
Contract	Number:	HQ0034-13-D-0004  Task order 0052, RT 152 

Report No. SERC-2016-TR-113 

	

	 	
	

	

Electronic	Product	Data	Management	(ePDM)	MPTs	to	
Improve	Design	for	Producibility,	Reliability,	Availability,	

Maintainability,	and	Sustainability	
Technical	Report	SERC-2016-TR-113	

30	September	2016	
 

Principal	Investigator:		

Mitchell	Kerman,	Stevens	Institute	of	Technology	

Research	Team:	

Jeff	McDonald,	Stevens	Institute	of	Technology	

	

Sponsor:		CERDEC	

	



ii	

	

Copyright	©	2016	Stevens	Institute	of	Technology,	Systems	Engineering	Research	Center	

	

This	material	 is	 based	 upon	work	 supported,	 in	whole	 or	 in	 part,	 by	 the	U.S.	 Department	 of	
Defense	through	the	Systems	Engineering	Research	Center	(SERC)	under	Contract	H98230-08-
D-0171	(Task	Order	033,	RT	48).	SERC	is	a	federally	funded	University	Affiliated	Research	Center	
managed	by	Stevens	Institute	of	Technology	

	

Any	 opinions,	 findings	 and	 conclusions	 or	 recommendations	 expressed	 in	 this	 material	 are	
those	of	the	author(s)	and	do	not	necessarily	reflect	the	views	of	the	United	States	Department	
of	Defense.	

	

	

NO	WARRANTY	

THIS	 STEVENS	 INSTITUTE	 OF	 TECHNOLOGY	 AND	 SYSTEMS	 ENGINEERING	 RESEARCH	 CENTER	
MATERIAL	 IS	 FURNISHED	ON	AN	 “AS-IS”	 BASIS.	 STEVENS	 INSTITUTE	OF	 TECHNOLOGY	MAKES	
NO	 WARRANTIES	 OF	 ANY	 KIND,	 EITHER	 EXPRESSED	 OR	 IMPLIED,	 AS	 TO	 ANY	 MATTER	
INCLUDING,	 BUT	 NOT	 LIMITED	 TO,	 WARRANTY	 OF	 FITNESS	 FOR	 PURPOSE	 OR	
MERCHANTABILITY,	 EXCLUSIVITY,	 OR	 RESULTS	 OBTAINED	 FROM	 USE	 OF	 THE	 MATERIAL.	
STEVENS	 INSTITUTE	OF	 TECHNOLOGY	DOES	NOT	MAKE	ANY	WARRANTY	OF	 ANY	 KIND	WITH	
RESPECT	TO	FREEDOM	FROM	PATENT,	TRADEMARK,	OR	COPYRIGHT	INFRINGEMENT.	

	

This	material	has	been	approved	for	public	release	and	unlimited	distribution.	

	

	

	 	



iii	

	

TABLE	OF	CONTENTS	

Table	of	Contents	...................................................................................................................	iii	

List	of	Figures	.........................................................................................................................	iv	

List	of	Tables	..........................................................................................................................	iv	

Executive	Summary	................................................................................................................	1	

Background	............................................................................................................................	3	

CERDEC	Organization	.......................................................................................................................	4	

Product	Lifecycle	Management	........................................................................................................	5	

Digital	Thread	...................................................................................................................................	8	

Current	Status	of	CERDEC	Product	Data	Management	............................................................	9	

SharePoint	.....................................................................................................................................	10	

PTC	Windchill	.................................................................................................................................	11	

Shared	Drives	&	Local	Servers	........................................................................................................	12	

Software	Control	Reference	Office	(SCRO)	......................................................................................	13	

Paper	.............................................................................................................................................	13	

Comparison	of	Data	Management	Practices	...................................................................................	13	

Future	View	of	CERDEC	Electronic	Product	Data	Management	..............................................	15	

Identification	and	Analysis	of	Industry	Best	Practices	............................................................	17	

Overview	........................................................................................................................................	17	

Benefits	of	ePDM	...........................................................................................................................	17	

Highlights	of	ePDM	Implementation	and	Use	.................................................................................	18	

Comparison	and	Contrast	of	Best	Practices	.....................................................................................	19	

Shortfalls	and	Opportunities	..........................................................................................................	20	

Lessons	Learned	with	Electronic	Product	Data	Management	.................................................	20	

Implementation	Strategy	...............................................................................................................	21	

Architecture	Standardization	..........................................................................................................	22	

Configuration	versus	Customization	...............................................................................................	23	

Evolving	Technologies	....................................................................................................................	24	

Analytics	of	Enterprise	Management	..............................................................................................	24	

Conclusions	and	Recommendations	......................................................................................	25	

Appendix	A:		CERDEC	ePDM	Survey	–	February	&	March	2016	.............................................	A-1	

Appendix	B:		Related	References	.........................................................................................	B-1	



iv	

	

	

LIST	OF	FIGURES	

Figure	1	-	CERDEC	Business	Unit	Organization	Chart	.....................................................................	5	

Figure	2	-	Product	Lifecycle	Management	Tools	............................................................................	6	

Figure	3	-	PLM	Processes	(Windchill	vs	Traditional	PDM)	..............................................................	7	

Figure	4	-	Synthesis	Requirements	for	PLM	...................................................................................	8	

Figure	5	-	CERDEC	PDM	Solutions	(Current)	.................................................................................	10	

	

LIST	OF	TABLES	

Table	1	-	Data	Management	Methods	Advantages	and	Disadvantages	.......................................	14	

Table	2	-	Comparison	of	Data	Management	Practices	.................................................................	15	

Table	3	-	PLM	Capability	of	CERDEC	ePDM	Tools	.........................................................................	17	

Table	4	-	Benefits	of	Windchill	ePDM	...........................................................................................	18	

Table	5	-	Common	versus	Uncommon	ePDM	Practices	...............................................................	20	

Table	6	-	Shortfalls	and	Opportunities	of	Windchill	ePDM	..........................................................	20	

Table	7	-	Windchill	Implementation	Lessons	Learned	..................................................................	22	

	



	

Report No. SERC-2016-TR-113 

1 

	

EXECUTIVE	SUMMARY	

This	paper	 is	 the	 final	 technical	 report	 associated	with	 Stevens	 Institute	 Systems	Engineering	
Research	 Center	 (SERC)	 research	 task,	 RT-152.	 The	 research	 task	 was	 to	 assist	 the	 US	 Army		
Communications-Electronics	 Research,	 Development	 and	 Engineering	 Center	 (CERDEC)	 to	
identify	 and	 define	 evidence-based	 electronics-centric	 best	 practices	 and	 tools	 utilized	 by	
corporations	 and	 government	 agencies	 (such	 as	 government	 contractors,	 DoD,	 and	 NASA)	
implementing	 and	 using	 these	 state-of-the-art	 and	 evolving	 electronic	 Product	 Data	
Management	 systems.	 The	 research	 identified	 best	 practices	 for	 development,	 collaboration,	
and	 production	 as	 well	 as	 understanding	 the	 benefits	 for	 design	 for	 producibility,	 reliability,	
availability,	maintainability,	sustainability	and	the	associated	costs	for	execution.	Since	CERDEC	
has	selected	PTC	Windchill,	 the	research	focused	on	corporations	and	agencies	that	are	using	
this	 product,	 but	 the	 results	 and	 conclusions	 are	 generally	 applicable	 to	 all	 ePDM	 tools	 and	
installations.	

This	 report	 begins	 with	 background	 information	 related	 to	 the	 CERDEC	 organization.	 The	
CERDEC	mission	is	to	actively	advance	Soldier	capabilities	that	enable	situational	awareness	and	
understanding,	establish	and	secure	communications,	and	protect	Soldiers	from	surprise	attack.	
To	 accomplish	 this	 mission	 CERDEC	 is	 divided	 into	 six	 directorates;	 Command,	 Power	 &	
Integration	(CPI),	Intelligence	&	Information	Warfare	(I2WD),		 Night	 Vision	 &	 Electronic	
Sensors	 (NVESD),	 Space	 &	 Terrestrial	 Communications	 (S&TCD),	 Product	 Realization	
Engineering	 &	 Quality	 (PRD),	 and	 Software	 Engineering	 (SED).	 Each	 directorate	 supports	 the	
organization’s	 goal	 to	 discover,	 develop,	 and	 deliver	 innovative	 technology	 and	 integrated	
solutions	that	enable,	shape	and	transform	the	joint	warfighter's	ability	to	collect,	disseminate,	
and	protect	information,	knowledge	and	understanding.	

Next	the	concept	of	product	lifecycle	management	is	discussed.	Lifecycle	management	refers	to	
the	process	of	managing	the	entire	lifecycle	of	a	product	from	inception,	through	engineering	
design	 and	 manufacture,	 to	 service	 and	 disposal	 of	 manufactured	 products.	 The	 relation	 of	
electronic	 product	 data	 management	 and	 product	 lifecycle	 management	 are	 examined.	 The	
background	section	concludes	with	the	concept	of	the	“digital	thread”	and	how	it	 links	all	the	
electronic	data	and	product	information	throughout	the	life	of	a	product.	

The	 report	 then	 focuses	 on	 the	 current	 status	 of	 product	 data	 management	 within	 each	
CERDEC	directorate.		Currently,	the	methods	of	data	management	include;	MS	SharePoint,	PTC	
Windchill,	shared	hard	drives,	local	servers,	the	Software	Control	Reference	Office	(SCRO),	and	
paper.	 The	majority	 of	 directorates	 employ	 a	 combination	 of	 SharePoint,	 shared	 drives,	 and	
local	servers.	Each	method	is	discussed	in	detail,	including	how	it	is	being	used	at	CERDEC.	The	
advantages	 and	 disadvantages	 of	 each	 method	 are	 included	 in	 the	 descriptions	 and	
summarized	in	a	table.		A	comparison	of	current	data	management	techniques	is	also	provided.	

Then	the	future	view	and	goals	for	data	management	at	CERDEC	is	presented.	The	vision	is	to	
leverage	current	and	evolving	technologies	to	enable	users	to	better	manage	and	execute	their	
tasks.	The	system	should	support	technical	data	management,	its	analysis,	and	usage	across	all	
CERDEC	directorates	by	providing	a	system	engineering	centric	approach	to	product	realization	
across	a	product	lifecycle.	The	goal	is	enterprise	management	of	all	CERDEC	products	through	
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use	 of	 model	 based	 engineering	 and	 model	 based	 support.	 The	 current	 methods	 of	 data	
management	within	CERDEC	are	analyzed	for	their	applicability	to	this	future	view.	The	goal	is	a	
US	Army-wide	 system	 that	 links	each	 command	and	promotes	 force	wide	 sharing	of	product	
data.	The	ultimate	goal	is	to	extend	the	system	across	the	Department	of	Defense	and	promote	
sharing	of	information	across	all	of	the	services.	

Identification	 and	 analysis	 of	 industry	 and	 government	 agency	 best	 practices	 are	 then	
examined.	 This	 section	 is	 based	 upon	 the	 results	 of	 meetings	 with	 industries	 using	 PTC	
Windchill,	multiple	 branches	 of	 the	Department	 of	 Defense,	 and	 other	 federal	 agencies.	 The	
results	 of	 the	 meetings	 are	 summarized,	 and	 the	 benefits	 of	 electronic	 product	 data	
management	 are	 discussed.	 Industry	 practices	 are	 compared	 and	 contrasted.	 The	 section	
concludes	with	the	shortfalls	and	opportunities	of	electronic	product	data	management.	

Lessons	 learned	 are	 presented	 based	 upon	 interviews	 with	 industry,	 meetings	 with	 other	
Department	of	Defense	agencies,	and	the	review	of	technical	papers.	The	lessons	are	focused	in	
five	main	 areas:	 Implementation	 Strategy,	 Architecture	 Standardization,	 Configuration	 versus	
Customization,	 Evolving	 Technologies	 and	 Analytics	 of	 Enterprise	 Management.	 Each	 lesson	
learned	area	is	explored	in	depth.	

The	 paper	 concludes	 with	 conclusions	 and	 recommendations	 regarding	 PTC	 Windchill	
implementation	at	CERDEC	and	achieving	product	lifecycle	management	goals.	
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BACKGROUND	

Over	 the	 last	 decade,	 there	 has	 been	 a	 rapid	 increase	 in	 the	 number	 of	 electronic	 artifacts	
generated	during	the	acquisition	phase	of	projects.	In	addition	to	the	electronically	generated	
“standard”	 documentation,	 model	 centric	 engineering	 is	 generating	 countless	 artifacts	 that	
have	to	be	stored,	managed,	utilized,	and	maintained	during	the	life	of	the	product	and	beyond.		

At	 a	 minimum,	 the	 technical	 data	 packages	 delivered	 to	 CERDEC	 with	 operational	 systems	
include	the	following	types	of	information:	

1. Technical	Product	Definition	Information	(e.g.,	all	design	information,	specifications,	3-D	
CAD	drawings,	etc.);		

2. Technical	Product	Operational	Information	(e.g.,	Maintenance	planning	information,	
support	and	test	equipment	information,	field	feedback	information,	etc.);		

3. Technical	Product	Associated	Information	(e.g.,	test	reports,	configuration	control	
information,	requirements	for	variance,	etc.);			

4. Interface	Management	Information	(e.g.,	interface	specifications,	enabling	integration	
of	sub-systems,	etc.).		

Current	 and	 evolving	 technologies	 for	 systems	 engineering	 technical	 product	 data	 should	
enable	 organizations	 such	 as	 CERDEC	 to	 better	 manage	 and	 execute	 their	 responsibilities	
through	 the	 use	 of	 electronic	 data	 management.	 Research	 is	 needed	 to	 identify	 potential	
enablers	 for	 increased	 collaboration,	 increased	 efficiency,	 and	 increased	 effectiveness	
surrounding	 technical	 data	 management,	 its	 analysis,	 and	 use	 across	 engineering	 projects,	
including	the	use	and	availability	of	a	digital	collaboration	and	technical	data	storage	capability	
providing	 a	 system	 engineering	 centric	 approach	 to	 product	 realization	 across	 the	 product	
lifecycle	from	concept	development	through	production	and	sustainment	stages.			

Electronic	 product	 development	 management	 (ePDM)	 tools	 have	 emerged	 and	 continue	 to	
mature	 in	 the	marketplace.	Companies	 and	agencies	 are	developing	 “best	practices”	 as	 their	
organizations	mature	 in	the	use	of	these	tools.	CERDEC	has	selected	the	Windchill	ePDM	tool	
created	and	marketed	by	the	Parametric	Technology	Corporation	(PTC).	This	tool	was	recently	
chosen	and	is	currently	being	implemented.	

The	 intent	 of	 this	 research	 is	 to	 identify	 and	 define	 evidence-based	 electronics-centric	 best	
practices	 and	 tools	 utilized	 by	 corporations	 and	 government	 agencies	 (such	 as	 government	
contractors,	 DoD,	 and	 NASA)	 implementing	 and	 using	 these	 state-of-the-art	 and	 evolving	
electronic	 Product	 Data	 Management	 systems.	 The	 research	 will	 identify	 best	 practices	 for	
development,	 collaboration,	 and	production	 as	well	 as	 understanding	 the	benefits	 for	 design	
for	producibility,	 reliability,	availability,	maintainability,	sustainability	and	the	associated	costs	
for	execution.	Since	CERDEC	has	selected	PTC	Windchill,	the	research	will	focus	on	corporations	
and	 agencies	 that	 are	 using	 this	 product,	 but	 the	 results	 and	 conclusions	 will	 be	 generally	
applicable	to	all	ePDM	tools	and	installations.	
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Resources	 to	 be	 utilized	 include	 the	 Internet,	 other	 academic	 research,	 vendor	 discussions,	
trade	 research	 such	 as	 Gartner	 Group	 and	 Forrester	 Research	 as	 well	 as	 discussions	 with	
defense	contractors	and	government	agencies.	

Research	includes	identification	and	analysis	of	industry	best	practices	to	compare	and	contrast	
the	 advantages	 and	 disadvantages.	 Work	 was	 also	 conducted	 to	 understand	 current	 and	
forecasted	 shortfalls	 and	 future	 opportunities	 (strategic,	 operational,	 or	 technological)	 in	 the	
ePDM	space.	

CERDEC	ORGANIZATION	

The	 Communications-Electronics	 Research,	 Development	 and	 Engineering	 Center	 (CERDEC)	
actively	 advances	 Soldier	 capabilities	 that	 enable	 situational	 awareness	 and	 understanding,	
establish	and	secure	communications,	and	protect	Soldiers	from	surprise	attack.	

As	 an	 Army	 applied	 research	 center	 under	 the	 U.S.	 Army	 Research,	 Development	 and	
Engineering	 Command	 (RDECOM),	 CERDEC	 provides	 the	 diverse	 technical	 expertise	 and	
operational	 awareness	 and	 understanding	 to	 develop,	 engineer	 and	 foresee	 essential	 Army	
needs	in	mission	command	and	intelligence	technologies,	applications	and	networks	designed	
to	connect	and	protect	the	Soldier.	Whether	Soldier-borne	or	on	vehicle	or	aviation	platforms,	
the	 Army	 relies	 on	 CERDEC’s	 technical	 expertise	 to	 develop	 and/or	 seek	 out	 capability	
advancements	to	address	Soldier	needs.	

CERDEC	works	with	Defense	Department	and	national	basic	research	organizations	and	labs	to	
influence	research	investment	and	adopt,	adapt	and	mature	relevant	scientific	breakthroughs.	
CERDEC	 maintains	 close	 ties	 to	 the	 U.S.	 Army	 Training	 and	 Doctrine	 Command’s	 (TRADOC)	
centers	of	excellence	and	operational	units	 to	 stay	 in	 touch	with	 the	evolving	 realities	of	 the	
Soldier	environment,	anticipate	challenges,	refine	requirements	and	inform	operational	tactics,	
techniques	and	procedures.	

Specifically,	 CERDEC’s	mission	 is	 to	 discover,	 develop,	 and	 deliver	 innovative	 technology	 and	
integrated	solutions	 that	enable,	 shape	and	 transform	the	 joint	warfighter's	ability	 to	collect,	
disseminate,	and	protect	information,	knowledge	and	understanding.	

CERDEC’s	vision	 is	an	Army	who	derives	advantage	from	 its	superior	knowledge	of	a	complex	
world	to	achieve	decisive	effects.	

Organizationally,	CERDEC	is	structured	as	six	separate	directorates:	

1. Command,	Power	&	Integration	(CPI)	

2. Intelligence	&	Information	Warfare	(I2WD)	

3. Night	Vision	&	Electronic	Sensors	(NVESD)	

4. Space	&	Terrestrial	Communications	(S&TCD)	

5. Product	Realization	Engineering	&	Quality	(PRD)	
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6. Software	Engineering	(SED)	

	
Figure	1	-	CERDEC	Business	Unit	Organization	Chart	

This	research	was	conducted	for	and	funded	by	the	CERDEC	Product	Realization	Engineering	&	
Quality	Directorate	(PRD).	The	results	of	the	research	and	the	final	report	and	briefing	will	be	
applicable	 to	 this	 Directorate,	 CERDEC,	 the	 US	 Army,	 and,	 more	 broadly,	 to	 all	 service	
components	and	commands	currently	using	or	positioned	to	use	ePDM	tools.	

PRODUCT	LIFECYCLE	MANAGEMENT	

Product	lifecycle	management	(PLM)	is	the	process	of	managing	the	entire	lifecycle	of	a	product	
from	 inception,	 through	 engineering	 design	 and	 manufacture,	 to	 service	 and	 disposal	 of	
manufactured	 products.	 PLM	 integrates	 people,	 data,	 processes	 and	 business	 systems	 and	
provides	a	product	information	backbone	for	companies	and	their	extended	enterprise.	The	key	
to	achieving	PLM	 is	 the	concept	of	a	 “digital	 thread,”	which	 is	discussed	 in	detail	 in	 the	next	
section.	 PLM	 is	 realized	 through	 the	 use	 of	 tools	 to	 link;	 Engineering	 data	 (technical,	
development,	 and	 manufacture	 specifications),	 cost	 and	 procurement	 information,	 and	
operational	feedback	and	failure	reports.	
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Figure	2	-	Product	Lifecycle	Management	Tools	[Source:	Karlsruhe	Institute	of	Technology]	

	

Figure	 2	 shows	 the	 product	 lifecycle	 phases	 and	 tools	 that	 must	 be	 integrated	 in	 order	 to	
successfully	 accomplish	 PLM.	 The	 tools	 shown	 in	 the	 figure	 are	 Product	 Data	 Management	
(PDM),	 Enterprise	 Resource	 Planning	 (ERP),	 Supply	 Chain	Management	 (SCM),	 and	 Customer	
Relationship	 Management	 (CRM).	 These	 tools	 link	 all	 the	 phases	 of	 product	 design,	
development,	 operation,	 and	 retirement.	 Traditional	 PDM	 supports	 only	 the	 first	 phases	 of	
PLM,	 but	 PTC	Windchill	 does	more	 than	 traditional	 PDM.	 Figure	 3	 shows	 the	 advantages	 of	
using	 PTC	 Windchill	 over	 traditional	 PDM	 tools.	 PTC	 Windchill	 is	 an	 ePDM	 tool	 that	
accomplishes	many	of	the	processes	of	PLM	(PDM	and	ERP),	but	does	not	fully	accomplish	PLM.	
Other	tools	are	required	to	fully	realize	PLM,	and	these	tools	can	be	obtained	from	PTC	or	third	
party	software	vendors.	
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Figure	3	-	PLM	Processes	(Windchill	vs	Traditional	PDM)	[Source:	PLM	Technology	Guide]	

	

System	engineers,	senior	analysts	and	engineering	managers	are	the	driving	forces	for	PLM.	A	
technical	background	is	essential	to	achieving	PLM,	and,	therefore,	engineers	and	engineering	
managers	 must	 have	 direct	 ownership	 of	 the	 PLM	 process	 and	 the	 solution.	 Engineers,	
engineering/technical	management,	and	executive	management	are	the	primary	stakeholders	
of	PLM.	The	needs	of	each	group	must	be	addressed	to	ensure	their	requirements	are	met	by	
the	 final	PLM	solution.	Systems	engineers	use	 the	PLM	system	to	better	 inform	management	
and	 assist	 in	making	 better	 decisions.	 The	 ultimate	 goal	 of	 PLM	 is	 to	maximize	 producibility,	
reliability,	sustainability,	maintainability,	and	availability.	

Within	 ePDM,	 the	 focus	 is	 on	managing	 and	 tracking	 the	 creation,	 change	 and	 archive	 of	 all	
information	related	 to	a	product.	ePDM	serves	as	a	central	knowledge	repository	 for	process	
and	 product	 history,	 and	 promotes	 integration	 and	 data	 exchange	 among	 all	 users.	 ePDM	
enables	automatic	reports	on	product	costs,	program	status,	production	release	packages,	and	
engineering	changes.	Furthermore,	ePDM	enables	spread	of	product	data	into	the	entire	PLM	
process.	 This	 significantly	 enhances	 the	 effectiveness	 of	 the	data	 analytics	 and	 life-cycle	 cost	
studies.	The	users	of	ePDM	include	project	managers,	engineers,	sales	people,	buyers,	quality	
assurance	 teams,	 operators,	 and	maintainers.	 The	 central	 database	 also	manages	metadata,	
such	 as	 the	 owner	 of	 a	 file	 and	 release	 status	 of	 the	 components.	 ePDM	 also	 includes:	
controlled	 check-in	and	check-out	of	 the	product	data,	engineering	 change	management	and	
release	control	on	all	versions/issues	of	components	in	a	product,	building	and	manipulation	of	
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the	 product	 structure	 bill	 of	materials	 (BOM)	 for	 assemblies,	 and	 configuration	management	
information	of	product	variants.	

Figure	4	shows	how	PLM	requires	the	synthesis	of	data,	technology,	methods,	tools,	processes	
and	 people.	 The	 acronyms	 are	 not	 the	 important	 feature	 of	 this	 figure,	 rather	 the	 focus	 is	
understanding	that	all	aspects	must	combine	and	work	together	in	order	to	achieve	PLM.	The	
technology	must	manage	the	data	in	a	manner	that	supports	the	methods	and	tools	in	use	by	
the	 people/processes.	 System	 engineers,	 senior	 analysts	 and	 engineering	 managers	 are	 the	
driving	forces	for	PLM.	

	
Figure	4	-	Synthesis	Requirements	for	PLM	

[Source:	Freeformer	at	the	English	language,	via	Wikimedia	Commons]	

DIGITAL	THREAD	

The	 Glossary	 of	 Defense	 Acquisition	 Acronyms	 and	 Terms	
(https://dap.dau.mil/glossary/Pages/Default.aspx)	hosted	by	the	Defense	Acquisition	University	
(DAU)	provides	precise,	DoD-accepted	definitions	of	the	digital	thread	and	related	terminology.		
The	definitions	of	these	relevant	terms	are	repeated	here:	

Digital	System	Model:	A	digital	 representation	of	a	defense	system,	generated	
by	 all	 stakeholders	 that	 integrates	 the	 authoritative	 technical	 data	 and	
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associated	 artifacts	 which	 define	 all	 aspects	 of	 the	 system	 for	 the	 specific	
activities	throughout	the	system	lifecycle.	

Digital	 Thread:	 An	 extensible,	 configurable	 and	 component	 enterprise-level	
analytical	 framework	 that	 seamlessly	 expedites	 the	 controlled	 interplay	 of	
authoritative	 technical	 data,	 software,	 information,	 and	 knowledge	 in	 the	
enterprise	 data-information-knowledge	 systems,	 based	 on	 the	 Digital	 System	
Model	 template,	 to	 inform	decision	makers	 throughout	a	system's	 life	cycle	by	
providing	 the	 capability	 to	 access,	 integrate	 and	 transform	disparate	 data	 into	
actionable	information.				

Digital	 Twin:	 An	 integrated	multiphysics,	multiscale,	 probabilistic	 simulation	 of	
an	 as-built	 system,	 enabled	 by	 Digital	 Thread,	 that	 uses	 the	 best	 available	
models,	 sensor	 information,	 and	 input	 data	 to	 mirror	 and	 predict	
activities/performance	over	the	life	of	its	corresponding	physical	twin.	

The	 Digital	 System	 Model	 (DSM)	 is	 an	 ongoing	 initiative	 within	 the	 Office	 of	 the	 Deputy	
Assistant	 Secretary	 of	 Defense	 for	 Systems	 Engineering	 (ODASD(SE))	 to	 build	 an	 integrated	
taxonomy	which	will	provide	stakeholders	with	a	structure	for	the	types	of	data	that	should	be	
considered	 across	 the	 system	 life	 cycle.	 The	 Digital	 Thread	 (DT)	 provides	 the	 analytical	
framework,	based	on	the	DSM,	to	access,	integrate	and	transform	the	disparate	data	across	the	
model	 into	 actionable	 information	 that	 will	 inform	 decision	 making.	 Thus,	 the	 DT	 informs	
decisions	 in	 the	 Capability	 Planning	 and	 Analysis,	 Preliminary	 Design,	 Detailed	 Design,	
Manufacturing,	Testing,	and	Sustainment	acquisition	phases.	The	Digital	Twin	 (also	called	 the	
Digital	 Surrogate)	 is	 a	 physics-based	 technical	 description	 of	 the	 system	 resulting	 from	 the	
generation,	management,	and	application	of	data,	models,	and	information	from	authoritative	
sources	across	the	system's	life	cycle.	

In	 regard	 to	 this	 research,	 the	 DT	 is	 realized,	 at	 least	 initially,	 through	 the	 use	 of	 Electronic	
Product	Data	Management	(ePDM)	tools.		ePDM	refers	to	the	use	of	software	and	other	tools	
to	maintain	and	control	data	related	to	a	specific	product.	The	DT	exists	as	the	 linkages	of	all	
the	data	of	a	specific	product	within	the	ePDM	system.	The	engineering	data	tracked	typically	
involves	 the	 technical	 specifications	 of	 the	 product,	 specifications	 for	 manufacture	 and	
development,	 and	 the	 types	of	materials	 that	will	 be	 required	 to	produce	 goods.	Other	data	
includes	cost	and	procurement	information.	Operational	feedback	and	failure	reports	are	also	
linked	to	products	within	the	ePDM	space.	

CURRENT	STATUS	OF	CERDEC	PRODUCT	DATA	MANAGEMENT	

This	section	details	the	current	methods	employed	by	the	CERDEC	directorates	to	manage	data	
(SharePoint,	Shared	drives,	Software	Control	Reference	Office	(SCRO),	Cloud	Server,	and	Paper).	
Subsections	review	each	method	and	highlight	advantages	and	disadvantages.	

Figure	5	illustrates	the	data	management	methods	currently	in	use	by	each	CERDEC	directorate.	
The	 majority	 of	 directorates	 currently	 employ	 Microsoft	 SharePoint	 in	 some	 capacity.	
SharePoint	servers	and	files	are	shared	between	some	CERDEC	directorates.	Separate	classified	
servers	are	used	for	a	high-side	SharePoint	system	employed	by	certain	CERDEC	directorates.	
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The	next	most	common	method	of	data	management	is	local	servers	and	shared	drives	within	
each	directorate.	These	devices	are	not	commonly	shared	amongst	directorates.	PTC	Windchill	
is	 used	 in	 two	 directorates,	 with	 major	 differences	 in	 implementation.	 One	 instance	 is	
employing	an	out	of	the	box	Windchill	solution	that	is	configured	to	meet	directorate’s	needs,	
while	 the	 other	 is	 using	 a	 highly	 customized	 version	 to	meet	 directorate	 requirements.	 The	
configured	instance	of	PTC	Windchill	allows	greater	scalability,	while	the	customized	occurrence	
requires	 coordination	 with	 the	 vendor	 to	 support	 updates	 and	 scaling.	 The	 Software	
Engineering	Directorate	 (SED)	uses	a	Software	Control	Reference	Office	 (SCRO)	 for	 controlled	
storage	and	distribution	of	 software.	One	division	 in	 SED	also	uses	Microsoft	 Source	Safe	 for	
local	 control	 and	 storage	 of	 software.	 The	 final	 method	 of	 data	management	 is	 paper	 hard	
copy.	 This	 is	 employed	 in	 at	 least	 one	 directorate	 for	 retaining	 of	 historical	 engineering	
drawings,	 analysis,	 and	 reports.	 Paper	 may	 also	 be	 used	 in	 other	 directorates	 for	 historical	
program	documents,	engineering	documents,	and	test	data.	

	
Figure	5	-	CERDEC	PDM	Solutions	(Current)	

SHAREPOINT	

Microsoft	 SharePoint	 is	 a	 web	 application	 platform	 that	 combines	 traditionally	 separate	
applications	 of	 intranet,	 extranet,	 internet,	 content	 management,	 document	 management,	
cloud	 services,	 social	 networking,	 enterprise	 search,	 business	 intelligence	 and	 workflow	
management.	 SharePoint	 is	 defined	 as	 a	 platform,	 not	 a	 product.	 This	means	 that	 dedicated	
servers	 are	 required	 to	 support	 the	 SharePoint	backend	within	 the	organization.	Microsoft	 is	
shifting	to	a	software	as	a	service	(SaaS)	model	which	precludes	the	need	for	dedicated	servers	
on	site	by	using	cloud	technology	to	support	SharePoint.	This	shift	in	methodology	has	caused	
some	in	the	industry	to	be	concerned	with	future	support	for	on-site	servers.	This	concern	may	
be	 unfounded	 as	 Microsoft	 recently	 released	 the	 next	 version	 of	 SharePoint	 Server	 2016.	
Currently,	Microsoft	is	stating	that	SharePoint	Server	support	will	remain	a	company	focus.		

SharePoint	 is	currently	used	at	CERDEC	to	store,	track	and	manage	electronic	documents	and	
assets.	Furthermore,	it	supports	multi-user	collaboration	of	files.	The	integrated	version	history	
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and	workflow	function	are	used	in	some	areas	of	CERDEC	to	support	configuration	control	and	
engineering	 changes.	 The	 search	 capabilities	 allow	 CERDEC	 users	 to	 more	 quickly	 locate	
pertinent	documents,	where	access	is	permitted.	SharePoint	can	also	be	used	to	track	projects,	
documents	and	users	through	use	of	search	and	‘graph’	functions.	

The	 main	 advantages	 of	 SharePoint	 include	 the	 relative	 ease	 of	 use	 (web	 page	 based),	
centralized	 searchable	 database,	 and	 integrated	workflow	 and	 tracking	 functions.	 SharePoint	
also	 supports	 various	 configurations	 to	 support	 different	 users	 and	 use	 cases.	 SharePoint	
supports	 control	 of	 data	 and	 user	 access	 based	 upon	 directorate	 requirements.	 Finally,	
SharePoint	can	produce	standardized	reports	based	upon	library	contents.	

The	 main	 disadvantage	 of	 SharePoint	 is	 the	 lack	 of	 a	 digital	 thread	 between	 the	 product	
electronic	 artifacts.	While	 SharePoint	 does	 allow	 importing	 the	 bill	 of	materials	 (BOM)	 from	
engineering	 files	 (CAD	 models),	 SharePoint	 does	 not	 provide	 an	 effective	 means	 for	 linking	
other	documents,	test	reports,	analysis,	and	field	data	to	the	BOM	component.	This	means	that	
the	user	of	 the	system	 is	 responsible	 for	determining	affected	 files	 for	changes	and	does	not	
support	life-cycle	analyses.	Another	disadvantage	of	SharePoint	is	the	lack	of	a	standardized	file	
structure.	Some	CERDEC	divisions	and	users	are	extremely	diligent	about	 file	storage,	naming	
conventions,	and	required	file	metadata.	However,	SharePoint	does	not	force	this	compliance	
and,	 as	 a	 result,	 certain	 areas	 of	 file	 storage	 are	 less	 structured	 than	 others.	 This	 lack	 of	
standardization	 impacts	database	 search	 capabilities,	 and	 can	hinder	data	migration	 to	other	
analytic	tools.	

PTC	WINDCHILL	

PTC	Windchill	is	a	commercial	off	the	shelf	(COTS)	solution	for	ePDM	that	is	designed	to	support	
PLM.	Windchill	provides	a	single	source	repository	for	all	product	information.	Product	content	
includes	 CAD	 models,	 documents,	 technical	 information,	 embedded	 software,	 analyses,	 and	
requirement	 specifications.	 Windchill	 uses	 relationships	 between	 content	 to	 allow	 detailed	
searches	and	data	analytics.	Windchill	has	CAD	software	that	supports	all	major	MCAD	software	
and	allows	users	 to	access	 the	 information	embedded	 in	CAD	 files	without	use	of	 third	party	
software.	 This	method	 supports	 file	 control	 and	 allows	 users	 to	 check	 in	 and	 check	 out	 files	
directly	 from	 native	 programs.	 Windchill	 inherently	 allows	 configuration	 control	 and	 use	 of	
standardized	 parts/components.	 This	 function	 allows	 re-use	 of	 components	 across	 many	
products.	 Component	 changes	 are	 automatically	 reflected	 across	 Windchill	 files	 and	 allow	
impact	 studies	 to	 be	 conducted	 more	 easily.	 Workflow	 functions	 in	 Windchill	 support	
configuration	management	 and	 change	 control.	Windchill	 also	 supports	 project	management	
through	bi-directional	interaction	with	MS	Project.	Windchill	allows	assigning	tasks,	resources,	
and	 timeframes	 in	 the	 program	 or	 can	 import	 directly	 from	 MS	 Project.	 The	 advantage	 of	
Windchill	 is	 that	tasks	are	 linked	to	directly	to	product	files	and	documents.	Finally,	Windchill	
allows	automatic	reporting	based	upon	database	content.	Because	all	product	documentation	
resides	in	a	single	database,	the	reporting	functions	are	greatly	enhanced	over	other	methods.	
Windchill	can	be	configured	to	support	project	requirements,	and	also	allows	customization	for	
specific	customer	needs.	
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Currently,	 CERDEC	 uses	 two	 versions	 of	Windchill.	 CP&I	 uses	 a	 highly	 customized	 version	 of	
Windchill	for	data	management	and	product	support.	This	version	is	tailored	for	their	use,	but	
requires	 dedicated	 staff	 and	 outside	 consultants	 for	 product	 upgrades.	 PRD	 is	 currently	
implementing	a	COTS	version	of	Windchill	that	is	configured	for	their	use.	The	goal	of	PRD	is	to	
avoid	 customization	 to	 allow	 system	 growth	 without	 specialized	 support.	 Efforts	 at	 PRD	 are	
currently	 focused	 on	 populating	 the	Windchill	 database	 with	 current	 products	 in	 use	 across	
CERDEC.	To	date,	over	2	million	drawings	for	450	systems	have	been	loaded	into	the	Windchill	
database.	

The	main	advantage	of	PTC	Windchill	 is	establishment	of	 the	digital	 thread	 for	each	product.	
The	 relationships	 and	 linkages	 amongst	 the	 product	 electronic	 files	 will	 support	 automated	
reporting,	 database	 searches,	 and	 data	 analytics.	 The	 embedded	workflow	 functions	 support	
configuration	management	 and	 change	 controls.	 This	method	 also	 allows	 re-use	 of	 standard	
components	and	requirements	 to	reduce	design	cycle	 times.	Test	data,	operational	 feedback,	
and	failure	reports	are	also	linked	to	product	files,	allowing	more	detailed	life	cycle	analyses	of	
cost,	 function,	and	performance.	PTC	also	offers	other	 software	 tools	 that	 leverage	Windchill	
database	for	detailed	analytics	and	cost	studies.	Finally,	Windchill	provides	a	single	source	data	
repository	for	all	product	documentation	throughout	the	lifecycle	of	a	system.	

The	disadvantages	of	Windchill	are	related	to	process	impact	and	personnel	training.	The	user	
interface	is	not	as	intuitive	as	MS	SharePoint,	and	requires	employee	training	to	effectively	use	
the	 features	 of	 the	 Windchill	 software.	 The	 major	 disadvantage	 is	 the	 potential	 impact	 on	
directorate	workflow	 processes.	 Use	 of	Windchill	workflow	 functions	will	 require	 changes	 to	
directorate	 procedures	 to	 integrate	 this	 software	 and	 may	 initially	 result	 in	 decreased	
efficiency.	This	method	also	requires	a	detailed	 implementation	plan	to	ensure	that	historical	
data	 is	migrated	 into	 the	database	 correctly	 and	 linked	 correctly	 to	 fully	utilize	 the	Windchill	
environment.			

SHARED	DRIVES	&	LOCAL	SERVERS	

Most	 CERDEC	 directorates	 use	 shared	 drives	 and/or	 local	 servers	 in	 some	 capacity	 for	 data	
management.	These	devices	provide	a	centralized	database	and	support	team	collaboration	of	
electronic	 files.	 These	 devices	 are	 often	 used	 for	 a	 specific	 division	 or	 function	 within	 a	
directorate.	 For	 example,	 one	 local	 server	 may	 be	 used	 for	 CAD	 files	 and	 engineering	 data,	
while	 a	 shared	 drive	 is	 used	 for	 program	 documentation	 within	 a	 single	 division.	 Both	 local	
servers	and	shared	drives	support	searching	functions,	but	are	limited	by	stored	data	and	often	
do	not	encompass	the	entire	scope	of	a	product’s	data.		

The	major	advantage	of	shared	drives	and	local	servers	is	allowing	a	small	centralized	database	
for	collaboration	of	team	work.	Another	benefit	of	these	devices	is	security	and	control	of	data.		
Local	servers	and	shared	drives	support	varying	levels	of	user	access.	

The	major	 disadvantage	 of	 shared	 drives	 and	 local	 servers	 is	 once	 again	 the	 lack	 of	 a	 digital	
thread	amongst	the	different	product	files.	These	devices	also	offer	less	control	than	SharePoint	
or	an	ePDM	tool.	 Finally,	 these	methods	do	not	 inherently	 support	workflow	and	automated	
reporting.	
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SOFTWARE	CONTROL	REFERENCE	OFFICE	(SCRO)	

The	 SED	 of	 CERDEC	 uses	 SCRO	 for	 storage,	 control,	 and	 distribution	 of	 software.	 Typically	
software	 is	created	using	 local	 servers	or	shared	drives	 for	collaboration.	Once	complete,	 the	
software	 package	 is	 sent	 to	 SCRO	 for	 control	 and	 distribution.	 This	 method	 allows	 a	 single	
repository	 for	 all	 software	 related	 to	a	product	 and	 supports	 configuration	management	and	
control.	This	system	is	separate	from	other	product	files	and	documentation.	

The	main	advantages	of	SCRO	are	document	control	and	a	single	source	library	for	all	software.	
This	method	is	also	tailored	for	software	information	and	is	designed	to	interface	with	software	
development	tools.	

The	main	disadvantage	of	SCRO	 is	 the	 lack	of	a	digital	 thread	 to	other	product	 files.	Another	
disadvantage	 is	using	a	 separate	database	 for	 software	does	not	 allow	effective	 searching	or	
impact	analysis	for	changes.	

PAPER	

Paper	 files	 are	 still	 in	 use	 for	 data	management	 for	 certain	 systems.	 The	 paper	 files	 include	
engineering	drawings,	analyses,	test	data,	and	program	documents.	The	majority	of	these	files	
are	associated	with	older	systems.	Many	of	the	files	have	been	scanned	to	electronic	format	for	
storage	via	the	methods	described	above.	

The	major	advantage	of	paper	files	is	security	and	retention	of	historical	data.	

The	 disadvantages	 of	 paper	 files	 are	 numerous.	 This	 method	 does	 not	 support	 team	
collaboration	and	is	not	easily	searchable.	There	is	no	digital	thread	associated	with	this	type	of	
data	 management.	 Configuration	 management	 and	 change	 control	 is	 difficult	 and	 requires	
significant	effort.	Lastly,	paper	files	are	bulky	and	there	is	no	easy	method	to	back	up	the	files	
unless	they	are	converted	to	digital	media.	The	backup	problem	is	most	concerning,	as	several	
industry	 and	 government	 agencies	 have	 experienced	 data	 loss	 due	 to	 paper-only	 records	
succumbing	to	misplacement,	loss,	or	natural	disaster.	

COMPARISON	OF	DATA	MANAGEMENT	PRACTICES	

Table	1	provides	a	 summary	of	 the	advantages	and	disadvantages	of	each	data	management	
method.			

	

Table	 2	 below	 provides	 a	 quick	 comparison	 of	 the	 different	 data	 management	 practices	
currently	in	use	at	CERDEC.	The	methods	were	evaluated	based	on:	Team	Collaboration,	Digital	
Thread,	 Source	 Library,	 Search	 Functions,	 Workflow	 Support,	 and	 Analysis	 Support.	 The	
methods	 were	 rated	 as	 Excellent,	 Good,	 Fair,	 and	 Poor.	 The	 ratings	 were	 determined	
subjectively	 based	 upon	 knowledge	 of	 the	 data	 management	 methods	 and	 their	 ability	 to	
support	the	evaluation	metrics.	
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Team	 collaboration	 refers	 to	 the	 ability	 of	 the	method	 to	 support	multi-user	 access	 to	 files.	
Most	of	 the	 current	methods	 support	 team	collaboration.	 	However,	MS	SharePoint	and	PTC	
Windchill	are	the	highest	rated	methods	for	this	 function.	Digital	 thread	refers	to	related	and	
linking	all	electronic	files	to	the	product.	Windchill	is	the	only	method	that	supports	the	digital	
thread	concept.	Source	library	means	that	the	method	has	a	central	repository	for	product	files.	
Once	again,	most	of	the	methods	support	a	source	library;	however,	SharePoint	and	Windchill	
offer	the	most	expansive	and	inclusive	source	libraries.	The	search	functions	refer	to	the	ability	
to	search	the	database	and	also	the	extent	of	that	search.	Windchill	and	SharePoint	offer	the	
best	search	capability	based	upon	database	structure	and	completeness.	The	SCRO	and	shared	
drives/local	 servers	 support	 search	 functions	 but	 are	 limited	 by	 database	 contents	 and	 file	
structure.	 The	workflow	 support	 refers	 to	 the	 capability	of	 the	data	management	method	 to	
support	 user	 workflow	 processes,	 including	 configuration	 control	 and	 change	 management.	
Windchill	 and	SharePoint	both	have	 integral	workflow	 functions	 that	 support	user	processes.	
The	 final	 function	evaluated	 is	 the	analysis	 support.	This	 function	refers	 to	ability	of	 the	data	
management	method	to	allow	analysis	of	data,	generation	of	reports,	and	 life	cycle	analytics.	
Windchill	is	the	best	method	for	this	because	of	the	digital	thread	created	between	all	project	
files	and	data.	SharePoint	allows	some	analysis,	but	it	is	more	dependent	on	the	user	compiling	
the	information.		

Table	1	-	Data	Management	Methods	Advantages	and	Disadvantages	
	 Advantages	 Disadvantages	

MS	
SharePoint	

Team	Collaboration	
Workflow	support	
Document	controls	
Ease	of	Use	

No	digital	thread	
Lack	of	standardized	file	structure	
Limited	search	capability	

PTC	
Windchill	

Digital	thread	
Team	collaboration	
Expansive	data	search	and	analytics	
capability	
Workflow	support	
Document	controls	

Impacts	workflow	processes	
Software	education	required	
Data	migration	and	linkages	

Shared	
Drives	 &	
Local	Servers	

Team	Collaboration	
Document	controls	
Ease	of	Use	

No	digital	thread	
Lack	of	standardized	file	structure	
Limited	search	capability	
Limited	workflow	support	

SCRO	
Team	Collaboration	
Document	controls	
Interface	with	software	development	tools	

No	digital	thread	
Limited	workflow	support	
Limited	search	capability	

Paper	 Document	Controls	

No	digital	thread	
No	team	collaboration	
No	search	capability	
No	workflow	support	
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Table	2	-	Comparison	of	Data	Management	Practices	
	 Team	

Collaboration	
Digital	
Thread	

Source	
Library	

Search	
Functions	

Workflow	
Support	

Analysis	
Support	

MS	SharePoint	 Excellent	 Poor	 Excellent	 Good	 Excellent	 Good	

PTC	Windchill	 Excellent	 Excellent	 Excellent	 Excellent	 Excellent	 Excellent	

Shared	Drives	&	
Local	Servers	 Good	 Poor	 Good	 Fair	 Good	 Fair	

SCRO	 Good	 Poor	 Good	 Fair	 Good	 Poor	

Paper	 Poor	 Poor	 Poor	 Poor	 Poor	 Poor	

The	grading	in		
	

Table	 2	 used	 a	 subjective	 criteria	 based	 upon	 the	 knowledge	 of	 the	 individual	 tools	 and	 the	
requirements	 to	 achieve	 the	 goals	 in	 the	 columns.	 As	 an	 example,	 the	 Search	 Function	was	
evaluated	as	follows:	

Excellent	 assigned	 to	 Windchill	 based	 upon	 the	 multiple	 search	 methods	 inherent	 in	 the	
software.	 The	 use	 of	 extensive	 metadata	 and	 artifact	 linkages	 support	 multiple	 search	
approaches.	Additionally,	the	excellent	grade	is	attributed	to	the	single	source	database	of	all	
lifecycle	data	which	allows	more	extensive	 searching	of	all	data.	Searching	can	be	completed	
remotely	with	access	to	the	Windchill	database.	

Good	was	assigned	to	SharePoint	based	upon	multiple	search	methods	and	potentially	 linked	
databases.	A	grade	of	excellent	was	not	awarded	due	to	 lack	of	extensive	metadata,	and	the	
lack	 of	 a	 single	 source	 database.	 Searching	 may	 be	 completed	 remotely	 with	 access	 to	 the	
SharePoint	database.	

Fair	was	 assigned	 to	 Shared	Drives/Local	 Servers	&	 the	 SCRO.	 These	 tools	 allow	 searching	of	
their	databases,	but	have	limited	metadata,	and	no	linkages	to	other	data.	Searching	cannot	be	
completed	remotely	due	to	access	requirements	with	shared	drives	and	local	servers.	

Poor	was	assigned	to	Paper	based	upon	the	manual	nature	of	search	functions,	and	the	time	
intensive	nature	of	these	searches.	Searches	require	person	to	be	on-site	to	conduct.	

FUTURE	VIEW	OF	CERDEC	ELECTRONIC	PRODUCT	DATA	MANAGEMENT	

CERDEC	managers	desire	a	means	to	leverage	current	and	evolving	technologies	to	enable	users	
to	 better	 manage	 and	 execute	 their	 tasks.	 The	 data	 management	 solution	 should	 promote	
collaboration,	 improve	 efficiency,	 and	 increase	 effectiveness	 for	 users	 of	 the	 system.	 The	
system	should	 support	 technical	data	management,	 its	 analysis,	 and	usage	across	all	CERDEC	
directorates	by	providing	a	system	engineering	centric	approach	to	product	realization	across	a	
product	lifecycle.	
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Interviews	with	CERDEC	management	detail	a	future	that	supports	enterprise	management	of	
all	 CERDEC	products	 through	use	of	model	based	engineering	and	model	based	 support.	 The	
concept	is	of	a	digital	thread	that	allows	any	user	rapid	and	easy	access	to	product	engineering	
information,	technical	data,	and	program	files.	Operational	information	and	failure	reports	will	
be	 linked	back	to	the	product	 files	to	 improve	 life	cycle	analyses.	Change	 impact	analysis	and	
cost	benefit	studies	will	be	improved	through	incorporation	of	all	product	data.		

Finally,	 the	 ultimate	 vision	 includes	 a	 US	 Army	 wide	 system	 that	 links	 each	 command	 and	
promotes	force	wide	sharing	of	product	data.	This	system	would	allow	all	users	to	communicate	
more	effectively	and	support	lifecycle	management	of	operational	systems.	The	system	would	
also	 support	 a	 possible	 DoD-wide	 initiative	 for	 data	 management	 to	 promote	 cross-service	
information	sharing	and	product	development.	

Table	 3	 shows	 the	 ability	 of	 the	 current	 ePDM	 tools	 in	 use	 at	 CERDEC	 to	 achieve	 this	 future	
view.	The	current	CERDEC	tools	are	shown	in	the	rows,	and	major	goals	of	PLM	are	listed	in	the	
columns.	 The	 goals	 were	 selected	 based	 on	 research	 requirements	 and	 their	 relation	 to	
achieving	PLM,	which	is	the	future	view	at	CERDEC.	This	grading	used	a	subjective	criteria	based	
upon	 the	knowledge	of	 the	 individual	 tools	and	 the	 requirements	 to	achieve	 the	goals	 in	 the	
columns.	As	an	example,	the	Producibility	requirement	was	evaluated	as	follows:	

Excellent	was	assigned	to	Windchill	based	upon	the	inherent	features	of	the	software	including:	
configuration	 controls,	 process	 management,	 change	 management,	 reporting	 functions,	
support	of	model	based	engineering	and	data	exportability.	Additionally,	the	excellent	grade	is	
attributed	 to	 the	 single	 source	 database	 of	 all	 lifecycle	 data	which	 allows	 complete	 product	
information	to	support	production.	

Good	 was	 assigned	 to	 SCRO	 based	 upon	 configuration	 control,	 change	 management,	 and	
operational	 support.	 Software	 can	 be	 produced	 and	 distributed	 through	 defined	 software	
processes.	A	grade	of	excellent	was	not	awarded	due	to	lack	of	complete	product	database	and	
lack	of	linkages	to	other	product	data.		

Fair	was	assigned	to	SharePoint	and	Shared	Drives/Local	Servers.	These	tools	require	users	to	
verify	 configuration	 management	 because	 those	 controls	 are	 not	 inherent	 in	 the	 tools.	
Additionally,	 these	 tools	 lack	 process	 management	 tools	 to	 support	 production	 that	 are	
inherent	in	Windchill	and	SCRO.	

Poor	was	 assigned	 to	 Paper	 based	 upon	 the	manual	 nature	 of	 all	 processes	 associated	with	
production.	Additionally,	paper	management	is	time	intensive	and	requires	personnel	to	be	on-
site	to	conduct.	

The	 ultimate	 goal	 of	 ePDM	 tools	 is	 to	 support	 PLM.	 PLM	 requires	 managing,	 control,	 and	
analysis	of	 all	 data	associated	with	a	product.	Windchill	 excellent	grades	are	driven	by	 single	
source	 library,	 digital	 thread,	 and	 search	 functionality	 that	 support	 data	 analysis	 to	 achieve	
PLM.	
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Table	3	-	PLM	Capability	of	CERDEC	ePDM	Tools	

	

IDENTIFICATION	AND	ANALYSIS	OF	INDUSTRY	BEST	PRACTICES	

OVERVIEW	

Interviews	were	conducted	with	multiple	industry	and	Department	of	Defense	(DoD)	agencies.	
Meetings	and/or	telephone	conferences	were	held	with	Naval	Surface	Warfare	Center	(NSWC),	
Lockheed	Martin,	Infinera,	NASA,	Naval	Sea	Systems	Command	(NAVSEA),	and	consultants	with	
related	experience	with	ePDM	at	the	US	Air	Force	Research	Lab	and	NAVAIR.	Additionally,	case	
studies	published	by	PTC	were	reviewed	for	best	practices.	The	results	of	the	interviews	were	
compiled	and	analyzed	 for	 common	 themes.	 In	 this	 section,	 the	 results	of	 the	 interviews	are	
presented.	 The	 interviews	 showed	 common	 themes	 of	 benefits	 from	 ePDM	 and	 exposed	
common	 ideas	 of	 ePDM	 implementation	 and	 use.	 The	 different	 methods	 of	 ePDM	 use	 and	
implementation	 from	 the	 interviews	are	 compared	and	 contrasted.	 Finally,	 the	 shortfalls	 and	
opportunities	of	ePDM	are	discussed.	

BENEFITS	OF	EPDM	

Industry	and	government	agency	 interviews	and	research	highlighted	many	potential	benefits	
of	 ePDM	 use.	 One	 interview	 highlighted	 large	 time	 and	 cost	 savings	 through	 model	 based	
engineering,	 electronic	 process	 support	 in	Windchill,	 and	 reuse	 of	 models	 and	 components.	
Another	 interview	 highlighted	 that	 sustainability	was	 not	 possible	without	 ePDM	 tools.	 Data	
analysis	required	establishment	of	the	digital	thread	to	realize	PLM.	Without	the	digital	thread,	
operational	 support	 and	 resource	 management	 was	 only	 achievable	 with	 large	 teams	 of	
analysts	 sorting	 through	multiple	 databases.	 Incomplete	 data	 resulted	 in	 suboptimal	 analysis	
and	 poor	 PLM	 reports.	 Model	 based	 engineering	 through	 Windchill	 allows	 reduction	 in	
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configuration	 management	 and	 administrative	 staffing,	 and	 associated	 costs.	 The	 major	
benefits	of	Windchill	ePDM	are	summarized	in	Table	4.	

Table	4	-	Benefits	of	Windchill	ePDM	
Benefits	of	Windchill	ePDM	

Faster	development	time	 Insight	into	critical	business	processes	

Increased	productivity	 Better	reporting	and	analytics	

Increased	design	efficiency	 Reduced	staffing	

Increased	product	quality	 Product	sustainability	and	supportability	

HIGHLIGHTS	OF	EPDM	IMPLEMENTATION	AND	USE	

The	highlights	were	compiled	based	upon	data	mining	of	the	DoD	and	industry	interviews.	The	
interviews	 contained	 numerous	 examples	 of	 failed	 implementation	 of	Windchill.	 The	 failures	
were	 linked	 to	 poor	 communication	 of	 system	 goals,	 user	 training	 issues,	 and	 architecture	
decisions	that	did	not	support	full	lifecycle	needs.	

A	major	 highlight	 of	 the	 interviews	was	 to	 establish	 a	well-defined	 implementation	 strategy.	
The	use	of	an	implementation	partner	or	consultant	was	highly	recommended	by	most	ePDM	
users.	 Additionally,	 the	 implementation	 strategy	 should	 address	 all	 lifecycle	 needs	 because	
redefining	architecture	after	implementation	requires	extensive	work	and	may	not	be	possible.	
Multiple	 interviews	 stressed	 the	 importance	 of	 reviewing	 current	 workflow	 processes	 and	
identifying	changes	required	when	shifting	to	ePDM	methods	in	the	implementation	strategy.	

A	major	 item	 highlighted	 in	 every	 interview	 regarding	 PTC	Windchill	 was	 the	 importance	 of	
configuring	 the	 software	 vice	 customizing.	 Customizations	 cause	major	 issues	with	 long	 term	
product	support,	system	upgrades,	and	database	migration	capabilities.	Using	COTS	version	of	
Windchill	allows	PTC	software	updates	to	support	third	party	software	(Java,	MS	Office,	CAD)	
without	need	for	customized	solutions.	

Another	 item	 stressed	 was	Windchill	 user	 training.	 Windchill	 is	 not	 identified	 as	 being	 user	
friendly.	Furthermore,	multiple	users	identified	that	Windchill	is	an	engineering	tool	that	must	
be	used	by	non-engineers.	In	order	to	address	these	issues	the	training	program	must	address	
multiple	user	classes.		

Security	was	discussed	during	most	 interviews.	 The	main	 takeaway	 from	was	 that	 security	 is	
dependent	on	Windchill	 server	and	user	 settings.	Use	of	Cloud	services	was	discussed	during	
one	interview	and	it	was	noted	that	PTC	offers	a	DoD	certified	Cloud	based	computing	system.	

Finally,	 it	was	highlighted	 in	 interviews	that	PLM	requires	more	than	 just	Windchill.	Windchill	
achieves	 ePDM,	 but	 as	 discussed	 earlier	 ePDM	 is	 only	 the	 first	 step	 in	 achieving	 PLM.	Other	
tools	and	software	are	needed	in	order	to	use	the	data	in	Windchill	to	conduct	PLM	analyses.	
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COMPARISON	AND	CONTRAST	OF	BEST	PRACTICES	

Analysis	 of	 the	 interviews	 showed	many	 common	 practices	 amongst	 the	 different	Windchill	
users.	 The	 majority	 of	 interviews	 emphasized	 the	 importance	 of	 using	 a	 consultant	 for	
implementation.	Use	of	 a	 consultant	was	 stressed	 as	 important	because	most	 industries	 and	
government	agencies	did	not	have	the	in	house	expertise	required	to	implement	an	ePDM	tool.	
Next	 the	majority	of	users	decided	 to	configure	Windchill	 to	maintain	 the	COTS	status	of	 the	
software.	 Additionally,	 most	 users	 implemented	 system	 architecture	 based	 on	 PTC	
recommendations	in	conjunction	with	DoD	and	industry	standards.	Another	similarity	observed	
in	 most	 interviews	 was	 the	 use	 of	 Windchill	 for	 all	 model-based	 engineering	 and	 non-
engineering	tasks	associated	with	product	design	and	production.	Finally	the	last	area	that	was	
observed	 across	 multiple	 users	 was	 achieving	 PLM	 through	 Windchill	 and	 additional	 PTC	
software.		

In	 contrast	 to	 the	 above	 areas,	 the	 interviews	 recognized	 success	 in	 using	Windchill	 through	
different	techniques.	One	industry	was	able	to	implement	the	ePDM	tool	with	an	in	house	team	
of	experts.	It	warrants	mentioning	that	this	agency	initially	had	a	failed	rollout	of	Windchill	that	
resulted	in	only	a	small	portion	of	the	company	utilizing	Windchill	for	a	period	of	5	years.	The	
second	 rollout	 to	 a	 companywide	Windchill	 solution	was	 achievable	with	 in	 house	 expertise	
using	the	team	of	personnel	who	had	previously	used	the	system	for	5	years.	This	same	agency	
used	 a	 highly	 customized	 version	 of	 Windchill	 with	 an	 architecture	 based	 on	 established	
company	 standards.	 This	 decision	 was	 based	 upon	 previous	 experience	 with	 the	 Windchill	
system,	and	the	unique	needs	of	this	company.	While	the	company	has	had	numerous	 issues	
with	product	support,	those	issues	have	been	addressed	via	a	close	relationship	with	PTC	built	
over	 many	 years	 of	 product	 use.	 Another	 area	 that	 a	 single	 company	 has	 diverted	 from	
standard	 practice	 is	 model-based	 engineering	 through	 Windchill	 with	 SharePoint	 for	 non-
engineering	 tasks.	 This	 unique	 model	 was	 developed	 to	 overcome	 the	 hesitance	 of	 non-
engineers	 to	 use	 Windchill.	 This	 agency	 allows	 development	 of	 non-engineering	 work	 via	
SharePoint	and	then	imports	the	products	into	the	Windchill	system	once	they	are	mature	and	
ready	 for	 distribution.	 This	 requires	 unique	 process	 controls	 to	 ensure	 that	 configuration	
control	is	maintained.	The	final	area	that	one	company	differed	in	was	achieving	PLM	through	
Windchill	 and	 combination	 of	 in-house	 and	 third	 party	 software.	 As	 previously	 noted	 PLM	
requires	 more	 than	 just	 an	 ePDM	 tool.	 While	 PTC	 offers	 many	 products	 to	 complement	
Windchill	 and	 achieve	 PLM,	 one	 agency	 decided	 to	 use	 a	 combination	 of	 in	 house	 and	 third	
party	software	to	accomplish	PLM.	This	required	in	house	expertise	to	effectively	leverage	the	
Windchill	database.	

Table	5	summarizes	the	ePDM	practices	in	use	across	industry	and	DoD	agencies.			
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Table	5	-	Common	versus	Uncommon	ePDM	Practices	
Common	ePDM	Practices	 Uncommon	ePDM	Practices	

Use	of	consultant	for	implementation	 In	house	team	for	implementation	

Configured	Windchill	to	maintain	COTS	 Customized	Windchill	

Architecture	 based	 on	 PTC	 recommendations	
with	DoD/	Industry	standards	

Architecture	 based	 on	 established	 company	
standards	

Complete	model-based	 engineering	 and	 non-
engineering	through	Windchill	

Model-based	 engineering	 through	 Windchill	
with	SharePoint	for	non-engineering	tasks	

PLM	 through	 Windchill	 and	 other	 PTC	
software	

PLM	through	Windchill	and	combination	of	in-
house	and	third	party	software	

	

SHORTFALLS	AND	OPPORTUNITIES	

Industry	and	DoD	interviews	also	identified	certain	shortfalls	and	opportunities	with	ePDM.	The	
shortfalls	highlight	the	challenges	associated	with	Windchill	implementation	and	use,	while	the	
opportunities	highlight	the	advantages	that	Windchill	provides	in	both	ePDM	and	in	achieving	
PLM.	These	items	are	summarized	in	Table	6.	

Table	6	-	Shortfalls	and	Opportunities	of	Windchill	ePDM	
Shortfalls	 Opportunities	

Windchill	 is	 excellent	 at	 engineering	
data	management	but	not	at	PLM	

Windchill	is	excellent	for	model-based	engineering	

Windchill	 is	 an	 engineering	 tool	 that	
must	be	used	by	non-engineers	

Windchill	 database	 offers	 ideal	 start	 point	 for	 ePDM	
and	PLM	

Revisions	 to	 Windchill	 architecture	
after	implementation	are	challenging	

PTC	 offers	 complimentary	 products	 that	 leverage	
Windchill	data	for	PLM	

Windchill	 user	 interface	 requires	
personnel	training	

Cloud	based	Windchill	has	been	certified	for	DoD	use	

Cloud	 based	 Windchill	 can	 potentially	 reduce	 costs	
and	expand	use	

	

LESSONS	LEARNED	WITH	ELECTRONIC	PRODUCT	DATA	MANAGEMENT	

Lessons	learned	are	based	upon	the	research,	interviews	and	meetings	conducted.	The	sections	
below	highlight	the	major	 lessons	 learned	from	other	companies	and	DoD	agencies	using	PTC	
Windchill	 for	 ePDM.	 Meetings	 and/or	 telephone	 conferences	 were	 held	 with	 Naval	 Surface	
Warfare	 Center	 (NSWC),	 Lockheed	 Martin,	 Infinera,	 NASA,	 Naval	 Sea	 Systems	 Command	
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(NAVSEA),	and	consultants	with	related	experience	with	ePDM	at	the	US	Air	Force	Research	Lab	
and	NAVAIR.	Finally,	case	studies	published	by	PTC	were	reviewed	for	lessons	learned.	

IMPLEMENTATION	STRATEGY	

The	 most	 cited	 lesson	 learned	 related	 to	 implementing	 the	 Windchill	 ePDM	 solution.	 Each	
activity	 interviewed	 stressed	 the	 importance	 of	 a	 detailed	 implementation	 plan.	 A	 phased	
approach	was	 highlighted	 as	 a	way	 to	minimize	 impact	 on	 current	 operations,	while	 steadily	
transitioning	 into	 a	 new	 paradigm.	 The	 implementation	 strategy	 should	 define	 the	 data	
architecture	standards	to	be	used,	as	detailed	in	the	next	section.	The	plan	should	also	identify	
what	processes	 are	 impacted	 (design	approvals,	 change	orders,	 reporting	 requirements,	 etc.)	
and	define	how	they	will	be	transitioned	to	the	new	system.	The	plan	should	also	analyze	the	
impact	on	personnel	work	habits	and	identify	needed	training.	The	implementation	plan	should	
detail	 what	 products,	 processes,	 and	 services	 will	 be	 transitioned	 based	 upon	 an	
implementation	schedule.	The	plan	should	 include	actionable	events	tied	to	personnel,	and	 it	
should	address	the	day-to-day	activities	of	users.	Finally,	the	implementation	strategy	requires	
buy-in	and	support	at	all	levels	within	the	command.	

A	phased	and	targeted	approach	at	 implementation	can	minimize	 impacts,	establish	a	culture	
of	 enthusiasm	 and	 support,	 and	 allow	 internal	 lessons	 learned	 to	 be	 applied	 during	 the	
implementation.	 The	 implementation	 and	 rollout	 of	 Windchill	 should	 start	 small	 to	 cover	 a	
single	department	and	a	select	set	of	products.	The	Windchill	system	should	then	be	expanded	
to	 cover	 more	 products,	 and	 then	 expand	 to	 multiple	 departments.	 This	 allows	 building	 in	
house	expertise	with	the	system	and	implementation	processes.	

The	 implementation	plan	must	account	 for	 required	changes	 in	established	processes	 (design	
approval,	change	requests,	standard	reports.)	Windchill	contains	numerous	features	to	support	
standard	 work	 practices.	 The	 shift	 to	 using	 Windchill	 to	 manage	 these	 processes	 must	 be	
controlled	to	minimize	impact	on	personnel	and	project	schedules.	Testing	must	be	completed	
using	actual	products	and	users	to	ensure	the	shift	to	Windchill	based	document	management	
supports	 the	 needs	 and	 time	 requirements	 of	 CERDEC.	 Once	 again	 a	 phased	 and	 targeted	
approach	will	best	accomplish	these	changes	and	minimize	impact	on	organization	operations.	

User	 training	 is	 required	 because	 Windchill	 is	 not	 “user	 friendly”.	 The	 interface	 can	 be	
intimidating	 to	users	not	 familiar	with	ePDM	tools,	 and	non-engineering	users.	 Instructor	 led	
training	has	been	shown	to	be	more	effective	than	self-training	done	via	PowerPoint.	Success	
has	been	shown	in	training	a	small	core	group	of	users	in	Windchill	to	build	in	house	expertise.	
This	team	can	then	be	used	to	assist	training	additional	personnel,	and	to	assist	 in	rolling	out	
Windchill	to	other	projects	and	directorates.	

Implementation	should	 include	a	phase	 to	 test	 the	Windchill	 system	by	 running	 through	pre-
defined	 high-level	 use	 cases.	 The	 use	 cases	 should	 include;	 product	 development,	 change	
requests,	 product	 approval,	 report	 generation,	 search	 functions,	 data	 export	 for	 production,	
operation	use	cases,	and	retirement	use	cases.	The	deployment	of	Windchill	should	be	planned	
and	conducted	 in	a	controlled	manner.	Deployment	phase	should	 include	time	 for	debugging	
and	required	changes	following	more	widespread	use	than	experienced	during	system	testing.	
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Finally,	 implementation	 of	 PTC	 Windchill	 should	 be	 managed	 and	 driven	 by	 engineers	 and	
engineering	 managers.	 Due	 to	 the	 technical	 nature	 of	 ePDM,	 knowledgeable	 personnel	 are	
required	to	supervise	the	implementation	and	use	of	this	product.	There	are	many	stakeholders	
and	requirements	 in	 the	 implementation	and	use	of	ePDM.	The	stakeholders’	needs	must	be	
addressed	in	the	system	architecture	and	work	processes	developed.	The	main	stakeholder	and	
driving	force	behind	any	ePDM	solution	is	the	engineering	team.	Therefore	the	engineers	and	
engineering	managers	should	be	tasked	with	leading	the	effort	to	implement	and	manage	the	
Windchill	solution.	

Table	7	summarizes	the	implementation	lessons	learned.	
Table	7	-	Windchill	Implementation	Lessons	Learned	

Detailed	 implementation	 plan	 with	 schedule	
and	actionable	tasks	assigned	to	personnel	

Phased	 and	 targeted	 approach	 focusing	 on	
single	 department	 and	 select	 products	 then	
expanded	to	other	projects	and	departments	

Consider	impacts	to	current	work	processes	 Instructor	 led	 user	 training	 to	 small	 group	 of	
dedicated	users	

Solution	 testing	 should	 include	 high	 level	 use	
cases	 and	 deployment	 phase	 should	 include	
time	for	debugging	

Windchill	 implementation	 and	 use	 must	 be	
driven	 by	 engineers	 and	 engineering	
management	

ARCHITECTURE	STANDARDIZATION	

In	order	to	fully	realize	the	potential	of	any	ePDM	solution,	a	standardized	architecture	must	be	
defined	for	data	in	the	system.	The	adherence	to	an	accepted	configuration	management	and	
database	entry	 is	 critical	 to	support	 search	and	analysis	 functions.	 Interviews	with	other	DoD	
agencies	 highlighted	 the	 need	 to	 conform	 to	 DoD	 and	 MIL-STD	 requirements.	 These	
requirements	 include	 the	 use	 of	 ASME	 rules	 for	 engineering	 drawings,	 MIL-STD	 for	 naming	
conventions,	 and	 DoD	 requirements	 for	 the	 12	 Integrated	 Product	 Support	 (IPS)	 categories.	
Employing	configuration	management	standards	that	are	common	across	the	Army	and	other	
DoD	 agencies	maximizes	 the	 future	 scalability	 of	 the	 system.	While	 DoD	 directives	 and	MIL-
STD’s	provide	a	clear	basis	for	architecture	standardization,	there	are	specifics	that	will	need	to	
be	 included	 in	 contract	 requirements	 to	 ensure	 third	 party	 products	 are	 compatible	 with	
organization	requirements.	

Architecture	 decisions	 for	 Windchill	 database	 must	 address	 all	 phases	 of	 PLM.	 Operational	
users	and	end-of-life	use	cases	need	to	be	considered	when	establishing	the	initial	architecture.	
Post	 implementation	 changes	 to	 system	 architecture	 to	 address	 production,	 operational,	
maintenance,	 or	 end-of-life	 needs	may	 require	 complete	 revision	 of	 the	 system	 architecture	
which	will	result	in	large	costs,	or	reduced	system	use	because	those	needs	are	not	addressed	
in	the	Windchill	system.		

Artifact	 naming	 conventions	 should	 be	 based	 on	 ASME	 drawing	 guidelines	 and	 MIL-STD	
requirements.	 DoD,	 ASME,	 and	MIL-STD	 requirements	 also	 need	 to	 be	 addressed	 in	 system	
architecture	to	ensure	naming	standards	are	defined	and	aligned	with	current	standards.	The	
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importance	 of	 naming	 and	 metadata	 standards	 cannot	 be	 overstated.	 Consistency	 in	 data	
naming	 supports	 search	 functionality	 and	 is	 critical	 to	 data	 analysis	 to	 support	 PLM.	
Additionally,	the	Windchill	architecture	should	align	with	the	defined	12	IPS	categories.	The	12	
integrated	product	support	categories	are	identified	in	Appendix	A	of	the	DoD	Product	Support	
Manager	(PSM)	Guidebook	and	they	are	further	defined	and	expanded	upon	in	the	Integrated	
Product	 Support	 (IPS)	 Element	 Guidebook.	 The	 twelve	 categories	 are:	 Product	 Support	
Management,	Design	Interface,	Sustaining	Engineering,	Supply	Support,	Maintenance	Planning	
&	 Management,	 Packaging,	 Handling,	 Storage	 &	 Transportation,	 Technical	 Data,	 Support	
Equipment,	 Training	 &	 Training	 Support,	 Manpower	 &	 Personnel,	 Facilities	 &	 Infrastructure,	
and	Computer	Resources.	

Vendor	 requirements	 defined	 in	 contracts	 need	 to	 detail	 specific	 requirements	 above	 and	
beyond	citing	of	MIL-STD	and	ASME	standards.	These	standards	allow	for	multiple	methods	of	
naming	and	processes.	Contract	requirements	should	specify	exact	requirements	to	be	met	to	
ensure	compatibility	with	Windchill	architecture	in	place	within	CERDEC.	

CONFIGURATION	VERSUS	CUSTOMIZATION	

Another	important	lesson	learned	specific	to	PTC	Windchill	is	to	minimize	customizations	of	the	
software.	The	importance	of	configuration	instead	of	customization	was	highly	stressed	across	
multiple	 interviews.	 Current	 versions	 of	 PTC	 Windchill	 allow	 user	 configurations	 to	 support	
organizational	 processes	 and	 products.	 The	 configuring	 of	 a	 Windchill	 installation	 allows	
continued	 product	 support	 from	 the	 vendor	 without	 the	 need	 for	 special	 considerations.	
Customization	 of	 Windchill	 products	 is	 also	 possible,	 but	 results	 in	 adverse	 conditions.	
Customization	means	 that	 the	 standard	 vendor	 product	 has	 been	 altered	 in	 such	 a	way	 that	
special	 considerations	 are	 required	 when	 updating	 the	 system	 or	 migrating	 data	 to	 other	
Windchill	 users.	Customization	 can	 result	 in	unexpected	maintenance	 costs	 and	 the	need	 for	
consultants	 and	 vendor	 support	 to	 accomplish	 any	 changes.	 Product	 support	 of	 a	 COTS	
software	 is	 faster,	 cheaper,	 and	 easier	 than	 that	 required	 of	 a	 customized	 version.	
Customization	necessitates	 specialized	 technical	 support	which	 can	 result	 in	higher	 costs	 and	
longer	 response	 times	 for	 technical	 repairs.	 By	 only	 configuring	 the	 system	 to	 meet	
organization	needs,	the	vendor	product	remains	in	a	COTS	state.	

Additionally,	configuring	Windchill	ensures	ease	of	data	migration	to	other	Windchill	systems,	
analysis	 tools,	and	new	versions.	Data	migration	between	Windchill	versions	 is	ensured	when	
using	a	COTS	configured	version,	but	can	be	problematic	in	a	highly	customized	version.	COTS	
configured	Windchill	works	with	CAD	software	to	migrate	metadata	automatically;	this	feature	
can	 be	 greatly	 impacted	 by	 customizations	 and	 may	 prevent	 some	 data	 from	 migrating	
correctly.	Windchill	product	updates	are	designed	for	COTS	configured	versions.	Customization	
can	 require	 specialized	 updates	 to	 be	 created	 by	 PTC	 in	 order	 to	 upgrade	Windchill.	 These	
specialized	updates	can	be	very	expensive	and	may	require	additional	 time	which	can	 impact	
organization	operations.	Third	party	software	(Java,	MS	Office,	CAD)	often	requires	updates	to	
Windchill	to	ensure	compatibility.	The	COTS	version	is	supported	by	PTC	and	is	a	simple	process	
that	 can	 be	 accomplished	 with	 standard	 software	 updates.	 Customization	 often	 requires	



	

Report No. SERC-2016-TR-113 

24 

	

specially	 tailored	 updates	 that	 can	 result	 in	 lost	 productivity	 while	 creating,	 or	 require	
maintaining	outdated	third	party	software.	

EVOLVING	TECHNOLOGIES	

Another	 lessons	 learned	 from	 the	 interviews	 was	 the	 need	 to	 plan	 for	 evolving	 technology.	
Model-based	 engineering	 is	 becoming	 the	 standard	 in	 industry	 and	 is	 the	 future	 of	 DoD	
engineering	as	well.	ePDM	supports	model	based	engineering.	Windchill	goes	beyond	standard	
ePDM	and	 incorporates	the	work	process	and	tools	 to	support	model-based	engineering.	The	
future	of	PLM	is	through	the	use	of	electronic	tools	and	data	management.	PTC	is	an	industry	
leader	 in	 this	 area,	 and	 continues	 to	 create	 PLM	 software	 solutions.	 Windchill	 data	
management	provides	the	backbone	to	move	into	the	future	of	PLM.	

It	is	important	to	note	that	there	is	currently	no	industry	standard	for	ePDM	or	electronic	PLM.	
However,	PTC	Windchill	and	their	suite	of	software	arguably	offer	the	best	industry	solution	for	
ePDM.	While	there	is	no	set	industry	standard,	the	growth	and	widespread	use	of	PTC	Windchill	
almost	 guarantees	 that	 any	 future	 ePDM	or	 PLM	 software	will	 offer	 compatibility	with	COTS	
Windchill	software	and	support	Windchill	database	usage	and/or	migration.	

There	are	many	initiatives	underway	to	expand	the	use	of	model-based	engineering	in	the	DoD.	
One	such	DoD	initiative	is	the	Digital	Engineering	Work	Group.	This	group	is	tasked	to	explore	
transitioning	traditional	acquisition	processes	to	a	digital	model-centric	environment	by	shifting	
towards	a	dynamic	ecosystem	that	would	supplant	documents/models.	Additionally	it	is	tasked	
to	 develop	 the	 digital	 engineering	 concept	 that	 will	 be	 implemented	 across	 engineering	
functions	and	subsequently	within	the	Defense	Acquisition	System.	

ANALYTICS	OF	ENTERPRISE	MANAGEMENT		

The	goal	of	employing	ePDM	and	achieving	 increased	analysis	capabilities	requires	more	than	
just	 entering	 all	 of	 the	 data	 into	Windchill.	 Fully	 realizing	 the	 vision	 of	 PLM	 requires	 sound	
database	 architecture	 with	 correct	 relationships	 that	 fully	 establish	 the	 digital	 thread	 of	 all	
product	files.	Performing	lifecycle	cost	and	performance	analysis	often	requires	additional	tools	
and	 software.	 Windchill	 establishes	 the	 linked	 database	 that	 can	 be	 utilized	 by	 other	 PTC	
software	or	third	party	vendors	to	accomplish	the	complex	and	detailed	modeling	and	analysis	
of	product	lifecycle	issues.			

PLM	requires	vast	amounts	of	 coordinated	data	 in	order	 to	conduct	 the	 required	analyses	 to	
assess	producibility,	reliability,	sustainability,	maintainability,	and	availability.	The	data	must	be	
linked	to	establish	the	digital	thread	that	is	critical	to	organizing	the	data	in	a	meaningful	way	
that	supports	PLM.	However,	a	 linked	database	is	not	enough	to	achieve	PLM.	A	single	ePDM	
tool	does	not	offer	all	the	tools	required	to	conduct	PLM	analyses.	

Windchill	 is	 a	 powerful	 tool	 that	 supports	 the	 PLM	 process.	 However	 Windchill	 does	 not	
inherently	 do	 everything	 required	 for	 complete	 PLM.	Windchill	 should	 be	used	 for	what	 it	 is	
designed	for,	and	not	forced	into	trying	to	“do-it-all.”	There	is	no	silver	bullet	software	or	tool	
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that	can	accomplish	PLM	for	a	 large	scale	organization.	PLM	requires	additional	software	and	
tools	to	evaluate	the	data	in	the	Windchill	database	in	order	to	effectively	assess	PLM	concerns.	

PTC	offers	complimentary	software	that	allows	use	of	Windchill	data	in	order	to	conduct	PLM	
analyses.	 The	 software	 alone	 does	 not	 achieve	 PLM.	 High	 level	 analysts	 are	 required	 to	 use	
these	 tools	 and	 interpret	 the	 results	 in	 a	 meaningful	 way.	 ePDM	 and	 PLM	 software	 can	
effectively	 reduce	 low	 level	 staffing	 requirements,	 but	 addition	 of	 higher	 level	 analysts	 are	
required	to	complete	the	PLM	tasks.	

CONCLUSIONS	AND	RECOMMENDATIONS	

The	research	focused	on	current	CERDEC	data	management	techniques,	Windchill	functionality,	
and	lessons	learned.	The	major	takeaway	is	that	CERDEC	is	on	the	right	path	with	implementing	
ePDM	 tools	 (Windchill).	Windchill	 is	 an	excellent	ePDM	 tool	 and	 is	 the	 first	 step	 in	 achieving	
PLM.	Windchill	 implementation	 is	 a	 challenging	 process.	 The	 implementation	 plan	 is	 vital	 to	
ensuring	success.	Windchill	is	not	“user	friendly”	software,	and	requires	training	that	is	tailored	
to	different	user	groups.	Architecture	decisions	during	implementation	are	not	easily	changed	
once	the	system	is	deployed.	The	architecture	needs	to	address	all	 lifecycle	requirements	and	
should	 not	 be	 product	 development	 focused.	Windchill	 customizations	 should	 be	 avoided	 to	
ensure	 that	 product	 support,	 and	 interfaces	 with	 third	 party	 software	 can	 be	 provided	 by	
standard	 PTC	 updates.	 ePDM	 is	 a	 developing	 field	 that	 has	 no	 industry	 standard.	 PTC	 is	 the	
industry	 leader	 in	 ePDM	 solutions.	 Future	 innovations	 will	 most	 likely	 incorporate	Windchill	
architecture	 into	 next	 generation	 solutions.	 There	 is	 no	 “silver	 bullet”	 to	 achieve	 PLM.	 PLM	
analyses	require	establishing	the	digital	thread	via	ePDM,	and	then	using	complimentary	tools	
and	software	to	extract	and	analyze	the	data	to	support	PLM	analytics.	PLM	needs	to	be	driven	
by	system	engineers,	senior	analysts,	and	engineering	management	due	to	the	technical	nature	
of	the	work.	PLM	serves	to	inform	senior	executive	management	decisions	through	better	use	
of	product	and	project	data	and	analyses.	

In	 order	 to	 successfully	 implement	 and	 use	 PTC	 Windchill	 it	 is	 recommended	 to	 develop	 a	
detailed	 implementation	 plan	 that	 includes	 architecture,	 testing,	 training,	 and	 deployment	
requirements.	The	implementation	plan	should	have	a	detailed	phase	timeline	and	assign	tasks	
to	 individuals	 to	 accomplish	 phase	 goals.	 CERDEC	 should	 consider	 partnering	 or	 consulting	
during	 implementation	 to	 avoid	 common	 failures.	 The	 use	 of	 ePDM	needs	 to	 expand	within	
CERDEC	to	remaining	directorates	using	a	controlled,	phased	process.	 It	 is	recommended	that	
CERDEC	 establish	 training	 guidelines	 and	 procedures	 for	 new	 users	 based	 upon	 use	 level.	 It	
must	 also	 determine	 control	 and	 utilization	 model	 for	 Windchill	 instantiation	 across	 the	
organization	and	directorates.	 It	 is	highly	recommended	to	implement	this	using	a	centralized	
control	 and	 decentralized	 utilization	 model	 with	 a	 controlling	 authority	 board	 consisting	 of	
representatives	 from	 each	 directorate.	 CERDEC	 should	 also	 consider	 establishing	 lines	 of	
communication	 or	 involvement	 in	 the	 Digital	 Engineering	 Working	 Group.	 Finally	 CERDEC	
should	conduct	briefings	with	directorate	leads	and	CECOM	on	the	ePDM	effort	to	obtain	buy-
in	and	potentially	identify	partners.	
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APPENDIX	A:		CERDEC	EPDM	SURVEY	–	FEBRUARY	&	MARCH	2016	

Directorate	/	Division	 Date	of	Interview	 Notes	

I2WD	 		 		

Deputy	 18-Feb-16	

Provided	background	on	ePDM.		Deputy	mentioned	that	he	had	a	meeting	with	the	

I2WD	 Division	 Chiefs	 and	 they	 talked	 about	 storage	 of	 technical	 data.	 	 Sent	 an	

overview	email	that	he	forwarded	his	Division	Chiefs	to	prepare	them.		

Operations	 19-Feb-16	

Agreed	 that	 I2WD	 needs	 a	 better	 way	 to	 organize	 and	 retain	 data.	 	 He	 gave	 an	

example	of	how	he	transitioned	out	of	a	 job	but	his	successors	misplaced	the	data	

and	 it's	 now	 lost.	 	 He	 suggested	 that	 I	 attend	 one	 of	 the	 I2WD	 staff	 calls	 with	 a	

couple	of	 slides	 to	 reinforce	 the	need	and	 capabilities	of	Windchill.	 	He	 suggested	

that	I	call	I2WD	IT	POC	to	see	if	there's	a	way	to	handle	classified	data	on	Windchill.		

Cyber/Offensive	 		 		

EW	Air/Grnd	 19-Feb-16	

A	lot	of	info	kept	on	Share	Point.		Classified	data	kept	on	SIPR	version	of	Share	Point.	

Other	data	kept	on	local	computers.	Pointed	out	that	a	lot	of	I2WD	data	is	classified.		

Windchill	 isn't	meant	 for	 classified	data	 so	 the	 system	might	be	of	 limited	use	 for	

I2WD.		

CERDEC	Flight	Activity	 19-Feb-16	

The	CFA	stores	data	on	Share	Point,	shared	hard	drives,	and	still	has	a	 lot	of	paper	

from	older	projects.		Would	be	interested	in	getting	a	demonstration	of	Windchill.		I	

sent	him	a	draft	SOP	and	will	coordinate	a	visit.		

Intel	Sys	/	Proc	 		 		

Radar/Cmbt	ID	 18-Feb-16	

Has	 a	 release	 process	 for	 paper	 reports,	 briefings,	 etc.	 	 Digital	 data	 is	 mostly	 on	

Share	Point	-	meeting	minutes,	etc.		He	said	I2WD	was	talking	about	a	consolidated	

Share	 Point	 structure	 for	 the	 Directorate	 but	 hasn't	 been	 implemented	 yet.	 	 That	

would	 be	 a	 place	 for	 Project	 Plans	 and	 Program	Review	 info.	 	 His	 lab	 has	 its	 own	

storage	system	for	field	data	and	research	results	-	he	didn't	know	if	there	was	some	
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software	package	for	that	system	but	will	ask	his	branch	chief.		

SIGINT/QRD	 28-Mar-16	

Most	 of	 the	 branch	 chiefs	 use	 SharePoint,	 however,	 the	 FIFF	 uses	 another	 ePDM	

system.		He	couldn't	remember	the	name	-	he	sent	an	email	to	one	of	his	folks	and	

they	 responded,	 "Sir,	 TROJAN	 utilizes	 the	 ePDM	 vault	 through	 I2WD	 as	 described	

and	also	SharePoint	library	sites."			

Exploitation	 19-Feb-16	

Share	Point	for	unclassified	storage.		They	have	several	networks	-	NIPR,	SIPR,	DREN,	

JWICS.		There's	no	removable	storage	(USB,	etc.)	in	the	SCIF.		They	also	store	things	

on	shared	drives	in	the	SCIF.		Had	not	heard	of	Windchill.		

Directorate	/	Division	 Date	of	Interview	 Notes	

S&TCD	 		 		

Deputy	 19-Feb-16	

OK	 to	 call	 the	 Div	 Chiefs.	 	 He	 thinks	 S&TCD	 also	 primarily	 uses	 Share	 Point	 and	

shared	drives.	 	He	 thought	he	prepared	 a	briefing	 for	Vella	 before	he	 retired.	 	He	

found	it	and	sent	it	to	me.	

Antennas	/	Spectrum	 		 		

Comm	Network	 28-Mar-16	
They	have	no	ePDM	and	use	SharePoint	and	 laptop	hard	drives	 to	 store	 their	S&T	

data.		Had	never	heard	of	Windchill.		

Cyber	Security	 		 		

SATCOM	 		 		
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SEAMS	 28-Mar-16	

His	 Architecture	 Branch	 uses	 ArCADIE	 (Architecture	 Development	 and	 Integration	

Environment)	for	their	data.	 	 	This	 is	an	Army-wide	architecture	database.	 	Reports	

and	briefings	are	on	SharePoint	and	laptop	hard	drives.		Another	branch	used	ATGR	

but	 this	 was	 replaced	 with	 ArCADIE	 in	 the	 past	 two	 years.	 	 His	 modeling	 and	

simulation	 branch	 uses	 the	 Modesta	 tool	 with	 simulates	 networks	 and	 has	 a	

common	data	model	database	tool	associated	with	it	for	data	storage.		This	is	hosted	

on	 a	 server	 in	 the	DCAMS	branch.	His	 CERDEC	Ground	Activity	 Branch	 at	Dix	 uses	

SharePoint	and	laptop	hard	drives.		Windchill	used	in	a	past	job	and	thought	it	was	

very	good	for	storing	technical	data.		I	gave	him	an	overview	of	the	RDECOM	plan	to	

come	up	with	a	large	ePDM	for	the	RDECs,	LCMCs,	and	ASALT	communities	and	he	

thought	it	would	be	good.		He's	been	frustrated	a	few	times	about	trying	to	data	that	

was	generated	in	the	past.	

Directorate	/	Division	 Date	of	Interview	 Notes	

CP&I	 		 		

Deputy	 18-Feb-16	 OK	to	talk	with	the	CP&I	Division	Chiefs	

Strat	Init	Office	 2-Mar-16	

Office	uses	 SharePoint	 for	most	of	 their	 data.	 	 They've	discussed	 the	data	 storage	

situation	within	CP&I.	 	Mentioned	 that	 they've	had	 trouble	putting	 their	hands	on	

information	 that	 they've	 generated	 in	 the	past.	 	 I	 suggested	 that	Windchill	 can	be	

used	for	many	different	kinds	of	data.		Interested	in	getting	a	quick	demo.		Sent	an	

email	to	arrange	for	a	quick	demo.				

Proto/Int/Test	 24-Feb-16	

The	CP&I	PIF	uses	Windchill	v10.1.		They're	going	to	upgrade	to	v10.2	this	Summer.		

Their	Windchill	is	highly	customized	with	a	workflow	tailored	to	the	PIF.		They	store	

only	 their	 design,	 CAD,	 3D	 technical	 data	 in	WC.	 	 All	 their	 programmatic,	 budget,	

admin	data	is	stored	in	Share	Point	or	shared	drives.	

Power	 22-Mar-16	
Division	 uses	 only	 SharePoint	 for	 storing	 data.	 	 Asked	 if	 interested	 in	 a	 demo	 of	

Windchill.		He	said	he'd	think	about	it.	

Mission	Command	 		 		
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Comp	Platform	 19-Feb-16	

Share	 Point	 is	 their	 major	 data	 storage	 vehicle.	 	 Aware	 of	 the	 PIF	 Windchill	

instantiation.		Engineers	typically	keep	work	in	process	on	their	laptops	and	then	put	

final	reports	and	data	on	Share	Point.		

Directorate	/	Division	 Date	of	Interview	 Notes	

NVESD	 		 		

Deputy	 25-Feb-16	

Requested	 that	 I	 not	 talk	 to	 each	 of	 his	 Division	 Chiefs	 individually.	 	 He	 said	 that	

most	of	 their	data	 (technical,	programmatic,	etc.)	 is	being	stored	on	shared	drives.		

They	 supposedly	 don't	 use	 Share	 Point	 much	 at	 NVESD.	 	 Asked	 his	 Systems	

Engineering	guy	to	contact	me.		

Air	Systems	 		 See	above.	

Countermine	 		 See	above.	

Grnd	Combat	 		 See	above.	

Model/Sim	 		 See	above.	

Science/Tech	 		 See	above.	

Spec	Prod/Prot	 		 See	above.	

Systems	Engineering	 26-Feb-16	

Systems	Engineering	guy	said	that	ARDEC	now	uses	TARDEC-ACE.	 	He	doesn't	think	

the	 RDECOM	 ePDM	 will	 ever	 happen.	 	 NVESD	 has	 its	 own	 local	 servers.	 	 Shared	

workspaces.	He	works	with	their	head	of	networking	to	ensure	enough	secure	space	

is	available.	

Directorate	/	Division	 Date	of	Interview	 Notes	

SED	 		 		

Deputy	 17-Feb-16	 OK	for	me	to	call	the	SED	Division	Chiefs	
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Aviation/Force	Protection	 17-Feb-16	

They	put	a	 lot	of	documentation	on	both	the	SEC	and	CERDEC	Share	Point	portals.		

They	 use	 the	 SCRO	 and	 R-DIT.	 	 They	 have	 some	 systems	 that	 require	 massive	

distributions.	Heard	mention	of	Windchill	in	the	past	and	is	interested.		Invited	him	

to	get	a	quick	demonstration	of	Windchill.	

Satellite	Mgmt	 17-Feb-16	

Different	 developers	 use	 different	 systems.	GD	used	 a	 server	 system	 called	 "Clear	

Case"	 where	 programmers	 could	 access	 a	 cloud	 whereas	 others	 used	 dedicated	

machines.		Said	final	software	packages	are	sent	to	the	SCRO	and	fielding	copies	are	

made	at	the	R-DIT.			

Tactical	Communications	 17-Feb-16	

Software	 is	 developed	 on	 separate	 machines.	 It's	 "checked	 out"	 from	 central	

repository	 to	 maintain	 Configuration	 Control.	 When	 final	 software	 is	 ready	 for	

fielding,	 a	 complete	package	 (software,	VDD,	 SRS,	manuals,	 etc.)	 is	 brought	 to	 the	

SCRO.	 	Copies	of	the	software	packages	are	done	at	the	RDIT.	 	 Informed	about	the	

Windchill	system	and	he	was	interested.		We	talked	about	cloud	security	issues.		He	

said	there	are	black	programs	using	the	cloud	very	securely	and	successfully.		

Battle	Cmd	Solutions	 17-Feb-16	

Development	happens	on	 the	developer	network	on	 the	 SEC	portal.	 	 It	 uses	 a	MS	

product	called	"Source	Safe"	which	provides	for	file	and	configuration	control.	 	The	

code	repository	is	also	on	SS.		They've	been	talking	about	putting	a	developers	LAN	

on	 the	 DREN.	 	 Amazon	 gave	 SED	 a	 briefing	 on	 cloud	 storage	 but	 there	 was	 no	

accountability	 and	 no	 assurances	 of	 security	 so	 it	 probably	 won't	 happen.		

Mentioned	the	R-DIT	for	replication	and	duplication	services	but	didn't	mention	the	

SCRO	 for	 long-term	 storage.	 	 He	 noted	 that	 SED/SEC	 needed	 a	 better	 system	 to	

download	 software	 to	 field	 units.	 	 They	 tried	 AKO	 years	 ago	 but	 it	 became	 too	

crowded.		We	talked	about	Windchill.		He	didn't	seem	very	interested.		
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Cyber	Security	 18-Feb-16	

Comments	were	 similar	 to	 the	other	 SED	Div	Chiefs.	 	He	also	 sent	me	a	 follow-up	

email	 which	 read,	 "Sir,	 As	we	 discussed,	we	 put	 all	 the	 software	 artifacts	 such	 as	

source	code,	project	plan,	schedule,	design	documents,	etc...	to	a	cd	and	provide	to	

the	SCRO	team	when	releasing	software	for	backup	purpose.		For	the	development,	

we	use	source	code	repository	such	as	subversion	and	the	server	 is	 in	the	lab.	 	For	

reimbursable	 projects,	 the	 development	 environment	 may	 be	 located	 at	 the	

customer	site	and/or	data	center.		Please	let	me	know	if	you	need	anything	else."	

IEW	Support	 17-Feb-16	

IEW	 stores	 some	 data	 on	 Share	 Point.	 	 	 They	 use	 the	 SCRO	 (Software	 Control	

Reference	 Office)	 for	 their	 systems.	 	 IEW	 systems	 are	 typically	 low	 density	 so	

distribution	 isn't	a	problem.	 	Development	done	 in	 labs	by	contractors.	They	use	a	

database	called	MS	SSEM	to	track	software	versions	and	fielding	status.		For	the	IEW	

low	density	items,	WC	probably	wouldn't	be	much	of	a	benefit.		
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