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Abstract

A novel framework for adaptive energy management, rocted in deep learning principles,
is propesed to minimize fuel consumiption in extended-range electric vehicles amidst
intricate driving scenarios. This innovative approach integrates a long short-term
memeory (LSTM) network for pattern recognition across three driving patterns and an
adaptive fuzzy controller. To mitigate the impact of poor hyperparameter selection on
recognition accuracy, Gray Wolf Optimization is employed to optimize the hidden layer
nodes, training times, and learning rate of the LSTM. Simultaneously, a genetic
algorithm is utilized to optimize the vertex coordinates of the fuzzy control membership
function, enabling the adaptive adjustment of parameters in the fuzzy energy
management strategy. The condition recognition model accurately identifies the
vehicle's driving status and seamlessly transiticns to an energy management strategy
tailored to the present conditions. This ensures optimal operation, enhancing overall
fuel efficiency and performance. The simulation results robustly validate the efficacy of
this approach: the GWO-LSTM network achieves an impressive 97.7% accuracy in
recognizing working conditions, surpassing the 88.9% accuracy of the traditional LSTH
network. Furthermore, the fuel consumption reduction achieved by the adaptive fuzzy
energy management strategy amounts to 11.9% compared with the cenventional fuzzy
energy management approach. This cutcome underscores the tangible enhancement in
vehicle fuel economy resulting from the seamless integration of deep learning
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Amsh Karimipour, Sustzinable Nanofluid iz divided in two major section, mono nanofluid (MN) and hybrid
Mamgement of Namural Resources and nanofluid (HN). MK iz created when a solid nanoparticle disperses in a fluid,

Emvirenment Research Group, Faoo by of . . . .
£ mentand r fafety, Ton Do whereas HN has more than one solid nanomaterial In this research, iron (110

Thang Uiniversity, Ha Chi Minh City, oxde (Fes(y) is MM, and FesOy plus multiwalled carbon nanotube (MWCNT)
etnam. iz HM, whereas both are mived and dispersed into the water basefluid. Therrmal
Email arshlarimipourgedtcdum conductivity (TC) of Fey0, fwater and MWCNT/Fe,0, fwater was measured
after prepamtion and numerical mode]l performed on the resulted data. After
that, field emizion scanning electron micmacope (FESEM) was studied for
microat mctural observation of nanoparticles MK and HN TC were studied at
temperature mnges of 25 to 50°C and volume fractions of 0.2% to 10%. For
MM and HM, thermal conductivity enhancement (TCE) of 32 %% and 33.23%
was measumed at 50°C tem perature—1.0% volume fraction, ind ividually. Diiffer-
ent comelations hawe been caleulated for numerical modeling, with B* = 0.
Deviation of 060075 and 0.60%% was calculated for given correlations for MN
and HN individually. Deviation of 0.5862% and 0u6057% was calkulated for
trined models, for MN and HN individually. Thus, by adding MWCNT to
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Mumerical modeling of a hybrid PCM-based wall for energy usage
reduction in the warmest and coldest months
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Abstract

In this study. the effects of using hybrid PCM inside the wall on reducing heat ransier have been examined during the hot-
test (July) and coldest months (January b in three climate zones. The base wall thickness was 2 cm, and PCM-based wall

thickness was considered to be 22 cm. The PCM was placed in two separate layers of | cm within the wall. The objective [T

function was to diminish the heat transfier from the PC M-hase wall, as companed to the basa wall. In all three climatic zones,
inwarm and cold months, PCMW loading into the wall leads to heat transfier reduction. B ased on numerical resulis, in climaie
zones A (hot summer and mild winter), B (mild summer and very cold winter) and C (warm summer and cold winter) owing
to using hybrid PCM layers, heat transfer diminished by 26.9%, 29.65% and 30.5%, respectively.

Keywords PCM-based wall - Building - Heat reduction - Climate zone

Introduction

Emnergy usage in residential and commercial buildings
accounts for 20% of the worlds total consumption, and fore-
casts affirm that this energy consumption rate will mcrease
by 0.6-2.1%year by 2040 [1]. The share of energy con-
sumption in indwsiry and transportation sectors is estimated
at 54% and 26%, respectively. The growth rate of energy
consumption in these sectors is 1.2 and 1 4%, espectively
[1]. The storage of thermal energy throagh utilizing phase
change materials {MCMs) has attracted the attention of
many researchers around the world owing to its capability
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to decrease energy usage [2. 3], or thermal energy storapse
|4]. electronic cooling manzgement [5]. While the number
of articles published in the field PCM in 199 was less than
100 papers per year, in X8 it mached about 700 articles per
year, which reveals that using PCM capabilities has received
much attention [6]. FCM in buildings can be used in the
various sections such as wall, fioor, ceiling and glared [3].
Statistical results [6] show that the use of these materials
in the wall of the building has the largest share. PCM is
incorporated into the wall through mixing or combining
with building materials such as mortars, concrete, gy psum
beoards, blocks, bricks or using as a separate panel. Electric-
ity consumption in buildings varies greatly over time. In
many cases, the peak of electricity consumption coincides
with the peak of heat exchange between the building and
the surrounding, thus exacerbating electricity consumption.
Considering the higher price of electricity during the peak
load time, it is necessary to shift the heat exchange peak.
Using PCMs as a passive methodology is very efficient from
this perspective [7].

Li et al. [3] investigated the efficacy of PCM loading
inside the wall on the heat transfer. The input variables
included the PCM type, installation location, and its thick-
ness. The objective variable was defined as the decrease
in the heat ransfer rate. The authors evealed that adding
PCM (thirteen different PCMs type)) to the wall diminished
the heat ransfer rate. In addition, a sensitivity analysis was
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Milling Force of Dise Milling Grooving of TC4 Titanium Alloy

XIN Hongmin' DONG Maiming' YANG Cheng' ZHAO Tao' ZHANG Qinggui'
(1 Hubwi Key Lahoratory of Power System Design and Test for Electrical Vehicle
Hubseit University of Arts and Science, Xiangvang  441053)
12 Key Laboratory of High Performance Manufacturing for Aero Engine , Ministry of Industry and Information Technology ,
Northwestern Polytechnical University, Xi"an  710072)
(3 Hubei Chaoehuo Aviation Technology Co. o Lid. | Xiangyang - 441000)

Abstract  Milling force is large during dise milling grooving of titanium alloy because of big diameter of the
cutter and large cutting output, which leads to obvious vibration of cutter and shorter tool life, In the study, in order
to optimize and control the process of dise milling grooving in titanivm alloy . single factor experiment and orthogonal
experiment are designed , and milling foree is measured by three=way piezoelectric dynamometer. The prediction
model of milling foree is built by linear regression method , and the significance of model is checked by “F” test
method, The effect of technological parumeters on milling foree is analyzed by the extremum difference analysis. The
interaction effect of technological parameters on milling force is studied by response surface methad. Experiment
results show that the sensitivity to changes in cutting depth is in the order of milling force F, >feed speed>spindle
speed, The sensitivity 1o {eed rate changes is in the order of milling force F, >cutting depth>spindle speed. The
sensitivity to milling force F, changes in the order of spindle speed>cutting depth. Milling force decreases with the
increase of spindle speed and increases with the increase of cutting depth and feed speed. In addition, milling force
F_is greater than F and £, which plays a leading role in machining performance and ool wear,

Key words  TC4 titanium alloy, Dise milling, Milling foree , Technological parameters
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Finite Element Simulation Analysis of Ball-end Milling of GH4169 Superalloy
Xin Hongmin, Dong Maiming, Yao Changfeng, Cui Minchao, Li Xingtong

DOI: 10. 3969 /. issn, 1000 - TOOK. 2023. 05, 013

Abstract: In the process of GH4169 superalloy cutting, large cutting force and high cutting temperature are usually
generated , which leads w the difficulty of controlling the integnity of machined surface. In this paper, the Johnson-Cook ther—
modynamic coupling model in the finite element analysis software ABAQUS is used 1o establish o simplified hall-end milling
culter model , and the three=dimensional Tinite element simulation of the ball=end millin]_ s ol supﬂa]llrlt GCHAI6Y s
carmied out. The variation and distribution of cutting ﬁmv,nﬂlin; 1|l||||1wnlurv.Pq.|i|‘a|n-n1 |11||nl|'|- strain and strain rate of
GCH4169 sllprru]ltry in the milling process of ball-end mi"ing cutter are studied , and the difference between them and ex[er—
imental results is compared and analyzed, The research results show that the prediction results of the simulation model are
in good agreement with the experimental measurement results. The finite element simulation model of ball-end milling pro-
vides some reference cutting elements for ball-end milling processing, and provides a reference for further research on ball=
enud milling mechanism.

Keywords: GH4169 superalloy ; thermal coupling: ball-end milling cutter ; milling simulation
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The temperature model and experimental verification of disc milling
grooving in blisk
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Abstract

High temperature is produced in disc milling grooving of blisk, which has a negative effect on surface quality and ool life,
so the research on disc milling grooving temperature is of great significance. In the study, first, the temperature prediction
mode 15 established according to the characteristic of dise milling grooving, the constant “A” in model is determined by
iterative computations, and then constant "A™ is confirmed by the semi-artificial thermocouple method. Second, the solution
of model can be obtained: milling temperature is positively related to the product of cutting speed and cutting thickness of
single tooth, Last, the model effectiveness is verified. The results shows that the temperature model has some limitations:
the prediction accuracy of model is higher when per tooth feed i € [0.024 mm, 0.16 mm]. However, the actual milling tem-
perature is higher than the predicied temperature when i < 0,024 mm or /i >().16 mm. Therefore, too small or too large per
tooth feed should be avoided during actual processing. The validity of the disk milling temperature model is verified by the

experiment of disk milling temperature model.

Keywords Blisk - Disc milling - Temperature model - Experimental verification

1 Introduction

Blisk is the key part of acro-engine with narrow channel
and varying curvature, which is almost made of difficult-to-
cut materials such as titanium alloy and high-temperature
alloy, so the manufacturing is faced with many difficulties.
In present. CNC milling is the main machining method. and
plunge milling and side milling are adopted. which leads 1o
low processing efficiency, so the demand of mass production
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of aero-engine is restricted seriously. In order to resolve
the problems, multi-milling process is put forward. There
are three steps: lirst, disc milling is used for large margin
removal; Then, plunge milling is used to expand groove pro-
cessing to form a curved surface, Last, side milling is used to
remove edges and roots. In the process of disc milling, due to
the large tool diameter and large cutting margin, more heat
will be generated, and due 1o the small thermal conductivity
of titanium alloy, the contact length between the chips and
the rake face is extremely small, cutting heat is difficult 10
conduct, resulting in temperature increment in cutting zone,
then causes the increase in thickness of the affected layer
and serious tool wear. Therefore, it is of great significance
10 study the temperature of disc milling grooving in blisk to
optimize the cutling process.

The application of disc milling to the grooving of blisk
is a new technology. After preliminary theoretical research
and experimental verification: the processing efficiency can
be improved 3 ~4 times by disc milling. Research on related
aspects abroad is rarely seen in newspapers, Domestic schol-
ars have carried out some research in the early twenty-first
century and accumulated a lot of research results. Zhang
[1. 2] applied a multi-objective optimization method the
method integrated gray correlation analysis, radial basis

@ Springer
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Optimization method for rough-finish milling allowance based
on depth control of milling affected layer
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Abstract

The optimization of machining allowance has an important influence on the machining quality of workpieces. This paper deter-
mined an optimization method for rough-finish milling allowance based on depth control of milling affected layer. Firstly, the
coupling influence of rough-finish milling cutting depth on milling affected layer depth was studied by expeniment, Secondly, the
influence rule of rough milling and finish milling on the affected layer depth was studied by experiment, and the prediction model
of the milling affecied layer depth based on the cutting depth of rough milling and finish milling was established, as well as the
surface roughness prediction model of the finish milling cutting depth. Finally. the effectiveness of the optimization results was
verified by experiments. The experimental results show the optimized machining parameters can increase the machining efficiency
by 31.2%, und the milling affected layer is 91 pm, which indicates that the depth of milling affected layer is effectively controlled.

Keywords Optimization method - Depth control of milling affected layer - Influence rule - Prediction model

Nomenclature g Finish milling cutting depth. mm

5, Surface roughness, pm L Residual stress for step direction, MPa

D, Surface affected layer depth, mm By Residual stress for feed direction, MPa

D Milling affected layer, mm Gemay  Peak value of residual stress, MPa

v Cutung speed, m/min ay Surface residual stress, MPa

A Feed per tooth, mm/z

ay, Cutting depth, mm

a, Cutting width, mm 1 Introduction

H Total milling allowance, mm

ag, Rough milling cutting depth, mm The workpicce often needs to go through rough milling,
finish milling and other processes to reach the final service
state in the milling process. The formation of the work-

1 Chao Xian piece service surface usually undergoes multiple thermal
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loads during this process, and the final surface quality ofien
depends on the whole machining process. The variation of
allowance in rough milling and finish milling has a signifi-
cant influence on the final surface quality of the workpiece,
so optimizing the allowance of rough milling and finish
milling is of great significance for achieving efficient and
high-quality milling process.

At present, scholars at home and abroad have done a
series of research work on the allowance optimization and
put forward many theories and methods. Many scholars
have carried out research on optimizing algorithm strategy
to distribute machining allowance. Averchenkov et al. [1]
proposed a new method for optimizing milling operations

3| Springer
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I. Introduction

Il. Development of the
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Hydredynamics Model

IV, Multi-Physics Coupling
and Kinetic Analysis

3{. Conclusion

All Authors

Abstract:

The active safety technology is one of the key issues for any automobile, which has attracted much more
worldwide attention. In this paper, a novel structure of acceleration pedal with variable damper is developed
to enhance the active safety ability of electric vehicles, where the magnetorheoclogical (MR) theory and finite
element method were employed. Considering the influence of driver’ s misstep on the accelerator pedal, the
coupled characteristics of magnetic-fluid-structural fields were analyzed. Results show that the states of
coupled fields may change rapidly and the damping force can respond in time, once the misstep behavior
occurs for the acceleration pedal. To verify the results in multi-physics coupling analysis, the kinetic model was
constructed by combining COMSOL software and ADAMS software, and the motion characteristics of the

novel device in our study were also obtained, which reflected the proposed pedal may respond in time and
may prevent the misstep accidents in time.

Published in: 2023 24th International Conference on the Computation of Electromagnetic Fields
(COMPUMAG)
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Structural Topology Optimization Design of Automotive
Suspension Lower Knuckle Fork under Multiple Conditions

LI Hongbing', DING Huafeng'?, CHEN Chaoying?, CHENG Qingsi'?

(1. Hubei Key Laboratory of Power System Design and Test for Electrical Vehicl, Xiangyang 441033, China;

2.Hubei Sanhuan Forging Co., Ltd. Gucheng 441700, China)
Abstract: In view of the difficulty of lightweight design caused by the complex loading
conditions of the lower knuckle fork structure of an automobile suspension, this paper uses
topology optimization method to optimize its structure design. Taking an automobile suspension
lower knuckle fork structure as the research object, a mathematical model of topology
optimization of lower knuckle fork structure under multiple working conditions 1s established by
linear weighted sum method, and the weight coefficients of each sub-working condition are
determined by hierarchical analysis method, and finally the results of topology optimization of
lower knuckle fork structure under multiple working conditions are obtained by solving
calculation based on ANSYS software. The optimized model is reconstructed and verified by
finite element analysis. The results show that the optimized lower knuckle fork reduces the mass
by 14.58% while the structural performance meets the design requirements, which can provide a
reference for the actual industrial production.

Key words: multiple conditions; topology optimization; lightweight; lower knuckle fork
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Design and heat transfer analysis of N-type spoiler cooling

channel for fuel cells
LIU Zengpeng' . LIU Zhen'?
(1. Hubei Key Laboratory of Power System Dexign and Test for Electrical Vehicle , Hubei University of Arts and Science , Xiangyang Hubei
441053, China; 2. School af Awtomative and Traffic Engineeving, Hubei University of Arts and Science  Xiangyang Hubei 441053, China)

Abstract: The higher the power density of the proton exchange membrane fuel cells, the more waste heat is generated
under the same volume, but the volume of the cooling channel is not increased but decreased. In order to improve the
heat transfer performance of the cooling channel inside the proton exchange membrane fuel cells, an N-type spoiler

ling cb | was designed. The hod of numerical simulation was used to compare and analyze the spoiler chan-
nel and the I straight ch L The si
has lower temperature and a smaller temperature difference when the cooling water flow rate is the same; when the
cooling water Mow rate increases, the temperature and temperature difference drop more, but the pressure drop will
increase. The chaotic convection occurs in the spoiler flow channel under the condition of low Reynolds number,

results show that the fuel cells using the spoiler flow channel

which leads to the sudden change of the cooling water flow direction and temperature in some areas, which reduces
the field synergy angle and enhances the heat transfer capacity. The cooling water in the turbulent flow channel can
absorh more heat faster, occupy the same volume but have better heat transfer performance, and the structure is
simple, which provides a certain reference value for the design of the cooling flow channel.

Key words: proton exchange membrane fuel cell; N-type spoiler; heat transfer; field synergy angle; chaotic convection
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Influence of Supporting Failure on Magnetic-
structural Displacement for Power Transformer
Windings under Short Circuit Fault

Haijun #hang
Hubei Kev Laboratory af Power
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Abstract—When the power tramsformer vibrates during
operation and withstands short-cirewit electromagnetic force
many times, the insulation sappert structure of the trnnsformer
winding will appear asymmetric phenomenon. At this time, the
winding is ngain affected by short-cirenit eleciromagnetic foree,
transformer winding will secur more serious displacement. bulge
and collapse. In this paper. & th di innal gmeti
sirnciure coupling madd & Wished, and the ic flux
lemsity andl electr gmetic force demsity of power transformer
windings under short-circuit cwrrent are calculated by finite
clement method (FEM). Taking the short-cirouit corrent s the
independent variable and the winding displacement as the
dependent variable, the electromagnetic feld and structaral fekd
are simulated and analyzed by Amnsys Workbench software o
obtain the winding displacement resulis.

Keywards—p transfarmer, magned, tural conpiing.
cushifon bleck, spacer, sirucivral axymmetry
I IsTRoDUCTION

Power tramsformer 15 o common power equipment, which
umdertakies the ransmissson and conversion of elecine emergy
in the power system[ 1]. [t 1% one of the important egquipment of
hydropower, wind power, wesl-casl power bramsmission
prigects o China. However, the working environment of
power Imnsformers 15 relatively poor, and short-circuin faulis
are prone o occur due 1o the miluence of the sumounding
environment, which affiscts the life and performance of power
trans formers. Serously, it will paralyae the entire transmission
system and bring seriows economic losses o the country.
When the most serious three-phase short-cincust faalt occurs m
the power transformer, the short-circunl current will exceed 10
times the rated current[2]. After the power transformer 15
mmpacied by short carcuil current, the leakage magnetic feld
makes the tmnsformer winding bear larger eleciromagnetic
force. Therefare, the winding deforms, causing the winding o

bulge and collapse in severe cases.
When  the axsal component  of the  short-circun
electromagnetic foroe & greater than the pre-tightening force,

Zhenan Jian Shachua Wan
fhubei Key Lahormiory of Power  Mubel Koy Lobormtory of Power
System Desigw and Test for Hyxtem Design and Tesr for

Electrical Fekicle
Hubwer University af Arx and
Srience
Xiangyang.China
2435319 1 Bimgq.com

Electrical Velicle
Huber Umiversity af Aris and
Sotewoe
Xiangyang. China
B 76D 32 Egg.com

the winding and the msulsbon pad are ool closely bonded.
Adber the shor-circut condition dsappears, the winding and
the insulation pad are closely bonded. When the short-cirewit
conditions sccur nepeatedly. the displacement of some support
bars and insulation spacers will destroy the origmal stable
structure. In severe cases, the support bars and spacers
completely lose ther finction, nesulting in the mternal
structure ssymmetry of the tansformer. AL this time, the
winding 15 again affected by short-circunl electromagnetsc
force, resulting in winding bulge and collapse mtensafied[3].

When  calculatmyg  the electromagnetie force on the
winding, the model 15 constructed with phase B a3 an example.
Since the low-voltage winding bears the largest short-circuit
current in the short circuit, this paper omly establishes the
asymmetric model of the low-volage winding support
structure in the magnetic-struciure analysis, and analyzes the
stmulation results.

1L AsyMMETRI MODEL OF INSULATION SUFPORT STRUCTURE

This paper lakes the power transformer of SF-25000 — 110
kW as an example, as shown in Fig. 1, and esiablishes a three-
dimensaonal finite element mode].

I

Faibary raulial spocer

Fig. 1. Tramsfismer windisg s spacers
The expression of smgle-phase shorl-cirewil curnent in low
voltage winding 1s as follows:

Auteiized boafoid wed miled i Missssipp Stabe University Libranes. Downicaded on Decomber 07 2022 al 0711325 UTC frof IEEE Xpion. Resiriclons apply.
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Fracture failure analysis of insulation with initial crack defect for ==
stator end-winding in induction motor by using
magnetic-structural coupling model

Haijun Zhang “"', Mingjie Zhang ", Xin Wang "

Mmmqmmmdmpm Vihicle, Mofwnt Dintveraty af Arty and Schmes, Tiongyong 441057, Cena
aff Ehroirioni ond Agpiied £ v, Tanghun Unoerey, Begay M09, Chisa

ARTICLE INFO ABSTRACT
Enwards: Thi: Egulatien mesehanic Giluee in stalor end-windisg of duerion rober i sually an ealy and
'-'ﬂm'r'ﬂ“ v i 1o ki ken thie nisidual beeakd linarical feld th and prodace thi shor-
Iosuluiion inilore Ca— v T B : & Pl o L

cireuin Gl especiall Tt ol [Eos Torces, s
Crack defect ¥ o N

chamieal Wneis Al vibeation. In this paper, e Ewciune belavior of insulalion Lyer with
coniadiring e inilgal crck defixl and énd-hoop sippert Giliees 2 and-windings wene anilyzad
by usisy magestic-srrueneal esupling sode and Gaile dement sathod [FEM). Fisdy, the dis-
Eributions of magoeic Ous density and slodromagnetic Beee arcund he slator esd regios wene
dietersiined by injeciisg lhnee-phiss ﬂcn’dll.nar-'rl:ﬂ Ent‘nmd.lv.ﬁ‘."ﬂ'rﬂ.ﬁt chamelersies ol
dn:in-ullm strisis and straes in wisdi ,o' e i larisd Bry ling b
i i el | anialyaa F--Ihﬂrﬁ:rr. the weal pulnl.i ol Ihl’."dm':nﬁ
n-ucdilmﬁnrdmumlnumd Thisdly, the crack madid d in wisdling & is
disfia et simulates] by ermployvisy Seve-dimessinnal (3-00) semi-elliptical ek dosu=t To
evidsle e Fraciuce mechasicm and the degroe of crack expansion quantitatively, e sinss
innercily it (SIF) s @ dudid. Finally, the =i of crack becalion, direction, depth and
el hoog suppon Gilune on SIF and erack propaga Gen wene & i 4 Results slow thar the
coneenizated sieess al knuekle past of the coll uﬂulﬂuﬁnhpqﬂk langer e that of other
picrts. The SIF of trarsserse erack i brges thie that of longibedinal cricks, The Lager the initil
coicl depth in the staor end-winding imulatios, the sore sesiow the wndeney asd degees of
crecll Eaciure. Loval end-hoop support alese alse Bas an imponas) influenee on e crack
propagatios. Rl in this italy say conlrilsete o thi m’rh'rﬂil'r.l* of Erveciiing Eailieng s
hhl.nril.n"-‘h'r_"' and proid v then-
eetical fiar Faualr diagsosis and predicti , af smitor windisg in inductios solors,

Frachier snalysiz
m

1. Introducticn

Induction motor s the major drive of industry and the most common electromagnetic-mechandeal squipment. Due io iis advaniage
of high efficiency, high reliabiliry, low cost, easy and proper operation, many applications have been widely used [1,2] It is vital to
keep the health of this mocor for well perfomeance and lfe span. Statistically, the insuladon fGailure or damage bs still one of the main
causes for elecirie machine acclidents | 3-5). The stator winding 1s always suffered to the combined stress ooupling of eleciromagnet

* Cormisposding author.

b Adai eeg 10,1006 eag Tailana | 20X, 107230

Rissivied 25 Jenuery 200%; Reewived in revised Sseem 31 banck 2007; Accepied 4 April 033
Available cnline 7 Apeil 20273

1350-6307 /8 203 Elwvier Lid. All rights reseread.
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Study on Residual Stress in Disc-Milling Grooving of Blisks

‘Hongmin Xin ' 27, Taotao Xing !, Hui Dai '*, Jian Zhang !, Changfeng Yao ?, Minchao Cui 2
and Qinggui Zhang >*

Hubei Key Laboratory of Power System Design and Test for Electrical Velicle, Hubei University of Arits and
Science, Kiangyang #1053, China

Key Laboratory of ing, Ministry of Industry

Technology. Noethwestern pmymmmu University X¥an 710072, China

Hubel Chaozhus Av haclogy Co., Lid. 441100, China

e el 5

Abstract: The disc-milling method is expected to increase the grooving efficiency of blisks. However,
there are few studies about the residual stress on a blisk during disc-milling grooving. In this study,
single-factor experiment and an orthogonal experiment of blsk disc-milling and grooving were
designed fres. ied. The results
showed that the surface of the milling groove b ss. Residdual stress de d
with increasing spindle speed and increased with increasing foed specd and spindle rotation angle.
Moreover, residual stress e and itive to feed speed.
A higher residlual stress produced on the machined surfsceled 103 deeper layer of residual stress.

Keywords: blisk; disc-milling; grooving residual stress

A 1. Introduction
P —— With the rapid development of China's aviation industry, the overall performance
Thang | Yo €l Mm@ TEQuTements of aircraft engines have also increased. As a key component of aircrat
Sy m engines, ively reduce their averall weight and imprave aerodynamic

Bk However, due to the complex structure, narrow channel, and poor openness
Motios 002,15, 7261, it/ of the averall blisk, it is difficult t manufacture and process it, which has become a major
o ong /10330 mal 07281 technical problem in the aviation field. In recent years, a series of manufacturing techniques
have been explored, such as milling [1], electrical discharge machining [2], electrolytic
machining [3]. laser cladding [4], and other techniques to manufacture blisks. Among them,

Academic Editor: Vicior Songmene

Relved: §Septmiber 2022 milling has the advantages of having high reliability and a small production cycle and has
Acsepta 13 Octber 2022 been widely used in the field of blisk manufacturing [5]. Disc-milling is the first process of
Puilishod: 18 Cetober 2022 grooving the whole blisk. The blank material of the blisk is cut with a large margin, and
Pablisher's Note: MD# sagsatra the Whole blisk is processed in cooperation with ather technologies.

i el ek b Titanium alloys have been widely used in the aviation field due to their high specific
published maps and insttutionsl afit-  Strength, low thermal fucti and good high-temp performance, such as
o aircraft engine integral blisks. At present, scholars at home and abroad have carried out
active research on residual stress in titanium alloy milling and proposed many thearies
and methods. Residual stress can affect the surface integrity of the workpiece. Zhang
z ctal. [6] proposed an ultrasonic longitudinal-torsional composite milling method to obtain
Copyight: © 222 by e awton.  Jarge residual compressive stress on the surface of the workpiece and improve the surface
Lcersee MOPL Basel, Switieand.  integrity and fatigue life of the icce. The inl f different process
“This aicle & an open acce aicke oy the surface residual stress of titanium alloy thin-walled parts was studied. Finally,
deaributsd wder the tems and ghe experimental results show that the method is effective. In order to study the effect
eomitions: of the Creative Commors - of rogigual stress on the hardness value of weld metal, Terentyev et al. [7] studied and
Attmbution (CC ) fewme (0211 analyzed titanium alloy welded joints obtained by electron beam welding and argon arc

;‘;;;‘““’"“““""’ tieerses/by/ welding, The results showed that the nature of residual stress distribution depends on

Maerials 2022, 15, 7261, hitps:/ / dokorg/10.3390 /mal 5207261 hitps:/ /wwew.mdpi.com /journal/matesials.
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