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ted Belytschko,	Walter	P.	Murphy	and	McCormick	Institute	
Professor	of	Mechanical	Engineering,	received	an	honorary	
doctorate	from	the	University	of	Lyon.	

Cate Brinson (left),	Jerome	B.	Cohen	
Professor	in	Engineering,	was	elected	a	fellow	
of	the	Society	of	Engineering	Science.	

Jian Cao, associate	professor	of	mechanical	
engineering,	received	the	Young	Investigator	
Award	of	the	American	Society	of	Mechanical	
Engineers	Division	of	Applied	Mechanics.		

Ed Colgate, professor	of	mechanical	engineering,	was	named	
Pentair-Nugent	Professor	in	Manufacturing.

isaac Daniel, Walter	P.	Murphy	Professor	of	Mechanical	Engi-
neering	and	Civil	and	Environmental	and	Engineering,	received	the	
P.	S.	Theocaris	Award	of	the	Society	for	Experimental	Mechanics,	
given	to	a	fellow	of	the	society	who	has	made	outstanding	con-
tributions	in	experimental	and	fracture	mechanics.

Kornel Ehmann, James	N.	and	Nancy	J.	Farley	Professor		
of	Manufacturing	and	Entrepreneurship,	became	a	fellow	of	the	
Society	of	Manufacturing	Engineers	and	was	appointed	University	
Chair	Professor	at	Chung	Yuan	Christian	University	in	Taiwan.	

Horacio Espinosa (left), professor	of	
mechanical	engineering,	received	the	
Society	of	Engineering	Science	2007	
Young	Investigator	Medal	in	recognition	
of	his	outstanding	work	in	the	field	of	
engineering	science	and	nanomaterials.	
In	addition,	the	editors	of	the	Journal of 
Micromechanics and  Microengineering 
selected	“Multi-ink	linear	array	of	nano-
fountain	probes”	by	Espinosa,	Keun-Ho 

Kim (PhD	06),	and	postdoctoral	fellow	Nicolaie Moldova for	
IoP Select, a	collection	of	articles	from	Institute	of	Physics	journals	
chosen	for	their	significance,	novelty,	and	potential	impact	on	
future	research.

walter Herbst, clinical	professor	of	mechanical	engineering		
and	director	of	the	Master	of	Product	Development	Program,		
gave	the	keynote	speech	entitled	“What	about	Innovation?”	at		
the	MIT	Enterprise	Forum	in	Chicago	in	September	2006.	

wing Kam liu, Walter	P.	Murphy	
Professor	of		Mechanical	Engineering,	
is	coauthor	of	a	new	book	entitled	
Nano Mechanics and Materials: Theory, 
Multiscale Methods and Applications.

Jane wang, associate	professor	of	
mechanical	engineering,	was	named	
to	the	editorial	boards	of	Tribology — 
Materials, Surfaces, and Interfaces and	
Advances in Tribology.
	

StuDENtS AND AluMNi

Francois Barthelat (PhD	05)	joined	McGill	University	in		
fall	2006	as	assistant	professor	of	mechanical	engineering.
 
PhD	candidate	Bo He received	the	2006	Society	of	Tribologists	
and	Lubrication	Engineers	(STLE)	Chicago	Section	Scholarship	
Award,	presented	to	outstanding	students	who	perform	research	
in	the	field	of	tribological	science	and	engineering.
	
PhD	candidate	Ashlie Martini (below)	won	the	best	student	
poster	for	“Subsurface	Stress	in	Elastic-Plastic	Contact	with	Real	
Rough,	Sinusoidal,	and	Textured	Surfaces”	at	the	2006	STLE/
ASME	International	Joint	Tribology	Conference	in	October.	

	

yong Zhu (PhD	05)	received	the	Best	Poster	Award	from	the	
Gordon	Conference	on	Thin	Film	and	Small	Scale	Mechanical	
Behavior	in	2006	for	his	poster	entitled	“A	Nanoscale	Material	
Testing	System	and	In	Situ	SEM/TEM	Testing	of	Nanostructures.”

The	Mechanical Engineering Graduate 
Student Society (MEGSS)	welcomed	new	
graduate	students	to	the	Department	of	Mech-
anical	Engineering	in	September	2006.	MEGSS		
is	actively	involved	in	many	aspects	of	new	grad-
uate	student	orientation,	having	established	a		
new	student	mentor	program	and	holding	student-
only	question-and-answer	sessions.	A	highlight		
of	the	orientation	week	was	a	new	student	
welcome	party	held	at	the	North	Beach	Club	in	
downtown	Chicago.	Featuring	bowling,	Ping-Pong,	
pool,	basketball,	and	sand	volleyball,	the	event	
was	well	attended	by	the	new	students,	society	
officers,	and	many	other	mechanical	engineering	
graduate	students	and	their	significant	others.	
New	and	current	students	were	able	to	meet	in	a	
relaxed	atmosphere	outside	the	lab	—	perhaps	
even	paving	the	way	for	future	interdisciplinary	
collaborations.	
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Many	mammals	use	their	whiskers	to	explore	their		
environment	and	construct	a	three-dimensional		
image	of	their	world.	A	rodent,	for	example,	uses	its	

whiskers	to	determine	the	size,	shape,	and	texture	of	objects,	
while	a	seal	uses	its	whiskers	to	track	the	fluid	wake	of	its	prey.
	 Mitra J. Hartmann, assistant	professor	of	mechanical	
engineering	and	biomedical	engineering,	and	Joseph H. 

Solomon, a	graduate	student	in	
Hartmann’s	laboratory,	have	been	studying	
the	whisker	system	of	rats	to	better	
understand	how	mechanical	information	
from	the	whiskers	is	transmitted	to	the	
brain	and	to	develop	artificial	whisker	
arrays	for	engineering	applications.	They	
have	developed	arrays	of	robotic	whiskers	
that	mimic	many	of	the	capabilities	of	
mammalian	whiskers	and	can	sense	

information	about	both	object	shape	and	fluid	flow.	The	arrays	
—	which	may	find	application	on	assembly	lines,	in	pipelines,	
or	on	land-based	autonomous	rovers	or	underwater	vehicles	
—	were	the	subject	of	a	paper	published	in	the	October	5,	2006,	
issue	of	the	journal	Nature.
	 “We	show	that	the	bending	moment,	or	torque,	at	the	
whisker	base	can	be	used	to	generate	three-dimensional	spatial	
representations	of	the	environment,”	says	Hartmann.	“We	used	
this	principle	to	make	arrays	of	robotic	whiskers	that	in	many	
respects	closely	replicate	rat	whiskers.”	The	technology,	she	
says,	could	be	used	to	extract	the	three-dimensional	features		
of	almost	any	solid	object.

	 Rat	whiskers	rotate	at	their	base	within	a	plane	roughly	
parallel	to	the	ground.	When	the	whiskers	hit	an	object,	they	can	
be	deflected	backwards,	upwards,	or	downwards	by	contact	
with	the	object.	The	bending	of	the	whisker	activates	many	
thousands	of	sensory	receptors	located	in	the	follicle	at	the	
whisker	base.	The	receptors,	in	turn,	send	neural	signals	to	the	
brain,	where,	scientists	theorize,	a	three-dimensional	image	is	
generated.
	 Hartmann	and	Solomon	showed	that	their	robotic	whiskers	
could	extract	information	about	object	shape	by	“whisking,”	or	
sweeping,	the	whiskers	across	a	small	sculpted	head,	which	
was	chosen	specifically	for	its	complex	shape.	As	the	whiskers	
move	across	the	object,	strain	gauges	sense	the	bending	of	
the	whiskers	and	thus	determine	the	location	of	different	points	
on	the	head.	A	computer	program	then	“connects	the	dots”	to	
create	a	three-dimensional	representation	of	the	object.
	 The	researchers	also	showed	that	a	slightly	different	whisker	
array	—	one	in	which	the	whiskers	were	widened	to	provide	
more	surface	area	—	could	determine	the	speed	and	direction	
of	the	flow	of	a	fluid,	much	as	a	seal’s	whiskers	help	it	track	the	
wake	of	prey.
	 Hartmann	and	Solomon’s	research	was	supported	by	
the	National Science Foundation and	NASA’s Jet 
Propulsion Laboratory.

Robotic	whiskers	sense		
three-dimensional	environment
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A bistable nanoswitch

In recent years carbon nanotubes have drawn con

siderable attention for their remarkable electrical, 

mechanical, and chemical properties. Researchers 

have investigated devices ranging from transistors to 

nanoscale rotational actuators and biological sensors, 

all exploiting these properties, but complex and costly 

fabrication methods along with reliability issues hinder  

the commercialscale success of these revolutionary 

devices.

Recently, however, a novel carbon nanotubebased 

switch was demonstrated by Horacio Espinosa, professor 

of mechanical engineering, and his former graduate 

student Changhong Ke (PhD 05). The device exhibits two 

stable states — on and off — that correspond to the flow 

of tunneling current through the circuit. By overcoming 

some of the issues associated with fabrication and 

reliability assessment, this work could contribute to 

advancement of the technology used in memory devices 

and electronic sensing. The findings were published in the 

scientific journal Small in December 2006.

Espinosa and Ke constructed the device inside 

a scanning electron microscope (SEM) using a nano

manipulator to mount individual carbon nanotubes on 

the tip of a tungsten probe. The nanotube and probe, 

which acts as an electrode, were then positioned within 

micrometers of a second electrode. The switch was 

actuated by applying a voltage across the probe and 

electrode to generate an electrostatic force, deflecting  

the nanotube toward the electrode. By operating the 

device within the SEM, Ke and Espinosa were able 

to observe its mechanical motion in real time while 

simultaneously measuring current flow using a source

measurement unit.

Espinosa and w research was supported by the 

National Science Foundation and the Federal Aviation 

Administration.

Northwestern filed a patent application to cover the 

operating concepts of the device and its applications and 

is seeking commercial partners in the development of this 

technology. Potential applications include randomaccess 

memory elements, switches, and logic devices. 

Recent	PhD	joins	rehab	
robotics	spinoff
Eric Faulring didn’t have far to travel to find a  
job after earning his PhD from McCormick in 2005. 
He found it just a few miles from the Northwestern 
campus at a spinoff company founded by Northwestern 
professors called Chicago PT LLC. 

At McCormick, Faulring created and studied 
a haptic cobot, a device that provides a high-quality 
physical interface with either a virtual environment  
or a telerobotic slave robot. His cobot provides users 
with a full six-dimensional haptic experience and is 
capable of producing forces and motions on three 
translational axes and about three rotational axes. By 
many measures its performance as a haptic interface 

T he McCormick School welcomed 
Dean Ho as an assistant professor 
in the Department of Mechanical 

Engineering in fall 2006. Ho comes from the 
California Institute 
of Technology, 
where he performed 
postdoctoral work 
on microfabricated 
thin-film devices 
for cellular inter-
rogation as well as 
effector molecule-
functionalized 

polymers for coating microelectromechanical 
systems-based implants. He completed his 
PhD at UCLA, where as a graduate student 
researcher he developed a protein-embedded 
copolymer capable of biologically inspired 
energy transduction.

During the course of his studies at UCLA, 
Ho became interested in developing devices 
and materials that directly interface biological 
and nonbiological components for translational 
or basic science applications. The foundation of 
his work is the mimicry of intricate processes 

that occur in nature — such as transmembrane 
energy conversion or molecular transport 
— and the use of these hybrid technologies. 
For instance, Ho has successfully demonstrated 
a purely protein-driven energy transduction 
process for photocurrent and antiproton 
leakage fuel cell applications. These studies 
were featured in a cover story in the journal 
Nanotechnology and received coverage in 
Nature, as well as several Current Opinion 
review articles.

 At Northwestern, Ho 
and his team of students and 
postdoctoral researchers have 
commenced studies on the 
development and characterization 
of novel protein-functionalized 
polymeric materials, as well 
as microfabricated transducer 
systems of integrated sensors and 
actuators. With these studies, 
Ho’s group is moving beyond 
cellular surfaces and peering into 
their internal circuitry to better 
understand how to activate or even 
control cellular behavior. This may 
be useful in tissue engineering 
applications, directed cellular 
assembly, and the attenuation of 
immune responses to artificial materials. 
 “Nature has perfected a collection of 
molecular architectures and intracellular 
signaling elements that drive the processes of 
life,” says Ho. “For example, material stiffness 
properties may serve as stimuli, or switches, 
that activate intracellular reactions to influence 
cellular behavior and morphology. If we can 

uncover these mechanisms and functionalize 
our devices to enable on-demand cell control, 
we will truly be at an exciting intersection 
of biology and engineering. We’re hoping 
these studies will inspire important new 
knowledge on how to harness nature’s best 
work for translational applications towards 
cytomanipulation, novel energy devices, and 
‘biocloaked’ implants.”

is the best in the world.  Faulring won the Best 
Student Paper award at the 2004 IEEE International 
Conference on Robotics and Automation for his work. 

Chicago PT was founded by Ed Colgate, 
professor of mechanical engineering and Alumnae 
of Northwestern Teaching Professor, and Michael 

Peshkin, professor of mechanical engineering, 
together with a colleague from Northwestern’s 
Feinberg School of Medicine. At Chicago PT, Faulring 
is building another cobot, this one small enough to 
fit in a forearm. It is a key part of a many-jointed 
prosthetic arm whose motions are to be controlled 
by the wearer’s nervous system, like a natural limb.  
Faulring’s miniaturized cobot acts as a continuously 
variable transmission with 15 independent mechanical 
outputs, all powered by a single motor. Each output 
runs a single wrist or finger joint. The cobot distributes 
mechanical power to the joints more efficiently and 
with better control than a device with multiple motors 
could. The research is a part of the Revolutionizing 
Prosthetics project, funded by DARPA. 

Eric Faulring and his cobot haptic display.  
Photo by Giovanni Wuisan.

Having fielded several offers from top 
U.S. engineering programs, Ho is excited about 
being at the McCormick School. “Coming to 
Northwestern was an easy choice for me,” he 
says. “I feel constantly motivated to produce 
cutting-edge work that is catalyzed by world-
class faculty, students, and staff! The facilities 
are amazing, and the multidisciplinary spirit of 
the academic community — which will become 
ever more important in the future landscape 
of research — serves as a model to the best 
universities in the country. I couldn’t have 
asked for a better place to spark my career.” 

For more information on Ho’s research, 
see www.nbase.northwestern.edu.
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New	professor	interfaces	biology	with	micro-	and	nanodevices

A hybrid material coating that has been shown to 
induce autonomous formation of aligned architectures 
composed of myoblasts derived from mice. 

1. Schematic of the nanoswitch: A carbon nanotube is fixed to the  
top electrode and cantilevered over the bottom electrode. The switch  
is actuated by applying a voltage across the two electrodes. This 
generates an electrostatic force that deflects the  nanotube toward the 
bottom electrode. 
2. Experimental setup within the scanning electron microscope (SEM). 
3 and 4. SEM images of the switch in the off and on states.

The facilities are amazing, and the multidisciplinary spirit of 
the academic community — which will become ever more 
important in the future landscape of research — serves as 
a model to the best universities in the country. 

R esearch	from	Rich Lueptow, 

professor	and	interim	chair	of	

mechanical	engineering,	has	made	

its	way	from	the	Department	of	Mechanical	

Engineering	to	NASA’s	Johnson	Space	Center	

—	and	someday	might	even	make	it	to	Mars.	

	 The	project	addresses	one	of	the	

foremost	challenges		facing	NASA	researchers	

preparing	for	a	manned	mission	to	Mars:	the	

ability	to	provide	clean	

drinking	water	for	the	

crew.	“These	missions	

are	projected	to	be	two	

to	three	years	long,	with	

at	least	three	astronauts,	

probably	more,”	says	

Lueptow.	“When	you	

have	a	crew	of	that	size,	

it’s	impossible	to	bring	enough	water	along.”

	 In	order	to	make	a	long-term	flight	

possible,	washwater,	flushwater,	humidity	

condensate	from	the	cabin	atmosphere,	

and	urine	must	be	recycled.	On	earth	

there	are	a	variety	of	ways	to	purify	and	

reuse	water,	but	few	meet	the	demands	

presented	by	spaceflight	or	are	possible	

in	zero	gravity.	One	attractive	purification	

method	is	reverse	osmosis,	a	process	in	

which	water	is	forced	through	a	membrane	

with	openings	large	enough	for	water	but	

not	most	contaminants.	While	common	

for	desalination	and	water	treatment,	the	

process	is	susceptible	to	membrane	fouling,	

which	greatly	reduces	the	amount	of	water	

that	can	be	purified.

	 Lueptow	and	his	research	team	have	

developed	a	prototype	water	filtration	system	

that	utilizes	a	cylindrical	rotating	filter	for	

reverse	osmosis.	The	rotating	filter	enables	

the	system	to	clean	wastewater	with	higher	

efficiency	than	a	traditional	reverse	osmosis	

filter.	As	Lueptow	explains,	the	secret	to	their	

success	is	in	the	swirls.	“The	rotation	of	a	

cylindrical	filter	generates	Taylor	vortices,	

RESEARCH pRoFilE

Clean	water	for	Mars	explorers

or	swirls,	that	constantly	wash	the	dirt	

and	contaminants	off	the	reverse	osmosis	

membrane.	If	you	don’t	have	these	swirls,		

the	pores	eventually	plug	up	with	contam-

inants,	or	the	contaminants	build	near	the	

surface	of	the	membrane.”

	 With	the	rotating	filter,	Lueptow’s	system	

is	able	to	treat	water	more	efficiently	than	other	

methods.	Traditional	reverse	osmosis	typically	

recovers	only	20	to	30	percent	of	the	water;	

his	prototype	system	is	able	to	recover	80	to	

90	percent.	

	 At	just	six	inches	wide	and	four	inches	

tall,	the	prototype	filter	module	also	saves	

space	—	an	important	consideration	in	the	

tight	confines	of	a	spacecraft.	Current	tests	

show	that	the	prototype	could	handle	the	

daily	water	needs	for	a	single	astronaut	

—	approximately	11	kilograms	per	day.	

	 After	eight	years	of	work	on	the	prototype	

filter,	Lueptow	and	his	team	have	transferred	

the	technology	to	NASA’s Johnson Space 

Center in	Houston	for	further	testing.	There,	

the	exploration	life	support	team	will	test	the	

system	under	conditions	that	would	be	typical	

for	spaceflight.	

Traditional reverse osmosis typically recovers only 20 to  
30 percent of the water; the prototype system is able to 
recover 80 to 90 percent. 
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A bistable nanoswitch

In recent years carbon nanotubes have drawn con

siderable attention for their remarkable electrical, 

mechanical, and chemical properties. Researchers 

have investigated devices ranging from transistors to 

nanoscale rotational actuators and biological sensors, 

all exploiting these properties, but complex and costly 

fabrication methods along with reliability issues hinder  

the commercialscale success of these revolutionary 

devices.

Recently, however, a novel carbon nanotubebased 

switch was demonstrated by Horacio Espinosa, professor 

of mechanical engineering, and his former graduate 

student Changhong Ke (PhD 05). The device exhibits two 

stable states — on and off — that correspond to the flow 

of tunneling current through the circuit. By overcoming 

some of the issues associated with fabrication and 

reliability assessment, this work could contribute to 

advancement of the technology used in memory devices 

and electronic sensing. The findings were published in the 

scientific journal Small in December 2006.

Espinosa and Ke constructed the device inside 

a scanning electron microscope (SEM) using a nano

manipulator to mount individual carbon nanotubes on 

the tip of a tungsten probe. The nanotube and probe, 

which acts as an electrode, were then positioned within 

micrometers of a second electrode. The switch was 

actuated by applying a voltage across the probe and 

electrode to generate an electrostatic force, deflecting  

the nanotube toward the electrode. By operating the 

device within the SEM, Ke and Espinosa were able 

to observe its mechanical motion in real time while 

simultaneously measuring current flow using a source

measurement unit.

Espinosa and w research was supported by the 

National Science Foundation and the Federal Aviation 

Administration.

Northwestern filed a patent application to cover the 

operating concepts of the device and its applications and 

is seeking commercial partners in the development of this 

technology. Potential applications include randomaccess 

memory elements, switches, and logic devices. 
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Eric Faulring didn’t have far to travel to find a  
job after earning his PhD from McCormick in 2005. 
He found it just a few miles from the Northwestern 
campus at a spinoff company founded by Northwestern 
professors called Chicago PT LLC. 

At McCormick, Faulring created and studied 
a haptic cobot, a device that provides a high-quality 
physical interface with either a virtual environment  
or a telerobotic slave robot. His cobot provides users 
with a full six-dimensional haptic experience and is 
capable of producing forces and motions on three 
translational axes and about three rotational axes. By 
many measures its performance as a haptic interface 

T he McCormick School welcomed 
Dean Ho as an assistant professor 
in the Department of Mechanical 

Engineering in fall 2006. Ho comes from the 
California Institute 
of Technology, 
where he performed 
postdoctoral work 
on microfabricated 
thin-film devices 
for cellular inter-
rogation as well as 
effector molecule-
functionalized 

polymers for coating microelectromechanical 
systems-based implants. He completed his 
PhD at UCLA, where as a graduate student 
researcher he developed a protein-embedded 
copolymer capable of biologically inspired 
energy transduction.

During the course of his studies at UCLA, 
Ho became interested in developing devices 
and materials that directly interface biological 
and nonbiological components for translational 
or basic science applications. The foundation of 
his work is the mimicry of intricate processes 

that occur in nature — such as transmembrane 
energy conversion or molecular transport 
— and the use of these hybrid technologies. 
For instance, Ho has successfully demonstrated 
a purely protein-driven energy transduction 
process for photocurrent and antiproton 
leakage fuel cell applications. These studies 
were featured in a cover story in the journal 
Nanotechnology and received coverage in 
Nature, as well as several Current Opinion 
review articles.

 At Northwestern, Ho 
and his team of students and 
postdoctoral researchers have 
commenced studies on the 
development and characterization 
of novel protein-functionalized 
polymeric materials, as well 
as microfabricated transducer 
systems of integrated sensors and 
actuators. With these studies, 
Ho’s group is moving beyond 
cellular surfaces and peering into 
their internal circuitry to better 
understand how to activate or even 
control cellular behavior. This may 
be useful in tissue engineering 
applications, directed cellular 
assembly, and the attenuation of 
immune responses to artificial materials. 
 “Nature has perfected a collection of 
molecular architectures and intracellular 
signaling elements that drive the processes of 
life,” says Ho. “For example, material stiffness 
properties may serve as stimuli, or switches, 
that activate intracellular reactions to influence 
cellular behavior and morphology. If we can 

uncover these mechanisms and functionalize 
our devices to enable on-demand cell control, 
we will truly be at an exciting intersection 
of biology and engineering. We’re hoping 
these studies will inspire important new 
knowledge on how to harness nature’s best 
work for translational applications towards 
cytomanipulation, novel energy devices, and 
‘biocloaked’ implants.”

is the best in the world.  Faulring won the Best 
Student Paper award at the 2004 IEEE International 
Conference on Robotics and Automation for his work. 

Chicago PT was founded by Ed Colgate, 
professor of mechanical engineering and Alumnae 
of Northwestern Teaching Professor, and Michael 

Peshkin, professor of mechanical engineering, 
together with a colleague from Northwestern’s 
Feinberg School of Medicine. At Chicago PT, Faulring 
is building another cobot, this one small enough to 
fit in a forearm. It is a key part of a many-jointed 
prosthetic arm whose motions are to be controlled 
by the wearer’s nervous system, like a natural limb.  
Faulring’s miniaturized cobot acts as a continuously 
variable transmission with 15 independent mechanical 
outputs, all powered by a single motor. Each output 
runs a single wrist or finger joint. The cobot distributes 
mechanical power to the joints more efficiently and 
with better control than a device with multiple motors 
could. The research is a part of the Revolutionizing 
Prosthetics project, funded by DARPA. 

Eric Faulring and his cobot haptic display.  
Photo by Giovanni Wuisan.

Having fielded several offers from top 
U.S. engineering programs, Ho is excited about 
being at the McCormick School. “Coming to 
Northwestern was an easy choice for me,” he 
says. “I feel constantly motivated to produce 
cutting-edge work that is catalyzed by world-
class faculty, students, and staff! The facilities 
are amazing, and the multidisciplinary spirit of 
the academic community — which will become 
ever more important in the future landscape 
of research — serves as a model to the best 
universities in the country. I couldn’t have 
asked for a better place to spark my career.” 

For more information on Ho’s research, 
see www.nbase.northwestern.edu.
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composed of myoblasts derived from mice. 

1. Schematic of the nanoswitch: A carbon nanotube is fixed to the  
top electrode and cantilevered over the bottom electrode. The switch  
is actuated by applying a voltage across the two electrodes. This 
generates an electrostatic force that deflects the  nanotube toward the 
bottom electrode. 
2. Experimental setup within the scanning electron microscope (SEM). 
3 and 4. SEM images of the switch in the off and on states.
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a model to the best universities in the country. 

R esearch	from	Rich Lueptow, 

professor	and	interim	chair	of	

mechanical	engineering,	has	made	

its	way	from	the	Department	of	Mechanical	

Engineering	to	NASA’s	Johnson	Space	Center	

—	and	someday	might	even	make	it	to	Mars.	

	 The	project	addresses	one	of	the	

foremost	challenges		facing	NASA	researchers	

preparing	for	a	manned	mission	to	Mars:	the	

ability	to	provide	clean	

drinking	water	for	the	

crew.	“These	missions	

are	projected	to	be	two	

to	three	years	long,	with	

at	least	three	astronauts,	

probably	more,”	says	

Lueptow.	“When	you	

have	a	crew	of	that	size,	

it’s	impossible	to	bring	enough	water	along.”

	 In	order	to	make	a	long-term	flight	

possible,	washwater,	flushwater,	humidity	

condensate	from	the	cabin	atmosphere,	

and	urine	must	be	recycled.	On	earth	

there	are	a	variety	of	ways	to	purify	and	

reuse	water,	but	few	meet	the	demands	

presented	by	spaceflight	or	are	possible	

in	zero	gravity.	One	attractive	purification	

method	is	reverse	osmosis,	a	process	in	

which	water	is	forced	through	a	membrane	

with	openings	large	enough	for	water	but	

not	most	contaminants.	While	common	

for	desalination	and	water	treatment,	the	

process	is	susceptible	to	membrane	fouling,	

which	greatly	reduces	the	amount	of	water	

that	can	be	purified.

	 Lueptow	and	his	research	team	have	

developed	a	prototype	water	filtration	system	

that	utilizes	a	cylindrical	rotating	filter	for	

reverse	osmosis.	The	rotating	filter	enables	

the	system	to	clean	wastewater	with	higher	

efficiency	than	a	traditional	reverse	osmosis	

filter.	As	Lueptow	explains,	the	secret	to	their	

success	is	in	the	swirls.	“The	rotation	of	a	

cylindrical	filter	generates	Taylor	vortices,	
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or	swirls,	that	constantly	wash	the	dirt	

and	contaminants	off	the	reverse	osmosis	

membrane.	If	you	don’t	have	these	swirls,		

the	pores	eventually	plug	up	with	contam-

inants,	or	the	contaminants	build	near	the	

surface	of	the	membrane.”

	 With	the	rotating	filter,	Lueptow’s	system	

is	able	to	treat	water	more	efficiently	than	other	

methods.	Traditional	reverse	osmosis	typically	

recovers	only	20	to	30	percent	of	the	water;	

his	prototype	system	is	able	to	recover	80	to	

90	percent.	

	 At	just	six	inches	wide	and	four	inches	

tall,	the	prototype	filter	module	also	saves	

space	—	an	important	consideration	in	the	

tight	confines	of	a	spacecraft.	Current	tests	

show	that	the	prototype	could	handle	the	

daily	water	needs	for	a	single	astronaut	

—	approximately	11	kilograms	per	day.	

	 After	eight	years	of	work	on	the	prototype	

filter,	Lueptow	and	his	team	have	transferred	

the	technology	to	NASA’s Johnson Space 

Center in	Houston	for	further	testing.	There,	

the	exploration	life	support	team	will	test	the	

system	under	conditions	that	would	be	typical	

for	spaceflight.	

Traditional reverse osmosis typically recovers only 20 to  
30 percent of the water; the prototype system is able to 
recover 80 to 90 percent. 
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A bistable nanoswitch

In recent years carbon nanotubes have drawn con

siderable attention for their remarkable electrical, 

mechanical, and chemical properties. Researchers 

have investigated devices ranging from transistors to 

nanoscale rotational actuators and biological sensors, 

all exploiting these properties, but complex and costly 

fabrication methods along with reliability issues hinder  

the commercialscale success of these revolutionary 

devices.

Recently, however, a novel carbon nanotubebased 

switch was demonstrated by Horacio Espinosa, professor 

of mechanical engineering, and his former graduate 

student Changhong Ke (PhD 05). The device exhibits two 

stable states — on and off — that correspond to the flow 

of tunneling current through the circuit. By overcoming 

some of the issues associated with fabrication and 

reliability assessment, this work could contribute to 

advancement of the technology used in memory devices 

and electronic sensing. The findings were published in the 

scientific journal Small in December 2006.

Espinosa and Ke constructed the device inside 

a scanning electron microscope (SEM) using a nano

manipulator to mount individual carbon nanotubes on 

the tip of a tungsten probe. The nanotube and probe, 

which acts as an electrode, were then positioned within 

micrometers of a second electrode. The switch was 

actuated by applying a voltage across the probe and 

electrode to generate an electrostatic force, deflecting  

the nanotube toward the electrode. By operating the 

device within the SEM, Ke and Espinosa were able 

to observe its mechanical motion in real time while 

simultaneously measuring current flow using a source

measurement unit.

Espinosa and w research was supported by the 

National Science Foundation and the Federal Aviation 

Administration.

Northwestern filed a patent application to cover the 

operating concepts of the device and its applications and 

is seeking commercial partners in the development of this 

technology. Potential applications include randomaccess 

memory elements, switches, and logic devices. 

Recent	PhD	joins	rehab	
robotics	spinoff
Eric Faulring didn’t have far to travel to find a  
job after earning his PhD from McCormick in 2005. 
He found it just a few miles from the Northwestern 
campus at a spinoff company founded by Northwestern 
professors called Chicago PT LLC. 

At McCormick, Faulring created and studied 
a haptic cobot, a device that provides a high-quality 
physical interface with either a virtual environment  
or a telerobotic slave robot. His cobot provides users 
with a full six-dimensional haptic experience and is 
capable of producing forces and motions on three 
translational axes and about three rotational axes. By 
many measures its performance as a haptic interface 

T he McCormick School welcomed 
Dean Ho as an assistant professor 
in the Department of Mechanical 

Engineering in fall 2006. Ho comes from the 
California Institute 
of Technology, 
where he performed 
postdoctoral work 
on microfabricated 
thin-film devices 
for cellular inter-
rogation as well as 
effector molecule-
functionalized 

polymers for coating microelectromechanical 
systems-based implants. He completed his 
PhD at UCLA, where as a graduate student 
researcher he developed a protein-embedded 
copolymer capable of biologically inspired 
energy transduction.

During the course of his studies at UCLA, 
Ho became interested in developing devices 
and materials that directly interface biological 
and nonbiological components for translational 
or basic science applications. The foundation of 
his work is the mimicry of intricate processes 

that occur in nature — such as transmembrane 
energy conversion or molecular transport 
— and the use of these hybrid technologies. 
For instance, Ho has successfully demonstrated 
a purely protein-driven energy transduction 
process for photocurrent and antiproton 
leakage fuel cell applications. These studies 
were featured in a cover story in the journal 
Nanotechnology and received coverage in 
Nature, as well as several Current Opinion 
review articles.

 At Northwestern, Ho 
and his team of students and 
postdoctoral researchers have 
commenced studies on the 
development and characterization 
of novel protein-functionalized 
polymeric materials, as well 
as microfabricated transducer 
systems of integrated sensors and 
actuators. With these studies, 
Ho’s group is moving beyond 
cellular surfaces and peering into 
their internal circuitry to better 
understand how to activate or even 
control cellular behavior. This may 
be useful in tissue engineering 
applications, directed cellular 
assembly, and the attenuation of 
immune responses to artificial materials. 
 “Nature has perfected a collection of 
molecular architectures and intracellular 
signaling elements that drive the processes of 
life,” says Ho. “For example, material stiffness 
properties may serve as stimuli, or switches, 
that activate intracellular reactions to influence 
cellular behavior and morphology. If we can 

uncover these mechanisms and functionalize 
our devices to enable on-demand cell control, 
we will truly be at an exciting intersection 
of biology and engineering. We’re hoping 
these studies will inspire important new 
knowledge on how to harness nature’s best 
work for translational applications towards 
cytomanipulation, novel energy devices, and 
‘biocloaked’ implants.”

is the best in the world.  Faulring won the Best 
Student Paper award at the 2004 IEEE International 
Conference on Robotics and Automation for his work. 

Chicago PT was founded by Ed Colgate, 
professor of mechanical engineering and Alumnae 
of Northwestern Teaching Professor, and Michael 

Peshkin, professor of mechanical engineering, 
together with a colleague from Northwestern’s 
Feinberg School of Medicine. At Chicago PT, Faulring 
is building another cobot, this one small enough to 
fit in a forearm. It is a key part of a many-jointed 
prosthetic arm whose motions are to be controlled 
by the wearer’s nervous system, like a natural limb.  
Faulring’s miniaturized cobot acts as a continuously 
variable transmission with 15 independent mechanical 
outputs, all powered by a single motor. Each output 
runs a single wrist or finger joint. The cobot distributes 
mechanical power to the joints more efficiently and 
with better control than a device with multiple motors 
could. The research is a part of the Revolutionizing 
Prosthetics project, funded by DARPA. 

Eric Faulring and his cobot haptic display.  
Photo by Giovanni Wuisan.

Having fielded several offers from top 
U.S. engineering programs, Ho is excited about 
being at the McCormick School. “Coming to 
Northwestern was an easy choice for me,” he 
says. “I feel constantly motivated to produce 
cutting-edge work that is catalyzed by world-
class faculty, students, and staff! The facilities 
are amazing, and the multidisciplinary spirit of 
the academic community — which will become 
ever more important in the future landscape 
of research — serves as a model to the best 
universities in the country. I couldn’t have 
asked for a better place to spark my career.” 

For more information on Ho’s research, 
see www.nbase.northwestern.edu.
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New	professor	interfaces	biology	with	micro-	and	nanodevices

A hybrid material coating that has been shown to 
induce autonomous formation of aligned architectures 
composed of myoblasts derived from mice. 

1. Schematic of the nanoswitch: A carbon nanotube is fixed to the  
top electrode and cantilevered over the bottom electrode. The switch  
is actuated by applying a voltage across the two electrodes. This 
generates an electrostatic force that deflects the  nanotube toward the 
bottom electrode. 
2. Experimental setup within the scanning electron microscope (SEM). 
3 and 4. SEM images of the switch in the off and on states.

The facilities are amazing, and the multidisciplinary spirit of 
the academic community — which will become ever more 
important in the future landscape of research — serves as 
a model to the best universities in the country. 

R esearch	from	Rich Lueptow, 

professor	and	interim	chair	of	

mechanical	engineering,	has	made	

its	way	from	the	Department	of	Mechanical	

Engineering	to	NASA’s	Johnson	Space	Center	

—	and	someday	might	even	make	it	to	Mars.	

	 The	project	addresses	one	of	the	

foremost	challenges		facing	NASA	researchers	

preparing	for	a	manned	mission	to	Mars:	the	

ability	to	provide	clean	

drinking	water	for	the	

crew.	“These	missions	

are	projected	to	be	two	

to	three	years	long,	with	

at	least	three	astronauts,	

probably	more,”	says	

Lueptow.	“When	you	

have	a	crew	of	that	size,	

it’s	impossible	to	bring	enough	water	along.”

	 In	order	to	make	a	long-term	flight	

possible,	washwater,	flushwater,	humidity	

condensate	from	the	cabin	atmosphere,	

and	urine	must	be	recycled.	On	earth	

there	are	a	variety	of	ways	to	purify	and	

reuse	water,	but	few	meet	the	demands	

presented	by	spaceflight	or	are	possible	

in	zero	gravity.	One	attractive	purification	

method	is	reverse	osmosis,	a	process	in	

which	water	is	forced	through	a	membrane	

with	openings	large	enough	for	water	but	

not	most	contaminants.	While	common	

for	desalination	and	water	treatment,	the	

process	is	susceptible	to	membrane	fouling,	

which	greatly	reduces	the	amount	of	water	

that	can	be	purified.

	 Lueptow	and	his	research	team	have	

developed	a	prototype	water	filtration	system	

that	utilizes	a	cylindrical	rotating	filter	for	

reverse	osmosis.	The	rotating	filter	enables	

the	system	to	clean	wastewater	with	higher	

efficiency	than	a	traditional	reverse	osmosis	

filter.	As	Lueptow	explains,	the	secret	to	their	

success	is	in	the	swirls.	“The	rotation	of	a	

cylindrical	filter	generates	Taylor	vortices,	
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or	swirls,	that	constantly	wash	the	dirt	

and	contaminants	off	the	reverse	osmosis	

membrane.	If	you	don’t	have	these	swirls,		

the	pores	eventually	plug	up	with	contam-

inants,	or	the	contaminants	build	near	the	

surface	of	the	membrane.”

	 With	the	rotating	filter,	Lueptow’s	system	

is	able	to	treat	water	more	efficiently	than	other	

methods.	Traditional	reverse	osmosis	typically	

recovers	only	20	to	30	percent	of	the	water;	

his	prototype	system	is	able	to	recover	80	to	

90	percent.	

	 At	just	six	inches	wide	and	four	inches	

tall,	the	prototype	filter	module	also	saves	

space	—	an	important	consideration	in	the	

tight	confines	of	a	spacecraft.	Current	tests	

show	that	the	prototype	could	handle	the	

daily	water	needs	for	a	single	astronaut	

—	approximately	11	kilograms	per	day.	

	 After	eight	years	of	work	on	the	prototype	

filter,	Lueptow	and	his	team	have	transferred	

the	technology	to	NASA’s Johnson Space 

Center in	Houston	for	further	testing.	There,	

the	exploration	life	support	team	will	test	the	

system	under	conditions	that	would	be	typical	

for	spaceflight.	

Traditional reverse osmosis typically recovers only 20 to  
30 percent of the water; the prototype system is able to 
recover 80 to 90 percent. 
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FACulty

ted Belytschko,	Walter	P.	Murphy	and	McCormick	Institute	
Professor	of	Mechanical	Engineering,	received	an	honorary	
doctorate	from	the	University	of	Lyon.	

Cate Brinson (left),	Jerome	B.	Cohen	
Professor	in	Engineering,	was	elected	a	fellow	
of	the	Society	of	Engineering	Science.	

Jian Cao, associate	professor	of	mechanical	
engineering,	received	the	Young	Investigator	
Award	of	the	American	Society	of	Mechanical	
Engineers	Division	of	Applied	Mechanics.		

Ed Colgate, professor	of	mechanical	engineering,	was	named	
Pentair-Nugent	Professor	in	Manufacturing.

isaac Daniel, Walter	P.	Murphy	Professor	of	Mechanical	Engi-
neering	and	Civil	and	Environmental	and	Engineering,	received	the	
P.	S.	Theocaris	Award	of	the	Society	for	Experimental	Mechanics,	
given	to	a	fellow	of	the	society	who	has	made	outstanding	con-
tributions	in	experimental	and	fracture	mechanics.

Kornel Ehmann, James	N.	and	Nancy	J.	Farley	Professor		
of	Manufacturing	and	Entrepreneurship,	became	a	fellow	of	the	
Society	of	Manufacturing	Engineers	and	was	appointed	University	
Chair	Professor	at	Chung	Yuan	Christian	University	in	Taiwan.	

Horacio Espinosa (left), professor	of	
mechanical	engineering,	received	the	
Society	of	Engineering	Science	2007	
Young	Investigator	Medal	in	recognition	
of	his	outstanding	work	in	the	field	of	
engineering	science	and	nanomaterials.	
In	addition,	the	editors	of	the	Journal of 
Micromechanics and  Microengineering 
selected	“Multi-ink	linear	array	of	nano-
fountain	probes”	by	Espinosa,	Keun-Ho 

Kim (PhD	06),	and	postdoctoral	fellow	Nicolaie Moldova for	
IoP Select, a	collection	of	articles	from	Institute	of	Physics	journals	
chosen	for	their	significance,	novelty,	and	potential	impact	on	
future	research.

walter Herbst, clinical	professor	of	mechanical	engineering		
and	director	of	the	Master	of	Product	Development	Program,		
gave	the	keynote	speech	entitled	“What	about	Innovation?”	at		
the	MIT	Enterprise	Forum	in	Chicago	in	September	2006.	

wing Kam liu, Walter	P.	Murphy	
Professor	of		Mechanical	Engineering,	
is	coauthor	of	a	new	book	entitled	
Nano Mechanics and Materials: Theory, 
Multiscale Methods and Applications.

Jane wang, associate	professor	of	
mechanical	engineering,	was	named	
to	the	editorial	boards	of	Tribology — 
Materials, Surfaces, and Interfaces and	
Advances in Tribology.
	

StuDENtS AND AluMNi

Francois Barthelat (PhD	05)	joined	McGill	University	in		
fall	2006	as	assistant	professor	of	mechanical	engineering.
 
PhD	candidate	Bo He received	the	2006	Society	of	Tribologists	
and	Lubrication	Engineers	(STLE)	Chicago	Section	Scholarship	
Award,	presented	to	outstanding	students	who	perform	research	
in	the	field	of	tribological	science	and	engineering.
	
PhD	candidate	Ashlie Martini (below)	won	the	best	student	
poster	for	“Subsurface	Stress	in	Elastic-Plastic	Contact	with	Real	
Rough,	Sinusoidal,	and	Textured	Surfaces”	at	the	2006	STLE/
ASME	International	Joint	Tribology	Conference	in	October.	

	

yong Zhu (PhD	05)	received	the	Best	Poster	Award	from	the	
Gordon	Conference	on	Thin	Film	and	Small	Scale	Mechanical	
Behavior	in	2006	for	his	poster	entitled	“A	Nanoscale	Material	
Testing	System	and	In	Situ	SEM/TEM	Testing	of	Nanostructures.”

The	Mechanical Engineering Graduate 
Student Society (MEGSS)	welcomed	new	
graduate	students	to	the	Department	of	Mech-
anical	Engineering	in	September	2006.	MEGSS		
is	actively	involved	in	many	aspects	of	new	grad-
uate	student	orientation,	having	established	a		
new	student	mentor	program	and	holding	student-
only	question-and-answer	sessions.	A	highlight		
of	the	orientation	week	was	a	new	student	
welcome	party	held	at	the	North	Beach	Club	in	
downtown	Chicago.	Featuring	bowling,	Ping-Pong,	
pool,	basketball,	and	sand	volleyball,	the	event	
was	well	attended	by	the	new	students,	society	
officers,	and	many	other	mechanical	engineering	
graduate	students	and	their	significant	others.	
New	and	current	students	were	able	to	meet	in	a	
relaxed	atmosphere	outside	the	lab	—	perhaps	
even	paving	the	way	for	future	interdisciplinary	
collaborations.	
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Many	mammals	use	their	whiskers	to	explore	their		
environment	and	construct	a	three-dimensional		
image	of	their	world.	A	rodent,	for	example,	uses	its	

whiskers	to	determine	the	size,	shape,	and	texture	of	objects,	
while	a	seal	uses	its	whiskers	to	track	the	fluid	wake	of	its	prey.
	 Mitra J. Hartmann, assistant	professor	of	mechanical	
engineering	and	biomedical	engineering,	and	Joseph H. 

Solomon, a	graduate	student	in	
Hartmann’s	laboratory,	have	been	studying	
the	whisker	system	of	rats	to	better	
understand	how	mechanical	information	
from	the	whiskers	is	transmitted	to	the	
brain	and	to	develop	artificial	whisker	
arrays	for	engineering	applications.	They	
have	developed	arrays	of	robotic	whiskers	
that	mimic	many	of	the	capabilities	of	
mammalian	whiskers	and	can	sense	

information	about	both	object	shape	and	fluid	flow.	The	arrays	
—	which	may	find	application	on	assembly	lines,	in	pipelines,	
or	on	land-based	autonomous	rovers	or	underwater	vehicles	
—	were	the	subject	of	a	paper	published	in	the	October	5,	2006,	
issue	of	the	journal	Nature.
	 “We	show	that	the	bending	moment,	or	torque,	at	the	
whisker	base	can	be	used	to	generate	three-dimensional	spatial	
representations	of	the	environment,”	says	Hartmann.	“We	used	
this	principle	to	make	arrays	of	robotic	whiskers	that	in	many	
respects	closely	replicate	rat	whiskers.”	The	technology,	she	
says,	could	be	used	to	extract	the	three-dimensional	features		
of	almost	any	solid	object.

	 Rat	whiskers	rotate	at	their	base	within	a	plane	roughly	
parallel	to	the	ground.	When	the	whiskers	hit	an	object,	they	can	
be	deflected	backwards,	upwards,	or	downwards	by	contact	
with	the	object.	The	bending	of	the	whisker	activates	many	
thousands	of	sensory	receptors	located	in	the	follicle	at	the	
whisker	base.	The	receptors,	in	turn,	send	neural	signals	to	the	
brain,	where,	scientists	theorize,	a	three-dimensional	image	is	
generated.
	 Hartmann	and	Solomon	showed	that	their	robotic	whiskers	
could	extract	information	about	object	shape	by	“whisking,”	or	
sweeping,	the	whiskers	across	a	small	sculpted	head,	which	
was	chosen	specifically	for	its	complex	shape.	As	the	whiskers	
move	across	the	object,	strain	gauges	sense	the	bending	of	
the	whiskers	and	thus	determine	the	location	of	different	points	
on	the	head.	A	computer	program	then	“connects	the	dots”	to	
create	a	three-dimensional	representation	of	the	object.
	 The	researchers	also	showed	that	a	slightly	different	whisker	
array	—	one	in	which	the	whiskers	were	widened	to	provide	
more	surface	area	—	could	determine	the	speed	and	direction	
of	the	flow	of	a	fluid,	much	as	a	seal’s	whiskers	help	it	track	the	
wake	of	prey.
	 Hartmann	and	Solomon’s	research	was	supported	by	
the	National Science Foundation and	NASA’s Jet 
Propulsion Laboratory.

Robotic	whiskers	sense		
three-dimensional	environment
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FACulty

ted Belytschko,	Walter	P.	Murphy	and	McCormick	Institute	
Professor	of	Mechanical	Engineering,	received	an	honorary	
doctorate	from	the	University	of	Lyon.	

Cate Brinson (left),	Jerome	B.	Cohen	
Professor	in	Engineering,	was	elected	a	fellow	
of	the	Society	of	Engineering	Science.	

Jian Cao, associate	professor	of	mechanical	
engineering,	received	the	Young	Investigator	
Award	of	the	American	Society	of	Mechanical	
Engineers	Division	of	Applied	Mechanics.		

Ed Colgate, professor	of	mechanical	engineering,	was	named	
Pentair-Nugent	Professor	in	Manufacturing.

isaac Daniel, Walter	P.	Murphy	Professor	of	Mechanical	Engi-
neering	and	Civil	and	Environmental	and	Engineering,	received	the	
P.	S.	Theocaris	Award	of	the	Society	for	Experimental	Mechanics,	
given	to	a	fellow	of	the	society	who	has	made	outstanding	con-
tributions	in	experimental	and	fracture	mechanics.

Kornel Ehmann, James	N.	and	Nancy	J.	Farley	Professor		
of	Manufacturing	and	Entrepreneurship,	became	a	fellow	of	the	
Society	of	Manufacturing	Engineers	and	was	appointed	University	
Chair	Professor	at	Chung	Yuan	Christian	University	in	Taiwan.	

Horacio Espinosa (left), professor	of	
mechanical	engineering,	received	the	
Society	of	Engineering	Science	2007	
Young	Investigator	Medal	in	recognition	
of	his	outstanding	work	in	the	field	of	
engineering	science	and	nanomaterials.	
In	addition,	the	editors	of	the	Journal of 
Micromechanics and  Microengineering 
selected	“Multi-ink	linear	array	of	nano-
fountain	probes”	by	Espinosa,	Keun-Ho 

Kim (PhD	06),	and	postdoctoral	fellow	Nicolaie Moldova for	
IoP Select, a	collection	of	articles	from	Institute	of	Physics	journals	
chosen	for	their	significance,	novelty,	and	potential	impact	on	
future	research.

walter Herbst, clinical	professor	of	mechanical	engineering		
and	director	of	the	Master	of	Product	Development	Program,		
gave	the	keynote	speech	entitled	“What	about	Innovation?”	at		
the	MIT	Enterprise	Forum	in	Chicago	in	September	2006.	

wing Kam liu, Walter	P.	Murphy	
Professor	of		Mechanical	Engineering,	
is	coauthor	of	a	new	book	entitled	
Nano Mechanics and Materials: Theory, 
Multiscale Methods and Applications.

Jane wang, associate	professor	of	
mechanical	engineering,	was	named	
to	the	editorial	boards	of	Tribology — 
Materials, Surfaces, and Interfaces and	
Advances in Tribology.
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Francois Barthelat (PhD	05)	joined	McGill	University	in		
fall	2006	as	assistant	professor	of	mechanical	engineering.
 
PhD	candidate	Bo He received	the	2006	Society	of	Tribologists	
and	Lubrication	Engineers	(STLE)	Chicago	Section	Scholarship	
Award,	presented	to	outstanding	students	who	perform	research	
in	the	field	of	tribological	science	and	engineering.
	
PhD	candidate	Ashlie Martini (below)	won	the	best	student	
poster	for	“Subsurface	Stress	in	Elastic-Plastic	Contact	with	Real	
Rough,	Sinusoidal,	and	Textured	Surfaces”	at	the	2006	STLE/
ASME	International	Joint	Tribology	Conference	in	October.	

	

yong Zhu (PhD	05)	received	the	Best	Poster	Award	from	the	
Gordon	Conference	on	Thin	Film	and	Small	Scale	Mechanical	
Behavior	in	2006	for	his	poster	entitled	“A	Nanoscale	Material	
Testing	System	and	In	Situ	SEM/TEM	Testing	of	Nanostructures.”

The	Mechanical Engineering Graduate 
Student Society (MEGSS)	welcomed	new	
graduate	students	to	the	Department	of	Mech-
anical	Engineering	in	September	2006.	MEGSS		
is	actively	involved	in	many	aspects	of	new	grad-
uate	student	orientation,	having	established	a		
new	student	mentor	program	and	holding	student-
only	question-and-answer	sessions.	A	highlight		
of	the	orientation	week	was	a	new	student	
welcome	party	held	at	the	North	Beach	Club	in	
downtown	Chicago.	Featuring	bowling,	Ping-Pong,	
pool,	basketball,	and	sand	volleyball,	the	event	
was	well	attended	by	the	new	students,	society	
officers,	and	many	other	mechanical	engineering	
graduate	students	and	their	significant	others.	
New	and	current	students	were	able	to	meet	in	a	
relaxed	atmosphere	outside	the	lab	—	perhaps	
even	paving	the	way	for	future	interdisciplinary	
collaborations.	
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Many	mammals	use	their	whiskers	to	explore	their		
environment	and	construct	a	three-dimensional		
image	of	their	world.	A	rodent,	for	example,	uses	its	

whiskers	to	determine	the	size,	shape,	and	texture	of	objects,	
while	a	seal	uses	its	whiskers	to	track	the	fluid	wake	of	its	prey.
	 Mitra J. Hartmann, assistant	professor	of	mechanical	
engineering	and	biomedical	engineering,	and	Joseph H. 

Solomon, a	graduate	student	in	
Hartmann’s	laboratory,	have	been	studying	
the	whisker	system	of	rats	to	better	
understand	how	mechanical	information	
from	the	whiskers	is	transmitted	to	the	
brain	and	to	develop	artificial	whisker	
arrays	for	engineering	applications.	They	
have	developed	arrays	of	robotic	whiskers	
that	mimic	many	of	the	capabilities	of	
mammalian	whiskers	and	can	sense	

information	about	both	object	shape	and	fluid	flow.	The	arrays	
—	which	may	find	application	on	assembly	lines,	in	pipelines,	
or	on	land-based	autonomous	rovers	or	underwater	vehicles	
—	were	the	subject	of	a	paper	published	in	the	October	5,	2006,	
issue	of	the	journal	Nature.
	 “We	show	that	the	bending	moment,	or	torque,	at	the	
whisker	base	can	be	used	to	generate	three-dimensional	spatial	
representations	of	the	environment,”	says	Hartmann.	“We	used	
this	principle	to	make	arrays	of	robotic	whiskers	that	in	many	
respects	closely	replicate	rat	whiskers.”	The	technology,	she	
says,	could	be	used	to	extract	the	three-dimensional	features		
of	almost	any	solid	object.

	 Rat	whiskers	rotate	at	their	base	within	a	plane	roughly	
parallel	to	the	ground.	When	the	whiskers	hit	an	object,	they	can	
be	deflected	backwards,	upwards,	or	downwards	by	contact	
with	the	object.	The	bending	of	the	whisker	activates	many	
thousands	of	sensory	receptors	located	in	the	follicle	at	the	
whisker	base.	The	receptors,	in	turn,	send	neural	signals	to	the	
brain,	where,	scientists	theorize,	a	three-dimensional	image	is	
generated.
	 Hartmann	and	Solomon	showed	that	their	robotic	whiskers	
could	extract	information	about	object	shape	by	“whisking,”	or	
sweeping,	the	whiskers	across	a	small	sculpted	head,	which	
was	chosen	specifically	for	its	complex	shape.	As	the	whiskers	
move	across	the	object,	strain	gauges	sense	the	bending	of	
the	whiskers	and	thus	determine	the	location	of	different	points	
on	the	head.	A	computer	program	then	“connects	the	dots”	to	
create	a	three-dimensional	representation	of	the	object.
	 The	researchers	also	showed	that	a	slightly	different	whisker	
array	—	one	in	which	the	whiskers	were	widened	to	provide	
more	surface	area	—	could	determine	the	speed	and	direction	
of	the	flow	of	a	fluid,	much	as	a	seal’s	whiskers	help	it	track	the	
wake	of	prey.
	 Hartmann	and	Solomon’s	research	was	supported	by	
the	National Science Foundation and	NASA’s Jet 
Propulsion Laboratory.

Robotic	whiskers	sense		
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