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EVALUATION  OF A DITTO MODEL DllA DUPLICATOR 
FOR PRIFELUG EIGHT PROGRESS  STRIPS 

I N  ARE CENTERS 

I n  an e f f o r t  t o  reduce  the  workload i n  ARTC Centers of 
producing  several  thousand fllght progress   s t r ips   dal ly ,  means of 
pr lnt lng  the  repet i t ive  mformation on e a c h   f l i g n t   s t r l p   a r e  bemg 
evaluated. The Ditto  dupllcator  appeared t o  be an "off-the-shelf"  devlce 
whlch m i g h t  a s s i s t  In m a ~ u a l  preparatlon of these   s t r ips .  TWO Model 
D l l A  dupl lca tmg machines were modifled wlth feed   t rays   to  accommodate 
the  one-inch fllght progress   s t r lps .  These machmes were given  exten- 
sive i n - se rv lce   t r i o l s   i n   t he  Neu  York and Menphls AFCC Centers. The 
r e s u l t s  of t h e s e   t r i a l s  indicated tha t   the  Model DllA dupllcator  i s  not  
s a t l s foc to ry  f o r  reprofluclng flight pro&-ess s t r l p s  L T ~  aq ARTC Center. 
The adjustmenm on the  paper  feed magazine were t o o  c r i t l c a l  and 
resul ted  In   excessive  wasteof   s t r lps .  The fluid-flow  control was n o t  
en t l r e ly   s a t i s f ac to ry .  It was concluded t h a t  use of the machine 
increased,  rather  than  reduced,  the  workload m the  preparat ion of 
fllght progress   s t r ips .  

INTRODLCTION 

An average of four   to   f lve  fllght progress  str ips  are  prepared 
for each fllght operating in  an A m  Route Traffic  Control  Center 's   area.  
k t  present,   these  str lps  are  handwritten,  and about  two-thirds of the 
wrl t ten  data   entered on f l lgh t   p rogress   s t r ips  are comon t o  a11 s t r l p s  
f o r  a par t lcu lar  f l lght .  Hence, a major portlon of the  workload 
Fnvolved in   s t r l p   p repa ra t lon   r e su l t s  from duplication of lden t i ca l  
data .  The lncreoslng number  of a l r c r a f t   f l y l n g  on instrument flight 
r u l e  (IFR) fllght plans  has  Increased  the problem,  For  example, on a 
b u y  day m the New York ARE Center, more than 13,000 s t r i p s  may be 
prepared  for  use on t h e  control lers '   d isplay  boards.  

I n   e f f o r t   t o  reduce  thle rmual workload, the  Special  
Committee f o r  Improved Air Trafflc  Control - New York a rea ,   l n  a meeting 
1n  September 1956, s t a t ed  an imedlate  requlrement for equipments t o  
a s s i s t  m the  job of preparlng f l lght  progress   s t r lps .   Several  
reproduction machlnes were considered, among them the   Di t to   dupl ica tor ,  
Although these machines were not  coneidered as t h e   f l n a l  answer t o  the 
problem, It was f e l t   t h a t   t h e y  m i g h t  give some i m e d i a t e   r e l l e f .  Two 
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advantages, logically expected, were 

1. That the advantaEe  of r r l t l n g  one s t r l p  as opposed t o  five or 
a m ,  w w l d  permlt the wrl ter  more t m e  t o  produce a neat   or iginal  and 
result i n  more leglble   data  on a l l  s t r l p a .  

2. That errors caused by copymg froin Lhe or ig ina l  would be 
e lmina ted .  

A t  about t k l s  same tune, an employee of the  Aero2autlcal  Center, 
Oklahoma Clty, Oklahmm, 6Ubnitkd a auggestlon  for use of  Dltto  dupli-  
cator  equipmmt  based on the  experxnce of  tne A E  traming  school In  
using a s lmilar  machlno. 

To evaluate %his type of equlpnent,  the CAA Technlcal Development 
Center  obtamed two D i t t o  Made1 DllA dupIlcat3r machlr,cS h’lth Mast-rwlters .  
F1gL-e i 1s a photograph o f  tne duplicator machine, aaC Flg. 2 Qhows the 
Mutermrlter.  On2 machme with a Masterwrlter wan shlpped  directly to the 
New York ARIIPC Center. Tne other machine was delivered to  the  Technlcal 
Development Center where It wae used t o  E l lml t cd  extent  by the Indxnapol i s  
ARTC Center and the Alrvays  Operations Evaluation Center. Later It was 
evaluated by the Memphis A R E  C a t e r ,  whcre a central ized flight data 
position is used t o  produce most of the fllght progress   s t r ips  f o r  Lhe 
Center. 

The baslc Dl t to  D l l A  duplxator,  with  automatlc  feed, 18 

deslgnned to  handle  sheets of  paper up t o  10 1/2 Inches 1n width. The 
machine was modifled  as  follows: 

1. The f e l t  wlck for  applymg  Dltto f lu ld  t o  the master  copy was 
covered,  except  for a one-lnch width,  t o  match the wldth  of standard 
f l i g h t  progccss  str lps.  

2. The master clamp on the r o t a t m g  drm was s l o t t e d   t o   a s s i s t  the 
operator rn positioning the m e t e r  s t r ip   occurately.  

3. ‘he impresalon r o l l e r  was modified on one machine (Memphis) t o  
apply  pressure  to the s t r lps   being Ped through  the machme only. 

4. A double  feed tray, shown in Flg. 3, fo r  the standard 1- by 8- 
inch f L l g h t  progress   s t r ips  was provlded to  permit duplication of the 
s t r l p s  on e l t h e r  buff or  Been  stock. 
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5.  The Masterwrlter was provlded w l t h  an adapter  plate t o  allow 
only one flight progress   s t r ip   to  be placed over the carDon paper r o l l .  

Other  supplies  requlred  lncluded  carbon rolls (Dlttmark  Hi-Gloss), Ditto 
f lu ld ,  D i t t o  cream l lqu ld  soap, and bal lpoint  pens (f ine- l lne) .  

OPERATIONAL USE 

A master  copy f o r  dupllcatlon 1s prepared  by  plaomg a standard 
paper fllght progress   s t r ip  In the open s l o t  of the adapter  plate on the 
Masterwrlter. See Flg. 2. A flight plan  In Its normal  format i s  hand- 
wrlttfn on the  f l ight   progress   s t r lp   using a hard  lead  pencll o r  a f l ne  
l m e   b a l l p o m t  pen. F c m  wrlting  pressure 1 8  required  to produce a 
good master copy. A portlon of the  carbon from the Masterwrlter roll 18 
plcked up  on the back of the fllght progress s t r l p .  

After  the  master copy 1s made, it is  placed face down on the 
drum of the  duplicator, and aligned  wlth  the  spd!,ial s l o t  on the  master 
clamp. To  star t  the machme, the motor switch  located under the  feed 
t r a y  1s turned on, and, t o  make copies,  the machine operating  handle  is  
moved t o  the RUN posit lon.  The drum wlll ro ta te  untll the  operating 
handle 1s moved t o  the ST@ posi t lon.  

A portlon of the carbon from the master copy 18 dissolved by 
means of dlrect-process f l u l d .  Thls f lu id  1s fed from a reservoir  
through a wlck  whlch  wets the  master-copy  strlp. The impresalon ro l l e r ,  
under  the drum, forces  blank  strlps  agalnst   the  master copy as  the drum 
i s  rotated.  The double-feed  tray,  Flg. 3, 1s loaded wlth  green and buff 
s t r l p s  s o  t h a t  color sclect lon  for   the  dlrect lon o f  flight can be  made 
by  the  proper  positlonlng of the feed  tray. 

The blank  paper  strlps  are  held In  place  by  rubber CUEhlOnE or 
pads on the  feed  tray. Tho pressure  adjustment of these CUEhiOnQ  on 
the E l l 4  dupllcator  proved t o  be  very critical. If the  cushlons were 
adjusted  too  t ight ly  agaamst the strlps,  they would not  feed. If adjusted 
too  loosely,  several  strlps  passed  into  the machlne together. 

I n  normal  motor-drlven  operation,  strlps  are  duplicated a t  
the rate of two per  second. A counter on the machlne can be prese t  t o  
reproduce the desired number of s t r i p s .  The reproductlon of only  four 
or f l v e   s t r l p s  from each  master 1s usually accompllslled  by the operator 
holdlng  the  operating  handle m the RUN poeition  while  countlng  the 
number of s t r l p s  produced. 
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In  the New York Center,  excessive wear of the impression r o l l e r  
occurred In  the  area where the  one-inch flight progress   s t r lps  were fed 
through the  machme, The machlnesent t o  Memphls  was modlfled  by  removlng 
the  mbber from both  ends of the mpresslon  roller,   leaving  only a 
ssctlon  approxlmately  onc-Inch wlde 111 the  center. 

msuT.,m OF rnUJJS 

New York Center. 
The t r l a l s  m the Ne-* York Centor began i n  Novexber 1956, 

and extended  over a perrod of about 60 days. Durmg these t r la l s ,  the 
D l t t o  dupllcator was uscd exclusively a t  the A positions,  preparing 
fl lght progress   s t r lps  f o r  fllghts departlng  the New York metropolltan 
area. I n l t l a l  uae was hanpered somewhat by the difficulty experlenced 
in obtalnlng supplies. It wa3 found t h a t  Goverrment-msue dupllcator 
flutd  contamed a substance which formed a c r y z t a l l n e   d ~ p o s l t   i n   t h e  
f l u l d  feed tube,  whxh  eventually  stopped  the  fluld flcw, Hence, it was 
nccessnry  to uae Dlt to   dvpl lcator   f luld  exclusively.  Also, the  carbon 
r o l l a  used In  the  Mostemrlter were no t   ea s i ly  obtainable in  the New 
Y ork  arc a. 

After  the  supply problem  had  been over~ome,  the Center 
expcrlenccd a number of o ther   d i f f lcu l t les .  These included  +he followmg: 

1. m e  maohme requlred  frequent  adjustment of the feed-tray 
pressure  pads, 

2. Th?  drum  became saturated w l t h  carbon ~nk. 
3. Too nany rcotions were needed t o  prepare  etrlps.  

4. Three men were required  to  run the D l t t o  operatlon  properly. 
These same three men could handwrite s t r l p s  and exceed the output 
of the D l t t o  dupllcator.  

5.  There wa3 exceooive wastagc of s t r l p s .  

The machme used i n  the New York Center was equlppped w i t h  a 
standard, full-width ImpTesslon r o l l e r .  After approxlmately 60 days, the 
s t r l p s  would not  feed  through the machme. It was found that  the  one-mch- 
Wldc area on the ImrJresslon r o l l e r ,  where the strips were fed, had worn 
down s o  t h a t  ;:cw s t r l p s  were not  being  grlpped  flrmly. Thls condltlon 
c o 7 J d  by overcome only by l n s t a l l m g  a new ro l l e r ,  c1' by havmg the balance 
of the r o l l e r  machlned to  a diameter consistent w l t h  the worn eection. 
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After  the trml period m the  operatmg  quarters,  it waa 
concluded that   the  machme was unsatlsfactory  for  regular  operations in  
the  Center, The machine was re-Lamed fo r  use In  the t r a l n m g  program. 

Memphls Center. 

extended  over Q perma of q p r o x l m t e l y  deys. The equipment was used 
a t  the  centralized flight data   posi t lon (FLIgAP)  where most of the   s t r ips  
for  the  Center  are  prepared.  During  the  trial  perlod many of the Eane 
d l f f l c u l t l e s  experienced In  the New York Center  occurred. A t  Memphis, 
the  local  D l t t o  Compny representatlve worked closely  wlth  Center personnel 
t ryme;   to   reso lve   d l f f lcu l t les .  The r e s u l t s  were as fo l lows:  

Tfle t r l a l s   i n   t h e  Memphls Center  began In February 1957, and 

1. For sat lsfactory  operat lon,  the feed  trays of the machlne could 
hold a s tack of  smlpo  not  moye than  3/4-mch h1gY4. If the height of the 
s tack  was lncreased beyond 3 /b inch ,   the   smlps  would not, feed  into  the 
machine properly  but  would double agams t  ?he f eed   r c l l e r .  When the 
s tack was reduced t o  a helght of 1/8- t o  1/4-lrAch, t he   s t r l p s   e i t he r  
were f ed   i n  bunches o r  stoppzd  feedlng. Thls meant that  the  average 
usable  stack was approxlmately  5/8-lnch  high. The re la t lve ly   smal l   nmber  
of s t r lps   tha t   could  be used a t  one loadlng  requlred  frequent  replacement 
of stacks and delayed  the  operatlon. 

2. The adjustment of the pad preasure on the  stack of  s t r l p s  was 
too r r l t i r a l .  The s lde o f  the feed t r ay  must be opened each  time a s tack  
of strips 1 8  added. The s l l g h k s i  maladJustment of the sponge rubber 
cushions would not  permlt  proper  feedlng. Thus, It was necessary t o  
adjust  the  tenalon  each  tlme  by  trlal.  Although  the  set  screw was marked 
so that   the   me adjus-hnent could be made a t  each  loadmg,  this  adjust-  
ment dld  not  preclude  the  malfunctlonlng of the  feed system. Many t m e s  
before  the  proper  adjustment was reached, It was tuns to   re load .  The 
inability t o   r e m a t e   t h e   f e e d  because of thls c r l t i c a l   p r e s s u r e   s e t t i n g  
contributed heavl ly   to  the percentage of waste. 

3. There were t m e s  when the  feed  dld  not  functlon  properly even 
when the  adjustments (Items 1 and 2 above)  apgarently were s e t  
Correctly. When a space was skipped,  the  roller became wet, and the 
Qtr lps   that   fol lowed would  be damp. 

4. Dif f l cu l ty  was encountered m reproducing   h i i t t en  items tn the 
proper  blocks on the 3trip.  Frequently,  the  reproduced  strlp would 
have the   p r ln ted   mater ia l   e i ther   to   the  rl&t o r  l e f t  of the  proper 
box and could  not be used. This also  contributed  to  wastage. 
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5.  Occasionally, f o r  no apparent  reason,  the fluid would f l o w  from 
the  tank onto other  par ts  of the machine. The D l t t o  Company maintenance 
man  was uxable t o  correct   th is .  

6. After approxmately 1 1/2 t o  2 hours of use,  the  completed 
s t r i p s  would come out of the machme  wet, causmg  the  mk  to  smear. 
Various remedles were t r ied   to   countwaet  thm, but  the only  effective 
so lUt lOn  was t o  l e t  the rnachlnc stand ldle f o r  a short  time to  allow 
the f l u i d  t o  evaporate. 

7. The  Memphis control lers  d id  not  believe +&at the   s t r ips  
reproduced 03 the  Ditto machine were as  easy t o  read as those prepared 
by hend. 

8. Erratlc  printing  of  str lpR made it d i f f i c u l t  for  the operator 
t o  determine  the number of s t r ips   requi red   for  pach fright, eo t h a t  
enough rpadable   s t r ips  would be  reproduced. As in  New York, more m a n -  
power was requlred, when usmg  the  Dit to  mschine, than  nomally was 
needed f o r  manual wrl t lng of s t r i p s .  

9. Each  day tha t   the  machme was operated,  the number of f l rgh t s  
kardled,  the number of st r ips   requlred  for   proper   postmg on the sectors,  
and the  nmber of s t r i p s  wasted for  my  reason  whatsoever were recorded. 
Tne wastage  averaged  about 22 per cent. 

Other Tr ia l s .  

f o r  preparatlon of f l ight   progrees   s t r ips   for   mil i tary  m1sslom. For 
many of theae  misalon-type  flights,  large  areas must be blocked a t  
spec i f ic   a l t i tudes ,  and multiple  str ips  are  required for postlng in 
several   sectms.  

!The D i t t o  duplicator was used by the  Indianapolis kRTC Center 

The Technical Development Center  used  the D i t t o  dupllcator t o  
reproduce fllght progress s tr lps  fo r  simulation proJects, Many simulation 
problems require  repeat runs of the same t r a f f i c  sample, 

In both  of  the above locatlone, no time  element was involved, 
and personnel could take  the  necessary  care  in  adJusting and r e a d p s t i n g  
the  feed  trays  to  obtaln  proper  feedmg of s t r i p s .  However, experlence 
In both  Pacllities  indicated  an  excessive  waste o f  s t r i p s .  

An employee suggestlon, whlch originated a t  the  Aeronautical 
Center, had been  received which pomted  out  the  advantages of using the 
Dit to   dupl icator  f o r  printing  duplicate fli&t progress  str lpa.  In this 



recommendatlon, It  was pomted  out  that   the machme had been 1n use f o r  
about two months with  successful.  results. Later reports from the 
Aeror-autlcal  Center  ladlcated -chat many of the  feed problems experienced 
In o t h e r   f a c l l i t l e s  also had been  encountered a t  Oklahoma Clty. For 
tralnmg  purposes,  where many atrlps  havmg  the same data must be prlnted, 
the machme may of fer  some advantages  over  hand  preparatlon. 

The Indlanapolls  representatlves of the  Ditto Company have 
Indicated  that   them company 1s interested In the deveiopment of an 
Improved duppllcator f o r  flight progress  str lps.  They belleve the i r  new 
machme, Model E-70, may be more suitable  for  reproduclng fllght progress 
stz?_ps elan -he Mdel D-11. Tears w l l l  be colducted by the Dl t to  Company, 
and t k e  Fechnlcal Development Center w l l l  monltor  the  progress of  t h i s  
work Some other  compaxee,  actlve m t h i s   f l c l d ,  have  been  contacted 
and encouraged t o  study  the proSlem  of reproduclng  f l lght  progress  str lpa.  

Several  other ways of  preparmg f l i g h t  progress s t r i p s  
semlautomatlcally are bemg  teated,  inciuding use  of e l ec t ron lc   t a t a  
Frocessmg equlpment,  such as  the ~ ~ - 6 5 0  computer In the  Indlanapolls 
ARTS Center and the lBM Cardatype  equipment lns ta l led  in the New York 
ARTC Center. 

The composlte e q e r i - n c e   a t   t h e   f a c l l l t l e s  where the Di t to  
dupllcator Model D l l A  ~m m e d  to   dupl lcate  flight progress s t r l p s  
indicates tha t .  

1. The machme requlres an exceas1ve amount of adjustment  to  obtain 
satlsfactory  operatlon. 

2. Due t o  the  speed of reproduction  ncessary ln an  operating Alr 
Route Traff lc  Con t ro l  Center,  the Model D l l A  1s not   sat lsfactory f o r  
producing fllght progress   s t r lps .  Where tlme i s  not a c r l t l c a l  f ac to r ,  
multlple fllght progress  str lps  can be duplicated wlth some reduction of 
workload. 

3. The method of feedmg f l lght  progress strlps mto  the  dupl lcator  
was unsat lsfactory and caused  excesolve  wastage of s t r lp   mater la l .  A 
b e t t e r  Kerns  of accurately  poslt loning the feed  t rays   for  a lqqnen t  mth 
the master co2y probably wou ld  Increase  readablll ty and e lmmate   c l ipped  
l e t t e r s .  



4. The control  of f l u l d  flow on the Model D l l A  duplicator was not 
sn t l s fac tory  f o r  the  narrow  (one-Inch) flqht progress s t r lps .  

5q Many operators  felL  that   the  feed  trays  should have greater  
strlp  capaclty,   to  obvlate  frequent  reloadlng. 

6. Due t o  Lde lmsatmfactory  operatml of the  duplicator,   controller 
workload lr, the preparation of flight progress   s t r lps  vas increased  rather 
than deecreaeed. 





F I G  2 DITTO M A S T E R W R I r E R  IN USE 



FIG 3 DITTO  MODEL  Dl lA  DUPLICATOR  MODIFIED F O R  F L I G H T  PRObRES5 STRIP5  


