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ABSTRACT

Slewing device is the key component of diesel engine cylinder block automatic line, whether its
design is reasonable affects the performance of the whole automatic line.In order to enhance its
structural rationalization and economic efficiency, taking a certain type of cylinder block automatic
line slewing device as the research object, firstly, use Solid Works to carry out three-dimensional
modeling, and then use ANSYS Workbench platform to establish finite element models, determine
the material properties, constraints and loads of its model, perform static and modal analysis of its
bracket to understand its dynamic and static performance, and optimize its dimensions by
combining with multi-objective optimization theory,the results show that the optimization effectively
reduces the mass of the slewing unit bracket and improves the dynamic and static performance.
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1. INTRODUCTION

Diesel engine is the heart of the car, and the
cylinder block is an important part in the diesel
engine, its manufacturing technology is also
significantly improved [1]. China's agricultural
diesel locomotives from a single cylinder to multi-
cylinder, functional coverage is very wide, the
product variety is extremely large, has become a
veritable world power in the manufacture of
agricultural diesel engines [2].In the modern
society of domestic machinery technology
development and processing research and
development of material and technological
conditions of the level of rapid development of
the background, the market to reduce production
costs, shorten the manufacturing cycle and
improve product performance and other needs
are becoming increasingly strong, cylinder
automated production line has become the trend

of the diesel engine manufacturing industry
[3].Diesel engine manufacturing process, its
cylinder block generally use processing

automatic line to automatic processing is
completed [4]. In the diesel engine cylinder block
processing automatic line, the time and work of
the rotary movement of the proportion of the
work cycle in the entire processing automatic line
occupies a pivotal position, so the rotary device
is a cylinder block automatic production line is
extremely important part of it in different working
conditions under different sizes of the load [5],
the efficiency of the entire cylinder block
automatic line by the structure of the safety and
stability of the impact, so the diesel engine
Therefore, the multi-objective optimization of the
rotary device of diesel engine block automatic
production line is indispensable.

In recent years, the development of the computer
is rapidly changing, a variety of finite element
analysis software and optimization algorithms in
the field of machinery and equipment is also
gradually emerging, more and more companies
are beginning to increase innovation, finite
element simulation technology is applied to the
structural optimization of the equipment research
and development and production of the various
stages of the method is not only largely improve
the efficiency of the product design, but also
reduces the number of prototypes and
modifications to reduce the cost of production
and promote enterprise product innovation and
development capabilities [6].This method not
only greatly improves the efficiency of product
design, but also reduces the number of

prototypes and modifications, thus reducing the
production cost and promoting the product
innovation and development ability of
enterprises. There are numerous finite element
simulation systems on the market, of which
ANSYS Workbench is currently the most used
CAE simulation and analysis software. In this
paper, the author establishes a geometric model
of the stent of the cylinder automatic line tipping
device, and carries out multi-objective
optimization design of the stent according to the
results of finite element analysis, which ultimately
makes the parts fully meet the requirements of
institutional strength and stiffness, and realizes
structural lightweighting, improves the first-order
intrinsic frequency, and greatly reduces the
production cost, and provides a solution for the
design and optimization of the cylinder automatic
line tipping device under other actual working
conditions. Idea [7].

2. STRUCTURAL
ROTARY UNIT

DESIGN OF THE

The slewing device is used to move the table and
the slewing disk stably in rotation, and it is mainly
composed of self-propelled roller conveyor,
slewing disk, motor gear, bracket and other
parts. As shown in Fig. 1, the upper part of the
rotary device of the diesel engine cylinder block
machining automatic line is the conveying part,
and the cylinder block element is located above
the conveying roller conveyor. The chain-driven
conveying motor is located in the left half of the
conveying part, and the motor is mounted in the
motor mounting bracket for fixation and
protection [8]. The motor shaft rotates, driving the
sprockets to rotate and engage the chain,
thereby rotating and rolling the chain. The chain
rolls by engaging the sprocket on the shatft,
which turns the drive shaft. The drive shaft is
fixed on the roller conveyor bracket through the
profile, and the process of shaft rotation drives
the cylinder material above it to be conveyed
forward through static friction. Diesel engine
cylinder in the forward conveying process, the
cylinder itself has a large self-weight, and thus
has a large inertia; at the same time, the
conveying distance is farther, requiring a larger
conveying speed [9].In order to ensure that the
diesel engine cylinder can be accurately stopped
in a certain position, can be accurately rotated 90
degrees, set up a speed measurement at the end
of the end of the photoelectric switch, control the
start and stop of the conveyor belt and speed10.
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The rotary part of the diesel engine cylinder block
machining automatic line rotary device is located
in the lower part of the whole device, and its
composition is relatively simple, and its main
parts are rotary motor, turntable bearing, pinion
and bracket. Pinion and turntable bearing are the
core parts to realize the rotary function. Starting
the motor, the motor shaft rotates, and there is a
flat keyway on the motor shaft, which transmits
the power to the pinion gear through the flat key
connection [10]. This design adopts A type
ordinary flat key as the type of sprocket and shaft
connection. The motor shaft rotates at a high
speed, and the pinion gear may be displaced,
which may affect the transmission and lead to
unstable transmission process and other
dangerous situations. In order to ensure that the
power transmission process is stable and the
pinion position does not change, the pinion end
face is fastened to the end cap using a screw
connection. The pinion gear engages with the
rotary bearing with internal teeth, the rotary
bearing is closely connected with the upper part
of the conveying part, and the pinion gear
transmits the power to the slewing bearing in an
engaging manner to drive it to rotate, thus driving
the entire conveying part to rotate, i.e., driving
the cylinder element to rotate [11].After the
cylinder element completes the clockwise
rotation of 90 degrees, the lifting and tilting
device comes to this device to grab the
workpiece cylinder element and enter the next
section.

Fig. 1. Slewing unit model

3. FINITE ELEMENT MODELING OF THE
TIPPING DEVICE

As the upper part of the rotary device is installed
with  self-propelled rollers, rotary discs,
workpieces and other parts, the bracket carries a
large load, in order to extend the service life of

the rotary device, it is necessary to optimize the
design of the bracket of the rotary device, due to
the existence of chamfers, threaded holes and
other small features of the three-dimensional
model, which have little impact on the
performance of the entire rotary device,
therefore, the bracket of the rotary device in the
design of the structure of the model to do a
partially simplified [12]. The simplified three-
dimensional model is shown in Fig. 2.

Fig. 2. Stent model

3.1 Adding Material Properties

Using the information interaction between the 3D
modeling software SolidWorks and the finite
element analysis software ANSYS Workbench,
the 3D model is opened through the finite cloud
software, the geometric structure is generated in
Design Modeler, and the bracket defines the
material as Q235 steel, and the corresponding
material performance parameters are shown in
Table 1.

Table 1. Material properties

Parameters Numerical Value
Density /(g.cm?) 7.85
Elastic modulus /GPa 210
Poisson's ratio 0.27
Yield Strength/ Mpa 235

3.2 Defining Contact Between Parts

Bracket is composed of multiple parts of the
assembly, they work in the rotary device does
not occur between the relative motion, it can be
understood that the parts of each surface is
connected together by welding, in the finite
element analysis does not take into account the
influence of the weld, and then according to the
assembly of the relationship between the parts of
the parts of the contact between the surface of
the definition of the bonded (bonded) way [13].
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3.3 Stent Meshing

There is a very close relationship between the
mesh quality and the simulation results, in order
to effectively avoid the stress concentration
phenomenon in the simulation process and to
improve the computational speed, it is easy to
get a better mesh quality by using the free mesh
division method the mesh cell size is set to
10mm, the mesh division is performed on the
model, and a total of 245136 nodes are
generated with 104134 cells, the mesh map is
divided as shown in Fig. 3. [14]

Fig. 3. Meshing of the model

3.4Load Application and Setting of
Boundary Conditions

A certain type of diesel engine cylinder block
automatic line working environment is not bad,
taking into account the cylinder block can be

processed at multiple angles, the upper end of
the bracket is installed with a rotary disk, capable
of 180 degrees of rotation of the cylinder block,
so in the process of cylinder rotation, the bracket
will be subjected to the rotary disk, the workpiece
gravity, etc., the role of the bracket and the rotary
disk above the contact surface of the bracket to
add the size of the bracket for the gravity of the g
= 9.8066 m / s2 , and the combined force is
calculated to be about 33,358.04 N, which is
equally divided at the top of the bracket where
the rotary disk is mounted to simulate the force
when the rotary device is actually working. The
slewing bracket is connected to the ground
through four square tubes, so it is necessary to
fix the four square tubes and add a fixed support
at the bottom of the square tubes, as shown in
Fig. 4.

3.5 Finite Element Analysis Results
3.5.1 Static analysis

After applying the loads and boundary
conditions, ignoring the inertia and damping
between the parts, the effect of the loads on the
device becomes a hydrostatic analysis [15]. After
the load application and boundary condition
setting, finite element solution can be carried out
for the slewing device bracket, and its total
deformation cloud diagram is obtained as shown
in Fig. 5(a), and the equivalent stress cloud
diagram is shown in Fig. 5(b).

Fig. 4. Applied loads and boundary constraints diagram
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040531
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(a) Total deformation cloud diagram

148.61 Max
1321
115.59
93,081
8257
66053
49 548
33037
16526
0014692 Min

(b) Equivalent stress cloud diagram

Fig. 5. Total deformation cloud diagram and equivalent stress cloud diagram

According to the figure, it can be seen that the
maximum total deformation occurs in the contact
area between the rotary disk and the bracket,
and the maximum deformation is 0.45512 mm,
while the maximum equivalent stress occurs in
the square tube connection below the bracket top
plate, and the size is 139.2 MPa. Because the
stress concentration mainly exists at the
geometry mutation, and the maximum
deformation is less than 1 mm, the model can
satisfy the actual design requirements.

3.5.2 Modal analysis

Modal analyses are usually performed on linear
systems in which the structural dynamics are
characterized by equations or coordinates and
are widely used in industrial manufacturing.

Due to the high requirements for the machining
accuracy of the cylinder block, any small
vibration that occurs during the work of the
cylinder block automatic line may cause the
position of the cylinder block to change, resulting
in machining errors, and the advantages and
disadvantages of the rotary device can be
evaluated through modal analysis to provide a
theoretical basis for the vibration analysis and

| 19255
1.6504
13753
1.1003
082521
0.55014
0.27507
0 Min

(a) 1st order vibration mode

optimization of the design, and to avoid the
occurrence of resonance in the work [16].
Establish the model of the bracket on SolidWorks
platform, and then import it into ANSYS
Workbench software, after adding the fixed
support, the modal analysis of the model can be
derived from the 1st-6th order modal vibration
pattern of the bracket (see Fig. 6), and the
intrinsic frequency (see Table 2).

Table 2. 1-6th order intrinsic frequency

Modal Order Solid Frequency /Hz
65.81

65.824

95.307

172.72

302.67

303.33

OO WNE

Animation allows dynamic demonstration and
animation output of the results, which can more
intuitively observe the change process of the
bracket at different frequencies. Since the engine
speed of the cylinder block automatic line
slewing device is 28 r/min and the frequency is
1.67 Hz, it can avoid the resonance frequency of
the bracket and has good safety performance.

082566
0.55044
027522
0 Min

(b) 2nd order vibration mode
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(c) 3rd order vibration mode

(e) 5th order vibration mode

(d) 4th order vibration mode

(f) 6th order vibration mode

Fig. 6. 1st-6th order modal vibration pattern of the bracket

4. MULTI-OBJECTIVE OPTIMIZATION
4.1 Response Surface Modeling

Response surface method is a method
developed on the basis of experimental design
method, and its core idea is to simulate the
variables and objective functions in the
experimental design by constructing a model to
predict the response values of non-experimental
points [17]. Design Explorer, as a fast
optimization tool in AWE environment, combined
with statistical methods, is able to form a
response surface based on a limited number of
experimental design point parameters. In this
process, the number of design points can be
increased to improve the model accuracy.

Design Explorer, as a fast optimization tool in the
AWE environment, combined with statistical
methods, is able to form response surfaces
based on a limited number of experimental
design point parameters. In this process, the

number of design points can be increased to
improve the model accuracy [18].

In practice,the stent can be parametrically
modeled using SolidWorks software,and the
three parameter dimension names DS_D1(base
square tube length),DS D2(diameter of the
contact surface between the rotating disk and the
stent),and DS_D3(thickness of the stent's top
plate) can be set as the input parameters
P1,P2,P3 of the ANSYS Workbench through the
global variable,so as to realize the association of
each parameter.Open the Response Surface
Optimization method in the finite element
analysis software,enter the upper and lower
limits of DS_D1,DS_D2,and DS_D3 as 10% of
the default values in ANSYS Workbench,and
select the intermediate composite design method
to generate 15 groups of experimental design
points,as shown in Table 3. The corresponding
output parameters are P4(geometry mass),
P5(maximum total deformation),P6(maximum
equivalent stress) and P7(1st order vibration
frequency).
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Table 3. Experimental design

Number P1/mm P2/mm P3/mm P4/kg P5/mm P6/MPa P7/Hz

1 720 624 25 195.75 0.521 148.61 65.81

2 648 624 25 194.11 0.446 138.33 66.139
3 792 624 25 197.38 0.607 161.15 65.035
4 720 561.6 25 194.83 0.568 156.41 65.964
5 720 686.4 25 196.75 0.477 142.37 65.638
6 720 624 22.5 180.68 0.623 163.68 68.182
7 720 624 27.5 210.81 0.443 136.97 63.695
8 661.46 573.27 22.967 181.43 0.572 157.32 68.137
9 778.54 573.27 22.967 184.08 0.732 177.29 67.199
10 661.46 674.73 22.967 182.99 0.488 144.41 67.87

11 778.54 674.73 22.967 185.64 0.635 164.73 66.902
12 661.46 573.27 27.033 205.92 0.433 135.9 64.458
13 778.54 573.27 27.033 208.57 0.549 152.86 63.615
14 661.46 674.73 27.033 207.48 0.375 125.42 64.243
15 778.54 674.73 27.033 210.13 0.483 142.76 63.369

Before the response surface analysis, in the
meta-model, the genetic aggregation method is
selected to simulate the construction of the
response surface model, which makes the fitting
accuracy more accurate, and after the
calculation, the response chart mode is changed
to 3D, as shown in Fig. 7, which are the
geometric structural quality of the model, the

Response Chart for P4 -

netry Mass

210

205

200

198

190

P4 - Geometry Mass [kg]

1B5

1B0

maximum deformation of the model, the
maximum equivalent stress, and the critical
response surface of the 1st order intrinsic
frequency, from which the objective function can
be observed to determine the optimal conditions
or optimal region from the response surface, and
then the optimization scheme can be obtained
[19].
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Fig. 7. Response surface modeling

4.2 Sensitivity Analysis

Sensitivity analysis is an important part of
modern design theory to evaluate the effects of
changes in design variables or parameters on
the response characteristics of a structure. In the
Response Surface Optimization module, both
local and global sensitivity analysis methods are
provided to help achieve further optimized design

solutions [20].

The local sensitivity analysis (LSA) enables the
sensitivity of individual output values to input
values to be calculated, thus eliminating certain
input parameters that do not have a significant
impact on the optimization results, as shown in
Fig. 8, where P1 and P4 have a greater impact
on the experimental results compared to P2.
Global Sensitivity Analysis (GSA) is used to
complete the optimization process by selecting
the best optimized design point from the
candidate points for subsequent comprehensive
response surface analysis.

4.3 Sensitivity Analysis

Optimal design is the application of mathematical
theories and optimization techniques to the
design of industrial products in order to select the
best result among multiple feasible solutions.
Since the arrangement of the cylinder automatic
line needs to be reasonable and efficient, this

paper takes the lightweighting of the bracket, i.e.,
the minimization of the model mass, as the
optimization objective, and also sets the
maximization of the first-order intrinsic frequency
as the second optimization objective, in which,
after the analysis of the software system, three
sets of candidate design points are given, as
shown in Fig. 9. Fig. 10 shows the global
sensitivity distribution of the optimized design,
according to the sensitivity analysis and
comprehensive consideration, two groups of
candidate points are selected as the design
points for this optimization, and the final input
and output values obtained after dimensional
optimization, as shown in Table 4. The project
analysis flowchart of the whole structure
optimization is shown in Fig. 11.

After optimization, the mass of the rotary device
bracket is 183.66kg, which is 17.9kg less than
201.56 before optimization, and basically
achieves the expected goal, the 1st order
vibration frequency of the geometric model is
increased from 65.547Hz to 68.471Hz, which
makes the system able to meet the working
requirements; in  addition, the maximum
deformation of the rotary device after
optimization is 0.513mm, which is basically
unchanged compared with 0.455mm before
optimization. making full use of the performance
of the material and shortening the design cycle
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[21]; the maximum equivalent force is increased
from 139.2MPa to 142.44MPa, and the
permissible stress [0]=195.83MPa is still greater
than the maximum equivalent force according to

the yield strength of Q235 steel 235MPa, with the
safety coefficient of 1.2, and the system safety
requirements have been completely met. The
safety requirements of the system are met.

Table 4. Stent input and output variables and optimization design objectives

Parameter Type Designation Original Optimization Optimization Results
Design Goals
Importation P1/mm 720 / 648.02
P2/mm 624 / 562.13
P3/mm 25 / 22.501
Exports geometry mass/kg 201.56 / 0.513
maximum total 0.455 / 142.44
deformation/mm
maximum equivalent ~ 139.2 maximum 68.471
stress/MPa
1st order vibration/Hz ~ 65.547 minimum 183.66
Local Sensitivity v 0 x

SR p—
Pz-DS_D2
[ER g p—

]
i B~

P5 - Total Deformation Maximum P - Equivalent Stress Maximum P7 - 1st order vibration frequency

]

Local Sensitivity (%)
=

-100

P4 - Geometry Mass
Output Parameters

Fig. 8. Local sensitivity analysis

= Candidate Foints

Candidate Point 1 Candidate Point 2 Candidate Point 3

P1-Ds D1 043.02 043.01 649,47
P2-D5_D2 561.62 562.22 561.69
P3-D5_D3 22.5 22.5 22,5

P4 - Geometry Mass (kg) \;ﬁ;r 178.14 ~;ﬁ;:r 178.15 ‘;?{;r 173.18
P5 - Total Deformation Maximum (mm}) 0.5859 0.58534 0.58758
P& - Equivalent Stress Maximum (MPa) 153.67 158,59 158.92
P7 - 1st order vibration frequency (Hz) ¢ ve 63.616 o ve 63,615 Yo e 68,613

Fig. 9. Candidate results
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Fig. 11. Project Analysis Flowchart

5. CONCLUSION

In this paper, ANSYS Workbench software is
used to carry out static and dynamic finite
element analysis of a certain type of diesel
engine cylinder block automatic line rotary device
based on the actual working conditions, and put
forward an optimization scheme according to the
analysis results, and get the optimal design point
by using the DOE method to effectively reduce
the mass, improve the intrinsic frequency, meet
the strength and stiffness requirements of the

device, and achieve the purpose of reducing the
cost, which provides a theoretical basis and
method for the optimal design of this type of The
optimal design of mechanism and equipment
provides theoretical basis and method.

The DX module in the ANSYS Workbench
environment can transfer the design variables of
3D models in actual engineering to the AWE
environment. And using a finite number of design
points to fit the response surface model, choose
the suitable optimization algorithm to achieve the
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design

objectives, this function can be applied to the
optimization processing of all kinds of 3D models
in engineering practice.
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