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ABSTRACT 
	
Modular Design and Documentation of Construction Equipment Hoods using 
Dassault Systemes 3DExperience Platform 
 
By	Murali	Krishna	Sathya	Narayanan,	

Department	of	Product	and	Production	Development,	

Chalmers	University	of	Technology,	

	

In	order	to	reduce	the	product	complexity	and	find	synergies	between	different	product	

categories,	 Volvo	 Construction	 Equipment	 has	 started	 an	 initiative	 called	 Common	

Architecture	 Shared	 Technology	 (CAST),	 which	 concentrates	 on	 establishing	 the	

modular	 product	 architecture	 for	 different	 components	 in	 a	 vehicle.	 CAST	 helps	 in	

reducing	the	complexity	of	the	products	by	understanding	the	functional	relationship	to	

the	design	and	thereby	identifying	synergies	which	will	help	in	commonizing	parts,	thus	

reducing	the	part	numbers.	The	Master	thesis	mainly	concentrates	on	the	hoods	of	five	

product	categories.		The	generic	product	development	methodology	defined	in	the	book	

“Product	Design	and	Development	(Ulrich	and	Eppinger,	2012)	and	VCE’s	internal	CAST	

methodology	are	used	as	guidance	throughout	the	project.		

The	3DX	platform	from	Dassault	Systemes	is	used	to	document	the	modular	solutions.	

The	3DX	platform	helps	in	capturing	requirements,	allocating	them	to	different	entities,	

defining	 different	 configuration	 features	 and	 options	 based	 on	 technical	 rules	 and	

creating	different	product	configurations.		

The	 study	 helped	 in	 identifying	 the	 synergies	 in	 design	 between	 the	 five	 product	

categories	by	functionally	decomposing	the	different	hoods	and	finding	the	relationship	

both	 within	 and	 between	 product	 categories.	 This	 resulted	 in	 a	 modular	 product	

architecture	which	 helped	 to	 reduce	 the	 number	 of	 parts	 from	 32	 to	 26	 and	 further	

down	 to	20	by	 the	proposed	 changes.	The	different	modules	were	defined	using	3DX	

platform	 and	 various	 technical	 rules	 were	 established	 to	 show	 different	 possible	

configurations	of	hoods.	

	

Keywords:	 Synergy,	 functional	 breakdown,	 CAST,	 technical	 rules,	 capturing	

requirements	configurations	
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CATIA      ‐  Computer aided three dimensional interactive application  

ENOVIA    ‐  Enterprise innovation interactive application 

CAD      ‐  Computer Aided Design 
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existing	 problem	 diminishing	 design	 quality	 and	 increasing	 time	 to	 market	

(Gokpinar	et	al.	2013).	

One	 of	 the	 preferred	 solutions	 to	 the	 above	 challenge	 is	 to	 develop	 a	 modular	

architecture	 for	different	 components	which	will	help	 in	 increasing	 the	number	of	

common	parts	and	at	the	same	time	offer	a	wider	product	range.	

The	 3DX	 platform	 from	 Dassault	 Systemes	 is	 used	 to	 document	 the	 modular	

solutions,	 Dassault	 Systemes	 is	 a	 world	 leader	 in	 3D	 and	 Product	 Lifecycle	

Management	 (PLM)	 solutions.	 The	 3DX	 platform	 offers	 a	 unique	 digital	 product	

experience	 that	 brings	 3D	 product	 design	 to	 life	 with	 unmatched	 realism	 and	

delivering	collaborative	PLM	solutions.		

1.2 AIM & PURPOSE 
In	order	to	reduce	the	amount	of	part	numbers	and	to	offer	a	wider	product	range,	a	

Common	Architecture	and	shared	technology	(CAST)	strategy	has	been	adopted	by	

VCE.	 The	 main	 purpose	 of	 the	 study	 is	 to	 define	 a	 Modular	 architecture,	 as	 a	

technical	solution,	for	hoods.	The	product	categories	that	are	included	in	the	study	

are	 Articulated	 Haulers,	 Wheel	 Loaders,	 Soil	 Compactors,	 Backhoe	 Loaders	 and	

Motor	Graders.		

The	study	includes	the	following	tasks	

 Functional	decomposition	of	the	hoods	and	its	associated	components	

 Benchmarking	various	modular	designs	

 Designing	and	documenting	a	modular	architecture	

 Identifying	 allowed/rejected	 combination	 of	 parts	 based	 on	 design	 criteria	

and	 technical	 feasibility	 which	 enables	 the	 creation	 of	 better	 product	

architecture	

The	secondary	objective	of	the	project	would	be	to	test	run	the	modular	architecture	

of	 the	 hood	 on	 Dassault	 System’s	 3DX	 platform.	 This	 requires	 understanding	 of	

CATIA	and	ENOVIA	environment	and	also	 the	configuration	engine	which	controls	

the	variant	management	(Baldwin	&	Clark	1997).	

1.3 SCOPE 
The	 Scope	 of	 the	 project	 has	 two	 dimensions.	 One	would	 be	 the	 definition	 of	 the	

modules,	 the	 design	 rules,	 performance	 steps	 and	 technical	 feasibility	 of	 different	
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components.	The	second	dimension	of	the	project	would	be	to	test	run	the	modular	

architecture	on	the	3D	experience	platform	which	involves	the	following	activities	

 Creation	of	modules	in	CAD	and	synchronizing	with	3DExperience	platform	

 Capturing	 the	 customer	 requirements,	 design	 criteria	 and	 the	 technical	

feasibility	in	3DExperience	platform	

 Defining	the	variant	rules	and	configuration	in	3DExperience	platform	

 Demonstration	of	the	software’s	capabilities	

	

The	product	categories	and	their	respective	models	which	will	be	covered	under	the	

study	are	shown	in	Table	1.	Models	are	grouped	based	on	commonality	of	hoods.	

	

Table	1:	Product	Categories	and	Models	

Product Categories  Models 

Articulated Haulers 
A25G/A30G 

A35G/A40G 

Compact Wheel Loaders 

L20F 

L30G 

L45G/L50G 

General Purpose Wheel Loaders 

L60H/L70H/L90H 

L110H/L120H 

L150H/L180H 

L220H/L250H 

Motor Graders 
G930C 

G940C/G946C/G960C 

Backhoe Loaders  BL60B‐BL70B 

Soil Compactors 

SD25 

SD45 

SD70 

SD75 

SD115‐SD135 

SD105‐SD130‐SD160‐SD190‐SD200 

	

1.4 LIMITATION 
The	Scope	of	 the	project	will	be	 limited	 to	only	 the	above	mentioned	 five	product	

categories	due	to	the	possible	synergies	that	were	identified	before	the	start	of	the	

project.	The	number	of	product	categories	might	go	down	if	the	study	reveals	there	

is	less	synergy	between	them.	The	business	case	in	the	CAST	methodology	is	limited	
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to	the	high	level	due	to	the	time	constraints.	The	design	phase	would	be	limited	to	

modeling	the	parent	level	parts	only	(panels)	and	would	not	be	concentrating	on	the	

finer	details.	

1.5 DELIVERABLES 
The	Deliverables	out	of	the	study	is	mentioned	below	

 A	modular	 architecture	 design	 for	 the	 hood	 and	 its	 interfaces	 (Module	 and	

Interface	definition)	

 Requirements	and	technical	feasibility	definitions	

 CAD	models	of	modules	and	interfaces	in	CATIA	V5	and	CATIA	V6	

 Performance	step	definition	

 A	video	of	 the	variant	management	and	modular	definition	 for	 the	modular	

hood	in	3DExperience	Platform	

 A	masked	report	agreed	upon	by	VCE	and	DS	for	public	use	
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2.  NEEDS MAPPING 
This	chapter	describes	the	various	phases	involved	in	the	mapping	of	needs	in	order	to	

define	an	efficient	product	architecture.	The	different	phases	are	described	below	

2.1 DATA COLLECTION METHODS 
Data	collection	for	the	project	was	done	using	the	following	methods	

2.1.1 LITERATURE STUDY 
In	 order	 to	 establish	 a	 modular	 product	 architecture,	 it	 is	 necessary	 to	 identify	 the	

relationship	between	function	and	design.	Various	 internal	documents	from	VCE	were	

studied	 in	 order	 to	 understand	 the	 different	 product	 categories	 and	 their	 product	

structure.	

VCE’s	product	catalogues	were	studied	in	order	to	understand	the	specifications	and	the	

features	of	the	different	products.	

	The	 modular	 architecture	 defined	 for	 the	 cab	 was	 used	 as	 an	 example.	 The	

relationships	 between	 the	 requirements	 and	 design	 were	 clearly	 mapped	 for	 the	

modular	cab	and	were	available	from	the	beginning	of	the	project	for	reference.		

2.1.2 INTERVIEWS 
Interviews	were	conducted	with	different	stakeholders	in	order	to	identify	the	various	

requirements.	Interviews	were	in	the	form	of		

‐ Online	meetings	

‐ Personal	interviews	

Online	meetings	were	mainly	done	 to	collaborate	with	specialists	 in	hood	design	who	

are	 outside	 Sweden.	 Personal	 meetings	 were	 one‐on‐one	 face	 to	 face	 interviews	

conducted	 in	 both	 Eskilstuna	 and	 Braås	 (Wheel	 Loaders	 and	 Articulated	 Haulers)	 in	

Sweden.	 The	 questionnaires	 used	 for	 the	 interview	 and	 the	 list	 of	 interviewees	 are	

attached	in	the	Appendix	I.	

Since	the	project	captures	the	requirements	directly	from	the	engineers,	for	this	study	

the	need	to	explore	on	the	marketing	requirements	is	subsided.	

2.2 ESTABLISHING REQUIREMENTS STRUCTURE 
The	output	of	the	literature	study	and	the	interviews	were	unstructured	and	it	needed	

to	be	structured	in	order	to	identify	the	synergies	between	different	requirements	and	

its	 impact	on	design.	The	requirements	captured	 for	each	and	every	model	 for	all	 the	
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Table	2:	Hood	Nomenclature	

General	
Description	

Position	of	
hood	

Front	of	the	
hood	refers	
to	

Left	hand	side	
of	the	hood	
refers	to		

Right	hand	side	of	
the	hood	

Articulated	
Hauler	

Front	of	the	
vehicle	

Front	of	the	
vehicle	

Left	hand	side	
of	the	vehicle	

Right	hand	side	of	
the	vehicle	

Wheel	
Loaders	

Rear	of	the	
vehicle	

Rear	of	the	
vehicle	

Right	hand	side	
of	the	vehicle	

Left	hand	side	of	
the	vehicle	

Backhoe	
Loader	

Front	of	the	
vehicle	

Front	of	the	
vehicle	

Left	hand	side	
of	the	vehicle	

Right	hand	side	of	
the	vehicle	

Motor	
Graders	

Rear	of	the	
vehicle	

Rear	of	the	
vehicle	

Right	hand	side	
of	the	vehicle	

Left	hand	side	of	
the	vehicle	

Soil	
Compactors	

Rear	of	the	
vehicle	

Rear	of	the	
vehicle	

Right	hand	side	
of	the	vehicle	

Left	hand	side	of	
the	vehicle	

	
	

2.5 INTERFACE ANALYSIS 
In	 order	 to	 understand	 the	 relationship	 between	 the	 design	 of	 the	 hood	 and	 the	

surrounding	components,	a	table	is	mapped	to	show	the	relationship.	The	level	of	detail	

is	kept	to	a	minimum	with	respect	to	the	relationship	between	the	design	of	the	hood	

and	the	interface	indicating	only	whether	there	is	an	impact	on	the	hood	if	the	design	of	

the	interfaces	is	changed.	The	relationship	is	summarized	in	Appendix	II.			
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Step 1: Define Scope 
Scope	definition	plays	an	important	role	in	determining	the	complexity	of	the	modules.	

It	is	important	to	make	a	conscious	choice	on	what	to	include	and	what	not	to	include.	

As	this	project	serves	as	a	prestudy	for	future	products,	modules	are	limited	to	their	top	

level	only.	

Step 2: Stakeholder needs 
The	needs	of	all	the	stakeholders	needs	to	be	captured.	Stakeholders	may	be	advanced	

engineering,	 operations,	 technology	 platform,	 product	 design,	 product	 platform,	

product	planning,	purchasing,	etc.	The	products	entire	 lifecycle	needs	to	be	taken	into	

account	 and	 the	 synergies	 needs	 to	 be	 identified.	 It	 is	 necessary	 to	 create	 a	 balance	

between	the	needs	so	that	an	optimum	architecture	can	be	designed.	Since	the	project	

serves	 as	 a	 prestudy	 the	 main	 stakeholder	 would	 be	 the	 designers	 of	 the	 current	

product	categories	and	the	existing	design.		

Step 3: Requirements 
The	needs	given	by	 the	different	stakeholders	have	been	expressed	 in	different	ways.	

These	have	 to	be	 converted	 into	 a	 common	 technical	 specification	with	 requirements	

that	can	be	understood	by	the	engineers.	Requirements	can	either	be	functional,	logical,		

physical	or	a	combination	of	the	above	three.	

Step 4: Visualization of technical solutions 
This	 is	 the	 first	 step	 to	 create	 the	 product	 architecture	 and	 hence	 identifying	 the	

modules	 and	 interfaces.	 This	 is	 mainly	 done	 so	 that	 none	 of	 the	 requirements	 are	

forgotten.	Concept	sketches	are	created	without	much	details	in	this	step.		

Step 5: Finding the Modules 
The	key	to	modularity	is	to	find	patterns	cross	a	product	range.	Patterns	show	us	what	

can	be	common	and	what	has	to	be	unique	for	each	variant.	The	solution	is	to	identify	

common	as	well	as	unique	requirements.	This	involves	three	steps	

 Identifying	common	solutions	

 Identifying	unique	solutions	

 Identifying	performance	steps	

Step 6: Business Case Verification 
This	step	will	help	in	veryfying	the	business	case	and	answering	certain	questions	like	

Does	the	product	meet	the	cost	targets?	
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Does	the	architecture	meet	the	requirements	of	the	products?	

Is	the	modular	design	cheaper	than	the	integral	design	?	

What	is	the	effect	on	weight,	quality	and	productivity		?	

3.2 CONCEPT GENERATION 
Concept	generation	is	an	important	step	in	the	product	development	process	where	the	

various	 inputs	 collected	 from	different	 stakeholders	 are	 converted	 into	a	more	useful	

product	(Ulrich	&	Eppinger	2012).	

3.2.1 SHAPE DRIVERS 
In	 order	 to	 identify	 the	 dimensional	 constraints	 of	 design,	 a	 study	was	 conducted	 to	

identify	different	factors	which	affect	the	shape	of	a	hood.	Even	though	the	shape	of	the	

hood	is	driven	by	styling,	engineering	constraints	too	drive	the	shape	of	the	hood.	The	

concept	 behind	 zone	 definitions	 is	 based	 on	 the	 limits	 up	 to	 which	 a	 cluster	 of	

components	drive	the	design	of	the	panel.	For	example,	 in	Wheel	Loaders,	 the	cooling	

package	 drives	 the	 size	 of	 the	 panels	 in	 and	 around	 the	 radiator	 grille	 but	 has	 no	

significant	 impact	 on	 the	 design	 of	 the	 panels	 surrounding	 the	 engine.	 This	 helps	 to	

seperate	 the	 engine	 bay	 into	 different	 zones.	 Constraints	 from	 all	 directions	 to	 the	

dimensions	of	the	hood	are	analyzed	in	order	to	efficiently	compare	between	different	

product	categories.	

Wheel Loader  
The	shape	of	a	Wheel	Loader	hood	is	more	of	a	“bean	bag	shape”	when	viewed	from	the	

top.	This	has	a	negative	effect	on	the	ease	with	which	it	can	be	modularized.	

Wheel Loader Zone Definition 

In	order	to	define	the	dimensional	constraints	at	different	parts	of	the	hood,	the	entire	

hood	is	divided	into	different	zones	as	shown	in	Figure	10	and	Figure	11.	The	various	

dimensional	 constraints	 for	 different	 zones	 are	 summarized	 in	Table	3	 for	 the	Wheel	

Loaders.	
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Table	5:	Summary	‐	Zone	Definiton	‐	Articulated	Haulers	

Zones	 Description	 Constraints	‐	
Exterior	

Constraints	
‐	Interior	

Can	be	changed?	

Zone	1	 Area	
beneath	the	
engine	

Wheel	
Envelope	

Engine	 Yes	‐	Top	of	hood	can	be	
modified	as	it	is	elevated	for	
flush	fit	with	cab		

Zone	2	 Area	around	
the	radiator	

Visibility	 Cooling	
system	

No	‐	Width	cannot	be	
increased	due	to	visibility	
requirements	

Zone	3	 Area	around	
radiator	

Visibility	 Cooling	
system	

No	‐	Width	cannot	be	
increased	due	to	visibility	
requirements	

Observations 

 Height	of	the	hood	can	be	altered	due	to	the	fact	that	the	top	sills	are	elevated	to	

match	with	the	cabs	width	and	can	be	modified	to	suit	the	modular	requirements	

 Width	of	the	hood	cannot	be	increased	compared	to	the	current	design	as	it	may	

decrease	the	visibility	and	violate	legal	requirements	

Motor Grader 
The	hood	of	Motor	Graders	which	 is	 taken	 into	 the	 study	 consists	 of	 only	 the	 frontal	

portion	 of	 the	 entire	 hood.	 The	 reason	 for	 not	 considering	 the	middle	 section	 of	 the	

hood	is	due	to	the	fact	that	the	middle	section	requires	gull	wing	type	doors	to	access	

the	engine	bay	whereas	the	radiator	requires	a	hinge	door	opening	away	from	the	cab.	

This	 is	due	 to	 the	 fact	 that	 the	middle	 section	of	 the	engine	bay	needs	 to	be	accessed	

from	the	sides.	

Motor Grader Zone Definition 
Since	the	design	of	the	front	section	of	the	hood	is	dependent	on	the	radiator,	the	entire	

zone	definition	 is	 limited	 to	one.	The	zone	definition	of	Motor	Graders	 is	described	 in	

Figure	15	and	summarized	in	Table	6.	
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4.2.3 FEATURES OF THE VARIANT MANAGEMENT MODULE 
Some	of	the	salient	features	of	the	Variant	management	module	are	described	below	

Roles 
Access	 to	 the	 different	 parts	 of	 the	module	 can	 be	 restricted	 based	 on	 different	 user	

roles.	For	example,	access	can	be	given	to	the	product	engineer	to	create	new	products	

based	 on	 predefined	 rules	 but	 no	 access	 is	 given	 to	 create	 a	 new	 configuration	 by	

breaking	the	rules.	Product	manager	can	be	given	access	to	break	the	rules	and	create	

new	product	configurations.	

Version Management and Traceability 
Changes	 in	 the	 features	 and	 options	 can	 be	 captured	 as	 revisions,	 as	 a	 result	 the	

evolution	 of	 the	 configuration	 features	 and	options	 can	be	 visualized	 easily	 using	 the	

Variant	management	module.		

The	ability	 to	allocate	the	requirements	 to	various	entities	 like	configuration	 features,	

configuration	 options,	 physical	 models	 etc.	 enables	 the	 ease	 of	 traceability.	

Requirements	and	products	which	are	related	to	the	various	configuration	features	and	

options	can	be	easily	traced.	

Effectivity 
Date	 effectivities	 can	 be	 allocated	 to	 various	 features	 and	 options.	 For	 example,	 if	 a	

specific	requirement	arises	for	vibration,	say	“Vibration	Requirement	for	70	HZ	is	valid	

from	January	1st	2015”	on	Soil	Compactors,	Configuration	features	and	options	related	

to	 the	 new	 vibration	 requirement	 are	 assigned	 date	 effectivities	 which	 result	 in	 the	

options	not	being	visible	on	Dec	31st	2014	but	visible	on	the	Jan	1st	2015.	

4.2.4 EXAMPLE OF CONFIGURATION FEATURES AND OPTIONS ‐ MODULAR HOOD 
DESIGN 

An	example	of	the	configuration	features	and	options	for	the	modular	hood	is	shown	in	

Figure	 60.	 The	 column	 display	 name	 shows	 the	 list	 of	 configuration	 features	 and	

options.	The	column	singular/multiple	states	that	whether	the	options	selection	can	be	

singular	(only	one	option	can	be	selected)	or	multiple	(many	options	can	be	selected).	

The	 entire	 features	 can	 be	 sequenced	 which	 controls	 the	 order	 of	 options	 when	

selecting	 the	 product	 configuration.	 The	 date	 effectivities	 control	 the	 timeline	within	

which	the	options	are	valid.	This	results	in	a	set	of	options	been	shown	on	one	day	and	a	

completely	new	set	of	options	another	day.	The	complete	list	of	Configuration	features	

and	options	are	listed	in	the	Appendix	III.	
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5. MANUFACTURING METHODS 
This	 chapter	 explains	 about	 the	 challenges	 in	modular	 design	 of	 products,	 design	 for	

assembly	and	possible	methods	for	assembly	of	the	modular	components	which	helps	

to	realize	the	modular	design	of	the	hood.		

5.1 MODULAR DESIGN ‐ CHALLENGES IN MANUFACTURING 
Modular	solutions	may	sometimes	require	additional	assembly	operations	to	realize	the	

design.	 This	 poses	 challenges	 with	 respect	 to	 logistics,	 inventory,	 manufacturing	

methods,	etc.	The	gaps	and	flush	requirements	on	the	mating	parts	may	pose	challenges	

on	how	the	modular	solution	is	manufactured.	

Apart	from	the	above	challenges,	questions	on	whether	the	part	should	be	assembled	at	

the	 suppliers	end	or	 inside	 the	plant	 in	 sub	assembly	 lines	needs	 to	be	 researched	 in	

order	 to	 take	 a	 decision	 on	where	 to	 assemble	 the	 product.	 In	 the	 quest	 to	 improve	

better	 reusability	 of	 panels,	 individual	 panels	 may	 be	 broken	 down	 resulting	 in	

increased	number	 of	 split	 lines.	 The	 ability	 to	 provide	 a	modular	 solution	which	 also	

appeals	aesthetically	is	a	challenge	due	to	the	increase	in	the	number	of	split	lines.		

Advantages	 of	 breaking	 down	 the	 components	 can	 be	 smaller	 tools	 and	 thereby	

reducing	the	overall	cost	of	the	components.	Another	advantage	of	having	the	modules	

manufactured	by	the	supplier	is	higher	speed	of	production	and	reduced	costs	(Wits	&	

Vaneker	2011).	

Supply	 chain	 too	 has	 a	 role	 to	 play	 in	 the	 modular	 design	 of	 components.	 The	

relationship	between	the	OEM	and	the	supplier	plays	an	important	role	in	the	design	of	

components	(Ülkü	&	Schmidt	2011).	Modular	design	requires	less	investment	in	tooling	

and	infrastructure	compared	to	integral	design.	

5.2 DESIGN FOR ASSEMBLY 
Design	for	assembly	is	a	method	where	the	aspects	of	assembly	are	considered	from	the	

early	 stages	 of	 design.	 Studies	 reveal	 that	 enormous	benefits	 such	 as	 lower	 assembly	

and	 manufacturing	 costs,	 improved	 quality,	 reduced	 time	 to	 market,	 etc.	 can	 be	

achieved	 through	 this	 method.	 (Boothroyd	 &	 Alting	 1992).	 Challenges	 posed	 by	 the	

assembly	process	are	identified	in	the	start	of	the	design	stage	itself	through	interviews	

with	 experts,	 benchmarking	 etc.	 Some	 of	 the	 proposals	 to	 solve	 this	 problem	 are	

described	below.		
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6. DISCUSSION 
This	chapter	provides	a	reflection	and	critical	thinking	of	the	different	sections	in	the	
report.	

6.1 DISCUSSION ON NEEDS MAPPING 
Capturing	 the	 requirements	 from	 two	 different	 perspectives	 helped	 to	 cover	 the	

requirements	of	the	hood	in	a	holistic	manner.	Distinguishing	the	requirement	capture	

methods	 into	 the	 generic	method	 helped	 to	 analyze	 the	 problem	 and	 decompose	 the	

hood	 with	 respect	 to	 the	 design	 requirements,	 whereas	 the	 functional	 perspective	

helped	to	identify	the	relationship	between	the	features	of	the	hood	and	its	 impact	on	

design	which	was	effectively	used	in	the	configuration	feature	and	option	definition	in	

the	3DX	platform.		

One	of	the	main	driving	factors	for	breaking	down	the	hood	into	five	different	segments	

was	 the	 need	 to	 satisfy	 different	 stakeholders’	 needs	 with	 a	 common	 solution.	 The	

interface	analysis	helped	to	understand	the	underlying	relationship	between	the	parts	

of	 the	 hoods	 and	 its	 surrounding	 components	 but	 it	 was	 not	 implemented	 in	 the	

documentation	of	the	technical	solution	as	 the	 interrelationship	between	the	different	

surrounding	 components	 and	 the	 hood	 design	 needed	 to	 be	 defined.	 Due	 to	 the	

explorative	nature	of	the	study,	this	was	not	considered	in	the	technical	documentation.		

6.2 DISCUSSION ON THE CONCEPT DEVELOPMENT 
The	concept	development	study	followed	a	systematic	breakdown	of	the	hood	based	on	

its	 functions	 for	different	product	 categories	and	also	comparing	 them	based	on	 their	

shapes	and	dimensional	constraints.	Volvo’s	internal	method	used	for	modular	product	

development	 along	 with	 the	 generic	 product	 development	 methodology	 helped	 in	

approaching	 the	 problem	 in	 a	 structured	manner.	 The	Modular	 cab	was	 an	 excellent	

example	of	how	a	product	is	broken	down	based	on	its	functions.	Lots	of	synergies	were	

found	within	and	between	product	categories.	The	study	was	limited	consciously	to	the	

top	level	assembly	due	to	its	explorative	nature.	

Constraints	with	 respect	 to	 the	 exterior	 dimensions	were	 strictly	 adhered	 to,	 so	 that	

there	 is	no	violation	of	visibility	 regulations.	The	constraints	put	 forth	by	 the	existing	

components	are	retained	so	that	the	proposed	technical	solution	can	be	easily	realized	

without	affecting	the	design	of	the	surrounding	components.	The	study	even	though	is	

elaborate	 on	 the	 top	 level	 is	 not	 complete	 without	 studying	 the	 effects	 on	 the	

surrounding	components	too.	More	research	needs	to	be	carried	out	in	this	area.	
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The	method	of	optimization	used	to	find	the	 least	number	of	common	parts	helped	to	

reduce	 the	 number	 of	 parts	 required	 to	 satisfy	 the	 requirements	 of	 different	models.	

Research	needs	to	be	carried	out	to	find	out	if	any	mathematical	method	is	available	to	

reduce	the	numbers	further.		

Tradeoff’s	made	between	the	USP’s	and	the	design	constraints	play	an	important	role	in	

implementing	 a	modular	 solution.	Defining	 the	 architecture	 of	 the	 engine	 bay	 and	 its	

relationship	with	 respect	 to	 the	 cab	 and	 axle	 plays	 an	 important	 role	 in	 defining	 the	

design	boundaries	of	the	hood	in	all	the	product	categories.	

The	method	used	for	visualizing	the	dimensions	using	bar	charts	was	simple	and	very	

effective	 to	 identify	 the	 synergies	 in	 design.	 The	 impact	 of	 trading	 off	 the	 USP	 of	

visibility	requirements	in	Soil	Compactors	with	respect	to	the	modular	design	needs	to	

be	 studied.	 From	 the	 preliminary	 studies,	 the	 scope	 of	 changing	 the	 visibility	

requirements	from	1mX1m	to	1mX1.5m	helps	in	panel’s	reusability	on	the	two	sides.	It	

also	 helps	 to	 organize	 the	 engine	 bay	 thereby	 commonizing	 the	 alignment	 of	 the	

radiator	and	the	cooling	system.	

6.3 DISCUSSION ON THE TECHNICAL DOCUMENTATION 
Various	 features	of	 the	3DX	platform	were	effectively	used	 to	document	 the	 technical	

solutions.	The	implementation	of	the	configuration	features,	configuration	options	and	

the	 rules	 were	 simple	 straightforward	 tasks.	 The	 training	 provided	 on	 the	 different	

modules	along	with	 the	online	help	 (Documentation)	 strengthened	 the	understanding	

of	the	software	and	eased	the	use	of	the	software.	The	3D	configurator	which	shows	a	

real‐time	 light	 weight	 model	 made	 the	 product	 configuration	 creation	 process	 more	

intuitive.	 The	 seamless	 integration	 between	 the	 web	 and	 CAD	 interface	 reduced	 the	

time	taken	to	configure	the	products,	i.e.	when	a	new	configuration	option	is	created	in	

the	web	interface	it	is	immediately	visible	in	the	CAD	interface.	

The	 open	 nature	 of	 the	 software	 posed	 a	 different	 challenge	 due	 to	 the	 wide	 scope	

available	 to	 document	 the	 solutions	 (Documentation	 can	 be	 done	 with	 multiple	

methods).	 The	methods	 chosen	 for	 documentation	were	mainly	 oriented	 towards	 the	

interests	 of	 the	 product	managers	 and	designers.	 The	documentation	 of	 the	 technical	

solutions	 does	 not	 capture	 any	 manufacturing	 related	 documentations	 which	 can	 be	

carried	out	in	the	future.		

The	 ability	 of	 the	 software	 to	 collaborate	 with	 different	 people	 at	 the	 same	 time	

improves	the	overall	efficiency	of	the	product	development	process.	Research	suggests	
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that	supply	chain	collaboration	has	enabled	companies	 to	compete	more	efficiently	 in	

the	market	 by	 improving	 design	 quality,	 enabling	 reuse,	 lowering	 product	 costs,	 etc.	

(Banker	et	al.	2006)	

6.4 DISCUSSION ON THE MANUFACTURING METHODS 
Manufacturing	 assembly	process	 feasibility	 study	plays	 an	 important	 role	 in	 realizing	

the	proposed	technical	solutions.	One	of	the	main	indicators	of	the	success	of	a	concept	

lies	in	the	ease	with	which	it	can	be	commercialized.	The	design	for	assembly	concepts	

provides	a	strong	base	in	providing	an	effective	and	efficient	solution	for	the	interfaces.	

The	proposed	assembly	methods	describe	the	design	of	the	interfaces	of	the	panels	and	

the	grille	in	a	simple	and	effective	manner.		

The	 advantages	 and	 disadvantages	 of	 having	 a	modular	 solution	 are	 described	 in	 the	

manufacturing	section	clearly	highlighting	effects	on	logistics,	inventory,	manufacturing	

method	etc.	The	proposal	 for	 the	manufacturing	method	 is	 rudimentary	on	a	 concept	

level	which	needs	to	be	further	studied	upon.	The	attachment	method	proposed	for	the	

grille	follows	a	unique	“Lego	block	like”	design	which	effectively	reduces	the	number	of	

components.		Cost	analysis	of	the	tooling	needs	to	be	carried	out	in	order	to	justify	the	

business	case	of	the	modular	hood	proposal.	

In	order	succeed	in	a	modular	architecture,	the	whole	portfolio	needs	to	be	developed	

in	parallel	until	the	end	of	the	concept	phase	to	secure	full	benefit	of	it.	Final	design	can	

be	done	later	and	introduced	in	sequence	maintaining	the	interfaces	defined.	
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7. CONCLUSIONS AND RECOMMENDATIONS 
This	 chapter	 describes	 the	 important	 findings	 of	 the	 study	 and	 also	 the	

recommendations	for	the	future.	

7.1 IMPORTANT FINDINGS 
This	project	followed	the	footsteps	of	the	modular	cab	design.	The	overall	output	of	the	

study	resulted	in	the	proposal	of	a	common	product	architecture	covering	four	different	

product	 categories	 for	 the	design	of	 the	hood.	A	modular	architecture	 for	 the	grille	 is	

also	 proposed.	 Possible	 assembly	methods	 for	 the	 interfaces	 of	 the	 individual	 panels	

and	grille	meshes	in	the	hood	have	also	been	proposed	which	needs	additional	research	

on	economic	viability.		

The	method	of	optimization	used	 to	achieve	 the	 least	number	of	part	numbers	 in	 the	

design	of	the	grille	meshes	was	very	effective	in	reducing	the	number	of	part	numbers	

from	32	to	26.	The	number	of	part	numbers	can	be	reduced	further	to	20	by	breaking	

down	the	meshes	into	smaller	parts	but	the	effect	on	manufacturing	needs	to	be	studied	

before	 a	 decision	 is	 made.	 The	 entire	 design	 proposal	 is	 based	 on	 the	 fact	 that	 few	

changes	 are	 made	 to	 the	 existing	 systems.	 From	 the	 study,	 the	 benefits	 of	 having	

modular	product	architecture	far	outweigh	the	existing	integral	design	solution.	

The	 3DX	 platform	 plays	 an	 important	 role	 in	 documenting	 the	 technical	 solutions	

effectively.	The	 seamless	 integration	between	 the	web	and	CAD	 interface	 reduces	 the	

time	 taken	 to	 document	 the	 solutions.	 The	 requirement	management	 app	 allows	 the	

user	to	effectively	 trace	the	requirements	 from	the	moment	 it	 is	captured	to	how	it	 is	

captured	 into	 the	 design.	 The	 documentation	 of	 the	 solution	 can	 be	 done	 in	multiple	

ways	but	in	this	project	the	documentation	is	done	in	a	manner	to	suit	the	interests	of	

designers	and	product	managers.	

7.2 RECOMMENDATIONS 
Further	research	needs	to	be	carried	out	on	mathematical	methods	that	can	be	used	to	

reduce	the	number	of	parts	 further.	The	proposed	manufacturing	methods	need	to	be	

evaluated	with	respect	to	performance	and	economics	to	further	validate	the	proposal.	

Further	 steps	 needs	 to	 be	 taken	 to	 implement	 a	 product	 architecture	 for	 the	 engine	

compartment.	 If	 the	product	architecture	of	the	engine	bay	 is	established	for	different	

product	categories,	a	clear	understanding	of	the	variables	which	affect	the	design	of	the	
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hood	can	be	obtained.	Future	designs	 can	make	use	of	 the	engine	bay	architecture	 to	

define	the	variables	which	drive	the	design	of	the	hood.	

With	 respect	 to	 the	 3DX	 platform,	 other	 features	 of	 the	 software	 with	 respect	 to	

manufacturing	can	be	used	to	demonstrate	the	manufacturing	process	of	the	proposed	

modular	hood.	The	impact	of	different	roles	can	also	be	emphasized	in	the	same.	
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