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ABSTRACT

CNC machine tools are known as the mother machine of the manufacturing
industry, which occupies a very important position in the manufacturing industry.
With the proposal of "Made in China 2025", the status of CNC machine tools is more
important, so the production, debugging, maintenance of CNC machine tools and how
to improve the processing efficiency are extremely important. However, due to the
complexity of the structure and function of CNC machine tools, This has led to
problems such as low manufacturing efficiency, high manufacturing costs, large
energy consumption, difficulty in later maintenance and high maintenance costs. To
solve this problem, the German company SIEMENS launched the "digital
twins-virtual debugging" technology.

Lin Yucheng and Han Yu introduced the virtual debugging of SINUMERIK
840D sl based on SIMIT in the article "Virtual Debugging Technology of CNC
Machine Tools Based on Digital Twins". Ji Shunping introduced the use of sports cars
as an example in "SIMIT and its application in PLC teaching” and discussed the
application of SIMIT hardware tools in PLC teaching. After researching their thesis,
this article discusses the design and modeling of a double-swinging five-axis machine
tool (which is equipped with a bucket-shaped tool magazine) under the digital
twin-virtual debugging technology, and design and implementation of SINUMERIK
840D sl CNC The system hardware uses the OPC Server software as a "bridge"” to
control the 3D virtual machine model of the MCD function in the NX software.
Through debugging, the real SINUMERIK 840D sl CNC system is used to control the
3D virtual machine model in NX to realize the normal movement of the machine
model feed axis, spindle and automatic tool change and other functions, and perform
the trial cutting of NAS test pieces. By comparing SINUMERIK 840D sl's own
ShopMill function, the simulation test path of the NAS test piece is consistent with
the tool path of the virtual machine model, and the successful commissioning is
verified. This proves that virtual commissioning can be achieved in the machine tool
design and development stage:

(1) Anticipate design errors in advance and reduce manufacturing costs for
enterprises;

(2) Shorten debugging time;

(3) Commissioners are more relaxed and safe;

(4) Reduce post-maintenance costs.

During the production phase:

(1) Early estimates can be made before the product is actually put into
production to reduce manufacturing risks;

(2) Less delay in production, less scrap and rework, more stable product quality,
and shorter delivery time.
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Challenges and Potentials of Digital Twins and Industry 4.0 in Product Design and
Production for High Performance Products

Abstract
Digital twins offer great opportunities in various domains of the product engineering
process. However, current approaches to the use of digital twins only focus on
different separated disciplines. In contrast to that, it is expected that the holistic use of
digital twin models in product development and production will dominate future
product generations, because they allow to create high-performance products
competitively.This paper explores important challenges and future potentials of digital
twins and Industry 4.0 for the seamless integration of product specification and
production. In this regard, approaches of linking digital twins to other domains open
up new possibilities in tolerance allocation and production integration. Thereby, the
most efficient product specifications in technical and economic terms are achieved for
the manufacturer. In addition, the connectivity of Industry 4.0 broadens the scope and
enables the evaluation of alternative approaches in production planning and control.
Approaches at the organizational level, product functions with specifications beyond
the technological limits and production control strategies (e.g. order dispatching)
ensure high performance operations. Simulations with a digital production twin with
integrated digital product twin allow early estimations even before the actual ramp-up
of the product. The future challenge addressed in this paper is to define a consistent
framework for the holistic use of digital twins in the entire product development
process, which requires the integration of product designers and production planner
concepts.
1. Introduction
Increasing product requirements and rapidly changing markets require highly
precise product developments in ever shorter cycles. Dependencies and boundary
conditions of the later production have to be considered already in the early phases
of the product design to ensure the product function. This leads to increasing
requirements in the product engineering process. Precise designs with increasing
complexity and many variables must be derived. This results in increasingly
complex product specifications with regard to the quality requirements. Also the
production of new, highly precise products faces the challenge of producing high
quality requirements and interacting features cost-effectively. Often, manufacturing
processes are already reaching their technological limits.
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The current developments in information technologies open up great possibilities
for support in the product engineering process through increased computing power,
new simulation and analysis tools, as wells as connected data. Digital twins of the
product or production are already being modelled in the individual domains in order
to derive optimal solutions. The increased data availability and traceability of
products also allows the modeling of data-driven models using artificial intelligence
methods.

2. Definition and Applications of the Digital Twin
Driven by the ambition for shifting problem identification and solving to early

stages of product and process development, known as “front-loading” , sophisticated
and highly realistic virtual models gain increasing attention in research and industry.
This is because such models allow the time- and cost-efficient simulation of the
effects of product and process design changes on the quality and function of technical
products. However, the full benefit of such high-fidelity simulation models can only
be exploited when feeding them with data from the physical world, leading to a digital
twin of physical assets.
2.1 Definitions of the Digital Twin

In fact, a lot of different definitions for such a digital twin can be found in literature,
mainly caused by various application areas. What most of them have in common is
that a digital twin consists of three main parts: physical product, virtual product, and
connected data that tie and indissolubly connect the physical and virtual product .
Probably the first definition of it was given by NASA in their integrated technology
roadmap (Technology Area 11: Modeling, Simulation, Information Technology &
Processing Roadmap; 2010), which has been slightly adapted in : “A Digital Twin is
an integrated multiphysics, multiscale, probabilistic simulation of an as-built vehicle
or system that uses the best available physical models, sensor updates, fleet history,
etc., to mirror the life of its corresponding flying twin” (see Figure 1). With some
similarity to this, Grieves et al. define a Digital Twin as “a set of virtual information
constructs that fully describes a potential or actual physical manufactured product
from the micro atomic level to the macro geometrical level” .

However, a digital twin is not just limited to products, it also can be a complex
production system that is represented in a digital twin .
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Figure 1: The vision of the Digital Twin throughout the product life-cycle in analogy to [6]

Developments within the framework of "Industry 4.0", such as increased computing
power, real-time information systems, the Internet of Things, cheaper and more
precise sensors and individual component traceability open up new possibilities. An
exact allocation of production data of an individual product to information from
product usage, for example, becomes possible. New insights for product
development can be derived from this.

More and more detailed digital twins can also be created for production by
means of the increasing spread of inline measurements and operating data. In this
way, it is possible to react quickly to deviations and malfunctions, or the systems
themselves initiate countermeasures as cyber physical production systems.
Through organizational approaches and order planning, increased robustness and
more demanding quality requirements and product specifications become
economically possible. This in turn gives product development new opportunities
to design more efficient, more powerful products. It is also possible that alternative
working principles for the realization of functions will be made possible.

The use of digital twins opens huge opportunities to increase productivity and
effectiveness, which are briefly highlighted in the following section.

2.2 Application Examples of Digital Twins

Various existing concepts of digital twins do not only vary by the width of their
scope, but also by the focused use of the digital twin during the product life-cycle.
There are differences if the digital twin is already used for the conceptional design
and detailed design phase of the product or just in terms of production. Today, data
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from many previous generation product realizations are merged into a common
digital twin of the product to gain more product knowledge in the early stages of a
new product generation.

In this regard, the application of digital twins in the product design stages allows
for providing a quantitative design tool for efficient and optimal design decisions
by using data from previous product generations. In this context, data from digital
twins of previous product design can be analyzed and used for optimizing new
designs.

Digital twins have also been making their way into production for some time
now. Simulations of production systems can help to ensure a proper behavior and
help to predict the outcome, optimize, correct and evaluate. The digital production
twin combines this with an ongoing data collection.

By modelling manufacturing steps and entire machine tools, the effects of tool
behavior and process parameters are determined and optimized. Optimum tool
geometries and process parameters for surface conditioning, for example, can be
determined by using digital twins of a cutting tool to achieve advanced products.

Moreover, complex productions systems (as interlinkage of manufacturing,
quality control and logistics processes) consist of multiple stochastic and dynamic
processes with mostly non- linear dependencies. Analytical methods are not
capable to cover all processes and dependencies and hence simulation models are
used. Digital twins of the production systems can be combined with existing
optimization programs, for e.g. selective part assembly to achieve cutting edge
products, scheduling to build robust production schedules or predict the effect of
counter measurements in case of disturbances. In some cases, even human
resources systems are considered in the digital twin .

Furthermore, human interaction is modelled in the digital twins as well. A
developed digital twin of human robot collaboration helps to gain insights and
makes it possible to test new operating policies before implementing them in the
actual production setting.

Significant benefits in development time and costs can be achieved using virtual
experiments and validation of production systems. Insights into complex
productions systems can be gained and operating policies can be tested before
implementing them in the real world, as well.

However, current approaches to the use of digital twins mainly focus on
different separated disciplines. Consequently, product design and product
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specification takes place without possibly knowing more favorable possibilities in
production, on the one hand. On the other, the production of highly precise
products does not take into account previously acquired product knowledge and
interactions of individual features. In contrast to that, it is expected that the holistic
use of digital twin models in product development and production will open up
new possibilities in the product engineering process with the use of domain-linking,
holistic digital twins.
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MisR— PLC 2R

OBl : Title:

Comment:

S Wetwork 1i: Title:
CALL “GP_HP” FC2

//Insert User program from here

B Network 2 :Title:

CALL “MCP_IFNM” FCl19
BAGNo =BH1GH1
ChanNo =BH16H1

SpindleIFNo :=B#16H46
FeedHold  :=NM40.2
SpindleHold:="ALMSG_DE”. _&FdStopf006xx [8]

B Network 3 :Feed stop axis/spindle 1
A n 40,2

= “ALMSG_DE”. C1. FDD_5100xx [B] DEZ.DBX1.0
Bl Network 4 : Actual walue in WCS O=NC3
CALL FC 52
E Network 5 :Title:
CALL FC 45
CALL FC 40
CALL FC 46
CALL FC 43
CALL FC 44
B Network 6 : —@1]iTH
CALL FC 56
Clock :=TRUE
NC_Start_Lamp:=Q3.2
PRG_END_Lamp :=Q3.3
Alarm_Lamp  :=Q3.1
Mem_bitl :=ME0. 0
Mem_bit2 =MEO. 1
Mem_bit3 :=ME0. 2
E Retwork 7 :Title:
CALL “AL_MSG” FC10

ToUsex IF :=TRUE
Quit :=I103. 7

B Network B : Title:
CALL FC 140
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DEZ.DBX155.0

— cyclic Baseprogram

— NCP-Signals to Interface, Variant M

— Feed stop axis/spindle &

— Feed disable A.no.51000-510015

— Alarms & Messages
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OB10O : Title:

Comment :

EkNetvork 1ENeRIE
/f calL FC 100 //REAC DTV TAERTER LR

E Network 2:Title:

CALL “RUN_UP” , “gp_par” FBL / DBT — Startup Baseprogram / Parameters for Baseprogram
MCPNum =1
MCP1In :=FHI 100.0
MCP10ut :=FHQ 100,0
MCFP1StatSend =FHq 108.0
MCP15tatRec :=FHQ 112.0
MCP1Busidr 1=192
MCP1Timeout
MCP1Cycl
MCP2In
MCPZ20ut
MCP25tatSend
MCP2S5tatRec
MCPZBusidr
MCPZTimeout
MCPZCycl
MCPMPI
MCF1Stop
WCPZ25top
MCP1NotSend
MCPZNotSend
MCPSDEZ10
MCFCopyDBTT

MCPCopyDBTT
MCPBusType
BHG

BHGIn

BHGOut
BHGStatSend
BHGStatRec
BHGInLen
BHGOutLen
BHGTimeout
BHGCycl
BHGRecGDNo
BHGRecGEZNo
BHGRecOb jNo
BHGSendGDNo
BHGSendGBZNo
BHGSendOb jNo
BHGMP I
BHGStop
BHGNotSend
NCCyclTimeout
NCRunupTimeout
ListMDecGrp
NCEomm
MMCTaIF
H¥hee 1MHC
ExtendAlMsgz
MCP_IF_TCS
ExtendChantxMsg
MsgUsex
UserIR
IRAuxfuT
TRAuxful
IRAuxfuE
UserVersion

g
o
=3
o
o

&

| T T VA [ [ T T II%II%II T T T T (| | ([ (T [ [ VI U T 1
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OpKeyNum
OplKeyIn
OplEeyOut
OplKeyBusidy
Op2KeyIn
OpZKeyOut
Op2KeyBusidr
OplKeyStop
OpZKeyStop
OplEeylotSend
Op2KeyNotSend
OpKeyBusType
IdentMcpBusAdr
IdentMcpProfilllo
IdentMcpBusType
IdentMcpStrobe
MaxBAG

MaxChan

Maxhzis
ActivChan
Aotivhxis

UDInt

UDHex

UDReal
IdentMcpType
IdentMcpLengthIn
IdentMcplengthOut:

/{Insert User program from here

FC40 : Title:

IJOG AND INC

SRR twork 1 BRI Eatyrnis

A I 110.5
AN i 10,0
= “hxisl”. A_HW1

B Retwork 2 : ViFHEF

A I 110. 4
AN i 10.0
= “Axis2”. A_HW1

B Retwork 3 :ZihFiikiE

A I 110.3
AN " 10.0
= “hxis3”. A_HW1

B Retwork 4 : Fi4Hh

A I 111.0
AN N 10.0
= DB34. DBX 4.0

B Retwork 5 : SHiFHIEE

A I 110.7
AN n 10.0
= DB35. DBX 4.0

DB31

DB32

DB33

.DEX4.0

.DEX¥4.0

.DE¥4.0
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B Fetwork 6 : 1000TNCHEFITEF 5L, MEIFER T SMEFRAMY

0 Q 100.7
0 Q 101.0

= M 10.0

B Retwork 7 :E{R{EZIRAITH], #1000 *10000F3

101.
50,
50,

101.

101.
50.

oo o oW
HHHSE=RH
O Wwoo

101.
50,
50,

101.

101.
50,

oo oOwmE
HHHE=H
= O R L

101.
50,
50,

101.

101.
50,

oo oW
HHAHAEEA
[ N )

B Network B8: Title:

I 100.
100,
100,

101.
101.
101.
100,

50.

nNoocoooOoOOoO0
WG --WN - O

EEHAHHHHH

El Retvork 9: i1

& I 110. 0

AN " 100, 2

0 " 50, 0

= “BAG”. 4_INC1 DB11. DBXZ. 0 -— INC1
B Network 10: X10

A I 110.1

AN " 100, 2

0 " 50,1

= “BAG”. A_INC10 DBE11. DBX2. — INC10
B Network 11 : X100

A I 110.2

AN " 100, 2

0 " 50. 2

= “BAG”. A_TNC100 DE11.DBI2. 2 -— INC100

B Fetwork 12 : {SEHHM00.2=0

AN I 110.5
AN I 110.4
I 10.7
= .§ 100.2

Bl Fetwork 13 : Title:

"Axisl".E_H'Nl — Handwheel 1 active
“hxis2” E_MW1 2 — Handwheel 1 active
“hxis3" E_HW1 DE33. DBX64. 0 — Handwheel 1 active
DB34.DBX 64.0

DB35.DBX 64.0

Q1072

noococoo
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FC43 © Title:

2 ISR il
Al
1] n 130.2
o ). 13001
)
AN ). 0.z
= DB36. DBX 2.1
= DE36. DBX  21.7
B Fetwork 2 : Title:
A I 106.2
FP X 21.0
= n 21.1
B Fetwork 3: SF1+
Al
A I 106.1
A DE36.IBX 61.4
1]
A ). 20,0
AW s 211
)
AW "HCYE_EMSTOF DE10. DEX106. 1 — EMERGEMCY STOP active
AN I 103. 7
Al
o I 4.2
0 DB20.DBX  40.1
)
A IB36. DBX 2.1
A DE36. IBX 21.7
= X 20.0
= DE36. IBX 4.6
FC44 @ Title:

E Network 2:

A
A

E Network 3:
”

B Hetwork 4:
A

B Hetwork 5:

I;;unnan:

1: Alarm 700000-700063 (user arves 0)

I 3.6
I 3.6
"AIMSG_DB", AT000:x [0]

Alarm 700000-700063 (user
I 3.7
I 3.7

"RIMSG_DB”, AT000:x 1]

Alarm 700000700063 (user

1 4.4
“ALMSG_DB”. A7000xx[2]

Alarm T00000-T00063 (user

" 30.6
"ALMSG_DB", AT000xx [5]

Alarm 700000-700063 (user

I 1081
I 1063

*Chan!*. MDyn[3]
“Chanl”. MDyn[4]

I 4.2
DB20.DBX  40.0
"AIMSG_DB", ATO00:x (6]

DBZ. DBX180.0

area 0)

DEZ. DBX180. 1
area 0)

DB2. DEX180. 2
area 0)

DB2. DBX180. 5

area 0)

DBE21.DBEX194. 3
DB21. DBX194. 4

DBZ. DBX180. 6

— Alarm

— Alarm

— Hlarm

— Alarm

700000-700063 (user

700000-700063 (user

700000-700063 (user

700000700063 (user

area 0}

area 0)

area 0)

area 0)

— Alarn 700000-700063 (user ares 0)
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FC45 : Title:

B Network 3: Title:

‘&
=
o8
(=N

B Network 4: Title:

A ¥ 70.0
L S5T#100M8
sD T 12
NoP O

NoF 0

NOF 0

A T 12
- ¥ 70.1

FC48 : Title:

B Network 1: &S

SBT

- "axisl”. A_PosMeasl DB31.DBX1. 5 — Position measuring srstem 1
- "Axisl”. A_ORactive DB31.DBXL. 7 — Override active

- "Axis2” A PosMeasl DB32. DBXL. 5 — Position measuring system 1
- "Axis2”. A_ORactive DB32. DBX1 —— Override sctive

- "Axis3”. A_PosMeasl DB33. DEX1. ~—— Position messuring system 1
- "Axi=3". A_ORactive DB33. DBXL. 7 — Override sctive

- DB34. DBX 1.5
- DB34.DBX 1.7

- DB35.DBX 1.5
- DB35. DBX L7
- DB36.DBX 1.5
- DB36.DBX 1.7

: Controller enablefE®|EaE, HFERER

o M 130.2

1] M 130.1
"axisl” A _ContrEnable DB31. DBXZ. 1 -- Controller ensble
"Axis1”. A_FulseEnable DB3L. DBX21. 7 — PFulse ensble
"axis2”. A_ContrEnable DE32. DEX2 == Controller ensble
"Axig2” A PulseEnable DE32. DBX21.7 -- Pulse snable
"axis3". A_ContrEnable DB33. DBXZ. 1 -- Controller enable
"Axis3” A _PulseEnable DB33. DEX21. 7 -— Fulse enable

DB34. DBX 2.1
DB34.DBX 217
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Bl Network 3 : Feed stop/spindle stop

A Q1016

= “hxisl” A_FDSpStep DE31. DEX4.3 — Feed stop/spindle stop
= “ho1s2”. A_FDSpStop DB32.DBX4.3 — Feed stop/spindle stop
= “his3d” A_FDSpStop DE33. DEX4. 3 — Feed stop/spindle stop
= DB34.DBX 4.3

DE3G. DBX 4.3

Bl Network 4 @ HiEE

SET

= “Chanl”. A_RT_ORA DB21. DBY6. 6 — Rapid traverse override active
= “Chanl”. A_FD_ORA DBZ21. DBYG. 7 — Feedrate override active

L “Chant”. A_FD_OR DE21. DBB4 — Feedrate override

T “Chanl”. A_RT_OR DB21. DBES — Rapid traverse override

B Network 5 : HER{EEAIT

A I 104.5
= *] 106.0

FC4T : Title:

B : Emexrgency stop

AN I 0.0

= “NC”. &_EMERGENCY DB10. DEXS6. 1 — Emergzency stop

A I 103. 7

& “NC”. E_EMSTOP DBE10. DBX106. 1 — EMERGENCY STOP active

AN “NC”. &_EMERGENCY DB10. DEXS6. 1 — Emergency stop

= “NC”. &_EMERGENCY _Ackn DB10. DEXS6. 2 — Acknowledge emergency stop

FC140 : Title:

Yo rrork 1R

DB21. DBRG1
.0
T

function

1 change

“Chanl”.

TiChange MOVE
| | EN  ENO

DB21.DB¥11
8
T
function
1 (INT)
“Chanl”. T1 qIN OUT |-DB140.DEW4
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B Retwork 2:3&J)7%RE, REIEHTIS

DB21.DBX20
5.6
“Chanl”.

MDym [94] WOVE
| | EN  ENO

DE140. DBW4 <IN QuT

—DB140. DEW2

B Retwork 3 :{BNCKEE Fih. JI&. TREBIS

CALL  “Transfer” FC2l — Quick Datachannel
Enable :=TRUE
Funct :=BH16#4
STVar :=P#DB140.DBX 0.0 WORD 3
IVAR1 :=208
IVARZ =1
Error :=M100.4
ErrCode :=MW101
B Retwork 4 :7%47)
DBZ1. DBX20
6.2
“Chanl”.
MDym [98] M100. 3 QL.0
1 {P) {s}—
B Fetwoxrk 5: 5/]
DB21. DBX20
6.3
“Chanl”.
Mym [99] M100. 4 Q1.0
¥ (%) (r—|
B Retwork 6 : JJS I
DBZ1. DBX20
9.7
“Chanl”.
MDym [95] M100. 5 ql.1
1 {P} {s}—
E Retwork 7:7)8 K
DB21. DBX20
6.0
“Chanl”.
Mym [96] M100. 6 ql.2
X (¢} (s—]
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H Fetwork 8 : J)E{Z|nE

DB21. DBX20
6.1
“Chanl”.
My [97] M100.6 QL1
| | {P} {R—
1103. 7 Q1.2
| | | S
B Network 9 : J)&EiSiHE
M103.0 Q1.1 M103. 1 ADD_|
|| | | {N} EN  ENO
DE140. DEWO - IN1 OUT -DE140. DBWO
11N2
B Fetwork 10 : J)&REE
M103.0 Q1.2 M103. 2 SUB |
| | (N——f o
DE140. DEWO - IN1 OUT -DE140. DBWO
11N2
B Retwork 11 : fFIETIS¥HIE16
CMP ==| MOVE
EN ENO
DE140. DBWO —{ IN1 6 —IN OUT  DB140. DEWO
0—IN2
B Network 12 :iT]8TISLHRTEL-6
CMP == MOVE
EN ENO
DBE140. DBWO —{IN1 141N OUT DB140. DEWO
THIN2
B Network 13 : FzfiJ)ELOIE
DB11. DBX6.
2
Active
JOG mode
“BAG”.
1107.0 E_JOG M103. 4 MOVE MOVE
| | | | {P} EN  ENO EN  ENO
141N OUT DB140. DEWO 04IN OUT DB140. DEWZ
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B Network 14 : FINTIEFE

1B11. DBI6
2
Active
TG mode
“BAG”.
I107.1 E_T0G M103.5 Qi1
¥ T ) (51—
B Hetwork 15 : FifiJIERE
DB11. DBI6
2
hotive
JOG mode
"BAG”.
Ii0e. 7 E_TOG Mi03. 6 Ql.z
{} { | ¥} {s—|
B Network 16 : Title:
DE11. DBI6.
2
Active
JOG mode
"BAG”
E_TOG Mi03.0 M0z, 7 Q1.1
¥ I ) (R—|
Ql.z
L m—
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MR= BRIIEIEF

PROC L6 SAVE DISPLOF AN BN

DEFINE TCode_Tool as $A_DBW[212] ;M PLC iz T AR5 )5
DEFINE SP_Tool as $A_DBW[210] M PLC HHE =3 24 i )5
DEFINE MAG_Tool as $A_DBW[208] ;M PLC H i )5 a1 )5
DEF INT Tool_Quantity = 6 R E T R

DEF INT Subtract;
DEF REAL X_ToolChange POS = -29.6, Y_ToolChangeOk_POS = -200 ;%
B XHI] Y #I) R E
DEF REAL Y_ToolChange_POS = -425.5 ,Z ToolChange_POS = -50.6 ;%&
Y. Z#JINE
DEF REAL SP_Angle = 23.1, Z ToolChangeRelease POS = 60 ;% & F- %
EAREE, ZRTINE
IF(TCode_Tool > Tool_Quantity ) OR (TCode_Tool < 0)
Msg("J1FER");
GO04 F3;
M17,
ENDIF;
IF (TCode_Tool == SP_Tool) ;iR 4a5 £ ] 55T TR ] 545 1 # )
M17,
ENDIF;
G64 G90 G0 DO
G153 A0 CO
SPOS = SP_Angle ;EHhE W)
10 T)
IF (SP_Tool == 0) NIRRT R e T B T
G153 Z = Z_ToolChangeRelease POS;
ENDIF;
IF (SP_Tool <> 0) AND (SP_Tool <> MAG_Tool) ;F#hH JJ
Subtract = SP_Tool - MAG_Tool;
IF(Subtract > 0) AND (Subtract < (Tool_Quantity/2))
M95 WAL NI
GOTO WHILEZ],
ENDIF
IF(Subtract < 0) AND (abs(Subtract) > Tool _Quantity/2)
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M95 IR IR
ELSE

M96 WAE: YL
ENDIF;
WHILE1:

WHILE (SP_Tool <> MAG_Tool) ;&5 /1 5 F4hJ]5—3
ENDWHILE;
M97 WAESR RN E g
G153 Z =Z ToolChange POS;
ENDIF;
G153 X = X_ToolChange_POS;
G153 Y =Y_ToolChange POS;

M98 RVl

G153 Z = Z_ToolChangeRelease_ POS ;3 JJ

]

IF (TCode_TOOL ==0) T ARSI 580, #HJ]ER
GOTO END;

ENDIF;

IF (TCode_TOOL > 0) TAST] 5 A K0

Subtract = TCode_Tool - MAG_Tool;
IF(Subtract > 0) AND (Subtract < (Tool_Quantity/2))

M95 WA NN
GOTO WHILEZ;

ENDIF

IF(Subtract < 0) AND (abs(Subtract) > Tool Quantity/2)
M95 WA NI

ELSE
M96 WAESE 4

ENDIF;

WHILE2:

WHILE (TCode_Tool <> MAG_Tool) ;25 J1# 7155 T AAUS 715 —5
ENDWHILE;
M97 WAkR R d S
G153 Z = Z_ToolChange_POS )

ENDIF;
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END:
M99 5]
G153 Y =Y _ToolChangeOk POS  :imE J]JE
M206 M94 T R T) 5. NCK %
M17;
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