
o CARTESIAN COORDINATE SYSTEM

For Ouiz Purposcs:

Read all information prorided in this unil area'

Overview:

Thc Cartesian Cooordinate systcm of locating poins can be uscd in association with

table movements on a mill or tool movemcnt on a lathe.

Machinc Movcmcnts - X Y Z Axis

Programmed machinc tools usc the axis idcntification rystcm' f hen lookjng down

on a millini machinc table, 'X-" is to the lcft on thc tablc 'X +'is to the right on the tablc'

"i -" ir to*'"rra the operator on the tabl€ and "Y +'is 8way from tbc operator on the table'

If the cutting tool moves down toward the tablc it is "Z J and if thc cutting tool movcs away

from the table it is "Z +". (This infornation must bc mcmorized')

whcn.programming a two ads CNc lrthc tbc "Z i;is is thc longitudinal fccd aDd
ttre cross fc.cd-is rhc "x axis. A comEod of 

'( 
- ! Eov6 thc tool an'ay from thc oPcrsto!'

whilc 'X+" raorcs thc tool. tolard thc qc(rror. A @D!|td of "Z +' mol€s thc cuttcr
to*rrd thc trilslock or the rigbt of ttc oPcrator, wbilc Z -" moves ths tool toward the
hcsdstock or thc lcft of thc opcrator. (IAir information must bc mcmorizcd.) Often' on
modcrn Cl.{C lathcs, thc X axis is tiltcd. This is callled a Sant bcd' lathe.



oPage 2POINT IDENTIFICATION (Con\.)

Absolute Relative Polar

In CNC programming there are three ways of identifyjng the location of a Point in a

program. A point is a position on the part or machine' These are:

The Absolute and RelatiYe systems are similar to graph papcr in that they form a grid of
lines crossing at 90 degrees. (ln fact it is beneficial to layout all Patts t9 !" produced on
sraoh oaoeiof l0 squares per inch or at least 4 squares to the inch before starting to

itoltui".i This type of point location or idcntiEcation sfstem is called CARTESIAN
bObnpiNnfg system. nehtive aDd absolute valucs arc uniB we use in the C:rtesian
system. POI,AR units are bascd upon a radius and alglc and will be studied later time'
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Absolute Values:

Absolule vatues always rclate to a basc Position. This base position is krown as tbe
PROGRAM REFERENCE ZERO. (Idcntifcd as X 0.000 and Y 0.m0 and z 0'000 All
distances arc related to this poinr Poin8 arc idcntified as to how far they ar€ from
PROGRAM REFERENCE ZERO (P.R.Z) In thc iuustratio4 dre location of point A ir
relation lo P.R.z. is x 1500 and Y 500 That is to say we must travel 1.500" in X and '500"
in Y to get to point A from hogram Refercrcc Zcro.

Unde6tanding A Set of Points:

The main part of a macbine progran is a scrics of poins to which we wish t]le
machine to move. The body of Programs are mostly point idcntification. If it is desired to
identi! point B, it must be done ia tcms of distanc4 from Program Reference Z€ro'
(P.R.Z)' Study the simple program on t}re ncxt page and note,thc- movement in the figure
above. This progam will go from PRZ to point A to B to C back ro PRZ



I Undcrstanding a Sct of Points (Con't.)

ScqucnccNunlbcr Point ldcnl i f ical ion

Pagc 3

Explanation

001 X 1.500 Y .500 Move from PRZ to A
002 X 2.000 Y .500 Move from A to B
003 X 1.000 Y-1.000 Move from B to C
004 X 0.000 Y 0.000 Move from C to PRz

Remember this program uscs absolute values for point identification. Each point is located
in relation to the PRZ. In sequence number 3, the value for Y is negative because point
C was below the Y refer€nce linc.
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Write a program of Absolute values for this drawing. Stan at P.R.Z.
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Rclativc Values:

Tho sccond point identification system is the REI-A'I IVE system. In thc Rclative system, the
distanccs arc not compared to program referencc zero; thcy are compared to the last
position. Each new movement is related only how far you wish to go from thc last postion.
This systcm is also called the INCREMENTAL system.

The following program is a REIATIVE value program for these points. Study the program
then compare it to the absolute value program for lhe same point. The program goes from
P.R.Z. to point A, B, C, and back to PRZ

NCE PROGIIII POIM
I x t .50 Y .50
2 x .50 Y 0.00 I
3 x -1.00 Y-1.50

x -1.00 Y t .00 PRZ

_L 'l

Notice in this slstem the movementJ to the right in X, away from the operator in Y and up
in Z are positive. Movements to the left, towald the operator and d.rwn arc ncgative.
* Note Y axis movement wars not needed at point "B" so Y=0.000 \r a^: thc cntry; howcver,
on many CNC controllers, the Y entry would simply not be given and rhc computcr would
understand that Y was not to move. Either is acceDtablc.
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I Undcrstand a Sct of Poirts (CI)n't-)

Thc Ouadrants:

If the X-Y plane is dividcd into
is called a quadrant. The quadrants are
at the 3 o'clock position. If PRZ is at
moves should be made to the right and
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four parts starting from the zcro point, cach fourth
numbcred in a counter-clockwise dircction starting
the center of the quadrants then all programmed
up - this is the first quadrant.

Any place may be chosen for the PRZ; however, the lower left corner of the part is
ideal because all of the points in absolute will be positive. If the PRZ is the farthest left in
the X axis and farth€st toward the operator in the Y axis, then all moves will stay in the lirst
quaolan[.

..
Try to machine in the first quadrant by choosing the PRZ at the far left, lower

comer. This is the most minus X and minus Y point on tbe part. The PRZ need not be
located oo the actual part. Often it is more convenient to choose a PRZ that is on a firture
or tooling so multiple parts can be machined. This tooling point is usually a hole that is
easily located by the machine operator. This point would aho be chosen so that all program
moves will be positive using absolute values. While this does not effect relative values, we
still choose the PRZ to the lowcr left for consistency.

Absolute Valucs Comparcd to Relative Values:

Both systems have uscfulness. Both systems have advantages and disadvantages. It
is the dmwing that will dictate *hich value system unit should used to write the program.
Often the most efficient wav to program is with a mixture. By choosing the point
identifications well, a good programmer may savc much needless math and chance forerrors.

QUADRANT
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Rclative Valres:

Advantagcs:

- Easier to understand
- tends to think of tool movement in incrementj
- cach new movs is new task
- mathematics is less complicated

Disadvantages:

- Errors
- if error is made, it will effect all future moves (accumulative error).
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Absolute Values:

Advantages:

- no accumulative error,
- program is simplified if drawing uses base line or absolute dimensioning.

Disadvantages:

- mathematical computations create additional chance of error - addition and
subtraction to find next point or a distance.

- more math must bo dooe in general when using this systcm.

- referring back to a baseline or absolute zero position is often more difficult for the
beginning programmer.

C-onclusion - Choose what savcs the most math and fits the blucprinr.
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Choosing Thc Bost Unit I'o Use:

Anothcr name for relative values is INCREMENTAL because each dimension is a
new distancc of its own with no direct connoction to the baseline. In the drawing below,
some of the dimensions are incremcntal. If relative values are choscn for thc Point
identifications there would be no arithmetic, yet some calculations would have to be donc
if absolute values were chosen.

On the other hat4 some of the dimensions come from a baseline and thcy would be
easy to program using absolule ralues. These points would be difficult to program in
relative values becauso they would require some math.

LET THE BLUEPRINT DICTATE THE PROGRAM UNITS

\N HICH UNIT

Boseline
Ole IISOIIIE !.1!e.

Incrementol
o.. RRI!|IM ralu.s
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MIXING VALUES IN A SINGLE PROGRAM

A good example of a job that would best be programmed by mixing point values
would be the instmmcnt panel on page 8. The center of the two large round instrument
cutouts refers back to the baseline Datum "A". This would be programmed in absolute
values. Next, therc would be a need to add and subtract the values for the small four hoie
locations around each cutout if rcmaining jn absolute programming. A better way would bc
to thcn create a local referencc point and use the relative distances whilc referring to these
porrts-

($ 'an" local rcfcrcnce points iD the drawing would bc points "P" and "Q"



Undcrstand a Set of Points (Con't.)

INSTRUMENTPAN EL
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To move flom PRZ to point 'Fn and to point "Q", absolute valucs would be used, but
to proglam the details in each pattern relative values would be best.

This kind of free flowing programming is a modern way to avoid needless errors and
math. This tcchniquc will bc repeatedly suggcsted throughout the course.

4.0000



o POLAR COORDINATE SYSTEM

Instead of always programming in the Ca(esian coordinat€ system, the operator may
choose tor convenience to writ€ an entire or partial program in the polar coordinate
syslem. Polar coordinates use concentric circlgs as their refsrenc€ linss, with the zero
point at the center. Thsss circular lines repressnt the radial distanco lrom tho center to
the given point. The other locating factor about a given point is how many degrees it is to
the point from the polar reference line. The polar reterence line is the positivs X-axis,
and is always at the 3 o'clock position from the center point. Given the radius and angle,
any point on the X-Y plane can bs identified.

The anglos in Examples 1 and 2 where measured in a counter-clockwise direction. Th€
angls is positiv€ if it is counteFclockwiss from th€ positive X-axis. lf it is clockwisd from this
axis, th6 angle is n€gativ€.

Example 1. Point A is identitied at:
Radius = 1.5" Angle = 43.

ExamDle 3. Point J is identified at:
Radius = 1.75" Angle = -59'

Example 2. Point K is idontitied at:
Radius = 2.5" Angle = 1600

Example 4. Point B is identified at:
Radius = 1.5" Angle = '1200, or
Radius = 1.5" Angle = -2400

Using polar coordinates, th€ machine can b6 directed to move on a circular path. Ths
direction in which the machine goes depends upon the sign oI the angle given. lf a
positive angle is given, the machine will go in a counter-clockwise direction. lf the angle is
negative, the direction will be clockwise.

LGHS CAM Lab



Polar Coordinate Systems Page 2.

Absofute angles are called out on the disptay in relation to tne polar rctercnce lino
(positive X-axis or 3 o'clock position).

Relative angles aro not measured trom the referencs axis, but from the evious 
'r,int.

This difference is similar to lhg diffsrence betwesn absoluto and rolativs distances in ths
Cartssian coordinatg system. The sign of a rslative angl6 det€rminos tha diroction trom on
point to anoth€r; positivo countorclockwise, and nsgativo clockwise (as for absoluts
angles).

Examplo 5.
Angle trom point P to point Q = 75o
Angls lrom poinl Q to point P = -75o

Two formulas to remembgti

Example 6.
Angl€ irom point S to poinl T = -69'

To find th6 radius distance (r);

r=/(X12+y12)

To lind the angle distanca (a) from the positive X-axis (3 o'clock);
a = tan-l(Yl/X1)

2t90.
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