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SUMMARY

The bachelor's thesis on the toplanufacturing Process Planning for a part "Pump
Housing" consists of78 sheets of A4 format and contai38 illustrations,and 3
tables. Thework includes 10 referencesto guidelines, manuals, booksnd

catalogies.

The dojective of this thesis is the development of the manufacturing process for the
APump Housing p Ia the first chapteanalysis of the tool deflection error during
end milling operationwas performed. In the second chapter, eguence of
manufacturing peratiors was developed, including selection of CNC machine,
cutting tools, cutting conditionand control prograrrin the third chapterthe vise
wasselectedor the manufacturing operatipcalculation of the clamping force was
performedand corresponding setuyasdeveloped.In the forth chapter,anomic

calculations were performed for the first manufacturing operation.

The graphic part consists 6&heets of Al format, as follows:

Analysis of the tool deflection error for the endlimg operation

Drawi ngs and 3PDmprioudiegl sp aorft talmed | an
Manufacturing operation presentation the first setup

Manufacturing operation presentatiomn the second setup

Fixture setup for the manufacturing operation

S T oA

Results of CNC coeldevelopment
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1. Analysis of the tool deflection error during end milling operation

We can create a static stress research model for calculating a part deflectio
angle duringmilling by reaching the required feed force right away. We will employ
the SolidWorkssimulation[1] module for this objective (Fig..1). Static stress
studies exmine the deformation and stress introduced into the model by the loads
and limitations on the structure. Investigations into displacement, stresses, ani
typical failure criteria are conceivable based on the findings. The assumptions use

to compute the redts include a linear response to stress.

v @ End mill2 (Default<..

G Bl &
Study @
v X w

Message &S

Study stresses, displacements, strains
and factor of safety for components
with linear material

Name ~

| Static 3

General Simulation ~

Static

[Juse 2D simplification
q,'.l Frequency :|
Design Insight ~
@? Topology Study

E.? Design Study

Advanced Simulation ~

C@ Thermal
C§- Buckling
ﬁ‘ Fatigue

Ct: Monlinear

|&'|| Linear Dynamic
%

Specialized Simulation ~ !
v

&

Coshemn dnlins

Fig. 1.1. Types of study available in SolidWesksulation

We may nowutilize the study materials command after selecting the sort of
study that is required. which ascribe the appropriate materials to parts (components

For the physical model to be accurately simulated, this is crucial. High speed stee
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(HSS), which is not listeth the material library, was inserted into the software as

userdefined data in accordance with the manufacturing data we use.

Material *

Search... Q Properties  Tables & Curves Appearance CrossHatch Custom Application Data | 4 | *

Material properties

_ Materials in the default library can not be edited. You must first copy the material to
SOLIDWORKS DIN Materials a custom library to edit it.

SOLIDWORKS Materials
Sustainability Extras

SolidWorks DIN Materials Units: Sl - N/m*2 (Pa) B
solidworks materials
sustainability extras
Composites Name: | HSS |
Custom Materials

Madel Type: Linear Elastic Isotropic | [save model type in library

Category: | Steel |

- NLHO1 materials E:i-'::rl;g::ﬂnure Max von Mises Stress o
Rubber Description: ‘ ‘
v Steel
§E HSS Source: ‘ ‘
Sustainability: ‘ Undefined Select...
Property Value Units -~
Elastic Modulus 2.33e+11 MN/m~2
Poisson's Ratio 0.28 MN/A
Shear Modulus 7.9e+10 MN/m#~2
Mass Density 7.8 kg/m+3
Tensile Strength 400000000 N/m*2
Compressive Strength N/m*2
Yield Strength 450000000 N/m*2
Thermal Expansion Coefficient | 1.4e-05 /K v
here

Open... Apply Close Save Config... Help

Fig 1.2 Part material selection

We may apply the structural limitations after inputting the necessary material
characteristis. This applies a fixed support to the upper tapering face of the fixed
faces of the machine, as shown in Figure 3
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Fixture @

VX |

Example

Standard (Fixed Geometry)

Fixed Geometry
Roller/slider
Fixed Hinge

@ || Face<i>
Face<2>
Face<3>

Advanced

Symbol Settings

Fig. 1.3 Constrains on part according to fixture design
Next is to apply structural loads to a selected geometry, the cutting force
applying a shear force to the bottom face of the endmill with 1572 N as shown in
(Fig.1 .).4

BRI

Force/Torque @
voX

Type
Force/Torque &

Force
Torque

ﬁa I
() Normal f" 1

(@) selected direction

Face<1>

Units ~
ERE] v
Force &

N E—

[“Reverse direction

[INenuniform Distribution v

Symbol Settings D !\

Fig. Z . Ldads applied omilling area= 1572 N

o
— i
Along Edge (M):| 1,572
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Then applying fine mesh to provide an accurate results

X -

~-—

Fig. Z .. Miesh shape of the model

Now we can see that SolidWorks is ready to solve the study we buili(F)g.

As it has all the information required.

Stress results are shown in figdre 6

9.759%+01 o

Fig. 1.6 Stress
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Displacement results are shown in Eig. 7

URES (mm)
9.773e-02
._ 8.796e-02
_ 7.818e-02
_ 6.841e-02

_ 5.864e-02

| 4.886e-02

_ 3.909e-02

9.773e-02 &

_ 2.932e-02

1.955e-02
9.773e-03
1.000e-30

Fig. 1.7 Maximum displacement is 0.0977 mm Max

Strain result is shown in Fid. .. 8he results showed a satisfying range, as

there is almost no green levels e surface which are being machined.

ESTRN
3.061e-04
. 2.755e-04
_ 2449%e-04
_ 2.143e-04
_ 1.837e-04
- 1.531e-04
_ 1.225e-04

3.067e-04 &

_ 9.184e-05

6.123e-05
3.061e-05
6.707e-11

Fig. 1.8. Strain level. between 3.068 Max
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Reaction force result is shown in Fifj.. The reaction force showed a

reasonable result. The featigdeing milledout of the reaction area

B |-770N

F: |33N

FZ |-4.82 N

FRes: 770N

B |-1.08e+03 N

Fy: |-1.77 N

FZ |392N

FRes: | 1.08e+03 N

Fig. 1.9. Theeaction force at clamped faces 1080N Max
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Summary

The previous results can be summarized as following:

1.

A 3D CAD model was built up using SolidWorks softw#2¢ to use it on
numerical model.

A cantilever force equal to 1572 N was applied onghdmill as a cutting
force.

The maximum vomMises stress was 97.59 MPa, the maximum deflection on

the endmill was 0.0977 mm, and the maximum strain was Sd6E

The maximum stress and maximum strain were found on the top of the
endmill neck due to stresncentration which was achieved due to cross
section area changing.

The maximum deflection was found on the lower end of the endmill due to

cantilever support.

12 | Page



2. Manufacturing process planning

2.1 Analysis of the purpose and operatingonditions of the part in the unit

assembly

Considering the ceumpHgusnawieonedi nel

bel ongs to the class fABodyo

1é 15 14 13 12 1 10 ¥ a 7 & 5 4 3 2 1

" 4.5 =425.000.10 . F——50.00H g "

7
[L[iTe]
7 T 1

-

3; .E ”, ™ I

L JRATE
T %

1 SOUIDW ORKS Educational Broduct. For lastructional'Ose Only. 11 10 ¥ a 7 & 5 4 3 2 1

Fig.21liDr awing of a part OPump F

In general, the requirements for the accuracy and quality of the surfaces of the
part are not very high, but there are a few surfaces that are subject to increasec

requirements.

During manufacturing a special attention must be paid to the machinindesf ho

N 45.00 and' 72.0Q ensuring their perpendicularity to the ends, and alignment.
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2.1.2 Analysis of the partodés working

This part is designed to install and hold two parts with threaded holes in the
appropriate position, 2 Holes 8.00 are intended for fastening the part itself in
place with 4 slots. The cover is connected using 4 threaded fhdl@3y . The

othercover isconnected using 4 threaded hdle8-7 .

2.1.3 Analysis of the material

Material of the part is gray Cast Iroit; has the following chemical

composition(Fig. 2.2.)and mechanical characteristi€sg. 2.3)

Chemical composition of gray cast iron

C S5 P 51 Mn Cu Cr Ni Mo
3.04 0.11 0068 2.58 .42 (0.05 0.07 0.02 0.005
Fig. 2.2. (hemicalcomposition (in %)
Property Value Units
Elastic Modulus 6.61781e+10 |N/m*~2
Poisson’s Ratio 0.27 N/A
Shear Modulus Se+10 N/m*2
Mass Density 7200 kg/mA3
Tensile Strength 151658000 |N/m*2
Compressive Strength 572165000 |N/mA2 [Thermal Conductivity 45 W/(m-K)
Yield Strength N/m~2  |Specific Heat 510 J/(kg-K)
Thermal Expansion Coefficient | 1.2e-05 /K Material Damping Ratio N/A

Fig. 2.3.Mechanical characteristics

Linear shrinkage: 1.1%

Tensile strengthl,= 151 MPa; hardness I=130¢é 24 1;)j=d,2ns i
glcn,

Taking into account the information given above, it can be concluded that
the part works with periodic loading and is not under the influence of an aggressive

environment and the material proposed by the designer ensures the operability of
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the part in suchonditions. The drawing of the part has a sufficient number of types,

sections, which provide a complete understanding of the design features of the part.

2.2 Determining the type of production and analysis of its impact on the

manufacturing process plan

For educational purposes we will use analog methods of designation of

production type based on weight of a part #Hredoroduction volume.
Part weightm=5.652 kg (Fig. 2).

Letdos determine the type of prodd)ctio

Table 2.1 Estimation of the production type

Weight of a|Type of production
part, kg
Single Small batch |Medium batch |High volume batch|Mass

<1 <10 10..2000 |2000 .. 75000 |75000 .. 200000 |> 200000
>1..25 <10 10..1000 |1000 ..50000 {50000 ..100000 |>100000
>25..50 |<10 10 .. 500 500 .. 35000 35000 .. 75000 >75000
>5.0..10.0 |[<10 10 .. 300 300 .. 25000 25000 .. 50000 >50000
>10.0 <10 10 .. 200 200 .. 10000 10000 .. 25000 >25000

,7" SOLIDv b File Edit View Inset Tools Window ¥ = mansour belal task 1.SLOPRT {'T,lag;cggmg‘, - X 7 X

60-P-@-08- | g [Pmowves 50T . |

g' ? 2'?5;’" ’?::l:rg:nn’ M:ﬂ'e “;’Jw Flc‘é’%\(’ n:;;za Sj::m Py &f L\: Z:::w,;m.m O - :Vle d

Festures = Sketch = Surfaces | Sheet Metal | Weldments = Mold Tools | Direct Editing | Markup | Evaluate | SOLIDWORKS Add-ins | MBD | . I “ @

PLREAPMEFP-0-v- 8-
ju]
A
sounwonxéema::iu:;meo::mn&u"y ! = = e I'®

Fig.24iCharacteristics of theDnwdeltt 0P|
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Conclusion: the assumedroduction typas medium batch,hus we will
perform all subsequentalculations andyerform technological decisions faa

mediumvolume type of production.
2.3 Design of the casting
2.3.1 Selection of the base process and design of the blank

Initial data for the process selectismas follows

A drawing of a partFig. 2.1)
A material of a part Grey cast Iron;
A Annual output 5000 pcs.
To select theappropriatebase process we will ugbe on-line application

Process Selector at tiveeb resourceustompartnet.corf3.

According to theobtainedresults (Fig2.5), the metal casting processes could
be utilized asa base processt should be mentioned, thate do not consier the
final tolerance and surface finiskince these characteristiasll be obtained by
secondary process According to the recommendations (Fig. 2.6¢ following
processes could be appligste process comparison in Fig 2.6)

A Centrifugal Casting
A Investment Casting
A Sand Casting
A

Shelltmold casting
Sand Casting is recommendadong these processascording toselected

criteria except surface tolerance and roughrnessecondary process, machining

could berecommended
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https://www.custompartnet.com/process-selector

@ Process Selector

Production | | Rapid Prototyping |

The production process selector will identify manufacturing processes that are compatible with your part's design
requirements. Process selection depends upon several factors including the part's geometry and material, as well as ¥
Shape:

[Solid: Complex | Surface finish - Ra {pin): Quantity;

[1000-10000 |
Material: [_Cast Iron o Tolerance (in); Lead fime: [Months %
Max wall thickness (in):
Legend: || Recommended Feasible M Incompatible

Fig 2.5 Process selectidB]
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452 Process Comparison

Property Name Centrifugal Casting || Sand Casting =] Shell Mold Casting [ Milling &
Thin-walled: Cylindrical, Solig: | Jnin-walled: Complex, Solid: | Thin-walled: Complex, Solid: | gy Cupic, Solid: Complex

e Cylindrical, Solid: Cubic, Solid: |~ Cylindrical, Solid: Cubic, Solid: | 2o “THin’ o Cyindrical
Shapes - Cy!m >y Complex Complex Frogies 2 : " 43
ﬁhnmlla‘:‘:;elglex Sold: | (Fiat, Thin-walled: Cylindrical, | (Fiat, Thin-walled: Cyindrical, "oy "'a"e:‘ sc&‘z.g&"}?d”ﬁ'g?"‘
Thin-walled: Cubic) Thin-walled: Cubic) omple: .
Diameter: 1- 120 in. . ;
Part size Length: Up to 50 ft. Weight: 1 0z - 450 ton Weight: 0.5 0z - 220 1b ety
Weight: Up to 5 tons - 0.
Metals, Alloy Steel, Carbon Steel,
Metals, Alloy Steel, Carbon Steel, Cast Iron, Stainless Steel,
Metals, Alloy Steel, Carbon Steel, Cast Iron, Stainless Steel, Metals, Alloy Steel, Carbon Steel, Aluminum, Copper, Magnesium,
Materials Cast Iron, Stainless Steel, Aluminum, Copper, Magnesium, Cast Iron, Stainless Steel, Zinc
Aluminum, Copper, Nickel Nickel Aluminum, Copper, Nickel (Ceramics, Composites, Lead,
(Lead, Tin, Titanium, Zinc) Nickel, Tin, Titanium, Elastomer,
Thermoplastics, Thermosets)
N ) 63- 500 300 - 600 50 - 300 32-125
Surface finish - Ra (uin) (32- 500) (125 - 2000) (32- 500) (8- 500)
i =0.01 +0.03 +0.015 =0.001
Tolerance (in.) (£0.002) (£0.015) (= 0.006) (+ 0.0005)
; 0.125-5 0.04- 40
Max wall thickness 01-50 ©d040) 0.06-2.0 ©00-7)
Quantly 100 - 10000 1- 1000 1000 - 1000000 1-1000
(1 - 10000) (1 - 1000000) (100 - 1000000) (1 - 1000000)
» Weeks Days Weeks Days
Lead ime (Days) (Hours) (Days) (Hours)

Can form very large parts, Good = Can produce very large parts, Can form complex shapes and
mechanical properties, Good = Can form complex shapes, Many  fine details, Very good surface All materials compatible, Very

Advantages surface finish and accuracy, Low material options, Low tooling and = finish, High production rate, Low °
equipment cost, Low labor cost,  equipment cost, Scrap can be  labor cost, Low tooling cost, Little 9000 tolerances, Short lead times
Little scrap generated recycled, Short lead time possible scrap generated

Limtadto oinarcapas, £ TSR STt Lt D R

Disadvantages required forryinner diamgeter Long finish and tolerance, Seondary High equipment cost and machines, High equipment
. bl machining often required, Low cost, Significant tool wear, Large

lead time possible production rate, High labor cost amount of scrap
_— " Engine blocks and manifolds, . " Machine components, engine
Applications Pipes, wheels, pulleys, nozzles machine bases, gears, pulleys Cylinder heads, connecting rods components

Fig 2.6. Process comparis¢8g]

2 %- I:]Nomal practice . Not applicable
2. (25
CIRS O w2
2 I EARA
& 7 E 3 g-g .§ % 2 g Dlx“common
8l=|%e|B|F|E|5|e| 2|2
c:zg,,,ﬁ,,aecs'&a
AHEHEHE I FIEIE AR
HAFE R HMEHERHE:
HEEEELEHEEEEE
Olo|<|#|<|O|N[Z|E|Z[<|EE
Sand casting
Investment casting
Die casting
Injection molding Solidification
Structural foam molding processes
Blow molding (ext.)
Blow molding (inj.)
Rotational molding

Fig. 2.7. Compatibility of solidification processes and mater[dls
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Considering the material and geometry of a part, the-sasiihg procesis
selectedhs the base proce@sg. 27).

To find the RMA (required machining allowanggrade we will use Table

B.1 [5]. The recommended RMA grade iddf thesandcasting process and Grey

cast Iron According to the table ], the equired machining allowander the

selected- grade and thp a rldrgést dimension 190 mm (see drawifig. 2.7) is

2 mm. To estimata CT asting tolerance) grade we use ¢abl (for longseries)

[5]. Forthe Grey cast Iroandthe sanecasting procesthie CT10 could be applied.

The results of estimation of casting tolerances sanemarizedin Table 2.2.
Sketchedor locationof RMA and CT are presented in F)8.

Table2.2 Casting tolerances

Dimension off| RMA | Min limit of size fol Casting Raw  castin
a part external features tolerance, mm| basic dimensic
(or max for interng
features)
190 2 194 3.6 197. 6N1
130 2 132 3.3 135 . 3N1
90 2 94 3.2 97.2N1
72 2 74 3.2 77N 5.
45 2 49 2.6 51.6N1
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LTde CTrd
il S

i ”

/f h R=F+ 2AMA « (T/2
142

3

)

N [ ——— —

R = Raw casting basic dimansion
F = Dimensicn after final machining
RMA = Required machining allowance

CT = Casting tolerance

CT/2

F RMA
R=F «RMA +CT/2
T
F 1
/8 R LT/
RMA RMA
)P | R=F-2RMA - CT/Z
T
C1/2 C1/2

Fig. 28 Sketches for determining Raw casting basic dimension

When designing the casting the followiregommendations were considered

A a workpieceshould beplaced in the wawhich corresponds t@ lowest
possible heighof a castingn the mold

A itis recomnended to desigthe parting lingn the plane of symmetry

A the castingshouldnot contain sharp corners, radii of52mm should be
applied

A a dr aft ismpplet te all wdllsthatAreerpendicular ttheparting
plane This allows tdacilitate removing the part from the mold
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A the RMA should be added to the surfaces, for which machining will be
applied

A the 2 center holesf the part will be obtained using coneith the allowance
for machining

A small features of the partike small holes)should be obtained by a
secondary process.

The results of the casting design are presented in Big. 2.

16 15 14 13 12 1 0 ? & 7 4 5 4 3 2 1

16 SOLIDWORKS Edi i 1l duct. For i ldse Only. 11 10 ? 1 7 & 5 4 3 2 1

Fig. 2.9 Drawing of a part and casting
2.5 Locating the workpieceduring the manufacturing process

The general manufacturing datum (GMD)tlee set of datum surfaces
which can be used to perform atiachiningoperations or most of iffo
justify the choice of GMDwe will usethe working drawing of the paats he
initial data It is necessary to classify surfaces of fieen part for their
intended purposia the assemblyotsolve the problems of the first stagae
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design ofthe part can be represented ax@mbinationof four types of

surfaces:

Main functional (design) datum
Auxiliary functional (design) datum

Fastening surfaces
Freesurfaces

hwbhE

Llet 6s classify surfaces mtended gi ve

purposefor further analysigFig .2.10 )

M M

Bfw\ |
54\

E
81 83
b F7,F&.F .le

. @ .
- \ qu O—FFQ { ) M]j -

A A
1& SOLIDWORKS Educational Froduct. Forllastructional'lse Only. 11 10 # L] 7 & 5 4 3 2 1

Fig. 210 Classification of thesurfacesaccording to their intended purpose

As you can see irfFig. 2.11) the implementation of general manufacture
schemeis easy to implement, and provides the correct spatial position of the

untreated surfaces relative to theqassed surfaces.
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Fig. 2.11 Locating scheme for the second manufacturing operation

Fig. 2.12 Locating scheme for the first manufacturing operation

The given schemé@-ig. 2.12)allows processing several additional
surfaces besides the general manufacturing datum during the first
23| Page



manufacturing operatioiut this implementation has some advantages and

some advantages and disadvantages:

Advantages:

- It is easy to implement.

- It ensures the perpendicularity thie untreated surface relative to the datum
surface

- It ensures parallelism @aheuntreated surface relative to the datum sutface
But only in the specified cross section, where the mounting elements are

located

Disadvantages:

- It blocksthe ability ofprocessing the workpiece from three sides,

« It forms an uneven allowance for the main holes ofPine@p Housindor

the next stages of processing
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2.6 Design of the typical surfaces processing routes

For a part, presentedn Fig. 2.1, the surfaces classificatiois given in
Fig. 2 . ,2h@developednachiningsequenceschievedaccuracyand roughness

of working surfaces are given iable2 3.

Table2.3 Processingoutes forsurface®f a partiPumpHousing

Surfaces IT Ra | Machiningsequence IT Ra
According to After machining
thedrawing

1 2 3 4 5 6
CenterindDrilling
M1, I\I\cli M3, (174; 10 | Milling 9 10
7
Roughmilling
A3 14 | 10 | Finishmilling 14 10
Centering
F1,F2 14 10 | Drilling 14 10
Countersinking
Rough 12 5
Al, A2 14 5 | boring 9
Finish 8
boring
Finalboring
7H Centering 7H
F3, F4, F5 Drilling
F6,F7,F8,F9,F1i Countersinking
Threading
A4 14 5 | Milling 14 5
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2.7 Design of theoperational manufacturing process plan

16 15 14 13 12 mn o L B ) & 5 4 3 2 1

o

o |
i

‘Iill .

CATUM =

1£ SOUDWORKS EducationalRroduct. ForlstructionallBse Only. 11 o 9 B ) & 5 4 3 2 1

Machine:HAAS VF-2
Position 1
¢ .Install,secureyemove

05.01Roughmill the surfacel to dimension 5
05.02Finishmill thesurfacel to dimensiorb
05.03Roughmill the surface todimensions

05.04Finishmill thesurface2 to dimensions
05.05mill thesurface3 to dimension7

05.06mill thesurfaced4 throwtheworkpiece

05.07Centerthe positiorof 4 holesf3 f4 {5 f6 atdimensionsl5,12;14,12;11,16;
11,13

05.08Drill the 4 blind holes {3 f4 {5 f6 at dia. 8mm & depth 20mm, maintain the
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position of the holesenters15,12;14,12;11,16 ;11,13

05.09Cut a thread in 4 holes F4 at dim. 8mm & 20mm deep (position of holes
centers: 15,12414,1211,16; 11,13)

Position 2
¢ .Install,secureyemove

05.10Roughmill the surface todimensiont
05.11Finishmill thesurface8 to dimension
05.12Centerthe positiorof 4 slots atdimension,1;2,4;3,1;3,4.

05.13Drill through 4 slots at dia 8mm and 17mm length, maintairptsition of
t he sl o05%34,31e3@t er s :

05.14r eam4 sl ots at dia 8mm and 17mm | engt
centers: 2,1; 2,8,1;3,4.

05.15Centerthe positiorof 2 holes adimensionsl0,1:9,4.

05.16Drill 2 through holes at dia. 8nai nt ai n t he position ¢
centers: 10,1: 9,4. astnultaneouslynakechamfers ir2 holes

05.17Centerthe positionof 4 holes atlimensionsl7,18;20,18;17,19;20,19.

05.18Drill the 4 blind holes at dia. 8mm & depth 20mm, maintain the position of
theholes center4:7,18;20,18;17,19;20,19.

05.19Cut a thread in 4 holes at dim. 8mm & 20mm deep (position of holes
centers: 17,18; 20,187,19;20,19.)

05.20Roughmill the surfacd 2to dimensiors.
05.21Finishmill thesurfacel2to dimensiorS.
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2.8 Short description of a manufacturing equipment

Machine used:we choose Haas VE 3-axis vertical milling machine which is

designed foprecision machiningf a wide range of material§]. Key features and

specifications of the Haas VFare presented in figuz13

Fig 213 Haas VF2 3-axis vertical milling machine

Spindle:The VF2 is equipped with a 10,000 RPM spindle with a CGAX taper. It
has amaximum torquef 90 ft-Ib at 2,000 RPM, making it suitable for higpeed

cutting.
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Travel:The VF2 has a travel capacity of 30" x 16" x 20", which provides ample room
for machning a wide range of parts. It also hasapid traverse ratef 1,000 inches

per minute, which allows for quick and efficient positioning of the cutting tool.

Control system:The VF2 is equipped with &laas CNGCcontrol system, which

provides a useiriendly interface for programming and operating the machine. It also
has a fullcolor LCD display, which provides redme monitoring of the machining

process.

Tool changerThe V2 is equipped with a 26tation tool changer, which allows for

quick and automtic tool changes. Theol changers located on the side of the

machine, which provides easy access for loading and unloading tools.

Coolant systemThe VF2 has a higitapacitycoolant system, which helps to reduce

heat buildup during machining and pogs tool life. The coolant system is equipped
with a programmable nozzle, which allows for precselant deliveryto the cutting

tool.

Accuracy: The VF2 is designed fonigh precision machining, with @ositioning
accuracyof NO. 0002" ahdNoepe@tLability

Overall, the Haas V2 is a versatile and reliabieilling machinethat is suitable for a
wide range of machining applications. It is often used in industries such as aerospace,

automotive, and medical device manufacturing.

Clamps and vies:

we are using a straight jaws and V shape jaws to hold our piece while the machining
prosses we are using is the standard clamps which has a code number 1vidi&900
was downloaded from (estore gerdrdi) from this link (ierg here is a photo of the

part being hold by the clampsfig (3.2).
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http://estore.gerardispa.com/configurator/workholding/vise/2-4-1-14-2*150-21-22-33-0%3E150-1-2-30-1-425-125-80-3-345-95-40-12P9-0

2.9.Development of the NC program

The Mastercam software was dst develop the Ngrogram.Within this

subchapter main settings, cutting data selected, toolpath planning, and time estimation

are presented

Facel

OPERATIONST

OPERATIONINFO

1 - Contour(2D)

CYCLEIME: 0 HOURS, 5 MINUTES, 3 SECONDS
PROGRAMIUMBER: 0
SPINDLBPEED: 1527 RPM
CLEARANCE  PLANE 150.0
RETRACT PLANE: FEED
PLANE: >0
STOCHOLEAVE: 0.0
WORKOFFSET: 0
TOOUNFO FLATENDMILL

TYPE: NUMBER: Flatendmilll
DIAMETER: 25.0

0.0
CORNER RADIUS:

1 45.996-
LENGTH OFFSET: 2 =
DIAMETERFFSET: 485
MATERIAL: HSsg

SFM: 119.934
NUMBEROF FLUTESPT 74.188

0.1
= 149.188
MFG  CODE:
ASSEMBLY:
HOLDER: B2C4-0020 ?5 000
C: =

TIME: 00:05:03
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OPERATIONIFO  31-Contour(2D)

CYCLEIME: 0 HOURS, 16 MINUTES, 47 SECONDS
PROGRAMIUMBER: 0
SPINDLEPEED: 1527 RPM
CLEARANGEANE: 150.0
RETRACT PLANE: FEED

5.0
PLANE:

5.0
STOCROLEAVE: 0.0
WORKOFFSET: 0

TOOUNFO FLATENDMILL
TYPE: NUMBER: FlatendmiltL
DIAMETER: 25.0
CORNER RADIUS: 0.0
LENGTH OFFSET: 1 45.995-
DIAMETERFFSET: 1 i B
) HS8
MATERIAL: SFM: 119.934
NUMBEROF FLUTESPT 74.188
0.1
= 149.188
MFG  CODE:
ASSEMBLY:
HOLDER: B2C4-0020
. 75.000

TIME: 00:16:47
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OPERATIONIFO  32-Contour(2D)

CYCLEIME: 0HOURS, 18 MINUTES, 23 SECONDS
PROGRANNUMBER: 0
SPINDLEPEED: 1527 RPM

CLEARANCE PLANE 150.0
RETRACT PLANE: FEED

5.0
PLANE:

5.0
STOCROLEAVE: 0.0
WORKOFFSET: 0

TOOLNFO FLATENDMILL
TYPE: NUMBER: Flatendmilll
DIAMETER: 25.0
CORNER RADIUS: 0.0
LENGTH OFFSET: 1
45.995-

DIAMETERFFSET: 1 § ~
MATERIAL: HSS

SFM: 119.934
NUMBEROF FLUTESPT

01 74.188
MFG CODE: = 149.188
ASSEMBLY:
HOLDER: B2C4-0020
C 75.000

TIME: 00:18:23 :
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OPERATIONIFO  33-Contour(2D)

CYCLEIME: O HOURS, 22 MINUTES, 29 SECONDS
PROGRAMIUMBER: 0
SPINDLBPEED: 1527 RPM
CLEARANGE ANE: 150.0
RETRACT PLANE: FEED

5.0
PLANE:

5.0
STOCROLEAVE: 0.0
WORKOFFSET: 0

TOOUNFO FLATENDMILL

TYPE:  NUMBER: Flatendmill,
DIAMETER: 25.0

0.0
CORNER RADIUS:
LENGTH OFFSET: 1 "'45.999"‘
DIAMETERFFSET: 1
MATERIAL: HS8

SFM: 119.934
NUMBEROF FLUTEEPT 74.188

0.1
- 149.188

MFG CODE:
ASSEMBLY:

B2C4-0020
HOLDER:

c 75.000

IME: 00:22:29




OPERATIONIFO  34-Contour(2D)
CYCLE TIME: OHOUR$MINUTES; SECONDS
COMMENT:
PROGRAMIUMBER: 0
SPINDLEPEEBEEDRATE  1527RPM
610.8mm/min
CLEARANGH.ANE: 150.0
RETRACHLANE: 5.0
FEEPLANE: 5.0
DEPTH: -48.8
STOCKIO LEAVEEOMPTC 0.0
TIP: YES
WORKOFFSET: 0
TOOLNFO FLATENDMILL
TYPE: Flatendmill
NUMBER: 1 _'—45'999_‘_
DIAMETER: 25.0
CORNERADIUS: 0.0
LENGTHDFFSET: 1
DIAMETERFFSET: 1 74.188
MATERIAL: HSS
NUMBEROFFLUTESPT: 4 i 149.188
0.1 SFM: 119.934
MFG CODE:
ASSEMBLY: 75.000
HOLDER: B2C40020 C:
TIME: 00:06:05 = o LI
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OPERATIOMNIFO  35- Drill/Counterbore
CYCLEIME: 0 HOURS, 0 MINUTES, 22 SECONDS
PROGRANNUMBER: 0
SPINDLBPEED: 1250 RPM
CLEARANCE  PLANE 150.0
RETRACT PLANE: FEED
25.0
PLANE:
5.0
STOCROLEAVE: 0.0
WORKOFFSET: 0
TOOLINFO CENTER
TYPE: NUMBER: Centerdrill2
DIAMETER: 5.0
0.0
CORNER RADIUS:
LENGTH OFFSET: 2
DIAMETERFFSET: 6
MATERIAL: Carbide I 5 0 u 0 0 0_'
SFM: 15.708 r
NUMBEROF FLUTESPT —I
0.063 2 5 0 0
65.000
MFG  CODE:
ASSEMBLY:
HOLDER: DefaultHolder 40'000
1
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OPERATIONIFO  36- Drill/Counterbore
CYCLEIME: OHOURS, 1 MINUTES, 25 SECONDS
PROGRANNUMBER: 0
SPINDLBPEED: 800 RPM
CLEARANGEANE: 150.0
RETRACT PLANE: FEED
25.0
PLANE:
5.0
STOCROLEAVE: 0.0
WORKOFFSET: 0
TOOL INFO 8.5
TYPE: NUMBER: Drill3
DIAMETER: 8.5
CORNER RADIUS: 0.0
LENGTH OFFSET: 3 l‘50_0 OO—I
DIAMETERFFSET: 142 I" =
MATERIAL: HSS l .
SFM: 35.997 2500 J
NUMBEROF FLUTESPT *
0.06
100.000
MFG  CODE:
ASSEMBLY:
HOLDER: DefaultHolder ?5'000
TIME: 00:01:25 _




OPERATIONIFO 37-Contour(2D)

CYCLEIME: 0HOURS, 40 MINUTES, 14 SECONDS
PROGRANNUMBER: 0
SPINDLESPEED: 1527 RPM

CLEARANCE PLANE 150.0
RETRACT PLANE: FEED

5.0
PLANE:

5.0
STOCKROLEAVE: 0.0
WORKOFFSET: 0

TOOL INFO FLAT ENDMILL

TYPE:  NUMBER: FlatendmiltL
DIAMETER: 25.0
CORNER RADIUS: 0.0
LENGTH OFFSET: 1 _"45.999"_
DIAMETER ~ OFFSE
MATERIAL: Hsa

SFM: 119.934
NUMBEROF FLUTEEPT 74.188

01
. 149.188

MFG  CODE:
ASSEMBLY:

B2C4-0020
HOLDER:

c 75.000

TIME: 00:40:14
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OPERATIOMIFO  38- Contour(2D)

CYCLEIME: O0HOURS, 13 MINUTES, 30 SECONDS
PROGRAMIUMBER: 0
SPINDLSPEED: 1527 RPM

CLEARANCE PLANE 150.0
RETRACT PLANE: FEED

5.0
PLANE:

5.0
STOCKOLEAVE: 0.0
WORKOFFSET: 0

TOOLINFO FLAT ENDMILL

TYPE: NUMBER: Flatendmilil
DIAMETER: 25.0
CORNER RADIUS: 0.0
LENGTH OFFSET: 1 ,_45 ggg_|
DIAMETERFFSET: 1 — _—
MATERIAL: HS8
SFM: 119.934
NUMBEROF FLUTESPT
74.188
0.1
MFG  CODE: i 149.188
ASSEMBLY:
c. 75.000
TIME: 00:13:30
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TOOL LIST Sorted:NO
TYPE: Flatendmill ,_45 999‘1
NUMBER: 1 2 = =
DIAMETER: 25.0
CORNERRADIUS: 0.0
LENGTH OFFSET: 1 ?4 188
DIAMETER OFFSET: 485 :

MATERIAL: HSS 1 49 .I 88
NUMBER OF FLUTES: 4 :
FPT: 0.1 SFM: 119.934
MFG CODE:
ASSEMBLY: 75.000
HOLDER: B2C4-0020 C:
TIME: 02:02:33 | o]
USED BY OPERATION: #1 1 - Contour (2D)2

- Contour (2D)3 -
USED BY OPERATION: #2

Contour (2D) 4 -
USED BY OPERATION: #3 Contour (2D)5 -

Contour (2D) 8 -
USED BY OPERATION: #4

Contour (2D)
TYPE: NUMBER: Centerdrill2
DIAMETER:

50 r50.000-
CORNER RADIUS: 0.0 - ==
LENGTH OFFSET: 2 r
DIAMETERFFSET: 6 25 00
MATERIAL: Carbide . 6 5 0 0 0
SFM: 15.708 .
NUMBEROF FLUTESEPT:
0063 40.000
|

MFG CODE:
ASSEMBLY:
HOLDER: DefaultHolder
TIME: 00:00:22
USEBYOPERATION: #6 6- Drill/Counterbore
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TOOL INFO 8.5

TYPE: NUMBER: Drill3
DIAMETER:

8.5
CORNER RADIUS: 0.0

LENGTH OFFSET: 3 '_50.000_‘

DIAMETER OFFSE 142 I— -
MATERIAL: HS3
SFM: 35.997 25 00 l .
| |

NUMBEROF FLUTESBPT
0.06
100.000
MFG CODE:
ASSEMBLY:
DefaultHolder ?5'000

HOLDER:
TIME: 00:01:25

| USEBYOPERATION: #7 7 - Drill/Counterbore

WORK OFFSETS

NUMBER: 0 PLANE: Top ORIGIN: 0.0,0.0,0.0
USEDBY OPERATION: #1 1- Contour(2D)
USEDBY OPERATION: #2 2 - Contour(2D)
USEDBY OPERATION: #3 3- Contour(2D)
USEDBY OPERATION: #4 4 - Contour(2D)
USEDBY OPERATION: #5 5- Contour(2D)
USEDBY OPERATION: #6 6 - Drill/Counterbore
USEDBY OPERATION: #7 7 - Drill/Counterbore
USEDBY OPERATION: #8 8- Contour(2D)
USEDBY OPERATION: #9 9- Contour(2D)
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Face 2

PERATIONIST
OPERATIONINFO  1- Contour(2D)
CYCLEIME: 0 HOURS, 0 MINUTES, 42 SECONDS
PROGRANNUMBER: 0
SPINDLESPEED: 1527 RPM
CLEARANGH.ANE: 150.0
RETRACT PLANE: FEED 5.0
PLANE: 5.0
STOCKROLEAVE: 0.0
WORKOFFSET: 0
TOOLINFO FLAT ENDMILL
TYPE: NUMBER: FlatendmiltL
DIAMETER: 25.0
CORNER RADIUS: 0.0
LENGTH OFFSET: 1
DIAMETERFFSET: 1
MATERIAL: HS8
SFM: 119.934
NUMBEROF FLUTESPT
0.1
MFG CODE:
ASSEMBLY:
HOLDER: B2C4-0020
C:
TIME: 00:00:42
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OPERATIONIFO

42 - Contour(2D)

CYCLE TIME: OHOURS,3MINUTES, 8 SECONDS
COMMENT:
PROGRAMNUMBER: 0
SPINDLE SPEED 1527RPM
FEEDRATE: 610.8mm/min
CLEARANCE PLANE: 150.0
RETRACT PLANE: 5.0
FEEDPLANE: 5.0
DEPTH: -60.0
STOCKTO LEAVE:COMF 0.0
TOTIP: YES
WORK OFFSET: 0
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TOOL INFO FLAT ENDMILL
TYPE: Flatendmill ,_45 ggg_|
NUMBER: 1 _ = o
DIAMETER: 25.0
CORNERRADIUS: 0.0
LENGTH OFFSET: 1
74.188
DIAMETER OFFSET: 1
MATERIAL: HSS
- 149.188
NUMBER OF FLUTES: 4
FPT: 0.1 SFM: 119.934
MFG CODE:
ASSEMBLY: 75.000
HOLDER: B2C40020 C:
TIME: 00:03:08 s ol




OPERATIONIFO

43- Contour(2D)

CYCLE TIME: OHOURS,0MINUTES,49SECONDS
COMMENT:
PROGRAMNUMBER: 0
SPINDLE SPEED 1527RPM
FEEDRATE: 610.8mm/min
CLEARANCE PLANE: 150.0
RETRACT PLANE: 5.0
FEEDPLANE: 5.0
DEPTH: -8.8
STOCKTO LEAVE:COMF 0.0
TOTIP: YES
WORK OFFSET: 0
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TOOL INFO FLAT ENDMILL
TYPE: Flatendmill ,_45 ggg_|
NUMBER: 1 _ = o
DIAMETER: 25.0
CORNERRADIUS: 0.0
LENGTH OFFSET: 1
74.188
DIAMETER OFFSET: 1
MATERIAL: HSS
- 149.188
NUMBER OF FLUTES: 4
FPT: 0.1 SFM: 119.934
MFG CODE:
ASSEMBLY: 75.000
HOLDER: B2C40020 C:
TIME: 00:00:49 [ ol




OPERATIONIFO

44 - Contour(2D)

CYCLE TIME: OHOURS,8MINUTES, 8 SECONDS
COMMENT:
PROGRAMNUMBER: 0
SPINDLE SPEED 1527RPM
FEEDRATE: 610.8mm/min
CLEARANCE PLANE: 150.0
RETRACT PLANE: 5.0
FEEDPLANE: 5.0
DEPTH: -28.8
STOCKTO LEAVE:COMF 0.0
TOTIP: YES
WORK OFFSET: 0
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TOOL INFO FLAT ENDMILL
TYPE: Flatendmill ,_45 ggg_|
NUMBER: 1 _ = o
DIAMETER: 25.0
CORNERRADIUS: 0.0
LENGTH OFFSET: 1
74.188
DIAMETER OFFSET: 1
MATERIAL: HSS
- 149.188
NUMBER OF FLUTES: 4
FPT: 0.1 SFM: 119.934
MFG CODE:
ASSEMBLY: 75.000
HOLDER: B2C40020 C:
TIME: 00:08:08 s ol




OPERATIONIFO

45- Contour(2D)

CYCLE TIME: OHOURS,9MINUTES,40SECONDS
COMMENT:
PROGRAMNUMBER: 0
SPINDLE SPEED 1527RPM
FEEDRATE: 610.8mm/min
CLEARANCE PLANE: 150.0
RETRACT PLANE: 5.0
FEEDPLANE: 5.0
DEPTH: -33.8
STOCKTO LEAVE:COMF 0.0
TOTIP: YES
WORK OFFSET: 0
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TOOL INFO FLAT ENDMILL
TYPE: Flatendmill ,_45 ggg_|
NUMBER: 1 _ = o
DIAMETER: 25.0
CORNERRADIUS: 0.0
LENGTH OFFSET: 1
74.188
DIAMETER OFFSET: 1
MATERIAL: HSS
- 149.188
NUMBER OF FLUTES: 4
FPT: 0.1 SFM: 119.934
MFG CODE:
ASSEMBLY: 75.000
HOLDER: B2C40020 C:
TIME: 00:09:40 [ ol




OPERATIONIFO

46 - Contour(2D)

CYCLE TIME: OHOURS,5MINUTES, 13SECONDS
COMMENT:
PROGRAMNUMBER: 0
SPINDLE SPEED 1527RPM
FEEDRATE: 610.8mm/min
CLEARANCE PLANE: 150.0
RETRACT PLANE: 5.0
FEEDPLANE: 5.0
DEPTH: -33.8
STOCKTO LEAVE:COMF 0.0
TOTIP: YES
WORK OFFSET: 0
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TOOL INFO FLAT ENDMILL
TYPE: Flatendmill ,_45 ggg_|
NUMBER: 1 _ = o
DIAMETER: 25.0
CORNERRADIUS: 0.0
LENGTH OFFSET: 1
74.188
DIAMETER OFFSET: 1
MATERIAL: HSS
- 149.188
NUMBER OF FLUTES: 4
FPT: 0.1 SFM: 119.934
MFG CODE:
ASSEMBLY: 75.000
HOLDER: B2C40020 C:
TIME: 00:05:13 [ ol




OPERATIONIFO

47 - Contour(2D)

CYCLE TIME: OHOURS,2MINUTES, 49SECONDS

COMMENT:
PROGRAMNUMBER: 0

SPINDLE SPEED 1527RPM

FEEDRATE: 610.8mm/min i
CLEARANCE PLANE: 150.0

RETRACT PLANE: 5.0

FEEDPLANE: 5.0

DEPTH: -33.8

STOCKTO LEAVE:COMF 0.0

TOTIP: YES

WORK OFFSET: 0
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TOOL INFO FLAT ENDMILL
TYPE: Flatendmill ,_45 ggg_|
NUMBER: 1 _ = o
DIAMETER: 25.0
CORNERRADIUS: 0.0
LENGTH OFFSET: 1
74.188
DIAMETER OFFSET: 1
MATERIAL: HSS
- 149.188
NUMBER OF FLUTES: 4
FPT: 0.1 SFM: 119.934
MFG CODE:
ASSEMBLY: 75.000
HOLDER: B2C40020 C:
TIME: 00:02:49 [ ol




OPERATIONIFO

8 -

Transform/Mirrol

Points/Coordinate/Geometry

CYCLEIME: 0 HOURS, 2 MINUTES, 49 SECONDS
PROGRANMUMBER: 0
SPINDLESPEED: 1527 RPM
CLEARANCE PLANE 50.0
RETRACT PLANE: FEED
PLANE: 25.0
STOCKROLEAVE: 0.0
WORKOFFSET:
TYPE: NUMBER: FlatendmillL
DIAMETER: 25.0
CORNER RADIUS: 0.0
LENGTH OFFSET: 1
DIAMETERFFSET: 1
MATERIAL: HS8
SFM: 119.934
NUMBEROF FLUTESPT
0.1
MFG CODE:
ASSEMBLY:
HOLDER: B2C4-0020
C:
TIME: 00:02:49
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OPERATIONIFO 49 - Drill/Counterbore

CYCLEIME: 0HOURS, 0 MINUTES, 17 SECONDS
PROGRAMIUMBER: 0
SPINDLSPEED: 1000 RPM

CLEARANCE PLANE 150.0

RETRACT PLANE: FEED 25.0
PLANE: 50

STOCROLEAVE: 0.0

WORKOFFSET: 0

TOOLINFO CENTER

TYPE: NUMBER: Centerdrill2

DIAMETER: 5.0

CORNER RADIUS: 0.0

LENGTH OFFSET: 2

DIAMETER  OFFSE 2 ,—50 000—.
MATERIAL: Carbide n

SFM: 15.708 [ B
NUMBEROF FLUTESPT
0.063 25.00

MFG CODE:

ASSEMBLY: 40 000
HOLDER: DefaultHolder - :
TIME: 00:00:17
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OPERATIONIFO 50 - Drill/Counterbore

CYCLEIME: 0HOURS, 0 MINUTES, 49 SECONDS
PROGRAMIUMBER: 0
SPINDLSPEED: 1000 RPM

CLEARANCE PLANE 150.0

RETRACT PLANE: FEED 25.0
PLANE:

5.0
STOCROLEAVE: 0.0
WORKOFFSET: 0

TOOLINFO DRILL

TYPE: NUMBER: Drill3
DIAMETER: 6.8
CORNER RADIUS: 0.0
LENGTH OFFSET: 3 ’—50_000—|
DIAMETERFFSET: 122 |- —
MATERIAL: HSS
SFM: 35.997

NUMBEROF FLUTESPT 25.00 J ”

0.06

100.000

MFG  CODE:
ASSEMBLY:
HOLDER: DefaultHolder ?5. 00 0
TIME: 00:00:49
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OPERATIONIFO

51 - Drill/Counterbore

CYCLEIME: 0HOURS, 0 MINUTES, 32 SECONDS

PROGRAMWUMBER: 0

SPINDLBPEED: 1000 RPM

CLEARANGEANE: 150.0

RETRACT PLANE: FEED

25.0
PLANE:
5.0
i
STOCROLEAVE: 0.0
WORKOFFSET: 0
TOOLINFO DRILL
TYPE:  NUMBER: Drill3
DIAMETER: 6.8
CORNER RADIUS: 0.0
LENGTH OFFSET: 3 ,—50 000——,
DIAMETERFFSET: 122
MATERIAL: HSS r
SFM: 35.997 25 00 J
NUMBEROF FLUTESPT . ”
0.06

MFG  CODE: .
ASSEMBLY:
HOLDER: DefaultHolder ?5-000
TIME: 00:00:32
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OPERATIONIFO

12 - Contour(Ramp)

CYCLEIME: O HOURS, 9 MINUTES, 11 SECONDS

PROGRANMIUMBER: 0

SPINDLEPEED: 2387 RPM

CLEARANCGHANE: 150.0

RETRACT PLANE: FEED 5.0

PLANE: 5.0

STOCKOLEAVE: 0.0

WORKOFFSET: 0

TOOL INFO FLAT ENDMILL
TYPE: NUMBER: Flatendmill5
DIAMETER: 8.0
CORNER RADIUS: 0.0
LENGTH OFFSET: 5
DIAMETERFFSET: 468 I_S0.000—I
MATERIAL: HS8 —
SFM: 59.994 I-
NUMBEROF FLUTESPT 25 00 J
0.05 g

MFG  CODE: 100.000
ASSEMBLY:
HOLDER: DefaultHolder ?5 000
TIME: 00:09:11
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TOOL LIST Sorted:NO
TOOL INFO FLAT ENDMILL
TYPE: Flatendmill ,.45999..
NUMBER: 1 — —
DIAMETER: 25.0
CORNERRADIUS: 0.0
LENGTH OFFSET: 1 74.188
DIAMETER OFFSET: 1
MATERIAL: HSS =i 1491 88
NUMBER OF FLUTES: 4
FPT: 0.1 SFM: 119.934
MFG CODE:
ASSEMBLY: 75.000
HOLDER: B2C40020 C:
TIME: 00:33:21 e e ||
USED BY OPERATION: #1 1 - Contour (2D)2

- Contour (2D)3 -

USED BY OPERATION: #2

Contour (2D) 4 -
USED BY OPERATION: #3 Contour (2D)5 -

Contour (2D) 6 -
USED BY OPERATION: #4

Contour (2D) 7 -
USED BY OPERATION: #5 Contour (2D)
TYPE: NUMBER: Centerdrill2
DIAMETER: 5.0

r50.000-
CORNER RADIUS: 0.0 =
LENGTH OFFSET: 2 r
DIAMETERFFSET: 2 25 00
. -
MATERIAL: Carbide 65.000
SFM: 15.708
NUMBEROF FLUTESPT:
40.000
-
|

MFG CODE:
ASSEMBLY:
HOLDER: DefaultHolder
TIME: 00:00:17
USEBYOPERATION: #9 9- Drill/Counterbore
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TYPE: NUMBER: Drill3
DIAMETER: 6.8
CORNER RADIUS: 0.0
LENGTH OFFSET: 3
DIAMETERFFSET: 122
MATERIAL: HSS
SFM: 35.997

NUMBEROF FLUTEGPT

0.06
MFG CODE:
ASSEMBLY:
HOLDER: DefaultHolder
TIME: 00:01:22

r30.000~
- =

25.00 :

100.000
75.000

USEBYOPERATION: #10 10 - Drill/Counterbore

USEBYOPERATION: #11 11 - Drill/Counterbore

TYPE: Flatendmill

NUMBER: 5

DIAMETER: 8.0

CORNERADIUS: 0.0

LENGTHDFFSET: 5

DIAMETE®FFSET: 468

MATERIAL: HSS

NUMBEROFFLUTES: 4

FPT: 0.05 SFM: 59.994

MFGCODE:

ASSEMBLY:

HOLDER: DefaultHolder

TIME: 00:09:11
TOOLINFO FLAT ENDMILL

r30.000~
.

25.000 =
100.000
75.000

| USEIBYOPERATION:

#12 12- Contour(Ramp)
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WORK OFFSETS

OFFSETINFO

ORIGIN: 0.0,0.0,0.0

NUMBER: 0 PLANE: Top
USEDBY OPERATION: #1
USEDBY OPERATION: #2
USEDBY OPERATION: #3
USEDBY OPERATION: #4
USEDBY OPERATION: #5
USEDBY OPERATION: #6
USEDBY OPERATION: #7
USEDBY OPERATION: #9
USEDBY OPERATION: #10
USEDBY OPERATION: #11
USEDBY OPERATION: #12

1- Contour(2D)
2 - Contour(2D)
3- Contour(2D)
4- Contour(2D)
5- Contour(2D)
6 - Contour(2D)
7 - Contour(2D)

9 - Drill/Counterbore
10- Drill/Counterbore
11- Drill/Counterbore

12- Contour(Ramp)

The

The Gcodes ar@resented in Annex. Selected fragnsaritthe control prograrand

control

tool pathsare presented in fig. 2.122.18.

14 15 4 13 2

A 0

N13::;; ROUGHING TOOLPATH FOR

&)

FACING OPERATION ;377
N14X32.5 Y0,

N16 Gl Z-3 F1000
N17 63 X0.¥32.5 CR=32.5
N18 X-32.5 Y0. CR-32.5
N19 X0.Y-32.5 CR=32.5
N20X32.5 Y0. CR=32.5

K N21GoZs

N22 ::2:; FINISHING TODLPATH FO

N31 51 ROUGHING TOOLPATH
FOR CONTOUR OPERATION ;7
JN32XO.Y10. e

N33 Z5,

N34 G1 Z-2.F1000

N35 G3 X-10. Y0. CR=10.
N36 X0.Y-10. CR=10.
N37 X10.Y0. CR=10.
N38 X0. Y10. CR=10.

program

&

for

45.99% " FACING OPERATION ;17 _ N39 G1Z-4.
) :::2?2:;:“00 ’ 1 N40 G3 X-10.Y0. CR=10.
’ 74.188 N2Z5 63 X0.¥325 CR=325 N41X0.¥-10. CR=10. 74.188
149.188 N26 X-32.5 Y0. CR=32.5 74.188 N42 X10.Y0. CR=10. | 149.188
. N27 X0.Y-32.5 CR=32.5 149.1868 N43 X0, ¥10. CR=10, |
H N28 X32.5Y0.CR=32.5 N44 G1 Z-6,
75.000 N29 GO Z150. S 75.000
75.000 N45 G3 X-10. Y0. CR=10. l
= = N46 X0, ¥-10, CR=10, S
G N522 j;==3;==:CENTERING;==;==i; N547 ;;==;;==;ORILLING;==;;==;
N523 ; CENTER-5 1 3;DRILL-6.8
N524T2 | H 3IT3
. N525 M6 N550 M6
N526 GO Z150 N551 GO Z150
NS27 S1a00Moms, N552 51000 M3 M8
N528 X0.Y32.5 M3 F150 NS53 X0.Y32.5
N52025 T
E N530G12-6 Npsa s
e NSS5 G12-10 M8 F100
N532X32.5 0. N338.GoZ3
N557 Z-8
o N533G12-6
N534 G0 25 50.000~ N558 G12-20
50. 000ﬂ Ns35 X0.¥-32.5 R NS59 G0 Z5 = r50.000~
N536G12-6 l . N560 X32.5Y0. . l
< 25.00 . N537 G0 Z5 25.00 N561G12-10 25.00:
65 00058 %325 vo. NS62 GO Z5
P ’ N539G12:6 IUO'OOONsssz-B 100.000
. 40.000 thama 75.000 N564 61220 75.000
N541 X-25.Y55. N565 G0 25 ®
A
16 15 4 13 zZ [ 10 9 -] L 9 4
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Fig 2.5 Paths for face2

N378 ;.

ma c h

3 2

FOR CONTOUR OPERATION ;;
N379 X0.Y23.5

N380 Z5.

N381G12-1.952 F1500
N382 G3 X-23.5 Y0. CR=23.5
N383 X0.Y-23.5 CR=23.5
N384 X23.5 Y0. CR=23.5
N385 X0, ¥23.5 CR=23.5
N386 G1 Z-3.904

N387 G3 X-23.5 Y0.CR=23.5
N388 X0.Y-23.5 CR=23.5
N389 X23.5 Y0. CR=23.5
N390 X0.Y23.5 CR=23.5
N391 G1 Z-5.856

N392 G3 X-23.5Y0.CR=23.5
N393 X0.Y-23.5 CR=23.5
N394 X23.5 Y0. CR=23.5

NS89 ji==;;==;SLITES; ==3;==:;

N590 ; FLAT ENDMILL - 8
N591TS

N592 M6

N593 GO Z150

N594 52387 M3 M8
N595 X-60. Z5.

N596 G1 Z-30.8 F1000
N597 X-43.Z-31.3
N598 X-60.Z-31.8
N599 X-43.7-323
NG00 X-60.Z-32.8
N601 X-43.Z-33.3
N602 X-60.Z-33.8
N603 X-43.Z-343
NG04 X-60.Z-34.8
N605 X-43.Z-35.3
N606 X-60, Z-35.8
N607 X-43.Z-36.3
NG608 X-60.Z-36.8

“oelal project

©

2

7 ROUGHING TOOLPATH

M

n
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16 15 14 13 12 n 10 9 8 7 6 5 4 3 2 1
" N13.:5; ROUGHING TOOLPATH FOR BOUGHING TOOLPATH N378 ;;;;; ROUGHING TOOLPATH
FACING OPERATION ;;;; FOR FACING OPERATION ;;;; FOR CONTOUR OPERATION ;;;;
oo N14 X80. Y40. N379X0.Y23.5
N15 G90 Z5.
N16 1 2.3 M8 F1000 N15G90Z5. N380Z5.
L —— N16 G1Z-3 M8 F1000 N381G12-1.952 F1500 L
N8 Y30, N17 X-80. N382 G3 X-23.5 Y0, CR=23.5
N19 X80. - N383 X0.Y-23.5 CR=23.5
N20vz0. N384 X23.5 Y0. CR=23.5
N19 X80.
8 2100 N20 Y20, N385 X0.Y23.5 CR=23.5 LS
N22Y10. .
2 N386 G12-3.904
N23 X80. N21 X-80. 45,999+
45.999+ N24Y0. 45.99% N387 G3 X-23.5 Y0. CR=23.5
J [ N25 X80, N22Y10. " N388 X0.Y-23.5 CR=23.5 J
N26Y-10. N23 x80. 74.188 N389 X23.5 Y0. CR=23.5
74.188 N27 X80. 74108 N24Y0. N390 X0.Y23.5 CR=23.5
N28 -20. 149.188
149.188 ” 149.188 N25 X-80. N391G1Z-5.856
g N26 Y-10. N392 G3 X-23.5 YO0. CR=23.5 H
75.000 75.000 N27 X80. 75.000 N393 X0.Y-23.5 CR=23.5
i Jo—— N394 X23.5 Y0. CR=23.5
G N534;; ;DRILLING; N568 ;;==;;=OUTER CONTOUR = G
N513 ; CENTER -5 N535 ; DRILL - 8.5 FOR WORKPIECE;
N514T2 NS36T3 N569; FLAT ENDMILL - 25
) N515 M6 NS37 M6 N570T1 ;
KE1E G0 €150 N538 G0 2150 Ns71 M6
R oo e araow e comse
18 - 1
w1528 N540 X-38.891 Y38.891 N573 52000 M3
£ N520 G126 M8 F300 N1 25 e B
" N542 G1 Z-12 M8 F200 NSISZ5,
N522 X38.891 N543 G025 ::;: :;:42 MagLRe
X N544Z-10 -
D TGS N578G3 X107.5Y-55.CR=22.5 D
NS28 GO Z5 50,000~ N545 G12-25 45.999- NS79G1 Y55
50.000~ N525-38.891 s N546 GO Z5 i xu’ o
r -] N526G12-6 25.00 . . N547 X38.891 NS81 G1 X-85.
< 25.00 . . Ns276023 : N548 G1 212 74.188 N582 G3 X-107.5 Y55. CR=22.5
8 . 528 X-38.891
65.000‘Nm i 100.000"5*° 5025 149.188 N583 G1Y-55.
S GO TS N5302:10. N584 G3 X-85.Y-77.5 CR=22.5
s | 40.000 ik 75.000 Ns516G12:25 N85 G1Z-44, B
N552 G025 75.000 N586 X85.
belal project
A
16 15 14 13 12 1 10 g 8 7 6 5 4 3 2 1
3 15 14 13 12 n 10 3 8 7 s 5 4 3 2 1
M 483 5 ROUGHING TOOLFATH
[ Rig ronracncorenarionz; @ SP tooumr rorconrown @ SP FOR CONTOUR OPERATION i3
NIAX32.5 Y0, OPERATION jii; N486 X-72 Y-70
Mszs Navs Xas. Vs, NA24G1 22676 F1000 ® sp nesrzs.
N16G1 2-3 F1000 400 Z5. NASSYSZ.5 Na8g 61 2-26.76 F1000
L . o 26781000 Ny i
N1EX-32.5 YO. CF 5 W42 X-85. . NA5T Y70, 430 X-57,
Wi X0.¥325 CRe325 WA03 G2 X85, .55, CRe 0. Nis3 G0z, Nemn 0.
N20X32.5Y0, CR=32.5 o N404 G1 Y55, NA59X57. N492 GO Z5.
NADS G2 K85, 65, CR10, Ni0G1 22852 wass %72
K INISHING TOOLPATH [p— Ao 157.5 Nea 1 22852
FOR FACING OPERATION N407 G2 XS5 YS5. CR=10. NA6Z X732 N4g5vE7S
Ras o 67 v s 80 h10 it 157,
\\ as N409 G2 X85, ¥-65. CR=10. N464 GO Z5. o Nasr¥-r0,
N NISGENR.[RS RIS N41061Z2052 nBSXT e — V4B GO 5.
J o -MIxIY0.cR-125 [TIFEER < o~ £ [nasex7a
153 =3 W12 G2 695,55, CRton © [#sw0er 25028
N413 G1 Y55, O nso 575
[ — weo 7,
w15 G xas, Neos v,
H a4 G0 25,
wsos %7,
Ros5,” Nsoe 1 2 5208
55 H10 S s, s
- .step 1 == step 4.
iz siep  To0l  Dcpth TotllDepth  Speed | Fecd Rrate  Time
523 ; CENTER -5 598 DRILL - 6.8 Name  (mm) | (mm) {rev/rmin) | {mm /min)  {min)
NszaT2 NsesTs
P ussos 1 38 38 127 | 608 4
N5z G0 150 eSp nss1Goz1s0 eSp T SP .
Ns27 51500 3 M8 [rE— Nssa 52387 W3 I
Jrra—— Nssaxa 122 N2z, 2 5 88 1y | a8
Nz Nssazs 3961 2308 F1000
¢ mwarze N353 2108 F100 [r—— )
531G zs NSss GOz NS9BX.60.2318 3 20 288 1527 6108 ’E;’r‘:
o nss7zs nssaxaa.z 23
J—— NssaG12:20 Neao 0.2 328 -
NsM GOz NSse G028 N6Y1X-42.2233 4 5 338 1527 610.8 :‘;;Q
o s NSGR X323 YO, ez X 60.2 338 ¢
Nssed1zs Nso161Z-10 Nows 45,7383
[r——— Ns626073 Neoa 60,2348 5 2 2 1000 125 e
e wsoszs, o0 43,2353
5 6.8 [ — o
L W N ™ Iy R 9 sec
c o // 6 20 20 1000 25 e
™ e 9
7 s 2w | a4 T
5 -
. step 5. . step 6 ““belal project |
A . L
16 15 14 13 12 n 10 [ 8 7 s 5 4 3 2 1
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Fig 2.7 Where the tool is performingith codedace 1



16 15 14 13 12 11 10 7 8 7 & 5 4 3 2 1

B | N1355:; ROUGHING TODLPATH FOR FACING OFERATION 5ij; N7 TooLPATH 3oz, TooLPAIH N378,13 ROUGHING TOOLPATHFOR | 14
e ot ronstatessn \aoesas am ® 3P CONTOUR OFERTION 1
. ®sP N9 zs. sp [ wa79 o, 7235
Nve 28 M8 F1000 Neo 61 21891 Fros N8 10163 .55, 195, GRet0 Nsso s,
N N1 G2 177,56, CReTTS [ 31 G121 952 1500
L - Ne2 X55.924Y-53.654 CR=77.5. ‘ N3 1260 I, T . N382G3 X-23.5Y0.CR=23.5 L
Hisyaa, N63 X26.904 ¥-57.5 CR=12.5 TODLPATH i N3B3 HD. ¥-23.5 CR=23.5
N1 Ks0. No2 51 145208 | Mo K88, ¥45. ; NaR Kaa 0, CReza s
wanvzo. NS G2 155924 153,654 CRe123 { NE1561 7438 100 - MBS 0223 Chez3s
21 K80, 66 X-77.8Y0, CR=77.5 : LT NDeGIXes TS5 CReI0, N335 G12:2.004
Na2vo, . N7 35524 155650 CHT7S - NS 63 73,5 40, CRe2.5
- NGB 46504 57,5 CReT25 185eTs 3B K0, Y225 Gz
£ Masxmo. K
N8 61 346904 Na19 NSRS K213V, CRe73 5
Na4vo. R65 h10
. 282 I s ssmnrsassachns N3O K0, 123.5 CReZ3
a i 72 H1 0 N33 G Z-5.856
Naer10. N322 61 Z43F1000 - N392 63 X-23.5 Y0, CR=23.5
a7 g0, R ——— [P ——
E-] o o 1
= o =] -y MR K3 Yo, CRT3
= = waSS Ko, 7233 CReZas
o o N9 61 2708
- N NI97 63 X715 Y0, CR=23.5
Ns9s Ko, Y255 CRez s
H N33 H2I5 YO, CR=TES H
. [ H400 X0, Y135 CR=22.5
a1 612975
e =] ~ Ras i - -
. . 3 ; - — : W02 G X32.5 Y0, <R=28.5
step 1. step2 Cstep3r stepd. R
G N g - NADA X225 Y0, CR-23.5 G
NS12 === CENTERING === ConTouR FoR
HS13; CENTER -3 sp  To0l  Depth |TotalDepth  Speed  Foed Rrate  Time
NE14TZ HS3ETS P Name  (mm) (rm) {rev/min) {mm/min)  (min)
NS15 S N537 Mé
E Ms16GoZIS0 530 G0 Z150 Fal andrill F
vy o s 1 w38 | a8 17 608w
NET8X-38.851 ¥36.991 ® s P N54Q X-36.891 V28,891 o SP NS72 520005 M2 [} SP .
e amar0 Nsa12s Ns7aXss. Y775 2 Pl vl 2 98 1527 6108 3min
it Wse161 712 B 300 wszszs bk 4. k Bsec
£ o e emris | ®
. 3 peom 438 1527 5108
Notacors WS4 61 225 W578 G3 X107.5 -5, CRez2 5 L% Ssec
Nansv .81 [ [rsh— o
NS26G1 26 N547 X38.881 N580 G3 X85, Y775 CR=22.8 a e 10t
Wsas o 712 [rpeyo 4 Dzmm 45 438 1527 808
D sz L= mn osec || D
Nz x 3831 wses Gozs WS82 63 X105 7SS, CRe2ZS o
e i
N52961 75 W550270% [rep— .
Lo D= 5mm =f 7 seC
veroaozs B X4 D5 x4 ‘\\Q . 5 pemo B 6 1250 15 s
Hs31 2150 552 GO ZS
| -, & - .
. e D=3t . T
e oo w212 6 oeagm 23 3 800 125
wssscozs
Fa erdnil Srin
7 o=bmm 20 70 1527 4774
< ]90 1= TS mn 1 sec
8 h1o e
i step 5 ; . step 6 { step 7 . Res belol project *
A : = A

16 15 14 13 12 11 10 ¥ 8 7 b 5 4 3 2 1

Hg 218 Where thetool is performingvith codeson face 2

Conclusion

For the APump Housingo part t e ma
estimatedoroduction typas medium batchthe primary process is Sand Casting.
The casting geometry is developed, including necessary tolerances and allowances
according to a standard. The machining process was planned amb§l@m was
developed using Mastercam software, all necessary cuttiolg 8ond cutting
conditions were selected from the catalogues of manufacturers. The selected
machine is th&-axis vertical millingHaas VF2 machine Forwork holdingit is

planned to used a vi$8].
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3. Fixture design

3.1. Calculation of the required ¢tamping force

The Figure 3.1 shows a diagram of the forces acting on the workpiece during
milling in a vice. Of the external disturbing forces, only the components of the
cutting force from the end mill act. In this case, the fdPgdries to move the
workpiece paralleto the vise jaws. It is counteracted by two friction forées
arising in the plane of contact between the vise jaws and the side surfaces of th
workpiece. The forc®, seeks to rotate the workpiece around®@hexis, which is
parallel to theZ axis.In this case, a ford@ appears on the left edge of the workpiece,
directed towards the movement of the movable jaw. It seeks to move the movabl
jaw, which will lead to unfastening the workpiece. It is counteracted by the clamping
force Q. The forc®, tends to rotate the workpiece around@aexis parallel to the
Y axis. This is counteracted by two friction fordég that occur in the plane of

contact between the vise jaws and the side surfaces of the workpiece.

Fig. 3.1 Forces acting on the workgtce
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Thus, the fastening ford@ ensures the appearance of friction fordgsand
Fr) of the required magnitude and counteracts the f&@ting towards the

movement of the jaws.

The calculations should take into account the greatest clamping forces
obtained for the most unfavorable arrangement of forces acting on the workpiece
during processing in the particular locating and clamping scheme under

consideration.

For the equilibrimm of a rigid body under the action of a spatial system of
forces, the algebraic sums of the projection of all forces on each of the three
coordinate axes and the algebraic sum of the moments of all forces relative to eac
of these axes must be equal toozeeparately. These six equations of statics can be

written in the following form:

i(Pi)x =0, é(Pi)OY =0, é(Pi)OZ =0,

i=1

n n
(Mi)ox =0, Z(Mi)oy =0, Z(Mi)oz =0,
i=1 i=1

n
1=

1

wheren is the number of forces included in the calculation scheme.

Initially, the required number of equations for the static equilibrium of the
workpiece under the aon of external forces is compiled. Each of them must contain

external forces perturbing the workpiece and forces opposing its displacement.

It should be noted that if one or more components of the cutting force
contribute to fixing the workpiece, then they are not entered into the static
equilibrium equation. Also, usually equations in which the compensation of
disturbing external forces takpace due to the reaction forces of the supports are

not compiled
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Then, from each static equilibrium equation, a part of the total clamping force

Qi is determined. The vector sugawill give the calculated clamping forég

CA
CR

To ensure the reliability of the clamping and take into account the dynamics

of the cutting process, a safety factor k is introduced into the calculation formula.

For ourpart, todeterminethe clamping force for the operation of milling the

surface of a prismatic workpiece which is placed in a vise.

The calculation scheme is shown in the figure 3.2. The workpiece is located
in a vise. The length of the workpiece is greater thanlehgth of the jaws. The
cutter is located at the point where it generates the greatest torque, and the large
component of the cutting forég acts in the direction of the fixed jaw. It can be seen
from the diagram that the for¢® tends to rotate the&orkpiece around the vertical
edge of the fixed jaw. Part of the fastening fa@gevill be expended to balance this
force. The forcd’4 causes the workpiece to move along the jaws of the vise. It is
counteracted by two friction forces located in the plarfi contact between the
workpiece and the jaws. The foregcauses the workpiece to rotate around the edge
of the base. The rotation is counteracted by two friction forces located in the plane

of contact between the workpiece and the jaws.
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Fig.3.2.Calculation scheme for estimation of the clamping force

Thus, it is necessary to balance three external perturbing forces. Therefore

the calculation equation will have the following form.

0 OO0 0 0

To determine the magnitude of this force, we will add 3 equations:

0 06 0@ mh

cA
cA
h:
O
=)

Substitute the value of the friction force into the equation
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0 "o

Since the condition of caoact of the workpiece with the vise jaws is the same,

the friction coefficients in the formulas are the same.

After substitution, we get

0 06 ¢ O 18

Solving the three equationstivrespect to Q, we get:

Ca

0. . 5 0 3D
W ¢ 0Q v ¢ D

CA
0
CA

Calculations

The main components of the cutting force:
0 p1 cim
0 T UW T UTCToUD
0 ™A T™WPT MY P
a=233.5mm,; b =123 mm

Base surfaces of the workpiece are machined, locating elements such as ba
plates are used. Coefficient of frictibsr 0.16

Solving the three equations with respect to Q, we get:
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Depending on the specific machining conditions the values of the safety factor
k are selected differentially. In educational purposédsconsider the guaranteed
safety factorky, = 1.5, andk; = 1.3 that takes into account the device drive type

(manual).
k=koA=1.5A1.3 & 1.95

Let's substitute the values in the first equation and get:

0 pWoYH ppBW QN@E ¢ L B

3.2. Calculation of the power mechanism of the device

The chosen vice employs a manual workpiece clamping system with a screw
clamping mechanism. Since we already know that the screw's diameter is 18 mir

we will proceed with theomputation in the following order.

The following equation may be used to predict the amount of moment that

must be created on the screw in order to deliver the calculated clamping force:
0 1TdD®Q « O,

where Q refers the necessary clamping fawtferefers the moment of friction,
r represent the average thread radiliscepresents the thread helix angle, énd &

denotes the angle of thread friction.

We may use the approximate formula for computing the moment since we

require an approximation afvalue:

0 MU= 0. 13AA2D7BHIA=M 5. 8
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Let 60s check t he cal cul at ed mo me r
manufacturer (Fig3.3).

40

35
Valore max consigliato
30 dJ

| Max value suggested

orce kN

'y

25

20
15

Forza di semaggio kN / Clampin

10 20 30 40 50 60 70 @0

Momenio applicato Nm / Torque Nm

Type 2
Screw M18 - Pitch 4 mm

Fig. 3.3 Specification for the GERARDI visé| [

Letds calcul ate the force that has

moment. If the box wrench with the lendth 250 mm is used, then
F=M/I=58/0.25 a 23 N

The calculated value of the required force does not exceed the maximum fou
manual clamping (1508).
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3.0. Estimating the maximum cutting force

16 15 14 13 12 n 10 9 8 7 6 5 4 3 2 1

A e 0 I

.
J 7 ; / 1 — 50X J
- S 0 2 © ©
I 3 "
/7 /A

A1

16 SOL ionallRrod For Only. 11 10 9 8 7 é 5 4 3 2 1

Fig. 3.4Clamping of the workpiece in a vise

Most cuts do not consume the full spindle power, althouglghasl practice
to maximize MRR as much as possible, considering constraints on tool breakage an
wear, and surface finish. Nonetheless, it makes sense to see how high the cuttir
forces are when the spindle is operating at its full capacity and MRR is maaim

and use those values when we analyze the work holding system comg8hents

For most machining operations it is easy to calculate the maximum value the
total cutting force can reach using the rated power of the spindle motor.
The simple formula bel® uses only three inputs, ( This relationship holds despite
the material being cut, the type of cutter used, the tool path, or the selected feeds al

speeds.)
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1. the spindle powelR, in horsepower,
2. the spindle speea, in rpm,
3. and the tool radiustod, in inches;

4. and gives the cutting forcg;, in pounds.

F=—— puxt AO

For our machine, our milling center has a spindle that is rated at 30 HP anc
we are cutting with a .7872 in diameter tool at a spindle speed of 1527 rpm. The
tangential cutting force will bE;na=1572Ibswhen the spindle operates at max
power, and somewhat less than that for any operation that does not consume the ft
power of tle spindle. The work holding system must be sturdy enough so that forces
of this magnitude dondét | oosen the p.

dondt cause problems with tolerances

Another way to calculate the cutting ¢eris by the website called

mitsubishicarbide.nat uses this equatiof®]

apesfevceKc (KW)
60x10%xn

Fig 3.5. Theequation to calculate the cuttinmpwer

Pc=

where:-
1 Pc (kW) : Actual Cutting Power
1 ap (mm): Depthof Cut
1 f(mm/rev). Feedper Revolution
1 Vc (m/min): Cutting Speed
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http://www.mitsubishicarbide.net/contents/mhg/enuk/html/product/technical_information/information/formula4.html

1 Kc (MPa): Specific Cutting Force
1 d (Machine Coefficient)

There for by substituting these variables we find that it giveshes
cutting power =1.55 kw

Pc (kW) Actual Cutting Power Input the values
ap (mm) Depth of Cut '1-5 ’ap (mm)
f(mmirev) Feed per Revolution ’2 If(mm/rev)
vc (m/min) Cutting Speed 116-5 IVC (m/min)
Kc (MPa) Specific Cutting Force 1595 | Kc (MPa)
n {Machine Coefficient) ’~85 "1

| Calculate H Reset |

[1.55 | Pc (kw)

Conclusion

1. the force that has to be applied in order to achieve the estimated ms2eim

2. The calculated value of the required force does not exceed the maximum fol
manual clamping (150).

3. the fastening forc® is¢ v B w

4. the cutting forcekis 1572Ibs

5. the cutting power is 1.55 kw

67| Page



4. Economic calculations

All calculations will be performed using otine Cost Estimator[10]

custompartnet.corhttps:/www.custompartnet.com/estimate/machiningirst, we
specify part quantity the order quantity or yield quantity is tihember of parts
reqguired from a manufacturing process
used in a subsequent process. Due to the defect rates that are inherent to ma
manufacturing processes, a larger production quantity or run quantiy lmeu
manufactured to yield the desired order quantity. In our case annual order is 300
parts. Letds assume that the defect
percentage of the production quantity of parts that are predicted to be defective
Theseparts can be discarded or recycled. Thus, the run quantity will be 3009 parts
which is the total number of parts that are manufactured, including any incomplete
or defective parts. For the part shown in4ig.the material is ductile iron and the
workpiece is a casting, wihthe followirg dimensiops: e f

(7.4 M) x (5 . 1) 8 (3 . 5iM 8nd weight (2,47 Ib).

# Cost Estimator

New Estimate v Save Recent Estimates v View Workspace Share Units v

Successfully saved part. Return to workspace

General Milling Reports Additional Processes ¥
| Stock Information

Part quantity: 5000

Defect rate (%). [0.27
Runquantity. 5014
Material Ductile iron: Grade 80-55-06 | Browse
Workpiece: Prefabricated part v
LxWxH (in): |7.48 x|5.118 x|3543
Weight (Ib): |12.47

¥ Production
Machine type: [Milling Machine v | [

Machine CNC Milling Machine v | Customize

Insert operation || Remove operation || Move up || Move down

Idle operation Operation; [Idle operation v | [
Face milling
End milling Type TLoad part ~
End milling Time (min): (0.6
Drilling
Drilling
Calculate
Tapping
End milling
Fig. 4.1.A 1 | I ni ti al I nformation was ent
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The part shown in fig2.1 will be obtained using sand casting process

(fig. 2.9 and several subsequent

operation is Millingand there are screenshots for every operation

¥ Production
Machine type: | Milling Machine a
Machine: [ CNC Milling Machine  ~ | Customize |
‘ Insert operation H Remove operation || Move up || Move down
Idle operation Operation’ [Face miling _ ~ | [
Face milling
End milling Tool. 25mm Face mill (HSS)| Browse Tools |
End milling
Driling Eace size LXWxD (in).  [7.48 |x[3.937 |x[0.132 J
Drilling Depth of cut (in): 0132
Tapping Step-over (i)
End milling Over-run (in).

Surface roughness (pin).
Number of faces:
Average spacing_{in). 0.132

| Calculate... |
’ Cutting speed (SEM). 97 Cut length (in): 83184
Cutting feed (IPR);  0.060  Cut time (min): 3708
Spindle speed (RPM): 376 Idle tire: (min) 0.014
Eeed rate (IPIM). 22.44  QOperaticn time (min). 3.722
Horsepower (HP): 1.60
Totals: Cut time (min): 10.44 Idle time (min): 1.79 Cycle time (min): 12.23

Fig. 4.1 First face milling operation sittings

[ Insert operation |[ Remove operation || Move up || Move down |

Idle operation Operation: | End milling hd 3

Face milling

End milling Feature: Pocket: Cylinder ~

Eﬂﬁ_mﬂlmg Tool 25 mm Flat end mill (Carbide) [ Browse Tools |
rilling ) )

Driling Pocket diameter (in). ~ |2.185

TErmTT Pocket depth (in): 0346

End milling Cutterpath type: Profile only et

Depth of cut (in).
Step-over (in)
Surface roughness (uin):
Number of features:

| Calculate... |

Cutting speed (SEM). 138 Cut length (in). 0.765
Cutting feed (IPR): 0015 Cut time (min). 0095
Spindle speed (RPIM). 528 Idle time (min): 0.192
Feed rate (IPM): 802 Operation time (min). 0.287

Horsepower (HP). 013

Totals: Cut time (min): 10.44 Idle time (min): 1.79 Cycle time (min): 12.23

Fig. 4.2 First end milling operation sittings
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i_;}" Froductuon
Machine type -]

Machine: [ENC Milling Machine s | Customize |

| Insert operation || Remove operation || Move up || Move down

Idle operation Operation: | End milling ~|3
Face milling
End milling Eeature: Pocket. Cylinder ~
E“ﬁ_""”'”g Toal: 25 mm Flat end mill (Carbide)
rilling )
Driling Pocket diameter (in):. 3.1496
Tapping Packet depth (in):
End milling Cutterpath type. Rough and Profile v
Deptn of cut (in):

Surface roughness (jin):
Number of features:

4 Calculate

Cutting speed (SEM): 103 Cut length (in): 14.707
Cutting feed (IPR). ~ 0.018  Cut time (min): 2090
Spindle speed (REM). 400 ldle time (min). 0.002
Feed rate (|PIM). 7.04 Operation time (min). 2.093

Horsepower (HP): 0.38

Totals: Cut fime (min). 10.44 Idle time (min): 1.79 Cycle time (min): 12.23

Fig. 4.3 Second end millingpperation

¥ Production
Machine type: =

Machine: CNC Milling Machine | Customize ‘

| Insert operation || Remove operation || Move up || Move down

Idle operation Operation: [Drling | @
Face milling
e ’"?"‘”g Tool 6.5 mm Drill bit (Carbide)
el Hole ype:
riling
Drilling Hole depth (in): 0.78740157
Tapping
End milling Number of holes:
Average spacing _{in):
Cutting speed (SEM). 242 Cut length (in): 3.857
Cutting feed (IPR). 0.002 Cut time (min): 0485
3 Spindle speed (RPM). 3,612 ldle time (min). 0.198
Feed rate (IPM): 7.95 Operation time (min); 0.683
Horsepower (HP): 0.41
Totals: Cut time (min). 10.44 Idle time (min): 1.79 Cycle time (min). 12.23

Fig. 4.4 Second drilling sittings
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¥ Production

Machine type: | Miling Machine ﬁ
Machine: CNC Milling Machine v | Customize

Idle operation
Face milling
End milling
End milling
Drilling
Drilling
Tapping

End milling

£+ Production

| Insert operation || Remove operation |[ Move up || Move down

Operation: | Drilling v ﬁ

Tool 5 mm Drill bit (Carbide)

ol tyee:
Hole depth (in):
Number of holes:
Average spacing (in):

Cutting speed (SFM). 241 Cut length (in); 0715
Cutting feed (IPR). ~ 0.002  Cut time (min): 0.069
» Spindle speed (RPM): 4678  Idle time (min) 0.192
Eeed rate (|PM). 1029  Operaticn time (min). 0.262

Horsepower (HP): 0.31

Totals: Cut time (min). 10.44

Idle time (min): 1.79

Cycle time (min): 12.23

Fig. 4.5 Drilling operation sittings

Machine type: | Milling Machine ~ ﬁ

Machine: [CNC Miling Machine | Customize |

Idle operation

Face milling
End milling
End milling
Drilling
Drilling
Tapping
End milling

| Insert operation || Remove operation || Move up || Move down

Operation: | Tapping v @

Tool M8 x 1.25 Tap (HSS) | Browse Tools |
Thread fype:
Thread depth (in): 0.787
Number of holes:
Average spacing (in). |0.787
Cutting_speed (SEM). 15 Cut length (in): 8265
Cutting feed (IPR): 0.049 Cut time (min): 0.911
Spindle speed (RPM). 184 Idle time (min); 0.194
» Feed rate (IPM): 9.07 Operation time (min): 1.105

Horsepower (HP): 0.01

Totals: Cut time (min): 10 44

Idle time (min): 1.79

Cycle time (min) 1223

Fig 4.6 Tapping operation sittings



Cost Conclusion

At the end of our calculation we can get the report which contains all the

information we need about the cost and time of every operation

¥ Cost Estimator
| Mew Estimate ~ Save Recent Estimates ~ View Workspace Share Units
General =~ Milling | Reporis Additional Processes ~

Machining Detailsv
CNC Milling Machine - Operation Details

Description Tool SFM RPM IPR IPM HP Cutlength (in) Cuttime |dle time Operation time
1 Load part - - - - - - - - 0:36 0:36
2|7.48"x3.937" face (2x) T1| 97 376 0.060 22.44 1.60 83184 342 001 343
3 2.165" cylinder pocket T2 136 528 0.015 802 013 0.765 0:06 012 017
4/3.1496" cylinder pocket T2 103 400 0.018 7.04 038 14707 205 0:00 206
5|5 mm drilled blind hole (4x) T3 241 4678 0.002 10.29 0.31 0715 0:04 012 016
6|6.5 mm drilled blind hole (4x) | T4 242 3612 0.002 7.95 0.41 3.857 0:29 012 41
7|M8 x 1.25 bottom tap (4x) T8 15 184 0.049 9.07 0.01 8.265 0:55 012 1.06
8/0.315" glot through 1 side (4x) T& 103 1,249 0.001 1.00 0.15 3.080 3:05 0:24 329
10:27 147 1214
#  Description Price Quantity
T1 | 0.984251968503937" Face mill (HSS) $0.00 1
T2 | 0.9842" Flat end mill (Carbide) $0.00 1
T3 | 0.1968" Drill bit (Carbide) $0.00 1
T4 | 0.2559" Drill bit (Carbide) 50.00 1
T5 | 0.31496063" Tap (HSS) 50.00 1
T6 | 0.3150" Flat end mill {Carbide) $0.00 1
[ Save ][ Return to workspace |

Fig 4.7 The machinig cost and time details

g Cost Estimator

I New Estimate ~ Save Recent Estimates + View Workspace Share Units

Successfully saved part. Return to workspace

General = Miling | Reports Additional Processes v

[Cost Summary v | [ E-Mail to a friend

General Information

Name: belalmansour
Description:

[] Part Information

Quantity: 5,000

Material: Ductile iron: Grade 80-55-06
Workpiece shape: Prefabricated part
Workpiece size (in). 7.48 x 5.118 x 3.543
Workpiece weight (Ib): 12.47

Approx. part weight (Ib): -2.77

i Process Parameters
# 1. Machining - CNC Milling Machine

i@ Cost Summary

1. Milling $54, 653 (510.931 per part)
Material cost 50 ($0.000 per part)
Production cost $54,653 (510.931 per part)
Tooling cost $0 ($0.000 per part)

Total cost $54,653

Save H Return to workspace

Disclaimer: The above cost analysis uses data based on industry averages and typical manufaciuring practices, and should therefore be viewed only as a guide
Actual costs may vary based on the specific manufacturer, equipment, geographical location, and prevailing market conditions.

Fig. 4.8 The cost summarnyf every operation
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Conclusions

1. A 3D CAD model was built up using SolidWorks software to use it on
numerical model.

2. A cantilever force equal to 1572 N was applied on the endmill as a cutting
force.

3. The maximum von mises stress was 97.59 MPa, the maximum deflection on

the endmill wa®.0977 mm, and the maximum strain was 306

4. The maximum stress and maximum strain were found on the top of the
endmill neck due to stress concentration which was achieved due to cros:
section area changing.

5. The maximum deflection was found on the lowead of the endmill due to
cantilever support.

6. To make our part we will make it using multiple operation which is casting
then milling on a Haas VB 3-axis vertical milling machine

7. The tangential cutting force will 0 ma=1572Ibs when the spindleperates
at max power

8. In the cost summary we can see the total cost is arbuB@0$ and 11$

for every part

73| Page



References

1. Introducing Solidworks. Dassault Systemes SolidWorks Corporation, a

Dassault Syst mes -30BE5.  A&coessp amoge;
https://my.solidworks.com/solidworks/quid€&8IDWORKS Introduction
EN.pdf

2. SOLIDWORKS Online Help. Access mode:
https://help.solidworks.com/2020/english/SolidWorks/sldworks/r_welcome

sw online hip.htm

3. CustomPart.Net. Process Selectdtps://www.custompartnet.com

4. Boot hroyd G. Product design for ma
Ai ded DES%S94ol. 26, -5906

5. ISO 8062Castingg System of dimensional tolerances and machining
allowances

6. Haas Automation, Inc CNC Machine ToolsAccess mode:

https://www.haascnc.com/index.html

7. Gerardi SPA: http://www.gerardispa.com/products/workholding/precision

modularvises/standard

8. Advanced Machine & Engineering Caittps://www.ame.com/workholding

wisdomposts/2021/03/01/cuttirfprcesin-milling/

9. http://www.mitsubishicarbide.net/contents/mhg/enuk/html/product/tech

nical information/information/formula4.html

10.CustomPart.Net Cost Estimatdtccess mode:

https://www.custompartnet.com/estimate/machining/

74| Page


https://my.solidworks.com/solidworks/guide/SOLIDWORKS_Introduction_EN.pdf
https://my.solidworks.com/solidworks/guide/SOLIDWORKS_Introduction_EN.pdf
https://help.solidworks.com/2020/english/SolidWorks/sldworks/r_welcome_sw_online_help.htm
https://help.solidworks.com/2020/english/SolidWorks/sldworks/r_welcome_sw_online_help.htm
https://www.custompartnet.com/
https://www.haascnc.com/index.html
http://www.gerardispa.com/products/workholding/precision-modular-vises/standard
http://www.gerardispa.com/products/workholding/precision-modular-vises/standard
https://www.ame.com/workholding-wisdom-posts/2021/03/01/cutting-forces-in-milling/
https://www.ame.com/workholding-wisdom-posts/2021/03/01/cutting-forces-in-milling/
http://www.mitsubishicarbide.net/contents/mhg/enuk/html/product/technical_information/information/formula4.html
http://www.mitsubishicarbide.net/contents/mhg/enuk/html/product/technical_information/information/formula4.html
https://www.custompartnet.com/estimate/machining/

THE CODE OF FACE ONE :

% _N_11_MPF
NI :$PATH=/_N_MPF_DIR

N2 :DATE= 0904-23 TIME= 13:22

N A e e A

N4 ;; PROG ENG / MANSOUR BELAL

NN NN
N6 G71

N7 GO G17 G90 G64 G54
N8 ; FLAT ENDMILL - 25
N9 T1

N10 M6

N11 GO Z150

N12 S1200 M3

FACING OPERATION ;;;;
N14 X80 Y40.
N15 G90 Z5.
N16 G1 Z3 M8 F1000
N17 X-80.
N18 Y30.
N19 X80.
N20 Y20.

N21 X-80.
N22 Y10.
N23 X80.
N24 YO0.

N25 X-80.
N26 Y-10.
N27 X80.
N28 Y-20.
N29 X-80.
N30 Y-30.
N31 X80.

N32 Y-40.
N33 X-80.
N34 GO Z5.

FACING OPERATION ;;;;
N36 X80. Y40.
N37 G1 £3.8 F100
N38 X-80.

N39 Y30.

N40 X80.

N41 Y20.

N42 X-80.
N43 Y10.

N44 X80.

N45 YO0.

N46 X-80.

N47 Y-10.
N48 X80.

N49 Y-20.

N50 X-80.

N51 Y-30.

N52 X80.

N53 Y-40.

N54 X-80.
N55 GO Z150.

NB6 ;;=rrssaksdn=::

CONTOUR OPERATION ;;;;
N58 X55.924 Y53.654

N59 Z5.

N60 G1 Z21.991 F1000
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ANNEX:

N61 G2 X77.5 YO. CR=77.5

N62 X55.924 ¥53.654 CR=77.5
N63 X46.904 ¥57.5 CR=12.5

N64 G1 %46.904

N65 G2 %55.924 ¥-53.654 CR=12.5
N66 X-77.5 Y0. CR=77.5

N67 X-55.924 Y53.654 CR=77.5
N68 X-46.904 Y57.5 CR=12.5

N69 G1 X46.904

N70 G2 X55.924 Y53.654 CR=12.5
N71 G1 Z£3.982

N72 G2 X77.5 Y0. CR=77.5

N73 X55.924 ¥53.654 CR=77.5
N74 X46.904 ¥57.5 CR=12.5

N75 G1X-46.904

N76 G2 %X55.924 ¥-53.654 CR=12.5
N77 X-77.5Y0. CR=77.5

N78 X-55.924 Y53.654 CR=77.5
N79 X-46.904 Y57.5 CR=12.5

N80 G1 X46.904

N81 G2 X55.924 Y53.654 CR=12.5
N82 G1 £5.973

N83 G2 X77.5 Y0. CR=77.5

N84 X55.924 ¥53.654 CR=77.5
N85X46.904 Y-57.5 CR=12.5

N86 G1 X46.904

N87 G2 X55.924 ¥-53.654 CR=12.5
N88 X-77.5 Y0. CR=77.5

N89 X-55.924 Y53.654 CR=77.5
N90 X-46.904 Y57.5 CR=12.5

N91 G1 X46.904

N92 G2 X55.924 Y53.654 CR=12.5
N93 G1 Z7.964

N94 G2 X77.5 YO. CR=77.5

N95 X55.924 ¥53.654 CR=77.5
N96 X46.904 ¥57.5 CR=12.5

N97 G1 %46.904

N98 G2 %55.924 ¥-53.654 CR=12.5
N99 X-77.5 Y0. CR=77.5

N100 %X-55.924 Y53.654 CR=77.5
N101 X-46.904 Y57.5 CR=12.5
N102 G1 X46.904

N103 G2 X55.924 Y53.654 CR=12.5
N104 G1 29.955

N105 G2 X77.5Y0. CR=77.5

N106 X55.924 ¥53.654 CR=77.5
N107 X46.904 ¥57.5 CR=12.5
N108 G1 %46.904

N109 G2 %55.924 ¥-53.654 CR=12.5
N110 X-77.5 Y0. CR=77.5

N111 X-55.924 Y53.654 CR=77.5
N112 X-46.904 Y57.5 CR=12.5
N113 G1 X46.904

N114 G2 X55.924 Y5354 CR=12.5
N115 G1 Z211.945

N116 G2 X77.5Y0. CR=77.5

N117 X55.924 ¥53.654 CR=77.5
N118 X46.904 ¥57.5 CR=12.5
N119 G1 %46.904

N120 G2 %55.924 ¥-53.654 CR=12.5
N121 X-77.5 YO. CR=77.5

N122 X-55.924 Y53.654 CR=77.5
N123 X-46.904 Y57.5 CR=12.5
N124 G1X46.904

N125 G2 X55.924 Y53.654 CR=12.5
N126 G1 Z13.936

N127 G2 X77.5 Y0. CR=77.5

N128 X55.924 ¥53.654 CR=77.5
N129 X46.904 ¥57.5 CR=12.5

N130 G1 %46.904

N131 G2 %55.924 ¥-53.654 CR=12.5
N132 X-77.5 YO. CR=77.5

N133 X-55.924 Y53.65£R=77.5
N134 X-46.904 Y57.5 CR=12.5
N135 G1 X46.904

N136 G2 X55.924 Y53.654 CR=12.5
N137 G1 215.927

N138 G2 X77.5 Y0. CR=77.5

N139 X55.924 ¥53.654 CR=77.5
N140 X46.904 ¥57.5 CR=12.5

N141 G1 %46.904

N142 G2 %55.924 ¥-53.654 CR=12.5
N143 X-77.5 YO.CR=77.5

N144 X-55.924 Y53.654 CR=77.5
N145 X-46.904 Y57.5 CR=12.5
N146 G1 X46.904

N147 G2 X55.924 Y53.654 CR=12.5
N148 G1 Z17.918

N149 G2 X77.5 Y0. CR=77.5

N150 X55.924 ¥53.654 CR=77.5
N151 X46.904 ¥57.5 CR=12.5

N152 G1 %46.904

N153 G2 %55.924 ¥-53.654 CR=12.5
N154 X-77.5 Y0. CR=77.5

N155 X-55.924 Y53.654 CR=77.5
N156 X-46.904 Y57.5 CR=12.5
N157 G1 X46.904

N158 G2 X55.924 Y53.654 CR=12.5
N159 G1 Z19.909

N160 G2 X77.5 Y0. CR=77.5

N161 X55.924 ¥53.654 CR=77.5
N162 X46.904 ¥57.5 CR=12.5

N163 G1 %46.904

N164 G2 %55.924 ¥-53.654 CR=12.5
N165 X-77.5 YO. CR=77.5

N166 X-55.924 Y53.654 CR=77.5
N167 X-46.904 Y57.5 CR=12.5
N168 G1 X46.904

N169 G2 X55.924 Y53.654 CR=12.5
N170 G1 221.9

N171 G2 X77.5Y0. CR=77.5

N172 X55.924 ¥53.654CR=77.5
N173 X46.904 ¥57.5 CR=12.5

N174 G1 %46.904

N175 G2 %55.924 ¥-53.654 CR=12.5
N176 X-77.5 Y0. CR=77.5

N177 X-55.924 Y53.654 CR=77.5
N178 X-46.904 Y57.5 CR=12.5
N179 G1 X46.904

N180 G2 X55.924 Y53.654 CR=12.5
N181 G1 223.891

N182 G2 X77.5 Y0. CR77.5

N183 X55.924 ¥53.654 CR=77.5
N184 X46.904 ¥57.5 CR=12.5

N185 G1 X%46.904

N186 G2 %55.924 ¥-53.654 CR=12.5
N187 X-77.5 Y0. CR=77.5

N188 X-55.924 Y53.654 CR=77.5
N189 X-46.904 Y57.5 CR=12.5
N190 G1 X46.904

N191 G2 X55.924 Y53.654 CR=12.5
N192 G1 #225.882

N193 G2 X77.5 Y0. CR=77.5

N194 X55.924 ¥53.654 CR=77.5



N195 X46.904 ¥57.5 CR=12.5

N196 G1 X%46.904

N197 G2 X55.924 ¥-53.654 CR=12.5
N198 X-77.5 YO. CR=77.5

N199 X-55.924 Y53.654 CR=77.5
N200 %-46.904 Y57.5 CR=12.5
N201 G1 X46.904

N202 G2 X55.924 Y53.654 CR=12.5
N203 G1 £27.873

N204 G2 X77.5 Y0. CR=77.5

N205 X55.924 ¥53.654 CR=77.5
N206 X46.904 ¥57.5 CR=12.5

N207 G1 X%46.904

N208 G2 X55.924 ¥-53.654 CR=12.5
N209 X-77.5 YO. CR=77.5

N210 X-55.924 Y53.654 CR=77.5
N211 X-46.904 Y¥.5 CR=12.5

N212 G1 X46.904

N213 G2 X55.924 Y53.654 CR=12.5
N214 G1 Z29.864

N215 G2 X77.5 Y0. CR=77.5

N216 X55.924 ¥53.654 CR=77.5
N217 X46.904 ¥57.5 CR=12.5

N218 G1 x46.904

N219 G2 %55.924 ¥-53.654 CR=12.5
N220 X-77.5 Y0. CR=77.5
N221X-55.924 Y53.654 CR=77.5
N222 X-46.904 Y57.5 CR=12.5
N223 G1 X46.904

N224 G2 X55.924 Y53.654 CR=12.5
N225 G1 £31.855

N226 G2 X77.5Y0. CR=77.5

N227 X55.924 ¥53.654 CR=77.5
N228 X46.904 ¥57.5 CR=12.5

N229 G1 Xx46.904

N230 G2 %55.924 ¥-53.654 CR=12.5
N231 X-77.5 Y0. CR=77.5

N232 X-55.924 Y53.654 CR=77.5
N233 X-46.904 Y57.5 CR=12.5
N234 G1 X46.904

N235 G2 X55.924 Y53.654 CR=12.5
N236 G1 Z33.845

N237 G2 X77.5 Y0. CR=77.5

N238 X55.924 ¥53.654 CR=77.5
N239 X46.904 ¥57.5 CR=12.5

N240 G1 X%46.904

N241 G2 X55.924 ¥-53.654 CR=12.5
N242 X-77.5 Y0. CR=77.5

N243 X-55.924 Y53.654 CR=77.5
N244 X-46.904 Y57.5 CR=12.5
N245 G1 X46.904

N246 G2 X55.924 Y53.654 CR=12.5
N247 G1 £35.836

N248 G2 X77.5Y0. CR=77.5

N249 X55.924 ¥53.654 CR=77.5
N250X46.904 Y-57.5 CR=12.5

N251 G1 X%46.904

N252 G2 %55.924 ¥-53.654 CR=12.5
N253 X-77.5 Y0. CR=77.5

N254 X-55.924 Y53.654 CR=77.5
N255 X-46.904 Y57.5 CR=12.5
N256 G1 X46.904

N257 G2 X55.924 Y53.654 CR=12.5
N258 G1 2£37.827

N259 G2 X77.5 Y0. CR=77.5

N260 X55.924 ¥53.654 CR=77.5
N261 X46.904 ¥57.5 CR=12.5

N262 G1 %46.904

N263 G2 %55.924 ¥-53.654 CR=12.5
N264 X-77.5 Y0. CR=77.5

N265 X-55.924 Y53.654 CR=77.5
N266 X-46.904 Y57.5 CR=12.5
N267 G1 X46.904

N268 G2 X55.924 Y535 CR=12.5
N269 G1 #Z39.818

N270 G2 X77.5 Y0. CR=77.5

N271 X55.924 ¥53.654 CR=77.5
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N272 X46.904 ¥57.5 CR=12.5

N273 G1 X%46.904

N274 G2 %55.924 ¥-53.654 CR=12.5
N275 X-77.5 Y0. CR=77.5

N276 %X-55.924 Y53.654 CR=77.5
N277 X-46.904 Y57.5 CR=12.5
N278 G1 X46.904

N279 G2 X55.924 Y53.654 CR=12.5
N280 G1 243

N281 G2 X77.5 Y0. CR=77.5

N282 X55.924 ¥53.654 CR=77.5
N283 X46.904 ¥57.5 CR=12.5

N284 G1 %46.904

N285 G2 %55.924 ¥-53.654 CR=12.5
N286 X-77.5 YO. CR=77.5

N287 %-55.924 Y53.654 CR=77.5
N288X-46.904 Y57.5 CR=12.5
N289 G1 X46.904

N290 G2 X55.924 Y53.654 CR=12.5
N291 GO Z5

N292 ;v FINISHING TOOLPATH
FOR CONTOUR OPERATION ;;;;
N293 X55.924 Y53.654

N294 G1 243.8 F100

N295 G2 X77.5 Y0. CR=77.5

N296 X55.924 ¥53.654 CR=77.5
N297 X46.904 ¥57.5 CR=12.5

N298 G1 %46.904

N299 G2 %55.924 ¥-53.654 CR=12.5
N300 X-77.5 YO. CR=77.5

N301 %X-55.924 Y53.654 CR=77.5
N302 X-46.904 Y57.5 CR=12.5
N303 G1 X46.904

N304 G2 X55.924 Y53.654 CR=12.5
N305 GO Z150.

N306 ;;:‘k*‘k‘k*‘k*‘k*:;;

N307 ;;;;; ROUGHING TOOLPATH
FOR CONTOUR OPERATION ;;;;
N308 X-85. Y-65.

N309 G1 243 F1000

N310 G2 %95. Y-55. CR=10.

N311 G1 Y55.

N312 GO Z5.

N313 ;;;;; FINISHING TOOLPATH
FOR CONTOUR OPERATION ;;;;
N314 X-85. Y-65.

N315 G1 243.8 F100

N316 G2 %95.Y-55. CR=10.

N317 G1 Y55.

N318 GO zZ5

N319 ;;==;;

N320 ;;;;; ROUGHING TOOLPATH
FOR CONTOUR OPERATION ;;;;
N321 X-95. Y55.

N322 G1 243 F1000

N323 G2 %85. Y65. CR=10.

N324 GO Z5.

N325 ;;;;; FINISHING TOOLPATH
FOR CONTOUR OPERATION ;;;;
N326 X-95. Y55.

N327 G1 2Z43.8 F100

N328 G2 %85. Y65. CR=10.

N329 GO Z5.

N330 ;;;;; ROUGHING TOOLPATH
FOR CONTOUR OPERATION ;;;;
N331 X85. Y65.

N332 G1 243 F1000

N333 G2 X95. Y55. CR=10.

N334 G1 ¥-55.

N335 GO Z5.

N336 ;;;;; FINISHING TOOLPATH
FOR CONTOUR OPERATION ;;;;
N337 X85. Y65.

N338 G1 Z43.8 F100

N339 G2 X95. Y55. CR=10.

N340 G1 ¥-55.

N341 GO z5

N342 ;;;;; ROUGHING TOOLPATH
FOR CONTOUR OPERATION ;;;;
N343 X95. Y¥-55.

N344 G1 Z43 F1000

N345 G2 X85. ¥65. CR=10.

N346 GO Z5.

N347 ;;;;; FINISHING TOOLPATH
FOR CONTOUR OPERATION ;;;;
N348 X95. Y¥-55.

N349 G1 Z43.8 F100

N350 G2 X85. ¥65. CR=10.

N351 GO Z150.

N352 ;;:*********:;:

N353 ;;;;; ROUGHING TOOLPATH
FOR CONTOUR OPERATION ;;;;
N354 X-85 Y-65

N355 G1 Z43 F1000

N356 X85.

N357 G3 X95. ¥55. CR=10.

N358 G1 Y55.

N359 G3 X85. Y65. CR=10.
N360 G1 %85.

N361 G3 %95. Y55. CR=10.
N362G1 Y-55.

N363 G3 %85. Y-65. CR=10.
N364 GO Z5

N365 ;;;;; FINISHING TOOLPATH
FOR CONTOUR OPERATION ;;;;
N366 X-85 Y-65

N367 G1 243.8 F100

N368 X85.

N369 G3 X95. ¥55. CR=10.

N370 G1 Y55.

N371 G3 X85. Y65. CR=10.
N372 G1 %85.

N373 G3 %95. Y55. CR=D.

N374 G1 ¥-55.

N375 G3 %85. Y-65. CR=10.
N376 GO Z150.

N377 ;;:‘k****‘k*‘k*:;;

N378 ;;;;; ROUGHING TOOLPATH
FOR CONTOUR OPERATION ;;;;
N379 X0. Y23.5

N380 Z5.

N381 G1 £1.952 F1500

N382 G3 %23.5 Y0. CR=23.5
N383 X0. Y-23.5 CR=23.5

N384 X23.5 YO.CR=23.5

N385 X0. Y23.5 CR=23.5

N386 G1 Z3.904

N387 G3 %23.5 YO. CR=23.5
N388 X0. Y-23.5 CR=23.5

N389 X23.5 YO0. CR=23.5

N390 X0. Y23.5 CR=23.5

N391 G1 #5.856

N392 G3 %23.5 Y0. CR=23.5
N393 X0. Y-23.5 CR=23.5

N394 X23.5 YO0. CR=23.5

N395 X0. Y23.5CR=23.5

N396 G1 Z7.808

N397 G3 %23.5 YO. CR=23.5
N398 X0. Y-23.5 CR=23.5

N399 X23.5 YO0. CR=23.5

N400 X0. Y23.5 CR=23.5

N401 G1 29.76

N402 G3 %23.5 YO. CR=23.5
N403 X0. Y-23.5 CR=23.5

N404 X23.5 YO0. CR=23.5

N405 X0. Y23.5 CR=23.5

N406 G1 211.712

N407 G3 %23.5 Y0. CR=23.5
N408 X0. Y-23.5 CR=23.5

N409 X23.5 Y0. CR=23.5

N410 X0. Y23.5 CR=23.5

N411 G1 Z13.664

N412 G3 %23.5 YO. CR=23.5



N413 X0. Y-23.5 CR=23.5
N414 X23.5 YO. CR=23.5
N415 X0. Y23.5 CR=23.5
N416 G1 £15.616

N417 G3 %X23.5 Y0. CR=23.5
N418 X0. Y-23.5 CR=23.5
N419 X23.5 Y0. CR=23.5
N420 X0. Y23.5 CR=23.5
N421 G1 Z17.568

N422 G3 %23.5 Y0. CR=23.5
N423 X0. Y¥-23.5 CR=23.5
N424 X23.5 YO. CR=23.5
N425 X0. Y23.5 CR=23.5
N426 G1 £19.52

N427 G3 %x23.5 Y0. CR=23.5
N428 X0. Y-23.5 CR=23.5
N429 X23.5 Y0. CR=23.5
N430 X0. Y23.5 CR=23.5
N431 G1 221.472

N432 G3 %23.5 YO. CR=23.5
N433 X0. Y-23.5 CR=23.5
N434 X23.5 Y0. CR=23.5
N435 X0. Y23.5 CR=23.5
N436 G1 223.424

N437 G3 %23.5 YO. CR=23.5
N438 X0. Y-23.5 CR=23.5
N439 X23.5 Y0. CR=23.5
N440 X0. Y23.5 CR=23.5
N441 G1 225.376

N442 G3 %23.5 Y0. CR=23.5
N443 X0. Y-23.5 CR=23.5
N444 X23.5 Y0. CR=23.5
N445 X0. Y23.5 CR=23.5
N446 G1 £27.328

N447 G3 %23.5 Y0. R=23.5
N448 X0. Y-23.5 CR=23.5
N449 X23.5 Y0. CR=23.5
N450 X0. Y23.5 CR=23.5
N451 G1 #229.28

N452 G3 %23.5 Y0. CR=23.5
N453 X0. Y-23.5 CR=23.5
N454 X23.5 Y0. CR=23.5
N455 X0. Y23.5 CR=23.5
N456 G1 #£31.232

N457 G3 %23.5 Y0. CR=23.5
N458 X0. Y-23.5 CR=23.5
N459 X23.5 Y0. CR=23.5
N460 X0. Y23.5 CR=23.5
N461 G1 £33.184

N462 G3 %23.5 Y0. CR=23.5
N463 X0. Y-23.5 CR=23.5
N464 X23.5 Y0. CR=23.5
N465 X0. Y23.5 CR=23.5
N466 G1 Z35.136

N467 G3 %23.5 YO. CR=23.5
N468 X0. Y-23.5 CR=23.5
N469X23.5 Y0. CR=23.5
N470 X0. Y23.5 CR=23.5
N471 G1 237.088

N472 G3 %23.5 Y0. CR=23.5
N473 X0. Y-23.5 CR=23.5
N474 X23.5 Y0. CR=23.5
N475 X0. Y23.5 CR=23.5
N476 G1 £39.04

N477 G3 %23.5 YO. CR=23.5
N478 X0. Y-23.5 CR=23.5
N479 X23.5 Y0. CR=23.5
N480 X0. Y23.5 CR=23.5
N481 G1 #240.992

N482 G3 %23.5 YO. CR=23.5
N483 X0. Y-23.5 CR=23.5
N484 X23.5 Y0. CR=23.5
N485 X0. Y23.5 CR=23.5
N486 G1 242.944

N487 G3 %23.5 Y0. CR=23.5
N488 X0. Y-23.5 CR=23.5
N489 X23.5 Y0. CR=23.5

77| Page

N490 X0. Y23.5 CR=23.5
N491 G1 244.896

N492 G3 %23.5 YO0. CR=23.5
N493 X0. Y¥-23.5 CR=23.5
N494 X23.5 YO. CR=23.5
N495 X0. Y23.5 CR=23.5
N496 G1 246.848

N497 G3 %23.5 Y0. CR=23.5
N498 X0. Y¥-23.5 CR=23.5
N499 X23.5 Y0. CR=23.5
N500 X0. Y23.5 CR=23.5
N501 GO Z5

N502 ;;;;; FINISHING TOOLPATH
FOR CONTOUR OPERATION ;;;;
N503 X0 Y23.5

N504 G1 248.8 F100
N505 G3 %23.5 Y0. CR=23.5
N506 X0. Y¥-23.5 CR=23.5
N507 X23.5 YO. CR=23.5
N508 X0. Y23.5 CR=23.5
N509 GO Z150.

N510 M5M9

N511 MO0
N512;;==;;==,CENTERING;==;;==;;
N513 ; CENTER-5

N514 T2

N515 M6

N516 GO Z150

N517 S1500 M3

N518 X-38.891 Y38.891
N519 75

N520 G1 26 M8 F300
N521 GO Z5

N522 X38.891

N523 G1 6

N524 GO Z5

N525 Y-38.891

N526 G1 6

N527 GO Z5

N528 X-38.891

N529 G1 Z6

N530 GO Z5

N531 7150

N532 M5M9

N533 MO0

N534 ;;==;;==;DRILLING;==;;==;;
N535 ; DRILL- 8.5

N536 T3

N537 M6

N538 GO 7150

N539 S1200 M3

N540 X-38.891 Y38.891
N541 75

N542 G1 212 M8 F200
N543 GO Z5

N544 Z10

N545 G1 225

N546 GO Z5

N547 X38.891

N548 G1Z-12

N549 GO Z5

N550 Z10

N551 G1 225

N552 GO Z5

N553 Y-38.891

N554 G1 212

N555 GO Z5

N556 Z10

N557 G1 225

N558 GO Z5

N559 X-38.891

N560 G1 212

N561 GO Z5

N562 Z10

N563 G1 £25

N564 GO Z5

N565 Z150

N566 M5M9

N567 MO0

N568 ;;==;;==;0UTER CONTOUR
FOR WORKPIECE;==;;==;;==;;
N569 ; FLAT ENDMILL - 25
N570 T1

N571 M6

N572 GO Z150

N573 S2000 M3

N574 X-85. Y-77.5

N575 Z5

N576 G1 242 M8 F1000

N577 X85.

N578 G3 X107.5 ¥55. CR=22.5
N579 G1 Y55.

N580 G3 X85. Y77.5 CR=22.5
N581 G1 %85.

N582 G3 %107.5 Y55. CR=22.5
N583 G1 ¥-55.

N584 G3 %85. Y-77.5 CR=22.5
N585 G1 Z44.

N586 X85.

N587 G3 X107.5 ¥55. CR=22.5
N588 G1 Y55.

N589 G3 X85. Y77.5 CR=22.5
N590 G1 %85.

N591 G3 %107.5 Y55. CR=22.5
N592 G1 ¥-55.

N593 G3 X%85. Y-77.5CR=22.5
N594 G1 Z46.

N595 X85.

N596 G3 X107.5 ¥55. CR=22.5
N597 G1 Y55.

N598 G3 X85. Y77.5 CR=22.5
N599 G1 %85.

N600 G3 %107.5 Y55. CR=22.5
N601 G1 ¥-55.

N602 G3 %85. Y-77.5 CR=22.5
N603 G1 #48.

N604 X85.

N605 G3 X107.5 ¥55. CR=22.5
N606G1 Y55.

N607 G3 X85. Y77.5 CR=22.5
N608 G1 %85.

N609 G3 %107.5 Y55. CR=22.5
N610 G1 ¥-55.

N611 G3 %85. Y-77.5 CR=22.5
N612 G1 250.

N613 X85.

N614 G3 X107.5 ¥55. CR=22.5
N615 G1 Y55.

N616 G3 X85. Y77.5 CR=22.5
N617 G1 %85.

N618 G3 %107.5 Y55. CR22.5
N619 G1 ¥-55.

N620 G3 %85. Y-77.5 CR=22.5
N621 G1 252.

N622 X85.

N623 G3 X107.5 ¥55. CR=22.5
N624 G1 Y55.

N625 G3 X85. Y77.5 CR=22.5
N626 G1 %85.

N627 G3 %107.5 Y55. CR=22.5
N628 G1 ¥-55.

N629 G3 %85. Y-77.5 CR=22.5
N630 G1 Z54.

N631 X85.

N632 G3 X107.5 ¥55. CR=22.5
N633 G1 Y55.

N634 G3 X85. Y77.5 CR=22.5
N635 G1 %85.

N636 G3 %107.5 Y55. CR=22.5
N637 G1 ¥-55.

N638 G3 %85. Y-77.5 CR=22.5
N639 G1 Z56.

N640 X85.

N641 G3 X107.5 ¥55. CR=22.5



N642 G1 Y55.

N643 G3 X85. Y77.8°R=22.5
N644 G1 X85.

N645 G3 %107.5 Y55. CR=22.5
N646 G1 Y-55.

N647 G3 X85. Y-77.5 CR=22.5
N648 G1 £58.

N649 X85.

N650 G3 X107.5 ¥55. CR=22.5
N651 G1 Y55.

N652 G3 X85. Y77.5 CR=22.5
N653 G1 Xx85.

N654 G3 X107.5 Y55. CR=22.5
N655 G1 ¥-55.

N656 G3X-85. Y-77.5 CR=22.5
N657 G1 Z60.

N658 X85.

N659 G3 X107.5 ¥55. CR=22.5
N660 G1 Y55.

N661 G3 X85. Y77.5 CR=22.5
N662 G1 Xx85.

N663 G3 %107.5 Y55. CR=22.5
N664 G1 ¥-55.

N665 G3 X%85. Y-77.5 CR=22.5
N666 G1 Z62.

N667 X85.

N668 G3 X107.5r-55. CR=22.5
N669 G1 Y55.

N670 G3 X85. Y77.5 CR=22.5
N671 G1 %85.

N672 G3 X107.5 Y55. CR=22.5
N673 G1 ¥-55.

N674 G3 %85. Y-77.5 CR=22.5
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N675 G1 Z64.

N676 X85.

N677 G3 X107.5 ¥55. CR=22.5
N678 G1 Y55.

N679 G3 X85. Y77.5 CR=22.5
N680 G1 %85.

N681 G3 %107.5 Y55. CR=22.5
N682 G1 ¥-55.

N683 G3 %85. Y-77.5 CR=22.5
N684 G1 Z66.

N685 X85.

N686 G3 X107.5 ¥55. CR=22.5
N687 G1 Y55.

N688 G3 X85. Y77.5 CR=22.5
N689 G1 %85.

N690 G3 %107.5 Y55. CR=22.5
N691 G1 ¥-55.

N692 G3 %85. Y-77.5CR=22.5
N693 G1 Z68.

N694 X85.

N695 G3 X107.5 ¥55. CR=22.5
N696 G1 Y55.

N697 G3 X85. Y77.5 CR=22.5
N698 G1 %85.

N699 G3 %107.5 Y55. CR=22.5
N700 G1 ¥-55.

N701 G3 %85. Y-77.5 CR=22.5
N702 G1 Z70.

N703 X85.

N704 G3 X107.5 ¥55. CR=22.5
N705 G1Y55.

N706 G3 X85. Y77.5 CR=22.5
N707 G1 %85.

N708 G3 %x107.5 Y55. CR=22.5
N709 G1 ¥-55.

N710 G3 %85. Y-77.5 CR=22.5
N711 GO Z5

N712 7150

N713 ;;==;==;;==;;==;;

N714 : REMOVED EXCEED

MATERIAL ;;
N715 X-82. Y-65.
N716 Z5.

N717 G1 243
N718 Y65.
N719 GO Z5.
N720 Y-65.
N721 G1 Z43.8
N722 Y65.
N723 GO Z5.
N724 X82.
N725 G1 243
N726 Y-65.
N727 GO Z5.
N728 Y65.
N729 G1 #z43.8
N730 Y-65.
N731 GO Z150.
N732 M5M9
N733 M30



