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This document is a “work in progress.” If you find any errors or omissions please
bring them to the attention of The Manufacturing Automation Laboratory at the
University of British Columbia

Important Notice

Manufacturing Automation Laboratories Inc. (MAL) reserves the right to
modify or discontinue the software or the software specification identified in
this document without notice. MAL advises its customers to obtain the latest
version of the software specifications to verify, before placing orders, that
the information being relied upon by the customer is current. MAL makes
no warranties, expressed or implied, including without limitation the implied
warranties of merchantability and fitness for a particular purpose, regarding
the software.

MAL does not warrant, guarantee or make any representations regarding
the use or the results of the use of the software in terms of its correctness,
accuracy, reliability, currentness or otherwise. You assume the entire risk as
to the results and performance of the software.

In no event will MAL and its directors, officers, employees or agents be
liable to you for any consequential, incidental or indirect damages (including
damages for loss of business profits, business interruption, loss of business
information, and the like) arising out of the use or inability to use the
software even if MAL has been advised of the possibility of such damages.
MAL’s liability to you for actual damages from any cause whatsoever, and
regardless of the form of the action (whether in contract, tort (including
negligence), product liability or otherwise), shall in no case exceed the
invoiced amount paid for the right to use the software and the
documentation.

Trademarks
Pentium is a trademark of Intel Corporation.

Microsoft, MS-DOS are registered trademarks and Windows 3.x, Windows
95, Windows NT are trademarks of Microsoft Corporation.

IBM and PC/AT are registered trademarks of International Business
Machines Corporation.

All other trademarks are trademarks or registered trademarks of their
respective owners.

© 2003 Manufacturing Automation Laboratories Inc.
All rights reserved.
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1 INTRODUCTION

CutPro is an analytical and time-domain machining process
simulation and Spindle design software package, developed for off-
line process optimization. It can be used as a learning tool, as well
as an optimization tool for process planners and machine tool
builders to increase production and stability performance of the
spindle respectively. Furthermore, CutPro assists you in the tool
and spindle design processes for optimum productivity in a
controlled environment.

1.1 INSTALLING CUTPRO

Minimum System Requirements:
= Windows 98, Me, NT 4.0, 2000 or XP
= Pentium III 450 MHz processor
= 128 MB RAM
= 120 MB free hard drive space
» SVGA at 800x600, 256 Colors

Recommended System Requirements:
= Windows Me, NT 4.0, 2000 or XP
= Pentium III - 800 MHz or faster
= 128 MB RAM or more
= 200 MB or more free hard drive space
= SVGA at 1024 x 768, True Color

& In order to use the FULL version of CutPro, you must have a CutPro
hardlock (security key) and a valid password for each module you wish
to use. You will be prompted to enter these passwords the first time you
run CutPro. To obtain your passwords, please contact MAL Inc.

1.1.1 INSTALLATION INSTRUCTIONS
= Insert the CD labelled CutPro into your CD-ROM drive.
* From the Start menu, select Run.

= Type D:\SETUP (or substitute the appropriate letter of your
CD-ROM drive for D). You can directly run the installation
from CD by clicking CutPro.exe.

= Follow the instructions on the screen.

iy,
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OLDER VERSION OF CUTPRO ALREADY INSTALLED

Before installing CutPro, you should uninstall any older versions

1.1.2
already installed on your computer and remove the software key

from the computer. Any simulation files (e.g., *.mil, *.dat) you

created will not be removed.
Follow the steps to remove the existing CutPro in your computer:

Under the Start menu, select Settings > Control Panel.
Double-click on the icon labeled Add/Remove Programs.

Select CutPro from the list and press Add/Remove. This will

remove the software from the system.

1.2 CUTPRO MODULES
MILLING
The milling module is highly accurate and the most comprehensive

1.2.1
simulation software for optimum planning and trouble shooting of
milling processes. The milling module has two sub modules with the

following features:
ball

22 AXIS MILLING MODULE
variable pitch cutters,

1.2.1.1
The 22 Axis Milling Module has the following features:
= Simulates regular endmills,
endmills, indexable cutters, serrated cutters and endmills with
any user-defined geometry.

Has built-in properties of a variety of materials such as
Waspeloy, Inconel, Aluminum and Titanium alloys, Steel,
and

standard Sandvik, and Kienzle materials.
Accepts dynamic parameters of the machine tool

workpiece manually by you or in a variety of formats (i.e. frf,
uff, HP sdf, cmp files ) created in CutPro or other commercial

modal analysis software packages.
in_three directions and

Makes the following predictions and analysis:
surface error under rigid tool/workpiece clamping

milling

Simulates cutting forces
dynamic

conditions.

chatter _vibration,

forces, tool and workpiece vibrations in the feed and
surface finish

Simulates
normal directions (x and vy),

roughness, spindle power, spindle bending moment,

J..-.E»* MAL Inc. User Manual for CutPro.exe
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chip thickness and process stability under flexible
tool / workpiece conditions.

Stability Lobes: Most accurate predictions of chatter
free axial and radial depth of cut and spindle speeds

2D (spindle speed - axial depth of cut) and 3D (spindle
speed - axial depth of cut - width of cut) Chatter
stability diagrams

Simulates time-domain stability lobes

Design and analysis of inserted / indexable cutters

Design and analysis of variable geometry helical
endmills

Design of variable pitch cutters tuned to a specific
material and spindle for chatter suppression

Design and analysis of serrated cutters

Automated identification of cutting constants from
milling tests
User specified material data entry

Simulates stability lobes and forces for a batch of
conditions with multiple immersions

= Animates cutting processes in discrete domain with vibrations
of tool and workpiece.

1.2.1.2

sy,

¥ 'L,
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PLUNG MILLING MODULE
The Plunge Milling Module has the following features:

» Simulates plunge milling, plunge milling with a pilot hole, and
side plunge milling cutting conditions.

= Analysis of Symmetric and asymmetric tool types with user
defined inserts.

Makes the following predictions and analysis:

Cutting forces in three directions and surface error
under rigid tool / workpiece clamping conditions.

Chatter vibration, dvynamic _milling forces, tool and
workpiece vibrations, surface finish roughness,
spindle power, spindle bending moment, chip thickness
and process stability under flexible
tool/workpiece conditions.

Fast analytical stability lobes prediction, solved in the
frequency domain.

" MAL Inc. User Manual for CutPro.exe
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1.2.2 TURNING MODULE

The Turning module is simulation software for optimum planning
and troubleshooting of turning processes.

1.2.3 BORING MODULE

The Boring module is simulation software for optimum planning and
troubleshooting of boring processes. The Boring module has two
sub-modules with the following features:

1.2.3.1 SINGLE INSERT

The Single Insert module is designed for quick analysis of single
insert boring tools. The Single Insert Sub-Module has the following
features:

= Built-in properties of a variety of materials such as Waspeloy,
Inconel, Aluminum and Titanium alloys, and Steels

= Accepts dynamic parameters of the machine tool and
workpiece manually by you or in a variety of formats (i.e. frf,
uff, HP, sdf, cmp files) created in CutPro or other commercial
modal analysis software packages

= User specific material data entry
= Makes the following predictions and analysis:
- Predicts static cutting forces, spindle power and torque,
and radial deflection of the boring bar
- Stability Lobes: Analytical prediction of chatter free
radial depth of cuts and spindle speeds

1.2.3.2 MULTI- INSERTS
The Multi- Inserts Sub-Module has the same features as the Single
Insert Sub-Module with the following additional features:
» Design of symmetric and asymmetric tools with user defined
insert geometry
= Makes the following predictions and analysis:

- Simulates the cutting forces in three dimensions, with
spindle power and torque prediction when the tool and
workpiece can be assumed to be rigid or for dynamic
tool and workpiece condtions

- Fast analytical Stability Lobes prediction solved in the
frequency domain

iy,
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1.2.4 MODAL ANALYSIS

The Modal Analysis module determines the dynamic
characteristics and mode shapes of a machine tool system from
frequency response functions (FRF) that are measured at various
geometric locations on a system using transfer function
measurement software, MalTF, an impact hammer, and an
accelerometer.

The Modal Analysis module has the following features:

= Predicts natural frequency, damping ratio and stiffness of
each mode from FRF measurements at the tool tip.

= Receptance coupling of defined end mill with the measured
spindle/tool holder. Receptance coupling tool allows you to
obtain the assembly response from the responses of the
substructures (i.e. spindle and tool) by combining two
transfer functions together.

= Flexible tool analysis allows you to predict the transfer
function on a slender tool tip where accurate measurement
cannot be performed due to multiple hits.

» Predicts and displays mode shapes (1D-2D) and modal
parameters from FRF measurements are made along the
structure axis, i.e. spindle, thin webs, machine tool column
and fixture.

= Accepts FRF measurement files in MalTE, ASCII, HP SDF, UFF
file formats.

= Easy to use for non-vibration experts.

1.2.5 MALTF

MalTF is a versatile transfer function measurement program, which
has been tested for the National Instruments DAQCard-6062E,
DAQCard-Al-16E-4 (PCMCIA cards used in notebook computers)
and the PCI-MIO-16E-4 (a PCI card used in desktop computers).

The transfer function measurement is performed with impact
hammer tests. The results from these tests can be displayed in
different formats and saved to disk to be imported into modal
analysis software. After performing a series of impact hammer tests
the resulting transfer function will be displayed on screen. Various
display options can be changed during and after the impact
hammer tests to alter the way in which the information is displayed
on the screen. The transfer function itself can be viewed in

iy,
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magnitude-phase mode, or alternately in its real and imaginary
components. The linear part(s) of the transfer function can be
viewed in time domain, or as a frequency spectrum. In addition, the
transfer function can be saved in binary format and opened with the
all measurement settings at a later time.

MalTF is extremely fast and very easy to use and has the following
features:

= Allows measurement in multiple directions.

= Allows the use of different output sources (i.e. accelerometer,
displacement sensor, shaker and force sensor) and displaying
the results in any format of a/F, X/F or F/F.

» Has an expert system that automatically investigates the
quality of the measurement and leads you with the next step
to take until all of the measurements meet certain quality
requirements. This reduces the inexperienced-user’s faults in
the measurements and provides consistency in the
measurement quality.

= Displays the Input and Output signals in the time domain, the
Magnitude & Phase and Real & Imaginary frequency response
functions, the Power Spectrum, and the Coherence of the
measurements.

= Saves the measurement data in a standard format (frf) that

can be directly used in the process simulation modules in
CutPro or other software packages.

1.2.6 MALDAQ

MalDAQ is a highly versatile PC-based data acquisition and analysis
software. MalDAQ can be used to measure -cutting forces,
vibrations, acoustics, and sensor signals. The program was
developed and tested for the National Instruments DAQCard-6062E,
DAQCard-Al-16E-4 (PCMCIA cards used in notebook computers)
and the PCI-MIO-16E-4 (a PCI card used in desktop computers).
The software is also compatible with many analog data acquisition
devices that are available from National Instruments.

MalDAQ has the following features:
= Max. 500 kHz sampling frequency
= Up to 8 channel data acquisition
* Logging and streaming data to disk until the disk gets full

sy,
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= Monitoring real-time data

= Displaying data in time or frequency domain

» Loading and analyzing any range of saved data
» Digital filtering options

1.2.7 SPINDLEPRO

SpindlePro is a specially designed program for the design and
analysis of spindle systems. It has two sub-modules:

1.2.7.1 EXPERT SPINDLE DESIGN SYSTEM (ESDS)

This module is used for the initial design of spindles. ESDS is based
on the efficient utilization of past design experience, the laws of
machine design, dynamics and metal cutting mechanics. The expert
system leads to automatic generation of spindle configuration which
includes drive shaft, motor type and size, transmission mechanism
between the motor and shaft, bearing types and tool holder style.
The bearing locations are optimized under the constraints of chatter
vibration free cutting conditions.

ESDS has the following features:

= According to the cutting conditions such as tool geometry,
work-piece material, cutting speeds, depth of cut, etc., the
required torque, power and maximum motor speed are
automatically predicted

» Automatic selection of spindle and transmission type
= Allows selection of lubrication

= Optimizes bearing locations

1.2.7.2 SPINDLE ANALYSIS MODULE (SpindlePro)

This module is a finite element software that is used for
performance analysis and optimization of the spindles. It allows
analyzing the static and dynamic response of machine tool spindles.
The rotating effects from both spindle shaft and bearings are
considered in the model. Timoshenko beam theory is used in the FE
model, which includes axial, bending and torsional behavior of the
spindle system. The nonlinear bearing model is used to include
effects due to preloads and spindle speeds.

SpindlePro has the following features:

iy,
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= Deflection at any location of the spindle, reaction forces and
moments at bearing and housing supports can be predicted
under any static forces.

» Damped and Undamped Modal Analysis. The natural
frequencies and mode shapes are sorted according to axial,
torsional and bending. You can assigh modal damping ratios
for each mode from your own experience and the database.

» Fast and user friendly interface to build the spindle
model.

= Performs Frequency Response Function (FRF) analysis.
» Includes rotating effect on bearings and natural
frequencies.

» Predicts bearing forces under cutting loads.
= Displays history of displacement, velocity and

acceleration under dynamic forces.
= User friendly post-processor.

1.2.8 VIRTUALCNC

Virtual CNC is a powerful module which provides a comprehensive
simulation environment for CNC design engineers and users
simulate a wide range of performance-related properties of
Cartesian-Configuration CNC machine tools before the actual
machining process. This way expensive and time-consuming trial
and error cuts can be reduced. It accepts standard APT-CL files,
processes them exactly like a real CNC. You can define trajectory
generation style, amplifier settings, position (encoder), velocity
(tacho generator) and acceleration feedback sensors and their
resolutions, and axis control laws. The Virtual CNC system
predicts the actual positions delivered by the CNC, and plots the
reference and predicted actual paths, the tolerance violation points
along the tool path, cycle time by accurately calculating the feed
fluctuations caused by acceleration/deceleration and control law,
motor current and position-displacement and acceleration of each
drive. Virtual CNC allows testing of different control laws, friction
fields, motors, sensors, ball screws and trajectory generation
algorithms. It runs in stand alone and MATLAB environments. It
also provides time and frequency domain response
of individual drives, as well as testing of the CNC on ISO standard
test work-pieces such as diamond and circle. Virtual CNC can be
used by manufacturing shop engineers as well as by the CNC
designers and professors who teach position control of motion
devices.

iy,

> -
D S &
&

" MAL Inc. User Manual for CutPro.exe



17

Virtual CNC offers the following features:
= Step by step CNC Model Generation
» Detailed CNC Performance Simulation
= CNC Advanced Controller Design/Analysis Tools

1.3 OVERVIEW OF CUTPRO

1.3.1 STARTING CUTPRO

= From the Start menu, click Programs.

» Select CutPro and click on CutPro from the drop-down
menu.

1.3.2 THE MAIN WINDOW

When you first open CutPro, the main window appears. This window
consists of a toolbar, as well as a series of menus. The Properties
Window is automatically displayed.

i CutPro [Untitled.csf]

Fle Simulation Resuks Tools  Window Help

NSNS LT

Mew Open Save Propetties Run Run Temp Plat all Modal MalTF MalDag  SpindlePro WirkualCWC - Animation

LEEALEIN Simulation Properties Sample Result
Frocess
General > | % v Stability Lobes (Analytical)
Simuiation Mod e :
imulauon Vode et Tabs Cancel Ok
General ] Machine & Toal ] ‘workpiece ] Cutting Conditions ] Temperature E 7
Milling 5
o 5
........................................ -
Single analytical A fast analytical stability lobes prediction solved in a frequency _g /
istability lobes  § domain. 5, ’I e
........................................ o
: : L o e U’uk
o~ Milling process Simulates cutting forces, tool vibrations, surface finish, spindle ; . B —
simulation power and spindle bending mament in a single tine domain. [ 5000 10000 18000 2DOOD  BS000 30000
Spindle Speed [rpm]
Multiple analytical Generates stability lobes with axial and radial depthe of cut, and
stability lobes spindle speed.

(~ Stability lobes in time Usze this mode to simulate stability lobes within a namow speed range
domain far a complicated cutter.

~ Optimize variable Automatically calculates pitch distribution at a specific spindle
pitch zpeed for a given number of flutes.

Cutting coefficient  Automatically identifies the cutting coefficients, based on files
identification defining ¥, ', and £ cutting forces.

Simuistion Mode | Output |

Opened file: default. csf az Untitled. csf

Figure 1.3-1: Simulation Properties window is displayed for the 2%% Axis
Milling Module by default when CutPro is started.

1.3.3 MAIN WINDOW TOOLBAR BUTTONS

Table 1.3-1: List of buttons on the CutPro Toolbar

gy,

\

i.-.?x\‘i MAL Inc. User Manual for CutPro.exe



SpindlePro

YirkualZhiC

iy,
. [/
«
D S &
&

New

Open

Save

Properties

Start

Stop

Start

Stop

Plot

Modal
Analysis

MalTF
MalDAQ
Milling
Animation

SpindlePro

VirtualCNC

Create a new simulation

Open an existing simulation

Save the current simulation

View / edit the parameters defining the
current simulation

Start the simulation

Stop the simulation

Start the temperature simulation

Stop the temperature simulation

Plot all of the simulation results; or,
click the drop-down arrow to plot a
single result

Load the Modal Analysis tool

Load the MalTF transfer function
measurement tool

Load the MalDAQ data acquisition tool
Load the Milling Animation tool

Load the SpindlePro tool

Load the VirtualCNC tool

" MAL Inc. User Manual for CutPro.exe
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1.3.4 MAIN WINDOW MENU COMMANDS

1.3.4.1 FILE

t) CutPro [Untitled.csf]

File Simulakion Results  Tools  Window  Help

e Chrl4-1 = A4 = - = -
Open...  Chrl4+0 ] i - }E 'Q ‘Q
Save Chrl+5 have Properties Run Run Temp Flat Al Maodal MalTF Mallac
SEHE . 1 Properties
Close ChEl+
Exit Chrl+G il Mo l< ) Hide x /

- lan ode Back Mexk Tabs Cancel QK

General I Machine & Toal | Wwiorkpiece I Cutting Eunditionsl Temperature I

Figure 1.3-2: File menu on CutPro

Table 1.3-2: The drop-down menu of File command

New Create a new simulation

Open Open an existing simulation

Save Save the current simulation

Save As Save the current simulation under a different name
Close Close the current simulation

Recent Files Select recent files to open

Exit Exit CutPro

& When you Save a CutPro simulation, all of the currently loaded
Results are saved, as well as the Simulation Properties.
& You can neither Save nor Print in the DEMO version of CutPro.

1.3.4.2 SIMULATION

File | Simulation Results  Tools  Window Help

|: Run Chrl+R: A
Skop e
Run Temp Flat &l

Me perties Run
Run Temperature

T

> i

Modal MalTF

M;‘ Stop Temperature
T

x v

Cancel Ok

Tabs

Properties. .. '( )‘

SUTETOTWOHE  Gack mest

: General I Machine&Tooll Wiorkpiece |Eutting Eu:-nditiu:-nsl Temperature |
Milling

Figure 1.3-3: Simulation menu on CutPro

Prig
i
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Table 1.3-3: The drop-down menu of Simulation command

Run Run the simulation

Stop Abort the simulation

Run Temperature Run the temperature simulation

Stop Temperature Abort the temperature simulation
Properties... View / edit the parameters defining the

current simulation

1.3.4.3 RESULTS

£ CutPro [Untitled.csf]
File Simulskion | Resulks  Tools  ‘Window  Help

D - Plot Al Ctrl+P %
& p > T
Mey Op  Export .. : Run Run Temp Plat sl
Machining (B peport..  coner NN
Process ,
Clear Results ( } [Hide | x '/
il SIFTLTE T O Back  MNext Tabs | Camcel K
o : _ . .
gi“ General I Machine & Tool | Wiorkpiece I Cutting Conditions

Figure 1.3-4: Results menu in CutPro

Table 1.3-4: The drop-down menu of Results command

Plot All Plot all simulation results
Plot Allows you to select a simulation result to plot
Export Brings up the Export Results window. Select a

result set from the drop-down list, then specify
the ASCII text file (*.txt) to which you want to
export it. You can either type the name of a text
file in the box provided, or find an existing file to
write over by pressing the browse (...) button.

Report Brings up the Reports window which summarizes

the simulation conditions such as cutting
conditions, properties of cutter and workpiece
and results.

Clear Results Delete all results. This will disable the Results

menu. You must run a simulation in order to
generate new results.

7. MAL Inc. User Manual for CutPro.exe
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i CutPro [Untitled.csf]

File SimulatiuanesuIts Tools  Windomy  Help

- Plok Al
U epr—

MHew 2p Expark ...
M achining Report,..
Process

Clear Resulks

Milling

m?-. | 1“;‘» |

Cukking Forces
¥ Cutting Force
Y Cutking Faorce
Resultant Force in the XY¥-Plane

Z Zutting Force

Tangential Cutting Force
Chip Thickness

Tool Yibrakion

Tool efleckion

Wiorkpiece Yibrations
Uprmilling Surface Finish
Erovwnmilling Surface Finish
stabiity Lobes (Gnalybical)
stability Lobes (anal, - Yar, Fitch
Stability Lobes (Time Domain)
Spindle Power

Spindle Torque

Spindle Bending Moment
Cptimum Variable Bibch

Figure 1.3-5: Results menu in CutPro (Plot window)

7 MAL Inc. User Manual for CutPro.exe
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;41 CutPro [Untitled.csf]
File Simulation  Results  Tools  window  Help

|

et

Machining
Process

Milling

Drilling

I Export Result{s)

Select data to expart:
IFDrces in#, ¥, Z, Tangential, and = Directions j

%

Elat &l Madal MMalTF MalDAQ  SE

File name:

I Browsze. .. I

E Save | LCancel |

Save in; Ia Frogram j e |‘j€ v

|_1Malsound
[ SpindlePro
[:I Termperature
] virbualohe

File: narne: I vI Save

Save as type: IMaIDAQ File [* mdt) j Cancel
Cut ul: wt]

[rata Files [* dat)

alD AL File (= mdt)

It

t alDAL File [*.rmdg)

Figure 1.3-6: Results menu of CutPro (Export Results window)
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i CutPro [Untitled.csf]

File  Simulation Resulks

~u 2
O = 6
e Open

t achining
Frocess Ganaral
Simula
Gene
" Sir
Ste
L doi
(;\- Sir
sta
ri- [
sta

-

= ' D'tp

y pite

Drilling
S Cu
L ide

Figure 1.3-7: Results menu in CutPro (Report window)

File  Edit

File name:

Tirne/date;

Cutting mode:

Sirulation mode:

Cutting Conditions
Milling riode:
Feedrate [mm/fute]:
Spindle speed [RPM]:

Auiial depth of cut [a] [mm]:

MHurnber of revolutions:

Sampling frequency zcale:
Cutter

Tupe:

 aterial:

# Teeth:

Structural flexibility:

g run-out deviations:

R adiuz(r] [mm];

LenathlL] [mm]:

Firzt Bearing Position [mm]:

Hels(i) [

Relief [7]:

Rake [*]:

Cormer radiug(R] [mm];

N

> Summary of simulation conditions

Untitled. c=f
April 13, 2005 at 1454
Milling

Single analytical ztability lobes

Clackwize up-milling
0.0s
M Ad
M Ad
M Ad
M Ad

Cylindrical end
Carbide

4 [uniform pitch]
Dynamic parameters
M A

9525

32

M A

an

5

5

M A

23

=101 x|

[

You can add simulation results to the report by selecting Options
and clicking on Add to Report from the drop-down menu in the
graph window.

Lihe,,

i!“lj&
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i) CutPro [Untitled.csf]
File Simulation Results  Tools  Window  Help

D & B u @ W & > iE

QpeEn Save Propetties Fun Run Temp Plot All Modal MalTF

b achining A& stability Lobes {Analytical) [Untitled.csf] -0 x|

Frocess
Stability Lobes (Analytical)
25+
= 204
O
S E 154
£ E
5= WM
O
(M g
n } } } } } {
0 10000 20000 30000 40000 50000 GODOO
Spindle Speed [rpm]
i@ fad{  EEOR S = 1827.4530
- Cpkions “| coord's Zoom Reset Y =-6.848739
Dinlling

Zopy ko Clipboard
Add to Report Chrl+8

Prink
Printer Setup

More Options,,,  Chkrl+O

Figure 1.3-8: Adding the simulation results to the Report

1.3.4.4 TOOLS
i1 CutPro [Untitled.csf]

File Simulation Results | Tools  Window  Help

~ul Modal Analysis
O & e B 4 = .

e CIpEn £ MalDaD Fun Fun Termnp Flat all

machining | EIVENES Mg Animation
Process Genorai spindlePro
7 .
WirtualZHC ! }. rHideL| % -
Simule

Y Units y |2 Mest Tabs Cancel ¢
Gen | . . 9
Language v [° I "Wwiork piece | Cutting Cond

Figure 1.3-9: Tools menu in CutPro

gy,

\

i.-.?x\‘i MAL Inc. User Manual for CutPro.exe



Table 1.3-5: The drop-down menu of Tools command
Modal Analysis Run the Modal Analysis program.

Modal Analysis Run MalTF, the transfer function
measurement program.

MalDAQ Run MalDAQ, the data acquisition and analysis
program.

Milling Animation  Run the Milling Animation program.

SpindlePro Run SpindlePro which is used to design and
analyze the spindle systems.

VirtualCNC Run VCNC which simulates the performance-

related properties of Cartesian-Configuration
CNC machine tools before the actual
machining process.

Units Choose to display units in CutPro in Metric or
Imperial units of measurement.
Language Choose the language of CutPro. The options

are: English, German and French.

1.3.4.5 WINDOW

i) CutPro [Untitled.csf]

File Simulation Results Tools | Window  Help

D D’x Close &ll
[l

Hew e Save 1 Cutting Forces [Untitled,csF]
2 ¥ Cutting Force [Untitled, csf]
Machiring 3 Cukting Force [Untitled, csf]
Fiesess | m 4 Resultankt Force in the Xy-Plane [Untitled, csf]
- 5 Z Cutting Force [Untitled. csf]
— & Tangential Cutting Farce [Untitled. csF]
7 Chip Thickness [Untitled.csF]
8 Tool Vibration [Untitled. csF]
9 Spindle Bending Moment [Untitled.csF]
Maore Windows. ..
L T e e
B

=10l.x]
Spindle Bending Moment

' TRy

Modal MalTF MalDaQ  SpindlePro WirtualCNC - Animati

-5

Milling

<

f terr

Turning

-1l
Boring a0
_ S Instantaneous
L;' B0 / Curmulative
Drilling Average

|
Moment [N-m]

T _r___1

Figure 1.3-10: Window menu in CutPro
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Table 1.3-6: The drop-down menu of Window command

Close all Close all open graphs
Figure Names  Select the figure that you want to display on
the screen.

1.3.4.6 HELP

i CutPro [Untitled.csf]
Fila Simulation Results  Tools  Window | Help

~u = @ Conkents and Index @ }b
[ = ; .

M Cpen Save Fropert Laeres Wt Flat all Maodal

About CukPrao 7.0,

M achining
Frocess Wisit CutPro Webpage

Conkack CubPra Suppork

Figure 1.3-11: Help menu in CutPro

Table 1.3-7: The drop-down menu of Help command
Contents and Index Display Help files for CutPro. Allows
you to click on an object in the
CutPro graphical interface from either
the content or the index or the find
options and view the relevant help

page(s).

License Information... Activate CutPro modules with valid
passwords you have obtained from
MAL Inc.

About CutPro Display information about CutPro

Visit CutPro Webpage Visit website
http://www.malinc.com
Contact CutPro Support  Send your questions to MAL Inc.

0y
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) CutPro [Untitled.csf]

File Simulation Results Tools Window Help

Help Topics: CutPro 6.0 el |

Cantents | Index | Find |

Click atopic. and then click Display. Or click anaother tab, such az Index.

Introduction
wihat's New

@ Installing CutPra

@ Getting Started with CutPro
@ Owerview of CutPro
@ Activating Modules
@ Exporting Resulte

@ Running a Simulation
@ Ewarnple Files

[#] Miling Animatian

E Uninztalling CutPro
@ Support

@ Properties

@ Wiewing Results

@ 3D Modal Analysis

Dizplay I Frint... | Cancel |

Figure 1.3-12: Help menu in CutPro
(Contents and Index window — Contents option)

) CutPro [Untitled.csf]

File Simulation Results Tools Window  Help

Help Topics: CutPro 6.0 7=

Contents  Index |Find I

1 Type the first few letters of the ward you're looking far.

2 Click the index entry wou want, and then click Display.

Average cutting coefficient model [E quations]
Average cutting cocfficient maodel [Material editor]
Ball-end endmil

Bi-inear force model [E quations]

Biinear force model [Material editor]

Chip thickness

Coefficient / material model tab

Caontacts

Cutter material

Cutting cosfficient identification

Cutting coefficient model equations

Cutting coefficient model parameters

Cutting conditions tab

Cutting properties [M aterial editor]

Cutting tool tab

Cylindrical endrmil =

Diizplay I Eiitat.... | Cancel |

Figure 1.3-13: Help menu in CutPro
(Contents and Index window — Index option)
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i1 CutPro [Untitled.csf]
File Simulation Results Tools  Window Help

Help Topics: CutPro 6.0

Eontentsl Index  Find |

1 Tupe the word(z] wou want ta find

I j Clear

ek |

2 Select some matching words to namow wour seanch Optiores
i o
Fitad Sirnilar..
r Firnd Mo
1 Rebuild...
!
3 Click a topic, then click Dizplay
Activating Modules
Average cutting coefficient model [E quations]
I Average cutting coefficient model [Material editor]
B all-end endmill
Bidinear force model [Equations]
= Bidinear force madel [ aterial editar] ;I
I'I'I2 Topics Found | I All words, Begin, Auto, Pause |

N Dizplay I Fritt... | Cancel |

Figure 1.3-14: Help menu in CutPro
(Contents and Index window — Find option)
i+ CutPro [Untitled.csf]

File Simulation  Results  Tools  ‘window  Help

D [ License Information (Serial & AAD

Pleaze check each madule below for which pou

hlew have a valid password. Enter the pazsword for
Machining each, then click Werify,
Process

#
[~ Turning Simulation

[~ Boring Simulation

[~ Drilling Simulation

[~ Temperature Simulation
[~ Modal Analysiz

™ MalTF

™ MalDsg

[ SpindlePra

[ Simplified Milling Simulation
[ Wirbual CHE

T

Werify ‘ Done

T
Figure 1.3-15: Help menu in CutPro
(License information window)

Lihe,,
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1.4 ACTIVATING MODULES

In order to use the FULL version of CutPro, you must have a CutPro
hardlock (security key) and a valid password for each module you
wish to use. You will be prompted to enter these passwords the first
time you run CutPro. To obtain your passwords, please contact MAL
Inc.

To enter your passwords, select License Information from the
Help menu in the main CutPro window. Once you have entered the
passwords for the modules you are authorized to use, press the
Verify button. Finally, press Done to close the window and you can
continue using CutPro.

License Information (Serial &

Pleaze check each module belaw far which you
have a valid pazsword. Enter the pazsward for
each, then click ey,

v Milling Simulation ABCD-1234
[ Turrirg Sirulation

[ Buorirg Sirulation

[ Criling Simulation

[T Temperature Simulation
[v Modal Analvsis 4321-0CBA
[~ MalTF

[T MalDan

[T SpindlePro

[T Simplified Milling Simulation
[ Mirkual CHC

I

W enify | Daone |

Figure 1.4-1: License Information window where the passwords of the
modules are entered
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2 MODULES
2.1 MILLING MODULE

Figure 2.1-1: Axes definition of a milling process.
Note that the X-direction is the feed direction.

2.1.1 22 AXI_S MILLING MODULE
i CutPro [Untitled.csf]

File Simulation Results  Tools  wWindow  Help

N = @ W @

e Cpen Save Properties Fun

b achining
Frocess

.Eml

Figure 2.1-2: 2v% Axis Milling module
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¢k CutPro [Untitled.csf]

Filz  Simulation Resulks Tools  window  Help

N = & & W Lo m

T Cpen Save Properties Run Fun Temp Modal MalTF

e Simulation Properties
Process

Gaxeral
il Simulation Mod > |l X v
3 tmwigiion dade Texk Tabs Cancel Ok
G . : . "
W ; General l Machine & Tool ] “Wiorkpiece ] Cutting Eundmons] Temperature I
Milling
¢~ Single analytical A fazt analytical stability lobes prediction zolved in a frequency
0] stabilty lobes domain.
Turning = M|I||ng|:|m|:es3 Simulates cutting forees, tool vibrations, surface finish, spindle
_ gimulation power and zpindle bending moment in a single time domain.
ﬂ = ¢~ Multiple analytical Generates ztability lobes with axial and radial depths of cut, and
L ztability lobes zpindle speed.
R -
Boring - L . . - o
¢~ Stability lobes in time Usze this mo_de to zimulate stablllt_y lobes within a narrow speed range
domain for a complicated cutter. Otherwize, see below,
o~ Optimize wariable Autornatically calculates pitch distribution at a specific spindle
pitch zpeed far a given number of flutes.
~ Cutting coefficient Automatically identifies the cutting coefficients, bazed on files
identification defining #, v, and £ cutting forces.

Simnulation Mode LiLrpLr

|
Figure 2.1-3: General tab of 222 Axis Milling module

Table 2.1-1: Buttons on Simulation Properties window

« Back Switch to the previous
Back tabs

» Next Switch to the next
Mexk tabs
|JHi deLl Hide Tabs Hide tabs

Tabs
_ Show Tabs Show tabs

Tahs

% Cancel Cancel the simulation
Cancel

v Ok Save the simulation
oK parameters

CutPro starts with the Simulation Properties window of the 2%
Axis Milling module by default. You will be prompted to enter the
necessary parameters for the selected process, and can switch from
one tab to another by clicking the Back or Next buttons on the

7. MAL Inc. User Manual for CutPro.exe
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Simulation Properties window. You can hide or show tabs by
using the Hide Tabs or Show Tabs button. After you enter all the
parameters, you have to click the OK button to be able to save the
process parameters you have defined, and to run the simulation
mode you chose. If you click on the Cancel button, you will lose
the data you entered and cancel the simulation. By clicking on the
Run button on the Toolbar of CutPro, you begin running your
simulation.

There are six simulation modes:
single time domain
stability lobes in time domain

single analytical stability lobes
multiple analvtical stability lobes
optimize variable pitch

cutting coefficient identification
In this section, each of them will be summarized step by step and
you can find more details about the simulation properties window’s
tabs and definitions in Section 3.1 2% Axis Milling Module.
When you select a simulation mode, the Sample Results window
will give an example of the output figures for the specified
simulation mode.

2.1.1.1 MILLING PROCESS SIMULATION

i CutPro [Untitled.csf]

File Simulation Resulks  Tools  Mindow  Help

D = B W & W . P uE

i
I
]
e Cpen Save Properties Run Run Temp IModal MalTF I¥

LEEAB Simulation Properties
Process

General
1 : : > bige] = %€ v
Simulation Mode ek Tabs Cancel QI
. General l Machine & Tool ] Workpiece ] Cutting Eu:unu:litiu:uns] Temperature ]
Milling
Single analytical A fast analytical stability lobes prediction solved in a frequency
stability lobes domain.
Turning o M||||ngprc|c:eg$ Simulates cutt_ing furces,_ tool vibratiqns, Syrface_ fimizh, Spindle
—l gimulation | power and zpindle bending moment in a single time damain.

Figure 2.1-4: Milling Process Simulation mode is selected in General tab
of the 2v% Axis Milling module.
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In this simulation mode, cutting forces in x, y, z and tangential
directions, resultant cutting force in xy plane, chip thickness, tool
vibration and deflection, workpiece vibrations, surface finish due to
forced and chatter vibrations, spindle power and torque, bending
moment acting on the machine tool, and animation of chip removal
are simulated based on the cutter geometry, machining parameters
and dynamic modal parameters of both the workpiece and tool
defined by you.

In this time domain simulation, the process is simulated based on
numerical integration algorithm for the defined condition and
parameters with small time increments. At the end of the
simulation the time history of the process in terms of forces in three
directions, torque, power, vibration and etc. is displayed. You also
have an option to save any simulation result in an ASCII file in
order to use it in other programs such as Matlab, Excel etc. (See
Figure 1.3-6 in Section 1.3.4.3 - the Export Results window in the
Results menu of CutPro - for details).

The milling process simulation is very useful for detailed
examination of nonlinear effects such as jumping out of the tool
from the cut, tool run-out and also complex cutting tool geometry.
The benefits of this simulation mode are: you can predict the
cutting forces considering the dynamics of the tool and workpiece
structure and see if the cutting forces are beyond the limit that the
tool can carry; you can check if the chatter vibrations are very
drastic which can cause the tool to brake down very easily; you can
predict the required torque and power for the simulated process
and then check these values with the maximum power and torque
limits of your machine; you can predict the chip thickness variation
by using either the exact kinematics of chip generation or the
approximated chip model; you can display the tool and workpiece
vibrations in the x and y directions; you can predict the roughness
of the surface finish by looking at the surface finish graph and see if
it is within the acceptable tolerances.

This simulation mode is usually used in conjunction with other
simulation modes such as stability lobes in time domain and single
analytical stability lobes. The sample results window of the milling
process simulation mode is shown in the following figure:

iy,
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Forces
z |
T I. _
Jﬁl'l iﬁp%ﬁJ Y
Time [sec]
Tool Vibrations
IRRE
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Time [sec]

Figure 2.1-5: Sample Results window of Single Time Domain mode
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2.1.1.2 STABILITY LOBES IN TIME DOMAIN
£} CutPro [Untitled.csf]

File Simulation Results Tools  Window  Help

N & 8 % &

Mew Open Save Propetties Run Run Temp

LERLEE Simulation Properties
Process

Ganeraf } m x /

=oa_woa

Simulation Mods ek Tabs Cancel (a4

General ] Machire & T ool ] “Workpiece ] Cutting Conditions ] Temperature

~ Single analytical & Fast analytic:al stability lobes prediction solved in a frequency
stability lobes dormnair.

o~ Milling process Simulates cutting forces, tool vibrations, surface finish, spindle
gimulation power and spindle bending maorment in a single time dormain.

ﬂ ) ~ Multiple analytical Generates stability lobes with axial and radial depths of cut, and
: ztability lobes zpindle speed.
AR -
Boring i s . . - -
— - 5tability lobes in time Lize this mode to simulate stability lobes within a narrow speed range

dornain i far a complicated cutter. Othenwize, see below.

~ Optimize variable Autarnatically calculates pitch distibution at a specific spindle
pitch zpeed far a given number of flutes.

~ Cutting coefficient  Automatically identifies the cutting coefficients, based on files
identification defining ¥, %', and £ cuthing farces.

Simulation Mode Output

Figure 2.1-6: The Stability Lobes in Time Domain mode is selected in
General tab of the 2%2 Axis Milling module.

This simulation mode simulates the stability lobes in the time
domain to determine stability border for the particular milling
process.

Stability lobes: Chatter stability is expressed by the stability lobes
figure which defines the boundary that separates stable and
unstable machining in the form of axial depth of cut limit versus
spindle speed for a fixed radial width of cut and workpiece-tool
combination. The region under the stability lobes is stable and the
region above the stability lobes is unstable. The sample result
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window for the “Stability lobes in time domain” mode is given by
the following figure:

#
Stability Lobes

E |

E 7

5

o Ll |UNSTABLE ,
._ |
_-E P L1
L

L

[

? ‘ulji | / I". / \\

i \_/ STABLE ™~

| | | | | |
i S000 1 (0CED 1 5000 20000 25000 ENIHE
Spindle Speed [rpm)

Figure 2.1-7: Sample Result window of Stability Lobes in Time Domain
mode

Basically, this mode simulates the process in the time domain with
small increments within the spindle speed and depth of cut ranges
specified by you (See Section 3.1.10 Cutting Conditions/Other
Parameters) and decides whether the process is stable for each
simulated condition. If stable, it goes to the next higher depth of
cut for the same spindle speed repeating the simulation; otherwise
it reduces the depth of cut. This procedure goes on until it finds the
critical depth of cut value for the stable cutting at the same spindle
speed. Then it increases the spindle speed and scans the critical
depth of cut for the new spindle speed.

Due to the long computational time, this simulation may take very
long time depending on the specified spindle speed range. In order
to shorten this time, it would be a wise decision you specify a short
range of spindle speed where you potentially wish to operate the
machine.

The time domain simulation is executed based on the exact
kinematics of a milling process. Due to this fact, some nonlinearities
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such as the tool jumping out of the cut, or nonlinear variation of the
cutting coefficients are taken into account in the time domain
simulation. This makes this simulation more accurate compared to
the analytical simulation where the system is assumed to be linear.

2.1.1.3 SINGLE ANALYTICAL STABILITY LOBES

i) CutPro [Untitled.csf]
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Simulation Mode | Dutput I

Figure 2.1-8: The Single Analytical Stability Lobes mode is selected in
General tab of the 2%2 Axis Milling module

This mode simulates the

Stability lobes in frequency domain. In this mode, the process is
modeled by using the linear stability theory. Nonlinearities such as
the tool jumping out of cut, multiple regeneration, process
damping, run-out and nonlinear cutting coefficients are neglected in
linear stability analysis which makes it a very quick simulation. It
generates the stability lobes by indicating the axial depth of cut and
spindle speeds for a fixed radial width of cut. The sample result
window of the single analytical stability lobes mode is displayed
below:

“l]"
E‘\*
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Stability Lobes (Analytical)
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Figure 2.1-9: The sample Result window of the Single Analytical Stability
Lobes mode

2.1.1.4 MULTIPLE ANALYTICAL STABILITY LOBES
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Figure 2.1-10: The Multiple Analytical Stability Lobes mode is selected in
General tab of the 2%2 Axis Milling module.
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This mode simulates the stability lobes in frequency domain for a
milling process with several different steps. For example, the
process represented by the following diagram involves a half-
immersion down-milling, a full immersion milling (slotting) and a
half-immersion up-milling.

Figure: Multiple analytical stability lobes

Figure 2.1-11: A sample multiple-steps milling process. Begin with a
half-immersion down-milling, then slotting and a half-immersion up-
milling

In order to obtain a stable process, the cutting conditions must
produce stable results for all the steps involved in the operation.

The sample result window of the multiple analytical stability lobes
mode is given by the following figure:

sample Result |

Stability Lobes (Multiple Anal.)

e Teilb et |mis)
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Figure 2.1-12: Sample Result window of Single Analytical Stability Lobes
mode
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2.1.1.5 OPTIMIZE VARIABLE PITCH
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Figure 2.1-13: Optimize Variable Pitch mode is selected in General tab of
the 2%% Axis Milling module.

This mode enables you to look for the optimum variable pitch
angles in order to make a particular cutting condition stable. This is
useful when a desired cutting condition is unstable with a uniform
pitch. The result of this mode shows sets of optimum pitch angles
and their corresponding maximum depths of cuts allowed for a
stable process in the cutting conditions specified. The sample result
window of Optimize Variable Pitch mode is shown below:

iy,

\
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Figure 2.1-14: Sample Result window for Optimize Variable Pitch

2.1.1.6 CUTTING COEFFICIENT IDENTIFICATION
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Figure 2.1-15: Cutting Coefficient ldentification mode is selected
General tab of the 2%% Axis Milling module.
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i!\llj&

7. MAL Inc. User Manual for CutPro.exe

41

in



42

This mode enables you to identify cutting coefficients of a user
defined material. Material cutting coefficients have important roles
in the process simulations in CutPro and should be identified
accurately for the sake of accuracy of the simulation results. CutPro
has already material coefficients data available for some materials.
If the workpiece material is not in the material list you need to
identify the cutting coefficients before proceeding the simulation.
This requires 6-7 force measurement tests with the tool and
workpiece material you wish to cut at a constant depth of cut and
cutting speed but varying feed rates. After the tests are completed
you load the force data files into CutPro. It processes the data and
generates the cutting coefficients for you. Then the cutting
coefficients are saved in the user defined material list in order to be
used in the simulations. The details of the procedure are explained
in Section 3.1.10.6 Cutting Coefficient ldentification. Sample
result window of cutting coefficient identification mode is given in
the following figure:

Sample Result #

Exp. Average Cutting Forces

A00—

A L)
200 "

1 03

Farce [MN]

Al - -

21
Feed Rate [mm/flute]

Figure 2.1-16: Sample Result window of Cutting Coefficient Identification
mode
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2.1.2 PLUNGE MILLING MODULE

~u i
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Mew Open Save Properties Run

td achining
Process

Milling
Figure 2.1-17: Plunge Milling module

CutPro simulates the action of plunge milling with this module. The
plunge milling module contains three simulation modes: static

analysis of a plunge milling operation, dynamic simulation of
a plunge milling process, and stability lobes prediction.

2.1.2.1 STATIC ANALYIS OF A PLUNGE MILLING OPERATION
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Figure 2.1-18: The Static Analysis simulation mode is selected in the
General tab of the Plunge Milling module.
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In this simulation mode, the cutting forces in x, y, and z directions,
the resultant cutting force in xy-plane, and the spindle torque and
power are simulated based on the cutter geometry and the
machining parameters. This mode assumes both the workpiece and
the tool are rigid.

2.1.2.2 DYNAMIC ANALYSIS
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% Dynamic simulation 2 imulates cutting forces, tool vibrations, spindle power and torque
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e,
E L ~ Analutical stability A fast analybical stability lobes prediction solved in a frequency
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Figure 2.1-19: The dynamic parameters of the tool are entered for the
Dynamic Analysis mode of the Plunge Milling module.

This mode is similar to the static analysis of a plunge milling
operation, but instead of assuming that the tool is rigid, the
dynamic parameters of the tool are entered by the user. Of course
the user can enter parameters for multiple modes in each direction
and specify any rigid directions.
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STABILITY LOBES
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Figure 2.1-20: The Stability Lobes mode is selected in General tab of the
Plunge Milling module.

This mode is similar to the single analytical stability lobes mode in
the 2%> axis milling module (See Section 2.1.1.3 Single
Analytical Stability Lobes).

2.2 TURNING MODULE
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Figure 2.2-1: Turning module
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Figure 2.2-2: The General tab of the Turning module

2.2.1 STATIC ANALYSIS
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Figure 2.2-3: The Static Analysis mode is selected from the General tab
of the Turning module.

This mode executes a static analysis of a turning process and is
similar to the static analysis mode under the boring module (See

Lihe,,
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Section 2.3.1.1 Static Analysis). A sample result of the static
analysis mode is shown below:

Sample Results ]

Cutting Forces
-

1501

100+

Force [N]

S

Time [sec]
Figure 2.2-4: Sample Result window of Static Analysis mode

2.2.2 ANALYTICAL STABILITY LOBES
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Figure 2.2-5: Analytical Stability Lobes mode is highlighted by the re
box in the General tab of Turning module.

This mode is under development.
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2.2.3 CUTTING COEFFICIENT IDENTIFICATION
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Figure 2.2-6: Cutting Coefficient Identification mode is highlighted by the
red box in the General tab of the Turning module.

This mode is under development.
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2.3 BORING MODULE
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f : Frequency of the chatter [Hz]
n : Spindle speed frevisec]
N : The number of full waves

£ Phase shift hehween inner and anter waves

Figure 2.3-1: Geometry and axes definition of boring process
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2.3.1 SINGLE INSERT MODULE
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Figure 2.3-1: Single Insert Boring module

2.3.1.1 STATIC ANALYSIS
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Figure 2.3-2: The Static Analysis mode is selected in General tab of the

Single Insert Boring module
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This mode predicts the static cutting forces in tangential, radial and
feed directions, area of cut, spindle power and torque, and boring
bar deflection. The process is assumed to be static in this mode.
Sample results window of static analysis mode is displayed in the
following figure:

x
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Figure 2.3-3: Sample Results window of Static Analysis mode

2.3.1.2 SINGLE INSERT ANALYTICAL STABILITY LOBES
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Figure 2.3-4: Single Insert Analytical Stability Lobes mode is selected in
General tab of Boring module.
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This mode simulates the analytical stability lobes in the frequency
domain by using orthogonal chatter stability theory to determine
the stability border of the boring process which uses a boring head
with a single insert. The sample result window for the single insert
analytical lobes mode is the same as the sample result window
of the single analytical stability lobes mode of the 2%, axis
milling module.

2.3.2 MULTI- INSERTS MODULE

b achining
Process

Figure 2.3-5: Multi- Insert Boring module
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" Diymamic simulation Simulates cutting forces, tool vibrations, spindle power and torque
in a time domain.

Analytical stability A Fast analytical stability lobes prediction zolved in a frequency
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Figure 2.3-6: The Static Analysis mode is selected in General tab of the
Multi- Insert Boring module.
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This mode is similar to the static analysis mode described in section
2.3.1.1 Static Analysis, but instead of having a boring bar with

only one insert, you can define multiple inserts on a symmetric or
an asymmetric tool.

2.3.2.2 DYNAMIC SIMULATION
Sample Result X

Tool Tip Vibratian

oH
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Figure 2.3-7: Sample results window for the Dynamic Simulation mode.

i CutPro [Untitled.csf]
File Simulation Results Tools Window Help

~u & + % 9 ;
D D & P = 1@ J
Mew Cpen Save Properties Run Run Temp Modal MalTF M
MSChi”i”Q Multiple Inserts Boring Simulation Properties
[OCESS
General
> o X ¥
i i Hide
Simulation Mode Mext Tabs | Cancel OK
............................ Geneial | Machined Tool | Workpiece | Culling Condiions |
" Static Analpsiz Simulates cutting forces, spindle power and torque when ool and

workpiece can be azzumed to be rigid.

% Dipnamic simulation Simulates cutting forces, tool vibrations, spindle power and torque
in a time domain.

i~ Analptical stability & fast analytical stability lobes prediction salved in a fregquency
lobes domair.

Figure 2.3-8: The Dynamic Simulation mode is selected in General tab of
the Multi- Insert Boring module.
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This mode is similar to the static analysis for multi-insert boring,
but instead of assuming that the tool is rigid, the dynamic
parameters of the tool are entered by the user. Of course the user
can enter parameters for multiple modes in each direction and
specify any rigid directions.

2.3.2.3 ANALYTICAL STABILITY LOBES

This mode simulates the analytical stability lobes in the frequency
domain by using 2D chatter stability theory for a boring process.
The boring head analytical stability lobes mode of the boring
module and the single analytical stability lobes mode of the 22 axis
milling module use the same engine (See Section 2.1.1.3 Single
Analytical Stability Lobes). The sample results window of the
boring head analytical stability lobes mode is the same as the
sample results window of the single analytical stability lobes
mode of the 2v% axis milling module.
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Figure 2.3-9: The Analytical stability lobes mode is selected in the
General tab of the Multi- Insert Boring module.

7. MAL Inc. User Manual for CutPro.exe



55

3 SIMULATION PROPERTIES WINDOW'’S
TABS AND DEFINITIONS

3.1 2¥2 AXIS MILLING MODULE
3.1.1 GENERAL/SIMULATION MODE TAB
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Figure 3.1-1: General/Simulation Mode tab of the 2%% Axis Milling module

This tab allows you to choose the simulation mode. There are six
simulation modes available in the 2%2 Axis Milling module, namely,
single time domain, stability lobes in time domain, single
analytical stability lobes, multiple analytical stability lobes,
optimize variable pitch and cutting coefficient identification.
Depending on your selection, you will be led to enter the necessary
parameters on the next tabs in order to complete the simulation.
You can find more information regarding simulation modes under
Section 2.1 2% Axis Milling module.
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3.1.2 GENERAL/OUTPUT TAB

The General/Output tab allows you to choose the output data you
want to save during the simulation. To include a result in the
simulation output, check the box next to it. This tab has different

options for different simulation modes.

{2 CutPro [Untitled.csf]
File Simulation Results Tools  Window  Help

- + % e N
N = B | &k : E
Mew Qpen Save Properties Run Run Temp Plat All Modal MalTF
(G (as .« | Simulation Properties
Frocess Goneral ( ) I_,—LI x /
Hide
| DUfﬁ'Uf Back et Tahs Zancel ok
o : . . ™
g:.‘\ ; General I tMachine & Toal I Workpiece I Cutting Conditions I Temperature
Milling
—
=] E Check the output data pou want to be saved az text files during the simulation:
Turning [ Cutting forces [~ Save miling animation data®
ﬂ ¥ Tool vibrations = Anrimation Uptions:
"-t
: v “workpiece vibrations Starting revolution I
b )
Boring ¥ Surface finish End revolution
T [v Spindle power & torque Starting lewel I
L;' [+ Spindle bending moment End level I
Drilling v Chip ticki o
] G el * Aifter you have un the simulation, vou may
wiew the milling animation by clicking the
"Bnimation’ button on the main toolbar,
Simulation Mode Output |

Figure 3.1-2: The General/Output tab of the 2v%2 Axis Milling module

If you run the simulation modes one by one by using the default
parameters in CutPro, you will obtain the following output plots for
each simulation mode. After the simulation mode is chosen, the
results are obtained by first clicking on the OK button on the
Simulation Properties window and then the Run button in the
Toolbar. In order to display results of the simulation click on the
Plot All button on the Toolbar or click the drop-down arrow on
the Plot All button to select a single result to plot. Please refer to
Figure 2.1-1 in section 2.1 Milling Module for the definitions of the
X, Y, and z axes.

3.1.2.1 MILLING PROCESS SIMULATION

In the General/Output tab of the Milling Process Simulation
mode, you can save the cutting forces in x, y, z and tangential

“l]”
&
s

7. MAL Inc. User Manual for CutPro.exe



S7

directions; the resultant cutting force in xy plane; the tool vibration
in X and y directions; the workpiece vibration in x and y directions;
the surface finish; the spindle power and torque; and the spindle

bending moment at the first spindle bearing location, based on the
tool tip and chip thickness for each flute on the tool:

'-I utting Forces [Untitled.csf] ,_|_|- Oj =
Cutting Forces
400-r Su
£
— oz
=,
D |
E D ||1|1|1|1||f||'|l.4|=|p| 1 lllﬂ "|||'| LRI
o | i f
) u il / U(
-ao0-L
Time [sec]
w0 By BCR jwas = 0184773
Cptions FFT Coord's Zoom Resat Y = 15216929

Figure 3.1-3: Cutting forces in x, y and z directions

25% Cutting Force [Untitled.csf]

_(Oj x|
X Cutting Force
0,00 I].IIIIE D.‘Il ] l1|1 5
¢ ! TTTTTTTTITITT T -
Z.
@
o
Q
I (L
-400-L
Time [sec]
W e | w0 RS jws % = 0164323
Cptions il Cooed's | Zoom Reset " = B2.555447

Figure 3.1-4: Cutting forces in x direction

T
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-".,'“ ¥ Cutting Force [Untitled.csf] - |I:I|£I
Y Cutting Force
160
7o+
=
S 0 -
S il g 015
L
754
1501
Time [sec]
M | B0 BOR s » = 0161045
Ophions FFT Coords Zoom Reset =201, 368531
Figure 3.1-5: Cutting forces in y direction
4= 7 Cutting Force [Untitled.csf] = IDIEI
Z Cutting Force
0.00 0.05 oo 145
0 ’ I - |
" 1
=,
2 || It
i
o
L
-50-L
Time [sec]
& e | &9 FOS S X = 0165668
Ciptians FFT Coord's Zooim Resek Y =-13.951327

Figure 3.1-6: Cutting forces in z direction
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Resultant Force in the XY-Flane
400+
300+
=,
D 2004
| .
Q
L
100
. | RRERHEARER ,
0.00 0.05 010 0148
Time [sec]
W e | ko0 BOR R % = 0165407
Cipkions FFT Coord's £oam Reset Y = 363.401307

Figure 3.1-7: Resultant cutting forces in xy plane (Fr =, FX2 + Fy2 )

—"r Tangential Cutting Force [Untitled.csf] - |EI|5|
Tangential Cutting Force
0.o0 n.0a n1ao n1a
1] } f !
T |
=3
L
[ ]
=
=)
L
-300-+
Time [sec]
@ . | b B’ s
Options FFT Coord's Zoom Reset

Figure 3.1-8: Cutting forces in tangential direction
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Cipkions FFT Coord's oo Resek Y =0.059715
Figure 3.1-9: Chip thickness for each flute
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]
5 i
L 00 ‘
')
g \ | \ \ \ it
\"\||I\| I
-0.05-L
Time [sec]
@ . e | mef BOS O s
Cptions FFT Coord's Zoom Reset

i3
-c...'-\\'

Figure 3.1-10: Tool vibrations in x and y directions
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2= Uupmilling Surface Finish [Untitled.csf] 10| x|

Upmilling Surface Finish

£
£,
-
@ . R = 0011
Options Havg =-0.008

Figure 3.1-11: Up milling surface finish

Two parameters are shown at the bottom right corner of the
window. Rmax is the maximum surface roughness and Rayg is the
average surface roughness.

—'.r Spindle Power [Untitled.csf] - |EI|5|
Spindle Power
1.8
< Instantaneous
A Cumulative

= Ryerage

E 1.0+

==,

[

[1F]

= )

O sl Power Consumption =
o Matesial Removal Rate

Average Power
2.29E+01 [cod/min)fkWw
nn = 1
n.an 0.0s 0o 01s
Time [sec]

W e | B0 BEDR s » =0.123902

Options FFT Coord's Zoom Reset Y =-0.260567

Figure 3.1-12: Spindle power
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Spindle Torque
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Figure 3.1-13: Spindle torque
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Figure 3.1-14: Spindle bending moment at the first spindle bearing
location
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Output

The General/Output tab also allows you to save data for a milling
animation. You must check the “Save milling animation data” check
box in order to enable this option.
Simulation Properties
< > () X ¥
Back Mext Tabs Cancel K
Wwhorkpiece ]Eutting I:l:un-:liticuns] Temperature

63

l kaching & Toal ]

General

v Save milling animation data®

Check the output data you want to be zaved as text filez during the simulation

Animation Optiohs
Startirg resolution 0

[w Cutting forces
[v Tool vibrations
[w “wiarkpiece vibrations
FEL T End revolution 1
[v Spindle power & torque Starting level 1]
[+ Spindle bending mament End level 0
[v Chip thickness * After pow have run the simulation, pou mag
wiew the milling animation by clicking the
‘Bnirmation’ butkon on the main toolbar.
Sirmulation Mode Dutput ]
Figure 3.1-15: Save data for milling animation
You have to enter the parameters in the Animation Options

frame, which are described in the following table:

Table 3.1-1: Animation Options of Milling Animation
saving animation data. Make the numerical

value consistent with the Number of

revolutions under the Cutting

Conditions/Milling Mode tab.
Revolution number at which you stop
saving animation data. Make these
numerical values consistent with the
Number of revolutions under the
Cutting Conditions/Milling Mode tab.
The simulation divides the depth of cut

Starting revolution Revolution number at which you start

End revolution

Starting level
v MAL Inc. User Manual for CutPro.exe
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into a number of levels, depending on the
cutter type and cutting edge geometry.
This value is the level at which to start
saving animation data.

The simulation divides the depth of cut
into a number of levels, depending on the
cutter type and cutting edge geometry.
This value is the level at which to stop
saving the animation data.

STABILITY LOBES IN TIME DOMAIN

In the General/Output tab of the Stability Lobes in Time
Domain mode, all of the options are disabled. CutPro automatically

saves the

Stability lobes data which includes axial depth of cut and spindle
speed values corresponding to the critically stable state of the

milling process:

3.1.2.3

J‘r Stability Lobes {Time Domain) [Untitled.csF] - |EI|5|

Depth of Cut [mm)]

Stability Lobes (Time Domain)

1
4000 B000 g00o0 10000 12000

Spindle Speed [rpm]

Options

W k0 ROS s ¥ = 1.3197E +04

Coord's Zoom Reset = 13764876

Figure 3.1-16: Stability lobes in time domain

SINGLE ANALYTICAL STABILITY LOBES
In the General/Output tab of the Single Analytical Stability

Lobes mode, you can save complete results, the analytical
Stability lobes data, which includes axial depth of cut and spindle

speed values corresponding to the critically stable state of the
milling process:
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4= Stability Lobes (Analytical) [Untitled.csf] Ol x|
Stability Lobes (Analytical)
25
T .
£,
S s
o
Y
S
=
5 M
S s
0 | | | | | |
0 10000 20000 30000 40000 50000  GO00O
Spindle Speed [rpm]

@ | w0 BR WS

Options Coord's Zoom Reset

Figure 3.1-17: Single analytical stability lobes

3.1.2.4 MULTIPLE ANALYTICAL STABILITY LOBES

In General/Output tab of Multiple Analytical Stability Lobes
mode, all the options are disabled. CutPro automatically saves the
analytical stability lobes data which includes axial depth of cut and
spindle speed values correspond to critically stable state of the
multi step milling process:

—".r Stability Lobes {Multiple Anal.) [Untitled.csf] o | Ellil

Stability Lobes (Multiple Anal.)

10— ¥-Offzet [mm]

Depth of Cut [mm]

7 .JMAW-\./—/\

0 } t } t } 1
0 1667 3333 4000 BRET 8333 10000

Spindle Speed [rpm]

I T = S = 9663692174
Options Coord's Zoom Reset ' =12.175654

Figure 3.1-18: Multiple analytical stability lobes
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3.1.2.5 OPTIMIZE VARIABLE PITCH

In General/Output tab of Optimize Variable Pitch mode, all the
options are disabled. CutPro automatically saves the sets of
optimum pitch angles and their corresponding maximum depths of
cuts allowed for a stable process in the cutting conditions specified:

-4 Optimum Yariable Pitch [Untitled.csf] =10l x|
Optimum Variable Pitch
20
B
154
E
S 104
[T
o
= 5
=
o
[0
O g } } } } |
20 40 i 80 100
5l
First Pitch Angle ["]
@ |z BOS funs @ = -14.034618
Options Coord's Zoanm Reset Ritches Y = 26. 204778

Figure 3.1-19: Optimum pitch angles

Click the right button of the mouse at a point to see the pitch
distribution.

3.1.2.6 CUTTING COEFFICIENT IDENTIFICATION

In General/Output tab of Cutting Coefficient ldentification
mode, all the options are disabled. CutPro automatically saves
averages of the experimental cutting forces in x, y and z directions
with the corresponding feed rate values:
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Exp. Average Cutting Forces
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Figure 3.1-20: Average of experimental cutting forces

3.1.3 MACHINE & TOOL/CUTTER TYPE TAB

i) CutPro [Untitled.csf]
File Simulation  Resulks  Tools  Window  Help

D B UGdh W W

Qpen Save Properties Fun Fun Temp Plot Al Maodal MalTF

L EE T | Simulation Properties
Frocess | ppachine & Toof

< > (] %

Cutler T:Lf,OE' Back et Tahs Cancel QK
General b achine & T ool | “Workpiece I Cutting Conditions I Temperature
— Cutter Type — Flutes
Mumber of flutes:
o I 4
f+ Cylindrical end

Figure: Tool
i~ Ball end = Idriform pitch [futes are spaced

equally]

= Mon-uniform pikch

prehir =4[ 16 | 7o

= Unitarm heli: [all flutes have the same
heline angle]

= Mon-uniform helix

{~ Indexable cutter
Helix # _II iz I
[ Use mn-out deviations Eile... |

Cutter Type I Cutter Properties IStructuraI F|EHi|:li|il_l,J|

= General endril

Drilling

Figure 3.1-21: Machine & Tool/Cutter Type tab
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This tab allows you to choose the cutter type and to define number
of flutes, the type of pitch and helix angles and run-out deviations.
Different options are available for different simulation modes in this
tab.

In Machine & Tool/Tool Type tab, the following options are
enabled:

3.1.3.1 CUTTER TYPE
— Cutter Type

@ % Cylindrical end

" Ball end

" General endmil

| Indexable cutter

Figure 3.1-22: Cutter Type in Machine & Tool/Cutter Type tab

You have four options for the tool type, namely, cylindrical, ball and
general endmills and indexable cutter, on the list given in Eigure
3.1-22. When you choose the tool type, a figure will show general
look of the selected tool on the right hand side of the Simulation
Properties. The figure will also help you visualize the parameters
on the tool when you change them on the next tabs. The following
buttons appear in the figure window:

Table 3.1-2: Buttons on Tool Geometry window

Zoom In Increase magnification of the figure; the scale of
the figure to the endmill’s actual dimensions is
displayed in the lower right corner of the figure.
You can also zoom in by clicking the figure with the
left mouse button.

Zoom Decrease magnification of the figure; the scale of

Out the figure to the endmill’s actual dimensions is

iy,
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&

" MAL Inc. User Manual for CutPro.exe



69

displayed in the lower right corner of the figure.
You can also zoom out by clicking the figure with
the right mouse button.

Print Bring up a print dialog which allows you to print the
figure at its current magnification.

Close Close the figure window.

2= Cylindrical Cutter Geometry O] x|

z

A

353 gogle = 200%,

Uze the left mouse button to zoom in, right bukban to 2oom ook and, halding
down the CTREL key, click and drag to move the 2o00m centre,

;zmm Dutl Rezet | Prirt... | Cloze |

Figure 3.1-23: Cylindrical endmill cutter geometry
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- Ball-end Cutter Geomet o ] [

353 gogle = 200%,

Uze the left mouse butkon bo 2oom in, right button to zoom out and, holding
down the CTRL key, click and drag to mawe the 2oom centre.

Zoom |n Eu:u:-mElutl Reset | Frint... | Cloze |

Figure 3.1-24: Ball endmill cutter geometry

4- General Tool Geomekry -0 x|

AE

Scale = 2290

Usze the left mouse button to 2oom in, right button ba zoom out and, holding
damwn the CTRL key, click and drag to mowe the zoom centre.

Zoom I | Zoom Elutl Reszet | Prirt.... | Cloze |

Figure 3.1-25: General endmill cutter geometry
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£+ Indexable Cutter Geometry - 10| x|

Soale = 91% LI

[l i1

Use the [eft mouse button bo 2oom in, right butbon o 2oom out and, halding
down the CTRL key, click and drag to move the zoom centre.

=

2o Elutl Feset | Print... | Cloze |

Figure 3.1-26: Indexable cutter geometry

Please refer to Section 10.5 Appendix A5 for the detailed
illustrations of these tools.

3.1.3.2 FLUTES

In Machine & Tool/Tool Type tab, you will also enter the
parameters of the tool given as follows:

3.1.3.2.1 NUMBER OF FLUTES ON THE TOOL

Simply type the number of flutes in the text box. After the number
is entered, the small figure next to the text box showing the top
view of the tool is updated.

— Flutes
Humber af flutes:
@ :
Figure: Toal

Figure 3.1-27: Number of flutes text box in Machine & Tool/Cutter Type
tab

3.1.3.2.2 PITCH ANGLE TYPE ON THE TOOL
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Uniform Pitch Cutter Non-Uniform Pitch Cutter

Figure 3.1-28: Uniform and Non-Uniform pitch cutters

You can choose the pitch angle type on the tool. The pitch angle
type can be either uniform or non-uniform. For uniform pitch
cutters, the pitch angles are equal and are evaluated from the
following expression: (360°/number of flutes). For the tools with
non-uniform pitch distribution, you must enter the pitch angles
between successive flutes. The Pitch angles must be bigger than
zero and the summation of all pitch angles must be 360°.

= Unifarm pitch [flutes are spaced
equally]

" Mon-uriform pitch
. ;I H -
prchi=l[ 1) & [ 70

Figure 3.1-29: Pitch type of the tool in Machine & Tool/Cutter Type tab

3.1.3.2.3 HELIX ANGLE TYPE ON THE TOOL

You can choose the helix angle type on the tool. It can be either
uniform or non-uniform. For the tools with uniform helix angle, all
the flutes have the same helix angle. For the tools with non-uniform
helix angle, you must enter the helix angle for each flute. The helix
angles must be bigger than zero and less than 90°.

= Unifarm helis [all Autes have the same
helix angle]

= Mon-unifarm helis

Heliwst =l 1ie [ o[
Figure 3.1-30: Helix angle type of the tool in Machine & Tool/Cutter Type
tab

3.1.3.2.4 RUN-OUT DEVIATIONS OF FLUTES

Run-outs are defined as deviations from the ideal/design
coordinates of the cutter. You digitize the cutter at small increments
along the axial direction, and provide the digitized envelope in a

run-out file.
[T Usze mn-out deviations File... |

Figure 3.1-31: Run-out deviations of flutes in Machine & Tool/Cutter
Type tab
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By checking the box next to Use run-out deviations in Figure
3.1-31 you can include the effects of run-out deviations of the
flutes. When you check the box, Run-out File window shows up:

Edit | Create Mew |

ok | LCancel |

Figure 3.1-32: Run-out File window

Table 3.1-3: Buttons on Run-out File window

Open Open an existing run-out (*.cro) file.

Edit Edit the currently selected run-out file. This brings
up the Run-out Editor window.

Create Create a new run-out file. This brings up the Run-

New out Value Editor window.
OK Select the current file and close the window.
Cancel Close the Run-out File window and revert to the

previously selected file.

4= Run-out Yalue Editor I ]
File Edit Units
|| The unit of the run-out values iz Nicrometer

Level [om] [Flute 81 [Flute #2 [Flute #3 | Flute #14

ry
=

ry
pry

jury
=]

ry
[T5]

-
I

ry
o

ry
o

—_
jr}

—
oo

ko kg | —
=S

-

i

Figure 3.1-33: Run-out Value Editor window

In Run-out Value Editor window, you define deviations of each
flute at a series of axial locations along the depth-of-cut. The Run-

7. MAL Inc. User Manual for CutPro.exe



74

out Value Editor window consists of a table. The first column lists
the axial locations at which deviations are measured and the other
columns correspond to the deviations of each flute. Menu

commands on the Run-out Value Editor window are given in the
following:

= FILE COMMAND

4= Run-out ¥alue Editor -0l x|
File Edit Units

Open... Chr+o The unit of the run-out values i: Micrometer

SavE ZER S | | |

Save As g Flute #2  [Flute #3 | Flute #4

Exit Chrl+C

(=l g lf (V)

Figure 3.1-34: File command on Run-out Value Editor window

Table 3.1-4: The drop-down menu of File command on Run-out Value
Editor window

Open Open an existing run-out (*.cro) file.

Save Save the currently open run-out file under the
same name.

Save As Save the currently open run-out file under a
different name.

Exit Exit the Run-out Editor window.

= EDIT COMMAND

il
File | Edit Units
Cut Chrlx of the run-out values i: Micrometer
Copy Chrl4+C
Paste _— #2  |Flute #3 | Flute 84
Delete Del

Insert Row  Shift+Ins
Delete Row  Shift+Del

== ]

Figure 3.1-35: Edit command on Run-out Value Editor window

Table 3.1-5: The drop-down menu of Edit command on Run-out Value
Editor window

Cut Cut the selected range of cells.
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Copy Copy the selected range of cells.

Paste Paste the clipboard contents onto the table at the
selected place.

Delete Delete the selected range of cells.

Insert Row An empty row at the selected place.
Delete Row Delete the selected row.

= UNITS COMMAND
o x
File Edit | Units
|| Millimetres  Cerl+M & run-out values iz Micrometer
v [Micrometres Chrl+
B |Lev | Flute #3 | Flute #4

T == Lo —

Figure 3.1-36: Units command on Run-out Value Editor window

Table 3.1-6: The drop-down menu of Units command on Run-out Value
Editor window

Millimeters Display all measurements in millimeters [mm].
Micrometers Display all measurements in micrometers [um].

& The Units menu commands do not affect the level measurements,
contained in the first column of the run-out table.

EXAMPLE:

The run-out deviations of flutes has been measured for the
following cutter:
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43.7mm

Figure 3.1-37: A sample cutter with its run-out parameters

The run-out deviations of flutes will be entered to the file as
follows:

2+ Run-0ut Editor [C:\CutPro’Program -0l x|
File Edit Units

The unit af the run-out values i Micrometer

# |Level[mm] |Flute #1  [Flute #2  |Flute #23 | Flute #4
1 o 225 11 55 0
2 | 20 55 5 1
3 |25 15.5 2 5 5
4 |35 145 2 75 5
5 |437 13 55 75 4

Figure 3.1-38: The run-out parameters entered for the sample cutter in
Figure 3.1-37
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3.1.4 MACHINE & TOOL/CUTTER PROPERTIES TAB

) CutPro [Untitled.csf]
File sSimulation Results Tools  window  Help

—u H o 00 2
= - ¢
b = s O 0 . i
B Open Save Properties Run Run Temp Flot &l fModal MalTF I
Process Machine & Toof < > I_,—LI x /
. Hide
Culter Pmpemes Back Mext Tabs Cancel (a4
General Machine&TonIl Workpiece IEutting D:nnditiunsl Temperature I
Select a cutter matenial:
|Carbide =
MHew. . | Wiew. .. | Copy... | Ipart.. | [elete. . |

Radius (1] [rmm] Iﬁ * radius center [Rr) [mim] I—EI

Length [L] [mim] |—32 Z radius center [Fz] [mm] Iﬁ

First bearing position [mm] IW Corner radiuz [R] [rmem] I 1545
Helis il ] I—SD Flute height (] [mm] Iﬁ

. Relef (1[5 Tip angle (][] | i
=..f
L

Fske ] . Taper angle [ ][] I n
I Lead distance [mm] I 10

Flute type IEDnstant Helix j

Drilling Clarnp shiffress [Fo] [M/m] I 2 N0 +05

Mod. elasticity [MPa] I 207E+1
_ : Geometry type ITangent radius j
[~ Semated Cutter File | Wiew

Cutter Type Cutter Properties IStruu:turaI Fle:-:il:uilityl

Figure 3.1-39: Machine & Tool/Cutter Properties tab

Machine & Tool/Cutter Properties tab allows you to select or
define tool material and enter tool properties. In this tab only the
necessary parameters for the selected tool type are enabled and
the parameters you define can change depending on your selection
in the previous tabs.

3.1.4.1 SELECT A CUTTER MATERIAL

In Machine & Tool/Cutter Properties tab, you can select the tool
material from the list or define a new material with its specifications
such as thermal conductivity, density, specific heat capacity and
maximum allowable temperature:

Select a cutter material;

Carbide |

Mew... | Wigw, ., | Copy... | [rport... [Melete,.. |
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Figure 3.1-40: Select a cutter material

There are two different materials in this list defined as Fixed
Material and User Defined Material. You are not allowed to make
any modification on Fixed Material properties but can create your
own material (User Defined Material) and enter all specifications
of the material manually.

Select a cutter material:

FIED MATERLAL DATA |
High-speed Steel [H55]

Figure 3.1-41: Fixed material list in Machine & Tool/Cutter Properties tab

Select a cutter material:
E xample katenal j
FI=ED MATERIAL DATA

Carbide
High-zpeed Steel [H55]

IJSER DEFIMED DATA

Figure 3.1-42: User defined material list in Machine & Tool/Cutter
Properties tab

The following functions are available in order to edit materials:

Table 3.1-7: Buttons of “Select a cutter material”

New Create a new, user-defined material and display
it in the Material Editor window.
View View (fixed materials) or edit (user-defined

materials) the specifications of currently selected
material in the Material Editor window.

Copy Create a copy of the currently selected material
and display it in the Material Editor window.
Delete Delete the currently selected material. This

button is only enabled for user defined materials.

When you click on the New button in Figure 3.1-40, the following
Material Editor window pops up. Please scroll down in order to
enter all the specifications. After you enter the parameters, click on
the Save button to save the values you entered or click on the
Cancel button to cancel and close the Material Editor window
without saving the parameters.

iy,

\

3.“.;»\‘ MAL Inc. User Manual for CutPro.exe



79

Material Editor

File:

Properties

M armne IND name -

Thermal conductivity [ /mk] I
Density [g/onf] I -

Save | Cancel

Figure 3.1-43: Material Editor window for User Defined Materials

If you click on the View button in Figure 3.1-40, the following
Material Editor window shows up:

Material Editor

File:

Properties

Mame Italbide =

Thermal conductivity [ /K] |28.4
Density [g/en?] [11.1 =

Save | Cancel |

Figure 3.1-44: Material Editor window for Fixed Materials

The window displayed in Figure 3.1-40 allows you to view the
properties of a tool material that has fixed data. Since the data is
fixed, you cannot save any changes you make to the parameters.

3.1.4.2 TOOL PROPERTIES

Fadiusz [r] [rmm] Iﬁ = radiuz center [Rr) [rmm] IW

Lenath (L] [rmm)] |—32 Z radiuz center (Fiz) [rmm] IW

First bearing position [rmrm] IW Corner radius [F] [mm] IW
Hels OF1 [ 30 Flute height (h] [mm] [~ 4762

o] |—5 Taper.angle[.ﬂ][] I—U

Lead distance [mm] |—1|:|

Clarnp shffress (Ko [M4m] I 2 0E +05 Flute type IEgnstantHeli:.: j

Mod. elasticity [MFa] I 207E+11
_ : Geometry type ITangent radius j
[~ Senated Cutter File. | Wiew

Figure 3.1-45: Tool Properties in Machine & Tool/Cutter Properties tab

On the Machine & Tool/Cutter Properties tab, you can define
parameters of the tool such as radius, length, first bearing
position, helix, relief and rake angles, clamp stiffness, modulus of
elasticity, x and z radius centers, corner radius, flute height, tip
and taper angles, lead distance, flute type and geometry type

oy
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based on the tool type you have specified in Section 3.1.3
Machine & Tool/Cutter Type tab.

The window shown in Figure 3.1-23 that displays the general look
of the selected tool on the right hand side of the Simulation
Properties changes automatically when any of the tool parameters
is changed.

On the Machine & Tool/Cutter Properties tab, you can also
define a profile for serrated cutters:

¥ Senated Cutter  File.. | View |

Figure 3.1-46: Serrated Cutter

When you click the Serrated Cutter check box, the Spline File
window shows up:

Edit | Create Hew |

IE:'xEutF'n:u'xF'ru:ugram'xserraled_c:ut.csp

] | LCancel |

Figure 3.1-47: The Spline File window

You can also open the The Spline File window window by clicking
on the File button in Figure 3.1-46.

Table 3.1-8: Functions of the buttons on Spline File window

Open Open an existing Spline (*.csp) file.

Edit Edit the currently selected Spline file. This brings
up the Spline Editor window.

Create Create a new Spline file. This brings up the Spline

New Value Editor window.

OK Select the current file and close the window.

Cancel Close the Spline File window and revert to the
previously selected file.

When you click OK in the The Spline File window window, the
Spline Value Editor window pops up in which you define
coordinates of the point on the serration profile:
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ii. Spline ¥alue Editor o ] |

File Edit Units Help

Slope of curve at the Stark Paint [BC1]: ID
Slope of curve at the End Point [BC2): ID
fi

# [mimn] [ [mm] -
1 I
2
3
4
]
E
7
a
9
10
11
12 |
ave Length =
ave dmplitude =

Figure 3.1-48: The Spline Value Editor window

The Spline Value Editor window consists of a table. In Figure
3.1-48, the first column lists x coordinates of the points while the
second one shows y coordinates. The spline could be defined by the
tool manufacturer or be measured by surface measurement
devices. In the following, you can also find information regarding
the menu items in the Spline Value Editor window:

= FILE COMMAND

i, Spline Yalue Editor ) ] o |

File Edit Units Help

Open  Chrl+0 Faint [BC1]: ID
O pmpezy o

Save fs

Exit Chrl+0

L] | Trmn] E
1 ||
2|
N
4|
3|
5 |
i
2 |
3|
10|
A
12 hd
ave Length =
ave Amplitude =

Figure 3.1-49: File command on the Spline Value Editor window
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Table 3.1-9: The drop-down menu of File command on Spline Value
Editor window

Open Open an existing Spline file.

Save Save the currently open Spline file under the same
name.

Save As Save the currently open Spline file under a different
name.

Exit Exit the Spline Editor window.

= EDIT COMMAND

o
File | Edit Units Help

Slope  Cut Chrl+ i IEI

Slope Copy Chrl+C ID—

Paste Chrl+Y

I Delete Del

__ Insert Shift+Ins ] -
_12 Delete Row  Shift+Del |
K]

4

5

g

7

]

3

10

11

12 hd
ave Length =

awve Amplitude =

Figure 3.1-50: Edit command on the Spline Value Editor window

Table 3.1-10: The drop-down menu of Edit command on Spline Value
Editor window

Cut Cut the selected range of cells.

Copy Copy the selected range of cells.

Paste Paste the clipboard contents onto the table at the
selected place.

Delete Delete the selected range of cells.

Insert Row Insert an empty row at the selected place.

Delete Delete the selected row.

Row

= UNITS COMMAND
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i

File Edit | Unis Help

Slope of cur v Milimeters  CerlHHM
Micrometers  Cerl-L

Slope of cur

— =

A

—
(gl

ave Length =

ave Amplitude =

Figure 3.1-51: Units command on the Spline Value Editor window

Table 3.1-11: The drop-down menu of Units command on Spline Value
Editor window

Millimeters Display all measurements in millimeters [mm].
Micrometers  Display all measurements in micrometers [ um].

= HELP COMMAND

. Spline ¥alue Fditae o ]
File Edit Urit

Slope of curve at the Start Point [BCT): ID

Slope of curve at the End Point [BCZ2): IEI

fi

% [mm] | [romn] .
1 —
2
3
4
5
E
7
g
|
10
11
12 A
ave Length =
ave sdmplitude =

Figure 3.1-52: Help command on the Spine Value Editor window is
highlighted by red box

Prig
i
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. Spline Editor [C:4CutPro%P J ] B |

File Edit Units Help
Slope of curve at the Start Paint [BC1); ID—
Slope of curve at the End Paint (BCZ2): ID—
fi

¥ [mm] [ [mom] -

1 1] op__|

2 0191304355 Qooes1a

3 |0.356521753 0.017135387

4 | 0.495652 0034011414

5 | 0.769248532 0034451646

6 |1.050893977 0135016238

¥ | 1772194657 0272329044

8  |1.868079878 028497211

3 |1.953074663 0 288894257

10 | 2022712927 0286271253

11| 2102709452 0273856304

12 | 2222636413 0253121566

13 | 2413919838 0178985373

14 | 2548090332 0129268973

15 | 2702608605 0020423034

16 | 2843495566 0052345194

17 | 3.043718183 0032879264

18 | 3.35160689 0009318303

19 | 3657937336 1] j

Wave Length = 3. 657337336

Wave Amplitude = 0288894257

Figure 3.1-53: The Spline Editor window with example parameters

entered

Once the parameters are defined, CutPro fits a spline to the given
coordinates. Please note that the serrations on the other flutes are
defined with 360°/N shifts in axial direction, where N is the number
of the flutes on the tool. After you finish defining or editing the
parameters, save the file by clicking Save in the drop-down menu
of File command in Spline Value Editor window and then click OK
in the The Spline File window window in order to use the file in

the simulation. When you click OK in the The Spline File window
window, Serrated Cutter Spline window pops up showing the
profile of the serration and you can close this window afterwards:
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&k serrated Cutter Spline o [m] |
R adial Offzet [mm) )
e ... Dutter radivs of the tool

1]

t t . o t t . > [mmg
1] 049 18 27 3B 45 5.4 .3 Along the flute

To zee the coordinates of the input paints [in red], place the mouse paointer over the paints.
Uze the 'Chl key to zoom in a window o
Zoam [n | Zoorm Dut | Reszet | Edit | Frirt... I Cloze I Flute ﬂ:|1 =

Figure 3.1-54: Serrated Cutter Spline

You can also open the Serrated Cutter Spline window by clicking
on View button in Figure 3.1-46.

Table 3.1-122: Buttons on Serrated Cutter Spline window
Zoom In  Increase magnification of the figure.
Zoom Out Decrease magnification of the figure.

Reset Reset magnification of the figure.

Edit Opens the Spline Value Editor window and
allows you to edit the current file

Print Brings up a print dialog which allows you to print
the figure at its current magnification

Close Closes the figure window

Flute # Selects the flute number to see the serration
profile

In order to see the coordinates of the inputs (red points) in

Serrated Cutter Spline window, place the mouse pointer over the
points and use the “Ctrl” key and left mouse button at the same
time to zoom in a window.

3.1.4.3 INDEXABLE CUTTER PARAMETERS

For Indexable cutter geometry option under Machine &
Tool/Cutter Type, Machine & Tool/Cutter Properties tab has
different options which are given in the following figure:
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— Indexable Cutter Parameters

# Inzerts oh each flute

I ]
Current flute m
F

Current inzert

Tope [Convex triahigular #1 j
Edit inzert bupe... I

Copy acrozs flutes

Copy down flute

Copy to all positions

Figure 3.1-55: Indexable Cutter Parameters on the Machine &
Tool/Cutter Properties tab

You can enter the number of inserts on each flute and define
different insert types for each insert on the tool. Rectangular and
convex triangular inserts are the default insert types defined in
CutPro. Rectangular inserts are defined by width (a) and length (b):

XYZ : Cutter coordinate system
uvw : Insert coordinate system

ub Insert Z

ol |
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Rectangular Insert

w
A

B2 /
ol
T al?

JFm————— =
b Cutting edge

Figure 3.1-56: Geometry of a Rectangular Insert
Convex triangular inserts are defined by arc radius (r) and center
offset (f):

\

2

Convex Triangular Insert

uﬂu!!;’ng edge

Figure 3.1-57: Geometry of a Convex Triangular Insert

Table 3.1-133: Buttons on Indexable Cutter Parameters
Edit Insert Allow you to edit insert type. This brings up the

Type Edit Insert Cutter Types window.
Copy across When you click on this button, the inserts on the
flutes same axial level have the same insert type

1!1,.,

v
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Copy down When you click on this button, the inserts on the

flute

same flute have the same insert type

Copy to all When you click on this button, all the inserts on

positions

the tool have the same insert type

When you click on the Edit insert type button in Figure 3.1-55,
the Edit Insert Cutter Types window pops up and you can edit
the insert type:

Edit Insert Cutter Types

=AU R e ctangular #1 Hew...

M arne IHectanguIal #1 Delete

“Width [a] [mm]l ] Lenath [E] [rnm]l i

—b—
T
a o
1
Scale = 144%
Zoom [n Zoom Dut | Ok LCancel

Figure 3.1-58: Edit Insert Cutter Types window

Table 3.1-144: Buttons on Edit Insert Cutter Types window

New

Delete

Zoom In

Zoom
Out

Save

Cancel

Allow you to create a new insert. The new type must
be either Rectangular or Convex Triangular.

Delete the currently selected insert type. Any inserts
of this type currently on the indexable cutter will
also be removed.

Increase magnification of the figure. You can also
zoom in by clicking the figure with the left mouse
button.

Decrease magnification of the figure. You can also
zoom out by clicking the figure with the right mouse
button.

Save any change you have made editing the insert
type, and close the Insert Editor window.

Close the Insert Editor without saving any changes.

If you click on the New button in the Edit Insert Cutter Types
window, the New Insert window pops up in which you can select
the shape of the new insert type:

“l]”
f
«
> ;
N
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Fleaze select the thape
of the new inzert type:

" Corves triangular

(] | Cancel I

Figure 3.1-59: New Insert window

3.1.5 MACHINE & TOOL/STRUCTURAL FLEXIBILITY TAB

i CutPro [Untitled.csf]

File Simulation Results  Tools  window  Help
Flat Al

/> U

i
|
4
Modal MalTF I

D = B % &

e Open Save Properties Run Run Temp
Machining
Process Machine & Tool > x /
Structural Flexibilit 4t
ructlra SXIEIEY  pack Mexk Tabs Cancel [ul s
General Machine & Tool I Workpiece I Cutting Conditions I Temperature

— Machine & T ool Model
" Rigid

£+ Diynarnic vibrations

£~ Static deflections

: i — Machine Dynamicz kode — Diwnamic Parameters
Boring Direction X b z
tiod ] 1 1 1
I = Measured BF; file e
o ] Mat freq [Hz] [500 {700 500
] = Modal/residue data files Dramping ratio |D.DE IEI.EIE ID.DE
(BT - _ Stiffress [N/m] [1.00E+07 [1.00E+07 [1 00E+07
* Dynamic parameters Rigid - - 7
< Previous | [elete | |rizert | [t |
Cutter Type | Cutter Properties  Structural Flesibilty |

Figure 3.1-60: Machine & Tool/Structural Flexibility tab

Machine & Tool/Structural Flexibility tab allows you to enter
machine & tool dynamic parameters. In this tab, you have different

parameters to define for your different selections.
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3.1.5.1 MACHINE & TOOL MODEL

You can model the machine & tool in three different ways. You can
assume that during the process machine & tool is rigid or dynamic

vibrations occur in the system or machine & tool deflect statically:
— Machine & T ool Model

 Rigid
{+ Dynamic vibrations

™ Static deflections

Figure 3.1-61: Machine & Tool Model in Machine & Tool/Structural
Flexibility tab

The choice of Rigid option in Machine & Tool Model brings up the
following frame:

— Chip Mode|

% Enact kinematics
" Approzimation

* The chip model kere iz applied under bath the
Maching ¢ Cutter and the \Workpiece tabs.

Figure 3.1-62: Chip Model frame

In Chip Model frame, you can model the chip by using either the
Exact Kinematics option or the Approximation option. For the
Exact Kinematics option, the exact kinematics of the process is
considered, therefore the simulation time can be longer. In
Approximation option, chip thickness is modeled as a function of
feed rate (c¢) and immersion angle (¢). The chip thickness
expression used in the Approximation option is given by the
following equation:

h=csing Q)
If you prefer using the Approximation option for the chip model,
you will have an error which is negligible in the simulation results.

3.1.5.2 MACHINE DYNAMICS MODE

There are three different machine dynamics modes, namely,
Measured t.f. file, Modal/residue data files, and Dynamic
parameters, available in this tab:

iy,
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— kaching Dynamicz kode — Dipnamic Parameters
Diirection by W z
) Measured LE file Made ne. 1 1 !
Nat freq [Hz] [500 {700 500
= Modal#residue data files Darnpirg ratio |I:|_I35 |D.EIE |D.EIE
& Donai Stiffress [N4m] [1.00E+07 [1.00E+07 |1.00E+07
* [ynamic parameters Rigid r r v
< Previous | [Delete | [mzert | i [=Ees |

Figure 3.1-63: Machine Dynamics Mode in Machine & Tool/Structural
Flexibility tab

3.1.5.2.1 MEASURED T.F. FILE

When you select the Measured t.f. file option in Machine Dynamics
Mode given by Figure 3.1-63, you can include the dynamic
parameters of the machine and tool to the simulation by
downloading transfer function files (*.frf) which are measured in
the x, y and z directions by using the MalTFE module of CutPro. The
transfer function files, typically ASCII frf files, have the real and
imaginary parts of the transfer functions with corresponding the
frequency values.

The FRF Type frame that opens with this option is shown in the
following figure:

—FRF Tupe w > >
Acceleration  [mAsEN] ¢~ 'S i~
Displacement  [mMN] & ' o
Frequency Range [Hz] |5[| ko |5[||j|:|

Gain Canstant I'l

“fif type iz recognized from the wff file automatically.

* transfer function file * Rigd
| TesthaFRFA fif Open.. | Gain.. |
' transfer function file * Rigd [
[TestMaFRFY fif Open.. | Gain. |
£ tranzfer function file * Rigd [T
| TestaFRFZ il Open.. | Gain.. |
* |F you zelect a file tppe ather than ASCI [*.ff], the

file will be converted to ASCI and saved with the
new extenzion.

Figure 3.1-64: FRF Type frame in Machine & Tool/Structural Flexibility
tab

In the FRF Type frame, you define the type of transfer function file
(acceleration or displacement) in the X, y and z directions, the
frequency range you wish to consider in the simulation, and the
gain constant of the calibration setup (i.e. impact hammer and

“l]”
E‘\*
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accelerometer or displacement sensor - leave the gain as 1 if you
entered the sensitivity of the sensors in MalTF).

The existing transfer function files (*.frf files) can be downloaded
by clicking on the Open button in ERF Type frame in Machine &
Tool/Structural Flexibility tab frame. You can also create a new
transfer function file by changing the gain constant value of the
current file from the Apply Gain Constant window which pops up
when you click on the Gain button in the FRE Type frame in
Machine & Tool/Structural Flexibility tab:

Apply Gain Constant

Exizting file name:
TesttaFRF_new. fif

Fain congtant to apply:
|1.000

Mew file narne:
ITestMaFHFX_new_new.frf Browse. .. |

Save |

Figure 3.1-65: Apply Gain Constant window

You can exclude the dynamic effects of the direction you want on
the structure by checking the box next to the Rigid option in the
FRF Type frame in Machine & Tool/Structural Flexibility tab.

3.1.5.2.2 MODAL/RESIDUE DATA FILES

When you select the Modal/residue data files option in the
Machine Dynamics Mode given by Figure 3.1-63, you can include
the dynamic parameters of the machine and tool in the simulation
by downloading the *.cmp files created in the Modal Analysis
module of CutPro. After a transfer function measurement, the data
is processed in the Modal Analysis module. The Modal Analysis
module fits a curve to the measurement and predicts the dynamic
parameters. If you wish, you can save these parameters in a file
named with *.cmp extension, then load this file into CutPro by
using the following frame that shows up with the choice of
Modal/residue data files option:

iy,
. [/
«
D S &
&
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# modal/rezidue file; Rigd [
|TestMaMou:l5<.cmp Open... | MHemw... |
' modal/rezidue file: Rigid [
|Te&tMaMndY.u:m|:u Open... | Mew... |
2 modalfresidue file: Figid ™
| Testhd abd oz, crop MEer) . [ Hew.. |

Figure 3.1-66: Downloading (*.cmp) files frame in Machine &
Tool/Structural Flexibility tab

You can download existing *.cmp files by clicking on the Open
button in Figure 3.1-66. If you click on the New button in Figure
3.1-66, the New Residue File window, in which you can create a
new *.cmp file from an existing transfer function file (*.frf file),
pops up:

I M New Residue File - [Untitled] -1O] =l
File Modes Results Options Tools
*
L2k — RC
'tﬂ:::" I |&| @ ¢ |R|l&| @|-- Hﬂ'
Made f_ | Clmmn [Ermmiimime 11 TR onciinn | D mmid i 10020 Tem ] DA i 11 end Tem K] bAoAl ChiFRnmnn TR A e T A

~ Meazurement Paint #1

i CumentHle | ¢ Fieyible Tool FRF

Location (2] [rmm]
1. —FRF Type

FRF File [m/#/M] Browse... |
¥ Acceleration

o File Type  [4SCI [~ff] =]
" Displacement

B[
- Modal Model Frequency Range [Hz] |1 oo ta IEDUD oK
4.0 —

i '
" Complex Modes |_1 Clear/Defaults | '

2 i* Real Mod C :

. Bl Gain Ennstanth Cancel | .

. i

il 1 2 3 4
& | bl 0 RS | WS G H M
Options Modes Cursar Zoom Reset Real Imaginary Magnitude

Figure 3.1-67: New Residue File window

You can exclude the dynamic effects of the direction you want on
the structure by checking the box next to the Rigid option in
Figure 3.1-66. Please see Section 10.2 Appendix AZ2:
Modal/residue data files for more information.

3.1.5.2.3 DYNAMIC PARAMETERS
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If you know the dynamic parameters of the system such as natural
frequencies, damping ratios and stiffness values of the modes, you
can simply enter them by choosing the Dynamic Parameters
option. When you select this option, the following frame shows up:

— Diwnamic Parameters

Direction

Mode no.

¥
1

¥
1

I
1

M at.freq.[Hz] IEDD

700

{500

Damping ratio {005

j0.05

Jo.os

stiffness (N4m] |1 00E+07 [1.00E+07 [1.00E +07
Rigd [~ r ~

<F'revious| [elete |

[mzert | HERt > |

Figure 3.1-68: The Dynamic Parameters frame on the Machine &
Tool/Structural Flexibility tab

Table 3.1-155: Buttons in the Dynamic Parameters frame
Previous Switch to previous modes to view and edit the
dynamic parameters of the modes
Delete Delete the current mode with its dynamic

parameters
Insert Add a new mode with its dynamic parameters
Next Switch to next modes to view and edit the dynamic

parameters of the modes

For any of the above modes you have an option to make any
direction of the structure rigid by clicking the related check box
below the parameter text boxes.

Please see Section 10.3 Appendix A3: Dynamic Parameters for
more information.

& If you select the Static deflections option for the machine & tool
model, the workpiece model options are disabled.

& If you select the Rigid option for the machine & tool model and the
workpiece model, the only simulation modes available are Single time
domain and Cutting coefficient identification.

& If you select the Dynamic vibrations option for the machine & tool
model, go to the Dynamics tab to specify parameters or source data files.

“lh’
E‘\“
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3.1.6 WORKPIECE/MATERIAL TAB

i) CutPro [Untitled.csf]

File Simulation Results Tools Window Help

N == B U d W

Mew Open Save Properties Run Run Temp Modal MalTF
LECIN Simulation Properties
Process pe
Workpieceo
il Material < > (i X ¥
alera Back Mext Tabs Cancel Ok
: General ] Machine & Tool Workpiece l Cutting Conditions ] Temperature ]
Milling
Select a workpiece material:
b aterial Type b4 aterial Mame [* - Uzer Defined b aterialz]
Alurninum Alloy hAL b aterials -
| | Grey Cast lron | [Pl AL3BE-TE[73 HE lverage milling cutti
| |Heat Resistant | B |l AL7O075-TE[150 HBJléverage milling co
| | High-#llay Steel | |"MRC - MDFlLayer 1 - Milling Slotting - 14" rake, 2
| |High-Copper &lloy | |"MRC - MDFlLayer 2 - Millng Slotting - 14° rake, 2
E = | Law-tllay Steal | |"MRC - MDF|Layer 3 - Miling Slotting - 14° rake, 2
&=l L [ | MAL Materials | |"MRC - MDFIPlunge Turming - 0° rake angle
Buling- T IMEW | |"NRC - MDFIPlunge Turring - 15° rake angle
_— [ Madular Cast Iron | *MRALC - MOFIPunge Turning - 30° rake angle
| Stainless Steel | |P20 Steel - Ballend mill calibaretd with avial deptt
|| Stesl Casting | |"Titanium Alloy TiBAY - Rake Angle: 5 deg(340 |
|| Titanium Alloy | |FTitaniur Alloy TiEAY - Rake Angle: 5 deg(340 |
: Unalloyed Steel ]
Selected Woarkpiece Material |=luminum AL7075-TE[150 HEverage miling cutting co
Wigw |

b aterial Structural Flesibility

Figure 3.1-69: Workpiece/Material tab

The Workpiece/Material tab allows you to select or define the
material of the workpiece.

3.1.6.1 DEFINE A WORKPIECE MATERIAL

In the Workpiece/Material tab, you can select the workpiece
material from the list or define a new material with its specifications
such as composition, density, thermal conductivity, specific heat
capacity, Young’s modulus, hardness, tensile strength, vyield
strength, shear strength, impact strength, elongation, reduction in
area, condition, heat treatment, melting point, thermal expansion
and electrical conductivity. Also, when defining a new material, you
must specify the force model and the corresponding cutting
coefficients for that model:
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Material Viewer

File MNew Material

Malaral Dataliase Wicard - far e forcemoadef

Force Model
o Awerage cutting coefficient
(" Orthogonal to oblique cutting transformation
("~ Wariable cutting coefficient along the axial depth of cut
" Bilinear force
" Ewponential chip thickness
" Semi-mechanistic
¢ High-order mechanistic
™ Sandvik materialz

" Keinzle

Show Equation

Cancel | |

Back,

Figure 3.1-70: The Force Model selection window for defining a new
workpiece material

There are two different materials in this list defined as Fixed
Material and User Defined Material. You are not allowed to make
any modification on Fixed Material properties but can create your
own material (User Defined Material) and enter all specifications
of the material manually. User defined materials are denoted with a
* preceding their name.

The following functions are available in order to edit materials:

Table 3.1-166: Buttons of Select a workpiece material
New Create a new, user-defined material and display
it in the Material Editor window.
View/ Edit View (fixed materials) or edit (user-defined
materials) the specifications of currently selected
material in the Material Editor window.

Copy Create a copy of the currently selected material
and display it in the Material Editor window.

Import Import a material from an existing *.cwm file

Delete Delete the currently selected material. This

button is only enabled for user defined materials.

If you click on the New or View buttons, the following Material
Editor window pops up:

“l]”
&
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Material Editor

File:

— Properties

td aterial name IND name

Diezcription I

Composition |

r— Cutting Coefficient Maodel
* Average cutting coefficient

Wariable cutting coefficient
along the asialldepth) of cut

[rthegonal b obligue cutting
tramsfanmation

" Bidinear force

(= Erponential chip thickness
= Semimechanistic
(= High-order mechanistic

° Sandyik materials

Show Equation |

—Average cutting coefficient model

Kte [M/ram] I
Kre [M/ram] I
KaE[Na’mm] I

L [Na’mrrF]I
L [Na’mrrF]I
KaC[Na’mn'F]I

Edit Equatior...

r— Cutting Properties

T ool geometry I

Tool no. I

T ool matiufacturer |

Cutting type |
Cutting condition & Dy " Lubricated
—Motes
=
Jid|
Save | LCancel |

Figure 3.1-71: The Material Editor window for User Defined Materials

You can define and edit only the parameters of user defined
materials. The following frames appear in the Material Editor

window:
= Properties

= Cutting coefficient model and its parameters
- Average cutting coefficient model
- Variable cutting coefficient model
- Orthogonal to oblique cutting transformation

- Bi-linear force model

- Exponential chip thickness model
- Semi-mechanistic model

- High-order force model
- Sandvik force model
- Kienzle force model

= Cutting properties

= Notes
= Save / Cancel

= PROPERTIES
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Properties

Material name |E warnple Material =

D escription I

Composition I =

Figure 3.1-72: Properties frame in Material Editor window

Scroll down in Properties frame to define the specifications of the
workpiece material given in the following table:

Table 3.1-177: Specifications of workpiece material
Material name
Description
Composition
Density [g/cm3]
Thermal conductivity [W/mK]
Specific heat capacity [J/kgK]

Young module [N/m?2]
Hardness [HB]
Tensile strength [N/m?2]
Yield strength [N/m?2]
Shear strength [N/m?Z2]
Impact strength [N/m2]
Elongation [%]
Reduction in area [%]
Condition

Heat treatment

Melting point [°C]
Thermal expansion [10e-6/°C]

Electrical conductivity

= CUTTING COEFFICIENT MODEL

In the Cutting Coefficient Model frame, you see the cutting
coefficient model you chose on the Workpiece/Material tab and
define the required parameters for that model. The Cutting
Coefficient Model frame is shown in the following figure:

“l]”
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— Cutting Coefficient Model

% Awerage cutting coefficient " Exponential chip thickness
Y ariable cuthng cosfficient 1 Semimechanistic
alang the axial depth of cut € Highrorder mechanistic
Eerlrs,cflg?r::tli;i otz cuing = Sandwik materials

= Bilinear force Show Equation |

—Average cutting coefficient model
Ky [N morn] |u— Ky [N."mmz]llj—
Koo Mmm) [0 KgNmeAllo
KoMl o KWmmilfo

Edit Equatian... |

Figure 3.1-73: Cutting Coefficient Model frame for AlI7075-T6
(Average Cutting Coefficient model is selected.)

The Equation window that pops up when you click on Show
Equation button (See Figure 3.1-73) allows you to see both the
equations and the definition of the parameters used in the cutting
coefficient model:

Equation

| am=-k, -ds+k, - h-dz I
dF =K _-d5+ K_-h-dz

dF =K_-dS+ K_-h-dz

dFy . differential tangential force [19]
d ¥y differential radial force [H]
dFa : differential axal force [1]
dS . differential cutting edge length [mm]
dZ o diferential axmal depth of cut [mm]
b chip thickness [mm)]
e o tangential edge force coefficient [MNimtm]
Fre radial edge force coefficient [Mimm]
Kae o axal edge force coefficient [Mimm)
£y - tangential shearng coefficient [Mimm?) —
£re o radial shearing coefficient [Iimm?]

Figure 3.1-74: Equation window of Average Cutting Coefficient model

Click on Done button in Figure 3.1-74 to close Equation window.
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Equation Editor window which shows up when you click on the
Edit Equation button in Figure 3.1-73 allows you to define

cutting coefficient model parameters by using equations.
|2?.?11+[3.5"Z]+3in[l]
b [rrrm] z [rrrn] 819 i
z_irg 5| B |
2 3 -]

zin | asin | sinh | exp 7
ooz | acoz | cosh | In i[rad] 4
tah | atan | tanh | logl0 Yo [mdmin] | inz num. 1
sec | asec | sech | sort a_n [rad] flut, AL, o . +
cst | acsc | czch a f[rad] 1
cob | acob | coth Save le
Figure 3.1-75: One of the parameters is represented with an equation in

Equation Editor window as an example.

You enter the equations for the cutting coefficient model
parameters by clicking on the buttons in the Equation Editor
window. The following mathematical functions are available in

Equation Editor window (See Figure 3.1-75):
Table 3.1-188: Mathematical functions in the Equation Editor window

sin Sine
cos Cosine
tan Tangent
sec Secant
csc Cosecant
cot Cotangent
Arcsine

asin
acos Arccosine
atan Arctangent
asec Arcsecant
acsc Arccosecant
acot Arccotangent
hyperbolic sine

sinh
cosh hyperbolic cosine
tanh hyperbolic tangent
sech hyperbolic secant
csch hyperbolic cosecant
coth hyperbolic cotangent
exp et -- the inverse of In; e = 2.71828182845904
In natural logarithm
logio  base 10 logarithm
sqgrt square root
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&  All mathematical functions must be followed by an argument written
in parentheses.

The following cutting parameters are available in the Equation
Editor window (See Figure 3.1-75):

Table 3.1-19: Cutting parameters in the Equation Editor window

h chip thickness [mm]
Z depth of cut [mm]
i local helix angle [rad]
Z ins insert depth of cut
(This option is for inserted cutter)
Vc cutting speed [m/min]

ins. num. insert number
(This option is for inserted cutter)

an rake angle [rad]

flu. num. flute number

af relief angle [rad]

P pi = 3.14159265358979

The following math operators are available in the Equation Editor
window (See Figure 3.1-75):

Table 3.1-190: Math operators in the Equation Editor window

+  Addition

- Subtraction

* Multiplication

/ Division

AN Power (e.g., x™a =@ )
() Parentheses

& Note that certain restrictions are placed on valid equations. Whenever
you click Save, your equation will be automatically checked for errors.
You will not be allowed to save an invalid equation.

Click on Save to save changes you made in the equation and close
the Equation Editor window. Click Cancel to exit the Equation
Editor window without saving any changes. Note that if you enter
the cutting coefficients as an equation, your simulation speed will
be more than ten times slower (in any time domain simulations)
depending on your equations. If it is not necessary, do not enter an
equation for cutting coefficients.

iy,
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CUTTING PROPERTIES
— Cutting Properties
T ool geometry I

Toal no. |

Tool manufacturer |
Cutting type I
= Lubricated

Cutting condition &% Dy

Figure 3.1-76: Cutting Properties frame in the Material Editor window
you can define the tool

In the Cutting Properties frame,
geometry, tool number, tool manufacturer, cutting type, and you
can select the cutting condition (dry or lubricated).
= NOTES
MHaotes
-
[~

Figure 3.1-77: Notes frame in the Material Editor window

You can write extra information about the material into the text box

in Notes frame.
| LCancel | ‘

SAVE/CANCEL
Save
Figure 3.1-78: Save and Cancel buttons in the Material Editor window

Press Save to save changes and exit the Material Editor window.
Press Cancel to exit Material Editor window without saving any

changes.
CUTTING COEFFICIENT MODEL

3.1.6.2
On the Workpiece/Material tab (See Figure 3.1-69); you can
select different cutting coefficient models for your simulation mode:

“l]”
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& Average cutting cosfficient Bazed on average force measurements. This is the simplest
_ _ B miadel which reguires the least experimental measurement.
' Wariable cutting coefficient  paced on an average cutting cosfficient model. Cutting
along the axial 'jEfF'lh of Ut coefficients are wamying along the depth of cut.
' thhDEl':'nEl' to ':'t'"'Z!UE Bazed on orthogonal cutting testz. Extenszive expermental tests
cutting transfarmation muzt be conducted; applicable to any cutter geometn,.
= Bi-linear force Based on an average cutting coefficient madel, with bwo
cutting coefficient regions.
™ Exponertial chip thickness  The cutting coefficients have an expanential relationship with
zome power of chip thickness.
= Semi-mechaniztic The cutting coefficients are a function of bwa main coefficients
and the geometry of the cutting tool.
" Highrorder mechanistic Bazed on an average cutting coefficient model, but the
coefficients are a function of chip thickness.
W Sereilh meleels The cutting coefficients have an exponential relationzhip with
zome power af chip thicknessz.

Figure 3.1-79: Cutting Coefficient Model list in Workpiece/Material tab

The following cutting coefficient models are available in CutPro:
» Average cutting coefficient
= Variable cutting coefficient along the axial depth of cut
= Orthogonal to oblique cutting transformation
» Bi-linear force
= Exponential chip thickness
» Semi-mechanistic
» High-order mechanistic
» Sandvik materials

Cutting Coefficient Identification Procedure in CUTPRO
(MAL Inc. March 13, 2006, Vancouver B.C.)

CUTPRO can automatically identify cutting coefficients with its
associated option in the general tab of the milling module. You need
to conduct a series of milling tests and collect the data in ASCII or
MALDAQ (mdq) formats. If you use the “log data” option in
MALDAQ, you will need to load the part of the data you are
interested in first, and then save the data as a MALDQ (mdq) binary
file. It is convenient to name the files as:

S5000_N2_c0050_a5:
Spindle speed: 5000 rpm
Number of teeth: 2

Feed per tooth: 0.0050 mm
Axial depth of cut: a=5 mm

\1lr,.,
5
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Presently, you need to conduct the cutting tests using a slotting
procedure. Make sure that there is no chatter when you conduct the
cutting tests, otherwise the dynamometer will hot measure the
forces correctly due to its limited bandwidth.

Typical cutting force data for a 2 fluted end mill is shown here,
which is saved as S5000_D7_f0125.mdq binary file. About 5-6
cutting tests with a feed range starting from 0.05 to 0.075, 0.1,
0.125, 0.150, 0.200 mm/tooth should be sufficient.

MalDAQ - 55000_D2_FO125.mdg

File Edit Measurement Wiew Help

- L o FFT | g
Ned&ES B E® -+ - QA &
| Upper Graph:
100-
‘ Frequency |
b |Channe|ﬂ j
-100— Filter: MNOME
Type: NOKE
-200— High:
i 1
I I i I I Lo
22.8 22.85 229 22.95 23
X 2.29053e+001  Y:-2.24609e+002 d¥: 0.00000e+000 dY: 0.00000e+000
A0 | ] Lower Graph:

T T e
TR e

l]_
Type: MNOMNE
High:
200+ 1 [ 1 | Ei
22.8 22.85 22.9 22.95 23 :
X 2.28002e+001  ¥:1.39160e+002 dx: 0.00000e+000  dY: 0.00000e+000 It
For Help, press F1 SRH: 10 kHz SW.0.24s Mot Logging

After collecting the cutting force data, please follow the procedure
given below:

1. Select “"Cutting Coefficient Identification” option from “Simulation
Properties” window. To upload measured cutting force data, select
“Browse” under “Cutting Conditions” tab.

Enter the number of teeth in tool geometry menu, and make sure
to click on “rigid” for both cutter and part structure pages. You can
identify whether the tool material, but it is not essential. The tool
material data is only for your benefit as an information. Select the
depth of cut in cutting conditions page. Now you are ready to enter
the measurement files when you click next again.

“l]”
&
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2. Select the force measurement files, which can be text or binary
(.mdq) files which can be indicated from the file type as shown
below.

it CutPro [Untitled.csf]

Flle Simulation Results  Tools SWindow  Help

0D & B & &

g W e

Mew Open Save Properties Run Run Temp Flat &l Maodal MalTF MalDag  SpindlePro WirtualCMC  Anime
Machining =TT Properties
Process : =
Cuiting Conditions > - x /
Hide |

Cther Paramefers  pak  Nest

Tabs Cancel oK

File Browse E|

Look in: I@ MALDAQ Cutting Forces =] @ ok B9~
- M S5000_D2_FOO7S.mdg
' i 55000_D2_FO100,mdg

MyRecent | gh S5000_D2_FO125.mdg
Dosuments | gh cenng_pe_FO150.mdg

S 55000_D2_F0175.mdg
Jik S5000_D2_FO200,mdg

@

Deskiop

My Documents

) o

Drilling

=
e
2]

o
é%
=

ter

|
&

Iy Metwark, File name: iEHpEutForcej 25 2t ;j Open I

Flaces
Filess: of type: |MalDAT File . mda) | Cancel |

CutPro Simulation Files [*.tt] <
Drata Files [*.dat]

I sl File [*rndt
M alDAL File [*.mdg]
Al Files [*.7]

3. Select the correct measurement file, and click "Open” to upload
to CutPro.

MAL Inc. User Manual for CutPro.exe



106

§i# CutPro [Untitled.csf] CEX

File Simulation Results Tools  Window Help

I RS L TR

Mew Open Save | Properties Run | Run Temp | Modal IMalTF MalDag  SpindlePro WirkualCMNC  Animg

M achinitig
Process

Simulation Properties

Cutting Conditions | |
< > Hide x \/

Other Parameters Back Mext | Tabs | Cancel OF

General | Machine & Tool | workpiece  Cutting Conditions 1 Temperature

i~ Cutting Coefficient Calculation—— — Experimental Cutting Forces -

File name [4]:
& Average method | 55000_DZ_F0125.mdg
Browse.. | Edit

Feed rate [mmdflute]:

J

<--Back . Delete Mest >

Other Parameters

tilling bode

0 penea“fi-lg_lf:-\t-ﬁt.ii‘-ra(F‘rogram\default. czf az Untitled. csf

Make sure to enter the corresponding, correct feed per tooth. Than
push “next -- and select the next file and corresponding feed.
Make sure that the files start with the smallest feed and increases
without mixing the sequence. Once you finish loading, you need to
go back (<-) and check whether all the files and feeds are entered
correctly. Click the next button after you complete the file entry.

4. If you click on "OK” and “run”, CUTPRO will create a temporary
material data. Click on “Plot all”, and you will see a graph with
average, measured cutting forces. If they form a linear trend, the
prediction will be good. Otherwise, the cutting coefficients may be
sensitive to the insert geometry and chip load. If you click on
Cutting Coefficients button on the graph’s bottom menu, you will
see the parameters as shown below. You can edit material and
other fields as you wish except for the coefficients which are
identified by CUTPRO for you. Once you push the save button, you
will have user specific (material data in the CUTPRO) which can be
accessed only by you.

gy,
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File Simulation Results Tools Window Help

D & B % &

New Open Save Properties  Run

Run Temp

Machining
Process

@ Material Editor
NE File
Milling - Properties

.

Plat: 4l

7~

Modal MalTF

-
? 1T b @
Ma\DAQ SDIHIﬂEF‘!’D YirtualCMC - Animation

Material name |Average miling culling cosflicients

Description !Avelage milling cutting coefficients

Compasition |

i~ Cutting Coefficient Madel
& Average culling cosfficient

tra

€ Bilinear farce

¢ Sandyik materials

Show Equation

~ Average cutting cosfficient model
K g [N4mm] 129,76
K g [N¢mm] 23613
K jelNémm] [4.311

Koo Mime?][E78 108
K o N/t [222 702
K. ool 240,243

Edit Equation

i~ Cutting Praperti

Toal geametry I—
Tool no. I—

Tool manufacturer I—
Cutting type I—

Culting condition & Dy " Lubricated

LCancel

smm s aEY

3.1.6.2.1 AVERAGE CUTTING COEFFICIENT

The average cutting coefficient model is based on average force
measurements. This is the simplest model which requires the least
number of experimental measurements. You can use this model for
a specific material and cutting tool geometry. In the following
figure, you can see the Average cutting coefficient model frame
in Material Editor window:

—Awerage cutting coefficient model

Kte [M.Arnirn] I
K"3 [M.Arnirn] I
KaE[N.a'mm] I

L [N.fmn'F]I
L. [N.fmn'F]I
KaC[N!mn'F]I

Edit Equatior... |

Figure 3.1-80: Average cutting coefficient model frame

The following parameters are used in order to define average
cutting coefficient model:
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Table 3.1-201: Parameters for Average Cutting Coefficient model

Kte Tangential edge force coefficient [N/mm]
Kre Radial edge force coefficient [N/mm]

Kae Axial edge force coefficient [N/mm]

Ktc Tangential shearing coefficient [N/mm?2]
Krc Radial shearing coefficient [N/mm?2]

Kac Axial shearing coefficient [N/mm?2]

= VARIABLE CUTTING COEFFICIENT ALONG THE AXIAL
DEPTH OF CUT

This force model is based on the Average Cutting Coefficient
model, except the cutting coefficients vary along the axial depth of
cut. In the following figure, you can see the Variable cutting
coefficient along the axial depth of cut model frame in
Material Editor window:

—Yariable cutting coefficient along the axial depth of cut

Kte [ /mm] I L [N.fmrrF]I
Kre [ Amnm] I Km [N.fmrrF]I
KaE[N."mm] I KaC[N.a'mrrF]I

Edit Equatiar... |

" Depth of cut #1

£- Back I Delete | et > I Depth [a] [mm]l

Figure 3.1-81: Variable cutting coefficient along the axial depth of cut
model frame in Material Editor window

The following parameters are used in order to define variable
cutting coefficient along the axial depth of cut model:

Table 3.1-212: Parameters for Variable Cutting Coefficient along the
Axial Depth of Cut model

Depth (a) Depth of cut for which the currently displayed
parameters are applicable; up to 18 depths-of-cut
may be defined. Use the Back and Next buttons to
move between depths-of-cut.

Back Go to the previous depth of cut

Delete Delete the current depth of cut

Next Go to the next depth of cut

Kte Tangential edge force coefficient [N/mm]
Kre Radial edge force coefficient [N/mm]

Kae Axial edge force coefficient [N/mm]

Ktc Tangential shearing coefficient [N/mm?Z2]
Krc Radial shearing coefficient [N/mm?2]

Kac Axial shearing coefficient [N/mm?Z2]

iy,
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= ORTHOGONAL TO OBLIQUE CUTTING
TRANSFORMATION

The force model is based on orthogonal cutting tests. For this
model, extensive experimental tests that provide material
properties which are applicable to any cutting tool geometry need
to be conducted. In the following figure, you can see the
Orthogonal to oblique cutting transformation model frame in
the Material Editor window:
— Orthogonal to obligue cutting transformation model
KMom] [ Ml
Kool [ 2
KMol [ st

Edit Equatiarn... |

Figure 3.1-82: Orthogonal to oblique cutting transformation model frame
in Material Editor window

The following parameters are used in order to define orthogonal
to oblique cutting transformation model:

Table 3.1-223: Parameters for Orthogonal to oblique -cutting
transformation model

Kt  Tangential edge force coefficient [N/mm]

K Radial edge force coefficient [N/mm]

Kse Axial edge force coefficient [N/mm]

T Shear stress [N/mm?2]

@ Shear angle [°]

Yij Friction angle [°]

= BI-LINEAR FORCE

This force model is based on the average cutting coefficient
model, but the bi-linear force model has two cutting coefficient
regions. The first region has edge coefficients for small chip
thickness, and the second region has different edge force
coefficients after a certain chip thickness limit. In the following
figure, you can see the Bi-linear force model frame in the
Material Editor window:

iy,
. [/
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— Bi-linear force model

Koy [Némn?] | T Kygp IN/mn?]|
Kgq [Nmn?] | T Kygp N/
KogqMimm] [ Ky N

Edit Equatiat... |

t [mm]l

Figure 3.1-83: Bi-linear force model frame in Material Editor window

" Chip thickness

The following parameters are used in order to define bi-linear
force model:

Table 3.1-234: Parameters for Bi-linear force model
Kic1 Tangential shearing coefficient (1) [N/mm?2]
Krc1 Radial shearing coefficient (1) [N/mm?Z2]
Kaci Axial shearing coefficient (1) [N/mm?2]
Kicz Tangential shearing coefficient (2) [N/mm?2]
Krez Radial shearing coefficient (2) [N/mm?Z2]
Kacz Axial shearing coefficient (2) [N/mm?Z2]
t Boundary chip thickness, at which parameters (1)
change to parameters (2) [mm]

= EXPONENTIAL CHIP THICKNESS

The cutting coefficients are exponentially related to chip thickness.
In the following figure, you can see Exponential chip thickness
model frame in Material Editor window:

— Exponential chip thickness model

Edit Equatir. . |

Figure 3.1-84: Exponential chip thickness model frame in Material Editor
window

The following parameters are used in order to define exponential
chip thickness model:

Table 3.1-245: Parameters for Exponential chip thickness model
KT Tangential shearing coefficient parameter

iy,
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KR Radial shearing coefficient parameter
KA Axial shearing coefficient parameter
p Tangential chip thickness order

q Radial chip thickness order

Axial chip thickness order

r
SEMI_MECHANISTIC
The cutting coefficients are functions of two main coefficients and

the geometry of the tool.

— Semi-mechanistic model
k n I
ke |

Edit Equation...

Figure 3.1-85: Semi-mechanistic model frame in Material Editor window

The following parameters are used in order to define the semi-

mechanistic model:
Table 3.1-256: Parameters for Semi-mechanistic model
cutting pressure on rake face [N/mm?Z2]

Kn
cutting pressure rate on flank face

ke

= HIGHER-ORDER MECHANISTIC
The higher-order mechanistic model is based on the average
cutting coefficient model, but the coefficients change based on

the polynomial order of chip thickness.
— High-order mechanistic model

Kie I chl

Kre I KTCI

Kael KBDI

Edit Equatian... |

" Third

" Second

+ Zem
Figure 3.1-86: Higher-order mechanistic model frame in Material Editor

Order
’7 £~ First

window
The following parameters define the high-order mechanistic model:

Table 3.1-267: Parameters for Higher-order mechanistic model
Order Zero-, first-, second- or third-order

;*__;& MAL Inc. User Manual for CutPro.exe
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Kte Tangential edge force coefficient [N/mm]
Kre Radial edge force coefficient [N/mm]

Kae Axial edge force coefficient [N/mm]

Kic Tangential shearing coefficient [N/mm?2]
Krc Radial shearing coefficient [N/mm?2]

Kac Axial shearing coefficient [N/mm?2]

After you define the parameters, click on Save button to save the
values you entered, or click on Cancel button to cancel and close
Material Editor window without saving the parameters.

When you click on View button in order to see the specifications of
the workpiece material, the following Material Editor window
shows up:

File
— Propertie:
Material name: [Aluminum AL7075-T =
D escription I
Composzition |5.5°/° Zn, 25% Mg, 1.5% Cu, 0.3% Cr, Max 0.5 Fe, Max 0.4 5i. Max 0.3 Mn -
— Cutting Coefficient Model — Cutting Properties
& Average cutting coefficient = Exponential chip thickness
r Warnahle cutt_ing coeffizient £~ Semimechanistic ] i) I
along the avial depth af cut ¢ Highcrder mecharistic Tedim I
[rthogonal to abligue cutting ; .
transformation ) Sandyik materals Tool manufacturer I
£ Birlinear force Show Equation | Cutting type I
Average cutting coefficient model Cuiting candition (& Dy " Lubricated
K.y [M/mm] |2?. 11 Ko [NAmme] | 796,077
K [M/mm] [30.601 Ko [M/m] 162 829 T
K oM/ |1 4 K o [Memme] |222.041 ;I
Edit Equatiar... |
[ -]
Save | Cancel |

Figure 3.1-87: Material Editor window for Fixed Materials
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Import Matenals

Ilze SHIFT + click and CTRL + click to zelect the matenal[z] you would like o
import, then click OF:

P20 Steel - Ballend mill a=0.05 in
Titariunm Alloy Tikd| 4
Titaniurm Alloy Ti

Titanium Allay Ti
Titanium Alloy Ti

Select &l Cancel | K |

Figure 3.1-88: the Import Materials window. Several materials are
selected by clicking with the Ctrl key.

& If you press Cancel on the Properties window, any changes you have
made to the materials will be lost.

& Below, you can find short descriptions of material force model listed
on this tab.

You can see the definition of any selected model by clicking Show
Equation button.

Under each model presented above, you will be finding predefined
material data. If the material you wish to simulate is not in any
material list you can identify the material data by simply doing
average cutting coefficient identification. Note that you can also
define the material data in any model you wish using NEW button.
When you click NEW button Material Editor Window will show up.
You can now enter the equations of cutting coefficients or
parameters by using Equation Editor. Note that each force model
has its own definition. You can see this by clicking Show Equation.
If you wish to add a new material in any model, the equation must
meet the definition of the model specified in Equation window.

& Note: You can put in additional information regarding the test
conditions, under which you developed the data, material’s technical
specifications and etc.

\1!1,.,
5
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3.1.7 WORKPIECE/STRUCTURAL FLEXIBILITY TAB

i) CutPro [Untitled.csf]

File Simulation Results Tools indow Help

X > W W 1T %
N = , = . m um
T Cpen Save Properties Run Run Temp Plak &l Madal MalTF MalDad  SpindlePra Animakion
[ EE T | Simulation Properties :
Process :

Workpiace

Structural Flaxibilif > |l X ¥

ructlra EXIDNITY Back Mgk Tabs Cancel ok
General I Machine & Tool ‘workpiece IEutting Cc-nditic-nsl Temperature
Miting —Workpiece Model
7+ Rigid

f i

e
Turning

" Dynamic vibrations

= Static deflections

—Workpiece Dynamics Mode ——

% Dunamic parameters

Direction 4 W z
Modena. 1 1 1
€ Measured LF. file e
Natfreg[Hz] |1po0  [f1oo0 1000
¢ Modal/residue data files Dampingratio 005 Joos  []0.05

— Dunamic Parameters

Stiffress [NAm] {1, 00E-+21 | f1.00E+07) f1.00E+21

Rigd [ r r
Milling -
Advanced < Presious | Delete | |zt | fent > |
Prediction of -
cutting Material Structural Flesibility |

forces.

Figure 3.1-89: The Workpiece/Structural Flexibility tab

This tab is the same as the one on Section 3.1.5 MACHINE &
TOOL/STRUCTURAL FLEXIBILITY TAB on page 89.

3.1.8 CUTTING CONDITIONS/MILLING MODE TAB

You can define milling modes on this tab. Depending on the tool
type you specify on MACHINE & TOOL/CUTTER TYPE TAB the
parameters on this tab could be different. In the following you will
be finding the parameters for each tool type. The different tool
types are Cylindrical Endmill, Ball Endmill, General Endmill,
and Indexable Cutter.

3.1.8.1 CYLINDRICAL ENDMILL
The following modes are available for cylindrical endmill.
- Down milling
- Up milling
- Slotting
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- Face milling

For each mode you define cutting parameters (i.e. Feed Rate
[mm/flute], Spindle speed [rpm], Axial Depth of Cut [mm] and
etc.) as well as radial width of cut. Note that some parameters are
linked to each other and calculated automatically based on the
others, such as Spindle speed, surface speed and Material removal
rate.

/) CutPro [Untitled.csf] -
File Sinulation Results Tools  Window  Help
~u ) m T 0 o -
D2 B U odh e v T S

= Open Save Properties Run Run Temp Plok all Modal MalTF MalDaQ  SpindlePro  Animation
[{E il | Simulation Properties i
Process | cysing conditions %
Milling Mad < >l v
ing lode Back. Mext Tabs Cancel [0]4
General | Machine& Toal | Wworkpieee  Cutting Conditions I Temperature |
Milling — Spindle direction
Clockwize % Counter-clockwize IFeseheis (fomAlLE] I 0.05
Spindle speed [RFM] I 5000
o ~Miling Mode Awial depth of cut () [m] | 5
Turmning = Down-milling Murnber of revalutions I 10
' Up-milling Sampling frequency scale I 10
= Slotting b aterial removal rate[[] [cr/min] I 17625
= Face-miling Surface speed [m/min] I 293237
Aﬂf Iv
Radial width of cut [b] [mm]l 3625
Milling r-om
Advanced Figure: Cutting Conditions
Prediction of
cutting Milling Maode | Other Parameters I
frnces.

Figure 3.1-90: The Cutting Conditions/Milling Mode tab

Enter the feed rate of the cutting operation as [mm/tooth].

If the feed rate is in [mMmm/min], use the following equation to
convert,

(feedratelmm/min)
flute) * (spindlespeed[rev/min)

(feedratelmmvtooth])= (rumberol

If you have a non-uniform pitch cutter, your feed rate will be
calculated as follows,

o

=
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(enteredfeedratel mmv/tooth])* (numberof flute* (pitchanglg degree)
360

(feedratefmm/tooth]) =

Enter the Spindle Speed in RPM. Available only for certain
simulations.
. Enter the Axial Depth of Cut.

FAajal Depth of cut

. Enter the number of revolutions. Available only for certain
simulations.

. Enter the sampling frequency scale. Available only for certain
simulations.

. Enter the Material Surface Removal rate and Surface Speed.
Available only for certain simulations.

. Enter the value of radial width of cut based on the following
milling mode description starting from Section 3.1.8.

3.1.8.1.1 DOWN-MILLING

Radial width of Distance from the top of the workpiece to the
cut lower edge of the cutter. Must be a positive

value.

iy,

> -
D S &
&

" MAL Inc. User Manual for CutPro.exe



117

Cirting Condilfons
< > [ X ¥

Mifiing Mode Back MNext | Tabs | Cancel  OK
Genesl | Machinet.Tool |  ‘Workpiece  Cufling Conditicns |  Temperstue |

-~ Gpindle direction
Clockwite (v Courferclockwise Feedate [omfute] [ 005
Spinde speed [RPM] [ 4399 538
- Miling Mode Asisl depth of et () o] [ 5
= Down-miling MNumbes of revohdions [ 10
™ Up-miling Sampling equency scale [ 10
" Slolting Material removal rate(d] ferdmin] | 17604
" Face-miling Sutace speed [mimin) [ 299237

Rladkal width of cut [b) [men] | 1525

b

re 5535
Figure: Cutling Conditions
Miling Mode | Othes Parametess |

Figure 3.1-91: The Cutting Conditions/Milling Mode tab. Down-milling is
selected in this figure.

3.1.8.1.2 UP-MILLING

Radial width of Distance from the bottom of the workpiece
cut to the upper edge of the cutter. Must be a
positive value.

Lihe,,
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Curtting Conditions
» < > (g %X ¥
Milling Mode Back  MNext | Tabs | Cancel oK
Genessl | MachinehTool |  ‘Wadkpiece  Cutting Condiions |  Temperstue |
-~ Spindie diection
Spinde speed [RFM] I 4333333
- Miling Mode Asial depth of cut (2] [ren] | 5
" Downemiling Mumbes of revahsfions I 10
= Upmiling Sampling requency scale | 10
" Slotling Material removal ratel) forddmin] | 17 524
" Face-miling Suface speed [m/min] I 2127
e
Radial width of cut (bl [men] [ 3.525
r_f}— =9
re= Q525
Figure: Caugting Conditions
Milling Mode | Other Parameters |

Figure 3.1-92: The Cutting Conditions/Milling Mode tab. Up-milling is
selected in this figure.

3.1.8.1.3 SLOTTING

As the tool has full contact with the workpiece for this milling mode
Radial width of cut is equal to the diameter of the tool and text
box for radial width of cut is not available.

gy,
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Catting Conditions
Milling Mod < > ful XV
ting Wode Back. Mexk Tabs Cancel I
General I b achine & Tool I “workpiece Cutting Conditions | T emperature I
— Spindle direction
Clackwize  f Counterclockwize Feedrate [mm/Hute] I 0.05
Spindle zpeed [RFPM] I 49999593
~ Milling Mode Asial depth of cut [a) [mm)] | 5
" Down-milling Murnber of revalutions I 10
£ Up-millin Sampling frequency scale I 10
Slatting b atenal removwval rate(l] [oned/min] I 95249
" Face-miling Surface speed [m/min] I 299237
\‘{] 19.08
r=9.525
Figure: Cutting Conditions
Milling Mode I Other Parameters I

Figure 3.1-93: The Cutting Conditions/Milling Mode tab. Slotting is
selected in this figure.

3.1.8.1.4 FACE-MILLING

You have two options to define the width of cut for this mode. You
can either enter Entrance and Exit angle of the process or enter
the value of b; and by, which are the distance of the tool center to
two ends of workpiece, leading the width of cut with the following
equation. These parameters are displayed on the side-figure when
you click inside of the text boxes.
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Cutting Conditions
Milling Mod < > fil X v
Hing Wode Back  Mext Tabs Cancel Ok
General I MaChihE&TDdI Workpiece Cutting EDﬂditiDml T emperature I

— Spindle direction

Clockwize

v Counter-clockwize

Feedrate [mmflute] I .05
Spindle speed [FP] I 4393933

— Milling Mode

= Dowremilling
" Up-rilling
i~ Slatting

r=94525

Figure: Cutting Conditions

Azial depth of cut [a] [mm] I—E
Murmber of revolutionz |—1|:|

Sampling frequency scale I—‘IEI

kd aterial removal rate(l] [crf/min] Iﬁ
Surface speed [m/min] Iw

EMTER -» Immerzion angles:

Entrance ['I'St ] [°]| 0.000
Exit[# )] 50956

OF EMTER - width of cut;
wafidth 1 [|:|1][mm]| 25.05
Wafidth 1 [bz] [mm]l G

Milling ode I Other Pararneters I
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Figure 3.1-94: The Cutting Conditions/Milling Mode tab. Face-milling is

selected in this figure.

3.1.8.2 BALL ENDMILL

The cutting parameters are the same for this tool as the regular
cylindrical one. However, there is no selection for milling mode and
the width of cut is defined through Workpiece width(w) and Y-

Offset (y).
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) CutPro [Untitled.csf]
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Process

Cutting Conditions
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- ( } Hide
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General I Machine & Tool | ‘Workpiece LU

Temperature I

Milli . o
i — Spindle direction

Clockwize ¢ Counter-clockwise Sepiiele s e I 0.05
Spindle speed [RPM] [ 5000005

Auial depth of cut (2] [mm] I—E
Number of revolutions I—m

Sampling frequency scale I—‘ID
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==
®
Figure: Cutting Conditi
1gue: HUing Sondiens wiorkpiece width [w] [mm] 19.05
eoffset [y ] [mmll 15,525
Milling

Advanced
Frediction of
Gultlivs Miling Mode | Dther Parameters |
forces

Figure 3.1-95: Cutting Conditions/Milling Mode tab

The relation between the width of cut and w and y can be shown as
follows.

-If y>R
WOC:%+R—y
-If y<R
WOC =w

where R and WOC are the radius of the tool and width of cut
respectively.

3.1.8.3 GENERAL ENDMILL
Parameters are the same as in Ball Endmill.

3.1.8.4 INDEXABLE CUTTER
Parameters are the same as in Ball Endmill.
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3.1.9 CUTTING CONDITIONS/OTHER PARAMETERS TAB

The cutting conditions parameters in this section vary depending on
the simulation mode selected (under the General Tab). Refer to the
pages on a specific simulation mode for details.

3.1.9.1 SIMULATION MODES

3.1.9.1.1 SINGLE TIME DOMAIN
For this simulation mode there is no other parameter to be defined.

3.1.9.1.2 STABILITY LOBES IN TIME DOMAIN

1) CutPro [Untitled.csf]
¢ @ Iz 4

File Simulation Results Tools  Window  Help
Run Temp Plok Al Modal MalTF MalDaQ  SpindlePro  Animation

N = B 8§

e Open Save Properkies Run

[ E=alils I | Simulation Properties

Process ; iti
Cutting Conditions
Other Paramet > |l | X v
2 Fargimelars Back Iexk Tahs Cancel a4
- General I Machine & Tool I ‘Workpiece CU |0ns| Temperature
Milkng ~ Spindle Speed Range [RPM]
Starting speedl 2000
End speedl 1.00E +04
Speed incrementl 100
Milling
Advanced
Prediction of | ———ouou
cutting Miling Meode  Other Parameters |

Figure 3.1-96: Cutting Conditions/Other Parameters tab in Stability
Lobes in Single Time Domain simulation mode

For this simulation mode you will define Spindle Speed Range for
the time domain simulation on this tab. You can see the brief
definition of these parameters in the following.

Starting This is the spindle speed you wish to start your
Speed time domain simulation
End Speed This is the spindle speed you wish to end your
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time domain simulation

This is the spindle speed increment at which the
simulation is executed.

Speed
Increment

& Note that depending on the selected speed range and speed

increment the simulation time may vary.

3.1.9.1.3 SINGLE ANALYTICAL STABILITY LOBES
For this simulation mode there is no other parameter to be defined.

3.1.9.1.4 MULTIPLE ANALYTICAL STABILITY LOBES

i CutPro [BoeingTool_7.csf]
File Simulation Results Tools  \Window Help

—u = ~ = ~ |
D2 B oo @ W W 8w LT
e Qpen Save Properties Run Rum Temp Elat &l Maodal MalTF MalDaQ  SpindlePra  Animation
Machining | ELLE G TR
Process Cutting Conditions < > |_,—|_| x /

Hide
Other Parametars Back Mext Tabs Cancel oK
General I Machine&Tooll whorkpiece | Termperature I

tultiple Analytical Stability Lobes

“f-start affset (o] [mm] I -19.05
Start width [, ] [mm] I 9625
workpiece width [w] [mm] I 351

*f-end offsst (ug,] [mm] I 19.05
End width [h] [rm] I 9525
Step [mm] I 19.05

v

r=9.525

=y

Mumber of analytical simulations

Milling to perfiarm; 3
Advanced Figure: Multiple analytical stahbility lobes
Prediction of | —————
cutting Milling Mode Other Parameters |

farces.

Figure 3.1-97: Cutting Conditions/Other Parameters tab for Multiple
Analytical Stability Lobes simulation mode

For this simulation mode you will define simulation steps on this
tab. You can see the brief definition of these parameters, which
have to be defined, in the following.

Y-start offset
(yst)

Defines the starting position of the tool, as
measured from the center of the cutter to




Start width (hz)

Workpiece
width (w)

Y-end offset
(Ven)
End width (hz)

Step

the center of the workpiece. A negative
value positions the tool above the middle of
the workpiece; a positive value positions
the tool below the middle of the workpiece.
Alternatively defines the starting position of
the tool. If positive, the value is the
distance from bottom of the workpiece to
the top edge of the cutter; if negative, the
value is the distance from the top of the
workpiece to the bottom edge of the cutter.
The width of the workpiece. Changing this
value may result in automatic changes in
the other parameters.

Defines the ending position of the tool, as
Y-start offset (above).

Alternatively defines the ending position of
the tool, as Start width (above).

Defines the vertical distance between steps
in the simulation. The total number of steps
is determined by Step as well as the
difference between Y-start offset and Y-
end offset by dividing difference/Step.

124

& All parameters are subject to certain value restrictions. If you enter
an invalid number, you will be asked to change it.
& Click on the Show/Hide Simulation button to see a graphical
representation of the simulation parameters.
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3.1.9.2 OPTIMIZE VARIABLE PITCH

) CutPro [Untitled.csf]
File Simulation Results Tools  Window Help

.

0 = . e
[ "-.,‘. -
Mew Qpen Save Properties Fun Fun Temp Plok All Modal MalTF MalD&Q  SpindlePro  Animakion
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> R v
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COthar Parametars Back. Mext Tabs Cancel [8]4
General | Machine & Tool | Warkpiece Temperature
Mind — Pitch Distribution Type — Parameters for Optimize Yanable Pitch

f* Two different angles Starting angle [°] I—n
= Linear angles Chatter freq incr [Hz] I 1
= Sinuzoidal angles Pitch angle incr '] I 1

32)

Drilling

Milling
Advanced

Prediction of | ———————
cutting Milling Mode Other Parameters |
farces.

Figure 3.1-98: Cutting Conditions/Other Parameters tab for Optimize
Variable Pitch simulation mode

For this simulation mode you will define Pitch Distribution Type and
Parameters for Optimize Variable Pitch. You can see the brief
definition of these parameters in the following.

Two different Only two pitch values are used, and are

angles alternated around the cutter (e.g., 30°,
60°, 30°, 60°, etc.)

Linear angles Variation in the pitches is assumed to be

linear (e.g., 30°, 45°, 60°, 75°, etc.)
Sinusoidal angle Variation in the pitches is assumed to be
sinusoidal.

The angle at which the simulation

Starting angle starts scanning for the first pitch.

Chatter freq incr. Increment in chatter frequency.
Pitch angle incr. Increment in pitch angle.

o
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CUTTING COEFFICIENT IDENTIFICATION

1 CutPro [Untitled.csf]

File  Simulation

Results  Tools  wWindow Help
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<--Back | Delete | Mest > I
2)
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Figure 3.1-99: Cutting Conditions/Other Parameters in Cutting

Coefficient ldentification simulation mode

For this simulation mode you will load the measurement files one by
one specifying the feed rates of each condition. You can see the
brief description of the buttons and methods in the following.

Average method This is the only cutting coefficients
calculation method currently available,
based on an average cutting coefficients
model (experimental cutting forces from
milling).

Geometrical This is not currently available.

average method

File containing data on experimental cutting forces,
at the feed rate specified. Experimental cutting
force data file must be in ASCII format as follows,

File
name

o
=
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First column is Fx

Second column is Fy

Third column is Fz

The experimental cutting force length should be
exact number of revolution ( 1, 2 or more)

Unit is Newton

Feed Feed rate for the current experimental cutting
rate forces file.
Back Go to the previous File name / Feed rate.
Delete Delete the current File name / Feed rate.
Next Go to the next File name / Feed rate.

3.1.10 TEMPERATURE/PROPERTIES TAB

i) CutPro [Untitled.csf]

File Simulation Results Tools  Window Help
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i) - —
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Prediction of
cutting Froperties I

forces.

Figure 3.1-100: Temperature/Properties tab

This tab was prepared for only Temperature simulation and is
independent of milling and boring simulations. You can find the
brief description of the simulation parameters in the following.

# Divisions along chip
thickness (Ny)

The temperature simulation breaks
the chip cross-section into a square
grid. This defines how many

o
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# Angular divisions on
tool (Np)

# Angular increments

(Ni) [°]

Tolerance [%]

Groove width [mm]

Workpiece diameter
[mm]

Maximum temperature
history along the full
cutter rotation

Temperature
distribution only at the
exit angle

Use MatLab to display
temperature
distribution and contour
plots
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sections there are along the chip
thickness; thus, it also determines
the number of divisions along the
contact length.

The temperature simulation breaks
the cutter cross-section into an
angular grid. This defines how many
angular sections there are between
the rake face and the clearance
edge.

Applies to milling only. If maximum
temperature history along the full
cutter rotation (below) is selected,
this defines in how many
increments the temperature
simulation calculates the cutter
temperature, along the cutter
rotation.

The temperature simulation
converges the temperature along
the rake face with the matching
temperature along the contact
length of the chip. This defines the
maximum allowed difference
between these two temperatures.
Applies to turning only. This defines
the width of a groove, if any, in the
workpiece.

Applies to turning only. This defines
the diameter of the rotating
workpiece.

Applies to milling only. If checked,
temperature is calculated at a series
of increments along the cutter
rotation (see above).

Applies to milling only. If checked,
temperature distribution is
calculated for the chip and cutter,
and the exit angle only.

Applies to milling only. If checked,
results for tool and chip
temperature distribution are
enabled. You must have MatLab
installed in order to view these
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results.

3.2 PLUNGE MILLING MODULE
3.2.1 GENERAL/SIMULATION MODE TAB

Plunge Milling Simulation Properties
Genaral

> e XV

Simuiation Mode Mext Tabs | Cancel Ok

General l Machine & Tool "Workpiece ] Cutting Conditions ]

& Static Analysis Simulates cutting forces, zpindle power and torgue when tool and
workpiece can be azsumed to be rigid.

© Dipnamic simulation Simulates cutting forces, tool vibrations, spindle power and targue
ih a tire dornain.

Analytical stability A fazt analytical stability lobes prediction solved in a frequency
lobes dornair,

Cutput

Figure 3.2-1: General/Simulation Mode tab in Plunge Milling module
This tab allows you to choose the simulation mode. There are three
simulation modes available: Static Analysis, Dynamic
Simulation, and Analytical Stability Lobes.
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3.2.2 GENERAL/OUTPUT TAB

Plunge Milling Simulation Properties

Goporaf

Outout < > f X ¥
e Back — Mext Tabs Cancel (0] 4
General ] Machine & Tool ] Workpiece ]Eutting Eunditinnsl

Check the output you want bo gave...

v Cutting Forces

v Spindle power & forgue

Srmalation Mods ............... Dutput|

Figure 3.2-2: General/Output tab in Plunge Milling module

This section allows you to specify which results you want CutPro to
output in simulation. To include a result in the simulation output,
check the box next to it.
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3.2.3 MACHINE & TOOL/TOOL TYPE TAB

Plunge Milling Simulation Properties
MNMackine & Tool

< > [ %X

Too! THDE' Back  Mext Tabs Cancel (0] 4
General _________ M aDhlnE&TDd ________ Wworkpiece ] Cutting I:l:nnl:litil:uns]
Cutter bppe Flutes

MNurmber of flutes 2

fo Summetncal tool

" Agymmetrical tool

[v Run-out deviationz Wi

Tool Type | Tool Properties ]

Figure 3.2-3: Machine & Tool/Tool Type tab in Plunge Milling module

This tab allows you to choose the cutter type, to define humber of
flutes and run-out deviations.

3.2.3.1 TOOL TYPE

There are two options for the tool type: Symmetrical tool and
Unsymmetrical tool. When you choose the tool type, a figure will
show general look of the selected tool on the right hand side of the
Simulation Properties. The figure will also help you visualize the
parameters on the tool when you change them on the Tool
Properties tab.
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=5 Plunge Mill Geometry

Figure 3.2-4: Symmetrical tool in Plunge Milling module

45 Plunge Mill Geometry
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3.2.3.2 RUN-OUT DEVIATIONS OF FLUTES

You can define the radial and axial run-out deviations of each flute.
Click the View button to open the Run-out Window, and in the
Run-out window double-click the cell in the grid of which you want

to edit the value. You can edit the run-out deviation in the opened
edit window.

z

. 1
1 \
.1 @
\ X
-+

Radial Axial

Double-chck the cell in the gnd to edit the walue

Flute # Radial [mm] |A.:r.ia| [mm]
0.0 0.Mm

| | D |-t
=
=

Cancel | Resstal | [[TOK
Radial Runout [z|
[mpLt runout value
Carizel

.M

Figure 3.2-6: Run-out edit windows in Plunge Milling module

T
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Plunge Milling Simulation Properties

MACHINE & TOOL/TOOL PROPERTIES TAB

134

Machine & Tool

< >

il %V

Edit inzert ype...

Too! .'D."DIGEFE.'ES Back,  Mext Tabs Cancel o4
General _________ M au:hme&Tu:u:uI Wiorkpiece ] Cutting Conditionz ]
Select tool matenial:
Carbide ﬂ
Mew... Wi Copy... |
Cutter parameters
|nzert arientation parameters
Current inzert
Radiuz of ingert center r [mm] =
Relief angle C¢[°] 7
Type Square #1 ﬂ

Fadial rake angle &[] ]
Awial rake angle oug[’] ]
Lead angle Wr["] 10

Tool Type T onl Properties |

Figure 3.2-7: Machine & Tool/Tool Properties in Plunge Milling

This tab allows you to select or define tool material and enter tool
properties. In this tab only the necessary parameters for the

selected tool type are enabled.

3.24.1

SELECT A CUTTER MATERIAL

For selecting and defining a tool material, refer to 3.1.4.1 Select a

Cutter Material.
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3.2.4.2 TOOL PROPERTIES

Cutter parameters
[nzert arientation parameters

Lag angle &[]

Current inzert m Level of insert center | [mm] 1]

R adiuz of ingert center r [mm] lia

Tpe [t - Relief angle CI(['] [ 7
- Fadial rake angle &[] lilil

Bl [ et | Axial rake angle cog[’] lilil

Copy acrozs flutes Lead angle 1Ur[‘”] li‘llil
B

B

Fadial cffzet angle @[]

Figure 3.2-8: Tool Properties in Machine & Tool/Tool Properties tab

In the Machine & Tool/Tool Properties tab, you can define the
type of insert and parameters of each flute. You can choose No
Insert, Square Insert or Rhombic Insert and define
geometrical parameters of the insert.

Edit Insert Cutter Types

|nzert ype |th:|m|:|il: HZ ﬂ Hew...

| ek |
Corner Angle [deq] 74 Edge Length [rmim) 10

Scale = 144%

Zoom |n Zoom Qut | Ok Cancel

Figure 3.2-9: Edit Insert type for Plunge Milling Module

3.2.5 MACHINE & TOOL/STRUCTURE FLEXIBILITY TAB

The Machine & Tool/Structural Flexibility tab allows you to
enter machine & tool dynamic parameters.

You can model the machine & tool as Rigid or Dynamic
vibrations. For dynamic machine & tool, you need to know the
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dynamic parameters of the machine & tool. You can enter the
natural frequencies, damping ratios and stiffness for up to 6

directions: X, Y, Z, ©, ZO, ©OZ.
Diynamic parameters

Direction X i il ] ] BF

Maode no. 1 1 1 1 1 1
Nat freq [Hz] |416.07 |51456 |321  |S000  |5000  |5000
Damping ratio |0.04390)0.08098 |0.04822 | 0.00243 | 0.00152|0.00230
Stitfness [NAm] |1.34E+C|4.43E+0| 2. 42E +C[1.11E+C| 2126 40| 7.36E 4L

Rigid [ u u u u u
KN i [»
=1k Mest » |
Figure 3.2-10: Machine & Tool Dynamic Parameters

If you select the Static Analysis simulation mode, the machine & tool

&
are considered as rigid.

3.2.6 WORKPIECE TAB
This tab allows to select or define the material of the workpiece. For
defining a workpiece material, refer to 3.1.6.1 Define a

Workpiece Material in 22 Axial Milling.
The workpiece is considered as rigid for all simulation modes in

plunge milling.
3.2.7 CUTTING CONDITIONS TAB
In the Cutting Condition tab, you can define the geometry of cut
and cutting parameters, which include feedrate, spindle speed,
radial depth of cut increment, cutter rotational increment and
number of revolutions.
Depending on the simulation mode (static analysis, dynamic
analytical stability lobes) and the type of tool
(symmetrical or unsymmetrical) selected, three types of geometry

simulation,
of cut may available: Plunge Milling, Plunge Milling with Pilot

Hole and Side Plunge Milling.

" MAL Inc. User Manual for CutPro.exe
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Plunge Milling Simulation Properties
Catting Conditions
Cuffing Condifions < el XV
g Eack. Tabs Cancel (] 4
General ] kM achine & T ool ] “workpiece Cutting Conditions ]

Geometry of Cut

e ]
lanae MG Feedrate f [mm/flute] 0.075
" Plunge Milling with Pilat Hole
7~ Side Plunge Miling Spindle speed M [FIPM] 5000
Fadial Depth of Cut Increment 01

[rmm]

Cutter Rotational [nerement [*] 01
MNumber of Revalutions 3

Surface zpeed [m/min] 391.7E65

Figure: Plunging conditions.

Cutting Conditions |

Figure 3.2-11: Geometry of Cut — Plunge Milling

Plunge Milling Simulation Properties
Catting Conditions

«< Mol | ¥

CUff.‘ﬂQ Canditions Back. Tabs Cancel Ik

General ] Machine & Toaol ] Wworkpiece

Geornetry of Cut
™ Plunage Milling
* Plunge Milling with Pilot Hole

Feedrate | [rm#flute] 0.075

" Side Flunge Milling Spindle speed M [RPR] 5000
Fadial Depth of Cut ar [mm] g Fadial Depth of Cut Ihcrement 0.1

[rorn]

Cutter Ratational Increment [*] 0.1
Mumber of Revaolutions 3

Surface speed [mdmin] 291.765

Figure: Plunging conditions.

Cutting Conditions |

Figure 3.2-12: Geometry of Cut — Plunge Milling with Pilot Hole

Lihe,,
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Plunge Milling Simulation Properties
Cuiting Conditions

< (el % v

Back. Tabs Cancel Ok

Cuffing Condifions
General ] Machine & Taoal ] Workpiece Cutting Conditionz l

Geometry of Cut
" Plunge illing
" Plunge Milling with Pilot Hale

Feedrate f [mm.flute] 0.075

Spindle zpeed M [RPM] 5000
Radial Depth of Cut ar [rmim] ] Radial Depth of Cut Increment 01

[P

Cutter Rotational Increment [7] 0.1
Muriber of Revalutions 3

Surface speed [mmin] 391.765

Figure: Plunging conditions.

Cutting Conditionz |

Figure 3.2-13: Geometry of Cut — Side Plunge Milling

6y
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3.3 TURNING MODULE
3.3.1 GENERAL/SIMULATION MODE TAB

Figure 3.3-1: General/Simulation Mode tab of the Turning module

This tab allows the user to select the simulation mode. Only Static
Analysis is available for the time being.

* MAL Inc. User Manual for CutPro.exe
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3.3.2 GENERAL/OUTPUT TAB

Gaparaf

"( )" Hid X /
Cutout Back  Mext TEIIIZE Cancel Ok

General I Machine & Tool I Wwiorkpiece |Eutting Eu:nnditi-:unsl Temperature

Check the output you want bo zave. .

[+ Cutting forces

[+ Uncut Chip &rea

[T Static deflections

[v Spindle power & torque
[T Surface finish

[T Tool vitrations

Simulation Mode Dlutout |

Figure 3.3-2: General/Output tab of the Turning module

This tab allows the user to select the outputs to be made in the
simulation. If an item is not selected, its corresponding plot(s) will
not be available for viewing and it will not be saved in the
simulation file.

7. MAL Inc. User Manual for CutPro.exe
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MACHINE & TOOL/CUTTER PROPERTIES TAB

Turning Simulation Properties

Machine & Tool

. } Hide
Too! Properties Back  Next Tahe
General

Select cutting bool

x v

Cancel

K

Machine & Toal | Wwiorkpiece |Eutting Eunditinnsl Temperature |

Carbide |
Mew... Wiew... | Copy... | [mipaort... | [elete |
— Turning

Side cutting edge anale ;][] |—5
Side Rake angle [a ;] [T |—|:|
Back rake angle (ap] [T |—|:|
Relief angle [EIf 10T I 5
Tool Nose Radius (R ) ] | 0.8

* This parameter iz ighored for Mechanistic kModel

** Thiz parameter iz only uzed in Temperature module

Tool Properties | Stuctural Flesibility

Figure 3.3-3: Machine & Tool/Cutter Properties tab of the Turning

Module

This tab allows you to specify the cutter material.

This tab is

exactly the same as the Cutter Properties tab in the Advanced

Milling Module in Section

3.1.4 MACHINE & TOOL/CUTTER

PROPERTIES TAB.
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3.3.4

Mackine & Toof

Structural Flexibity o

General t achine & Toal I

— Machine & Tool Model
* Rigid

) Dynanmic vibrations

(" Static deflections

— i achine Dnamics Mode——

" Meazured EF. file

" Moedal/iesidue data files

% Dynamic parameters

> el XV
Mexk Tabs Cancel  OK
Workpiece | Cutting I:l:unl:liti-:unﬁl Temperature
= Lymanmic parameters
Direction  Hadial Tangential Feed
Mode no. 1 1 1
M at. freq. [Hz] |5|:||:| ||:| ||:|
D amping ratio ||:|_|:|5 ||:| ||:|
Shiffress [Mdm] |-| I0E +07 ||:| ||:|
Rigd [ W M

{F"revin:lusl [elete | [mzert I [ et |
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MACHINE & TOOL/STRUCTURAL FLEXIBILITY TAB

Tool Properties  Stuctural Flexibility

Figure 3.3-4: Machine & Tool/Structural Flexibility tab

This tab allows you to edit the structural flexibility of the machine

and tool.

dynamics of the workpiece for turning processes.

MAL Inc. User Manual for CutPro.exe

Note that this version of CutPro does not yet support the



143

3.3.5 WORKPIECE/MATERIAL TAB
Workpiace
< > |fhel| X V
Back Mesxk Tabs Cancel I
Wiorkpigce Il:utting EDnditinnEI T emperature |
[elete |

| [t |

General
Select a warkpiece material:
Alurninum B0ET-TE & Kennametal CPMT-32.52 K720
| Copy...
Bazed on average force meazurements. This is the simplest
model which requires the least expenmental measurement.

Material
| b achine & T ool

LT

MHew...

B azed on orthogonal cutting tests. Extensive experimental
teztz muzt be conducted; applicable bo any tool geometry.

i+ Mechaniztic
Qrthagonal to abligue
cutting transformatian

Cutting Coefficient b odel

|5trun:tural F|E:-:i|:li|it_','|

Figure 3.3-5: Workpiece/Material tab of the Turning Module

kd aterial
This tab allows you to specify the material of the workpiece. Please
refer to Section 3.1.6 WORKPIECE/MATERIAL TAB (Advanced Milling

Module) for detailed description.

% MAL Inc. User Manual for CutPro.exe
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3.3.6 WORKPIECE/STRUCTURAL FLEXIBILITY TAB

Workpiaco
Struciural Flexibili > [ Hide = /
Y Back Rk Tabs Cancel K,
General I Machine & Tool Workpiece | Cutting Conditions I T emperature
—Wiarkpiece Model
f+ Rigid
) Dynamic wibrations
| Static deflections
= wiorkpiese Dynamics Mode
# transfer funchion file ® Figid ™
| [HEen... I [7ait7... I
| dlbF il
e & ¥ tranzfer funchion file * Figid ™
= Modalfresidue data files I (et I (a7, I
. & tranzfer funchion file = Figid ™
= Dynamic parameters I iz, I B I
* |f you zelect a file type ather than ASCI [Ffif], the
file will be converted to A5CH and zaved with the
b aterial

Figure 3.3-6: Workpiece/Structural Flexibility tab

This tab allows you to modify the structural flexibility of the
workpiece. Note that this version of CutPro does not yet support
the dynamics of the workpiece for turning processes.

MAL Inc. User Manual for CutPro.exe
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3.3.7 CUTTING CONDITIONS TAB

Turning Simulation Properties
Cutting Conditions }. x /
Hide |

G"“'ﬁmg Congifions Back: Mexk Tabs Cancel (0] 4

General I Machine & T ool I Workpiece Cutting Conditions I T emperature I

Feedrate [c] [mmirewv] Iﬁ Surface speed [ [mmin] |—25U
Spindle speed [M] [RF] Im Diarneter of the workpiece (D] [mm) Iw
Depth of cut a) [mm] | 0675 Lengthof cut (Ll [mm] | 5O
Mumber of revalutions [ 0 Sampling frequency seale [ 0

— Cut Geometny

Cutting Conditions | Other Parameters |

Figure 3.3-7: Cutting Conditions tab of the Turning Module

This tab allows you to enter the cutting conditions: Feed rate,
Spindle speed, Depth of cut, and Surface speed.

3.3.8 CUTTING CONDITIONS/OTHER PARAMETERS

There are currently no other parameters that can be defined in this
version of CutPro.
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3.3.9 TEMPERATURE TAB

Simulation Properties

Temperature

< > |

Back  Mext Tabs

Cancel QK

Machine & Tool | \Workpiece | Culting Conditions | Temperature |

“Workpiece material  Aluminum &L FO075-TE
Cutter matesiat Carbide
 Simulstion properties .
# Divisions akong chip thickness (Ny) [ 10
1 dungular divisions on tool [Np) [ 10
& Angular crements [Mi) [ Ii

Scale “Wiotkpiece

Tolerance [%] | 3

Emewﬂh[m'n” 0
Workpiece diameter [mm) [ 19.05

LIse Matlab to display tempesature destribubion r
and conlowr plots

5 (S ey
Figure: Close-up of cutling ool

Toal

“Weekpiece

Figure: Pastion of bool and
workpisce,

Propetties |

Figure 3.3-8: Temperature/Properties tab of the Turning Module
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This tab allows you to change the Simulation properties concerning

Temperature. Please refer to Section

3.1.10

TEMPERATURE/PROPERTIES on page 127 for more details about

these properties.

gy,
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3.4 BORING MODULE
GENERAL/SIMULATION MODE TAB

£ CutPro [Untitled,csf]

3.4.1

=

D iilen 0

Temparabue ]

Presicis stabc culting lonces

Liem ki mods Lo sirlsis stabdity lobes witkin & namow speed
ange
i Fhe ¢ _..,_: ol seed] o He
fisl Fadal and Feed cufing [oece

sy s bl

eteary, T

Simulation Mods |

Dutpd |
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Figure 3.4-1: General/Simulation mode of the Boring Module.
analysis is selected in this figure.

Static

This tab allows you to choose the simulation mode. There are two
simulation modes available, Static Analysis and Analytical stability

Solution.
static deflections, spindle
the stability lobes within a

3.4.2

power and torque.
narrow frequency range.

GENERAL/OUTPUT TAB

The former predicts the cutting forces, uncut chip area,
The latter simulates

This section allows you to specify which results you want CutPro to
output in simulation. To include a result in the simulation output,

check the box next to it.

i3
-u...'u\\'
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1y CutiPro [Untithed.csl)
File Seudation Resuks Tools ‘Window Help

B#nmﬁ | @ v il

R

fNew  Opsn  Save | Properies  Pun i-- Plat Al Meds
Machining _
Sroyind < > |l ® v
Cutput Back  Nest | Tabe | Concel 0K
[ Genodl || Machine®Todl |  ‘Wokplece | Cuing Condiions | Temperstue |
Check: the cutput you wiant o save.
¥ Culting forces
¥ Uncut Chip Area
ﬂ"‘ W Stalic defisctions
ey ¥ Spindie power & torgs
I Surfacs
Dhriffing |
“SoedshonMode Dupa |

Figure 3.4-2: General/Output tab of the Boring Module

Cutting Saves forces in feed, radial, and tangential
Forces directions

Uncut Chip Saves uncut chip area

Area

Static Saves boring bar radial deflections
deflections

Spindle Saves spindle power and torque

power &

torgue

& The Output Tab is applicable only to the Static Analysis simulation
mode.

6y
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3.4.3 MACHINE & TOOL/TOOL PROPERTIES TAB

1) CutPro [Untitled.csf]

Fils Sendation Fesults Tools ‘Window Hedp

D = B a4 b 4 e

ey Cpan Savd | Propatied Fun . | Ko e

i
Aackine £ Toof
Tool Propedies Back Mest | Tabs | Cawel OK

Genersd Machine b Todh |  ‘Wokpiece | Culting Conditions | Tempershue |

o W g

Modd  MATF Al

P

{Carbide =]
Hew. | Wiew | Cops... | It | [ et I

- Bonng

Humbe of ingeels |1
Length of boring bar IC} {men] 100

Diameter of boring bat D] [mer]  [40

Tool bip dstance liom centerkne
ol boeing bar [F] [men] [z

Boring
. Side culling edge angle (911 [5 i
Eﬂ'mmit"n‘ ID .i,Er
il Back iske arghe (0] [T [T :
nilEarugy Tm"mﬂm[ﬂ?ﬁﬂ - Fackal mncan Irrl[Tm:l
Feed oot fr ] fmm] r'_'
.MWHMMHMHM
Tool Properties | Sinuctural Flebiity |

Figure 3.4-3: Machine & Tool/Tool Properties tab

This tab allows you to create and select among different cutting
tools to simulate. Some properties are illustrated in the following

diagram:

v MAL Inc. User Manual for CutPro.exe
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Figure 3.4-4: Geometry of a Boring tool

& Note: The first four properties listed in the window are not available
to the Analytical Stability Simulation.

7. MAL Inc. User Manual for CutPro.exe
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MACHINE & TOOL/STRUCTURAL FLEXIBILITY TAB
ol

3.4.4
{1y CutPro [Untitled.csf]
D & B @ &
Mew  Open  Save | Prepaties  Pun
- T E—
Rixckine & Tool |
o € > (L X
Structural Flexibilly  page  mat | Tabs | cancsl oK
Machine b Tood |  ‘Workpiece | Cutting Condtions | Tempershue |
| Fred
r

M =ckurang
Process
% GHenetal
Milling
R r~ Maching & Tool Model — — FRF Type
Apcelaration " [mieM]
Diplacamen = [mAH] =
lo |50
|‘I

£ Fipd
% |Dynamic vibeations
_ Fiequerty Rarge [Hz] [50
€7 Statk defiectior Gain Constand
*Tha FAF iype iz recogrizad (nom the ulf fs subomsheslly
i Machine Dynamics Mode - -
Radisl randfe furetion e Fagd T=
Fu T [TestFRFA adial bf Open. | Gan. |
| Brsgendis rambs unchion e Figd [T
: Fal L1 ::'u'l" - firg I [53i1) L 19FF ]
¥ il il hansl e handhon fe R =
= Db el | lperi. | Gan. |
* 1w gedmct il bepe other than ASCI [ 6L te e vell
)  be corrvarbed 1o ASLI and saved with the rew extention.
Toal Propacss: w
This tab allows you to input dynamic vibrations of the tool in the
Click

radial direction through a measured transfer function file.
Open to Browse for the desired frf file; the file type can either be
Acceleration or Displacement. By pressing Gain, a gain constant
can be applied to the selected frf file and a new file with a _new

For example, TestFRFRadial.frf

extension will be saved by default.
will be saved under TestFRFRadial_new.frf if a gain constant is

applied.

& Note: Dynamic vibrations only apply to the radial direction.
& Note: Structural Flexibility does not apply to Static Analysis.

MAL Inc. User Manual for CutPro.exe
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3.4.5 WORKPIECE/MATERIAL TAB

i# CutPro [Untitled.csf]

File Simulation Results Tools Window Help

O = W & Lo dWm

Mew Open Save Properties Run Modal MalTF v
H achining Boring Simulation Properties
Frocess £ pe
Workpiece
Material < > el - /
Back Next Tabs Cancel OK
General ] M achine & Tool Wwiorkpisce l Cutting Conditions ] T emperature ]
Select a workpiece material:
Material Type M aterial Mame [* - User Defined Materials]
b | Aluminum Alloy Alurninum Alloy -

Heat Resistant p |AL B0E1-TE[35 HE]

High-2llog Steel AL FOS0-T7451(140 HE)

|
|
|
Laow-allay Steel |
|
|

ME"W
Titarium Alloy

Selected Workpiece M aterial |,.-:-.‘|_ E051-TE[95 HE]

| Wiew I

td aterial ‘

Figure 3.4-5: Workpiece/Material tab in the Boring Module

This tab allows you to select the workpiece material. You may
define new materials with different force model simulation modes
(Mechanistic or Orthogonal to Oblique Cutting Transformation).

Please refer to Section 3.1.6 WORKPIECE/MATERIAL TAB on page
95 for details.
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3.4.6 WORKPIECE/STRUCTURAL FLEXIBILITY TAB

Fils Simulabion Fesuts Tools Window Help

D = W U@y @ > s

 Hew Cpen Save | Properties =|-.==:. PotAl | Modal MATF
Workpiece

Structural FRXBIY  sus et

Generd | MachinelTool  Weskpiece | Cutrg Conditions| Tempesatwe |

Takes Cancal Ok

- wWoikpesce Modal

i+ Rigid

0 T Ol o Rl et
= Etatiz dellechon

- wotlipeees {lremine Mpde——
& manadey funchdon e Fod T
| ([ E [y I
M eemred U, s

W marader funeion s Fasd [T
i 1l 1Ly P L I L3 I
.. Z traneder hunchon ks * Figd [
Dirilliiragy = Dipmam: pimamgte | T I . I
|F oy sedect & |de bppe ofher Shary A5 " 4], the

[ike wll b corpveried to ASCHE ardd saved vl 1he

— Moo [Suchasl lestite)

Figure 3.4-6: Workpiece/Structural Flexibility tab in the Boring Module

This tab allows you to modify the structural flexibility of the
workpiece. Note that this version of CutPro does not yet support
the dynamics of the workpiece for boring processes.
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3.4.7 CUTTING CONDITIONS TAB

3 CutPro [Untitled.csF]
File Simulation Results Tools  Window Help

— H i 7ol
= -
Flew Cipen Save Properties Run Rum Temp Plat all Modal MalTF Mal

b achining Boring Simulation Properties

Cancel Ok

Flessss Cutting Conditions < > —
. : o Hide
Cutting Condifions Back et Tabe

Temperature I

General I k achine & Tool I whorkpiece

Feedrate [c] [mmirev] | 0.185  Suface speed (] [mdmin] | 250
Spindle speed [M] [RPM] | 1208.579 Diameter of the hale D [rmm] 42 B5
Drepth of cut [a] [mm] I 0.E75 Lenath of cut (L] [ram] a0

Mumber of revaolutions I u} Sampling frequency scale I n}

— Cut Geornstry

Cutting Conditions I Other Parameters I

Figure 3.4-7: Cutting Conditions tab

This tab allows you to change the cutting conditions in the boring
process, such as feed rate, surface speed, spindle speed, diameter
of the hole, etc.

& Note: Only Feed rate and Diameter of the hole can be modified in

Analytical Stability Simulation.
& Note: Number of revolutions and sampling frequency scale cannot be

modified.

3.4.8 CUTTING CONDITIONS/OTHER PARAMETERS TAB

There are currently no other parameters that can be modified in
this version of CutPro.

3.4.9 TEMPERATURE TAB
Temperature simulation is being developed.

7. MAL Inc. User Manual for CutPro.exe
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3.5 TEMPERATURE PREDICTION

The importance of temperature prediction for machining processes
has been well recognized in the machining research community,
primarily due to its effects on tool wear and its constraints on
productivity. The rate of wear in particular is greatly dependent on
the tool-chip interface temperature. Temperature is a major
concern in the machining and production of advanced materials
such as titanium and nickel-based alloys. As well as chatter
stability, it is perhaps the main limitation in the selection of process
parameters such as cutting speed and feed rate. Due to the low
thermal conductivity of these materials, most of the heat generated
during machining flows into the tool, resulting in severe thermal
stresses in addition to mechanical stresses. The thermal stresses
accelerate tool fatigue and failures due to fracture, wear or
chipping. Furthermore, if the temperature exceeds the crystal
binding limits, the tool rapidly wears due to accelerated loss of
bindings between the crystals in the tool material.

In the temperature module developed at MAL Inc., the finite
difference method is used to predict steady-state tool and chip
temperature fields and transient temperature variation in the
continuous machining and milling processes. Based on the first law
of thermodynamics, heat balance equations are determined in
partial differential equation form in Cartesian coordinates for the
chip and in the Polar coordinates for the tool. The finite difference
method is then used for the solutions of the steady-state tool and
chip temperature fields. In the solution procedure, the heat
partition between tool and chip is determined recursively. In order
to determine the transient temperature variation in the case of
interrupted machining such as milling, the chip thickness is
discretized along the time. Steady-state chip and tool temperature
fields are determined for each of these discretized machining
intervals. Based on thermal properties and boundary conditions,
time constants are determined for each discrete machining interval.
By knowing the steady-state temperature and time constants of the
discretized first-order heat transfer system, an algorithm developed
at MAL Inc. is used to determine transient temperature variations.

The program outputs include the chip and tool temperature fields,
distribution of the rake face temperature, heat partition along the
rake face, maximum and average temperature history for

iy,
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continuous cutting, and variation of the maximum temperature

along the cutter rotation in the case of milling.

" MAL Inc. User Manual for CutPro.exe
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4 RUNNING A SIMULATION
4.1 RUNNING A MACHINING SIMULATION

Follow these steps to define and run a simulation:

» In the main CutPro window, click New to create a new
simulation, or click Open to open an existing one.

» Enter the parameters defining the simulation. See the
Properties Window for more information. Click OK on the
Properties Window to save changes and close the window.

= _mn Click Run to run the simulation. The progress of the
simulation is displayed in a DOS window (below). When the
simulation is done, the DOS window is closed, and the results
are loaded automatically. If you want to abort the simulation
before its completion, press the Stop button.

& You cannot run any simulations in the DEMO version of CutPro.

T EETETE = -
& Milling Simulation

Dynamic time domain simulation — revolution [3] of [181].

Figure 4.1-1: A DOS window appears when the Run button is pressed

4.2 RUNNING A TEMPERATURE SIMULATION

2

Fun Temp

Click Run Temp to run the Temperature Simulation. A DOS
window similar to the window above will be displayed. When the

\11r,.f
‘g
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simulation is done, the DOS window is closed and the results are
loaded automatically. If you want to abort to simulation before its
completion, press the Stop Temp button.

Please refer to Chapter 8 - Example Files for examples of
simulations.

iy,
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5 VIEWING RESULTS

Once you have run a simulation, one or more results are produced,
depending on what you have selected on the Output Tab and the
type of simulation you have run. All of the available results are
listed under the Results > Plot menu.

1) CutPro [Ex01_SingleAnalytical.csf]
Flle Simulation | Results Tools  Window Help

D l_if Plat all ChrlHP
Flok 3

=

e Opi  Expork ... Run Fun Temp Flat all Todal MalTF MalDAD  Spinc
b achining E Report,.. ChrlHT _
Process ]
1 Clear Resulks «£ > Hide x /
| FIUUETHES Back. ek Tabs Cancel I

5.1 VIEWING ALL RESULTS

Select Results > Plot All, or clicking Plot on the main window
toolbar.

5.2 VIEWING INDIVIDUAL RESULTS

Select an individual result under Results > Plot. The available
output results are as follows. Only certain results will be available,
depending on the type of simulation you have run.
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5.3 RESULTS WINDOW

2= stability Lobes (Analytical) - Complete Simulation R -|O] x|
Stability Lobes (Analytical)
80
=
C B0
5
E'_:’ a0l
(=)
&=
2 204
(]
0 | | . | |
1] 10000 20000 30000 40000 a0000
Spindle Speed [rpm]
W | ke BOS s R ¥ = 2 EE04E +04
Jptions Coord's Zoorm Reset Shaw Al Y = 3.258339

Figure 5.3-1: Sample Analytical Stability Lobes
Five or more toolbar buttons are present on each Result Window.

5.3.1

oo |-
Cpkions

Zopy to Clipboard

OPTIONS

Add to Report Chel+8
Print

Printer Setup

Maore Options...  Chrl+0

The Options toolbar button provides five options:

Copy to Clipboard

Add to Report
Print

Copies the graph onto the clipboard as a
bitmap, to save as a file, click paste on a
picture editing software.

Adds the current result to the results Report
Prints the graph on the current printer.

7. MAL Inc. User Manual for CutPro.exe
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Printer Setup Brings up the standard Windows Printer
Setup window, allowing you to select the
current printer and change other options such
as paper size.

More Options Displays a tabbed dialog in which you can
change the look of the graph. See
Graphppr.hlp, in the Help directory under
your main CutPro directory, for more details.

5.3.2 X-Y COORDINATES

¥1{} | When this button is pressed, you may left-click on the graph
Loords | to display the coordinates of a specific point.

5.3.3 ZOOM

%5 | When this button is pressed, you may used the left mouse
Zoom | button to click and drag a zoom rectangular on the graph. Use
the right mouse button to go back to the previous view.

5.3.4 RESET

js | Click this button to reset the graph’s axes to their original (ie
fieset | maximally zoomed out) values.

5.3.5 PITCHES

the mouse button to see the pitches corresponding to a

specified first pitch. If you right-click, a table is displayed on
the graph illustrating the pitches. If you left-click, the pitches are
added to the Pitches button menu on the toolbar.

& (Optimal Variable Pitch graph only) Click on the graph with
Fitches j

5.3.6 CUTTING COEFFICIENTS

Cutting
Leefs |(Cutting Coefficient Identification graph only) Click this
button to see the cutting coefficients associated with the graph.

iy,
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You may then save these coefficients as a user-defined workpiece
material.

5.3.7 FFT
Yo

FFT

(Single Time Domain graphs only) Click this button to use
Fourier Transform to see the graph in frequency domain.

5.4 PLOTS

A particular graph can be plotted individually as described in
Section 4.2. Each module has its own set of available plots. The
following is a description of each type of plot:

5.4.1 MILLING MODULE PLOTS

54.1.1 MAXIMUM TEMPERATURE HISTORY ALONG THE FULL
CUTTER ROTATION

2= Maximum Temperature History Along the Cutter Roka -0 x|

Maximum Temperature History
Along the Cutter Rotation
1e00T S Maximum
Temperature
(1§} A hlax. Allowable
= 1000+ Temperature
49
L st
E //_/
]
= 0 — : ——t :
10 20 30 40 50 60
-5001
Cutter Rotation [°]
| ke RS S ¥ = £5.490335
Cptions Coord's ZOom Reset ¥ = 2369.144527
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Temperature is calculated at a series of increments along the cutter
rotation. Please refer to Section 3.1.10 TEMPERATURE/PROPERTIES
for more information regarding Temperature Simulation.

54.1.2 TOOL TEMPERATURE DISTRIBUTION

_iolx]
File Edit “iew Insert Tools ‘Window Help
D&/ "A A/ 2po
¥ 1|:|'4 Toal Temperature Distribution [*C]
3
350
25
1300
1250
1200
1140
100
ety a0
P I
25 3
-4
¥ 10

MATLAB is required to run in order to plot the Tool Temperature
Distribution. Please refer to Section 3.1.10
TEMPERATURE/PROPERTIES for more information regarding
Temperature Simulation
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54.1.3 TOOL TEMPERATURE CONTOUR ON XY PLANE
=10l x|
File Edit Wiew Insert Tools window Help
DEEa A A/ pe o
i «10%  Tool Temperature Contour on ¥Y Plane [°C]
| 360
300
4250
E
= - 4200
140
100
50
1
[m] w10

MATLAB is required to run in order to plot the Tool Temperature
Contour. Please refer to Section 3.1.10 TEMPERATURE/PROPERTIES for

more information regarding Temperature Simulation
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54.1.4 CHIP TEMPERATURE DISTRIBUTION

=10] x|
File Edit ‘iew Insert Tools window Help
DEeda/ xA A/ 2p0
thtFPTEMF'ERATUF{E (Including the cubic interpolation)[*C]
.............. ._ SED
360
E 340
o
o 4320
=
S
= 4300
|_
=
5 280
fay]
S 260
=
a 240
=
o
= 220
200
180
a 0.2 0.4 06 0.3 1
Distance Along Toal-Chip Interface [m] y 1III-4

MATLAB is required to run in order to plot the Chip Temperature
Distribution. Please refer to Section 3.1.10
TEMPERATURE/PROPERTIES for more information regarding the
Temperature Simulation

T
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54.1.5 CHIP TEMPERATURE CONTOUR

JRT=TEY
File Edit %iew Insert Tools ‘Window Help
IDEeda yaA A/ 2o
| w107 Contour of Chip Temperature on the x-y plane [°C]
&S00
10F
— 450
E
I &
@ 4400
=
s B
= {350
=
54
= 4300
=
L 2 i
=
E /—_-\
5 0 200
2y 1 150
0 0.2 0.4 0.6 0.8 1 12 1.4 1.6
Distance Along Toaol-Chip Interface [m] w10

MATLAB is required to run in order to plot the Chip Temperature
Contour. Please refer to Section 3.1.10 TEMPERATURE/PROPERTIES for
more information regarding the Temperature Simulation
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5.4.2 TURNING MODULE PLOTS

5421 CUTTING FORCES

-".," Cutting Forces [Untitled.csf] - |I:I|i|
Cutting Forces
007 / Ft
s Ff
150-F
— iy Fr
el
— 100+
@
L
| .
2 s
0 I I I I I
2 4 B 8 10
-anL
Time [sec]
W ke RS s ¥ =1.823714
Cptions Coord's Zoam Reset Y = -87.891957

This plot shows the cutting forces in the X, Y, and Z directions in three
different colours. Please refer to Figure 2.1-1 in Section 2.1 Milling
Module for the axes definitions of X, Y, Z.
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5.4.2.2 TANGENTIAL FORCE
_Ii x|

Tangential Force
200
160F
=,
O 1ot
| -
o
L
50
0 : : : : |
0 2 4 B 3 10
Time [sec]
W ke RS S % = 10667508
Ciptions Coord's Zoom Reset T =-37.333495

This plot shows the cutting force in the tangential direction.
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5.4.2.3 RADIAL FORCE
e _lox

Radial Force
20—
lias
=,
Lot
| .
o
L
20+
0 : : | | |
0 2 4 B 8 10
Time [sec]
@ D BEDR s X = 4789457
| Dpkions Coord's Fioam Reset ¥ = 98.103349

This plot shows the cutting force in the radial direction.
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5424 FEED FORCE

1ol x]
Feed Force
BOF
50-+
z A0+
Qe
| -
=)
LL 4
10
0 I I i I I
0 2 4 B g 10
Time [sec]
| k) EDS s = 11.024203
Ciptions Coord's Zoomm Reset Y = 55601004

This plot shows the cutting force in the feed direction.
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54.2.5 AREA OF CUT

_Iolx
Area of Cut
015
Q" 0104
=
E
o
U g5t
<[
0.00 } } } } |
0 2 4 B g 10
Time [sec]
@ | mal FOS ws
Opkions Coord's 200 Resek

This plot shows the area of cut.

i3
-u...'u\\'
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54.2.6 SPINDLE POWER

_ioix]
Spindle Power
0.5
0.4+
=, 0.3t
| —
2
Z 027
o
0.1+
0.0 : : : | |
0 2 4 5 3 10
Time [sec]
W | e EO] S ¥ = 9921637
Cpkions Coord's Zoom Reset ¥ = 0074651

This plot shows the spindle power.
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5.4.2.7  SPINDLE TORQUE
_loix
Spindle Torque
4__
| s | 3__
o
=,
L
=
o
| -
o
= 14
0 I I I I I
0 2 4 3 8 10
Time [sec]
W ke RS s % = 1051853
Cpkions Coord's Zoom Reset T = 3.596738

This plot shows the Spindle Torque.
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54.2.8 TEMPERATURE HISTORY

2# Temperature History [Untitled.csf] -10] x|
Temperature History
1500 + MM am TempeEre

o ==

]

10004 Dk Ege Tempe: Ere

o

>

el

(411

| -

o

an0—

=

1 F]

—

I | | | I
0.000 0.ooz n.o0n4 0.006 n.oo0a
Time [s]
| kel EOR S ¥ = 0.013563
Optians Coord's Zoam Resst Y = 169.411484

This plot shows the temperature history during the cut. Please refer to
Section 3.1.10 TEMPERATURE/PROPERTIES for more information
regarding Temperature Simulation
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54.2.9 RAKE FACE TEMPERATURE FROM TOOL TIP
= Rake Face Temperature from Tool Tip [Untitled.csf]

Rake Face Temperature from Tool

Tip
8.0e+09
3
Co 6.0e+09
L 3
LD (T — +004
< . O 4.0e+09
E QI—I
— E 2.0e+09-
&)
o
= 0.0e+00 |
5
-2.0e+08L
Distance from Tool Tip [mm]
N T T S S ' % = 5400426
Cptions Coord's Zoom Reset ' =5, 3873E+03

175

This plot shows the temperature profile along the rake face of the

tool, measured from the tool tip to the contact length.
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5.4.2.10 PERCENTAGE OF HEAT ENTERING THE TOOL
=1k
Percentage of Heat Entering the
Tool
180
100+
E a0+
0 | | | | |
0.2 0.4 0.6 0.4 1.0
-50L
l/lcn
W k0 EO] S % = 0.31951
Cptions Coord's Zoom Reset Y = -56.337 4391
This plot shows the percentage of heat entering the tool as a function

of the fractional length along the contact length on the tool rake face
(I/lcn). Please refer to Figure 5.4.2-1 below to get a definition for | and

Icn.
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Figure 5.4.2-1: Definition of ‘I’ and ‘lcn’

5.4.2.11 MATLAB TEMPERATURE PLOTS

Please refer to the temperature plots starting in Section 1.1.1.1
for a description of the available results from MATLAB.
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5.4.3 BORING MODULE PLOTS

54.3.1 CUTTING FORCES

2% Cutting Forces [Untitled.csF] -0 =|
Cutting Forces
2007 / Ft
Ff
150-F 4
— s Fr
=
— 00—+
W
L]
| -
2 &0
0 | | | : |
2 4 B 8 10
-50-L
Time [sec]
| e RS s ¥ = 5463025
Opkions Coord's Zoom Reset Y = 254 488945

This figure shows the cutting forces in the X, Y, and Z directions, in
three different colours. Please refer to Figure 2.3-2 in Section 2.4
BORING MODULE for the definitions of the axes.
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5.4.3.2 TANGENTIAL FORCE

4= Tangential Force [Untitled.csF] - |O] x|

Tangential Force
200
150F
=,
L 1o
| -
o
L
S0+
0 | : | | |
0 2 4 B 8 10
Time [sec]
M [k BOR S ¥ = 9.63973
Oplions Coord's Zoam Reset ' =-35.588203

This result shows the force in the tangential direction.
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5.4.3.3 RADIAL FORCE

180

Radial Force

g0

GO0

Force [N]

| 4= Radial Force [Untitled.csF] =100

20+
0 : | : | |
0 2 4 6 g 10
Time [sec]
| = BOR s * = 10.29095
Cpkions Coord's Zoomn Reset Y =90.48224

This figure displays the force in the radial direction.
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5.4.3.4 FEED FORCE
=T
Feed Force
B0+
04
= 0T
L et
| -
o
L 20
104
i | | | |
0 2 4 B 10
Time [sec]
| ki RS s ¥ = 9.293725
Cpkions Coord's Z00r Reset Y= 2504037

This figure shows the force in the feed direction.

T
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5.4.3.5 AREA OF CUT

=Ty
Area of Cut
0.15
'.‘?' 0.10-+
=
L=,
o
L post
=T
0.00 | | | | |
0 2 4 B g 10
Time [sec]
=) = i s
Options Coord's Zoarm Reset

The area of cut in the boring process.
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5.4.3.6 SPINDLE POWER

_inix]
Spindle Power
0.6
0.4+
= 03t
| -
2
= urf
o
01+
0.0 | | : : |
0 2 4 B 8 10
Time [sec]
R T - R % = 8.946398
Options Coord's 00 Reset ¥ =-0127512

This plot shows the Spindle Power.
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54.3.7 SPINDLE TORQUE

184

_iof x|
Spindle Torque
4__
£ 7T
=,
L 2t
=
=3
| .
S
= 1+
0 : : : : |
0 2 4 B 8 10
Time [sec]
& =a EDS s % = 10849324
Cptions Coord's Zoom Reset Y =0.032834

This plot shows the Spindle Torque.
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5.4.3.8 BORING BAR RADIAL DEFLECTION
-".," Boring Bar Radial Deflection [Untitled.csk] - II:Ilil
Boring Bar Radial Deflection
20 40 B0 20 100
0.000 | | | | |
=
E
—
-o.o01-L
X [mm]
™ | = RS ns » = 100131539
Opkions Coord's Zoarm Resck Y = -0.000305
The radial deflection of the boring bar is displayed in this plot. X is the
length along the boring bar, and Y is the radial deflection.
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5.4.3.9 ANALYTICAL STABILITY LOBES

Stability Lobes (Analytical) [Untitled.csf]

Stability Lobes (Analytical)

E__
=
O
P
o
=
=3
@
(]
©
T 21
©
o
0 : : : |
0 5000 10000 15000 20000
Spindle Speed [rpm]
@ k0 BOS S W = 2.2177E +04
Cptions Coord's Zoom Reset = [0.321764

This plot displays the analytical stability lobes in the frequency
domain.
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The following is a

.csf (CutPro Simulation File) file.
.csf files and exporting

exported into text files in ASCII format.
instruction of saving

5 SAVING RESULTS & RESULTS FORMAT

After a simulation is run, the entire simulation can be saved in a
Individual results can also be

description and

results.
5.1 SAVING CUTPRO SIMULATION FILES
Before or after a simulation is run, the simulation can be saved in a
.csf file. If the simulation has not been run, only the properties of
the simulation will be saved (i.e. the tool material, workpiece
material, cutting conditions, etc). If the simulation has been run
already, the simulation properties as well as the results will be

saved in the .csf file.
To save a simulation file, simply click Save on the main window

toolbar:
Save
Or, the file can be saved by clicking File = Save.

If a simulation file is open and you wish to save it under a different
name, click File = Save As and a Save Document window will

appear. Type in the desired file name and click Save.

iy,
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Save i I =3 CutPra j = EF EH-~
- 1 BACKUP
@ |1 Examples

Histans _IHelp

r * I:I Program
I:I Securkey
@ alloey csf
File name: IM j Save

Save as type: IEutF‘ru:u Simulation Files [*.czf] ;I Cancel |
.

Figure 5.1-1: Save Document window

5.2 EXPORTING RESULTS

Select Export from the Results menu, then specify the ASCII text
file (*.txt) to which you want to export it. The exportable results
change after every simulation. You can either type the name of a
text file in the box provided, or find an existing file to write over by
pressing the browse (...) button.

== Export Besults Ed |

Select data to export:
A

File M ame:

|
E Save | Cancel I

The output file is in ASCII format. The format description is in the
following section 6.3 RESULTS FORMATS.

5.3 RESULTS FORMATS
5.3.1 FORCES IN X, Y, Z AND TANGENTIAL DIRECTIONS

The first column is time [sec]
The second column is cutter rotation angle [deg]

T
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The third column is Fx force [N]

The fourth column is Fy force [N]

The fifth column is Fz force [N]

The sixth column is Ft tangential force [N]

Example:

0.0000E+00 0.0000E+00 -3.4969E+01  3.6653E+01 -2.4108E+00
3.5117E+01

1.2500E-04 4.5000E+00 -3.5070E+01  3.7246E+01 -2.5750E+00  -3.5706E+01
2.5000E-04 9.0000E+00 -6.7297E+01  8.1075E+01 -6.1615E+00  -7.5037E+01

5.3.2 TOOL VIBRATIONS IN X AND Y DIRECTIONS
The first column is time [sec]
The second column is vibration in X direction [mm]
The third column is vibration in Y direction [mm]

Example:

0.0000E+00 6.0987E-04 2.4275E-03
1.2500E-04 1.4336E-03 6.8409E-03
2.5000E-04 1.4878E-03 1.0149E-02

5.3.3 WORKPIECE VIBRATIONS IN X AND

DIRECTIONS
Same as Tool Vibrations in X & Y Directions

5.3.4 UPMILLING SURFACE FINISH
The first column is point number
The second column is X coordinate value of the point [mm]
The third column is Y coordinate value of the point [mm]
The fourth column is Z coordinate value of the point [mm]

Example:

0.0000E+00 2.9167E-01 -2.9078E+00  -8.8399E-02
1.0000E+00 2.9167E-01 -2.8585E+00  -9.2159E-02
2.0000E+00 2.9167E-01 -2.8092E+00 -9.5662E-02

5.3.5 DOWNMILLING SURFACE FINISH
See Upmilling Surface Finish above.

5.3.6 CHIP THICKNESS (MIDDLE OF CUT)
The first column is time [sec]
The second column is chip thickness for flute number 1 [mm]
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The third column is chip thickness for flute number 2 [mm]
The fourth column is chip thickness for flute number 3 [mm]
The fifth column is chip thickness for flute number 4 [mm]

The number of column will be change with number of flute

Example:

0.0000E+00 0.0000E+00 3.0453E-03 0.0000E+00 0.0000E+00
1.2500E-04 0.0000E+00 3.7579E-03 0.0000E+00 0.0000E+00
2.5000E-04 0.0000E+00 5.4013E-03 0.0000E+00 0.0000E+00

5.3.7 SPINDLE POWER
The first column is time [sec]
The second column is instantaneous spindle power [HP]
The third column is cumulative average spindle power [HP]

Example:

0.0000E+00 2.8183E-01 2.8183E-01
1.2500E-04 2.8656E-01 2.8421E-01
2.5000E-04 6.0222E-01 4.1802E-01

5.3.8 SPINDLE BENDING MOMENT
The first column is time [sec]
The second column is instantaneous bending moment [Nm]
The third column is cumulative average bending moment [Nm]

Example:

0.0000E+00 1.0132E+01 1.0132E+01
1.2500E-04 1.0232E+01 1.0182E+01
2.5000E-04 2.1073E+01 1.4736E+01

5.3.9 TIME DOMAIN STABILITY LOBES
The first column is spindle speed [rev/min]
The second column is axial depth of cut [mm]

Example:

2.0000E+03 3.4768E+00
2.1000E+03 1.4742E+01
2.2000E+03 1.0761E+01

5.3.10 ANALYTICAL STABILITY LOBES
The first column is spindle speed [rev/min]
The second column is axial dept of cut limit [mm]

“l]”
f
«
> ;
N
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The third column is chatter frequency [Hz]

Example:

2.2500E+02 1.7099E+01 4.4815E+02
2.3000E+02 1.3297E+01 4.5767E+02
2.3500E+02 1.0492E+01 4.6707E+02

5.3.11 ANALYTICAL STABILITY LOBES (VARIABLE PITCH)
The first column is spindle speed [rev/min]
The second column is axial dept of cut limit [mm]
The third column is chatter frequency [Hz]
The fourth column is phase shift for flute number 1 [deg]
The fifth column is phase shift for flute number 2 [deg]
The sixth column is phase shift for flute number 3 [deg]
The seventh column is phase shift for flute number 4 [deg]

The number of columns will change with the number of flutes

Example:

1.0947E+03 2.7511E+01 4.3178E+02 3.3500E+02 3.2500E+02 3.3500E+02
3.2500E+02

5.4350E+02 2.7511E+01 4.3178E+02 3.3500E+02 3.2500E+02 3.3500E+02
3.2500E+02

3.6149E+02 2.7511E+01 4.3178E+02 3.3500E+02 3.2500E+02 3.3500E+02
3.2500E+02

5.3.12 MULTIPLE ANALYTICAL STABILITY LOBES

The first column is y offset value between tool center and
workpiece center [mm]

The second column is spindle speed [rev/min]
The third column is axial dept of cut limit [mm]

Example:

-1.9050E+01 2.2500E+02 1.7099E+01
-1.9050E+01 2.4000E+02 8.5334E+00
-1.9050E+01 2.5500E+02 6.9170E+00

5.3.13 OPTIMUM PITCH ANGLES
The first column is axial depth of cut limit [mm]
The second column is phase shift for flute number 1 [deg]
The third column is phase shift for flute humber 2 [deg]
The fourth column is phase shift for flute number 3 [deg]
The fifth column is phase shift for flute number 4 [deg]

iy,
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The number of column will be change with humber of flute

Example:

3.0508E+01 9.0000E+00 1.7100E+02 9.0000E+00 1.7100E+02
2.9523E+01 1.0000E+01 1.7000E+02 1.0000E+01 1.7000E+02
2.7873E+01 1.1000E+01 1.6900E+02 1.1000E+01 1.6900E+02

5.3.14 EXPERIMENTAL AVERAGE CUTTING FORCES
The first column is feed-rate [mm/tooth]
The second column is experimental Fx average force [N]
The third column is experimental Fy average force [N]
The fourth column is experimental Fz average force [N]

Example:

5.0000E-02 1.0380E+02 1.4642E+02 -5.1815E+01
7.5000E-02 1.1600E+02 1.8847E+02 -7.0230E+01
1.0000E-01 1.2112E+02 2.4060E+02 -8.2586E+01

“l]”
&
s
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6 MODAL ANALYSIS

CutPro includes

its own modal analysis software, which may be run

from the Tools menu in the Main CutPro Window. The software
reads either an acceleration or displacement frequency response
function (FRF) file and generates modal parameters which may be
used in CutPro to define the Machine and Workpiece dynamics.

I 30 Modal Analysis - [Untitled] - |EI|5|

File MModes Results  Options  Tools

= | & | #

S

R W] =|=| @

¢

+|=[iA]

0,

Mode # | Shape | Frequency [Hz] |Damping |Hesidue [Re) [m|F|e&iu:|ue [l [mx|MudaIStiffne&3||Mass [ka] |

10008007 -===--7onnommgomsonn s s s oo
® 8.00008-014------ I . s TR SR (R R Femee- boeoees ;
T _ ; ; ; ! ! ; : : : !
% e I S S ER
o E, 4.00008-01 p----oot--moofoo oo oo oo S . . . e i
= L B T S e

0.0000e00
0.o

Measurement #1

01 02 03 04 05 06 O0F 08 03 10
Frequency [Hz]

e

COptions Modes

S ‘ ] G H M % = 3146.027917

Cursar Zoam Reset Real Imaginary | Magnitude Y =1.2102E-06

|FF|F file opened: C:ACutProhProgram'™_00001 trmp i

Figure 5.3-1: Modal Analysis window

6.1 3D MODAL ANALYSIS MENU

Eile
New
Open
Save
Save As

Select
FRF Files

Save

Create a new 3D modal analysis file (*.mod)

Open a 3D modal analysis file (*.mod)

Save the current .mod file

Save the currently opened modal analysis file under a
different name.

Open Frequency Response Function (Transfer
Function) measurement files from the Select FRF Files
window (Please see Section 6.3).

Bring up the standard Windows Save dialog, allowing
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Para- you to save the current modal parameters for use in
meters CutPro.
Print Print the currently displayed modal graph

Printer Bring up the standard Windows Printer Setup dialog,
Setup which allows you to select a printer and change print
options such as paper size.

Copy Plot  Copies the graph onto the clipboard as a bitmap; to
save as a file, click paste on a picture editing

software.
Exit Exit modal analysis
Modes
Add Mode Add the currently selected mode.
Delete Delete the mode currently selected in the Modes
Mode Table.
Plot Plot the currently defined modes, without
Modes optimization. See Defining and optimizing modes

in Section 6.5 for more details.

Display Display the Modal Matrix in a new window

Modal

Matrix

Optimize  Optimize the currently defined modes. See
Defining and optimizing modes in Section 6.5 for
more details.

Results
Report Display the summary of simulation conditions
Options
Units Change units between metric and imperial
Language Change language among English, French, and
German
Tools

Receptive Open the Receptive Coupling window. Please see
Coupling  Section 6.9 RECEPTANCE COUPLING for more
details.

iy,
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6.2 MODAL ANALYSIS WINDOW TOOLBAR
BUTTONS

6.2.1 TOP TOOLBAR
6.2.1.1 OPEN

|
L= \ | | j
Same function as File > Open. Please see Section 6.1 3D

MODAL ANALYSIS MENU.

6.2.1.2 SAVE

‘ E Same function as File > Save. Please see Section 6.1 3D
MODAL ANALYSIS MENU.

6.2.1.3 SELECT FRF FILES

14
I =1 Same function as File > Select FRF Files. Please see Section
6.1 3D MODAL ANALYSIS MENU.

6.2.1.4 SAVE MODAL PARAMETERS

)
‘4| Same function as File - Save Parameters. Please see

Section 6.1 3D MODAL ANALYSIS MENU.

6.2.1.5 ADD MODE

4|I Same function as Modes - Add Mode. Please see Section

6.1 3D MODAL ANALYSIS MENU.

6.2.1.6 DELETE MODE

[ ]
u Same function as Modes - Delete Mode. Please see Section
6.1 3D MODAL ANALYSIS MENU.
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6.2.1.7 PLOT MODES

M Same function as Modes - Plot Modes. Please see Section

6.1 3D MODAL ANALYSIS MENU.

6.2.1.8 OPTIMIZE NATURAL FREQUENCY

‘(!Jﬂ
Select this button if you wish to optimize the natural
frequency.

6.2.1.9 OPTIMIZE DAMPING RATIO

{

6.2.1.10 OPTIMIZE RESIDUES

‘ R . Select this button if you wish to optimize the residues.

6.2.1.11 PERFORM OPTIMIZATION

H
l& Same function as Modes > Optimize. Please see Section
6.1 3D MODAL ANALYSIS MENU.

Select this button if you wish to optimize the damping ratio.

6.2.1.12 SHOW PREVIOUS MEASUREMENT

-

J Shows the previous measurement. This button is enabled
only when a previous measurement is present.

6.2.1.13 SHOW NEXT MEASUREMENT

4| Shows the next measurement. This button is enabled only
when a next measurement is present.

6.2.1.14 DISPLAY GRAPH OPTIONS

®

This button opens up a new window (Figure 6.2-1: Graph
Control) allowing you to control the graph properties. Please refer

)
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to the help file Graphppr.hlp in the Help directory for the details
regarding Graph Control.

Graph Control |

Labels | System | Abot |

; = " ..
o8| |
#
L L 4
1 1 |-| 1 1 1 1 1
Fie Fuolar Bubble Scatter
; o
v
L |
L |
_I_I_I_-I
Line B ar Area Fantt
S
1 } F v »
WU T SRS
IIIIIII L -f—
High-La Candlesztick. Bos-whizker Time Seres

Ok I Cancel Apply Mow Help

Figure 6.2-1: Graph Control

6.2.1.15 RECEPTANCE COUPLING

RC
LISame function as Tools > Receptance Coupling. Please see
Section 6.1 3D MODAL ANALYSIS MENU.
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6.2.2 BOTTOM TOOLBAR
6.2.2.1  OPTIONS

ot
Options

Copy to Clipboard
&dd ko Report Chrl+6

Prink
Printer Setup

The Options toolbar button provides five options:

Copy to Clipboard  Copies the graph onto the clipboard as a
bitmap, to save as a file, click paste on a
picture editing software.

Add to Report Adds the current result to the results Report
Print Prints the graph on the current printer.
Printer Setup Brings up the standard Windows Printer

Setup window, allowing you to select the
current printer and change other options such
as paper size.

6.2.2.2 MODES

el When this button is clicked, you may select and add modes
Modes | ON the graph. Use the left mouse button to select the left-
most extent of a mode, and the right mouse button to

select its right-most extent.

6.2.2.3 X-Y COORDINATES

¥1{3 | When this button is pressed, you may left-click on the
Ceards | graph to display the coordinates of a specific point.

6.2.2.4 ZOOM

%5 | When this button is pressed, you may use the left mouse
Zoom | button to click and drag a zoom rectangular on the graph.
Use the right mouse button to go back to the previous view.

6.2.2.5 RESET

s This button resets the original scale of the graph. It
Reset zooms out to the minimum magnification so the entire
graph can be viewed.

iy,
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6.2.2.6 REAL

G When this button is clicked, real values are displayed on
Reasl | the graph.

6.2.2.7 IMAGINARY

H When this button is clicked, imaginary values are
Imaginary | displayed on the graph.

6.2.2.8 MAGNITUDE

M When this button is clicked, magnitude (real + imaginary
Magnitude| Values) is displayed on the graph.

6.3 SELECTING FRF FILES

— Simulation Mode — Meazurement Point #1
= Bar[1-0) Location [] [rmm] IEI.DDD
) Flane [2-0]
FRF File [m/s2/N] EmL|
“FRF Type— | |TestFRF<I1.Af
& Acceleration File Type  |ASCII %) |
i~ Dizplacement - | Delate | Insert | - |
— Modal Model Frequency Range [Hz] |‘IEIIZI tDIEEIEIEI
" Complex Modes ||m|:|a|:t Paint j |‘| Clear/Defaults
i Real Mod
=l oces Gain Conztant |1 LCancel

Figure 6.3-1: Select FRF Files window

6.3.1 BROWSING THE FILES

Here, you define frequency response functions (FRFs) at various
points along the axial depth-of-cut. For each point, you must
specify its location as measured from the tool tip or from the
workpiece, and the corresponding *.frf file. Select a file by entering
its name in the text box provided, or by clicking the Browse

button. Click i and =2 to define other measurements in
the same direction (i.e., Xi1, X1z, X13,...).
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6.3.2 MODAL MODEL

You can select Complex Modes for non-proportional damping, or
Real Modes for proportional damping. Real Modes is sufficient to
use in machining applications.

If you select Complex Modes, the parameters file will contain
residue values. For the multiple transfer function measurements
along the depth of cut, Complex Modes must be selected.

If you select Real Modes, the parameters file will contain mode
shapes. For one point transfer function measurement in any
direction, you can select both Modes (Complex or Real). Real
Modes are recommended, if you have only one measurement in
one direction.

6.3.3 FRF TYPE

You can select Acceleration or Displacement sensor
measurements. CutPro does the conversions automatically.

6.3.4 IMPACT POINT
This is the point where you hit with the hammer.

6.3.5 GAIN CONSTANT

All measurements are multiplied by the Gain Constant. It can be
used to scale the sensor measurements if they have not already
been scaled.

Example:

Transfer function measured using accelerometer and impact
hammer with force sensor

Accelerometer type is PCB 9690. Sensitivity is 5.17 mV/g.
(ms2=0.102g)

Hammer and force sensor type is PCB 7902. Sensitivity is 0.22
mV/N with steel tip.

Total gain constant for the transfer function is,

iy,
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TrFunc= X Vot

F Volt
Volt hammer sensitivity

TrFunc : -
Volt acceleromeer sensitivity

0.22Mv

" 0102 9
g m/s

6.3.6 FREQUENCY RANGE

This defines the range of frequencies in which the modal analysis is
done. Do not give zero for the fist value. Modal Analysis package
displace the transfer function as displacement/force. If you
measured the acceleration and give the first range value as zero,
the transfer function magnitude value will be infinite at zero
frequency. It will also have very large amplitude value for low
frequencies. Give an initial value for the first range to eliminate this
error.

m/s

Volt = TrFunc-0.417188 N

Volt

TrFunc

5.17

6.3.7 BUTTONS

Clear / Restores the values of all fields in the Open FRF

Defaults Files window to the defaults.

Cancel Closes the Open FRF Files window without
saving any changes.

OK Saves any changes which have been made, and

closes the Open FRF Files window.

You can try the example files provided - "“TestFRFX11.frf” and
"TESTFRFX12.frf" — which contain actual test measurements.

Modal uses only one of the files for curve fitting - the file that
contains the highest flexibility (i.e., at the tool tip) — and the other
files are handled automatically by Modal Analysis program.

& In the CutPro DEMO version of Modal Analysis, you can only open the
example files provided.

6.4 FRF FILES FORMAT

Unless specified as HP SDF format (see below), FRF files must be
ASCII text files consisting of three columns containing the
following parameters. The widths of the columns, in characters, are
14, 15 and 15.

iy,
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First Column

Second Column

Third Column

Frequency (Hz)

Real part
transfer function

of

Imaginary part of
transfer function

For example:

B TestFRFX11.frf - Notepad H[=] E3
Eile Edit Search Help

a. 0000008 -8.3m797 a.000068 ﬂ
6.250000 -8.292969 a.097656
12.5000088 -8.244111 a.146484
18.750088 -8.195313 8.146484
2% _Boooon -8.195313 B.097656
31.2500008 -B_146484 B.097656
37 .5 000008 -B_146484 a.048828
43 _ 750000 -8.195313 B.097656
Lo.0oooon -B_146484 a.146484
L6.2500008 -B.8276%6 a.097656
62.500008 —-B.B4882E a.0848828
68750088 -@8.146484 8.000000
7L _Boooon -B_146484 a.000008
81._2500008 -8.195313 a.048828
87 _-000008 -8.195313 a.048828

I

Figure 6.5-1)
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Figure 6.4-1: A sample FRF file

6.5 DEFINING AND OPTIMIZING MODES

6.5.1 IDENTIFYING A MODE

Use the left and right mouse buttons to define the left and right
boundaries of a mode, respectively — a mode is represented by a
peak in the plot. A vertical green line marks the beginning of the
mode, and a vertical red line marks the end of the mode.

" MAL Inc. User Manual for CutPro.exe
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i 30 Modal Analysis - [Ex_FRF.mod]

File Modes Results Ophions Tools

=181 ]

— 1A

vk

¢ IR ] <[] @]

Mode # | Shape |Frequenc:_l,l [Hz] |Dam|:|ing |Hesu:|ue [Re] [m|FEesu:|ue (Irn] [mx|MudaISt|ffnessl|Mass [ka]

TestFRF-11.ff

Magnitde
[miM]

Measurement #1

e 101 2 .
P ' 200 SR SOy R S :
5.8030@-D7 - --bogemrebomammaboraeabc b

3BBEER-0T Y- oAt e
1.8383e-07) - FT M N :
0.0000e00

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Frequency [HZ]

@

Optians

el a0 B0 ‘ Jans

Modes Cursar Zoam Reset

(x H M ¥ = 4060.07759

Real Imaginaty [Magnitude T =-32332E-07

|FF|F file opened:

C:ACutProhProgram’™_ 00002 tmp

Figure 6.5-1: Sample modal analysis with a mode selected, between

“l]"

“
> S &
i

o

3200Hz and 4500Hz.
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6.5.2 ADDING THE MODE

Select Add Mode under the Modes menu, or click the Add Mode
button on the toolbar. The mode you have identified is added to the
Modes Table, displayed just below the toolbar. This process may
be repeated until the desired number of modes is selected. (See

Figure 6.5-2)

I 3D Modal Analysis - [Ex_FRF.mod]

File Modes Results Cphions  Tools

=0l x|

————————————————————————

______________________

1.9343e-07

- 2} — & RC
= || | 4=l ¢ [R ] «|=| @]
tMode | Shape |Frequenc_l,l [Hz] |Damping |Hesidue [Re] [m|F|esiu:Iue [Irn] [ms|MDdaIStiffnessl|Mass [ka] -
1 = 4 7921E+02 V.5939E-03 0.0000E +00 -B.4306E -0 23231E+08 26625 |
2 - B.EEOTE+02 5, 2817E-02 0.0000E +00 -1.1213E-04 1.8677E+07 1.067
3 = 2.9485E +02 . GOR4E-02 00000 +00 -1.9043E-04 1.4795E +07 0463
4 ® 21998E+03 1.6420E-02 00000 +00 -1.2063E-04 5. 7298E +07 IZI.3EIEI;|
TestFRE=11 fif
Measurement #1
T T I e R St LEEEEEN
A Trav3e-071------ REEEEEE EEEEEE RESEEEE GECEEEE EEEELE Fo----- IEEEE | EEEEEEE To----- '
g _ , 1 1 1 , :
E % 5.8030e-07 -----I* ------------------------------------------------------------
o E 3.8686e-07 1 -4 -
=
=

0.0000e00 : ; : ; ; : ]
a a00 1000 1500 2000 2400 3000 3500 4000 4500 5000
Frequency [Hz]
W el B RS s G H M ¥ = 3372164946
Cptions Maodes Cursar Z00m Resek Real Imaginary | Magnitude Y =1.3918E-06
|FF|F file opered: C:%CutProbProgramt,™_ 00004, trp S

Figure 6.5-2: A sample modal analysis with four modes added.

6.5.3 DELETING A MODE
Select the mode you want to delete from Modes Table, just below
the toolbar. Then select Delete Mode under the Modes menu, or
click the Delete Mode button on the toolbar.

6.5.4 PLOTTING ALL THE MODES

Select Plot Modes under the Modes menu, or click the Plot
Modes button on the toolbar. This automatically combines all the
modes (without optimization) and displays the final transfer
function fit. You can click on the thick Arrow buttons to see the
subsequent measurements that have been automatically fit in the

background.

iy,
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6.5.5 OPTIMIZING THE MODES

If you want more accuracy, you can optimize the modes you have
identified by selecting Optimize under the Modes menu, or by
clicking the Perform Optimization button on the toolbar. The
optimization uses a two-stage linear least-squares algorithm. You
can select one to three parameters to optimize (below); the
parameters are then added to the Modes Table and the fitted FRF
is plotted within the selected range.

Natural The Optimize Natural Frequency button
frequency must be depressed.
Damping The Optimize Damping Ratio button must be
ratio depressed.
Residues The Optimize Residues button must be
depressed.
& At least one of the three optimization parameter buttons must be
selected.

& Since this is an iterative search, a global optimum is not guaranteed.
Should the solution diverge, the message "ERROR™" will appear in one or
some of the cells in the Modes Table.

To avoid divergence, you can limit the optimization to certain
parameters - any combination including natural frequency,
damping ratio, and residues.

Furthermore, identified parameters may be changed by manually
entering a value. By double clicking on any parameter in the Modes
Table, the following dialog box allows the parameter to be
overwritten:

7 Enter New Parameter |

E nter new value of damping ratio far mode 1:

k. Cancel

iy,
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6.5.6 VIEWING THE SHAPE OF A MODE

In the Modes Table, click on the first column of a mode to display
its shape.

EZ Mode Shape #1 M=l &3
| |

6.6 SAVING MODAL PARAMETERS

The modal parameters, as they appear in the Modes Table, may
be saved by choosing Save Parameters from the File menu or
from the button bar. A dialog box appears allowing a file name and
directory to be chosen. The output is a text file with the extension
dat.

The transfer function parameters file example:
If Modal Model is Complex Modes are selected:

MODES 2

PNTS 1

REALM 0

WN 476.834335632509
ZETA 4.04222522809633E-02
WN 602.222122314299
ZETA 1.90220641074104E-02
LOCNS 0

RESRE -7.40900299071828E-7
RESIM 2.76537568544895E-7
RESRE 1.02231217282896E-7
RESIM 8.15334757887865E-7

If Modal Model is Real Modes are selected:
MODES 3
PNTS 2

iy,
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WN
ZETA
WN
ZETA
WN
ZETA
LOCNS
LOCNS
MODSH
MODSH
MODSH

iy,
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1

731.707078645867

9.94415717171146E-02

806.213295945486

3.32206599430105E-02

1590.91649391174

3.84238738626789E-02

0

20
0.3291973,0.2874119
0.135213,0.1240283
0.1611198,0.1219372
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6.7 USING MODAL PARAMETERS IN CUTPRO
or

1.In the Properties window of CutPro, click the General tab.
Dynamic vibrations as the Machine/Cutter

2.Select
Workpiece Model.

3.Click the Dynamics tab.

4.Select Modal/residue data files as the Machine Dynamics
Mode or Workpiece Dynamics Mode.

5.Select the file(s) you want under X modal/residue file or Y

modal/residue file.

& Note: You have to repeat the same modal analysis process for
measurements in the Y-direction as well. For rigid directions, just give a
very large stiffness (10e6) by selecting Dynamic parameters.

" MAL Inc. User Manual for CutPro.exe
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6.8 TRANSFER FUNCTION MEASUREMENT (FRF FILES)

For the typical transfer function measurement, you can use hammer
with force sensor and accelerometer or displacement sensor. Before
you measure the transfer function of the system, take into
consideration for the following instructions:

If the machine/cutter and workpiece are flexible, measure the
transfer functions for both.

If the depth of cut is not large you can take the transfer function
measurement only from tool tip and workpiece at very close
location of the surface.

If you are measuring the transfer function for multiple points along
the depth of cut, take the first point at tool tip for Machine
Dynamics or very close to the workpiece surface for Workpiece
Dynamics.

MACHINE/CUTTER
STRUCTURE

Level 1 7

Level 2 1

Level 3 4 Level 1

Repeat the tests in X and Y directions separately.

iy,
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6.9.1

Receptance coupling

Modal analysis software is
used to identify the dynamic
parameters of the structure.

T e

e

Amplfiers

[

Fourler Analyzer

Transfer functions are meas-
ured at several points along
the cutter using an impact
hammer, accelerometers or
displacement sensor

and a Fourer analyzer.

0 e b Bk T i 0

[~ e S N ST FR o
(=1 LT A I hEEw T
---------- - s e b
U - R IR
Weasurement #2
'|\.'IH.'\."-|-
L !u.NI x
E e JI,
£ oo ,I ___,_-"""Jl e
= T B — (F] i
=i MI
iz oy [Hicl
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The milling process
simulation uses these
dynamic parameters to
predict vibrations which
may originate from the
cutter, spindle, tool holder,
of workpiece

Figure 6.8-1: Flowchart describing the modal analysis process

6.9 RECEPTANCE COUPLING

INTRODUCTION

is a method to acquire the assembled

Frequency Response Function (or receptance or compliance) at the
tool tip. The assembled FRF information can be used to predict
chatter vibrations. Typically, the spindle dynamics do not change
over the time (this should be checked regularly for preventive
maintenance purpose) but the tool dynamics change whenever a
new tool is inserted into a tool holder. This tool dynamics can be
predicted by a FEM (Finite Element Method) to accurately come up
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with the tool dynamics. This requires material properties, and the
tool geometries.

6.9.2 ADVANTAGES

The typical practice in shops to acquire predictions of FRFs is to
measure the FRFs of each end mill used in the shop using impact
modal tests with an instrumented piezoelectric force hammer and a
vibration sensor. @ The Receptance Coupling technique allows
coupling of analytical or experimental FRFs of the components in
obtaining the response of the assembly. This eliminates the time
consuming and repetitive FRF tests for each tool.

6.9.3 FUNCTIONS OF THE SOFTWARE
There are three sections in the Receptance Coupling Software:

1. Tool Coupling: Enables the identification of tool holder / spindle
assembly on the machine tool and coupling of tools to the tool
holder.

2. Coupling of Holder and Tool Assembly to Spindle: Enables the
identification of the spindle on the machine tool and coupling of
Shrink fit tooling to the spindle.

3. Tool Length Tuning: Guides in the selection of the optimum tool
length for the selected tooling. It optimizes the tool length to
achieve maximum productivity by utilizing the maximum spindle
speed on the machine.

iy,

\

3.“.;»\‘ MAL Inc. User Manual for CutPro.exe



212

[l ReceptanceCoupling

File Options  Help
Tool Coupling
@ o
" Identity Tool-Holder/Spindle Assembly

Coupling of Holder and
Tool Assembly to

Spindle

" ldentify Spindle/Holder Connection
" Load Existing SpindlefHolder Connection
:K;‘ \q/\\
| 1
B .
" Tool Length Tuning

Figure 6.9-1: Receptance Coupling Functions

" Load Existing Tool-HolderfSpindle

TOOL COUPLING
It is recommended to use a medium length blank tool to perform

6.9.4
APPARATUS
the experiments to identify the tool holder spindle assembly.

6.9.4.1

1) Short blank tool (40 mm)
2) Long blank tool (120 mm or higher)

% MAL Inc. User Manual for CutPro.exe
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6.9.4.2 EXPERIMENTAL ANALYSIS

& Note: Consistent frequency range and freq. interval are needed for
the experiment.

Insert the blank tool into the holder so that the stick out, L2, is 40-
50 mm. The length inserted inside of the tool holder does not play
an important role, although it has to be in the range recommended
by the tool holder manufacturer. Attach an accelerometer on the
blank tool and apply the impact hammer to acquire the frequency
response functions. Perform at least 5-10 impact tests to average
FRFs.

Three impact hammer tests are required:

Direct Transfer Function Measurement at the tool tip (TF 11)

Figure 6.9-2: Direct Transfer Function Measurement at the tool tip (TF 11)

Cross Transfer Function Measurement between the tool tip, and a
point on the blank at a distance L from the toolholder. L is
recommended to be 10-20 mm (TF 12)

Figure 6.9-3: Cross Transfer Function Measurement (TF 11)
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Direct Transfer Function Measurement at location L from the tool
holder. (TF 22)

Figure 6.9-4: Direct Transfer Function Measurement at location L from
the tool holder (TF 22)

6.9.4.3 IDENTIFICATION USING THE SOFTWARE
To start, select Identify Tool- Holder Spindle Assembly button.

‘ E Tool Coupling

® ldentify Tool-Holder/Spindle Assembly

" Load Existing Tool-HolderfSpindle
Figure 6.9-5: Tool Coupling

6.9.4.3.1 IDENTIFICATION - GEOMETRY PARAMETERS:

Input the blank tool dimensions and properties used to perform the
experiments:

7. MAL Inc. User Manual for CutPro.exe
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[l ReceptanceCoupling E[E”zl

File Options  Help

—a M
ToolHolder/Spindle = = > X '
Open Save Mext Exik

Taol Dimenzions
I |dentification

Il Geometry Parameters

Impact M

B T ool Coupling D
Tool Dimensions
Measurement Point 2: Lirm) "mi Toal Shank Diameter: 0 2(rmm) ,207
Tool Overhang Lenath: L2(mm) ,507 Cutter Diameter D1 (mm) ,157
Cutter Lenagth: L1 (rmm) ,357
Tool Material |Earbide j

Figure 6.9-6: Tool Coupling- Identification - Geometry Parameters

Although it is recommended to use a blank tool to perform the
experiments, in the case an end mill is used to perform the

experiments the software allows the user to input the end mill
geometry.

Tool Dimensions

Measurement Point 2. L{mm] ho Tool Shank Diameter: D2(mm) |2
Tool Owerhang Length: L2{mm] [5Q Cutter Diameter: D (mm) {15

Cutter Length: L1(mm] |35

T ool M aterial: |Ear|:uiu:|e ﬂ

Figure 6.9-7: Tool Coupling- ldentification - Geometry Parameters

The cutter diameter for a 4 fluted end mill is 80% of the tool shank
diameter.

Press Next to input the FRF impact measurements.

6.9.4.3.2 IDENTIFICATION - IMPACT MEASUREMENTS:
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Import the 3 measured FRF files in Figure 7.9-2, Figure 7.9-3 and
Figure 7.9-4 respectively. The measured frequency response files
have to be displacement - force FRF's.

Ol ReceptanceCoupling [:”E|rg|
FIEN Options  Help
— Ead
ToolHolder/Spindle = &H < > X '
Cpen Save Back  hext Exit

Impact Measurements

HE |dentification

Geometry Parameters |

I Impact Meazurements |

Import TF12

Import TF22

Running |dentification |

Figure 6.9-8: Tool Coupling- Identification - Impact Measurements

Press the Running Identification Button to start the Identification
procedure.

Running |dentification

Figure 6.9-9: Tool Coupling- Running Identification

It will open a command window and will take a few minutes,
depending on the frequency selection and the speed of the
computer.

Z Figure 6.9-10: Running Receptance Coupling Engine

Once the identification procedure is complete, a prompt save
window appears. Press Save. The software saves the identified

spindle tool holder assembly project file, with the measurement
files.
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| ToolHolder/Spindie [l

Save @ -
B |dentification Savein: |k‘j ReceptanceCoupling __V_J Jun ﬁ v 5
| Geometry Paramet _J profk:ict
R t
|- Impact Measure el e
B Tool Coupling [
Desktop B
s =
Documnerts
Ly
My Computer
My Metwark File name: I_Intitleu:l.n::f l] Save | T
Places M= i
Save as bype: |F|eceptance Coupling Files [ rcf] L] Cancel 1

=

Figure 6.9-11: Tool Coupling- Save Project File

Press Next to Tool Coupling.

TOOL COUPLING

Ol ReceptanceCoupling

5= Options  Help

BX

— A
ToolHolder/Spindle ; Sﬂ Baﬁ ::t 1
Tool Dimensions
Tool Material Tool Dimensions
Carbide :l' Meazurement Point 2 Lmm) ’107
Tool Overhang Length:  L2{rm) ’507
- Cutter Lenath: — L1[mm] ’357
Tool Couping | Toaol Shank Diameter:  D2(mm] ’207
Export Resulting FRF | Cutter Diameter.  D1(mm)] |157
Flatin MODAL | Damping R atio: RT lgggi L

£

Figure 6.9-12: Tool Coupling- Assembly
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Input the cutting tool dimensions and material you want to couple
to the tool holder.

Measurement Point 2: L , is fixed from the previous step in the
identification procedure and is given as additional information . It is
disabled and can not be changed in this step.

Press Tool Coupling to Start the Coupling Procedure .

Toal Coupling

Figure 6.9-13: Tool Coupling

It will open a command window and will take a few minutes,
depending on the frequency selection and the speed of the
computer. See Figure 7.9-10.

Once the Tool Coupling is completed, you can export the predicted
FRF at the tool tip or plot in Modal Analysis.

Export Resuling FRF

Plat in MODAL

Figure 6.9-14: Tool Coupling- Export Resulting FRF or Plot in MODAL

After it is completed, click Plot the Result on Modal Analysis. A new
plot should appear on Modal Analysis.
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=10l x|

i 3D Modal Analysis - [Untitled]
File Modes Results Options Tools
W
RC
—|bAf[o.] ¢ [R W] =|=| @2

= | fﬁ:zz "% <+
| Residue [Rie) [m] Residue [Im] [m] Modal Stifness || Mass [k] |

Mode # | Shape |Frequenc_l,l [Hz] |Dam|:|ing

ROOF frf
Measurement #1
raoEBeHr- - - - - - - - - - - F==---- am------ - m--- F--=-=-=- q------ Sm==---- === To----- =
o et S 1 A :
'% — ! :. ______ e | S L ] Py _: _______ eSS ooo oo o
= = : S .1 -~ SR RPN SRR SO SO
C = i i i i
o i Tl 0 == e R A [
m L _I.,—'—"'P-\"—\— L L ]
= =5 me =R 7[5 1.1 135 16852 1927 e 1) W E Fil )
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|FHF file opened: C:A\CutProb\Program®™_00004. tmp
Figure 6.9-15: Sample Receptance Coupling at Tooltip on an arbitrary

tool, displayed in Modal Analysis

Press Exit to go to the main menu.

6.9.4.5 LOADING EXISTING TOOL HOLDER SPINDLE

ASSEMBLIES
Press Load Existing Tool-Holder / Spindle

‘ E Tool Coupling

" Identify Tool-Holder{Spindle Assembly

® Load Existing Tool-Holderf/Spindle

Figure 6.9-16: Tool Coupling- Load Existing Project
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Browse for existing tool holder -spindle projects .rcf files and open
the existing spindle tool holder assembly.

Open E]

Lok, in: | | ReceptanceCoupling j EF '
— projl.rcf
.-J Inkitled. rcf
Recent
=
€,
Desktop
My Documents
by Computer
b yPrlq ek, File: marne: || ﬂ
aces
Files of type: |F|eu:eptanu:e Coupling Files [*.rcf] ﬂ m

Figure 6.9-17: Tool Coupling- Opening an existed project file

Couple a tool to the tool holder as explained in 1.1.1.1

6.9.5 COUPLING OF HOLDER AND TOOL ASSEMBLY TO
SPINDLE

6.9.5.1 EXPERIMENTAL PROCEDURE TO IDENTIFY THE
SPINDLE HOLDER CONNECTION

6.9.5.1.1 APPARATUS

It is recommended to use a shrink fit tool holder without any tool to
perform the experiments for the identification of the spindle holder
connection.

6.9.5.1.2 EXPERIMENTAL PROCEDURE

Insert the shrink fit tool holder into the spindle. Attach an
accelerometer on the holder shank and apply the impact hammer to
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acquire the frequency response functions. Perform at least 5-10
impact tests to average FRFs.

Three impact hammer tests are required:
Direct Transfer Function Measurement at the tip of the holder shank

(TF 11)

Figure 6.9-18: Tool/Tool Holder assembly to spindle - direct transfer
function measurement at the tip of the holder shank (TF 11)

Cross Transfer Function Measurement between the tip of the holder

shank, and the tool holder flange. ( TF 12)

Figure 6.9-19: Tool/Tool-Holder assembly to spindle - cross transfer
function measurement between the tip of the holder shank and the tool

holder flange (TF 12)
Direct Transfer Function Measurement on the tool holder flange. (TF

22)

Figure 6.9-20: Tool/Tool Holder assembly to spindle - direct transfer

function measurement on the tool holder shank (TF 11)

“l]”
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6.9.5.2 IDENTIFICATION USING THE SOFTWARE
To start, select Identify Spindle / Holder Connection button.

Coupling of Holder and
Tool Assembly to
+
E w Spindle

® Identify SpindlefHolder Connection

" Load Existing SpindlefHolder Connection

Figure 6.9-21: Tool/Tool Holder assembly to spindle - Identification

6.9.5.2.1 IDENTIFICATION - GEOMETRY PARAMETERS

Input the shrink fit dimensions used to perform the experiments:
(The dimensions are provided in the tool holder manufacturer
catalogue)

(X ReceptanceCoupling [Z| @"@
File Options Help
: = & > X 2
M Open Save Mext Exit

|Open an existing simulation proFiIe|
Select Shrink Fit Toolholder to Perform Experiments
I |dentification T ool Holder Geametry

I Geometry Parameters

Tool Shank Diameter: & (mm) [1905

FRF Measurements Files Inner Shank Diameter:  A1({mm] Iggti

-l s Gauge length: B (mm) [7a7
Haolder Shank. Diameterl: — C (mm] |47 04

Holder Shank Diameter2:  Climm) [3302

Maw Tool Depth: D (mml [525

Taper Shark Lengthe  E [mim) IT

Flange Length: L (mm) o0

U-IJ A |-I‘;ncl Shank

[Hameter

Figure 6.9-22: Tool/Tool Holder assembly to spindle — ldentification-
Geometry parameters

Press Next to input the FRF impact measurements.
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6.9.5.2.2 IDENTIFICATION - IMPACT MEASUREMENTS:

Import the 3 measure FRF files in Figure 7.9-2-18, Figure 7.9-2-19
and Figure 7.9-2-20 respectively. The measured frequency
response files have to be displacement - force FRF’s.

Xl Rece ptanceCoupling E| @| El

File Options Help

= H < > X °

Open Save Back  Mext Exit

Spindle

Impact Measurements

I |dentification

Geomelyp Paramelers | ................. Impo[tTF'I'I

I Impact Measurements |

B Coupling

Import TF12

Import TF22

Fun Identification |

Figure 6.9-23: Tool/Tool Holder assembly to spindle — ldentification-
Geometry parameters

Press the Run Identification Button to start the Identification
procedure.

Fiunning |dentification

Figure 6.9-24: Running Receptance Coupling Engine -ldentification

It will open a command window and will take a few minutes,
depending on the frequency selection and the speed of the
computer. Reference See Figure 7.9-10

Once the identification procedure is complete, a prompt save
window appears .Press Save. The software saves the identified
spindle tool holder assembly project file, with the measurement
files.
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Press Next to Tool Holder Coupling.

6.9.5.3 TOOL HOLDER COUPLING

Ol ReceptanceCoupling

File Options Help

= H < x
open Save Back. Exit
Tool Holder Geometiy
Toal Shank Diameter: A [mm) |-| 905
Inner Shank Diameter:  AT(mm] g 4
Gauge length: B [mm) [79.7
—— Holder Shank Diameterl:  C(mm) [41.04
Holder Shank Diameter2:  Cl{mm] [33.02
G0 upling Max. Tool Depth: D (mm) (525
Taper Shank Length:  E [mm] |52 5
Flange Length: L {mm) [207
Tool Dimensions
Cutter Diameter: D1 15
Tool Overhang Length: L1 [5g
Cutter Length: L2 [35
D armping A atio: RT ooz
Tool Material  |aTbide > \ ‘L
Dl "=
Tool-Holder Coupling  Export Resulting FRF Plot in MODAL —

Figure 6.9-25: Tool Holder Assembly

Input the tool holder dimension and cutter dimensions in specified
fields.

The cutter diameter for a 4 fluted end mill is 80% of the tool shank.
Recommended damping ratios for carbide tools are 0.01-0.03.

Press Tool-Holder Coupling to Start the Coupling Procedure.

ToolHaolder Coupling

Figure 6.9-26: Running Receptance Coupling Engine

It will open a command window and will take a few minutes,
depending on the frequency selection and the speed of the
computer.
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Once the Tool Coupling is completed, you can export the predicted
FRF at the tool tip or plot in Modal Analysis.

E=port Rezulting FRF Plat in MODAL

Figure 6.9-27: Export Resulting FRF or Plot in MODAL

Press Exit to go to the main menu.

6.9.5.4 LOADING EXISTING SPINDLE / HOLDER
CONNECTIONS

Press Load Existing Spindle / Holder Connection

Coupling of Holder and
Tool Assembly to
Spindle

" Identify SpindlefHolder Connection

#® Load Existing SpindlefHolder Connection

Figure 6.9-28: Loading an existed project

Browse for and open existing spindle holder project *.rsf files.
Couple a tool / tool holder assemblies to the spindle as explained in
6.9.5.3

6.9.6 TOOL LENGTH TUNING

" Tool Length Tuning

Figure 6.9-29: Tool Length Tuning

Tool Length tuning is based on the Tool Coupling - Identification.
Through the Tool Coupling - Identification, a user selects the
minimum of tool overhang length, the maximum of tool overhang
length and the maximum spindle speed, then, runs the tool length
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optimization engine to get the optimized tool overhang length on
the certain cutting conditions for the material of Aluminum.

Ol ReceptanceCoupling

File ©Options Help
—ul -
= EH X -
Dpen Save Exit
Tool Dimenzsions
Browse Tool-Holder/Spindle Project |
Measurement Point 2 Limm] 10
Tool Shank Diameter: D2[mm] 20
in. Tool Owerhang Length 0 T
Cutter Length: L1{mm] |25
Max. Taal Overhang Length u rArm
Cutter Diamneter: D [mm] [{5
Max. Spindle Speed u TpMm
Darnping Fatio: BT lonz
b

Figure 6.9-29: Tool Length Tuning- Browse Tool-Holder/Spindle Project

The procedures to optimize the tool length tuning:

1. Click the button “Browse Tool-Holder/Spindle Project”, then the
open file dialogue box will pop up
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x

EIX

~ @B of E-

Look in: ] =9 |dentification of Tool - Tool Holder Interface j

i Open
Tool-ToolHolder_RC.rcf

Exit |

=
Sawve

Open

Tool Dimensions -

] D2
My Recent
Documents
e
. L
Desktop

L
{ =/

I My Documents

by Computer
[ |
]Heceptance Coupling Files [*.rcf] l.l

Open |
Cancel

File name:

Files of type:

Browse Tool-Holder/S pindle Project

My Metwark,

— Dptimization —
kin. Tool Overhang Lenagth 45 mm
tax. Tool Overhang Length 55 mm
5 S000
Max. Spindle Speed pm Hlaias

I

Fun Optimization

2.

Figure 6.9-30: Tool Length Tuning- open a Tool-Holder/Spindle Project

3. Select a project file in the dialogue box then click the button

“"Open”. After the project file is loaded, the “Run Optimization”
button is available. A user can click it to run the optimization
engine after he/ she changes the optimization conditions.

Optimization Processing._ . Wait

(X ReceptanceCoupling
Help

File Options
= EH X
Open Save Exit

10

| Toal Dimenzions
Meazurement Point 2: L{mm]
Tool Shank Diameter: D2[mm] 20
Cutter Length: L1 [mm] |357
+ D 1imm) l-nz_;i

RT 0.0z

Cutter Diarmeter,

Damping R atio

Browse Tool-Holder#S pindle Project
O ptimization
ki, Tool Overhang Length 45 mm
Fax. Tool Overhang Length & mrm
b ax. Spindle Speed 5000 pm
|

Fun D ptimization

£
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Figure 6.9-30: Tool Length Tuning- open a Tool-Holder/Spindle Project
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WAYS TO MINIMIZE THE NOISE AND INCREASE

6.9.7
ACCURACY OF THE PREDICTIONS
Perform more than 10 impact hammer tests

Perform the modal analysis on the short tool FRF. Must consider for

the high modes as well.

Use same materials for tools.

Apply the impact hammers consistently at the same location (slight

deviation of the appropriate location may cause big deviations).
For example,

Select the # of elements depending on the length.
L2 = 20 mm, L1 = 100 mm, you would like to have 1 to 5 ratio for

the # of elements as well.
Select the appropriate damping ratio. The damping ratio can vary

from 1% to 5% depending on materials.
for all the

Select the appropriate frequency range and the resolution. Try to
consistent freq. range and resolution

have
measurements and simulation
Make sure that the bandwidth of the impact hammer is within the

desired freq. range.

“l]”
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PROCEDURES & RECEPTANCE COUPLING FLOW

6.9.8
CHART
FRF Measurements at the Spindle end with the small blank

H33:
Assembled FRF Measurements at the tool tip.
Assembled cross FRF measurements by applying the force

G11:
Gl2:
at the joint location but measuring at the tool tip.
Rotational degrees of freedom (RDOF) FRFs at the joint.

RDOF:
Yes

Ho
Measure H33

ki

Ho

Measure 511 and
G12

v

FDOF Extraction

o
-
F

FEM Tool
(density, E, lengths)

v

Receptance Couple
at tool ti {display)

“lh’
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LIMITATION OF RECEPTANCE COUPLING

6.9.9
The accuracy of the Receptance Coupling software is depending on
the measurement noise. This software is used for guidance, not an

absolute final solution.
The accuracy of the receptance coupling technique depends on

accurate identification of the joint dynamics of the substructures at
the assembly joint, and the FRFs of each substructure.

“l]”
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7 MILLING ANIMATION

Milling Animation allows you to see how the chips are removed,
and how the workpiece and cutter vibrate. Surface finish is
graphically represented at different axial positions along the depth-
of-cut.

When you open the Milling Animation program, by selecting
Tools > Milling Animation from the Main CutPro Window, the
most recently generated animation data is automatically loaded, if
there is any available file.

Click the Play/Stop button to play or stop the animation.
Alternately, you can use the large scroll bar to manually scroll
through the animation. Use the Up/Down Arrows to change the
Level (i.e., axial position along the depth-of-cut).

You can also change the Speed of the animation using the small
scroll bar.

Under the Units menu, you can choose to display either Metric or
Imperial units of measurement.

If you open the Milling Animation program and then run a
different simulation under CutPro and would like to see the new
results, click the Reload button.

iy,
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2= Milling Animation M=l E3
Q 4 | | j Speed: ﬂ | >|
Time: 0.00000000  0.024z  Lewel I n j

Uitz
= || 8
Reload Play Zoom In | Zoom Out| 7o

10 Fy }i} oY
ald
B ca |
a4
2T e |
bt
-10%8 -6 -4
od |
vz |
Figure 6.9-1: Milling Animation Window
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8 EXAMPLES
8.1 EXAMPLE FILES
The following example files are provided with CutPro. They can be
in the Examples directory under your main CutPro
directory. To open an example file, select File > Open or click the

found
Open button in the main CutPro window.

Ex01_SingleAnalytical.csf
Single Analytical Simulation for Regular pitch cutter. This is a

8.1.1
stability lobe simulation for a cylindrical end mill.
Ex02_SingleTime_6000rpm_3mm.csf

8.1.2
Single time domain simulation for cylindrical cutter in chatter area.
Spindle speed 6000 rpm, 3 mm depth of cut.
8.1.3 Ex03_SingleTime_14300_6mm.csf
Single time domain simulation for one cutting condition in chatter
free area. Spindle speed 14300 rpm, 6 mm depth of cut.

Ex04_MultipleAnalytical.csf
Multiple Analytical Simulation for Regular pitch cutter. This is a

8.1.4
stability lobe simulation for cylindrical end mill in 3 dimensions,
which are depth of cut, spindle speed and width of cut.

Ex05_Optimumpitch_5000.csf
Optimum variable pitch cutter design simulation at 5000 rpm for 4

8.1.5
flutes cutter. Optimize the tool flute angles to obtain as much as
possible high chatter free depth of cut.

8.1.6 Ex06_SingleAnalytical_Var.csf
Single Analytical Simulation for Variable pitch cutter. This is a
stability lobe simulation for cylindrical end mill.
8.1.7 Ex07_CuttingCoef.csf
This calculates the average cutting coefficients from milling
experimental cutting forces. Experimental cutting conditions for the

files:
Cutting type: Slotting, depth of cut 2.0 mm

Workpiece material: Al-7075
Cutter: 4 flutes, 30 degree helix angle

Ex08_SingleTime_BallEnd.csf

8.1.8
Single time domain simulation for Ball End Mill cutter.

7. MAL Inc. User Manual for CutPro.exe

“l]”
&
s



236

8.1.9 Ex09_SingleTime_GeneralEnd.csf

Single time domain simulation for General Solid End Mill cutter.
8.1.10 Ex10_SingleTime_InsertCutter.csf

Single time domain simulation for an inserted cutter.

8.1.11 Ex11_SingleTime_Static_InsertCutter .csf

Single time domain simulation for an inserted cutter without
vibration.

8.1.12 Ex12_SingleAnalytical_MaWp.csf

Single Analytical Simulation for Regular pitch cutter with Machine
and Workpiece dynamics. This is a stability lobe simulation for
cylindrical end mill.

8.1.13 Ex13_Temperature_Milling.csf
Temperature simulation for milling, with default cutting conditions.

8.2 EXAMPLE A: SIMULATING A DESIRED
MILLING PROCESS

This example illustrates how to ensure the stability of a milling
process at a particular spindle speed and depth of cut; as well as
using Optimize Variable Pitch to achieve a stable process with the
desired cutting conditions if they are found to be unstable with a
uniform endmill.

In this example, a uniform Carbide cylindrical endmill of 32mm
length is used for down-milling AL356-T6 at a radial depth of cut of
9.525mm. The spindle is clockwise and the feed rate is 0.05
mm/flute. The helix angle of the tool is 30° and the rake and relief
angles are both 0°.

Suppose you wish to run the process at 6000RPM and an axial
depth of cut of 7mm. You would first obtain the stability lobes to
check if the conditions are stable. In this example, these conditions
are not stable with a uniform pitch endmill. You can then find the
optimal variable pitch to shift the stability lobes to ensure the
process is stable at 6000RPM at 7mm axial depth of cut.

The details are contained in the simulation files Ex1 to Ex5 (See
Section 8.1).

iy,
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8.2.1 OBTAINING THE STABILITY LOBES

First, you can obtain the stability lobes for the desired process and
check if the cutting conditions will be stable. The following steps
and details are all contained in the example file
EX01_SingleAnalytical.csf.

To do this, select the Advanced Milling Module and choose the
Single Analytical Stability Lobes mode.

EESLHES I | Simulation Properties |

Frocess

Gemeraf { ) @ © J

Simulalion Mode ¢ Net | Tabs | Cavel oK
Genesal | MachinetTool | Warkpiece | Culing Condiions|  Tempesatwe |
B . Smulstes cutling forces. bool wibrabons, surface finish, spinde
(" Single time domain o\er and sgindle bending moment in & singk lime domain.

¢~ Slabiity lobes in time Use thiz mode to sirudate stabilty lobes within a nanow speed range

domain fior & comphicated cutter, Othenuize, zee below.,
= (Smgle analptical A fast analybical stabality lobas pradiction solved i a fraquency
stabilty lobes damain,
o Mulliple: analical Gererales stabillty lobes with axial and radial depths of cuf, and
stability lobes spinde speed
el r Optimize vanable  Automatically calculates pitch detibution at a specific spindle
. g pitch speed for a given rumber of futes.
|
Liliy ~ Culting cosfficiens  Automatically iderniiies the culing coefficients, based on fles
identiication defiring . ', and £ cuting fonces.

SistionMode | Outpd |

Figure 9-8.2-1: Select Single Analytical Stability Lobes in the
General/Simulation Mode tab

Click Next to go to the General/Output tab. Check the Complete
Results box if you wish to save all the results as text files.

Click Next to go to the Machine & Tool/Cutter Type tab. Select the
Cylindrical endmill, with a uniform pitch of 4 flutes.

Click Next to go to the Machine & Tool/Cutter Properties tab. Select
Carbide in the Cutter Material drop-down menu. Input the radius
as 9.525mm, with a helix angle of 30, relief angle of 0 and rake
angle of 0.
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Click Next to go to the Machine & Tool/Structural Flexibility tab.
Select Dynamic vibrations in the Machine & Tool Model. In this
the machine dynamics will be entered as Dynamic

Therefore, select Dynamic Parameters in the Machine

example,
Parameters.
Dynamics Mode.
Enter the natural frequencies, damping ratios, and stiffness for each
direction. In this example, there are two dynamic modes. The
dynamic parameters are shown in the following table.
Mode 1 Mode 2
Direction Nat. Damp. | Stiffness| Nat. | Damp. | Stiffness
Freq. Ratio. Freq. Ratio.
X 925 0.01 6.06E7 | 1004 0.01 4.33E7
Y 947 0.02 2.76E7 0 0 0
Click Next to go to the Workpiece/Material tab. Select the Average
Select

Cutting Coefficient mode for the purpose of this example.
Aluminum AL356-T6 as the material of the workpiece from the

drop-down menu.
Click Next to go to the Workpiece/Structural Flexibility tab. For this

example, the workpiece is assumed to be rigid. Hence, select Rigid

in the Workpiece Material.
Click Next to go to the Cutting Conditions/Milling Mode tab. Select

Clockwise and Downmilling for the spindle direction and milling
Enter 9.525mm as the radial depth of cut as the process is

mode.
half-emersion.
Click Next to go to the Cutting Conditons/Other Parameters tab. No
other parameters can be entered.
We are not

Click Next to go to the Temperature/Properties tab.
interested in the temperature simulation for this process.

Click Run on the main window toolbar to run the
simulation; this will take a minute or two depending on the speed of

Click OK.

the computer.
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Click Results > Plot - Stability Lobes (Analytical).

-".," Stability Lobes (Analytical) - Complete Simulation - II:Ilil
Stability Lobes (Analytical)
2237
E 16.7+4
E
= 1
O 111
g
(=
_— 5.6
=1
@
O oo : | | | |
24262 4643.4 GEE0.5 9o77.7 112949
g 6L
Spindle Speed [rpm]
M B | RS s ¥ = -2278.3583
Dpkions Coord's Zoom Reset Show all Y = 20.093993

Figure 9-8.2-2: Stability Lobes result

As the graph indicates, at 6000RPM and and axial depth of cut of
7mm, the point is above the stability lobes, hence the process is
unstable. Whereas at 8000RPM and 7mm depth of cut, the process
is stable. In some circumstances, you may choose to run the
process at 8000RPM to ensure stability. However, for the purpose of
this example, it is supposed that a spindle speed of 8000RPM is not
allowed.

What you can do, in this case, is to find the optimal variable pitch
to shift the stability lobes to the left so the process will be stable at
6000 RPM. This is done in Section 9.2.4 - Optimizing Variable
Pitch.

8.2.2 SIMULATING THE MILLING PROCESS AT 6000 RPM

This section of the example illustrates how to simulate the above
process at 6000RPM and an axial depth of cut of 3mm in single time
domain. The result of this simulation will show that the process is

iy,
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unstable. The following steps are contained in the example file
Ex02-SingleTime_6000_7mm.csf.

Select the Advanced Milling Module, choose Single Time Domain.

Click Next to go to the General/Output tab. Select the files to be
saved as text files during the simulation. Also, the revolution and
level data can be entered in the Animation Options.

Click Next to go to the Machine & Tool/Cutter Type tab. Select
Cylindrical endmill with 4 flutes at uniform pitch.

Click Next to go to the Machine & Tool/Cutter Properties tab. Select
Carbide from the cutter material drop-down menu. Enter the
appropriate parameters as indicated at the beginning of the
example.

Click Next to go to the Machine & Tool/Structrual Flexibility tab.
Select Dynamic vibrations for the Machine & Tool Model and enter
the same dynamic parameters as the previous section.

Click Next to go to the Workpiece/Material tab. Select Average
cutting coefficient mode and choose Aluminum AL356-T6 from the
material drop-down menu.

Click Next to go to the Workpiece/Structural Flexibility tab. For the
purpose of this example, the workpiece is assumed to be rigid.

Click Next to go to the Cutting Conditions/Milling Mode tab. The
parameters to be entered are exactly the same as in the previous
section. The Spindle Speed is specified to be 6000RPM and the
number of revolutions is entered as 15. The sampling frequency
scale can be entered as 10. Note that the Material Removal Rate
and the Surface Speed are dependent on the other parameters
entered.

Click Next to go to the Cutting Conditions/Other Parameters tab.
No other parameters can be entered.

Click Next to go to the Temperature/Properties tab. We are not
interested in the temperature simulation for this process.

Click OK. Click Run to run the simulation.

iy,
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To see the tool vibrations, click Results - Plot = Tool Vibration.
Click FFT on the Tool Vibration window toolbar.

2= FFT Tool ¥ibration [Ex02_SingleTinme_6000_ Fmim.c - O] =|
Tool Vibration (FFT)
010
% = 3054687256 -
— os Y = 5.3484E-05
E ' 7
= 006
o
=
& 004+
o=
W
0O oozt
0.00 b : : |
0 1000 2000 3000 4000
Frequency [Hz]
-~ [T R B kS % = 351503372
Opkions Harmonics | Coord's £oam Resck Y =10125333

Figure 9-8.2-3: Tool vibration at 6000RPM, in frequency domain

Notice that there is a high peak at around frequency 700Hz and a
lower peak at around 400Hz. The 700Hz peak is due to the natural
frequency of the tool flexibility in the Y direction, whereas the
400Hz smaller peak is due to the tool during the cut. Note that
spindle speed is at 6000RPM, meaning that the spindle rotates 100
times per second. Since there are 4 flutes on the tool, the flutes
would hit the workpiece at 400Hz.

8.2.3 SIMULATING THE MILLING PROCESS AT 14300
RPM

This section of the example is contained in the example file
Ex03_SingleTime_14300_6mm.csf.

The steps in this section are exactly the same as the steps in the
previous section.

iy,

\

;-w..;»\‘ MAL Inc. User Manual for CutPro.exe




242

The tool vibration simulation obtained for 8000RPM shows only one
peak at around 533Hz, which is the frequency at which the flutes
hit the workpiece.

2= FFT Tool Yibration [Ex03_SingleTime_8000_7nmm.cs -0l |
Tool Vibration (FFT)
010+
P
= 008t
£ A
£,
— 006+
O
=
o 004t
0=
[T
0O ozt
n.on ] ] ] ] |
] 1000 2000 3000 4000 5000 BO00
Frequency [Hz]
W WL | kw0 BOS wS % = T141.549334
Options Harmonics | Coord's 2o Reset Y =-0.015031

Figure 9-8.2-4: Tool vibration at 8000Hz, in frequency domain.

8.2.4 OPTIMIZING VARIABLE PITCH

This section of the example illustrates how to obtain the optimum
variable pitch in order to run the process at 5000RPM and an axial
depth of cut of 5mm with stability. The following steps are
contained in the example file Ex05_Optimumpitch_5000.csf.

Select the Advanced Milling module, select Optimize Variable Pitch
mode.

Click Next to go to the General/Output tab. Note that no selections
can be made on this tab.

Click Next to go to the Machine & Tool/Cutter Type tab. Select
Cylindrical endmill and 4 flutes for this example.

iy,
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Click Next to go to the Machine & Tool/Cutter Properties tab. Select
Carbide for the cutter material from the drop-down menu. Enter
the same parameters as in the previous sections in this example.

Click Next to go to the Machine & Tool/Structural Flexibility tab.
Select Dynamic vibrations for the machine & tool model and enter
the same dynamic parameters as before (500Hz for X, 700Hz for
Y).

Click Next to go to the Workpiece/Material tab. Select Aluminum
AL356-T6 for the material of the workpiece. Select Average cutting
coefficient mode for the purpose of this example.

Click Next to go to the Workpiece/Structural Flexibility tab. The
workpiece is assumed to be rigid in this example. Select Rigid.

Click Next to go to the Cutting Conditions/Milling Mode tab. Select
Clockwise spindle direction and downmilling. Enter the desired feed
rate (0.05mm/flute) and the desired spindle speed (5000RPM). The
surface speed is dependent on the two parameters mentioned.
Enter the radial width of cut as mentioned before, 9.525mm.

Click Next to go to the Cutting Conditions/Other Parameters tab.
Three pitch distribution types can be selected. For the purpose of
this example, the type “Two different angles” is selected. Enter O as
the starting angle. The increments of Chatter Frequency and Pitch
Angle can be entered as 1. For more accurate results, use smaller
increments (true?).

Click Next to go to the Temperature/Properties tab. We are not
interested in the temperature simulation for this process.

Click OK. Click Run to run the simulation.

Click Results - Plot > Optimum Variable Pitch.
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Figure 9-8.2-5: Optimum Variable Pitch result, the point at 75° is
selected.

Click on a point on the graph with a Y value larger than the desired
depth of cut. The point at first pitch angle 75° is selected in this
case. Click on Pitches to view the pitch angles of the flutes. In this
case, the pitch angles will be 75°, 105°, 75°, and 105°.

According to the simulation, the pitch angles 75° and 105° are
stable for a spindle speed of 6000RPM and a depth of cut of 7mm.
To check the stability of this variable pitch angle arrangement,
please see the next section.

8.2.5 CHECKING THE STABILITY LOBES FOR THE
OBTAINED VARIABLE PITCH
This section illustrates how to obtain the single stability lobes for

the variable pitch obtained in section 9.2.4. The following steps are
contained in the example file Ex06_SingleAnalytical_Var.csf.

0y
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Select the Advanced Milling Module. Select Single Analytical
Stability Lobes mode.

The rest of the steps are identical to section 9.2.4, with the
exception that on the Machine & Tool/Cutter Type tab, instead of
selecting Uniform pitch, select Non-uniform pitch. Enter 75° for
Pitch #1, 105° for Pitch #2, 75° for Pitch #3, and 105° for Pitch
#4.

Run the simulation. Click Results > Plot - Stability Lobes (Anal.-
Var. Pitch).

-".," l:hill:y Luhs {AI. - ¥ar. Pitch) [EHDS_ingIA - |I:I|i|
Stability Lobes (Anal. - Var. Pitch)
80—
=
E,
S
o
N
O .
£ —————T
O
@
(- [ | | | |
-10000 10000 20000 30000 40000
-anL
Spindle Speed [rpm]
| B B s % = B751.965099
Cptions Coord's Zoomn Reset ¥ =103.934513

Figure 9-8.2-6: Unsorted Stability Lobes with the variable pitch tool.

The unsorted stability lobes for this process are displayed. Note
that the stability lobes for variable pitch are not sorted. To ensure
a condition is stable, make sure the corresponding point is beneath
all curves on the stability lobes.

According to the stability lobes, the process is stable at Spindle
Speed 6000RPM and Depth of Cut 7mm. You can run the process
at 6000RPM with the 75° and 105° pitch angles on the machine.

iy,
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8.3 EXAMPLE B: OBTAINING STABILITY LOBES
IN A MULTIPLE-STEPS PROCESS

This example illustrates how to obtain the stability lobes for a
process with different steps. In this example, three steps are
performed in the process: half-emersion down-milling, full-
emersion milling, and half emersion up-milling.

v

=<y

Figure: Multiple analutical stability lobes

A carbide cylindrical endmill with 4 flutes at uniform pitch is used
for this process. The tool has radius 9.525mm, helix angle of 30°,
relief and rake angles of 0°. The workpiece is Aluminum AL356-T6
and is rigid. The feed rate is 0.05mm/flute and the spindle
direction is clockwise.

The following steps are contained in the example file
Ex06_MultipleAnalytical.csf.

Select the Advanced Milling module. Select Multiple analytical
stability lobes.

Click Next to go to the General/Output tab. Note that no selection
can be made on this tab.

Click Next to go to the Machine & Tool/Cutter Type tab. Select
Cylindrical end with 4 flutes at Uniform pitch.

Click Next to go to the Machine & Tool/Cutter Properties tab. Select
Carbide as the cutter material. Enter the radius, Helix, Relief, and
Rake angles of the tool.

Click Next to go to the Machine & Tool/Structural Flexibility. Select
Dynamic vibrations for the Machine & Tool Model. Enter the
Dynamic Parameters (select it first). The natural frequencies are
respectively 500Hz and 700Hz in the X and Y direction for this

iy,
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example. The damping ratios are 0.05 for both directions and the

stiffness is 1e7N/m for both directions.
Click Next to go to the Workpiece/Material tab. Select Aluminum
Select Average

AL356-T6 from the workpiece material drop menu.
cutting coefficient mode for the purpose of this example.
In this

Click Next to go to the Workpiece/Structural Flexibility tab.
example, the workpiece is assumed to be rigid.
Click Next to go to the Cutting Conditions/Milling Mode tab. Select
Clockwise as the spindle direction and enter the feed rate.
Click Next to go to the Cutting Conditions/Other Parameters tab.
Upon

Enter the parameters indicating the offset and width of cut.
click on a textbox of one of the parameters, a red arrow will appear

in the diagram, indicating what the parameter represents.
is 9.525mm,
If the

For this example, the Y-start offset is -19.05mm, Y-end offset is
19.05mm, Start width is -9.525mm, End width

Workpiece width is 38.1mm, and the step is 19.05mm.
parameters are changed, the number of analytical simulation to
We are not

perform may change as a result.
Click Next to go to the Temperature/Properties tab.

interested in the temperature simulation for this process.
Run the simulation. Click Results - Plot &> Stability Lobes (Multiple

Anal.).

iy,
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Figure 9-8.3-1: Multiple Analytical Stability Lobes result from the
example

The stability lobes for the three steps are illustrated in three
different colours. To ensure the stability of the entire process,
select a point which is stable for all three steps.

4 EXAMPLE C: OBTAINING CUTTING
COEFFICIENTS IN MILLING

This example illustrates how to identify cutting coefficients in a
milling process with obtained experimental cutting forces. The
following steps are contained in the example file
Ex07_CuttingCoef.csf.

Select the Advanced Milling module. Select the Cutting coefficient
identification mode.

Click Next to go to the General/Output tab. Note that no selection
can be made on this tab.
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Click Next to go to the Machine & Tool/Cutter tab. Only Cylindrical
end is available for Cutting Coefficients Identification mode. Enter
the number of flutes on the tool.

Click Next to go to the Machine & Tool/Cutter Properties tab. It
does not matter what material you select.

Click Next to go to the Machine & Tool/Structural Flexibility tab.
The tool is assumed to be rigid in Cutting Coefficients Identification.

Click Next to go to the Workpiece/Material tab. It does not matter
what material you select.

Click Next to go to the Workpiece/Structural Flexibility tab. The
workpiece is also assumed to be rigid in Cutting Coefficients
Identification.

Click Next to go to the Cutting Conditions/Milling Mode tab. The
spindle direction can only be clockwise and the milling mode can
only be slotting in this simulation mode. Enter the axial depth of
cut, which is 2mm for this example.

Click Next to go to the Cutting Conditions/Other Parameters tab.
Select Average Method as the cutting coefficient calculation
method. Click Browse for the experimental cutting forces for a
particular feed rate and enter the feed rate as well. Click Next to
enter the next set of data and its corresponding feed rate.

The Experimental Cutting Forces files for this example are under the
names ExpCutForce_050_2.txt, ExpCutForce_075_2.txt, etc.

Click Next to go to the Temperature/Properties tab. We are not
interested in the temperature simulation for this process.

Click Run to run the simulation. Click Results > Plot > Exp.
Average Cutting Forces to plot the Force vs. Feed Rate.

iy,
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Figure 9-8.4-1: Average Cutting Forces, result from Example C.

Click on Cutting Coef's on the toolbar of the window to open
Material Editor. The cutting coefficients automatically appear in the
window. You can enter the material name, description, and
geometry and save the data as a user defined material.

.5 EXAMPLE D: OBTAINING MAXTMUM
TEMPERATURE ALONG CUTTER ROTATION

This example illustrates how to run a temperature simulation to
simulate the maximum temperature history along the cutter

rotation. The following steps are contained in the example file
Ex13_Temperature_Milling.csf.

A carbide 4-fluted cylindrical endmill with uniform pitch is used for
this simulation. The workpiece is Aluminum AL7075-T6.

Select the Advanced Milling Module, choose Single Time Domain.
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Click Next to go to the General/Output tab. Select the files to be
saved as text files during the simulation. Also, the revolution and
level data can be entered in the Animation Options.

Click Next to go to the Machine & Tool/Cutter Type tab. Select
Cylindrical endmill with 4 flutes at uniform pitch.

Click Next to go to the Machine & Tool/Cutter Properties tab. Select
Carbide from the cutter material drop-down menu. Enter the
appropriate parameters as indicated at the beginning of the
example.

Click Next to go to the Machine & Tool/Structural Flexibility tab.
Select Dynamic vibrations for the Machine & Tool Model and enter
the dynamic parameters. The natural frequencies are 500Hz and
700Hz respectively in X and Y directions. The damping ratio is 0.05
and the stiffness is 1e7N/m for both directions.

Click Next to go to the Workpiece/Material tab. Select Average
cutting coefficient mode and choose Aluminum AL7075-T6 from the
material drop-down menu.

Click Next to go to the Workpiece/Structural Flexibility tab. For the
purpose of this example, the workpiece is assumed to be rigid.

Click Next to go to the Cutting Conditions/Milling Mode tab. The
parameters to be entered are exactly the same as in the previous
section. The Spindle Speed is specified to be 6000RPM and the
number of revolutions is entered as 15. The sampling frequency
scale can be entered as 10. Note that the Material Removal Rate
and the Surface Speed are dependent on the other parameters
entered.

Click Next to go to the Cutting Conditions/Other Parameters tab.
No other parameters can be entered.

Click Next to go to the Temperature/Properties tab. Enter the
number of divisions along chip thickness and divisions along the
tool. It is recommended that at least 10 divisions be used for more
accurate results. Enter the number of angular increments on the
tool and the associated tolerance.

iy,
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Select the Maximum temperature history along the full cutter
rotation to find the maximum temperature in the process.

Click Run Temp to run the temperature simulation. Click Results >
Plot > Maximum Temperature History Along the Cutter Rotation.

A& Maximum Temperature History Along the Cutter R - O] =|

Maximum Temperature History
Along the Cutter Rotation

15007 A Maximum

Temperature

L A Wax Allowahble

5 1000+ Ternperature

©

5O

& o, s500f

=

L

I_ 1 ] 1 1 1

10 20 30 40 50 G0

-500-L

Cutter Rotation [7]

| e RS S % = 51.130193
Cptions Coord's Zoomn Reset Y =2171.704217

Figure 9-8.5-1: Maximum Temperature History, result from Example D.

Note that the temperature along the cutter rotation is below the
maximum allowable temperature of 1100°C.
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9 APPENDIX A
9.1Appendix Al: Units

Metric Units Imperial Units

Millimeter (mm) Inch (in)

Newton (N) Pound Force (Ibf)

Meter (m) Foot (ft)

Gram (g) Pound (Ib)

Newton / millimeter (N/mm) Pound force / inch (Ibf/in)

Newton / millimeter squared Pound force / squared inch

(N/mm?) (Ibf/in?)

Newton / meter (N/m) Pound force / foot (Ibf/ft)

Meter / Newton (m/N) Foot / pound force (ft/Ibf)

Newton-meter (N*m) Pound force-foot (Ibf*ft)

Gram / centimeter cube Pound / inch cube (Ib/in’)

(g/cm’)

Newton / meter squared (N/m?) | Pound force / squared inch
(Ibf/in?)

Degree Celsius (°C) Degree Fahrenheit (°F)

Metric horsepower (Metric hp) Imperial Horsepower
(Imperial hp)

Watt /meter- Kelvin (W/m-K) Foot-pound inch / hour-
foot2-Fahrenheit (ft-1b
in/(hr-ft2-°F)

9.2Appendix A2: Modal/Residue data files

X Uses a file containing modal parameters.
modal/residue  These modal parameter files are created
file using the modal analysis program.
Y Uses a file containing modal parameters.
modal/residue  These modal parameter files are created
file using the modal analysis program.

Modal analysis program creates an ASCI I file as follows:

Example:
MODES 3
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PNTS
REALM
WN
ZETA
WN
ZETA
WN
ZETA
LOCNS
RESRE
RESIM
RESRE
RESIM
RESRE
RESIM

9.3Appendix A3: Dynamic Parameters

1

0

503.252663429737
9.68088610851847E-02
667.318567093533
5.15631722455325E-02
891.394563382914
5.93480547124278E-02
0
1.92775517514935E-05
-3.65695200216576E-05
2.90756637986845E-05
-3.58422199737442E-05
1.54820897083893E-05
-4.98397635177649E-05

254

This uses the following dynamic parameters. It only allows for a

single dominant mode in each of the X- and Y-directions.

Natural frequency(w, )
Damping ratio(¢ )
Stiffness(k )

Natural frequency of the system in [Hz]
Damping ratio for that mode
Stiffness of the system [N/m]

Transfer function values are calculated using following equation in
frequency domain:
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9.4Appendix A4: How CutPro Calculates
Dynamic Chip Thickness

The workpiece and the endmill
cutter edge are both digitized into
finite elements.

Previously ol sunacs

For each discretized slice of the cutter and Mewiy cul eurtace

workpiece, the path of each submerged
tooth is traced along the workpiece.

The exact dynamic chip thickness (used in
force calculations) is evaluated as the radial
difference between successive cuts.

Waikpiece

Dynamic Chip Thidiness

Lihe,,
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9.5 Appendix A5: Geometric Figures for Tools
9.5.1 General Tool Geometry Parameters Figure

L

L r

Cuffer Paramelers: . Radius of culter [mm]

; Carmer radius [mmy]

r | T coordinafe of corner radius cenfer [mmy]
. Z coordimate of corner radius center [mmy]
: Slope angle for the first line [degree]

. Slope angle for the second line [degree]

. Valid culting edge height [mm]

TR mRm
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Geometry type
Ball End

D

9.5.2

1

D=0, R=R.#0, R=0
a=0 , B=0, =0

Tangent Radius

I —

D=0, R#0 , R0 , R#0
a0 , p£0, I

General End

I

D=0, R#0 , R=0 , R.#0
a0 , P20, hz0
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Flute type figure

9.5.3

Constant helix

Constant lead

MAL Inc. User Manual for CutPro.exe
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9.5.4 Cutter & Insert Coordinate Systems

A y

'

\\ Insert

XYZ : cutter coordinate system
uvw : Insert coordinate system

Z

Cutting edge

A X
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Lead Angle &

VA
A

40

X

Cutting edge

Axial Rake Angle B

Z
A

B

0 -..Y

Cutting edge v

. 7. MAL Inc. User Manual for CutPro.exe



Lag Angle o
Y

+ ¢

/r— Cutting edge
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10.1 Appendix Bl: Orthogonal

dFt:
dFr:
dFa:
as:
az:

=

Kte:
Kre:
Kae:
Ktc:
Kre:
Kac:
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to oblique

cutting transformation model [Equations]

dF, =K, -dS + K, -h-dz
dF, =K, -dS+K,, -h-dz
dF, =K_ -dS+ K, -h-dz

7 cos(f, —a,)+tann, Sin B, tani

e “§ng, c
_ T sn(g, —a,)
“ €ing, cosi C
T cos(f, —a,)tani—tanny, SN S,
* :sin¢n c

¢ =Jcos* (4, + B, - a,) +tan? i, sin® B,

differential tangential force [N]
differential radial force [N]

differential axial force [N]

differential cutting edge length [mm]
differential axial depth of cut [mm]
chip thickness [mm]

shear stress [N/mm?2]

shear angle [°]

friction angle [°]

rake angle [°]

chip flow angle [°]

helix angle [°]

tangential edge force coefficient [N/mm]
radial edge force coefficient [N/mm]
axial edge force coefficient [N/mm]
tangential shearing coefficient [N/mm?2]
radial shearing coefficient [N/mm?2]
axial shearing coefficient [N/mm2]
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10.2 Appendix B2: Bi-linear force
[Equations]
dF, =K, -dS+K,_-h-dz
dF. =K, -dS+K, -h-dz
dF, =K, -dS+ K, -h-dz

Kte =00 Ktc = Ktcl

K.=00 ;: K, =K, lif h<t

Kae =00 ; Kac = Kacl

Kte = (Ktcl - Ktcz) t Ktc = Ktcz

Kre (Krcl - Krcz) t : Krc = Krc2 If h >t
Kae = (Kacl - Kacz) t Kac = Kac2
Force

|
|
|
|
|
|
|
|
: -
! chip thickness (h)

dFt : differential tangential force [N]
dFr : differential radial force [N]

MAL Inc. User Manual for CutPro.exe

263

model



dFa :
as:
az :

Kte :
Kre :

Kae

Ktc :
Krc :
Kac :

differential axial force [N]

differential cutting edge length [mm]
differential axial depth of cut [mm]

: chip thickness [mm]

tangential edge force coefficient [N/mm]
radial edge force coefficient [N/mm]

: axial edge force coefficient [N/mm]
tangential shearing coefficient [N/mm?2]
radial shearing coefficient [N/mm2]
axial shearing coefficient [N/mm?2]
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10.3 Appendix B3: Exponential

thickness [Equations]

dF, =K, -dS +K,-h-dz
dF, =K, -dS +K,, -h-dz
dF, =K, -dS + K, -h-dz

Kte
Ktc
K rc
K ac
dFt :

dFr :
dFa :

das

=K, =K, =00
=KT-h™®

=KR-KT -h™
=KA-KT-h™'

differential tangential force [N]

differential radial force [N]
differential axial force [N]

. differential cutting edge length [mm]
az :

h:
KT :
KR :
KA :

p:
: radial chip thickness order

differential axial depth of cut [mm]
chip thickness [mm]

tangential shearing coef. Parameter
radial shearing coef. Parameter
axial shearing coef. parameter
tangential chip thickness order

: axial chip thickness order
Kte :
Kre :
Kae :
Ktc :
Krc :
Kac :

tangential edge force coefficient [N/mm]
radial edge force coefficient [N/mm]
axial edge force coefficient [N/mm2]
tangential shearing coefficient [N/mm?2]
radial shearing coefficient [N/mm?2]
axial shearing coefficient [N/mm?2]
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10.4 Appendix B4: Semi-mechanistic model
[Equations]
dF, =K, -dS+ K, -h-dz
dF. =K, -dS+K, -h-dz
dF, =K_ -dS+K_ -h-dz

K. =K,.=K, =00
K. =K,|cosa, + K, cospsing, +K; tanisinn]
in
o= kn[— 3 %y K, cose, @}
cosi cosi

K
Ky = kn[tanicoswn —k;sinp +k, tanicosnsinan]

dFt : differential tangential force [N]

dFr : differential radial force [N]

dFa : differential axial force [N]

ds : differential cutting edge length [mm]
dz . differential axial depth of cut [mm]
chip thickness [mm]

: rake angle [°]

: chip flow angle [°]

~ 3 8 =

: helix angle [°]
kn : cutting pressure on rake face [N/mm2]
kf: cutting pressure rate on flank face
Kte : tangential edge force coefficient [N/mm]
Kre : radial edge force coefficient [N/mm]
Kae : axial edge force coefficient [N/mm]
Ktc : tangential shearing coefficient [N/mm?2]
Krc : radial shearing coefficient [N/mm?2]
Kac : axial shearing coefficient [N/mm2]
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10.5 Appendix B5: High-order force

[Equations]

dF, =K, -dS + K, -h-dz
dF, =K, -dS +K,, -h-dz
dF, =K, -dS + K, -h-dz

K,=Kg -h+K, -h>+K_ -h+K_

K,=K.-h+K_-h>+K_-h+K_,

Ke=Ko, NP+K_,-h®+K_ -h+K_,

K.=Kg, h+K_-h+K,-h+K_

K.=K,, h+K_-h?+K_ -h+K_

K=K, N+K_-h+K_ -h+K_,
differential tangential force [N]

dFt :
dFr :
dFa :
as:
az .
: chip thickness [mm]

Ktei

Krci

Kre

Kac

differential radial force [N]
differential axial force [N]
differential cutting edge length [mm]
differential axial depth of cut [mm]

: polynomial tangential edge force coefficients
Krei :
Kaei :
Ktci :

polynomial radial edge force coefficients
polynomial axial edge force coefficients
polynomial tangential edge shearing coefficients

: polynomial radial edge shearing coefficients
Kaci :
:0,1,2
Kte :

polynomial axial edge shearing coefficients

tangential edge force coefficient [N/mm]

: radial edge force coefficient [N/mm]
Kae :
Ktc :
Krc :

axial edge force coefficient [N/mm]
tangential shearing coefficient [N/mm2]
radial shearing coefficient [N/mm2]

: axial shearing coefficient [N/mm?2]
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11 INDEX

A

ADVANCED MILLING, 30, 32, 55, 164

ANALYTICAL STABILITY LOBES, 38, 187, 188

Average cutting coefficient model [Material
editor], 110

Axes definition, 30

B

Bi-linear force model [Equations], 248
Bi-linear force model [Material editor], 112
BORING, 49, 144

C

CHIP TEMPERATURE CONTOUR, 163
CHIP TEMPERATURE DISTRIBUTION, 162

D

Down-milling, 119

Dynamic chip thickness, 240

Dynamic parameters, 95, 205

Dynamic parameters [Machine dynamics
mode], 239

E

Equation editor, 102, 104

Example files, 220

Exponential chip thickness [Equations, 250

Exponential chip thickness [Equations], 250

Exponential chip thickness model [Material
editor], 113

Export Results, 185

FACE-MILLING, 122
FRF files - about, 206
FRF Files - opening, 197

G

Getting started, 17

H

H33 FRF, 209
High-order force model [Equation], 252
High-order force model [Equations], 252

“l]”
E‘\*

268

High-order force model [Material editor],
114

Insert editor, 90
Installing CutPro, 9
Introduction, 9

L
License Information, 29
M
MALDAQ, 14
MALTF, 13

Material editor, 99

Milling animation, 218

Modal analysis, 190

MODAL ANALYSIS, 13, 190, 192, 193, 194

Modal parameters in CutPro, 205

Modal/residue data files [Machine dynamics mode],
238

Modes - selecting [Modal analysis], 199

N
Number of flutes, 72

O

Opening FRF Files, 197

Optimize Variable Pitch, 128

Orthogonal to oblique cutting transformation, 99, 247

Orthogonal to oblique cutting
transformation model [Equations], 247

Orthogonal to oblique cutting
transformation model [Material editor],
111

Output tab, 145

Pitch type, 72, 73

R

RDOF, 210

RECEPTANCE COUPLING, 207, 213, 216, 217
Results, 155

Rotational Degrees of Freedom, 210
Running a simulation, 154

Run-out, 73, 81, 133, 134
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Run-out deviations, 73
Run-out file editor, 74, 134

S

Saving modal parameters, 203

Selecting modes, 199

Semi-mechanistic, 99, 251

Semi-mechanistic model [Equations], 251

Semi-mechanistic model [Material editor],
114

, 11, 43,132

Single Analytical Stability Lobes, 126

SPINDLEPRO, 15, 16

Starting a new simulation, 17

System Requirements, 9
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Temperature, 131, 132, 159

, 160, 171

Temperature Prediction, 152

TEMPERATURE PREDICTION, 152

TOOL TEMPERATURE CONTOUR ON XY
PLANE, 161

TOOL TEMPERATURE DISTRIBUTION, 160

U

unsorted stability lobes, 231
UP-MILLING, 120

\

Variable cutting coefficient model [Material
editor], 110
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