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222 Ball Tips of Micro/Nano Probing Systems: A Review. Ruijun LT = Chen
CHEN * Dandong LI » Kuang-Chao FAN » Zhenying CHENG » Qiangxian
HUANG « Xueming DANG

Abstract: To satisfy the measuring demands for the micro components of the
industry, micro/nano probing systems with various ball tips have been
developed. However, most of them cannot be used to measure the real micro
geometrical features high precisely because the parameters of the ball tips are
not appropriate. The ball tips with a diameter of less than 100 pm, a sphericity
and cceentricity of far less than | pm are required urgently. A review on the
state-of-the-art of ball tips of micro/nano probing systems is presented. The
material characteristics and geometric parameters of now available ball tips
are introduced separately. The existing fabrication methods for the ball tips are
demonstrated and summarized. The ball tips® future trends, which are smaller

diameter, better sphericity and smaller eccentricily, arc proposed in view of
| the practical requirements of high-precision measurement for micro
geometrical [eatures. Some challenges have to be faced in future, such as the
promotion and high-precision measurement for the small ball tip's sphericity
| and eccentricity. Fusion method without the gravity effect when the molien
ball tip solidifying is a more suitable way to fubricate a small diameter ball tip
together with a shaft.

DOI 10.1007/510033-017-0080-x

23] Present Situation of the Anti-fatigue Processing of High-strength
Steel Internal Thread Based on Cold Extrusion Technology: A
Review. Hong MIAO = Cheng JIANG « Sixing LIU » Shanwen ZHANG »
Yanjun ZHANG

Abstract: The adoption of cold-extrusion forming for internal thread net forming
becomes an important component of anti-fatigue processing with the
development of internal thread processing towards high performance, low cost
and low energy consumption. It has vast application foreground in the field of
aviation, spaceflight. high speed train and etc. The internal thread processing and
’ anti-fatigue manufacture technology are summarized, In terms of the perspective
of processing quality and fatigue serving life, the advantages and disadvantages
of the processing methods from arc compared. The internal thread cold-extrusion

processing technology is investigated for the purpose of improving the

anti-fatigue serving life of internal thread. The superiorities of the plastic
deformation law and surface integrity of the metal layer in the course of cold
extrusion for improving its stability and econosy are summed up. The proposed '
research forecasts the development tendency of the imemn? thread nnti-fatigue '
manufacturing technology.
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24] Magnetostrictive and Kinematic Model Considering the Dynamic
Hysteresis and Energy Loss for GMA. Huifang LIU « Xingwei SUN «
Yifei GAO « Hanyu WANG * Zijin GAO

Abstract: Due to the influence of magnetic hysteresis and energy loss inhcrent in
giant magnetostrictive materials(GMM), output displacement accuracy of giant
magnetostrictive actuator(GMA) can not meet the precision and ultra precision
machining. Using a GMM rod as the core driving element, a GMA which may be used
in the field of precision and ultra precision drive engineering is designed through
modular design method. Based on the Armstrong theory and elastic Gibbs free energy
theory, a nonlinear mognetostriction model which considers magnetic hysteresis and
energy loss chamacteristics is established. Moreover, the mechanical system differential
cquation model for GMA is established by utilizing D’Alembert’s principle,
Experimental results show that the model can preferably predict magnetization
property, magnetic potential orientation, energy loss for GMM. It is also able to
describe magnetostrictive elongation and output displacement off GMA. Research
results will provide a theoretical basis for solving the dynamic magnetic hysteresis,
energy loss and working precision for GMA fundamentally.

DOI 10.1007/510033-017-0092-6

256 Engagement Angle Modeling for Multiple-circle Continuous
Machining and Its Application in the Pocket Machining. Shixiong WU
» Wei MA « Haiping BAI » Chengyong WANG « Yuexian SONG

Abstract: The progressive cutting based on auxiliary paths is an effective machining
method for the material accumulating region inside the mould pocket. But the method
is commonly based on the radial depth of cut as the control purameter, further more
there is no more appropriate adjustment and control approach, The end-users often
fail 10 set the parameter correctly, which leads to excessive tool load in the process of
actual machining. In order to make more reasonable control of the machining load and
tool-path, an engagement angle modeling method for multiple-circle continuous
machining is presented. The distribution mode of multiple circles, dynamic changing
process of engagement angle, extreme and nverge value of engagement angle are
carclully considered. Based on the engagement angle model, numerous application
techniques for mould pocket machining are presented, involving the caleulation of the
milling foree in multiple-circle continuous machining, and rough and finish machining
path planning and load control for the material accumulating region inside the pocket.
and other aspects. Simulation and actual machining experiments show that the
cngagement angle modeling method for multiple-circle continuous machining is
correct and reliable, and the related numerous application techniques for pockel
machining are feasible and effective. The proposed research contributes to the analysis
and control tool lead effectively and tool-path planning reasonably for the material
accumulating region inside the mould pocket.

DOL10,1007/510033-017-0077-5

Double Position Servo Synchronous Drive System Based on
Cross-Coupling Integrated Feedforward Control for Broacher. Wengi
LU » Kehui JI « Hanging DONG + Jianya ZHANG + Quanwu WANG -
Liang GUO

Abstract: Synchronization errors directly deteriorate the machining accuracy of metal
parts and the existed method cannot keep high synchronization precision because of
external disturbances. A new double position servo synchronous driving scheme based
on semi-closed-loop cross-coupling integrated feedforward control is proposed. The
scheme comprises o position error cross-coupling feedforward control and a load
torque identification with feedforward control. A digital integrated simulation system
for the dual servo synchronous drive sysiem is established. Usmg a 20 t servo
broacher, performance analysis of the scheme is conducted based on this simulation
system and the simulation results show that systems with traditional parallel or single
! g ol control have problems when the worktable works with an unbalanced load. However,
the system with proposed scheme shows good svnchronous performance and
positional accuracy. Broaching tests are performed and the experimental results show
that the maximum dual axis synchromzation error of the system is only & pm during
- acceleration and decelertion processes and the error between the actual runnmg
position and the given position is almost zero. A double position servo synchronous
driving scheme 15 presented based ons crosscoupled integrated  feedforward
compensation contral, which can improve the synchronization precision,
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286 3D FEM Simulation of Milling Force in Corner Machining Process.
Caixu YUE = Cui HUANG + Xianli LIU » Shengyu HAO * Jun LIU

Abstract: To optimize milling force and machining accuracy quality in comer
milling process, the changing law of milling force is revealed by Finite Element
Method(FEM). Based on DEFORM software a serial of 3D FEM models for
comer milling process are devloped. Tool curved trajectory is achieved by
establishing accurate relationship of tool location with milling time. Adaptive
remeshing technique and iterative algorithm are adopted to ensure convergence of
FEM model. Component force chamcteristics are revealed by analyzing FEM
simulation results. It indicates that the milling force in ¥ dircction becomes
negative comparing with forces m X and Z direction. Magnitude of forces in three
directions decreases with increase of spindle speed, while it increases with
increase of milling feedrate. The simulation results for cutting force are in good
agreement with those obtained from experiment. The FEM simulation model is
first successfully established for comer milling process in this study, and the
results provide a guide for optimizing cutting parameters in cutting process.

DOI 10,1007/510033-017-0078-4

294  Abrasive-assisted Nickel Electroforming Process with Moving
Cathode. Jianhua REN » Zengwei ZHU + Chungiu XIA * Ningsong '
QU = Di ZHU
Abstract: In traditional electroforming process for revolving parts with complex
profiles, the dmwbacks on surface of deposits, such as pinholes and nodules, will
lead to varying physical and mechanical properties on different parts of
electroformed components. To solve the problem, compositely moving cathode is
employed in abrasive-assisted clectroforming of revolving parts with complicated
profiles. The cathode translates and rotates simultaneously to achieve uniform
friction effect on deposits without drawbacks. The influences of current density and
translation speed on the microstructure and properties of the clectroformed nickel
layers are investigated. It is found that abrasive-assisted electroforming with
compound cathode motion can effectively remove the pinholes and nodules,
positively affect the crystal nucleation, and refine the grains of layer. The increase of
current density will lead to coarse microstructure and lower micro hardness, from
325 HV down to 189 HV. While, faster translational linear speed produces better
surface quality and higher micro hardness, from 236 HV up to 283 HV. The
weld-ability of the electroformed layers are also studied through the metallurgical
analysis of welded joints between nickel layer and 304 stainless steel, The
clectrodeposited nickel layer shows fine performance in welding. The novel
compound motion of cathode promotes the mechanical propertics and refines the
microstructure of deposited layer.

DOI 10,1007/510033-017-007 1 -y
301 Improved Soft Abrasive Flow Finishing Method Based on Turbulent
Kinetic Energy Enhancing. Jun LI » Shiming JI » Dapeng TAN

Abstract: Soft abrasive flow(SAF) finishing can process the irregular geometric fobet Fiature Outlet

surfaces, but with the matter of low processing efficiency. To address the issue, an
improved SAF finishing method based on turbulent kinetic encrgy enhancing 18
proposed. A constrained flow passage with scrrution cross-section is constructed
to increase the turbulence intensity. Taking the constrained flow passage as the
objective, a two-phase fluid dynamic model is set up by using particle trajectory
model and standard k-5 turbulence model, and the flow field characteristics of the
flow passage are acquired. The numerical results show that the serration flow
passage can enhance the turbulence itensity, uniform the particles distribution,
and increase the particle concentration near the bottom wall, The observation
results by particle image velocimetry(PIV) show that the internal vortex structures
arc formed in flow passage, and the abrasive flow takes on turbulence
concentrating phenomenon in near-wall region. The finishing experiments prove
that the proposed method can obtain better surface uniformity, and the processing
efficiency can be improved more 35%. This research provides an abrasive flow
modeling method to reveal the particle motion regulars, and{can offer references 2
to the technical optimization of fluid-based precision processing.
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Prediction of the Interface Temperature Rise in Tribochemical
Polishing of CVD Diamond. Zewei YUAN = Yan HE » Zhuji JIN * Peng
ZHENG « Qiang LI

Ahstract: Tribochemeial polishing is one of the most efficient methods for polishing
CVD (Chemical Vapor Deposition) diamond film due to the use of camlytic metal.
However the difficulty to control the interface temperature during polishing process often
results in Tow material removal because of the unstable contact process. So this rescarch
investigates the contact process in the tribochemical polishing of CVD diamond film and
proposes a dynumic contact model for predicting the actual contact area, the actual
contact pressure, and the interface temperature in the palishing process. This model has
been verified by characterizing surface metrology of the CVD dinmond with Talysurf
CLI2000 3D Surface Topography and measuring the polishing temperature. The
theoretical and experimental results shows that the height distribution of asperitics on
diamond film surface in the polishing process is well evaluated by combining the height
distribution of original and polished asperitics. The modeled surface aspenty height
distribution of diamond film agrees with the actual surface merrology i polishing
process. The actual contact pressure is very large due to the small actual contact ared. The
predicted interface temperature can reach the catalytic reaction temperature between
diamond and polishing plate when the lowest rotation speed and load are 10000 r/min and
50 N, respectively, and diamond material is significantly removed. The model may
provide effective process theory for tribochemcial polishing.

PO 10.1007/510033-017-0086-4

Work Hardening Behavidr of 1020 Steel During Cold-beating
Simulation. Fengkui CUI « Yuanfei LING « Jinxue XUE « Jia LIU + Yuhui
LIU » Yan LI

Abstract: The present research of cold-beating formation mainly focused on roller
design and  manufacture, kinematics, constitutive relation, metal [ow law,
thermo-mechanical coupling, surface micro-topography and microstructure evolution.
However. the research on surface quality and performance of workpieces in the
process of cold-beating is rare. Cold-beating simulation experiment of 1020 steel is
conducted at room temperature and struin rates ranging from 2000 to 4000 s " base on
the law of plastic forming. According to the experimental data, the model of strain
hardening of 1020 steel is established, Scarming Electron Microscopy(SEM) is
conducted, the mechanism of the work hardening of 1020 steel s clarified by
analyzing microstructure variation of 1020 steel. It is found that the strain rate
hardening effect of 1020 steel is stronger than the softening effect induced by
increasing temperatures, the process of simulation cold-beating cause the grain shape
of 1020 steel significant change and microstructure elongate significantly to form a
fibrous tissue parallel to the direction of deformation. the higher strain rate, the more
ohvious grain refinement and the more hardening effect. Additionally, the change law
of the work lardening rate is investigated, the relationship between dislocation density
and strain, the relationship between work hardening rte and dislocation density is
obtained. Results show that the change trend of the work hardening rate of 1020 steel
is divided into two stages, the work hardening rate decreases dramatically in the first
stage and slowly decreases in the second stage, finally tending toward zero
Dislocation density increases with increasing strain and strain rate, work hardening
rate decreases with increasing dislocation density. The research results provide the
basis for solving the problem of improving the surface quality mnd performance of
workpicees under cold-beating formation of 1020 steel.

DOT 10, 1007/s10033-017-0070-2

Experimental and Simulation Studies on Cold Welding Secaling
Process of Heat Pipes. Yong L1 + Shengle CHEN « Jinlong HUANG -
Yuying YAN * Zhixin ZENG

Abstract: Sealing quality strongly affects heat pipe performance. but few smdies
focus on the process of heat pipe sealing. Cold welding sealing technology based on a
stamping process is applied for heat pipe sealing. The bonding mechanism of the cold
welding sealing process (CWSP) is investigaled and compared with the experimental
results obtained from the bonding interface analysis. An orthogonal experiment is
conducted to observe the effects of vadous parameters, including the sealing gap,
sealing length, sealing diameter, and sealing velocity on bonding strength. A method
with the utilization of saturated vapor pressure inside a copper tube is proposed 1o
evaluate bonding strength, A corresponding finile element model is developed to
investigate the effects of sealing gap and sealing velocity on plastic deformation during
the cold welding process. Effects of various parameters on the bonding strength are
determined and it is found that the sealing pap is the most critical factor and that the
sealing velocity contributes the least effect. The best purnmeter combination
(A, 8:C, Dy, with a 0.5 mm scaling gap, 6 mm sealing length, 3.8 mm sealing diameter,
and 50 mm/s sealing velocity) is derived within the experimental parameters, Plastic
defrmation results derived from the finitg element model are consistent with those
from the experiment. The instruction for the CWSP of heat pipes and the design of
scaling dies of heat pipes are provided.
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Simulation on Residual Stress of Shot Peening Based on a
Symmetrical Cell Model. Cheng WANG +« Jiacheng HU « Zhenbiao
GU « Yangjian XU + Xiaogui WANG

Abstract: The symmetrical cell model is widely used to study the residual stress
induced by shot peening. However, the correlation between the predicted residual
stresses and the shot peening coverage, which is a big challenge for the researchers
of the symmetrical cell model, is still not established. Based on the dynamic stresses
and the residual stresses outputted from the symmetricol cell model, the residual
stresses corresponding to full coverage are evaluated by normal distribution analysis.
The predicted nodal dynamic stresses with respect 1o four comer points indicate that
the cqui-biaxial stress state exists only for the first shot impuct. Along with the
increase of shot number, the interactions of multiple shot impacts make the
fuctuation of the nodal dynamic stresses about an almost identical value more and
more obvious. The mean values and standard deviations of the residual stresses
gradually tend to be stable with the increase of the number of shot peening series.
The mean values at each comer point are almost the same afier the third peening
serics. which means that an equi-biaxial stress state corresponding to the full
coverage of shot peening 1s achieved. Therefore, the mean values of the nodal
residual stresses with respect to a specific tmnsverse cross-section below the peened
surface can be used to correlate the measured data by X-ray, The predicted residual
stress profile agrees with the experimental results very well under 200% peening
coverage. An clfective correlation method is proposed for the nodal residual stresses
predicted by the symmetrical cell model and the shot peening coverge,

DOI10.1007/s10033-017-0085-5
Thermodynamic Behavior Research Analysis of Twin-roll Casting
Lead Alloy Strip Process. Chengcan JIANG « Yannian RUI

Abstract: The thermodynamic behavior of twin-roll castng(TRC) lead alloy strip
process directly affects the forming of the lead strip, the quality of the lead strip and the
production efficiency. However, there is little research on the thermodynamics of lead
alloy strip at home and abroad. The TRC lead process is studied in four parameters: the
pouring temperature of molten lead, the depth of molten pool, the roll casting speed,
and the rolling thickness of continuous casting, Firstly, the thermodynamic model for
TRC lead process is built. Secondly, the thermodynumic behavior of the TRC process
is simulated with the use of Fluent. Through the thermodynamics research and analysis,
the process parameters of cast rolling lead strip can be obtained: the pouring
temperature of molten lead: 360400 'C, the depth of molten pool: 250-300 mm, the
roll casting speed: 2.5-3 m/min, the rolling thickness: -9 mm. Based on the above
process parameters, the optimal parameters(the pouring lemperature of” molten lead:
375-390 'C, the depth of molten pool: 285-300 mm, the roll casting speed: 2.75-3
m/min, the rolling thickness: 8.5-9 mm) can be gained with the use of the orthogonal
experiment, Finally, the engineering test of TRC lead alloy strip 1s carried out and the
test proves the thermodynamic model is scientific, necessary and correct. In this paper,
a detailed study on the thermodynamic behavior of lead alloy strip is carried out and
the process parameters of lead strip forming are obtained through the research, which
provide an effective theoretical guide for TRC lead alloy strip process.

DOI 10.1007/s10033-017-0044-1

Experimental and Modeling Study of the Regular Polygon
Angle-spiral Liner in Ball Mills. Yi SUN = Man LIANG « Xiaohang
JIN » Pengpeng JI « Jihong SHAN

Abstract: Load behavior 15 one of the most critical factors affecting mills’ energy
consumption and grinding efficiency, and is greatly affected by the liner profiles.
Generlly, as liner profiles vary, the ball mill performances are extremely different. In
order to study the performance of the ball mill with regular polygon angle-spiral
liners(RPASLs), experimental and numerical studies on three types of RPASLs,
including regular quadnluteral, pentagonal and hexagonal, are carried out, For the fine
product of desired size, two critical parameters are analyzed: the enerpy input to the
mill per unit mass of the fine product, £, and the rate of production of the fine product,
F. Results show that the optimal structure of RPASLS is Quadrilateral ASL with an
assembled angle of 30°. Under thus condition, the specific energy consumption £ has
the minimum value of 303 J per fine product and the production rate £~ has the
maximum value of 0,323, The production Tate £ in the experimental result is
consistent with the specific collision energy intensity to total collision energy intensity
ratio £/E, i the simulation. The relations between the production rate F° and the

specific energy consumption £ with collision emergy intensity £, and £ are obtained.

The simulation result reveals the essential reason for the experingental phenomenon and
correlates the mill performance parameter to the collision energy between balls, which
could guide the practical application for Quadrilateral ASL.
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DOI 10.1007/510033-017-0083-7

Parallel Construction Heuristic Combined with Constraint
Propagation for the Car Sequencing Problem. Xiangyang ZHANG -«
Liang GAO « Long WEN « Zhaodong HUANG

Abstraet: For the car sequencing(CS) problem, the drawbacks of the “sliding windows™
technique used in the objective function have not been rectified, and no high quality
initial solution has been acquired to accelerate the improvement of the solution quality.
Firstly, the objective function is improved to solve the double and bias counting of
violutions broadly discussed. Then, a new method combining heunistic with constraint
propagation is proposed which constructs initial solutions under o parallel framework.
Based on constraint propagation, three filtering rules are designed to mtersecting with
three greedy functions, so the variable domain is namowed m the process of the
construction. The parallel framework is served to show its robustess in tems of the
quality of the solution since it greatly increases the performance of obtaming the best
solution. In the computational experiments, 109 instances of 3 sets from the CSPLib’s
benchmarks are used to test the performance of the proposed method. Experiment results
show that the proposed method outperforms others in acquinng the best-known results
for 85 best-known results of 109 arc obtained with only one construction. The proposed
research provides an avenue to remedy the deficiencies of “shiding windows™ technique
and construct high quality initial solutions.

DOI 10.1007/510033-017-0079-3

Static and Dynamic Pull-in Instability of Nano-beams Resting on
Elastic Foundation Based on the Nonlocal Elasticity Theory.
M Sedighi HAMID « Sheikhanzadeh ASHKAN

Abstract: This paper provides the static and dynamic pull-in behavior of nano-beams
resting on the elastic foundation based on the nonlocal theory which is able to capture
the size effects for structurcs in micron and sub-micron scales. For this purpose, the
governing equation of motion and the boundary conditions are driven using a
variational approach. The formulation includes the influences of fringing field and
intermolecular forces, such as Casimir and van der Waals forces. The differential
quadrature (DQ) method is employed as a high-order approximation fo discretize the
poveming nonlinear differential equation, yielding more accurate results with a
considerably smaller number of grid points. In addition, a powerful unalytical method
called parameter expansion method (PEM) is utilized to compute the dynamic
solutionand frequency-amplitude relationship. It 1s illustrated that the first two terms in
series expansions arc sufficient 1o produce an acceptable solution of the mentioned
structure. Finally, the effects of basic parameters on static and dynamic pull-in
instability and natural frequency are studied.

DOI 10.1007/510033-017-0081-9

Optimization and Simulation of Plastic Injection Process using
Genetic Algorithm and Moldflow. Sigit Yoewono MARTOWIBOWO -+
Agung KASWADI

Abstruct: The use of plastic-based products is continuously increasing, The increasing
demands for thinner products, lower production costs, yet higher product quality has
triggered an increase in the number of research projects on plastic molding processes.
An important branch of such research is focused on mold cooling system.
Conventional cooling systems are most widely used because they are easy to muke by
using conventional machining processes, However, the non-uniform cooling processes
are considered as one of their weaknesses, Apart from the conventional systems, there
are also conformal cooling systems that are designed for faster and more uniform
plastic mold cooling. In this study, the conformal cooling system is applied for the
production of bowl-shaped product made of PP AZ564. Optimization is conducted to
initiate machine setup pammeters, namely, the melting temperature, injection pressure,
holding pressure and holding time. The genetic algarithm method and Moldflow were
used to optimize the injection process parameters at a minimum cycle time. 1t is found
that, an optimum injection molding processes could be obtained by setting the
pamnmeters 1o the following values: 7y=180 °C; P =20 MPa; Py = 16 MPa and A0
=8 s, with a cycle time of 14.41 s. Experiments using the conformal cooling system
yiclded an average cycle time of 14.19 s, The studied conformal cooling system
yiclded a volumetric shrinkage of 5.61% and the wall shear stress was found at 0,17
MPa. The difference between the cycle time obtained through simulations and
experiments using the confarmal cooling system was msignificant (below 1%). Thus,
combining process parameters oplimization and simulations by using genetic
algorithm method with Moldflow can be considered as valid.
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407 Performance Analysis of Intellizent Robust Facility Layout Design.
G MOSLEMIPOUR « TS LEE » Y T LOONG

Abstract: Design of a robust production facility layout with minimum handling
cost (MHC) presents an approprinte approach to tackle facility layout problems in o
dynamic volatile environment, in which product demands randomly chunge in each
planning period. The objective of the design is to find the robust facility layout with
minimum total matenial handling cost over the entire multi-period planning horizon.
This paper proposes u new mathematical model for designing robust machine layout
in the stochastic dynamic environment of manufacturing systems using quadratic
assignment problem (QAP) formulation. In this investigation, product demands are
assumed to be normally distributed random variables with known expected value,
variance, and covariance that randomly change from period to period. The proposed
model was verified and validated using randomly generuted numerical data and
benchmark examples. The effect of dependent product demuands and varying interest
rate on the total cost function of the proposed model has also been investigated,
Sensitivity analysis on the proposed model has been performed. Dynamic
programming and simulated anncaling optimization algorithms were used in solving
the modeled example problems.
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419 Calibration of Discrete Element Heat Transfer Parameters by
Central Composite Design. Zongquan DENG « Jinsheng CUI « Xuyan
HOU = Shengyuan JTANG

Abstract: The efficiency and precision of parameter calibration in discrete clement
method (DEM) are not satisfactory, and parameter calibration lor granular heat
transfer is rarely involved. Accordingly, parameter calibration for pranulur heat
transfer with the DEM is studied. The heal transfer in gnmular assemblies is
simulated with DEM, and the effective thermal conductivity(ETC) of these granulur
assemblies is measured with the transient method in simulations. The measurement
testbed is designed to test the ETC of the grmular assemblies under normal pressure
and a yacuum based on the steady method. Central composite design(CCD) is used
to simulate the impact of the DEM parameters on the ETC of granular assemblies,
and the heat transfer parameters are calibrated and compared with experimental data,
The results show that, within the scope of the considered parameters, the ETC of the
granular asscmblies increases with an increasing particle thermal conductivity and
decreases with an increasing particle shear modulus and particle diameter, The
particle thermal conductivity has the greatest impact on the ETC of granular
assemblies followed by the particle shear modulus and then the particle diameter.
The calibration results show good agreement with the cxperimental results. The
error is less than 4%, which is within a reasonable runge for the scope of the CCD
parameters. The proposed research provides high efficiency and high accuracy
parameter calibration for granular heat transfer in DEM.

DOI 10.1007/510033-017-0076-6
428 Design and Analysis of an Active Helical Drive Downhole Tractor.
Yujia LI = Qingyou LIU » Yonghua CHEN « Tao REN

Abstract: During oil-gas well drilling and completion, downhole tools and apparatus
should be conveyed to the destination to complete a series of downhole works.
Downhole tractors have been used to convey tools in complex wellbores, however a
very large tractive force is needed to carry more downhole tools (0 accomplish works
with high efficiency, A novel serial active helical drive downhole tractor which has
significantly improved performance compared with previous work is proposed, All
previously reported helical drive downhole tractors need stators to balance the torque
genenited by the rotator. By contrast, the proposed serial downhole tractor does not
need a stator; several rotator-driven units should only be connected to one another to
achieve a tractive force multifold higher than that was previously reported. As a result,
the length of a single unit is shortened, and the motion flexibility of the downhole
tractor is increased. The major performance indicators, namely, gear ratio, velocity, and
tractive foree, are analyzed. Experimental results show that the maximum ractive force
of a single-unit prototype with a length of 900 mM is 1653 kg or 1620 N. The analysis
and experimental results show that the proposed design has considerable potential for b
downhole works.
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DOI 10, 1007/510033-017-0093-5
Design of a Two-step Calibration Method of Kinematic Parameters
for Serial Robots. Wei WANG « Lei WANG « Chao YUN

Abstract: Serial robots are used to hundle workpieces with large dimensions, and
calibrating kinematic parameters is one of the most cfficient ways to upgrade their
accuracy, Many models are set up 1o investigate how many kinematic parameters can
be identified to meet the minimal principle, but the base frame and the kinematic
parmeter are indistinetly calibrated in a onc-step way. A two-step method of
calibrating kinematic pammeters is proposed to improve the aceuracy of the robot’s
base lrame and kinematic parmmeters. The forward kinematics described with respect
to the measuring coordinate frame are established based on the product-of-cxponential
(POE) formula. In the first step the robot’s base coordinate frame is calibrated by the
unit quaternion form, The errors of both the robol's reference configuration and the
base coordinate frame’s pose are equivalently transformed 10 the zero-position errors
of the robot's joints. The simplified model of the robot’s positioning error is
established in second-power cxplicit expressions. Then the identification model is
finished by the least square method, requiring measuring position coardinates only.
The complete subtasks of calibrating the robot's 39 kinematic parameters are finished
in the second step. It’s proved by a group of calibration experiments that by (he
proposed two-step calibration method the average absolute accuracy of industrial
robots is updated to 0.23 mm. This paper presents that the robot's base frame should be
calibrated before its kinematic parameters in order 10 upgrade its absolute positioning
acouracy.

DOT 10.1007/510033-017-0091-7
Trajectory Tracking of a Planer Parallel Manipulator by Using
Computed Force Control Method. Atilla BAYRAM

Abstract: Despite small workspace, parallel manipulators have some advantages
over their serial counterparts in terms of higher speed, acceleration, rigidity.
accuracy, manuficturing cost and payload. Accordingly, this type of manipulators
can be used in many applications such as in high-speed machine tools, tuning
machine for feeding, sensitive cutting. assembly and packaging. This paper presents
a special type of planar paraliel manipulator with three degrees of freedom. It is
constructed as a variable geometry truss generally known planar Stewart platform.
The reachable and orientation workspaces are obtained for this manipulator. The
inverse kinematic analysis is solved for the trajectory tracking according to the
redundancy and joint limit avoidance. Then, the dynamics model of the manipulator
is established by using Virtual Work method.  The simulations are performed to
follow the given planar trajectories by using the dynamic equations of the variable
geometry truss manipulator and computed foree control method. In computed force
control method, the feedback gain matrices for PD control are tuned with fixed
matrices by trail end error and variable ones by means of optimization with genetic
algorithm.
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Dynamic Stability Analysis of Linear Time-varying Systems via an
Extended Modal Identification Approach. Zhisai MA « Li LIU « Sida
ZHOU = Frank NAETS « Ward HEYLEN « Wim DESMET

Abstract: The problem of linear time-varying(LTV) system modal analysis is
considered based on time-dependent state space representations, 2s classical modal
analysis of lincar tme-invariant(LT1) systems and current LTV system modal
analysis under the “frozen-time™ assumption are not able to determine the dynamic
stability of LTV systems. Time-dependent state space representations of LTV
systems are first introduced, and the corresponding modal analysis theories are
subscquently presented vin a  stability-preserving  state transformation. The
time-varying modes of LTV systems are extended in terms of unigueness, and are
further interpreted to determine the system’s stability, An extended modal
identification is proposed to estimate the time-varying modes, consisting of the
estimation of the state {ransition matrix via a subspace-based method and the
extraction of the time-varying modes by the QR decomposition. The proposed
upproach is numerically validated by three numerical cases, and is experimentally
validated by a coupled moving-mass simply supported beam experimental case. The
proposed approach is capable of accurately estimating the time-varying modes, and
provides a new way to determine the dynamic stability of LTV systems by using the
estimated time-varying modes.
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472 Kinetic Energy Recovery from the Chimney Flue Gases Using
Ducted Turbine System. Harjeet S MANN « Pradeep K SINGH
Abstract: An innovative idea of extracting kinetic encrgy from man-made wind
resources using ducted turbine system for on-site power generation is introduced
m this paper. A horizontal axis ducted turbine is attached to the top of the
chimney to harness the kinetic energy of flue gases for producing electricity. The
turbine system is positioned beyond the chimney outlet, to avoid any negative
impact on the chimney performance. The convergent-divergent duct causes
increase in the flue gas velocity and hence enhances the performance of the
turbine. It ulso acts as o safety cover to the energy recovery system. The results
from the CFD based simulation analysis indicate that significant power 34 kW
can be harnessed from the chimney exhaust. The cficet of airfoils NACA4412
and NACA4416 and the diffuser angle on the power extraction by the energy
recovery system using a 6-bladed ducted turbine has been studied with the CFD
simulation. It is observed that the average flue gas veloeity in the duct section at
the throat 1s approximately twice that of the inlet velocity, whereas maximum
velocity achieved is 2.6 times the inlet velocity, The simulated results show that
ubout power may be extracted from the chimney flue gases of 660 MW power 2
plant. The system can be retrofitted to existing chimneys of thermal power plants,
refineries and other industries.

Covergent-divergent duct

Rotor
{Horizontal axis turbine)
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483 Numerical Study of Aeroacoustic Sound on Performance of
‘ Bladeless Fan. Mohammad JAFARI « Atta SOJOUDI +« Parinaz
HAFEZISEFAT

| Abstraet: Aeroacoustic performance of fans is essential due to their widespread
1 application. Therefore, the original aim of this paper is 1o evaluate the gencrated

noise owing to different geometric parameters. In current study, effect of five sirtoit

geometric parameters was investigated on well performance of a Bladeless fan.

Airflow through this fan was analyzed simulating a Bladeless (un within o 2 m»2 -t J \ \
m*4 m room. Analysis of the flow ficld inside the fan and evaluating its ¥ =
performance were obtained by solving conservations of mass and momentum Shpiiietel o ek fvi ok r /
equations for aerodynamic investigations and FW-H noise equations for w' s ] <

acroacoustic analysis. In order to design Bladeless fan Eppler 473 airfoil profile \ e
waus used as the cross section of this fan. Five distinct parameters, namely height s
of cross section of the fan, outlet angle of the flow relative to the fan axis, / {

thickness of airflow outlet slit, hydraulic diameter and aspect ratio for circular
and quadratic cross sections were considered. Validating acoustic code results, we
compared numerical solution of FW-H noise equations for NACA0012 with
experimental results. FW-H model was selected to predict the noise generated by
the Bladeless fan as the numencal results indicated a good agreement with
experimental ones for NACAO0012, To validate 3-D numerical results, the
experimental results of & round jet showed good agreement with those simulation
data. In order to indicate the effect of each mentioned parameter on the fan
performance, SPL and OASPL diagrams were illustrated.




