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Abstract: The paper focusses on providing the awareness of
smart manufacturing utilizing simulation through modelling in
order to facilitate data analytics. Data analytics related to
manufacturing will prove its noteworthy benefits to processes
involved in industry. Models simulated for manufacturing
techniques can be utilized to facilitate data analytics in numerous
ways. The provision offered in Mastercam offer programmers to
support models simulated to various sectors like logistics,
management, transportation, health systems and manufacturing
making simulation tool a popular one. It provides three types of
stages of process knowledge namely a machine level, a shop level
and a universal level. The universal level is related to the
knowledge of a process independent of machine or individual
shop which facilitates the process. Furthermore, analogous
process knowledge like shape capabilities of machining and
manufacturing processes offers to progress processes involved in
manufacturing through Mastercam.

Keywords. CAM, Customization of setup sheet, Data Analytics,
Mastercam, , process & energy optimization;

I. INTRODUCTION

Agile production needs an evaluation and management
apparatus for changing operations planning, production,
configuration and manufacturing system development.
Outdated static production planning procedures are
insufficient; Planners in the field of production requires
dynamic and precise prototypes of production, means a
simulation model which aims at using data related to rea
shop floor and production network. Mastercam is a software,
dedicated to provide state-of-the-art tools for CAD/CAM
manufacturing markets. Mastercam, helps machinists to
design computer generated parts on a desktop computer
screen and guide the manufacture of parts.
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Setup sheet is a technique to present al the data used for
machining in a specified manner. The setup sheet can be
developed manually or it can be generated on software. Setup
sheets are generated only through CAM software so it is
important to provide any client with a formatted setup sheet
as per requirement. A generic setup sheet would have
following parameters in it: Operations list, Tool List, Tool
materials with its cutting parameters, Instruction or Remarks
for manufacturing, Offsets used for machining, Real time
data values, Estimated time for job completion Each
company in the market having any kind of manufacturing
setup uses a setup sheet in the production line.

II. LITERATURE SURVEY

Guilabert(2003) discussed an effort made to cultivate a
standardized scaffold for examining customers openness in
favoring tailored products, a scale containing six main
dimensions was established. The outcome of the developed
sub-process is the solution space which contains the list of
product replacements that can be constructed by the mass
customizer. [2]

Hart (2004), evauates that customers are in need of
customized products and uses the idea of “customer
customization sensitivity". This concept depends on two
criteria’s like level of customer sacrifice and the uniqueness
of customers. [3]

Chang €t al. (2006),discussed about the knowledge of
resources related to manufacturing for planning of process. It
also states the geometric tolerances and dimensions resulted
from different processes. Finadly, it throws light on
parameters related to machining like speed of a cutter, feeds
and metal removal rate related to process [4].

Xu HM € al. (2007) & (2008) Recent study related to
significant changes in standards of manufacturing which is
now transferred from conventional manufacturing to a agile
manufacturing. This led to destroy of competition between
the products due to shortening of product lifecycles globally.
For gaining agility, pro-activeness, robustness and
responsiveness plays amajor role. [5,6,7].

Adhithan et al. (2009) has presented Mastercam. It is 2D
CAM system having CAD toolswhich enables user to design
Computer generated parts on a desktop and also guides CNC
tools for manufacturing of parts.

Eventually 2D CAM system was modified to 3D system as
per need of time[1].

Groover et al. (2009) states the information about the newly
released Mastercam X (10), It provides many modifications
over the earlier version and gained a feel of true windows
application.
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It supports many choices of machines having different
functions and provide add-ins for 5-axis machining, solid
modelling and 4-axis machining [27].

Summers et al. (2010)Team developed advancements in
setup sheet functionality of Mastercam software. Generic
layout of setup sheets were developed with default usage for
all customers using their software [13].

[1l. PROCEDURE FOR SETUP SHEET
CUSTOMIZATION

There is lot of research work being done and proposed
different systematic approaches to manage the customized set
up sheet. General set of active elements for a given setup
sheet in any CAM software is discussed in the below
diagram.

Figure 1 gives details of different active elements present
in setup sheet.[15]

To customize any given setup sheet, prior need to understand
the relationship between various elements of the setup sheet.
The report explorer and toolbar are used to collect data and
then converted into active reports and then customized so as
to get output results. Customization is atechnique to modify
any given thing for a particular application. It becomes a
narrow approach to the solution as in customization due to
limits. In this, machining time is reduced and increases the
tool life to sustain the cutting process using full flute length,
and which is used for accurate results and time-saving
constraints at every aspect of the cutting process. Every
possible combination of the setup sheet can be made
accessible to the customer if they are customized. For
example, some may need only tool list, some may need an
operation list, some may need images with tool parameters
etc. In Mastercam software, only get the default setup sheet
and it hasto be used asit. If such a sheet hasto be customized
then for that we have to use Active report designer which is
add on type in Mastercam. This ARD was introduced in
Mastercam from version X5. Before this, it was not possible
for anyone to modify any kind of setup sheet in Mastercam.
Default locations of such developed setup sheets are in
“xml” format and are saved in XML folder.

A. SETUP SHEET FLOW CHART

Before customizing any specific setup sheet it isimportant to
collect filtered data from specific industry. Figure 2
representsthe functional flow chart of Set up file preparation.
It is useful for the initial process developing of setup sheets.
Once the customer is ready with all data or documentation
then as per the algorithm of flow chart, the requirement is
designed and segregated in the required specific setup sheet.

A separate setup sheet can be generated for the company,
with the need to design the specific sheets as per stage and
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reguirement, with this software, which can generate tool path
for the same. Then generate setup sheet with help of coding
for our required parameters. Verification of such sheet is
done by using ADR, specificaly in case of Mastercam
software. After gaining the verified result, document the
setup sheet as per format of client.

Gather information
(Literature Review)

using Solid Work)

Simulation
(Simulation blow mold model
using Master CAM)

,.om

Fabricati
(Fabricate using CNC Milling
Machine)

Figure 2 Flow Chart Descriptionsfor Setup Sheet [15]
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Figure 3 Overall Manufacturing Time for a Component
[15]
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CAM can be controlled by controlling the parameters like,
time for cutting, overal time required for manufacturing.
Most of the cycle time is consumed by none cutting time
including machine table index time, cutter changing time and
cutter rapid traversetime. In case of mass production usage of

multi-part fixtures reduce cycle time and improve
productivity.
Parameter-2240y, Parameler valug
§ E — Tool
4 ;
Product k»—Component — Fixture
0 A Setting —
8 | — Setup
Process k—— Machine[é—"2*
3 | ——Cycle time
E
2
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Sequence maching | | machine
— compasition —> generalzaton — associaton [ class

Figure 4. Data Processfor Setup Sheets[15]

Figure 4 shows the correlations among the various process
data. In the figure, the set of parameter values associate
process data to product data, and thus depictsthe interrelation
of design and production. For any changes in design, the
corresponding variations in production can be specified
according to these interrdationships. Meanwhile, the
identification of appropriate machines, machine settings, and
operations sequences can also be accomplished based on
these parameter values.

IV. RESULT

Following setup sheets are designed by taking different
inputs and different conditions. ARD allows integrating, all
various parameters into one sheet. This sheet is caled the
Main report sheet. Such a sheet has extension “.rpx” and
could be saved in “pdf” or “rdf” format only. The main sheet
can contain various sub sheets together to form one report.
For al the processes first, generate the sub reports and then
link its .xml file to the main report and regenerate it. At the
time of customization, each time at the development of this
sheet also generate the date and title by default as per the
actual day of the performance, and other parameters are the
variables and can be modified as and when required by the
user. All these results are taken for various scenario and
parameters, which company requires frequently for any part
or components machining. These setup sheets can be used by
both small scale industrial and large scale industries as per
their machining requirements.

Setup Sheet 1: Raw Material

First Setup sheet contains 2D image of job setup for reference
and basic details required for company no. 1. Here only block
size machine type, material used, etc. are customized. Such
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type of setup sheets are generally used in industries where
only 2D operations are being carried out. Parameters to be
obtained as per client requirement are as follows. Date,
Machine type and controller name, 3D view for finished
component along with the stock size / raw materia size and
material used for cutting.

Setup Sheet Report- Mastercam

Date: 10-02-2015

Machine :
Controller Fanuc

|cmme:|19-33:os |m-| s o ‘

IMAGE LIST

BLOCK SIZE : 200.0, 2000, 50.0

Figure5 Setup Sheet for Customer 01

Setup Sheet 2: Operational List

Second Setup sheet contains operation descriptions for a
particular job. It does not include any image. Only inputs
parameters provided by company. Such type of setup sheet is
used in industries where sequence of operationsisimportant.

CNC Setup Sheet

[op2 [operation 5 [Tool # [Tool Description Speedipm) [Feed

[t Contour (20) i [#1-M10.00 ENDMILLY FLAT - [3500RPM 3,561 mmimin
10. FLAT ENDMILL

2 [Pocket (Standard) n [#1-M10.00 ENDMILL1 FLAT - |3500RPM__[500.0 mm/min
10. FLAT ENDMILL

3 [Contour (20 [t [#1 - M10.00 ENDMILL1 FLAT - [3500RPM__ |3.581 mm/min
10. FLAT ENDMILL

[+ [Pocket (Standard) Jn [#1-M10.00 ENDMILL1 FLAT - |3500RPM__|500.0 mmimin
10. FLAT ENDMILL

[ DrilvCbore In [#1-M10.00 ENDMILL1 FLAT - [1145RPM___[100.0 mmimin
10. FLAT ENDMILL

[ DriliCbore i [#1-M10.00 ENDMILL1 FLAT - [1145RPM___[4.508 mmimin
10. FLAT ENDMILL

7 [Peck Drn n #1 - M10.00 ENDMILL1 FLAT - [1145RPM_ [4.508 mm/min
10. FLAT ENDMILL

0 [Misc. #2 Jn [#1-M10.00 ENDMILL1 FLAT - [1145RPM__ [4.508 mm/min
10. FLAT ENDMILL

[a [Bore #1 [t [#1 - M10.00 ENDMILLY FLAT - [1145RPM _ [50.0 mm/min
[10. FLAT ENDMILL

[10 [Bore #2. [ #1-M10.00 ENDMILL1 FLAT - [1145RPM _ [4.508 mmimin
10. FLAT ENDMILL

[11 Misc. #1 In [#1-M10.00 ENDMILLT FLAT - [1145RPM___[4.508 mmimin
10. FLAT ENDMILL

[12 [Chip Break [1 #1 - M10.00 ENDMILLY FLAT - [1145RPM___[4.508 mm/min |
10. FLAT ENDMILL

[12 [Custom cycle 8 Tt #1 -M10.00 ENDMILL1 FLAT - [1145RPM  [4.508 mmimin |
10. FLAT ENDMILL

| I I Ry e m—
10. FLAT ENDMILL

[ [ I [#1-M10.00 ENDMILL FLAT -
10. FLAT ENDMILL

[ [ I #1- M10.00 ENDMILLY FLAT -
10. FLAT ENDMILL

I 1 | I 1

Figure 6 Setup Sheet for Customer 02
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Setup Sheet 3: Small Scale Industry

Third setup sheet contains tool details, feed, speed etc. Such
type of setup sheet is used in small scale industries where

operator has to know only specific detail related to
machining.
CAMPROGRAMSHEET | 0ATE  ypfepts

oo |

ol | o | R | FED | STOOK|ESTTHE

1 oo s | B0 |0 | o

2 srureoL | xoru | T |00 |

3 o Furaon s | B0 |0 | o

‘ o uurevowt soorew | M0 g |

5 foseoroRu | e | 0 | oo |

6 fosporoRuL | e | 4% | o |

7 foseoronu. | skew | #% 1gg |

g OSPOTORL | 1M | 40 | 00 | oo

g f0SPOTORUL | e | 0| 00 | o

) foseoroRL | e | B0 w0 |

Figure 7 Setup Sheet for Customer 03

Setup Sheet 4: Individual List Sheet

Fourth Setup sheet contains customization done for each
operation. If individual operations are handled by various
operators in big industries then there is no need to give each
one of them all operation lists.

DCOER ’Toor. DIVISION| CAM PROGRAM SHEET DATE: t0.22015
Mastercam MODEL X
TYPE ML | yepiEicaTiON e cam ‘A‘I’G. MACHINE FANUC
JOB NO. 1A TTEM NO TOOL NO: RIO RUNOUT |O/H : OVERHANG
Cycle 81 1000
5 7 10.SPOTDRILL | @00 |1145RPM . 024152
[Total Machining Time : MINUTES
F: TMS : 1001:A[PREPARED EY : Sankalp Giridhar __ CHECKED HY : Dr. Kakandikar [COMPLETED ON [sign :
Page3of3
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DCOER [rooLowisioN| CAM PROGRAM SHEET DATE: soz:ors
Tee | w | Mastercam MODEL | cam |A'Il:. MACHINE FANUC
JOB NO. 1A ITEM NO [TOOLNO - R/O RUNOUT |O/H : OVERHANG
SR | PRockAM | . CUTTER om | mem | poc | Feep | stock [estime| Toal | pswo | DaTE
1 1 |10.FaTENOMIL @0 r S 164020

|F : TMS : 1001:A [PREPARED BY : Sankalp Giridhar  CHECKED HY : Dr. Kakandikar [COMPLETED ON : Sign :

Page 10f3

Figure 8 Setup Sheet for Customer 04

Setup Sheet 5: 3d Modelling
Fifth Setup sheet contains 3D modelling job setup.

sJZoom in (Ctrl-~-PIus)ll ORT

Date: 1202-2015

| el | ) | ) | I

SMAGE LIST

nage #1

BLOCK SIZE : 200.0. 200.0. 50.0

Figure 9 Setup Sheet for Customer 05
Setup Sheet 6: ParametersasPer Customer Requirement
Sixth Setup sheet contains CAM program sheet along with
data provided by company. This data includes only some
parameters and real time and estimated time are compared to
get fina efficiency of machining.Parameters to be obtained
as per client requirement are asfollows:
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Cutting parameters, machine details, remarks for machining,
comments for verification.
Part A

CAM PROGRAM SHEET |

GomPANY
NAME

12-Feb-15

e
DDDDD [ e | oo rmou] o | me [ e [ awe

e
Tnoce [Pregsmmeron] 1w froouno.

soamo._|

=
[E] v | cumren I

e

| Fee0 [ estrme | neacrve [ sion [ oS8R

ssomme | owrmn |

= =

00:10:51

10, FLAT ENDMILL 3500 RPM 3561 mm/min

10. FLAT ENDMILL 500.0 mmvmin

1145 REM

10.5POT DRILL. 1145 RPM 4.508 mm/min
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Setup Sheet 8: Machine Wise Sheet

Eighth setup sheet contains details about any specific
operations. For instance if two three operations are carried
out on one machine then while other are completed on some
different machine then operation list of two machine should
be different. Such any 3 process data are customized in this
sheet.Parameters to be obtained as per client requirement are
as follows: Combination of 3 toolpaths (roughing,
semi-finishing, finishing), Company logo, date, machining
time, approval format and comment space for remarks.

s devic

D?U /1 TOLDIVSION
!

CAM PROGRAM SHEET ‘Dﬂfumnois

10.SPOT DRILL. 1145 RPM 4.508 memtmin

4

[ somm ] | |
S e I

woros |

10, 5POT DRILL. 1145 REM 4.508 mm/min

10.SPOT DRILL 1145 RPM

10.SPOT DRILL 1145 RPM

10.SPOT DRILL 1146 RPM

=] \ |
[ ] \ l
W] o [ ot | e
[ ] \ I
[ ] \ |

wzo | [

10.SPOT DRILL 1145 RPM

COMMENTS FOR REVISION REMARKS FOR JOB FINISHING

GOMPONENT FEATURES VERIFIED AS PER STANDARDS

Figure 10 Setup Sheet for Customer 06

Setup Sheet 7: Parametersas Per Customer Requirement
Seventh Setup sheet contains customized sheet as per
requirement of company. Any additional comments or
revised parameters can be set as per end user requirement.
Parameters to be obtained as per client requirement, i.e.: tool
number in automatic tool changer, speed, feed and estimated
time for machining.

hﬂw_ﬂlvﬂ“ﬂ! CAMPROGRAMSHEET | OATE  12.Febt5
devices,
MASTERCAM
TYPE VERIFICATION MUDELFRW[ CAM | ATC: MACHINE FANUC

JOBNO. 1258 ITEMNO. [TOOL NO. RIO RUNOUT WE(;TMNG

SR.| PROGRAM REAL

NO. NAME NO. ‘ CUTTER ‘ OH ‘ RPM ‘ DOC [ FEED | STOCK ]EST, TlME’ TIME PS NO.‘ DATE

] T 10. FLAT ENDMILL 3500 RPM 3.581 mmimin 081721 ’

2 ‘ T24 | 5. FLAT ENDMILL | 3500 RPM ‘ 500.0 mmimin ‘ 00:1051 ’ ‘

3 ‘ T | 10. FLAT ENDMILL | 3500 RPM ‘ 3.581 mm/min ‘ 081721 ’ ‘

4 ‘ T | 10. FLAT ENDMILL | 3500 RPM ‘ 500.0 mm/min I 0005 ’ ‘

5 ‘ 17 | 10. SPOT DRILL | 1145 RPM ‘ 100.0 mm/min ‘ 000104 ’ ‘

[} ‘ 17 | 10. SPOT DRILL | 1145 RPM ‘ 4.508 mm/min ‘ 002240 ’ ‘

7 ‘ 7 | 10. SPOT DRILL | 1145 RPM ‘ 4.508 mm/min I 0240 ’ ‘

8 ‘ 7 | 10. SPOT DRILL | 1145 RPM ‘ 4.508 mm/min I 00240 ’ ‘

Figure 11 Setup Sheet for Customer 07
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MASTERCAM MODEL

v VERIFICATION FROM

CAM AT ‘MACHINE FANUC

SR | PROGRAM REAL
M. RAE N, CUTTER OH | RPM | DOC | FEED | STOCK |EST.INE THE PSNO | DATE

35

10, FLATENDMILL| 600 (300RPM it 164020

500
mimn

~
n2
=

5,FLATENDMILL | 600 | 3600RPM 001051

1000

10.5POTORLL | 600 |1MSRPM et 024152

[Total Machining Time : MINUTES

REMRK  [PREPARED Y : SANKALP GRIOHAR _[CHECKEDBY :Or KAKANDIKAR  |COMPLETEDON: [SIGH.

Page 1 of1

Figure 12 Setup Sheet for Customer 08

Setup Sheet 9: Final Sheet with Maximum Parameters
Ninth Setup sheet contains maximum no. of parameters that
can be customized in single sheet. It also includes machine
details and controller specifications. Such a setup sheet can
be considered as a fina revised sheet for any given
component. Parameters to be obtained as per client
requirement are as follows: Machine dateils, date, job
number, program name, depth of cut, speed, feed, estimated
time, real time, over hang, cutter name and stock remaining
after each operation.
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CAMOROGRAMSHERT | AT qppen.ts
VERGUT ;
e . uouemou’ o | A | waome | P
o
o000, | 1B | TN T00LK0. ommor| %
R PROGRAI REA
I RO o | ome |on | | o | FeE [ sooetrue| T swo one
f T [nrureon oo | o W
’ ’ mmmin | [ 08172
2 T2 (8 FATENOMALL 00 | 350 ol
‘ . aomn| O | obsst
3 T [nrureion oo | o 1 g
) ) mmmin [ | 084721
! T [mrureon oo | e 00\ gy
) ’ mmmin || 000536
5 1 | sporonee | ono | s e | g
: ' womn| | ot
' 1 | .PoroRee | ono | s 08\ gy
. ’ mmimin ’ 002240
7 T | fsPoroRLL | o | eReu el
. ’ mmimin 002240
} 1 | o.oronet | ono | s 08\ gy
: : mmimin [ | 002240
P
0 | msoroeu o ||| oo |
f0 T | fsPoroRLL | 0o | eeu 508\ gy
: ’ mmmin || 002240
i 1 | oronet | oo | s 508\ gy
‘ . aomn| 2 | w20
12 T | fsPoroRLL | o | weeu 508\ gy
: : anmn| | 00240
i 1 | o.sporoneL | 0o | s 508\ gy
: : anmin| | 00240

Figure 13 Setup Sheet for Customer 09

V. CONCLUSION

Developing organizations using the Setup sheets generated
by Mastercam, facing the issue to maintaining the huge
amount of bundles of sheet for all the processes, thusthis can
be tackled by reducing the size of these sheetsup to
remarkable extent, where maximum required data with
minimum storage size. Even maintaining revisions of data
base is possible with optimum efforts. Customisation of such
machining data will surely help all programmers to
understand and perform job setting and operations. It will
also benefit supervisors to check each component machining
with its individual parameters in reference and benefit in
improving product flow efficiency by using minimum
documentation. Time required for each operation to complete
will be less as customized setup sheets are available.
Comparison of real time and estimated time would help in
analysing proper working of processes. Accuracy is
maintained asjob setup and tool orientation is defined in user
friendly manner.
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