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  Abstract 
With the development of nuclear energy, the number of nuclear power plants es-
tablished in the world is increasing, and the conventional island nuclear gearbox 
plays an important role in the whole nuclear power plant system, in order to re-
duce the construction cost of the nuclear gearbox and improve the economy, the 
optimization design of the nuclear gearbox is carried out. In this paper, the para-
metric modeling of the nuclear gearbox by ANSYS APDL, as well as the design of 
the previous internal single output planetary wheel system re-ducer, improved to 
a double output reducer, which can reduce the use of nuclear gearbox body. The 
parametric model of the whole case is established by using APDL language pro-
gramming, and the whole model is established automatically by writing macro 
files and then reading the program into ANSYS software, which provides great 
convenience for the future static and dynamic analysis, and the case is structurally 
optimized by using AMSYS APDL to reduce the mass. 
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1. Introduction  

Along with the continuous development of science and technology, the number of 
high-power gearboxes applied in nuclear power plants is also increasing.[1] Reduc-
tion gearbox body as an important component in large machines and equipment, the 
design as well as the style is also more and more [2]. It is characterized by compact 
structure, small size, small rotational inertia, and wide application. The design of 
high-power nuclear power gearboxes is bulky and heavy, with a lot of material al-
lowance, and it is necessary to carry out topology optimization and structural opti-
mization of the structure to reduce the quality of the material and improve the eco-
nomic efficiency under the safety analysis of the static characteristics of the gear-
box[3]. 
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2. APDL structural optimization design process analysis 

ANSYS is a very widely used finite element analysis software, which is widely used 
in mechanical aerospace and aviation and other fields, and its finite element analysis 
process mainly consists of three steps, which are: establishing the analytical model 
and applying the boundary conditions, solving the calculations and analyzing the 
results in three steps. 
APDL is the abbreviation of ANSYS Parametric Design Language. It is a scripting 
language that builds analytical models by means of parametric variables, and APDL 
parametric modeling is a prerequisite for structural optimization[4]. The initializa-
tion of analysis parameters is to specify initial values for relevant parameters in the 
analysis model, and the parameters are defined to facilitate the next step of para-
metric model building. A parametric mathematical model is built, and the parame-
ters in the model temporarily take the initial values defined at the beginning above. 
After that, the loading solution is performed to execute the solution of the primary 
structural analysis. Performing a structural analysis is a more important part of the 
structural optimization design, because the values of the state variables and the 
target variables are implicit functions of the design variables, which cannot be ob-
tained directly and need to be solved by the finite element solution to obtain the 
values, so it is necessary to perform a structural analysis to extract the results of the 
parameters[5]. 
Next, the optimization analysis file is formed. Formally enter the structural optimi-
zation module OPT of ANSYS Mechanical APDL, confirm the analysis file, confirm the 
optimization variables (design variables, state variables, target variables) and their 
settings (value ranges, constraints), and then execute the optimization analysis with 
the help of optimization algorithms and search tools, and ultimately output and view 
the results of the optimization design[6].ANSYS Mechanical The optimization pro-
cess in APDL can be summarized as follows[7] 

Figure 1. Optimization Analysis Flowchart 
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3. Structural design of gearbox case and reducer 

3.1. Box structure design 

The structure of this nuclear power gearbox is mainly composed of five parts: upper 
end cover, input bearing housing, support disk, output bearing housing and plane-
tary wheel system transmission part. The input part of the power is the motor, 
which carries out power input through the input shaft, and runs through the travel-
ing pump. Planetary reducer, to achieve the role of reducing speed and increasing 
torque, the output shaft end connected to the water pump, thus driving the opera-
tion of the water pump. The box is fixed and restrained by the lugs on the support 
disk. The transmission device is a two-stage planetary wheel system, is an input and 
two outputs. The SolidWorks 3D exploded view of this vertical nuclear gearbox is 
shown in Figure 2. 

 

Figure 2. three-dimensional exploded view 

3.2. Reducer structure design 

Figure 3 and the table below show the gearbox transmission sketch and data pa-
rameters. 

 

Figure 3. Transmission principle of two-stage double output reducer 

1-Input shaft; 2-High-speed stage sun wheel; 3-High-speed stage planetary carrier; 
4-High-speed stage planetary wheel; 5-Inner gear ring; 6-Low-speed stage planetary 
wheel; 7-Low-speed stage planetary carrier; 8-Low-speed stage sun wheel 
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Table 1. Parameters of each gear of the high-speed stage of the two-stage double-output 
reducer 

high speed solar plexus chakra internal ring planetary wheel 

Number of teeth 28 86 29 

modulus 16 16 16 

quantities 1 1 3 

Table 2 Parameters of each gear in the low-speed stage of a two-stage double-output reducer 

low speed solar plexus chakra internal ring planetary wheel 

Number of teeth 38 86 24 

modulus 16 16 16 

quantities 1 1 4 

3.3. Reducer strength check 

Transmission Ratio Calculation 
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Concentricity condition calibration 
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Neighbor Condition Calibration  
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abr
、 abd - Radius and diameter of the apex circle of the teeth of the planetary 

wheel b; pn - Number of planetary wheels; 
'
aba - a, b Center distance of gear mesh-

ing pair; bl - The distance between the centers of two adjacent planetary wheels. 
Calibration of homogeneous conditions 
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p
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According to the formula, the reducer satisfies the concentric condition, the neigh-
boring condition, and the homogeneous condition 

4. Force analysis of the box 

In the working process of the gearbox, the main force of the box comes from the 
bearings, and the force transmitted by the shaft connected by the bearings acts on 
the bearing housing. Calculation of the box force first need to calculate the meshing 
force between the gears. Then, according to the principle of Newton's third law, the 
force on each shaft is analyzed. Ultimately, the magnitude and direction of the sup-
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port reaction force and torque applied to the bearings and internal gears connected 
to the box are derived. In this paper, the support and reaction forces and torque of 
the bearings and internal gears connected to the box by the transmission system are 
calculated separately by the operating conditions under rated operating conditions 
and ignoring the effects of friction and gravity. 

4.1. Case Material Data 

The material of the support disk of the box is Q345, and the material of other parts 
of the box is Q235; the power of the motor at the input end is 5900 KW, the input 
speed is 994 RPM, and the input torque is 56679 Nm. The mass of the box is 28.571 
tons 

4.2. Calculation of forces on gear teeth 
In planetary gearing, the force analysis and calculation of a meshing gear pair is the 
same as that of an ordinary fixed-axis gearing. In cylindrical gearing, if the effect of 

friction between the teeth is ignored, the normal force nF  can be decomposed into 
the following three forces, namely： 
tangential force 

 1

1

2000
t

TF d=   (7) 

radial force 

 tan
cos

t n
r

FF α
β=   (8) 

axial forces 
 tana tF F β=   (9) 

1T  -Torque transmitted by a pinion in a meshed gear pair; β  -Helix angle on hel-

ical gear indexing circle; 1d  -Pinion indexing circle diameter; α  -Indexing Circle 
Pressure Angle;  
Calculate the driveline torque at rated operating conditions 
Under the condition that the nominal power p and synchronous speed n of the 
prime mover (motor, etc.) are known, the torque T transmitted by its input parts 
can be calculated according to the following formula, i.e. 

 1
1

1
9549 PT n=   (10) 

Formula: 1p  -Nominal power transferred by the input; 1n  -Rotation speed of 
input parts 

4.3. Force on the box 
According to the formula to calculate the meshing force and torque between the 
gears, the input and output shaft force analysis, according to the force balance equa-
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tion can be obtained under the rated working conditions of the box force size. Con-
sidering the gravity of the transmission system, the box load boundary consists of 
the motor's traction torque transferred to the gearbox excitation load part of the 
composition, according to the results of the bearing support reaction force calcula-
tion in this section, it can be seen that the motor torque transferred to the gearbox 

excitation load is only the torque bT . 

 Output 1 Output 2 1 0bT T T T+ + + =   (11) 

5. Finite Element Analysis 

5.1. Parametric modeling 

The four major components of the box and the planetary drive train are parametri-
cally modeled and assembled using APDL parametric language. The case is modeled 
using solid92 cells with a mesh size of 60mm and free meshing, and the planetary 
gearbox is modeled using solid185 cells for free meshing. 

 

 

Figure 4. Finite element 3D modeling 

5.2. Static analysis 

The finite element model of the gearbox created by ANSYS APDL was taken and the 
boundary conditions and constraints computed above were applied to the box. 
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Figure 5. stress map 

According to the hydrostatic analysis of the shell yielded stress cloud diagram, can 
clearly see the size of the stress on the shell, the size of the stress on the shell is less 
than the yield strength of the material, so it meets the requirements of the strength, 
in preparation for the subsequent optimization of the structure. 

5.3. Modal analysis 

Modal analysis can derive the intrinsic frequency and the corresponding vibration 
mode of the structure, which is the basis of dynamic analysis. Obtain the first six or-
ders of modes of the box to see the change of vibration mode of the box in the first 
six orders. 

 

Figure 6. modal cloud diagram 
Table 3. Shape analysis of the first six modes 

ordinal number frequency Shape Description 

first stage 122.33 The lower part of the box is flat along the y-axis 

second stage 12.34 The lower part of the box is flat along the x-axis 
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third stage 213.68 Rotation of the box as a whole along the z-axis 

fourth order 225.41 The upper part of the box is flat along the y-axis 

fifth order 225.42 The upper part of the box moves flat along the x-axis 

sixth order 241.22 Rotation of the lower part of the box along the 
z-axis 

 

6. Structural optimization of the box 

The design variables, objective variables and constraints are the main elements of 
the optimal design of a structure, and the general expression of its mathematical 
model is[8]: 
 ( ) minf f x= →   (12) 

 [ ]1 2, , , T
nX x x x= ⋅⋅⋅   (13) 

 1.5 ( ) 1.8     1, 2, ,ig x i m≤ ≤ = ⋅⋅⋅   (14) 
The structural optimization is carried out using the zero-order algorithm in ANSYS 
APDL, which allows a quick search of the defined range. In this paper, the dimen-
sions of 17 shells are set as the design variables, the mass as the objective variable, 
and the strength stress magnitude of the shells as the constraint variable, and the 
iterative operation is run for 10 times. The following figure shows the range change 
of the target variables during the iteration process. 

 

Figure 7. Plot of iterative changes in the objective function 

According to the results of the final iterative change, the optimized mass is 27.255 
tons, a 4.6% weight reduction 

References 
[1] Energy, electricity and nuclear power estimates for the period up to 2050[R]. Interna-

tional Atomic Energy Agency, 2020: 92-93.. 
[2] Yang Y, Liang D, Zhao F, Y. Li, et al. Reliability evaluation of wind-storage power genera-

tion system considering fatigue failure of wind turbine gearbox[C]. 2022 IEEE 5th In-
ternational Electrical and Energy Conference (CIEEC), Nanjing, China, 2022: 3184-3189.  



Shuai Liu. Fuhao Liu 
 

 

DOI:10.63313/AERpc.9040 89 Advances in Engineering Research : Possibilities and Challenges 
 

[3] Mlejnek H. P., Schirrmacher R.. An engineer’s approach to optimal materialdistribution 
and shape finding[J]. Comp. Meth. Appl. Mech. Engrg., 1993, 106: 1-26Finite Element 
Modeling and Stress Analysis for Planetary Gear with Thin Rim. Jia Feng Huo; Jun Zhang; 
Yi Min Song.Applied Mechanics and Materials.2012 

[4] Zhang B ,Bao J . Parametric Modeling of NGW Planetary Gear Train Based on APDL [J]. 
Industrial Technology Research, 2024, 2 (3): 

[5] Stolpe M, Svanberg K. An alternative interpolation scheme for minimum compliance to-
pology optimization[J]. Structural and Multidisciplinary Optimization, 2001, 
22(2):116-124. 

[6] Cheng G.. Some aspects on truss topology optimization. Struct. Optim.,1995.10:73-79 
[7] Smith O.S. Topology optimization of truss with local stability constraints andmultiple 

loading conditions–a heuristic approach. Struct. Optim., 1997，13：155-166. 
[8] Dorn W., Gomory R., Greenberg H.. Automatic design of optimal structures [J]. Design 

Mechaniuque, 1964, V3 (1): 25-52. 


	[1] Energy, electricity and nuclear power estimates for the period up to 2050[R]. International Atomic Energy Agency, 2020: 92-93..
	[2] Yang Y, Liang D, Zhao F, Y. Li, et al. Reliability evaluation of wind-storage power generation system considering fatigue failure of wind turbine gearbox[C]. 2022 IEEE 5th International Electrical and Energy Conference (CIEEC), Nanjing, China, 202...
	[3] Mlejnek H. P., Schirrmacher R.. An engineer’s approach to optimal materialdistribution and shape finding[J]. Comp. Meth. Appl. Mech. Engrg., 1993, 106: 1-26Finite Element Modeling and Stress Analysis for Planetary Gear with Thin Rim. Jia Feng Huo;...
	[4] Zhang B ,Bao J . Parametric Modeling of NGW Planetary Gear Train Based on APDL [J]. Industrial Technology Research, 2024, 2 (3):
	[5] Stolpe M, Svanberg K. An alternative interpolation scheme for minimum compliance topology optimization[J]. Structural and Multidisciplinary Optimization, 2001, 22(2):116-124.
	[6] Cheng G.. Some aspects on truss topology optimization. Struct. Optim.,1995.10:73-79
	[7] Smith O.S. Topology optimization of truss with local stability constraints andmultiple loading conditions–a heuristic approach. Struct. Optim., 1997，13：155-166.
	[8] Dorn W., Gomory R., Greenberg H.. Automatic design of optimal structures [J]. Design Mechaniuque, 1964, V3 (1): 25-52.

