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The paper deals with the design of a special machining tool for efficient production of detail on the T-groove of the
clamping part. The introductory part of the paper is focused on introducing the Czech company. The practical
part of the paper deals with the analysis of the existing state of machining of the clamping body and of the produc-
tion of the T-groove detail and proposes an innovative solution in the form of more efficient machining process
(partial production modification), which consists in the development and production of a special tool with replace-
able inserts. The main reason for this partial modification is a significant reduction in unit machine time in the
production of the T-groove detail on clamp body parts. Part of the contribution is in the process of streamlining
the innovation made in the form of changes to the manufacturing process and the design of the cutting conditions
required to produce the T-groove detail on the clamp body parts. The contribution is completed by a technical and
economic evaluation, which is related to the analysis and comparison of both proposed production variants in
terms of machine times, tool consumption / replaceable inserts and total production costs for the T-groove detail
production on the clamp body parts.

Keywords: Special Machining Tool, Production Efficiency, Detail of T-groove, Milling Technology, Innovation, Pro-
duction Process

1 Introduction

The paper deals with the serial production of the com-
ponent of the clamping body at Czech company. It is a
small family business located in the village (Rozhrani,)
which was founded in 1992. This company specializes
mainly in custom production. In 2000, a construction de-
partment with AutoCAD Inventor and GibbsCAM soft-
ware was built here, allowing designers to design their
own products and produce them directly in the company.
One of its own products is the central clamp KASTR CU-
T 77, part of which is the production of the body of the
clamp, respectively the detail of the T-groove, whose fab-
rication is solved in the following paper [1, 2].

2 Clamping Body

This is the main part of the KASTR CU-T 77 central
clamp with a total length of 210 mm, 77 mm wide and 47
mm high (see Fig. 1). The clamping body includes a T-
groove for guiding the jaws, guide grooves and a hole for
pressing the centering pin, which allows easy adjustment
of the clamp so that it is possible to clamp the two com-
ponents at once. The problematic location of the clamping
body is machining the T-groove detail by Iscar's monolith b)

carbide milling cutter, which is performed at the Okuma Fig. 1 a) Machining tool holder at Okuma MB-66 VB

MB-§6 VB.milli.ng machining c§nter. The disadvantage milling centre, b) The finished body of the clamp [I, 2]
of this tool is mainly the small width of the shot, but also

the change in dimensions when the tool is sharpened after

dulling. In order to sharpen the tool and subsequently re-
duce it to a new value, it is necessary to adjust the produ-
ction program to achieve the required dimensional ac-
curacy. The material of the clamping body is structural
steel 16 343 [1, 2].

3 Original Cutting Tool

Machining T-groove detail is performed on the mill-
ing centre Okuma MB-66 VB using solid carbide cutters
from Iscar. In this operation, the component is clamped
into the KASTR CU-T central clamp [1].
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3.1 Solid Carbide Milling Cutter

The cutting tool originally used for machining the T-
groove detail is Iscar SD D32-8.0-R0.4-SP15 IC908. The
cutting tool is designed for cutting a T-groove detail with
a maximum depth of 7.75 mm. The cutting part is made
of sintered carbide coated with TiAIN coating. The
cutting tool is suitable for machining steel, stainless steel,
cast iron and hard materials. Further parameters are given
in Tab. 1 [1, 3, 4].

Tab. 1 Technical parameters of Iscar SD D32-8.0-R0.4-
SP15 cutting tool IC908 [1, 3, 4]

Tool diameter 31.250 [mm]
Width of the tool 8 [mm)]
Number of blades 8 [-]
Rounding the tip 0.4 [mm]

The SD-S-A-L100-C16-SP15 shank is made of steel
to clamp the cutting tool. The shank is clamped in the ma-
chine spindle collet. For more information on the shank,
see Tab. 2. The original monolithic cutting tool mounted
on the shank is shown in Fig. 2 [1].

Tab. 2 Technical Specifications of SD S-A-L100-C16-
SP15[1, 3, 4]

Clamping dimension M5x 0,5
Diameter 16 [mm]
Length 100 [mm]
Shape of the stopwatch ring
Measurement system metric

<l

Fig. 2 Original cutting tool for machining the T-groove
detail profile [1, 3]

4 Requirement for Innovation

The main reasons for the innovation of the chuck body
component are the small width of the monolithic carbide
cutter and the dimension of the cutting tool after sharpen-
ing. Each monolith cutter can be sharpened and coated up
to five times. However, after sharpening, the dimensions

of the cutting tool change to a previously undetectable
value. This dimensional change is then negatively re-
flected during production, and it is therefore necessary to
correct this change directly in the machine's production
program [1].

Due to the small width of the cutting tool, six passes
are required to rough the T-groove detail and to complete
four passes. Also due to the total length of the 210 mm
clamping body, its machining is time-consuming [1].

5 Proposal for a New Cutting Tool

The new cutting tool (see Fig. 3), manufactured by
Czech company, should take the place of the existing Is-
car SD D32-8.0-R0.4-SP15 1C908 cutting tool. In com-
parison with it, it should have the following benefits [1]:

e shorter machining times, thanks to the larger cut-
ting tool width,

e improved cutting production conditions that al-
low for more firm clamping through the centre
of the cutting tool,

e climinating the need for sharpening the cutting
tool after dulling, thanks to the use of indexable
inserts,

e lower purchase price of the indexable inserts

than the original cutting tool.

——

<

—

Fig. 3 New cutting tool for machining the T-groove de-
tail [1]

5.1 New Cutting Tool Material

The new cutting tool is made of chrome-molybdenum
structural steel CSN 15 142.6. It is a material suitable for
finishing and surface hardening, which is used for the pro-
duction of heavy-duty machine parts and road vehicles
(mainly shafts and couplings where it is necessary to pro-
vide high strength at the same time with higher tou-
ghness). The properties of steel 15 142 are shown in Tab.
311, 5-7].

5.2 Description of the Production of a New Cutting
Tool

The production of a new cutting tool took place on
three machines. This is a BOMAR Proline 320.280 band
saw. ANC, Okuma LB-3000EX and Okuma MU500-VA
5-Axis machining centre [1].
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Tab. 3 Marking, chemical composition, heat treatment and properties of steel CSN 15 142 [1, 5, 6]

Mark Standard
CSN 15 142 415142
EN 41CrMo4 86-70
DIN 41CrMo4 17212
C Mn Si Cr Ni Mo P S
0.43 0.71 0.29 1.12 0.28 0.21 0.015 0.015
Normalizing annealing Soft annealing Hardening temperature Hardening medium
840 up to 880 °C 680 up to 720 °C 820 up to 860 °C Oil, Water
Diameter Re min. Rm A min. Z min. KV min.
[mm] [MPa] [MPa] [%] [%] 1
40 <d <100 650 900 up to 1100 12 50 35
Dividing the Material In the clamping tool, the blank was clamped with an

The first operation in the production of a new cutting
tool is cutting the blank, which runs on the BOMAR Pro-
line 320.280 ANC iron band saw. Here is the material that
is imported into the company in the form of three-meter
rods for semi-finished products of the required length of
36 mm [1].

Turning Blank

The second operation takes place at the Okuma LB-
3000EX Turning Centre. Here, the blank prepared in the
previous operation is machined from one side to the other
(see Fig. 4). In this operation, the material is clamped in
the chuck [1].

Fig. 4 Semiproduct for machining on turning centre [1]
Milling of Beds for Indexable Inserts

This operation was performed at the Okuma MU500-
VA machining center. Due to the clamping of the blank
in the machine with the highest precision, a special clam-
ping device, which is shown in Fig. 5, was made [1].

internal diameter screw 16H7. Using a dial gauge, the ina-
ccuracy of the clamping with the requirement to position
the blank exactly in the axis of rotation was determined.
In this way, after the machining, the same distance of the
beds for the indexable insert is ensured. If the blank was
clamped outside of the axis of rotation, the spacing of the
beds could be varied, and the cutting process could cause
unwanted vibration of the cutting tool [1].

After machining the new cutting tool to its final form
(see Fig. 6), it was necessary to remove all sharp edges
and chips that were trapped in the holes. In particular,
they were the edges on the bearing surfaces for the inde-
xable insert. Deburring was performed manually at the
locksmith workshop [1].

Fig. 6 Cutting tool after machining according to pro-
gram 003252 [1]

The last operation in the production of a new cutting
tool was the nitriding that was done in cooperation. After
nitriding, a hardness of 600 HV was required to a depth
of 0.3 mm [1].

Indexable Inserts

For the new cutting tool, six tangential DGB 212R101
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IN2015 inserts were selected, as shown in Fig. 7. The ad-
vantage of these inserts is their robustness and storage in
the bed where they are clamped behind the center hole by
means of a bolt. The insert is characterized by high stabi-
lity and therefore it is possible to process higher feeds
with a greater thickness of the material to be picked. In-
serts are suitable for machining cast iron, steel and stain-
less steels [1, 8-13].

6 Assessment of Original and Innovated Pro-
duction

According to the Tab. 4 a new cutting tool when com-
pared to the original has larger width. Thanks to this, it is
possible to machine the detail of the T-groove on fewer
passages. Cutting tools also differ in the way they are
clamped. The original cutting tool - the shank cutter is
clamped into the collet. In the case of a new cutting tool
is a push-milling cutter, which is clamped at the inner di-
ameter of 16H7, which should ensure stable clamping du-
ring production, and increases the cutting speed [1, 8-13].

Fig. 7 Insert DGM 212R101 [1, §]

Tab. 4 Comparison of the original and new cutting tool for machining the T-groove detail [1]

Original cutting tool New cutting tool
SD D32-8.0-R0.4-SP15 New cutting tool at body CU-T 77
Width [mm] 8 11.6
Revolutions [min'] 1200 1400
Feed [mm.min!] 400 750
Tool life [min] 170 30
Number of edges [-] 5 4

6.1 The Original Unit Machining Time

Using the original cutting tool is to completely unbal-
ance one side of the profile T-grooves need two crossings,
due to the small width of the cutting tool. To ensure the
accuracy of all dimensions, three passes are applied to the
finishing operation of one side [1, 8-13].

Calculation of the cutting tool path [1, 14-16]:
1=210 mm, In=5 mm, Ip =5 mm, D = 32 mm

L=I1+1,+1,+D =210 +5+5+32 =252 [mm] (I)

Where:

1 [mm] — the length of the work surface,
In [mm] — length of inlet,

Ip [mm] — length of outlet,

D [mm] — cutter diameter.

Calculation of the unit machining time [1, 14-16]:
ve =400 mm.min! (value provided by company)
L 252
t,s=—=—=0.63[min] ()
v, 400

Tab. 5 shows the unit machine times for roughing and
finishing the detail of the T-groove. So it is only times
when the cutting tool performs the cutting process (unit
machine times). At these times, it is necessary to add the
additional machine times that are required to move the

cutting tool off the workpiece. These minor machine ti-
mes were measured directly on the machine during ma-
chining. For roughing, tASB = 0.43 min. For finishing,
tASB = 0.62 min. The total unit machine time of the T-
groove profile is shown in Tab. 6 [1].

Where:

tASB [min] — time needed for tool out-lets.

Tab. 5 Unit machine times of original T-groove profile
production [1]

Operation Operation time [min]
Roughing 4x0.63=2.52
Finishing 6x0.63 =3.78
Total 6.30

Tab. 6 Total unit time of original production [1]

Operation Operation time [min]
Roughing 2.52+0.43 =295
Finishing 3.78 +0.62 =4.40
Total 7.35

6.2 Unit Machining Time of Innovated Production

When using a new cutting tool, only one pass is re-
quired for one side of the T-groove profile, which is made
possible by its larger width compared to the original mon-
olithic cutting tool. To ensure the required dimensions
and surface roughness two passes are selected for the fin-
ishing operation of one side [1, 8-13].

Calculation of the cutting tool path [1, 14-16]:
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1=210 mm, In=5 mm, Ip =5 mm, D =42 mm
L=1+1,+1,+D =210 +5+5+42 =262 [mm] (3)

Calculation of the unit machining time [1, 14-16]:
ve= 750 mm.min"! (value provided by company)
L 262
t,s =—=——-=0.35[min] “)

v, 750

Tab. 7 Unit machine times of innovated T-groove profile
production [1]

Operation Operation time [min]
Roughing 2x0.35=0.70
Finishing 4x0.35=1.40
Total 2.10

b

8 ¢

7 18

6 18 @ Unit machine time of
TS5 original production
E a2 M@ Unit machine time of
E innovated production
F34

2 48

1

0 -

Fig. 8 Comparison of unit machine times [1]

Also in this case, Tab. 7 shows only the unit machine
times when the cutting tool is engaged. For this reason, it
is necessary to add again the secondary machine times
that were measured directly in the production. For rou-
ghing tASB = 0.16 min. For finishing, tASB = 0.31 min.
The total unit machine time is shown in Tab. 8. The com-
parison of the original and the upgraded unit machine
time is shown graphically in Fig. 8 [1].

Tab. 8 Total unit time of innovated production [1]

Operation Operation time [min]
Roughing 0.70+0.16 = 0.86
Finishing 1.40+0.31=1.71
Total 2.57

6.3 The Cost of Buying and Sharpening a Monolithic
Cutting Tool

The original cutting tool used for machining the T-
groove detail was the SD D32-8.0-R0.4-SP15 IC908 mo-
nolith cutter manufactured by Iscar. It is a coated cutting
tool with 8 blades. The tool-life of the cutting tool, which
was measured directly during production, was determined
at Tf= 170 min. After this time, it is necessary to re-grind
and coat the cutting tool. Since Czech company does not
have equipment that is needed for this technology, it is
cooperative coating. The price is 26 EUR for cooperation.
After the first sharpening is applied, the cutting tool's
tool-life is reduced by 30%. The average number of sha-
rpening before the cutter cutout is a = 5. The cost of buy-
ing and maintaining the monolithic cutting tool is shown
in Tab. 9 [1, 14-16].

tis'N

S, = [pes] (5)
S
T, + iTﬁ, ‘a )
Where:

St [pcs] — consumption monolithic mills,

tAS [min] — unit machine time for machining the T-
groove detail,

N [pcs] — number of pieces produced per year,

Tf [min] — tool-life of monolithic mill,

Tfo [min] — tool-life of monolithic mill after sharpe-
ning,

a [-]- number of tool sharpening.

6.3-300
= 020 54753
/71701 (119-5) [pes]

Tab. 9 The cost of buying and sharpening a monolithic mills [1]

Tool

SD D32-8.0-R0.4-SP15 IC908

Number of pieces

3]

Purchase price 61 [EUR]
Price for sharpening and coating 26 [EUR]
Number of possible sharpening one tool 51-]

Total costs 574 [EUR]

6.4 The Cost of Producing a Innovated Cutting Tool

Material 15 142.6 was chosen to produce a new
cutting tool for machining the T-groove detail. The mate-
rial is imported into the Czech company in the form of
three-meter rolled bars @45 mm. The bars are then divi-
ded into a 36 mm length. The rest of this material is used
for further production and therefore the price is only for
the required part of the material. To suppress errors in
event incorrect machining of a new cutting tool, three pie-
ces of this cutting tool were produced at the same time.
During this production there were no problems, so it is
possible to include all three innovated cutting tools in pro-
duction. The price of the required material is shown in

Tab. 10 [1].
Tab. 10 Cost of material [1]

Costs of semiproduct 0.036 [m]
Number of produced pieces 3[-]
Price of blank 7.5 [EUR/m]
Total price 0.81 [EUR]

It is necessary to add to the price of the material also
the costs associated with machining a new cutting tool,
which is carried out on three machines [1]:

¢ BOMAR band saw,

e Okuma LB3000 EX machining centre,
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e  Okuma MUS500 machining centre.

The cost of machining is determined from the hourly
rates of the machines, which also include the cost of the
service, see Tab. 11. Since Czech company does not have

Tab. 11 Cost of manufacturing a innovated cutting tool [1]

the necessary equipment for nitriding and blackening
parts, these operations are dealt with within the frame-
work of cooperation. The price for the co-operation is 8
EUR. All values required to calculate the costs, together
with the total price, are shown in Tab. 11 [1].

Workplace Operation Uzi:l:ﬁ;?ﬁe g‘;}lﬁl}l;zz:ﬁ [I];%i:]
BOMAR Proline Material dividing 3-10 13 6.5
Okuma LB3000 EX Turning part 3-25 20 25
Okuma MUS00 Milling part 3:30 25 37.5
Cooperation Blackening and nitriding - - 8
Total - 195 - 77

6.5 Cost for Purchase of Indexable Inserts

Inserts DGM 212R101 IN2015 are used on the new
cutting tool for machining the T-groove detail. The pur-
chase price of one piece is 10.5 EUR. However, since
only one piece can be ordered, it is necessary to buy an
entire pack containing ten of these plates. Their durabi-
lity, measured during machining at the machining centre,
was set at TVBD =30 min. After this time, cut the cutting
edges to dull, so insert should be rotated or replaced.
There are four cutting edges on each insert of this type.
The cost of purchasing insert is shown in Tab. 12 [1, 14-
16].

T b “Mypp [pes] (6)
VBD

Where:

SVBD [pcs] — consumption of inserts,

tAS [min] — unit machine time for machining the T-
groove detail,

N [pcs] — number of pieces produced per year,

TVBD [min] — insert tool-life,

b [pcs] — number of edges,

nVBD [pcs]— number of inserts at tool.

VBD =%-6=31.5:> 40 [pes]
Tab. 12 Cost to purchase insert [1]
Name replaceable inserts | DGM 212R101 IN2015
Purchase price 10.5 [EUR/pc]
Quantity required 40 [-]
Total price 420 [EUR]

6.6 Cost Comparison of Cutting Tool

The price of the SD S-A-L100-C16-SP15 shank to
clamp the original cutting tool is not included in the cost
calculation. Czech company already owns several pieces

Tab. 14 Total cost comparison [1]

of these shakers, and because they do not wear during
production, there is no need to make new ones. Compari-
son of prices of both embodiments can be seen in Tab. 13
and Fig. 9. The annual cost of the cutting tool drops by
almost 15% [1].

Tab. 13 Comparison of costs of cutting tools [1]
Total cost of original cutting tool 574 [EUR]
Total cost of innovated cutting tool 491 [EUR]

574
580
560

540
M Cost of original tool
520 491

M Cost of innovated tool
500

Price [EUR]

480
460

440

Fig. 9 Cost Comparison of cutting tools [1]

6.7 Cost Comparison of T-groove Detail Production
Before and After Innovation

For a full cost comparison, it is necessary to take into
account the price of cutting tools, inserts, or sharpening,
monolithic cutting tool coating, and costs associated with
operator and operating the machine. The cost of operating
and operating the machine only relates to the machining
of the T-groove detail. The difference between the prices
of the original and the innovated production is shown in
Tab. 14 and Fig. 10 [1].

From the values in Tab. 6 and Tab. 8 it is clear that the
largest part of savings is associated with shorter unit ma-
chine times. This change is achieved thanks to the incre-
ased width of the new special cutting tool. For total T-
groove cost savings, see Tab. 14 and Fig. 10 is about 53%

[1].

Cost for operator and Cost of acquisition and Total cost for T-groove
operation the machine maintenance tools production
[EUR] [EUR] [EUR]
Original production 1 076.5 574 1 650
Innovated production 377.1 491 868
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production
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Fig. 10 Total cost comparison [1]
7 Conclusion

Improving the production process of the clamping
body was achieved by replacing the original monolithic
carbide cutting tool from Iscar with a new cutting tool fit-
ted with tangential insert. Due to the increased width of
the new cutting tool and the corrected cutting conditions,
the production time was reduced by 65%. The use of a
new cutting tool also leads to the elimination of the need
for complex machine correction after the blades of the
cutting tool are dull. In this case, you only have to rotate
or replace the insert, thus not changing the dimensions of
the new cutting tool.

When comparing original and innovated production,
a total cost reduction of about 53% was achieved. This
was achieved by shortening production times and reduc-
ing the cost of purchasing and maintaining cutting tools.
The total annual savings in production is more than 782.5
EUR.
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