motivation factors within the Formula Student Team is an important issue, as this will 

ensure a high level of commitment and performance throughout the academic year. Initially, the concept 

of designing and producing a functioning racing car would appear to be a daunting and challenging task, 

particularly combined with balancing other course commitments. The motivation aspect in order to adhere 

to the schedule throughout the project is essential to the progress of the team. The ability to keep a 

perspective of the end goal is encouraged throughout the team management structure. 

  

** Management, R .L. Daft, Fifth Edition, Page 534 
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“Motivate your staff to be independent. If you have been a good leader, they will have the determination 

to succeed on their own.”*° 

Discussing and analysing the individual team member’s motivation will assist in overcoming problematic 

milestones within the schedule, whist also aiding the resolution of conflict and potential waning of 

commitment. The postgraduate Team Managers will need the ability to identify a potential issue quickly, 

whilst also formulating a solution and deciding on a plan of action. This is an attribute that is needed to 

help keep the project on track and the team working in a cohesive manner. 

J.M Juran (1988)** presents and discusses theories of motivation, in particularly McGregor’s ‘X and Y 

theories.” These describe an approach to work in general, where motivational traits and assumption of 

adopting a working environment can be split and grouped into X or Y categories. The importance of 

differentiating between the two Theories could lead to greater organisational performance and efficiency. 

The X theory category assumes workers are required to be influenced by management to perform at the 

required standard. Management need to supervise workers closely in order to achieve the expected work, 

which is broken down into specific and simple tasks. No trust is evident between management and the 

worker. 

The Y theory takes a different approach in assuming workers are able and willing to exercise self-control 

and direction. The workers have a drive and determination to accomplish a high standard of work, with a 

significant level of trust being established between management and the work force. 

The Formula Student Team firmly fits within the Y Theory category. However, what can be applied from 

this knowledge to the direction of the team is a greater establishment of trust. The differences highlighted 

from the research, both in terms of the context of Industry and Formula Student, is that this research is 

fundamentally a study of a manufacturing Industry, not a Higher Education Institution. 

The uniqueness in motivation between Industry and Formula Student are as follows: 

e Higher Education Institution — Students desire to learn and graduate with a credible degree to 

secure future employment. 

  

a Margot Morrell, Stephine Capparell. Shackleton’s Way, Page 199 

°° Juran’s Quality Control Handbook, Forth Addition, J.M.Juran Page 10.5 
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e Final year project accounts for 20% of the overall year grade, greater influence on the 

classification of the degree. 

e Benefits of being involved with a world renowned competition throughout the academic year. 

Networking opportunities and access to further research opportunities. 

e Represent the University and directly compete against other university teams. 

e Enhance Curriculum Vitae for employability. 

11.3 Team Management 

With the expansion of the Formula Student Team, the co-ordination and management practices provide a 

pivotal role in the success of the project. Understanding the fundamental difference between leadership 

and management and how the current approach can be improved, will complement the implementation of 

PDMS. 

The postgraduate management and leadership style is solely based on the student’s previous experience. It 

is a learning curve for all those involved, which could be greatly improved with some background 

understanding and initial practice beforehand. With the growing numbers of postgraduates involved 

within the project, there is scope to provide guidance and development on identifying the fundamental 

principles of management which will directly benefit the team and personal development, 

There is a fundamental difference between leadership and management: 

e A leader is setting a new direction or vision for a group that they will follow, i.e. a leader is the 

spearhead for that new direction. 

¢ Management controls or directs people/resources in a group according to principles or values 

that have already been established.” 

John Adair is a world leading authority on leadership and management and one of his models covers 

action centred leaders. The postgraduate student role can identify with and would benefit from learning 

these characteristics. The success of the project is dependent on the ability to effectively lead and manage 

  

*’ Definition taken from www.teamtechnology.co.uk/leadership-basics.html 
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the complex requirements and demands of the project, working in cohesion with the team and university 

staff. 

Bolden, R. Gosling, J., Marturano, A. and Dennnsion, P. (2003) ** provide a comprehensive review of 

leadership theory and management. John Adiar action leadership is fully discussed and his model presents 

the following key requirements: 

e Direct the job to be done (task structuring) 

e Support and review the Individual people doing it 

e Co-ordinate and foster the work team as a whole 

How these individual elements interrelate is shown in John Adair’s Model of action centred leadership in 

Figure 24 below. 

  
Figure 24; Action Centred Leadership Model (Adair 1973) 

  

38 A review of Leadership Theory and Competency Frameworks - Bolden, R., Gosling, J., Marturano, A. and 
Dennison, P 200 
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The three circle diagram is an effective visualisation tool in providing an understanding of how to 

differentiate between the requirement of being an effective leader or manger, in relation to the task. A 

situational awareness and evaluation on the required task will determine the necessary response by the 

leader. The various circles will either grow or contract depending on the emphasis on effort required from 

the leader. 

Each of these circles present the leader with various challenges that have been summarised below. 

Task: 

e Defining of the task 

e Make the plan 

e Allocation of work and resources 

e Control of quality and rate of work 

e Checking of performance in relation to the plan 

e Adjustments required to the plan 

e Able to maintain discipline 

e Build team spirit 

e Encourage, motivate and inspire 

e Ensure communication 

e Develop the team 

Individual: 

e Attend to any personal problems 

e Praise individuals 

e Give status 

e Recognise and use individual abilities 

e Ability to develop the individual 

In recognising the points outlined above, which are associated with Action Centred Leadership Model, the 

postgraduate students will be able to exhibit some rational to solving particular problems that will arise 

during the course of the project, and thus improve the overall handling and resolution of the situation. For 
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example, this can be related to a conflict within the design stage, a logistical issue within the project or an 

underperforming team member. 

The paper also identifies and discusses various leadership styles from Tannenbaum and Schmidt’s 

Leadership Continuum, which the postgraduate team students will exert during the course of the project. 

In outlining these traits, the intention will be to provide an appreciation on where these can be applied 

more appropriately to various situations to achieve a more beneficial and effective outcome. There are 

four main types of leadership identified, which are: Autocratic, Persuasive, Consultative and Democratic. 

An explanation of each is as follows: 

* Autocratic: The leader takes the decisions and announces them expecting team members to carry them 

out without question. 

* Persuasive: The leader takes all the decisions for the group without discussion or consultation but 

believes that people will be better motivated if they are persuaded that the decisions are good ones. The 

leader will explain the decision in order to overcome any possible resistance to the required action. Goals 

set for the team will have a large element of enthusiasm and energy provided by the leader. 

* Consultative: Team members will be consulted before the leader makes a decision. Consideration is 

given on both the advice received, including the team’s feelings when forming the final decision. The 

leader does not always accept the team member’s advice, but will have provided the feeling that some 

influence has been made. Under this leadership style the decision and the full responsibility for it remains 

with the leader but the degree of involvement by subordinates in decision taking is very much greater than 

in telling or selling styles. 

* Democratic: Using this style, the leader would characteristically lay the problem before his or her 

subordinates and invite discussion. The leader's role is that of conference leader, or chair, rather than that 

of decision taker. He or she will allow the decision to emerge out of the process of group discussion, 

instead of imposing it on the group as its boss. 

Leadership has been researched and discussed for a substantial amount of time. However, a few essential 

characteristics the postgraduate students should be aware of and can personally develop are: 

e Integrity: - Being able to demonstrate appropriate values and standards. This underpins trust 

between the leader and the team, whilst also inspiring and reciprocating loyalty. 
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e Vision: - This is underpinned by intuition and being able to create a shared vision of success to 

the team. A vision comprises three distinct areas: 

o The end goal — the point at which forming the vision starts 

o The way to achieve it — as thinking about the vision matures 

o The means to achieve it — at which point the vision is exposed to other influencing factors 

How the vision is achieved comprises the following: The leader alone, the leader with some input from 

the team, the leader working in conjunction with the team 

e Communication: - This can be broken down into three areas: oral, listening and writing. The 

power of communication will help with influencing and persuading the team, whilst also building 

confidence and encouraging teamwork. 

e Decision Making: - Ability to evaluate information, with clarity of thought. Handle uncertainty 

and ambiguity. Decisive in actions, with risk management focus. 

e Innovation: - Provide creative thinking in raising the standard of achievement, with an element of 

risk taking. Lead change within the team. 

e Focused on Development: - Creating an environment that will enable the team to develop their 

potential. Can develop people and encourage future project leaders, 

11.4 Teamwork and Leadership Summary 

It is important to reflect on the concept of the Formula Student project. The experience is designed to 

provide an educational engineering challenge, with an element of enjoyment. However, to drive towards 

an effective business strategy and adapting to organisational changes, strong transformational leadership, 

which creates significant change in both followers and organisation*’, is required to succeed. This is a 

continuing issue highlighted within the research presented in Section 10.0 

In understanding the five stages of team formation, the transitional period should be monitored and 

improved to reach the “performance stage” in a shorter duration. Developing a more suitable induction 

training package to address the transition speed would aid the team formation. Establishing improved 

working practices and guidelines, organising design innovation workshops, visiting motorsports 

  

*° Management, R .L. Daft, Fifth Edition, P521-522 
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competitions or seminars, testing the previous car fully, would have the potential to encourage a strong 

teamworking bond. 

Commitment needs to be sustained by the team throughout the academic year, as this is a recurring 

problem. From understanding the student motivational aspects, establishing an environment of mutual 

trust and value balancing project goal setting in respect to university course commitments, would increase 

full participation during the year. 

The postgraduate team leadership is primarily shaped on the student’s previous experience. By reviewing 

the historical lessons learned, there is sufficient evidence to support a greater understanding of the 

leadership and management skill-set and attributes required, that could be developed before the start of 

the academic year through appropriate training. The understanding of John Adair action centred 

leadership model, is a suitable tool and technique that can be used through various design reviews, or 

conflict during the challenges faced throughout the course of the project. This will contribute to achieving 

the full potential of the Aston University Formula Student Team to win the competition. 

In distinguishing the differences between leadership and management, the approach to tackle various 

tasks and challenges that the project will present, will aid the learning curve of the postgraduate students 

and provide considerations for the KSFS for the PDMS implementation. Increased exposure to leadership 

and management theories, tools and techniques, would vastly improve the running of the project; 

contributing to tighter control of the project deadlines throughout the year. 
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12.0 Team Data Handling and Access Practices 

The team data handling and access practices was highlighted as a critical area to be further discussed and 

analysed in the summary of Chapter 1. The guidelines issued to the project team on accessing and saving 

SolidWorks components, assemblies and drawings were continually improved throughout the duration of 

the academic year. These necessary changes led to confusion on which practice was being used at any one 

particular time, resulting in files being incorrect, either at the latest issue or contained within the car 

assembly model. The additional time to investigate and rectify these problems caused significant delays 

during the design stage, which ultimately increased the risk on referencing the incorrect information 

during manufacture. As previously discussed in Section 10.0, the ability to access and reference the 

correct issue of data is a critical element to business performance and efficiency. 

To demonstrate why PDMS is essential to the development of Aston University Formula Student Team 

the following discussion and analysis is required: 

e Review the Formula Student Team historical data handling management issues of the SolidWorks 

software package 

e Detail the functionality of PDMS with respect to the requirements and benefits PDMS will offer, 

in terms of configuration management, design specifications and product life cycle 

In presenting the current position against the functionality benefits of PDMS, the KSF requirements can 

be fully identified. This also assists in the development of the strategy for configuration management 

control, providing a baseline against which to standardise the working practices against. 

12.1 Historical Analysis of Data Handling Practices 

The investigation into the historical data handling practices will cover the following areas: 

1. The Formula Student server allocation and access 

The AMO05 data organisation 

The AM06 data organisation 

The AMO07 data organisation e
e
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In providing the context for the current Formula Student Information Systems server allocation and the 

analysis of the previous three academic years, a detailed understanding of common problems will be 

highlighted. This will establish vital learning points from previous failures, whilst demonstrating the best 

approach to be taken to adapt the working practices. 

12.1.1 Formula Student Server Allocation and Access 

The initial implementation of SolidWorks in the University School of Engineering required the creation 

of a separate hard drive within the engineering department IT server, detailed as ‘Frank’ by the University 

ICS department. The allocated drive was for the dedicated use of the Formula Student Team. 

Access to the hard drive required a network directory and password, providing a secure connection in 

mapping the student’s computer to the drive. (A feature requested during the initial requirements of 

installing SolidWorks, providing control and security to the project data.) As the server was directly 

connected the university network, the Formula Student Team was therefore not restricted in accessing the 

server at any point in time. The only criteria being that the computer used had to be connected to the 

university server system. 

To appreciate the time taken and detail required for the working practices to map the computer and access 

the ‘Frank’ drive, the following process was taken. 

Firstly, the My Computer icon needed to be opened. Then on the Tool Bar, select Tools. This would 

produce a drop down menu. The option Map Network drive would then be selected. The following screen 

is then produced, shown in Figure 25. 
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Map Network Drive x! 

Windows can help you connect to a shared network folder 
and assign a drive letter to the connection so that you can 
access the folder using My Computer, 

Specify the drive letter for the connection and the Folder 
that you want to connect to: 

Drive: Fs 
| = 

Folder: : Browse... | 

Example: \\server\share 

I Reconnect at logon 

Connect using a different user name, 

Create a shortcut to a Web Folder or FTP site, 

  

  

= Back Finish | | Cancel |     

Figure 25: Map Network Drive Log In Screen 

In the folder option box, the directory to Frank would be inserted. This would then access the hard drive 

and prompt for the user to enter the password. 

The folder directory on Frank was setup to allow ease of navigation for users to various sections of the 

project. Each year a new folder would be created for the new team at the top directory level of the Frank. 

I.E FS2004, FS2005 etc. 

Due to a technical problem with the Frank hard drive (the root cause of which is explained in Section 7.1) 

a new drive and server space had to be found within the university. 

The ICT department allocated a separate drive on a new university server. Gaining access to the new hard 

drive used the same process as Frank, with the network directory name as follows \\eas-auth\cad. 

Controlling access to the drive was stipulated during the initial setup of the drive, where the ICT 

controlled which student’s login profile would be required for access. 

The benefits of the hard drive being on the new university server provided greater storage space to be 

allocated for the project, which could be increased without affecting access or potentially corrupting the 

data. Other benefits include: 

e Continual backup of drive data 

e Ease of maintenance and monitoring provided by the ICT department 

e Faults and lost files can be corrected very quickly 
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12.1.2 AM05 Team Data Organisation 

The AM05 team (2004 - 2005 academic year) was the first year that showed prominent signs that 

SolidWorks was being utilised to its full potential. The most complex CAD assembly was produced to 

date since the department first upgraded to the SolidWorks software package. The size of the main car 

assembly is 15.3MB, with over 200 individual components. 

The folder directory setup to control and maintain the SolidWorks car assembly within the AMO05 project 

folder is shown in Figure 26. 
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Figure 26: AM05 Car 56 Assembly Folder Structure 

The scope for the folder setup was to allocate each student an individual folder for their SolidWorks 

components, which would then contain any sub assemblies for their assigned responsible area of the car. 
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The relationship process from drawing components to creating an assembly, is as follows: 

In using the example of designing a brake disk, the student responsible would draft a sketch of the 

component and detail it. When completed, an assembly would then be created for the overall wheel setup. 

This would consist of several detailed modelled components, which in turn the student had individually 

drafted. These components would be brought together to form the main wheel assembly, usually 

consisting of brake disks, brake callipers, wheel hubs and uprights. When the modelled components were 

inserted into the wheel assembly, SolidWorks would then save the folder path location, creating a 

reference network. 

The next process would be to construct a sub section assembly for a particular area of the car, e.g. full 

suspension assembly. These subsections assembly names would be as follows: full suspension assembly, 

engine and drivetrain assembly and chassis assembly. 

These individual subsection assemblies would be fully detailed with all the required assemblies 

previously created for that particular area. In referring back to the full suspension assembly example, this 

would consist of wheel assembly, suspension design assembly and mount points. 

With these subsections complete, a main car assembly folder would be created, consisting of the full car 

assembly file; this folder would contain all the subsection assembly files of the car. The logic behind this 

is that the main car assembly would be constructed from the subsection assemblies, thus reducing the 

number of individual modelled components contained within the main assembly and limiting the 

referencing network SolidWorks automatically creates. A structured diagram of the relationship logic for 

the main assembly is detailed in Figure 27. 
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Figure 27: AM05 Assembly Relationship Logic 

The idea behind the initial folder logic was to allow the student to be able to modify their individual 

model/assembly separately, without having to open the full main assembly, risking changing certain 

relationships and references between the modelled components. Once the student design had been 

updated and saved, the section assembly would be opened, this would detect that certain component 

models had been changed and automatically update. In turn once saved, the main car assembly could then 

be opened. 

12.1.2.1 Problematic Areas 

In theory this structured approach for setting up the student folders provided a logical way for the 

reference paths to work. However, during the main design period, the management of the data files 

proved to throw up quite a few problems. 

One of the main problems that consistently arose was not being able to open the main car assembly or 

components from the Formula Student Team hard drive. The cause of this issue could be due to the 

following reasons: 
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e The latest version was closed incorrectly. 

e Two people are trying to open and access the same assembly, but are unaware of each others’ 

requirement to do so. 

e There are different versions of SolidWorks installed within the university. For example, the two 

PC’s located within the Formula Student Garage had SolidWorks 2005, where as the design 

studio Lab L77 had the latest version of SolidWorks 2007. If an assembly is opened and saved on 

the latest version, when a team member tries to open the file on the old version, this would cause 

formatting problems and deny access. 

e The PC that the student is using SolidWorks from has different ownership settings when the 

assembly or component was last saved and closed. This would mean that when the assembly or 

component is closed, the ownership settings would change due to the PC user login settings. The 

change would take place without their prior knowledge, thus denying access to anyone else who 

tries to open the assembly. Only through the initial user reopening the file and changing the 

settings within SolidWorks would the problem be corrected. 

This problem led to the abandoning of the standard working practices and instigating a temporary 

solution, which would involve copying and pasting the assembly file, reopen the copied file and continue 

to work on that. The confusion caused by this action of copying the original, meant not only would the 

relationships to the latest components be changed, but also the team would not know which assembly was 

the correct current issue. 

Problems also arose from the reference locations and ownership being changed for individual student 

components. I.e. they had reorganised their individual folders, thus creating referencing issues with the 

main car assembly. 

Students were also unable to tell if the main car assembly they had opened was indeed the latest issue or 

that if a fellow team member was currently working on the file via another computer. The software also 

periodically failed to state who/where the file was open. With the inability to inform the user of the 

correct version of component, this meant time was lost by students with problems of overwriting the 

correct files, or issues with saving all the referenced parts within the assembly. This continual access 

problem meant that further iterations were being created of the main car assembly, as either the 

referencing of components within the main assembly were being changed or not being able to allocate the 

correct file. Thus, allowing additional confusion over which file was the latest issue. 
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12.1.3 AM06 Team Data Organisation 

At the start of the AM06 team formation (2005 - 2006 academic year), an attempt to address problematic 

areas was initially approached by changing the folder network system, and how SolidWorks would 

reference parts within the main car assembly. The logic of the revised referencing map is shown in Figure 

28. 
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Figure 28: AM06 Assembly Relationship Logic 

The proposed solution was based around removing all the assemblies that would be found within the 

student’s folder, and using one subsection assembly folder to house all the required assembly 

components. This would provide shorter referencing paths and remove the ability of students to re- 

arrange the components within their personal folder. 
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12.1.3.1 Problematic Areas 

The combination of revising the folder relationship logic and with up issuing the instruction guidelines to 

the team, didn’t fully resolve the continual problems seen during the AMO05 project. The ownership 

reference for the assembly files hindered the project, causing repetitive recreation of the main assembly. 

12.1.3.2AM07 Team Data Organisation 

The AM07 team (2006 - 2007 Academic year) attempted to continue with the same process used for 

AM06, but with consistently recurring problems, a radical reappraisal of the folder system was 

undertaken. The solution proposed was to use a designated stand alone PC with a SolidWorks licence, set 

up in the Formula Student garage. This had a fully updated master copy of the assembly located on its 

hard drive. This was then elected as the only work station that could be used in the university by the team. 

Access would then be limited to one individual at any given time, but would allow full control by the 

Team Managers. Periodically the master copy would be transferred onto the server hard-drive for backup. 

However, to update the main car assembly required the student to redesign the specific component on 

another SolidWorks PC station and then transfer the saved file onto the main stand alone PC. The 

referencing system used for the main car assembly follows the same logic as AM06. 

12.1.3.3Problematic Areas 

The root cause identified for this problem was identical to the AM05 problematic issues. The inconsistent 

versions of SolidWorks installed in the university computer labs directly contributed to the underlying 

systemic problem experienced. 

12.1.4 Summary 

From the analysis of the data handling issues encountered during the AM05 to AMO7 teams, the 

following requirements to be addressed are: 
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e Establish a configuration management control system for the SolidWorks data, by defining an 

index for parts numbers and what the requirements will be for a part number change or up issue; 

following the criteria of fit, form, or function. 

e Provide around the clock access from any of the university computer facilities. 

e Allocation of a separate server or hard drive for storage of design data and rules only. The general 

information and associated departmental files should be separated for Formula Student. 

e Provide communication and traceability of the current files being opened and edited. 

e Establish a robust working practice. 

e Provide the facility to attach and flow down the individual FASE rule requirements to the 

associated SolidWorks parts or areas. 

e Resolve the conflict of saving current versions of files on the server. 

e Eliminate SolidWorks software crashes when altering design files on the network. 

e Define a project life cycle, with base lining a design through the iterations and development 

stages of the design period. 

e Abolish the need for continual copying and reiteration of the assembly, improving the reference 

and relationship logic for SolidWorks. 

By tackling these identified requirements it will assist the team efficiency and performance. This can be 

quantified against the following criteria: 

e The duration of time required to formalise the final design car. 

e Increased participation of project supervisors with the ability to advise and assess the 

latest designs. 

e Reduced quality escapes in manufacturing the incorrect components. 

e Traceability of all part numbers throughout the design stages. This will also aid the 

formation of the cost analysis for the Formula Student Team. 

e Each applicable FASE rule is associated and referenced against an index of parts and 

assemblies. 

12.2 PDMS Functionality 

To highlight the scope of the functional benefits that PDMS brings, an overview of the approach to the 

general data management system process will be discussed, with reference to configuration control of the 
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SolidWorks data files. The facility to implement project life cycles and how this will be managed will be 

considered, particularly the traceability benefits and the ability to baseline an initial design. A review of 

the approach required for the infrastructure to be setup, to distribute specific user access and 

administrators, and how this reflects the interplay between personnel is required. 

Through establishing the functionality benefits, comparisons can be drawn to the context of the Aston 

University Formula Student Team requirements, providing a framework that will identify the KSFs 

criteria for implementation of the PDMS. 

12.2.1 PDMS Functionality Overview 

Within the Engineering Industry, particularly Automotive and Aerospace, project data is stored in many 

different geographical locations, departments and computer servers. Providing networking access to the 

required data is problematic. The PDMS is constructed to provide the facility of a structured configuration 

management process and centralised storage system to all the specific elements that are associated with a 

particular individual component, assembly, drawing and document, in a structured process for 

information. 

The standardised system that PDMS establishes ensures a secure controlled method of traceability, for the 

creation and associated required changes to the data, in relation to a particular product. As an example for 

the design development stages, PDMS would provide a configuration management control for the design 

of a car engine. The associated documents can be linked and attached to the related part or product, either 

being design specifications, rules, manufacturing process and drawings or assembly methods. 

The installation of PDMS within a multinational organisation would see the creation of the designated 

computer servers, specified to potential storage capacity of the information required, with a certain 

amount of contingency to provide additional storage space. Access to the server is controlled by a secure 

network user function interface within the PDM software, which is maintained and controlled by the 

PDMS server administrators. The configuration of servers and network will provide 24hour multi-user 

access from around the globe, which is crucial to large organisations. 

The functionality of PDMS allows check in and out specific data files to modify, which are tracked by the 

software, detailing current user ownership and location. The ownership of the data when it is checked out 
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of PDMS is transferred to the specific user, providing full responsibility, thereby eliminating the conflict 

of other users seeking access to the same file. This stops duplicate check out and opening of data. The 

data file will only become accessible again to other users once the file is checked back into the PDMS 

server, and the user ownership is subsequently released. 

As previously discussed in Section 9.0, the complexities of the specific requirements for the PDMS in 

multinational engineering organisations is substantiality advanced. The focus being on the user interface 

and interaction on the PDMS, networking and configuration process associated with Computer Aided 

Design (CAD) data that would be produced from software packages such as Catia or SolidWorks. 

An illustration of the data interface and product relationships that would be found in PDMS and how they 

would directly relate to each other is shown in Figure 29 below. The example used is of a generic aircraft 

design. 
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Figure 29: Overview of PDM Object Relationships 
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Within any new product development process, the CAD data will go through several iterations and issues. 

The relationship and networking structure that the new design assembly creates, specifically for 

SolidWorks, and how the data relates to other documents is presented in Figure 30. 
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Figure 30: CAD Data Assembly Relationship Tree 

Checking in a new CAD data file into the PDMS requires additional part number information for the 

PDMS, in order to maintain traceability throughout its development and product life cycle. Specific 

details that would be requested are: part numbers, part descriptions, ownership details (if required), 

additional CAD drawings, material data sheets, costs, etc. 

The PDMS generates a revision index system for new parts that are checked into the system that can be 

individually tailored to a particular project with either a numerical or alphabetical style. 

The revision systems are crucial for the communication on latest part numbers and assemblies. An 

example of how the configuration management control process for SolidWorks would work for multiple 

part assemblies, by checking out of the PDM, modified and then checked in, would consist of the 

following: 
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If a part assembly is checked out of the PDMS with a revision status of B, with Parts Nos 1, 2, 3 and 4 at 

B. Then Part No 2 is modified and up issued to a revision C. When the whole assembly is checked back 

in, the PDM will be able to distinguish that only Part No 2 has been changed, not the whole assembly, and 

will maintain the current revision at B for the complete assembly. However, if Part No 2 were to be 

exchanged with a new Part No 5, then the assembly would be up issued to a revision C. This control of 

revision detail allows full traceability of the Part No changes to be documented. This is an important 

process for auditable purposes, in being able to meet Quality Assurance for ISO10007 standards. 

However, no governance as yet exists to control design data. 

12.2.2 PDMS Project Life Cycle Management 

PDM provides organisations that produce large complicated products the facility to control the data into a 

Project Life Cycle Management function. This enables the product to be controlled through the various 

stages of conception, design, manufacture, in service and disposal. It’s a crucial process tool for the 

organistion, in providing controlled management and communication of the product process. 

A life cycle defines a sequence of steps through which an object advances to enable moving from one 

state to another and/or from one location to another. 

An object (Part, Document, Drawing) moves through an ordered series of states, typically beginning in a 

work-in-progress state and progressing through various states to release or obsolescence. This sequence of 

states is termed a life cycle. 

Life cycles are defined for each type of object within PDMS. When an object is ready it may be submitted 

to its life cycle, subsequent management of the object will be controlled by that life cycle process. 

This is an important aspect for the company’s ability to be able to control the quality management and 

standards that are governed through ISO10007.”° 

ISO10007 dictates the Quality management, Quality assurance systems, Quality, Production 

management, Management, Management techniques, Industries, Accounting, Auditing (financial), 

Planning, Quality auditing and Identification methods. This vital standard needs to be achieved in order 
  

“ISO 10007: 2003 Quality Management Guidelines For Configuration Management (International Organisation For 

Standardisation — June 2003) 
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for organisations to be allowed to manufacture and sell parts within their particular Industry. This is 

exceptionally relevant for Aerospace and Automotive Industries, with the stringent quality assurance 

requirements, governed by their respective Industry regulators. However, the software system is not 

directly governed or controlled by ISO0007, but demonstrates a process of conformity. 

12.2.3 PDMS Infrastructure 

The initial setup within a company would first establish requirements for the size and capacity of data the 

PDM program would have to facilitate. A PDM software company that was chosen would consider the 

size of the organisation, location, management systems used and expected data produced. 

The IT hardware required to run the PDM system would be selected for the function and access required. 

Typically, in large complex organisations the PDM software company will tailor the program 

functionality to the requests of the company. The setup of the hardware system in some cases would mean 

the construction of a secure facility, providing protection from attacks and natural disasters. This facility 

would house all the required servers and administrating tools. 

The hardware requirements would take into account the hard drive space required. This would determine 

the number of servers, RAM, server software, and processing speed. 

Once the servers are established and set up, the process of appointing and training administrators, in 

parallel to identifying and allocating user names and passwords, would commence. The launch of the 

PDM software into the company would be a phased process, dependent on the scale of the company. For 

the system to go live, detailed instructions to users would be issued and training courses provided. A team 

would be setup to maintain and administer the PDM data for the company, this being essential for a 

global company in the ability to provide any assistance when problems occur at a moment’s notice. 
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The standard layout of the PDM infrastructure of the IT hardware setup would be as follows:"! 
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Figure 31: PDMS IT Infrastructure 

   
  

12.2.4 Summary of Benefits of Project Data Management 

In summary, the general overview of the functional aspects of PDMS and project life cycle has 

highlighted the following benefits: 

1. Controlled and secure environment for the data to be maintained and managed, providing global 

network access to data at any moment in time. 

2. Configuration Management Control, providing full traceability of changes throughout the product 

life cycle; essential for audit reviews. 

3. Reduces the duration required to organise data or track data changes, with a centralised access 

structure. 

4. Provides the organisation with a return on investment, due to improved workflow efficiency, 

communication and performance. This is measurable against money saved in respect to time 

being taken for tractability and communication of data cross departments. 

  

“* Information derived from: 

http://help.solidworks.com/2012/English/Installation/install_guide/c_workgroup_pdm_overview.htm 
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More effective communication work practices for the organisation and improves collaboration. 

Provides a Project Life Cycle Management functionality. 

Provides a user-friendly interface. 

O
e
 

O
e
.
 

Provides assistance for quality assurance and ability to meet the ISO10007 standards. 

This detail can be used for a scope of considerations for the KSFs identification for Formula Student 

Team. 
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13.0 Identification of Key Success Factors for PDM Implementation 

Reflecting on the theoretical knowledge learnt, literature evidence presented and the research discussion 

topics throughout Sections 9, 10 and 11, the Key Success Factors can be identified for the implementation 

of PDMS for the Aston University Formula Student Team. 

The KSFs can be split between two distinct parts: 

e PDMS functional requirements for the Formula Student Team 

e PDMS implementation requirements for the university 

For each of the KSFs identified, a criteria needs to be established in order to consider the most suitable 

PDMS available; the intention being to limit the potential waivers against the PDMS requirements. 

13.1 KSFS PDMS Functional Requirements 

The specific KSFs for the PDMS requirements can be categorised into following areas: 

e Data Management 

e Access 

e Cost 

e Associated Documentation 

e Life Cycle 

How each of these areas translates to the Formula Student Team and the issues that are addressed is also 

presented. 

13.1.1 KSF 1 -— Data Management 

1. Establishes a configuration management control system for the SolidWorks Professional (2007) 

data which has the facility and the ability to define the design change control definition of, fit, 

form and function. This should be provided through effective indexing and referencing, aid 
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support to the approval process for defining, draft, approved, released and obsolete data between 

the Team Management and Project Supervisors. 

2. Provide suitable search facility, in terms of fields available. E.g. part name, ownership, part 

number, issue number, for review or approval. 

3. The PDMS will be able to define user access rights, to support the administration and 

management of the data, separate from the team member’s interface. 

4. Allows complete simplistic traceability of part numbers, assemblies, documentation and 

drawings. Will resolve conflicts of data sharing with a secure user interface process control and 

communicate and acknowledge present status data, if being edited or available. 

Areas addressed: 

This will resolve the problematic data handling issues in providing a controlled and secure framework in 

the context of the data to be edited, reviewed and saved. As no formal configuration management system 

is in place to control the Formula Student Team Design data, PDMS will provide a traceability function 

for the team; improving communications and referencing to the latest standard of parts to be assessed 

during the design and manufacturing stages. The conflict of saving current versions of files on the server 

will be resolved and eliminate the need for continual copying and reiteration of the assembly; improving 

the reference and relationship logic for SolidWorks. This will improve the working practices of the team 

and reduce the time required to organise data for review and editing purposes. 

13.1.2 KSF 2 — Access 

1. Installation requirements for the hardware and software would be compatible to the specifications 

of the university computer network server infrastructure, allowing access to the PDMS across the 

university computer network; supporting 24 hour working. 

2. Provide present statement of user ownership when the access is required to the parts for opening, 

limiting the conflict of multiple openings of the same parts. 

3. Differentiate between different access rights for project team, for management and team 

members. 

110



Areas addressed: 

This would resolve the software crashes when editing SolidWorks data, with a controlled and dedicated 

SolidWorks server and hard drive, supported by the university IT department; full backup service readily 

available to recover data from any hardware or software crashes. The communication of which parts are 

currently open and which user has access to that part would be improved. The confusion regarding 

multiple versions of the same part would be addressed. 

13.1.3 KSF 3 — Cost 

1. Provide a suitable return on investment, balancing hardware and software costs against the 

benefits in improvements that can be measured through team working performance and efficiency 

during the design and manufacturing stage. 

2. The ratio should be minimal expense to the Formula Student Team, with maximum identified 

KSF benefits. However, the requirement for PDMS software code changes to meet all the KSFs 

requirements should be avoided if possible, as this will increase costs. 

3. The costs for maintaining the PDMS system should also be considered 

Area Addressed: 

The impact and cost associated with the project plan, with the time spent in resolving data management 

issues during the design and manufacturing stages. 

13.1.4 KSF 4 — Associated Documentation 

1. Facilitate attachments and flow down of the associated project supervisor review notes, specific 

FASE competition design rules and specifications for safety control; for referencing against a 

particular component or area. 
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Areas addressed: 

As no formal practice exists within the Formula Student Team to index FASE rules against part numbers 

or areas, this would aid a configuration management process for the safety and quality review process 

during the design stage. Providing the facility to directly append review notes from project supervisors 

would increase the efficiency of the review process and aid the development of the design. As the 

associated documents are stored separately within the dedicated server, design rules, manufacturing 

process, directly linking these documents to parts within PDM would improve referencing time. 

13.1.5 KSF5— Life Cycle 

1. Allow the development of a Project Life Cycle Management facility to be formally implemented 

through conception, design, manufacture, in service and disposal stages. This can be aligned to 

the project milestones, but once the competition is complete, the designs should be stored instead 

of discarded. This would allow the new academic year to transfer the in-service designs to 

become the baseline point for the new project conception. 

Areas addressed: 

This provides the facility of determining the current status of the design and approval process, limiting the 

risk of manufacturing incorrect parts. This would also assist in scoping a clearer project schedule in 

defining the milestones for the design and manufacturing stages, with the emphasis on completing the 

manufacturing and assembly stages more quickly, allowing increased time for development testing. 

13.2 KSFS for PDMS Implementation 

Maintaining the approach used in Section 13.1, the following KSF requirements for PDMS 

implementation have been identified. These are: 

e Organisational structure 

e Access 
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e Cost 

e Associated documentation 

e Life Cycle 

Each of the areas is compared to the context of the Formula Student Team and presents the issues 

addressed. 

13.2.1 KSF 6 - Organisational Structure 

1. Realign the organisational structure to a small business framework, either a Matrix approach or 

vertical structure, to provide most efficient and effective working performance. This should be 

measurable in terms of schedule adherences and of suitable lead-time for testing and 

development. 

2. The PDM interplay would directly support and adapt to the new structure, utilising the benefits of 

KSF No 1 & 2; through the distribution of the administrators and user access. This also would 

support future expansion of the team. 

3. Suitable training in leadership and management for the postgraduate team, to enable the 

transformation of the new organisational approach, ensuring the development and success of the 

project. 

Areas addressed: 

Improving the lines of communication and chain of command across the organisational hierarchy would 

minimise the potential conflict areas of technical direction and project management. This would also 

establish and maintain a routine for the working practices and process, which would eventually become 

embedded within the approach of the team and the context of the project. The transformation of the 

organisational structure would also aid in maintaining the knowledge through a more effective transfer 

between new academic students. 

The leadership training initiative would facilitate the transition through the five stages of team 

development, maintaining optimal teamworking throughout the academic year. 
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13.2.2 KSF 7 - Project Plan 

1. Generate a detailed project plan defining the stages of the installation covering: setup, pilot 

implementation and testing, training, workshops and full integration into the AM08 team. 

2. Suitable contingency should be built into the plan for the pilot implementation and changes 

required. Before expediting the plan, agreement will be required from the Formula Student 

Faculty Manager. 

Areas addressed: 

Learning from the initial PDMS installation attempt and the knowledge from the research, a project plan 

would ensure all stages are scoped and accounted for, meeting the planned integration into the AM08 

team. 

13.2.3 KSF 8 — Testing 

1. In combination with KSF No 6, fully test the implemented PDMS within the university facilities 

using a pilot scheme for a planned phased launch into the AM08 team. 

2. Review the performance and lessons learned to refine the requirements where necessary, as this 

would form the basis for KSF No 9. 

Area addressed: 

Learning from the initial PDMS installation attempt, this would ensure that PDMS is fully functioning 

and tested, resolving any problems before integrating into the AM08 team standard working practices. 

13.2.4 KSF 9 - Training and Workshops 

1. The tutorial guides should enable appropriate supervised training to be given, whilst also allowing 

the process and practices to be easily continued for the next academic year. 
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2. The tutorial guides should be developed separately for both the management administrators and 

users, and distributed during the tutorial training seminar. This should take place at the start of the 

project. 

3. The tutorial guides can also be introduced within the induction pack supplied at the start of the 

year. 

Area addressed: 

Whilst highlighting the benefits of PDMS to the university, this would also standardise and improve the 

data handling working practices, providing a configuration management control system throughout the 

project life cycle. From the awareness, guidelines and initial training, the transitional period into the team 

would be sustainably shorter, thus increasing the acceptance of a working routine. A common approach 

would be established as well as suitable forum for the design reviews and general feedback for the 

Formula Student Team. 

13.2.5 KSF 10 - Business Strategy 

1. PDMS business strategy for the Formula Student Team should be developed to provide the 

capability of expanding beyond the scope of the project and the use of the university facilities. 

2. The potential to adapt and support external global access, which would aid an improved flexible 

working environment for the team, should also be a consideration. A secondary benefit that this 

factor provides is supporting increased resource available to the team, particularly honorary 

members and university staff. 

Area addressed: 

Provides a baseline to build a business strategy for the Formula Student project, demonstrating additional 

progress on improved work practices and performance, as this would provide an additional marketing tool 

to the commercial Industry to secure future investment and sponsorship. There is also scope for meeting 

the requirements to provide expansion throughout the School of Engineering, for use by other engineering 

team projects. 
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13.3 KSFS Summary 

The identified KSFs would provide a clear assessment tool to evaluate PDMS software options, 

demonstrating the capability, whilst limiting the waivers on the specific PDMS requirements. In 

understating the functional KSFs first, this would provide guidance for the implementation of KSFs, due 

to the complementary relationship. The benefits of the two KSFs groups would achieve the most suitable 

solution to implementation of PDMS for the Formula Student Team. 
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14.0 Final Proposal for Introducing PDM 

To facilitate the evaluation and derive the final proposal for the PDMS using the 10 identified KSFs, the 

following methodology was taken. Firstly, the PDMS software commercially available on the market was 

briefly evaluated against each of KSFs, identifying any potential concessions and ascertaining the suitable 

PDMS. Secondly, from the optimum PDMS solution, the final proposed implementation plan is 

presented, with a detailed justification against the KSFs. 

14.1 Selection of PDMS Software 

There are numerous PDMS products commercially available on the market. Some are specifically catered 

and designed for directly integrating into CAD software packages, whilst others specialise in 

documentation control. PDMS is a multi-million pound Industry, with large computer manufacturers such 

as IBM, specialising in bespoke servers and PDMS packages to large corporations. Other companies 

manufacture the PDMS software package to be an “off the shelf” product, but most tailor the system to 

specific users’ requirements. 

ConnectPress Itd’? provides a round up of the current PDMS software available, referenced in Appendix 

B. KSF Nos 1 - 5 are initially applied to the products, with a summary of cost, implementation time and 

compatibility. A synopsis of the products is presented in Figure 32. 
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Product Name Cost per Seat PW Ka tia Compatible with 
SolidWorks 

_ Exchange rate applied Implementation Time | 

$1.5/£1 

EntraLink ERP2CAD | £1,263 3-5 Days Yes 

@UDROS PLM suite NA 3-6 month period Yes 

Custom Works £581 1 Day ies 

Design Data Manager From £667 1 Day Yes 

RevZone £330 1-10 Days Yes 

RuleDesigner PDM From £667 Yes 

PDMWorks Enterprise | £397 5-8 Days Yes 

DBWorks/DBInventor | £333-£667 2-5 Days Yes 

Tool Works £396 A few hours No 
BOM Manger 

ProductCenter NA Less than a month Yes 

Actvault £667 Less than 1 day Yes 

PDMWorks £667 - £1333 6-12 days Yes 

WorkGroup 
& Enterprise 
PDMWorks Enterprise | £530 4-8 Days Yes 

Synergis Adept £867 7-10 Days Yes 
Enterprise Data 
Management           

Figure 32: PDMS Products Available 

Based on the initial costing and accounting for the available compatible products, KSF No 3 played a 

significant role in selecting PDMWorks WorkGroup for Aston University Formula Student Team. 

Primarily, the decision to opt for PDMWorks WorkGroup is down to the package being included in the 

current SolidWorks licensing agreement with Aston University. The cost charged to the university is 

supplemented by an educational discount, averaging £200 per user seat. No further expense would be 

necessary in obtaining the software. The secondary reason is the previous experience gained in testing 

PDMWorks WorkGroup during AM05 (2004 - 2005 academic year). 
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However, a second choice, if required, would be RevZone, by Elton Solutions. An overall justification for 

this selection is as presented in Figure 33 below. 

    erences 

  

  

  

  

  

  

  

  

        
  

1 | Fully compatible with SolidWorks, with no requirement for software alterations. 

2 Meets the criteria. 

3 Most cost effective at $495 US per seat. Product support available within UK. 

4 Ability to attach associated data. 

> Feature available. 

6 Potential to adapt to configuration management of administrators, users and groups to 
improved organisational structure. 

7 Average lead-time to implement. 

8 Familiarity and learning the interface with SolidWorks will be slightly longer. 

9 Compatible. 

10 Compatible. 

Figure 33: PDMS Option 2 KSF Evaluation 

14.2. KSF Evaluation 

In comparing the 10 KSFs against PDM PDMWorks WorkGroup, the objective is to propose the final 

implementation solution, detailing any concessions required. 

The detailed evaluation is presented below. 

14.2.1 KSF 1 — Data Management 

The PDMWorks WorkGroup is specifically designed to interact with SolidWorks, providing the required 

configuration management control systems. The PDMWorks WorkGroup data is housed within a Vault 

that is installed on a dedicated server, specific to the hardware needs. 
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The indexing and reference system is integral to the functionality of PDMWorks WorkGroup, with the 

ability to specify the changes that dictate version change to parts in terms of fit, form or function. 

Simplistic traceability throughout the design phase is provided, and in conjunction with KSF No 5, an 

approval process can be standardised for the life cycle. 

The interplay and definition of administrators and users can be adapted to the organisational structure; 

KSF No 6 would detail the administrator and user privileges required. 

14.2.2 KSF 2 — Access 

The PDMWorks WorkGroup stores data within a Vault, which is housed on the specific designated 

server. The Vault installation requirement is that it should be on a designated server, with sufficient 

capacity for data storage and expansion. The general requirements for hardware and software will need to 

be understood. However, the hardware and software requirements are compatible with the university 

computer network, based on previous installation experience and with the present installation for 

SolidWorks 2007. 

Access is granted to the Vault through a secure, password protected interface. The Vault has the facility to 

be accessed independently from using SolidWorks, providing a ‘stand alone’ access for control and 

storage of associated documents. As the PDMWorks WorkGroup can be supported by, and integrated into 

the university network, this supports the 24 hour access and running requirement. There is sufficient 

scope to provide external access to the server from outside the university facilities, though this will need 

clearance and sufficient privileges granted by the university ICT department. However, this will directly 

support KSF No 10. 

Access rights to the Vault are determined through the Administrator privileges, detailing specific user 

names, passwords and privileges. In conjunction with this feature, additional security is also provided 

through the ICT department, as the department determines access to the designated server, governed by 

specific selection of university login identity. 

With governance provided from the ICT department to determine appropriate user login access to the 

server, this complements and demonstrates that installation requirements for the hardware and software 

would be compatible to the specifications of the university computer network server infrastructure; 

allowing access to the PDMS across the university computer network and supporting 24 hour working. 
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With each user and administrator access being controlled by the PDMWorks WorkGroup software, no 

conflict would occur due to multiple access issue. This is due to the fact that each data check in and check 

out through the Vault is controlled, documented and communicated on the user identity, current version 

state, responsible ownership and location. 

14.2.3  KSF3— Cost 

The university SolidWorks software agreement provides the option of the PDMWorks WorkGroup as a 

bolt-on package, supplied within SolidWorks 2007 Education Edition. Therefore, no extra cost for seating 

will be incurred. 

Consultation with the university ICT department would be required in supporting the hardware 

requirements and providing a cost estimate to meet the specific Vault needs. Although the anticipated cost 

is to be no greater than £1000, a quotation would be required. 

The return of investment is substantially high in meeting the KSF criteria, with minimal concessions 

through the use of PDMWorks WorkGroup. There is no additional cost for software purchase, though the 

cost of hardware needs to be fully understood, but the expectation of cost is to be minimal. The cost of 

installation throughout the university facility is covered by the ICT departmental support for SolidWorks 

2007 Education Edition. 

14.2.4 KSF 4-— Associated Documentation 

PDMWorks WorkGroup can be used independently to the SolidWorks software. Associated documents 

can be checked into the PDMS and referenced against design data contained within the Vault. The search 

field functionality is sufficient to detail and reference the required documentation, such as FASE rules, 

cost reporting files and project supervisor comments. 
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14.2.5 KSF 5 — Life Cycle 

This functionality is available within the PDMWorks WorkGroup software, which can be tailored to the 

timescales and stages of: conception, design, manufacture and in-service. No project data should be 

deleted at the obsolete stage, as this would form the reference point for the start of the new academic year. 

14.2.6 KSF 6 — Organisational Structure 

On balance, the matrix approach provides sufficient scope to benefit the Aston University Formula 

Student Team. Based on the in-depth research findings and the associated measureable improvements 

previously discussed during this thesis, presented in Figure 34 is the proposed organisational structure for 

the AM08 team. 
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The PDMWorks WorkGroup could support the revised alignment of the organisational hierarchy 

structure, with the facility of providing specific privileges across the roles of the team. In conjunction 

with KSF No 8, the distribution of privileges to the requirements of the organisation could be fully 

assessed and amendments made where necessary. 

The proposed organisational structure would be subject to review by the Faculty Manager and 

agreement of the Project Supervisors; defining clear lines of communication and clarification of chain 

of command for the team. Improvements or concessions would be made dependent of satisfactory 

agreement. The basis of this proposal should present the benefits highlighted throughout the research. 

In addressing the development of leadership and management training, Aston University provides the 

opportunity for students to gain an Introductory Certificate in First line management, run through the 

Institute of Leadership & Management (ILM). This is available to postgraduate students at no 

additional cost. This would be a suitable building block for the postgraduate team members, as the 

syllabus covers: teamwork principles, motivation principles and leadership and management 

principles. As ILM* is a recognised institution, further courses gaining more in-depth training can be 

studied. An additional course identified is level 2 S/NVQ in team leading, providing sufficient 

overview of the competencies of leadership and management; though this training would require 

funding. 

14.2.7 KSF 7 - Project Plan 

Baselining the project plan would be dependent on acquiring lead times for hardware required and 

availability of resource for the software installation across the university facilities. Once this is 

established, a review with Formula Student Team Faculty Manger can take place and upon agreement 

the project plan could be launched. 

14.2.8 KSF 8 — Testing 

In conjunction with KSF No 6 and lessons learned from the limited success of the preliminary attempt 

of implementing PDMWorks WorkGroup during AM05, a Pilot test scheme can be developed. This 
  

“ Information taken from: www.i-l-m.com/learn-with-ilm/1048.aspx 

124



should sufficiently test the criteria of the applicable KSFs, providing a full and phased integration into 

the Formula Student AM08. Refinements can be addressed in adequate time, noting any potential 

shortfalls and most suitable method for improvements. This would ensure a detailed framework is 

provided for KSF No 9. 

14.2.9 KSF 9 - Training and Workshops 

The PDMWorks WorkGroup is a fully integrated option within the SolidWorks software, providing a 

seamless interface. The scope of training and workshops required is significantly reduced due to the 

familiarity with the present SolidWorks operating system, minimising the learning curve required 

from the new users and administrators. 

The foundation to support the tutorial guides and workshops will be dependent on the success of KSF 

No 8. An effort should be made to find the best working practices for efficient ease of use by the 

Formula Student Team. 

14.2.10 KSF 10 - Business Strategy 

The PDMWorks WorkGroup directly supports the business strategy with no significant costs, so there 

is potential for the expansion throughout Aston University School of Engineering. The PDMWorks 

WorkGroup Vault provides the ability for managing independent projects securely, separated from 

Formula Student. This supports the requirement of allowing for the PDMSWorks WorkGroup to be 

utilised for additional projects run throughout School of Engineering. 

A business strategy should be developed during the discussions on the organisational changes. 

14.3 Summary 

The KSFs have been fully evaluated against the PDMWorks WorkGroup, highlighting areas to be 

investigated further. Overall, there is significant compatibility and benefits gained with the selection 

of PDMSWork WorkGroup, both in terms of facilitating configuration management control, and in 

supporting an organisational change for the Formula Student Team. 
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The key areas that will need particular focus and attention are: 

e Understand the specification for hardware costs and source the appropriate funding, either 

through sponsorship or by a business case assessment by the university School of 

Engineering. 

e Review and agree the proposed organisational changes, presenting the justification and the 

benefits these changes would bring to the Formula Student Team. 

e In relation to KSF No 6, develop a business strategy for the Formula Student Team, which 

would capitalise on supporting expansion of the project and improving the working 

environment; providing the facility of being able to work externally. 

In establishing the KSFs, the success of the PDMWorks WorkGroup implementation relies on the 

support and commitment of the university School of Engineering. 
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15.0 Chapter 2 Conclusions and Recommendations 

From the theoretical knowledge learnt and research presented in Chapter 2, the unique situation of 

Aston University Formula Student Team has been established. Throughout the research, and with 

direct comparisons to Industry, a framework has been established for identifying the Key Success 

Factors to select and implement a PDMS capable of meeting the specific needs. This in turn has 

driven the selection of PDMWorks WorkGroup to be implemented into the Formula Student Team. 

The execution of how the proposed final solution is implemented, will determine the success of the 

research work. The highlighted areas identified by the KSFs will require focus to ensure the full KSF 

benefits are achieved, particularly in adapting an approach to improving the organisation hierarchy 

structure. 

In combination with the development of the working practices and process, to harness the full benefits 

identified, the Formula Student Team should aim to formalise a comprehensive induction pack. This 

will enable a more adaptive approach, supporting transition and acceptance to the revised working 

process, both for PDMWorks WorkGroup but also improving communication lines and available 

support. The pack is not limited to, but should include: detail of the project milestones aligned to the 

Project Life Cycle management, team organisation chart and FASE rule allocation. 

The KSFs identified have the scope to be developed further into a matrix scoring system, where each 

individual element would be appropriately appraised against a scorecard, ranking the commercially 

available systems in respect to the organisational requirements. 

One area that the research highlighted is that organisations need to commit to sufficient resource, 

funding and support to succeed in the implementation of PDMS. Personnel within the organisation 

would need to be specially trained in the respective PDMS functionalities, to aid transition into the 

organisation, whilst also retaining the experience and knowledge. A recommendation to consider is to 

provide PDMWorks WorkGroup training to a permanent member of university staff, retaining 

experienced knowledge and thus providing the capability to develop the system further. This would 

directly support KSF No 10, in the ability to expand the PDMWorks WorkGroup outside the context 

of Formula Student within the university. 

By providing sufficient training to the postgraduate students, with respect to teamworking and 

leadership and motivation, this will contribute and benefit towards the projects performance. These 

aspects can be potentially measured against two particular areas. Firstly, the participation and 

contribution from all team members to meet or surpass the project milestones, and secondly, 

comparisons of the individual team members performance in Final Year project course grading, 

against peers not associated with Formula Student project. In considering the benefits associated with 
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training, it is recommended that a development and training scheme is established for the postgraduate 

team members, upon selection into the team. 
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Chapter 3 — Implementation of Project Data Management Software 

This chapter covers the application of the theoretical knowledge learnt from the established 10 KSFs, 

to implement and integrate the PDMWorks WorkGroup into Aston University AM08 (2008 - 2009) 

Academic year Formula Student Team. 

The process begins with identifying the specification of the hardware and software requirements to 

support the installation of PDMWorks WorkGroup, in consultation with the university ICT 

department, to gain an understanding of cost, lead-time and installation scheduled. This forms the 

foundation of outlining and baselining a project plan for agreement by the Formula Student Faculty 

Manager, which would provide an evaluation against KSF No 3 — Cost and No 10 — Business 

Strategy, highlighting any shortfalls or waivers required. 

The project plan is broken down into 4 phases, detailing the specific tasks for the required testing, 

Pilot Scheme and refinements of the Administrator and User working practices for the Formula 

Student Team. Against each of these phases the respective KSFs were evaluated, ascertaining any 

problems and providing an indication for future recommendations. 

The sequence of the approach for the 4 individual phases is as follows: 

1. Installation and testing 

2. PDMWorks WorkGroup organisational structure assessment 

3. Development of Administrator and User Tutorials 

4 Pilot Scheme and PDMWorks WorkGroup performance evaluation 

The evaluations and recommendations from the organisational structure assessment would form the 

basis for the proposed Administrator and User tutorials. The completion of the Pilot Scheme in turn 

would formalise the final issues of the tutorials, based on the feedback and amendments required from 

the pilot scheme. This action would then signify completion of the integration phase of PDMWorks 

WorkGroup. 
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16.0 Project Plan 

To develop and finalise KSF No 7 — Project Plan, for agreement by the Faculty Formula Student 

Faculty Manger, the following steps are to be taken: 

1. Understanding the PDMWorks WorkGroup hardware requirements 

2. Assess Aston University computer facilities and specifications 

3. Obtain quotations and agree funding, assessing KSF No 3 and KSF No 10 

4 Finalise delivery and installation schedule 

Upon completion of these 4 steps, the full implementation and integration phases could commence. 

16.1 PDMWorks WorkGroup Hardware Requirements 

For the installation of the PDMWorks WorkGroup software, consideration was taken for the 

hardware requirements needed to run the Vault. The current system recommendations supplied 

for the PDM product are detailed in Appendix A. 

The PDMWorks enterprise requirements encompass the PDMWorks WorkGroup specifications 

as the former is designed for large organisations, producing more than 60,000 data files. There is 

little difference in the functionality and specifications between the two versions of software 

supplied from SolidWorks. 

In analysing the past data produced from the Formula Student Team, the data file ranges were in 

excess of 1,000 files. On consultation with the ICT department, to determine the possibility of 

utilising an existing server which could be dedicated to PDMWorks WorkGroup, the initial 

quotations supplied for the server hardware were £2500+ VAT, significantly higher than 

anticipated. However, further discussions within the university ISA Server team provided a 

solution that would not incur any costs. 

The setup of new MS-SQL servers within the university, that are within the hardware system 

specifications recommended for PDMWorks WorkGroup, could be used for the dedicated purpose 

of the Formula Student Team. Agreement was reached between Formula Student and ICT for the 

PDMWorks WorkGroup Vault to be installed once the servers were fully functional. 
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16.1.1 Server Details 

The specific server hardware details that are allocated to run the PDMWorks WorkGroup Vault, 

is as follows: 

e Dell powerage 2950 VMwear server 

e Processor: Intel Xeon 1.6 GHZ CPU 

e 384 MB of RAM 

e 8GB Virtual Memory for vault data 

e Windows Server 2003 Service Pack 2 

e WCT Software which is partitioned up 

The 8GB memory is sufficient for the Formula Student project, but has the scope to be increased 

to develop and integrate the PDMWorks WorkGroup further into the university, meeting KSF No 

10 — Business Strategy. 

The additional benefits of the server being controlled and maintained by the ICA server team 

provides 24 hour cover, with the capability of back up recovery if any problems occur, as required 

by the ICT policy for the university. There is no responsibility on Formula Student Team to 

ensure the server is correctly maintained and managed. 

With the server fully networked and integrated into the university ICT infrastructure, this would 

allow access from any networked computer, whilst also providing the facility in external login 

and accessing via Microsoft Internet Explorer. This will aid the flexibility of varying the working 

environment for the team. 

No additional software is installed on the server, ensuring complete isolation of PDMWorks 

WorkGroup Vault. 

The allocated server system properties are shown below in Figure 35. 
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General | Computer Name | Hardware | Advanced | 

System: 

Microsoft Windows Server 2003 R2 

Standard Edition 

Service Pack 2 

Registered to: 

Aston University 

Aston University 

6971 2-650-2301152-45484 

  

Computer: 

Intel(R) Xeon(R) CPU 
E5310 @1.60GHz 
1.60 GHz, 384 MB of RAM 

Physical Address Extension     

Pee Cancel | Apply |     

Figure 35: PDMWorks WorkGroup Server System Properties 

16.2 Project Plan 

Upon confirming the schedule with the ICT and ICA departments for the hardware and software 

installation, the plan presented in Figure 36 was reviewed and agreed with the Formula Student 

Faculty Manager. 

The plan details the specific tasks and milestones for the 4 phased approach, with sufficient 

contingency allocated for Phase 4 — Pilot Scheme and Performance Evolution, due to the potential 

problems that could occur in the extensive performance testing. 
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17.0 Phase 1 - PDMWorks WorkGroup Installation and Testing 

This phase consists of the installation and setup of the hardware and software for PDMWorks 

WorkGroup across the university facilities; including the initial familiarisation and testing exercise. 

These initial tests aim to evaluate the software access and functionality, both independently and in 

conjunction with SolidWorks Professional 2007. This assessment would provide the foundation for 

Phase 2, in assessing KSF No 4 — Associated Documentation and KSF No 6 — Organisational 

Structure. 

17.1. PDMWorks WorkGroup Server Access & Software Installation 

The server can be accessed via any networked university computer using the Microsoft Windows 

‘Remote Desktop Connection’ function. 

The ‘Remote Desktop Connection’ tool can be found when navigating from the Start Menu on the 

Microsoft Windows operating system. This program is located in the Accessories menu under the 

Communications tab. On selecting this tool, the following entry screen will appear, detailed in Figure 

a7; 

  

  

  

  

  

[Connect _|{ Cancel || Help | | Options >> | 
  

Figure 37: Remote Desktop Connection Entry Screen 

The designated IP server address for the Formula Student Team is: naxos.aston.ac.uk. This should be 

entered in the Computer selection box, clicking connect when complete. This in turn will connect to 

the Microsoft Windows server operating system. 
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The PDM Vault software tools are then installed onto the Server, using SolidWorks 2007 Professional 

installation disks supplied to Aston University, to be performed by both the ICA Server Team and 

Author present. On completion of the software installation the PDM Vault would be ready to be tested 

and setup. 

The server operating system desktop display consists of the PDMWorks WorkGroup Administrator 

Launch Icon, SolidWorks Explorer Icon and eDrawings Icon. The vault is located within the D: hard 

drive, with 8 GB of virtual memory. 

The desktop screen that is shown upon the Remote Desktop Connecting to naxos.aston.ac.uk is 

detailed in Figure 38. 

    

  

View system information Sg? Local Disk (C:) Sp loi 

3b Add or remove programs 

{B Change a setting 

Devices with Removable Storage 

4B 3% Floppy (A:) CRMSVOL_EN (E:) 

  ws] | @ | Prvcomouer 

Figure 38: naxos.aston.ac.uk Operating System Screen 

17.2) PDMWorks WorkGroup Configuration in University Facilities 

The SolidWorks software setup across the university computer labs requires the PDMWorks 

WorkGroup tool to be activated and configured. As the SolidWorks software package is installed as 

an image across the university, the Labs would require reinstallation with the PDMWorks WorkGroup 
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function enabled. The extent of the re-imaging consists of the following Labs: L37A, L77, MB160 

and MB170. In addition to this, the project supervisors and management office computer are also 

required for re-imaging. 

On completion of the configuration exercise, access would be proved to PDMWorks WorkGroup. 

17.3. PDMWorks WorkGroup Familiarisation and Initial Testing 

The familiarisation tests to be performed with the PDMWorks WorkGroup Vault are: 

e Establish the login facility for the administrators of the Vault 

e Set up users and groups, along with a test project folder 

e Log in to the Vault via SolidWorks through a user account 

e Check In an assembly and log out 

e Log into the Vault via another Computer and using a different User ID, Check out an 

assembly 

e Modify the assembly and Check back in. 

This would provide an overview of the basic functionality of the software, detailing the specific 

options required for the Formula Student Team. 

The following section gives a general overview of the familiarisation process taken for the initial test 

work. This would form the foundation of establishing a more comprehensive set of instructions for 

using the PDMWorks WorkGroup by Administrators and Users that would be used in producing the 

tutorial guides. 

17.3.1 PDMWorks WorkGroup Initial Tests 

To enable and access the Vault administrating facility, any networked computer could be used to log 

onto the server, via the Remote Desktop function, using the access process detailed in Section 17.1. 

Once connection to the naxos.Aston.ac.uk server has been established, the display screen presented 

should be identical to Figure 39. The PDMWorks WorkGroup administrator icon should be selected 

to start the Vault login process. 
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The following screen should be displayed when accessing the Vault. 

    PDMWorks Workgroup 2007 ¥YaultAdmin - Login 

  Login information 
  

Name: |pdmwadmin 

  

Password: | MINH 

  

Vault computer; |naxos, aston.ac.uk 

I¥ Save name and vault computer   Save password 

Cancel _| Help | _About.._| 

Figure 39: PDMWorks WorkGroup 2007 VaultAdmin Login Screen 

  

  

The default User Name and Password defined by SolidWorks is pdmwadmin. The vault computer 

box should be entered with the server IP Address of naxos.ason.ac.uk. 

Once the successful login has been completed, the PDMWorks WorkGroup Vault Admin menu 

screen should be shown, as presented in Figure 40. An overview of the Vault options contained on the 

Vault Settings screen is also detailed. 
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Properties AO Standard Libraries A Triggers 
Vault Seltings | ae — | Revision Scheme | Revision Table | Picjects | Lifecycle 

  

      
       

  

lobal settings C Next start 

fe i @ Every stale 
  

  

  

Keep extra copy of latest files t 

Hide projects wih no access ~ Viewing with eDrawings —— 
1% Force user login : I Allow markup 

T~ Allow revision bumping ¥ Allow measure 
T™ Allow latest revision overwrite I¥ Allow save 
[~ Allow change document propertes 
T™ Allow users to create sun projec's ~ Delete, Nollbacs, Archive documents 

T Don't alow reac-only users to open does in PDMWorks Workgroup Viewer © Noone 

  

T pit/.asm/.dnw extensions not associated with Solidworks © Administrators only 
1 Allaw attachments to documents nvned hy ober users © Allusers 

J Set flesystem read-only attibute if not owner ui ton 

1 Allow users to rename documents in the Vault 
T Enable perfomance email Seve... | 

T~ Bind ownership to Solidworks read-write / read-only access Clear.. | 
1 Skip drawings validatior during check in         
  

Logged in as; pdrwadmin OK | Carcd | amy | Abo. | Hep | 
        
  

Figure 40: PDMWorks WorkGroup VaultAdmin Menu Screen 

A brief overview of the options available on the menu screen is as follows: 

1. Vault settings — Provides vault global settings which include: detailing the section of specific 

administrators, security and access to the vault, revision overwrite control of the vault and 

control of attachment of documents. 

2. Users & Groups — Defines user names, passwords and grouping of users. 

3. Search — Indexing search service and detail on data contained within the Vault. 

4, Revision Scheme — Details the primary (A-Z) and secondary (0-99) for revision changes. 

5. Revision Table — Controls the revision scheme for SolidWorks drawings. 
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6. Projects — Creation of project folders, bulk data check in and assigning users privileges. 

7. Lifecycle — Enables lifecycle function and detailing behind the status, ie time period and user 

control of status change. 

8. Properties —- Custom properties for the Vault. 

9. Standard Libraries — How the data folders are specified and located within the Vault and 

document revision management control. 

10. Triggers — Provides the facility for server notifications of relevant user events, i.e. document 

check-ins, changes in projects and changes in ownership. 

A complete description of the PDMWorks WorkGroup Vault functionality is beyond the scope of the 

formalisation exercise and is best found within the detail of the PDMWorks WorkGroup Software 

tutorial. However, the focus should be concentrated on the functions specific for the use of the 

Formula Student Team. 

17.3.2 Creation of User Groups and Projects 

The task to create trial user accounts entails the setup of temporary user names and passwords. In 

selecting the Users and Groups Tab, as presented it provides the option to setup the detail of specific 

accounts and the appropriate fields required. The users created could also then be assigned to a 

specific group. 

In establishing the test group with the temporary individual user names, a project folder could then be 

created. Selecting the Project Tab function (Option 6) provides the following screen shown in Figure 

41. 

The New Project button creates the project folder required in the Vault. In selecting this option, it 

provides the ability to detail the specific groups to be granted access to the project folder. The project 

permissions could also be set by the administrator within the tab window, stating which users should 

have Read/Write access. For the purposes of the familiarisation testing, Read/Write access should be 

granted for the individual users. 
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PDMWorks Workgroup 2007 ¥aultAdmin 

  

Properties | Standard Libra” | Triggers 

a Search | Revision ) | RevisionTable —Proiects | Litech_— 

   
     

   

  

   

  

             

      

    
    

    

     

  

Delete Proiect | 

inistrators have RW access to all projects. Buk Check In.. | Archive Project... | iow Adiaeauuiore Giles 
  

e user and group access by selecting on the first 2 

RO =tead only access (ro = inherited from a parent gr 

RW = read/write access (rw = inherited from a parent gr 
  

  

  

  

  

  

     
    

RO} Rw | Users/Groups | Parent group(s) “ 

a ~ Formula Student 

@ baigrs Forrnula Student 

Brake Discs % clarkeb Formula Student 

Chassis rendered t ; : 
Common Parts @ huntere : 

@ kipariur Formula Student 

@ malls Formul 

@ mistryr Formula Student 

; @ scattpph Formula Student 

Description: |Assembly | G thomasaa Formula Student 

tramontm Formula Student      

 § uset_t 
@ User We 

Vi im 

    
            
      

Logged in as: pdmwacmin ok l Cancel | Apr | Hep _|   
    
  

Figure 41: PDMWorks WorkGroup Vault Admin Project Screen 

An overview of the functionality presented in Figure 41 is as follows: 

1. Project Command: Creates and details projects. Allows bulk Check In of SolidWorks data 

from external hard drive. Copies and achieves project folders when required. 

2. Provide the facility to dictate the specific access rights of the users. 

3. Details the files contained within the project folders. 

The final options to be selected for the Vault are contained with the Vault Tab screen, as presented in 

Figure 40 Option 1. The global settings for the Vault should be changed to support the familiarisation 

tests. The following options should be selected 

1. Force enter login - Ensures secure access to vault 
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2. Hide Projects with no access — additional projects contained in the vaults should not be shown 

to the user without permission 

3. Keep extra copy of latest files — Additional recovery feature for data files 

4. Allow attachments to documents owned by other users — Provides the facility to attach 

relevant document information to files within the Vault 

5. Allow users to rename documents in the vault — Provides editing function of document names 

With the initial setup of the Vault complete and the settings saved, PDMWorks WorkGroup can be 

logged off. 

17.3.3 SolidWorks Access to PDMWorks WorkGroup 

The next task is to access the SolidWorks interface with PDMWorks WorkGroup. In opening 

SolidWorks 2007 Education Edition from any other university networked computer, the Vault can be 

connected to by the PDMWorks WorkGroup Icon contained on the SolidWorks Tool Bar. 

Upon selecting PDMWorks WorkGroup Icon, the following Vault Login User ID screen should 

automatically be shown, as presented in Figure 42. 
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PDMWorks Workgroup 2007 - Login 

  

  

  

  

  

  

  

        

- Mault information 

Vault computer: |naxos.aston.ac.uk | Xx| @) 
an 

Vault description: | — 
T~ Make default vault | 

- User information 

Name: || e 

Password: | 

T Savename [Save password 

Cancel | Hep |   
  

Figure 42: PDM Vault User Login Screen 

The vault server IP address information should be entered (naxos.aston.ac.uk) in Box 1, the vault 

description should remain black. However, to reduce the login time the ‘make default vault’ should be 

selected. 

The temporary test username and password can be entered to access the vault. This completes the 

Vault login access from SolidWorks. 

17.3.4 Check In of Data 

With SolidWorks connected to the PDMWorks Vault, a simulation can be performed of checking in 

and out of data. Using a previous SolidWorks Formula Student car assembly file from AM07, opened 

via the Formula Student server \\eas-auth\cad, the assembly can be checked into the vault by selecting 

the Check In Icon on the SolidWorks tool bar, detailed below. 

- Check In button found on SolidWorks tool bar Screen 

This should open the vault Check In menu screen, as shown in Figure 43. 
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     nM its ae Cem eter lili) a (oj xj @) 

  Document list (select cells to edit) 

  

“Options: 4 Check in? J.T Retain ownership? 29 Delete local copy? om 

TT Eee 

‘Car Engine S00v Twin | D pdmywad 

+ = 4 i) 2) 
Find and include associated: _ Drawings... | MOS tm ® 

Check In Cancel | Output ToFFile... | 

    

  

  

  
  

  

      

  

Figure 43: PDM Vault Check In Menu 

There are several options to be considered from the menu screen for the user. 

Option 1 details whether the file is to be checked in, if the user still requires retention of ownership 

once checked into the vault and the original local copy saved on the Formula Student server to be 

deleted. In retaining user ownership, other users will not be able to access this file for editing. Only 

once the ownership is released to the vault will other users be able to access the file. This should 

provide a clear indication of the status of the file and which user currently has ownership rights. 

Option 2 allows the assembly information to be detailed, such as description, revision no, owner and 

project group. 

Option 3 provides the final decision functions, both in being able to output the file to an external hard 

drive, but also attach associated drawings and analysis. 

In selecting the Check In button the assembly is successfully stored into the project folder contained 

within the PDMWorks WorkGroup Vault. At this point, the SolidWorks and PDMWorks WorkGroup 

software can be logged off and closed down. 

17.3.5 Check Out of Data 

To check access from other computers within the university facilities the login process detailed 

Section 17.3.3 should be followed. 

Once SolidWorks and PDMWorks are successfully running, the intention is to open and check out the 

assembly in the PDMWorks WorkGroup Vault, using alternative user details. 
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Upon selecting the Open button on the SolidWorks Tool Bar, the menu screen that should be 

displayed is shown in Figure 44. 

From this screen, the user can browse through the parts and assemblies stored within the Vault, by 

selecting the PDMWorks WorkGroup Vault tab in option 1 detailed in Figure 42, on the left hand side 

of the screen. Alternatively the user can also browse for files located elsewhere within the computer 

or network. 

A preview of the intended files to be opened is also generated, to confirm the correct file is selected. 

The information on user access rights to the specific folder is also displayed. 

  

Figure 44: Open Parts or Assembly Menu Screen 

On locating the assembly within the Vault project folder, and upon selecting the Open button, the 

following menu screen presented in Figure 45 should be displayed. 
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Document list (select cells to edit) 

x a ; 

Revision [owner [Project |Note |Save inFolder —_ info | : } 
c i ‘FS2008 Car CAD «Hy Documents... | 

¥ Open now 

Open /Check Out] Cancel | Output ToFie... | Help | 

: a     

Figure 45: PDM Vault Check Out Screen Menu 

Option 1 allows the user to take ownership of the file; the ‘get local copy’ places the required files on 

the computer’s internal hard drive. This acts as a safety precaution in case the connection to the vault 

is lost, or a problem occurs in using SolidWorks. As the file is stored on the local computer, this 

prevents the original vault file being lost. 

Option 2 details if the latest revisions of the files associated or linked to the assembly should be 

checked out or if the user only requires the current as built assembly. 

The Take ownership and Get local copy boxes should be selected on this screen. On clicking the 

Open/Check Out button, it should check out the assembly file for the user to edit. 

17.3.6 SolidWorks Editing 

Alterations can be made to modify the assembly and the process of Check In, detailed in Section 

17.3.4, is repeated. When the Check In Screen is displayed (Figure 43), the assembly revision number 

is changed due to the alterations. The retain ownership and deleted local copy should be de-selected 

once the user is ready for other project users to access the file, before the Check In button is pressed. 
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17.4 Summary 

To build up a comprehensive knowledge base on the functionality and interaction of the PDMWorks 

WorkGroup, the approach is varied on testing various Vault options and settings, in combination with 

assessing the access from various computers within the university facilities. This process is continued 

to provide a baseline for the essential functions that would be required for the Formula Student Team. 
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18.0 Phase 2 - PDM Management Structure for Formula Student 

An assessment can be made on KSF No 5 — Associated Documentation and No 6 — Organisational 

Structure, based on the knowledge learnt from the initial familiarisation testing performed in Section 

17.0. 

The approach taken to allocate the administrator and user privileges against the AM08 organisational 

structure, presented in Figure 46 below, was determined by the experience of using the software in 

combination with the provided PDMWorks WorkGroup user tutorials. 

The aim was to create a platform in order to baseline how the team could be managed and co- 

ordinated through the use of PDMWorks WorkGroup. The allocation of the privileges granted for the 

specific roles, in conjunction with a preliminary simulation exercise of the Vault, consisting of 

experimenting with the control functions of the Vault for both the Administrators and User. This 

would establish any pitfalls or constraints against the organisational structure. It also provides an 

indication of the framework for how the communication lines between the team members, team 

managers and faculty supervisors, should be managed during the design review process. 

The allocation of the administrator and user access during simulation testing, would also highlight the 

potential pitfalls and constraints that would need to be addressed. In addition, this would assist in 

ascertaining the background information required to formulate the specific administrator and user 

guides, based on the simulation exercise. 

In understanding the initial outcome from the simulation testing exercise of the organisational 

structure, KSF No 6 — could be assessed to ascertain the simplicity of independent documentation 

control for the AM08 team. 
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18.1 Allocation of Access Privileges for AM08 

The proposed distribution of the privileges for access control of the Vault against KSF No 6 

organisational structure is outlined in Figure 47 below. 

       

  

Faculty Manager Permanent University Member of Staff — 

Lecturer & Overall Management of FS 

Administrator 1 

  

  

  

  

  

  

  

      Project Tasking   

Faculty Project Permanent University Member of Staff— | User 

Supervisors Department Lecturer 

Faculty Business Permanent University Member of Staff— | User 

Project Supervisor Department Lecturer 

Faculty Technical Permanent University Member of Staff — | User 

Staff Technical 

Honorary Member Technical Specialists and former User 

university staff 

Project Advisor Postgraduate Student — Project planning | User 

Team Manager Postgraduate Student - Co-ordination Administrator 2 

and Management of Formula Student 

Team Manager Postgraduate Student - Co-ordination Administrator 3 

and Management of Formula Student 

Team Member Undergraduate Student — Final Year User 

  

Figure 47: Proposed AM08 PDMWorks WorkGroup Administrator and User Allocation 

149 

 



A generic flow diagram of the user and administrators to the PDMWorks WorkGroup Vault is shown in 

Figure 48 below. 

Postgraduate 
Team Manager 
(Administrator 

2) 

Faculty Project 
Supervisors 

(User) 

Undergraduate 
Team Members 

(User) 

Formula Student 
Faculty Manager 
(Administrator 

9) 

PDMWorks 
WorkGroups 

Vault 

Honary 
Members and 

Faculty Support 
Staff (User)   

Postgraduate 
Team Manager 
(Administrator 

I oieeaelel rele 
Business and 

Student (User) 

Postgraduate 
lacey 

Management 
Student (User) 

Figure 48: PDMWorks WorkGroup Vault Administrators and User Flow Diagram 

The justification of only allocating 3 administrator roles was to limit the overall learning curve during the 

implementation process for the team and the potential communication problems that could occur in the 

changing privileges and access functions throughout the year. The benefit this would bring is retaining a 

simplistic approach to the control of the Vault. 
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18.2 Simulation Exercise 

Based on the familiarity testing detailed in Section 17.0, the simulation exercise consisted of the 

following steps: 

1. Created a temporary administrator and user accounts for the Vault, as per Figure 47, consistent 

with the AM08 team numbers. 

2. Created a temporary project folder within the Vault and allocated the project user group. 

3. Selected the preliminary Vault settings for the project. 

4. Imported a previous SolidWorks Car Assembly. 

With the temporary AM08 team constructed for PDMWorks WorkGroup, the login, data check in and out 

functionality for individual accounts was systematically evaluated. The variables during testing included: 

access from different ITC computer facilities, modifications of specific car parts, retention of ownership, 

revision scheme assessment and experimenting with administrators Vault functionality controls. This also 

included selecting or de-selecting specific options outline in Figure 40 in Section 17.3.1. 

Some of the specific functions that would need to be selected for the AM08 team are: 

e Enforced user login 

e Revision scheme setup for A — Z 

e Allow revision bumping privileges 

Once the assessment of the allocation of user and administrators against AM08 organisation was 

complete, the simulation of documentation control could begin. This simple exercise could be performed 

using the initial guidelines detailed in Section 17.0, to assess the checking in and out functionality of 

documentation independently from the SolidWorks software. The approach taken was to simulate access 

from various login terminals around the university facilities, with the aim to fully evaluate KSF No 6 — 

associated documentation and how the selection of specific Vault functionalities within the admin of the 

Vault would aid the documentation configuration control. The main aim of the exercise was to determine 

the feasibility of allowing project supervisor notes to be amended to specific FASE rules and team 

member work. 
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The key functions that would need to be selected are: 

e Allow attachment to documents owned by other users 

e Allow user to rename documents in the Vault 

e Setup of triggers to inform users of document check in via email 

e Standard library functionality activated for documentation revision 

Assessing the documentation control functionality against the organisational structure and allocation of 

privileges, has demonstrated the potential for use by the AM08 team, whilst also supporting KSF No 6. 

18.3. Summary 

The allocation of the administrator and user privileges of the PDMWorks WorkGroup supports KSF No 5 

and has provided an understanding of how the Vault should be managed during the course of the 

academic year. The intention of the simulation exercise was to gain familiarity of how the Vault 

management and co-ordination would support the AM08 team organisational structure. However, as this 

simulation was constrained by both time and to a single user, a comprehensive analysis of the integration 

within AM08 team could not be fully achieved without initiating a pilot scheme and encompassing a 

multiuser environment. 

The administrator role could be expanded to encompass the project supervisors in future, once sufficient 

experience and knowledge of the PDMWorks WorkGroup software had been established. This would 

additionally support the development and expansion of PDMWorks WorkGroup within the School of 

Engineering department. 

The ability of accessing the Vault independently from the use of SolidWorks Software has already 

demonstrated the potential of documentation control for the AM08 team. The full capability of the 

document management control could be further assessed and developed during the Pilot scheme. The 

potential of this functionality supports KSF No 6. 

The knowledge gained through the simulation testing for both the privileges and access rights would 

directly benefit the formulation of the specific administrator and user tutorials suitable for the AM08 

team. 
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19.0 Phase 3—PDMWorks WorkGroup Tutorials 

Based on the initial familiarity and experiences gained through using PDMWorks WorkGroup during 

Phase 1 & 2, the following proposal for both the Administrator and User tutorials could be established. 

The strategy for the tutorials is to provide an instructional outline of the interaction process required 

between Aston University Formula Student Team and the PDMWorks WorkGroup Vault. The objective 

is not to overwhelm the literature with intricate details for each of the functions and options available, but 

to outline the critical interaction steps and utilise where necessary the SolidWorks software Help 

functionality. Balancing the tutorial guide information against the available software Help guides, should 

ensure that a comprehensive overview is provided, which is specific to the needs of Aston University 

Formula Student Team. 

19.1 Proposed Administrator Tutorial 

The Administrator tutorial would need to cover the following topics to provide a good understanding for 

the setup and control of a PDMWorks WorkGroup Vault Project. The topics are: 

1. Connection to PDMWorks WorkGroup Vault Server and Login to the PDMWorks WorkGroup 

Vault Administrator. 

2. Creation of new users and project groups. 

3. Setup of a new project folder in the Vault. 

4. Detailing the global settings of the Vault. 

5. Controlling the revision system. 

This would form the framework for generating the final tutorial guide that would be given to the Project 

Administrators. 
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19.1.1 Connection to PDMWorks WorkGroup Server and Login to PDMWorks WorkGroup 

Vault Administrator software 

To log into the PDM Server the following steps need to be taken. 

Navigating from the Windows Start Menu, select Programs, Accessories, Communications, and click 

on the Remote Desktop Connection Icon. The menu shown below in Figure 49 should appear. 

  

  

  

  

Computer: | (vi 

|_Connect_ || Cancel || Help _| | _Dptions >> | 
  

  

Figure 49: Remote Desktop Connection 

The PDM server IP address should be entered into the Computer box. This is naxos.aston.ac.uk. Click 

the Connect button to start the login process. 

This should request the adminstrator to enter their indivdual university Login name and password. This is 

an additional security facility. Only students who have been selected with permission to access the server 

by the ICT department would be able to continue the log in request. 

When the login process is complete, the Windows desktop screen for the PDM Server should be 

displayed, as shown in Figure 50. 
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Figure 50: PDM Server Microsoft Windows Desktop Screen 

  
To log into the Vault, double click on the PDMWorks WorkGroup Vault Admin icon, displayed on the 

desktop screen. 

This should launch a login screen for the Vault access. 
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PDMWorks Workgroup 2007 ¥YaultAdmin - Login 

Login information   

  

Name: |pdmwadmin 

  

Password: | III 
  

Vault computer: |naxos. aston.ac.uk 

IV Save name and vault computer 

| Save password 

Cancel | Help | About. | 

Figure 51: PDMWorks WorkGroup Vault Login Screen 

    

The default Login information is as follows: 

1. Name: pdmwadmin 

2. Password: pdmwadmin 

3. Vault Computer: naxos.Aston.ac.uk 

Select the Save name and Vault computer box for faster access for further login session. 

Once the Login button is selected, the PDMWorks WorkGroup Vault Admin should launch the software 

menu screens, as presented in Figure 52. 

Details on changing passwords and user information are explained in Section 19.3.1. 

Once the required administrative tasks are completed, to Log out of the PDM Vault admin session simply 

click on the OK button at the bottom of the screen. This will return you to the naxos server desktop 

screen. 

156



PDMWorks Workgroup 2007 ¥aultAdmin xX | 

Properties | Standard Libraries | Triggers | 

Vault Settings | Users andGroups | Search | RevisionScheme | Revision Table | Projects | Lifecycle 

  r Vault information Aa 

Veuk puter, NAXOS Formula Student 

License type: Normal Change License... | OD & baigms 

  

    

  

  

  

  

  

  

  

  

Root directory: D:\VaultData’ M &% browndm 
OO @ clarkeb 

Vault Lock OD @ haniscs >| 
@ Unlocked = 

© Unlocked for: Jodmwacrnin =| ~ On vault startup 

© Locked I~ Validate vault 
r € Nevt startup 

——- @ Every startup 
IV Keep extra copy of latest files 

IV Hide projects with no access Viewing with eDrawings 

Force user login I¥ Allow markup 

T Allow revision bumping I¥ Allow measure 

T Allow latest revision overwrite IV Allow save 
  

T Allow change document properties 

~ Allow users to create sub projects 

T~ Don't allow read-only users to open docs in PDM'Works Workgroup Viewer 

~ \prt/.asm/.drw extensions not associated with Solidworks 

IV Allow attachments to documents owned by other users 

IT Set filesystem read-only attribute if not owner saga igo ! Vault Log 
I Allow users to rename documents in the Vault 

I~ Enable performance email  - 

Delete, Rollback, Archive documents 

     
  

Log Out button. 

          

        Tl Bind ownership to SolidWorks read-write / read-only access Clear... 

IT” Skip drawings validation during check in ia 

Logged in as: pdmwadmin ( ok ) Cancel | Aor |  Abow. | Hep | 
\ L 
<<   

Figure 52: PDMWorks WorkGroup Vault Menu Settings Screen 

Finally, to log out of the PDM server, click the Start Button on the Windows task bar and select the log 

off button on the screen. 
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19.1.2 New Users and Groups Account Creation 

To create users and define user groups, select the Users and Groups Tab at the top of the Vault Admin 

screen, as shown in Figure 53 below. Then click on the New User button. 
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Figure 53: PDMWorks WorkGroup Vault Users and Groups Menu 

This should launch the Add New User screen, presented in Figure 54. The required new user information 

can then be filled into the relevant boxes. A generic password should be used for the new user, to ensure 

ease of access during the first login session into the PDM Vault. The user then has the ability to change 

the password from the PDM options given within the SolidWorks program. 
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Add New User | 

~ User Information   

  

User name: || 

  

Password: | 

  

Display name: | 

  

Email: | 

  

Comment: | 

  

  - Documents visible to user 

@ All documents (default) 

Only documents for which custom property 

a | 

OK Cancel 

    
  

  

    
  

Figure 54: PDMWorks WorkGroup Add New User Screen 

The option to modify user accounts can be completed by selecting the Modify button on the Users and 

Groups menu; this would also provide the ability to change, or reset User and Administrator passwords. 

User accounts can be deleted from this screen. 

In selecting the New Group button on the menu screen in Figure 53, it would allow a group to be formed 

and detailed, with the specific users assigned to the group. 

To add additional users to the group, select the Modify button in the group menu; this provides the 

function to assign further user details. The delete button allows the removal of created groups and users 

assigned within it. 

19.1.3 Setup of a New Project Folder in the Vault 

To setup a new project within the Vault, click on the Projects Tab at the top of the Vault Admin screen. 

The following menu should be displayed, as shown in Figure 55. 
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PDMWorks Workgroup 2007 YaultAdmin Tx] | 
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Figure 55: PDMWorks WorkGroup Vault Project Screen 

Selecting the New Project button allows the naming and creation of the project folders. The New Project 

menu also enables the detailing of which user group should be assigned access to the particular project 

folder. 

The Bulk Check In facility provides the facility for large SolidWorks assemblies to be checked into the 

required Vault project folder. 

The Project Permissions function allows the detailing of users/groups that should have either 

Read/write access or Read Only access to a project folder. 
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19.1.4 Detailing the Vault Global Settings 

Selecting the Vault tab, as presented in Figure 52, provides the facility to adjust the global Vault options 

that would be more beneficial to the needs of the Aston University Formula Student Team. 

This screen allows the detailing of specific administrators, security and access to the Vault, revision 

overwrite control of the Vault and control of attachment of documents. The Help button found at the 

bottom right of the screen, gives a detailed explanation of each of the options that are available for 

selection. 

Administrators can also be assigned from the list of users registered on the top right hand side of the 

screen. 

19.1.5 Controlling the Revision System 

As previously discussed in Section 17.3.1, selecting the Revision Scheme tab should present a number of 

options in the menu. 

The Revision Scheme should be selected at the default setting: A -Z primary, and 0-99 secondary. This 

should ensure that a simplistic revision scheme is established, providing ease of traceability throughout 

the design review stages. It is not recommended to alter the revision scheme system until a configuration 

document control scheme is fully outlined. The PDMWorks WorkGroup Help function fully illustrates 

the changes available to the Administrator. 
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19.2 Proposed PDMWorks WorkGroup User Tutorial 

The origins of the user tutorial would need to comprise of the fundamental operational basics, in order to 

provide a good understanding of interaction of the PDMWorks WorkGroup software. The areas that 

should be covered can be split into the following parts: 

1. Basic PDMWorks WorkGroup activation and Sign In/Out. 

Opening parts and assemblies from the Vault (Check Out). 

Saving documents to the Vault (Check In). 

Generating new parts and assemblies to Check Into the Vault. 

e
a
 

Best practice guide. 

The best practice section would be more specific to certain functions available to the Formula Student 

Team and finalised once the pilot scheme is completed. 

19.2.1 Basic PDMWorks WorkGroup Activation and Sign In/Out 

To active PDMWorks with SolidWorks 2007 SP4.0, select Tools, Add-ins from the software tool bar. 

The following screen shown in Figure 56 should be displayed: 
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Figure 56: SolidWorks 2007 Add-Ins Options Screen 
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Select the PDM Works WorkGroup 2007 function. 

In the main SolidWorks screen, right click on the Tool Bar to activate the Quick Key tool properties. 

Select PDMWorks WorkGroup from the list and drag and drop the new toolbox anywhere on the tool 

bar. 

The PDMWorks toolbox should now appear on the SolidWorks tool bar, Left Click on the Gold Key icon, 

as shown in Figure 57. 
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Figure 57; PDMWorks WorkGroup Toolbox in SolidWorks Tool Bar 

This will launch the PDMWorks WorkGroup login menu, presented in Figure 58. 
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Figure 58: PDMWorks WorkGroup Quick Keys 
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Figure 59: PDMWorks WorkGroup Login Screen 
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The instructions for the login process are as follows: 

1. Vault Computer name is: naxos.aston.ac.uk. - Ignore the Vault description. 

2. Left Click the Connect button - this will ensure that Vault server directory/connection is correct 

and will establish a connection. 

Enter the specific Username and password that is supplied by the PDM Administrators. 

4. Left Click the Login button. 

To log out at the end of each session, before exiting SolidWorks, Left Click the Gold Key Log Out 

button on the PDMWorks WorkGroup toolbar, as shown in Figure 60. 

PDMWorks Workgroup Logout 

Logout from the current POMWorks 
Workgroup vault. 

  

Figure 60: PDMWorks WorkGroup Log out Button 

19.2.2 Opening Parts and Assemblies from the Vault (Check Out Function). 

Left Click on the Open Document icon on the SolidWorks menu tool bar, this should open the screen 

shown in Figure 61. At the bottom left hand side is the icon for PDMWorks WorkGroup Vault, Left 

Click on the icon to see the Formula Student CAD 2008 project folder. 
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Figure 61: SolidWorks Open Document Menu Screen 

Left Click on the Formula Student CAD project folder, this should open and detail all the files currently 

available and saved within the Vault. Select the assembly or part required and Right Click the Open 

button. 
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Figure 62: PDMWorks WorkGroup Additional Check Out Menu Screen 
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PDMWorks WorkGroup should then present an additional screen, as shown in Figure 62, detailing some 

options to be considered on check out. 

The points to note are: 

When an assembly or part is checked out of the Vault, it should generate a temporary file within the user 

My Documents folder. It is important to setup a specific folder within the user’s My Documents folder, 

as this will keep the user’s drive organised and separate from other non-related files. The new folder or 

location can be set up by clicking on the Save In Folder option column in Figure 62, and designating a 

folder name. 

The most important option in Figure 62 is the Take Ownership tick box. This should allow the user to 

take full control of the parts and assemblies, and would not allow other users that subsequently log into 

PDMWorks WorkGroup to open and save over them. 

The user now has full control and ownership of the assembly or part to work on. 

19.2.3. Saving Parts and Assemblies back to the Vault (Check In). 

To check in a part or assembly, save the file as per the normal practice within SolidWorks. On the 

SolidWorks tool bar, Left Click the Check In (Active) button in the PDMWorks WorkGroup toolbox, as 

shown in Figure 63 below. 
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Figure 63: PDMWorks WorkGroup Tool Bar Check In (Active) Button 

PDMWorks WorkGroup should then present the following screen shown in Figure 64. 
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Figure 64: PDMWorks WorkGroup Check In Screen 
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The Check In Document screen details a number of options to be considered. The Check In tick box 

should be selected. The other additional options are: Retain ownership and Delete local copy. 

Selecting the Retain ownership function provides the user the ability to control the opening and editing 

access of the part or assembly within the Vault; releasing ownership only when the user is satisfied to do 

so. For the user group, this is a particularly important function when editing a generic team assembly and 

should be deselected. 

The Delete local copy option would remove the temporary file saved locally in the My Documents 

folder. This should avoid any potential confusion of duplicate revisions being created and stored. 

Additional information displayed within the Check In screen details the revision number change, due to 

the editing of the part or assembly. A primary example of this change process is the previous version of a 

part or assembly checked out being revision B, with the changes made and saved during the editing 

session the system should update the issue the part or assembly to revision C on check in. 

Left Click the Check In button and the part or assembly should be saved to the PDMWorks WorkGroup 

Vault. 

19.2.4 Generating New Parts and Assemblies to Check Into the Vault. 

The same procedure detailed in Section 19.2.1 should be followed to Log into the Vault. Once the part or 

assembly has been created, the file should be saved in the normal process in the local My Documents 

folder. 

The PDMWorks WorkGroup toolbox Check In Tab on the SolidWorks tool bar should be Left Clicked to 

present the screen shown Figure 65. 
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Figure 65: PDMWorks WorkGroup Check In Document Screen 

As discussed in Section 19.2.3 the key points to be considered are: 

In the Number column, a number 1 should be entered, as this is the first iteration of the 

respective part or assembly to be checked in. 

The Description column should be detailed with a brief outline of the part or assembly. 

The Revision column should default to A, as this is the first revision of the part or assembly. 

An option is also provided to attach and create a relationship to the relevant drawings to check in. 

Left Click the Check In button to successfully save the file into the Vault. 

19.3 Best Practice Guide. 

There are a number of additional functions that need to be discussed further, as they are specific to the 

requirements of Aston University Formula Student Team. This would aid the formation of a best practice 

guide that could be included in both the Administrators and Users Tutorials. These topics are: 

1 

2 

3. 

4 

PDM Works options icon & password change 

Revision working 

Ownership of documents 

Deleting documents from the PDMWorks WorkGroup Vault 
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Additional topics could be added once greater understanding is established of the working practices and 

process in using PDMWorks WorkGroup. 

19.3.1 PDMWorks WorkGroup Options Icon & Password Change 

Contained with the PDMWorks WorkGroup Toolbox is the options button, as shown in Figure 66. 
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Figure 66: PDMWorks WorkGroup Toolbox Options Button 

Left Click the options button to open the screen presented in Figure 67. 
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Figure 67: PDMWorks WorkGroup Options Screen 

To change the individual user password, select the Vault tab at the top of the screen in Figure 67. The 

Vault menu provides the password change option. There are no specific requirements restricting the new 

password to be either numerical or alphabetical. 

It is not advisable to change the other functionality options available, as the PDMWorks WorkGroup 

Vault has already been preset. If required, the SolidWorks software Help function details specific 

information regarding the individual options. 

19.3.2 Revision Working. 

As previously discussed in Section 19.2.4, the preset default revision number when a part or assembly is 

checked into the Vaults is set at A. However, there is the facility to manipulate and maintain the current 

revision number at the same level during future editing sessions, as each saved change and check in will 

result in an incremental increase in revision number. 

It is possible to keep revision level as it was previously, by selecting the revision column tab and using 

the A+ or B+ etc. This should state that the part or assembly is still being edited, before a full incremental 

revision change is actually required, allowing time until all editing has been completed. PDMWorks 

172



WorkGroup provides traceability of all changes made through this function, with the ability to ‘roll back’ 

files to the previous revision level, by the PDMWorks Administrator privileges, if required. 

19.3.3. Ownership of Documents 

The ownership of file is an important function to understand, in order to allow ease of communication and 

co-ordination through the design stages for the whole team. Each time a file is Checked In/Out, the user 

will retain its ownership, until it is released back to the Vault. The process that should be taken during the 

design review stage is that the part should only be released back from the user once the design is 

approved. This should ensure safe revision keeping, whilst also prohibiting other users from working on 

the same file until formally released at the required revision number. 

19.3.4 Deleting Documents from the PDMWorks WorkGroup Vault 

Deleting files contained in the Vault requires the privileges of the Administrator, protecting the safe 

storage of the Formula Student Team files. 

19.4 Summary 

The proposed Administrator and User tutorials has provided a framework that would directly support the 

launch of the pilot scheme, whilst also allowing the opportunity to assess the literature detail; evolving the 

content as required. 

The development of the tutorials specific to the Formula Student Team requirements is an important 

aspect to ensure that KSF No 8 & 9 are fully achieved; directly benefiting the success of integrating the 

use of PDMWorks WorkGroup in firmly establishing the tool within the team standard working practices. 

Additionally, the endorsement of the literature content from the pilot scheme will finalise the release of 

the tutorials ready for use by the AM08 team. 
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20.0 Phase 4 - PDMWorks WorkGroup Performance Assessment 

To meet the criteria identified for KSF No 9 - Training and Workshops, would require the combination of 

both the lessons learned from the limited success in implementing PDMWorks WorkGroup during 

AMO05, and the KSF No 6 requirement information. This would provide a framework to establish a pilot 

scheme. 

The strategy that needs to be adopted for the pilot scheme is to simulate a Formula Student Team design 

review phase, demonstrating the capability of PDMWorks WorkGroup and assessing the performance of 

the software functionality. 

A driving factor in ensuring that KSF No 9 is successfully achieved, is the dependency on the content 

strength for the proposed PDMWorks WorkGroup Administrator and User tutorials. The assessment of 

the pilot scheme should provide sufficient analysis of the literature, adapting the content to the specific 

functionality needs of Aston University Formula Student Team, before issuing in order for it to be ready 

to be integrated fully into the AM08 standard working practices. 

The intention is to utilise the current AMO7 team for the pilot scheme project, introducing the PDMWorks 

WorkGroup during the design review stages. In selecting the AM07 team to assist in the pilot scheme, the 

working practices should provide a direct indication as to how the software functionality benefits the 

team, aiding the measurement of management effectiveness and performance for the Formula Student 

Team. 

This will provide a true simulation of the software usage, whilst also directly benefiting the current AM07 

team. The risk associated with this approach is the short learning curve required by the AMO07 team, 

adapting quickly to the change in working practices. However, as previously discussed during Chapter 3, 

the team have already been continually adapting the working practice to overcome the consistent 

problems with the current SolidWorks file data storage system. 

20.1 Pilot Scheme 

The identified target period to introduce the pilot scheme is during the design review stages for the AM07 

team, as shown in the project plan in Figure 36. The intention was to introduce the PDMWorks 

WorkGroup during the scheduled weekly Formula Student Team meetings held in the university Lab 77. 
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This was the optimum time identified for launching the pilot scheme to fully assess the performance and 

functionality of the software, as any future date would impact their workload and preparation for final 

year deadlines. This would ensure that a quantifiable assessment can be made in terms of measuring the 

effectiveness of implementation and ease of integration, with the full collaboration from the AM07 team 

members. 

The approach taken is as follows: 

7, The PDM Vault administration was configured to the pilot scheme requirements for the present 

team structure, with full user and administrator access accounts set up, along with the Formula 

Student project folder being created in the Vault. The PDM system was now ‘live’ and ready to 

be used. 

The latest AMO7 full car assembly was checked into the Vault. 

A presentation of PDMWorks WorkGroup and a full demonstration was given to the AM07 

Formula Student Team during the scheduled design review meeting. 

The proposed Administrator and User Tutorials were distributed across the team members and 

followed during the design workshop, allowing for questions and answers to various problems. 

The team were then instructed to familiarise themselves with the practices in using the 

PDMWorks WorkGroup software. 

The author provided a Help desk service during the course of the pilot scheme, in order to 

overcome any problems and limit any impact to the process of the design review stages. 

During the course of the 4 week pilot scheme, an agenda topic during weekly design review meetings was 

built in for the discussion of progress in using the PDMWorks WorkGroup. This allowed for clarification 

on any of the proposed working practices or Vault functionalities, feedback on any problems encountered 

and suggested improvements from the AM07 team. 

20.2 Review and feedback 

The review and feedback task finalised the requirements for the future AM08 team, whilst also 

highlighting the areas for additional functionality research and analysis for PDMWorks WorkGroup. 

The pilot scheme managed to evaluate the performance of the following functionality options: 

1. Basic PDMWorks WorkGroup activation and Sign In/Out 
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Opening parts or assembly(s) from the Vault (Check Out) 

Saving new files to the Vault (Check In) 

Ownership of parts and assembly(s) 

Revision scheme progress 

ON
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Limited privileges assessment of the user and administrators against the team organisational 

structure 

The benefits the PDMWorks WorkGroup brought to the AM07 team were immediately apparent. The 

reliability of controlling access to the latest parts and assembly, through ownership control, resolved the 

problems previously discussed in Chapter 3, Section 12.0. 

The functionality assessment was constrained by a restricted time period to fully measure the potential of 

the documentation control, project supervisor design evaluation and revision scheme practices. These are 

only a few of these areas that if fully analysed, can be developed to greatly benefit the Formula Student 

Team. 

It was evident from the co-ordination and control of the design review stage that the PDMWorks 

WorkGroup brought improvements both in terms of communication for the latest standards of parts, and 

in enhancing the productiveness from the team. Due to the limited time frame it is difficult to determine 

and quantify the benefits achieved by the team. 

The feedback session provided a list of recommendations to the working practices and functionality of the 

PDMWorks WorkGroup. 

20.2.1 Recommendations for Future Team Setups 

The key areas identified from the pilot scheme to improve the PDMWorks WorkGroup setup, specific to 

the Formula Student Team working practices are: 

e The PDM user ID should be the same as the student’s university login ID, with a generic 

password set which can be then changed by the user. 

e More emphasis required for demonstrating that a part or assembly is at a particular revision, 

identifying the need to construct a revision scheme working practice. 

e Emphasis on the requirement to select Delete local copy function when checking in parts or an 

assembly into the Vault. 
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The functionality assessment of the Vault has demonstrated that the optimum setup for the Vault settings 

menu, within the Vault Administration, should be configured as shown in Figure 68 below. 
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Vault Settings | Users andGroups | Search | RevisionScheme | Revision Table | Projects | Lifecycle 

  - Vault information + Administrators 

Vault computer. NAXOS Formula Student 

License type: Normal Change License... | 0) % baigms 

  

    

  

  

  

  

  

  

  

  

Root directory: D:\VaultData\ © % browndm 
DO @ clarkeb 

- Vault Lock 1 @ haniscs xi 
@ Unlocked “ 

C Unlocked for: Jedmwvacnin =| ~On vault startup 

© Locked I~ Validate vault 
: € Next startup 

Csipnontertecanes @ Every startup 
Keep extra copy of latest files 

I Hide projects with no access ~ Viewing with eDrawings 

¥ Force user login IV Allow markup 

T~ Allow revision bumping IV Allow measure 

I~ Allow latest revision overwrite IV Allow save 
I~ Allow change document properties 
T~ Allow users to create sub projects - Delete, Rollback, Archive documents 

I~ Don't allow read-only users to open docs in PDMWorks Workgroup Viewer © No one 

  

  

[7 prt/.asm/.diw extensions not associated with SolidWorks Administrators only 
I¥ Allow attachments to documents owned by other users © Allusers 

I~ Set filesystem read-only attribute if not owner a 
: Vault Log 

IV Allow users to rename documents in the Vault 

Tl Enable performance email Save... 

I~ Bind ownership to Solidworks read-write / read-only access Clear... | 

I~ Skip drawings validation during check in           

Logged in as: pdmwadmin OK Cancel | App | Abt. | He | 
          

Figure 68: Recommended Vault Global Settings 

The options deselected are: 

1. Allow revision bumping - This is now controlled solely by the administrator. 

2. Allow users to create sub-projects. 

The revision scheme should be set to the default: A-Z primary, 1-99 Secondary for future teams. 
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20.3 Summary 

The pilot scheme has provided the facility to meet the criteria of KSF No 9 — Training and Workshops, 

through evaluating the performance of the PDMWorks WorkGroup by means of the Administrator and 

User Tutorials. The Formula Student Team management was given sufficient training and exposure in 

using the PDMWorks WorkGroup, which will maintain continuity for the AM08 team. One of the 

benefits in utilising the AM07 in the working practices of the PDMWorks WorkGroup software, is the 

demonstration of new system potential to the future Project Team Mangers that are within the 

undergraduate team. 

The areas identified for improvement are: the documentation control management in PDMWorks, and the 

interaction of the project supervisors to assess and review design and the Life cycle functionality. Due to 

the limited duration of the pilot scheme, it would have been an inefficient use of time to fully understand 

and assess the opportunities PDMWorks WorkGroup offers, as this would require more dedicated time. 

This has the potential to be analysed and developed as a secondary task during the AM08 academic year. 

The pilot scheme has directly established a configuration control system for the design stages, assisting 

the team in improving their working performance during the critical design phase. The feedback and 

recommendations from the AM07 team have finalised the literature content in the Administrators and 

User Tutorials for the AM08 team. The issued tutorials can found in Appendix C & D. 
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21.0 Chapter 3 Conclusions and Recommendations 

21.1 Conclusions 

The four-phased approach in applying the theoretical knowledge to implement and integrate PDMWorks 

WorkGroup, has provided sufficient scope to meet the identified KSF criteria particularly KSF No 6, 7 

and 9. Throughout the pilot scheme the content of the Administrator and User Tutorials has been 

evaluated, allowing for improvement to the specific working practice requirements of PDMWorks 

WorkGroup for the Formula Student Team. 

The strategy adopted has allowed a framework to be generated to assess the PDMWorks WorkGroup 

functionality and capability performance, with the measurement of effectiveness demonstrated throughout 

the pilot scheme testing. 

In evaluating the execution of the project plan, the main area for improvement would be to increase the 

duration of the pilot scheme, in order to develop more comprehensive and quantifiable assessment criteria 

to fully establish a measurement of performance for the software capability, and effectiveness on the team 

management. In addition, this would also provide the ability to assess the life cycle functionality and 

integration by the project supervisors during the design review stage. However, even with the limited 

duration of the pilot scheme, it has demonstrated the direct benefits that the PDMWorks WorkGroup 

offers to the Formula Student Team, in rectifying the previous data handling practices discussed in 

Section 12.0. 

Initial findings from the distribution of administrator privileges against the hierarchy structure support 

KSF No 6, prove they are suitable to be continued for the AM08 organisation. The exposure and training 

given to the team management should reduced the resistance to change, in adopting the revised 

organisational hierarchy approach, ensuring that the capability and benefits of the PDMWorks 

WorkGroup achieves its potential for the AM08 team. 

The issued administrator and user aids form the creation of a comprehensive induction pack, detailing the 

revised standard working practices and data handling control. This should directly support the transition 

to using PDMWorks WorkGroup, adapting revised working process, both for PDMWorks WorkGroup, 

but also improving communication lines within the team and support network. 

In summary, Chapter 3 has demonstrated the capability and benefits that PDMWorks WorkGroup offers 

to the whole team, in evaluating KSF 6, 7 and 9, whilst providing a suitable framework of success in 
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integrating the software fully into the standard working practices of Aston University Formula Student 

Team. 

21.2 Recommendations 

The identified recommendations that could improve the capability of the PDMWorks WorkGroup for the 

Formula Student Team and directly benefit the School of Engineering are: 

1. Project Life Cycle 

2. Documentation 

3. PDMWorks WorkGroup access 

4, Additional training 

5. Engineering Faculty 

21.2.1 Project Life Cycle — KSF No 5 

More time could be spent in understanding the project life cycle functionality in the administrator Vault 

menu. This would benefit both the programme management of the design phase and determine stringent 

timescales for the process within PDMWorks WorkGroup, before the issue status of the design is 

changed. 

There is potential for a specific renew-by-date for status change that would allow for an assessment 

deadline to be made for the team and project supervisors to review designs. The life cycle status would 

also help during the manufacturing stages, providing details on final issue of parts to be made. 

21.2.2 Documentation — KSF No 4 

As previously discussed, limited time was spent fully evaluating the potential of KSF No.4. The client 

access facility is available on the university computer labs with a SolidWorks and PDMWorks 

WorkGroup image, and allows users to access the PDMWorks WorkGroup Vault without the need for 

opening SolidWorks. This function is based on Window Explorer program, with a browse and search 
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facility for the project folders in the PDMS Vault. Word and Excel documents can be checked in and out 

through the Client access function, with the ability to specify relationships to SolidWorks assemblies or 

parts. This would prove beneficial for attachment of FSAE rules and cost reporting spread sheets, with the 

possibility of providing assessment forms and feedback for the team members. 

21.2.3 Access — KSF No 2 

Improving on KSF No 2 — Access, with the PDM server being maintained and controlled by the 

university ICT department, there is further scope to provide access for remote working. SolidWorks 

provides all Formula Student Team members a free Student Educational copy of the software package, 

allowing students to have their own private licensed copy to use on their own PC. This gives the potential 

of allowing access to the PDMS Server from the home environment. There is already a secure access 

system for university staff and students to access documents and files on the university servers via 

Internet Explorer. This could be taken a step further and developed with allowing the PDM Server to be 

integrated within this facility. 

21.2.4 Additional Training — KSF No 9 

SolidWorks offer PDMWorks WorkGroup workshop courses for Vault Administrators. This would prove 

beneficial for the new team managers, giving a greater understanding of using the system as well as 

gaining additional tips and best practices which the Formula Student Team can implement. This could 

directly support KSF No 10, in the ability to expand the PDMWorks WorkGroup outside the context of 

Formula Student within the university. 

21.2.5 Engineering Faculty Business Strategy — KSF No 10 

Access to PDMWorks WorkGroup can be expanded outside of Formula Student, to encompass additional 

areas that are within the Engineering Faculty; particularly the assessed lectured modules of SolidWorks 

for the various degree courses. The Vault administration could be used by lecturers for their own project 

requirements within the Vault and would be separate from the Formula Student Team; specifying various 
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user access requirements. With the access control options provided by the Vault, it can be guaranteed that 

the particular work group and assigned users would only be able to see their particular project folder. 

Therefore there would be no adverse risk of foreign users being able to access the Formula Student 

project. 

In addition, this could also be utilised for different degree modules that require group participation in 

design work, providing a greater control of how the students are working and progressing together. 

There is also a possibility for the Client access function to be implemented in the lecturing and 

administration areas of the department. It would allow guidelines, degree course information, coursework, 

and timetables to be checked in and out of the Vault by either students or faculty staff. An initial trial 

could be run to see what benefits the PDMWorks WorkGroup system could bring to managing a degree 

course in the Faculty. 

These areas identified would support KSF No 10, in developing a business strategy within the School of 

Engineering for the use of PDMWorks WorkGroup. 
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Chapter 4 — Thesis Conclusions, Recommendations and Reflections 

22.0 Conclusions 

This thesis presents the unique situation of Aston University’s Formula Student Team requirements for an 

implementation of a Project Data Management System. The processes followed to successfully 

implement the PDMS into the Formula Student Team have been split into three distinct Chapters. 

Evaluating the approach taken and results of the integration of PDMS, the following conclusions are 

drawn, including the conclusions relating to aims and objectives originally set. 

Chapter 1 

The entirety of Chapter 1 presents the historical context of the development of Aston University Formula 

Student Team, with discussion on and focus given to the expansion and changes required to the 

organisational structure, roles and responsibilities. Analysis is provided on the team design environment 

for the car and the background, with an overview of the initial attempt to implement PDMS and the 

problematic processes in managing the data for the SolidWorks software package. 

The original aim of: to understand and analyse the team practices (2001 — 2007) and working 

environment when designing a Formula Student car, has been met. 

The common themes identified throughout the analysis provided topics for discussion to form the basis of 

further research covering: the project chain of command and conflict resolution, lines of communication 

and team formation, the ability for Project Supervisors to assess student work and performance, team data 

handling and access practices, team leadership and motivational issues and organisational structure 

changes. This set the preliminary question of: in comparing the unique situation of Aston University 

Formula Student Team to Industry, what factors can be identified to successfully address these 

problematic areas and implement PDMS? 

The approach of Chapter 1 has also addressed the objectives for: 

e Understanding the Formula Student Team roles and responsibilities and leadership requirements 

e Evaluating the previous attempt at implementing PDM at Aston University and understanding the 

root cause of the limited success. 

Chapter 2 
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From the discussion areas identified throughout Chapter 1, the research objective was to compare and 

analyse the differences between the Formula Student Team and Industry, gaining a perspective on what 

lessons could be learned. Particular attention was given to Industry experiences in implementing and 

developing PDMS within organisations and the approach adopted, identifying shortfalls in requirements 

or problematic areas. This provided a detailed overview of the benefits a PDMS would bring to an 

organisation. 

The context of the organisational differences, both through business strategies, organisational structures 

and the New Product Development matrixes for complex technical projects, with specific comparisons to 

the Formula 1 Industry, was evaluated. The observations of these areas, demonstrating the unique 

differences between the Formula Student Team and Industry, provided guidance points for an approach to 

realign the organisational hierarchy of the team. 

Establishing the fundamental principles of team formation, motivation, leadership and management 

provided a baseline of knowledge and how this could be applied to the practices of Formula Student 

Team formation and the co-ordination of the project throughout the academic year. The impact of 

implementing this knowledge, through a measurable effect on increased success and performance of the 

team is identified, suggesting training and awareness initiatives. 

Performing a detailed analysis of the historical team data handling practices and process identified the 

common problems, which in turn, established a list of requirements to be addressed. The PDM functional 

benefits and operational framework are discussed, presenting how PDMS would directly address the 

previous data management handling issues, thus enabling the formation of a list of PDMS requirements 

for the Formula Student Team. 

Throughout the detailed research, the areas highlighted that are critical for consideration to benefit the 

Formula Student Team, aided the establishment of Key Success Factors, which provide detailed criteria to 

assess successful implementation of a PDMS for the Aston University Formula Student Team. The 10 

KSFs covering: data management, access, cost, associated documents, life cycle, organisational structure, 

project plan, testing, training and workshops and business strategy, formed a framework to evaluate 

commercially available PDMS software, which ultimately drove the selection of PDMWorks 

WorkGroup. However, the concessions noted during the KSF appraisal, both in terms of cost analysis for 

the hardware and agreement of adapting the proposed organisational change, needed to be addressed. 

The original aim: To establish the leadership tools and organisational changes required to utilise the full 

benefit of implementing a PDM system for the Formula Student Team, has been met. 
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Chapter 3 

The third chapter of the thesis applied the theoretical knowledge learned through the established KSFs, to 

implement PDMWorks WorkGroup for Aston University Formula Student Team. 

In respect to the concessions raised during the KSF assessment, the hardware and software requirements 

were discussed with the university ICT department, which facilitated the launch of the project plan. With 

no expense being incurred, this was a positive benefit to the project. 

The initial testing provided sufficient time for familiarity and resolution of problems encountered. The 

assessment of the proposed organisational structure was made against the distribution of access and 

privileges, demonstrating the suitability of the recommended users and administrators for the PDMWorks 

WorkGroup access. This formed part of the evidence to present for review and agreement on the proposed 

organisation structure change. 

In the extensive testing period, based on the KSF detailed requirements, the user guides for administrators 

and tutorials were outlined, whilst generating a best practice guide for the Formula Student Team. A pilot 

scheme was used for testing and providing awareness of PDMWorks WorkGroup, through using planned 

workshops with the Formula Student Team. The pilot scheme tested and explored the PDMWorks 

WorkGroup capability and performance characteristics via a simulation of design review, utilising 

previous year’s SolidWorks data. This allowed for suitable feedback to be given, a demonstration of 

PDMWorks WorkGroup capability, familiarisation for new administrators and users and formalising the 

release of the final issue of the Administrator and User Guides. The completion of the testing against the 

KSFs, workshops, demonstration of performance capability, signified the completion of the pilot scheme, 

with PDMWorks WorkGroup now being fully integrated into Formula Student Project for use by the 

AM6O08 team. 

The original aim: To apply the theoretical and practical knowledge gained from the Industry research 

into PDM software, in order to provide a fully working system capable of servicing the requirements of 

the team, in an effective and maintainable way, has been met. 

Based on the experience with PDMWorks WorkGroup further opportunities for improvements of 

capability requirements were identified, both in terms of improving external access, and in fully 

understanding the project life cycle, as regards the definition of the review process and project timescales. 

The approach of Chapter 3 has also addressed the objectives for: 
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e Setup and install a Project Data Management System for the Formula Student Team at Aston 

University. 

e Establish and provide a tutorial on how to use the software for the Administrators and Users, 

specific to the Formula Student Team. 

e Test and prove a working design assembly of a Formula Student car within the PDM system. 

e Launch the PDM system ready for the start of the next academic year. 

e Propose developments for the PDM system in order to enable other student teams within the 

university to use the program effectively. 

e From the research, identify future potential development for PDM systems. 

In summary, the aims and objectives of the thesis have been met. The identification and establishment of 

the KSFs were an essential element, in order to ensure the successful implementation of PDMWorks 

WorkGroup. The scope of the thesis proved the unique context of the Formula Student project, with the 

definition of requirements drawn from both Industry experiences and Formula Student. This established 

an approach that can be continued to directly contribute towards the success of the team and support 

forecasting future expansion of the project within Aston University. 
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23.0 Reflections 

Considering the approach of this thesis and the research undertaken, the following is a summary of the 

strengths and weakness, with regard to the effectiveness of the framework to implement a PDMS into 

Aston University Formula Student Team. 

The strengths of the approach are: 

Established a requirements framework for the PDMS and implementation criteria, specific for the 

Formula Student Team. 

Identified the need for leadership and management training to assist in the development of the 

project success, providing greater acceptance and adaptability to changes in working practices, 

direction and approach. 

Introduced a framework for retaining knowledge in the transition between academic years. 

Improved chain of command and lines of communication within the team organisational 

structure. 

Resolved the problematic data handling practices of the Formula Student Team, allowing the 

ability to flow down specific FASE rules that are attached to parts and areas of the car design. 

The problems and weakness encountered are: 

The lack of commercially available literature on the Formula 1 Industry. Gaining more 

knowledge and detail on the engineering structures, the roles and responsibilities, and 

configuration management control practices would provide a more refined case study between 

Formula Student and Formula 1. 

Development of a quantifiable system for validating the effect on the scale of performance and 

efficiency with the integration of PDMWorks WorkGroup. The framework could involve directly 

comparing adherence to project milestones including: longer duration and testing time and the 

individual performance of the team members in comparison to their peer group within their 

respective courses. 

Inability to fully understand and test the project life cycle capability offered within the 

PDMWorks WorkGroup software due to the limited time period. 

Longer duration of time required for the Pilot Scheme to fully assess all functionalities of 

PDMWorks WorkGroup. 
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e Need to develop quality metrics to monitor the performance increase of teamwork through the use 

of PDMWorks WorkGroup. 

e Longer duration to test and develop the documentation control capability. 

e Emailing system could be made operational for updates on design changes, reviews process and 

project life cycle deadlines. 

The concept of this thesis, in implementing a PDMS into the Formula Student Team, could be compared 

to Small Manufacturing Enterprises, as discussed in Section 10.3. Therefore, there is scope for the 

established framework and methodology within this thesis to be adapted and expanded to the specific 

needs of SMEs. This may aid the implementation of a configuration management control system, 

comparable to PDMS. 
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24.0 Recommendations 

In evaluating the problems encountered and the particular areas that would support further developments 

of PDMS, the summary of recommendations from this thesis are: 

Formalise a performance management matrix to assess the benefits PDMS brings to the project 

success and management effectiveness 

Develop a modern and flexible working environment, which facilities the need to work from 

locations globally, allowing for external input into the design and development process. 

Establish a framework for team management and leadership training courses for the new 

postgraduate team members. 

Improve the awareness of PDMS within the School of Engineering and integrate PDMS within 

the assessed SolidWorks lecture modules. 

In measuring motivational aspects of being involved with the Formula Student project, 

consideration should be given to comparing undergraduate student course marks with the 

assumption of a higher average in grades against their peer group in the final year. 

In sustaining the development of the PDMS working practices, provide training to permanent 

university staff to ensure knowledge retention, whilst continuing the capability enhancement of 

PDMS. 

Since the original submission of this thesis in 2008, the following research areas have emerged for 

consideration of possible areas for improvement to PDMS implementation frameworks and methodology: 

S Hanna Kropsu-Vehkapera, Harri Haapasalo, Janne Harkonen and Risto Silvola, 2009, Product 

data management practices in high-tech companies. Emerald. 

Oliver Eck, Dirk Schafer, 2010, A semantic file system for integrated product data management. 

Elsevier 

Jan Kratzer, Roger Th.A.J Leenders, Jo M.L Van Engelen, 2009, The social network among 

engineering design teams and their creativity: A case study among teams in two product 

development programs. Elsevier. 

Dunbing Tang, Renmiao Zhu, Jicheng, Ronghua Xu, Rui He, 2009, Product design knowledge 

management based on design structure matrix. Elsevier. 

Marian Bosh-Rekveldt, Yuri Jongkind, Herman Mooi, Hans Bakker, Alexander Verbraeck, 2010, 

Grasping project complexity in large engineering projects: The TOE (Technical, Orgnazational 

and Environmental) framework. 
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26.0 Appendix A—PDMWorks WorkGroup Hardware Requirements 

Client Minimum 

PDMWorks Enterprise (CAD Editor) 

Recommended 

Processor Intel Pentium 4, 1.7GHz Intel Core2 Duo, 1.8GHz 

RAM 512 MB 2 GB 

Hard drive (Free space) 512 MB 20 GB 

Operating system Windows XP SP2 Windows XP SP2 

Internet browser Microsoft Internet Explorer 6 SP1 Microsoft Internet Explorer 6 SP2 

PDMWorks Enterprise Contributor/Contributor Web and PDMWorks Enterprise Viewer 

Processor Intel Pentium 4, 1.7GHz Intel Core2 Duo, 1.8GHz 

RAM 512 MB 1GB 

Hard drive (Free space) 256 MB 10 GB 

Operating system Windows XP SP2 Windows XP SP2 

Internet browser Microsoft Internet Explorer 6 SP1 Microsoft Internet Explorer 6 SP2 

Server Minimum _ _ Recommended 

Archive 

Processor Intel Pentium 4, 1.7GHz Quad Core Intel Xeon, 1,6GHz 

RAM 1GB 2 GB 

Hard drive (Free space) 10 GB 200 GB 

Operating system Windows 2003 Server SP1 or higher (2) Windows 2003 Server SP1 or higher 
(2) 

Database 

Processor Intel Xeon, 2,6GHz Quad Core Intel Xeon, 2,0GHz 

RAM 2 GB 4GB 

Hard drive (Free space) 10 GB 100 GB 

Operating system Windows 2003 Server SP1 Windows 2003 Server SP1 

Database Server Microsoft SQL Server 2005 SP1 Microsoft SQL Server 2005 SP2 

Web 

Processor Intel Xeon, 2,6GHz Quad Core Intel Xeon, 2,0GHz 

RAM 1 GB 3 GB 

Operating system Windows 2003 Server SP1 and Internet Information Windows 2003 Server SP1 and 

Services (IIS) Internet Information Services (IIS) 

PDMWorks Enterprise Notes: 

e The PDMWorks Enterprise server components can run on workstations running XP, but in a production environment, SolidWorks Corporation 
requires the use of a server-specific operating system. 

e The minimum requirement is an absolute minimum. SolidWorks Corporation cannot guarantee system performance or behaviour for 
installations running on configurations not meeting the minimum recommended levels. 

@ The hard drive requirements are solely dependent on the size of data stored in the system. Therefore, the actual requirements can exceed the 
values in this recommendation. 

The recommended configuration is based on a typical installation with approximately 20 users and approximately 60,000 stored documents. 

Prerequisites for installing any PDMWorks Enterprise component are Windows Installer 3.1 and Microsoft SQL Server 2005 SQL_DMO 
backward-compatibility drivers. These are automatically installed when running the PDMWorks Enterprise setup. 

If using an administrative install image for client deployment, these components will not be installed automatically. 

As the Database Server of PDMWorks Enterprise runs on SQL server, we do not recommend installing any instances of other applications on 
the database server. 

The CPU, Other, and Network requirements listed above plus the following: 
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- Microsoft Windows XP Professional or Windows Server 2003® (recommended) 

- Minimum: 512 MB RAM or greater, Recommended: 2GB 

- Minimum: 50 GB hard drive, Recommended: 100GB 
(requirements vary based on number of files, size of files, and number of revisions) 

  

* PDMWorks Workgroup Viewer: (1) 

PDMWorks Vault server requirements plus the following: 

- API Triggers 

- Microsoft Message Queuing (MSMQ) 
- Microsoft Message Queuing Triggers 

- Web Portal 

- Microsoft Internet Information Services (IIS) 5.1 or later 

  

- System hardware recommendations are taken from 

http://www.solidworks.com/Pages/services/SystemRequirements.html 
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SolidWorks, 

Edge, Pro/E, AutoCAD, ME10, 

to create integration to 
Office, Outlook connectors, almost any ERP system 
Integrate ERP or SCM, SMTP 

€ 
$872US. CustomWorks Xpress €   

2 PDM Software Reference Guide © 2007 ConnectPress, Ltd.; all rights reserved 
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Inventor, IronCAD, AutoCAD, Edge, Inventor, AutoCAD, ME10 

, any 1 

the applications, single user 
interface for the RevZone 

  
3 PDM Software Reference Guide © 2007 ConnectPress, Ltd.; all rights reserved 
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Explorer, and views over 250 file 

  
4 PDM Software Reference Guide © 2007 ConnectPress, Ltd.; all rights reserved 
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Inventor, AutoCAD, CADRA, 

a 
stand-alone UI that works with to any QDBC-compliant 

Yes Yes, through stand-alone client Yes 

Integration with Autovue from No, it's not required Yes 

Yes Yes 

Yes, user access level and an 

Yes, however Activault has a 
windows interface and a web- 
based interface which have 

  
5 PDM Software Reference Guide © 2007 ConnectPress, Ltd.; all rights reserved 
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Windows Explorer and the CAD 

$1,300US per for   
6 PDM Software Reference Guide © 2007 ConnectPress, Ltd.; all rights reserved 
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28.0 Appendix C — Administrator Tutorial 

Aston University Formula Student Team 

PDMWorks WorkGroup 2007 Administrator Tutorial 

Introduction 

The Administrator tutorial covers certain topics to gain familiarity with the functional aspects of 

PDMWorks Workgroup and provide understanding for the set up and control of the Vault. This is to be 

used in conjunction with the software Help facility available with PDMWorks WorkGroup. 

The topics are: 

1. Connection to PDMWorks WorkGroup Vault Server and Login to the PDMWorks WorkGroup 

Vault Administrator. 

Creation of New Users and Project Groups. 

Setup of a New Project Folder in the Vault. 

Detailing the Global settings of the Vault. 

S
e
 

SS 

Controlling the revision system. 

Topic _1: Connection to PDMWorks Server _and Login to PDMWorks WorkGroup Vault 

Administrator Software 

To log into the PDM Server the following steps must be taken. 

Navigating from the Windows Start Menu, select Programs, Accessories, Communications, and click 

on the Remote Desktop Connection Icon. The menu shown below in Figure 69 will appear. 

  

  

Desktop Connection 

  

  

  
  
[Connect |[{ Cancel |[{ Help | | Options>> | 
  

Figure 69: Remote Desktop Connection 
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The PDM server IP address should be entered into the Computer box. This is naxos.aston.ac.uk. Click 

the Connect button to start the login process. 

This will request the Adminstrator to enter your indivdual university Login name and password. 

Note: Only people who have been selected with permission to access the server by the ICT department 

would be able to continue the log in request. 

When the login process is complete, the Windows desktop screen for the PDM Server will be displayed, 

as shown in Figure 70. 

Metin 
  

  

  

fe | Kp intra <p em 
rele 

about then... 

ise = 

A, 3% Floppy (A) CRMSVOL_EN (E:) 

PDMWorks WorkGroun Vault Admin   
Figure 70: PDM Server Microsoft Windows Desktop Screen 
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To log into the Vault, double click on the PDMWorks WorkGroup Vault Admin icon, displayed on the 

desktop screen. 

This should launch a login screen for the Vault access, shown in Figure 71. 

  

PDMWorks Workgroup 2007 YaultAdmin - Login 

  Login information 
  

Name: |pdmwadmin 

  

Password: | Mmnntttt 

  

Vault computer: |naxos. aston. ac. uk 

IV Save name and vault computer 

| Save password 

[toon] Cancel | Help | About.._| 

Figure 71: PDMWorks WorkGroup Vault Login Screen 

    

Note: Please refer to the User Tutorial Guide to change passwords and user details. 

The default Login information is as follows: 

4. Name: pdmwadmin 

5. Password: pdmwadmin 

6. Vault Computer: naxos.Aston.ac.uk 

Select the Save name and Vault computer box for faster access for further login session. 

Once the Login button is selected, the PDMWorks WorkGroup Vault Admin should launch the software 

menu screens, as presented in Figure 72. 

Please refer to the User Tutorial Guide to change passwords and user details. 

Once the required administrative tasks are completed, to Log out of the PDM Vault admin session simply 

click on the OK button at the bottom of the screen. This will return you to the naxos server desktop 

screen. 
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A eh anita ati x] | 

Properties Standard Libraries | Triggers 

Vault Settings | Users and Groups | Search | Revision Scheme | Revision Table | Projects | Lifecycle 

  Vault information 

Vault computer, NAXOS 

License type: Normal 

Root directory: D:\YaultDatas 

Change License... | 

  

  - Vault Lock 
@® Unlocked 
  

© Unlocked for: Jodmwadmin 

Locked 
  

  ~ Global settings 

IV Keep extra copy of latest files 

IV Hide projects with no access 

IV Force user login 

T~ Allow revision bumping 
T~ Allow latest revision overwrite 

T~ Allow change document properties 

T Allow users to create sub projects 

I~ Enable performance email   
T~ Don't allow read-only users to open docs in PDM'Works Workgroup Viewer 

T~ .prt/.asm/.drw extensions nat associated with Solidworks 

Allow attachments to documents owned by other users 
I~ Set filesystem read-only attribute if not owner 

IV Allow users to rename documents in the Vault     
   

- Administrators 

Formula Student 

D1 & baigms 
M & browndm 
O01 @ clatkeb 
oO € harrises | 

  

    

  

- On vault startup 

I~ Validate vault 
€ Next startup 

@ Every startup 
  

Viewing with eDrawings 

I¥ Allow markup 

IV Allow measure   IV Allow save 
  

   

  

  
Log Out button. 

Delete, Rollback, Archive documents 

  

    
  

Save... |   
  

I~ Bind ownership to SolidWorks read-write / — access Clear... 

I~ Skip drawings validation during check in CO 

Logged in as: pdmwadmin ( Ok 4 Cancel | Apply | Abow.. | Hep | 
  

  oa 
  

Figure 72: PDMWorks WorkGroup Vault Menu Settings Screen 

Finally, to log out of the PDM server, click the Start Button on the Windows task bar and select the log 

off button on the screen. 
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Topic 2: Creation of New Users and Groups Accounts 

To create users and define user groups, select the Users and Groups Tab at the top of the Vault Admin 

screen, as shown in Figure 73 below. Then click on the New User button. 

  

    

    

    

  

  

    

  

              
  

dee Medea allie me eee xX} 

Properties | Standard Libraries | Triggers 
Vault Settings UsersandGroups | Search | RevisionScheme | RevisionTable | Projects | Lifecycle 

- Users - Groups 

[ NewUse | = Modiy | Delete | NewGroup | Mody | Delete — | 
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Figure 73: PDMWorks WorkGroup Vault Users and Groups Menu 

This will launch the Add New User screen, presented in Figure 74. The required new user information 

can then be filled into the relevant boxes. A generic password should be used for the new user, to ensure 

ease of access during the first login session into the PDM Vault. The user then has the ability to change 

the password from the PDM options given within the SolidWorks program. 
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Figure 74: PDMWorks WorkGroup Add New User Screen 

The option to modify users accounts can be completed by selecting the Modify button on the Users and 

Groups menu; this will also provide the ability to change, or reset Users and Administrators passwords. 

User accounts can be deleted from this screen. 

In selecting the New Group button on the menu screen in Figure 74, it will allow a group to be formed 

and detailed, with the specific users assigned to the group. 

To add additional users to the group, select the Modify button in the group menu; this provides the 

function to assign further user details. The Delete button allows the removal of created groups and users 

assigned within it. 
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Topic 3: Set up of a New Project Folder in the Vault 

To set up a new project within the Vault, click on the Projects Tab at the top of the Vault Admin screen. 

The following menu will be displayed, as shown in Figure 75. 
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Figure 75: PDMWorks WorkGroup Vault Project Screen 

Selecting the New Project button allows the naming and creation of the project folders. The New Project 

menu also enables the detailing of which user group should be assigned access to the particular project 

folder. 
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The Bulk Check In facility provides the facility for large SolidWorks assemblies to be checked into the 

required Vault project folder. 

The Project Permissions function allows the detailing of users/groups that should have either 

Read/write access or Read Only access to a project folder. 

Topic 4: Detailing the Vault Global Settings 

In selecting the Vault tab, as presented in Figure 72, it provides the facility to adjust the global Vault 

options that would be more beneficial to the needs of the Aston University Formula Student Team. 

This screen allows the detailing of specific administrators, security and access to the Vault, revision 

overwrite control of the Vault and control of attachment of documents. The Help button found at the 

bottom right of the screen, gives a detailed explanation of each of the options that are available for 

selection. 

Administrators can also be assigned from the list of users registered on the top right hand side of the 

screen. 

Topic 5: Controlling the Revision System 

Selecting the Revision Scheme tab will present a number of options in the menu. 

The revision scheme will be selected at the default setting: A —Z primary, and 0-99 secondary. This will 

ensure that a simplistic revision scheme is established, providing ease of traceability throughout the 

design review stages. It is not recommended to alter the revision scheme system until a configuration 

document control scheme is fully outlined. The PDMWorks WorkGroup Help function fully illustrates 

the changes available to the Administrator. 
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29.0 Appendix D — User Guide Tutorial 

Aston University Formula Student Team 

PDMWorks WorkGroup 2007 User Guide Tutorial 

The following information is designed to give general guide on the operational basics and how to use 

PDMWorks WorkGroup 2007. This has been specifically set up for the requirements of the Aston 

University Formula Student Project. 

The areas covered are split into five distinct parts. 

6. Basic PDMWorks WorkGroup activation and Sign In/Out 

7. Opening a part or assembly from the Vault (Check Out) 

8. Saving documents to the Vault (Check In) 

9. Generating new parts and assemblies to Check Into the Vault 

10. Best practice guide 

Topic 1: Basic PDMWorks WorkGroup Activation and Sign In/Out 

To active PDMWorks WorkGroup within SolidWorks 2007 SP4.0, select Tools, Add-ins from the 

software tool bar. 

The following screen shown in Figure 76 will be displayed: 
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Figure 76: SolidWorks 2007 Add Ins Options Screen 

Select the PDM Works WorkGroup 2007 function. 

Tip: If you are not using COMOSfloWorks deselect the tick-box. This will improve the performance 

speed of the SolidWorks session. 

In the main SolidWorks screen, right click on the Tool Bar to activate the Quick Key tool properties. 

Select PDMWorks WorkGroup from the list and drag and drop the new toolbox anywhere on the tool 

bar. 

The PDMWorks toolbox will now appear on the SolidWorks tool bar, Left Click on the Gold Key icon, as 

shown in Figure 77. 
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Figure 77; PDMWorks WorkGroup Quick Keys 

This will launch the PDMWorks WorkGroup login menu, presented in Figure 78. 
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PDMWorks Workgroup 2007 - Login 
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Password: | 
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Figure 78: PDMWorks WorkGroup Login Screen 

The Vault is housed on a separate server running within the university ICT department. 

The instructions for the login process are as follows: 

5. Vault Computer name is: naxos.aston.ac.uk - Ignore the Vault description. 

6. Left Click the Connect button - this will ensure that Vault server directory/connection is correct 

and will establish a connection. 

7. Enter the your specific user name and password that is supplied by the PDM Administrators. 

This is set as your university login. The generic default password that is set for the team is 

formulas. 

8. Left Click the Login button. 

Congratulations you are now connected to the PDMWorks WorkGroup Vault and ready to work! 

To log out at the end of each session, before exiting SolidWorks, Left Click the Gold Key Log Out 

button on the PDMWorks WorkGroup toolbar, as shown in Figure 79. 
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PDMWorks Workgroup Logout 

Logout from the current POMWorks 
Workgroup vault, 

  

Figure 79: PDMWorks WorkGroup Log Out Button 

Topic 2: Opening a Part or Assembly from the Vault (Check Out Function) 

Left Click on the Open Document icon on the SolidWorks menu tool bar, this will open the screen shown 

in Figure 80. At the bottom left hand side is the icon for PDMWorks Vault, Left Click on the icon to see 

the Formula Student CAD 2008 project folder. 
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Figure 80: SolidWorks Open Document Menu Screen 

Left Click on the Formula Student CAD project folder, this will open and detail all the files currently 

available and saved within the Vault. Select the assembly or part required and Right Click the Open 

button. 
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Figure 81: PDMWorks WorkGroup Additional Check Out Menu Screen 
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PDMWorks will present an additional screen, as shown in Figure 81, detailing some options to be 

considered on check out. 

Important points to note: 

When an assembly or part is checked out of the Vault, it will generate a temporary file within your My 

Documents folder. It is important to set up a specific folder within your My Documents folder, as this 

will keep your drive organised and separate from other non-related files. The new folder or location can 

be set up by clicking on the Save In Folder option column in Figure 81 and designate a folder name. 

The most important option in Figure 81 is the Take Ownership tick box. This will allow you to take full 

control of the part or assembly, and will not allow other users that subsequently log into PDMWorks 

WorkGroup to open and save over them. 

You now have full control and ownership of the assembly or part to work on. 

Topic 3: Saving a Part or Assembly back into the Vault (Check In) 

To check in a part or assembly, save the file as per the normal practice within SolidWorks. On the 

SolidWorks tool bar, Left Click the Check In (Active) button in the PDMWorks WorkGroup toolbox, as 

shown in Figure 82. 
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Figure 82: PDMWorks WorkGroup Toolbar Check In (Active) Button 

PDMWorks WorkGroup will present the following screen shown in Figure 83. 

  

  

Figure 83: PDMWorks WorkGroup Check In Screen 
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Click the main Check In Tab, and the document will then be saved to the PDMWorks Vault. You can 

now close the document and log out of the PDMWorks Server and close SolidWorks. 

The Check In Document screen details a number of options to be considered. The Check In tick box 

should be selected. The other additional options are: Retain ownership and Delete local copy. 

Selecting the Retain ownership function provides the ability to control the opening and editing access of 

the part or assembly within the Vault; releasing ownership only when you are satisfied to do so. 

If retaining ownership is required, keep this checked. If editing the generic Formula Student Team main 

car assembly, this is a particularly important function and should be deselected. 

The Delete local copy option will remove the temporary file saved locally in the My Documents folder. 

Select this option, as this will avoid any potential confusion of duplicate revisions being created and 

stored. 

Additional information displayed within the Check In screen details the revision number change, due to 

the editing of the part or assembly. A primary example of this change process is the previous version of a 

part or assembly checked out being revision B, with the changes made and saved during the editing 

session the system should update the issue the part or assembly to revision C on check in. 

Left Click the Check In button and the part or assembly should be saved to the PDMWorks WorkGroup 

Vault. 

Topic 3: Generating a New Part or Assembly to Check Into the Vault 

The same procedure detailed in Topic 1 should be followed to Log into the Vault, whilst also generating 

the PDMWorks WorkGroup quick keys. 

Once the part or assembly has been created, the file should be saved in the normal process in the local My 

Documents folder. 

The PDMWorks WorkGroup toolbox Check In Tab on the SolidWorks tool bar should be Left Clicked to 

present the screen shown Figure 84. 

Click the Check In Tab, to produce to screen shown Figure 84. 
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Figure 84: PDMWorks WorkGroup Check In Document Screen 

The key points to be considered are: 

e In the Number column, a number 1 should be entered, as this is the first iteration of the 

respective part or assembly to be checked in. 

e The Description column should be detailed with a brief outline of the part or assembly. 

e The Revision column should default to A, as this is the first revision of the part or assembly. 

e An option is also provided to attach and create a relationship to the relevant drawings to check in. 

Left Click the Check In button to successfully save the file into the Vault. 

Topic 5: Best Practice Guide 

There are a number of additional functions that need to be discussed further, as they are specific to the 

requirements of Aston University Formula Student Team. 

These topics are: 

5. PDMWorks options icon & password change 
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6. Revision working. 

7. Ownership of documents 

8. Deleting documents from the PDMWorks Vault 

No 1: PDMWorks WorkGroup Options Icon & Password Change 

Contained with the PDMWorks WorkGroup Toolbox is the options button, as shown in Figure 85. 
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Figure 85: PDMWorks WorkGroup Toolbox Options Button 

Left Click the options button to open the screen presented in Figure 86. 
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Figure 86: PDMWorks WorkGroup Options Screen 

To change the individual user password, select the Vault tab at the top of the screen in Figure 86. The 

Vault menu provides the password change option. There are no specific requirements restricting the new 

password to be either numerical or alphabetical. 

It is not advisable to change the other functionality options available, as the PDMWorks WorkGroup 

Vault has already been preset. If required, the SolidWorks software Help function details specific 

information regarding the individual options. 

No. 2: Revision Working 

The preset default revision number when a new part or assembly is checked into the Vault is set at A. 

However, there is the facility to manipulate and maintain the current revision number at the same level 

during future editing sessions, as each saved change and check in will result in an incremental increase in 

revision number. 

It is possible to keep revision level as it was previously, by selecting the Revision column tab and using 

the A+ or B+ etc. This should state that the part or assembly is still being edited, before a full incremental 

revision change is actually required, allowing time until all editing has been completed. PDMWorks 
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WorkGroup provides traceability of all changes made through this function, with the ability to ‘roll back’ 

files to the previous revision level, by the PDMWorks Administrator privileges, if required. 

No. 3: Ownership of Documents 

The ownership of file is an important function to understand, in order to allow ease of communication and 

co-ordination through the design stages for the whole team. Each time a file is Checked In/Out, you will 

retain its ownership, until it is released back to the Vault. The process that should be taken during the 

design review stage is that the part should only be released back once the design is approved. This should 

ensure safe revision keeping, whilst also prohibiting other users from working on the same file until 

formally released at the required revision number. 

No. 4: Deleting Documents from the PDMWorks WorkGroup Vault 

Deleting files contained in the Vault requires the privileges of the Administrator, protecting the safe 

storage of the Formula Student Team files. 
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