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(c) JUACEP Summer Program 2016 Schedule
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Japanese Class  @ EB-3, 441

Japanese Class  @ EB-3, 441 Research at Lab
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Lab introduction
@ each Lab

Departing Nagoya University
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Research at Lab

Research at Lab

Japanese Class  @ EB-3, 441
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Research at Lab

Research at Lab
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@ ES Meeting Room

Field Trip (Toyota Kaikan Museum, Toyota Factory, Railway Park Museum)
Japanese Class  @ EB-3, 441

Research at Lab Research at Lab

Research at Lab

Research at Lab

Research at Lab Research at Lab

Research at Lab

Disaster Mitigation Research Center

Research at Lab

Japanese Class  @ EB-3, 441

Research at Lab Research at Lab

Research at Lab

Research at Lab

Hands-on Exercise A @ EB-N Creation Plaza, 10F

Research at Lab
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(a) Japanese Course Syllabus 
Course name Japanese Language 

Teaching staff Ms. YASUI Sumie 

Course period June 21 - July 21, 2016  

Weekly 
timetable 

Tuesday & Thursday 
1st (45 min) & 2nd period (90 min) (9 40-12 00)  

Classroom #3 Engineering Building, room 441 (4th floor, EB-3) 

Textbook “GENKI, An Integrated Course in Elementary Japanese” I  
                                    (The Japan Times) 
This textbook is a comprehensive approach to developing the four 
basic language skills (listening, speaking, reading and writing) in order 
to cultivate overall Japanese-language ability.  
*Some teaching material will be given in class. 

Course 
Contents 

Course outline 
The purpose of this course is to introduce the most essential Japanese 
words and expressions for everyday life. Students will learn writing 
system (Hiragana & Katakana), the basic grammar, expressions of 
Japanese. 
Classroom activities 
Basic communication skills required in everyday life will be taught by 
introducing new vocabulary, new grammar, and practicing listening, 
conversation and role-playings.  
Homework and Quiz 
You are expected to submit your homework by the deadline.  
Quizzes will be given every day in class. 
 1. Hiragana  2. Katakana 3. Dictation  4. Conjugation  

Evaluation 1.  Homework         20%                   S=100-90 
2.  Quizzes           30%                   A=89-80 
3.  Oral exam.         50%                   B=79-70 
                     100%                   C=69-60 
More than 80% attendance is required.         F(fail)=59-0 
You will be officially awarded 1 credit of Nagoya University. 
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Course  

schedule 

1.  6/21(Tue)   
    Greeting Expressions, Hiragana 1 
    Introducing yourself, Noun sentences 1, Occupation, 

Nationality, Age, Numbers 1-100 
2.  6/23(Thu)   

Classroom expressions, Hiragana 2 
Shopping, Noun sentences 2, Price, Numbers 101-1,000,000 

3.  6/28(Tue)  
Hiragana 3 
Describing where things are, Locations 
Placing an order at a restaurant 

4.  6/30(Thu)  
    Hiragana 4 
    Talking about your daily life 

Verbal sentences 1, Time reference, Adverbs  
5.  7/5(Tue)  

Hiragana 5 
Invitations, Suggestions, Desires 
Verbal sentences 2, Days/Weeks/Months/Years, Counting 

6.  7/7(Thu)  
Katakana 1 
Talking about your family  
Adjectives, Likes or Dislikes, Degree expressions, Family terms 

7.  7/12(Tue)  
    Katakana 2 

Talking about your week-end, Past tense, Time words  
8.  7/14(Thu)  
    Katakana 3 

Making a request (Verb-Te-form ), Progressive actions, 
Describing your status 

9.  7/19(Tue)  
    Asking permission, Prohibition, Negative request 

Describing two things 
Talking about your interests  

    Plain form 
10.  7/21(Thu)  
    The Final Examination (speaking) 
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(b) Hands-on Exercise 
 

“Disassembly and Assembly of Internal Combustion Engine” 
 

 
 
 

 
 
 

 
 
 

Group A: July 8, Fri Sandeep Kumar Xiaojin Shen 
Chih-Kang Chan Raymond Roman Chen-Hsi Huang 
   
Group B: July 15, Fri Bonan Zhou Carlos Gamez 
Itsui Yamayoshi Matthew Yee  

 
Time:  13:00 – 16:00 

Place:  Creation Plaza, 10th floor of IB-North 
Staff: Prof. Yasuhiko Sakai, Director of Creation Plaza 
 Asst. Prof. Kaneko Kazue, Creation Plaza 

 Technical staff . Koji Yamamoto, Masafumi Nakakimura,  
Shintaro Goto, Kiyonori Saito, and others 

Contents: 

 Opening remarks 
 Introduction to the basis of the Internal Combustion Engine and other engines 

 (History, Characteristics, Operation principle, Practice engines) 

Disassembling  Assembling  Adjustment 
Performance test and Jet engine demonstration 
Discussion 
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About Us Greetings Organization Research Projects The Disaster Mitigation Research Building

The Disaster Mitigation Research Center (DMRC), Nagoya University, was founded in January 2012. Nagoya City and the

surrounding Chukyo area are vulnerable to natural hazard risks, particularly colossal earthquakes along the Nankai Trough

plate boundary. The Japanese government estimates that there is a 60-70 % chance of a massive earthquake occurring during

the next 30 years. The area also has a history of damaging floods and storms. Since this area is the center of industrial

production in Japan, the natural hazard risks have the potential to cause a serious crisis at the national level. 

The DMRC brings together experts from various academic fields, such as engineering, earth science, social science, and

humanities as a means of promoting cooperative multidisciplinary research aimed at developing and applying a state-of-the

art disaster mitigation model to ensure that the local community is safe and secure. The DMRC provides a cooperative

framework for local government, companies, and citizens to improve the preparedness of the local community for future

natural hazards. In addition, the DMRC offers disaster mitigation training courses for local public officers and volunteers. The

Disaster Mitigation Research Building (Gensai-kan) where the DMRC is located has an exhibition hall and a library, which

offer the public information about natural disasters and their mitigation.

Please also refer to the following pamphlets     *You need to use Adobe Acrobat Reader to view or download the documents in pdf format.

The Disaster Mitigation Research Center

The Disaster Mitigation Research Building (Gensai-kan)

The Disaster Mitigation Research Building

introduction video

The GENSAIKAN 2015-16

テキストテキスト
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Let’s meet up to get info for the life of 
study abroad! 
★ To reduce anxieties of your life abroad 
★ To know what you need for the beginning of your 

life abroad 
★ To have dependable friends in your life abroad… 

（内線 ）

ROUND-TABLE 

DISCUSSION FOR 

JUACEP STUDENTS 

16:00-  WED, JULY 6, 2016 
AEROSPACE MTG ROOM #347, 3F EB-2 

(d) Meet-up for JUACEP Students  
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(e) Field Trip 
 
Date: June 29, Wednesday 

Escorts: Asst. Prof. Takehiro Hayasaka 
Tomoko Kato, JUACEP 

Visiting spots: 
Toyota Kaikan Museum 
http://www.toyota.co.jp/en/about_toyota/facility/toyota_kaikan/museum/ 

Toyota Motor Factory  
http://www.toyota.co.jp/en/about_toyota/facility/toyota_kaikan/index.html 

SCMAGLEV and Railway Park 
http://museum.jr-central.co.jp/en/ 

BBQ (dinner) 

Schedule: 

Time Event Transportation 

9:10 Meeting at Toyoda Auditorium  

9:20 Departure from Nagoya University Hired bus 

10:30 Toyota Kaikan Museum  

11:00 Toyota Factory  

13:00 Leaving Toyota and Lunch in the bus Hired bus 

13:40 SCMAGLEV and Railway Park  

17:00 Leaving the Park Hired bus 

17:30 BBQ at Yanagibashi  

19:30 Breakup at Nagoya Station  

*Schedule above is tentative and may be changed. 
*Wear sports shoes for safety of Toyota factory tour. 
*Photo is not allowed in the factory. 
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Page Name Report title Adviser at Nagoya Univ.

15 Chih-Kang CHAN Intuitive User Interface for Surgical Tool
Operation

Prof. Yasuhisa Hasegawa
Micro-Nano Systems
Engineering

20 Sandeep INGERSAL Effect of Direction of Cutting on Mode-
Coupling Chatter Stability in Milling

Prof. Eiji Shamoto
Mechanical Science and
Engineering

25 Xiaojin SHEN
Experimental and Computational Analyses
for the Molten Borosilicate Glass
with/without Crystalline Materials

Prof. Youichi Enokida
Quantum Science and Energy
Engineering

33 Carlos  GAMEZ

Temperature Dependent Thermal-Electrical-
Structural Finite Element Analysis around
Crack Tip under High Current Density
Electropulsing

Assoc. Prof. Yasuyuki Morita
Mechanical Science and
Engineering

39 Chen-Hsi HUANG
Mechanical Properties of Lipid Vesicle
Studied by Molecular Dynamics Simulations
(Undisclosed)

Assoc. Prof. Wataru Shinoda
Applied Chemistry

40 Raymond ROMAN Investigation of Time-Dependent
Hemodynamics in Stented and Unstented

Assoc. Prof. Yasumasa Ito
Mechanical Science and
Engineering

49 Itsui YAMAYOSHI Path Tracking Using LIDAR Localization
and Mapping

Prof. Tatsuya Suzuki
Mechanical Science and
Engineering

54 Matthew YEE Carbon Nanotube Thin Film Transistors on
Flexible Plastic Films

Prof. Yutaka Ohno
Electrical Engineering

58 Bonan ZHOU
Estimation of the Region of Attraction for
Optimization of Design Parameters in
Nonlinear Control Systems

Prof. Susumu Hara
Aerospace Engineerig

(f) Research Internship ---Research Reports
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INTUITIVE USER INTERFACE FOR SURGICAL TOOL OPERATION 

 
Chang Chih-Kang 

 
Robotics Program, University of Michigan 

chihkang@umich.edu 
 

Supervisor: Prof. Hasegawa Yasuhisa 
 

Department of Micro-Nano System Engineering, Nagoya University 

hasegawa@mein.nagoya-u.ac.jp 

ABSTRACT 
The pituitary gland is a small organ, located at the base 

of the brain, regulating several physiological processes. A 
tumour in the pituitary gland can cause symptoms such as 
acromegaly, cushing’s disease, or prolactinoma by either 
releasing too much or too little hormone. It may also cause 
symptoms such as a visual field defect by pressing the 
structures surrounding the gland. To remove the tumour, the 
surgeon works through the nostrils with an endoscope and 
long instruments in the endonasal approach. The goal of this 
research is to develop a new robotic neurosurgical tool with 
an intuitive user interface to assist the surgeon and to 
provide high precision and dexterity of tool handling during 
the surgical operation. In this report, we use a haptic device 
for the user interface to control the surgical tool. The 
corresponding force feedback is applied on the device to 
simulate the surgical tool operation. We implement contact 
force feedback with virtual objects and tool constraint force 
feedback in a simulated virtual environment. As a result, a 
basic structure is built and prepared for further development 
and improvement of our proposed robotic neurosurgical 
system.

1. INTRODUCTION 

1.1 ENDOSCOPIC TRANSNASAL PITUITA-
RY SURGERY 
The endoscopic transnasal pituitary surgery is 

performed through the nose to remove tumours from the 
pituitary gland and the skull base. In this minimally invasive 
surgery, the surgeon works through the nostrils with a thin 
endoscopic camera to remove tumours using long 
instruments (Fig. 1) [1].  

The pituitary gland, located at the base of the brain, is a 
small organ about the size of an acorn. The pituitary gland is 
sometimes referred to as the “master gland” because it 
releases substances which control the basic functions of 
growth, metabolism, and reproduction. A tumour in the 
pituitary gland can cause symptoms such as acromegaly, 
cushing’s disease, or prolactinoma by either releasing too 
much or too little hormone by pressing the gland. A pituitary 

tumour may also cause symptoms such as a visual defect by 
growing and pressing the structures such as the nerves to the 
eyes surrounding the gland. [2] 

 
Fig. 1 Endoscopic transnasal pituitary surgery [1] 

1.2 ROBOTIC SURGERY 
Robotic surgery is an advanced form of minimally 

invasive or laparoscopic (small incision) surgery where 
surgeons use a computer-controlled robot to assist them in 
certain surgical procedures. The robot’s “hands” have high 
degrees of dexterity, providing surgeons with the ability to 
operate in very tight and narrow spaces in the body that 
would otherwise only be accessible through open (long 
incision) surgery. 

Compared to open surgery (traditional surgery with 
long incisions), robotic and minimally invasive surgery 
typically cause smaller incisions with less pain and scarring, 
resulting in shorter hospitalization and less risk of infection. 

Robotic surgery allows surgeons to perform complex 
surgical tasks through small incisions using robotic 
technology. Surgical robots are actuated and computer-
controlled devices that can be programmed to aid in the 
positioning and manipulation of surgical instruments. This 
provides surgeons with better accuracy, flexibility and 
control. [3] 

1.3 SURGICAL SYSTEM STRUCTURE 
Fig. 2 shows a conceptual structure of the robotic 

surgical system with an intuitive user interface we consider 
in this research.  
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Fig. 2 The robotic surgical tool structure 

The robotic surgical tool is controlled with a haptic 
device. In this research, Phantom Omni (Fig. 3), the device 
with 6 DoF position sensing and 3 DoF translation force 
feedback developed by Sensable Technologies, is used due 
to its easy access and wide application. The device measures 
the motion of the surgeon’s operation including the position 
and orientation and sends such data to drive the surgical 
tool. The robotic arm (DENSO VS050 shown in Fig. 4) is 
controlled by a 3D mouse (Fig. 5) and moved to the desired 
location before the operation to hold the surgical tool during 
the surgery. The main topic of this report is the 
implementation of the haptic device. 

 

     
Fig. 3 Phantom Omni 

 

 

    Fig. 5 3D Mouse         Fig. 4 DENSO VS050 

 
Fig. 6 System architecture of the robotic surgical tool 

Fig. 6 shows the system architecture. The ROS (Robot 
Operating System) core is the main data exchange platform. 
The ROS is a flexible framework for developing robot 
software. It is a collection of tools, libraries, and 
conventions that aim to simplify the task of creating 
complex and robust robot behavior across a wide variety of 
robotic platforms [4]. The data can be published to a channel 
with a ROS publisher, and a ROS subscriber can subscribe 
to the data from the channel. Thus cross-platform 
communication can easily be possible and straightforward. 

To simulate the robotic system, we use V-REP as a 
simulator. V-REP is a robotic simulator with various 
functions, features, and elaborated APIs. With an integrated 
development environment, it is based on a distributed 
control architecture: each object/model can be individually 
controlled via an embedded script, a plugin, a ROS node, a 
remote API client, or a custom solution. [5] 

The surgeon operates Phantom Omni with force 
feedback which makes the operation precise and intuitive. 
The data from Phantom Omni and 3D mouse are sent to 
ROS core and the configurations of the virtual robotic tool 
in V-REP are updated accordingly. After the dynamic 
calculation, V-REP sends the control parameters to the ROS 
control node, which controls the controller RC8 for DENSO 
VS050. 

2. METHOD 

2.1 VIRTUAL OBJECT 
To achieve intuitive and precise operation, a sense of 

touch is desirable for the surgeon. When operating the 
haptic device, providing force feedback would be beneficial 
so that the surgeon could feel the tool touching the tissues to 
avoid overreaching. Since the actual tool and force sensor 
are not implemented yet, a virtual object is built and tested 
for haptic feedback. 

It is usual to model an object in a finite number of 
elements based on its local property. A mass-and-spring 
lattice represents an elastic object, which is effective if the 
variety of generated motion is limited and computation time 
is available [6]. In this research, the simplest model is 
adopted. The surface of object is modeled as a spring which 
generates a force proportional to the penetration distance 
and normal to the surface (Fig. 7). 

 
Fig. 7 Spring model of virtual object 
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2.2 TOOL CONSTRAINT 
Besides a sense of touch, the haptic device needs to 

simulate the preferred movement of the surgical tool with 
constrained degrees of freedom (DoFs). With 3 orientational 
DoFs and 1 translational DoF, the surgical tool can rotate 
freely around a pivot and translate along the direction as 
shown in Fig. 8. Since Phantom Omni had 6 DoFs, specific 
constraints had to be added to keep the position and 
orientation of Phantom Omni in the range of workspace of 
the surgical tool. 

 
Fig. 8 DoFs and workspace of the surgical tool 

As shown in Fig. 9, a spring model is used to implement 
such constraint. The penetration distance is defined as the 
distance from the “pivot” point to the “close” point. The 
close point is the closest point on the extended line of the 
device to the pivot point, i.e., it is the point projected from 
the pivot point on the line passing through the device 
position with the direction of device pointing vector. The 
normal vector is defined as the vector from the close point to 
the pivot point. 

 
Fig. 9 Tool constraint force feedback 

3. EXPERIMENT RESULTS 

3.1 VIRTUAL OBJECT 
To test the feasibility of the spring model, a cube object 

is built in the V-REP environment. A sphere is controlled by 
the Phantom Omni through the ROS node and moved freely 
in the space (Fig. 10). When the sphere touches the cube, the 
force is applied according to the spring model. The result of 
the force applied according to the penetration distance 
(“depth” for short, same in the following paragraphs) is 
shown in Fig. 11.  

As observed in Fig. 11, the resultant virtual contact 
force is not continuous and the operator felt bumpy when 
moving around on the surface. The reason is that the update 
rate of V-REP providing the contact point, normal vector 
and the depth (red items in Fig. 7) is around 35-50 ms per 
loop in this project due to dynamic and graphical 
calculation, while the update rate of Phantom Omni is 

around 1 ms per loop. Since the depth is kept at the same 
value of the last update but not the actual depth, the value of 
depth instantly changes when it is updated. 

 
Fig. 10 V-REP environment 

To resolve the problem, the depth should be updated 
according the device position. However, the contact point 
and the normal vector are not provided at every control loop 
of Phantom Omni since the object model is built in V-REP 
with a slower update rate. In order to improve the response 
of force feedback, we assume that the surface is flat when 
the device moves around. As shown in Fig. 12, the “deep” 
point can be calculated with the device position, normal 
vector and radius of the sphere. An estimated depth is then 
calculated by projecting the vector from the deep point to 
the contact point on the normal vector. The result of the 
force response is shown in Fig. 13. The force profile is 
continuous and the operator could feel the surface in a 
smooth manner. 

 
Fig. 11 Force and depth 

After this initial testing, a skull model is imported and 
tested in V-REP (Fig. 14). The result is shown in Fig. 15. 
The resultant force is not continuous because the surface of 
the skull model is not flat and the updated contact point and 
normal vector do not exactly match the estimated ones. 
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Fig. 12 Estimated depth with flat surface assumption 

 
Fig. 13 Force and estimated depth 

 
Fig. 14 Skull model in V-REP 

3.2 TOOL CONSTRAINT 
The test result of the tool constraint presented in Section 

2.2 is shown in Fig. 16, where the parallel distance indicates 
the distance from the close point to the device position in 
Fig. 9. The penetration distance is less than 5 mm and the 
operator felt that the device could only move around the 
virtual pivot. 

However, when the parallel distance is negative, i.e., the 
device is pulled backward behind the pivot point, the device 
becomes unstable and moves in an oscillatory manner. As 
shown in Fig. 17, when the device is beyond the pivot, the 
distance from operator’s hand, which is relatively stable, to 
the close point is shorter than the distance to the device 

position, where the force is applied. Thus when the force is 
applied, having operator’s hand as the fulcrum, the close 
point with shorter lever arm moves less than what is needed. 
On the other hand, when the device is behind the pivot, the 
distance from operator’s hand to the close point is longer 
than the distance to device position. Thus when the force is 
applied, the close point with longer lever arm moves more 
than what is needed and starts bouncing. 

 
Fig. 15 Force and estimated depth on skull model 

To solve the problem, instead of keeping the tool 
constraint, a new constraint is added when the device is 
pulled behind the pivot. When the device is behind pivot, a 
force is applied to pull the device back to the pivot. As a 
result, the device can not be pulled behind pivot and it stops 
there to avoid instability. 

 
Fig. 16 Result of tool constraint implementation 

4. DISCUSSION 
The research has focused on the implementation of 

haptic device as an intuitive user interface for surgical tool 
operation. We applied a spring model and successfully 
created haptic force feedback which helped the user feel the 
virtual object. We also added a constraint to the haptic 
device and simulated the tool movement with constrained 
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DoFs. Combining these two, the user could fully control the 
surgical tool with the haptic device. 

 
Fig. 17 Response when the device was beyond/behind the 

pivot 

Nevertheless, further improvement will be necessary. 
As discussed in Section 3.1, the haptic feedback was not 
smooth and continuous on a curved surface. It could be 
improved by sending more information about object models, 
such as local shape and curvature, to the haptic device to 
obtain an accurate estimation between the updates of V-
REP. In addition, in this report, only one contact point was 
considered when touching the object. However, especially 
when the tool is in the nasal cavity, there could be multiple 
contact points. Therefore, in order to address this issue, 
further investigation and testing will be needed.  

As to the tool constraint implementation, despite that 
the device were to simulate the DoFs of the tool, the user did 
not feel like operating the tool because the device moved too 
freely to imagine there was a realistic tool. Adding virtual 
damping and/or other constraints might be effective to 
achieve more realistic responses. 

Beyond the haptic device implementation, to complete 
the whole system of our surgical tool system, the robotic 
arm and the tool should be combined and they should be 
controlled individually with 3D mouse and haptic device. 
The frame translation would be applied to integrate different 
components. Once working system integration is completed 
in the virtual environment, one could start testing on the 
actual surgical tool system. Surgeon’s opinion should also 
be included to improve the interface. 
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Abstract 

Manufacturing of automotive dies and moulds, requires deep and narrow groove milling which is performed using long 
and slender end mills. These end mills are prone to chatter vibration due to regenerative and mode-coupling effect. Many 
studies have been carried in the control of regenerative chatter, but not in suppressing mode-coupling chatter. In this study, 
the regenerative chatter is controlled by a conventional method using variable end-mill pitch cutter and it concentrates on 
the dynamics of mode-coupling chatter in milling. This paper analysis the variation in the stability limit for the change in 
the direction of cutting. The proposed study is verified analytically and the analytical results are experimentally validated.

Introduction 

In order to reduce the weight and material 
consumption, thin and tall ribs are used in many parts. This 
results in the need of deep and narrow groove milling to 
manufacture its dies and moulds. Due to long and slender 
end mills used in performing this operation, chatter 
vibration occurs and leaves a non-smooth surface on the 
milling surface. For a certain machine-tool-workpiece 
combination, the main factors that affect the removal rate 
are axial and radial depth of cut, spindle speed and feed 
rate. The chatter vibrations are primarily induced by 
regenerative and mode-coupling effect. There are many 
proven methods to control regenerative vibration like 
utilizing variable pitch ends at appropriate conditions [1] 
[2], by applying the speed difference method in multiple-
milling operations [3] etc. Due to asymmetric design of the 
machine, the dynamics of the system in the X and Y 
direction varies. This contributes to the stability changes 
based on the direction of cutting. The technique discussed 
in this paper suggests the effective direction of milling to 
reduce the mode-coupling chatter for the considered 
machine and it also confirms the effect of direct 
compliance and the cross compliance factors on the 
stability limit. Milling of a rectangular block workpiece is 
considered to verify and validate the proposed study. 

 

Fig. 1 Schematic illustration of long-shank end milling 
process with chatter vibration; Source: [1] 

Proposed study and analytical prediction 

Milling is an intermitted cutting operation having one 
or more teeth. In deep groove machining, the radial 
immersion is usually large and the stiffness is nearly equal 
in both the axis, . For example, if there is 
vibration in the x direction, chip load fluctuates at the jth 
tooth in Fig. 1. The cutting force varies and excites the 
slender end mill especially in the y direction, since the 
tangential force ftj is usually dominant. Then, the vibration 
in the y direction changes the chip load and the tangential 
force at the (j-1) th tooth, and it generates the vibration in 
the x direction again. Through this closed loop, the 
vibration grows up easily and generates chatter. The block 
diagram [5] shows the variables and functions involved in 
the regenerative and mode- coupling effect.   
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Fig. 2:  Block Diagram of regenerative chatter in end milling process

To determine the dynamic displacement of the end mill, 
the frequency response function or the transfer function 
(the matrix G in the block diagram) should be determined. 
The transfer function or the frequency response function is 
nothing but the displacement per unit force 

 (1) 

where is the displacement of the end mill,  is the 
impulse force applied on the end mill. The transfer 
function is determined by the impulse test. The impulse 
test was conducted in a static setup with the end mill 
attached to the spindle. Due to the asymmetric nature of 
the machine, the frequency response functions Gxx and 
Gyy, referred as the direct-compliance factors varies in the 
X and Y direction. Similarly, the cross-compliance factors 
Gxy and Gyx also vary due to the relative effect. The force 
matrix is obtained by 

 (2) 

Where , dynamic displacement of the cutter 
at the present and previous tooth period, a = axial depth of 

cut, Kt = cutting force coefficient, = 

directional dynamic coefficient matrix which is the 
function of immersion angle . The transfer function 
matrix found using impulse test  determines the 
displacement.  The cross compliance factors Gxy, Gyx 
have lesser amplitude compared to the direct compliance 
factors but they carry an effect on the mode-coupling 
chatter. To study the mode-coupling dynamics, the critical 
immersion angle is determined to identify the mode-
coupling effect region. The immersion angle is related to 
radial depth of cut. The delay factor , generates the 
regenerative effect due to the phase difference between the 
waves of the cut created by the current teeth and the 

previous teeth. Eliminating the delay factor in the loop 
provides the critical immersion angle at which the mode-
coupling effect begins to occur for a fixed spindle speed. 
The graph in the Fig. 3 shows the critical immersion angle 
for the considered end mill.  

 

Fig. 3: Critical immersion angle eliminating regenerative 
chatter 

The stability limit is generated by solving the zero order 
solution equation [5] 

 

(3) 

 represents the delay factor for the 
variable pitch cutter used in the experiment and  is the 
directional dynamic coefficient matrix defined in equation 
(2). The number of teeth N in the end mill cutter is 2. 

Consider milling a rectangular block piece, the direction 
of cutting changes the orientation of the axis of the cutting 
tool as shown in the Fig. 4. Two different directions of 
milling are referred as side and the bottom cut in this paper 
as seen in the Fig. 4. This alter the transfer function matrix.  
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Fig. 4: Schematic representation of side and bottom cut tool axis change and its transfer functions

The direct compliance factors Gxx and Gyy switches its 
position in the matrix and the cross-compliance factors 
Gxy and Gyx changes its sign and position. The stability 
limit graphs are generated using the equation (3) for both 
directions. Since the critical immersion angle determined 
is 27deg, the stability limit graph is generated for an 
immersion angle of 40deg where the mode-coupling effect 
would occur.  The stability chart generated analytically 
shows that the bottom cut has higher stability limit than 
side cut. For example, for a spindle speed of 5600 rpm, the 
bottom cut would become unstable after an axial depth of 
cut of a = 0.6 mm and side cut at a = 0.45mm. Change in 
the stability limit is observed due to change in the transfer 
function matrix. The cross-compliance factor in the matrix 
also contributes to the difference in the stability. 

 

 

Fig. 5: Stability Limit Graph 

 

Experimental Validation  

An experiment is conducted by milling a brass 
rectangular block to verify the analytical results. A 
rectangular block is milled in the side and bottom using a 
variable pitch end mill cutter as seen in the Fig. 6Fig. 1  

 

Fig. 6: Experiment Setup 

The experiment uses a variable pitch end mill cutter to   
suppress the regenerative vibration and to concentrate our 
study on the mode-coupling chatter. The workpiece is 
milled with an immersion angle of 40deg. The experiment 
is performed at a spindle speed of 5600 rpm and at a 
constant feed rate of 342 m/min. Since the immersion 
angle is kept constant at 40°, the radial depth of cut 
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remains constant. The axial depth of cut is varied from 0 
to 0.6 mm and the frequency response of the vibration is 
measured. The side, bottom and top surface of the blocks 
are machined to zero cut before beginning the actual 
experiment. A special jig is setup over the spindle to mount 

the eddy current sensors to measure X and Y direction 
vibration as shown in the Fig. 7. To compare results, down 
milling is performed on both side and bottom. The digital 
oscilloscope is used to capture the response in time domain 
and are analysed in the frequency domain. 

 

 

Fig. 7:  Frequency response for axial depth of cut for 0.35mm, 0.45mm and 0.6 mm in X and Y direction
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Results 

The experimental result in Fig. 8 shows the chatter 
occurrence for different axial depth of cut and Fig. 7 shows 
the frequency response of the vibration. Our interest lies in 
analysing the chatter vibration; so the forced vibration 
responses are ignored in the study. In the Fig. 7, the high 
amplitude regions marked with dotter red lines are forced 
vibrations, which are experienced due to intermittent 
cutting and occur at regular frequency intervals. The 
response is recorded in the X and Y direction. Eliminating 
the forced vibration, we can observe that the chatter 
vibration of high amplitude at other frequencies are 
noticed in the side cut at 0.35 mm, 0.45mm and the bottom 
cut experiences the chatter only at 0.6mm axial depth of 
cut.  

 

Fig. 8 Stability Graph with experimental points plotted 

Conclusion 

The experiment confirms the analytical results 
predicted, thereby confirming the proposed study. The 
direction of cutting has a significant effect on the stability 
and reducing the mode-coupling chatter. The asymmetric 
nature of the machine contributes to this effect. The results 
shown are for the given machine where greater stability is 
observed in the bottom cut. However, the effective 
direction of cutting varies based on the machine. 
Achieving more symmetricity in the machine would 
minimize this difference and provide a direction 
independent stability. However, due to technical 
constraints, the machines may not be designed to full 
symmetricity. The machining process can consider 
machining in the effective side at a faster material removal 
rate for more productivity. since only the transfer function 
matrix changes in our analytical model. The direction of 
cutting also carries an effect on regenerative chatter, but it 
is not considered in this paper.  
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ABSTRACT 

1. INTRODUCTION AND BACKGROUND

2. EXPERIMENTAL MEASUREMENT OF 
VISCOSITY OF MOLTEN GLASSES

2.1 EXPERIMENTAL SETTING

–
–
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Components  Fraction, wt % 
SiO2  60 
Na2O  4 
B2O3  18.2 
Al2O3  6.4 
ZnO  3.8 
CaO  3.8 
Li2O  3.8 
Total  100 

Components  Fraction, wt % 
SiO2  40.1 
Na2O  12.9 
B2O3  12.1 
Al2O3  4.65 
Nd2O3  2.95 
CaO  2.92 
Li2O  2.56 
ZnO  2.51 
MoO3  2.39 
Ce2O3  2.12 
ZrO2  2.06 
La2O3  1.58 
Gd2O3  1.27 
Fe2O3  1.18 
Cr2O  1.12 
Pr2O3  0.84 
BaO  0.63 
NiO  0.56 
RuO2  0.53 
Sm2O3  0.35 
MnO2  0.34 
PdO  0.32 
Cr2O3  0.31 
SrO  0.23 
Y2O3  0.17 
Rh2O3  0.13 
TeO2  0.06 
Total  96.9 

Components  Fraction, wt % 
SiO2  40.1 
Na2O  12.9 
B2O3  12.1 
Al2O3  13.94 
ZnO  6.97 
CaO  10.45 
Li2O  3.53 
Total  100 
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2.2 EXPERIMENTAL RESULTS AND 
DISCUSSION
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3. NUMERICAL SIMULATION

3.1 NATURAL CONVECTION STUDY

Components Original Bottom  Top 
RuO2 0.1800 1.1825 0.024 
Pd 0.1821 0.7013 0.0153 
Te 0.0387 0.0210 0.0245 
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A, B and T0 are three constants independent on temperature. 
From the viscosity measurement we can compute those three 
constants by three viscosity value in 900, 1000, 1100 . In 
our simulation, the piecewise-linear model is applied to 
estimate the viscosity as the only function of temperature 
(Fig.10).  
 

 

Fig.10 The viscosity estimation of the numerical 
simulation 

 
   In order to ensure the accuracy, it will need more 
measured viscosity data to import the simulation. In our study 
we imported only four points of the measured viscosity. A 
series of velocity fields for the glassy melt without/with RuO2 
in 20, 30, 50, 80 min has been shown in Fig.11. 
 
 
 
 
 

3.2 THE SENSITIVITY STUDY FOR AN 2D 
INCLINED PLANE 
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3.3 RHEOLOGICAL BEHAVIOUR FOR THE 
MOLTEN GLASS IN THE MELTER 

Temperature,   single-phase, m/s two-phase, m/s  
1000 5.582 5.496 0.086 
1100 8.948 8.865 0.083 
1200 11.092 11.085 0.007 
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ABSTRACT 
Lipid vesicles are studied using Molecular dynamics (MD) 
simulations. Two sizes of vesicles are investigated: 1512- 
and 5000-lipid vesicles. Three properties including vesicle 
radius, number of inner water particles, and water density 
are calculated to probe whether the vesicles are in 
equilibration. The results show that 1512-lipid vesicles are 
close to equilibrium, while the 5000-lipid vesicle may need 
more time to get equilibrium. I then investigate the elastic 
response of vesicles by adding or removing water from 
inside. The results show the tension on vesicles is dependent 
on number of inner water. Lastly, I perform spherical 
harmonics analysis of the vesicles to obtain bending 
stiffness. The results show that the bending stiffness 
increases with increasing the vesicle size.  

INTRODUCTION 
    Lipid molecules are composed of hydrophilic head 
group and hydrophobic tails. They can self-assemble into 
different structures such as lipid membranes, micelles or 
vesicles. They are the main contents of cell membranes. 

    Lipid vesicle is a crucial structure not only because it is 
the prototype of cell membranes, but also due to many bio-
medical applications such as drug-delivery. The important 
phenomenon of lipid vesicle, membrane fusion, has been 
widely studied. Fusion is a mechanism that two vesicles are 
combined together to form one complete, larger vesicle. 
During a fusion process, several steps are necessary to be 
accomplished including lipid insertion, stalk formation, and 
pore opening [1]. The possibility of whether the steps occur 
spontaneously is highly determined by the mechanical 
properties of vesicle. To gain more understanding, in this 
work, I perform MD simulations on lipid vesicles. The 
configuration properties, such as vesicle radius, number of 
inner water, and water density, are first probed. After that, 
mechanical properties, such as stretching and bending, are 
investigated. 

Figure 1. Schematic diagram of the coarse-grained model 
for different molecules [2] 

SIMULATION MODEL AND SETUP 
The DMPC lipids as well as water molecules are 

simulated using Shinoda–DeVane–Klein (SDK) coarse-
grained model [2], which the schematic diagram is shown in 
Fig. 1. Atoms are bonded with harmonic bond potential and 
for each three bonded atoms harmonic angle potential is 
applied. Non-bonded pair interactions are modelled by 12-4 
and 9-6 LJ potential. Electrostatic interaction is applied to 
charged particles calculating by Ewald sum. All simulations 
described in this report are performed in NPT ensemble, 
where number of particles, pressure and temperatures are 
fixed. The details of the DMPC lipid model can be found in 
the work of Shinoda et al. [2]. 

    In this work, vesicles with two sizes are studied: 1512 
and 5000 DMPC lipids molecules. The lipid vesicles were 
formed in previous simulation work. Lipid molecules were 
randomly distributed initially in the simulation box with 
sufficient water particles. After several hundred nano-
seconds to 1 s, lipid molecules self-assembled into one 
vesicle or bicelle-like structure. The details of self-
assembling process can be found in Ref. [2, 3]. The vesicles 
are then selected for analysis in this work. The snapshots of 
the 5000-lipid vesicles are shown in Fig. 2 as an example. 
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Autonomous driving has become one of the big 
objectives for the 21st century as both the industries and the 
academia pursue to make it a reality. Path tracking is one of 
the fundamental functions that an autonomous vehicle would 
have to be able to accomplish and it has been researched 
extensively [1], [2], [3], [4]. Many of the research has detailed 
the benefits of different algorithms and has also shown the 
effectiveness of trajectory tracking in real life. However, 
many of these path tracking has been accomplished using 
information from sensors like: odometer, IMU, or GPS. 
While these sensors are sufficient to accomplish path tracking 
in controlled environments, for true autonomous driving, 
consideration has to be put for ever changing environments. 
To this effect, the LiDAR is indispensable. In tunnels and 
cities, the GPS signals can be obstructed and in bad weather 
conditions, the odometry data can be unreliable. During these 
kind of unfavourable conditions, there will be times where the 
vehicle will have to rely on another sensor, such as the 
LiDAR, to provide accurate information about its current 
state.  

 

In this report, we address this specific problem by testing 
out LiDAR as the only sensor used to obtain localization 
information. This information will then be utilized in the path 
tracking algorithm. We have already seen the use of LiDAR 
in combination with other sensors in different researches and 
at the DAPRA Urban Challenge 2005 [5]. More recently, a 
localization technique using monocular cameras and LiDAR 
maps has been proposed [6]. These prior examination has 
shown the ability of LiDAR, in combination with other 
sensors and by itself, to be able to produce highly accurate 
localization information. Here, we retrace some basic 
functions using the LiDAR to build the groundwork for future 
use in the lab.  

This report will begin by discussing the process of 
LiDAR localization and mapping. Then, a brief overview of 
path tracking is given. Afterwards, the experimental details 
and results are provided. Finally, an analysis and concluding 
remarks are given 

Fig. 1. -compact electric vehicle, COMS. The 
vehicle is mounted with the VLP-16 LiDAR on top, above the 

one for processing LiDAR data and another for using the 
generated information to provide control command to steer 
the car.
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For this report, a Velodyne VLP-16 LiDAR was used on 
top of -compact electric vehicle, COMS. The 
accuracy on the LiDAR was +/- 3 cm with a range of 100 m 
and a vertical field of view of 30 degrees. The refresh rate 
used for the LiDAR was 10 Hz. All data from the LiDAR is 
initially processed by Autoware, an open source ROS 
program. 

 Due to the limitation of computational power, real time 
SLAM is not accomplished using the LiDAR. Instead, the 
environment is mapped beforehand and the localization data 
is obtained within an a priori known map. To accomplish this, 
the LiDAR first scans the environment and records the 
incoming data. Afterwards, the map is constructed through an 
iterative process in which a Normal Distribution Transform 
is completed. The basic premise of this process can be found 
in [7] for 2D cases. In short, a normal distribution is assigned 
to a cell, a subdivision of the scan area, representing the 
probability of measuring a point. Using this information, 
another scan data can be matched through the usage of 

cases is achieved through the Autoware program.  

From here, using the map generated after the initial 
LiDAR scan of the environment, NDT scan matching is used 
to infer the localization information and the state of the 
vehicle. This process has been used to successfully obtain 
localization data at places including: the university campus, 
inside a confined room, and a test course with few notable 
landmarks. Preliminary testing within a confined room has 
shown that the localization data can be trusted to an accuracy 
of 10 cm. Furthermore, the variety of environments that we 
have been able to perform accurate localization on has shown 
the effectiveness of the technique. Especially in the test 
course with few notable landmarks, the NDT matching 
method showed promise in being accurate and reliable 
enough to use on the path tracking algorithm.  

 

 

For the purpose of this research, we used a path tracking 
algorithm similar to the Pure Pursuit method outlined in [8]. 
The algorithm does not take into account the dynamics of the 
vehicle and simply uses a kinematic vehicle model to 
determine the look-ahead point and eventually the goal point, 
a point in the predetermined path. The steering command is 
then determined so that it will take the current state of the 
vehicle towards that goal point. The basic idea behind 
determining the look-ahead point, the goal point, and the 
steering angle is discussed below. 

To determine the look-ahead point, we first determine the 
current turn radius of the car, r. Since the COMS vehicle is a 
front-wheel drive car, it is easy to calculate the turn radius 
from the wheelbase w  . The turn 
radius is then given by: 

)tan(
wr                         (1) 

Using this information along with the change in heading 
of the vehicle , determined using the look-ahead distance, 
we can obtain the local position of the look-ahead  and 

. In our case, the x-axis is towards the front of the car and 
y-axis is perpendicular to the up direction and the x-axis. 

                           (2) 

                      (3) 

After calculating the look-ahead position, we can then 
search through our path to find the path point closest to our 
look-ahead position. Using the local coordinate of the found 
goal point  and , we can solve for the desired steer 
angle . To do this, we first obtain the curvature of the turn 

. 

                   (4) 

                           (5) 

With this, we can send a steer command to the vehicle. 
According to [8], as we make the distance of the look-ahead 
to be longer, we should see a smoother control at the expense 
worse tracking accuracy. And, as we make the look-ahead 
distance shorter, we can expect better tracking accuracy with 
worse stability. Thus, the look-ahead distance and the gain for 
the steer command will be the main control parameters for 
our experiment.  

 

 

 

 

Fig. 2. A map generated from the LiDAR outside of the 
National Innovation Complex at Nagoya University.
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Table 1 Parameter Values and Maximum Error of Each Trial 

Trial # Speed 

(km/h) 

Gain 

 

Look-
Ahead 

(m) 

Maximum 
Error 

(m) 

Fig. 4. The picture of test course is shown above and a top-down view of the LiDAR generated map is shown below.

Fig. 3. The path to follow. Red point shows the starting point.
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Fig. 5. The tracking error and the parameter values during each trial are shown above. 
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Figure 1. Schematic of cross section of bottom-gate CNT-
TFT. 
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average length of 0.1 m 

2 L of 1 wt% APTES at 120
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(g) The 17th JUACEP Workshop 
for the summer research course students from 
University of Michigan and UCLA 

 
Date: Friday, August 26, 2016 
Venue: NIC 310 Conference Room (3rd floor, NIC) 
 

 

[Timetable] 

14:30 - 14:35 Opening address 
Prof. Tomohide Niimi, Dean of Graduate School of Engineering 

14:35 - 14:50 (1) Chen-Hsi HUANG, Okazaki Lab, Applied Chemistry 
“Free energy analysis of biomolecular self-assembly”  (Undisclosed) 

14:50 - 15:05 (2) Matthew YEE, Ohno Lab, Electrical Engineering 
“Carbon nanotube thin film transistors on flexible plastic films”  (P.72) 

15:05 - 15:20 (3) Itsui YAMAYOSHI, Suzuki Lab, Mechanical Science and Engineering 
“Path tracking utilizing LIDAR localization and mapping”   (P.75) 

15:20 - 15:35 (4) Chih-Kang CHANG, Hasegawa Lab, Micro-Nano Systems Engineering 
“Intuitive user interface for surgical tool operation”   (P.79) 

15:35 - 15:50 (5) Carlos GAMEZ, Ju Lab, Mechanical Science and Engineering 
“Temperature dependent thermal-electrical-structural finite element analysis 
around crack tip under high current density electropulsing”  (P.82) 

15:50 - 16:00 Break 

16:00 - 16:15 (6) Sandeep INGERSAL, Shamoto Lab, Mechanical Science and Engineering 
 “Study and control of chatter vibrations in milling operation”  (P.85) 

16:15 - 16:30 (7) Raymond ROMAN, Sakai Lab, Mechanical Science and Engineering 
“Time-dependent hemodynamics in stented aneurysms”   (P.87) 

16:30 - 16:45 (8) Xiaojin SHEN, Enokida Lab, Quantum Science and Energy Engineering 
“Experimental measurement and numerical analyses for the molten borosilicate 
glass with/without solid particles”       (P.91) 

16:45 - 17:00 (9) Bonan ZHOU, Hara Lab, Aerospace Engineering 
       “Estimation in the design of nonlinear control systems”   (P.94) 

17:00 - 17:15 Completion Ceremony 

17:30 - Farewell Banquet at NIC Hall 

 

*10 minutes presentation + 4 minutes Q&A each 
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Hasegawa Lab, Micro-Nano Systems Engineering

Intuitive User Interface For 
Surgical Tool Operation

Chang Chih-Kang
Masters in Robotics Program,
University of Michigan

Outline

Introduction
Endoscopic Transnasal Pituitary Surgery

Robotics Surgical Tool

Research Content
Haptic Force Feedback

Tool Constraint

Conclusion

2

Endoscopic Transnasal Pituitary Surgery

3

http://neurosurgery.u .edu/patient-care/diseases-conditions/pituitary-tumors/

Pituitary Gland
Location of Tumor

Sella Turcica

Sphenoid  Sinus

Endoscopic Transnasal Pituitary Surgery

Video (2:05-)
https://www.ypo.education/neurology/endoscopic-transnasal-transphenoidal-
surgery-t167/video/

4

Robotics Surgical Tool

Minimally invasive

High dexterity

High precision

Ease for doctor

Remote surgery
da Vinci

5

Surgical Tool Architecture

6
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Surgical Tool Architecture

7

ROS Core

Phantom OmniSurgeon

V-REP

ROS
Control Node

RC8 
Controller VS050

3D Mouse

050

Haptic Technology

Sense of touch
Creation of virtual objects

Remote control of machines and devices (telerobotics)

Spring Modelpppppppppp gggggg

8

Phantom Omni

6 DOF positional sensing

3 DOF force feedback

OpenHaptic

9

Contact Point
Device Position

Object Surface

Contact Point
Device Position

Normal Vector

Penetration Distance
f = kP·PenatrDist·NormVec

Haptic Force Feedback

10

Contact Point

Normal Vector
Device Position

Deep PointEstimated Penetration Distance

Result Video

11

Tool Constraint

12
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Device Position

Pivot Point

Hand

Normal Vector

Penetration Distance

f = kP·PenatrDist·NormVec

Device Pointing Vector

Close Point

Tool Constraint

13

Tool Constraint

14

Pivot Point

Result Video

15

Conclusion

Haptic Force Feedback + Tool Constraint

Future Work
Improve Haptic

Arm + Tool

Real Test

16

Thank you Question?
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TEMPERATURE DEPENDENT THERMAL-ELECTRICAL-
STRUCTURAL FINITE ELEMENT ANALYSIS AROUND 

CRACK TIP UNDER HIGH CURRENT DENSITY 
ELECTROPULSING 

Carlos Gámez 
 

August 26, 2016 

Supervisor: Prof. Yasuyuki Morita 

Presentation Outline 

• Introduction 

• Experimental Procedure 

• XFEM Analysis (Damage Initiation) 

• Results 

• Numerical Solution In Abaqus 
 Governing Equations 
 Material Properties 
 Interactions 
 Geometry And Mesh 
 Boundary Conditions and Loading 

• Conclusion 

Introduction 

• Crack propagation is a failure mode that is  
frequently present in metal alloys. 
 
• Electropulsing treatment is an efficient 
method to arrest cracks. 

 - Uses high electrical current density in a 
 short period of time (1.5ms). 
 - Eliminates the stress concentration a 
 the crack tip. 

 
• Abaqus is used to calculate the temperature 
and stress field around the crack tip. 
 
 
 

Experimental Procedure  

Al Sample 

Power 
Supply  

Electrodes  

Fig. 1 Experimental Setup. 

- Al 6061-T6 sample
- 0.5mm thick by 5 mm tall
-  A single-edge crack of 0.140mm 

wide and 1mm long

Fig. 2 All dimensions in mm. 

Numerical Solution In Abaqus 

Governing Equations 

Joule Heating P = Joule heating power, 
 I = Electric current  
 R= Resistance

Heat Flow  = Density 
Cp= Specific Heat  
k= Thermal Conductivity 
Q= Heat Generation

Thermal Stress
= Stress 

E= Young’s modulus 
= Thermal Expansion Coefficient 

 T= Change in Temperature

Numerical Solution In Abaqus 

Material Properties 

Fig. 3 Young’s Modulus polynomial 
curve fitting, where h1 =-3.9e-10, h2 
=2.73e-7, h3 = -0.00021, h4 =-0.017, 
h5 =69.7.   
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Numerical Solution In Abaqus 

Interactions, Boundary Conditions and Mesh 
 

 Heat loss:  
  -Natural convection 
  -Radiation 

Fig. 4 Tet mesh. Global element size 0.0002m. Refine 
element size at crack tip of 2x10-5 m.   

Electric 
Current 

Electrical 
Potential 

Y 

X 

- Four corners 
are fixed in the Z 
direction allow 

free expansion in 
the XY plane 

Numerical Solution In Abaqus 

Electrical Load 

Fig. 5 Electric current profile obtained from the 
power supplied.   

Max ECD is 
3.2x109A/m2 

Numerical Solution In Abaqus 

XFEM Analysis 
 Damage Initiation Criteria: 
  - Maximum Principal Stress. 

Fig. 6 Ultimate tensile stress Fourier Fit.. 

The fracture 
energy,

 was used 
for the damage 
evolution criteria

Results 

Electric Current Density and Temperature Field. 

Fig. 7 Electrical Current Density Vectors at 
t=1.0ms. 

Fig. 8 Temperature field at t=1.0ms. 

Results 

Stress Field. 

Fig. 9 Tensile Stress (X direction) at t=1.0ms. 

Results 

Melted Region. 

Fig. 10 Crack tip after 
electropusling treatment. The 
m e l t e d  a r e a  h a s  a n 
approximate diameter of 
0.06mm.  

Crack  

Fig. 11 Melted area in grey, approximately 
0.01mm difference in diameter between the 
experiment result.  

Melted area 
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Results 

Damage Initiation. 

Fig. 12 Damage initiation. 

Damage 
Initiation 

Region 

Conclusions 

• The temperature-dependent numerical 
model calculates the Temperature and Stress 
fields accurately. 
• The stress field is dependent on the 
temperature gradient field and the 
displacement boundary conditions. 
• The experimental melted area agrees 
with the melted area obtained in the 
simulation. 
• The damage initiation model needs to be 
more precise with the location and size of the 
failure zone. 
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Experimental measurement and numerical analyses for 
the molten borosilicate glass with/without solid particles 

XIAOJIN SHEN 

Supervised by: Prof. Enokida, Prof. Sugiyama 

8/26/2016 

17th JUACEP workshop 

Background and Introduction 

Vitrification is a widely used technology and has 
been applied for nuclear waste reprocessing for more 
than 40 years including high level nuclear waste 
(HLW) immobilisation. However during vitrification 
the crystallization of ruthenium dioxide (RuO2) and 
other metal element like Pd-Te alloy can effect on the 
viscosity of the glassy melt. 

The sedimentation of solid particles lead to troubles 
of local over-heating, electric energy loss, high 
viscous glass formation and unexpected low 
production rate of the vitrification. 

In order to investigate the rheological phenomenon influenced by those 
solid particles in the molten glass, there are two primary goals 
(1) to conduct the viscosity measurement of the molten glass for the original 

simulated glass obtained from CRIEPI (Central Research Institute of 
Electric Power Industry). 

(2) to simulate the local phenomenon in the melter for the glassy melt with/
without solid particles by ANSYS/Fluent 16.2. 

Research Purpose  

Extending upon on the previous work in Nuclear Chemical Engineering lab, 
which investigated the single-phase effect from spherical RuO2 into the glass 
matrix.  

Material compositions 
White beads Original simulated glass of nuclear waste reprocessing from 

CRIEPI 

• To conduct the viscosity measurements of the borosilicate glass 

• To simulate the rheological phenomenon for the molten glass 

Experimental Methodology 

Measured the viscosity for white beads in 900, 1000, 1100  to verify the previous measurement 

Conducted XRD analyses and composition analyses for the modified simulated glass (Enriched/Purified) 
followed by thermal treatment of the original simulated glass in 1100  for 100 hours. 

Measured the viscosity for enriched bottom and purified top glasses and compared the value with the 
mother glass 

Simulated the natural convection for white beads with/without RuO2 in a square enclosure   

Simulated the glassy melt flowing along an inclined plane for original simulated glass and the 
glass free of crystalline materials 

Measurements of viscosity for the white beads 
white beads batch of 200 g in 900, 1000, 1100  and verified the measurement result by the 
previous work 

Note: The experimental data provided as the input material property for computational analyses 

 

 

 

10
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Measured viscosity of the white beads glassy melt
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Experimental results by the XRD method 
and composition analyses   

  

 

 

 

 

 

 

• Enriched bottom glass batch of 152 g • Top glass batch of 140.8 g 

Measurements of viscosity 

Computational fluid dynamics results 
Simulated typical case for molten glass as the laminar flow in 
ANSYS/FLUENT 
Simulated the natural convection for white beads without/with RuO2 

Note: Fine mesh size to get mesh converged   

2D square enclosure 1 x 1 m 
Boussinesq Model  
Laminar flow 
Newtonian fluid 
Gravity 
Transient behavior 
Top/bottom wall temperature 1170 and 1470 K 
No-slip boundary condition 

• Without/With solid particles   t = 20, 30, 50, 80 min 

Verified the previous work, 100 x 100 mesh cells can save more CPU usage in this case 
• Without solid particle 

• With solid particle 

Simulation for the molten glass with/without solid particle falling along an inclined plane in 1000  

2D inclined surface 
Multiphase model/ 

     Volume of fluid method 
Laminar flow 
Gravity 
Transient behavior  
Free surface (ambient) 
boundary condition 
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o Sensitive study for the simulation of the molten glass with/without solid particle falling along an inclined plane 

o Experimental study:  
To investigate under which weight fraction of crystalline contents can make glassy melt as non-Newtonian fluid  

        To investigate the single-phase effect from Pd-Te alloy into the glass matrix  
o Numerical study:  

 To simulate the physical phenomenon for the Non-Newtonian fluid  

Conclusion and future work 
• The white beads glassy melt without/with 5% RuO2 can be treated as Newtonian fluid.  
• The enriched bottom glass has shown as the Non-Newtonian fluid property.  
• The viscosity gets increased caused from the increased concentration of RuO2 and Pd-Te alloy. 
• From the sensitivity study of the inclined plane, it has been shown that by increasing the operating 

temperature of the melter, the velocity variance for white beads glassy melt without/with 5% RuO2 
will become smaller.  

References 
[1] Yoshida, Master’s thesis, (2015). 
[2] M. John Plodinec, IHEOLOGY OF GLASSES CONTAINING CRYSTALLINE MATERIAL, (1986). 
[3] NETL’s non-Newtonian Multiphase Slurry Workshop Report, (2013). 
[4] Rokkasho Reprocessing Plant: Vitrification Problems Continue, CNIC. 
[5] Vinay Ramohalli Gopalaa, Jan-Aiso Lycklama à Nijeholta, Paul Bakkerb, Benno Haverkatea, Development 
and validation of a CFD model predicting the backfill process of a nuclear waste gallery, (2011). 
[6] Sandia National Laboratories, Multiscale Models of Nuclear Waste Reprocessing: From the Mesoscale to the 
Plant-Scale, (2012). 
[7] Y.Enokida, Kayo Sawada, Takahiro Shimada, and Daisuke Hirabayashi, Formation Mechanisms of the Needle-
shaped Crystals of Ruthenium Dioxide during Vitrification of Nitric Acid Solution Containing Nitrosyl Ruthenium 
Nitrate, (2011). 
[8] Vinit Khandelwal, Amit Dhiman, Laszlo Baranyi, Laminar flow of non-Newtonian shear-thinning fluids in a T-
channel, (2014). 
 
 
I would like to acknowledge my supervisors’ help throughout the project and the special thank to my TA 
Uchimura’s assistance for this project.  
Thanks for all labmates and friends’ company in this program. 
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ESTIMATION IN THE DESIGN OF 
NONLINEAR CONTROL SYSTEMS 

Julian Zhou 

1 

BACKGROUND 

CONTROL THEORY:  

The framework which governs dynamic systems closed under feedback 

LINEAR DYNAMIC SYSTEM:  

dx/dt = Ax + Bu     u = kx 

NONLINEAR DYNAMIC SYSTEM:  

dx/dt =  f(x) + g(u)     u = kx 

 2 

PROBLEM 
NONLINEAR MECHANISM: 

 6-link Inverted Pendulum   (dx/dt =  f(x) + g(u)  ) 

LINEAR CONTROL LAW: 

 Actuated base joint applies correction  

proportional to encoder angles   (u = kx) 

BUT HOW BIG DO WE MAKE EACH LINK? 

 And on what basis would one design be better? 

 

)

3 

SOLUTION 
COST FUNCTION 

1.Maximize REGION OF ATTRACTION (ROA) 

2.Minimize PEAK RESPONSE  

MAXIMIZING THE COST FUNCTION 

1.Grid search 

2.Gradient methods 

3.Genetic algorithm 
4 

REGION OF ATTRACTION (ROA) 
PHASE SPACE 

　　Graphical representation of positions/velocities of all the degrees of 
freedom (DOF) of the system. N DOF -> 2N DIMENSIONAL PHASE SPACE. 

REGION OF ATTRACTION 

　　Portion of PHASE SPACE where nonlinear system 

is stable (all positions and velocities decay to 0). 

  

 5 

ENLARGING THE ROA 
DESIGN CONSTRAINT 

 We want to estimate the ROA, but specifically the quasi-spherical part 

LARGEST INTERIOR SPHERE 

1.Grid search 

2.Deterministic Bisection Search 

3.Monte Carlo Bisection Search 

  

 
6 

Bonan Zhou
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MONTE CARLO BISECTION SEARCH (MCBS) 

         
    

         
  

COST FUNCTION  
   
   

 

 

 
 

  

COST FT FT FUNCUNCUNUNNUNUNUNUNNCUNNUNNUNNN TIOTIOOOOOOOTIOOOIOOOOOOTIOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONNNNNNNNNNNNNNNN NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
   
 

7 

PEAK RESPONSE 

LINEARIZATION: 

 dx/dt =  f(x) + g(u)  -->  dx/dt = Ax + Bu   

WHERE 

 A = df/dx   (x = 0) 

 B = g(0) 

LINEARIZATION BECOMES WORSE AS SYSTEM DISEQUILIBRATES. 

MINIMIZING PEAK RESPONSE SHOULD “HELP”. 
8 

MINIMIZING PEAK RESPONSE 
SOLVABLE WITH LINEAR MATRIX INEQUALITY 

min (P)  

(P) = max(P)/ min(P) 

P (A+BK) + (A+BK)’P + 2 P < 0, 

 

MUCH FASTER THAN MONTE CARLO BISECTION SEARCH 

DOES NOT HAVE A CLEAR RELATIONSHIP WITH THE ROA  
9 

HOW TO SEARCH OPTIMIZATION SPACE? 

 max  ROA  or….  min PEAK RESPONSE 

 

GRID SEARCH is on the order of [RESOLUTION]^6 or about 12 YEARS. 

GRADIENT methods are not robust. 

GENETIC ALGORITHMS are heuristic but amazing. 

 
 

10 

GENETIC ALGORITHM (GA) 
(0. Randomly generate starting population.) 

1.TEST population according to chosen cost function. 

2.KILL bottom half of population by cost function. 

3.BREED survivors via assortative mating. 

4.REPRODUCE where children inherit traits from parents at random. 

5.MUTATION to ensure genes do not become stagnant. 

6.Go to step 1 (with mutated children as new population). 

WATCH THE MOVIE  11 

GENETIC ALGORITHM (GA) RESULTS 
 

 

 

 

 

 

 GA WITH MCBS     GA WITH LMI 

 　　1 DAY     3 MINUTES 12 

Bonan Zhou
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SIMULATION OF 6-LINK INVERTED PENDULUM 
BLOCK DIAGRAM 

13 

SIMULATION RESULTS 
POSITIONS AND VELOCITIES OF JOINTS IN PENDULUM 

14 

SIMULATIONS ARE DOOMED TO SUCCEED 
IF WE DECREASE THE ENCODER RESOLUTION/MOTOR DEADBAND... 

15 

CONCLUSIONS 

1.PEAK RESPONSE as a design metric might be very useful proxy for ROA. 

 

2.QUANTIZATION has a huge effect on robustness. 

 

3.OPTIMIZATION is often unrealistic. 

16 
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17 

SEE YOU LATER, SPACE ENGINEER... 
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(a) Findings through JUACEP 

(b) Questionnaires 
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Findings through JUACEP 
 
Name: Julian Zhou 
Affiliation at home country : MAE UCLA 
Participated program: Summer Course 2016 
 
Research theme:  
Probabilistic Methods in the Optimization of Nonlinear Control Systems 
Advisor at Nagoya Univ.: Prof. Susumu Hara 
Affiliation at Nagoya Univ.: Aerospace 
  
 
 
  I had a theory going into this experience that despite all of the weird 
Japan  stuff that Americans always hear about that Japan would basically be exactly 
like America. And I was 100% right. The funny thing is that if you talk to anyone who 
has recently visited Japan they cannot stop going on about its ancient beauty, how 
elegant it is, how polite, shy, and eager to please its people are etc. It is like everyone 
agreed to be brainwashed by the same idiotic travel think piece.  
 You will find the same problems here that you find in America, or any other 
country. You will also find the same benefits. I can really only think of 3 essential 
differences. First, you can find cooler hoodies here. But that is just my taste in hoodies. 
Second, Japanese food is more available. Third, public transportation is better. Most 
importantly punk is great in Nagoya, just like it is everywhere, if you can find the right 
venues. 
 My point is that nothing I can say here should serve as an advertisement or 
criticism for visiting Nagoya or joining this program. You should go if you want to go. If 
you are like me, you would probably have a good time going. Also, Taka, my TA, was 
the best engineer I have ever worked with, so that was cool. Thanks for accepting me, 
JUACEP, say hi if you're ever in America. 
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Findings through JUACEP 
 

Name: Carlos Alberto Gamez Villegas 
Affiliation at home country: Mechancial and Aerospace Engineering, 
Univerisy of California Los Angeles 
Participated program: Summer Course 2016 
 
Research theme: Temperature Dependent Thermal-Electrical-Structural Finite 
Element Analysis Around Crack Tip Under High Current Density Electropulsing. 
Advisor at Nagoya Univ: Prof. Yasuyuki Morita 
Affiliation at Nagoya Univ.: Mechanical Science and Enginering 
  
 

I have never been outside of America, making this strip my first to a new continent. 
That is how my journey began, by visiting an entirely new continent. During my stay I was able 
to do multiple things in Japan. I was able to learn a little bit of Japanese (common phrases and 
also writing). My Japanese class helped me to understand Hiragana and Katakana, they don't 
look strange symbols to me anymore (my writing was not so good though). I learn also a lot of 
what makes Japanese culture so special. The coordinators of the program were keen to share 
their culture with us. They took us to Toyota Kaikan Museam, Toyota Facture and the Railway 
Park. We also build our own engine in one of our hands on workshops.  

 
I was able to travel around as well. I visited Takayama, Gero, Shirakawa, Osaka, Nara, 

Kyoto and finally Tokyo. Every weekend was an adventure where I was able to taste the best 
food around and visit great landmarks of Japan. Sometimes the language barrier was difficult 
to overcome but all the people that we met did not give up on us, they were nice and patient. My 
lab mates always tried to include me in their celebrations, they were friendly and helpful. 
Overall, my all experiences had a great impression on me. 

 
My experience on campus was memorable. Going to the gym so not as easy as I thought, 

I had to bring indoor shoes to enter it. The cafeteria is not full of food chains like the Food 
Courts in the United States. My relationship with my lab mates were pleasant. My limited 
Japanese and their limited English was an obstacle, but we were able to overcome it. In the 
academic side, I increased my knowledge on ABAQUS, now I am able to do a couple thermal-
electric-structural analysis and export the results to do a failure analysis as well.  With my 
new knowledge of XFEM in ABAQUS I am capable of simulating crack growth on 2D and 3D 
problems. 

 
I’m almost done with my PhD program at UCLA and this trip influenced a lot on my 

formation as a PhD. The exchange of ideas between two different cultural backgrounds will help 
me to communicate better in the future. International collaboration is key to make leaps in our 
respective fields and making connections with people of other nations is not as difficult as I 
thought it was. I also learn more about ABAQUS, a tool that has a great value to a Mechanical 
Engineer. 

 
I have must admit that I’m really happy that I was able to participate in the program. I 

was able to experienced great moments in Japan. I was happy the way we were treated by the 
staff and I also I was happy to have the opportunity to collaborate with people with a very 
different cultural background than mine. I was able to experience fist hand the Japanese 
culture at the same time I was able to conduct research. I recommend this program to anyone 
who wants to have a great balance of research and experience a new culture.   
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1

Findings through JUACEP (Change the title as you like) 
 

Name: Chen-Hsi Huang 
Affiliation at home country (Dept & Univ): Materials department, UCLA 
Participated program: Summer Course 2016 
 
Research theme: Mechanical properties of lipid vesicle studied by 
   molecular dynamics simulations 
Advisor at Nagoya Univ: Prof. Wataru Shinoda 
Affiliation at Nagoya Univ. (Dept.): Applied chemistry  
  
    It is a very pleasant trip in Japan. I got more familiar about Japan culture. I visited 
many places including Nagoya, Kyoto, Nara, Matsumoto, Takayama, etc. I learnt the 
research style and lab life in Japan. The research style in Japan is not very different 
than the labs I have been worked in such as in Taiwan or US. The adviser and lab 
mates are very nice. I had a great time in the lab. I also learnt some Japanese, but I am 
still not able to use Japanese in communication. I’d probably need to take more 
Japanese courses to master it. Japanese are very polite. They are always concerned 
about making troubles to others. This is very different than in the US. Many cases when 
we say thank you in US become sumimasen in Japan. We also have more rules and 
take more serious in rules here in Japan.  
    The participation of JUACEP program makes me more familiar with Japan. For this, 
I’ll definitely visit Japan again. Also, I’ll consider apply for post-doc or jobs in Japan, but 
probably in bigger city such as Tokyo.  
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Japan, The Surprising Country 
 

Name: Chang Chih-Kang 
Affiliation at home country: 
  Robotics Program, University of Michigan 
Participated program: Summer Course 2016
Research theme: 
  Intuitive user interface for surgical tool operation 
Advisor at Nagoya Univ: Prof. Yasuhisa Hasegawa 
Affiliation at Nagoya Univ.: Mechanical Engineering 
  
 

Japan is a familiar and unfamiliar country for me. I am from Taiwan, where Japanese culture is 
very popular, and I have been in Japan for travel several times. However, this was my first time to 
stay in Japan for more than 2 weeks, and this time it was not only for fun. 

Before I arrived, I was thinking about working as hard as possible to have a publication after 2 
months (I heard someone really did this). However, the idea was soon blown away. Not only 
because I was assigned to a starting project which was impossible to have result in summer, but 
also because I was overwhelmed by the abundance of Japan. There were mountains, beaches, hot 
springs, world heritages and lots of other places where I could not stop myself from going. In 9 
weekends I had, I have travelled for 5 of them and every time I was surprised by different spots I 
experienced. Just to list a part of them, the rustic shirakawago village relaxed my body, the royal 
Itsukushima Shrine moved my heart, and the sunrise on top of Mt. Fuji reminded me of the passion I 
had and pushed me to move on. 

Let’s come back to Nagoya. Though the research situation was not what I anticipated, I still 
made some process. One of my lab mates was from Peru and he spoke perfect English, while the 
other was Japanese who spoke poor English. It was very interesting to work with Japanese. 
Japanese people were very earnest. My lab mate would listen to me sincerely and tried his best to 
help. The results he showed on the meetings were highly completed even when it was just a weekly 
internal meeting. However, the academic environment seemed to be limited since everything was in 
Japanese and the students were not familiar with foreign materials.  

During the 10-week program, besides gaining experience in research and technical skills, the 
biggest outcome was that I really enjoyed Japan. I travelled lots of fun places and knew some 
Japanese friends. I learned the delicate value of Japanese and practiced Japanese. Though I am 
not sure if I will be here again for study or work, I believe the international experience will bring me to 
a brighter future. 
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Findings through JUACEP 
 

Name: Itsui Yamayoshi 
Affiliation at home country: Mechanical Engineering, UCLA 
Participated program: Summer Course 2016 
 
Research theme: Path Tracking using LIDAR Localization and Mapping 
Advisor at Nagoya Univ: Prof. Tatsuya Suzuki 
Affiliation at Nagoya Univ.: Mechanical Engineering 
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Findings through JUACEP 
 

Name: Matthew Yee 
Affiliation at home country (Dept & Univ): UCLA Materials Science 
Participated program: Summer Course 2016 
 
Research theme: Carbon nanotube thin film transistors on flexible plastic 
substrates 
Advisor at Nagoya Univ: Prof. Yutaka Ohno 
Affiliation at Nagoya Univ. (Dept.): Electrical Engineering 
  
 I’ve had an amazing time this summer while staying in Japan. It really was a 
unique experience to live in a foreign country and really be immersed into the culture 
through my research, Japanese course, and travels.  
 My research was with Professor Ohno working on carbon nanotube thin film 
transistors. This was an unfamiliar topic for me, but my TA was extremely helpful and 
patient with me and taught me everything I needed to know for my project. It was a lot of 
fun to get to know all of the different members of my lab. Sometimes there was a 
language barrier since their English and my Japanese left a lot to be desired, but all of 
them really made an effort to befriend me and make me welcome during my time here. 
 Nagoya was also a great city to live in. Although it isn’t as big or iconic as cities 
such as Tokyo, Osaka, or Kyoto, it is still filled with a lot of interesting and fun places. 
Even in ten weeks, I feel as if there is still so much more of the city for me to see. The 
food in the city was also amazing and the Hitsumabushi was one of the best meals I’ve 
ever had. 
 I also had the chance to travel around Japan a little bit. I went to Kyoto, Osaka, 
Tokyo, and was even able to climb Mt. Fuji to see the sunrise from the summit. The 
trains and buses in Japan made it really easy to get around and it was actually pretty 
fun to ride the trains through the countryside. 
 It’s hard to believe that the summer is almost over. I feel like I’ve been able to do 
so many different things and learn so much about Japanese language and culture, but 
there are also so many things that I still want to do. JUACEP has allowed me to make 
new friends, explore Japan, and learn about the culture and I am very thankful for that.  
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A Sizzling Summer Overseas 
 

Name: Raymond Roman 
Affiliation: Department of Mechanical & Aerospace Engineering, UCLA 
Participated program: Summer Course 2016 
 
Research theme: Effects of Stenting on Aneurysm Hemodynamics 
Advisor at Nagoya Univ: Prof. Ito 
Affiliation at Nagoya Univ: Mechanical Science & Engineering 
  
 

 
Recently I spoke with a friend about how our lives were different five years ago versus today. I, 

for one, did not imagine I would spend my summer of 2016 in Japan of all places. In that span of 
time, I did not envision that I would spend quality time learning the Japanese language, much less 
spending an extraordinary summer overseas. I never even imagined that one of my summers while 
still in school would be spent in Nagoya finding beer gardens, making daily trips to Lawson, and 
expanding my Japanese speaking abilities with friendly strangers. I am immensely grateful to the 
JUACEP program for allowing me to breathe in the Japanese culture and experience it firsthand. 

There were a couple cultural differences that were most apparent to me when arriving to 
Japan. The first thing that floored me when stepping off the subway was the cleanliness of Japanese 
streets, and actually every public place imaginable. Finding immaculately kept streets or roadways is 
unheard of and laughably unachievable in the booming metropolises across the Great Pacific. The 
other thing that struck me was the sheer density of Japanese convenience stores in a Japanese 
square kilometer. When learning about Japan, I somehow managed to gloss over the fact that 
Lawson convenience stores and 7 Eleven comprised the backbone of the average Japanese town. It 
seemed kind of fantastical to be able to get inexpensive snack foods that truthfully I’ve only ever 
really seen in anime. 

My ten weeks in the JUACEP program was primarily filled with research. My research topic, 
under the guidance of Professor Ito, fused together the fields of physiology and fluid dynamics to 
investigate the precise behavior of blood when treating aneurysms with flow diverter stents. I took 
courses in biology for my bachelor’s degree, so studying fluid dynamics through the lens of its 
clinical significance was probably the most interesting and eye-opening aspect of the research I 
performed. My approach to this research was through computational simulations, so learning the ins 
and outs of various computational software and gathering data for analysis ensured the ten weeks 
went by very quickly. 

The Toyota factory tour also enriched my experience in the JUACEP program. Normally 
classrooms do not provide much in the way of hands-on participation, but the Toyota factory tour 
augmented my perspective of mechanical engineering and translated hundreds of pages of textbook 
material into things I can actually perceive.  

Beyond my scholarly duties, my sightseeing explorations, though limited, were packed with 
quality. The most unforgettable one was visiting the Nagashima Spa Land amusement park where 
my thirst for ultimate thrill was happily quenched. While I’ve gone to plenty of amusement parks in 
the United States, thrill rides and coasters of the Japanese pedigree are light years ahead of what 
we have stateside. Riding the Steel Dragon 2000—the second fastest roller coaster in Japan!—was 
something of another world. I’m pretty sure it catapulted me into another dimension. 

One lesson I unintentionally learned was that ten weeks is not enough time to explore the 
beauty and magnificence of the Land of the Rising Sun. I regret not exploring enough while staying 
these ten weeks; however, Nagoya seemed to have it all for me in the way of big town–small town 
vibes. It may have been the blindsiding humidity that aggrandized my summer torpor, but I 
personally lavished in exploring Nagoya and its quirks and novelties. Although I will return home 
when the sun sets on the Summer 2016 JUACEP program, I will definitely visit Japan again in the 
future (though probably during a season with less brutal weather). 
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Findings through JUACEP 
 

Name: Sandeep Kumar Ingersal 
Affiliation at home country: University of Michigan 
Participated program: Summer Course 2016 
 
Research theme: Study and control of chatter vibrations in milling 
operation 
Advisor at Nagoya Univ: Prof. Shamoto 
Affiliation at Nagoya Univ.: Ultra Precision Engineering Laboratory,  
Mechanical Science Dept. 
  
 
I didn’t hold any high expectation for the JUACEP program when I accepted it. I believe even if I had 
carried high expectations, the program would have met those definitely. There are two ways to 
experience a country. You land up with your bunch of friends or family, stay there for a fortnight, visit 
places and carry the memories created within your small circle. The other way (called the traveler 
way) is to stay in that place, talk to local people, live with them, feel their culture and learn their 
language where you create memories mainly through personal interaction with the local people 
rather than visiting tourist attractions. The latter provides the chance to create a healthy bonding and 
relationship with a country. The program almost equaled the latter one and it’s the same way I 
wanted it to experience too. Being in the research program, I got the opportunity to work in the 
laboratory with all the Japanese Students and it kept me away from interacting with people I knew or 
know the language I speak. I value it as an important experience in this program.   
 
Except to get fluent with the Japanese language, I felt 10 weeks of time were sufficient to experience 
the Japanese culture, to make friends and to visit important places. Japanese people were very 
courteous and friendly, and I felt that all the places in Japan were very welcoming for a foreigner 
because of its culture. Learning Japanese language during the first month of program was helpful in 
speaking common Japanese phrases with your lab mates and to the public. It helped us to get more 
social with the Japanese and enjoy our rest of the stay. My stay in the International Dorm was great 
and it had excellent facilities. I couldn’t ask for anything better for the price we paid during our stay. I 
also visited world heritage places like Kyoto, Nara, Shirakawago.  
 
Academically, the program showed a higher standard too. Nagoya University, being famous in 
Japan for its research, the research environment I experienced was testimony to its claim. My 
laboratory professors were very helpful and they framed a curriculum for me to follow which helped 
me to go in the right pace and right direction to make the best out of my research. I also did 
experiments with my lab mates to learn the concepts related to my research. Since I was working in 
an Industrial research project, I also had a chance to visit the AISIN factory to visually experience the 
technical problem at the field which is related to my research.  
 
Overall, I had a great experience in Japan. I have gained some cross-cultural experience and have 
enriched by academic knowledge through my research experience in Japan. This study-abroad 
experience would not just stay on my resume but something that would influence me in my personal 
development process. Arigato Gozaimas!!  
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Findings through JUACEP 
 

Name: Xiaojin Shen 
Affiliation at home country: Nuclear Engineering and Radiological 
Science, University of Michigan  
Participated program: Summer Course 2016 
 
Research theme: Experimental measurement and numerical analysis 
for  
the molten borosilicate glass with or without solid particles 
Advisor at Nagoya Univ: Prof. Enokida and Associate Prof. Sugiyama 
Affiliation at Nagoya Univ.: Quantum Science and Energy Engineering 
  
 

JUACEP program motivates me to learn more about the nuclear waste reprocessing in the 
future study. I am very grateful that I was admitted to stay at Nuclear Chemical lab this summer 
supervised by Professor Enokida and Sugiyama. When I just entered this lab, I remembered that 
there were three undergraduate students working hard in front of their working desks. When they 
saw me, they smiled kindly. You may feel that they were too shy to introduce themselves in English 
directly, however after one week to fit in my labmate could start to talk with me and even gave me 
some help without asking, for example they taught me how to lock the door of our lab if I am the last 
person leave from the lab, some basic rules followed in our lab, or shared with me some Japanese 
cookies or sweets. The working atmosphere around this lab is hospitable. The relationship between 
our labmates and my host professor is very friendly. My host professor always makes jokes on one 
of my labmate Souta to have healthy food instead of cup ramen, and what’s more since I came to 
this lab to study, every Monday morning seminar of our lab was held in English instead of Japanese. 
Thanks for the Japanese class, after this program in spite of the limited vocabulary storage, I am 
able to express myself in a few Japanese accurately and I will continue to study Japanese in the 
future and keep the friendships with my host professor and the labmates.  

For the research side, I extended my potential involved the research related with nuclear 
waste reprocessing. I and my TA Uchimura are working on this project, even though our study has 
not finished to tell the whole story yet, we tried our best to investigate how the solid particles effected 
on viscosity of the borosilicate glassy melt. My research is related both with the experimental 
measurement and the computational fluid dynamics analysis, since I have little experience before 
with the composition analysis followed by alkaline fusion and X-Ray Diffraction method, my TA 
Uchimura helped me a lot with the experimental side, such as we diluted our glass samples together 
for more than ten times and helped me created the calibration curves for ruthenium and other Pd/Te 
metal elements, moreover, each glass samples for 50 milligrams was obtained from a homogenized 
discretized layer of the simulated borosilicate glass 900 grams, in the term of homogenized here, it 
needed a huge hammer work to crack the glass from block into the powder so that we did the 
hammer work in turn. Almost every week we arranged a meeting with my host professor Enokida, 
therefore my project was moving fast and productive. Finally, we made a breakthrough that we 
detected the ruthenium dioxide as one of the components in the glass powder we used successfully. 
Besides the experimental measurement, I simulated the inclined plane domain as a local interest for 
the nuclear waste melter in ANSYS/Fluent, another professor Sugiyama also gave me a lot of 
comments to accomplish my work. All in all, I am enthusiastic to do the research at Nuclear chemical 
lab. Our research needs time and patient, efforts and reflection to find the beauty of glasses.  

Last but not least, the travel experience in Japan makes me to see this world more clearly. My 
host professor arranged a trip for me to Kyoto with my TA and Souta to join the Gion Matsuri festival. 
And during the Bon Holiday, I with my program friend climbed Mt.Fuji and attended the Hanabi 
Festival at the Suwa lake. You might probably be attracted by the colorful Japan – Green, yellow and 
blue... I found how small I was when I up to the top of the Mt.Fuji, I found the high civilian 
responsibility of Japanese when I got lost. I found how the firework beautiful in Japan, and it was the 
best firework show I have ever seen, you may appraise the art and elegance created from Japan. I 
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(b) Questionnaires 
 
For Q1-4, we asked the same questions BEFORE and AFTER the program. 

 

Q.1: Are you interested in studying at a Japanese university for PhD? 

Before After 

  

Q.2: Are you interested in working at a Japanese company in USA? 

Before After 

  

Q.3: Are you interested in working at a Japanese company in Japan? 

Before After 

  

Q.4: Are you interested in working at a non-Japanese company in Japan? 

Before After 

  

Yes 

No 

Yes 

Yes 

Yes 

No 

No 
Yes 

Yes 
Yes 

Yes 

No 

No 

No 
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Q.5: In what did you find difficulty? What could be improved? 
 

[Language barrier]  
- As I already have English as a second language, Japanese was hard to me with 
memorizing new words and new writing system, although I really enjoyed. 

- The hardest part of the program was adjusting to the new research topic. Although I had 
taken courses and performed research that was relevant to my topic, it was still difficult 
due to the language difference. 

- Japanese class is very difficult. 

- I wish there would be an intermediate Japanese course, as I believe that would have 
helped me improve my communicating abilities. Therefore, if there could be a class 
targeted at intermediate learners (provided there are enough Japanese language 
students at that ability for future programs), then that would probably be beneficial. 

 

[Communication opportunity] 
- I think that having a few more group activity or excursions would have been good. It was 
a great time for everybody to take a day off and hang out, talk to the JUACEP advisors, 
participate and experience new and interesting things. 

- A bit lonely to live at the dorm and to go for shopping, since the amount of engineering 
female student is too limited. 

- I hope that this program can provide more open lectures which are taught in English. 

 

[Research circumstances] 
- Academically, the program might fail if there is no strict curriculum or research agenda 
followed during the program. Fortunately, in my laboratory I had good support and 
academic assistance and I was also given a curriculum to follow. Because of that, I was 
able to learn much during my short period of stay. I hope all the professors to provide a 
curriculum or research agenda to the students to make the academic part of the program 
interesting and challenging. Though, students cannot contribute much to the research 
during this short stay but they can definitely learn something new out from their research 
here. 

 

[Financial] 
- If travelling expense is covered, it would encourage more students to participate in the 
program. 
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Q.6: Write comments freely. 

- I especially liked the trip to Toyota. It was fun and informative. 

- The 10-week program is well structured, we have time to do research and also have time 
for ourselves and enjoy the country. 

- It was a great experience; it is going to help me in the professional level as well as the 
personal level. 

- The Engine dis/assembly was great. Hope there are more such activities or excursion 
every two weeks until the end of the program but not just in the first month. 

- Nice host professor I have, and the JUACEP program administrators, too. 

- The excursion is a normal tour and we can do the same things by ourselves. I was looking 
for more unique and private tour which bring us to places where normal public could not 
enter or where I can make network. 

- Although I needed so much help for pretty much everything due to language barrier, my 
lab members were kind and patient with me willing to help me out. 

- During the excursion, I enjoyed the Toyota factory, but JR museum didn’t interest me so 
much. It was repetitive and time allocation there was too long. 

- Instead of three-hour train museum exploring, other museum or another factory would 
be a better alternative. (But keep the beer garden! That was excellent!) 

- This was a wonderful program, and I am very grateful to have participated. I will 
definitely recommend this program to my classmates back at US. 

- Please conduct many social events for the JUACEP students to bring in more interaction 
with the Japanese students other than the Laboratory environment. 

 

109



110



<4> Appendix 

(a) Photo Collection 

(b) Handout Materials 
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(a) Photo collection 
  

-Orientation & Luncheon with lab members- 
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  -Disaster Mitigation Research Center tour- 

-Field trip- BBQ at Nayabashi Fish Market 

-Field trip- Toyota Kaikan Meuseum- 

-Field trip- Railway Park 
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  -Meet-up with Nagoya students- 

-Activities with the lab members- 

-With UM visitors- 
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-Hands-on exercise for Internal Combustion Engine 

-The 17th Workshop- 
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-Farewell party- 

-Completion ceremony- 

116



  (b) Handout materials 

117



Mandatory Submittals 
 

 All of following templates are downloadable at 
http://www.juacep.engg.nagoya-u.ac.jp/downloads/index.html 

 
1. (For all students) JUACEP Independent research report 

See Appendix-1. 
Deadline: August 23, 2016 
Submittal to juacep-office@engg.nagoya-u.ac.jp 

 
 

2. (For all students) JUACEP Research presentation slides 
We will collect your PowerPoint slides at the workshop site, Aug. 26, 2016. 
 

Evaluation: your final score is calculated by the points of the research report and the 
presentation at the workshop evaluated by your Nagoya Supervisor; 
 
 
 
 
You will be officially awarded credits of Nagoya University and the transcript is 
airmailed to your home university in September 2016. 
 

Important: 
(a) JUACEP will publish the participants’ research reports and the presentation slides in 

the website and booklet. Please ask your supervisor if it is allowed to publish to the 
public and let us know the result. 

(b) UM students MUST transfer the credits to ME590/Engr591 and submit the transcript 
to JUACEP Office as soon as possible. 

 
 
3. (For all students) Findings through JUACEP 

See Appendix-2. 
Deadline: August 18, 2016 
Submittal to juacep-office@engg.nagoya-u.ac.jp 
Please write freely about your experience in Japan inserting pictures. 

 
 
4.  (For Scholarship students) JASSO Scholarship obligatory reports, H-2 & H-3 

See Appendix-3 and -4. 
Deadline: August 18, 2016 
Submittal to juacep-office@engg.nagoya-u.ac.jp 

 
H-2 “Completion report of “Student exchange support program” 

Please write more than half of each column as it is required, then submit it without 
signature. We will request your autograph at a later date. 

H-3 “Questionnaire”  
 

 For H-2 and H-3, it is advised you leave out personal information which you do NOT 
want to share with the public as there is a possibility your report will be appeared on the 
JASSO website. 

Research report (1~50pts.) + Presentation (1~50pts.) 
100~90=S,  89~80=A,  79~70=B,  69~60=C,  59~0= fail 
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Campus Life Information 
 

 

International Residence Yamate 
Address: 165 Takamine-cho, Showa-ku, Nagoya 466-0811, Japan 

Phone: (052) 835-5575 (Office) Office manger: Ms. Akiko Narita 

Free WiFi is available. 

Please follow the residential guidelines. 

 
 
Student ID Card 
A student ID card is issued. It will let you into the university libraries, and with the card you may 

borrow books from the library. The card lets you get student discounts at museums, theatres 

and so on. 

 
Use of PCs on Campus  See P.18 and P.19 
Wireless Internet connection (NUWNET) is available on campus as far as your Nagoya 

University ID is effective. But at the beginning, you have to access to ‘Information and 

Communications Headquarters’ (https://ist.nagoya-u.ac.jp/) using your ID and a default 

password that are shown in the card delivered at the orientation, then take the online 

Information Security Training and pass the test. To pass the test, you must score at least 80% 

or repeat the test until you clear 80%. Please do all of required steps described in the web like 

changing password, otherwise acquired wireless connection will expired in a week. 

 

University Security Department Warning 

Copyright infringement using P2P software is prohibited. University has been strongly warning 

to all of faculty, staff and students not to use P2P software like Gntella, Share, Winny, WinMX, 

Xunlei, and so on. It can be easily detected and reflects discredit on University and oneself who 

used it. 

Please never use P2P in University, nor PC in which P2P is installed accessing to University 

network. 

 
 
1.  Medical Services 
If you suffer from continuous headaches, a loss of appetite, or you cannot sleep well, etc., you 

should seek the advice of a doctor before the condition gets worse. These symptoms may be a 

sign of fatigue or exhaustion. They may also be psychological or psychosomatic symptoms, 

which are treatable by specialist doctors. In addition to taking care of your own health, please 
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pay attention to your friends' health and encourage them to see a doctor, if they are feeling 

unwell.  

 

(1) The Health Administration Office    See Building Location map. 

Students can undergo physical examinations, receive health advice, first-aid and arrange 

psychiatric counseling at this facility. There is no charge for using any of these services.  

Appointments are necessary for psychiatric counseling services. Please call the office, 

Tel: (052) 789-3970 
 

[Office Hours for Health Services] 

Treatment Time Mon Tue Wed Thu Fri 

Physical Examinations & First-Aid 
10:00 - 11:30 

     

13:30 - 16:30 
     

Psychiatric Counseling 
10:00 - 12:00 

     

13:30 - 16:30 
  

- 
  

 

(2) Calling an Ambulance 
Telephone 119 or press the RED button on a public phone for connection, free of charge. 

Although it is possible to speak English, it would probably be helpful for you to say the 

following: “Kyuukyuusha (ambulance) wo onegai shimasu. Basho wa (your location) desu.” 
(I am calling for an ambulance. I am at...location. )  

This number is also used for requesting fire engines (shoubousha). 

 
2. Precautions for Food Poisoning and Infectious Diseases 
Great care should be taken with regard to eating habits during the extreme summer weather in 

Japan. To avoid food spoilage, check the expiration date before buying food, apply heat to raw 

foods and be careful not to keep food in the refrigerator for an excessive amount of time. To 

guard against food poisoning, always wash culinary items with hot water.  

Also follow the basic hygienic rules to avoid being infected. 

World Health organization: http://www.who.int/en/ 

 
 
1. Refuse Disposal at Nagoya University 
A sorting system for refuse disposal is used at Nagoya University. There are trash bins for 

“combustible refuse", “incombustible refuse", and recycle bins for “empty bottles", “empty cans", 

and “PET bottles" all over campus. Papers or magazines are collected by recycle companies. 

Used paper products such as used copy paper are collected and recycled. Students are kindly 

Refuse Disposal
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requested to be mindful when they throw away their rubbish and to use the correct bins to help 

waste reduction and the reuse of recyclable materials.  

Also please follow the manners ruled in each laboratory. 

 
2. Public Transportation of Nagoya City 

 MANACA is a pre-paid pass that can be used for subway/ city bus/ most of train 

companies through Japan. It is also used at convenience shops, vending machines, some 

restaurants, and so on. 
ONE-DAY TICKETS allow for unlimited rides of city traffic for a day. One-day tickets for all 

bus, subway, and bus & subway routes are available. Ticket, Donichi-Eco-Kippu, that can be 

used on Saturdays, Sundays, holidays and the 8th of every month can be also purchased. 

These tickets include a discounted admission fee for some tourist facilities in Nagoya city 

such as Nagoya Castle or the Tokugawa Museum. 

They can be purchased at any subway station. For further information, refer to the website: 

http://www.kotsu.city.nagoya.jp/ (Japanese)  

(3) Besides the city-running transportation, trains and buses of JR, Meitetsu, Aonami will 

make your movement easier. 

Useful Links:  

The following websites provide information on available transport services, time-tables, etc.. 

HYPERDIA: http://www.hyperdia.com/en/  

3. If involved in a traffic accident. 
If you are involved in a traffic accident, remain calm and do the following: 

1. If anyone is injured, dial 119 for an ambulance.  

2. Move any dangerous including vehicles, off the road to prevent other accidents.  

3. Report the accident immediately, even if it is small, to a nearby police station and obtain a 

report of the accident.  

4. Write down the license plate number of the car concerned as well as the name, address 

and age of the driver, after requesting to see his/her driver’s license.  

5. If there are witnesses, write down their names, addresses and telephone numbers.  

6. Make detailed notes of the accident and take photographs, if possible.  

7. See a doctor, even if you think that you are all right, because sometimes symptoms can 

take time to occur.  

8. Consult your insurance company as soon as possible.  

 
4. Compliance with Japanese Law 
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During their stay in Japan, any student who commits a crime, misdemeanor or any other illegal 

act, will be subject to legal procedures according to Japanese Law. Nagoya University also 

takes strict disciplinary measures against students who commit crimes or misdemeanors, and 

may expels them from university. 

(1) Prohibition of Narcotics 

In Japan, the possession and sale, for personal use or otherwise, of all narcotics and any illegal 

substances are strictly prohibited. If offered, refuse them. If leaving Japan temporarily, never 

agree to look after a stranger's luggage at the airport. 

(2) Drinking and Smoking Restrictions 

In Japan, people aged under 20 are not allowed to drink or smoke. Smoking is not allowed in 

many places, including stations, public facilities and within the campus. Nagoya city has special 

zones where smoking on the street is banned. If found smoking there, you will be fined. 

Driving a car, riding a motorcycle or bicycle after drinking any amount of alcohol is a serious 

offence in Japan, and can also cause accidents. Never drive after drinking. Those who accept a 

ride in a car that is driven by a drunk driver or those who offer alcohol to a driver are all subject 

to punishment under Japanese law. 

(3) Others 

Whilst inside a shop, removing product wrappers, price tags or putting products into pockets or 

bags before actually paying for them may be treated as an attempt to shoplift in Japan. Talking 

loudly on your mobile phone or chatting loudly with friends in public places, such as on a train, 

can cause disturbance in Japan. 

 
5. Safety Guide 
Japan is not as safe as most people think. There is the risk of crime anywhere in the world, 

including Japan. Please pay attention to safety and security for yourself and your belongings in 

any scenes as you do in the US. 

6. Culture shock 
Although “culture shock” is generally understood as a temporary shock felt when confronted by 

different cultural customs, ways of thinking and behavior patterns, it actually refers to a 

psychological state of depression caused by a succession of failure experiences in unfamiliar 

social situations. Culture shock is temporary and everybody goes through it to some extent in 

the process of cultural adaptation. General symptoms of culture shock include negative feelings 

such as: losing self confidence, feeling depressed, attributing all failure to yourself, feeling that 

nobody understands you, feeling inadequate, etc. Accordingly, you may lose all motivation to 

talk with Japanese people or to attend classes. Most of these psychological reactions are, 

again, very natural in the process of cultural adaptation. Please take time to cope with each 

single event in your life, and you will be able to overcome these emotions sooner or later. 
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7. Differences in “Academic Culture” 
It is widely accepted that different values, behavioral and communication patterns exist from 

culture to culture. However, we often fail to realize that there are also differences in “academic 

culture”, such as expected roles of academic advisers and students, classroom communication, 

evaluation criteria, etc. Such differences can also be a major cause of your stress. For example, 

the relationship between academic adviser and advisee is considered particularly important at 

the graduate level education in Japan. Some knowledge of the Japanese academic culture will 

help you achieve your goal more smoothly. 

 
8. Cope with Stress  
If you feel pressured by stress or lose confidence in your ability to study, you should think about 

releasing yourself from these negative emotions. Achieving good results in your studies may 

take a certain amount of time, and ought to be views as accumulative process. Sometimes, you 

will need to take a break. If you feel tired, do not push yourself too hard and try to enjoy some of 

your favorite foods, recreation, and physical exercise. It is also recommended that you talk with 

your friends, academic adviser, or international students advisors/counselors. Moreover, 

please do not consider the process of cultural adaptation solely as a cause of stress; you can 

learn tremendously about various cultures, including your own, from this process. 

< Visit the office of ECIS Advising & Counseling Services> 

If you feel that you cannot deal with stress or feel a sense of isolation or frustration, do not 

hesitate to ask for help from international counselors at the ECIS Advising & Counseling 

Services. There is an international student counselor who will support your personal and 

psychological concerns. A discussion with an international student counselor can help achieve 

a useful perspective on culture shock and insights into Japanese culture. 

ECIS Advising & Counseling Services (7th floor, West Wing of IB Bldg.)  

http://www.isa.provost.nagoya-u.ac.jp/en/ 

 
9. Harassment 
Nagoya University has set up a Harassment Consultation Center to prevent and eliminate the 

occurrence of any kinds of harassment, such as sexual harassment and academic harassment. 

Professional counselors deal with inquiries with utmost respect for their clients’ feelings and 

wishes. For English language consultation, you may visit the representative at the Education 

Center for International Students (ECIS). All consultation will be kept confidential. 

Nagoya University Harassment Consultation Center (Appointments by fax or E-mail) 

Tel: (052) 789-5806 (9:30-16:00) 

Fax: (052) 789-5968 

E-mail: sh-help@adm.nagoya-u.ac.jp 

URL: http://www.sh-help.provost.nagoya-u.ac.jp/  Contact persons at each School (including 

ECIS) 
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Hospitals around Nagoya University (English acceptable) 
 

Nagoya Daini Red Cross Hospial (Yagoto Nisseki) 
Address: 2-9 Myoken-cho, Showa-ku, Nagoya 

Tel: (052) 832-1121 

Mon-Fri: 8:00-11:00 

Closed on Sat, Sun, holidays 

 
Watanabe Clinic  
Address: 1F Nikkou Yamate-dori Building, 3 -9-1 Yamate-dori, Showa-ku, Nagoya 

Tel: (052)861-3450 

Mon-Sat: 9:00-11:30 

Mon, Wed-Fri: 16:00-17:30 

Closed on Sun, holidays 

 

Kai Clinic 
Address: 32-2 Myoken-cho, Shouwa-ku, Nagoya 

Tel: (052)836-9136 

Mon-Sat: 9:00-12:00 

Mon-Wed, Fri: 18:00-20:30 

Closed on Sun, holidays 

 

Yamate Dermatologist 
Address: 2-9-1 Yamate-dori, Showa-ku, Nagoya 

Tel: (052)836-4115 

Mon, Tue, Thu-Sat: 9:30-12:30 

Mon, Tue, Thu, Fri: 16:30-19:30 

Sat: 14:30-17:30 

Closed on Wed, Sun, holidays 

 

Fujimi Dentist 
Address: 139 Yagotohujimi, Showa-ku, Nagoya 

Tel: (052)835-3200 

Mon-Wed, Fri, Sat: 9:30-12:30 

Mon-Wed, Fri, Sat: 14:00-19:00 

Closed on Thu, Sun, holidays 
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