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Research on Forming Defects of Transmission Based on Response Surface

WANG Jiarechun', ZHANG Yo'
{ 1. Hunan Vocational Institute of Technology, Xangtan 4 11100, China; 2. Beijing Aerospace Petroche mical
Technology & Equipment Engimeering Co. , Ltd. , 10017, China)

Abstract: The tramsmmswon B made by mjection molding process, and its molding quality directly affects the
performance of the transmission. In the process of mjection molding, the process pammeters such as mold temperature,
melt tempemture, holding pressure and cooling time have a significant effect on the parts, Unreasonable process
parameters lead to large warpage deformation of the parts. By establishing the response surface model, the mold
temperature, melt temperature, holding pressure and cooling time were used as the response parameters, and the warpage
deformation of the part was used as the mesponse target to optimoee a set of optimal molding process parameters. The
results show that the mfluence degres of the four varables 5 mold tempemture=holding pressure>coolmg tomemelt
temperature. When the mold temperature 15 B0 °C, the melt temperature is 180 °C, the holding pressure s 90 MPa, and the
cooling time 5 20 5 the minimum warpage deformation of the part s 1,955 mm, which s 0427 7 mm lower than the
unoptimined warpage deformation, which effectively improves the molding quality of the part.

Key words: Transmission; Response surfice optimezation; Warpage deformation
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Tab.4 Analysis of variance of regression model
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Kesearch on forming defects based on response surface transmission

Abstract: Transmission housing is made by injection molding process, the molding quality is directly
related to the performance of the transmission. In the process of injection molding process, the mold
temperature, melt temperature, pressure and cooling time process parameters have significant influence on the
parts, unreasonable process parameters will lead to the larger warping deformation, so in order to get the
reasonable process parameters combination, reduce the warping deformation of the parts, this paper by
establishing the response surface model, the mold temperature, melt temperature, pressure and cooling time as
the response parameters, with warping deformation as the response target, finally get a set of best forming
process parameters combination. The Experiments show that the influencing factors of the four variables are the

mold temperature A* the pressure Cr the melt temperature B the cooling time D. When the mold temperature is
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Table 1 Material properties
BT #HH W / (kg - m™) FEEELE /GPa bz JE i FREE MPa
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BigEid IMnlSCrlEN 7 500 218 03 1050
g e =30 ] 1 900
st | il £ 900

i, Fiil Wb SE A Bk ROT it i ot
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Fig.2 Simplified model of rotor ErfiimEe, A {ER 022048 mm, H/AMEH

0.185 28 mm. FHbS540 koS i E =
7, fA B K 0265 06 mm, f/vEH 0223 78 mm.
PSR ORER SR R mE 8, mAM N
04122 mm, HeAE % 0410 17 mm. 73 5%
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Fig.3 Finite element model of rotor fHE 6~7 " @O S0 A, 4R
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Fig.4 Symmetrical constraint diagram

Ee EmE{#
Fig.6 Radial displacement

E5 EMATEE
Fig.5 Schematic diagram of contact maode
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Fig.B Radial displacement

o @M
Fig.9 Radial displacement
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Fig.10 0.1 mm interference
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Fig.11 02 mm interference
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H12 025mmidEE
Fig.12 0.25 mm interference

E13 03 mmiZER

Fig.13 0.3 mm interference

—
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Fig.14 0.4 mm interference

E15 07 mm HE
Fig 15 0.7 mm interference
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Table 2 Interference and contact
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B22 WWEHZE
Fig 22 Axis stress nephogram

BE23 dqubiFEh=E
Fig.23 Stress nephogram of central ring

24 HFHREHEE
Fig 24 Stress nephogram of retaining ring

Fig.24 Stress nephogram of retaining ring

E2s #HEA=E
Fig.25 Axis stress nephogram

B26 $ORENEE
Fig 26 Siress nephogram of central ring
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4 23351 MPa ; JPFRAY LI W 30 AR, EAOClE R
524.51 MPa.
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Fig 27 Stress nephogram of retaming ring

Ea HEEhz=HE
Fig.28 Axis stress nephogram

E29 HfLREHEE
Fig 2% Axis stress nephogram

Fig.29 Axis stress nephogram

B FREHN=E
Fig.30 Stress nephogram of retaining ring
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=2

EH3l HREh=E
Fig.31 Axis stress nephogram

‘?.-

—

B3z dulEREhEE
Fig.32 Axis stress nephogram

E33 PFHEN=E
Fig 33 Stress nephogram of retaming ring

Fig.33 Stress nephogram of retaining ring

E34 #HRMEHEE
Fig. 34 Axis stress nephogram

—_— ~X

E35 SEHEHEE
Fig.35 Axis stress nephogram

{9 18605 MPa ; $P5RaY 6 7 miE 39 Fran,

+:{ki h 688.25 MPa.

100 °C : ¥Hhey R B 40 s, BoAE N

E36 #HEHEE
Fig.36 Stress nephogram of retaining ring

EH3y #HHEANZE
Fig.37 Axisstress nephogram

E3s quIFEHEE
Fig.38 Axisstress nephogram

Fig 38 Axis stress nephogram

——

B39 #FHEHEE
Fig.39 Stress nephogram of retaining ring

- 7

B4 HUEHZE
Fig.40 Axis stress nephogram

45149 MPa ; "PLOFREY R 41 B AR, A RfE
9 232.63 MPa ;. YEAY6T 7 ImE 42 Aras, oAl
514.69 MPa.
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—20 °C - ¥EEhAY R D B 46 BT R, MORKEH
59568 MPa : WA R A7 P 47 Braw, &R
430177 MPa ; P 3RAY5E TN 48 PR, BORE R
613 MPa.

B4 FbEEN=E
Fig4l Stress nephogram of central ring

E46 HpEH=HE
Fig.46 Axissiress nephogram

H42 HHREHEE
Fig42 Stress nephogram of retaining ring
100 °C +8 000 r/min : ¥ HlifY 57 77 TP 43 BT,
f A {EL 3 486.19 MPa ;. UL FRAY R 1B 44 BT R,
e {H R 151 MPa s PPFRAYRE I IMPY 45 fras, &k

{5 637.6 MPa.
E47 dupEEHTE

[ N T T R A B

Fig.47 Stress nephogram of central ring

¥

B4 HHMEHEE
Fig 43 Axis stress nephogram

B4 FHENEER
Fig48 Stress nephogram of retaining ring
—20 C +8 000 o'min = F AR 7 M 40 Frw,
fit Ao {E K 449.73 MPa ;L IR J) WEE S0 B AR,
A {E 2 208.92 MPa ;. P FRAYLE D E 51 BT, i
F{ K 721.55 MPa.

_——

H44 FLRENEE
Fig.44 Stress nephogram of central ring

H40 $EWuh=E
Fig49 Axisstress nephogram

E45 FREAEE
Fig 45 Stress nephogram of retaining ring
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H iRk +8 000 rimin - 4 09 152 97 10l [ 55 B R,
KM 757.87 MPa « R BRI ) A 56 BT,
HOAAE Y 366.39 MPa ; 395 J1 NP 57 Fm . &
KAHH 965.52 MPa.

—— -

E50 Sl A=E
Fig.50 Stress nephogram of central ring

E55 HHWEHEE
Fig.55 Axisstress nephogram

—— P
Es5t H#EHREHEE
Fig.51 Swess nephogram of retaining ring
(3) &5 0.7 mm
W PRy N chin i s2 By R, &R R
93878 MPa : 1.0 FR YN J7 WP 53 B R, R
4 479.01 MPa : $FREYRD P 54 s, s
87584 MPa.

——

T

E5 HuiIREHEE
Fig.56 Stress nephogram of central ring

—— : T

E52 #RmEH=E
Fig.52 Axis stress nephogram

Fig.52 Axis stress nephogram
Es57 PHREHEE
Fig 57 Stress nephogram of retaining ring

100 °C : FERAY L 1 im i 58 Aran, f R {E R
R4RBS MPa: . HRAT W B 59 Fras, f R{E

1 438.86 MPa ; 1P FRAYLRE 77 N 60 Frim, deck{ih
78836 MPa.

—— =T

E53 SlHEHEE
Fig.53 Stress nephogram of central ring

e

Es4 PHREHEE Ess HpEH=E
Fig.54 Stress nephogram of retaining ring Fig.58 Axis stress nephogram
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—20 °C : Ay R A 64 TR, fR(E R
98871 MPa ; *F.CFREY R AT B 65 BT, S|l
% 5062 MPa: {PFRAYAL 1IN 66 Frm, fRA(E N
923.63 MPa.

—— i

E50 flIFEHEE
Fig.5% Stress nephogram of central ring

—_—— X

E64 HMEh=HE
Fig 64 Axis stress nephogram

— -F'
E60 #FEREHNEE
Fig.60 Stress nephogram of retaining ring

100 C +8 000 r/min : FERUAY R 7 miE 61 TR,

A {H Y 664.66 MPa ; HL.LF IR D IE 62 BT,

iR 323,42 MPa ;s IPEREY R AT INEY 63 R, B
F:{H 34 901.86 MPa.

Ees dubEREHEE

Fig.65 Stress nephogram of central ring

——— ]

6l HRMENEE i =~
Fig.6l Axis stress nephogram

Ees PFHEHZE
Fig.66 Stress nephogram of retaining ring
=20 °C +% 000 ¢'min : FERAAI N E 67 Br T,
iR A 80734 MPa « H LERBYLE ST MNFE 68 BT R,
HCKAE H7 391.97 MPa : 7 FRAY0E 7 0P 69 TR, ft
FAHH 10049 MPa.

e

Ee2 HfLHENZE
Fig.62 Stress nephogram of central ring

E63 FHREHNEE
Fig.63 Stress nephogram of retaining ring

HE67 WWENZE
Fig.67 Axisstress nephogram
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Hes dubEHENEE
Fig.68 Stress nephogram of central ring

EHes #FHEHEE
Fig 69 Stress nephogram of retaining ring
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Finite Element Analysis and Research on the Rotor Slip Ring Structure of

Permanent Magnet Generator
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Abstract: In the field of new energy power generation, the operation quality and service life of wand turbine are pood or bad, and
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the slip ring of generator rotor plays a decisive role; the determination of the matching clearance between the retaming ring and the
shaft in the slip ring is the technical difficulty in the structural design and assembly of wind turbine generator at present. Based on
the analysis model of the slip nng structure of the rotor of a wind power permanent magnet generator which is widely used in the
wind power mdustry at present, and according to the working conditions of the slip ring, the finite element simulation analysis is
carried out for different matching conditions, Through the simulation, the best clearance or interference is finally obtamed, so that the
generator can meet the best working requirements, so as to find the best value of the slip ring structure design, which is used to guide
the slip ring Structure design and similar structure design provide theoretical reference.

Kevwords: generator, rotor slip nng, interference volume, ANSY S finite element method
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Finite element analysis and Research on the rotor slip ring structure of permanent magnet generator

WANG Jian-chun1, ZHANG Ya2 , ZHANG Jun3

(1.Hunan Engineering Laboratory for control and optimization of PV systems, Xiangtan 411104, 2. BAPTEE
C LTD:Bedjing,China 100176;3 Hunan Xiandian Power Co., Ltd., Xiangtan 411101)

Abstract:in the field of new energy power generation, the operation quality and service life of wind turbine ar
e good or bad, and the slip ring of generator rotor plays a decisive role; the determination of the matching cleara
nee between the retaining ring and the shaft in the slip ring is the technical dificulty in the structural design and a
ssembly of wind turbine generator at present. Based on the analysis model of the slip ring structure of the rotor of
awind power permanent magnet generator which is widely used in the wind power industry at present, and accor
ding to the werking conditions of the slip ring, the finite element simulation analysis is carried out for different mat
ching conditions. Through the simulation, the best clearance or interference is finally obtained, so that the genera
tor can meet the best working requirements, so as to find the best value of the slip ring structure design, which is
used to guide the slip ring Structure design and similar structure design provide theoretical reference.
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Research on Transient Negative Sequence Capahility of Wind Torbines in Large Mining Areas
WANG Jianchun' . CHEN Bei'. ZHANG Jun®. HE Ying'. CHEN Kuineng'
{l.Hunan Vocational Institute of Technology. Xiangtan, Hunan 411104, Chinay

2.Hunan Energy Investment Group Co.. Ltd . Changsha. Hunan 410036, China)

Abstract: The temperature rise hazard cavsed by negative sequence current on wind turhines has been repeatedly proven in the

operation Practice of power s¥ystems in large mining areas and it i= crucial to acourately caleulate the impact of temperature rise

genemted by negative sequence current on the generator. By amalyzing the transient negative sequence capability of wind

turbines in large mining areas. and aking a 5.5 MW high-power wind turbine as an example. the {inite element method was

used to calculate the negative sequence loss and corresponding temperature rise caused by tranzient negative sequence current

The research results indicate that the larger the transient negative sequence current . the greater the negative sequence loss and

temperature fse hazard generated by the generator. The calculation process and results will lay the foundation and provide

reference for the tmnsient negative sequence capability of installing larger capacity wind turbines in large mining areas,

Key words: Large mining areas. Wind turhine. Transient negative sequence capability. Finite element method
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Abstract

This paper investigates the vibrational characteristics of lattice-core sandwich annular spherical shells. An effective ana-
lytical madel, based on the Smeared Stiffener technique, is employed to integrate the stiffness contributions of the core
with those of the shells. Helical stiffeners are modeled as beams capable of bearing axial forces and bending moments. The
governing equations are derived from Deonnell's classical thin shell theary. The Galerkin method is applied to extracr the
matural frequencies. To validate the analytical results and conduct a comprehensive parametric study, a 3D finite element
maodel is developed using ABAQUS CAE software. Comparisons demonstrate a satisfactory agreement berween the ana-
lytical and numerical results. Additonally, the effects of the spherical shell's geometric parameters, lamination angle, stiff-

ener arientation angle, and various lattice core configurations are examined.

Keywords

Vibration, httice core, sandwich spherical shells, Galerkin method, FEM
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Introduction

Stiffened structures are crucial components extensively
used in aviation, marine, aerospace, and civil engineering
industries. Ther primary advantage over conventional
structures 15 the ability to enhance structural strength
without significantly increasing weight, leading to mater-
1al, cost, and energy savings. This efficiency makes them a
preferred choice among engineers for vanous design
applications. Because these structures often encounter
dynamic loads resulting m vibmations, understanding
their vibration behavior is essential in structural dynamics.
Stiffened structures are classified into three main categor-
ies: those without skin (gnd structures), those with a skin
(gnd-stiffened structures), and those with two skins and a
central core (lattice core sandwich structures).
Considerable research has been devoted to the mechan-
ical and vibratiom analysis of prid-stiffened cylmdncal
shells with orthogonal stiffeners (nngs and mingersj.l'“
However, there is relatively less research on the mechan-
ical behavior of stiffened cylindncal shells remforced with
helical stiffeners compared to longitudinal and circumfer-
ential stiffeners. Kidane et al.'™"! developed a mathemat-
ical model to calculate the buckling loads of cylmdnical
shells remforced with helical stiffeners. They determined
the equivalent stiffness of the prid-stiffened structure by
analyzing the forces and moments of a typical unit cell

and then supenmposing the stiffness parameters of the
stiffeners with those of the shell. Numencal and expen-
mental analyses were used to venfy their analytical
results. Hemmamezhad et al.'? explored the wvibration
behavior of grid-stiffened cylindnical shells by enhancing
Kidane's smeared model to include shear deformation
effects. Their model, validated through numencal ana-
lysis, demonstrated improved accuracy. In a subsequent
study, they performed expenmental modal analysis to
obtam natural frequencies, mode shapes, and damping
ratios for both stiffened and unstiffened composite cylin-
drical shells."

Rahimi et al.'"* examined the impact of stiffener pro-
files on the buckling load of gnd-stffened cylindncal
shells using both numerical and analytical approaches.
Xue et al."> introduced a novel smeared method to esti-
mate the equivalent stiffness parameters of prid-stiffened
plates, validating their model’s accuracy through vanous

"Hunan Voatienal Institute of Technology, Xiangtan, Hunan, China
*Faculty of Mechanical Engineering, Tarbiat Modares Universiy, Tehran,
lran
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examples. Zarei etal.'® mmvestigated the vibration behav-
ior of composite grnd-stffened conical shells using expen-
mental, mumernical, and analytical methods. They
expanded upon Kidane's model and confirmed its accur-
acy i predicing the vibration chamacteristics of gnd-
stiffened composite comical shells. Furthermore, they
applied ther mathematical model to study the vibration
behavior of pnd-stuffened joined cylindrical-conical
shells.'” In sandwich structures, the inclusion of a core
between two face sheets, made from lightweight and flex-
ible matenals, enhances performance in terms of strength
and stiffness. These cores not only mprove the overall
strength and stiffness but also optimize structural
weight. Given the extensive application of sandwich
structures in vanous components, such as spacecraft
launchers and fuselage components for aenal vehicles,
understanding ther buckling and vibrahonal behavior 1s
critical in structural mechanics. In recent decades,
research on lattice-stiffened sandwich shells has increased
significantly. Sun et al. di proposed an analytical model to
calculate the buckhng load of cylindrical shells reinforced
with a lathice core. Zhang et al ' applied Sun et al's
maodel to mvestigate the vibration behavior of these struc-
tures, finding that sandwich shells with lattice cores
exhibit higher matural frequencies and load resistance
compared to gnd-stffened structures. Numerous studies
have focused on cylindncal sandwich shells with rein-
forced cores "™ Recently, an effective smeared stiffener
method has been developed to determine the total stiffness
of sandwich panels with lathice cores”®*" These formula-
tions have been used to analyze the mechanical behavior
of joined sandwich shells with lattice cores.™**
Structures composed of sphencal shells are widely
used in various applications, inchiding refrigeration
systems, pressure vessels, and aerospace structures. Due
o the complexity of their govemning equations, spherical
shells require more sophisticated analysis compared to
conventional shells like cylindrical and comical shells.
Bich and PI’ILIOT!EJB conducted a buckling analysis of
annular spherical shells under compressive and madial
pressure. Anh et al?' examined the effects of external
pressure and thermal loads on the nonlinear behavior of
thin annular sphencal shells restmg on an elastic
medium. Li*? mvestigated the vibration analysis of rotat-
ing truncated spherical shells, considenng the effects of
centnifugal and Coriolis accelerations. The Galerkin
method was utilized to determme the natural frequencies
for a simply supported annular spherical shell. Du
et al ¥ studied the free vibration behavior of an annular
spherical shell under various boundary conditions by mte-
grating Fliigge’s thin shell theory with the energy method.
Their analytical approach showed good agreement when
compared with numencal analysis results. Juhasz and
Szei;rényesu developed an analytical approach for the
vibration and buckling analysis of delaminated composite
sphencal shells. There 1s a limited number of studies
focused on the mechanical behavior of stiffened annular
functionally graded material (FGM) spherical shells. ***®

To the best of the authors’ knowledge, the vibrational
behavior of sandwich sphencal shells with lattice cores
has not been previously investigated This study
employs a smeared stiffener method m the analytical
phase to determine the equivalent stiffness of the sand-
wich shell. Subsequently, the Galerkin method, based
on Donnell's thin shell theory, 15 applied to extract the
natural frequencies. Validation of the analytical model 15
conducted using a finite element model implemented in
ABAQUS software. The study explores vanous para-
meters such as circumferental wave number, mendian
angle, stiffener onentation angle, and different configura-
tions of lattice structures.

Analytical procedure

Smeared core

In order to determine the natural frequencies of the sand-
wich shell, it is essential to establish the overall stffness
of the entire structure, which includes the equivalent stiff-
ness of the middle core, mner shell, and outer shell. To
achieve this, a smeared stiffener model proposed by
Zarei et a7 is employed to compute the overall stiff-
ness of the structure. This model simplifies the skin/
core/fskin configuration mto an equivalent laminate struc-
ture. Initially, a unit cell is selected to represent the lattice
structure, and the entire structure 1s replicated by repeating
this cell. By analyzing the forces and moments across the
cross-sectional area of the skinfcore/skin configuration,
the following relationships are denived:

Ny £
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Where afg) = 208 pg) — 2

In which ¢ = cosy(g), s = simp(gh). N. wig), denote
half the number of stiffeners and the stiffener orientation
angle along the shell length, respectively. In the above
matrices, Ar=1#8 — 1) =( outer skin thickness-mner
skin thickness). Moreover £, stands for Young's
modulus of the stiffeners, f. 1s the second moment of
area of the stiffeners . A 1s the cross —
sectional area of the stiffeners (core area), and  aig)
and H(p) are the length and width of the wunit cell,
respectively.

From the classical lammate theory, the following rela-
tionship is obtamed for the skins:

N, ) o
No o
152
N = 8178 & 4
M, ~|B D Ky
JHﬂ K@
My Ko

The overall force and moment on the sandwich panel
result from the summation of the contnbutions from the
skins and lattice core. These values, denved based on
strams and curvatures relative to the neutral surface, can

be directly supenmposed as follows:

N [ &7+ e 4 N2 3
M| 7| MY M+ M @)

Where f,, /2 stands for the skms, and ¢ for the lattice core.
The total stiffness parameters of the whole sandwich shell
are obtained by substituting the force and moment terms
from equations (1), (2) as follows:

[J"-’} o [[A]“ +[AGF+ A2 [BI" + (BT + [B)2 }
M| LB + [B@)F+ B [0+ [DF +[D]"

[ ]
x
K
)

Free vibration analysis of sandwich
annular spherical shells

A lammated sandwich spherical shell, as depicted in
Figure 1, features inmtial and final meridian angles o,
and ¢, respectively, and a mean radius R. Equation (5)
delincates the geometric relationships of deformation,
employing Donnell's theory under small linear assump-
tions.

outer skin

stif fener

inner skin

Figure |. Geometry of the sandwich annular spherical shell, unit cell, skinsflattice core interface.
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£y = r'; + zxg
£5 = £q+ZKg (5)
Fr = )ﬁﬂ +3K’g

Where the mid surface strains and curvatures based on
the classical theory are expressed as follows:

“‘—E +E
"’_Eqﬁ R
1
e = ¢{ucm.—_ﬂ+v§+nsm¢1’:]
1
;rgﬂ Rﬂﬂgﬁf—vcns.—.ﬁ+uﬁ+v‘jsmal
Wgd )
Al
Wb W 5 cot g
=" Rsnlp R
xﬂ_zwﬂcﬁr?ﬁ—w#ﬁ

Based on Donnell’s shell theory, the goveming equations
of motion for a annular spherical shell can be expressed as

follows:
Ng | @Ngs cotg x
pent W | Ny — Np) = IR
%  emd 00 Rz Ne—Ne)=hfta
8Ng 1 &Ng i
2 cot Ny = [ RV
E¢+sin¢aa+c¢’"’ i
(M sm-:ﬂ &My
b smqﬁ o
_ (R sin p(Nyfy + Naola) + Mg cosh)
2]
&M, FM
21w o il
+ ( wamﬂ' cot ¢ )
(N, Nyaf
—R sing(Ny +Ng) — R w = IR
(7)
Whereby
7 24
s = &l
Il_ flaxhd-—i_lr?:r ﬂ{{fi} ‘
—i2 (B)
1 ow 1 ow
P+="Rop" "= Remg @

Substituting equations (4], ( 5) mto equation (7), gives the
relevant equations as a function of the displacements.

Lull+l.u‘||'+ L13“'—f|ﬁ :l",:ﬂ
1{.2]1] +1‘_.22\'+ 1‘_.23“'—:]1' =l"2 =10 {9}
LJ]'LI +L32\l'+ L;;w—fﬁ‘:l"; =1

The displacement functions that satisfy the clamped and
simply supported boundary conditions can be approxi-
mated by the following functions:

P=du .
e —¢u) e

i =A,co8 (m)r

&=y ) cos{nfl+ar)  Simply supported
=

¢_¢“)ﬂn{nﬂ+w}

1= ¥,

P= B.,s'm(mx

w=,sin (mr

(10

H =.4mms(mx |__f;u) sin(né—+ )
v=8B,sin (m:ri__i';) cos(nf+ ar) Clamped

¢~
¢1—dh

w= Cm(l—ms(m:r ))siﬂ(n‘?+wr]

(11)

Here i, refers to the natural frequency, and r, m, denote
crcumferential wavenumber and mendian wavenumber,
respectively. In addition, Ay, By . and €, are unknown
coefficients. The Galerkin method for simply supported
boundary conditions i1s applied to eguation (10).
Therefore, one arrives at

7 Tﬁ ons (mx;:‘?u) sin{rd +wi) sinlgh) defed =10

7 2[' 20 (’"‘.:: :Tu) cos(nf -+ ) sin () dipd6 =0
o

# Ir

!!Fssm(

By computing equation (12), a square matmnx based on
unknown coefficients is derived:

Am
B ¥ =
Con

For a nontrivial solution of equation (13), the determinant
of the coefficient matrix must be zero.

ICyl= 0

'“f’ to ) sin (16 + wi) sin (¢)dghd8 =0
— by

(12)

Cn Ciz Ciz
Cay Can Cn
Oy Cyz Oy

(13)

e 1Een3) (14)

This results in a characteristic equation which is a polyno-
mial in even powers of w as:

Cow® + Cro® 4+ Ca™ + C3 =10 (15)

Whose eigenvalues are considered as the natural frequen-
cies of the composite sandwich anmular spherical shell.
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Table |. Geometrical parameters of the present sandwich
spherical shell.

Parameters Walue
Initial meridian angle 40°
Final meridian angle 90°
Shell thickness (mm) 16
Spherical radius (mm) 150
Inner Shell dameter (mm) 16
Qwuter Shel thickness (mm) 16
Mumber of stiffeners 26
Stiffener orientaton angle +35
Stiffener cross-section (mm?) 44
Inner skin lamination [30 /=30,
Outer Skin Lamination [0/ —30
Table 2. The material properties of the skin and stiffeners.
E-glass/Epoocy Symbal Value

Figure 2. The finite element modek used in the simulation “foung’s Modulus (GFa) En.Ex 25,53

(0790];. iy =404, =90°, 4 = & = |.6mm, Shear Modulus (GFa) Gz, Gi3. G 1.8, 18 26

N= |3.iy’ =35°}|. Poisson's ratio Lz, V3. a3 0.282, 0.282, D072
Density (kg/m’) P 1400

The minimum value of the roots is considered as the fun-

damental natural frequency.

Table 3. Comparison of the non-dimensional frequency
parameter (w*=wR (7 [E) for the non-rotating isotropic

FE simulation spherical shell (m=1, n= 1, h/R=0.05).

3D samples were created using ABAQUS CAE 6.14 soft- iy iy Present " ™ -

; icted in Fi 2. The latti structu
e degl'.c A 'E”;iﬁ i a_'mém"‘: 35:;; 60° 120° 101243 0962  1.01837 .
comprises thirteen cross eners oriented a e 175° 076567 i 0.7720 073661

—35° with respect to the longitudnal direction of the
sandwich shell. These stiffeners are integrated into both
the mner and outer skins, ensuring attachment at the mter-
face areas, thus forming a unified structure. For the stiffen-
ers, C3ID20R elements were employed, while the mner
and outer skans were modeled using quadratic planar ele-

ments { S8R). Each element was assigned a local sphencal
coordinate, aligning orthotropic properties accordingly.
The skins were modeled as four-ply laminates with a
stacking sequence of [0%/90°/0°/90°]. Details of the geo-
metric parameters of the sandwich annular sphencal
shell are provided in Table 1. Additionally, Table 2 lists
the matenal properties assigned to both the skins and
the lattice core.

Results and discussions

Table 3 provides a companson of the non-dimensional
frequency parameter for an isotropic annular spherical
shell between the cument solutions and those available
the hiterature, demonstrating an acceptable agreement. To
validate the accuracy of our analytical model, Figure 3
shows a comparison between analytical and numerical
solutions, revealing close agreement in natural frequen-
cies. Table 4 presents mode shapes obtamed from finite
element analysis (FEA). Furthermore, Table 5 compares
results for different mper and outer skin thicknesses,

showing relatively good comelation between the analytical
and FEA results, with discrepancies possibly atmbuted to
simplified assumptions in the analytical model, such as
neglecting torsional and shear eftects.

Moreover, the study examines two types of sphencal
shells based on vanations m mendian angles:

e Case Az by = 1807 —ghy, with ghy ranging from 10° to 70°.
o CaseB: ¢y = 20P, with the mendian angle varying from
40° o 160°,

These fmdmgs affirm that the analytical model effectively
predicts natural frequencies and supports its applicability
in analyzing the vibration behavior of annular sandwich
spherical shells with a lattice core.

Figure 4 illustrates the vanations of matural frequency
against stiffener onentation angle for case B across a
broad range of meridian angles. The analysis reveals a
consistent mcrease in the natural frequency of the sand-
wich shell up to a peak value. followed by a decline attrib-
uted to the increased inertia of the stiffeners. Furthermore,
an increase i the mendian angle (¢) correlates with a
decrease in natural frequency.
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Figure 3. Compunson betwesan rexuits obmined by anayticl
and mumerial approaches ([0 3], g = 404 =90,
ti= &= Lémm N=13 g =35 CC)

Table 4. Modshapes obained iz FE simulation under C=C

@00

{mun) =(1.1} {mn)=(1.2) {mun}={1.3}
{mun) = (1.4} {ma}= (1.5} {rmun)= (1.6}
(MM ={1.7} MM =(1.8) M) =(1.9)

Figure 5 depicts the variations of natwral freguency with
respact to the initial mendian angle (g ) and stiffener orien-
tation angle {w). It & cheerved that at lower vahwes of ¢y,
increasing g has a relatively minor impact on the nateral fre-
queenc . In this scenario, the ncrease i stiffener length amp-

lifics the mass contibution more than te stffness
contribution, leadingto a nobicealle effect on natural freguen-
cies To firther viswalize the variation of te fundame ntal fre-
quency amnd the location of the madmum frequency, a
condour plot s presended in Figure 6. This pla povides a
clearer understamding of how these freguencies clamoe
across O fferent combinations of ¢y and g Figure T shows

Table 5. Comparizon of the mtural frequency of the sandwich
spherical shell for the lowe st mode number

loner shkinfmen)  Outer shinfmm)  ex{Present) o FEM)  5(%)
| & 2 305 3198 435
2 16 375 37 456
2 15 38 3137 62
15 2 3035 3153 &7
3 18 ks 3ITT 84
2.4 3 Har 325 85l
i
T
E.'I:l:ﬂ
i f
i |
£ 100 imimmmme |
3 a “x
F 18 R 1
= - -
R e e 1811 - |
i #i=1i0 1
T
— - — fl=lil
i
10 i H] 2 i o i o
S et offErtation ang ke

Figure 4. Yarason of the fundamental frequency of the trumn
ated spherical shall versus the stiffener crientaion angle for
different menidian angles ([30F —30);. &) = & = | fmm,
M= 13, 5&, case Bl

a0
At
i - _J"d'd
= e -
£ T o e
ES Pl " 3
I & o
W oo B A =10
| femmanlle '.-" o :-J.u
3 kx""'-.. o - — 40
B, S # [T
L300 e e =51
e — a0
|U.".| - . “ - T . -
1] I n an L (] m
Initiad merkdan anghe]®|

Figure 5 Efiect of the mendian angle and stsflener crientation
ange on the miura frequency of the sndwach spherial shell
([30F —30]s ty = &= Lémm N =13 55 = AL

thee nestural frequeency variations across 2 wide range of lamin-
aton angles agind stifEncr onentaton angle (w) It &
evident that for lower valwes of lamination angles, increasing
w initially raises and then decresses naeral frequencies. This
echeivior socurs because at lower lamination angles, the skins
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Figure 6. The contour plot of the fundamental frequency
against stiffener orientation angle and meridian angles
(B0/=30);, u= & =I|6mm, dyg=40"¢ =30°, N=13,
5-5, case A).
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Figure 7. Variation of the fundamental frequency of the
annular spherical shell versus the stiffener orientation
angle for a wide range of lamination angles ([# /=],

o =40 g =", 1) = tp= L.bmm, N =13, 55 case A).

primarity contribute stiffness i the meridian direction.
Increasing y enhances stiffness n the circumferential direc-
tion, intially boosting natural frequencies before reaching a
peak and dechinmg. Conversely, at higher lamination
angles. where the skins provide stiffness primarily n the cir-
curmferential direction, mcreasing i reduces stffness in the
mendian direction, leading to a consistent decrease n
matural frequencies. Figure 8 presents a contour diagram to
provide further msights mto optimal natural frequency
values, emphaszing the mterplay between ¢y, w, and lamin-
ation angles m determining the structural dynamics of the
sandwich spherical shell. It is important to note that an exces-
sive Increase in i can lead to a preater increase in the struc-
ture’s imertia compared to its siffness affecting natural
frequency performance.

Freguency(Hz)
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Figure 8. Contour plot of the fundamental nawral frequency
versus lmination and stiffener orientation angles for an anti-
symmetric stacking sequence ([#/ =08),. 4 = t = |.6mm,

N =13, ¢y = 40° 46, = 90°, 5-5).
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Figure 9. Effect of the cross-sectional area of stiffeners
on the natural frequency of the sandwich annular spherical
shell ([0/90];, & = & = lL.émm, N =13, gy =40 ¢ =
907, 5-5).

Figure 9 illustrates the mfluence of the cross-sectional
area of the stiffeners and the circumferential mode number
on the vibration frequency. It is evident that increasing the
stiffeners’ area results n a reduction n the mode number
of the fundamental frequency.

In Figure 10, natural frequencies obtained for different
configurations of the middle core are presented. Three
types of grid structures — angle gnd, mangle prid, and
axial-angle gnd configurations — were analyzed. It can
be observed that:

e For w=25° the axial-angle grid configuration yields
the highest natural frequencies.

o For 25°<y<65°, the trangle prid confipuration exhi-
bits higher frequency values.
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Figure 10. Effect of the type of the grid structure on the
fundamenml natural frequency of the sandwich spherical shell
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5-5).
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Figure I 1. Effect of the lamination sequence on the natural
frequency of the sandwich spherical shell {ty = 1 = |.6mm,
N= 13,y =35 gy = 40°.¢h = 90", 5-5).

& For w>=T70°, the natural frequency of the triangle grid
configuration decreases compared to the others, ndi-
cating that at higher w wvalues, incorporating ring
stiffeners imto the core increases the weight of the
sandwich shell.

This observation highlights the varying effects of dif-
ferent core configurations on natural frequencies, depend-
mg on the onientation angle (w) of the stffeners.

Figure 11 illustrates the vanation of matural frequency

with different layups of the inner and outer skins. It is
observed that:

# For n<2, the mimmum frequency corresponds to the
stacking sequence of [0°/0°/0%0° Joore/[20°/90°/90°f
907, while the maximum frequency 15 associated

with the stacking sequence of [90%/90°/90°90°)/care/
[90°/90° M0°/90°].

& For n>2, the maximum frequency occurs with the
layup of [0%/0°0°%/0%)core [ 90°/90°/90°/90°], whereas
the lowest frequency i1s observed for the layup of
[90°/90° 90°/90° core/[90°/90°/B0°/907].

These findings highlight how different stacking
sequences of the skins, combined with the core configur-
ation, influence the natural frequencies of the sandwich
spherical shell

Conclusion

In this study, an analytical model was developed to investi-
gate the vibration behavior of lattice-core sandwich compos-
ite anmular spherical shells, employing a combimation of
classical Donnell’s thin shell theory and the Galerkin
method. To validate the analytical findings, a finite element
model was constructed using ABAQUS software. Through
an extensive parametric study, vanous influential parameters

were examined, yielding the following key results:

& The influence of nsing stiffener onentation angles at
lower values of ¢y on natural frequency 1s minimal.

s At lower lamination angles, natural frequencies imitially
mcrease with stiffener angle and then decrease.
Conversely, at higher lamination angles, natural fre-
gquencies decrease consistently with increasing stiffener
orientation angle.

o Increasing the cross-sectional dimensions of stiffeners
redoces the mode mumber of the findamental
frequency.

s Fory = 707, the natural frequency is lowest for the tn-
angle pnd configuration, while for w < 70°, the
minimum natural frequency occurs with the angle
grid configuration.

+ For lower mode numbers, the minimum frequency is
associated with a stacking sequence of [0°0%/0°/0°)/
core/[90°90°/90°/90°], and the maximum frequency
with [90%/90°/90°90° Y eore/[90°/90°/90°].

+ Athighermode numbers, the maximum frequency is found
with a lamination angle of [0%/0°/0°/0° fcore/[90°/90°/50°/
90°], while the minimum frequency is attributed to [90°/
907/90° /907 Jcore[90°/905/90°/90°] configuraton.

These findings provide insights into how different para-
meters such as stffener onentation, lammation angle,
and core configuration affect the natural frequencies of
lattice-core sandwich spherical shells.
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Stability on Start—Up Pressure of Oil Pump Based on Limiting

Pressure Valve
WANG Jian—chun', ZHOU Zhi—jin', HU Bin-liang®
(1.School of Mechanical & Electrical Engineering, Hunan University of Science and Technology, Xiangtan 411201,

China; 2.Hunan Provincial Key Laboratory of Health Maintenance for Mechanical Equipment, Hunan University of

Science and Technology, Xiangtan411201, China)

Abstract: Car engine lubrication system oil pump the opening pressure stability has a significant impact on the safety and reliability and

service life of the hydraulic system and hydraulic components. It is proved that the types of valve core have greatly effects on opening

pressure fluctuation characteristics by means of test. The results were shown that: the opening pressure of the pressure limiting valve ball

valve always fluctuate slightly around 1.5MPa. and the cone valve opening pressure fluctuations huge.

that a poppet pressure limiting

valve opening pressure mean 1.1725MPa, deviation of 0.0823 1.515MPa. ball valve opening pressure mean deviation of deviation data

can draw poppel pressure limiting valve data is heavily fragmented, the ball valve opening pressure of small changes around the mean.

Key words: oil pump; limiting pressure valve; opening pressure; pressure fluctuations
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	1.2  2017被全国机械职业教育教学指导委员会授予“2017年度优秀指导老师”（省部级）
	1.3  2022年度因在国家技能竞赛工作中业绩突出，被国家教育部全国职业院校技能大赛组委会授予“2
	1.4  2024.1被机械工业出版社授予“十四五职业教育 优秀编写团队”
	（省部级）
	1.5   2024.1因对职业教育教材建设成绩突出，被机械工业出版社授予“十四五职业教育 优秀作者
	1.6   2024.7指导学生参加第十七届“高教杯”全国大学生先进成图技术与产品信息建模创新大赛获
	1.7    2017被全国机械职业教育教学指导委员会授予“2017年度优秀指导老师”（省部级）
	2.1    2018年度获得湖南理工职业技术学院“优秀共产党员”称号
	2.2   2019年度获得湖南理工职业技术学院“优秀共产党员”称号
	2.3    2019年9月被湖南理工职业技术学院授予“2018-2019年度优秀教师”称号
	2.4   2020.12年度获得湖南理工职业技术学院“双带头人标兵”称号
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	3.3     2021年度绩效考核二等奖
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	4.10   2024 年 11 月 21 日主持“楚怡”教学名师（高职）项目  （省级）

	5、任现职以来，主持或参与信息化试点应用项目、国家职业教 育专业教学标准等。
	5.1  2021年8月24----2023年10月作为核心人员参与完成 国家专业教学标准《风力发电
	 5.2  2021.8.24------2023．4.4 作为核心人员参与《风力发电设备运行与维

	6、任现职以来，主持校级党建类、教育教学类建设项目 （不超过3项）
	6.1   在学校组织的抗非典战役中，2020.9.8被湖南理工职业技术学院授予“2022年新冠肺炎
	6.2  2016.9-2020.9主持校级精品在线课程《风力发电机组结构与原理》教学改革项目   
	6.3     主持湖南理工职院教育教学改革 研究重点项目《风电系统的安装与调试基础》教材改革与实践

	7、任现职以来，获得的教学成果奖
	7.1   2022年6月 获得湖南省职业教育省级教学成果二等奖   ---《多能互补集成优化”新能
	7.2  《风电系统的安装与调试基础》2023.11.20在湖南省职业教育优秀教材评选，被评为“省优
	7.3   参与湖南省社会科学成果-《高职院校理工实践类星级课堂评价标准的构建》（省级成果   排名

	8、任现职以来，指导学生竞赛获奖
	8.1  2017年11月指导湖南理工职业技术学院学生代表队参加“华纳杯”全国风电系统安装与调试职业
	8.2   2018 年 10月指导湖南理工职业技术学院学生代表队参加2018年度“华纳杯”全国风电
	8.3  2020.11.18指导学生参加第十三届“高教杯”全国大学生先进成图技术与产品信息建模创新
	8.4   2020.11.18指导学生王懿参加  第十三届“高教杯”全国大学生先进成图技术与产品信
	8.5  2020.11.18指导学生刘帅参加  第十三届“高教杯”全国大学生先进成图技术与产品信息
	8.6  2020.11.18指导学生钟先济参加  第十三届“高教杯”全国大学生先进成图技术与产品信
	8.7  2020.12 指导学生盛佳珂、于俊伟、周宇欣同学参加2021年度湖南省职业院校技能竞赛高
	8.8   2020.12 指导学生张敏、伍建君、刘辉同学参加2021年度湖南省职业院校技能竞赛高职
	8.9  2021.5 指导学生凌雨衡 崔鑫 杨超 李志辉 梁娟 刘佳宁 钟辉 刘可欣 肖清参加湖南
	8.10  2021.5 指导学生凌雨衡参加湖南省第一届大学生先进成图技术与产品信息建模创新大赛获得
	8.11  2021.5 指导学生崔鑫 参加湖南省第一届大学生先进成图技术与产品信息建模创新大赛获得
	8.12   2021.5 指导学生杨超 参加湖南省第一届大学生先进成图技术与产品信息建模创新大赛获
	8.13  2021.7 指导学生凌雨衡参加  第十四届“高教杯”全国大学生先进成图技术与产品信息建
	8.14   2021.12 指导学生刘辉  吴绍嘉  余丹参加2021年度湖南省大学生电子电子设计
	8.15  2022.6.5  指导指导学生 崔鑫 参加湖南省第二届大学生先进成图技术与产品信息建模
	8.16   2022.6.5指导指导学生李志辉参加湖南省第二届大学生先进成图技术与产品信息建模创新
	8.17  2022.6.5 指导指导学生 刘佳宁 参加湖南省第二届大学生先进成图技术与产品信息建模
	8.18  2022.6.5 指导指导学生刘可欣参加湖南省第二届大学生先进成图技术与产品信息建模创新
	8.19   2022.6.5 指导指导学生杨超参加湖南省第二届大学生先进成图技术与产品信息建模创新
	8.20   2022.8.2 指导学生肖清参加 第十五届“高教杯”全国大学生先进成图技术与产品信息
	8.21    2022.8指导学生刘佳宁参加 第十五届“高教杯”全国大学生先进成图技术与产品信息建
	8.22    2022.8指导学生刘可欣参加 第十五届“高教杯”全国大学生先进成图技术与产品信息建
	8.23   2022.8指导学生李志辉参加 第十五届“高教杯”全国大学生先进成图技术与产品信息建模
	8.24   2022.8指导学生崔鑫 参加 第十五届“高教杯”全国大学生先进成图技术与产品信息建模
	8.25    2022.8指导学生杨超 参加 第十五届“高教杯”全国大学生先进成图技术与产品信息建
	8.26    2022.8指导学生崔鑫、刘可欣、肖清、刘佳宁、李志辉  参加 第十五届“高教杯”全
	8.27  2022.8指导学生 杨超、崔鑫、李志辉、刘佳宁、刘可欣参加 第十五届“高教杯”全国大学
	8.28   2022.8指导学生 李志辉、崔鑫、刘可欣、肖清、杨超 参加第十五届“高教杯”全国大学
	8.29    2022.8指导学生 杨超、李志辉、崔鑫、肖清、刘可欣 参加第十五届“高教杯”全国大
	8.30   2022 年 9月指导学生罗艺、刘捷、胡姚晨 参加2022 年湖南省大学生电子设计竞赛
	8.31   2023.3指导 刘捷、罗艺、成诗逸 同学参加 2023 年度“楚怡杯”湖南省职业院校
	8.32  2023年8月指导学生李毅標 参加第十六届“高教杯”全国大学生先进成图技术与产品信息建模
	8.33    2023.12.04   在 2023 -带一路暨金砖国家技能发展与技术创新大赛 首
	8.34   2023/12/04在 2023 -带一路暨金砖国家技能发展与技术创新大赛 首届移动机
	8.35  2024.5 指导 李涛堂、曹奕伟同学参加2024年度“楚怡杯”湖南省职业院校技能竞赛 
	8.36   2024.6.9指导学生 丁志云  参加湖南省第四届大学生先进成图技术与产品信息建模创
	8.37    2024.6.9指导学生郭杰 参加湖南省第四届大学生先进成图技术与产品信息建模创新大
	8.38   2024.6.9指导学生孔瑾彧 参加湖南省第四届大学生先进成图技术与产品信息建模创新大
	8.39    2024.6.9指导学生邱旸杰 参加湖南省第四届大学生先进成图技术与产品信息建模创新
	8.40   2024.6.9指导学生丁志云 参加湖南省第四届大学生先进成图技术与产品信息建模创新大
	8.41   2024.6.9指导学生韦思研参加湖南省第四届大学生先进成图技术与产品信息建模创新大赛
	8.42   2024.6.9指导学生杨家毅参加湖南省第四届大学生先进成图技术与产品信息建模创新大赛
	8.43  2024.6.9指导学生刘娟 陈炫宇 参加湖南省第四届大学生先进成图技术与产品信息建模创
	8.44   2024.6.9指导学生 谢楷 邱雨豪 丁志云 孔瑾彧 邱旸杰 参加湖南省第四届大学生
	8.45   2024.7指导邱雨豪、孔瑾彧、韦思研、谢楷、邱旸杰、刘娟、陈炫宇、丁志云  郭杰、刘
	8.46    2024.7指导学生 参加 第十七届““高教杯”全国大学生先进成图技术与品信息建模创
	8.47   2024.7指导学生 孔瑾彧  参加 第十七届““高教杯”全国大学生先进成图技术与品
	8.48    2024.7指导学生韦思研参加 第十七届““高教杯”全国大学生先进成图技术与品信息建
	8.49  2024.7指导学生杨家毅参加 第十七届““高教杯”全国大学生先进成图技术与品信息建模创
	8.50   2024.7指导学生丁志云参加 第十七届““高教杯”全国大学生先进成图技术与品信息建模
	 8.51   2024.8 指导学生 彭逸龙、刘娟、李金施 参加第二十六届中国机器人及人工智能大
	8.52  2024.8  指导学生   彭玮琦、黄玉娟、朱星诚、盘琳、伍娟、范琪、肖民   参加第
	8.54    2024年12月9日指导学生刘劲在2024年全国轻工行业职业技能竞赛-第一届轻工业数
	学生组 一等奖      （国家级一等 B类）  
	8.55    2025年8月指导学生彭逸龙、陈卓毅、刘翔在第二十七届中国机器人及人工智能大赛全国总
	8.56    2025年3月指导学生范哲、罗俊东 同学参加2025年度“怡
	杯”湖南省职业院校技能竞赛高职组工业互联网集成应用赛项荣获三等奖。（省级 A类） 
	8.57    2025年3月指导学生陈嘉豪、唐广 同学参加 2025 年度“楚
	怡杯”湖南省职业院校技能竞赛高职组机器人系统集成应用技术 赛项荣获 一等奖。（省级 A类）   
	8.58   2025年3月指导学生刘佳 康怀远 参加全国三维数字化创新设计大赛  特等奖 。（省级

	9、任现职以来，主编或参编（1 万字以上）教材
	9.1   2019.6主编职业教育“十三五”“十四五”国家规划教材 《风电系统的安装与调试基础》I
	9.2    2021.2主编 教材 高职高专机电类专业教材《可编程控制器》ISBN978-7-56
	9.3    2021年3月 主编“互联网+立体化创新精品教材”《汽车底盘电控系统原理及检修》 IS
	9.4    2021.11主编出版教材《机械制造基础》 ISBN978-7-5606-6216-9


	9.5   2017.7参编教材《发电厂电气部分》（2018.12第1版） ISBN978-7-56
	10、任现职以来，主持或参与非楚怡系列工作室（名师工作室、 名班主任工作室）、教学案例。  
	10.1  2023年2月26日  在任智能智能制造学院党总支书记兼学院负责人期间，牵头实施新时代高

	11、任现职以来，毕业设计、专业技能抽查、人才培养方案检查、 技能抽查标准和题库检查、社会实践（调查
	11.1    作为二级单位负责人组织编写的机械设计与制造专业人才培养方案在2023年省级抽查中获得
	11.2   作为二级学院负责人、在组织2022 年度学生省级专业技能抽查考核
	中，电气自动化技术专业获得“优秀”等级 ）                      

	12、任现职以来，教育部供需育人就业育人项目

	四、科研成果及业绩
	1、任现职以来，独立或以第一作 者公开出版的论文著作。
	1.1   2023 年6月发表论文《基于响应面分析的传动器成型缺陷优化研究》中文（北大）核心期刊、
	1.2   2024年2月在中文（北大）核心期刊、中国科技核心期刊《化工设备与管道》发表科技论文《永
	1.3   2024年3月在中国科协T2级期刊、中文（北大）核心期刊、中国科技核心期刊、RCCSE中
	1.4  2024.7  在SCI、SSCI源刊3区，发表SCI论文：《Analysis of vi
	1.5  2012.2在机械工程师期刊上发表文章《45 钢连续驱动摩擦焊的温度场数值模拟及实验验证》
	1.6   2012.4在机械工程师期刊上发表文章《超声加工技术研究现状及展望》（独著/第1作者，国
	1.7  2013.4在机电工成绩书期刊发表论文《机油泵限压阀阀芯对流量稳定性的影响》（合著/第1作

	2、任现职以来，主持或参与的纵向科研项目。
	2.1   主持校级课题《基于低风速实验条件下风电机组偏航稳定性的研究》 第1主持人，已结题    
	2.3   主持湖南理工职院教育教学改革 研究重点项目《风电系统的安装与调试基础》教材改革与实践 （
	2.4   主持市厅级（省级协会课题）《“1+X”证书在一流专业群建设中的应用探索与研究》（第1主持
	2.5    主持湖南省教育教学省级课题《活页式职业教育教材范式研究》主持/第1（立项批文：湘教通 
	2.6   参与 2020 年湖南省职业教育教学改革研究项目《融合思想政治教育的高职院校学生技能竞赛
	2.7   2022.3．3参与省级教改课题研究---湖南省高职专业教学标准专项“风力发电工程技术专
	2.8  参与湖南省自然科学基金《大功率永磁风力发电机传热特性及热管理技术研究》项目（省级课题 排名
	2.9  2024年3月29日参与 湖南省自然科学基金（编号   2024JJ8100）项目《基于知
	2.10   2024.6.12 参与湖南省教育科学规划 2024 年度课题《数字化背景下高职工科专
	2.11   参与 2024 年湖南省职业院校教育教学改革研究项目《“4x4”现代化产业体系构建背景

	3、任现职以来，主持或参与获得 授权的知识产权成果（知识产 权包括发明专利、实用新型专 利、外观设计
	3.1  2021年6月04日获得国家级软件著作权--<风电机组检修维护虚拟实训系统V1.0>一项 
	3.2    2025年2月18日获得国家发明专利授权《一种风力发电控制方法及系统》，授权专利号：Z
	3.3  2025年5月16日获得国家发明专利授权《一种配电系统可靠性分析方法及系统》，授权专利号：
	3.4   2025年7月18日获得国家发明专利授权《一种风力发电状态监控方法及系统》，授权专利号：
	3.5   2024年1月26日  授权国家发明专利，名称:《一种齿轮加工用齿轮沟槽定位切削装置》 
	3.6    2025年8月19日  授权国家发明专利，名称:《一种齿轮箱寿命评估方法及系统》 专利
	3.7   2025年4月1日  授权国家发明专利，名称:《一种无人机控制方法及系统》 专利号ZL2
	3.8   2025年6月17日授权国家发明专利，名称:《航天器运动装置与环境色彩交互式反馈采集分析
	3.9   2025年3月25日  授权国家发明专利，名称:《一种三自由度并联机器人控制参数调节方法


	3.10  2025年8月8日 授权国家发明专利，名称:《一种基于虚拟现实的航天员失重训练评估方法及
	3.11   2024年12月13日 授权国家发明专利，名称:《一种环卫机器人编队控制方法》专利号Z
	3.12   2025年8月28日 授权国家发明专利，名称:《一种无人机轨迹控制方法及系统》申请号:
	4、任现职以来，主持或参与的应用成果(调查报告、决策咨询报告、研究报告、提案建议)被政府部门、党委、
	4.1   2019-2020 《风力发电工程技术专业教学标准调研报告》被教育部全国电力教育教学指导


	一、调研目的、调研对象、调研方式与实施情况
	(一)调研目的
	(二)调研范围与对象
	本次调研的对象主要在全国20个省市自治区、直辖市范围内开展，调查对象为开设风力发电工程技术专业院校，
	1. 企业
	2. 学校
	2. 毕业生
	毕业学校
	毕业生人数
	所占百分比
	备注
	包头轻工职院
	12
	3.14%
	内蒙机电职院
	1
	0.26%
	酒泉职院
	120
	31.41%
	甘肃机电职院
	20
	5.23%
	天津轻工职院
	6
	1.57%
	辽宁工程职院
	6
	1.57%
	江西新能源科技职院
	25
	6.54%
	朔州职院
	70
	18.32%
	锡林郭勒职院
	31
	8.11%
	哈尔滨职院
	20
	5.23%
	吉林电子信息职院
	23
	6.02%
	广东水利电力职院
	12
	3.14%
	南通理工学院
	21
	5.49%
	九江职院
	29
	7.59%
	湖南理工职院
	6
	1.57%
	其人数分布图为（见图10）
	在这382名毕业生中，其中在企业或公司就业的人数为350人，个体行为的1人，进入事业单位的学生为6人

	（三）调研方式
	1.问卷调研
	2.就业岗位信息数据分析调研

	二、调研内容及结果分析
	(一) 行业整体情况及分析
	1，风电场新增并网发电量占比提升情况
	我国能源转型进程不断加快，风电产业取得了世界瞩目的成就。2017年国家出台多项政策保障风电消纳，随着
	2，风电装机容量提高整体情况
	2001年至2018年，全球风电装机容量是稳中有增，通过GWEC 数据来源
	可以看出全球年新增装机容量变化情况如下（见图13）
	对于中国风电发展“十三五”规划提出总量目标，到2020年底，全国风电累计并网装机容量确保达到2.1亿
	3，我国弃风限电情况变化
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