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HFIR HOMOGENEITY SCANNER, PRODUCTION MODEL, 
OPERATING AND MAINTENANCE MANUAL 

J .  W .  Reynolds, R .  L .  Shipp, T .  F. Sliski, 
W .  H. Longaker, a n d K .  K .  Klindt . 

ABSTRACT 

Fuel  ma te r i a l  in an HFIR fuel plate i s  U308 dispersed 
in aluminum, resembling an airfoil  in c r o s s  section. To 
ensure  uniform generation of heat within the plate, a l l  plates 
must  be tes ted (nondestructive) to determine that the u 3 0 8  
content is within specified l imi t s .  The HFIR Homogeneity 
Scanner w a s  developed for this purpose.  
thickness" gauge that scans a plate with a highly collimated, 
0.062-in.-diam beam of x rays  and detects those t ransmit ted 
through the plate.  
absorption in  the fuel plate a r e  used a s  a measure  of fuel density 

It i s  a "density- 

Variations in the t ransmit ted beam due to 

This manual descr ibes  the operation of this machine 
and maintenance procedures for  the electronic components. 

1 .  GENERAL DESCRIPTION 

1 .1  Fuel Plate  Measurements 

1 . 1 . 1  Fuel Plate  Tolerances 

The HFIR Homogeneity Scanner ( F i g .  1 )  is a "density-thickness" 
gauge for checking that the u 3 0 8  particles contained in a U308-Al 
dispers ion (whose c r o s s  section resembles  an  airfoil,  F i g .  2)  a r e  within 
specified l imi t s :  t 3070 Spot and *loyo Ave'rage within the Maximum and I 

Minimum Outline (F ig .  3 )  of a fuel plate and approximately -70% of the 
nominal loading a t  the thin edge of the inner fuel plate for the a r e a  out- 
s ide the Maximum Outline. 
plate with a highly collimated, 0.062-in.-diam beam of x- rays  and 
detecting those t ransmit ted through the plate.  
mitted beam due to absorption in the fuel plate a r e  used a s  a measu re  
of fuel density. 
lapping paths until the ent i re  plate is scanned. 

The density is measured  by scanning the 

Variations in the t rans  - 

The unit automatically scans the plates with over-  

'B. E.  F o s t e r ,  S. D .  Snyder, a n d R .  W .  McClung, Continuous 
Scanning X-Ray Attenuation Technique for Determining Fuel  Inhomo- 
geneities in  Dispersion Core Fuel  P la tes ,  ORNL-3737 (Jan .  1965). 
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Calibration standards a r e  provided at  each end of the fuel plate 
for automatically setting new t r igger  levels for the specified tolerance 
l imits at  any point of the fuel c r o s s  section. The tolerance l imits  can 
be changed by using calibration s tandards based on other  specified l imits .  

An x-y plot of the plate being inspected is produced by a'pneumatic 
A different color is sprayed on the graph pr inter  with four colors  of ink. 

paper to indicate an "out of tolerance" condition. 
within the "plate a rea"  on the x-y plot indicates that the plate is within 
tolerance . 

Absence of any m a r k  

A s t r ip-char t  recorder  continuously records  the value of the 
attenuated x-ray beam when the scan  speed is l e s s  than 64 in .  /min .  This 
record  can be correlated to fuel content. --. 

The necessi ty  for  a 100% nondestructive tes t  of HFIR fuel plates 
w a s  based on the requirement that there  must  be a uniform generation 
of heat within the plate.  

1 .1 .2  Circui t ry  

The interconnections between the major  portions of the c i rcu i t ry  
a r e  shown in Fig.  4. 
function control which detects the location of a s tandard that has  been 
moved into the beam by the scan  control.  The standards a r e  machined 
f rom selected 6061 aluminum by the use of an empir ical ly  determined 
relationship betwe,en the uranium oxide of the fuel plates and the alumi- 
num. 
nations: No Fuel ,  t 3070 and t 1070, and t 30% and *loyo for  the no fuel 
outline, maximum outline, and minimum outline, respectively.  Each of 
the out-of-tolerance signals (t  3070, t 1070, -1070, and No Fuel)  opens a 
color channel (black, green,  red ,  o r  blue) to the plotting head of the 
pneumatic pr in te r .  

The integrate and hold circui ts  a r e  se t  by the 

The zero  detectors and gates a r e  opened in the following combi- 

1 . 1 . 3  Percentage of Fuel  Variation P e r  Chart  Division 

The percentage of fuel per  char t  division for the range of 30 to 
80  char t  divisions is shown in F ig .  5 .  

1 .1 .4  Average Limit Accuracy 

The accuracy of determining the plus and minus 10% average 
l imits is shown in  F i g s .  6 and 7 for  the output range on the r eco rde r  
f rom 30 to 9 0  char t  divisions, calibrated as descr ibed in Sec t .  2 .8 .1 .  
The data points in these figures a r e  for a single pass  a t  each point 
plotted except for  the points enclosed by a square ,  which indicates that 
the value plotted is the average of fifteen scans  a t  the same  point on the 
s tandards.  The variation of the data was within *1 division of the s tandard 
and -0 .4  and t 0 . 6  division for the t r igger  level f rom the average.  

. 
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The data plotted in F i g s .  6 and 7 were obtained by pulsing the 
average signal displayed on the recorder  with the "beyond tolerance 
limit" signals tr iggering the x-y plotter.  
recorder  output with the data points indicated. 
tolerance l imit  tr iggering was verified a t  a char t  reading of 40, 60,  and 
80 .  

Figure 8 shows a typical 
The hys te res i s  of the 

The hys te res i s  for  any level can be read  f rom Figs .  6 and 7 .  

ORNL DWG. 66-12981 

Fig.  8 .  Typical Output of Brown Recorder for  Tr igger  Data. 

1 .1 .5  SDot Limit Accuracv 

The accuracy of the spot l imit  checking has  not been accurately 
determined. However, the data indicate that a 10070 no a l a r m  occurs  two 
divisions ( 0 . 2  v )  below the standard,  and a 10070 a l a r m  occurs  one division 
(0 .1  v )  above the s tandard.  

1 . 2  Controls 

1 . 2 . 1  Gauging Chassis  

Meters .  - -  The Spot, t 30% Limit,  t 1070 A rerage, P1 t e  Aver 
and - 1 0 m a g e  signals a r e  displayed on five m e t e r s .  
m e t e r s  has  a diode in s e r i e s  with it for r e v e r s e  polarity protection. 

Each of the 
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Below each of the m e t e r s  is a tes t  point for that par t icular  signal and the 
output of the checking amplifier for that l imi t .  
can be used to drive an auxiliary recording o r  sampling device. 
m e t e r  indication wi l l  be approximately 0 .2  v l e s s  than the recorder  indica- 
tion because of the diode voltage drop.  

Any of these tes t  points 
The 

AC Power Switch. - -  The a c  power for a *15 v dc-regulated power 
supply, Philbrick model PR-300C (whose output supplies the operational 
amplif iers  , Philbrick model P 2 ) ,  is controlled by a toggle switch labeled 
AC Power.  
chassis  provides overload protection. 

A 0.5-amp fuse on the connector apron at  the r e a r  of the 

Maximum Density Potentiometer.  - - The Maximum Density potenti- 
ometer  controls the amount of bucking cur ren t  supplied to the spot ampli-  
f i e r .  It adjusts the signal level f rom the Dymec amplifier,  model 2460A, 
so that the minimum to maximum density can be displayed in the range 
f rom 0 to 10 v. 

Recorder Switch. - -  The spot signal is displayed when the switch 
With the switch se t  a t  the labeled Recorder  is set  a t  the "spot' ' position. 

"average" position, the average signal is displayed during the t r ave r se  of 
the maximum a r e a ,  and the spot signal is displayed outside this ' a r e a .  

Limit Tes t  Selector Switch. - -  This switch allows any of the l imits 
(+ 300/0, &100/0, and No Fuel)  to be selected for t e s t .  
the I'off'' position i f  an  x-y plot is not des i red .  

The switch is s e t  at  

Test  Pushbutton. - -  This pushbutton is for testing the operation of 
the l imits as selected by the Limit Tes t  Selector switch. 

Alarm Reset Pushbutton. - -  When the A l a r m  Reset pushbutton i s  
depressed,  i t  re leases  the a l a r m  that had been locked in by exceeding the 
+ 3070 Limit.  

Scan Speed Switch. - -  The plate-average t ime constant for  the scan 
speeds of 16, 64 , 128, and 240 in.  /min is selected by this switch. With 
the switch se t  at  the "test" position any t ime constant can be set  through 
the use of tes t  j acks .  

Tes t  Jacks .  - -  The tes t  jacks allow selection.of any t ime constant 
a t  any speed. 
40/speed, where the value of R i s  fixed at 1 megohm, C is in  microfarads,  
and the speed is in inches per  minute.  

The normal  t ime constant is chosen by the formula RC = 

1 . 2 . 2  Function Control Chassis 

AC Power Switch. - -  The AC Power switch connects ac  power 
through 1-amp fuses (located on the connector apron a t  the r e a r  of the 
chass i s )  to the *12 v dc-regulated power supplies,  Technipower models 
12.0-0.75 and 12.0-1.5,  and to the -100 v and *6.5 v dc zener regulated 
supplies.  
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DC Power Switch. - -  The DC Power switch disconnects the dc 
power supplies f r o m  the load and allows the + 12 and -12  v power supplies 
to regulate before the load is applied. 

Position Potent iometers .  - -  The 24 potentiometers select  the I1offl1 
and j'on" locations of the standards and the a r e a  outlines ( see  Sect.  2.5).  

1 .2 .3  Scan Control Chassis  

Auto Out-Manual-Auto In Selector Switch. - -  Either  automatic 
control o r  manual control can be selected with this switch. In the auto- 
mat ic  mode, two positions a r e  used for  selection of the width index 
direction. 
and "auto in.  
toward the front of the scanner .  

Normal operation of the unit w i l l  a l ternate  between "auto out" 
With the switch se t  a t  "auto out, I f  the plate w i l l  be moved 

Maximum Edge Index Switch and Indicator.  - -  This switch selects  
the number of mils of t r ansve r se  motion between length scans  when the 
beam is outside the maximum outline o r  when it is ready to c r o s s  the 
maximum outline. 
the indicator is out, the normal  index set on the Slo-Syn P r e s e t  Indexer 
is used ('see Sect .  1 .2 .4) .  

The switch is operational when the indicator is on. If 

Maximum Edge Index Disabling Switch. - -  This switch removes 
The normal  index (Sect. 1 .2 .4)  the control f rom the maximum edge index. 

is substi tuted.  

Width Out and In Limit Indicator. - -  These indicator lights a r e  
turned on when the width drive is manually operated beyond the width of 
the inner o r  outer fue l  plates o r  when a malfunction occur s .  
switch that controls these lights w i l l  also interrupt  a c  power to the Slo-Syn 
P r e s e t  Indexer (Sect. 1 .2 .4) .  
operation. 

The micro-  

These indicators a r e  not used during normal  

Width Stop Pushbutton. - -  The Stop pushbutton has  a toggle action; 
that i s ,  it  locks when in the floffl '  o r  "on1' position. The button must  be 
pushed again to turn  the Slo-Syn Indexer on af ter  it has  been used to stop. 
The pushbutton contact is in s e r i e s  with the Out and the In microswitch 
contacts.  

AC Power Switch. - -  With this switch, power is supplied to the 
solenoid valves on the length motion and direct ly  to the Slo-Syn P r e s e t  
Indexer.  Overload protection is provided by 1-amp fuses mounted next 
to the switch. 

Left Length Pushbutton. - -  This pushbutton operates  a re lay  that 
energizes a solenoid valve to control the length motion to the left.  
pushbutton should be held depressed for  manual control.  

The 

. 

Stop Length Pushbutton. - -  This pushbutton interrupts  the holding 
path to either of the length motion control re lays .  
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Right Length Pushbutton. - -  This pushbutton operates  a relay that 
energizes a solenoid valve to control the length motion to the right. 
pushbutton should be held depressed for manual control.  

The 

1 .2 .4  Slo-Syn P r e s e t  Indexer 

The operation of all controls of the prese t  indexer is described in  
the Slo-Syn instruction folder.  

Forward-External-Reverse.  - -  This selector  switch should be set  
to "external" for automatic ope ration. 

P r e s e t  Index. - -  The number of mils set  on the switches is used 
as the normal  index for automatic operation except when the Maximum 
Edge Index indicator is on (Sect. 1 . 2 . 3 ) .  

2 .  OPERATING INSTRUCTIONS 

2 . 1  Startup 

After the equipment has  been installed o r  has  been shut down, the 
procedures for energizing a l l  components a r e  descr ibed in the following 
sections.  

2 .1 .1  X-Ray Machine Power 

Turn  on the following switches in  the o rde r  given: 

a .  s tabi l izer  switch, 
b. main breaker  switch, 
c .  

d .  p r imary  switch, 
e .  contro.1 switch.  

filament Variac fully counterclockwise ( turn  on the 
' filament switch), 

2 .1 .2  Instrument Cabinet 

Turn  on the power switches in the following o r d e r :  

a .  

b. 

c .  
d .  
e .  

AC power on the high voltage power supply (be s u r e  that 
the dc switch is off). 
AC power on the gauging chassis  ( s e t  the maximum density 
potentiometer to approximately 500) .  
AC power on the function chass i s .  
DC power on the function chass i s .  
AC power on the Sorensen regulator (24 v dc to the plotting 
solenoids ) . 
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f .  

g .  

DC power on the high voltage power supply ( se t  a t  approxi- 
mately 950 v ) .  
AC power on the Brown recorder  (in r e a r ) .  Chart  dr ive off. 

2 .1 .3  Scan Control 

Turn  the power switch on a t  both the scan  control chass i s  and the 
Slo-Syn P r e s e t  Indexer chass i s .  

2 .1 .4  Photomultiplier Tube Dymec Amplifier 

Turn  the power switch on. (The amplifier is located at  the r e a r  
of scanner  t ab le . )  

2 .1 .5  X-Ray Machine High Voltage 

a .  
b. 

C .  

d .  
e .  
f .  
g *  

h .  

i .  

j -  

k .  

1. 

m.  

Set the s ix  control knobs for co r rec t  kilovoltage. 
Set the Hi-Lo switch on l l l o l l  for an  x - r ay  tube cur ren t  of 
approximately 11 ma. 
Turn  on the cooling water .  
Turn  on the key switch. 
Turn  the kv Variac to "end of t ravel"  counterclockwise. 
Push  the High Voltage On switch.  
Turn  the kv Variac slowly clockwise until the Not Reg 
warning light 

position. 
Turn  the Brown recorder  char t  dr ive on, and turn  the 
r eco rde r  signal switch a t  the gauging chassis  to "spot. 
Turn  the filament Variac clockwise. Do not allow the 
r eco rde r  signal to osci l la te .  If i t  does ,  stop the osc i l -  
lation by turning the fine MA adjustment counterclockwise. 
Continue s tep j until a setting of approximately 60 is 
reached on the filament Var iac .  
Reset the fine MA adjustment to a maximum clockwise 
position with no oscillation. 
Turn  the fine MA adjustment counterclockwise to reduce 
the MA to the next lower division m a r k  on the MA m e t e r ,  
i . e . ,  approximately 11 ma. 

oes  out a t  the end of t rave l .  
Turn  the MA B ine adjustment to the maximum clockwise 

2 . 2  Operat ion.  . 

. 

The operating conditions l is ted below a r e  fully explained la te r  in 
this manual.  
ope rated . 

The explanations should be read  before the scanner  is 



2.2 .1  Operation Check Lis t  

The following l is t  gives the conditions which must  be met  pr ior  to 
fuel plate scanning: 

a .  
b .  

d .  
e .  
f .  

g .  

h .  
i .  

k .  

1. 
m.  
n. 

C .  

j .  

0. 

P .  
9. 
r .  

S. 
t .  
U .  

V .  

' W .  

Appropriate standards installed.  
Regulator valves adjusted for proper  scan speed.  
Pneumatic pr inter  ink and solenoid shift properly adjusted. 
Pneumatic pr inter  air supply on. 
Chart paper (5401) installed in Brown reco rde r .  
Brown recorder  power switch se t  at  "onff (switch is 
located a t  the r e a r  of r eco rde r ) .  
Scan speed selector  switch a t  proper  setting to select  
the co r rec t  t ime constant. 
Hydraulic pump on. 
P rope r  kilovoltage setting. 
P rope r  mil l iampere sett ing.  
Correc t  values for the Slo-Syn prese t  (normal)  index 
and the maximum edge index sett ings.  
Slo-Syn selector  switch se t  a t  "external. I t  

X - Y  plot paper advanced. 
Width position indicator setting of either 1860 o r  8490 
for inner plates o r  1695 o r  8675 for outer plates (this 
w i l l  put the bridge in the Pre-Scan position for auto- 
mat ic  scanning, F igs .  9 and 10) .  
Maximum Edge Index light on. 
Plate  Width lamp l i t .  
Maximum and Minimum Width lamps out. 
P rope r  tool s tee l  ( 0 . 0 0 6  and 0.018 i n . )  calibration 
(af ter  calibration, the tool s tee l  push rod should be 
pushed in to c lear  the x - r ay  beam) .  
Scanning table in the extreme right o r  left position. 
Fuel  plate correct ly  installed.  
Brown recorder  char t  dr ive switch on i f  a s t r ip  chart  
recording is being made.  
Recorder  signal selector  switch a t  "off" i f  a recording 
is not being made. 
Pneumatic pr inter  tes t  selector  l imits  switch in llonll 
position. 

After the conditions l isted a r e  satisfied,  scanning may proceed. 

2 . 2 . 2  Normal Operation 

In the following discussion, the directions "right,  left ,  out, and 
in" a r e  re ferenced  a s  follows: With the operator  standing in front of the 
x - r a y  collimator and shield assembly and facing the machine, "right" and 
Illeft" a r e  to the opera tor ' s  right and left. "Out" means that the fuel plate 
w i l l  be moved toward the operator ,  and I1inft means that the fuel plate w i l l  
be moved away f rom the opera tor .  
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The scanning table should contain a fuel plate (e i ther  an inner o r  
an outer plate) and should be a t  the ex t reme left position. 
operating steps follow. 

The no rma l  

a .  The scanning operation is s ta r ted  by depressing the 
pushbutton labeled Right on the scan  control chass i s  
and holding the pushbutton depressed .  The scanning 
table wi l l  move to the right. 

out" and re lease  the Right pushbutton. 
The scanning table w i l l  move to the right until it is auto- 
matically stopped by the right l imit  switch. 
w i l l  move out 80 mils, and the Maximum Width indicator 
lamp w i l l  light. 
The table w i l l  begin to move to the left ,  and the Maximum 
Edge Index indicator lamp w i l l  go out.  The table w i l l  move 
to the left  until i t  is stopped by the left l imit  switch, a f te r  
which the table w i l l  move out 61 mils and the Minimum 
Width indicator lamp w i l l  light. 

e .  The scanning table w i l l  move to the right, stop, move out, 
move to the left ,  stop, move out, and so on until the Mini- 
mum Width indicator lamp goes out.  
The scanning table will 'move toward the left until stopped 
by the left l imit  switch. The Maximum Edge Index indi- 
cator  lamp w i l l  light. The table w i l l  move out 80 mils, 
move to the right until stopped by the right l imit  switch, 
and move out 80  mils. Operation of the table wi l l  s top.  
Turn  the Auto Out-Manual-Auto In switch to ' 'manual .11 
Remove the x-y plot, change the fuel plate, and r e s t a r t  
the scanning operation by switching f rom "manual" to 
"auto in." The scanning table w i l l  move "in" 80 mils 
and then move toward the left l imi t ,  repeating all scanning 
s teps  previously descr ibed,  but moving l1in1l on the trans- 
v e r s e  motion. 

b. Set the switch labeled Auto Out-Manual-Auto In to "auto 

c .  
The table 

d. 

f .  

g .  

2 . 2 . 3  Operational Tes ts  

The operating condition of the scanning unit should be checked 
periodically, as descr ibed in the following paragraphs.  

Width Posit ion Indicator. - -  Verify that the scanning table is in 
This the co r rec t  position a t  the completion of the scan  of every  plate.  

position should a l so  be the s tar t ing point for the next plate. 

Amplitude Calibration. - -  Inser t  the tool s tee l  into the x - r ay  
beam immediately before a plate is to be scanned. 
mum density" and the "fine" sett ings i f  the amplitude of the Brown 
recorder  is m o r e  than one-half division f rom either of the specified cali-  
bration points. 

Readjust the "maxi- 
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Standard plate .  - -  The standard plate should be scanned in accord- 
ance with Sect.  2 . 8 . 2  at the beginning of each day that fuel plates a r e  to be 
inspected. 
a r e  spot response and average response.  

The operating conditions to be tes ted with the standard plate 

Max - Min Potentiometer Sett ings.  - -  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 o r  whenever 
a setting e r r o r  is suspecte,d. 

Alarm Tr igger  Levels .  - -  The t 3070 and *lo70 tr igger  levels should 
be checked each week. 
standards to se t  the alarm levels .  Note the values of the standards 
recorded by the Brown reco rde r .  
holder,  slowly in se r t  the tool s tee l  calibration s t r ip s  into the beam until 
the solenoid fo r  -1070 is actuated to turn off the -1070 a l a r m .  Locate the 
level a t  which the solenoid is intermittently actuated by "noise" signals.  
This i s  the alarm t r igger  level f o r  -1070, and i t  should agree  closely with 
the recorder  value fo r  the -10% calibration s tandard.  

This is done by scanning a c r o s s  the calibration 

With the x - r a y  beam a t  the empty plate 

Inser t  the tool s tee l  fa r ther  into the beam until the t 1070 level is 
Locate the t r igger  level for t 1070 as descr ibed for the -1070 indicated. 

s tandard.  

Repeat the calibration procedure for t 3070 a l a r m  level.  If the 
alarm level determined by use of tool s tee l  does not ag ree  with the cal i -  
bration s tandard within *l division for  the midpoint between 10070 a l a rms  
and infrequent alarms on any of the three  s tandards,  instrument repa i r  
is needed. 

"Average-Spottl Response. - -  With sufficient mater ia l  in the x- ray  
beam to produce an indication of approximately half scale  on the Brown 
reco rde r ,  s e t  the r eco rde r  signal switch alternately to "spot" and 
I1average." 
division when the switch setting is alternated. 
uniform over the ent i re  range of the r eco rde r .  
of this indicates that instrument repair  is needed. 
conducted each week. 

The recorder  pen should not move more  than 0 .1  chart  
The deviation should be 

This tes t  should be 
Pen movement in excess 

Recorder Adjustment. - -  The response of the recorder  should be 

The s tandard plate is scanned a t  
checked each week i f  i t  is being used routinely o r  pr ior  to i t s  use i f  i t  has  
not been used for m o r e  than one week. 
a speed of 64 in .  /min  with the Recorder  Signal switch set  on "spot . I t  The 
recorder  t r ace  is examined at the ends of the pen excursion in both upward 
and downward directions when the plate is being scanned ac ross  the t 1570 
to -1570 steps and back. 
and the overshoot of the pen should not be m o r e  than three  chart  divisions. 

The "co'rners" of the s teps  should not be round, 

Y 
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2 .3  Operation of the Scanning Table 

2 .3 .1  Width Movement 

Control.  - -  The width (or  in  and out) movement of the scanning 

The external  signal is 
table is powered by a Slo-Syn stepping motor which is controlled ei ther  by 
the Slo-Syn controller o r  by an external  signal.  
generated in the scan control chass i s  and is t ransmit ted to the s tep motor  
whenever the Maximum Edge Index indicator lamp is on. 

Manual Control.  - - When manual control of width movement 
(indexing) is des i red ,  tu rn  the Maximum Edge Index Disabling switch to 
the lloff 'f position to remove the external  signal.  Select  the des i red  index 
distance on the Slo-Syn P r e s e t  Indexer by setting the four switches.  The 
distance t raveled wi l l  be the s u m  of the four values indicated f r o m  left to 
right: inches,  100 mils, 10 mi l s ,  1 mil. Select the des i red  index d i rec-  
tion on the Slo-Syn Selector switch and push the Index pushbutton. 
scanning table w i l l  move the selected index distance and stop. An e m e r -  
gency stop can be made a t  any t ime by pushing the Width Stop pushbutton. 
This is a latching switch which must  be pushed again to make the width 
controls operable . 

The 

Automatic Control. - -  When automatic indexing is des i red ,  switch 
the Maximum Edge Index Disabling switch to the t ton l t  position and the 
Slo-Syn selector  switch to the Itexternal" position. (With this switching 
combination the indexing motor w i l l  be controlled by the Slo-Syn P r e s e t  
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 a r e a  of the plates on the Slo-Syn 
P r e s e t  Indexer (60 mils for  outer plates and 61 mils for inner  p la tes )  and 
the index distance to be used outside the fuel a r e a  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 llauto-inl~ o r  l tauto-out. t l  
The bridge wi l l  index when the switch is turned, w i l l  move to the end of 
the length t rave l ,  and wi l l  automatically index to the next scan .  

If the Maximum Edge Index indicator lamp does not light a f te r  the 
x - r a y  beam has  c ros sed  the minimum line when moving f rom the fuel a r e a  
toward the plate edge with the Maximum Edge Index Disabling switch t l o n , l t  
proceed a s  follows: 

a .  Turn  the Maximum Edge Index Disabling switch to t toff . ' t  
b. Turn  the Scan Control Selector switch to t tmanual . t l  
c .  Set the Slo-Syn Selector switch in  the direction ("out" o r  

t l i n l t )  that w i l l  move the fuel a r e a  toward the beam. 
d.  Increase the setting of the Slo-Syn P r e s e t  Indexer by 200 

mils so that the distance t raveled w i l l  put the center  of 
the beam a c r o s s  the minimum fuel l ine.  
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e .  Push the Index pushbutton. 
f .  Turn  the Slo-Syn Selector switch to r eve r se  the direction 

so that the bridge wi l l  re turn  to i ts  original position. 
g .  Push the Index pushbutton. 
h .  Turn  the Maximum Edge Index Disabling switch to Ifon." 

The Maximum Edge Index indicator lamp should light. 
i .  Return the Slo-Syn Selector switch to "external." Return 

the Slo-Syn P r e s e t  Indexer to the original value. 

2 . 3 . 2  Length Movement 

Control. - -  The length movement of the bridge is hydraulically 
powered and can be controlled either with a two-way manually operated 
valve o r  with pushbutton switches on the scan  control chass i s .  
control chassis  provides for either manual o r  automatic operation. 

The scan 

Manual Control. - -  F o r  manual operation, the selector  switch 
must  be in the l 'manual" position. 
right o r  left by pushing the appropriate s t a r t  pushbutton on the Scan Con- 
t ro l  and holding the button down. 
button is re leased .  

The bridge can then be moved to the 

The br'idge movement w i l l  s top when the 

Automatic Control.  - - When being operated automatically, the 
bridge s tops,  indexes, and automatically s t a r t s  in  the opposite direction 
a t  the end of each scan .  
switch is actuated. 
ing to I'manual." 

Automatic operation stops when a width limit '  
The length t rave l  can be stopped a t  any t ime by switch- 

When a width index i s  des i red  before the f i r s t  scan s t a r t s ,  with the 
bridge at  the end l imit  of t ravel :  

a .  
b. Turn  the Scan Control Selector switch to the des i red  

Set the Slo-Syn Selector switch to the "external" position,. 

index direction. 

The length t rave l  w i l l  s t a r t  immediately and continue in the automatic 
operation. 

When a width index is not des i red  before the f i r s t  scan s t a r t s :  

a .  
b .  
c .  
d .  Turn  the selector  switch to "auto-in" o r  "auto-out." 
e .  

Set Slo-Syn Selector switch to the "external" position. 
Set the Scan Control Selector switch to the "manual" position. 
Push one of the Length s t a r t  pushbuttons and hold i t  in .  

Release the Length s t a r t  pushbutton. 

2 . 4  Installation of Standards 

Each set  of calibration standards consists of two groups of four 
s tandards.  
manner  that the 100% standard is at  the outer end of the holder and the 

Inser t  a group into each end of the fuel plate holder in such a 
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scr ibed re ference  line is aligned with the scr ibed  line on the holder .  When 
installed in this manner ,  the sequence a c r o s s  the s tandards w i l l  be 100, 
130, 110, and 90% as read  f rom ei ther  end toward the center  of the plate 
holder.  

2 .5  Function Setup 

2 .5 .1  General  

The length and width positions a r e  se t  by the use  of two potenti- 
ometers  and an indicator light for each location. 
s e t ,  start ing at  the left end of the plate holder with the holder moving to 
the left,  in the following o rde r :  t 30L, t IOL, -1OL, P la te ,  Maximum, 
Minimum, -10R, t 10R, and + 30R. The Maximum and Minimum length 
positions a r e  located within the Plate  length. 
Maximum, and Minimum) a r e  located similar to the locations on the length 
scan (F ig .  3 ) .  The left and right positions, L and R, a r e  se t  with the 
scanner  approaching the setting position in the corresponding direction. 
This reduces the hys te res i s  that would be present  in the right settings if 
they were se t  while approaching f rom the left .  
locations t 30L, t lOL, -1OL, -10R, t 10R, and t 30R i s  to produce a 
control signal for  the s torage integrator  c i rcu i t s .  On the other  hand, the 
function of the Plate  , Maximum, and Minimum locations, a f te r  combining 
the length and width positions to select  an a r e a ,  is to gate the inputs of 
the null detectors  to the plotting head. 

The length positions a r e  

The width positions (P la te ,  

The function of each of the 

2.5.2 Adjustment of Length Potentiometers 

Each position has  two 10-turn potentiometers for  setting the On 
and Off locations.  The minimum dial  setting occurs  when the bridge is a t  
the extreme left of the machine.  One division of the dial  is approximately 
0.04 in .  The approximate location for  each dial  is given i n  Table 1. With 
the calibration s tandards and the s tandard plate ( s e e  Sec t .  2 . 8 . 2 )  in  the 
plate holder,  proceed to adjust the length potentiometer.  

Table 1. Approximate Values for  Setting the 
Length Potentiometers 

Length Posit ion On Off 

t 30L 
t 10L 
-1OL 
Plate  
Maximum 
Minimum 
- lOR 
t 10R 
t 3 0 R  

100 
135 
170  
205 
250 
260 
840 
875 
915 

130 
165 
200 
78 5 
750 
74 0 
810 
845 
885 

. 
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Standards a t  the Left End. - -  The adjustment procedure is a s  
follows : 

a .  Move the bridge to the right until the center of the beam 
is approximately 1 /8  in.  f rom the left edge of the 13070 
s tandard.  
Adjust the t 30L On potentiometer until the indicator 
lamp f l ickers  . 
Move the bridge to the left until the center of the beam 
i s  approximately 1 / 4  in .  f r o m  the right edge of the 13070 
standard.  
Adjust the t 30L Off potentiometer until the indicator 
lamp f l ickers .  
Move the bridge to the left until the beam is a t  the 110% 
standard and approximately 1 / 8  in .  f rom the left edge. 
Adjust the t 1OL potentiometer. 
Continue setting the potentiometers for the standards 
(left positions) as descr ibed in s teps  a to e ,  moving the 
bridge in the left direction. 

b.  

c .  

d .  

e .  

f .  

P la te  Length. - -  After setting the position lights for the left cali-  
bration s tandards,  continue moving the bridge to the left to make the 
following plate sett ings.  

a .  Left Plate  End: 
adjust the Plate  On potentiometer until the indicator 
lamp f l ickers .  

reference notch representing Maximum fuel length, 
adjust the Max On potentiometer.  

c .  Left Minimum: with the beam over the reference notch 
representing the Minimum fuel length, adjust the Min 
On potentiometer.  
Right Minimum: 
the right end of the s tandard plate,  adjusting the Min 
Off potentiometer.  

potentiometer.  

potentiometer. 

with the beam at the end of the plate, 

b. Left Maximum: with the beam over the standard plate 

d .  repeat s tep  c at  the Minimum notch a t  

e .  Right Maximum: repeat s tep  b, adjusting the M a x  Off 

f .  Right Plate  End: repeat  s tep a ,  adjusting the Plate Off 

Standards a t  the Right End. - -  The adjustment procedure is a s  
follows : 

a .  After adjusting the plate positions, continue moving the 
bridge to the left until the center of the beam is approxi- 
mately 1 / 8  in .  f rom the right edge of the 13070 s tandard.  
Adjust the t 30R On potentiometer until the indicator 
lamp f l i cke r s .  
Move the bridge to the right until the center of the beam 
i s  approximately 1 / 4  in.  f rom the left edge of the 13070 
s tandard . 

b. 

c .  
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d .  Adjust the t 30R 

e .  Continue setting 
lamp f l ickers .  

Off potentiometer until the indicator 

the s tandards,  moving toward the 
right until a l l  the right end.standards have been s e t .  

Readjustment. - -  After the adjustments have been made to both 
left and right s tandards,  move each group of s tandards through the beam 
in their  respective directions a t  a speed slow enough to visually check the 
location of the point a t  which the indicator lamps opera te .  
potentiometer sett ings i f  necessary .  

Readjust the 

The indicator lamp corresponding to a specific s tandard should 
light af ter  1 / 8  in .  of the standard en ters  the x - r a y  beam, and it should 
go off when 1 / 4  in.  of the s tandard remains before leaving the beam, when 
the direction of t rave l  is moving the fuel plate toward the beam. 

The length potentiometer setting for  the Plate ,  Maximum, and Min- 
imum can best be rechecked by measuring the distance through which the 
bridge t rave ls  with the appropriate indicator light on. 
should remain  on for a distance of 24.000 i n . ,  the Maximum light for 
20.580 i n . ,  and the Minimum light for  19.500 in .  
should be within 1/32 in .  

The Pla te  light 

The accuracy  of settings 

The lights should be turned off a t  each end in similar locations 
with respect  to the plate end. 
the maximum fuel a r e a  when the Max light goes off, and centered on the 
minimum outline when the Min light goes off (1.710 in .  f r o m  the maximum 
to the plate end and 2.250 in .  f rom the minimum to the plate end).  

The x - r a y  beam should be ent i re ly  outside 

2 .5 .3  Adjustment of Width Potentiometers 

Each position has  two 10-turn potentiometers for setting the On 
and Off locations. 
is to the r e a r  edge of the machine (In).  
imately 0.005 in .  
outer  fuel plates is given in Table 2 .  

The minimum dial setting occurs  when the width table 
One division of the dial  is approx- 

The approximate location for each dial  for  the inner  and 

Table 2 .  Approximate Values for  Setting the 
Width Potentiomet e r s  

Inner Outer Width 
Po  s itio n On Off On Off 

Plate  130 780 160 750 
Maximum 160 757 189 722 
Minimum 168 746 195 715 

. 
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A mechanical digital readout attached to the width dr ive shaft indi- 
cates  the position in mi ls  with an accuracy of 1 mil while moving in the 
same  direction. Backlash in  the gearing causes  an e r r o r  of 3 mils. 

Location of Reference Line. - -  The procedure for setting the 
reference line (F ig .  11) is a s  follows: 

.. 

1' 

a .  
b. 

Turn  the Maximum Edge Index Disabling switch to "off." 
Place the standard plate in the fuel plate holder and 
locate the reference l ine.  This is done most accurately 
by centering over the plate positioning pins in  the plate 
holder and by using the s t r i p  char t  r eco rde r  to locate the 
point where equal movements in and out w i l l  produce equal 
readings.  
Adjust the width position indicator (counter) to 0000.  c .  

Width Potentiometer Setting. - - The adjustment procedure is as  
follows : 

a.  

b. 
C .  

d .  

e .  

f .  

g -  

h .  
i .  

j .  

k .  
1. 

m.  

n. 
0. 

Set the Slo-Syn P r e s e t  Indexer to 1677 (1.677 in . )  for 
inner  plates o r  1542 (1.542 i n . )  for  outer  plates ( see  
F ig .  11). 
Set the Slo-Syn Selector switch to f l i n . l l  
Push  the Slo-Syn Index button. 
stop. 
1677 for inner plates o r  1542 for outer plates) .  
Adjust the Minimum Width On potentiometer to a setting 
which causes  the Min indicator lamp to fl icker.  
Set the Slo-Syn P r e s e t  Indexer for 63 mils for inner 
plates o r  48 mils  for outer plates .  
Push the Slo-Syn Index button. Wait for the drive to 
s top.  
Adjust the Maximum Width On potentiometer to a setting 
which causes  the Max indicator lamp to fl icker.  
Set the Slo-Syn P r e s e t  Indexer for 40  m i l s .  
Push  the Slo-Syn Index button. 
stop. 
Connect the appropriate l imit  switch cable for inner o r  
outer plates (located on the extreme right of the br idge) .  
Adjust the switch position i f  necessary  to give a slight 
compression contact on the operating a r m .  
Set the Slo-Syn Selector switch to "out." 
Set the Slo-Syn P r e s e t  Indexer to 3.107 in.  for  inner  
plates o r  2.802 in .  for outer  plates .  
Push  the Slo-Syn Index button. Wait for the dr ive to 
s top.  
8.673 for inner plates o r  8.828 for  outer plates) .  
Adjust the Minimum Width Off potentiometer. 
Set the Slo-Syn P r e s e t  Indexer to 63 mils for inner plates 
o r  48 mils for  outer plates.  
and wait for  drive to stop. 

Wait for the drive to 
Check the width position indicator (should read 

Wait for the dr ive to 

Check the width position indicator (should read 

Push the Slo-Syn Index button 
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s 
P.  
q -  

r .  
S .  

Adjust the Maximum Width Off potentiometer.  
Set the Slo-Syn P r e s e t  Indexer for 40 mils, index, and 
wait for the dr ive to stop. 
Adjust the l imit  switches a s  in s tep  j .  
Set the Plate  Width Off and On potentiometers to 780 
and 130 respectively for  inner  plates o r  to 750 and 160 
for outer plates .  

2 . 6  Adjustment of Scan Speed 

The scan  speed i s  controlled by two Vickers 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 .  
should be adjusted to 150 psi  on the gauge a t  the pump, with the bridge at 
the extreme right o r  left .  

The hydraulic oil  p r e s s u r e  regulator 

F o r  final settings the t rave l  should be t imed.  

2 . 7  Adjustment of Pneumatic P r in t e r  

To adjust the ink to the x-y plot, proceed as follows: 

a .  

b .  

d .  
e .  
f .  
g. 

h .  

i .  

C .  

j -  

Move the bridge until both the minimum width and mini- 
mum length indicator lamps come on.  
Adjust the air p r e s s u r e  to the pr in te r  to 20 psig.  
Fill the ink r e se rvo i r s  to 7570 capacity with fi l tered ink. 
Adjust the bridge t rave l  to operating speed. 
Set the Limits Selector switch on the circui t  to be tes ted.  
S ta r t  the bridge t rave l .  
Push the tes t  button and hold i t  down while the bridge is 
moving. 
Adjust the ink supply until the des i red  contrast  is 
obtained a t  the operating speed. 
Repeat s teps  e through h for each color.  
Turn  the Limits Selector to the lloff'l position af ter  the 
adjustments a r e  completed. 

2.8 Instrument CaIibration 

2 .8 .1  Amplitude 

Amplitude is calibrated by inserting tool s tee l  of two different , 
thicknesses (0.006 and 0.018 i n . )  into the x - r ay  beam and observing the 
response on the Brown reco rde r .  
adjustment is as follows: 

The procedure for calibration and 

a .  Install char t  paper (5401) in Brown recorder  and tu rn  
the Chart  Drive switch Ilon." 

. 
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b .  

C .  

d .  

e .  

Pul l  the tool s tee l  control rod until the f i r s t  detent is 
engaged. 
the x - r a y  beam. 
of the x- ray  tube support channel. 
Adjust the Fine voltage control of the photomultiplier 
high-voltage supply until the Brown reco rde r  indicates 
9- 1 / 2  char t  divisions. 
Pul l  the control rod out until the  second detent is engaged. 
This w i l l  bring the 0.018-in. tool s t ee l  into the x - r a y  
beam. Adjust the Maximum Density potentiometer, located 
on the gauging control chass i s  until Brown reco rde r  indicates 
76 char t  divisions. 
Repeat s teps  b, c ,  .and d until both adjustments a r e  c o r r e c t .  
Rapid adjustment can be achieved by setting the Maximum 
Density potentiometer as many divisions above o r  below 
76 as i t  w a s  below o r  above before s tep c w a s  repeated.  

This w i l l  bring the 0.006-in. tool s t ee l  into 
The control rod is located at the front 

2 .8 .2  Standard Plate  

A layout for a s tandard plate is shown in F ig .  12, and details  of 
construction a r e  shown on ORNL dwg. No. 10940S041D. The s tandard 
plate should be scanned once per  week to t e s t  that the performance of 
the scanner  is acceptable.  The x-y  plot should have a predetermined 
color and location pattern.  

3.  ELECTRONIC MAINTENANCE 

3 .1  X-Ray Tube Alignment 

Mechanically align the upper coll imator M39 (on Dwg . 10940S026) 
and the holder M33 to be at  right angles to the bridge top M2. Align the 
upper coll imator and the lower coll imator M57 by shifting the shield with 
respect  to the bridge top o r  by shifting the bridge top with respect  to the 
bridge bottom. Center the adjustment M15 of the adjusting pad M6 along 
the axis of the x - r a y  tube. Place the x - r ay  tube on the adjusting pad and 
center  it with respect  to the shield by shifting the tube and adjusting a t  
M3. Use the rotation adjustment on the x - r ay  tube to align the clamp 
ring of the tube with the shield. Clamp the x - r a y  tube to the adjusting 
pad. Check the centering. 
holder by 1 /32  in .  

Adjust the upper coll imator to c l ea r  the plate 

After applying high voltage to the x - r ay  tube, shift the tube with 
respect  to the coll imator by using the adjustments a t  M3 and M15. 
minimum signal on the r eco rde r  is des i red .  

A 
Center the adjustments 

within the minimum for  each motion. 
to enter  the x - r a y  beam. 

CAUTION! Do not allow your hands 

The spot s i ze ,  about 0.080 in .  diam a t  the fuel plate sur face ,  can 
' be checked f o r  uniformity of intensity and for a c i rcu lar  pat tern by 
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exposing a piece of x - r ay  fi lm, ve ry  fine gra in  (Kodak type M), with a 
0.005-in. lead fi l ter  on top of the film, for  15 s e c .  

The amplitude .should be calibrated before the scanner  is placed 
production ( see  Sect.  2 .8 .1) .  

3.2 Pneumatic P r i n t e r  

n 

Air p r e s s u r e  a t  the pr inter  should be se t  at  30 to 35 psig.  The 
F- 1 assembly should be cleaned weekly by soaking in acetone for  8 hour s .  
The ink r e se rvo i r s  should be cleaned monthly by flushing with warm water .  
If the ink has  dr ied,  u se  acetone on metal l ic  p a r t s .  Do not u se  acetone on 
the vinyl plastic tubing. 

3 .2 .1  Ink - 
The ink must  be fi l tered through a l intless nylon cloth, ORNL 

Stores  No. 06-880-2222 (Southern P r e s s  and F i l t e r  Media Co . ,  o r  equal).  
The r e se rvo i r s  should be filled to 75% capacity. The ink used is a s tamp 
pad type as follows: 

a.  black, FSN7510-161-4237 GSA, Class  1, ORNL Stores  

b. red ,  FSN7510-161-4240 GSA, Class  1,  ORNL Stores  No. * 

c .  green,  FSN7510-161-4238 GSA, Class  1 ,  ORNL Stores  

d .  blue, FSN7510-161-4236 GSA, Class  1, ORNL Stores  N o .  

No. 10-354-4675, 

10-354-4715, 

No. 10-354-4695, 

10-354-4685. 

3 .2 .2  Paasche F-1 Assembly 

The F-1 assembly,  by the Paasche Airbrush C o . ,  Chicago, is 
used to adjust the color of the output by a screwdr iver  adjustment shown 
in F i g s .  13 and 14. 
counterclockwise to shut off o r  lighten the color .  

Turn  the adjustment clockwise for  a da rke r  color o r  

The F-1 assembly can be removed by disengaging the ink supply 
with a slight pull and rocking motion a t  point A on F i g .  13 and by remov- 
ing two 4-40 socket head sc rews .  
the upper and lower end of the F - 1  assembly  can  be removed f r o m  i t s  
support bracket .  

After being removed f r o m  the base,  

To instal l  the F - 1  assembly,  r e v e r s e  the removal procedure.  Be 
s u r e  that the needle guide bushing, located inside the lower tapered piece 
of the F-1 assembly,  is screwed all the way in .  
a lso be snug against  the needle. CAUTION! Do not overtighten. 

The tapered piece should 





w 
0 

L I 

F i g .  14. 

* b 

Pneumatic Printer, Bottom V i e w .  

c 



The needle assembly must  be centered within the 3/64-in.  diam 
air-passage hole (F ig .  14) in  the base of the pneumatic pr in te r .  The apex 
of the F - 1  assembly is adjusted to the center of the 3/64-in.  diam hole by 
moving it up o r  down af te r  loosening the clamping screw.  
screw when the adjustment i s  completed. 

Tighten the 

3.2.3 Shift Adjustment 

The solenoid operated shift adjustment compensates for the elec- 
t r i ca l  and pneumatic t ime delays of the printing sys tem;  therefore ,  an 
adjustment is required whenever the speed of scanning is  changed. The 
adjustment is made a s  follows: ( a )  attach a piece of No. 18 copper wire 

' t o  a fuel plate a c r o s s  the width of the plate at  right angles to the direction 
of t ravel ;  (b)  run the scanner  in an  automatic mode; ( c )  check the pattern 
of dots when the scanner  passes  over the wire;  (d)  i f  the dots a r e  stag- 
gered on al ternate  scans ,  adjust the amount of shift to bring them into 
alignment; and ( e )  tighten the locknut on the shift adjustment. 

3 .3  Description of Functional Operation 

3 .3 .1  Scan Control 

The scan control chassis  (ORNL dwg. Q-2744-3) contains the 
components f o r  controlling the programmed motion of the scanner:  four 
dpdt re lays ,  a two-decade index switch, a gating circuit  for the Maximum 
Edge o r  Normal Index, four  pushbuttons (Right, Left, Stop Length, and 
Stop Width), and a three-posit ion (Auto Out-Manual-Auto In) selector 
switch fo r  automatic o r  manual control.  The par t s  of the scan control 
external to the chassis  a r e  a Slo-Syn indexer and motor and eight l imit  
switches.  Two limit  switches a r e  used in the length motion (right and 
le f t )  and s ix  l imit  switches a-re used in the width motion: two for maxi- 
mum t rave l  l imits ,  two fo r  inner fuel plate l imi t s ,  and two for outer fuel 
plate l imi t s .  The length and width l imit  switches a r e  connected through 
connectors SL and SW. 

The sequence of operation under normal  use is the following. The 
right relays K3 and K4 w i l l  be energized through the interlock contact 
K1A and the right pushbutton PB3 in manual operation o r  the left l imit  
switch LL in automatic operation. 
Stop pushbutton PB1.  In the following discussion automatic operation 
Auto Out is assumed.  The left re lays 'K1 and K 2  a r e  locked out by the 
opening of the normally closed contact K3A when K3 i s  energized. 
normally open contact K4A w i l l  sea l  in re lays  K 3  and K4 through the right 
l imit  switch RL, the In o r  Out l imit  switches IL1 o r  OL1, the Auto Out o r  
Auto In positions of the Auto Out-Manual-Auto In Selector switch, the 
normally open contacts of the Slo-Syn P r e s e t  Indexer re lay,  and the Stop 
pushbutton PB1. (The Slo-Syn P r e s e t  Indexer re lay is energized except 
when counting. ) AC power is supplied to the right solenoid valve through 
fuses Fl  and F 2  and contacts K3C and K4C. The scanner  table w i l l  move 
to the right until the right l imit  switch RL is operated.  

Manual operation i s  terminated by the 

The 
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The opening of the normally closed contact of RL opens the holding 
This allows the normally closed contact K4B to path to relays K3 and K4. 

energize the Slo-Syn P r e s e t  Indexer s t a r t  c i rcui t  through the Auto Out side 
of the three-posit ion selector  switch and the s t a r t  t rans is tor  Q3. 
t 12 v level at  pin K of the printed circui t  c a r d  w i l l  cause t rans is tor  Q3 
to switch. The collector of Q3, pin H, w i l l  change f r o m  t 4 . 5  v to ground. 
The signal change at  capacitor C31 is f r o m  - 3  to t 4  v .  The indexer re lay 
w i l l  be de-energized fo r  the counting period as se t  on the Slo-Syn P r e s e t  
Indexer o r  on the scan control chassis  if the Maximum Edge Index indica- 
to r  lamp is on. Control signals to the indexer a r e  routed through connec- 
to r  SI. 

The 

At the completion of the counting period, the indexer re lay ener -  
The operating path to re lays  K1 and K 2  is completed through the gizes .  

normally open contact of RL which is operated by the scanner  table.  
Relays K1 and K 2  a r e  sealed in through the normally open contact K2A. 
The normally closed contact K l A ,  now open, prevents the operation of 
the right re lays .  The scanner table w i l l  move to the left because of the 
a c  power applied to the left solenoid through K1C and K2C. 
left until the left l imit  switch L L  is operated.  
index and r eve r se  i t s  direction of motion through KZB,  the Slo-Syn Indexer 
count re lay,  and the left l imit  switch LL.  

It w i l l  move 
The control w i l l  again 

The motion sequence (r ight ,  index, left ,  index, r ight,  e t c . )  w i l l  
continue until the out l imit  switch OL1 is operated.  
and K 2  o r  K3 and K4 f r o m  operating through RL o r  LL,  and the scanner  
w i l l  s top.  
cause the Slo-Syn P r e s e t  Indexer to s t a r t  the sequence for  motion toward 
the In Limit switch IL1. 

This w i l l  prevent K 1  

Moving the Auto Out-Manual-Auto In switch to "auto in" w i l l  

The Stop Width pushbutton has  a latching action for  stopping in the 
middle of an index. 
stop and are  located a t  the points of maximum t rave l  of the width. 
switch controls an indicator that is turned on i f  the l imit  is operated.  
o r d e r  to resume normal  operation a f t e r  operating IL2 and OL2, the a c  
power cord to the Slo-Syn P r e s e t  Indexer should be connected to a source  
of power other  than the scan control chass i s .  
c ised in backing off the l imits IL2 and OL2. 

The l imit  switches IL2 and OL2 a r e  used as a c r a s h  
Each 

In 

CAUTION should be exe r -  

The Maximum Edge Index and Normal  Index circui ts  requi re  a 
signal level of approximately 0 v a t  the collectors of Q1 and Q2 for con- 
t ro l  of indexing to take place by the Maximum Edge Index switches on the 
scan control chass i s  o r  the Normal Index switches on the Slo-Syn P r e s e t  
Indexer.  The signal levels a t  the anodes of the selection diodes a r e  0 v 
selected and t 10 v not selected.  The signal level a t  pin D of the printed 
circuit  board (ORNL drawing Q-2744-11) is a negative pulse f r o m  t 10 v 
to ground. The Maximum Edge Index switch is connected to the indexer 
through cable SI. 
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3 .3 .2  Function Control 

i , 

.J 

3 

The function control chassis  (ORNL drawing Q-2744-2) selects  the 
operation to be performed by the gauging circuits through the use  of twelve 
position c i rcu i t s .  Each circuit  contains two potentiometers,  two voltage 
comparators ,  and an Exclusive-Or gate.  These outputs a r e  then combined 
for the control functions. The details of operation follow. 

A reference voltage for the "on" o r  "off" location of a position is 
obtained f rom the wiper of a 10-kilohm, 10-turn potentiometer. The 
potentiometer has  a zener  regulated supply voltage of -6 .5  v a t  one end 
and t 6.5 v a t  the other  end. 
wise on the potentiometers.  
location sensing slide wires through connector F L .  
Q-2744- 13 for connector terminations.  ) 

The llrightll and "out" directions a r e  clock- 
These same  voltages a r e  also routed to the 

(See ORNL drawing 

Movement of the scanning table to the right w i l l  resul t  in an 
increasing positive voltage at  the wiper of the slide wire ,  .pin 2 of 
T - 1 1 3 ~ 1  ( see  Sect.  4 f o r  numbering and symbols) .  
output, pin 7 of T-113A1, is routed to pin 2 of the 18 voltage comparators  
(T-172) for  the length position detection. 
of a comparator exceeds the potentiometer reference voltage on pin 4, 
the output pin 7 of the comparator w i l l  switch f rom -11 to -3  v .  
i l a r  manner ,  the width sensing uses  emi t te r  follower T-11376 to control 
s ix  voltage compara tors .  

The emitter-follower 

Whenever the voltage on pin 2 

\ In a sim- 

The outputs of the On and Off comparators  a r e  the inputs to an 
Exclusive-Or gate T-423. 
a r e  different, i. e . ,  one a t  - 3  v and the other at - 11 v ,  and a - 11 v output 
i f  the inputs a r e  the s a m e .  
scanner  moves f rom the "onTt to the "off" position, a s  s e t  by the reference 
voltage f rom the potentiometers.  

This gate has  a - 3  v output i f  the two inputs 

The - 3  v signal is present during the t ime the 

The three  setting signals (Set t 3070 Limit,  Set t 10% Limit,  and 
Set - 10% Limit)  a r e  generated by s imi l a r  c i rcu i t s .  F o r  instance,  the 
t 30% Left and t 30% Right signals f rom pins 7 and 8 ,  respectively, of 
T-42312 a r e  combined in an OR gate T-40622. The "true" o r  I r l "  output 
of the gate is - 3  v ,  and -11 v is the  false^^ o r  l l O f l  output. The OR gate 
output, pin 7 of T-40622, controls re lay  d r ive r  T -  1 3 5 ~ 2 ,  which controls 
a setting relay K8 at  the input to the t 30% Limit amplifier,  ORNL dwg. 
Q-2744-1. The output of the relay d r ive r ,  pin 8 of T - 1 3 5 ~ 2 ,  i s  at  -12 v 
for a -11 v input ( re lay  released)  and a t  0 v for a -3  v input ( re lay  
operated) .  

The signals f r o m  the !!plate, "maximum, and t 'minimum't  
positions fo r  fuel plate length and width a r e  combined to form "Inspect No 
Fuel ,  "Inspect Maximum, "Inspect Minimum, and "Allow Less  than 
Nominal." Inspect Maximum and Inspect Minimum a r e  formed by com- 
bining the width and length signals i n  an AND gate T-40462 and T-40425 
respectively.  
to f o r m  Allow Less  than Nominal through an  emit ter  follower, pin 8 of 

Inspect Minimum is inverted in squaring amplifier T -  10666 
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T-11376. Inspect Minimum is a l so  routed through an emi t te r  follower, 
pin 7 of T-11376. 
Plate  a r e a ,  pin 8 of T-40462, and Inspect Maximum, pin 7 of T-40462. 
The Inspect No Fuel  output is pin 7 of T-42382. 

Inspect No Fuel  is an Exclusive O r  combination of 

The remaining control signals a r e  those used to select  the Normal 
Index o r  the Maximum Index. 
mum Width changes f r o m  a "0" to a " l " ,  -11 v to - 3  v .  
amplifier T-10656 and one-shot multivibrator T-10564 a r e  used as a t ime 
delay to allow completion of the Maximum Edge Index operation before the 
control signal is removed. Similarly,  the one-shot multivibrator T -  10565 
is used to se t  the flip-flop T-10354 to the Maximum Edge Index s ta te  when 
the Minimum Width signal changes f rom -3 v to -11 v .  

Normal Index is se t  each t ime the Maxi- 
The squaring 

The interconnections to the scan control and gauging chass i s  f rom 
the function control chass i s  a r e  routed through two cables ,  function to 
gauging (FG)  and function to scan  control (FS). 
Q-2744-13 for the individual pins.  ) 

(See ORNL drawing 

3 . 4  Description of Gauging Circui ts  

3 .4 .1  Spot Signal 0 

The spot, o r  t ransmit ted x - r ay  beam signal,  is obtained in  the 
following manner  ( see  ORNL drawing Q-2744- 1) .  The t ransmit ted x - r ay  
beam is absorbed in a plastic phosphor coupled to an RCA 2020 photo- 
multiplier with Dow Corning 200 fluid. 
a t  a gain of approximately 4000, with 1075 on the dynode r e s i s to r  s t r ing .  
The anode cur ren t  is fed to the input of a Dymec model 2460A amplif ier .  
A model 2461A-M4t 1 plug-in is modified to contain a 10-megohm feed- 
back r e s i s to r  in  paral le l  with 100 pf. The resulting signal is + 7.55 v for 
an unattenuated beam, + 4 . 0  v for 6-mil-thick tool s tee l  in  the beam, and 
+ 1.55  v for  20-mil-thick tool s tee l  in the beam ( see  Sect .  2 .8 .1  fo r  
calibration).  

The photomultiplier is operated 

The output of the Dymec amplifier feeds a 250-kilohm r e s i s t o r  a t  
the input of the level-shifting amplif ier  No. 7 .  
summing junction is combined with an adjustable bucking cur ren t  of 14 to 
20 a (Maximum Density) so that increasing density inc reases  the signal.  
The signal level a t  the output of the level-shifting amplifier T P - 7  is de- 
pendent upon the sett ings of the maximum density potentiometer and the 
gain-setting, fine voltage control of the photomultiplier. The approxi- 
mate  voltage level for an unattenuated beam is -10.45 v ,  for  6-mil-thick 
tool s tee l  in the beam i t  is t 0.95 v ,  and for  18-mil-thick tool s tee l  in the 
beam it is t 7.60 v .  

The cur ren t  a t  the 

3 .4 .2  Plate  Average Signal 

The plate average signal is generated by routing the spot signal to 
the averaging amplifier No. 4 and then to the inverting amplifier No. 5. 



The RC t ime constant in the feedback path of amplifier No. 4 i s  used to 
adjust the averaging t ime for the selected scan speeds of 16, 64, 128, 
and 240 in .  /min .  
RC = 40/scan  speed, where the scan  speed i s  in inches pe r  minute, R is 
in  megohms, and C is in microfarads .  
any value. 
to the averaging amplif ier  is used to adjust the average output outside of 
the minimum fuel outline. The output of the inverting amplifier T P - 5  is 
used a s  one of the inputs to the *lo70 checking amplifiers No. 3 and No. 
B,  respectively,  and a s  one input of the hold-nominal average amplifier 
No. 6 .  

The t ime constant is determined f rom the formula 

A "test" position allows C to be 
A 330-kilohm res i s tor  a t  the input R is fixed at  1 megohm. 

The signals f r o m  the *lo70 limit amplifiers Nos. 2 and A and the 
average inverting amplifier No. 5 a r e  summed in the hold amplifier No. 
6 .  Unity gain i s  used fo r  the *lo70 inputs, and a gain of 2 is used for the 
inverted plate average input. The resulting output is zero volts i f  the 
plate average is a t  nominal, a negative voltage i f  the plate average is 
above nominal, and a positive voltage i f  the plate average i s  below nomi- 
nal. In the a r e a  between the maximum and minimum fuel outlines a 
voltage comparator T-1726 checks f o r  a positive signal.  
the below-nominal signal causes  a positive signal to be fed back through 
contacts of re lay K4 to the input of the averaging amplifier.  The resul t -  
ing shift in the negative direction at  the output of the hold amplifier turns  
off the feedback. 
by varying the s ize  of R43 and C61. 

The detection of 

The periodic output of the hold amplifier can be changed 
An AND ate  T-40422 turns  off the 

nominal hold circui t  when the beam is within t a e minimum outline. 

3 .4 .3  t 3070 and *lo70 Limit Circuits 

A l l  of the th ree  l imit  circuits a r e  identical in operation. The 
operation of the t 3070 circui t  is typical. As the scanner moves into the 
Set t 3070 Limit a r e a ,  relay K8 opera tes ,  connecting the spot signal to 
the t 3070 limit  se t  and hold amplifier2 No. 8 .  
in the feedback path of amplifier No. 8 allows the output voltage to 
approach the input voltage in approximately 160 m s e c .  
moving a t  a maximum speed of 20 m s e c  per  beam diam of 80  mils, any 
fluctuation of the signal w i l l  be smoothed out. Relay K8 re leases  a t  the 
end of the Set t 3070 Limit signal.  
remain a t  the level s e t  except for a slow discharge due to leakage f rom 
the capacitor.  The discharge ra te  is about 0 .2  m v / s e c .  Relay K 2  con- 
t ro l s  the setting of the t 10% average amplifier No. 2, and relay KA 
controls the -1070 average amplifier No. A .  

The 32-msec ' t ime constant 

Since the beam is 

The output of amplifier No. 8 T P - 8  w i l l  

2G.  A. Korn and T .  M.  Korn, "D-C Analog Computers with Auto- 
mat ic  Programming Fea tures ,  p .  384 in Electronic Analog Computers,  
2d e d . ,  McGraw-Hill, New York, 1956. 
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3 .4 .4  i-30'7'0 Checking 

The t 30 l imit  voltage f rom amplifier No.  8 is summed with the 
spot signal f rom amplifier No. 7 i n  the t 30% spot check amplifier N o .  9 .  
The output of amplifier TP-9  is positive for  a signal within tolerance and 
negative for  an out-of-tolerance signal.  A voltage comparator  T-1729 is 
used to detect an out-of-tolerance condition. The output of the compara-  
to r  is standardized to -3 v and -11 v in a squaring amplifier T-10681 fo r  
the out-of-tolerance and in-tolerance signals respectively.  
amplifier output, pin 7 of 10681, dr ives  a one-shot multivibrator T-10571 
and one input of an OR gate, pin 5 of T-40651. 
OR gate, pin 4,  is connected to the output of the multivibrator through an  
emit ter  follower, pins 3 and 8 of T-11361. The multivibrator changes a 
narrow pulse f rom the comparator to a 20-msec-wide pulse.  This pulse 
is of cor rec t  width to provide resolvable ink spots a t  the plotter a t  scan-  
ning speeds of 240. in.  /min.  The output of the OR gate,  pin 8 of T-40651, 
is gated by the inspect maximum signal in  AND gate T-40441. The output 
of the AND gate ,  pin 7 of T-40441, dr ives  two relay d r ive r s  T-13512 and 
T-13991. 
black ink solenoid valve of the plotter assembly.  The a l a r m  circui t  con- 
tains two relays KD and K E  and a buzzer .  Relay KD locks itself and K E  
in  through the Ala rm Reset pushbutton S6. Relay K E  supplies 110 v a c  to 
the buzzer .  

3 .4 .5  "No Fuel" Checking 

The squaring- 

The second input of the 

These relay d r ive r s  control the t3070 a l a r m  circui t  and the 

The t 3070 tolerance is indicated by black ink. 

'Y 

The "No Fuel" re ference  point is a t  approximately 70 mils of 
aluminum o r  -8070 of the minimum fuel thickness.  The reference point is 
zero  volts,  but i t  can be changed by returning a 1-megohm r e s i s t o r  f rom 
the input of amplif ier  No. 1 to a negative reference voltage. 
tolerance and out-of-tolerance signals a r e  positive and negative respec t -  
ively. 
T - 1 3 9 ~ ~  is similar to the + 3070 spot check with the exception of the gating 
signal.  
cated by blue ink. 

The in- 

The c i rcu i t ry  f r o m  the comparator  T-1721 to the re lay  d r ive r  

It is "Inspect No Fuel" to AND gate T-40482. "No Fuel" is indi- 

3 .4 .6  t 10% Average Checking 

The t 10% average check is similar to the t 3070 spot check. The 
t 10% check amplifier No. 3 sums the signals f rom the t 10% se t  and hold 
amplifier N o .  2 and the inverting amplif ier  N o .  5. The output T P - 3  is 
positive for a n  in-tolerance signal and negative for an  out-of-tolerance 
signal.  
T - 1 3 9 ~ 1  is similar to the t 3070 path. 
green ink. 

The circui t  f rom the comparator  T-1723 to the relay d r ive r  
The t 10% average is indicated by 

3.4.7 -10% Average Checking 

The -10% average check is the same  a s  the t 10% average check 
The out-of-tolerance signal is positive and the in-  with one exception. 

tolerance signal is negative TP-5 ;  therefore ,  an inverter  is not required 
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to standardize the output f rom comparator T -  1 7 2 ~ .  
red ink, is controlled by the inspect maximum signal through AND gate 
T -40482. 

Its plotter output, 

4 .  DRAWING SYMBOLS 

The symbols shown on the following pages represent  the 9-pin 
plug-in t rans is tor  units used in this instrument .  The numbers beside the 
symbols represent  the manufacturer ' s3  type number and se rve  to identify 
the unit; i . e . ,  105 is a one-shot multivibrator,  106 is a squaring ampli-  
f ie r ,  e t c .  The subscr ipts  on these numbers  indicate the socket locations 
for that par t icular  unit in ma t r ix  notation. Viewing the chassis  f rom the 
wiring side with the connectors at  the bottom, the rows of sockets a r e  
numbered f rom top to bottom 1, 2,  3, 4, 5,  6 ,  7 ,  8,  9 ,  A and the columns 
left to right 1, 2 ,  3, 4 ,  5, 6,  7, 8 ,  9, A. A l l  possible locations of sockets 
a r e  numbered. 

The subscr ipt  is written with the row number f i r s t  and the column 
number second, always viewing the chassis  f rom the wiring s ide.  
10515 is a one-shot multivibrator in  the f i r s t  row, the fif th column f rom 
the left .  

Thus,  

The sma l l  numbers beside each input and output a r e  pin numbers 
according to s tandard tube socket numbering. 

These symbols a r e  used throughout the sys tem diagrams to make , 

the sys tem m o r e  understandable and signal flow m o r e  easily followed. 
Only that c i rcui t ry  not included in the plug-in package is shown. 

Normal signal levels through the sys t em a r e  approximately -3  v 
(signal present)  and -11 v (s ignal 'absent) .  
of packages 135 and 139 as noted in the following pages.  

The exceptions a r e  the outputs 

5. DRAWING LIST 

The following drawings a r e  on file in  the Engineering Graphics 
Group of the Instrumentation and Controls Division. 
following drawings is HFIR Homogeneity Scanner,  Production Model. 

The main t i t le of the 

1.  Q-2744-0, Cables and Wire P a r t s .  
2 .  Q-2744-1, Gauging Circui t .  
3 .  Q-2744-1A, Gauging P a r t s  Lis t .  
4 .  Q-2744-2, Function Control Circui t ry .  

'Engineered Electronics C o . ,  Santa Ann, Calif . ,  T-Series  Digital 
Circuit  Modules . 
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8.  
9 .  
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11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 

Q-2744-2AJ Function Control Parts List. 
Q-2744-3, Scan Control Circuit .  
Q-2744-3AJ Scan Control Parts List .  
Q-2744-4, Gauging Metalphoto Panel .  
Q-2744-5, Gauging Chassis .  
Q-2744-6, Function Control Metalphoto Panel .  
Q-2744-7, Function Control Chassis .  
Q-2744-8, Scan Control Metalphoto Panel .  
Q-2744-9, Scan Control Chass i s .  
Q-2744- 10, Scan Control Side Bracket .  
Q-2744- 11, Width Index Drive Printed Circuit .  
Q-2744-12, -100 and *6.5 Zener  Supply Printed Circuit .  
Q-2744-13, Connector Terminat ions.  
Q-2744- 14, Modified Preset Indexer Circuit ,  Model SP250-4. 
Q-2744-19, Spare Parts List. 
Q-2744-20, Four Color Pneumatic P r in t e r .  
Q-2744-20AJ Pneumatic P r in t e r  Parts.  
Q-2744-21, Pneumatic Printer Details.  
Q-2744-22, Pneumatic P r in t e r  Details.  
Q-2744-23, Pneumatic P r in t e r  Details. 
Q-2744-24, Pneumatic P r in t e r  Details.  
Q-2744-25, Pneumatic P r in t e r  Details. 
Q-2744-26, Pneumatic Printer Assembly Circui t .  

The main t i t le of the following drawings is HFIR Production Model 
Scanner.  The drawing series is numbered 10940S001 through 109408042. 

1. 10940S004E, Assembly Drawing. 
2. 10940S026DJ X-Ray Detection Equipment. 
3 .  10940S041D, Standard Plate. 

.. 
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103 - F l i p  Flop 
P ins  2 and 4 - D . C .  reset  and set  inpu t s  
P ins  3 and 5 - d i f f e r e n t i a t e d  r e s e t  and 

set  i n p u t s  
P ins  7 and 8 - D . C .  ou tpu t s  

105 - One-shot Mul t iv ib ra to r  
P ins  2 and 3 - Timing c a p a c i t o r  
C = 50 ( t -2)  t i n  microseconds (ps) 

C i n  p i co fa rads  (ppf) 
Pin 4 - d i f f e r e n t i a t e d  i n p u t  
P in  5 - D . C .  Inpu t  (not  shown) 
P in  7 - In-phase pu l se  ou tpu t  f o r  time t 
P in  8 - Inve r t ed  pu l se  output  f o r  t i m e  t 

106- Squaring Amplif ier  (Schmitt  Tr igger )  
P in  2 - A . C .  i npu t  (not  shown) 
P in  4 - D . C .  i npu t  
P in  5 - Trigger  l e v e l  adjustment  
P in  7 - Inve r t ed  ou tpu t  
P in  8 - In-phase ou tpu t  
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113 - T r i p l e  PNP Emit te r  Follower 
P ins  2, 3, and 4 - D.C. i n p u t s  > 
Pins  7,  8, and 5 - D.C. o u t p u t s  

I n d i c a t e s  a wire  t o  an i n d i c a t o r  

'356, 

t v  

135 - Dual Relay Dr iver  (0  t o  -35V) 

Pin  7 - D.C. ou tpu t  
Driver 1 Pin  2 - D.C. i n p u t  

Driver 2 Pin  3 - D.C. i n p u t  
P in  8 - D.C. ou tpu t  

Output l e v e l s  a r e  -V = "0" and OV = "1" 

139 - Relay Dr iver  (0 t o  +40 V) 
P i n  4 - D.C. i n p u t  

P in  8 - D.C. ou tpu t  (OV = "lf1, -V = "0") 
+V i s  a maximum of 40 v o l t s  
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-P 421 77 

404 - Dual Two Inpu t  "And" Gate 
Gate 1 P i n s  2 and 3 - D.C. i n p u t s  

P i n  7 - D.C. ou tput  

Gate 2 P ins  4 and 5 - D.C.  i n p u t s  
P i n  8 - D.C.  ou tpu t  

406 - Dual Two Inpu t  ttOrt' Gate 
Gate 1 P ins  2 and 3 - D.C. i n p u t s  

P i n  7 - D.C. ou tpu t  

Gate 2 P ins  4 and 5 - D.C. i npu t s  
P i n  8 - D.C. ou tput  

421 - Exclusive "OR" Gate 
P ins  2 and 3 - D.C. i n p u t s  
P i n  7 - D.C. ou tpu t  

423 - Dual Exclusive "OR" Gate 
Gate 1 P ins  2 and 3 - D.C. i n p u t s  

P i n  7 - D.C. ou tpu t  

Gate 2 P i n s  4 and 5 - D.C. i npu t s  
P in  8 - D.C. ou tpu t  
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