
1m	 100 SERIES SCALE ASSEMBLY
 
6NSTAlLATION PROCEDURES
 

A.	 INn~ODUCTION: 

The following instructions are guidelines for in­

stallation of SARGON'S 100 Series spar, glass
 
scale and encoder assembly.
 

NOTE 
This manual describes installation 
procedures for Bridgeport type knee 
mills. All part numbers are located on 
individual hardware kit drawings lo­
cated in each hardware kit. To order 
replacement or additional parts, use 
the kit part number and machine 
manufacturer reference, as some di­
mensions and parts may vary bet­
ween manufacturers. 

NOTE 
Other machine types may require spe­
cial hardware fabrication. The actual 
scale installation in all cases, follows 
the same concepts, custom installa­
tions may be completed without 
assistance; however, factory assis­
tance is available if necessary. 

The spar, glass scale, and encoder assembly have 
been factory aligned and shipped as a complete 
unit. Twotemporary#4-40screwsand metal stand­
offs, Fig. 1 B Index 1 & 2, hold the encoder "fin" in its 
proper aligned position to the spar. 

FIGURE 1A 
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Scale Assembly 
I...-_~~~-----------

NOTE 
Do not remove the temporary/align­
ment screws until the assembly is 
bolted in place and the installation 
is completed. 

B.	 IPFUE·H\iSTAlltllTION: 

1.	 Installation of spar, glass scale and en­
coder assembly on most vertical milling 
machines is relatively easy and straight 
forward. STAI\J DARD MACH 11\1 E SHOP 
PRACTICES SHOULD BE EXERCISED 
AT ALL TIMES. 

2.	 Other types of installations may require 
different mounting hardware, but at all 
times the installer must maintain the speci­
fied spar alignment tolerances to achieve 
optimal performance and accuracy. 

FIGURE 1B 
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Encoder temporary alignment sub-assembly 
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C.	 SPAR AUGNMENT TOlIERAi\'lCIES: 

1.	 Using a depth micrometerordial indicator. 
indicate the glass scale face surface to 
parallel the table travel within ±:O.005 
inch. Deviations can be corrected by 
inserting shim stock between the spar 
and table surface. See Figure 2. 

2.	 Align the glass scale top surface to paral­
lel the table travel within ±O.005 inch. 
This alignment can be accurately accom­
plished by using a depth micrometer or 
dial indicator. See Figu re 2. 

NOTE 
After installation is completed, it is 
recommended to recheck ali align­
ment tolerances prior to removing the 
"fin" screws and stand-offs, inspect 
for any movement in the encoder 
assembly. Any encoder movement 
will require re-alignment. 

D.	 lONGITUDINAL TRAVlElINSTALlATION: 

1.	 Position the table in the middle of it's 
travel (halfway). 

2.	 Remove the mechanical stops from the T­
slot in the front of the machine tool table. 

3.	 Remove the table stop bracket on the 
front of the saddle and mount the reader 
head bracket, Fig. 4A Index 3, usi ng two 
bolts, Fig. 4A Index 1, and two washers, 
Fig. 4A Index 2. The bracket should be 
mounted as high as possible without 
rubbing against the table. Bracket may 
need to be milled or angle changed, for 
some machines. 

NOTE 
For Lagun mills and mills that do not 
have a tapered angle to the front of 
the saddle, refer to Figure 4B. 

4.	 Reference Figure 1A, remove the end 
caps, gaskets and cover from the scale. 

5.	 Utilizing the T-slot in the front of the table, 
mount the scale to that surface as per 
Figure 3. Be sure that the top of the scale 
assem bly does not sit above t he top of the 

I FiGURE 2 

Glass scale alignment procedure 

table and tighten, making sure that the 
encoder casting box is at the same height 
as its mounting bracket. See Figure 4C. 

NOTE 
For some machines the encoder 
mounting bracket is off-center. To 
accomodate this, the scale should be 
adjusted that same amount to the side 
of the off-set. 

NOTE 
Be sure that the scale does not effect 
the table lock If this occurs a table 
lock extension is available for your 
machine. Fig. 4A Index 8 & 9. 

6.	 Align spar as per procedure depicted in 
above Paragraph C(SCALEALlG~IMENT 

TOLERANCES). 

7.	 Encoder casting box should now be direct­
ly in front of its mounting bracket. Remove 
the cover from the encoder casting box. 
See Figure 4A Index 4 & 5. 
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8.	 Using a transfer punch, mark the location 
of the two mounting holes in the casting 
on to the mounting bracket. Move the 
table and scale assembly to one side. and 
drill and tap two #10-32 holes in the mount­
ing bracket. 

9.	 Move the table back so that the encoder 
casting box is directly in front of the mount­
ing bracket. Align the four set screws, see 
Figure 4C Index 1, into the encoder cast­
ing until the set screws are just snug against 
the mounting bracket. 

10.	 Insert the two mounting screws and 
washers, Fig. 4A Index 6 & 7, and tighten 
(do not over-tighten). 

NOTE 
Each	 axis has a green ground wire 
locking terminal that is placed under 
one of the mounting screws. 

!ii£Sio" 

NOTE 
Each axis must be grounded. 

11.	 Remove the two temporary #4-40 screws, 
Fig. 1 f3 Index 2, and traverse the table to 
either direction so as to expose and re­
move the two metal stand-offs, Fig. 2 
Index 1. 

12.	 Install Display and route cable as per 
procedure described in Section III of this 
manual. 

13.	 Replace cover on encoder casting box. 

14.	 Execute performance test as depicted in 
Section IV. 

15.	 Assemble spar's cover as per Figure 1A. 

WARNINGI Ensurewires going to encoder 
do not rub against spar cover or fin. 

FIGURE 3 

Longit/ldinal scale assembly mounting procedure 
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Bridgeport longitudinal, exis, encoder mounting procedure 
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E.	 CROSS TRAVEL INSTAllATION 

1.	 Select preferred side of the saddle, Posi­
tion the cross travel at the center of its 
travel and lock saddle. Review Figures 
5A, 5B and 6. Locate the mounting position. 
Mount back plate, Figure 5A Index 7 or 
Figure 6 Index 1, to the knee via two 
spacers, Figure6lndex2, with the screws, 
Figure 6 Index 3, or washers, Figure 5A 
Index 1. 

NOTE 
For some machines the holes are 
either not drilled, untapped, or are 
clogged with paint. If this is the case, 

drill and/or re-tap the threads to the
 
size required for your machine (see
 
your hardware parts list for bolt size).
 
On some machines there are no holes
 
pre-drilled. If this is the case utilize
 
the universal backing bar, see Figure
 
5A Index 7,
 

2.	 Align back plate as per paragraph C (SPAR 
ALIGNMENT TOLERANCES), If the uni­
versal type back plate is being installed, 
adjust the four (4) jack screws to align the 
parallel axis. WARNINGI DO NOTWARP 
OR TWIST THE BACK PLATE BY JACK 
SCREW MISALlGt\IMEt\IT. 

[, <,FIGURE 5A 

I 1~ 
I	 2 

100 

FIGURE 58 
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Universal cross-travel 
mounting procedure1610 
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8 

FIGURE 5C 
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3.	 Remove the end caps and cover from the 
scale. See Figure 1 A. 

4.	 Mount the spar to the back plate as per 
Figure 5A or 6. 

5.	 Align (indicate) the scale to the travel 
(ways) using standard alignment proce­
dures, see Paragraph C. 

6.	 Remove the cover from the encoder 
casting box, Fig. 8 index 1, 2 & 3, and 
temporarily bolt the encoder mounting 
bracket, Fig. 8 Index 4, to it usi ng two each 
#10-32 screws and washers. 

7.	 Adjust the table so that the saddle aligns 
with the encoder bracket, Fig. 8 Index 1,4 
& 7. 

8.	 Transfer the holes located on the encoder 
bracket onto the saddle. Move the saddle 
to allow room for drilling Drill and tap two 
V4-20 x 1" deep holes where marked, Fig. 8 
Index 7. 

9.	 Unbolt the encoder bracket and mount it 
to the machine, using the two V4-20 bolts 
and washers, Fig. 8 Index 4,5,6 &7. 

10.	 Readjust the saddle so that the encoder 
bracket holes line up with the holes in the 
encoder casting box. Adjust the four set 
screws, Fig. 7 Index 1, until the set screws 
are just snug against the mounting brac­
ket. 

11.	 Insert the two mounting screws and 
washers, and tighten. DO NOT OVER 
TIGHTEI\J. See Figure 8 Index 8 & 9. 

a green ground wire 
%'f{)9J$ing,terminal thatis placed under 

12.	 Review Figure 5A Index 8, 9 & 10 for an 
installation concept of Universal cross 
axis encoder bracket. 

FIGURE 7 

fur sOl1le types 
of back plates 
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FIGURE 6 
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Bridgeport Tvpe cross-travel mounting procedure Universal cross-travel mounting cross section 
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CAUTION 
Do not allow the glass scale to rub, or 
touch the four (4) each encoder 
infrared LEO's located on the bottom 
printed circuit board that sandwiches 
the glass scale. 

NOTE 
Prior to installing the new encoder, 
inspect the encoder spring to ensure 
it is "loaded" properly. The spring 
tension should be loaded in such a 
manner that the eye is firmly resting 
on the glass scale center open line. 
The spring eye should not be 'cocked." 
SPRING LOADING !"DJUSTMENT IS 
AS FOLLOWS: Using a pair of "duck­
billed" pliers, firmly grasp the spring 
close to its termination, and bend it 
down to the point where the glass is 

BLUE 

FiGURE 25 

RED 

BL\CK 

RP 6. Type 

Encoder 

FIGURE 26 

cemented in the spar. Repeat the 
above step until the spring memory 
positions the spring eye as per above. 

A,	 For obvious reasons, scales cannot be moun­
ted right where machine work is going to take 
place. A standard vertical milling machine 
using linear scales would not have any error if 
it's table movement followed a perfect straight 
line. Since this is not always the case, and often 
tabl e movement deviates somewhat, there 
will be transfer error. Transfer error refers to 
the difference between the displacement of 
the scales reader head and the machine tool 
cutter. 

Some sources of error include the following: 

1.	 Crooked ways. 

2.	 Worn out and loose ways and gibs. 

3.	 Bending and deflection of tables caused 
by gravity, etc. 

4.	 Deflection and distortion caused by cut­
ting and driving forces. 

5.	 Geometric distortion of machine due to 
temperature. 

An example of non-linear movement is over, 
hang in knee-type mills. This is shown in Fig. 
26. Because of the pull of gravity on the table 
as it moves to the sides, its movement is likely 
to conform to a circular arc around a center far 
below the machine. 

-------.. _-­

(~ 
,--{_~~.I--

Typical overhanging table travel arc 
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To illustrate this concept further, the error is
 
given by the following equation:
 

E= 8h 

where E = error, 
8 = pitch angle in radians 
h = distance between working plane 

and the measuring plane. 

A & B are radii, and C is parallel to B. 

Here, AC corresponds to the arc of error: 
E = AC = AS - DE. 

I FIGURE 27 

~,c -1--~ 
-8 

I 

• J 
Typical geometrical error 
of miffing machine longitudinal table 

For convenience, the following table shows 
some resu Its of the error function. 

FIGURE 28 

SEC. 5 SEC. 15 SEC. 

.5" .00000 .00001 .00004 

1" .00000 .00002 .00007 

2" .00001 .00005 .00015 

4" .00002 .00010 .00029 

8" .00004 .00020 .00058 

-£ 

Machine tool errors are not limited to old 
machines. Large table errors can exist in new 
machines as well. Askilled machinist can iden­
tify errors of his machine and can compensate 
for them by either leading or lagging the table 
and meet required tolerances. 

Table movement will deviate somewhat and 
there will be some transfererror. Transfererror 
refers to the difference between the displace­
ment of work place and the displacement of the 
scale's reader head. 

30 SEC. 1 MIN. 3 MIN. 5 MIN. 

.00008 .00015 .00044 .00072 

.00015 .00029 .00087 .00145 

.00029 .00058 .00175 .00291 

.00058 .00116 .00349 .00582 

.00116 .00233 .00698 .01164 

16" .00008 .00038 .00116 .00233 .00465 .01396 .02327 

Typical machine tool table transfer error 

i§ M3 
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DIGITAL READOUT SPECIFICATION 
DISPLAY: 

7 digits and ± sign per axis using high performance nitrogen­
doped, GcAsp on GapO.560" LED's that are readable to over20' 
at 150° viewing angle. 

DISPLAY RESOLUTION: 
0.0005" or 001 mm. 

MAXIMUM DISPLAY RANGE: 
INCH: ± 999.9995. METRIC: ± 9999.99 mm. 

CIRCUITRY: 
All integrated circuitry, including LSI and CMOS logic 
technology. 

RESPONSE SPEED: 
50 kHz 

SIGNAL INPUTS: 
One encoder/instrument interface connector per axis. 

POWER INPUT: 
115VAC ± 20%, 48-62Hz switehable to 100,230 and 240 VRMS. 

OPERATING TEMPERATURE: 
DoC (32°F) to 50°C (122°F) 

COUNTER ORDERING INFORMATION 

DIGITAL DISPLAY MODEL NUMBER 

Single Axis Display 711A 

Two Axis Display 712A 

Three Axis Display 713A 
Hardware Kits 100 Series Regular Scales: 

509-00BP Bridgeport mounting hardware kit and arm 
509-00BPC Bridgeport Universal mounting hardware kit & arm 
509-EX Excello hardware kit and arm 
509-00-K Knee Z axis mounting hardware kit and arm 
509-KDIA Kondia hardware kit and arm 
509-00l Lagun mounting hardware kit and arm 
509-30SMAX Supermax 30" travel hardware kit and arm 
509-34SMAX Supermax 34" travel hardware kit and arm 
509-00-WIX Wells mounting hardware kit for 747,847,887,lndex 
509-XX-100 Universal hardware kit and arm for mills 

Hardware Kits 200 Series Miniscoles: 

515-M-BP Bridgepcrt hardware kit and arm 
515-M-BPC Bridgeport hardware kit and arm Universal 
515-M-EX Excello hardware kit and arm 
515-M-K Knee hardware kit 
515-M-KDIA Kondia hardware kit and arm 
515-M-L Lagun hardware kit and arm 
515-M-Q Quill hardware kit 
515-M-SMAX Supermax hardware kit and arm 
515-XX-200 Universal hardware kit and arm for mills 

SCALE ASSEMBLY SPECIFICATIONS 
ACCURACY: 

0.0003" total within 3', Beyond 3'., add 0.0001" total per foot. 

RESOLUTION: 
0.0005",0.01 mm 

REPEATABILITY: 
0.0004",0.01 mm 

OUTPUT CHARACTERISTICS: 
Two 5 volt quadrature square waves that are TIL compatible. 

SCALE ASSEMBLY ORDERING INFORMATION 

SCALE ASSEMBLY LENGTH MODEL NUMBER MODEL NUMBER 

Inches Metric Regular Scales Miniscale 

2" ( 50 mm) ........ XT-250-02 
4" ( 100 mm) ........ XT-250-04 
5" ( 125 mm) ........ XT-250-05 
6" ( 150 mm) 100-06-X XT-250-06 
8" ( 200 mm) 100-08-X XT-250-08 

10" ( 250 mm) 100-10-X XT-250-1O 
12" ( 305 mm) 100-12-X XT-250-12 
14" ( 355 mm) ........ XT-250-14 
16" ( 405 mm) 100-16-X XT-250-16 
18" ( 455 mm) 100-18-X XT-250-18 
20" ( 505 mm) 100-20-X XT-250-20 
24" ( 610 mm) 100-24-X XT-250-24 
26" ( 660 mm) ........ XT-250-26 
28" ( 700 mm) 100-28-X XT-250-28 
30" ( 760 mm) 100-30-X XT-250-30 
32" ( 800 mm) 100-32-X XT-250-32 
36" ( 915 mm) 100-36-X XT-250-36 
40" (1000 mm) 1OO+X XT-250--40 
42" (1065 mm) 100-42-X XT-250-42 
46" (1165mm) ........ XT-250-46 
48" (1220 mm) 100-48-X XT-250-48 
50" (1310 mm) ........ XT-250-50 
54" (1370 mm) ........ XT-250-54 
60" (1525 mm) 100-60-X 
62" (1550 mm) 100-62-X 
65" (1650 mm) 100-65-X 
70" (1778 mm) 100-70-X 
80" (2000 mm) 1oo-80-X 
90" (2250 mm) 100-90-X 
96" (2400 mm) 100-96-X 

100" (2500 mm) 1OO-100-X
 
110" (2750 mm) 100-110-X
 
120" (3000 mm) 100-120-X
 
130" (3250 mm) 100-130-X
 
140" (3500 mm) 100-140-X
 
150" (3750 mm) 100-150-X
 

Sargon Industries reserves the right to change specifications. designs OPTIONAL ACCESSORIES MODEL NUMBER 
prices and models without noticeInstrument Mounting Arm 10500 

Instrument Control Cable 190-15 DEALER IN YOUR AREA: 

15' Extension 
instrument Control Cable 190-20 

20' Extension 
Stiielded Power Cord 190-PC l 
SARGON 202412/3-85 


