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A CNC machine is defined as a computer numerically
controlledmachinethatis programmedand controlledthrough

a computerthatoffersvery shortsetup timesandtheflexibility

to run.




with software programsto efficiently and consistentlycreate

different products for large companies or even single

consumers
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Goal of Project

The goal of this projectis to designand build a high quality
CNC which can perform multiple job functions by attaching
different headstyles At the sametime, the unit will havea
minimum cost price point comparedwith other machinesof

similar functionality.
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Objectives

To developmore understandin@boutdevelopmentnd principle of
CNC machine

To developsoftwarethat can generatemachinecommandfrom G-
codeanddrawdrawing

To understandhe fundamentalsof part programmingin terms of
the various stepsneededto be taken for completinga successful
CNC program

To developa driver and an interfacingcircuit betweenmachineand
PC.
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‘CNC milling cost modeling

A CNC machiningjob is subdividedinto tool path generation,
machining,tool replacementand setupactivities Tool change
and engagementactivities are included in the machining
activity. Correspondinglythe total CNC machiningcostis the
sum of tool path generationcost, machiningcost, tool cost,

materialcost,setupcost,andoverheadThetotal costof aCNC
machiningjob will be

CNC Cost = C Toolpath Generation + C Machining + C Tool + C Setup
+ C Material + € Overhead
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€ Tool | path Generationis the costof tool path generation It
can be calculatedby the time usedto designand generatehe
tool pathnmultipliedbythep r 0 g r a salargrated s

" C Machining
= Machining Time = (Machine Cost Per Hour)

+ Labor Cost Per Hour)

To simplify the processand use existing CAD/CAM software,
the machiningtime is directly readfrom CAM softwareafterthe
usergenerate<CNC tool path Most CAM softwarecan output
all the operationsn plain text format This outputincludestool
cutting time, total machine time, and cutting operation
parametersThe difference betweenthe tool cutting time and
total machinetime is the tool changeand engagementime. In
this work the tool changeandengagementostis includedin the
total machiningcost
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Machineinvestments convertedo the machinecostper hour

andis includedin the costto reflect the capital investmenton
the CNC machine

Machine Cost Per Hour

Machine Purchase Cost

Years of Return = Average Work Hours per Year
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Project description

The objective of this projectis to designand build a CNC
router which provideshigh quality featuresat a reducedcost

comparedwvith similar machines

It will further extendthe traditional single task machinesin
such a way that multiple distinguishable tasks may be
performed such as routing, PCB routing, solder paste

dispensingandairbrushoperations



Therearethreemajorsubsystemso this CNC designasshown

In Figure,theyare
Mechanical

Electrical Electrical

Software :
Mechanical
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- The_mechanical subsystem,-showifrigure,is furtherbroken

down into the following subsections:

. Frame

. Drive Frame

. Guide

Drive
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down into three primary electrical systems as follows:
- Motion Controller
- PowerDrive

Main
. HandPendant Controller

Hand
Pendant

Power Drive
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Frame

A variety of materialshavebeenusedin the building of CNC
machines In comparingthe materialsthere are five selection
factorsthat needto be reviewed CNC frame materialsneedto
havesomestrengthin orderto supportthe weight of the gantry
andthe cutting headaswell aswithstandforcesresultingfrom
themilling process

Stiffnessis alsorequiredto preventanydeflectionsdueto both
staticforcesanddynamicforcesresultingfrom the acceleration
of thetool head



/ \ .
Weightis alsoimportantbecause¢he massof theframecontributego
both the static and accelerationforces The best frame material
would accomplishall three and offer excellentmachineability and

beavalilableatalow cost

Comparingmetalsand plasticsis not easyas metalshave a much
higher strengthand modulus of elasticity, but also have a greater

weightandaremoredifficult to machine

| t ioterestingto note that both steeland aluminum have similar
stiffnessto weight propertiesindicatedby the ratio E / while the
high grade aluminum has a significant advantagein strengthto

weight
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Drive

Lead screwsconvertrotary motion to linear motion and come
In a wide variety of configurations Screwsare availablewith

different lengths, diameters,and thread pitches Nuts range
from the simple plastic variety to precisionground versions
with re circulating ball bearingsthat can achievevery high

accuracy

The combinationof micro steppingand a quality leadscrew
provides exceptional positioning resolution for many
applications A typical 10-pitch (10 threadsper inch) screw
attachedo a 200 step/revmotor providesa linearresolutionof
0.0125perstep
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A flexible couplingshouldbe usedbetweerthe leadscrewandthe motorto
provide some damping The coupling will also preventexcessivemotor
bearingloadingdueto any misalignment

MicroscopePositioning
ApplicationType X/Y Pointto Point
Motion: Linear

Description A medical researchlab needsto automate their visual
InspectionprocessEachspecimerhasan origin imprintedon the slide with
all otherpositionsreferencedrom thatpoint The systemusesa PGAT Bus
computerto reducedatainput from the operator,and determineshe next
datapoint basedon previousreadings Eachdatapoint mustbe accuratgo
within 0.1 microns

MachineObjectives

ASubmicron positioning

ASpecimerto remainstill duringinspection
ALow-speedsmoothnesgdelicateequipment)
AUseparallelport computercircuit
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The first frame subsystemdesign to consider would be a
conventionalrailing system,which consistsof a linear motion
bearing and shaft assembly which would simply allow
unrestrictedmovementalong their lengths The most logical
rail designto considergiventhe designspecificationsandsize
requirements,would be the sort of railing that could be
supportedn someway to handletheloadsappliedto it without

muchdeflection
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In this railing systemssuch as these,information was found
which could give someinsight into the reasonable/aluesof a
systemsuchasthis. Forinstancetherailing systemshownhere
hasa simple steelshaftrailing systemandis light weight For
many yearsthere have beenvast improvementsmadein rail

designto helpincreasdhe performance®sf therail system
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Steel shaft railing, as seenin Figure is both a simple and
efficient design for linear motion applications The shaft
providessupportto loading applicationsalongthe shaft,along
with forcesgeneratedrom linear motion, which makesthis a

perfectconcepftfor this particularsystem

Figure: Shaft
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Stepper motor

A steppemotoris a small brushlessynchronouslectricmotor that
can divide a full rotation into a large number of steps If it is
electronically connectedto the MCU, the motor's position can be
controlledwith precisionwithoutanyfeedbacknechanism

Steppersexhibit more vibration than other motor types The
discrete step tends to snap the rotor from one position to

another This vibration can causethe motor to lose torque at

somespeeds
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The effectcanbe mitigatedby acceleratinguickly throughthe
problem speedrange, physically dampeningthe system, or
usinga micro-steppingdriver. Motors with a greatemumberof
phaseshave a smoother operation than those with fewer

phases

Therearetwo basicarrangementfor the electromagneticoils:
unipolarandbipolar This applicationnotefocuseson a bipolar
motor.

A bipolar motoris built with two different coils, which in this
documentarenamedcoil A andcoil B. Sinceeachcoil hastwo
wires,a bipolarsteppemotorhasfour differentwires
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Bipolar steppemotorsoperatedifferently from traditional DC
motors Steppermotorshave multiple toothedelectromagnets
arrangedarounda central metal gear The electromagnetsare
energized by an external control circuit, such as a
microcontroller To make the motor turn, the following steps

arerequired

1. Coll A is connectedo the powerthat causeghe gear'steeth
to bemagneticallyattractedo the electromagnet'seeth

2. The gear'steetharealignedto the first electromagnetNext,
theyarealignedto the seconcelectromagnet

3. Coll B is thenturnedon andcoll A is turnedoff.
4. Thegearthenrotatesto bealignedwith thenextgear
5. Repeathe procesglescribedn stepsl to 4.
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