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Abstract: With the advent of Industry 4.0, more and more investment casting enterprises are implementing
production manufacturing systems, especially in the last two years. This paper summarizes three new common
requirements of the digital management aspect in precision casting enterprises, and puts forward three corresponding
techniques. They are: the production process tracking card technology based on the main-sub card mode; the
workshop site production process processing technology based on the barcode; and the equipment data integration
technology. Then, this paper discusses in detail the principle, application and effect of these technologies; to provide
the reference for enterprises to move towards digital casting and intelligent casting.
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In this digital era, digital management plays a vital role
in manufacturing and business enterprises with the
development of the global economy and the increasing
application of information technology in industries and
enterprises. Thus, the Chinese government has been
implementing more and more policies to enhance the
competitiveness of the manufacturing industry by the
application of information technology in the hope of

accelerating industrialization in China !

. The application
of digital management technology in production and
business management has been given much attention by
more and more enterprises, especially manufacturing
enterprises, for effective and strict management can
enable good product quality. It is generally accepted
that present day IT systems are essential for companies
seeking efficiency through organizational integration .
Digital management technology is a new technology,
which is supported by advanced management methods
and information technology. Manufacturing resource
planning (MRP II) and enterprise resources planning
(ERP) are typical applications of digital management
technology. ERP is an evolving concept that supports
the need of enterprise-level planning and control of
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resources in businesses, and has significantly changed
the landscape of business and information technology
in many organizations and industries “*. The ERP
concept has been adopted extensively by manufacturing
enterprises and industries ). ERP systems, software
packages that can integrate the organization’s processes
and functions, are an important resource in the
manufacturing and production processes of organizations
and enterprises around the world *”\. In recent years,
the 863 Program on computer integrated manufacturing
systems (CIMS) has emphasized the studies of core
techniques of digital management and ERP software
¥, Many techniques of digital management, such as
integrated ERP systems, integrated ERP and e-business
systems, integrated quality management systems, project
management systems, enterprise application integration
(EAI) systems, integrated servers/platforms, and the
new generation ERP systems have been researched and
developed ™.

For nearly 10 years, the author has been engaged in the
research and practice of foundry enterprise digitization

19 and helped many precision

and informatization '
casting enterprises to build digital management systems
(mainly the ERP systems), covering areas from low-end

to high-end, including hardware fittings, pump, valve,
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competitiveness, but also brought many benefits, such
as reducing production costs and improving operational
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efficiency. The applications of ERP systems in manufacturing
plants help in optimizing manufacturing process flow, which
brings about lean manufacturing environment to enterprises "' Tt
is found that both small and large enterprises are implementing or
planning an ERP system in the Australian manufacturing sector
U], In this trend, more and more investment casting enterprises are
implementing production manufacturing systems "'
in recent years. Due to positive impacts of the current "elimination

1 especially

of competition" and "economic downward pressure" phase in the
foundry industry, domestic foundry enterprises are faced with
great pressure to survive and remain competitive. Moreover,
new technologies and innovations should be introduced with the
advance of "new normal economy", "Industry 4.0", "intelligent
manufacturing" and "Made in China 2025". Without any doubt,
digital management systems have been pursued by an increasing
number of foundry enterprises. However, the requirements of
digital management systems might be different for foundry
enterprises due to the differences in manufacturing processes and
management processes. In this study, the digital management
systems for precision casting enterprises, which make up a
significant part of the foundry industry, are mainly analyzed. In
the following parts, three new common requirements of the digital
management aspect in precision casting enterprises over the past
two years are explained in detail.

(1) Production aspect

The production process tracking card, which is used to record
details of each step of a batch of castings in the process of casting
production, is also known as the production process card, the
construction records card, the production or quality process
tracking card. In general, compared with sand casting, precision
casting has a larger production batch (although most high value-
added precision castings have single pieces and small batches), a
slightly longer production cycle, a smaller size, a lower weight, a
slightly higher added value and so on. Precision casting usually
uses the batch process card (a card which contains a number of
pieces). Precision castings can easily be in chaos in the finishing
process, due to frequent reworking and the mixed operations of
many sub cards. Therefore, the traditional production process
tracking card makes it difficult to track and control the finishing
process. Most investment casting enterprises don’t use tracking
cards after the preparation of the wax model. On the other
hand, the information of some tracking process cards is too
simple or fixed; lacking of guidance functions for workshop site
production. This is a common dilemma that most investment
casting enterprises encounter in precision casting production. It
is hoped that digital management technology can improve this
situation and solve this problem.

(2) Workshop digital aspect

The "papery plan table" mode is mostly adopted in sand
casting production management. For this mode, a papery
plan list is firstly made for each working procedure, and then
the information is imported to the spreadsheet after the plan
list is completed. Thus, the product production progress can
be tracked and queried in time. However, precision casting
production management uses a "tracking card" mode, and the
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papery cards record the whole progress from production plan
to putting in storage. But if the company wants to track the
product production progress in real-time through the software
system, the intermediate links often require a lot of manual
labor to check and count the schedule on the workshop site,
or the company needs to arrange for some staff to transcribe
production information on every process card every day. If using
a computer terminal, would the inspector or operator could
quickly and accurately import production information from the
tracking card into the system on the workshop site? The firm
management personnel are very concerned about this problem,
for their hope is that production process tracking would be very
easy.

(3) Quality aspect

With the deepening of "digital equipment", "intelligent

ron

equipment", "equipment interconnection" and other concepts,
a new generation of casting equipment basically has input and
output data interfaces for external systems to do data interaction.
This equipment includes intelligent wax machine, environmental
temperature humidity recorder, spectrometer, three-dimensional
library, temperature measuring machine, automatic casting
machine, heat treatment furnace, etc. On the other hand, the
requirements of the large international casting purchasers on
casting quality have become more and more strict. Also real
quality information obtained from hardware is more convincing.

Combined with the above three common requirements of
precision casting enterprise digital management, this paper
summarizes the three new technologies developed by our group
in the last three years. In the following sections, the principles,
application and effect of each technology are explained in detail.

1 Production process tracking card
technology based on main-sub
card mode and its application

The main-sub production process tracking card mode is
shown in Fig. 1, from which we can see that the production
process tracking card mainly consists of the main and the sub
card. The main card consists of the first main card and the
second main card. The first main card keeps a record of the
information of investment wax pattern preparation section (i.e.
wax compression operations before melting), while the second
main card keeps track of later finishing section (i.e. all processes
after melting). If the precision casting production control node
of the enterprise is not too detailed, using the first main card
is sufficient as it can cover all the production processes. The
first main card can be cast as a module or a same batch of wax
compression operations of the same castings, while the second
main card can be cast by using molten metal in the same furnace
of the same castings and it may correspond to several first main
cards. The sub cards, which mainly include circulation sub cards
and repair sub cards, are derived from the main card to handle,
control tracking card split scene such as cycle operations, and
rework and repair operations. In general, one main card can
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— First main card

/Wax compression and key materials for each production process. The

| operations before quality information on the card consists of unqualified

;

Main card
‘L Second main card

Production (need or no need)
process -
tracking

card Circulation sub
card

1ti ) .
S conditions, number and reasons of each step. Although
each process tracking card covers these five aspects of

Sub card

Repair sub card

Fig. 1: Main-sub production process tracking card mode

derive from many different sub cards.

As both main cards and sub cards are process tracking
cards, five basic aspects of information: namely castings,
orders, routing, production and quality information, are

included in these process tracking cards.
Order information on the card takes the
implementation of the special needs of
customers directly into production, better
than traditional methods that only makes
those requirements available for the technical
process design. Routing information on the
card, which contains production routes and
rework routes, varies with different products.
It also includes the key indicators or special
requirements of process design, the key
material quotas and fixed working hours for
each process operation, which can make the
guidance and supervision of the cards more
effective. Production information on the card
covers the completed quantity, operators,
inspectors, time-consumed, key equipment,

Production \

L processes after | information, the contents of routing, production and
\__ smelting ,,/ quality information, can be different from each other as
N different process tracking cards have different functions.
: Cycle operations j Each process tracking card has a unique serial number,
. which is generated in the ERP system according to the

. batch number of the related process. There are records of

* Rework and repair | the relationship between the piece mark on each casting

| Gt and the batch numbers of all processes. Therefore,

process tracking cards can easily track the production of
every casting.
The operation flows of the main-sub production process tracking
card, as shown in Fig. 2, are explained in detail as follows:
(1) Make the wax injection plan in ERP system and print out
the first main card (as shown in Fig. 3).

Wax injection Process
. N | and print first _| processing of
Main plan > Dayplan "] main card 7| first main
\/\ card
|
Smelting and
print second Unqualified
Last process main card disposal form
contains rework
Rework
Circulation Process ca_stings Decide repair routing
Print circulation inspection processing OfJ ‘ ‘
sub card disqualification | ¢econd main Print repair sub
(e.g. X-ray, card card
fluorescent) |
J Main card L
—Sub card processing end Processing Sub card

processing end Last process

end '
L ‘ contains rework

‘ put in storage

Fig. 2: Operation flow of the main-sub production process tracking card

Investment Casting Company ¥15070100001 lizp
Production Process Tracking Card First Main Card - Mould Malking N|H|||H||||||\||||\||\||\||\|||\|||
Moduale HO.190-205 ModuleCoding 150521-3
Customer Contract No. Oxder Detail | HU1507001001 Job No. 2 Degree of Importance
Part Name down shell Part No. RL22B lllq.et. Material Stage Indicating
Piece Ho. B15021- 129-192 First Article NO
Seq Operation [alifiedRework|Canse of Re] NG [Cause of HG [vituall Operator | Inspector | Finish |Outsource | Process | Operation Remark Field Remark
Date contract |sheet No.
5 Wax pattern making [ HZ 07-01 20:54
[ Wax dirmension inspection 4 Wl 07-01 2125
10 Wt Tepair & GDY VT (07012127
15 Chister mounting [ GOV L¥I1 0701 21:27
an Chaster cleaning ) CYF WWD (07012129
25 15t face coating i) CYF WWD (07012128
an 2nd fare coating ) CYF WWwD (07012135
5 Tt back coating & CTF WWD  |07-01 2136
40 Znd back coating &0 4 CYF WWD (0701 2136
45 Srd back coating 1) CYF WWD (07012138
Fig. 3: First main production process tracking card
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(2) Make records of real-time information on the papery card,
and perfect the information of the first main card on the ERP
system by scanning the barcode on the workshop site terminal.

(3) Make the smelting plan and print out the second main card
(as shown in Fig. 4).

(4) Make records of real-time information on the papery card,
and perfect the information of the second main card on the ERP
system by scanning the barcode on the workshop site terminal.

(5) If disqualifications are found by the circulation inspection
operations (e.g. X-ray, fluorescent) in the later finishing stage,
make and print out corresponding sub card by scanning the
second main card barcode (as shown in Fig. 5).

For example, a second main card contains ten castings. Given
that four qualified castings are found in the X-ray inspection
operations, the four qualified castings can be entered into the
ERP system, while the remaining six unqualified castings should
be assigned to a new circulation sub card. The second main

card and 4 qualified castings should be placed together, while
the sub card and the six unqualified castings should be cycled
together. According to the production process of the circulation
of unqualified products, make records of real-time information
on the papery card and finish production report by scanning
the barcode on the circulation sub card. The report of the final
step in the sub card (such as X-ray inspection, fluorescence
inspections) determines the number of qualified castings and
rework-repair castings. If the six castings on the sub card are
qualified in the report at the final step, the sub card and six
castings will be integrated into the corresponding main card
and the four qualified objects. If there are two qualified castings
in the sub card, then merge the two qualified objects to the
main card, and the remaining four rework castings need to be
assigned into another new circulation sub card and then enter a
new cycle. The circulation ends when all the castings in the sub
card are either qualified or scrapped.

Investment Casting Company 15070100001 Wzp
Production Process Tracking Card second Card - Pouring M”||||H|||||”|||”||”|‘|”|||||||
Batch HO. JP11506026 Pourning NO_6-4-0630
Customer Contract No. Order Detail | HU1507001001 Job No. 2 Degree of Importance
Ho.

Part Hame down shell Part No. RL22B Rev. Material Stage Indicating

Piece No. First Article
Seq Operation [ralifiedRework|Canse of Re] NG [Cause of NG [vitual] Operator | Inspector| Finish |Cutsource | Process | Operation Remark Field Remark

Date contract | sheet Ho.

330 Dimension mspection
335 Final checking
340 Part finishing

[Fill in the card requirements:
1. All the operation process operation requirement of operation project self-check, all inspection items require Zhuanlian inspectors as required;
[2. To confirm the procedure qualified after the turn to the next working procedure;

[3. Inspection results fill in qualified, rework, scrap quantity, ungualified product need to review,

k. 1 s di £

te the review i tion such as single label.

Rowid 2Card HO. Batchno. Pouringno. Card nurms i 2Can 1Card HO. 1Card Barcods 1Card mums Batchno. Ioduleno.
L oo mwows oo reew [N s s s
Fig. 4: Second main production process tracking card
Investment Casting Company
= = 1307000001
Production Process Tracking Sub Card
Main Card HO. R15070100001 Type circulation H‘||I|H||II|”|”|H|H||”| ||||
Custommer] 00 Contract Ho | Order Detaal Ho | HII1507001001
Part Hame e shell Part Lo RL22E Iaterial
Main Card Wait FP1 DNum] 3 Create] HE
Fouting FP1 Routing Times| 1 1 Create Time 2015-07-01
Castingld Remark B135021 171-17%
Seq Process Cualified| HG | Rework Qperator Inspector Finish Date Castingid Rermark
1 Defects re 8 LEW 2015-08-01
] Sand blast 2 DYV LEY 2015-08-01
3 Vimal ins g LEY LEY 2015-08-01
4 Groowve o 2 IYX LEY 2015-08-01
5 Alkaline o 2 ZYE LEY 2015-08-01
] Welding 8 ZLC WIL 2015-08-02
7 Wimal ins 2 LEY LEY 2015-08-02
o Triming 8 ZIE LEY 2015-08-02
o Sand blast 2 DYV LEY 2015-08-02
10 Pickling g QL CLQ 2015-08-02
11 FFI 8 LM ZGW 2015-08-02

Fig. 5: Circulation sub card
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(6) If there are serious quality problems in a later finishing
production process, this requires quality inspecters, personals
with responsibility for the production of the products,
technician to work together to determine the cause and manner
of disposition, you need to scan the barcode in the main card
to create the unqualified disposal list. If the disposal result is
scrap, scrap them. And if the result requires rework and repair,
you need to scan the barcode to create the repair sub card and
determine the repair operation route, and then print it out (as
shown in Fig. 6). The process of the repair sub card is the same
as one of the circulation sub cards.

(7) After the end of production process processing of the
second main card, the castings should be put in storage, and all
cards of this batch of products will be collected up.

The main-sub card solution of production processes tracking
card features the following four principles:

(1) Cards, objects and system information should be
consistent, tracking cards flow with the objects on the condition
that all data is fedback in the information system.

(2) Sub cards separated from main cards, main cards and
qualified objects should be placed together, and sub cards flow
with unqualified castings.

(3) Each operation in tracking card could result in feedback
many times. However, the next process could result in feedback
only when the reporting work of the earlier process (including

the sub card) is finished, which ensures the entire card flows
together. This is the key point.

(4) In order to guarantee batch management and entire card
flow, the quantity that one main card contains should not be
too many. If too many, the batch should be divided into several
cards to ensure delivery time. How to set the batch number for
the tracking card is not explained in this paper.

An application case of the main-sub production process
tracking card technology in BM Company (a medium-sized
precision casting enterprise, producing titanium alloy castings) is
shown in Fig. 3, Fig. 4, Fig. 5 and Fig. 6. Figure 3 shows the first
main production process tracking card, and Figure 4 presents the
second main production process tracking card. The circulation
sub card and the repair sub card are shown respectively in Fig.
5 and Fig. 6. The application of the main-sub tracking card
technology has helped the BM Company strengthen functions
to guide, record and control of the production process tracking
card. It has solved the big problem of workshop site production
management - confusion caused by one card being split into
many cards. It also helped the casting factory complete the
entire process card flow together: batch management as well as
recording and tracking the whole production process. In a word,
it made on-site management more orderly, and allowed more
strict control of the production process according to the process
routing. Thus, the quality of products can be guaranteed.

Investment Casting Company
. = L0000
Production Process Tracking Sub Card
wacsro woowom e e |||
Custome] Qog Contract Mo Qrder Detadl Heo HU1507001001
Part Mame| dowam shell Part Mo | RLZ2B M aterial
Main Card Wait] Woray insp Num £ Createy HZ
Fonting ueer-defined repair Timwes 1 1 Crezte Time 2015-07-02
Castingzid Remark B15021 141-14%8
Seq Process Crualified| WG [Fework | Operator Inspector | Finish Date Castingid Rermark

1 Welding 2 ZLC W1 2015-06-04
2 Wimal ins g LEY LiT 201 5-08-04
3 Trimming g X L¥T 201 5-06-04
4 Lorawinsp 4 4 LM WS 2015-08-05 EL3021 141-142/147-148

Fig. 6: Repair sub card

L15061500014

| N % i

Pri ki d Scan barcode of
mnfuzengicar Processing begin papery card on
. workshop site terminal

Y

2 Workshop site production
process processing
technology based on barcode
and its application

Find out waiting
process and number |+—
of fastest casting

Retrieve and show
electronic card

Processing end

Fig. 7: Technology road of workshop site production
process processing technology based on barcode

Retrieve all castings

The technology path of the workshop site production
of card

method processing technology based on barcoding is
shown in Fig. 7. Barcode technology makes it easy to type

information into the ERP system, as operators can quickly

y
Enter the actual
production process
information

get the corresponding production process tracking card on
screen. The details of the technology path are presented as
follows:

—  Save and submit

(1) Print out the papery production process tracking
card after making the wax injection or smelting plan.
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The barcode of the plan is generated automatically in the ERP
system. There is a one-to-one correspondence between the
barcode and the serial number of the card. This records the
process information on the papery card according to the actual
production condition.

(2) Then, the process processing begins: scan the barcode of
the papery card with a barcode gun on the fixed terminals in the
workshop, and the electronic tracking card will be shown on the
interface of the ERP system (as shown in Fig. 8).

(3) The system will automatically retrieve all information of
every casting contained in this card, and find out the waiting
process and the number of the fastest progress castings.

(4) Perfect the information in the ERP system according to
the papery card (you fill out the left form of interface), and then
the information submitted will be shown automatically on the

production process tracking card which is on the right of the
interface after clicking the save button to submit. The production
process information includes personnel, time-consumption,
quantity, quality, unqualified, etc. The first process ends and the
next process is done the same way.

Figure 8 shows the production processing interface of the card
in BM Company. The application of this technology in the BM
Company has helped the company strengthen the workshop
site management,, simplify the production process management
by scanning the barcode, gather more comprehensive process
information (such as personnel, time-consumption, quantity,
quality, unqualified, etc.) by implementing one-time process
feedback, reducing much labor in manual transcription and
entry, and improving the data accuracy and management
efficiency "'\

Type (@ Plan NO (*CastingNO Tracking Caxd Castings
Y15060800001 [T
""" Investment Casting Company YL5070100001 12p
Production Process Tracking Card First Main Card - Mould Making |HI|||||H|||||”"|”||””"HI|""
NO: HUA150701033
Order: Module NO.190-205 ModuleCoding 150521-3
. Customer Contract No. Order Detail | HU1507001001 | Jab No. 2 |Degree of Importance
Process
- No.
Refill O Part Name down shell Part Ho. RL22B Rev. Material Stage Indicating
Total: _ _
Rework done: Piece No. B15021- 129-192 First Article NO
Seq Operation Ruakifs of Be| NG |Cause of NG [vitual] Operator | Inspector| Finish |Outsource | Process | Operation Remark ield Remark
ework reason: Date | comtract |sheet No.
Sorap 5 Wax pattem making 64 HZ 07-01 2034
Scrap reason
. [ WWax dimension inspection. 64 Al 0701 2125
Qualified: Vitual
10 Wax repair 64 GDY Ly 07012127
Operator:
Lnl:pector: L Chister mounting 64 GDY o |moiad
Finish date.: 2015-07-01 2 Chister cleaning 64 CVF WWD  [07.012128
In storage: 25 15t face coating 64 CYF WWD [07-002028
Out storage: il o Fuve sosting ] T | WD 001358
Dutsource: ] Totback coating &4 CYF [ WWD 07012136
Team: Ll 2nd back coating &0 4 CYF WWD (07012136
45 3rd back coating 60 CYF WWD (07012136
Save(Change) Save(Same)
0 Tron grid installation.
Uno Continue 55 4tk back coating
< 7l [] Sthback coating
Exit s Btk back coating,
kil Tthback coating
L . 75 thback coating
type in information here = ST
100 Shiying
s Dewaxing
110| High tempersturs sintering

Fig. 8: Production feedback interface of process card

3 Foundry equipment data integration
technology and its application

The methods of equipment data integration are shown in Fig.
9. According to the intervention, the foundry equipment data
integration can be divided into two categories: artificial and non-
artificial. The former is divided into afterwards and real-time
according to the timeliness; and the latter is divided into entry,
import and automatic integration according to the operation
mode. This paper mainly discusses the technology to read data
from the equipment, not the technology to write data into the
equipment (so as to computerize the equipment), because there
are fewer casting machines providing the data written interface
at present.
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Fig. 9: Methods of equipment data integration
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The technology principle of equipment data integration
is shown in Fig. 10. There are several ways for the
software system to read the data from the equipment. If the
equipment database is open, the data can be read in real-
time or timing through the standard database link drive.
Otherwise, the data shown on the equipment is firstly
recorded on the paper and then the data is typed into the
system, or the data is exported as standard data files (e.g.
EXCEL file) and then imported into the management.

The application of a direct-reading spectrometer
integrated into the ERP system in WH Company (a large-
sized collective precision casting company) is shown in
Fig. 11. The results of chemical analysis can be imported
into the ERP system easily and quickly by clicking the
"direct reading spectrometer" button. Manual type-in
is not needed in the whole process, which can improve
the credibility and accuracy of the data. Figure 12 shows the
integration application of solid warehouse with ERP system
in XZ Company (a medium-sized sand casting company, not
investment casting). Figure 13 shows the integration application
of the imported spectrometer data. The chemical analysis needs
to be saved as an EXCEL file, and then the file is imported into
the system, which can save a great deal of manpower and time.

The process of casting production involves many kinds
of equipment, such as production equipment, inspection

ﬁ ; i% Transcribe and

entry data +

w

‘ Production, auxiliary, | Or

Prduction management ‘

inspection equipment | R system
file and import
fe 1 Underlying databse
o, » (9,
U? M /I Real-time/timing integration M° i 0 /|
Sy oy

Database of production
management system

‘ Database of equipment ‘

Fig. 10: Technology principle of equipment data integration

Table 1: Equipment that can be integrated with information
system either now or in the future

Classification Equipment name Int:g;e:lt;on
Core-making machine No
Production equipment Wax-making machine No
Casting machine No
Mould solid warehouse No

Auxiliary equipment

equipment, auxiliary equipment and display equipment. It is Core solid warehouse Yes
heavy but important work to get information from these devices. Spectrometer Yes
. . . . . Inspection equipment
The equipment that can be integrated with the information Thermodetector No
system either now or in the future is listed in Table 1. These data Identification and display Barcode gun Yes
integration applications have helped casting enterprises sharply calare: Smart terminal Yes
reduce manual copying, recording, and entry data; improving
data accuracy and efficiency, and allowing enterprises to
gradually move towards digital and intelligent foundry.
) material composition test = =
Read show casting ids save close
material WCB uptime offtime ¥ test id _ WHCC130046 batchno. 1X3HCO
scrap steel alloy | metal [content [weather | [ temp. | hum. | adjusting | ]
pouring casting ids instruction announcements adjusting remark
16EP2SLAZDC filfd WCB SR AR Lt
clp C[07US 010021
[ 16780 ] | 2013-08-1613:28 [ |
Melt press proof composition
cJ [P ] 0.022 [Mq| [Ce] [T Pb As| [Ca] [Te] |La |Re
Si| ISID-DII\Nﬁ [l 1] ] | [Ce] 18] [Ee] [
S22 (2 5 N 1 YA 3 N 23 N
Finished product composition
C [ 0150 [P ] 0.022 My Tce] [Ti Pb as| [Ca] TTe] TCa] [Re
5[ 0432 [s|0012 W [Ga Kl I ) I 2 I ) ) | |_’_.\-
7 N 2 I ) I N -1 Y O 2 N
_— 3 Equipment Data Integration EEER) oote |
Dir E:\Dat\20130902 xls Import
Casting select
metiel  castingid Select Columns Where Columns Wit Pouring Date "
WCB 08JP-12004 1308104GH = . N 2013-08-20
WeB ossxwoilg  1sosisszxyl | O BatthlNo="#FourngHO# 2013-09-02
WCB  08SKWOILT  1308199ZXY| | pe”pr 2013-09-02
WCB 08SXWO01118  1308199ZXY P=P- . 2013-09-02
WCB  08SKWOLIS  130S199ZXY| | 5es. 2013.09-
WCB 08SXWO01120  1308199ZX) Cr=Cr; 2013-09-02
WCB 085XW01121  1308199ZX) Mo=Mp, 2013-09-02
WCB 08SXWO1122  1308189Zx | NiENi v 2013-09-02
WCB 085XW0112; 1308199ZX} 2013-09-02
\E:CE 085XW01124  1308199ZX) 2 -02 v

Fig. 11: Integration application of direct reading spectrometer data
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] Automatic high-rise warehouse records (real-time) = =
Colurns{V) Group Analysis Style Print Output | Filter{Q) Retrieve Refresh | Tools Exit
CHé R2W NO DO P24 MO
Work G Warklist Tasklist O M~ || ‘Warehouse-outw | |2015-04 MR
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Fig. 13: Integration application of afterwards import spectrometer data

4 Conclusions

This paper summarizes three new common requirements of
the digital management aspect in precision casting enterprises,
and discusses three corresponding techniques proposed by our
group in the research on the digital management of precision
casting enterprises in the last three years. It provides a reference
for enterprises to move towards digital casting, or, intelligent
casting. The main contents are summarized as follows:
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(1) Discussing the principle and application of the production
process tracking card technology based on the main-sub card
mode. The technology can help enterprises to strengthen the
functions to guide, record and control the production process
tracking card; and solve process card splits, process confusion
and other problems, making workshop site management more
orderly. It can also help factories to complete the entire process
card flow together: batch management as well as the recording
and tracking of the whole production process.
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(2) Discussing the principle and application of the workshop
site production process processing technology based on the
barcode. The technology can help enterprises to strengthen the
workshop site management, and simplify the production process
management by scanning the barcode. It can also gather more
comprehensive process information by only one time process
feedback, reduce much work of manual transcription and entry,
and improve the data accuracy and management efficiency

(3) Discussing the principle and application of the casting
equipment data integration technology. The technology can
help investment casting enterprises sharply reduce manpower
of copying, recording, and entry data; improving efficiency,
and allowing enterprises to gradually move towards a digitally
intelligent foundry.

Against the background of "Industry 4.0", "smart casting",
"made in China 2025", the future of casting is destined to pursue
digital casting and intelligent casting. Compared to sand casting,
die-casting and other production methods, the precision casting
with more high-end and higher information level will take the
lead in starting and deepening digital and intelligent foundry
management. Investment casting will push the application of
digital management to a broader, deeper prospect, and give birth
to more advanced technologies.
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