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SECTION 1
INTRODUCTION

1.1 HOW TO USE THIS MANUAL

This manual has been prepared to familiarize you with all
parts of the system and the various operating procedures
you'll need to use. Other sections of the manual include:

2. Installation—How to install the console and check out the
system. To install A-R/5 and Mini-Scale assemblies, see
respective manuals,

3. Operation—How to use the console controls and operate
the system, with examples and detailed procedures.

4. Machine Error Compensation—What machine geometry
errors are, and how to determine and correct them. Plus
how to use the system to calibrate a machine tool. Func-
tions of internal switches are also described.

5. Maintenance~The nature of system problems and how to
correct them using a troubleshooting table and other pro-
cedures.

Refer to CONTENTS for locating specific procedures.
You will not find information on electronic parts replacement
or repair in this manual. In case of malfunctions in the elec-
tronic network that cannot be remedied using the
troubleshooting guide contact your ACU-RITE® distributor
service representative.

1.2 SYSTEM DESCRIPTION

The system, as shown in Figure 1-1, includes two basic com-
ponents: the ACU-RITE lII digital position readout (DRO or
console), for control and display, and ACU-RITE scale assem-
blies installed on one or more axes of your machine to detect

and measure table movement.

Available as a one-, two-, or three-axis unit, the

ACU-RITE HlI DRO contains solid-state electronics for coordi-
nate presetting, tool offsetting, absolute and incremental lo-
cating, and readout.

Figure 1-1. ACU-RITE digital Position Readout and Scale Assemblies: A-R/5 10 um(.0005"’), 5 um (.0002"’), and
Mini-Scale 10um(.0005"’}, 5um(.00025"’), 2um(.0001"’), and 1 pm(.00005"’)
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A-R. 5. A-R/1 and Mini-Scale—scale assemblies consist
of an ACU-RITE chrome-line glass scale, protective hous-
ing and electronic reading head (also called a **transducer’’).
A cable from the reading head is connected to the rear of the
console. See respective installation procedures in separate
manuals for A-R/1, A-R/5 and Mini-Scale assemblies. Sec-
tion 3, OPERATION, describes in detail how the system
functions. _

1.3 FEATURES YOU SHOULD KNOW ABOUT

Below are descriptions of the standard features that come
with your system. In addition, optional features, which you
may not have on your system, are also described.

1.3.1 Absolute/Incremental Measurement Modes

The system measures in two ways, or modes: the in-
cremental measurement mode and the absolute mea-
surement mode.

The incremental mode is used when you want the sys-
tem to measure and display point-to-point table positions.
After you've moved the table from one point to another, just
reset to zero and continue to the next step. The preset func-
tion allows you to preset your console to any value. Preset is
also used for tool offset (radius or diameter) by adding the
preset value to or subtracting it from the incremental mea-
surement. At any time you can recall the preset or offset
dimension on the absolute or incremental register to the
display by pushing (lighting) the PRESET key again. The
associated sign indicates whether you added (+) or sub-
tracted (—) the preset value the last time you used an offset.

In the absolute mode, the system keeps track of the
distance the table has moved in a given axis from the origi-
nal zero starting position, no matter how many incremental
steps vou've made. This absolute distance is displayed the
instant you push (lighting) the ABS key.

Full operating descriptions are found in Section 3, OPER-
ATION.

1.3.2 Inch-to-Millimeter Direct Conversion

This feature allows you to machine in either inch or milli-
meter dimensions and by pushing either the INCH or mm
key on the DRO console, converts from one to the other
without losing your zero reference, preset values or dis-
played dimensions.

1.3.3 Preset Key

You can preset your coordinate dimensions into the mernory
and recall them to the dispiay at any time, using the PRESET
key. Subtract from or add to coordinates at any time without
presetting again.

1.3.4 Machine Tool Geometry (Abbé) Error
Compensation

Every machine tool is subject to geometric error due to the
force of gravity, particularly when machining heavy or over-
hanging workpieces. The ACU-RITE Il system can compen-
sate for certain types of errors in increments of +15 parts
per million, up to about +458 ppm.

Section 4 is devoted to a detailed explanation of Abbé
error.

1.3.5 Large Scale Integrated (LSI) Circuitry

All of the complex electronic circuitry of the ACU-RITE 1]
DRO is incorporated into LSI chips. The DRO has completely
interchangeable printed circuit boards and modules.
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1.3.6 L.E.D. Display

The seven-decade (and plus/minus) light-emitting diode dis-
play is visible within a 120-degree viewing angle and is easy
to see at 20 feet or more. As the reading head moves with
relation to the scale, the numbers change instantaneously to
indicate exact position.

1.3.7 Auto Enable

The auto enable feature is provided on all counters. How-
ever, it will be active only if your scale is equipped with a
fiducial trigger output (FTO).

Auto enable establishes a permanent zero reference for
your machine table travel. It's handy for either of the two
following situations (see also How To Use Auto Enable in
Section 3, OPERATION):

a. When machining identical production parts, using a fix-
ture, auto enable provides a distance reference to your
first machining operation so your location is exact each
time. This saves time, eliminates positioning errors and
also eliminates the need to use a surface of the part as a
reference location.

b. On occasion, a part may have to be left on the machine
overnight or through the weekend. Auto enable keeps you
from losing your place. Simply move the table back to the
closest zero location, then move the known distance to
your next machining location according to dimensions on
your workprint.

1.3.8 Radius/Diameter

This feature doubles all measurements for the operator-
selected axis and the displayed value will be the actual di-
ameter reading applicable to the cross-slide motion of a lathe
or cylindrical grinder.

1.3.9 Tool Offset Dimensions

Use of the digit keys and the plus and minus keys make the
console capable of arithmetic calculations. You can add a
dimension to or subtract it from the incremental mea-
surement in the display at any time. Usually, this capability is
used for including a tool offset (diameter or radius) into the
print dimension to be machined.

1.3.10 Tactile Keyboard

The easy to clean membrane keyboard has embossed finger
locators and a tactile response to make its use easy and error
free. When a key is pressed a click can be felt confirminng
an entry.

1.3.11 Membrane Control Panel

Features of the membrane control panel are shown in Figure
3-1 and described in Section 3.2, Control Panel Description.

1.3.12 Switchable Resolution (Optional)

A switch on the back panel (labeled "HIGH—MEDIUM—
LOW?") provides a convenient method of adjusting the display
for use with scales of different resolution. The switch posi-
tions change the display of the least-significant digit (the last
digit position on the right side of the display) as shown in
Table 1-1.



The resolution displayed for each type of scale with the
switch in the *HIGH,” *"MEDIUM,” or “LOW" position is also
given in Table 1-1.

1.3.13 Other Features

A fault indicator, a lighted mark in the sign display, indicates
a power interruption or an improper signal to the console
(e.g., excessive slew speed). Also, the console faceplate with-
stands years of grease and dirt—you can restore its finish
with the wipe of a cloth.

There are operating descriptions of all of these features
elsewhere in this manual.

1.4 SPECIFICATIONS
1.4.1 Console

Rear Panel Controls

External
Connections

Diameter/Radius
Display

Display Selector
(Optional)

Fault Indicator

Linear Correction

One, two or three signal inputs.
Selectable diameter or radius display.

Select high, medium or low display.

Power interruptions, excessive count
rate and scale or counter malfunction
are flagged in the display.

QOutput count can be modified in in-
crements of + 15 parts per million up to
a maximum of + 458 parts per million to
compensate for some types of machine

Display Full 7 decades of 7 segment LEDs, long or temperature error.
llfe, readable to over 20 .feet at 120° Power 100VAC, 115VAC, 220VAC, and 240
viewing angle, plus and minus sign and VAC. 50-G60Hz
fault indication. ‘ '
Circuitry Integrated Circuitry, including LSI. Ambient
Capacity One, two or three axes of 7 decades Temperature 0°C (32°F) to 50°C (122°F)
each. Resolution DRO is usable (without modification) and
Inputs TTL compatible quadrature square mternally sw1tcf_1-set_table for the follow-
. L . ing scale resolutions:
waves (input noise filtered by signal sam- ve
pling technique) 10um(.0005"")
8 auel 5um(.00025"*) (for diameter readout)
Front Panel ON/OFF switch. ZERO RESET key, mm- 2um(.0001"")
_ Controls INCH selector keys, PRESET keys, digit 1lum(.00005")
keyboard, Plus-Minus keys, CLEAR key, . . W
ABS key, INCR key and AUTO ENABLE ~ Dimensions T X mm  D132mm
keys. (W12.8" x H8.3" x )
Weight (net) 6.2Kg (13.61b)
TABLE 1-1. Display and Resolution of Switchable Resolution Setting
High Medium Low
Display No change 0, 1, 2, 3 are displayed as “0.” Least significant digit is not
4, , 7, 8, 9 are displayed displayed.
as "5.”
Scale Resolution
10um(.0005"") .0005"/.01mm .0005"/.05mm 001"/ 1mm
5um(.0002”") .0002’’/.005mm .0005"/.005mm .001"/.01mm
(linear)
2um(.0001"’) .0001"/.002mm .0005"”/.005mm .0017/.01mm
1um(.00005"") .00005"/.001mm .00005”/.005mm .0001”/.01mm
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1.4.2

Scale Assemblies

DISPLACEMENT RANGES - Acu-Rite Scale Assemblies

STANDARD CABLE CONNECTOR

Measuring AR-5 AR-5 MINI MINI MINI MINI
Range 10 pm 5 pm 10 ym 5 ym 2um 1 pm Cable (Armored or Vinyl) can
mm .0005"") | (.0002") | (.0005™) [{.00025")[ (.0001"") |(.00005"") be routed from either side of
(inches) 3 reading head
3820 3831 3832 3807 3834 3y, /’779,0
g 7
50( 27| — — 382102 | 383202 | 380702 | 383402 13,2
%0 AWHT)
100( 41| — - 383104 | 383204 | 380704 | 383404 \7/
8
150 (67)  — — | 383106 | 383206 | 380706 | 383406 AN (GRRN)
200 ( 8") — — 383108 383208 380708 383408 F (BLWL)
250 (107  — —~ 383110 | 383210 | 380710 | 383410 Bendix PTO 6A-10-6P - (RED)
{or Cannon, Burndy equiv)  gipRaIN)
300 ( 12")] 382012 382612 383112 383212 380712 383412 D(BLK)
350 ( 147) — — 383114 383214 380714 383414
400 ( 16”)| 382016 382616 383116 383216 380716 383416
450 ( 18")| 382018 382618 383118 383218 380718 383418 ENGINEERING & QUALITY
500 ( 20”)| 382020 382620 383120 383220 380720 383420
" i AR-S  MING AR5 MINI AR-1 MINI MIN
600 ( 24")) 382024 382624 383124 383224 380724 383424 esolutio 2020 3831 3826 3832 3893 3807 3834
650 ( 26"")| 382026 382626 383126 383226 380726 383426 10 pm (.0005™) 5 ym (.0002°") 2 um (.00017) 1 pm (.000057)
750 (130”)| 382030 | 382630 | 383130 | 383230 | 380730 | 383430 Line Density
» _ — —_ _ lines/mm 25 25 62.5 125
800 (31.5") 383131 383231 (ines/inch) (635) (635) (1588) (3175)
813 (32 — — 383132 — — — "
889 (35" — — 383135 — — — pm In 50 mm — — +2 pm £1.5 ym
(Inches) (2 Inchea) - - {.00008™) (£.00006")
900 ( 36")| 382036 382636 383136 383236 380736 383436 4m In 250 mm — — +4 um +2.5 um
{ ) - _ . 001"
1000 ( 407)|  — — | 383140 | 383240 | 380740 | 383440 i ol I £10 um vaiad (oo
1050 ( 42™)| 382042 | 382642 | 383142 | 383242 | 380742 — (inchea)(40inches) |  (+.0004") (£.00047) {+.00027) (+.00027)
" Slew Speed
1225 ( 487); 382048 382648 383248 380748 — mm per sec 1000 1000 500 250
1375 ( 547)| 382054 382654 383154 383254 380754 — (inches) (40) (40} (20) (10)
1525 ( 60"){ 382060 382660 383160 383260 380760 —
1625 ( 65")] 382065 382665 — — — —
1800 ( 72| 382072 | 382672 — _ _ —_ STANDARD SPECIFICATIONS - Acu-Rite Scale Assemblies:
( )
2000 ( 80")| 382080 | 382680 — — — — Repeatabliity ~ Within one resofution count (all scales)
2250 ( 90')| 382090 | 382690 - - - - Backlash 1.5 um (.00006) (all scales)
2550 (100")| 382091 382691 — - — — .
- Operating  0°C to 50°C (32°F to 122°F)
2800 (110”)| 382092 | 382692 — - - — Conditions  25% to 95% reiative humidity (non-condensing)
3050 (1207)| 382093 | 362693 — - - - Storage  -40°C to 65°C (-4°F to 149°F)
Conditions  20% to 95% relative humidity (non-condensing)
AR-10 PLUS SPECIFICATIONS ELECTRICAL CHARACTERISTICS
MECHANICAL TTL compatible. Transistor collector output with
imernal pull-up resistor to Vcc.
Grating Pitch 100 ym N )
Accuracy +5 pm ('0002,.) within any random 39" Logic "1" level = pull-up to Vce through a resistor.
(1M) section of measuring length Pull-up resistors
Max. Slew Speed 190 ft min (60 M{min); PIN A : Signal outputs = 900125% ohms
40 infsec (1000 min/sec) S0° 270° Fiducial outputs = 1.8K £25% chms
. | 2 Channel A
Max. Acceleration 98 fi/sec? (30 M/sec?) (Typicah ¢ 180° o
Reg. Moving Force <3 bs (15 N) L°§~'° cl) s - vdc 10 0.5 Vd
Operating Temp. 32-1400F (00-60°C) 'SV Fi'gﬂga‘f‘gfﬁfi; ;0-8 4 V(:icoto'o 5 vsz ‘a-l-,—r;rlr\m
Storage Temp. -40.1580F (-200-700C) ov - -
Weight 41bs (1.8 kg) + 2.2 lbs/ft
3.3 kg/M) of measuring length PIN B PIN INPUT/OUTPUT
Connecting Cable 10 #t (3M) with connector - Channel 8 — :
and armored cable {Typical) A Channel "A" square wave signal
Max. Cable Length 65 f1. (20M) 5V I I I B Channel “B"s ianal i
N quare wave signal in
Measuring Lengths 10 ft. (3M) through 65 ft (198.8M) ov quadrature (90° nominal phase relationship)
(standard) with channel “A” signal
PINF
ELECTRICAL Fiducial +5V C  Vce +5.1+.1 Vdc power, 200mA max
" Trigger
Light Source Miniature lamp 5VDC/.6W Output D Common (power supply and signal return)
i 9 0 mA ical
83:;3:'%?9:2:‘:96 5Vt 5%, 14 (Typical) ov E  Shieid. reading head case ground
: . . .018 (.0007)
Incremental 2 Sinusoidal Signals, NOMINAL -J L_ F Fiducial trigger output signal {when provided)
Channels A and B
Reference 1 Trigger signal

Signai Levels
(1K Ohm Load)
Max. Cable Length

At Output of A/D Box

Fiducial (FTO) channel
A and B 7-16 ymApp
FTO 2-8 ymApp

150 ft. (50 M)




SECTION 2
INSTALLATION

2.1 INSTALLATION OF CONSOLE
2.1.1 General

Console installation procedures consist of locating the con-
sole on one of two types of stands: machine-mounted or
floor-mounted. Specific assembly instructions are contained
in the kits.

This section includes procedures for making electrical
connections and internal switch settings after the console
has been mounted.

Separate installation instructions for the A-R/1, A-R/5
and Mini-Scale are packaged with the scales. Procedures for
checking the system with your machine tool in preparation
for operation are included in the operator's manual for each
scale.

2.1.2 Console Lacation

When selecting the proper location for the console, be sure

of the following for safety and convenience:

« The operator can easily reach the panel controls.

¢ The console is mounted at eye level for comfortable read-
ing of the display and controls.

¢ There is no interference with operation or loading of the
machine tool.

* The console is located away from coolant splash and flying
chips.

2.2 ELECTRICAL CONNECTIONS
CAUTION

Do not operate the system with a supply voltage other
than that marked on the console nameplate. Incorrect volt-
age can damage the system.

a. Refer to Figure 2-1. Connect a heavy-gauge braided
ground strap or copper wire from the thumb-screw termi-
nal on the rear of the console to a convenient point on the
machine base. Check that the ground wire is a minimum
length and routed so that it will not be pulled or rubbed
during machine operation. Ground the machine base by
connecting it to a cold-water pipe or other solid earth
ground. A metal stake driven several feet into the ground
will suffice if no other ground is available. (No special
ground is required for scale assemblies.)

b. Plug the console power cord into a properly grounded
outlet of the correct voltage.

c. Turn the console on and check the fault indicator at the
left of the display lights. If the fault indicator does not light,
check the line voltage connection to be sure there is
power to the outlet.

If the fault indicator still will not light, refer to System
Troubleshooting in Section 5.

EDGE
DIAMETER FINDER
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Figure 2-1. Console Electricat Connections
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Figure 2-2. Internal Switch and Jumper Locations on Axis Board



2.2.1 Internal Switch Settings

The ACU-RITE III counter requires internal switch set-
tings to set the following counter features:

1) scale resolution

2) display decimal point location (dependent
on scale resolution)

3) Radius/Diameter feature for each selected
axis

4) measurement units (INCH or mm)
displayed when counter is first powered-up

These features are established by setting switches and a
jumper within the counter chassis. Follow the steps listed
below to set-up the counter prior to its use.

The counter is shipped from the ACU-RITE factory with
each axis set for a 10um (.0005°’) scale resolution, no er-
ror compensation, and no axes set up for the
Radius/Diameter feature. ACU-RITE advises that all
switch settings be double checked even if the system being
set up is of the same configuration as the factory settings.

NOTE

All work inside of the chassis must be done with the power
off and the power cord unplugged. This is for both the
protection of the operator and the protection of the elec-
tronic circuits.

Switch Settings For Scale Resolution

In order for the counter to recognize the correct scale
resolution for each axis the DIP switch assemblies S1, S2,
and S3 (see Figure 2-2) must be set according to table 2-1.
Note that each axis is associated with one DIP switch
assembly; the top axis is set on switch S1, the middle axis,
if one is present, is set on S2, and the bottom axis, if it
exists, is set on switch S3. Rocker switches 7, 8 and 9 are
the specific switches within each switch assembly which are

set to establish the scale resolution for each individual axis.
Set these rockers per the information in table 2-1 and then
double check the rocker settings.

Switch Settings For Display Decimal Point Location

The decimal point location must be set to display the pro-
per scale resolution. This is controlled by switches S4, S5,
and S6 (see Figure 2-3). Switch S4 is for the top axis
display, S5 is for the middle axis display, and S6 is for the
bottom axis display. Set each individual rocker in accor-
dance with table 2-1.
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Figure 2-3. Decimal Point Locating Switches on Axis
Board Viewed from Back of Counter.

Table 2-1. Internal Switch Settings

‘81, §2, & S3 Rocker Settings

S4, S5, & S6 Rocker Settings

Scale .
Resolution 12 3 4586 7 8 9 1 2 3 4
.0005" See OFF OFF OFF OFF ON OFF ON
.0001” Error ON OFF OFF OFF ON ON OFF
10pm(.0005) Correction ON OFF ON == OFF ON OFF ON
1um(.00005") in ON ON ON ON OFF ON OFF
2um(.0001"") Section 4 OFF ON ON OFF ON ON OFF
5pm(.0002") OFF OFF ON OFF ON ON OFF
Switch Settings for Rack & Pinion Rotary Encoder

10um(.0005") ON OFF ON OFF ON OFF ON
2um(.00017) OFF ON ON OFF . ON ON OFF
.0005” OFF OFF OFF OFF ON OFF ON

The following scales can be used in a diameter readout mode and still retain the error

compensation feature. Note that the readout will display 2x the scale movement (i.e.

1 scale interval will be displayed as 2 scale intervals giving a diameter reading on turn-

ed pieces), typical application would be a cross slide on a lathe (see Section 2.2.2). Switch

settings are as follows:
.00025" (Old Style English) OFF OFF OFF OFF ON OFF ON
5um(.00025") ON OFF ON OFF ON OFF ON
1um(.00005") OFF ON ON OFF ON ON OFF
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