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Summary

The objective of the diploma project was to develop the adaptive modular
boring tool.

The adaptive modular borirtgol allows to process dimensional case details,
up to 2 m long and surfaces which are difficult to reach by the common tool, or
access is only through an aperture, also it is the details demanding the minimun
deviation from alignment. This tool is usually dsen dimensional machines such
as HBM (Horizontal Boring Mill), but can also be used on other machines where
there is a coordinate of the feed axis of the spindle.

The adaptive modular boring tool consists of a housing, a working part module,
a cover, aaliper, a replaceable cartridge, a feed shaft, a working shatft, an insert for
ZOR, module rails, cover rails, an M8 screw for connecting shafts and base plates
There are also standard products, such as the SK50 tool cone, machine tool pin
cutting insets and M6 and M8 screws of various lengths.

In order to perform the task, we must solve the following tasks:

1. Analyze the treated surfaces and compare the existing desigdsptive
modular boring tod;

2. Choose the materials of the tool componentsaeate 3D models;

3. Create a technological process for the manufacture of components anc
calculate the cutting modes;

4. Choose a device for making tools and calculate the clamping force and erro
of the device;

5. Create a control program for themmé&acture of parts on a CNC machine;

6. Analyze the stresses acting on the tool during its operation.

Key words: adaptive, boring head, closed surfaces, boringsescanodule,

support, cartridge
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X-433Z7Z -10.6671 -2.165J -1.25
X0.C4357Z -11.12.165J -1.25
X4.33C47.257Z -11.33310.J2.5
X-433Z7Z -11.6671 -2.165J -1.25
X0.C4357Z -12.12.165J -1.25
X4.33C47.257Z -12.33310.J2.5
X-4337Z -12.667 1-2.165J -1.25
X0.C4357Z -13.12.165J -1.25
X4.33 C47.2510.J2.5

X-4331 -2165J -1.25

X0.C43.512.165J -1.25
X1.6 C44.310. J0.8
G1 C44.7

C44.804 Z -12.993
C44.907 Z -12.973
C45.006 Z -12.939
C45.17 -12.893

C45.187 2 -12.835
C45.266 Z - 12.766
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C45.335 Z-12.687

C45.393Z -12.6

C45.439 Z -12.506

C45.473 Z -12.407

C45.493 Z -12.304

C45527 -12.2

Z5. F1500.

X- 66.654 C32.027

Z- 3.

Z- 4.2 F138.53

C32.02Z -4.304

C32.Z -4.407

C31.966 Z -4.506

C31.927Z -4.6

C31.862 Z -4.687

C31.793 Z -4.766

C31.714Z -4.835

C31.627 Z -4.893

C31.533Z -4.939

C31.434 7 -4.973

C31.331Z -4.993

C31.227 2 -5.

C30.827

G3 X-65.054 C30.027 10.8 JO.

X-60.724 C33.777Z -5.33310.J2.5
X-69.384Z7 -5.6671 -2165J -1.25
X-65.054 C30.027Z -6.12.165J -1.25
X-60.724 C33.777Z -6.33310.J2.5
X-69.3847Z -6.6671 -2.165J-1.25
X-65.054 C30.027Z -7.12.165J -1.25
X-60.724 C33.777Z -7.33310.J2.5
X-69.3847Z -7.6671 -2165J -1.25
X-65.054 C30.027Z -8.12.165J -1.25
X-60.724 C33.777Z -8.33310.J2.5
X-69.384Z7 -86671 -2165J -1.25
X-65.054 C30.027Z2 -9.12.165J -1.25
X-60.724 C33.777Z -9.33310.J2.5
X-69.3847Z -9.6671 -2165J -1.25
X-65.054 C30.027Z -10.12.165J -1.25
X-60.724 C33.777Z -10.33310.J2.5
X-69.384Z7 -10.6671 -2.165J -1.25
X-65.054 C30.027Z -11.12.165J -1.25
X-60.724 C33.777Z -11.33310.J2.5
X-69.384Z7 -11.6671 -2.165J -1.25
X-65.054 C30.027Z2 -12.12.165J -1.25
X-60.724 C33.777Z -12.33310.J2.5
X-69.3847 -12.6671 -2.165J -1.25
X-65.054 C30.027Z -13.12.165J -1.25
X-60.724 C33.77710. 32.5

X-69.3841 -2165J -1.25

X-65.054 C30.027 12.165 J -1.25
X-63.454 (C30.82710. J0.8

G1 C31.227

C31.331Z -12.993

C31.434 72 -12.973

C31.533Z -12.939

C31.627 Z -12.893

C31.714Z -12.835
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C31.793Z -12.766

C31.862 Z -12.687

C31.927 -12.6

C31.966 Z -12.506

C32.Z -12.407

C32.02Z -12.304

C32.027 72 -12.2

Z5. F1500.

X-66.654 C -33.027

Z- 3.

Z- 4.2 F138.53

C-33.034Z -4.304

C-33.054 Z -4.407

C-33.088 2 -4.506

C- 3313472 -4.6

C- 3319272 -4.687

C-33.261Z -4.766

C-33.347Z -4.835

C 3342772 -4.893

C- 335217 -4.939

C-33.62Z -4.973

C-33.722Z -4.993

C- 33827272 -5.

C 34.227

G3 X-65.054 C -35.02710.8 JO.

X-60.724C -31.277Z -5.33310.J2.5
X-69.3847Z -5.6671 -2165J -1.25
X-65.054C -35.027Z -6.12.165J -1.25
X-60.724C -31.277Z -6.33310.J2.5
X-69.3847Z -6.6671 -2.165J -1.25
X-65.054C -35.027Z -7.12.165J -1.25
X-60.724C -31.277Z -7.33310.J2.5
X-69.3847Z -7.6671 -2.165J -1.25
X-65.054C -35.027Z -8.12.165J -1.25
X-60.724C -31.277Z -8.33310.J2.5
X-69.384Z7 -86671 -2165J -1.25
X-65.054C -35.027Z -9.12.165J -1.25
X-60.724C -31.277Z -9.33310.J2.5
X-69.3847Z -9.6671 -2.165J -1.25
X-65.054C -35.027Z -10.1216 5J -1.25
X-60.724C -31.277Z -10.33310.J2.5
X-69.3847 -10.6671 -2.165J -1.25
X-65.054C -35.027Z -11.12.165J -1.25
X-60.724C -31.277Z -11.33310.J2.5
X-69.3847 -11.6671 -2.165J -1.25
X-65.054C -35.0277Z -12.12.165J -1.25
X-60.724C -31.277Z -12.33310. J2.5
X-69.3847 -12.6671 -2.165J -1.25
X-65.054C -35.027Z7Z -13.12.165J -1.25
X-60.724 C -31.27710.J2.5

X-69.3841 -2165J -1.25

X-65.054 C -35.02712.165J -1.25
X-63.454 C -34.22710.J0.8

G1 C-33.827

C-33.7227Z -12.993

C-33.62Z -12.973

C- 335217 -12.939

C-33. 427 7 -12.893
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C- 333472 -12.835

C33.261Z -12.766

C33.1927 -12.687

C 3313472 -12.6

C-33.088 2 -12.506

C- 33.054Z -12.407

C-33.034Z -12.304

C33.0272 -12.2

Z5. F1500.

X-1.6C -46.5

Z- 3.

Z- 4.2 F138.53

C- 46.507 Z -4.304

C 46.527 Z -4.407

C46.561 72 -4.506

C- 46.607 Z-4.6

C- 46.665Z -4.687

C46.734Z -4.766

C46.813Z -4.835

C469Z -4.893

C 469947 -4.939

C-47.093Z -4.973

C47.196 Z -4.993

G 47372 -5.

C47.7

G3 X0.C -48.510.8 JO.

X4.33C -44.75Z -5.33310.J2.5
X-433Z -5.6671 -2.165J -1.25
X0.C -485Z -6.12.165J -1.25
X4.33C -44.75Z -6.33310.J2.5
X-433Z -6.6671 -2.165J -1.25
X0.C -4857Z -7.12.165J -1.25
X4.33C -44757Z -7.33310.J2.5
X-433Z7Z -7.6671 -2165J -1.25
X0.C -48527Z -8.12.165J -1.25
X4.33C -44757Z -8.33310.J2.5
X-433Z7Z -8.6671 -2165J -1.25
X0.C -48527Z -9.12.165J -1.25
X4.33C -44.75Z -9.33310.J2.5
X-433Z -9.6671 -2.165J -1.25
X0.C -48.5Z7 -10.12.165J -1.25
X4.33C -44.75Z -10.33310.J2.5
X-433Z7Z -10.6671 -2.165J -1.25
X0.C -485Z7 -11.12.165J -1.25
X4.33C -44.757Z -11.33310.J2.5
X-4337Z -11.667 1-2.165J -1.25
X0.C -4857 -12.12.165J -1.25
X4.33C -44757Z -12.33310.J2.5
X-4337Z -12.6671 -2.165J -1.25
X0.C -4857Z -13.12.165J -1.25
X4.33C -44.7510.J2.5

X-4331 -2.165J -1.25

X0.C -48.512.165J -1.25

X1.6 C -47.710.J0.8

G1C-47.3

C 47196 Z-12.993

C47.093Z2 -12.973

C 46994 7 -12.939
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G 4697 -12.893

C-46.813Z -12.835

C46.734Z -12.766

C-46.665Z -12.687

C 46.607Z -12.6

C-46.561 Z -12.506

C 46.527 Z -12.407

C- 46.507 2 -12.304

C 4657 -12.2

Z5. F1500.

X63.454 C -33.027

Z- 3.

Z- 4.2 F138.53

C- 33.034 Z-4.304

C- 33.054 2 -4.407

C-33.088 2 -4.506

C- 3313472 -4.6

C 3319272 -4.687

C-33.261Z -4.766

C-33.34Z -4.835

C- 3342772 -4.893

C- 3352172 -4.939

C-33.62Z -4.973

C-33.722Z -4.993

C- 338272 -5.

C 34.227

G3 X65.054 C -35.02710.8 JO.

X69.384 C -31.277Z -5.33310.J 2.5
X60.724Z -5.6671 -2.165J -1.25
X65.054 C -35.027Z -6.12.165J -1.25
X69.384 C -31.277Z -6.33310.J2.5
X60.724Z -6.6671 -2.165J -1.25
X65.054 C -35.027Z -7.12.165J -1.25
X69.384 C -31.277Z -7.33310.J2.5
X60.72472 -7.6671 -2.165J -1.25
X65.054 C -35.027Z -8.12.165J -1.25
X69.384 C -31.277Z -8.33310.J2.5
X60.7247 -8.6671 -2.165J -1.25
X65.054 C -35.027Z -9.12.165J -1.25
X69.384 C -31.277Z -9.33310.J2.5
X60.724Z -9.6671 -2.165J -1.25
X65.054 C -35.027Z -10.12.165J -1.25
X69.384 C -31.277Z -10.33310.J2.5
X60.724 Z -10.6671 -2.165J -1.25
X65.054 C -35.027Z -11.12.165J -1.25
X69.384 C -31.277Z -11.33310.J2.5
X60.7247 -11.6671 -2.165J -1.25
X65.054 C -35.027Z -12.12.165J -1.25
X69.384 C -31.277Z -12.33310.J2.5
X60.7247 -12.6671 -2.165J -1.25
X65.054 C -35.027 Z-13.12.165J -1.25
X69.384 C -31.27710.J2.5

X60.7241 -2.165J -1.25

X65.054 C -35.027 12.165J -1.25
X66.654 C -34.22710. J0.8

G1 C-33.827

C-33.7227Z -12.993

C 336272 -12.973
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C- 3352172 -12.939
C 33.427 7 -12.893
C33.347Z -12.835
C-33.261Z -12.766
C33.1927 -12.687
C- 3313472 -12.6
C-33.088 2 -12.506
C-33.054 Z -12.407
C-33.034Z -12.304
C33.0272 -12.2
Z15. F1500.

G13.1

M5 P12

M9

M25
GO0 G28 U0. V0.
G28 WO.

GO0 G28 G53 BO. (SUB SPINDLE RETURN)

M35

&8 HO.
VB9

M34

G54 MBO
ML11

M30

%
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Setup

Ctedh ¢ d dzO

WCS: #0

Srocx’
DX 130mm
DY: 130mm
DZ: 85mm

Parr:
DX 125mm
DY:125mm
DZ: 80mm

Srocx Lowss m WCS #0:
X -65mm
¥ -65mm
Z:-85mm

Srocx Upezr m WCS #0:
X 65mm
Y. 65mm
Z:0mm

Total

Nuseer O Operamions: 6

Nuseer O Toows: 4

Toows: T1 T7 T10 T11

Maxmam Z: 15mm

Muwuom Z: -61mm

Maxmum Fesorare: 252mm/min
Maximum SeimoLs Seezo: 600rpm
Curring Distance: 1603.53mm
Rasio Distance: 1858.16mm
Estmeren Creie Tive: 12mi47s

Tools

TID1L1

Tvee: center drill LIVE
Dverer: 19.09mm

Tie Aneie: 118°

Leners: 22 64mm

Fures: 2

Descrierion: #8 Center Drill

M 7: -7mm
Maxiwum Feen: 45mm/min
Mexium Semote Seeen: 300rpm

Hooer: Maritool CATA0-ER32-2 .35
Venpor: Maritool
Preoucr: CAT40-ER32-2.35

Curring Distance: 42mm
Repio Distance: 327 .88mm
Estimaren Creie Tie: 1M 0S (7.8%)

T7 DO

Tree: general turning

hserr: ISO C 80deg

Boee Leners: 9.82mm

Mese aaows: 0.8mm

Cross secrion: T

Tozrance: M

Recer: N Odeg

Conpensarion: Tip tangent
Descrienion: CNMT Right Hand

Munuu Z: -42 6mm

Mexmum Feeo: 240mm/min

Mezmum Semore Seeeo: 600rpm
Curring Distance: 351.62mm

Repio Distance: 453.27mm
Ermeren Croie Tive: 2525 (22.4%)

Howoer: ISO L Right

T10D10L10
Tyee: drill LIVE
Diaseter: 8mm
Tie Ancie: 118°
Leners: 82.54mm

Munon Z- -61mm

Mexnawm Feeo: 252mmi/min
Mexaum Semore Seeen: 600rpm
Curring Distance: 318mm

Hooer: Maritool CAT40-APU13 Drill Chuck
Venpor: Maritool
Proouct: CAT40-APU13

Descriemion: Bmm Flat Endmill

Repio Distance: 377.12mm
Estmeren Croie Tive: 6M315 (51%)

Fuures: 1 Rapip Distance: 699 88mm
Estmaren Greie Tie: 1m 245 (11%)
T11 D11 L1
Tyee: flatend mill LIVE Munun Z: -13mm Howoer: Maritool CAT40-ER32-2 .35
Diaverer: 8mm Mexmum Feeo: 138.526mm/min Venpor: Maritool
Lensta: 22.5mm Mexaum Seinore Seeeo: 57 7Tpm Proouct: CAT40-ER32-2.35
Fuures: 3 Curring Distance: 851.92mm

L
|
/
L
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Operations

Operation 1/6
DescrieTion: Face 1
Srrateey: TUrning Face
WCS: #0

Tocerance: 0.0Tmm
Meoxamum sTEROVER: 2IMM

Mesxmum Z: Smm

Msum Z- -5mm

Surrace Seeeo: 30m/min

Feeomarz per Rev: 0.4mm

Currivg Distance: 220.16mm

Rario Distance: 245.33mm
Estmarep Croie Tive: 1M 23S (10.8%)
Cootant: Flood

T7 DO

Tree: general turning

serT: IS0 C 80deg

Eoee teneth: 9.82mm

Nosz rapiws: 0.8mm

Cross secrion: T

Tocerance: M

Rever: N Odeg

Comeensamion: TIp tangent
DCescmemion: CNMT Right Hand

Operation 2/6

DescrieTion: Profile Roughing2
WCS: #0

Tocerance: 0.0Tmm

Mexinvum sterover: 1.2mm

Mexivum Z: Smm

M Z- -41.8mm

Surrace Seeeo: 30m/min
Feeomars per Rev: 0.4mm

Currivg Distance: 89.32mm

Rario Distance: 127 .54mm
Estmeren Creoie Tive: 1TMITS (7.9%)
GCoowant: Flood

T7 DO

Tree: general turning

ksert: 1ISO C 80deqg

Eoee LeneT: 9.82mMm

Nose rapiws: 0.8mm

Cross section: T

ToLerance: M

Reuer: N Odeg

Coweensarion: TIP tangent
Descremion: CNMT Right Hand

Operation 3/6

Descrieion: Profile Finishing 1
WCS: #0

Tocerance: 0.01Tmm

Mexmum stepover: 1.2mm

Mexiwum Z: 5mm

Meam Z: -42 6mm

Surrace Seeen: 90m/min
Feeorate per Rev: 0.4mm
Curting Distance: 42 14mm
Rapio Distance: 80.4mm
Estmeren Creie Tive: 285 (3.7%)
Coovant: Flood

T7 DO

Tyee: general turning

ksert: ISO C 80deg

Eoee Leneti: 9.82mm

Nosz rapws: 0.8mm

Cross section: T

Touerance: M

R=usr: N Odeqg

Cowmeznsarion: TIp tangent
Descairmion: CNMT Right Hand

Operation 4/6
Descrieion: Drill 1
Srrateer: Drilling
WCS: #0

Torerance: 0.01Tmm

Meaxmum Z: 15mm

Misaaom 22 -7mm

Mexium Seimoce Seeep: 300rpm
Mexiwm Feeorare: 45mm/min
Curtivg Distance: 42mm

Rario Distance: 327.88mm
Estmerep Creie Tive: 1M :0S (7.8%)
Coowant: Flood

T1D1L1

Tyee: center drill LIVE
Dunerer: 19.05mm

Tie Aneee: 118°

Lengrh: 22 64mm

Fuures: 2

Descairrion: #8 Center Drill

Operation 5/6
Descrieion: Drill2
Srrateer: Drilling
WCS: #0

Tocerance: 0.01mm

Mexmum Z: 15mm
Meanw Z: -61mm
Meximum Semoie Seeeo: G00rpm
Mexmum Feeorate: 252mm/min

T10 D10 L10
Tyee: drill LIVE
Duanerer: Bmm
Tie AncLe: 118°
Lenerw: 82.54mm

DescrieTion: Bore1
Srrateey: Bore
WCS: #0

Tocerance: 0.0Tmm
Srock To Leave: 0mm

Meximum £: 15mm

Msmnam Z: -13mm

Mexmum Seimore Seeep: STTTDM
Mexmum Feeorare: 138.526mm/min
Cutring Distance: 891.92mm

Rarip Distance: 377.12mm
Estimeren Croie Tive: 6mM231s (51%)
CooLant: Flood

Curtivg Distance: 318mm Frures: 1
Rario Distance: 699.88mm
Estmaren Croie Tive: 1M 245 (11%)
CooLant: Flood
Operation 6/6 T11 D11 L11

Tyee: flat end mill LIVE
Duwmeres: Bmm

LenetH: 22.5mm

Frutes: 3

Descriemion: 8mm Flat Endmill

|
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