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ABSTRACT 

The fuel material In a HFIR fuel plate is U3O3 dispersed in 
aluminum, resembling an airfoil in cross section. To ensure uniform 
generation of heat within the plate, all plates must be tested 
(nondestructl"ely) to determine that the UsOg content is within specified 
limits. The HFIR homogeneity scanner developed for this purpose is a 
density/thickness gauge that bombards a plate with a highly collimated, 
0.062-in.-diam beam of X rays and detects those transmitted through the 
plate. Variations in the transmitted X rays due to absorption in the 
fuel plate are a measure of fuel density. 

In addition to the fuel plates for HFIR, fuel plates for several 
other reactors, such as the Oak Ridge Research Reactor (ORR) are also 
checked by the homogeneity scanner by using other sets of standards. All 
of the other reactors have a uniform cross section. 

This manual describes the operation of this machine and the 
maintenance procedures for Its electronic components. 

vii 



1. GENERAL DESCRIPTION 

1.1 FUEL PLATE MEASUREMENTS 

1.1.1 Fuel Plate Tolerances 

The HFIR homogeneity scanner (Fig. 1) Is a density thickness gauge 
for determining whether the U3O8 particles contained In a ^Og-Al disper-
sion, whose cross section resembles an airfoil (Fig. 2), are within 
specified limits: +30% spot and *10% average within the maximum and 
minimum area (Fig. 3) of a fuel plate and approximately -70Z of the 
nominal loading at the thin edge of the Inner fuel plate In the area 
outside the maximum limit.1 The density Is measured by scanning the 
plate with a highly collimated, 0.062-in.-diam beam of X rays and detect-
ing those tranamltted through the plate. The unit automatically scans 
the plate8 with overlapping patha until the entire plate la scanned; 
variations in the transmitted X rays due to absorption 1.n the fuel plate 
are a measure of fuel density. 

Calibration standarda are provided at each end of the fuel plate for 
automatically setting new trigger levels for the specified tolerance 
limits at any point of the fuel cross section. The tolerance limits can 
be changed by using calibration standards based on other specified 
limits. 

An x-y plot of the plate being Inspected is produced by a four-color 
pneumatic printer. Each color on the graph paper indicates an out-oIn-
tolerance condition. The ab8ence of any mark within the plate area on 
the x-y plot indicatee that the plate is within tolerance. 

B. E. Foster, S. D. Snyder, and R. W. McClung, Continuous Scanning 
X-Ray Attenuation Technique for Determining Fuel Inhoaogenelties In 
Dispersion Core Fuel Plates, 0RNL-3737 (January 1965). 

1 



Fig. 1. HFIR homogeneity scanner. 
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A strip-chart recorder can be used to continuously record the value 
of the attenuated x-ray bean when the scan speed Is either 16 or 64 
In./min. This record can be correlated to fuel content If the acanncr 
has been calibrated to the tool steel standarda and the U-Al alloy foil 
standards. 

The necessity for a 100% nondestructive test of HFIR fuel plates was 
bassd on the requirement for uniform heat generation within the plate. 

1.1.2 Circuitry 

The major portions of the s ner's circuitry are shown in Fig. 4. 
The sample and hold circuits are set by the function control adjust 
etched wiring board (EWB) circuitry, which detects the location of a 
standard (by feedback from a position potentiometer) that has been moved 
into the x-ray beam by the acan control. The standards (6061 aluminum) 
are selected by the use of an empirically determined relationship between 
the uranium oxide of the fuel plates and the aluminum. The voltage com-
parators and gates are opened in the following combinations: "No- Fuel," 
+30% and +10%, and +30% and *10% for the no-fuel area, maximum area, and 
minimum area respectively. Each of the out-of-tolerance signals (+30%, 
4-10%, -10%, and No Fuel) opens a color channel (red, green, purple, or 
blue) to the plotting head of the pneumatic printer. Note that the 
limits are determined by the selection of the calibration standards and 
are not a function of the electronics in the gauging EWB. 

1.1.3 Percentage of Fuel Variation Per Chart Division 

The percentage of fuel per chart division In the range 30 to 80 
chart divisions is shown in Fig. 5. 

1.1.4 Average Limit Accuracy 

Figures 6 and 7 show the accuracy of determining the rlus and minus 
10% average limits in the recorder output range of 30 to 80 chart 



Fig. 4. Electronic circuitry for the HFIR homogeneity scanner. 
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Fig. 5. Percentage of uranium oxide per division for the range of 
recorder outputs. (Data by B. E. Foster.) 

divisions, calibrated as described in Sect. 3.8.1. The data points In 
these figures are for a single pass at each point plotted, except for the 
points enclosed by a square, which indicates that the plotted value is 
the average of fifteen scans at the same point on the standards. The 
data variation was within ±1 division of the standard and between -0.4 
and +0.6 division of the average for the trigger level. 

The data plotted in Figs. 6 and 7 were obtained by pulsing the aver-
age signal displayed on the recorder with the "beyond tolerance limit" 
signals triggering the x-y plotter. Figure 8 shows a typical recorder 
output with the data pointa Indicated. The hysteresis of the tolerance 
limit triggering was verified at chart readings of 40, 60, and 80. The 
hysteresis for any level can be read from Figs. 6 and 7. 
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1.1.5 Spot Limit Accuracy 

The accuracy of the spot limit checking has not been determined 
precisely. However, the data indicate that a 100X no-alarm occurs two 
divisions (0.2 V) below the standard, and a 100Z alarm occurs one divi-
sion (0.1 V) above the standard. 



2. CONTROLS 

2.1 FUNCTION CONTROL AND GAUGING CHASSIS 

The chassis deck divides the chassis into two sections, function 
control and gauging. The function control etched wiring board, 
Q-2744A-12, and the function control adjust etched wiring bosrd, 
Q-2744A-I4, are located above the chassis deck with their modular power 
supplies mounted below and at the rear left corner of the chassis deck. 
The gauging etched wiring board, Q-2744A-13, is located below the chassis 
deck, and its modular power supplies are mounted above and at the rear 
center of the chassis deck. 

2.1.1 Ac Power Switch 

The ac power toggle switch, labeled AC POWER, controls the 115-V ac 
input power to four (4) modular power supplies, two +5-V dc @ 1 A and two 
*15-V dc @ 350 mA. A 0.5-A slo-blo fuse on the rear connector panel 
provides overload protection. 

2.1.2 Dc Power Switches 

Two switches control the dc power to the function control and gaug-
ing sections of the chassis. They are labeled CONTROL and GAUGING on the 
left and right ends of the front panel respectively. Each switch con-
trols +15-V dc, -15-V dc, and +5-V dc to its respective section (etched 
wiring board) of the chassis. 

2.1.3 Scan Speed Selector Switch 

The plate-average time constant for a scan speed of 16, 64, or 
300 in./min is selected by this switch. The OFF position is equivalent 
to a signal with no averaging; however, there are two operational ampli-
fiers with unity gain between the spot signal and the "no averaging spot" 
signal. The TEST position allows the operator to select the averaging 

9 
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tine constant required by any particular experimental setup. The normal 
time constant la chosen by the formula 

RC - 40/speed 

where R la fixed at 1 M&, C is in VF, and the speed is specified in 
in./mln. Therefore, the value of C in VF is given by 

C - 40/speed. 

2.1.4 Recorder Switch 

The spot signal la routed to a recorder when the switch labeled 
RECORDER is set to the SPOT position. The AVG position similarly routes 
the plate-average signal to a recorder when the x-ray beam la traveruing 
the maximum area as defined by the function control adjustments, or the 
apot signal when the beam is outside the maximum area. 

2.1.5 Digital Panel Meter and Selector Switch 

This selector switch allows selection of either the output of the 
Dymec amplifier, the normalized signal from the input scaling (8pot) 
amplifier, the plate-average signal, or the output of the aample and hold 
amplifiers (-I-SPOT, +AVG, -AVG). The cwltch positions are OFF, IN, SPOT, 
+SP0T, +AVG, AVG, and -AVG. 

2.1.6 Alarm Reset Pushbutton 

When this pushbutton, labeled ALARM RESET, is depressed, it releases 
the-alarm that had been locked in by exceeding the +30Z spot limit. 

2.1.7 Inking Adjustment Pushbutton Pod 

These pushbuttons, labeled NF, +S, +A, and -A, are located in a pod 
at the end of a six-conductor cable. They are used to adjust the 
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Individual ink flows of the plotting head on the pneumatic printer assem-
bly for the No-Fuel, +Spot, -^Average, and -Average limit detector cir-
cuits respectively. 

2.1.8 Position Potentiometers 

The position potentiometers are arranged in 12 groups of 2 ten-turn 
potentiometers for adjusting the ON and OFF locations of the left and 
right standards and the LENGTH and WIDTH parameters of the plate area, 
the maximum area, and the minimum area. The position potentiometers are 
mounted on a separate EWB, and the standarda and areas for different 
plate configurations are selected by changing to an EWB that has been 
adjusted for * particular plate configuration by selecting two biasing 
resistors for each of the 24 ten-turn potentiometers. The adjusting 
potentiometers for each of the indicator lights on the front panel are 
located behind the respective lights. 

2.1.9 Maximum Density Potentiometer 

The maximum density potentiometer, which is in the R13 location on 
the front panel controls the amount of bucking current supplied to the 
spot amplifier. It is used to adjust the signal from the Dymec amplifier 
(Model 2460A) so that the minlmum-to-maximum density for a set of stand-
ards can be displayed in a range of 0 to 10 V. 

2.1.10 Maximum Edge Index (MEI) Reset 

The maximum edge index reset pushbutton switch is used to reset the 
MEI control flip-flop to the MEI condition, see Sect. 2.2.2. 

2.2 SCAN CONTROL CHASSIS 

2.2.1 Auto-Out - Manual - Auto-In Selector Switch 

Automatic or manual control can be selected with this switch. In 
the automatic mode, two positions are used for selection of the width 



12 

Index direction. During normal operation the unit will alternate between 
AUTO OUT and AUTO IN. When the switch is set to AUTO OUT, the plate will 
be moved toward the front of the acanner. 

2.2.2 Maximum Edge Index Switch and Indicator 

This switch selects the number of mils of transverse motion between 
length scans when the x-ray beam is outside the maximum outline or when 
it is ready to cross the maximum outline. The switch is operational when 
the indicator is on. If the indicator is off, the normal index set on 
the Slo-Syn Preset Indexer is used (see Sect. 2.3.2). 

2.2.3 Maximum Edge Index Disabling Switch 

This switch removes the control from the maximum edge index. The 
normal index (Sect. 2.3.2) is substituted. 

2.2.4 Outer and Inner Width Limit Indicators 

I These Indicator lights are on whenever the width drive is operated 
beyond the width of the inner or outer fuel plates. The microswitch that 
controls these lights will also Interrupt ac power to the Slo-Syn Preset 
Indexer (Sect. 2.3). These indicators are not used during normal 
operation. 

2.2.5 Width Stop Pushbutton 

The STOP pushbutton haa a toggle action; that is, it locks in the 
OFF or ON position. The button must be pushed again to turn on the Slo-
Syn Indexer after it has been used to stop. The pu8hbutton contact is In 
series with the OUT and the IN mlcroswltch contacts. 
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2.2.6 Ac Power Switch 

With this switch, power is supplied to the solenoid valves on the 
length motion and directly to the Slo-Syn Preaet Indexer. Overload pro-
tection is provided by 1-A fuses mounted next to the switch. 

2.2.7 Left Length Pushbutton 

This pushbutton operates a relay that energizes a solenoid valve to 
control the length motion to the left. The pushbutton should be held 
depressed for manual control. 

2.2.8 Stop Length Pushbutton 

This pushbutton interrupts the holding path to either of the length 
motion control relays. 

2.2.9 Eight Length Pushbutton 

This pushbutton operates a relay that energizes a solenoid valve to 
control the length motion to the right. The pushbutton should be held 
depressed for manual control. 

2.3 SLO-SYN PRESET INDEXER 

The operation of all controls for the preset Indexer is described in 
the Slo-Syn Indexer Instruction folder in Appendix A. 

2.3.1 In - Ext - Out 

This selector switch should be set to EXT for automatic operation. 
This direction control switch was labeled "Forward - External - Reverse" 
by the manufacturer. 
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2.3.2 Preset Index 

The number of mils set on the switches Is used as the normal index 
for automatic operation except when Che maximum edge index indicator is 
on (Sect. 2.2.2). 

2.4 PNEUMATIC PRINTER ASSEMBLY 

2.4.1 Dc Power Switch 

The dc power switch on the pneumatic printer assembly, mounted on 
the left end of the scanner table, controls the 24-V dc power to four 
plotting solenoids and a shift left Bolenoid. 



3. OPERATING INSTRUCTIONS 

3.1 STARTUP PROCEDURES 

The following sections describe the procedures for energizing all 
components after the equipment has been Installed or has been shut down. 

3.1.1 X-Ray Machine Power 

Turn on the following awitches In the order given: 

a. stabilizer switch, 

b. main breaker switch, 
c. filament switch (filament Variac fully counterclockwise), 
d. primary switch, and 
e. control switch. 

3.1.2 Instrument Cabinet 

Turn on the power switches in the following order: 

a. ac power on the high-voltage power supply (be sure that the dc 
switch Is OFF); 

b. ac power on the function control/gauging chassis; 
c. control dc power on the function control/gauging chassis; 
d. gauging dc power on the function control/gauging chassis; 
e. ac power on the Sorensen regulator (24 V dc to the plotting 

solenoids); 
f. dc power on the high-voltage power supply (set at approximately 

950 V); and 
g. ac power on the Brown recorder (In rear); chart drive off. 

15 
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3.1.3 Pneumatic Printer Assembly 

a. Turn the dc power switch to OFF. 

3.1.4 Scan Control 

Turn the power switch to ON at both the scan control chassis and the 
Slo-Syn Preset Indexer chassis. 

3.1.5 Photomultlpller Tube Dymec Amplifier 

Turn the power switch to ON. (The amplifier 1b located at the rear 
of the scanner table.) 

3.1.6 X-Ray Machine High Voltage 

a. Set the six control knobs for the correct kllovoltage. 
b. Set the Hi-Lo switch on LO for an x-ray tube current of approxi-

mately 11 mA. 
c. Turn on the cooling water. 
d. Turn on the key switch. 
e. Turn the kV Variac counterclockwise to the end of travel. 
f. Push the high voltage ON switch. 
g. Turn the kV Variac slowly clockwise until the NOT REG warning 

light goes out at the end of travel. 
h. Turn the mA fine adjustment to the maximum clockwise position. 
i. Turn the Brown recorder chart drive to ON, and turn the recorder 

signal switch at the gauging chassis to SPOT. 
j. Turn the filament Variac clockwise. Do not allow the recorder 

signal to oscillate. If it does, stop the oscillation by turn-
ing the fine mA adjustment counterclockwise. 

k. Continue step (j) until a setting of approximately 60 is reached 
on the filament Variac. 

1. Reset the fine mA adjustment to a maximum clockwise position 
with no oscillation. 
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m. Turn Che fine mA adjustment counterclockwise Co reduce Che mA Co 
Che next lower division mark on the mA meter, i.e., approxi-
mately 11 mA. 

3.2 OPERATION 

The operating conditions listed below are fully explained later In 
this manual. The explanations should be read before Che scanner is 
operated. 

3.2.1 Operation Checklist 

The following list gives the conditions which must be met prior Co 
fuel ^xate scanning: i 

a. appropriate standards installed 
b. regulator valves adjusted for proper scan speed 
c. pneumatic printer ink and solenoid shift properly adjusted 
d. pneumatic printer air supply on 
e. chart paper (5401) installed in Brown recorder 
f. Brown recorder power switch set to ON (switch is located at the 

rear of recorder) 
g. scan speed selector switch at proper setting to select the cor-

rect time constant 
h. hydraulic pump on 
1. proper kilovoltage setting for the x-ray machine high voltage 
j. proper mllllampere setting for the x-ray machine high voltage 
k. correct values for the Slo-Syn preset (normal) Index and the 

maximum edge index settings 
1. Slo-Syn selector switch set at EXT 
m. x-y plot paper advanced 
n. width position indicator setting of either 1860 or 8490 for 

inner plates, or 1695 or 8675 for outer plates (this will put 
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the bridge In the pre-scan position for automatic scanning, 
Figs. 9 and 10) 

o. maximum edge index light on. If the light ia off, push the MEI 
RESET switch to turn the light on. 

p. plate width lamp lit 
q. maximum and minimum width lamps out 
r. proper tool steel (0.006 and 0.018 in.) calibration (after cali-

bration, the tool steel push rod should be pushed in to clear 
the x-ray beam) 

8. scanning table in the extreme right or left position 
t. fuel plate correctly installed 
u. Brown recorder chart drive switch ON if a strip chart recording 

Is being made; otherwise, it is OFF 
v. recorder signal selector switch set at OFr if a recording is not 

being made; otherwise, either SPOT or AVG is selected as 
required 

w. pneumatic printer dc power switch is ON 

After the above conditions have been satisfied, scanning may 
proceed. 

3.2.2 Normal Operation 

In the following discussion, the directions RIGHT, LEFT, OUT, and 
IN are referenced as follows: With the operator standing in front of the 
x-ray collimator and shield assembly and facing the machine, RIGHT and 
LEFT are to be the operator's right and left, while OUT means that the 
fuel plate will be moved toward the operator, and IN means that the fuel 
plate will be moved away from the operator. 

The scanning table should contain a fuel plate (either inner or 
outer) and should be at the extreme left position. The normal operating 
steps for an inner fuel plate (see Fig. 9) are as follows: 
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a. The scanning operation is started, with the width position indi-
cator at a reading of 1860, by depressing and holding the push-
button labeled RIGHT on the scan control chassis. The scanning 
table will move to the right. 

b. Set the switch labeled AUTO-OUT - MANUAL - AUTO-IN to OUT 
and release the RIGHT pushbutton. 

c. The scanning table will move to the right until it is automati-
cally stopped by the right limit switch. The table will move 
out 80 mils, and the maximum width indicator lamp will light. 

d. The table will begin to move to the left, and the maximum edge 
J.UU3X Indicator lamp will go out. The table will move to the 
left until it is stopped by the left limit switch, after which 
the table will move out 61 mils and the minimum width Indicator 
lamp will light. 

e. The scanning table will move to the right, stop, move out, move 
to the left, stop, move out, and so on until the minimum width 
indicator lamp goes out. 

f. The scanning table will move to the left until stopped by the 
left limit switch. The maximum edge index indicator lamp will 
light. The table will move out 80 mils, move to the right until 
stopped by the right limit switch, and move out 80 mils. Opera-
tion of the table will stop. 

g. Turn the AUTO-OUT - MANUAL - AUTO-IN switch to MANUAL. Remove 
the x-y plot, change the fuel plate, and restart the scanning 
operation by switching from MANUAL to AUTO-IN. The scanning 
table will move in 80 mils and then move toward the left limit, 
repeating all scanning steps previously described, but moving 
IN on the transverse motion. 

3.2.3 Operational Tests 

The operating condition of the scanning unit should be checked peri-
odically as described in the following paragraphs. 
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3.2.3.1 Width Position Indicator 

Verify that the scanning table is in the correct position at the 
completion of the scan of every plate. Thla position should alBo be the 
starting point for the next plate. 

3.2 Amplitude Calibration 

Insert the tool steel Into the x-ray beam immediately before a plate 
is to be scanned. Readjust the MAXIMUM DENSITY control on the function/ 
gauging chassis and the FINE control on the photomultlpller high-voltage 
pover supply settings if the amplitude of the Brown recorder Is more than 
one-half division from either of the specified calibration points. 

3.2.3.3 Standard Plate 

In accordance with Sect. 3.8.2, the atandard plate ahould be scanned 
at the beginning of each day on which that fuel plates are to be 
inspected. The operating conditions to be tested with the standard plate 
are spot and average response. 

3.2.3.4 Max - Min Potentiometer Settings 

The potentiometer settings for energizing the indicator lights for 
the maximum and minimum fuel outline on both width and length should be 
adjusted each week or whenever a setting error is suspected. 

3.2.3.5 Alarm Trigger Levels 

The ->-30% and ±10% trigger levels should be checked each week. This 
la done by scanning acrosa tbe calibration atandards to aet the alarm 
levels. The values of the standarda recorded by the Brown recorder 
ahould be noted. With the x-ray beam at the empty plate holder, slowly 
Insert either the 6- or 18-mil-thlck tool steel calibration strip into 
the bean until the -10Z alarm solenoid turns off. Locate the level at 
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which the solenoid Is acCusCed intermittently by "noise" signals, which 
will be the alarm trigger level for -10X. It should agree closely with 
the recorder value for the -10% calibration standard. 

Insert the tool steel farther into the beam until the +10% level is 
indicated. Locate the trigger level for +10% as described for the -10% 
level. 

Repeat the calibration procedure for the +30% alarm level. Instru-
menC repair is needed If Che alarm level deCermlned by uae of Che tool 
steel standards does not agree with Che callbraCion standard within ±1 
division for the midpoint between 100% alarma and infrequent alarms on 
any of the three standards. 

3.2.3.6 "Averige-Spot" Response 

With sufficient material in the x-ray beam to produce an indication 
of approximately half scale on the Brown recorder, set the recorder sig-
nal switch alternately Co SPOT and AVERAGE. The recorder pen ahould not 
move more Chan 0.1 chare division when Che swlcch setting is alternated, 
and the deviation ahould be uniform over the entire range of the 
recorder. Pen movement in excess of this indicates that Instrument 
repair is needed. This test should be conducted each week. 

3.2.3.7 Recorder Adjustment * 

The response of the recorder should be checked each week if it la 
being used routinely, or prior to ita use if it has not been used for 
more than one week. The standard plate is scanned at a speeti of 
64 in./min with the recorder signal switch set on SPOT. The recorder 
trace Is examined at the ends of the pen excursion in both upward and 
downward directions when the plate Is being scanned across the +15 to 
-15% steps and back. The "corners" of the steps should not be round, and 
the overshoot of the pen should not be more than three chart divisions. 
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3.3 OPERATION OF THE SCANNING TABLE 

3.3.1 Width Movement 

3.3.1.1 Control 

The width (or In and out) movement of the scanning table Is powered 
by a Slo-Syn stepping motor controlled either by the Slo-Syn controller 
or by an external signal. The external slgnsl Is generated In the scsn 
control chassis and Is transmitted to the step motor whenever the maximum 
edge index indicator lamp is on. 

3.3.1.2 Manual Control 

When manual control of width movement (indexing) is desired, turn 
the maximum edge index disabling switch to the OFF position to remove the 
external signal. Select the desired Index distance (number of mils) on 
the Slo-Syn preset lndexer by setting the four switches. Select the 
desired index direction on the Slo-Syn Selector switch and push the Index 
pushbutton. The scanning table will move the selected index distance and 
stop. An emergency stop can be made at any time by pushing the width 
8top pushbutton. This is a latching switch which must be pushed again to 
make the width controls operable. 

3.3.1.3 Automatic Control 

When automatic indexing is desired, switch the maximum edge Index 
disabling switch to the ON position and the Slo-Syn selector switch to 
the EXT position. (With this switching combination the indexing motor 
will be controlled by the Slo-Syn preset indexer values when the maximum 
edge index indicator lamp is out and by the maximum edge index values 
When the indicator lamp is on.) Select the index distance to be used in 
the fuel area of the plates on the Slo-Syn preset indexer (60 mils for 
outer plates and 61 mils for inner plates) and the index distance to be 
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used outside the fuel area on the scan control maximum edge Index 
switches (65 mils for outer plates and 80 mils for inner plates). 

Set the scan control selector switch to AUTO-IN or AUTO-OUT. The 
bridge will index when the switch is set, will move to the end of the 
length travel, and will automatically index to the next scan. 

If the maximum edge index indicator lamp does not light after the 
x-ray beam has crossed the minimum line when moving from the fuel area 
toward the plate edge with the maximum edge Index disabling switch ON, 
proceed as follows to check the operation of the circuit: 

a. Turn the maximum edge index disabling switch to OFF. 
b. Turn the scan control selector switch to MANUAL. 
c. Set the Slo-Syn selector switch in the direction (either OUT or 

IN) that will move the fuel aree toward the beam. 
d. Increase the setting of the Slo-Syn preset lndexer by 200 mils 

so that the distance trsveled will put the center of the beam 
across the minimum fuel line. 

e. Push the index pushbutton. 
f. Turn the Slo-Syn selector switch to reverse the direction so 

that the bridge will return to its original position. 
g. Push the index pushbutton. 
h. Turn the maximum edge index disabling switch to ON. 
1. Return the Slo-Syn selector switch to EXT. Return the Slo-Syn 

preset lndexer to the original value. 

3.3.2 Length Movement 

3.3.2.1 Control 

The length movement of the bridge is hydraulically powered and can 
be controlled either with a two-way manually operated valve or with push-
button switches on the scan control chassis, which allows either manual 
or automatic operation. 
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3.3.2.2 Manual Control 

For manual operation, the selector switch must be in the MANUAL 
position. The bridge can than be moved to the right or left by pushing 
and holding the appropriate start pushbutton on the scan control. The 
bridge movement will stop when the button is released. 

3.3.2.3 Automatic Control 

When being operated automatically, the bridge stops, indexes, and 
automatically starts in the opposite direction at the end of each scan. 
Automatic operation stops when a width limit switch is actuated. The 
length travel can be stopped at any time by switching to MANUAL. 

When a width index is desired before the first scan starts, do as 
follows with the bridge at the end limit of travel: 

a. Set the Slo-Syn selector switch to the EXT position. 
b. Turn the scan control selector switch to the desired index 

direction. 

The length travel will atart immediately and continue in the auto-
matic operation. 

When a width index ia not desired before the first scan atarts: 

a. Set the Slo-Syn 8elector switch to the EXT position. 
b. Set the scan control selector switch to the MANUAL position. 
c. Push one of the length start pushbuttons and hold It in. 
d. Turn the aelector switch to either AUTO-IN or AUTO-OUT. 
e. Release the length start pushbutton. 
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3.4 INSTALLATION OF STANDARDS 

Each set of calibration standards consists of two groups of four 
stsndards. Insert one group into each end of the fuel plate holder in 
such a manner that the 100% standard is at the outer end of the holder 
and the scribed reference line Is aligned with the scribed line on the 
holder. When Installed In this manner, the sequence across the standards 
will be 100, 130, 110, and 90%, as read from either end toward the center 
of the plate holder. 

3.5 FUNCTION SETUP 

3.5.1 General 

The length and width positions are set by the use of two potentiome-
ters and an indicator light for each location. The length positions are 
set with the scanner approaching the setting position in the correspond-
ing direction. The positions to be set are: +SpotL, +AvgL, -AvgL, 
Plate, Maximum, Minimum, -AvgR, +AvgR, and +SpotR. The maximum and mini-
mum length positions are located within the plate length. The width 
positions (plate, maximum, and minimum) are located similar to the loca-
tions on the length scan (see Fig. 3). The function of each of the loca-
tions +SpotL, +AvgL, -AvgL, -AvgR, +AvgR, and +SpotR is to produce a 
control signal for the sample and hold circulta. On the other hand, the 
function of the plate, maximum, and minimum locations, after the length 
and width positions hsve been combined to select an area, is to gate the 
inputs of the limit detectors to the plotting head of the pneumatic 
printer. A linear scsle Is used to specify the actual length locations 
of the standards and fuel plate outlines for each type of fuel plate. 

3.5.2 Resistor Selection Procedure for Function Control Adjust 

Before any adjustments can be made to the function control settings, 
a set of resistors are placed In the Function Control Adjust etched wir-
ing board, Q-2744A-14. See Q-2744A-3 for the component designations. 
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See Q-2744A-14B for a parts list. Use the following to select the resis-
tor values. 

3.5.2.1 Look up the voltage in the length table (Table 1) or width table 
(Table 2) for the desired setting in Inches (mils). Note that 
the WIDTH dial readout la in mils. 

3.5.2.2 Select a resistor psir that has a range which covers the voltage 
in step 1 from the following table or choose a pair for a range 
as desired. 

3.5.2.3 Solder the resistors in place. Note that (n) equals 1 to 24 and 
(n+48) equals 49 through 72 on Q-2744A-3. 

3.5.3 Adjustment of Length Potentiometers 

Each position has two 20-turn length potentiometers for setting the 
ON and OFF locations. The minimum setting occurs when the bridge is at 
the extreme left of the machine. One turn of the potentiometer is 
approximately 0.20 in. With the calibration standards and the standard 
plate (see Sect. 3.8.2) in the plate holder, proceed to adjust the length 
potentiometer. The values of the standarda are assumed to be +30%, +10%, 
and -10% in the following adjustment procedures. 

Ohms 
Voltage Range (Rn/Rn+48) 

Ohms 
Voltage Range (Rn/Rn+48) 

15.0 to 12.0 0000/9090 
12.8 to 9.8 750/8250 
10.6 to 7.5 1470/7500 
9.0 to 5.9 1960/6810 
7.0 to 4.0 2610/6190 

-4.0 to -7.0 6190/2610 
-5.9 to -9.0 6810/1960 
-7.5 to -10.6 7500/1470 
-9.8 to -12.8 8250/0750 
-12.0 to -15.0 9090/0000 
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Table 1. Length position voltages 
(±1/32 In.) 

Inches Volts Inches Volts Inches Volts 

15.5 4.68 28.5 - 5.09 
3.25 13.86 16.0 4.28 29.0 - 5.44 
3.5 13.64 16.5 3.91 29.5 - 5.81 
4.0 13.26 17.0 3.56 30.0 - 6.20 

4.5 12.88 17.5 3.18 30.5 - 6.58 
5.0 12.51 18.0 2.80 31.0 - 6.93 
5.5 12.17 18.5 2.44 31.5 - 7.33 
6.0 11.77 19.0 2.04 32.0 - 7.69 
6.5 11.43 19.5 1.67 32.5 - 8.08 

7.0 11.11 20.0 1.29 33.0 - 8.43 
7.5 10.68 20.5 0.92 33.5 - 8.81 
8.0 10.28 21.0 0.53 34.0 - 9.18 
8.5 9.91 21.5 0.13 34.5 - 9.55 

21.75 -0.02 

9.0 9.52 22.0 -0.21 35.0 - 9.95 
9.5 9.16 22.5 -0.60 35.5 -10.31 
10.0 8.77 23.0 -0.98 36.0 -10.68 
10.5 8.43 23.5 -1.34 36.5 -11.05 
11.0 8.02 24.0 -1.73 37.0 -11.42 

11.5 7.66 24.5 -2.09 37.5 -11.81 
12.0 7.27 25.0 -2.47 38.0 -12.17 
12.5 6.92 25.5 -2.86 38.5 -12.53 
13.0 6.53 26.0 -3.22 39.0 -12.93 
13.5 6.19 26.5 -3.59 39.25 -13.10 

14.0 5.80 27.0 -3.96 
14.5 5.39 27.5 -3.33 
15.0 5.02 28.0 -4.70 
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Table 2. Width position voltages 

Dial Volts Dial Volts Dial Volts 

1695 -10.16 
1650 - 9.94 500 -3.12 9350 3.71 
1600 - 9.64 450 -2.82 9300 4.01 
1550 - 9.34 400 -2.54 9250 4.31 
1500 - 9.05 350 -2.23 9200 4.60 

1450 - 8.76 300 -1.94 9150 4.89 
1400 - 8.46 250 -1.64 9100 5.19 
1350 - 8.17 200 -1.34 9050 5.49 
1300 - 7.87 150 -1.05 9000 5.79 
1250 - 7.58 100 -0.75 8950 6.08 

1200 - 7.28 50 -0.45 8900 6.39 
i i 50 - 6.98 0000 -0.16 8850 6.67 

9975 -0.01 
1100 - 6.67 9950 0.15 8800 6.96 
1050 - 6.38 9900 0.44 8750 7.27 

1000 - 6.09 9850 0.73 8700 7.56 
950 - 5.80 9800 1.04 8650 7.85 
900 - 5.48 9750 1.33 8600 8.14 
850 - 5.19 9700 1.63 8550 8.45 
800 - 4.90 9650 1.93 8500 8.75 

750 - 4.61 9600 2.23 8450 9.04 
700 - 4.31 9550 2.52 8400 9.33 
650 - 4.01 9500 2.83 8350 9.63 
600 - 3.72 9450 3.11 8300 9.93 
550 - 3.41 9400 3.42 8250 10.22 

8200 10.51 

Hysterlsis is approximately 1 mil • 1 dial division. 
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3.5.3.1 Standards at the Left End 

The adjustment procedure is as follows: 

a. Move the bridge to the right until the center of the beam is 
approximately 1/8 in. from the left edge of the 130% standard. 

b. Adjust the +SpotL On potentiometer until the Indicator lamp 
flickers. 

c. Move the bridge to the left until the center of the beam is 
approximately 1/4 in. from the right edge of the 130X standard. 

d. Adjust the -fSpotL Off potsntlometer until the indicator lamp 
flickers. 

e. Move the bridge to the left until the beam is at the 110X stan-
dard and approximately 1/8 in. from the left edge. Adjust the 
4AvgL potentiometer. 

f. Continue setting the potentiometers for the stsndards (left 
positions) as described in steps a to e, moving the bridge in 
the left direction. 

3.5.3.2 Plate Length 

After setting the position lights for the left calibration stan-
dards, continue moving the bridge to the left to make the following plate 
settings. 

a. Left Plate End: With the beam at the end of the plate, adjust 
the Plate On potentiometer until the indicator lamp flickers. 

b. Left Maximum: With the beam over the standard plate reference 
notch representing maximum fuel length, adjust the Max On 
potentiometer. 

c. Left Minimum: With the beam over the reference notch represent-
ing the minimum fuel length, adjust the Min On potentiometer. 

d. Right Minimum: Repeat step c at the minimum notch at the right 
end of the standard plate, adjusting the Min Off potentiometer. 
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e. Right Maximum: Repeat step b, adjusting the Max Off 
potentiometer* 

f. Right Plate End: Repeat step a, adjusting the Plate Off 
potentiometer. 

3.5.3.3 Standarda at the Right End 

The adjustment procedure is as follows: 

a. After adjusting the plate positions, continue moving the bridge 
to the left until the center of the beam is approximately 
1/8 in. from the right edge of the 130% standard. 

b. Adjust the +SpotR On potentiometer until the indicator lamp 
flickers. 

c. Move the bridge to the right until the center of the beam is 
approximately 1/4 in. from the left edge of the 130% standard. 

d. Adjust the +SpotR Off potentiometer until the indicator lamp 
flickers. 

e. Continue setting the standards, moving toward the right until 
all the right end standards have been set. 

Readjustment. After the adjustments have been made to both left and 
right standards, move each group of standards through the beam in their 
respective directions at a speed slow enough to visually check the loca-
tion of the point at which the indicator lamps turn on. Readjust the 
potentiometer settings if necessary. 

The Indicator lamp corresponding to a specific standard should light 
after 1/8 in. of the standard enters the x-ray beam, and it should go off 
when 1/4 in. of the standard remains before leaving the beam, when the 
direction of travel is moving the fuel plate toward the beam. 

The length potentiometer setting for the plate, maximum, and minimum 
can best be rechecked by measuring the distance through which the bridge 
travels with the appropriate indicator light on. The PLATE light should 
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remain on for a distance of 24.000 In., the MAX light for 20.580 In., and 
the MIN light for 19.500 In. The accuracy of settings should be within 
1/32 in. 

The lights should be turned off at each end In similar locations 
with respect to the plate end. The x-ray beam should be entirely outBlde 
the maximum fuel area when the MAX light goes off, and centered on the 
minimum outline when the MIN light goes off (1.710 In. from the maximum 
to the plate end and 2.250 In. from the minimum to the plate end). 

3.5.4 Adjustment of Width Potentiometers 

Each position has two 20-turn i?idth potentiometers for setting the 
ON and Off locations. The minimum dial setting occurs when the width 
table is to the rear edge of the scDv:»'.rr (In). One turn of the 
potentiometer is approximately .025 in. The dial settings for each fuel 
plate type are specified In operstlng procedures. 

A mechanical digital readout attached to the width drive shaft indi-
cates the position in mils with an accuracy of 1 mil while moving in the 
same direction. Backlash in the gearing causes an error of 3 mils. 

3.5.4.1 Location of Reference Line 

The procedure for setting the reference line (see Fig. 11) is as 
follows: 

a. Turn the maximum edge index disabling switch to OFF. 
b. Place the standard plate In the fuel plate holder and locate the 

reference line. This Is done most accurately by centering over 
the plate positioning pins in the plate holder and by using the 
strip chart recorder to locate the point where equal movements 
in and out will produce equal readings. 

c. Adjust the width position Indicator (counter) to 0000. 
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Fig. 11. Fuel plate dimensions. 

3.5.4.2 Width Potentiometer Setting 

The adjustment procedure Is as follows: 

a. Set the Slo-Syn preset Indexer to 1677 (1.677 in.) for inner 
plates or 1542 for outer plates (see Fig. 11). 

b. Set the Slo-Syn direction control switch to IN. 
c. Push the Slo-Syn index button and wait for the drive to stop. 

Check the width position indicator (should read 1677 for inner 
plates or 1542 for outer plates). 

d. Adjust the minimum width on potentiometer to a setting which 
causes the MIN indicator lamp to flicker. 

e. Set the Slo-Syn preset indexer for 63 mils for inner plates or 
48 mils for outer plates. 

f. Push the Slo-Syn Index Button and wait for the drive to stop. 
g. Adjust the maximum width on potentiometer to a setting which 

causes the MAX indicator lamp to flicker. 
h. Set the Slo-Syn preset indexer for 40 mils. 
1. Push the Slo-Syn index button and wait for the drive to stop. 
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J. Connect the arpropr' .t switch cable for Inner or outer 
platss (located 1x1 t .xtreme right of the bridge). Adjust the 
switch position 1C necessary to give a slight compression con-
tact on the operating arm. 

k. Set the Slo-Syn direction control switch to OUT. 
1. Set the Slo-Syn preset Indexer to 3.107 In. for Inner plates or 

2.802 In. for outer plates, 
m. Push the Slo-Syn Index button and wait for the drive to stop. 

Check the width position Indicator (should read 8.673 for Inner 
plates or 8.828 for outer plates), 

n. Adjust the minimum width off potentiometer, 
o. Set the Slo-Syn preset Indexer to 63 mils for Inner plates or 

48 mils for outer plates. Push the Slo-Syn Index button and 
wait for the drive to stop, 

p. Adjust the maximum width off potentiometer. 
q. Set the Slo-Syn preset indexer for 40 mils, Index, and wait for 

the drive to stop, 
r. Adjust the limit switches as In step j. 
s. Set the plate width off and on potentiometers to 780 and 130, 

respectively, for inner plates or to 750 and 160 for outer 
plates. 

3.6 ADJUSTMENT OF SCAN SPEED 

The scan speed is controlled by two Vlckers control valves. The 
valve on the right controls the speed to the right, and the valve on the 
left controls the speed to the left. With the bridge at the extreme 
right or left, the hydraulic oil pressure regulator should be adjusted to 
150 psl on the gauge at the pump. For final settings the travel should 
be timed. 
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3.7 ADJUSTMENT OF PNEUMATIC PRINTER 

Note that the plotter head assembly must be approximately .031 In. 
above the plotting surface for the maximum line resolution to be 
obtained. (See detail 1 on ORNL I&C Dvg. 0-2744-21.) 

To adjust the Ink for the x-y plot, proceed as follows: 

a. Move Che bridge until both the minimum width and minimum lengch 
Indicator lamps come on. 

b. Adjust the air pressure to the printer to 20 psig. 
c. Fill Che Ink reservoirs to 75% capacity with filtered Ink. 
d. Adjust the bridge travel to operating apeed. 
e. Start the bridge travel. 
f. Push Che desired test button NF, +S, +A, or -A on the Inking 

Adjustment Pushbutton Pad and hold it down while the bridge Is 
moving. 

g. Adjust the Ink supply until the desired contrast is obCalned at 
the operating speed. 

h. Repeat steps f and g for each color. 
i. Turn the 24-V dc power switch on the pneumatic printer assembly 

to the OFF position after the adjustments are completed. 

3.8 INSTRUMENT CALIBRATION 

3.8.1 Amplitude 

The signal amplitude is calibrated by inserting tool steel of two 
different thicknesses (0.006 and 0.018 In.) into the x-ray beam and 
observing the response on the Brown recorder. The procedure for calibra-
tion and adjustment is as follows: 

a. Install chart paper (5401) in the Brown recorder and turn the 
chart drive switch ON. 
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b. Pull the tool steel control rod until the first detent is 
engaged. This will bring the 0.006-in. tool steel into the 
x-ray beam. The control rod Is located at the front of th 
x-ray tube support channel. 

c. Adjust the fine voltage control of the photomultlplier high-
voltage supply until the Brown recorder or digital panel meter 
(DPM) indicates 9.5 chart divisions. 

d. Pull the control rod out until the second detent is engaged. 
This will bring the 0.018-in. tool steel into the x-ray beam. 
Adjust the maximum density potentiometer located on the gauging 
control chassis until the Brown recorder or DPM indicates 76.0 
chart divisions. 

e. Repeat steps b, c, and d until both adjustments are correct. 
Rapid adjustment can be achieved by setting the maximum density 
potentiometer at as many divisions above or below 76 as it was 
before step c was repeated. 

3.8.2 Standard Plate 

A layout for a standard plate is shown in Fig. 12, and details of 
construction are shown on ORNL Dwg. No. 10940S041D. The standard plate 
should be scanned weekly to verify that the performance of the scanner Is 
acceptable. The x-y plot should have a predetermined color and location 
pattern. 
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INNER EDGE ,KJ, 

Fig. 12. Standard plate dimensions. 



4. ELECTRONIC MAINTENANCE 

4.1 X-RAY TUBE ALIGNMENT 

Mechanically align the upper collimator M39 (Dwg. 10940S026) and the 
holder M33 to be at right angles to the bridge top M2. Align the upper 
collimator and the lower collimator M57 by shifting the shield with 
respect to the bridge top or by shifting the bridge top with respect to 
the bridge bottom. Center the adjustment M15 of the sdjustlng pad M6 
along the axis of the x-ray tube. Place the x-ray tube on the adjusting 
pad and center It with respect to the shield by shifting the tube and 
adjusting at M3. Use the rotation adjustment on the x-ray tube to align 
the clamp ring of the tube with the shield. Clamp the x-ray tube to the 
adjusting pad. Check the centering. Adjust the upper colllmstor to 
clear the plate holder by 1/32 In. 

After applying high voltage to the x-ray tube, shift the tube with 
reBpect to the collimator by using the adjustments at M3 and M15. A 
minimum signal on the recorder is desired. Center the adjustments within 
the minimum for each motion. CAPTION! Do not allow your hands to enter 
the x-ray beam. 

The spot size, about 0.080 In. dlam at the fuel plate surface, can 
be checked for uniformity of intensity and for a circular pattern by 
exposing a piece of very fine grain x-ray film (Kodak type M) with a 
0.005-in. lead filter on top of the film, for 15 s. 

The amplitude ahould be calibrated before the scanner is placed In 
production (see Sect. 3.8.1). 

4.2 PNEUMATIC PRINTER 

Air pressure at the printer should be set at 30 to 35 pslg. The F-l 
assembly should be cleaned weekly by soaking in acetone for 8 h, and the 
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ink reservoirs should be cleaned monthly by flushing with warm water. If 
the ink has dried, use acetone on metallic parts. Do not use acetone on 
the vinyl plastic tubing. 

The plotting head should be located approximately .031 In. above the 
plotting surface. (See detail 1 on ORNL I&C Dwg. Q-2744-21.) 

4.2.1 Ink 

The Ink must be filtered through a llntless nylon cloth, ORNL Stores 
Catalog No. 06-880-2222 (Southern Press and Filter Media Co., or equal). 
The reservoirs should be filled to 75% capacity. The inks used are of a 
stamp pad type: 

a. red: FSN7510-161-4240 GSA, Class 1, ORNL Stores No. 
10-3544715, 

b. green: FSN7510-161-4238 GSA, Class 1, ORNL Stores No. 
10-354-4695, 

c. blue: FSN7510-161-4236 GSA, Class 1, ORNL Stores No. 
10-354-4685, 

d. purple: mix equal parts of blue and red. 

4.2.2 Paasche F-l Assembly 

The F-l assembly, manufactured by by the Paasche Airbrush Co., 
Chicago, is used to adjust the color of the output by a screwdriver 
adjustment (see Figs. 13 and 14). Turn the adjustment screw clockwise 
for a darker color or counterclockwise to lighten or shut off the color. 

The F-l assembly can be removed by disengaging the ink supply with a 
slight pull and rocking motion at point A on Fig. 13 and then removing 
two 4-40 socket head screws. After being removed from the base, the 
upper and lower end of the F-l assembly can be removed from its support 
bracket. 
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Fig. 13. Pneumatic printer, side view. 



Fig. 14 Pneuaatlc printer, bottom view. 
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To Install the F-l assembly, reverse the removal procedure. Be sure 
that the needle guide bushing, located Inside the lower tapered piece of 
the F-l assembly, is screwed in all the way. The tapered piece should 
also be snug against the needle. CAUTION: Do not overtighten. 

The needle assembly must be centered within the 3/64-ln.-dlam air-
passage hole (Fig. 14) in the base of the pneumatic printer. The apex of 
the F-l assembly Is adjusted to the center of the 3/64-ln.-dlam hole by 
moving it up or down after loosening the clamping screw. Tighten the 
screw when the adjustment Is completed. 

4.2.3 Shift Adjustment 

The solenoid-operated shift adjustment compensates for the electri-
cal and pneumatic time delays of the printing system; therefore, an 
adjustment is required whenever the scanning speed is changed. The 
adjustment is made as follows: (a) attach a piece of No. 18 copper wire 
to a fuel plate across the width of the plate at right angles to the 
direction of travel; (b) run the scanner In an automatic mode; (c) check 
the pattern of dote when the scanner passes over the wire; (d) If the 
dots are staggered on alternate scans, adjust the amount of shift to 
bring them Into alignment; and (e) tighten the locknut on the shift 
adjustment. 

4.3 DESCRIPTION OF FUNCTIONAL OPERATION 

4.3.1 Scan Control 

The scan control chassis (ORNL Dwg. Q-2744A-4) contains the compon-
ents for controlling the programmed motion of the scanner: four dpdt 
relays, a two-decade index switch, a gating circuit for the maximum edge 
or normal index, four pushbuttons (Right, Left, stop Length, and Stop 
Width), and a three-position (Auto-Out - Manual • Auto-In) selector 
switch for automatic or manual control. The parts of the scan control 
external to the chassis are a modified Slo-Syn Indexer 
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(ORNL Dwg. Q-2744A-5), a width drive motor, two solenoid valves (to 
control the length motion powered by a hydraulic drive system), two 
position-measuring linear potentiometers, and eight limit switches. Two 
limit switches are used In the length motion (right and left), and six 
are used in the width motion — two for maximum travel limits, two for 
inner fuel plate limits, and two for outer fuel plate limits. The length 
and width limit switches are connected through connectors SL and SW. The 
SW connection is changed to select either the inner or outer fuel plate 
limit switches. 

The sequence of operation under normal use is the following. The 
right relays K3 and K4 will be energized through the interlock contact 
K1A and the right pushbutton FB3 (in manual operation) or the left limit 
switch LL (In automatic operation). Manual operation Is terminated by 
the Stop pushbutton FBI. (Auto-Out operation is assumed in the following 
discussion of automatic operation.) The left relays K1 and K2 are locked 
out by the opening of the normally closed contact K3A when K3 Is ener-
gized. The normally open contact K4A will seal in relays K3 and K4 
through the right limit switch RL, the In or out limit switches IL1 or 
0L1, the AUTO OUT or AUTO IN positions of the Auto-Out - Manual - Auto-In 
Selector switch, the normally open contacts of the Slo-Syn preset indexer 
relay, and the stop pushbutton PB1. (The Slo-Syn preset indexer relay is 
energized except when counting.) Ac power Is supplied to the right 
solenoid valve through fuses Fi and F2 and contacts K3C and K4C. The 
scanner table will move to the right until the right limit switch SL is 
operated. 

The opening of the normally closed contact of RL opens the holding 
path to relayB K3 and K4. This allows the normally open contact K4-B to 
energize the Slo-Syn preset indexer start circuit through the Auto-Out 
side of the three-position selector switch S2 and the start NOR gate UI. 

The level change from 0 to +5 V at the connector, pin K of the EWB Q-
2744A-11 on Drawing Q-2744A-4, will cause the NOR gate to generate a 
level change from +4.5 to 0 V. The indexer relay, Kl, in the Slo-Syn 
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preset Indexer chassis will be de-energized for Whatever counting period 
is set on either the Slo-Syn preset Indexer (see upper left corner of the 
preset Indexer block on Dwg. Q-2744A-4 or center left on Dwg. Q-2744A-5) 
or the scan control chassis if the maximum edge index Indicator lamp Is 
on. Control signals to the indexer are routed through connector SI. 

The Indexer relay energizes upon completion of the counting period. 
The operating path to relays K1 and K2 is completed through the normally 
open contact of RL, which is operated by the scanner table. Relays Kl 
and K2 are sealed In through the normally open contact K2A. The normally 
closed contact K1A, now open, prevents operation of the right relays. 
The ac power applied to the left solenoid through K1C and K2C will cause 
the scanner table to move to the left until the left limit switch LL is 
operated. The control will again index and reverse its direction of 
motion through K2B, the Slo-Syn Indexer count relay, and the left limit 
switch LL. 

The motion sequence (right, Index, left, index, right, etc.) will 
continue until the out limit Bwitch 0L1 is operated. This will prevent 
Kl and K2 or K3 and KA from operating through KL or LL, and the scanner 
will 8top. Moving the Auto-Out - Manual - Auto-In switch to AUTO-IN will 
cause the Slo-Syn preset Indexer to start the sequence for motion toward 
the In limit switch IL1. 

The stop width pushbutton has a latching action for stopping In the 
middle of sn index. The limit switches IL2 and 0L2 are used as a crash 
stop and are located at the points of maximum travel of the width. Each 
switch controls an Indicator that is turned on If the limit switch is 
operated. In order to resume normal operation after operating IL2 and 
0L2, the ac power cord to the Slo-Syn preset Indexer should be connected 
to a source of power other than the scsn control chassis. CAUTION should 
be exercised in backing away from the limits IL2 and 0L2. 

The maximum edge index and normal index circuits require a signal 
level of 0 V at connector pins B or F of Q-2744A-11 for indexing control 
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by either the maximum edge switches (S3) on the scan control chassis or 
the normal Index switches on the Slo-Syn preset indexer chassis through a 
negative-input NAND gate followed by a positive-input NOR gate. The 
output of the NOR gate, connector pin D of Q-2744A-11, is a negative 
pulse from +10 V to ground. Note that the collector of the NOR gate uses 
the B+ power from the Indexer. The second input of the NAND gates is a 
+10 to 0 V signal from the respective index selection switches through a 
level-shifting circuit. The maximum edge index switches and control 
circuit are connected to the Slo-Syn indexer chassis through cable SI. 

4.3.2 Function Control 

The function control chassis (ORNL Dwg. Q-2744A-3) selects the oper-
ation to be performed by the gauging circuits through the use of 12 
position circuits. Each circuit contains two potentiometers, two voltage 
comparators, and an Excluaive-Or gate. These outputs are then combined 
for the control functions. The details of operation follow. 

A reference voltage for the on and off location of a position is 
obtained from the wiper of a l-kfl, 20-tum potentiometer in series with 
2 resistors whose resistance is approximately 9-kfl. The two biasing 
resistors select a positioning segment of one-tenth the total travel in 
either length or width. The potentiometer/resistor combination, located 
on the function control adjust EWB (ORNL Dwg. Q-2744A-14) uses a ±15-7 
regulated supply as a voltage source. The right and out directions are 
counterclockwise on the potentiometers. These same voltages are also 
routed to the location-sensing linear potentiometers through the LOCATION 
connector. (See Appendix B for the connector terminations.) 

Movement of the scanning table to the right will result in 
increasing positive voltage at the wiper of the linear potentiometer, 
connector J3 pin 6 on EWB ORNL Dwg. Q-2744A-13A, and pin 2 of integrated 
circuits U13 through U30, LM311 voltage comparators. Whenever the volt-
age on pin 2 of a voltage comparator exceeds the reference voltage set on 
pin 3 by the potentiometer/resistors combination, the output of the 
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comparators, pin 7, will switch from 0.4 to 3.5 V (TTL standard logic 
levels). In a similar manner widt' sensing uses connect J3 pin 7 on 
EWB ORNL Dwg. Q-2744A-13A and pin 2 of the IM311 volt*,;« comparator 
Integrated circuits U31 through U36 to select the on and off locations 
for the plate width, maximum width, and minimum width. 

The outputs of the ON and OFF voltage comparators are the Inputs to 
EXCLUSIVE-OR gates, U3 and U6 for the length positions and U7 for the 
width positions. This gate has a 3.5-V output If the two Inputs are 
different, i.e., one at 0.4 V and the other at 3.5 V, and a 0.4-V output 
If the inputs are the same. The 4.5-V signal Is preset during the time 
the scanner moves from the ON to the OFF position as set by the reference 
voltages from the function control EWB, ORNL Dwg. Q-2744A-13A. The 
output of each EXCLUSIVE-OR gate drives one input of a hex inverter, Ul 
or U4, which in turn drives a LED Indicator on the front panel of the 
chassis. These Indicators aid the operator to accurately set the 12 
linear areas required by the inspection limits. 

The three setting signals (Set +Spot Limit, Set +Avg Limit, and Set 
-Avg Limit) are generated by similar circuits. For instance, the +Spot 
Left and +Spot Right signals from pins 3 and 6 respectively of U3 are 
combined in OR gate U2A. The "true" output of the gate is 0.4 V and the 
"false" output is 3.5 V. The OR gate output, pin 4 of U2A, controls a 
sample-and-hold Integrated circuit on the gauging EWB (ORNL Dwg. 
Q-2744A-12A and Q-2744A-2), which retains a voltage level for the +Spot 
Limit reference signal. 

The signals from the plate, maximum, and minimum positions for fuel 
plate length and width are combined to form "Inspect Maximum," "Inspect 
Minimum," "Inspect No Fuel," and "Allow Leas Than Nominal Average." 
Inspect maximum and Inspect minimum are formed by combining the length 
and width signals in an AND gate, USA and U5C respectively. Inspect 
minimum Is Inverted In one section of hex inverter U9 to produce the 
allow less than nominal average 8lgnal. The inspect maximum signal is 
also Inverted in one section of hex Inverter U9 to generate the record 



maximum signal. The Inspect No Fuel signal, U8 pin 6, Is an Excluslve-OR 
combination of the Plate Area signal at U5 pin 6 and the Maximum Area 
signal at U5 pin 3. All of the "Inspect" signals control one AND Input 
of the relay driver Integrated circuits on the gauging EWB, ORNL Dwg. 
Q-2744-12A and -2, that control the Inking solenoids on the pneumatic 
printer assembly, ORNL Dirge. Q-2744-20 and Q-2744-26. 

The Interconnections to the scan control chassis and the gauging EWB 
from the function control EWB are routed through two cables, function to 
gauging (F6) from above to below the chassis deck, and function to scan 
control, labeled SCAN CONTROL on the chassis rear connector panel. (See 
Appendix B for the connector terminations.) 

4.4 DESCRIPTION OF GAUGING CIRCUITS 

All six signals on the gauging EWB are displayed on the front panel 
DPM (digital panel meter) by use of a Beven-posltlon selector switch. 
They are OFF, IN, SPOT, +SPOT, +AVG, AVG, and -AVG. 

4.4.1 Spot Signal 

The SPOT, or transmitted x-ray beam signal, is obtained in the fol-
lowing manner (see ORNL Dwg. Q-2744A-1 and -20): The transmitted x-ray 
beam is absorbed in a plastic phosphor coupled to an RCA 2020 photomulti-
pller with Dow Corning 200 fluid. The photomultiplier is operated at a 
gain of approximately 4000, with 1075 on the dynode resistor string. The 
anode current is fed to the input of a Dymec Model 2460A amplifier. A 
Model 2461A-M4+1 plug-in is modified to contain a 10-mft feedback reaistor 
In parallel with 100 pF. The resulting signal is +7.55 V for an unatten-
uated beam, +4.0 V for 6-mll-thick tool steel in the beam, and +1.55 V 
for 20-mil-thick tool steel in the beam (see Sect. 3.8.1 for 
calibration). 

The output of the Dymec amplifier feeds a 50-kfl resistor at the 
input of the level-shifting amplifier U6 (see ORNL Dwg. Q-2744A-2). The 
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current at the summing junction Is combined with an adjustable bucking 
current (maximum density control) of 14 to 20 pA so that increasing 
density increases the signal. The signal level at the output of the 
level-shifting amplifier Is dependent upon the settings of the maximum 
density potsntlometer and the gain that is set with the fins voltage 
control of the photomultiplier. The approximate voltage level for an 
unattenuated beam is -10.45 V, for 6-mil-thlck tool steel in the beam it 
Is +0.95 V, and for 18-mll-thick tool steel in the besm It Is +7.60 V. 

4.4.2 Average Signal 

The average signal (AV6) is generated by routing the SPOT signal to 
the Inverting average amplifier U4 and then to the average amplifier U5. 
The RC time constant in the feedback path of amplifier U4 is used to 
adjust the averaging time for the selected scan speeds of 16, 64, and 
300 in./min (sse Sect. 2.1.3 for a formula to select the value of the 
capacitor.) The AV6 signal from the average amplifier, U5, is used as 
one of the inputs to the ±AVG limit voltage comparators, U7 and U9, and 
as one input of the hold-nominal average voltage comparator, U8. 

The signals from the ±AVG sample and hold limit amplifiers Ul and U2 
are summed at one input, pin 2, and compared against the output of the 
average amplifier, U5, in the hold-nominal average voltage comparator, 
U8. A gain of 2 is used for the ±AVG inputs, and unity gain is used for 
the AVG Input. In the area between the maximum and minimum fuel outlines 
selected by the allow less than nominal average signal, the hold-nominal 
average voltage comparator supplies a signal that operates a feedback 
relay which drives the average signal toward the nominal average. 

4.4.3 +Spot and tAverage Limit Circuits 

The three limit circuits are Identical in operation except for the 
signal that controls the sample-and-hold amplifier. As the scanner table 
moves the standards into the x-ray beam, three control signals from the 
function control EWB will be generated in sequence; namely, SET +SP0T 
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LIMIT, SET +AVG LIMIT, and SET -AVG LIMIT. Each of thaaa algnala allows 
the respective sample-and-hold amplifier (U3, U2, and UI) to capture and 
retain the voltage level of Its associated standard. The retained volt-
age has a negligible drop in value at the end of a acan line for the 
300 in./min scan speed. The discharge rate of the sample-and-hold 
circuits Is approximately 0.2 mv/s. 

4.4.4 -fSpot Checking 

The +SP0T limit reference voltage from sample-and-hold amplifier U3 
is compared with the SPOT signal in voltage comparator Ull. If the SPOT 
signal exceeds the +SP0T limit reference voltage, the output of the volt-
age comparator will switch from 0.4 V to 2.4 V. This level change will 
produce a dot of red Ink on the plot at the pneumatic printer when the 
INSPECT MAXIMUM signal from the function control EWB Is present at the 
input of the gated relay driver U19B. The OR gate, U17B, allows either 
the level ouput of the voltage comparator through inverter, U15F, or the 
signal from the ink adjusting test pod to directly drive the gated relay 
driver. 

The +Spot limit signal through a negative-input NOR gate, U17B, also 
sets a flip-flop made of cross coupled NOR gates, U20B and U20C, when the 
INSPECT MAXIMUM signal from the function control EWB is present at the 
Input to NAND gate U20D. The output of the flip-flop drives an audible 
alarm through Inverter U15B. The alarm is reset by a manually operated 
pushbutton on the front panel. 

4.4.5 "No-Fuel" Checking 

The "No-Fuel" reference point is at approximately 70 mils of alumi-
num or -80% of the minimum fuel thickness. The reference voltage for 
this comparison is aero volts, hut it can be changed by aupplylng a limit 
voltage to pin 3 of voltage comparator U10. The circuitry from the volt-
age comparator to the gated relay driver is identical to the operation 
deacribed in Sect. 4.4.4, +Spot Checking, using voltage comparator U10, 
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Inverter U15E, NOR gate U17A, and gated relay driver U19A. Blue ink on 
the plot at the pneumatic printer Indicates that the "No Fuel" limit was 
exceeded. 

4*4.6 ^Average Checking 

The +AVG check is similar to the +Spot Limit checking circuitry, 
using the +Avg reference voltage from sample-and-hold amplifier U2, volt-
age comparator U9, NAND gate U14A as an inverter, NOR gate U16B, and 
gated relay driver U18A, Green Ink on the plot at the pneumatic printer 
indicates that the "+Avg" limit was exceeded. 

4.4.7 -Average Checking 

The -AVG check is similar to the +Spot limit checking circuitry, 
using the -Avg reference voltsge from sample and hold amplifier Ul, volt-
age comparator U7, NAND gate U14C as an Inverter, NOR gate U16A, and 
gated relay driver U18B. Purple ink on the plot at the pneumatic printer 
indicates that the "-Avg" limit was exceeded. 



5. DRAWING LIST 

The following drawings In Serlss Q-2744A- are on file In the Product 
Design, Drafting, and Fabrication Group of the ORNL Instrumentation and 
Controls Division. Ths overall title of this group of drawings Is "HFIR 
Homogeneity Scanner, Production Model," with the following subtitles: 

-*1 Gauging and Function Control, Block Diagram 
-1A Parts List, Chassis Assembly 
-2 Gauging Circuit 
-2A Parts List, Gauging Etched Wiring Board 
-3 Function Control Circuit 
-3A Part8 List, Function Control Etched Wiring Board 
-4 Scan Control Circuit 
-4A Parts List, Scan Control Chassis 
-4B Scan Control Layout 
-5 Modified Preset Indexer Circuit, Model SP250-4 
-6 Filament Regulator Circuit and Chassis Details 
-7 Gauging/Function Control, Metalphoto Panel 
-8 Scan Control Metalphoto Panel 
-9 Scan Control Chassis 
-10 Scan Control Side Bracket 
-11 Normal/Maximum Edge Index, Etched Wiring Board 
-11A Parts List, Normal/Maximum Edge Index Interface, Etched Wiring 

Board 
-11B Normal/Maximum Edge Index, EWB Component Layout 
-12 Gauging, Etched Wiring Board 
-12A Gauging, EWB Component Layout 
-13 a unction Control, Etched Wiring Board 
-13A Function Control, EWB Component Layout 
-14 Function Control Adjust, Etched Wiring Board 
-14A Function Control Adjust, EWB Component Layout 
-14B Function Control Adjust, EWB Parts List 

52 



53 

-15 Metalphoto Rear Panel, Gauging/Function Control Chassis 
-16 Gauging/Function Control, Chassis Parts 
-17 Test Pushbutton Pod, Metalphoto Panel 
-18 Cables Parts List 
-20 Photomultlplier-Preampllfler Circuit 
-21 Plotter Driver, Optical Isolation Circuit 
Q-2744-20 Four-Color Pneumatic Printer 
Q-2744-20A Pneumatic Printer Parts 
Q-2744-21 Pneumatic Printer Details 
Q-2744-22 Pneumatic Printer Details 
Q-2744-23 Pneumatic Printer Details 
Q-2744-24 Pneumatic Printer Details 
Q-2744-25 Pneumatic Printer Details 
Q-2744-26 Pneumatic Printer Assembly Circuit 

The overall title of the following group of drawings is "HFIR 
Production Model Scanner." This drawing series Is numbered 10940S001 
through 10940S042. 

10940S004E Assembly Drawing 
10940S026D X-Ray Detection Equipment 
10940S041D Standard Plate 

4 



APPENDIX A 

Instruction Manual 
for 

Slo-Syn SP250 and SP1800 Preset Indexers* 

^Reproduced with the written permission of the Superior Electric 
Company, Bristol, Connecticut. 

55 



lor 
INI 

8P2BO AND SP1800 SERIES 
PRESET INDEXERS 

I N S P E C T I O N 

SLO-SYN Preset Indexeri are 
designed to provide Ions, dependable 
service with a minimum of maintenance 
and adjustment. To assure proper per-
formance, follow the installation and 
operation procedures outlined in these 
instructions carefully. The "Damage 
and Shortage" Instructions packed with 
the unit outline the proper procedure 
to follow If any parts are damaged 
or missing. 

P R I N C I P L E S 
O P O P E R A T I O N 
As shown in block diagram, Figure 1, 

a SLO-SYN Preset Indexer is essentially a 
pulse-to-step translator led by a digitally 
controlled oscillator. The desired count is 
preset on the decade counter controls. Upon 
receipt of a start command, the control gate 
opens the pulse gate and allows pulses from 
the oscillator to be fed to the translator logic 
circuit. The translator logic circuits converts 
each pulse into the correct switching se-
quence needed to advance the motor shaft 
one step ol 1.8°. When the correct number of 
pulses has been (ed to the translator, the 
control gate closes the pulse gate and resets 
the decade counters for the next index start 

command. A relay is provided for energizing 
any external apparatus which must be 
operated either during or following the index 
count. The relay is de-energized during the 
count. The oscillator frequency can be ad-
justed to control the stepping speed. 

INSTALLATION 

SLO-SYN Preset Indexers ol the 
SP250 and SP1800 Series can be rack 

mounted or may be operated on a bench or a 
shelf. For permanent mounting, drill lour 
holes located as shown in Figure 2 and bolt 
the unit in place using the through holes in 
the cabinet feet. Be sure that nothing 
obstructs the Iree Mow of air through the 
bottom of the cabinet and the louvers. When 
mounted inside a cabinet or other en-
closure, the lop cover may be removed for 
easier access and cooler operation. Maximum 
ambient temperature is 40°C. vtiiii the cover 
in place or 50*C. with the cover removed. 
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C O M M K C T I O W 
NOTE: BEFORE CONNECTING THE SLO-
SYN MOTOR, CHECK THE CHART IN 
FIGURE 3 TO BE SURE THAT THE MOTOR 
IS CORRECT FOR USE WITH YOUR SLO-
SYN PRESET INDEXER. 

External wiring connections to the 
SLO-SYN Preset Indsxer are shown In 
Figure 3. To expose the terminal board, re-
move the access panel on the rear of the 
cabinet by unfastening the two screws 
holding it in place. Two rubber grommets are 
provided next to the access panel to permit 
the necessary wires or cable to enter the 
cabinet. If desired, the grommets may be 
removed and Vi" pipe conduit be connected. 
Make the wiring connections in the following 
manner. 
1. Connect the SLO-SYN motor to terminals 

1 through 5 as shown in Figure 3. Be sure 
that the motor leads are not shorted 
between terminals and that, when speci-
fied in the chart, a dropping resistor of the 
correct value is installed in the white 
(#2) motor lead. 

2. Using the cord and plug assembly pro-
vided, connect the preset Indexer to a 
120 volt (•-" power source. The input 
current rec . ment Is 0.75 ampere for 
types of the jP250 Series and 1.25 am-
peres for types of the SP1800 Series. If 
desired, the cord and plug assembly may 
be removed, the a-c input lines connected 
directly to termmals #13 and #14 and the 
ground connected to the chassis. The 
maximum permissible input voltage 
range is 105-125 volts. 

3. For remote index start control, connect a 
normally open switch between Indexer 
terminals #8 and #9. 

4. External "forward" and "reverse" con-
trol requires a single-pole, two-position 
switch connected to terminals #6 and #7. 

5. Any external equipment to be actuated by 
the preset indexer should be connected to 
terminals #10 and #11 or to terminals #11 
and #12, Common terminal #11 is shorted 
to terminal #12 during the index count 
and to terminal #10 at the end of the count. 
When there Is no power to the preset 
indexer or when the input switch is In the 
"off" position, terminal #11 is shorted to 
terminal #12. The relay terminals for 
external use are rated for 2 amperes, 120 
volts a-c. When a higher rating is re-
quired, an Intermediate relay having 
heavier contacts must be used. 

O P B H A T I O N 
CAUTION: Check all wiring connections 
carefully before energizing the SLO-SYN 
Preset Indexer, 

D E S C R I P T I O N 
O f C O N T R O L S 

Depending on the specific SLO-SYN 
Preset Indexer model, there are from three 
to five decade counter controls on the front 
panel. The number of steps that the SLO-
SYN motor will take per index count is 
determined by the setting of these controls. 
Also located on the front panel are: a speed 
adjustment; an index start button; a three-
position switch for "forward," "reverse" or 
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"external" control; an input line switchman 
input fuse; a red pilot lamp which indicates 
when the unit Is energized; and a white 
pilot lamp which lights during the index 
count. 

O P S R A T I N O 
After carefully checking all installa-

tion wiring, place the input switch in the 
"on" position. Set the required count on the 
decade counter controls and place the direc-
tion switch in either the "forward" or the 
"reverse" position. If a remote control is to 
be used, set it to the correct position and set 
the control on the panel to "external." To 
start the count, push the index start button 
momentarily or close the external switch. 
The white pilot lamp will light and will re-
main on during the entire count. Following 
the index count it is only necessary to again 
press trte index start button to start the next 
count. Start commands given during the 
count will have no effect; the motor will take 
only the number of steps preset on the 
decade counter controls. Do not change the 
setting of the decade counter controls while 
the white pilot lamp is on, 

srsso 
The speed at which the preset 

indexer will step the motor can be adjusted 
from 4 steps per second up to the maximum 
permissible with the motor used. Torque vs. 
speed characteristics for SLO-SYN Preset 
Indexers of the SP250 Series used with 
appropriate motors are shown in Figures 4 
and 5. Figures 6 and 7 show these same 
characteristics for types of the SP1800 
Series used with appropriate motors. The 
curves show the maximum speeds to which 
the motors will start without error. For ex-
ample, in Figure 4, the type SS150-1010 
motor will start without missing a step at a 
rate of 85 steps per second with an 80 ounce-
inch load. With the same load, the motor can 
be operated at higher speeds but will miss 
steps when starting. Therefore, when an 
accurate count Is important, the speeds 
indicated in the curves must not be exceeded. 

TO ADJUST SPEED set the decade 
counter controls to some multiple of the 
desired speed. For example, if a speed of 
100 steps per second is desired, the controls 
could be set for 1000 steps, or ten times 100. 
This will permit a more accurate measure-
ment of the speed. Start the index count and 
record the length of time that the white 
pilot lamp is lit. For a speed of 100 steps per 
second, ten seconds would be required for 
the motor to move 1000 steps. To change the 
speed, unscrew the protective cap on the 
speed control and turn the control in the 
direction required. Always replace the pro-
tective cap after adjusting the speed. 
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S M V I C B 

SLO-SYN Preset Indexers ere de-
signed to provide trouble-free operation with 
no regular maintenance. However, should a 
malfunction occur, the procedures outlined 
below will aid in locating and correcting the 
difficulty. Figure 9 shows the SLO-SYN 
Preset Indexer circuit. 

M P U O I M I N T PARTS 
Manufacturers and Superior Electric 

part numbers for the parts indicated in 
Figure 8 are given in the chart. If further 
information is needed concerning these or 
any other parts which may be required, 
contact the nearest Superior Electric field 
office. In applications requiring immediate 
service in the event of a malfunction, it is 
recommended that one each of items E, F, 
G, H and J in the chart be kept on hand. 

NOTE: Always turn off His a-c power to 
ths preset Indaxer before servicing. 

If the SLO-SYN Preset Indexer fails 
to operate properly, proceed as follows: 
1. Check all external wiring and connections. 
2. Check for too high a speed and correct, if 

necessary. 
3. Be sure that all component boards are 

properly plugged in and check for dam-
aged components. 

4. Check to see that there Is power to the 
Preset Indexer and that the fuse has not 
blown. 

If the i i have failed to 
correct the difficulty and the preset indexer 
exhibits any of the following symptoms, 
follow the steps outlined: 
1. FUSE BLOWS 

Check to be sure that the motor is a 
correct type for use with the preset 
indexer and that, when required, a 
resistor of the proper value is installed in 

ITCH 

WIRING 
DIAGRAM 

DESIGNATION 
DESCRIPTION SPECIFICATION 

SUPERIOR 
ELECTRIC 

TYPE NUMBER 
A CR3, CR4 Rtctlflt! Motorola #MR324R BD126013G6 
B 0S1 Noon Pilot Limp NES1 AR27252 
c CR1, CR2, CR5-CR20 Rectifier Texas Instruments ITI-57 BD36367G1 
D DS2 Pilot Lamp Dlil l jht #T313 28 V.. .17 A BM144660G1 

E Al Power Amplifier Board 
EHM14401SG2 
(250 Series) 
EHM144018GI 
(1800 Series) 

F A2 Translator Board • H . T I U I M M H 
Q A3 Gat* Circuit Board • • I U M H M M . W 
H A4-A8 Counter Board • • J H ' J H M r M H 
J Kl Relay Sigma I42AH0500S-SIL DM144657G1 
K R3 Resistor 25 W, 2 OHM (250 Series) 

25 W. 0.5 OHM (1800 Ser es) 
BM144641G2 
BM144641G1 

M r •r 

neuRE a 



m 

th* whit* (Ml) motor lead. Check for a 
• ilK>rtdrcim In the external connections. 
I MOTOR DOES NOT RUN 

Set the decade counter controls to 100 
ind press the index start button. It the 
white pilot lamp goes on and off, the 
counter circuit is operating correctly. 
Replace the translator board (F). If the 
limp does not light, replace the gate 
circuit board (G). 

3. MOTOR WILL NOT STOP, WHITE 
PILOT LAMP STAYS "ON" 
To determine if there is a defective 
decade counter board, first set all decade 
counter controls to zero. Then, one at a 
time starting with the XI control, set each 
control at 1 and check to see if the motor 
takes the correct number of steps. Be 
sure to return each control to zero before 
proceeding to the next. When the point 
i t which the motor "runs on" is reached, 
turn the input switch "off" and return 

the counter control to zero. Set the next 
lower control to 9 and check egeln to 
determine which of the;two decade 
counters is at fault. For example, if the 
motor steps correctly at counts of I step 
and 10 steps but runs on when set for a 
count of 100 steps, return the X100 con 
trol to zero and set the X10 control to 9. 
If the motor steps correctly. the X100 
counter board is defective.; If the motor 
still runs on, the X10 counter board is et 
fault. 
If the motor runs on when set for a count 
of 1 step, change the counter boards so 
that another board is plugged into the XI 
(A8) position. I ' the motor still runs on, 
replace the gate circuit board. 

4. MOTOR STEPS BACK AND FORTH 
BUT DOES NOT RUN 
Check the wires between the translator 
board (F) and the power amplifier board 
(E), Replace the power amplifier board 
and/or the translator board. 

5. INDEX COUNT BEGINS WITHOUT 
START COMMAND 
A short circuit in the external switch or 
reley may cause a false start command to 
be sent to the indexer. Remove the "ex-
ternal start" wires and see if the condi-
tion still exists. Replece the gate circuit 
board (6). 

6. MOTOR TAKES WRONG NUMBER OF 
STEPS 
Check for too high a speed setting. One-
by-one, replace the decade counter 
boards (H). 

7. EXTERNAL EQUIPMENT DOES NOT 
ACTUATE 
Replace relay (J) and check the rating of 
the external equipment. If necessary, 
place contact protectors across the relay 
contacts. 

If the preceding steps fail to locate 
the difficulty, the preset indexer must be 
returned to factory for servicing. 

SPEED 
ADJUST 

FIGURE 9 
* Decade switches S2 through S6 are 

fu-posraon, 3-wafer rotary switches with 
" on i l l wafers connected through 

CM-CR20 to "K" on the gate circuit 
DTgrM to binary connections between 
whesand the plug-in counter terminals ^-^WRinwlO. 

COUNT 
(SNITCH SETTING) 0 2 3 4 S e 7 a 9 

COUNTER 
TERMINALS 

C • • 
COUNTER 

TERMINALS 
D • • • • COUNTER 

TERMINALS E • • • • COUNTER 
TERMINALS 

F • • • • 
* Jf>»i 'ii 

FIGURE 10 
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J3 Function Gauging J3 
pin EWB Signal name EWB pin, 

E U2-4 Set +Spot Limit U3-14 6 
F U2-1 Set +Avg Limit U2-14 D 
H U2-10 Set -Avg Limit Ul-14 E 
L U8-6 Inspect No Fuel U19-2 2 
9 U5-3 Inspect Maximum U19-6, U20-12 i 

U18-1 
8 U5-8 Inspect Minimum U18-7 3 
J U9-12 Allow < Nominal Avg. U14-13 5 
K U9-8 Record Maximum Jl-J 4 

J1 Gauging Front 
pin EWB Signal Name Panel 

E Kl-6 Record Spot S6-SPOT 
F K2-6 Record Average S6-AVG 
J J3-4 Record Maximum S6-wlper 
H Ul-7 -AVG S4-(-AVG) 
K J2-J IN S4-IN 
L +5 Common DPM-
1 U3-7 +SP0T S4-C+SP0T) 
2 U2-7 +AVG S4-(+AVG) 
3 U6-10 SPOT S4-SPOT 
4 U5-10 AVG S4-AVG 
5 >4-10 Speed Common S5-
6 U4-4 Speed Select S5-Wiper 
7 U15-4 Spot Alarm Buzzer 
8 U20-5 Spot Alarm Reset PB1-
10 J4-5 +5 V dc Common PB1-

PLOTTER 
or GP pin Gauging EWB Signal Name Plotter 

A J2-•2, U19-5 +Spot Red valve 
B J2-B, U18-3 +Avg Green valve 
C J2-D, U18-5 -Avg Purple valve 
D J2-C, U19-3 No Fuel Blue valve 
E J2-F +24 V dc common Chassis board 
F Not : used +24 V dc SP-A 
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INK PB Gauging EWB Signal Name 
A J2-6, J4-5 +5 V dc Common PB-2, PB-3, 

PB-4, PB-5 
B J2-H, J4-4 +5 V dc 
C J2-A, U16-4 -Avg Teat PB-5 
D J2-E, U16-10 +Avg Teat PB-4 
E J2-3, U17-4 No Fuel Teat PB-3 
F J2-1, U17-10 +Spot Teat PB-2 

GR 
RECORDER 

Gauging 
EWB Signal Name 
J2-L 
J2-10 

+Record 
-Record 

J3 
Pin Function EWB Signal Name 

Scanner 
Table 

LOCATION 
or FL pin 

3 J4-3 +15 V dc Pot-VJl and LI A 
4 J4-4 Ground Pot- B 
5 J4-5 -15 V dc Pot-W3 and L3 C 
6 U13-2 to U30-2 Length-Sensing 

Voltage 
Pot-L2 D 

7 U31-2 to U36-2 Width-Sensing 
Voltage 

Pot-L2 E 

J3 
Pin Function EWB Signal Name 

Scan 
Control 

SCAN CONTROL 
or FS pin 

A J4-1 +5 V dc EWB-T A 
B J4-2 +5 V common EWB-V B 

Not used EWB-V C 
Not used D 

C J12-11 Normal Index S4A-0N E 
D U12-8 Maximum Edge S4B-0N F 

Index 



APPENDIX A 

Connector Termination Tables 
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SL Scan Scanner Table 
pin Control Location 
A K2-4 N.C. Left Limit Switch 
B SW-B & E Common Left Limit Switch 
C K4-1 N.O. Left Limit Switch 
D K4-4 N.C. Right Limit Switch 
E SW-B & E Common Right Limit Switch 
F K2-1 N.O. Right Limit Switch 

SL Scan Scanner Table 
pin Control Signal Name Location 
A PS-A +24 V dc Plotter Shift Solenoid 

GP-F Plotter Chassis 
B K3-7, Kl-7 +24 V dc Common 

PS-B, GP-E 
C Kl-6 Shift Left Plotter Shift Solenoid 
D K3-6 Shift Right Not used 

SV Scan Scanner Table 
pin Control Signal Name Location 
A Kl-9 Move Left Left Solenoid Valve 
B F2 A.C. Neutral Common of Solenoid Valves 
C K4-9 Move Right Right Solenoid Valve 

SW Scan Scanner Table 
pin Control Signal Name Location 
A S2A-Auto In IL-1 N.C. 
B SL-B & E IL-1 Common 
C Not used IL-1 N.O. 
D S2A-Auto Out OL-1 N.C. 
E SL-B & E OL-1 Common 
F Not used OL-1 N.O. 
6 SW-K IL-2 N.C. 
H PB-4 Stop Width IL-2 Common 
I RL-2 In Limit Light IL-2 N.O. 
J P2 A.C. Hot OL-2 N.C. 
K. SW-G OL-2 Common 
L RL-3 Out Limit Light OL-2 N.O. 
M 

Out Limit Light 
N 
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IM Preset 
Pin Indexer Signal Name Motor 

A TBl-1 Winding Al T1 
B TB1-2 Common T2 
C TBI-3 Winding A2 T3 
D TBI-4 Winding B1 T4 
E TBI-5 Winding B2 T5 

PS Power 
pin Supply Signal Name Scan Control 

A +24 V dc PB-1 (Stop length) 
SP-A 

B +24 V dc common Kl-10, K2-10, K3-10 
K4-10, Kl-7, K3-7 
SP-B 

SI Scan Preset 
pin Control Signal Name Indexer 

A EWB-P B+ from indexer TB1-8 
B S2B-wiper External Reverse TB1-6 
C EWB-J B- from indexer TB1-7 
D EWB-H Start TB1-9 
E Not uaed Count Relay - N.O. TB1-12 
F PB-1,2, and 3 Count Relay - Com TBI-11 
G S2A-Com Count Relay - N.C. TBI-10 
H S3A-T8 MEI-10-8 J7-C 
J S3A-T4 MEI-10-4 J7-D 
K S3A-T2 MEI-10-2 J7-E 
L S3A-T1 MEI-10-1 J7-F 
M S3A-U8 ME1-1-8 J8-C 
N S3A-U4 MEI-1-4 J8-D 
P S3A-U2 MEI-1-2 J8-E 
R S3A-U1 MEI-1-1 J8-F 
S EWB-E Preset Index Sws. was on J3' 
T EWB-D Stop J3-K 
U Not uaed 
V Not used 


