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Statement	of	Disclaimer	
Since	this	project	is	a	result	of	a	class	assignment,	it	has	been	graded	and	accepted	as	
fulfillment	of	the	course	requirements.		Acceptance	does	not	imply	technical	accuracy	or	
reliability.		Any	use	of	information	in	this	report	is	done	at	the	risk	of	the	user.		These	
risks	may	include	catastrophic	failure	of	the	device	or	infringement	of	patent	or	
copyright	laws.		California	Polytechnic	State	University	at	San	Luis	Obispo	and	its	staff	
cannot	be	held	liable	for	any	use	or	misuse	of	this	project.			
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	Abstract	
This	report	describes	the	final	design	and	analysis	of	a	hydraulic	chassis	

dynamometer	as	a	testing	tool	for	California	Polytechnic	State	University,	San	Luis	
Obispo	Supermileage	Vehicle	Team	(CPSMV).	Literature	review	was	conducted	to	
understand	the	various	types	of	chassis	dynamometers	on	the	market	as	of	the	year	
2011.	After	rigorous	research,	it	was	determined	that	a	hydraulic	system	was	the	best	
system	for	a	chassis	dynamometer	in	terms	of	functionality,	performance,	and	cost.	
Critical	study	of	hydraulics,	dynamometers,	and	data	acquisition	systems	(DAQ)	was	
followed	by	a	complete	design	of	a	hydraulic	system.	The	chassis	dynamometer	
proposed	in	this	report	tests	a	vehicle	under	a	load	provided	by	a	hydraulic	pump.	A	
proportional	valve	imparts	a	load	on	the	vehicle	by	restricting	flow	and	creating	a	
pressure	differential.	A	fluid	conditioning	loop	comprising	a	strainer	is	incorporated	into	
the	return	line	to	maintain	proper	fluid	cleanliness.	This	project	combined	different	
principles	of	mechanical,	manufacturing,	control,	and	electric	and	computer	engineering	
to	provide	a	testing	tool	to	aid	in	the	tuning	of	CPSMV’s	current	and	future	vehicles.	
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Chapter	1:	Introduction	
	 The	Supermileage	Vehicle	Team	from	California	Polytechnic	State	University,	San	
Luis	Obispo	competes	annually	at	the	Shell‐Eco	marathon.	This	competition	challenges	
teams	all	over	the	United	States	to	design,	build,	and	test	energy	efficient	vehicles.	The	
winners	of	the	competition	are	the	teams	that	can	travel	the	farthest	distance	using	the	
least	amount	of	energy.	Each	year	the	team	develops	methods	to	improve	the	fuel	
efficiency	of	their	vehicles.		CPSMV	has	an	incredible	record	of	consistently	placing	well	
in	the	Shell‐	Eco	marathon,	but	they	have	never	had	a	vehicle	at	competition	with	an	
optimally	tuned	engine.	In	addition,	the	team	began	using	fuel	injected	engines	to	
achieve	better	gas	mileage	and	greater	performance	but	they	do	not	have	a	current	
method	or	tool	to	measure	the	new	performance	characteristics	of	their	engines.	

	 As	a	result,	CPSMV	has	requested	the	design	and	manufacturing	of	a	chassis	
dynamometer	to	help	them	test	their	vehicles	under	normal	road	conditions	and	provide	
them	with	engine	performance	data	such	as	power	and	torque.	The	testing	of	the	
vehicles	will	help	the	team	tune	their	engines	accordingly	and/or	design	vehicle	drive	
trains	that	will	allow	them	to	be	more	competitive.	

Senior	project	team	SMV	Dynomics	will	assist	CPSMV	by	designing	a	chassis	
dynamometer.	SMV	Dynomics	hopes	to	provide	a	specialized	tool	that	will	aid	in	tuning	
the	team’s	vehicles	for	maximum	fuel	efficiency.	The	goal	of	the	project	is	to	design	and	
construct	a	portable	chassis	dynamometer	that	will	test	all	of	CPSMV’s	vehicles.	The	
main	objective	of	the	chassis	dynamometer	is	to	measure	speed,	power	output	and	
torque	output.		

The	main	constraints	facing	this	project	are	design	constraints,	monetary	
constraints,	and	time	constraints.	The	design	constraints	are	focused	on	the	portability	
of	the	system,	the	time	require	to	set	up	and	test	the	vehicles,	the	safety	of	operation,	as	
well	as	the	accuracy	of	the	measurements.	The	budget	for	this	project	is	of	$2,500	while	
the	time	constraint	is	of	one	academic	year	for	full	completion	of	the	project.	

The	full	report	provides	a	detail	description	of	the	customer	requirements,	the	
research	conducted,	the	ideas	generated,	and	the	analysis	performed	by	SMV	Dynomics	
to	design	the	best	vehicle	testing	tool	for	CPSMV.		
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Specific Design Requirements 
	 The	following	requirements	list	was	provided	by	CPSMV	to	SMV	Dynomics	and	
details	the	features	that	the	chassis	dynamometer	must	incorporate:	
 Must	work	with	1	wheel	drive	vehicles	
 Must	work	with	both	urban	concept	and	prototype	vehicles	using	the	dimensions	
specified	in	the	2012	Shell	EcoMarathon	Americas	rules		

 Needs	to	fit	a	tire	radius	of	6.5	–	15	inches	
o Width	between	0.9	inches	to	6	inches	

 Works	with	engines	between	0.25	hp	and	10	hp	
 Includes	troubleshooting	manual,	user	guide,	and	schematics	
 Real	time	display	of	vehicle	speed,	torque,	and	power	

o Speed	Range:	0‐40	mph,	resolution:	1	mph	
o Torque	Range:	0‐25	ft/lbs,	resolution:	1	ft‐lb	
o Power	Range:	0	to	5	HP,	resolution:	.1	HP	

 Accuracy:	
o Speed:		1	mph	
o Torque:		1	ft/lbs	
o Power:		0.1	HP	

 Total	weight	less	than	100	pounds	
 Collapsed	dimensions	smaller	than	3’	x	3’	x	3’	

o Dimensions	fits	in	cage,	fits	in	trailer	with	both	vehicles	(collapsible)	
 Drop	and	Go	Dyno	Operation	

o Removal	of	any	vehicle	components	is	unnecessary	
o Physical	attachment	of	dyno	and	vehicle	unnecessary	

 Must	be	able	to	change	engine	loads	smoothly	while	engine	is	running	
 Equipped	with	a	wide	band	O2	sensor	and	readout	display	
 Setup	time	of	8	minutes	or	less	
 Approximately	30	min	of	maintenance	per	25	hours	of	operation	
 Maximum	budget	of	$2500	
 Any	power	is	supplied	by	a	standard	wall	socket	(120V	15Amp	AC	single	phase	
60hz)	or	batteries	

 Includes	easy	method	of	mounting	vehicle	(eg.	Roll	up	ramp)	
 Vehicle	must	be	secured	and	unable	to	roll	off	the	dyno	while	in	use	
 Instrumentation:	

o Possibly	integrate	fuel	consumption	measurement	
 Usable	Dyno	by	March	1st	2012.	Any	of	the	below	requirements	do	not	need	to	be	
completed	by	this	deadline	

o Vehicle	settings	memory	
o Aesthetically	pleasing	

 Logos	for	Supermileage	team,	Senior	Project	team,	and	
University	

 All	bare	metal	surfaces	painted	or	anodized	
o No	exposed	moving	parts	(excluding	rollers)	
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Design Specifications 
The	overall	goal	of	SMV	Dynomics	is	to	build	an	effective	and	easy	to	use	chassis	
dynamometer	for	the	CPSMV.	Table	1provides	the	formal	engineering	specifications	for	
this	project.	The	table	describes	the	requirement	or	target	that	is	to	be	met	and	how	it	
will	be	completed.	The	table	is	known	as	a	“compliance”	method	table.	The	four	different	
types	of	methods	that	can	be	conducted	are:	

	 1.	Analysis	(A)	
	 2.	Test	(T)	
	 3.	Similarity	to	Existing	Designs	(S)	

4.	Inspection	(I)	 	
	

The	table	also	assesess	the	risk	of	meeting	each	of	the	engineering	targets	or	
specifications	by	assigning	a	risk	level	ranging	from	High	(H),	Medium	(M),	and	Low	(L)	
to	each.	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

Table	1:	Chassis	dynamometer	formal	engineering	requirements.	
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A	high	risk	was	placed	on	the	maximum	budget	of	$2500.	This	is	something	that	
must	be	kept	in	mind	at	all	times	because	it	is	the	limiting	factor.	Size,	weight,	and	
deadline	were	also	important	requirements	that	had	to	be	met	in	order	for	successful	
completion	of	the	project.	

The	chassis	dynamometer	must	work	with	both	urban	concept	and	prototype	
vehicles	using	the	dimensions	specified	in	the	2012	Shell	EcoMarathon	Americas	rules.		
The	two	vehicles	are	drastically	different	in	design,	so	the	chassis	dynamometer	we	plan	
to	build	must	be	able	to	adapt	to	both	vehicles.	The	Prototype	category	vehicle	is	a	three‐
wheel	car	with	a	single	rear	wheel	drive.	The	Urban	Concept	category	is	a	larger	four‐
wheel,	single	wheel	drive	car.	It	must	work	for	1	wheel	drive	vehicles,	and	support	
vehicles	with	3	and	4	wheels.	Due	to	the	difference	in	wheels	for	each	vehicle	the	dyno	
must	fit	a	tire	radius	of	6.5	to	15	inches	with	a	width	between	0.9	inches	to	6	inches.	
Both	Supermileage	vehicle	categories	use	low	power	engines;	currently	the	team	uses	a	
2.5	hp	Honda	GHX	50	engine,	and	a	4	hp	Yamaha	49CC	C3	Scooter	engine.	Therefore	the	
dynamometer	needs	to	work	for	engines	from	0.25	to	6hp.		

A	troubleshooting	manual,	user	guide,	and	schematics	diagram	will	be	made	to	
allow	anyone	with	minimum	vehicle	testing	experience	to	set	up	and	test	CPSMV’s	
vehicles.	There	will	be	no	exposed	moving	parts,	excluding	rollers.	Sharp	edges	and	
points	will	be	rounded	(1/8	in	radius	max).	A	real	time	display	of	vehicle	speed,	torque,	
and	power	will	allow	for	easy	tuning.	The	speed	will	range	from	0	to	40	mph,	and	have	a	
resolution	of	1	mph.	The	torque	will	range	from	0	to	16.6	ft‐lbs	with	a	resolution	of	1	ft‐
lb.	The	power	will	have	a	range	of	0	to	10	hp	with	a	resolution	of	0.1	hp.	For	additional	
accuracy	the	dyno	must	change	engine	loads	smoothly	while	the	engine	is	running.	Also	
limit	slip	of	wheels	to	less	than	1%	is	required	for	accuracy.		

CPSMV	informed	us	that	they	would	like	to	bring	the	dyno	to	competition.	This	
means	that	it	needs	to	be	lightweight,	compact	(fit	into	cage	and	trailer	with	both	
vehicles),	easy	to	move,	and	fast	to	set	up.	We	were	given	a	goal	of	weight	less	than	100	
lb,	collapsed	dimensions	smaller	than	3’	x	3’	x	3’,	and	a	setup	time	of	five	minutes	or	less.	
For	a	fast	setup	the	dynamometer	will	be	“drop	and	go”	with	no	removal	of	any	vehicle	
components	and	no	need	to	directly	attach	the	vehicle	to	it	(except	for	data	cables).	It	
must	have	an	easy	method	of	mounting	the	vehicle	securely	and	level.	Considering	the	
power	sources	at	competition,	any	power	must	be	supplied	by	a	standard	wall	socket	
(120V	15Amp	AC	single	phase	60hz)	or	batteries.	The	dyno	must	have	a	maximum	of	
approximately	1	hour	of	maintenance	per	100	hours	of	operations	so	that	it	does	not	
need	to	be	serviced	at	competition.	

The	current	competition	driving	strategy	is	the	burn	and	coast	method,	where	the	
vehicles	quickly	accelerate	at	full	throttle	to	25mph	or	30mph	before	turning	off	the	
engine	and	coasting	down	to	about	8mph.	The	power	and	speed	requirements	are	drawn	
mostly	from	the	current	competition	and	engine	setup.	SMV	Dynomics	plans	to	complete	
the	chassis	dynamometer	by	June	2012.	
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Chapter	2:	Background	
	 This	section	will	provide	the	user	with	information	regarding	the	important	
aspects	of	chassis	dynamometers	and	existing	chassis	dynamometers	in	the	market.	

Chassis Dynamometers 
		 A	chassis	dynamometer	measures	the	power	delivered	to	a	vehicle’s	wheel	from	
the	engine.	The	chassis	dynamometer	collects	data	through	the	vehicle’s	tire	rotation.	
Figure	1	shows	a	vehicle	parked	on	rollers	that	are	free	to	rotate	as	the	vehicle’s	speed	
is	increased.		Chassis	dynamometers	provide	loading	to	the	vehicle’s	wheel	in	order	to	
simulate	road	conditions.	The	vehicle’s	response	to	this	loading	is	what	the	
dynamometer	measures	in	terms	of	speed,	power	and	torque.		

	

Figure	1:	Typical	chassis	dynamometer.	
<http://www.allstates.com/late_model_1999_dyno_with_comput.htm>	

Many	small	engine	dynamometers	already	exist	on	the	market,	however	none	of	
them	fully	meet	the	basic	requirements	of	the	Supermileage	team.	The	small	chassis	
dynamometers	available	do	not	have	a	low	enough	power	range	and	are	outside	the	
budget	of	the	team.		For	example	the	Land‐and‐Sea	DYNOmite	Kart	dynamometers	seen	
in	Figure	2	start	at	$5000	and	are	not	suited	for	the	low	power	range	of	the	
Supermileage	vehicles.	

	

Figure	2:	Land‐and‐Sea	DYNOmite	Kart	dynamometer.	

										<http://www.land‐and‐sea.com/kart‐dyno/kart‐chassis‐dyno.htm>	
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Another	product	that	would	work	for	the	team’s	application	would	be	TRIK‐
DYNO,	LLC’s	TRIK‐250A	portable	RC	Engine	Dyno	(Figure	3).	It	meets	the	small	power	
requirements	for	the	supermileage	vehicles,	but	it	is	not	a	chassis	dynamometer.	It	is	
also	beyond	the	team’s	budget	at	a	cost	of	$3700.	

	

	
Figure	3:	TRIK‐DYNO,	LLC’s	TRIK‐250A	

<http://trik‐dyno.com/prod01.htm>	
	

In	addition,	there	are	many	types	of	chassis	dynamometers	and	they	differentiate	
by	the	component	that	provides	the	loading	to	the	vehicle’s	wheels.	Figure	4shows	an	
eddy	current	load	absorption	unit	that	is	used	in	many	modern	chassis	dynamometers.	
Even	though	the	eddy	current	unit	is	very	light	when	compared	to	the	other	systems	of	
loading	and	provides	greater	accuracy	in	terms	of	the	amount	of	loading	provided,	it	is	
the	most	expensive.	

	

	

Figure	4:	Eddy	current	absorption	unit.	

<http://www.dynojet.com/motorcycle_dyno/default.aspx>	

Another	type	of	system	used	in	chassis	dynamometers	is	water‐break	loading.	
Figure	5	shows	a	typical	water‐break	loading	system	attached	to	an	engine’s	shaft	to	
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measure	the	engine’s	power	output.	Water‐break	systems	are	relatively	inexpensive	and	
versatile.	However,	they	are	not	portable	since	a	water	source	needs	to	be	readily	
available	in	order	to	have	a	working	chassis	dynamometer.		

	

	

Figure	5:	Water‐break	loading	system.	
<http://www.me.berkeley.edu/ME102/Past_Proj/f03/Proj11/discuss.htm>	

	 The	other	popular	type	of	chassis	dynamometer	utilizes	a	hydraulic	system.	
Hydraulics	is	the	term	used	to	describe	the	application	of	fluid	power	to	produce	work.	
There	are	several	advantages	of	hydraulics	systems	over	other	systems.	Hydraulic	
systems	can	provide	variable	speed,	high	power	to	weight	ratios,	low	installation	space	
requirements,	simple	closed‐loop	controllability,	high	durability	and	overload	safety,	
and	low	maintenance	requirements.	They	are	commonly	used	in	engine	dynamometers	
because	of	their	versatility	and	because	they	are	easy	to	build.	Figure	6	shows	a	typical	
engine	dynamometer	that	utilizes	a	hydraulic	system	to	load	the	engine.	

	

Figure	6:	Hydraulic	dynamometer	with	pump	and	valves.	

<http://inertiadyno.com/inertia‐dyno/inertia‐dyno‐with‐load‐sensing‐hydraulics/>	
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Chapter	3:	Design	Development	
The	conceptual	design	of	the	chassis	dynamometer	was	broken	into	major	

subsystems	that	included	the	roller	frame,	the	control	system,	the	engine	loading,	and	
data	measurement	(Table	2).	Top	concept	models	for	each	subsystem	were	selected	
based	on	the	customer	requirements.	The	resulting	final	concept	is	the	combination	of	
all	three	top	subsystem	designs.	

Table	2:	Possible	concept	design	combinations.	

Roller	Frame	 Control	System	 Engine	Loading	 	Data	Measurement	
Tube	structure	ramp	 LabView	+	Daq	 Hydraulic	pump	 Torque	and	rpm	
Sheet	metal	structure	 Simulink	+	Daq	 Eddy	current	 Pressure/current	and	rpm

Stackable	units	 Microcontroller	 Electric	motor	 	
	 	 Disk	Brake	 	

	
For	the	frame	structure,	the	most	important	aspects	were	weight,	cost,	ease	of	

manufacturing,	and	aesthetics.	We	decided	that	the	best	frame	would	be	a	tubular	
structure	with	a	sheet	metal	skin	based	on	the	decision	matrix	show	in	Table	3.	The	
sheet	metal	frame	was	too	heavy	for	our	specifications	and	edges	would	be	difficult	to	
precisely	cut,	even	though	it	would	require	much	fewer	parts.	The	stackable	unit	was	
deemed	unnecessarily	complex,	even	though	it	would	make	transportation	and	storage	
simple.	

Table	3:	Comparison	matrix	of	top	ideas.	

Roller Frame Weight Cost Ease of Manufacture Simplicity Total 
Importance 0.3 0.3 0.2 0.2 100 

Tube structure ramp 100 50 75 75 75 
Sheet metal ramp 25 50 100 100 62.5 
Stackable units 50 50 50 50 50 

	

Figure	7shows	the	initial	two	frame	concept	designs.	The	left	design	shows	a	
tube	structure	while	the	right	design	shows	a	stackable	units	model.	

	

	

Figure	7:	Tube	structure	ramp	(left)	stackable	units	(right).	
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The	most	important	aspects	of	the	engine	loading	system	were	suitability,	cost,	
and	ease	of	implementation.	The	hydraulic	pump	and	needle	valve	was	chosen	as	the	
engine	loading	system	based	on	the	decision	matrix	in	Table	4.	The	disk	brake	method	
would	be	hard	to	control	and	would	require	constant	maintenance	and	calibration.	Most	
chassis	dynamometers	use	eddy	current	brakes	but	they	are	a	costly	implementation.	
Using	an	electric	generator	would	not	allow	to	control	the	load	with	accuracy.	

Table	4:	Engine	loading	decision	matrix.	

Engine Loading Reliability Cost 
Ease of 

Implementation Control Total 
Importance 0.3 0.2 0.2 0.3 100 

Hydraulic Pump 100 100 75 100 95 
Electric generator 100 100 75 25 80 

Eddy Current Brake 100 0 50 100 70 
Disk Brake 50 75 100 50 65 

	

Table	5	shows	the	decision	matrix	for	the	Control	and	DAQ	system.	The	LabView	
and	computer	connectable	DAQ	system	had	the	highest	because	it	was	the	cheapest	and	
easiest	to	use	with	adequate	room	for	customization.	Dr.	Ridgely	will	provide	us	with	the	
DAQ	board	and	give	us	access	to	Cal	Poly’s	license	of	LabView.	Using	Simulink	to	control	
the	hydraulic	system	requires	us	to	purchase	expensive	equipment.	There	is	also	a	limit	
to	what	we	can	do	with	Simulink	and	we	feel	that	we	cannot	expand	or	customize	it	as	
much	as	we	would	like.	Using	Dr.	Ridgely’s	Minestrone	microcontroller	is	not	time	
efficient	since	it	would	require	learning	and	getting	experience	working	with	
microcontrollers.		

Table	5:	Control	and	DAQ	decision	matrix.	

Control System Cost Ease of use 
Expansion 
Capability Total 

Importance 0.25 0.50 0.25 100 
LabView + DAQ 75 100 75 87.50 
Simulink Control 50 75 25 56.25 
Microcontroller 50 25 100 50.00 
	

We	considered	two	methods	for	obtaining	the	power	measurements;	measuring	
torque	from	the	roller	shaft	and	RPM	of	the	rollers,	or	measuring	pressure	in	the	
hydraulic	system	and	RPM	of	the	pump.	Because	the	efficiency	of	the	pump	varies	with	
fluid	viscosity	and	speed,	we	determined	that	taking	measurements	from	the	hydraulic	
or	electrical	system	would	be	less	precise	than	taking	measurements	from	the	
mechanical	components.	In	the	end,	we	decided	to	measure	the	RPM	and	torque	from	
the	rollers	and	shaft.	
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Final	Concept	Design	

The	final	concept	design	includes	the	following	features	(Figure	8):	

 A	tubular	frame	structure	
 A	hydraulic	pump	to	load	the	engine		
 LabView	to	log	data	and	control	the	system.		
 Power	measurements	would	come	from	measuring	torque	and	RPM	from	

a	roller	

	

	 	

Figure	8:	Sample	layout	of	final conceptual	chassis	dynamometer design	(Top	View).
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Chapter	4:	Description	of	the	Final	Design	
The	final	design	consists	of	three	subsystems,	the	mechanical	system,	the	

hydraulic	system,	and	the	data	acquisition	system.	The	mechanical	system	includes	the	
frame,	the	rollers,	and	the	mechanism	that	enables	the	accurate	measurement	of	torque.	
The	hydraulic	system	is	a	hydraulic	circuit	that	comprises	a	pump,	a	needle	valve,	
strainer,	heat	exchanger,	and	reservoir.	Its	purpose	is	to	load	the	engine.	The	DAQ	
system	processes	the	rpm	and	torque	readings	and	will	control	the	load	on	the	engine.	

The	vehicle’s	drive	wheel	will	be	placed	on	the	roller	assembly,	while	the	rest	of	
the	vehicle	is	tied	down	to	other	blocks.	One	of	the	rollers	is	connected	to	the	hydraulic	
pump	through	its	shaft	by	a	shaft	coupling.	When	the	vehicle	applies	power	to	the	drive	
wheel,	the	hydraulic	system	places	a	load	onto	the	vehicle.	This	load	is	meant	to	simulate	
the	vehicle’s	acceleration	and	road	load	under	operating	conditions.	

The	rollers	are	supported	by	roller	bearings	on	both	sides	of	each	roller.	The	
bearings	are	mounted	to	the	frame.	

The	power	the	vehicle	delivers	to	the	drive	wheel	is	computed	from	the	measured	
torque	and	the	measured	rpm.	RPM	measurements	are	taken	by	a	hall‐effect	sensor	
detecting	a	set	of	metal	plates	attached	to	the	rollers.	The	signals	are	fed	to	the	control	
system,	where	it	is	processed	to	give	a	power	reading.	

The	torque	measurements	are	obtained	from	the	torque	the	pump	exerts	onto	the	
rollers.	The	pump	and	the	pump	mount	are	constrained	such	that	it	can	“free	rotate”	
about	its	shaft	axis.	A	load	cell	is	attached	to	the	pump	mount	such	that	it	constrains	the	
“free	rotation”	of	the	pump.	This	way,	the	force	transducer	resists	all	of	the	torque	
provided	by	the	pump.	The	torque	is	the	calculated	by	multiplying	the	force	reading	
from	the	transducer	by	its	distance	to	the	shaft	axis.	The	load	on	the	engine	is	controlled	
by	restricting	the	flow	of	hydraulic	fluid	through	the	hydraulic	system.		

	

Final Design 
	

Figure	9	shows	the	full	view	of	the	all	in	one	ramp	Dynamometer.		The	6	inch	
rollers	are	represented	as	the	two	black	cylinders	in	the	center	of	the	ramp.		The	ramp	
design	will	allow	vehicle	to	be	rolled	onto	the	Dynamometer	for	easy	roll	on	roll	off	
operation.	

	

	

	

	

	

	

Figure	9:	Close	view	of	pump	cradle.
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Figure	10:	Exploded	view	of	pump	and	pump	cradle.

	Figure	10	shows	the	exploded	view	of	the	drive	shaft	assembly.	The	pump	is	
mounted	to	a	free	rotating	plate,	which	is	attached	to	the	frame.	A	shaft	coupling	
connects	the	pump	and	the	roller	shaft.	

	

	

	

	
	
	
	
	
	
	

	

Figure	11	represents	the	chassis	dynamometer,	showing	how	the	parts	fit	inside	
the	ramp	enclosure.			

	

	
	

	
Figure	12	shows	the	exploded	view	of	the	chassis	dynamometer,	including	all	of	the	
hardware	that	holds	the	frame	together.	Figure	13	shows	the	full	and	section	view	of	the	
chassis	dynamometer.	Figure	14	shows	the	exploded	view	of	the	roller	assembly,	which	
includes	the	components	used	to	make	each	individual	roller.	

Figure	11:	Front	view	and	isometric	view of	chassis	dynamometer.	
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Figure	12:	Exploded	view	of	chassis	dynamometer.	
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	 	 Figure	13:	Full	view	and	section	view	of	chassis	dynamometer.	
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Figure	14:	Exploded	view	of	roller	assembly.	
	

Figure	15	shows	the	measurement	of	the	forces	and	the	dynamic	effect	that	the	
working	fluid	provides.	The	torque	and	power	at	the	wheels	is	obtained	by	measuring	
the	pump	torque	and	the	RPM	of	the	rollers.		Easy	access	panels	are	located	on	both	
sides	of	the	ramp	and	above	the	pump	for	easy	maintenance.	

	

	

	

Figure	15:	Roller	assembly	operation.	
	

  

Torque	

RPM	

Hall	Effect	
Sensor	

Torque	
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Load	Cell	
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Hydraulic Loading 
One	of	the	subsystems	of	the	chassis	dynamometer	is	the	loading	subsystem	that	

will	simulate	normal	road	conditions	by	providing	a	load	to	the	vehicle’s	wheel.	A	
generic	hydraulic	system	was	developed	to	show	how	the	loading	system	would	operate.	
Figure	16	shows	the	integration	of	all	hydraulic	components	into	a	hydraulic	circuit.	
The	hydraulic	circuit	consists	of	a	hydraulic	gear	pump	(1),	a	pressure	gauge	(2),	a	flow	
control	valve	(3),	a	temperature	sensor	(4),	a	strainer	(5),	and	a	reservoir	(6).		

	

	

												Figure	16:	Generic	hydraulic	system	that	will	simulate	road	conditions.	
	

Figure	17	shows	the	basic	operation	of	the	hydraulic	system,	in	the	correct	
sequence,	at	maximum	operating	conditions.	

	

1	

2 3

4

5

6	
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Figure	17:	Basic	operation	of	generic	hydraulic	system.	
	

In	addition	to	the	main	hydraulic	components,	a	pressure	gauge	upstream	of	the	
flow	control	valve	will	allow	the	user	to	monitor	the	pressure.	A	temperature	gauge	
downstream	of	the	flow	control	valve	will	monitor	temperature	to	make	sure	that	
temperature	stays	below	150ᵒF.	

The	operating	conditions	of	CPSMV’s	vehicles	were	analyzed	before	specifying	
each	hydraulic	component.	Table	6	shows	the	assumed	maximum	operating	conditions	
for	the	current	vehicles	of	CPSMV.	

	
Table	6:	Performance	characteristics	for	Capax	and	Prototype	vehicles.	

Specification	 Capax	 Prototype	
Max	Power	(HP)	 3.0	 2.4	
Peak	Toque	(lbf‐ft)	 3.5	 2.0	
Max	Speed	(mph)	 35	 40	
Total	weight	with	driver	(lbf)	 450	 339	
	

Rollers 

• Vehicle is mounted on rollers and is run at wide open throttle

• Rollers reach the maximum rorational speed

Pump

• Pump draws fluid from reservoir and discharges at a specific flowrate

Flow Control 
Valve

• Valve is slowly closed to provide fluid restriction and create a 
pressure differential

• The pressure differential at the pumps outlet provides a torque load 
at the pump's shaft, which  in turn loads the vehicle

Strainer

• Provides fluid conditioning by capturing any debri left by normal 
wear

Reservoir 
and Hoses

• Contains all fluid and dissipates heat to maintain fluid temperature 
below 150 ᵒ F
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Using	the	maximum	speed	of	40	mph	as	the	limiting	factor,	we	determine	that	the	
maximum	rotational	speed	of	the	rollers	is	2244	rpm.	Since	the	rollers	will	be	directly	
coupled	with	the	pump’s	shaft,	we	can	say	that	the	maximum	speed	the	gear	pump	will	
operate	at	is	2244	rpm	also.	Refer	to	Appendix	F:	for	sample	calculation	of	rotational	
speed.		

Next,	the	required	output	flow	must	be	calculated	from	the	pump’s	operating	
speed.	Utilizing	the	smallest	pump	possible	(fluid	displacement	of	.40	in^3/rev)	in	order	
to	achieve	the	lowest	possible	output	flow,	we	calculated	the	actual	output	flow	to	be	
3.89gpm.	Refer	to	Appendix	F:	for	sample	calculation	of	output	flow.	

In	order	to	calculate	the	maximum	loading	required,	the	maximum	weight	of	the	
vehicles	must	be	considered.	Utilizing	450lbf	as	the	limiting	factor,	the	maximum	torque	
than	can	be	applied	to	the	wheels	before	slipping	occurs	is	16lbf‐ft.		For	this	calculation	a	
static	friction	of	1	between	tire	and	rollers	was	assumed.	It	was	also	assumed	that	there	
is	no	slip	from	the	belt	connecting	the	rollers	at	this	load.	Refer	to	Appendix	F:	for	
sample	calculation	of	maximum	torque	required.		

From	the	maximum	shaft	torque	of	16lbf‐ft,	the	required	pressure	loading	at	the	
pump’s	outlet	was	calculated	to	be	3016psi.	Refer	to	Appendix	F:	for	sample	calculation	
of	maximum	pressure	loading	required.	

The	maximum	fluid	horsepower	developed,	which	can	be	calculated	from	the	
pressure	and	flow	rate,	turns	out	to	be	6.85HP.	This	translates	heat	generation	of	17,729	
Btu/hr.	Refer	to	Appendix	F:	for	sample	calculation	of	horsepower	developed	and	heat	
generated.	

Temperature Control 
An	important	consideration	of	hydraulic	systems	is	heat	generation.	Flow	

restrictions	create	a	pressure	differential	and	also	increase	fluid	temperature	
significantly.	Maximum	working	fluid	temperature	should	not	exceed	150ᵒF.	Operating	
temperatures	above	150ᵒF	will	change	the	properties	of	the	hydraulic	fluid.	This	could	
lead	to	oxidation	of	the	oil,	deterioration	of	seals,	and	changes	in	viscosity.	A	drastic	
change	in	viscosity	could	lead	to	metal‐to‐metal	contact	and	damage	would	occur.		

The	greatest	pressure	drop	in	the	hydraulic	system	is	across	the	flow	control	
valve.	The	equivalent	heat	generation	at	this	location	is	of	17,729	Btu/hr,	or	6.85HP	at	
continuous	operation.	However,	since	the	dyno	will	only	be	operating	at	two	minute	
intervals,	the	operating	heat	generation	that	the	dyno	will	see	is	only	590	Btu/hr.	Figure	
18	shows	the	heat	generated	in	the	hydraulic	system.	See	Appendix	F:	for	sample	
calculation.	
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Table	7	shows	the	total	heat	generated	by	the	system.	A	total	of	9.98HP	is	
produced	by	the	losses	in	the	system.	The	reservoir	alone	is	only	able	to	dissipate	
759.23Btu/hr,	or	0.298HP.	See	Appendix	F:	for	sample	calculations.		A	heat	exchanger	
with	a	dissipation	capacity	of	35,897.4	Btu/hr,	or	14HP	was	used	in	order	to	keep	fluid	
temperature	under		150ᵒF.		

Table	7:	Total	heat	generated	by	system.	
Component	 Heat	Generated	(Btu/hr)	 (HP)	

Pump	outlet	 17420	 6.85	
Needle	Valve	 200	 .079	
Filter	 109	 0.04	
Total	 17729	 6.97	
Total	at	Operating	Conditions	 590	 0.23	
	

	

	

	

Figure	18:	Heat	generated	by	restriction	of	fluid	control	valve.	

590	Btu/hr	at	
operating	conditions	
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Structural Integrity of the Frame, Roller, and Pump Mount: 
All	of	the	frame	and	roller	components	are	structurally	sound	for	the	intended	loading.	

The	frame	has	yield	safety	factor	of	approximately	5	and	a	maximum	deflection	of	0.019	
inches.	This	was	found	by	assuming	a	vehicle	and	driver	weight	of	600	lbf.	The	weight	is	
equally	distributed	onto	the	two	rollers,	which	are	supported	by	two	bearings.	Each	side	
of	the	frame	sees	300	lbf	of	loading.	Since	the	structure	is	statically	indeterminate,	the	
problem	was	simplified	by	removing	the	bottom	bearing	flange	support	beam.	This	
makes	the	analysis	analogous	to	a	beam	supported	on	two	ends.	(see	Appendix	F:)	

The	1”	roller	bearings	will	support	a	maximum	load	of	150	lbf.	Each	bearing	is	rated	to	
for	500	lbf	for	a	dynamic	radial	load.	

With	the	stresses	induced	by	the	vertical	load	and	the	torque,	the	one‐inch	roller	shaft	
has	a	yield	safety	factor	of	4	with	maximum	designed	loading	conditions.	This	was	
calculated	by	applying	a	150	lbf	shear	force	and	adding	an	30	ft	lb	torque	(see	Appendix	
F:).	

The	pump	mount	was	analyzed	as	a	cantilevered	beam	with	a	point	load	attached	to	the	
end.	This	effectively	represents	the	anchoring	force	of	the	torque	transducer.	This	part	
has	yield	safety	factor	of	3.6	and	a	maximum	deflection	of	0.015	inches.	This	was	found	
by	assuming	a	30ft‐lb	torque	on	the	pump	shaft	(see	Appendix	F:).	 	



	

26	

	 	 	 	

Material, Geometry and Component Selection for Chassis Dyno Frame: 
Material,	geometry	and	component	selection	for	the	dynamometer	was	determined	
based	on	structural	integrity,	assembly	time,	and	cost	(Table	8).		

The	frame	needed	to	be	welded	together	and	have	flat	surfaces	to	mount	bearings	and	
hydraulic	components	to.	The	A513	steel	square	tubing	met	those	requirements	and	was	
also	a	low	cost	material.	Even	though	a	low	weight	was	a	requirement	and	a	thinner	wall	
tube,	0.035”,	could	have	been	used,	we	felt	that	due	to	time	limitations,	we	did	not	have	
time	to	TIG	weld	the	thin	walled	tubes,	so	a	thicker	0.065”	wall	thickness	was	chosen.	
The	thicker	wall	tube	allows	us	to	MIG	weld	the	frame	together.	

The	bearing	flange	mount	plates	needed	to	be	welded	to	the	frame,	so	a	similar	steel	was	
chosen.	

The	pump	mount	needs	to	be	CNC	machined,	so	we	chose	to	make	it	out	of	6061‐T6	
aluminum.	This	material	is	cost	effective,	strong	enough	for	its	application,	and	easy	to	
machine.	

The	bearings	were	selected	based	on	the	shaft	sizes	and	expected	loads.	The	housed	
bearings,	McMaster	part	6494K330	was	selected	to	support	the	roller	shaft	because	it	
was	the	lowest	cost	housed	bearing	that	met	the	load	and	shaft	diameter	requirements.	
We	decided	to	use	housed	bearings	because	they	are	easy	to	install	onto	the	frame.	A	
custom	bearing	mount	was	not	required.	

The	2.5”	inner	diameter	bearing	part	used	to	support	the	pump	mount	was	selected	
because	it	was	the	cheapest	bearing	that	met	the	dimensional	requirements.	

Geometry	selection:	
The	roller	diameter	of	6	inches	was	decided	because	the	rotation	rate	of	at	a	surface	
speed	of	40	mph	worked	well	to	drive	the	selected	hydraulic	pump.	The	40	mph	surface	
speed	is	the	maximum	vehicle	speed	our	dyno	is	designed	to	simulate.	

The	roller	length	of	8.5	inches	was	specified	because	it	gives	clearance	to	the	widest	tire	
of	6	inches	that	the	dyno	is	designed	to	work	with.	

Table	8:	Material	selection	for	frame.	
Component	 Material	 Justification	
Frame	 ASTM	A513	1”	0.065	WT	

square	tube	
Low	price,	good	weldability,	
sufficient	strength	

Bearing	Flange	Mount	 1018	Steel	0.125	plate	 Low	price,	good	weldability,	
sufficient	strength	

Pump	Mount	 6061‐T6	1.25”	aluminum	
plate	

Low	price,	good	
machinability	
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Sensors and Data Acquisition: 
On	the	dynamometer	three	temperature	sensors,	a	speed	sensor,	and	a	load	cell	

are	used	to	gather	data.	The	power	is	calculated	by	P=ωF.	The	rotational	speed	is	
measured	by	the	speed	sensor	and	the	force	is	measured	by	a	load	cell.	A	Cherry	
geartooth	speed	sensor	was	chosen	for	simplicity	and	its	rugged	design.	It	is	easily	
mounted	with	an	adjustable	housing.	It	is	also	immune	to	rotational	misalignment,	
which	allows	for	mounting	inaccuracies.	The	housing	is	hard	coated	anodized	aluminum.	
The	sensor	can	operate	at	4.5	to	24	volts	DC	as	shown	in	the	appendix,	which	works	with	
both	of	the	data	acquisition	systems	the	team	was	looking	at.	The	data	acquisition	
system	was	originally	going	to	be	selected	according	to	the	projects	minimal	budget,	but	
the	project	has	since	been	sponsored	by	National	Instruments	Corporation®.	The	hall‐
effect	geartooth	sensor	senses	the	motion	of	ferrous	geartooth	targets.	The	threads	on	
the	aluminum	housing	of	the	sensor	will	allow	for	easy	adjustment.	It	will	be	mounted	
very	close	to	the	rollers	on	the	dynamometer.	A	ferrous	material	(steel)	screw	is	drilled	
into	a	roller.	Using	a	digital	input/output	on	the	DAQ,	every	time	the	ferrous	material	
passes	the	sensor,	a	pulse	will	be	displayed	in	LabView®.	From	these	pulses	and	the	
roller	diameter	of	the	system	LabView	converts	the	signal	into	revolutions	per	minuets.		

	
For	the	temperature	sensors,	Omega®	RTD	pipe	plug	probe	sensors	were	chosen,	

the	specification	sheet	is	attached	in	Appendix	D:.	An	RTD	was	chosen	because	it	is	
much	more	accurate	and	linear	than	thermocouples.	RTD	probes	are	made	for	high	
pressure	vessel	applications	and	are	rated	for	up	to	2,500	psi.	While	the	maximum	
pressure	in	the	dynamometer	will	be	3,000psi	near	the	pump,	the	temperature	sensors	
will	be	in	the	reservoir	and	near	the	heat	exchanger	where	the	pressure	will	be	minimal.	
The	mounting	threads	on	the	probes	allow	for	a	simple	attachment	point	at	a	T	in	the	
hose	or	to	be	screwed	into	the	side	of	the	reservoir.	The	RTD	probes	have	a	maximum	of	
450	degrees	Fahrenheit	which	is	well	above	the	maximum	temperature	of	the	system	of	
150	degrees	Fahrenheit.	The	force	measurement	is	taken	by	an	S‐beam	load	cell.	The	
load	cell	was	chosen	because	it	was	donated	by	Dr.	Joseph	Mello	and	it	met	the	
specifications	of	100lb	from	the	max	torque	of	360	lbin	in	the	appendix	calculations.		

	
The	data	acquisition	system	is	a	modular	compactDAQ	donated	by	the	National	

Instruments	Corporation®.	The	DAQ	was	selected	for	our	specifications	and	the	sensor	
specifications.	Expansion	of	the	data	acquisition	is	much	easier	with	the	2‐24	bit	analog	
input	modules.	The	analog	input	comes	with	USB,	Ethernet,	and	wireless	connectivity.	It	
also	has	built	in	quarter,	half,	and	full‐bridge	support.	A	built	in	current	and	voltage	
excitation	is	perfect	for	strain	gages	and	load	cells.	However	the	excitation	for	the	speed	
sensor	is	three	9	volt	batteries	in	series.	This	is	because	the	maximum	excitation	voltage	
the	analog	module	can	provide	is	four	volts.	RTD	measurements	are	also	supported	by	
the	analog	inputs.	The	load	cell	and	the	temperature	sensors	will	use	1	channel	each	and	
each	analog	module	has	4	channels.	Therefore	there	will	be	4‐6	channels	for	additional	
analog	sensors,	depending	on	how	many	temperature	sensors	are	used.	The	sinking	
digital	input	module	has	8	channels	and	is	12	to	24	V	logic.	The	speed	sensor	will	use	one	
digital	channel	on	the	digital	module.	All	specification	sheets	are	attached	in	Appendix	
D:.	
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LabView	is	used	to	manipulate	the	incoming	signal	from	the	DAQ	Figure	19.	The	
figure	below	shows	the	block	diagram	for	the	LabView	setup.	The	right	side	and	lower	
half	is	the	digital	input.	The	bottom	half	calculates	the	frequency	of	the	roller,	using	a	
sample	clock	in	the	DAQ	and	the	counter	on	the	dynamometer.	It	is	then	algebraically	
manipulated	to	the	speed	of	the	wheel	on	the	dynamometer	using	the	fact	that	the	wheel	
and	the	roller	are	at	the	same	tangential	velocity.	The	signal	from	the	analog	module	1	
comes	out	of	the	block	DAQ	Analog	and	is	separated	into	the	four	channels	the	module	
physically	has.	The	temperature	sensors	go	to	read	outs	on	the	front	panel,	while	the	
load	cell	uses	the	calibration	best	fit	line	to	get	the	force	output.	The	DAQ	assistant	for	
the	analog	and	the	digital	modules	stores	the	data	in	a	file	if	needed	for	later	
manipulation.	The	grey	border	represents	the	while	loop,	as	this	is	only	a	screen	shoot.	

	
	

	
	

Figure	19:	Block	Diagram	of	LabView	Torque	and	RPM	Readings	
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Chassis Dynamometer Costs 
	 One	of	the	requirements	for	the	project	was	that	its	total	cost	should	not	exceed	
$2500.	Research	for	sponsor	donations	was	conducted	in	order	to	minimize	costs.	The	
search	was	successful	since	we	estimated	a	total	cost	of	$925.35	for	the	project	(Table	
9).	The	final	total	cost	is	below	the	maximum	allowable	cost	of	$2500.	
	

Table	9:	Total	projected	costs	for	chassis	dynamometer.	
	

Materials  Total Cost 

Frame Tubing  $73.60

Pump Mount plate  $49.39

Bearing Flanges  $11.49

Roller axles  $13.39

Roller Body  $74.80

Roller ends/bearing mount  $32.84

1 in. collar clamps  $14.60

Mounted bearings  $158.96

Ring Bearing  $69.95

7/16‐14 nylon locknuts  $8.81

7/16‐14 x 7/8 screws  $12.58

Cutting Fee  $9.00

Shipping  $50.03

Pump    $0.00

Needle Valve  $0.00

Reservoir  $100.00

Strainer  $0.00

Hoses  $0.00

Gauges  $0.00

RTD Probes  $208.00

Speed Sensor  $37.91

Load Cell  $0.00

Regulated Power  $0.00

DAQ  $0.00

Total  $925.35



	

30	

	 	 	 	

Safety Considerations	
Extreme	precautions	should	be	taken	when	operating	the	chassis	dynamometer.	

The	chassis	dynamometer	has	rotating	parts	that	can	trap	and	pinch	fingers,	hands,	and	
feet.	Long	hair	must	be	tied	back	and	anything	loose	must	be	put	away.	Before	the	dyno	
is	used,	make	sure	that	any	body	parts	are	outside	of	the	dyno	frame.	

Care	must	be	taken	to	secure	the	vehicle	before	running	the	dyno.	If	the	vehicle	
isn’t	secured,	and	the	rollers	suddenly	stop,	the	vehicle	will	be	thrown	off	of	the	dyno.	

The	hydraulic	system	can	reach	pressures	up	to	1000	psi.	It	is	critical	to	the	safety	
of	nearby	people	that	the	safety	panels	are	attached	in	case	the	hydraulic	system	leaks.	
Use	the	dynamometer	only	in	a	well‐ventilated	area.	Car	exhaust	can	build	up	and	be	
harmful	to	people.	

Maintenance Check-Ups 
Minimal	maintenance	will	be	required	for	the	chassis	dynamometer.	However,	

regular	check‐ups	should	be	performed	before	each	test.	The	maintenance	check‐up	list	
includes:	

 Check	reservoir	level	on	hydraulic	system.	Reservoir	should	be	filled	to	
about	¾	with	standard	SAE	hydraulic	oil.		

 Check	fasteners	and	connectors	for	tightness	
 Check	that	all	sensors	are	tightly	secured	to	the	frame	and	that	they	are	

properly	connected	to	the	DAQ.	
 Check	that	all	sensors	are	receiving	the	proper	amount	of	electrical	power.	
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Chapter	5:	Design	Verification	Plan	
Once	the	chassis	dynamometer	was	built,	the	hydraulic	system	was	run	to	test	for	

leakage	or	loose	parts.	The	Supermileage	Team’s	prototype	vehicle	was	placed	on	the	
rollers	and	run	at	full‐open	throttle.	The	needle	valve	was	slowly	closed	to	change	the	
pressure	across	the	needle	valve	and	the	change	in	temperature	across	the	heat	
exchanger	shall	be	monitored	to	make	sure	they	don’t	exceed	their	limits.	If	at	any	time	
the	temperature	or	pressure	exceeded	175	degrees	Fahrenheit	or	3000	psi,	the	needle	
valve	will	be	opened	and	the	car	stopped.	A	thorough	inspection	of	the	chassis	
dynamometer	revealed	that	the	system	had	leakage	or	loose	parts.	

	
The	mechanical	components	of	the	dyno	were	tested	for	operational	smoothness	

and	strength.	The	frame	was	tested	by	applying	600	lbf	on	the	top,	which	resulted	in	no	
perceptible	deflection.	The	roller,	bearing,	and	pump	assembly	was	tested	for	consistant	
smoothness	of	rotation.	This	was	simply	done	by	rolling	the	rollers	by	hand	and	
detecting	any	irregularities	in	the	rotation.	When	the	Dyno	was	assembled	with	a	
smooth‐working	pump,	the	rollers	spun	freely	with	no	perceivable	interruption	in	the	
rotation.	
	

To	test	the	sensors	many	different	tests	can	be	run	and	a	few	will	be	run	over	the	
summer.	The	speed	sensor	can	be	calibrated	against	a	bicycle	speedometer	mounted	on	
a	bicycle.	The	bicycle	will	be	run	on	the	rollers	at	a	constant	rate	at	several	speeds.	By	
comparing	the	speed	sensor	readings	to	the	bike	speedometer	readings,	the	sensor	can	
be	calibrated.	A	plot	of	speed	against	counts/min	can	be	used	to	determine	the	
appropriate	correction	factor	for	the	speed	sensor.	The	plot	will	consist	of	an	upscale	
test,	and	a	downscale	test.	For	the	upscale	test,	speed	is	increased	in	each	increment.	For	
the	downscale	test,	the	speed	is	decreased	for	each	increment.	The	purpose	of	this	is	to	
find	and	correct	for	any	system	hysteresis.	

	
The	temperature	probes	can	be	tested	against	a	thermometer	or	a	thermocouple	

that	is	calibrated	by	using	a	cup	of	water	or	oil.	A	plot	of	temperature	against	sensor	
output	voltage	can	be	used	to	find	the	appropriate	calibration	gain.	The	test	will	include	
an	upscale	test	and	a	downscale	test	to	find	and	correct	for	hysteresis.	

	
The	load	cell	can	be	calibrated	by	applying	several	weights	to	the	load	cell	and	

creating	a	plot	of	applied	against	output	voltage	of	the	load	cell.	The	slope	will	give	us	the	
sensor	gain.	An	upscale	and	downscale	test	will	also	be	performed	to	find	and	correct	for	
any	hysteresis.	To	calibrate	torque	readings,	a	torque	wrench	will	be	used	to	apply	
torque	to	the	drive	shaft.	A	plot	of	torque	applied	vs	voltage	out	can	be	used	to	fine‐tune	
the	load	cell’s	calibration	by	taking	that	slope	and	dividing	it	with	the	slope	of	the	load	
cell	force	vs	voltage	graph	to	get	the	lever	arm	distance.	
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All	of	these	tests	will	be	checked	using	an	output	to	LabView	from	the	DAQ	and	
Measurement	Automation.	Further	calibration	and	filters	are	needed	as	the	torque	
measurement	has	a	lot	of	noise,	as	shown	in	the	testing	results	screen	shot	(Figure	20).		
	
	

	
Figure	20:	Screen	Shot	of	LabView	During	Testing	of	Dyno	
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Chapter	6:	Project	Management	Plan		
	
Responsibilities	of	conduct	for	team	members	of	SMV	Dynomics	are	outlined	in	the	team	
contract.	For	each	individual,	project	manager	responsibilities	were	as	follows	below.	
	
• Testing	and	Development	Project	Manager:	Tim	Lui	
	
• Research	and	Design	Project	Manager:	Jose	Garcia	
	
• Fabrication,	installation,	and	quality	assurance	Project	Manager:	Kyla	Purvis		
	
• General	Project	Manager:	Steve	Janning	
	

Each	person	was	responsible	for	setting	deadlines	and	requirements	
corresponding	to	their	project	responsibilities,	based	upon	the	best	of	their	knowledge.	
The	general	project	manager	will	organize	the	other	project	managers.	Work	groups	
included	all	group	members	for	a	collaborative	system.	However,	project	managers	
could	delegate	specific	tasks	to	an	individual.	This	will	gave	group	members	a	sense	of	
what	needed	to	be	done	to	motivate	continual	progress	rather	than	slow	beginning	with	
a	rushed	and	frantic	end.	This	organization	structure	helped	us	keep	up	with	our	
compact	schedule	and	presents	a	tight	system	of	checks	and	balances.	
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SMV Dynomics Project Timeline 
	 The	following	Gantt	Chart	shows	the	overall	scope	of	the	project	and	the	
milestones	and	deadlines	that	had	to	be	met	in	order	to	complete	the	project	
successfully.	
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Chapter	7:	Conclusions	and	Recommendations	
	
The	main	components	needed	for	proper	dyno	operation	were	assembled	and	

tested.	The	mechanical	and	hydraulic	systems	work	as	intended	and	passed	their	
respective	tests.	The	data	acquisition	system	is	capable	of	reading	speed,	torque,	and	
power	delivered	to	the	rollers.	The	data	acquisition	system	is	also	still	capable	of	many	
more	sensor	inputs	that	may	be	added	in	the	future.	

	
Note	that	there	are	several	small	issues	with	the	dyno.	First,	the	rollers	have	a	

perceptible	wobble,	and	at	high	speeds,	this	results	in	a	lot	of	vibration.	Also,	the	force	
transducer	shows	a	lot	of	noise.	The	vibration	due	to	the	wobble	may	be	the	main	source	
of	the	noise	and	the	noise	needs	to	be	filtered	out.	The	rollers	should	also	be	remade	
with	less	wobble.	
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Appendix	A:	Sponsors	and	Vendors	
The	following	table	lists	all	of	the	sponsors,	as	well	as	the	vendors,	that	were	

contacted	for	project	funding.	Thanks	to	their	generosity	and/or	product	service	SMV	
Dynomics	was	able	to	complete	the	chassis	dynamometer.	

Sponsor/ 
Vendor 

Name of 
Person  Location  Position  Contact Information 

Supermileage 
Team 

‐ 
San Luis 

Obispo, CA 
School Club  calpolysupermileage@googlegroups.com 

Lovejoy  Carol Palmer  Customer Service Manager  cpalmer@lovejoy‐inc.com 

McMaster‐
Carr 

‐ 
 

Elmhurst, IL  ‐  chi.sales@mcmaster.com 

National 
Instruments 

 
Peter Flores 

Los 
Angeles, CA 

Field Sales Engineer  (213) 973‐7356 

‐  Ingo Foldvari 
San Diego, 

CA 
Academic Program Manager  (760) 691‐0877 

Omega  ‐  ‐  temp@omega.com  (888) 826‐6342 

Otay 
Hydraulics 

Jose 
Hinojosa 

San Diego, 
CA 

Owner  (619) 690‐7577 

VXB  ‐ 
Anaheim, 

CA 
info@vxb.com  (800) 928‐4430 

Perco  ‐ 
Tijuana, 
Mexico 

‐  Tijuana, Mexico 
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Appendix	B:	Quality	Function	Development	
The	purpose	of	the	Quality	Function	Deployment	(QFD)	is	to	realize	the	most	

important	requirements	and	compare	existing	requirements.	The	QFD	shows	that	the	
most	important	is	to	make	sure	the	dynamometer	is	easy	to	use.	Using	the	list	of	
requirement	three	dynamometers	are	compared	with	the	specific	needs	and	given	a	
total	score.	The	three	dynamometers	are	the	old	SMV	dyno,	DYNOmite	Kart,	and	TRIK‐
Dyno.	The	old	SMV	dyno	is	an	engine	dynamometer	made	for	Supermileage	as	a	senior	
project.	One	of	the	main	problems	with	it	is	that	no	one	knows	how	to	use	it	and	it	gives	
a	wide	range	of	results.	This	is	why	it	scored	so	low	in	the	QFD.	The	DYNOmite	scored	
low	because	its	price	of	$5000	is	over	the	$2500	budget.	Also	it	isn’t	made	for	low	power	
vehicles.	The	cars	Supermileage	builds	are	unique	in	the	fact	that	they	use	a	5hp	engine	
or	lower.	The	TRIK‐Dyno	scored	highest	because	it	is	built	for	karts,	and	those	have	low	
power	engines.	It	is	still	out	of	the	budget	and	it	is	not	a	chassis	dynamometer.	Overall	
the	QFD	shows	that	the	few	products	that	are	close	to	what	is	required	won’t	work	for	
Supermileage	and	the	chassis	dynamometer	will	build	will	be	unique.		
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Appendix	C:	Chassis	Dyno	Frame	and	Roller	Assembly	
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Appendix	D:	Hydraulic	System	
	

	
	

	
	 				Hydraulic	Gear	Pump	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	

44	

	 	 	 	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Hydraulic	Gear	Pump	Performance	Characteristics	
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											Needle	Valve	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Hydraulic	Oil	Reservoir	
	
	

	 	
								Hydraulic	Strainer	
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Appendix	E:	Data	Acquisition	System	
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Appendix	F:	Hand	Calculations	
	
	
	

	
Heat	Exchanger	Disspation	Requirement	
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Heat	Exchanger	Dissipation	Requirement	
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Preliminary	Schematic	of	Hydraulic	and	Heat	System	
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Frame	Yield	and	Deflection	Analysis	
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Frame	Yield	and	Deflection	Analysis	
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Frame	Yield	and	Deflection	Analysis	



	

86	

	 	 	 	

	

	
Pump	Mount	Yield	and	Deflection	Analysis	
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Roller	Yield	analysis	



	

88	

	 	 	 	

	

	
Roller	torque	limit	
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					Hydraulic	calculations	to	determine	system	components	
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					Heat	transfer	calculations	for	reservoir	heat	dissipation	
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"Kart	and	Small	Engine	Dynamometer	Prices	and	Models."	DYNO‐mite	Dynamometer	‐	
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Dynamometer	&	Dynamometer	Test	Software.	Web.	20	Oct.	2011.	<http://www.trik‐
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