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This is a three-axis DRO. The procedure for installing the glass 
scales is described in other Precision Matthews publications. 
It is not repeated here.

FIRST USE
1. Connect the X-axis scale (left-to-right table motion) to 

the upper connector on the back of the DRO, the Y-axis 
scale (front-to-back table motion) to the middle connector, 
the Z-axis scale (headstock) to the lower.

2. Connect 110Vac power to the DRO through a surge pro-
tector.

3. If the 110Vac outlet is not grounded, connect a ground 
wire between the mill and DRO.

The system should now be immediately functional, with the 
three numerical displays responding to machine movements.

PRECISION MATTHEWS MILL DRO

In this diagram the X value increases as the table is moved to 
the left; similarly, the Y value increases as the table is moved 
backwards, away from you. This arrangement is purely arbi-
trary, not an industry-wide convention (there isn’t one).

This is a parameter setting. To set the display direction vs. 
table motion, see DIRECT, right.

This material was originated by Precision Matthews. No 
portion of it may be reproduced or distributed in any form 
without written approval of Quality Machine Tools, LLC.

FAQ
Q: Why does the display report an incorrect value relative 
to actual motion of the table or head?

A: This is because the DRO display as shipped was config-
ured for 5 micron (0.005 mm) resolution scales, the usual res-
olution for a mill DRO package. Special order packages may 
be shipped with 1 micron (0.001 mm) scales, in which case the 
corresponding display will report 5X actual movement.

This is a parameter setting, see RESOLUTE, right.

Q: Do the numerical displays work like this?

FAQ

INFO WINDOW

DRO parameters
To review DRO parameters, switch off the DRO. Wait a 
few seconds — switch it on again, then immediately press 
the numeral 9 (nine) on the calculator keypad. Press it 
repeatedly if necessary. This will display EXIT in the info 
window. Press the UP or DOWN arrows below the info 
window at right to display a series of choices. 

Skip this parameter ... 
if the X, Y and Z displays are reporting travel distances 
correctly. If not, when RESOLUTE appears, press ENT to 
confirm. In a standard DRO package, X, Y and Z displays 
should all read 0.005 (mm). If any of the displays does not 
report movement correctly (1 micron scale?), press the 
corresponding blue key, for instance:

Press the blue X key repeatedly until 0.001 is 
displayed. Press ENT to confirm. Press the UP 
or DOWN arrows to proceed to the next param-
eter.

If necessary, repeat for the           and           keys, press-
ing ENT each time to confirm.
 
Skip this parameter ... 
if you like the scale directions as they are. If not, press 
the UP or DOWN arrows to display DIRECT, then press 
ENT to confirm. This displays SEL AXIS, and either 1 or 
0 in the position windows. Press the blue X key to switch 
from 1 to 0, or vice versa, then do the same for the other 
axis (or leave it alone), blue Z key. Press ENT to confirm.

Skip this parameter ... 
if you like the attention-getting beep (wrong/inappropri-
ate key action). If you don’t, press ENT when BEEP is 
displayed. Press ENT again to switch from BEEP ON to 
BEEP OFF.

System reset
To restore the DRO to its as-shipped condition, press the 
UP or DOWN arrows to display ALL CLR, then press 
ENT to confirm. Wait for CLR OK.

Exit the parameter mode
by pressing the UP or DOWN arrows until EXIT is again 
displayed. Press ENT to confirm.

Figure 1  Recommended sign convention
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USING THE DRO
This manual was produced by Precision Matthews to explain 
commonly used DRO functions, including the built-in calcula-
tor, and pre-programmed routines for machining a series of 
holes in line and in a circle (PCD).

Not included here are the pre-programmed ARC functions, 
sometimes referred to as “R”, and “Simplified R”. These func-
tions link the movements of X, Y and Z axes to machine in-
ternal or external rounded corners on a workpiece. ARC pro-
grams are essentially a manual version of CNC routines which 
do similar things with little user intervention. Due to their com-
plexity, ARC programs are rarely used in a manual DRO setup.

COORDINATES
Coordinates are used to specify a point on a map by how far 
east it is from a reference point, and how far north. In milling 
machine terms, think of the map lying flat on the table. West-
to-east on the map corresponds to left-to-right motion of the 
table, the X axis. Similarly, the north/south Y axis corresponds 
to the other direction of table movement, toward you, or back.

It follows that a pair of X and Y values, the XY coordinates, 
completely define a point in the “XY plane”, the mill table. If 
the project is simply to drill holes in a flat workpiece, all you 
need are X and Y coordinate pairs, as many pairs as there are 
holes. But for less straightforward projects we need the “third 
dimension” to specify, say, depth of the holes, or the vertical 

distance between surfaces A and B, Figure 2. This is the Z 
axis dimension, which has to do with the height of the head-
stock relative to the workpiece.

A second Z factor is quill position. This is not usually report-
ed on a three-axis DRO because it is totally independent of 
headstock height — think "drill-press action". Some mills have 
a separate quill DRO in the headstock.

COORDINATE SIGN — POSITIVE OR NEGATIVE
This is a source of much confusion, mostly unnecessary. For 
instance, movement of the table to the right has the effect of 
moving the spindle to the left — the exact opposite. So, when 
talking direction you need to be specific about which is rela-
tive to what. Also bear in mind that your sense of a coordinate 
being positive or negative can depend on where you placed 
the workpiece datum — left side or right side, front or back. 
There are two other variables to consider:

1.  How the scales were installed on the mill. The Y axis scale 
could be on either the left or right of the saddle. Ditto the Z 
axis scale, left or right of the column or knee. The X axis scale 
is mostly — but not in every case — at the back of the table.
2.  No matter how the scales were installed, how the DRO 
handles output from the scales depends on the DIRECT pa-
rameter, see DRO parameters on page 1. It is very easy to 
have the X axis report increasingly positive values as the table 
moves left to right, and vice versa. The same applies to the Y 
and Z axes.

Display 
mode 
switch
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Figure 2  Real-life measurements and coordinate equivalents
By using an edge finder on the asterisked surfaces, the lower right cor-
ner of the workpiece is defined in this example as the datum, the point 
where X and Y values are both zero. Optionally, the Z axis could be 
zeroed at the point where the cutting tool just touches the workpiece. 
Here it shows that the Z display goes positive as the cutting depth 
increases — a user preference.

The two holes have negative X and Y coordinates. This is because 
positioning the spindle over these locations calls for the table to be 
moved (X) to the right, and brought forward (Y). According to the con-
vention shown in Figure 1 these are considered to be “negative travel 
directions”.      

What it comes down to is this: for routine shop work go with 
whatever DIRECT setup you prefer. It really doesn’t mat-
ter, unless you are using sub-datums, or one of the DRO’s 
pre-programmed macros, Holes in Line and PCD (pitch circle 
diameter). For these actions, use the sign convention shown 
in Figure 1.

Macro tip It is always a good idea to dry-run the macro — 
without machining — to be sure you have the correct setup.

Except for ARC machining macros (not covered in this manu-
al) use whichever sign you prefer for the Z axis.

INCHES vs. METRIC UNITS
Press the INCH/MM button, bottom left, at any time to switch 
the display system from inches to millimeters, and vice versa.

ZEROING THE DISPLAY
Press the orange Xo button to set the current position of the X 
axis to zero, Figure 3. The Y and Z axes are zeroed in a similar 
way, Yo and Zo. 

BASIC FUNCTIONS

Figure 3  Zeroing the display

ABS or INC

These keys set the dis-
played values to zero

X

Z

Y

CENTER FIND
Locating the exact center of a workpiece is one of the most 
used applications of the DRO. These examples show a con-
ventional edge finder with spring-loaded tip; when the tip just 
touches the workpiece edge it kicks out suddenly — edge 
“found”. It helps to use a high spindle speed for edge finding.

(1) Center of rectangular workpiece
1. With the edge finder positioned as Figure 4, run the table 

slowly forward to the point where the edge finder tip kicks 
out at the leading edge of the workpiece.

2. Press Yo to zero the Y axis.
3. Raise the edge finder clear of the workpiece.
4. Taking care not to disturb the table’s X position, bring 

the table toward you to locate the edge finder to the back 
of the workpiece, then lower the edge finder, inset Figure 4.

5. Move the table away from you to find the back of the work-
piece, then press 1/2, bottom left of the calculator group, 
followed by the blue Y key.

Now, when the Y display reads 0.0000, the spindle is exactly 
over the Y axis mid-point between front and back edges.

Figure 4  Finding the Y axis center on a rectangular workpiece
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Figure 6  Finding the Y axis center of a circular hole
Be sure the X axis location of the table is exactly the 
same when finding the front and back edges of the hole.

Figure 5  Finding the X axis center on a circular rod
Be sure the Y axis location of the table is exactly the 
same when finding the left and right edges of the rod.

CHOICE OF ABS OR INC MODES
ABS stands for Absolute Mode, INC for Incremental Mode. 
Switch from one to the other by pressing the blue INC/ABS 
key at bottom left. Superficially, the two modes seem to be 
similar — both display XYZ coordinates in the same way, and 
both can be zeroed by the Xo, Yo and Zo keys. Some us-
ers are content with whatever mode the DRO happens to be 
in. Others set up ABS coordinates at the beginning of a work 
session, thereafter working in the INC mode — knowing that 
the starting coordinates are available at any time simply by 
switching to ABS.

The following example illustrates one possible way of using a 
combination of ABS and INC modes:

Figure 7  Using ABS and INC modes

1. Select a workpiece datum. [In Figure 7 the bottom right hand 
corner has been “found” in the ABS mode, and the XY coor-
dinates have been set to zero.]

2. In ABS mode drill Hole A at X - 0.350, Y - 0.300.
3. For Hole B add 1.15 to X and 0.3 to Y. This is easy math, so 

stay in ABS mode.
4. The group of smaller holes C, D, E is located by reference 

to Hole B. One possibility is to stay in ABS mode and move 
to C, D, E using mental arithmetic as before ... but it’s easier 
to switch to INC mode, then zero X and Y at the B location.

5. In INC mode Hole C is + 0.5 away from B in X, and - 0.25 
in Y. Drill Hole C, then zero X and Y at C before moving on 
to D and E.

None of the above affects the ABS datum, so the starting 
point can be recaptured at any time.

SUB-DATUM SYSTEM
The ABS (absolute) coordinate frame is generally thought of 
as being fixed relative to the workpiece datum. The INC (in-
cremental) coordinate frame is set arbitrarily at any time in the 
machining process. INC has no fixed relationship to ABS.

The DRO provides the means of setting up a number of sec-
ondary ABS coordinate frames known as sub-datums (up to 
99 of them in fact). They behave in exactly the same way as 
the “native” ABS, and are referenced to the ABS datum. This 
means that if ABS is re-zeroed at a new location, all sub-da-
tums are moved in lockstep.

Sub-datums, SDMs, are helpful in machining operations call-
ing for more than one point of reference. If the sub-datum 
function did not exist, “virtual datums” could be established by 
zeroing in the INC mode at any time in the machining process. 
The shortcoming of that approach, compared to true sub-da-
tums, is that virtual datums are not related to each other in 
a specific way, nor are they related to the ABS datum (other 
than by the offset numbers you may have made a hand-written 
note of).

Sub-datums can be used just like ABS for all pre-programmed 
routines such as PCD and Holes in Line.

Figure 8 shows a workpiece with three sub-datums. Sub-da-

(2) Center of circular objects 
A similar process can be used to find the exact center of circu-
lar objects. Examples: 1. Locating the center of a circular rod, 
maybe to center-drill it for lathe work, Figure 5; 2. Locating the 
center of a hole to be enlarged, Figure 6.

Locate the edge finder as near to the estimated centerline 
as possible before touching the edge. It does not have to be 
exactly on center, but the “other axis” must not move when 
you traverse from one side of the feature to the other — clamp 
if necessary.
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tum values can be established in two different ways, referred 
to here as Method 1 and Method 2.

In Method 1 the table is moved to bring the spindle to each of 
the SDMs in turn. At each SDM location the X and Y displays 
are zeroed before the table is moved to the next location.

In Method 2 the SDM coordinates, relative to the ABS datum, 
are entered directly from the numeric keypad.

The following illustrations refer to the workpiece example of 
Figure 8. Note that the ABS datum is at top left. This is ar-
bitrary, and for variety: in practice the ABS datum could be 
established at any corner, or at any other location chosen to 
simplify the machining process. BUT bear in mind the effect 
this may have on coordinate signs.

Table movement vs. display direction (positive or negative 
going), is important. The convention used in these exam-
ples is as Figure 1, repeated here.

Regardless of how you set up your SDMs, it is a good 
idea to mark their approximate locations on the workpiece. 
Two minutes with a magic marker can help avoid gross 
mistakes due to sign errors. ALWAYS dry run to the SDMs 
before beginning to machine.

The Z axis display is ignored in the following illustrations.

Figure 8  SDM example

SDM Method 1

SDM window

START
1. Select ABS mode.
2. Establish the ABS datum by edge finding or other means.
3. Zero the X and Y displays, Xo Yo keys.

SDM1 SETUP
1. Move the table left 1.0", back 1.25".

2. Press the UP arrow (left of SDM window) to display 01. 
The DRO is now in SDM MODE.

3. Zero the X and Y displays, Xo Yo keys. This establishes 
the SDM1 datum. SDM 1 has now been set

SDM2 SETUP
1. Starting at the SDM1 datum, move the table left 1.0", 

forward 0.80".

Negative 0.8000 
because table was 
moved forward

START (continued)

Left movement 
is positive
Back movement 
is positive

Left movement 
is positive
Forward move-
ment is negative
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2. Press the UP arrow to display 02. At this point he dis-
played X and Y values are relative to the ABS datum.

SDM2 SETUP (continued)

3. Zero the X and Y displays, Xo Yo keys. This establishes 
the SDM2 datum. SDM 2 has now been set

SDM3 SETUP
1. Starting at the SDM2 datum, move the table left 0.6", 

back 1.55 (= 0.8 + 0.75)".

SDM Method 2
Direct entry of SDM coordinates.

Left movement 
is positive
Back movement 
is positive

2. Press the up arrow to display 03. Again, this causes the X 
and Y values to be displayed relative to the ABS datum.

3. Zero the X and Y displays, Xo Yo keys. This establishes 
the SDM3 datum. SDM 3 has now been set

SDM1 SETUP
The Start condition is the same as for Method 1. For dimen-
sions refer to Figure 8.

Once the X and Y displays have been zeroed for the 
ABS datum, don't move the table while setting up 
SDMs.

1. Press the UP arrow (left of the SDM window) to display 
01. The DRO is now in SDM mode.

2. Press the blue X key, right of the Xo key. The info window 
displays ENTR DIM, asking for the desired X value.

3. SDM1 is 1" from ABS zero on the X axis. Press the 1 key 
on the numeric keypad, followed by ENT to confirm.

4. SDM1 is 1.25" from ABS zero on the Y axis. Press the 
blue Y key, then 1.25 on the numeric keypad, followed by 
ENT. SDM1 has now been set.  

Q: Why the negative signs?
A: Three factors come into this: 1. The location of the workpiece 
datum, in Figure X it is at the "upper left corner"; 2. The direction 
vs. display convention, Figure 1, and; 3. The DRO manufactur-
er's sign convention, which treats all direct-entry coordinates as 
negative unless the user directs otherwise, see "Using SDMs". 

Think of direct-entry SDM coordinates as a destination. To po-
sition the spindle over an SDM with negative coordinates the 
table has to move in the direction that makes the display less 
negative. If the system is set up as recommended, this example 
calls for the table to move to the left and back.

SDM2 SETUP
1. Press the UP arrow to display 02.
2. Press the blue X key.
3. SDM2 is 2" from ABS zero on the X axis. Press the 2 key 

on the numeric keypad, followed by ENT to confirm.
4. SDM2 is 0.45" from ABS zero on the Y axis. Press the 

blue Y key, then 0.45 on the numeric keypad, followed by 
ENT. SDM2 has now been set.
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SDM3 SETUP
1. Press the UP arrow to display 03.
2. Press the blue X key.
3. SDM3 is 2.6" from ABS zero in the X axis. Enter 2.6 on 

the numeric keypad, followed by ENT to confirm.
4. SDM3 is 2.0" from ABS zero on the Y axis. Press the blue 

Y key, then 2 on the numeric keypad, followed by ENT. 
SDM3 has now been set.

USING SDMs

 ● INC is not available in the SDM mode.
 ● Return to the ABS mode by pressing the blue BASE button, 

left of the SDM window, or by pressing the DOWN arrow 
repeatedly to display 00.

 ● Be sure to avoid accidentally resetting the ABS zero when 
the table is in a non-zero position. This will shift all SDMs 
in lockstep.

 ● To clear a specific SDM, select its number using the UP or 
DOWN arrows, then zero it with the Xo Yo keys.

 ● To clear a number of SDMs one option is to select ALL CLR 
in the parameter menu (switch off, switch on again, press 
the 9 key). Before doing this, make a note of parameters 
such as resolution and direction so they can be re-entered 
after clearing.

Coordinate sign issues
Take care to avoid sign errors when setting SDMs by Method 2. 
For instance, imagine that the workpiece datum (ABS zero) is at 
the lower left corner, instead of the upper left. When you enter 
the X and Y coordinates for SDM1 both will display as negative 
values, X -1.0000", Y -1.2500, exactly as shown on the preced-
ing page.

No problem with the X axis, which works as it did before — posi-
tion the spindle over SDM1 by moving the table left, positive-go-
ing direction, to bring the X value to zero. But now see what 
happens when you try to zero the table in the Y axis. To do this 
you would drive the table forward, the negative-going direction, 
so the Y value increases instead of tending to zero.

The fix for this sign error is to make the Y entry negative simply 
by pressing the ± key before or after entering the value.

The golden rule in all such cases, even when you're sure you 
have the signs correct, is to magic-mark the rough locations of 
the SDMs, then dry-run to each location before machining. 
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PCD - PITCH CIRCLE DIAMETER MACHINING
Another phrase commonly used for this is “bolt circle machin-
ing”. PCD is one of several pre-programmed macro routines in 
the DRO (the other routine described in this manual is Holes 
in Line, following page).

1. Using any of the three coordinate modes, ABS, INC or 
SDM, establish the workpiece datum.

2. Press the PCD key.

Figure 9  PCD example

3. Using the numeric keypad enter the coordinates of the bolt 
circle center. To follow the Figure X example: Press the 
blue X key, followed by ± 2, ENT to confirm; then press the 
blue Y key, followed by ± 1.5, ENT to confirm. NOTE: the ±   
key indicates that the value is negative. It can be pressed 
before or after the numeric entry. 

4. Press the DOWN arrow for the next entry.
5. Key in the diameter, 2, followed by ENT to confirm. Press 

the DOWN arrow again.
6. Key in the number of holes. In this example 8, followed by 

ENT to confirm. Press the DOWN arrow again.
7. Key in the start angle, 30, followed by ENT to confirm. 

Press the DOWN arrow again.  

8. Key in the end angle, 310, followed by ENT to confirm.

All parameters have now been set

Press the DOWN arrow to enter the Machining Mode. Hole 1 
should be displayed.

The PCD routine calls for the following inputs:
 ● Center coordinates, relative to the workpiece datum (lower 
right corner in Figure 9).

 ● Circle diameter (2 inches).
 ● Number of holes (8).

If the holes are to be equally spaced around an arc of a 
circle, as Figure 9, the start and end angles also need to 
be specified (30 degrees and 310 degrees here). For a 
complete circle, the start and end angles are the same.

PCD

Move the table to zero the X and Y readings (left 1.1338", for-
ward 1.0000") then drill the first hole at X 0.0000 and Y 0.0000. 
Press the DOWN arrow to display Hole 2.

Numbers offset to the left like this are instructions, 
not coordinates. They call for the table to be moved 
by these amounts to bring the spindle over Hole 1.

You can temporarily exit the PCD mode at any time by 
pressing the Return button, RTN, left of the SDM window. 
This switches the DRO to the ABS mode (or INC, or SDM). 
Once the table has been positioned at a specific hole, its 
coordinates are displayed relative to the workpiece datum. 
Example, Hole 2:

Move the table to re-zero X and Y, then drill the second hole.

Repeat for the remaining holes.

Distance from Hole 1 to Hole 2

Before cutting metal, check that the hole configuration calcu-
lated by the DRO is as expected. Mark the rough coordinates 
on the workpiece with a fiber tip pen. Then press the DOWN 
arrow repeatedly to dry-run the PCD sequence for compari-
son. (You could also do a trial run on scrap material, as Figure 
10.) If the hole layout is flipped in either the X or Y axis, or 
both, it may be that the center coordinates are in error (wrong 
polarity?), or that the DIRECT parameters need attention, see 
Page 1.

Press the RTN button again to return to the PCD mode.
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1

8

0, 0

Figure 10  PCD trial run

MACHINING HOLES IN LINE
This is a time-saving routine for drilling a series of holes start-
ing at the current spindle location, ending at a point calculated 
from the hole count and the line angle relative to the X axis, 
Figure 11.

1. Press the Holes in Line key.
2. Using the numeric keypad enter the line distance, in this 

case 2.5, then ENT to confirm. Press the DOWN arrow for 
the next entry.

3. Using the numeric keypad enter the line angle, ± 20, then 
ENT to confirm. Negative because the angle is count-
er-clockwise. Press the DOWN arrow for the next entry.

4. Key in the number of holes, in this case 6, then ENT to 
confirm.  

Press the DOWN arrow to enter the Machining Mode.

Drill the first hole at the start location, then press the DOWN 
arrow to display Hole 2. Move the table to re-zero X and Y, 
then drill the second hole.

Repeat for the remaining holes.

Before cutting metal, check that the hole configuration calcu-
lated by the DRO is as expected. Mark the rough coordinates 
on the workpiece with a fiber tip pen, then dry-run the Holes 
in Line sequence for comparison (or do a trial run on scrap 
material). If the hole layout is flipped in either the X or Y axis, 
or both, it may be that the line angle has the wrong sign, or that 
the DIRECT parameters need attention, see Page 1.

Figure 11  HOLES IN LINE example

Using any of the three coordinate modes, ABS, INC or SDM, 
position the drill over the location of the first hole, then press 
the Xo and Yo keys to zero the X and Y displays..  

MATH CALCULATIONS
The DRO calculator is similar to a basic handheld. It can be 
used in the ordinary way for all basic math functions.
 
Key facts ...

 ● The calculator has a single value memory, just one number 
at a time.

 ● When the DRO is powered-up, the value in memory is a 
random number.

 ● The CLR key (clear) does not erase the memory.
 ● Clear the memory by entering zero value: press the 0 key, 
then Min.

Starting calculations
 ● Press the          key to activate the calculator.
 ● If you plan to use the memory function, press the MR key 
to check the number in memory. If it is anything other than 
zero, press the 0 key followed by Min (memory input).

Basic trig 
functions

Inverse trig 
functions

Press CAL 
to activate/
deactivate 
calculator

Press 2ndF 
for x squared 
& inverse trig 
functions

Math 
functions

Press CLR 
to clear the 
display

Press MR 
to recall 
the number 
in memory

Press Min to 
replace the 
number in 
memory with 
the displayed 
number

Press  M+ 
to add the 
displayed 
number to 
the number 
in memory

Press
=/ENT 
to dis-
play the 
result

CAL

Ending calculations
 ● To exit the calculator function press the           key again.CAL
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+CLR 1 578
+CLR 1 578

To change the sign of an entry, press the ± key before or 
after keying in the number:

SAME EFFECT!

Calculation examples

Put the number 123 into memory:

1 +Min2 3

Recall the total in memory, then divide 
it by 2.5:

+÷ =+MRCLR 2 5

123 + 456 = 579/2.5 = 231.6

Calculate the square of 79:

+2ndF +x2CLR 7 9

Find the sine of 45 degrees:

+SinCLR 4 5

+Cos-1

Find the angle whose cosine is 0.5:

CLR 0 5 +2ndF

+M+CLR 4 5 6

Add the number 456 to the 123 in memory:

1 +++x =2 4 3

Multiply 12 by 4, then add 3:

Use an X, Y or Z value as an input to the calculator:

          key to activate the calculator, then the          key to 
transfer the X axis value to the info window

X AXIS DISPLAY

INFO WINDOW

Similarly, use the         key to transfer a Y axis value.

CAL

Changing sign


