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HEIDENHAIN CORPORATION is a leading supplier of 
digital readout systems, providing the Acu-Rite Solu-
tions brand of readouts, precision glass scales and 
control systems throughout the world . Acu-Rite Solu-
tions has developed a distribution network that is sec-
ond to none. Our corporate office is headquartered in 
Schaumburg, IL . 

The Acu-Rite Solutions Commitment
We are committed to deliver products and services 
that exceed our customer’s expectations . To do this, 
each of us must do our jobs right the first time, ev-
ery time . Together we will continuously improve our-
selves, our processes and our products to serve our 
customers .

HEIDENHAIN CORPORATION
 333 E . State Parkway, Schaumburg, IL 60193

Phone: 1-800-233-0388
 Corporate Office
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Acu-Rite Solutions’ readouts are systems for the man-
ual machine tool industry. The primary benefit is sav-
ing time and increased productivity . The addition of 
a readout system on any machine allows for reduced 
scrap due to the elimination of measuring inaccura-
cies . Machine operators are relieved of tedious setup, 

positioning, and checking operations so more time 
is spent machining . Training is easier and faster, ele-
vating less-experienced operators to obtain optimum 
production levels in a shorter time . The return on in-
vestment (ROI) on savings averages less than 30 days .

I N T R O D U C T I O N
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A simple way to view a DRO is as a communication de-
vice between the operator and the machine tool . The 
focus of information communicated by the DRO is the 
measurement of the movement of the machine ta-
ble stated in terms of direction, distance and location . 
Direction is expressed in terms of left or right (X-ax-
is), front to back (Y-axis) and up or down (Z-axis) . Dis-
tance is in terms of the drawing dimension . Location 
is defined in terms of an actual point at which mea-
suring takes place . The DROs function is to display the 
changes in these positions as a workpiece is moved .

Z-Axis

X-Axis

Y-Axis

Operator Console

W-Axis

W H AT  I S  A  D R O  A N D  H O W  D O E S  I T  W O R K ?
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Common Functions

Number of Axes Up to 6 1, 2 or 3 3 3 or 4 3 (X, Y, Z, or Q)

Display User defined 7" TFT Color 7" TFT Color 7" TFT Color 7” TFT Color

Data Interface iOS USB Type C USB Type C USB Type C USB Type C

Job Clock (Stop Watch) • •

Feed Rate Display • • •

Multiple Language Supports • • • •

Absolute/Incremental • • • •

Graphic Pos Aid for Near Zero Warning with Graphics • • •

Help Function • • • •

Tool Offsets / Diameter 100 16 100

Preset and Zero Reset • Zero Reset • •

4 Function Calculator / Trig Calculator / rpm • •

Instant Inch / mm Conversion • • • •

Position-Trac™ (recalls last data after power loss) / RM • • • •

Advanced Skew Compensation •

Multiple Datums • • •

Multiple Display Views DRO 1 & 2 & 3

Part Program Storage (Import, Export) 10 • •

Scale Factor (allows for part shrinkage / expansion) • •

Counter Diagnostics • • • •

Encoder Input Linear or Rotary • • • •

Linear / Segmented Non-Linear Compensation up to ±99,999rpm • 1-seg • •

Backlash Compensation • • •

Remote Switch (allows data output, remote zero and next step) • •

Measured Value Out (allows data to be output when probing) •

I/O (6 Input / 10 Output) Option •

Day / Night (display mode) • • •

Installation Guide • • • •

User Management • • • •

Dynamic Zoom / Axis Highlight • • • •

File Management (import, export) • • • •

Send Position (Screen Values via USB to PC w/SW v1.4.0 or higher) • •

System Information • • • •

Milling Specific Functions

Bolt Hole (circle and linear) Pattern Calculations with Graphics • • •

Centerline Calculation (workpiece zero, midpoints and circle center) • • •

Mill Line Function • • •

Mill Arc Function • • •

Edgefinder / Touch Probe Input •

Spindle Control Interface Option •

Turning Specific Functions

Lock Axis Feature (establish tool offsets under load) • • •

Instant Radius / Diameter Conversion • • • •

Taper Calculator & Taper Ratio • •

Vectoring • •

Thread Assist Cycle • •

CSS (Constant Surface Speed) Option •

 droPWR DRO100 DRO203 DRO300 DRO203QFeature comparison

Scan QR for 
complete  
DRO203Q  
features
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With the greater positioning accuracy of the system, 
the inherent accuracy of the machine tool is used to 
full advantage . Therefore, the likelihood of producing 
scrap parts is greatly reduced . The time the operator 
used to spend setting the coordinates for positioning 
is now spent machining more parts . This translates 
into greater operator efficiency and in turn, increased 
productivity . The results are savings in operating ex-
penses and therefore a more profitable shop.

Aside from the elimination of positioning problems, 
there are other operator-oriented benefits. For exam-
ple, there is no longer a need to do paper-and-pencil 
calculations for offsets or other dimensions that may 
not appear on the drawing since exact positioning is 
displayed on the DRO .

Another is the reduction in operator fatigue associat-
ed with counting hand wheel turns and straining to 
read verniers, a factor that frequently affects operator 
performance and satisfaction .

Lastly, a digital measuring system makes training of 
new or less-experienced operators much easier and 
less time consuming .

W H Y  A R E  T H E Y  U S E D ?
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Milling
Mills, vertical boring mills and universal horizontal/
vertical mills. Most system retrofits will require either  
a DRO100, DRO203, DRO300 or a MILLPWRG2 with a 
minimum of two encoders .

H O W  A N D  W H E R E  A R E  T H E Y  U S E D ?

Some typical applications for Acu-Rite Solutions’ readout systems
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Turning
Retrofitted to almost any lathe or vertical turning lathe. 
Most system retrofits will require either a DRO100, 
DRO203 or DRO300 for turning with a minimum of 
two scales (don’t forget that the DRO300 can accom-
modate up to four (4) machine tool axes, or with an 
optional IB2X for up to six (6) axes) . Scale resolution is 
normally 5μm for the Z or longitudinal axis and 1μm for 
the X or cross slide axis .

Grinding
Retrofitted to almost any surface grinder. Most system  
retrofits will require either a DRO100, or DRO203 with a 
minimum of one scale. Scale resolution is usually 1μm.

H O W  A N D  W H E R E  A R E  T H E Y  U S E D ?
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Optical Comparator
Restores the linear accuracy of comparator; eliminates 
dependence on accuracy of ball screw drives with in-
herent backlash . Acu-Rite Solutions’ Digital Readouts 
enhance coordinate measuring immensely and effect 
great savings in both time and accuracy. They require 
either a DRO100, or DRO203 with a minimum of two 
encoders (1μm for 2 axes).

H O W  A N D  W H E R E  A R E  T H E Y  U S E D ?
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It is common knowledge that all machine tools — new and old — contain some error in the accuracy of moving 
components when compared to a standard that is known to be true. This area of concern is important enough 
for you to learn more about these errors and why they occur.

In every machining operation, there is always some degree of error or inaccuracy due to at least one of the following 
machine tool deficiencies:

 a.  Gravity causes deflections in the machine tool structure, particularly when a heavy workpiece is placed on a  
machine with overhanging table or ways. A result of these deflections is called Abbe error. (The following  
paragraphs provide further explanation .)

 b.  The fit between mating surfaces is loose, because of manufacturing tolerances, subsequent wear or improper 
gib adjustment .

 c .  The ways are not scraped straight or are not aligned perfectly at assembly .

 d.  Driving and cutting forces cause deflections, since no material is totally rigid.

 e .  Temperature variations can distort machine geometry .

In addition, machine tables and ways can be forced out of alignment if you use the locks improperly . Tables that are 
not completely locked in position will shift from the forces of machining and eventually wear .

Abbe error (also called machine geometry or transfer error, see graphic below) is progressive fault occurring mainly 
in machine tool tables or beds . It occurs in other moving parts also, but we’ll limit our discussion here to mill tables . 
Gibs and table ways can wear due to an increase in pressure at the edge of the machine way, on both the knee and 
center of the table . This causes increased wear at these points as the center of gravity of the table moves with an 
increasing overhang .

The shift of weight is gradual as the table moves from the center; therefore the wear is also gradual . The result is the 
formation of an arc shape along the table and knee, concave to the ways . Pressure of the gib against the way causes 
the gib to wear . Often when a short travel is used, retightening the gib causes localized wear of the way .

The scale attached to the table measures its horizontal motion with respect to the fixed reading head. A worn table, 
however, follows the curvature of the arc, resulting in an error in the movement of the workpiece relative to the cutter . 
In the case of the milling machine, the workpiece is moving too far .

Acu-Rite Solutions readout systems include automatic linear error calculation and stored error compensation factors 
in all systems as a standard feature . Both linear and non-linear error compensation can be entered into the readout . 
Error compensation corrections of up to ±99999 ppm (parts per million) can be entered .

Work piece
Precision scale             

          Lead screw
Reader head

F Y I :  H O W  M A C H I N E  T O O L  E R R O R S  O C C U R



12  |  The ABCs of DROs: An Introduction to Measuring Systems

Acu-Rite Solutions digital readout systems are application-specific readout systems for the manual machine tool 
industry . Each system includes a DRO100, DRO203 or DRO300 readout, a minimum of one precision glass scale and 
associated hardware used in the mounting of the readout and precision glass scale(s) .

Scales are mounted to the motion axes and provide positional feedback to the readout to inform the operator of tool/
workpiece position . The scale is composed of two (2) integral components; the precision glass scale and the electron-
ic reader head . Acu-Rite Solutions premium precision glass scales consist of chromium lines on a glass substrate with 
distance encrypted reference marks . The reference mark is used to recover tool/workpiece position upon power up 
or after an accidental loss of power or ending work for the day . This capability is called Position-Trac and is available 
on the SENC 150 Scale, and the SENC 50 Scale .

Precision glass scales are used because of their high accuracy and stability . Glass resists change in size, shape and 
density regardless of variations in temperature. This quality provides glass scales with exceptional accuracy for travel 
lengths from 1"-120" .

L O N G  L E N G T H  I N D U C T I V E  S C A L E S
For travel lengths over 10 feet, a LMF9310 {in resolutions from 5μm (0.0005”) to 
0 .5um (0 .00002”)} is available from 10 up to 60 feet . Acu-Rite Solutions scales are 
easy to install and eliminate errors associated with machine wear and backlash .

P R E C I S I O N  G L A S S  S C A L E S
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When it comes to seeing the actual benefits of adding a readout to a manual machine tool often the most 
convincing argument is the rise in productivity due to increased utilization, output and accuracy. Jobs that 
might have been vended out due to a lack of time and capability can be kept in-house with a readout system. 
Similarly, jobs that were turned down or quoted too high in the past can be handled due to the increased ca-
pability of the shop.

Profit centers are what some shop managers call machines retrofitted with readouts. Others say their DROs “paid for 
themselves in just 90 days in reduced scrap alone. Everything saved now is pure additional profit!” 

It is easy to spout praises once a readout system is working for you, but how do you help the potential buyer justify 
the need to make that first purchase? There are at least two methods you can use to figure out the potential gains. 
One annual dollar savings method; the other is the purchase payback method . Both can be represented by mathe-
matical formulas .

Calculating Annual Savings

S =      HxNxC     x (Td-Tr) 
 60 

S = annual savings 
H = number of working hours per year 
N = average number of moves per hour

C = cost per hour of operator
Td = indexing time in minutes using dials or rods

Tr = indexing time with digital readout

Let’s assume that your machine operator works 2000 hours a year (H) and makes an average of six moves each hour 
(N).You pay the operator an hourly wage of $10.00 (C). He “eyeballs” his moves at an average of 2.75 minutes per move 
(Td), or uses a DRO, averaging 1 minute each move (Tr) .

When these values are inserted into the formula, the result is persuasive:

S =      2000 x 6 x 20     x (2 .75 - 1 .00) 
 60 

S = $3,500 (per DRO/operator)

As you can see, the reduced time (or increased speed) for the job with a DRO-equipped machine is enough by itself 
to warrant the purchase (averaging $1900) . A shop working two or three shifts will increase its relative number of 
moves proportionately, and yield savings significantly above our $3,500 example.

T H E  E C O N O M I C S  O F  R E A D O U T S
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When you install a digital measuring system on most machine tools, you can expect an annual return of at 
least 500% on your investment.  The exact return in both dollars and time depends, of course on the type of 
machine and its usage.

Below is a basic formula which you can use for justification or a purchase.

Calculating Payback

PBT  =     I 
 (AxBxC) 

PBT = Payback time
I = Dollars invested

A = Machine revenue in $/hr
B = Hours per day worked

C = Productivity increase in %

Putting this formula to work is simple. We’ll use an investment figure (I) of $1895, the cost of installing an average sys-
tem on a small mill . Using a machine revenue rate of $20 per hour (A) for an 8-hour shift (B) we can assume a typically 
conservative increase of 25% in productivity (C) .

When these figures are plugged into the formula, the result is:

PBT =      1895     =     1895 
 20 x 8 x 25% 40 

PBT = Less than 48 shifts to pay for a system

If your shop operates 52 weeks a year, the annual return will be 6 .5 times your investment (5 .5 times after payback) or 
$8,800 the first year for a one-shift shop.

Moreover, a machine utilization of three shifts per day will produce a proportionately greater return . Well worth the 
investment .

... others say their DROs “paid for 
themselves in just 90 days in  
reduced scrap alone. Every-
thing saved now is pure profit!”
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ABBE ERROR: 1) The easiest explanation for DRO purposes is: A measurement error due to the non-parallel motion 
of a machine slide compared with the measuring standard (scale). 2) A more technical definition is: A traverse error in 
a machine table (or other moving components) caused by insufficiently straight motion of machine slides. Machine 
geometry can be and (usually is) affected by gravitational deflection, particularly on an overhanging table or when 
workpieces are too heavy or too large for the table .

ABSOLUTE MEASUREMENT: The measurement of total distance moved along an axis from a fixed datum point 
(called absolute zero or zero reference) on, or fixed with reference to the workpiece.

ACCURACY: The degree to which it is possible to make linear measurements correctly with respect to a known stan-
dard that is true . For example, if you have a standard that is exactly 4 .0000” in length and you make a measurement 
of the standard using the readout system, the readout should display 4 .0000” . If the length of the standard and the 
measured lengths are identical the readout system is deemed accurate. If there is any significant deviation, plus or 
minus, of the readout system display (e .g . 3 .9993) an accuracy error in either the standard or readout system has 
been detected .

APPLICATION: A machine or machining situation where a readout system can be easily integrated to accommodate 
the travel, resolution and accuracy required.

AXIS (AXES): The axes are the machine’s main lines of motion, around which the parts of the system are aligned . 
Scales are normally attached to the X (left to right axis), Y(front to back axis), and Z (up and down axis) .

BACKLASH: This is the jarring reaction of loose or worn parts; also refers to the play in these parts due to their loose-
ness .

CONVERSION: Metric to English  
25 .4mm = 1" 
1mm =  .03973" 
0.01mm (10μm) = .00039" 
5μm = .0002" 
2μm = .0001" 
1μm = .00005" 
0.5μm = .00002" 
Note: 1 micron is equal to .001mm

COORDINATE (SYSTEM): A system of axes. (See “Axis”)

COUNTER: Alternate name for DRO, normally used to imply that the instrument adds or subtracts incremental mea-
surements of motion; therefore, “counts.”

CUTTER OFFSET: Refers to the radius or diameter of a cutting tool (drill, mill, reamer, etc .) that is added to or subtract-
ed from the dimension used to machine the workpiece .

DATUM (POINT): Usually applied to any reference point from which measurements are taken for machining motions 
and operations . Also, known as machine zero and/or workpiece zero .

DIGITAL READOUT (DRO): The readout portion of the DRO System . Composed of a LCD and a sealed 3D tactile-feel 
color keypad . (The words Console and Counter are also used as alternate names for DROs .)

DIMENSION: A specific measure of distance between two points or planes (based on linear movement along a given 
axis .)

G L O S S A R Y
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GLASS SCALE: A precisely ruled length of glass substrate, on which a uniformly spaced pattern of chrome lines is 
deposited, which allows light to pass through intermittently for the purpose of measurement . The patterned glass 
functions in combination with an index grading (to form a fringe pattern) and a photoelectric sensor to generate 
signals to the DRO .

LINEAR SCALE: A scale is composed to the precision glass scale (1"-120" in length, longer lengths are available in 
multi-sections, re: LMF9310) and a reader head . The reader head contains the electronics to sense the movement 
of the glass scale and converts this motion into a digital signal that is detected by the readout and displayed as the 
distance moved .

ROTARY SCALE: Functionally the same as a scale except that it uses an optical disk rather than a scale and it usually 
mounts directly to the lead screw instead of the table . (Also, measured in radius/diameter and degrees .) Note: This 
mounting configuration will not compensate for lead screw backlash or machine wear. 

INCH-TO-METRIC CONVERSION: A switch feature on many DROs that permits instant conversion of measurement 
and display from inches to millimeters and vice versa .

INCREMENTAL MEASUREMENT: A measurement between two successive points on a workpiece, usually with a 
DRO system, incremental (point-to-point) positioning is done from a displayed preset dimension to zero, or from zero 
to the dimension, then the display is reset to zero .

LINEAR MEASUREMENT: A straight-line distance traversed and measured by a transducer attached to the machine 
in the axis of movement .

METROLOGY: Metrology is the science and technology of precision measurements .

MICRON (µm): 1 micron is equal to .001mm or .00005”.

MICROPROCESSOR: The solid-state electronic “heart” of a programmable DRO, it interacts with the program and 
storage memories and the input/output electronics of a DRO’s computer .

MULTIPLE DISPLAY VIEWS: DRO300 has 3 DRO display modes that can be setup allowing the operator to customize 
the axis displayed on the readout .

OFFSET: Refers to the radius or diameter of a round cutting tool by which a dimension is modified in order not to over 
cut or under cut the required dimension.

POINT: A location on a workpiece drawing corresponding to either a termination or a dimension or the center point 
of a hole . Except for the zero reference (start) point, all other points involve a machining operation and are called ei-
ther reference points (tool moves from) or target points (tool moves to) .

POSITION-TRAC™: A feature of the readout system that allows rapid recovery of position once power has been re-
stored to the system after shutdown or accidental loss of power .

POWER RECOVERY: A lighted message on a DRO display signifying a power interruption or a previous “power-off” 
condition .

PRECISION: The closeness or (tolerance) of agreement among repeated measurements of the same characteristic, 
by the same method, under the same condition .

PRESET: Most digital readouts have this feature, which permits presetting (entering) the machining dimension and 
machining to zero . It also permits presetting a tool offset that is automatically calculated into the dimension .

G L O S S A R Y
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PROGRAM: A sequence of instructions entered into the memory of a programmable readout and retrieved in a pre-
determined fashion to be used for machining operations or auxiliary functions . Also the layout and entry of these 
instructions .

QUADRATURE: A sine or square-wave signal whose phase differs by 90° with respect to a base signal. The quadra-
ture signal is necessary for bi-directional counting .

READER HEAD: A photo-electric device that is used to convert the line pattern on the glass scale to a digital signal 
that is the input to the readout to display tool/workpiece position .

REFERENCE MARK: This is a pattern on the glass scale that is sensed by the reader head and is used for the Posi-
tion-Trac™ feature or to quickly reset the readout system to zero.

REPEATABILITY: This is the capability of the scale to return to an identified position within the specified tolerance. A 
repeatable scale is one that begins at zero on both an indicator and readout system . The table or tool is moved away 
from zero on both the indicator and readout system . When the table or tool is returned, both the indicator and read-
out system should again read zero. If this operation can be performed numerous times within a specified tolerance, 
the readout system and machine are judged to be repeatable .

RESOLUTION: This is the smallest unit of motion that a readout system is capable of measuring and displaying . Acu-
Rite Solutions readout systems are accurate up to 0 .00002” or 0 .5 micron .

SCALE ASSEMBLY: Consists of a glass scale enclosed in aluminum housing with sealed, die-cast metal end caps . To 
enhance glass scale durability, it is further protected from the environment by a recessed highly chemical-resistant, 
interlocking lip seal .

SYSTEM: A digital measuring system includes the DRO and one scale for each measured axis of movement, plus 
electrical connections and any necessary mounting bracketry .

TFT (THIN-FILM-TRANSISTOR) COLOR DISPLAY: A digital display that uses thin-film-transistor technology to im-
prove image quality such as address ability and contrast. This exclusive technology allows Acu-Rite Solutions’s read-
outs to showcase full part graphics as well as the traditional readout screen .

TRAVEL: Term used to describe the movement of the machine tool or table .

WORKPIECE: The material or part from which the finished part is machined. (Also, the finished part.)

X-AXIS: Usually the plane of movement on a machine table whose direction is either left (+) or right (-) and horizontal 
to the floor.

Y-AXIS: Usually the plane of movement on a machine table whose direction is either back (+) or forth (-) and horizon-
tal to the floor.

Z-AXIS: Usually the plane of movement on a machine table whose direction is either up (+) or down (-) and perpen-
dicular to the floor. Note: On a lathe the x-axis is the diameter (cross slide) and the z-axis is the longitudinal. When 
lathe parts are inspected they are set up vertically and therefore, the length becomes the height and the diameter 
is checked horizontally .

ZERO REFERENCE: The point selected on or near the workpiece from which positioning is started or, in some cases, 
referenced for the entire machining operation . (Also see Datum and Absolute Measurement .)

ZERO RESET: Automatic or manual zeroing of the measurement (or count) displayed on the DRO . (Another term for 
Reset .)

G L O S S A R Y
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This test will evaluate your basic knowledge of Acu-Rite Solutions Readout Systems and more importantly 
help you begin to identify where Acu-Rite Solutions Readout Systems can be used. Circle the most “accurate” 
answer for each question.

1.   A readout system includes which of the following? 
a . Machine tool and workpiece 
b . Computer 
c . Readout, scale and mounting hardware 
d . All of the above

2.   Acu-Rite Solutions systems can be retrofitted to what type of metalworking machines? 
a . Grinding 
b . EDMs 
c . Milling 
d . Turning 
e . All of the above

3.   Resolution is defined as... 
a . The degree to which it is possible to make linear measurements correctly with respect to a known standard . 
b . The smallest unit of motion that a readout system is capable of measuring and displaying . 
c . Movement of the machine table or tool 
d . All of the above

4.   Acu-Rite Solutions Precision Glass Scales are available in what resolution(s)? 
a. 5μm (0.0002”) 
b . 1” to 120” 
c. 1μm (0.00005”) and 0.5um (0.00002”) 
d . A and C above 
e . None of the above

5.   X-axis travel in a milling application is defined as... 
a . The plane of movement on a machine table whose directions are either back or forward and horizontal to the  
    floor. 
b. The plane of movement on a machine table whose directions are either left or right and horizontal to the floor. 
c . The plane of movement on a machine table whose directions are either up or down and perpendicular to the 
    floor.

6.   The Position-Trac feature of Acu-Rite Solutions SENC 150 & SENC 50 Precision Glass Scale is... 
a . A pattern on the scale glass that is read by the reader head to reset the readout to zero . 
b . A term used to describe the movement of the machine table or tool . 
c . A feature of the readout system that allows rapid recovery of position after a power loss .
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7.   Why would you retrofit a machine tool with Acu-Rite Solutions Readout Systems? 
a . Reduce operating expenses 
b. Increase profits 
c . Reduce or eliminate scrap 
d . Increase operator performance and reduce fatigue 
e . All of the above

8.   A Reader Head is defined as... 
a . A scale mounted to the motion axes . 
b . Chromium lines on a glass substrate and manufactured in a Class 100 Clean Room . 
c . A photoelectric device that is used to convert the line pattern on the glass scale to a digital signal . 
d . All of the above .

9.   Accuracy is defined as... 
a . The degree to which it is possible to make linear measurements correctly with respect to a known standard . 
b . The smallest unit of motion that a readout system is capable of measuring and displaying . 
c . Movement of the machine table or tool .

10.   What benefit(s) do Precision Glass Scale(s) provide? 
a . High accuracy and stability 
b . Easy to install . 
c . Eliminates backlash or wear of the machine tool .

11.   The DRO300 Readout has which additional features? 
a . Multiple display views 
b . 1 to 4 axes of motion can be displayed . 
c . Programming capabilities 
d . Built-in assistance, reference tables & calculators . 
e . All of the above

12.   Acu-Rite Solutions DRO203 is the latest in digital readout technology because... 
a . They have a crystal clear 7" color TFT display that replaces the traditional LED and VFD used by others . 
b . All prompts, instructions and help functions are accessible on screen and its no longer necessary to  
    constantly refer to a manual . 
c. The user can configure the console to 2- or 3-axes display and can set application to milling, turning or general  
    purpose accordingly . 
d . All of the above .

13.   What is the recommended scale for travels over 120"? 
a . SENC 150 
b . SENC 50 
c . LMF 9310 
d . All of the above
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