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Abstract: As a critical component of the turbine rotor, the baffle plays an essential role in ensuring safe and reliable
operation of the aero-engine. This study addresses the issue of excessive local stress in the baffle of a high-pressure
turbine disc. The structural design optimization is performed using the self-developed Zhizhou software integrated with
the slime mould algorithm (SMA). Leveraging advanced algorithms and comprehensive simulation interfaces, the
Zhizhou software effectively exploits the potential of structural design, leading to significant improvements in
structural performance. The SMA algorithm employs a positive feedback mechanism and adaptive strategies through
the incorporation of fitness weights and oscillation factors. These parameters simulate the oscillatory contraction
behavior of slime moulds, allowing the algorithm to dynamically adjust search direction and speed, thereby achieving
an effective balance between local exploration and global optimization. During the optimization process, a sector sub-
model is established, and the contact model is simplified using a force load equivalence approach to improve
computational efficiency. Subsequently, a parametric model of the baffle 1s developed based on geometric
characteristics, stress responses, and boundary constraints, with the variation ranges of key parameters being
determined. A mathematical model is then formulated with the objective of minimizing the maximum equivalent
stress, under the constraint of the axial support reaction force at the contact surface. Finally, an integrated design
optimization workflow is constructed using Zhizhou in combination with Unigraphics (UG) and Workbenchs, as well
as incorporating the SMA algorithm to optimize the baffle structure. After optimization, the maximum equivalent
stress is decreased from 1 382.4 to 1 235.4 MPa, a reduction of 10.6%. Meanwhile, the axial support reaction force is
increased from 4 158.9 to 4 330.6 N, a variation of 4.0%, which satisfies the requirement for being within 12%.
These results validate the effectiveness of the SMA algorithm in the structural design optimization of the baffle and
demonstrate the practical value of the Zhizhou software in engineering applications.
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cooling airflow channels'"

. Due to its harsh operat-

As a core component of an aero-engine, the
turbine rotor must be designed with high stability
and reliability to ensure operational safety. The baf-
fle, a critical part of the turbine rotor, serves to re-

strict the axial movement of turbine blades and form

ing environment, the baffle is subjected to signifi-

2 and

cant centrifugal forces and thermal stresses
susceptible to stress concentration and potential fa-
tigue failures™. Therefore, reducing the stress con-
centration of the baffle is crucial to the safe and sta-

ble operation of the engine.
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Currently, research on turbine rotor baffles pri-
marily focuses on stress analysis, whereas studies
on stress optimization remain relatively scarce and
are predominantly conducted by traditional optimiza-
tion algorithms. For example, Meng et al."*' con-
ducted computational analysis on the centrifugal
stress of boltless baffles in aero-engines. They used
a sector sub-model to study the stress distribution of
the baffle under different rotational speeds and found
that stress concentration mainly occured in the fillet
area near the contact surface. Luan et al.””! conduct-
ed a finite element analysis on a boltless baffle, with
a focus on the contact pressure between the baffle
and the blades. Their study established the relation-
ship among rotational speed, the gas pressure differ-
ence across the baffle, and the resultant pressure
provided by the boltless baffle. Zeng et al.'” opti-
mized the baffle bolt holes using sub-model analysis
technology, resulting in a 13.8% reduction in the
maximum equivalent stress after optimization. Song
et al.'”’ carried out shape optimization on the turbine
disk baffle structure based on mesh deformation
technology and using a gradient algorithm, which re-
duced the first principal stress of the sealing disk by
13.6% after optimization.

With the rapid development of swarm intelli-
gence algorithms such as genetic algorithms and par-
ticle swarm optimization algorithms, structural opti-
mization can efficiently adjust design parameters and
more accurately control stresses in key areas, there-
by significantly improving structural performance®’.
These algorithms have been widely applied to the
design of aero-engine turbine structures. For exam-
ple, Yang et al."”’ carried out structural optimization
design on turbine tenons and mortises using the
multi-island genetic algorithm and the sequential
quadratic programming algorithm. After optimiza-
tion, the maximum equivalent stress of the tenon
was reduced by 29.5% , and that of the mortise by
32.5%. Zhang et al.""" developed an aero-engine tur-
bine stator structural optimization design system
based on the genetic algorithm. Through optimizing
the turbine stator, the maximum equivalent stress
around the holes was reduced by 20.7% , significant-
ly improving the comprehensive performance of the

structure. Sivashanmugam et al.'"" optimized the ax-

ial flow turbine using the multi-objective genetic al-
gorithm, which reduced the maximum equivalent
stress by 50% and increased the stage efficiency by
0.8%, effectively improving the engine perfor-
mance.

Although structural optimization has been wide-
ly applied to the design optimization of typical tur-
bine structural components, scholars usually con-
duct relevant research using foreign engineering opti-
mization software such as Isight. For example,
Song "* used Isight and combined it with the second-
ary development technology of software like Patran
and Nastran to build an automated solution platform
for turbine disk structural optimization, and verified
its effectiveness in turbine disk optimization. In addi-

41 and others

tion, Fan et al.'"”’, Shangguan et al.'
also conducted optimization studies on turbine blade
shrouds using Isight software. However, foreign
commercial software has significant shortcomings in
compatibility and customized services, especially in
supporting interfaces of domestic software. Their
closed architecture results in limited flexibility in
customized services, making it difficult to meet the
in-depth needs of specific engineering scenarios. For-
eign software also has obvious limitations in algo-
rithm integration. Taking Isight as an example, it
has built in more than 20 optimization algorithms,
mainly traditional gradient algorithms, supplement-
ed by basic optimization methods such as genetic al-
gorithms and particle swarm optimization algo-
rithms as well as their traditional improved versions.
Such an algorithm library is difficult to meet the
needs of modern engineering optimization, especial-
ly unable to effectively integrate emerging meta-heu-
ristic intelligent and efficient optimization algo-
rithms, and often performs poorly in solving high-di-
mensional nonlinear problems. This lack of ad-
vanced algorithms further limits its application effect
in complex engineering optimization. Therefore, the
development of self-developed domestic software
can make up for the shortcomings of existing tools
and better meet domestic engineering needs, provid-
ing strong support for the design of key models.

In summary, current research on the structural
optimization of turbine rotor baffles is relatively lim-

ited, and the potential of structural performance has
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not been deeply explored by combining high-perfor-
mance software and advanced intelligent optimiza-
tion algorithms. In addition, traditional foreign engi-
neering software provides limited support for the de-
sign of key models. Therefore, it is necessary to de-
velop domestic high-performance software, inte-
grate tools such as computer aided design (CAD)
and computer aided engineering (CAE) , and carry
out research on the structural design optimization of
baffles based on advanced intelligent algorithms.
The slime mould algorithm (SMA) has the charac-
teristics of few parameters, strong optimization abil-

ity, and sl

excellent convergence performance
Therefore, aiming at the problem of excessive local
stress in the baffle of the high-pressure turbine disk
of an areo-engine, this paper constructs a design op-
timization process combining Unigraphics (UG)
and Workbench based on the self-developed Zhi-
zhou software, and integrates the SMA algorithm
to carry out the structural design optimization of the

baffle.

1 Optimization Software and Algo-

rithm

1.1 Zhizhou software

Zhizhou 1s a multidisciplinary and multi-objec-
tive shape and topology design optimization plat-
form jointly developed by Aero Engine Corporation
of China (AECC) Commercial Aircraft Engine
Co., Ltd., Hunan Aviation Powerplant Research
Institute, and Xiamen University. It aims to help
break through key technologies in the development
of complex equipment such as aero-engines and en-
hance technological innovation capabilities''*.

Zhizhou integrates a variety of optimization al-
gorithms, including not only traditional optimization
algorithms such as mathematical programming
methods and gradient algorithms, but also dozens of
intelligent optimization algorithms developed and
tested for complex engineering problems, such as

meta-heuristic optimization algorithms like SMA'

and the whale optimization algorithm''"’, as well as
stochastic optimization algorithms such as the adap-

tive simulated annealing'". In addition, the soft-

ware also integrates advanced experimental design

algorithms including Latin hypercube sampling'"’

[20]

and full factorial design'™", as well as high-precision

surrogate models such as support vector ma-

chines"?"

and Kriging'®'. These algorithms and mod-
els can effectively balance index conflicts in multidis-
ciplinary design and achieve the optimal comprehen-
sive performance of the system. Combined with in-
telligent algorithms, the software can optimize the
shape and structure of complex equipment, and
comprehensively coordinate the design requirements
of multiple disciplines such as aerodynamics, com-
bustion, heat transfer, and strength, thereby realiz-
ing lightweight and high-performance structural de-
sign while meeting multidisciplinary requirements.

As shown in Fig.1, relying on a complete set
of simulation software interfaces, the Zhizhou soft-
ware can seamlessly connect with common engineer-
ing simulation tools (such as commercial software
including ABAQUS, ANSYS, CFX, and UG) ,
realizing the close integration of optimization algo-
rithms with practical engineering problems. It can be
widely applied to various fields such as aero-engines
and mechanical equipment.
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Fig.1 Schematic diagram of Zhizhou software

1.2 Slime mould algorithm

SMA is a meta-heuristic algorithm that simu-
lates the food-seeking process of slime mould. Veins
form between the slime mould and food sources;
when veins approach food sources, bio-oscillator

! increasing cytoplas-

produces propagating waves
mic {low through the veins. The faster the flow, the
thicker the veins. Through the combination of posi-
tive and negative feedback, the slime mould can es-
tablish an optimal path to food in a relatively superi-

or manner*",



No.3 PEIBen, et al. Structural Design Optimization of the Turbine Baffle Based on the Slime Mould Algorithm of--- 415

The core idea of SMA is to simulate the move-
ment of slime mould individuals through position up-
dates. The algorithm achieves multi-angle search us-
ing random functions and dynamically adjusts the
movement direction of individuals by simulating the
positive feedback mechanism of the slime mould
with weight coefficients. Random parameters simu-
late the uncertainty of slime mould vein contraction
patterns, enhancing search randomness. Mean-
while, the algorithm introduces oscillation factors to
simulate the selection behavior of the slime mould.
Thus, it oscillates within a certain range and gradu-
ally approach 0 as the number of iterations increas-
es. This realizes a smooth transition from global ex-
ploration to local exploitation. By combining posi-
tive feedback mechanisms and adaptive strategies,
SMA simulates the oscillatory contraction behavior
of the slime mould through fitness weight coeffi-
cients and oscillation factors, dynamically adjusts
the search mode, and effectively balances local ex-
ploration and global optimization capabilities.

The flow chart of the SMA optimization algo-
rithm is shown in Fig.2, with the specific steps as
follows.

(1) Initialize population and calculate fitness.
The fitness value is calculated by evaluating the po-
sition of each individual, with higher values indicat-
ing closer proximity to the optimization objective.

(2) Calculate the weight coefficient of each in-
dividual according to the fitness value. The mathe-

matical formula for the weight coefficient W' is

F,—S(¢ .
1+r-log(fl?b_;,i)+ 1) Condition
W(S.(i))= F_S()
1—r-log(hl+ 1) Others
b w
S, =sort(S)

(1)
where “condition” indicates that the fitness value
S(7) ranks in the first half of the population; r a ran-
dom value within [0, 1] ; F, the best fitness ob-
tained in the current iteration; F, the worst fitness
obtained in the current iteration; S, the ascending se-
quence of fitness values for the minimization prob-

lem.

Start

Initialize the population
and calculate the
individual fitness values

Calculate the weight
coefficients based on
the fitness values

Update
according to the |
second formula
in Eq.(2)

Generate a random
number

Update
according to the
third formula in

Perform random
search and update

according to the Eq.2)
first formula in

Eq.(2)

Output the
optimal solution

End

Fig.2 Schematic diagram of SMA optimization process

(3) Update the position of each individual ac-
cording to the position update formula. The position
update formula of the SMA algorithm is
X(t+1)=

rand «( By, — B, )+ B, rand <<z

Xy ()t oo (WX, (1)— Xp(2) r<<p (2)

0.+ X (1) r=p
where B, and By represent the lower and the upper
bounds of the search range; the rand function de-
notes a random value between [0, 1]; z is general-
ly set to 0.03; X, indicates the optimal position of
the current slime mould individual and X the posi-
tion of the slime mould individual at the current iter-
ation step; X, and X, denote the randomly selected
positions of two slime mould individuals; 7 the cur-
rent iteration step; v, is a control parameter ranging
from [ —a, al, v. a parameter that decreases linear-
ly from 1 to O, W the weight of fitness, and r a ran-
dom value between [0, 1] ; and p is obtained
through fitness calculation.

In Eq.(2), p denotes a threshold parameter
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used to balance global exploration and local exploita-
tion; v, and v, are oscillation factors for controlling
the movement speed of slime mould individuals. Pa-

rameters p and v, are described as

p=tanh|S(i)— F,)| (3)
v=[—a,a] (4)
l
a=arctanh(()+ 1) (5)
where €1, 2, ---,n; S(i) represents the fitness of

X; Fp, the best fitness across all iterations; and 7,,.
the maximum number of iterations.

(4) Record the current optimal solution and de-
cide whether the output condition is met. If it is, the
iteration terminates; otherwise, repeat the above

steps.

2 Model Analysis and Parametric
Modeling

2.1 Research object

Fig.3 illustrates the high-pressure turbine rotor
model of an aero-engine, comprising key compo-
nents such as the baffle, the sealing disk, the inter-
stage disk, and turbine blades. The high-pressure
turbine rotor is a typical revolving structure, so the
overall model can be divided into sector models.
Considering the periodic distribution characteristics
of the disk’ s vent holes, the high-pressure turbine
rotor model is segmented into a 3/N sector model
(where N is the total number of blades) , as shown
in Fig.3(b). Among them, stress concentration is
obvious near the baffle”’s vent slot and fillet. There-
fore, it is necessary to carry out research on the
structural design optimization of the baffle. The baf-
fle structure is shown in Fig.3(c).

In this study, UG modeling software is used to
create a parametric 3D model of the high-vortex ro-
tor. The 3D model is imported into ANSYS Work-
bench via ANSYS’s CAD interface for finite ele-
ment analysis. Leveraging the macro-command re-
cording function in Workbench, the generated
macro-command file was imported into Zhizhou opti-
Zhizhou then calls the

mization software.

macro-command file by executing Windows batch

(c) Section view of high-pressure turbine rotor
Fig.3 Schematic diagram of high-pressure turbine rotor sec-

tor model

commands, thereby automating parameter updates,
finite element analysis, and output of calculation re-
sults.

2.2 Finite element analysis

For the finite element analysis of complex as-
semblies, the sub-model analysis technology is usu-
ally adopted'™ . The sector model of the high-pres-
sure turbine rotor is further segmented to obtain the
high—pressure turbine sub-model. Finite element
analysis of the high-pressure turbine sub-model is
carried out based on Workbench simulation soft-

ware. As shown in Fig.4, second-order tetrahedral

(b) Local mesh refinement

(a) Overall mesh

Fig.4 Finite element mesh diagram
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mesh elements are used for meshing, with an over-
all mesh size of 2 mm, and local refinement with a
mesh size of 0.5 mm is applied to the key areas of
the baffle.

As shown in Fig.5, a finite element model of
the high-pressure turbine sub-model is established
under a typical operating condition of the engine.
The entire high-pressure turbine sub-model is ap-
plied with the rotational speed and temperature field
corresponding to the typical operating condition,
while the pressure difference between the inner and
outer surfaces of the baffle and the sealing disk is
taken into account. Displacement field constraints
need to be imposed on the split surfaces of the baf-
fle, sealing disk, turbine disk, and inter-stage disk.
Due to the circumferentially periodic distribution
characteristic of the turbine disk, cyclic symmetry
constraints must be applied to the circumferential

split surfaces of the sub-model.

(a) Temperature field (b) Pressure

Displacement / mm
4.115 2 Max
3.9671
38191
3.6710
3.5230

(c) Displacement boundary

Fig.5 Finite element analysis setup

(d) Force and torque

In addition, due to the segmentation and sim-
plification of the turbine blade, concentrated forces
and torques need to be applied at the coupling points
on the blade’ s split surface to equivalently replace
the aerodynamic load on the blade, as shown in
Fig.5(d). Since the sealing disk is designed to re-
strict the axial movement of the turbine blade, an in-
terference fit exists between its spigot surface and

the blade. Therefore, a displacement field must be

applied to the spigot surface of the sealing disk to ac-
curately simulate the actual contact condition be-
tween the turbine blade and the baffle.

There are contact relationships between the
various components of the sub-model: The baffle,
the sealing disk, the turbine disk, the tenon, and
the inter-stage disk are all set to frictional contact,
while the blade tenon and turbine disk are set to non-
separating contact.

Since the sub-model boundary approximates
the actual conditions using few applied displacement
fields, the accuracy of the resulting calculations is
relatively limited. Therefore, the stresses near the
displacement boundary and contact boundary are not
considered in the analysis. The calculation results of
the baffle of the high-pressure turbine sub-model are
shown in Fig.6, with the maximum equivalent
stress being 1 382.4 MPa, which occurs in the vent

slot and fillet areas.

Equivalent stress / MPa
138 2.4 Max
1230
10775
925.07
772.61
620.16
467.7
315.24
162.78
10.325 Min

Fig.6 Equivalent stress cloud of the baffle

2.3 Simplification of contact model

When conducting finite element analysis on the
high-pressure turbine sub-model, it is found that the
computational time is relatively long. To reduce
computational time, further model simplification is
performed based on this setup. As shown in Fig.7,
according to Saint-Venant’ s principle, the contact
relationship between the sealing disk and the inter-
stage disk is simplified, and contact force is used to
replace the contact mode of the sealing disk. Since
the sealing disk restricts the axial movement of the
tenon, it is necessary to apply axial displacement
constraints on the contact surface of the tenon after

simplifying the sealing disk.
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Fig.7 Schematic diagram of contact simplification

To validate the feasibility and effectiveness of
this simplified modeling approach, an identical
meshing strategy is employed while maintaining con-
sistency in all other boundary conditions. The com-
puter used in the calculation process is equipped
with an Intel (R) Xeon (R) Platinum 8 352 V
CPU @ 2.10 GHz and 256 GB of RAM. The calcu-
lation results of the simplified model are shown in
Fig.8 and Table 1. The maximum equivalent stress
of the simplified model is 1 378.7 MPa, with an er-
ror of approximately 0.3% compared with the calcu-
lation result of 1 382.4 MPa of the original sub-mod-

Equivalent stress / MPa

1382.4 Max

i 1230.0
10775
925.07

L 772.61
620.16
467.70
315.24
162.78
10.325 Min

(a) Results of the original sub-model

Equivalent stress / MPa
1 378.7 Max

10.534 Min

(b) Results of the simplified model

Fig.8 Comparison of simplified calculation results

Table 1 Comparison of calculation results and time

Maximum Time of calculation/
Model .
stress/MPa min
Initial model 13824 16
Simplified model 1378.7 12
Rate of change/ % —0.3 —25.0

el, which meets the requirements of engineering de-
sign. Meanwhile, the computation time using fric-
tional contact simplification is about 12 min. Com-
pared with the computation time of the original sub-
model (approximately 16 min), the calculation time
is reduced by 25% , effectively improving the com-
putation efficiency. Therefore, the aforementioned
case validates the feasibility and efficacy of this mod-

el simplification approach.
2.4 Model parameterization

Considering the geometric characteristics,
stress response, and boundary constraint conditions
of the baffle, appropriate parameters are selected to
conduct parametric modeling of the baffle. The baf-

20 which bears large

fle is a thin-walled structure
centrifugal force and thermal stress, and the curve
shape of its cross-section has a significant impact on
the structural performance. As shown in Fig.9,
there is stress concentration in the fillet area above
the baffle, and the stress of the vent slot is also rela-
tively high. Therefore, it is necessary to optimize
the wall thickness above the baffle, the fillet, and
the shape of the vent slot. The baffle is restricted by
assembly constraints and has many contact boundar-

ies, resulting in a small design space, as shown in
Fig.9(b).

Contact region 1

Contact
region 2 Contact region 3
Contact region 4
(a) Stress distribution (b) Contact boundary

Fig.9 Stress distribution and contact boundaries

The baffle contains multiple contact surfaces,
and these boundary conditions need to be main-
tained. Therefore, the contact interfaces and their
surrounding regions are constrained. As shown in
Fig.10, in the parametric modeling process, the de-
sign parameters of the baffle are mainly divided into
three categories: The wall thickness of the baffle
(Fig.10(a) ) , the fillet dimensions of the baffle
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(Fig.10(b) ) , and the shape control parameters of
the vent slots (Fig.10(c) ). Since the stress concen-
tration in the fillet area above the baffle is obvious,
and the wall thickness directly affects the stress dis-
tribution, both the fillet size and the wall thickness
of the baffle are included in the design parameters

for optimization.

(a) Wall thickness parameters

)

(c) Vent slot shape control parameters

Fig.10 Schematic diagrams of the parameterized model

In addition, the vent slot area of the baffle also
has a significant stress concentration problem, re-
quiring optimization and adjustment of its shape. As
shown in Fig.10, the vent slot features a racetrack-
shaped cross-section, which is geometrically de-
fined by a combination of arcs and straight seg-
ments. The vertical distance from the intersection
points of these arcs and straight segments to a hori-

zontal reference line serves as a key design parame-

ter, enabling precise control over the final slot ge-
ometry. This parametric modeling approach ensures
both the continuity of geometric characteristics and
facilitates subsequent optimization processes.

As shown in Table 2, in the parametric design
of the baffle, the wall thickness includes two inde-
pendent parameters, whose values directly affect
the overall mass of the baffle. To ensure that the
mass change is within a reasonable range, it is nec-
essary to set strict upper and lower limit constraints
for these two parameters. The setting of fillet pa-
rameters and vent slot shape control parameters
needs to meet two key conditions: (1) To ensure
that the geometric model can be generated normally
and avoid modeling failure due to unreasonable pa-
rameters; (2) to prevent interference between com-
ponents. At the same time, any modification to the
vent slot geometry must account for its cross-sec-
tional area constraint, since significant deviations in
area may adversely affect the cooling performance of
the turbine disk. After multiple iterations of valida-
tion and refinement, and in consideration of practi-
cal manufacturing constraints, the final variation
ranges for each parameter are established, as sum-

marized in Table 2.

Table 2 Parameter variation range mm
Parameter Initial value Range of variation

d, 1.25 [0.50,3.00]

d, 2.10 [1.00,5.00]
R, 2.00 [0.50,3.50]
R, 5.20 [0.50,5.20]
R; 1.00 [0.50,4.00]
R, 4.00 [0.50,10.00]
R; 2.00 [0.50,2.20]
R 0.50 [0.50,1.00]

/ 4.44 [4.00,4.50]

3 Optimization Mathematical Mod -
el and Process

3.1 Mathematical model for baffle optimization

The reaction force on the contact surface be-
tween the baffle and the tenon is shown in Fig.11.
To ensure the baffle’s function of axially limiting the

blade tenon, it is necessary to control the change of
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the axial reaction force on the baffle’ s contact sur-

face within 12% during the optimization process.

Fig.11 Schematic diagram of the support reaction force at
the baffle

Employing the key design parameters of the
baffle as design variables, with the minimization of
the maximum equivalent stress as the optimization
objective and the axial reaction force at the contact
surface as the constraint, an optimization mathemat-
ical model for the baffle is established. The model
can be formulated as

find d,R; !

MIN  GonMises max (6)

st. Fun< F,<<F,.
where d,,R;, [ are the wall thickness, the fillet, and
the vent slot shape control parameters of the baffle,
respectively; Oyomuises max 15 the maximum equivalent
stress of the baffle and F, the axial reaction force of
the initial sub-model; F,, and F,.. are 88% and
112% of F,, respectively.

3.2 Establishment of baffle optimization pro-

cess

As shown in Fig.12, a baffle design and optimi-
zation process combining UG and Workbench is es-
tablished based on the self-developed domestic soft-
ware Zhizhou, and the structural optimization of the
baffle is realized through the following steps.

(1) Update the parametric model. Drive the de-
sign parameters through UG to generate an updated
geometric model, which serves as an input for sub-
sequent finite element analysis.

(2) Finite element analysis and calculation. Im-
port the updated model into Workbench to perform
finite element simulation calculations, and output
the calculation results of key performance indicators
such as stress and reaction force.

(3) Optimize design parameters using the

Finite element
analysis

!

| 1
| |
| |
| |
| :
|

| Output result f—o|
| |
| |
| |
| |
| J

Update
parametric
model

Zhizhou
software

file

SMA algorithm
optimization

Is the output
condition
satisfied

Output optimal
solution

End

Fig.12 Optimization flow chart of the baffle based on Zhi-

zhou software

SMA algorithm. Read the finite element calculation
results. The SMA algorithm updates weight coeffi-
cients and oscillation factors based on the current fit-
ness value, and dynamically adjusts the search direc-
tion and speed.

(4) Determine whether the output conditions
are met. If they are, output the optimal solution; if
not, update the design parameters and enter the
next iteration.

As shown in Fig.13, an integrated optimization
process for the baffle is developed using Zhizhou
platform. Zhizhou enables real-time interoperability
with applications such as UG and Workbench, facili-
tating seamless model updates and finite element
analysis. Furthermore, Zhizhou supports real-time
parameter input and output, and incorporates the
SMA algorithm, enabling a fully automated optimi-
zation process for the baffle.

Based on previous structural optimization expe-
rience, and considering both computational efficien-
cy and optimization performance, the population
size 1s set to 10 and the number of iterations to 100
for the baffle optimization problem. The contraction
factor z has a significant impact on the local exploita-
tion and global exploration capabilities of the algo-
rithm, and is set to 0.03 in the baffle optimization,

as shown in Table 3.
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SMA algorithm
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Fig.13  Setup of baffle optimization process on Zhizhou

Table 3 Parameter setup of SMA

Parameter  Population size Step Factor

Value 10 100 0.03

4 Analysis and Verification of Opti-
mization Results

The structural optimization process curve of
the baffle is shown in Fig.14. A total of 1 000 itera-
tive evaluations are performed during the optimiza-
tion. In order to increase the probability of finding
the optimal solution, the bounds of relevant parame-
ters are set rather aggressively during the parametric
modeling of the 3D structure. As a result, some
boundary or unconventional parameter combinations
lead to model interference, preventing the genera-
tion of a valid geometric model. Although these pa-
rameters could not guide the optimization direction,
the SMA algorithm remained robust and is not sig-
nificantly disrupted by such data, further demon-
strating the reliability of its optimization perfor-
mance. A total of 10 invalid data sets are generated
in this optimization. After removing these invalid da-
ta, the optimum solution is obtained at the 958th it-
eration step.

Fig.14 shows that during the initial phase of op-
timization, the values on the vertical axis exhibits
substantial variations. By leveraging its global explo-
ration mechanism, the SMA algorithm performs ex-

tensive searches throughout the parameter space,

progressively guiding the solutions toward the target
region. As a result, a considerable number of design
points generated in this early stage fail to satisfy the
prescribed constraints. During the mid-phase of opti-
mization, the algorithm dynamically adjusts its
search pattern using oscillation factors and adaptive
weight coefficients. This approach effectively pre-
vents convergence to local optima while enabling
further refinement through a limited number of ex-
ploratory points that escapes local regions. As a re-
sult, the amplitude of oscillations in the objective
function is significantly reduced. As the optimization
is progressing, the number of design points violat-
ing the constraints in the later stages is markedly
lower than that in the initial phase, demonstrating
the algorithm’ s ability to effectively balance objec-
tive pursuit with constraint satisfaction. Ultimately,
the algorithm converges consistently and identified

the location of the optimal solution.

< 4500 - -

% 4000 ® Optimal point
@ Feasible point

E 3500 @ Infeasible point

O

g 3000

g 2500

& 2000
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R e e

0 200 400 600 800 1000
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Fig.14 Variation of maximum stress and feasibility distribu-

tion during optimization iterations

After optimization, it is necessary to further
evaluate the rationality of the optimized structure to
avoid interference between models, so the optimiza-
tion results are subjected to reconstruction verifica-
tion. Fig.15(a) shows the simplified calculation re-
sults of the reconstructed model, with a maximum
equivalent stress of 1 234.6 MPa. Fig.15(b) pres-
ents the calculation results of the reconstructed mod-
el under complete contact conditions, with a maxi-
mum equivalent stress of 1 235.4 MPa. The error of
the simplified calculation results is approximately
0.06% , which once again verifies the accuracy of
the contact model simplification method. Fig.16
presents a comparative analysis of the stress distribu-

tions between the optimized configuration and the
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original model. The maximum equivalent stress in
the optimized design measures 1 235.4 MPa, repre-
senting a reduction of 10.6% compared to the initial
model’s value of 1 382.4 MPa.

Equivalent stress / MPa
1234.6 Max
1103.0
971.37
839.76
708.16
576.56
444.96
313.36
181.76
50.153 Min

(a) Results of the simplified model after optimization

Equivalent stress / MPa
1235.4 Max
1103.7
972.05
840.37
708.69
5717.01
445.34
313.66
181.98
50.302 Min

(b) Results of the complete model after optimization

Fig.15 Comparison of stress contours between the simpli-
fied model and the complete model after optimiza-

tion

Equivalent stress / MPa
1382.4 Max
1230.0
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772.61
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467.70
315.24
162.78
10.325 Min

(a) Results of the initial model

Equivalent stress / MPa
1235.4 Max
1103.7
972.05
840.37
708.69
5717.01
445.34
313.66
181.98
50.302 Min

(b) Results of the optimized model

Fig.16 Comparison of equivalent stress contour plots for

the baffle before and after optimization

It is necessary to check whether the axial reac-
tion force on the contact surface of the baffle tenon
meets the design requirements, and the comparison
results are shown in Table 4. The axial reaction

force at the contact surface of the initial baffle model

is measured at 4 158.9 N, while that of the opti-
mized configuration reaches 4 330.6 N. This corre-
sponds to a variation of 4.0% , well within the de-
sign requirement that the change in axial reaction

force must remain below 12%.

Table 4 Comparison of calculation results before and af-

ter baffle optimization

Maximum stress/

Model MPa Reaction force/N
Initial model 1382.4 4 158.9
Optimized mode 1235.4 4 330.6
Change rate/ % —10.6 +4.0

Table 5 compares the parameter changes be-
fore and after optimization. Based on the optimized
parameters, the baffle is redesigned as illustrated in
Fig.17. In Fig.17, the black solid line depicts the
profile of the original baffle model, whereas the red
dashed line indicates that of the optimized design.
As indicated in Table 5, Figs.16, 17, the cross-
sectional area of the vent slot in the baffle has been
reduced. This reduction results from a decrease in
the governing shape parameter, which causes the
straight segment at the base of the slot to form an
angle with the horizontal direction, thereby smooth-
ing the transition at the fillet and effectively mitigat-
ing stress concentration in the slot. Additionally,
the wall thickness around the vent slot has been sig-
nificantly increased, enhancing its capacity to with-
stand contact forces and consequently reducing

stress in the upper fillet region of the baffle.

Table 5 Parameter optimization results at step 958

Parameter Initial value/ Optimized value/  Change
mm mm rate/ %
d, 1.25 1.52 1216
d, 2.10 3.93 +87.1
R, 2.00 3.50 +75.0
R, 5.20 2.38 542
R 1.00 2.58 +158.0
Ry 4.00 2.66 —33.5
R; 0.50 0.96 +92.0
Rq 2.00 1.47 —26.5
[ 4.44 4.02 95
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Fig.17 Comparison of original and optimized geometric

models

Fig.18 presents a comparative analysis of the
local stress contours of the baffle before and after op-
timization under the same scale. As shown in
Fig.18, the stress in region A is significantly reduced
after optimization. In combination with Table 5, it
can be seen that the increase in wall thickness d, re-
sults in a thicker section in region A, leading to a
notable improvement in stress in this area. In the
ventilation slot region B, the slower transition of
the slot geometry contributes to a substantial reduc-
tion in stress compared to the pre-optimized condi-
tion. The increase in wall thickness ¢, makes the
stress distribution in region C more uniform than be-
fore optimization. Since the other parameters in re-

gions C and D do not change significantly, their

Equivalent stress /.

MPa
13824
1230.0
1077.5
925.07
772.61
620.16
467.70
315.24
162.78
10.325

o aw »

g o w »

(b) Calculation results of the optimized model

Fig.18 Comparison of local stress contours of the baffle be-

fore and after optimization

stress levels do not show a marked decrease. In sum-
mary, the stress in regions A and B of the baffle is
clearly improved after optimization, and the stress
distribution in region C becomes more uniform.

In this study, the particle swarm optimization
(PSO) algorithm from the Zhizhou software and
the multi-island genetic algorithm (MIGA) from
the Isight optimization software are used to opti-
mize the baffle, aiming to further compare and ana-
lyze the optimization performance of the SMA algo-
rithm. To ensure the same number of evaluations
during the optimization process, the population size
of PSO is set to 20 with 50 iterations, while for MI-
GA, the population size, the number of islands,
and the iteration count are all set to 10. The conver-
gence curves of the three algorithms are shown in
Fig.19.

1400
—=— MIGA
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) 1350 oA
4
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Fig.19 Convergence curves of the three algorithms

MIGA converges at around 600 iterations,
demonstrating the fastest convergence among the
three algorithms; however, it yields the poorest op-
timization result, indicating that MIGA tends to fall
into local optima. The PSO algorithm converges at
approximately 900 iterations, with a convergence
speed slightly better than that of SMA, but its final
optimization outcome is marginally inferior to that of
SMA. The SMA algorithm converges at about 950
iterations. Although its convergence speed is the
slowest among the three algorithms, it achieves the
best optimization result, suggesting that SMA
slightly outperforms the other two algorithms in
terms of global search capability.

The final optimization results of the three algo-
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rithms are shown in Table 6. The optimized result
obtained by MIGA is 1 255.3 MPa, that by PSO 1is
1 254.4 MPa, and that by SMA is 1 235.4 MPa.

Using the optimization objective as the evaluation
criterion, the SMA algorithm achieves the best opti-

mization performance among the three algorithms.

Table 6 Performance of equivalent stress comparison between MIGA, PSO, and SMA

Algorithm  Equivalent stress of the initial mode/MPa  Equivalent stress of the optimized model/MPa  Change rate/ %
MIGA 1382.4 1255.3 —9.2
PSO 1382.4 12544 —9.3
SMA 1382.4 1235.4 —10.6

As shown in Fig.20, a correlation analysis is
conducted on the optimization parameters of the baf-
fle, where red indicates a positive correlation and
blue indicates a negative correlation. It can be seen
from Fig.18 that parameters /, R; and R, have a rel-
atively large impact on the stress. / is the vent slot
shape control parameter. The maximum stress of
the original baffle model occurs at the fillet of the
vent slot, so this parameter directly affects the dis-
tribution of maximum stress. R; and R, jointly con-
trol the size of the fillet above the baffle’s vent slot.
The stress in this fillet area of the original model is
also relatively high, so R; and R also have a signifi-

cant impact on the maximum stress of the baffle.

M Positive correlation
1.0} Il Negative correlation

I R, R, R, R, R, d, R, d,

Fig.20 Parameter correlation analysis

5 Conclusions

This study addresses the issue of excessive lo-
cal stress in the baffle of a high-pressure turbine disc
in an aero-engine by conducting a structural design
optimization of the component. Based on a finite ele-
ment analysis incorporating simplified frictional con-
tact conditions for the baffle, an integrated design
optimization workflow is established using the self-
developed Zhizhou software in combination with

UG and Workbench. SMA is incorporated to per-

form the structural optimization. The following con-
clusions are drawn.

(1) Based on the calculation results of the high-
pressure turbine sub-model, the contact force is
used to replace the contact relationship between the
sealing disk and the turbine disk, reducing the num-
ber of nonlinear contact pairs. With the simplified
calculation method, the relative errors of the maxi-
mum equivalent stress before and after optimization
are 0.3% and 0.06% , respectively; the calculation
time 1s reduced from about 16 min to about 12 min,
and the calculation efficiency is improved by 25%.
These results verify the feasibility and effectiveness
of the simplification method.

(2) The maximum equivalent stress of the opti-
mized configuration is reduced to 1 235.4 MPa, rep-
resenting a 10.6 % decrease compared to the original
model’ s value of 1 382.4 MPa. Further, the axial
reaction force at the tenon contact interface reaches
4 330.6 N, corresponding to a 4.0% increase from
the initial value of 4 158.9 N. This variation remains
well within the prescribed constraint of 12%.

(3) The optimized design effectively reduces
the maximum equivalent stress of the baffle, which
verifies that the self-developed Zhizhou software has
important value in solving practical engineering
problems, and also confirms the effectiveness of the

SMA algorithm in optimization.
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