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Database for Optimal Selection of Cutting Conditions, Forces and
Power Consumption in Machining Processes

Jidill citdes B ASlgioiall B aill g (o gbl) g adall) g AT el LIS culily Sacid

A.M. E! Bahloul*, LM. Elewa®, E.S. Gadelmawla®, Fatma Elerian®

a
Prof. in Prod. Eng. And Mech. Design Dept, Facully of engineering, Mansoura university, Mansoura, Egypt, Elbahlioul@hounatl.com

b
Praf,, Dean of High institufe of fngineering and Technology, Mansoura, Egypt.
c .
Assoc. Praof. tn Prod. Eng. and Mech Design Depl, Faculty of englneering Mansoura university, Mansoura, Egypt, esomy@nians.edu.eg

Assistant Lecture in Prod. Eng. and Mech. Design Depi, Faculty of engineering, Mansonra university Mansoura, Egypt,
eng_falmaZ000@yahivo.com

;U.gﬂiuaila.”

Chy Qi 3 Lla |50 (ledy RabSl saedl gy (akaill (Bac y A3l spdadll Ao ju) adaill ULy s O]
Al ol gall e S &S 0 335 SQL server phaaiuly Gl 30l paal o5 Caadl 138 iy £ LGY 4l
()J.u.ull uulnc O Ao goray Aadaldl saad) Al g4 Y1y cadadll ULy oy a3y doliall 3 hadd A
daalioll Zadalill Saadly o Bal adadll by A58Y Visual Basic.net aladiuly el Jee Lea) Ay Adkiaall
Ladiall Zabolil sanlly Bl adadll il LAY Sy g (Gall 5 il p At jall) dilisa i Ciljlee S
A llaall il cudadi A a5 edeliS 5 AuSLalt 5 a0 Ligka ll3 g cctililanld Bac 18 A alie adad A o Jil 4l uadly
@su&ﬂssnjcta—ymgmujsnLy.;mg.__.m(..ai,‘xﬂwlaﬁljrjﬂljcmmsgmgauss_w
oo Cujal (G Aulal JMA ey an Qg aaky i 8 Lebpalily Cililaadl JS (oo oy & cquiiall
AU I M e AT i sm 308 65 Sy adil ey ] ladial sie 4df ae g Al al) 73 gei€ Alinidi 2 il
o s 0Sa add Ao ju B szl die 4 anly JGA Ay adal de o Jil plasduly 45 jlie el p
8 Aoy peal Aadtindy 3 5150 peinall 20K AU e LY A

Abstract

Selecting the cutting data (cutting speed, feed, depth of cut) and the proper cutting tools play a significant
role in achieving minimum production time, consistent quality and in controlling the overall cost of
manufacturing. However, searching for a proper tool/insert-job combination calls for a huge amount of data
and an extensive knowledge base and may take a [ong time and effort if it is done manually. In this paper, a
software has been designed and established using Microsoft Visual Basic.Net and SQL server to store all
different types of tool grades with their available cutting data, inserts, and tool holders for all materials and
some machining operations (turning, drilling and milling) in a database. The software is capable of selecting
the suitable cutting data, too] grade, insert and tool holders for each operation in two cases. The first case
uses the maximum cutting speed of the tool grade (minimum tool life) while the second case uses the
minimum cutting speed (maximum tool life). In the two cases, the software considers the constraints of
power, efficiency, and maximum spindle revolution of the machine as well as the required surface roughness
of the workpiece. The software is capable of calculating the machining time, intermittent time, force, torque,
power, spindle revolution and total production time and cost for each operation. In addition, the workpiece
material, required operations, cutting data, force, torque, power, the suitable tool grade and its manufacturer,
insert and tool holder are displayed in a single report as a process sheet . Another report can be used to show
the total production time and the total cost. A case study has been done to test the proposed software and it
was found that about 34% of the total production time could be saved by using the maximum cutting speed,
compared with the minimum cutting speed. On the other hand, about 28% of the total production cost could
be saved by using the minimum cutting speed, compared with the minimum cutting speed.
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Nomenclature

a Thickness of undeformed chip (mm)
B Milling cutter engagement (mm)

b Width of undeformed chip (ram)

Cyu Unit cost (L.E)

Cr Labour cost (L.E/min)

Cmar  Cost of raw material per part (L.E)
Overhead cost (L.E/min)

Co

C Cost of a cutting tool (L.E)

D Diameter (mm)

F, Tangential force (main cutting force)
(N)

Fu  Force caused by friction (IN)

hm  Average chip thickness (mm)

i Number of passes

ke Specific cutting resistance offered by
the work material (N/mm2)

L Travel of tool or workpiece in
direction of the feed motion, (mm)
! The machined surface length in the

direction of the feed motion (mm)
M Bending moment (N.mm)
M, Moment caused by friction (N.mm)

1. Introduction

Machinability data plays an important role in
the efficient utilization of machine tools and
significantly influence the overall
manufacturing costs. The most widely used
source of machinability data is the Machining
Data Handbook published by Metcut Research
Associates, 1980, ASM International Handbook
Committee and catalogues of companies that
produce the cutting tools [1 - 5]. Machiniability
data consists of the selection of the appropriate
cutting tools and machining parameters, which
includes cutting speed, feed rate and depth of
cut. No doubt that determining of the suitable
cutting data, selecting of a proper cutting tool
(tool grade, insert and too] holder) from a huge
amount of available data is difficult and takes
along of times, also calculating the machining
time, force, torque, power, total production
time and cost for each operation needs a lot of
time. Ribeiro, et al [6] presented a machining
database system involving procedures to make
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mc  Rise in specific cutting force as a

function of chip thickness

N., Power consumed in cutting (kW)

N,  Power rating of the electric motor
(kW)

N.  Power caused by friction (kW)

n Maximum spindle revolution (rpm)

neql Calculated spindle revolution by the
program (rpm)

5 Feed per revolution (mm/rev)

§»  Feed per minute (mm/min)

Sz Feed per tooth {(mm/tooth)

T Tool life (min)

7,,  Machining time (min)

{ Depth of cut (mm)

ty Setup time (min)

te Tool changing time (min)
v Cutting speed (m/min)

¥ tool approach {(mm

Zn Number of teeth of cutter
4 Approach angle (degree)

A Tool over trave! (mm)

@ Helix angle

comparative tests using different tools and
optimize the aftained results to find suitable
cutting conditions for application at industrial
scale.

Yeo, et al [7] developed an expert system for
machinability data selection. The expert
system- automatically selectes cutting tools for
external turning in both roughing and finishing
operations, determined machining data and
cutting fluid. Fuzzy-logic principles had been
applied by Hashmi et al [8, 9] for selecting
cutting conditions in machining operations.
The presented results showed a very good
correlation between the Machining Data
Handbook's recommended cutting speed
values and those predicted using the fuzzy
logic model, which had been used in the
drilling operation to select drilling speeds for
three different materials. The development
stages of an online fuzzy expert system (FES)
were presented by Wong, et al [10-12]. It could
be used by the process planner as an aid of
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establishing the strategy of machining data
selection for a specific machining process and
an implementation of an online knowledge-
based systern for machinability data selection
was presented by them, Fuzzy logic had been
incorporated as the reasoning mechanism
behind the system.

Wang et al [13] presented an optimization
analysis, strategy and CAM (computer' aided
manufacturing) software for the selection of
economic cuiting conditions in single pass
twning operations using a deterministic
approach. Juan et al [14] described the
development of a model based on fuzzy logic
for selecting cutting speed in single-point
turning operations. A manual effort by
Mookherjee et al [15] of searching were
substituted for an expert system, which
automatically selected the turning tool/insert or
milling insert, the material and the geometry,
based on the requirements of users. According
to the author's knowledge there is no complete
work in the subject of research,

The aim of this wark is to construct and create
a sofiware to select the cutting data (speed,
feed, depth of cut) from a database and
calculate the machining time, cutting force,
torque and cutting power consumed in two
cases: (a) minimum tool life, (b) maximum tool
life. In the two cases, the software considers the
constraints of power, efficiency and max
spindle revolution of the machine and the
required surface roughness of the workpiece
using different {echniques of operations
(turming, mithing and drilling). It also used to
determine the suitable tool grade, insert and
tool holder of each operation, besides
calculating the total machining time and cost in
these two cases. All the operations which had
been done, cutting data, machining time, force,
torque, power, the suitable cutting tool and
(insert/tool holder) are reported in a process
sheet, besides showing the values of total
production time and cost in a separate report.

2. Selection of cutting conditions

Selections of efficient cutting conditions are
important to have short cutting time, long tool
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life and high cutting accuracy. Machining Data
[Handbook published by Metcut Research
Associates, 1980 and catalogues of companies
that produce the cutting tools are the
commonly used source of cutting conditions.
The data in the handbooks and catalogues were
separated into different types of machining
process. Then, the data grouped according to
the types of workpiece material and the
respective hardness (in BHN). The handbook
and catalogues provide the cutting speed and
feed rate for each workpiece material and
hardness, one may scan through different tool
materials. For examples, catalogues of Sandvik
Coromant company show the values of feeds
and cutting speeds of different grades for
turning, drlling and milling operations. The
values of feed and cutting speed differ with
tool grades and material to be machined [3, 4].

Tool grades are numbered on a scale that
ranges from maximum hardness to maximum
toughness. Harder grades are used for finishing
operations (high speeds, low feeds and depths),
while tougher grades are used for roughing
operations. The tool manufacturers assign
many names and numbers to their product.
While many of these names and numbers may
appear to be similar, the applications of these
tool materials may be entirely different. For
example Sandvik Coromant Company gave
names to its products of tool grade as follows:
(CT5015, GC4015, GC2015, GC2025,
GC2035, GC235, GC3025, CC620, HI13A and
so on). Each grade has its special composition.

3. Cutting forces, torque and power
consumptions

3.1 Cutting force, torque and power
consumptions for turning operations

The tangential cutting force F, can be

calculated by the following empirical equation
using the concept of specific cutting resistance:

Fo=sxtxke N

Torgue can be calculated by the following
formula.
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D
M=TX Fz (2)

Using the concept of specific cutting
resistance, power is calculated as:

VXIXSXke

Neut =
60x10°

kW 3] 3

Taking into consideration the efficiency 7
of the machine tool, there is no difficulty in
calculating the required (design) power rating
of the electric motor of the main drive. Thus:

_ Nceut

7

kW 4

Ne

3.2 Cutting force, torque and power
consumptions for drilling operations

The tangential component #, and the torque M

and power can be calculated by using the
concept of specific cutting resistance as the
following:

1. For solid drilling:

Force can be calculated by this formula:
D :
FE=O.S><—2~><sxkc><smqu (5)

Torque can be calculated by this formula:

_ DXF:

M N.mm (6)

Power can be calculated by this formula:
Dxsxj.xy

Ncu{ e e kW (?)
240% 103

2. For boring and trepanning:

Force can be calculated by this formula:
E =05xtxsxf,xsing N (8)

Torque can be calculated by this formuta:
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_M[l _%} Nomin 9)

Power can be calculated by this formula:

EXSX k. Xy t
Nmr=—~—~—[ln—-] Kw (10)
6Ox103 D

3. For deep drilling, deep trepanning and
counter boring:

Force can be calculated by this formula:

E+Fu=065x¢txsxk.xsing N  (11)

Torque can be calculated by this formula:

Dxsxtx,

M+M=
M 2000

[l.l?-i:lN.mm (12)
D

Power for deep drilling can be calculated by
this formula:

sxvxDxk.

Neut + Nu =
240 %102

x1.34 kW (13)

Power for trepanning and counter boring can
be calculated by this formula:

sxvxkacx

Neut+ Ny =
" 240k

{ .
[1.17—5] [16] (14)

3.3 Cutting force, torque and power
consumptions for milling operations

The force F, can be calculated by the
following formula:

:60x 103>< Neut
v

F, N (15)

The tangent (peripheral) force F, sets up the
moment of resistance for cutting:

. EuH N.mm (16)

The power is calculated by the following
formula using k. :
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H
Neut = w kW [4] (17
60x100

4. Machining time and total
production time and cost

4.1 Producsion time

The production time required for manufacturing
a number of workpieces in a definite operation
is made up of elements shown in Fig. 1.

{Production fime |
]
ERNEEE., S
.
[ Setup and shui down {ime

{ [ Number of workpieces (n)
[Drect] [indisct 520)%direct ]
[ Standard time
¥ S oot
(:Clcr_eimg B [ Station time (5:20)% cycle lime

jﬂ_i_ e e
Requiar operafing ime] [ Tntermitent operating time |

Fig. 1: Production time chart

The regular operating time (machining time) is
calculated using some equations according to
operation required as shown below:

For turning operation the time will be denoted
by Tm:

Tm=-£—min (18)
ns

L=1+y+A mm (19

y={coty mm (20}

For a number of passes of the same feed and
speed, machining time will be:

To = ‘£I min (21)
ns
Machining time in drilling and enlarging holes
18
L l+y+4A

Twn=—=—"—— min (22)
ns 1S
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The length of travel (3} required before cutting
the full diameter:

y= -?—cot@ mim (23)

Machining time in peripheral milling is:

/ .
L +y+4A min

Tm="—‘=

Sm Sz 2R

(24)
Machining time in face milling is calculated by
the formula:

Tm=f+y+A

(25)

Sm
4.2 Production cost

The ultimate objective of the manufacturing
engineer is to produce the objects at the most
economical cost. To do this he should be able
to analyze the machining process for all
possible costs. So that he would be able to
optimize the process to get the minimum
possible costs satisfying all the requirements.

Unit cost—The unit cost has generally been

represented by the following equation [17}:

Cee.AardiardTdatc +c,&{“];:] (26)

In the case of multi-tool operations, tool
changing time for each tool used must be
considered regardless of this ratio. This
changes the above equation to:

CedediSlod oS Bl @)

Where: m represents the number of machining
features or operations required to produce the
part.

5. The software and algorithm

Microsoft SQL server was used to design a
database. To attach the designed database,
calculate machining time, force, torque, power
and total production time and cost for
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machining processes and showing results in a
single report, the Microsoft Visual Basic.Net
programming language was used. The link
between Microsoft SQL server and Microsoft
Visual Basic.Net programming language is
maintained by Microsoft OLEDB Provider. The
software consists of three parts: (1) the
database, (2) Software algorithms (3) the
graphical user interface GUI as follows.

5.1 The database

To store data of operations, workpiece
materials, manufacturer of tools, tool grades,
inserts, tool holders and cutting data, a number
of tables were designed as shown in Fig. 2.

5.2 The software algorithm

The software algorithm is shown in Fig. 3. It is
used to calculate the machining time either by
using maximwm cutting speed (minimum tool
life) or by using minimum cutting speed
(maximum tool life) of the stored tool grades. It

"SSP ID
I Name

 |Infeed_12

“|1rfeed_13 !
Infeed-l‘ﬁ gﬁﬂ’ ' |Operation
2 L | Manufacturer

| Imfeed_t5 &
AR T AR T X x|
P{ID o]

1150 _Area
i Description
" | Sortkey

T Name
{|Hardness

' |Standerd

 |ParentID
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is also used to determine the suitable cutting
data, calculate the tangential force, torque,
power and total production time and cost. In
addition, it is used to select the suitable tool
grades, insert and tool holder for different
operations of turning, drilling and milling.

5.3 The Graphical User Interface

The graphical user interface (GUI) of the
developed software deals with a number of
windows that were designed to make it easy to
the user to deal with the program. The main
windows of the program (Fig. 4) contains four
main menus, each of them includes a number
of submenus. The first three main menus were
designed to connect the database, for example
by double clicking the tools grades submenu
shown in Fig. 4, the window in Fig. 5 will
appear and by double clicking the new button,
the window shown in Fig.6 will appear.

[
T

oolSystem

Fig. 2: The designed tables and their refations
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Start

Inputs: tool manufacturer name, operation name, workpiece material and number, tool life,machine power, effidency, p setup

time, cost of raw material, overhead and man power, surface roughness, entering angle.for tuming thand of tood, max and min
diameter and length of cut), for drilling {max hole diameter, min hole diameter, length of hole and type of hole {through or bhnd))
for milling (lenght of cut, depth of cut, width of cul, cutter diameter)

D ]
r Minimum tool hfeAI L Maximum tool lite J
; _ v
Determine the max. speed and tool grade Defermine the min. speed and tool grade
¥ v
ﬁeterm‘rne tool life factor, v = max. speed  too! life iaclor] r Determing tool iife facdor, v = min, speed x tocl lifa faduj
E No 1Y
r Calculate speed of rotation, 1, l r Calculale speed of rolation, 1, |
r—————“’m ——— ‘———————‘——w No
Yas Yes L
Determine feed according to surface roughness Delermine feed according to surfaca Ny =M,
roughiness getlessy

L I
T .

Caiculate depth of cut for tuming and drilling operations
Depth of cut= width of cut in case of parting and grooving

Caloutate power N,

3 IfN,,, <N, x efficiency
No
Yes | N_, =N, x efficiency a*rld reduce depth of cut —k-———'

L___,lv Calculate machining time, force, torque, metg! removal rate J
¥

] Determine tool grade ]

[ Determine the insert according to hand of tool, surface roughniess and min cost
tnsert width equal to or less than depth of cut in case of parting and groaving
Max feed of insert = pitch In case of threading

v

Delermine tool holder acoording to hand of tool, the drill in case of drilling and
indexable cutier or and mills in casa of milling

- T

Qutputs: technical report including, cuting data, force, torque, powes, metal removal rate,
total production time and cost, tool grade, insert and tool holder

Fig. 3: Algorithm used for different techniques of turning, drilling and milling operations using minimum or
maximum tool life
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% machining progesses

Tools manufacturers
Tools grades

Inserts List

Tool Holders List
Tools List

Grade's cutting data

Fig. 4: The main window of the designed software

i

Fig. 6: Add new grade window
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The fourth main menu of output (Fig. 7) was
designed to calculate the machining time, total
production time and cost in the two cases
mentioned above. Also a number of windows
were designed for different techniques of
turning, drilling and milling operations. For
example, for any operation done using
maximum cutting speed of the tool grades, the
user first double clicks the machining time
using max. speed submenu, shown in Fig. 7, to
display the window shown in Fig. 8. Through
this window, the user can select the tool’s
manufacturer;  determine the operation

required, material of the workpiece. In
addition, the user can enter the values of
machine power, efficiency, and so on (Fig. 9)
by clicking the next button in this window.
Finally, by double clicking the OK button in
Fig. 8, the window of the required operation
will appear as shown in Fig.- 10.

Resst Brodiuction tive and cost ush e, spoed
Resek Production tine and cost using min. spesc
Final reptet eshg i, speed

Final repxrt Using i, Speed

Reset final report using manc.speed

Reset final report using min.speed

Fig. 7: The output menu and its submenus
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Fig. 10: Face tuming window
6. Case study

The product drawing of the case study is
shown in Fig. 11, The dimensions of the raw
material are 155 mm Jength and 100 mm
diameter. It is required to determine the suitable
cutting data, calculate the regular cperating
time, intermittent operating time, total
production time and cost, force, torque and
power required for cutting in two cases, the first
using minimum tool life and the second using
maximum tool life then selecting the suitable
tool. There were about twenty steps to
manufacture this product including chucking,
releasing and chucking, turning, dnlling and
milling operations. All of these steps appear in
detail in the final report. A pait of the final
report using maximum cutting speed {minimum
tool life) for this product is shown in Fig. 12.
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The number of each operation is shown in this
report.

10 Dia 2
S

1 10 1x4
TD‘ T ":1 ““'% 2545
o It | o
i -
@ 'L--l-n-lﬂg ~L-~-~—g 5 —_—— &
T 78 ) -
i
. : =
Ll ’ é e &
{20 4 20 =
1@
15¢
All dimensions are in milimetar
Materin! code:1.5662 Huardnesa = 200 BHN

Fig. 11: Working drawing of the product

Specifications of the machine, material and
constants are given below.

Machine tool data;
- CNC turning machine with driven motor
of 20 kW
- Meax spindle revolutions = 3200 rpm
- Efficiency = 95%
Material data.
- Material code: 1.5662
Standard reference: W.-nr.
ISO group: P (High-alloy steel, Annealed)
Hardness = 200 N/ mm2
Tensile strength = 700 N/ mm?2
Constants:
- Setup time = 12 min
- Cost of raw matertal per part =200 L.E
- Labour cost (high expertise) = 13 L.E/h
~ Overhead cost =2 L.E/h
In case of using min. cutting speed:
- Labour cost (medium expertise) = 8 L.E/h

7. Results and discussion

For all operations done, the consumption of
power for the same feed in the first case using
maximum cutting speed (minimum toot life) is
greater than that in the second case using
minimum cutting speed (maximum cutting
speed), so the tool life of the tool grade
decreases and the cost of tool grade increases
in the first case. The values of force and torque
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Fig. 12: Apart of the final report using minimum tool life

are the same in the two cases. The calculated
machining time in the first case is less than that
in the second case because of using tool grades
that gives maximum cuftting speed. This means
that about 34% of the total production time can
be saved by using maximum cutting speed
(minimum too} life) of the available tool grade,
if compared with the case of using minimum
cutting speed (maximum tool life). Similarly,
about 28% of the total production cost can be
saved by using minimum cutting speed
(maximum tool life) of the available tool grade,
if compared with the case of using maximum
cutting speed (minimum tool life).

8. Conclusion

In this paper, a software has been developed to
store the cutting data, different types of tool
grades, inserts and tool holders suitable for
each operation of different machining processes
in a database. Through a user friendly GUI, the

user can select the suitable cutting data, tool
grade, insert and tool holders for each
operation. The software is capable of
calculating the machining time, force, torque,
power, total production time and cost in two
cases: (a) minimum tool life, (b) maximum
tool life. In both cases, a final report including
all the operations done, machining time, force,
torque, power, the suitable tool grade, insert
and tool holder for each operation can be
obtained and printed.

The following points can be concluded:

1. According to the results shown in the case
study, about 34% of the total production
time can be saved by using minimum tool
life (maximum cutting speed of the
available tool grade).

2. On the other hand, about 28% of the total
production cost can be saved by using
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maximura tool life (minimum cutting speed
of the available tool grade).

The software saves a lot of time in
selecting the suitable tool grade, insert and
tool holders and in calculating the
machining time, force torque, power and
total production time and cost for each
operation. )
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