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Workshop on Complex Surfaces Intelligent
Manufacturing 2017
(52 23 Hif 11 B R Al A& BT if <= 2017)
6-8 December 2017, Guangzhou, Guangdong,
China
(T ZL) M, 2017 4F 12 A 6-8 H)
PROGRAM

(FE 7 /1)

Wednesday, December 6" (£ =, 12 H 6 H)

14:00-20:00 Registration (R 2)7E M)

17:30 Dinner (M%)

Thursday, December 7" (2 8P, 12 H 7 H)

Time (I} [A]) Speaker (& A\) Title (& H )

9:00-10:00 Opening Remarks (JF % 1\)

Session Chair (/<=3 £+ \):

10:00-10:30 Prof. Yusuf Altintas Digital Machining (F1 74N 1)
10:30-11:00 Prof. Kai Tang Energy-efficient five-axis
eIk €] machining of free-form surfaces

(1 o T Y v 3R .l )

11:00-11:15 Coffee Break (F'37/K K.)




Multiple vector fields based
five-axis toolpath planning for
the machining of sculptured
surfaces (Jft I ith o n T+ 3 T
% [ 1) 1 7] B AR )

11:15-11:45 Prof. Yuwen Sun
(FNECHIR)
12:00 Lunch

Session Chair (7= EHA):

Continuity-Preserving Tool Path
Planning in 5-Axis Flank Milling
of Complex Geometries (B 741
] . Ak 0 A o 2 8 1 PR R B T

FLERAR AR

A short report about some

advanced technologies of gears
manufacturing (4 ¢ il i& 1 4 it

BR)

3D vision and its application in
robotics (3D 5 S HAEA AR AN

BRI )

14:30-15:00 Prof. Chih-Hsing Chu

(2 HATHER)
15:00-15:30 Dr. Yuansheng Zhou

(A nAEE L)
15:30-15:45 Coffee Break (137K K))
15:45-16:15 Prof. Youfu Li

(& AR AR
16:15-16:45 Prof. Yong Chen

(% 55 #3%)

Additive Manufacturing of
Bio-inspired Complex Surfaces

via Nanocomposite 3D Printing
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16:45-17:15 Prof. Charlie C.L. Wang Geometric Computing for
(£ B &) Multi-Axis Additive
Manufacturing (2 fili 184 £4 1] &
HE LT 5D
17:15-17:45 Interactive session (.3 [a] &34 75)
17:45 Dinner (%)

Friday, December 8" (E#iF., 12 A 8 H)

Session Chair (7= HN):

9:00 Visiting enterprises (42 W)
12:00 Lunch (H14)
14:30 Visiting enterprises ({2 )
17:30 Dinner (#: %)
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1. Yusuf Altintas #i%, MEAXKESFELLIEXZE

Biography Yusuf Altintas is a Professor in Department
of mechanical Engineering at university of British
Columbia. Additionally, he is Ph.D. (McMaster), Hon.
Dr. Ing. (Stuttgart), NSERC-P&WC Industrial Research
Chair, Coordinator of Mechatronics Option at UBC,
Fellow of RSC, ASME, CIRP, SME, AvH, CAE, ISNM,
and P&WC.

URL.:http://mech.ubc.ca/yusuf-altintas/

Title Vvirtual High Performance Machining

Abstract The aim of our research is to develop mathematical models of metal
cutting operations, machine tool vibrations and control. The science based digital
models allow the virtual design of machine tools, and testing and optimization of
machining operations.

The model predicts the cutting forces, torque and power consumed in machining
parts by considering material properties, cutter geometry, structural flexibilities, and
cutting conditions along the tool path. The structural dynamics of the machine tool can
either be imported from Finite Element analysis if the machine tool is at the design
stage, or from the experimental modal measurements if the machine is already built.
The simulation system predicts chatter free cutting conditions within the work volume
of the machine tool, or detects the presence of chatter vibrations along the tool path.
The dynamics of servo drive control systems, and trajectory generation as a function of
jerk, acceleration and velocity profiles of machine tools are considered in simulating
the machine tool behavior. An in-house developed virtual and real time CNC system
allows the design and analysis of any five axis machine tool controller.

The algorithms are published in open literature (Google Scholar h-77 with over
21600 citations), and packaged in industrial software tool box which can be used as a
process planning tool by production engineers or as an analysis module by machine tool
builders (over 250 companies and research centers world-wide). We are currently
developing a controller for a 9 axis precision micro machine built in our laboratory,
investigating damping of machine tool vibrations, and the stability of turning, drilling,
boring, micro-cutting, threading of pipes and mill turn operations.


http://mech.ubc.ca/yusuf-altintas/

2. Kai Tang (iz2) 8%, FERZKF

Biography iz 9l 4%, %, 1959 4 4 H i 4E,
1984 FH B & Uk 2 3k B % P2 K% (Ann
Arbor) B %%, 1990 SR IFEH TREM . K5
+ 4, /F BT 3% [ Schlumberger CAD/CAM ( J5
H N UniGraphics) , &[4 57 2 & 2 i i
TTE o 2 A e B R . 2001 X A
R R I, AR BT i R S R i
%, WLNZRIEAZ. EEH RSN HHL
B s Mol aE ) R AR S s R B il T
EHAHBEAER T, HARKHHRRAEA —EW
S 7 BB B O B SR A . fE 2001-2014 MAE, fEARANHE
ER R, KREBFLPBELN T ANE HEDRNEFEBBNEREES
( General Research Fund) #1613 2 4 ( Innovative Technology Fund)
AR E. B2 XERRERME LR RSZ R, W Journal of CAD,

Journal of Computational Design and Engineering.
URL.: http://ihome.ust.hk/~mektang/

Title & T & 2t 4k o 52 2% i 1 Fhoin T B0 Sl 55 g

Abstract £ xf kB % 34 i T T, G R 7R it B 4k R R AR e
o FE A, RE B H R ) AN K A . A R BE AR SR AL A R L RE RE
BEFHES A, BREREERE, 2T UADEERF -TTEXR
PHI . AR AE KA, MM TIREP WA ZmEE T
X b TH RO T o0 DO R SR RS, B T B BK AR B9 AR Ak R M 4B i
S WAL

HEHETEMITSHL EAFnn TREFREARR T, TR
WEEZRKEERRE: mTEE, VE S, AR GE3ReF. 18
A TIABAEM MR SRS, AFREL RS S L= KRR
A, WRETREZXEOMS, UIH A& BRE T E . @i
BIREFEME EAR M SEARES T RESE, #E 7%
WMATEEHMAMEEEERE. FHIZARRN S S SRS
HAAMRIERE, AUFRTEMR T ETRAMMAN ] AR EAEN, @it
X E A% gt hn A 3K ] A R RE IR BE FE 20-30%

MFH—AEH K, X T RS E R, f i q,
HinTHaezs KK ZOHE A ERESLE -SRI, £8 % TN
TP T, AR THBEBRESSFHEINANES ZI A
iz sh 7 3, M S W B & B TR . AR W50 i 04k T 2K
MEMBEWANNSH, B TRERMN TR ER, Mk
i) TR 40-50% ) BE 242 Tt .


http://ihome.ust.hk/~mektang/

3. Yuwen Sun ( #hEX ) 2% , KiEBIXF

Biography #h & s 4%, i+ 4 S0, B R A& H
HHEREERBE, KL EHEREAR. 1994 4F
T L@ RS E TZE RS LTI 3RT
e Ar, 2000 AT OKGE BT OR S ML I G
FHE AL E EE B . 2003 4]+ H
B2 Be UL B B sh A B 78 B 1 L J5 Houh, 2004 4
Rl =l By N 1| 2 = S sl O By =3 1 I =
K25 %%, 2005 FiR G E N B H %,
2007 FEIF| A L4 F i, 2008 AN HEF MW
Frit A H N A SRR, 2009 E TN B . N FH B Ak
EHSHEMTEAR, mMTHEEEEE. RSN, BHESRM
mTHEAR, BEExaihmkit. L5 HHE RS oL
fEo THELKR, faMZERFRANFERZEESHH. Ex 973
R HRE ., GFI73 TR, EX AR A S HE K H R,
HAMMm EWE, HEERKLTHFREMER 863 kWl H %5 # wf
WH 20 R, FAEN. L ATFKWELH 10 fRu, fFRFERE
BN SR B R R kB S SR E KO A A A i 3 T

URL: http://faculty.dlut.edu.cn/sunyuwen/zh CN/index.htm

Title Multiple vector fields based five-axis tool path planning for the machining of
sculptured surfaces

Abstract The vector field based tool path method can conveniently generate the
desired tool paths according to the preferred feed directions which reflect the
machining intent of the designers at CC (cutter contact)points, thus recently, it has
become the focus of interests. But, the current methods are still limited to the single
surface machining. When machining the compound surface patch by patch, it has to
plan additional tool path to machine the blending areas of the adjacent patches, and
more importantly, the solutions of the key issue, i.e. tool path construction over the
vector field, are still heuristic due to the high computational complexity. To solve the
problems, a tool path method is developed, based on the multiple feed vector fields,
for the 5-axis machining of a compound surface with the torus-end cutter. In this
method, the feed vector field in the parametric domain is first constructed in form of
stream function which is used to generate the candidate streamlines for tool path
generation, and then a G* blending algorithm is presented to blend the vector fields in
the adjacent parameter domains, ensuring the smooth transition of the cross-border
streamline. On basis of this, the path lines with the reasonable side steps, which are
corresponding to the streamlines, are selected as the desirable tool paths. Along the
calculated tool path, the optimal tool orientation is further investigated so that at each
cutter contact (CC) point, the torus-end cutter can touch the surface closely without
gouging. Finally, examples are given to validate the proposed method.


http://faculty.dlut.edu.cn/sunyuwen/zh_CN/index.htm

Biography chih-Hsing Chu is a Professor in Department
of Industrial Engineering and Engineering Management,
National TsingHua University, Taiwan. He attended National
Taiwan University and received his B.S. and M.S. degrees
from Department of Mechanical Engineering. He received his
Ph.D. degree in mechanical engineering from University of
California at Berkeley, USA. His past work experiences
include Web Applications engineer at Red Spark, an Autodesk
Venture, USA, Daimler Benz AG, Germany, and a visiting
researcher at the Laboratory for Machine Tools and Production Engineering (WZL),
RWTH Aachen, Germany. Prior to joining National TsingHua University in 2002, he
was an Assistant Professor in Industrial and Systems Engineering Department, Virginia
Tech, USA. He was an invited scholar at CREDITS Center, Sungkunkwan University,
Korea, during the summer of 2005. His research interests include digital manufacturing,
CAD/CAM, augmented reality, and collaborative engineering. He is a member of IEEE,
ASME, and SME.

URL:http://prl.ie.nthu.edu.tw/Member.htmi

AN

Title Continuity-Preserving Tool Path Planning in 5-Axis Flank Milling of Complex
Geometries

Abstract Five-axis flank milling has been widely used to produce high-value parts
in the aerospace, automobile, mold, and energy industries because of its superior
productivity and shaping capability. Tool-path planning in this milling operation is a
challenging task with one major difficulty in precise control of geometrical errors on
the machined surface. Previous optimization-driven tool-path planning methods
provide a feasible approach to machining error control in five-axis flank milling of
ruled surfaces. However, uneven modifications of the tool motion often result in poor
surface quality on the finished part. This research proposes a new planning method for
solving this problem. The proposed method generates a continuity-preserving tool path
that not only produces minimized geometrical deviations but also maintains
satisfactory surface quality. The tool path is described in the form of spline curves
during its optimization-driven modification process. Instead of adjusting individual
cutter locations, optimization algorithms are applied to determine the coefficients of the
curve equations by minimizing accumulated errors on the machined surface. According
to experimental data, the new method generates a tool path that yields superior results
in both geometrical errors and surface roughness compared with traditional methods.
This study provides an effective approach for intelligent tool-path planning in
five-axis flank milling that considers multiple objectives in machining.


http://prl.ie.nthu.edu.tw/Member.html

5. gk B, PEXE

Biography Mt , WM A, A, B, @
g BIAE 08 4. 11 4F J¢ 15 4F Bk T i /R i TR K
., Wim K%, Concordia University (Montreal,
Canada), 16 0 A+ K&, fEHLH TR % B
ERWTESR, HAERE, I H 2o #x B
NN =2 i W S 18 1 B W (6 I B 7S <o N
i Kooy M B¢ iR BE W& . B L
CAD/CAM/CAE. s Rt H R E T WA KL &, B
BEAT TR S B Tk R B 5 e & R R
MEE . 5TWAAE o EEWEE, Fi
;kZ5 THZ REMLN ARG Z T AHKOE , JF7£ Computer-Aided
Design, ASME, International Journal of Machine Tools and
Manufacture, Mechanism and Machine Theory £ #] 7| &k % £ & & /K F
== Np 7o

URL.: http://cmee.csu.edu.cn/bk/?id=zhouyuansheng

Title A short report about some advanced technologies of gears manufacturing

Abstract &+ x4 i i Tl 75 5K, o [ 35 58 47 b 78 0 RS B . e Tk e
MHmRBERBEEE, S{FHMNERRESERO R ML, MWW
WRERNRMERFER. AHERT, RIMKEHE AN HEANBHH,
T SRl N 2 = R I = 2 VA =T e =Bl Bl s E e M e o
WF 5% R 7 4, #£ #] F§ CAD/CAM/CAE/CAO Cit & ML 4 Bh & 1t . 1 i .
AT AR AR D SRR O B R AE UG R W AT BT MR AR, A B B S G R
MERAN: HNR, A, AFih. #HER. RS,


http://cmee.csu.edu.cn/bk/?id=zhouyuansheng

6. Youfu Li(FR1E) #Hig , FERHXE

Biography 2= # 4% 48 w4 /R i Tk K 2% B 7 T2
Lol 3R AT 5 M S A . 1993 AR AE 4B R
TR RN A AR 7 H R 260, 1993
AR 1995 A, AREITENERNER LG
B TAE. HAl, 2B Mm KR msS £y
=5 T F2 &R B0 2082 . A 1O B 90 D% 8 A0 F5 L 38 N
o, HLas Ao, 3D M, wlAE R ER, 4% EKER
S, VLR AR B B . A AT [ PR A
] IEEE Transactions on Automation Science and
Engineering (T-ASE) &l ¥ 4%, Bt E Fx & & |EEE Robotics and
Automation Magazine (RAM)E| F %, M IEEE HL2% AN B 3L #h <
(1) 2= W9 55 22 0 22 9 4R

URL.: http://www.cityu.edu.hk/mbe/meyfli/

Title 3Dvision and its applications in robotics

Abstract 3D vision is important to many engineering applications including
robotics. In this talk, I will present our research in visual sensing for automated 3D
measurements in general and for motion tracking for robotics in particular. Different
approaches in our investigation in 3D vision research will be reported. These include an
active vision approach to 3D visual sensing. With the auto-recalibration method
developed, the vision system parameters can be recalibrated automatically, allowing
the 3D sensing to be performed online without interruption. For motion tracking
applications in robotics, at rajectory description based approach will be presented for
motion trajectory description and recognition.


http://www.cityu.edu.hk/mbe/meyfli/

7. Yong Chen (f5%) BI#iE , SERNFIARRIEXZE

Biography Dr. Yong Chen is an associate professor in
Epstein Department of Industrial and Systems Engineering
and Department of Aerospace and Mechanical Engineering
(courtesy) at University of Southern California (USC). He
received his Ph.D. degree in Mechanical Engineering from
Georgia Institute of Technology in 2001. Prior to joining
USC in 2006, he was a senior Research and Development
(R&D)engineer in 3D Systems Inc, the pioneer and world
leader in 3D Printing industry. Dr. Chen’s research focuses
on additive manufacturing (3Dprinting) in micro- and
meso-scales, especially modeling, analyzing, synthesizing, and optimizing digital
design and manufacturing. Among his published publications, he received more than
ten Best/Outstanding Paper Awards in major design and manufacturing journals and
conferences. Other major awards he received include the National Science Foundation
Faculty Early Career Development (CAREER) Award, the Outstanding Young
Manufacturing Engineer Award from the Society of Manufacturing Engineers (SME),
and a Leadership and Service Award from the ASME CIE division. He was cited as
one of the top young engineers(ages of 30-45) in USA through the invitation to the
National Academy of Engineering (NAE) Frontiers of Engineering Symposium.

URL.: http://www-bcf.usc.edu/~yongchen/

Title Additive Manufacturing of Bio-inspired Complex Surfaces via Nanocomposite
3D Printing

Abstract Many natural structures out-perform the conventional synthetic
counterparts due to the specially evolved multi-scale and multi-material architectures.
However, the majority of current 3D printing systems are designed to fabricate parts
using a single material in a single scale mainly for structural purpose. Such complex yet
beautiful designs existing in natural structures are far beyond the fabrication capability
of current 3D printing systems. This talk will report our recent work on developing new
multi-scale and multi-material additive manufacturing processes to fabricate
bio-inspired complex surfaces including the eggbeater structure of the Salvinia Molesta
leaves to create super hydrophobic structures. After a brief overview of current 3D
printing technology, an additive manufacturing process named Immersed Surface
Accumulation to fabricate complex micro-scale structures on an object surface will be
presented. Such AM process enables one to reproduce biomimetic functional surfaces
to achieve interesting properties such as hydrophobilicity and petal effect. Some
promising applications enabled by the 3D-printed complex surfaces will be
demonstrated and discussed. The talk will conclude with remarks and thoughts on
future 3D printing developments and potential opportunities for intelligent
manufacturing.


http://www-bcf.usc.edu/~yongchen/

8. Charlie C.L. Wang(E&8:%) #i%, 5= Delft BT K%

Biography Prof. Charlie C. L. Wang is a Fellow of
American Society of Mechanical Engineers (ASME) .
with expertise in geometric computing, design and
manufacturing. He received his Ph.D. in Mechanical
Engineering from HKUST in 2002. After that, he joined
Chinese University of Hong Kong in 2003. Starting from
January 2016, he joined Delft University of Technology
(TU Delft) as Professor, Chair of Advanced
Manufacturing. His research interests include geometric
computing,  computer-aided  design,  advanced
manufacturing and computational physics. Prof. Wang
received a few awards from professional societies
including the ASME CIE Excellence in Research Award (2016), the ASME CIE
Young Engineer Award (2009), the CUHK Young Researcher Award (2009), the Best
Paper Awards of ASME CIE Conferences (in 2008 and 2001), the Prakash
Krishnaswami CAPPD Best Paper Award of ASME CIE Conference in 2011, and the
NAMRI/SME Outstanding Paper Award in 2013. He serves on the editorial board of a
few journals including Computer-Aided Design, IEEE Transactions on Automation
Science and Engineering, ASME Journal of Computing and Information Science in
Engineering, and International Journal of Precision Engineering and Manufacturing.
URL: http://homepage.tudelft.nl/h05k3/

Title Geometric Computing for Multi-Axis Additive Manufacturing

Abstract This talk consists of two recent research works conducted in my research
group towards the direction of adding more degree-of-freedom motion in the process of
additive manufacturing therefore further enhance the flexibility of fabrication. In the
first work, a robotic system - RoboFDM is presented. The fabrication of 3D models in
this system follows the principle of fused decomposition modeling (FDM). Different
from conventional FDM, an input model fabricated by RoboFDM is printed along
different directions at different places. A new algorithm is developed to decompose
models into support-free parts that can be printed one by one in a collision-free
sequence. In the second work, we do not limit material accumulation on a planar
surface anymore. An input solid model is decomposed into a sequence of curved layers
that can be fabricated by using multi-axis additive manufacturing. Both approaches
have been tested on a hardware platform equipped with a 6DOF robotic arm.
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