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ABSTRACT: This work aims to design and implement the CAPP system of aerospace ring forgings based on B/S architecture
mode, to improve the process design efficiency of aerospace ring forgings, ensure the consistency of product process design, and
realize the automation and intelligence of ring forging process design. Firstly, according to the process design theory of ring for-
gings and combined with the process design requirements of ring forgings in the actual production process, the process design
flow of ring forgings was analyzed, and the process design rules of ring forgings were refined. Then, the CAPP system architec-

ture of ring forgings was designed according to the requirements of ring forging process design and user requirements. C# was
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selected as the back-end development language of the system, and the system interface was developed by HTML, CSS, and

JavaScript technology. SQL Server was selected as the system database, and the development of each function module of the

CAPP system was carried out with the MVC framework. The CAPP system of ring forgings was designed and implemented,

which incorporated four system function modules: process preparation, ring information management, knowledge base man-

agement, and user management. After the new ring information was imported into the process preparation module, two design

modes based on rules or machine learning could be selected for the process preparation of ring forgings. The standardized proc-

ess cards could be automatically generated, and the process design time could be shortened by 90% compared with manual de-

sign. CAPP system of ring forgings has good process design capability of ring forgings, which can significantly improve the

process design efficiency and consistency of ring forgings.

KEY WORDS:. computer-aided process planning system; ring forging; process design; B/S architecture; intelligent manufac-

turing
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Fig.2 Schematic diagram of system function module




B/S

15 5 WEB CAPP 167
(User login) SQL Server CAPP
) 4
BPM
information
import
CAPP
»| Ring
selection MVC [25]
Process
planning
CAPP
A Forgmgme N eda—! Case-based! VPN
i calculation | | ! dlg;es?;:m ! CAPP
i Ring blank size i ; i
! calculation | ! | i
i ¢ i ! machine i
i Upsetting size E E | TEIITESS ‘
! calculation Lol | ! !
! b Forging size } ! Browser ;
! Y b Ring blank size l 1 Ul !
! Punching size| | | Upsetting size ! ' layer !
I calculation | | | Punching size | : ‘ MVC |
i i ; Boring size i Lt | Sttty
| | l tti 1 I i !
i 4 Ctting size | i Knowledge 4 i
| ey A ‘ 'Business base Process car i
i | i i preparation '
i i .| Forging | ioglc management :
I NO i ”| heating design rayer ;
i Boring size | | 88 : User ) Produc_t :
i calculation | | ¢ ! management information !
i i Rolling ring ! management !
i i heating desi : !
i Cutting size | | £ £
i calculation | | 4
i i Heat treatment|
i Rule-based i design
! dimension ! ¢
| design |
”””””””””””” ! Process card SQL server
\_/‘/\ database
Not approved Audit < A
Approved Fig.4 Schematic diagram of system architecture
e |: \rL A
2.2 BREHURE&
3
. . . 26
Fig.3 Working flow chart of process preparation module 2 [26]
/ [20-22] /S / [23]
C/S B/S (24]
CAPP
SQL Server
CAPP
B/S SQL Server
CAPP SQL Server CAPP
CAPP
4 4



168 2023 5

k1 REARIER
Tab.1 System development tool

Tools Version Purpose
2 Microsoft Windows 10 Development Environment
Visual Studio 2019  Development Tools
Ct# 8.0 Backend Development
SQL Server 2019  Database Development
HtmlS, css, javascript — Frontend Development
3 Microsoft Edge — Testing Browser
success
fail

3.3 FmiEEREEER

30
3 I HH CAPP R4l 6
31 REZARNERIA
CAPP 1 Microsoft Edge
3.0 FAPSEER 3.4 HIREEEER
5
JQuery 7
SQL

& @] A T2 | 192.168.150.71/Home/Index

St « || &m | amPmEs
CPEEERE Y| g
o TR ¥ || Impem
m‘ @ FAEE Rk 2 BR
SRR = = &%
smpER A 1 zoEEs
amrem | ||| e " IzEns
mm it INEERR
== | n REEFR
o it TIZEHR
5 - TEHER
30v]| M «|g[ 1 ]m| > 0o

5
Fig.5 User management module page



15 5 WEB CAPP 169
BE | FRERRASEE «
@ FEEBPMEE | FRRS: | TZ24E: | L ER
e FRISAYIA) TZ4wE FERAERR G S TIZn%
e EK M 2022-02-14 00:00:0 X I L]
B E% B 2022-02-14 00:00:0 X I E=7%)
Bt B Bk 2022-02-14 00:00:0 EBREE= I 511
Bt B2 ik 2022-02-14 00:00:0 RRERE= I 514
Bt e M 2022-02-14 00:00:0 U= I 7%)
Bt B2 ik 2022-02-14 00:00:0 ] RSN A: 1 57
®it & Hikk 2022-02-14 00:00:0 i chi e chiEEERTAS T it
it B iR 2022-02-14 00:00:0 ubEREIEERA: 1 1514
B s i 2022-02-14 00:00:0r BUEIFEEIER I 1544
Bt g2 Mg 2022-02-14 00:00:0 SR EE: 1 5t
B s i 2022-02-14 00:00:0 | SR EE: 1 52%)
6
Fig.6 Product information management module page
Shize < ER | 3HRSHx
LormisRER Y @
ot ¥ || HIRIRE WEHEEE  BATAEE  RAREEE  REORHREN
o TERE Y sm g 35
O IR A e 45
B ) s e 2219 .
| (877 2 0 E% #lE: 7050
STREEAS &% e 7085
T fRE B MR 0Cr12Mn5Ni4Mc '« s
Rt nE B #EE  OCr17Ni4Cu4Nb 7=
SIBRAE 53 M OCr18Ni10Til
CTsERE B3 BB 13Cr1 INI2W2Mc
L % BE  16MnIV .
ety % M 16MnI
[Ennse
7
Fig.7 Knowledge base management module page
success
Vue.Draggable
8

3.5 IZHmHIER



170 2023
SR BR | o rRERRASHE -
CrmEemE o
T v TR Frdmsl
TERER v B ERRIIS B FEAMRIRES
SR v BT =RNE
2 APEE v DIRE B
B =DELER
BEEIN BN
BL=iEN DERFIRK
BEA(SE BEA (S
BIEEK BIEK
BEX BEX
B FEEST B R
BIERAGT BERAGT
BN BN
o BRI s
BHRR BHYEHEI
BE s vty DG
BE-3 SRR KR
DR, RIR BFRR
BN
BIEX
SEE
Rty <
8
Fig.8 Flexible process preparation page
1 D. d. H.
9
D= Dp +AD
d= dp +Ad (1) 3
H=Hp,+AH
D d H 4
Dp dp Hp AD m=my +my +my
Ad AH )
D
3 m=n|—| Ip 4
2
l
K=—
2 by
10 m. my my; ms
do = dC K Dl
Hy-H / P
B,-B g
(2) 11
2
T 2 2 T 2 2
—(Dy —dy)Hy =—(D" —d")H
4 4
d. Dy dy Hy By
D d H B
n
4
3
H.=H,
4
(3)

(D2 -a?)H, =(D§ -3 ) H,



15 5 WEB CAPP 171

A T2 | 192.168.150.71/Home/Index LA QU 5 B S mox ¢ Q3|

BN PRESRASHEE -

St (L) RY (B mm) N SRS
hMEmE: ] -
ey A

BERE: ]

¢ ) ]

9

A T2 | 192.168.150.71/Home/Index o A ® @ m x ¢« Q|

| BR | FRERRASER |

PRk 5B

WELRT (861: mm)  (KIE)
=) E :
RE: | o1
Bl j
GME: 1
ThE:

| CitE |

10
Fig.10 Ring blank size design page

slaptnys=.: SRS |
LT e S e —
BPRE (0 @

HHRE (°C) =
(HERE (°0)

=S

EC
REMRIRRIIEIZREL (min/mm) | |
AHRRETREL (minimm) .

FUARSE (min)

{RIBATE (min)
SERTBVNF (min)
Az ] ‘ R min

L S

11
Fig.11 Heating curve design page

13

Matlab
12 _



172

4

2023
P - — s
BKTEEH
BRI Z2
[E— ==Y i
RS E IR HIPFE< % - 51aRE mm
SEEERE (°C) 0io
4%;&;5& (oc) [1010 | [1010
{RIEATE (h) 0o I B
I@ipﬁiﬁ l§’§ -
A8 min
12
Fig.12 Heat treatment curve design page
@ MEEsaIEn - o X
‘ 1. BEE B ERLAw 7 ) B ‘ 0 RS oo R
200 SRR L AT
2. BEFRAELRA i ) Bdhi e ‘ ‘ 3. IARTELRE ik ) Bt H oo
ProcessCase A se ] =me | sewg | 4%100
MLRIing F'@_'@?Jll'_'v\l .BE nk | 91 88 732 | B
90 625 495 & 50
89 2215 2146 1t
88 2875 2780 il 00 - s e o 00 = T e o
. 3(7 2500 2420 )1, A AN
| mEet || BipEEG || BERE | w0
AL LA B — I -+ i
SR A ’ mhEssase: | % &
5400 5
LR i& i€
—_— 200
T ‘ L IZEED) [ ePMEs TG o
b |GY-2021-08-25-001 2021-08-25 00:00:00.000 510 425 0
GY-2021: -001 2021-08-21 00:00:00.000  417.00 355.1 0 5 10 15 20
= o 1 |oY-2021 20210729 00:00:00.000 530 490 v A R AR
=1 < >
ARSI PRTHTTES Bl &0
[ ] B [ 10 | <
S 40
b M1 [ 7
g [ 2 | E [ S
A% Wi L ¥
FRBRA) I [ 20 | [ s |
it i WS AT Wi
SR+ 340 8 WRAREA PR ke A
N . - . N : A R b 7
WSO IMENCHE | | WHICAPP T &tk -3
13
ig. ing blank size design page based on machine learnin
Fig.13 Ring blank design page based hine 1 g
0.95
5
2
——
R tTK SE 4 BPM
6
27 CAPP 3



15 5 WEB CAPP 173
2
2~3 min
14
20~30 min 90%
TEHS: GY-2021-08-25-001 IW, H8W
BS R MRES 343423 ARHRAR S GJB2294A-2014 FETREH 1
RES R MRS [J250 REFRAR KM GJB5040-2001 THEES 39.00
FEREM L HRES 67.00 (kg) £ AR AR B2 T4
1. B—{8 5P S, F—iR . F—ABRIR A
BN ) TR, ERFIBAR.
T ZERN: AN A EE R LS IR PR . BRREE: Ak &
TZHHR [BEd, DGR, REEMRMARERTES.
mj 2. BYEN: FR2BERANEENS, BRELKE.
3. FHRMEMEN: R<F\ AEFRIAIE, THETFRIE.
IFS IREMH TR
10 FRRRHG S
20 83
30 EIR2N
40 BJEIR K
50 Hhb
60 K
70 [EP
80 BulLAA a1
90 TREER R
100 Bl
110 R AR B
EoE] A #ext =R ] % =] Fiid):3 =E¢]
IR GY-2021-08-25-001 BT, HSH
IFS THBH Q& R38R
1. FAAbFR 4. ik (PKR-10/14, PKJRL-03/04) ;
2. 3R BT A4
3. FIPEPKR-10<18fF (FFE<6ff) , HRpWpER<2f (E<SM) , W&,
5
12 18] 8] B3 = 50mm;
4y BRI ERIEES . MRS, BRSBTS BRI
70 [EP 1) ; PKJRL-03, 10] =706
] :
375h : TAEFR
I
B (8min
80 LA 2] LR 2B A .
90 TR Bl RS TR AT, HB=311~388.
100 wum L 4%XX-027 ARRBF PEATHLAN: ) o
2.8 SRR BB . MRS, IS WS AR
&) B #ext =P ] B B e =]
14

Fig.14 Part of the process cards



174

2023 5

5 it
CAPP
1
4
B/S
2
SQL Server CAPP
30
3 C#
HTMLS5 CSS  JavaScript
4
4 CAPP
CAPP
SEH:
[1] , , s -
1 , 2021, 50(5):
1860-1866.

JIANG He, HE Fang-you, XU Liang, et al. Research
Progress on Ring Rolling Technology of Superalloy
Ring Forging[J]. Rare Metal Materials and Engineering,
2021, 50(5): 1860-1866.

, . GHA4738
[J1. , 2020, 45(5): 128-132.
WANG Dan, LIU Zhi, WANG Jian-guo, et al. Study on
Microstructure and Properties of Shaped Ring Parts for
Super Alloy GH4738[J]. Forging & Stamping Technol-
ogy, 2020, 45(5): 128-132.

> >

. GH4169
[J]. , 2011, 32(8):

> s >

1555-1562.

MA Yi-wei, WANG Zhi-hong, LIU Dong, et al. Opti-
mization of Rotational Speed of Main Roll in Profile
Ring Rolling of GH4169 Alloy[J]. Acta Aeronautica et
Astronautica Sinica, 2011, 32(8): 1555-1562.

SOORI M, ASMAEL M. Classification of Research and
Applications of the Computer Aided Process Planning in
Manufacturing Systems[J]. Independent Journal of
Management & Production, 2021, 12(5): 1250-1281.
TRSTENJAK M, OPETUK T, CAJNER H, et al. Proc-
ess Planning in Industry 4.0 Current State, Potential and
Management of Transformation[J]. Sustainability, 2020,

[10]

[11]

[14]

[15]

[16]

12(15): 1-25.

ANBALAGAN A, MORENO-GARCIA C F. An IoT
Based industry 4.0 Architecture for Integration of De-
sign and Manufacturing Systems[C]// 3rd International
Conference on Materials, Manufacturing and Modelling,
Vellore, 2021: 7135-7142.

LU Yu-qian, XU Xun. Process and Production Planning
in a Cloud Manufacturing Environment[C]// ASME In-
ternational Manufacturing Science and Engineering
Conference, Charlotte, 2015: 1-8.

MILOSEVIC M, LUKIC D, BOROJEVIC S. A
Cloud-Based Process Planning System in Industry 4.0
Framework[C]// International Conference on the Indus-
try 4.0 Model for Advanced Manufacturing, Industry 4.0
and Internet of Things for Manufacturing, Belgrade,
2019: 202-211.

MA Hui-juan, HUANG Xiang, CUI Xu-hua, et al.
Management Control and Integration Technology of In-
telligent Production Line for Multi-Variety and Complex
Aerospace Ring Forgings: A Review[J]. Metals, 2022,
12(7): 1-24.

KONG Lin, WANG Li-ming,
Multi-Layer Integration Framework for Low Carbon

LI Fang-yi, et al.
Design Based on Design Features[J]. Journal of Manu-
facturing Systems, 2021, 61: 223-238.
ZHAO Chang-xuan, DINAR M, MELKOTE S N. A
Data-Driven Framework for Learning the Capability of
Manufacturing Process Sequences[J]. Journal of Manu-
facturing Systems, 2022, 64: 68-80.
SARMA R, KAPIL S, JOSHI S N. Development of a
Framework for Computer Aided Design and Manufac-
turing of 3 Axis Hybrid Wire Arc Additive Manufactur-
ing[C]// International Conference on Advancements and
Futuristic Trends in Mechanical and Materials Engi-
neering, India, 2021: 7625-7634.

, . @1l m 2219

[J]. , 2020, 27(12): 51-57.
HUANG Wei-xin, GUO Liang-gang. Study on
Multi-Step Rolling of @11 m Super-Large 2219 Alumi-
num Ring[J]. Journal of Plasticity Engineering, 2020,
27(12): 51-57.
[J1. , 2018, 43(7): 17-31.
HUA Lin, QIAN Dong-sheng, DENG lJia-dong, et al,
Theory and Technology of Superlarge Ring Rolling[J].
Forging & Stamping Technology, 2018, 43(7): 17-31.
[J]. ,

2022, 29(4): 23-29.
XU Li-liang, DENG Jia-dong, HU Zhi-li, et al. Intelli-
gent Deduction Design Method of Ring Forging Rolling
Blank Based on Machine Learning[J]. Journal of Plas-
ticity Engineering, 2022, 29(4): 23-29.
LIU Hao. Optimal Selection of Control Parameters for
Automatic Machining Based on BP Neural Network[J].



15

5 WEB

CAPP 175

[17]

[18]

(20]

Energy Reports, 2022, 8: 7016-7024.
WU Wen-bo, HUANG Zheng-dong, ZENG Jia-ni, et al.
A Fast Decision-Making Method for Process Planning
with Dynamic Machining Resources via Deep Rein-
forcement Learning[J]. Journal of Manufacturing Sys-
tems, 2021, 58: 392-411.
. CAPP

[D]. ,2007: 7-9.
PAN Li-bo. On Deformation Laws and CAPP System
for Radial-Axial Ring Rolling[D]. Wuhan: Wuhan Uni-
versity of Technology, 2007: 7-9.

[ ,2022(23): 165-168.
PAN Yong-hong, Analysis and Research on Modular
Design of Process System in Fine Chemical Plant[J].
Chemical Management, 2022(23): 165-168.
, , . B/S

[J]. ;
2021(2): 104-107.
FEI Fei, ZHANG Jian-cheng, ZHANG Jia-jia. Design
and Implementation of Warehouse Management Infor-
mation System for Vessel Food Based on B/S Struc-

ture[J]. Automation & Instrumentation, 2021(2):
104-107.
, , . B/S
[J1. ,2022, 39(10):
11-17.

SHI An, ZHANG Zhuo-ruo, DAI Li-yun. Real-Time
System Modeling and Verification Tool Based on B/S
Architecture[J]. Computer Applications and Software,
2022, 39(10): 11-17.

(1. ;
2022, 14(10): 147-154.

[25]

CHENG Si-zhu, LUO Yong-kang, XIAO Gang-feng, et
al. Design and Development of the Information Man-
agement System for the Die Electrode Processing
Line[J]. Journal of Netshape Forming Engineering, 2022,
14(10): 147-154.
, , , . C/S
[ ,2021(4): 31-35.

HE Bin, WANG Feng, ZHANG Yue-dong, et al. Design
of WEDM System Based on C/S Structure[J]. Electro-
machining & Mould, 2021(4): 31-35.

. C/S B/S [J1. ,
2018, 16(13): 15-16.
LIN Wei-ting. Comparative Analysis of C/S and B/S
Architecture Technology[J]. Science & Technology In-
formation, 2018, 16(13): 15-16.
Spring MVC

, 2012, 35(3):

s s b}

Web [J1.
337-340.

XUE Feng, LIANG Feng, XU Shu-xun, et al. Research
on Spring MVC Framework Based Web and Its Applica-
tion[J]. Journal of Hefei University of Technology, 2012,
35(3): 337-340.

[J1. ,2020(18): 147-148.
CHEN Juan, LI Wei. Overview of Non-Relational Da-
Elec-
tronic Technology & Software Engineering, 2020(18):
147-148.

tabase and Relational Database Technology[J].

. [J1.

, 2020, 22(16): 56-57.
HUANG Tian-kai.
Methods and Applications[J]. China New Telecommu-
nications, 2020, 22(16): 56-57.

Research on Computer Testing



