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Abstract: To strengthen the practical ability of mechanical design and to lay a solid foundation for the cultivation
of innovative ability are the inevitable requirement for the construction of “New Engineering” of mechanical basic
curriculum. The course resources construction of “Mechanical Design Project” supported by information
technology was carried out. Network virtuality, laboratory resources, digital design and numerical analysis
technology were fully integrated to form the basic skill oriented teaching model of mechanical design based on the
vituality-reality combination. The teaching practice shows that compared with the previous teaching model, the
reformed teaching model of the vituality-reality combination makes students understand the whole process of
mechanical design more clearly, and strengthens the learning of design method, ability training and innovative
thinking training, so the teaching efficiency and effect are significantly improved.
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. Simulation of Involute Internal Gear Generating

KOU Zunquan ,

WANG Shun,

CHAI Bosen, WANG Lihui

(Machinery Basic Teaching Center, Jilin University, Changchun 130022 , China)

Abstract: A simulation experiment of involute internal gear generating is developed based on VB. net language. TI

parameterization, visualization and networking of the involute internal gear generating are realized. The virtu

experiment simulates processing and the top cutting phenomenon with different teeth, addendum high coefficients

pressure angles. Internal gear generating can be carried out by computers or mobile phones without installing any plug-:

software, and can automatically assess the student’ s experimental results. Involute internal gear generating instrumen

are designed and manufactured to stretch the types of gear generating instruments, achieve the virtual-reality combinaﬁJ

and have complementary advantages. The teaching practice shows that the simulation experiment of internal gear is betts

to achieve the simulation analysis and expand the teaching effect of knowledge.

Key words: internal gear; virtual experiment; gear generating; internal gear generating instrument
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The Construction and Practice of the New System for the Mechanical Principle Experimental Teaching

WANG Cong—hui, WANG Shun, XIONG Jian
(Mechanical Science and Engineering Institute, Jilin University, Changchun Jilin 130025, China)

Abstract: The thesis introduces the constructive idea and practice of the new system for the mechanical principle
experimental teaching. In order to cultivate college students’ comprehensive ability for designing and their innovative
ability, validating experiments, designing experiments and innovative experiments have been set up according to the
students’ cognitive regularity and the laboratory actual situation. The practice has proved that the implementation of the
new experiment system obtained favorable teaching effect.

Key words: mechanical principle; experimental teaching; innovation; comprehensive designing

(LBF 177 R)

A Personal Adapted E—learning System for Technical Chinese

LI Yi-lin
(The City College of Jilin Jianzhu University, Changchun Jilin130111, China)

Abstract: The E-learning system for technical Chinese is built to meet the strong demand for foreign technicians. Two
new methods have been added to improve learning efficiency. One is devised to set up special cources to test learners’
ability through accumulating information. Another one is devised of dynamically adjusting the course content based on
a learner’s history and an estimate of his/her retention of previously learning materials. The effectiveness of the
improved E-learning system was verified through questionnaires.

Key words: The E-learning system; learning efficiency ; special cources;retention
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Research on Innovation and Practice of Mixed Teaching Mode of "MOQOC+SPOC"

in Mechanical Design Course

CHAI Bosen™*, XIANG Yue®’, WANG Shun', JIA Yanhui', WANG Lihui'
(1. School of Mechanical and Aerospace Engineering, Jilin University, Changchun Jilin 130022, China; 2. Sinotest Equipment Co.,
Itd, Changchun Jilin 130103 , China; 3. Jilin Province Product Quality Supervision Test Institute, Changchun Jilin 130103, China)

Abstract: "Mechanical Design" of Jilin Province quality course is taken as the main body, and the network education resource
sharing and learning support service platform of Jilin University course center is taken as a basic platform, with the goal of cultivat-
ing students' self-learning ability and innovative design ability, a localized and innovative hybrid teaching model of "Mechanical De-
sign" course is built, the complementary advantages of classroom teaching and network independent learning are achieved. The tradi-
tional course evaluation method is mixed with the online learning evaluation method, and a mixed evaluation system is established.
The actual teaching effect of mixed teaching mode is evaluated comprehensively.

Key words: mechanical design; mixed teaching mode; independent learning; innovative design
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Abstract

®

CrossMark

Shape memory alloys (SMAs) are proved to have high energy-to-volume ratio and large
displacement. However, they have the defect of longer recovery time. In practice, designing
SMA wire actuators is a very complex and exhausted thing because of extensive and various
needs. In this study, a special setup was designed, which can test many characteristics of a SMA
wire heated by electric current, including temperature, deformation, response time, recovery
time, wind speed (for cooling), and load. Besides, an empirical model of the wires temperature
was presented for avoiding overheating the wires. By fitting experiment data, unknown
parameters in this model are determined. Next, main design parameters are investigated on how
they exert effects on the characteristics of the SMA wires, including wire radius, convection
type, load, and voltage. At last, the time response characteristics were also analyzed. Through
this study, one can make clear how each design parameter plays its part in SMA wire actuators.

Keywords: SMA wire, experiment study, electric heating, time response, data analysis,

engineering design

(Some figures may appear in colour only in the online journal)

1. Introduction

Shape memory effect (SME) is the phenomenon that shape
memory materials (SMMs) recover their original shape from
quasi-plastic deformation state under a specific stimulation
[1]. The specific stimulation varies from SMM to SMM.
For example, NiTi-based SMA is temperature-triggered while
ferromagnetic material is magnetic-induced. Due to high
energy-to-volume ratio and large displacement, SMA wires
are attractive and promising in lightweight actuator design [2—
4], and have been applied in various fields, for instance, manip-
ulators, robot joints, and control valves [5-7].

Electric heating is used extensively in SMA wire actuat-
ors [8, 9]. Natural air convection is used generally for cooling
[10, 11], and the cooling is affected by the wire radius [12].

1361-665X/20/105015+10$33.00

In fact, many SMA wire actuators work under diversity condi-
tions [13, 14]. Anyway, the actuators depends mainly on their
electro-thermo-mechanical performance. However, the ther-
momechanical behavior is non-linear and very complicated
[15]. One of typical solutions is to construct phenomenolo-
gical constitutive equations [16—18].

In designing SMA wire actuators heated by electric current,
engineers are often required to determine many parameters,
including material, dimension, electricity (like voltage, heat-
ing time, etc.), and cooling pattern, for different needs, like
output force, displacement, frequency [19], and stability. It is
necessary to understand how the parameters exert effects on
the actuators.

There are three kinds of thermomechanical behavior exper-
iments: constrained strain, variable stress, and constant stress

© 2020 IOP Publishing Ltd  Printed in the UK
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Figure 15. PI-2 in case of different radii and voltages (PI-2 is
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small radius SMA wire has less heat dissipation. Therefore,
the PI-2 of thin SMA wire is high. Moreover, there is no sig-
nificant change in PI-2 of the two kinds of thicker wires. The
wire of 0.05 mm diameter shows a marked increase that is the
same as the variation in figure 14.

5. Conclusion

This paper aims to investigate electro-thermo-mechanical
characteristics of SMA wire actuators heated by electric cur-
rent for an optimal design in engineering. First, the constructed
experimental setup can test directly the characteristics of SMA
wire actuators. Before the formal experiments, an analytical
model suitable for boundary heat conduction is proposed to
avoid the failure of tested wires from overheating. In the
formal experiments, some design parameters of SMA wires

are studied, including radius, convection, load, and voltage.
The main conclusions are listed as:

(1) Increasing voltage can shorten the response time and
increase the maximum deformation while the recovery
time gets longer;

(2) One of the best ways to improve the time response is free
convection during heating and forced convection during
cooling;

(3) Compared with free convection, forced convection can
greatly reduce the recovery time;

(4) Theload is inversely proportional to the recovery time, and
is proportional to the maximum deformation.

(5) 0.05 mm SMA wire shows better output work and higher
energy efficiency, but its stroke is less than 0.1 mm.
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ABSTRACT The gear shaft needs to measure its radial runout for straightening before finishing, while it is
difficult to measure the gear shaft radial runout without rotating the gear shaft by the existing measurement
technology, which results the measurement inefficient. Present work puts forward a method of measuring a
gear shaft radial runout with line structured light vision. This method can measure the radial runout value
and direction online for straightening the bending of the gear shaft. The center position of the gear shaft cross
section is obtained by the ellipse geometric fitting on the laser plane to eliminate the influence of projection
distortion. The measurement method is tested by a specialized experiment, and the experimental results
show that measurements of the method meet the requirements of straightening the gear shaft. The method
can realize online measurement of the gear shaft radial runout just by a single image without rotating the
gear shaft, so it features fast measurement compared with the existing measurement technology.

INDEX TERMS Gear shaft, line structured light, measurement, projection distortion, radial runout.

I. INTRODUCTION

Gear shafts will bend during heat treatment. The bending
of the gear shafts will affect the subsequent processing and
application. Therefore, it is necessary to measure this bending
to straighten the gear shafts.

Measuring the bending of a gear shaft is to measure the
radial runout value and direction on the cross section of the
gear shaft. When the displacement sensor is used to measure
the gear shaft radial runout, the gear shaft needs to rotate
and the measuring rod is kept in contact with the gear shaft
journal. Therefore, this measurement is inefficient due to the
rotation of the gear shaft. Pei ef al. [1] measured the relative
distance change of gear tooth tips by a laser ranging sensor
when the gear shaft rotates, then the gear shaft radial runout
can be obtained by iteration of Jacobian gradient matrix.
However, since the number of the gear teeth has influence
on the sampling frequency of the sensor, the gear shaft can
only rotate at low speed, which affects the efficiency of the
straightening.
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The non-contact detection function of visual measurement
has been widely researched and used in online measurement
in recent years [2]-[4]. Chang et al. [5] took repeatedly multi-
ple images of a rotating saw blade by two CMOS cameras and
the runout of the saw blade was measured. Wei and Tan [6]
established a shaft diameter measurement model based on
machine vision, and calibrated the measurement model by
a shaft with known shaft diameter. A method for measuring
the diameter of micro cylindrical parts based on the line
structured light vision was provided in [7]. Cao et al. [8]
scanned the rail surface by line structured light vision, and
then the rail surface defects were calculated dynamically by
multi frame images of the point cloud. A method for detecting
and constructing curve welding seam by line structured light
vision was proposed in [9]. Sun et al. [10] obtained the rail
profile by multi parallel line structured light, and then the rail
wear was calculated. Wang [11] use parallel multi-line laser
to irradiate the arc weld pool surface, and then the reflected
laser lines image is segmented and clustered, which can be
obtained higher recognition accuracy.

A measuring method for the involute tooth profile of the
gear shaft end-face with machine vision was proposed in [12].
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ABSTRACT

Disc brakes are widely used in various kinds of light vehicles. Currently, it has become a tendency
to reduce the mass and volume of brake systems because of the increasing lightweight require-
ment for vehicles, especially for passenger vehicles in populated cities and for outdoor sport.
However, there is often conflict between light weight and reliability. In this article, the braking
characteristics of a thin disc brake were investigated experimentally, using a self-developed inertia
braking platform. The platform was designed to conveniently measure multifield characteristics in
real time. The goal of the experiment is to verify the special performance of a brake system with
a very thin solid disc. Measurements of transient temperature, lateral vibration, and noise in the
dry friction contacts of a steel solid thin disc and two resin circular pads were performed. A fre-
quency-time analysis method was used for the lateral vibration of the disc and braking noise. The
results suggest that one of the reasons for lateral vibration is the mounting error of the thin dis-
c—shaft system, which should receive extra attention for safety reasons. In addition, the braking
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noise is structural borne.

Introduction

Brakes can provide frictional resistance to adjust speed to
road and vehicle conditions that may vary at any time (I).
The braking force can cause a temperature increase (2) or
material failure if the temperature is above the critical tem-
perature of the material (3). In addition, vibration and noise
induced by friction are two common problems. Brakes are
crucial components for safety, reliability, and comfort. Disc
brakes are most commonly used in passenger cars rather
than shoe brakes because of their better braking capacity,
easier control, and lower susceptibility to brake fade (4).
Disc brakes have also become a predominant alternative to
drum brakes in bicycles (5). Research on disc brakes has
been active for many years.

Hotspots, thermal cracking, and stress fracture are three
types of macrothermal damage (6-8). Thus, materials with
high thermal conductivity and high capacity are preferred
(9), or structures with good cooling are designed, such as
ventilated discs (10, 11). In simulating thermal-mechanical
behavior, heat transmission between frictional surfaces is a
challenging problem because there are many highly nonlin-
ear influencing factors, including heat generation, contact
area, contact thermal resistance, thermal conductivity, ther-
mal dissipation, etc. The heat partition ratio poses chal-
lenges. Many solutions based on various assumptions or
approximations have been proposed (12-14). Yet, after com-
paring various formulas calculating the heat partition ratio

in a disc-pad tribosystem (15), the heat partition ratio has
little effect on disc temperature, whereas the temperature
field of the pad is very sensitive to the heat partition ratio.
The noise is not only of technical relevance but also of
social relevance because it appears in the frequency range
that is most perceptible to humans (16). Of two major noise
simulation approaches, complex eigenvalue analysis and
transient analysis, the latter is favored by industry (17). At
present, there is no complete software system including all
effects. Beloiu and Ibrahim (18) found that squeal frequency
and sound pressure level are strongly time varying and
uncertain. Although there are many theoretical and numer-
ical studies on noise, experimentation is still the most
important and effective method (19). Experimental results
(16) suggest that noise originates mainly from deformation
of the microgeometry of frictional surfaces and its elastic
recovery. By investigating how the change in microscopic
friction conditions affects squeal generation, Bergman et al.
(20) found that squeal is not generated if the friction coeftfi-
cient is below a certain threshold. Roughness noise, a fric-
tion-induced noise, is structurally induced and depends
primarily on brake pressure and sliding speed (21).
Vibration is a main matter of passenger comfort, and
there have been many studies on improving disc brake
vibration. An experimental study on squeal vibration
instability (22) indicates that squeal vibration takes place at
frequencies approximate to the natural frequency of a brake
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A fast and accurate solution to optimal design
of eddy-current PMCs with standard disc type
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Abstract. Although permanent magnet couplings (PMCs) have been under research for many years and have found successtul
industrial applications, this is still a technology under development. Accurate parameter determination is of significance for
performance analysis and critical decisions on PMC design. However, the determination can often lead to an unacceptable
increase in computation, especially when the finite element (FE) method is used. The study aims to develop an FE model that is
used for the structural design of a standard-disc type PMC for optimal torque. For the quick and accurate design, an integration
optimal solution of the response surface methodology (RSM) and the Taguchi’s method was proposed. To verify the simulation,
a series of experimental investigations were conducted on a self-developed testing platform. Furthermore, for a minimum set of
FE analyses (FEA), a quantitative indicator called contribution rate, which can reflect effect level of structure parameters on the
torque, was given based on the Taguchi method. Apart from this, the orthogonal matrix was used for the reduction of the FE
calculation. Based on the contribution rate, the response surface methodology was adopted for the optimal torque determination
with no increase in the PM volume. According to the optimization results, a fitting formula, which considers the contribution rates
of the optimization variables, was presented. The results suggest that the FE simulations agree very well with the experiments,
and the fitting formula can be used in the PMC design.

Keywords: Permanent magnet coupling, structure optimization, contribution rate, Taguchi method, RSM

1. Introduction

PMCs show very exciting application prospect because of some advantages over conventional mechan-
ical couplings, including soft starting, easy isolation, inherent overload protection, and mitigated vibra-
tions [1]. However, the permanent magnet (PM) material is very expensive, and shows high temperature
demagnetization. Many researches focused on structure optimizations and thermal behaviors to increase
the PM utilization. Simulation is a particularly convenient and effective method for optimization and
performance analysis in PMC design. Besides accuracy, calculation exhaustion is also of great attention
in simulation, especially in engineering design. It is usually desired of a simple, rapid and sufficiently
precise solution.

To greatly reduce the calculation exhaustion, a three-dimensional (3-D) analytical solution was
presented by introducing the correction factor [2]. However, the correction factor method cannot be
applied to structures with obvious curvature effect. To solve it, a new radial correction factor [3] was
introduced into a 2-D semi-analytical model for PMCs with slotted conductor. But the model shows
the limit in magnetic saturation. More recently, magnetic equivalent circuit (MEC) solution to 3-D
model with no correction factor was applied to analyze PMCs with complex structure. The solution has
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Abstract

Purpose — The purpose of this paper was to construct lubrication model closer to the fact of thrust bearings and to calculate the bearings
characteristics of lubrication for understanding how structures influence bearings performances and, importantly, what can be the most beneficial.
Large-scale composite thrust bearings with Polytetrafluoroethylene (PTFE)-faced sector pad backed by steel base are used increasingly in equipment.
But there are plenty of puzzled problems in design and application.

Design/methodology/approach — The authors established a 3D thermal elastohydrodynamic lubrication (TEHL) model. Oil film was formulated by
Reynolds equation for pressure, and by energy equation for temperature varying through oil film thickness. Meanwhile, pad temperature was
formulated by solid heat transfer equation. Elastic and thermal deformations of pad surface were calculated. Viscosity and density of oil were valued
separately under different pressure and temperature. Load balance was considered as well as overturning moment balance. Finite difference method
was applied to discrete these equations.

Findings — PTFE layer and steel base have either helpful or detrimental impact on contact strength and full film lubrication of thrust bearing
depending on their relationship in thickness. Temperature lag between middle layer of steel base and pad surface depends on PTFE layer, but not
on the steel base. PTFE layer thickness should be considered when alarming threshold value of the bearings temperature is chosen.
Originality/value — Three-dimensional TEHL model of large-scale composite thrust bearings was established, which included more factors close to
the actual. Conclusions were drawn. These proposals are helpful to design the bearings.

Keywords Tribology, Bearings, Lubrication, Composite thrust bearings, PTFE-faced sector pad, Steel base, Large scale bearing,
Thermal elastohydrodynamic lubrication

Paper type Research paper
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thickness of oil film, which is unfavorable to ensure full
film lubrication.

¢ PTFE layer influences temperature monitoring of thrust
bearing. The thicker PTFE layer is, the more serious the
temperature lag between steel base and pad surface is.

o Effects of steel base on the maximum pressure of oil film
may be neglected after it increases up to a certain value in
thickness.

e Thickening steel base can increase the minimum oil film.
Additionally, thickness of steel base has little effect on the
temperature lag.
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Purpose - The purpose of this paper was to construct lubrication model closer to the fact of thrust bearings and to calculate the bearings characteristics
of lubrication for understanding how structures influence bearings performances and, importantly, what can be the most beneficial. Large-scale
composite thrust bearings with Polytetrafluoroethylene (PTFE}- faced sector pad backed by steel base are used increasingly in equipment. But there are
plenty of puzzled problems in design and application.

Design/methodology/approach - The authors established a 3D thermal elastohydrodynamic lubrication (TEHL) model. Qil film was formulated by
Reynolds equation for pressure, and by energy equation for temperature varying through oil film thickness. Meanwhile, pad temperature was formulated
by solid heat transfer equation. Elastic and thermal deformations of pad surface were calculated. Viscosity and density of oil were valued separately
under different pressure and temperature. Load balance was considered as well as overturning moment balance. Finite difference method was applied
to discrete these equations.

Findings - PTFE layer and steel base have either helpful or detrimental impact on contact strength and full film lubrication of thrust bearing depending
on their relationship in thickness. Temperature lag between middle layer of steel base and pad surface depends on PTFE layer, but not on the steel base.
PTFE layer thickness should be considered when alarming threshold value of the bearings temperature is chosen.

Originality/value - Three-dimensional TEHL model of large-scale composite thrust bearings was established, which included more factors close to the
actual. Conclusions were drawn. These proposals are helpful to design the bearings.
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The aim of the present paper is to study experimentally and numerically the frictional behaviour of engineering surfaces within all lubrication regions of
point contacts. For this reason, a numerical solution proposed elsewhere by the current authors, which can pradict friction under the different
lubrication modes of elastohydrodynamic, mixed, and boundary lubrications, is introduced. Based on a deterministic model of mixed lubrication, the
solution was combined with the variation of the lubricating films' physical state during the transition of lubrication modes. Results show that roughness
amplitude has a great effect on the transition of friction regimes. In addition, it is also observed that variation of the friction coefficient has nearly the
same trend as the true contact area ratio in the mixed lubrication state. Meanwhile, it is concluded that transverse roughness has better film-forming
capacity than longitudinal roughness and thus leads to a lower magnitude of friction coefficient if the operating conditions are the same. Analysis of the
mechanism of friction behaviour suggests that the true contact area ratio determines the friction behaviour of engineering surfaces in mixed lubrication.
In smooth contacts, the comparison of experiment tests and simulation results suggests that friction variation results from gradual change of the liquid
lubricant to solid-like matter with diminishing film thickness.
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APPENDIX

Notation

h film thickness (mm)

ho critical film thickness at which lubri-
cant film becomes a fully solidified
boundary layer (mm)

p pressure of oil film (Pa)

R, surface roughness amplitude (um)

X coordinate in the direction of lubri-

cant’s entraining velocity (mm)

Qelasty Xvisco

14
YL

Vs

> =

elastic and viscous components in all
shear modulus

shear rate (s™)

pressure coefficient corresponding to
maximum friction coefficient in
hydrodynamic lubrication

pressure coefficient corresponding to
friction coefficient in boundary
lubrication

dynamic viscosity (Pas)

parameter related to lubricant
property

friction coefficient

density of lubricant (kg/cm?®)

shear stress (Pa)

shear stress of boundary layer (Pa)
shear stress of viscous fluid film (Pa)
initial limiting shear stress of lubri-
cant (Pa)

initial shear strength of boundary
film (Pa)
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The hole is one of the most important geometric elements in mechanical parts. The center distance of a hole group
measurement method based on machine vision is proposed for solving the influence of perspective distortion and
improving the applicability of vision systems. In the method, the plane equation of the measured plane is obtained
by the line structured light vision technology, and the process is free from the constraints of the calibration plate.
In order to eliminate the effect of projection distortion on the measurement accuracy, a local coordinate system is
established on the plane of the measured hole group, the hole diameter, and the center distance of the hole group,
which could be calculated by the local coordinates of the hole edge points. In the experiment, the flange is taken
as the measured object, the distances between the holes on the flange are obtained by the method proposed in
this paper, and the measurement results compared with the data are obtained by a coordinate measuring machine
(CMM). The experimental results show that the average measurement error of center distance is 0.0739 mm, and
the standard deviation is 0.0489 mm. © 2023 Optica Publishing Group

https://doi.org/10.1364/A0.470907

1. INTRODUCTION

The shape and position degree accuracy of geometric elements
has a great influence on the quality of a mechanical part, which
makes a big difference to the quality of a machine or instrument
[1-4]. With the development of non-contact measurement
technology, dimensional and shape errors of parts can be
obtained quickly [5,6]. The measurement method based on
machine vision is an important non-contact measurement
technology. Visual measurement has many advantages over
contact measurement, such as high efficiency, automation, and
closed-loop control achievability [7-9].

A hole is the most important mechanical geometry, and the
machining quality of the hole has a great impact on the assembly
accuracy and working performance of the machine. A large
number of non-contact measurement methods for holes have
been proposed [10,11], and the visual measurement method is
one of the most important measurement methods.

The visual measurement methods are mainly divided into the
active measurement method and passive measurement method.
The binocular vision has been one of the most widely used
passive measurement techniques in recent years. Huang ez al.
proposed a measurement method of aperture and hole spacing
based on binocular vision. In this method, the plane-based
binocular vision 3D (PBV3D) measurement method is used
to solve the influence of working distance on measurement

1559-128X/23/040869-11 Journal © 2023 Optica Publishing Group

accuracy [12]. In this method, a chamfering inner edge extrac-
tion method based on ellipse band shrinkage and an adaptive
weight optimization calculation method based on redundant
measurement data are used to solve the influence of chamfering
edge on measurement accuracy. Xia et al. proposed an accu-
rate and robust method for the measurement of circular holes
based on binocular vision [13]. The method adopts the trusted
edge points on the boundary of the positioning hole to fit the
ellipse to improve the accuracy. However, the binocular vision
measurement system required by this method has high cost.

The perspective projection distortion and the edge detection
algorithm are both important error sources and can greatly affect
the measurement results in the process of visual measurement.
Ho and Zhang proposed the method of monocular vision to
measure the relative angle between holes, which solves the
measurement error caused by perspective projection [14]. In
the algorithm, the projection eccentricity error caused by the
distance between the hole center and the camera optical axis is
eliminated by using the projection geometry relation. In this
method, only one camera is used for measurement, which avoids
the coordinate calibration problem of binocular vision and
reduces the cost. However, the system is greatly affected by envi-
ronmental factors, and the accuracy of application in the actual
production environment still needs to be further improved.
In order to achieve accurate measurement of eccentricity of
large ring parts, Fang ez al. proposed a subpixel measurement
method based on the visual method. The improved automatic
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Table 11. Measuring Time/s

Step Number Step Name Elapsed Time
1 Calibration of internal parameter 7.246428 s
2 Calibration of structural light plane 0.521826s
3 Calibration of measured plane 0.077353s
4 Extraction of edge points of holes 0.360029 s

5 Obtain the hole group position degree  0.078718's

5. CONCLUSION

This paper presents a visual measurement method of the hole
position based on line structured light. In the paper, the effect
of projection distortion on the position of the hole center is
demonstrated through the spatial geometric relationship.
The local coordinates on the end face of the measured hole are
established for reducing the impact of projection distortion on
measurement accuracy. The measured hole diameter and center
distance are obtained by the local coordinates of the edge point
of the measured hole. In order to improve the applicability of
the method and get rid of the dependence on the target plate for
the solution of the external parameters of the plane, the plane
equation of the measured plane can be obtained by a pair of
intersecting line structured light. Finally, experiments are car-
ried out to validate the presented method, and the experimental
results show that the average difference between the center
distance measured in this paper and the measurement result of
the CMM is 0.0739 mm. The standard deviation of the average
difference is 0.0489 mm. In addition, the average difference
between the diameter of the circular hole measured in this paper
and the measurement result of the CMM is 0.3300 mm. The
standard deviation of the average difference is 0.1462 mm.
The experimental results show that, although the brightness
of backlight has a great influence on the measurement error of
the circular hole diameter, the standard deviation of the center
coordinate value measured under a different brightness is small,
and it has little influence on the measurement of the position
degree.
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Design of PTFE-Metal Composite Pad of Large Thrust Bearing Based

on Thermal Hydrodynamic Lubrication Analysis
WANG Shun TAN Qingchang
( School of Mechanical Science and Engineering Jilin University Changchun Jilin 130022 China)

Abstract: Aimed at the tribologic design problem of a large fan-shaped bearing with PTFE-metal composite thrust pads
used in hydro power unit a three dimensional thermo-hydro-mechanical coupled elastohydrodynamic lubrication model of
the composite pad was established. The effects of the dimension of pad structure on the bearing performances were ana—
lyzed. The results show that the thickness of PTFE has a large impact on the bearing performances too thick of PTFE layer
will have adverse effect to contact strength of pad surface elastohydrodynamic lubrication state and heat dissipation of the
bearings in especial the contact temperature is raised rapidly along with increasing of PTFE thickness. The increasing of
thicker steel base can increase the minimum thickness of oil film at a certain extend but has little effect on maximum con—
tact temperature and contact strength of surface of pad.

Keywords: PTFE; thrust pad; thermal elastohydrodynamic lubrication; pad structure
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Effect of surface roughness on sliding friction in

lubricated contacts-reciprocal experiment study
WANG Shun' ,HU Yuan-zhong® ,FENG Zeng-ming'
(1 Institute of Mechanical Science and Engineering, Jilin University , Chuangchun 130025, China;
2 State Key Laboratory of Tribology, Tsinghua University , Beijing 100084 , China)
Abstract ; Due to shortage of energy supply and worsening environment, friction reduction is an urgent subject of tribology,a long-
term attempt has been done to reduce or control friction by design and machining of surface topography. However, there is a diffi-
culty in understanding mechanism of topography effects on friction behaviors. Friction performances of machined surface are stud-
ied in Universal Material Tester( UMT). All tests are conducted between a ball and a disk. At first, the magnitude of friction is
compared in smooth contacts lubricated by the oils of different viscosity. And then the influences of roughness amplitude and sur-
face texture on friction behaviors are investigated. The experimental results show,the higher viscosity lubricant would give rise to
the lower friction in mixed lubrication regime. Roughness amplitude imposes a strong influence on friction in mixed lubrication re-
gime,and the effect gets stronger with increasing speed, but less effect in boundary lubrication. Compared with longitudinal tex-
ture , transverse texture is lower and yield small fluctuations in friction, especially at the low speed.

Key words : mixed lubrication ; roughness ; surface texture;friction
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Effects of Roll-Slide Ratio and Machine Precision Wear VVolume of
Steel-Steel Rubbing Pair in Composite Line Contacts

WANG Shun, WANG Conghui, LUO Shuanggiang, WANG Lihui
('School of Mechanical Science and Engineering, Jilin University, Changchun 130022, China)

Abstract: On M2000A-type tribometer, Composite wear volume of 45"steel-45"steel rubbing pairs in line
contacts was measured by weight method. Effects of contact roll-slide ratio and machine precision of contact
surfaces on wear volume were analyzed. The results suggest that wear volume increases with relative sliding
velocity. And a rubbing pair, which consists of two surfaces with the same machine, shows lower wears volume.
In a rubbing pair, a surface with lower precision shows lower wears volume. In composite contact design,
relative wear volumes of two mating surfaces in a rubbing pair may be controlled by designing the two surfaces'
precision, but the total volume of the pair wear can be altered.

Key words: roll-slide ratio; machine precision; composite wear; wear ratio
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A New Design For the Guide Plate in Silent Chains Characterized with

External Meshing Mechanism

Zengming FENG, Shun WANG, Yanbing CHENG, and Fanzhong MENG
Institute of Mechanical Science and Engineering,
Jilin Universtiy
Changchun, P. R. China
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Abstract— In this paper, a new-style guide plate, which is
applied to silent (teething) driving-chain with external meshing
mechanism and rocker-pin jointing, was designed structurally
by simulating and analyzing its working stress. The materials
in some region where the working stress is low are removed.
The new guide board has many advantages in comparison with
the conventional one, such as lighter weight, better elastic
behavior and lower energy-consumption, while the strength of
the new item is still the same as the conventional. Hence, the
designed guide plate may be adapted better to high-speed
chains used in automobile engine.

Keywords- computer simulation; silent chain; guide plate;
stress analysis; elastic function (key words)

L

Transmission chains, which have been extensively
applied in automobiles, ship craft and mining, etc, is one of
the most basic driving parts. And nowadays, there is a
tendency that belt driving is replaced by chain driving in
most conditions because of many advantages. Especially in
the latest several years, the chain is more and more used in
high-speed and high-accuracy equipments, such as
automobile engine and auto-cycle. But there are some
problems in driving chain, including noise, vibration and
energy-consumption, etc. The problems of driving chain
motivate the researchers and the engineers to study the
mechanical behaviors of the designed chains for various
purposes. Some publications focused on driving chains in
various aspects [1-5].

It can be easily understood that the above problems will
get worse if a set of driving chains have too much weight in
a high-speed transmission system. The objective of this
paper is to design a new style of guide plate used in silent
chain with external meshing mechanism, the weight of which
is most lightened on condition that the strength of guide plate
is weakened as possible as little. Meanwhile, the working
stresses are compared between the conventional guide plates
and the new given guide plate by FE method. At last, the
paper investigated how a structure parameter of the new item
influences the maximum assembly stress between the new
guide plate and the rock pin.
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DOI 10.1109/ICIC.2010.335

254

II.  GUIDE PLATE OF SILENT CHAINS WITH EXTERNAL

MESHING MECHANICS

A set of silent chains characterized with external
meshing mechanism and with rocker-pins joint is displayed
in Fig.1. Chain plate and guide plate of the chains are
stamped from steel plate. A pair of rocker pins includes a
long pin and a short pin. Two pins occurred into contact by
circle curve plane. The guide plate is assembled by
interference fitting between its holes and the long pin so as to
prevent the whole chains from falling apart during operating,
while there is a clearance between the holes of a chain plate
and the two pins. As a rule, the current guide plate of the
driving-chains is designed to the styles shown in Fig.2a. In a
general way, an enough thickness is very important to guide
plate because of an enough stress of fitting between guide
plate and pins. In the process of operation, the guide plate
will be stretched by the long pin before the chain plates and
the long pin come into contacts. Therefore, to assure that
every chain plate in the driving chains can be acted
uniformly by pins, it is also very necessary that the guide
plate is characterized with a better -elastic-deformation
function in the direction stretched by the long pin. Hence, a
better perfect design is to ensure working strength and elastic
function at the same time.

However, for guide plates, it is obvious that too much
thickness will induce too much weight and then leads to the
undesirable vibration, noise and energy-consumption during
operation, especially in high speeds and high powers
conditions. In addition, too much thickness is not benefit to
flexibility function of the guide plate. Under the conditions
of enough strength of interference fitting, a light and better-
flexibility guide plate is desirable.

Figure 1. Drawing of teething chains with external meshing mechanism
and rocker- pins joint. 1-chain plate; 2-roker pins( including a long pin and
a short pin); 3-guide plate.
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Figure 3. New style of guide plate: (a) Design drawing of new guide
plate; (b) working stress analysis for the new guide plate in Fig.2a.

B.  Effect of the major to minor ratio on the maximum
working stress of guide plate

In order to study effect of the major-minor axis ration of
the ellipse hole in the new board on working stress in the
case of a invariant minor axis, 2b, Fig.4 gives the maximum
stress of the new guide plate under the different the ration of
major to minor axis under the same conditions as Fig.2b. It is
can found that, when the ratio is 1.5~2.0, the maximum
stress is higher, and then the maximum stress generally
decreases with the ratio. According to the section II, the
guide plate should have a high assembly stress so as to keep
the whole driving chains from falling apart in the process of
working. So it is advised that the ratio is 1.5~2.0.
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Figure 4. Effect of the minor-to-major axis ratio in the created ellipse on
the maximum stress of the newly-designed guide plate during operating

IV. CONCLUSIONS

In this paper, the common guide plate, which was
applied to teething chain drive with external meshing
mechanism and rocker pin, were analyzed firstly by the FE
software-Ansys. Based on the analysis, a new style of guide
plate was designed. The materials of the new guide plate,
where working stress is very low, are removed. So the new
guide plate, in comparison with the conventional guide plate,
has many advantages, including lighter weight, better elastic
behavior and low energy-consumption. The stress simulating
on the new board suggests that the strength still can be
meted. Hence, the plate may be adaptable better in high-
speed chains.
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Abstract: A mathematical model was built for the mixed lubrication with point contact of rough
surface. A set of mixed lubrication parameters such as ratio of lubrication film thickness, ratio of
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effects of 3 surface roughness amplitudes on the mixed lubrication under conditions of external loads of
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