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This  report  covers an operational  evaluation of the IBM 858 
Cardatype  accounting machine ins ta l led  i n  the New York Air Route Traffic 

Center  personnel, and 1s based on data  gathered from November 1957 through 
Control  Center. This evaluation was conducted by FAA Technical Development 

January 1958. During this  period,  the IBM Cardatype was used t o  prepare 
pr inted  f l ight   progress   s t r ips   for  approximately one-half of the IFR depar- 

Using three  operators, this system has a maxim  processing  capacity of 36 7 
tu re  flights from the major terminals  in  the New York metropolitan  area. 

flight plans  per hour. Theoretically, two men, preparing  strips marmally 
and working at  100 per  cent  loading  factor, can prepare  str ips  for 37.9 
flight plans  per hour, o r   s l igh t ly  more than the Cardatype  system. A t  the 
time of this evaluation, peak d a d s  reached 4 0  departures  per hour i n   t h e  

proposed departure had t o  be  prepared  manually.  Fifteen  per  cent of a l l  
area  served by the Cardatype.  Plight  plans  filed less than 9 minutes  before 

departure flight plans were f i led  wlth a lead time of less than 9 minutes. 

The complete route of flight was not  printed  for a l l  flights 
processed by the Cardatype  system, since it vas i lspractical   to have card 
packs for  a l l  possible  routes beyond the New York Air Route Traffic  Control 
Center area The additional  routing, if  not  covered by a standard route 
card pack, was added manually. Analysis of the  str ips  indicated tha t  25 per 

manual additions to   the  route  of flight 
cent of a l l   t h e  f l ight   plans processed by the Cardatype  system required 

IBTRODUCTIOil 

The IBM 858 Cardatype  accounting machine system is located  in   the 
operating  quarters of the Dew York Air Route Traffic  Control (ARE) Center. 
The evaluation was conducted  by the FAA Technical Developmeet Center (TDC) 
at  the request of the Bureau of A i r  Traffic Management. Tests and obser- 
vations made during  the  period from November 25, 1957, t o  January 28, 1958, 
were analyzed at  TIC The objective of t h i s  evaluation was t o  determine 
the operational u t i l i t y  of the IBM 858 Cardatype  accounting machine system 
for air traffic  control  (AW)  data  processing 

CARDAWE STSTEN 

The equipment used m the New York ART€ Center  included the 
following units- 

1 IEM 026 Card Punch 
2. IBM 858 Cardat.De  Accountmg Machine 
3. IBM 972 Auxiliary Keyboard 

http://Cardat.De
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4. IBi 866 Nontransmitting  Typewriter 
5 I= 863 Arithmetic Unlt 

The IFM 026 card punch unit, Fig. 1, a s  used to  prepare  card 
packs for  the  various  departure  routes. One card  vas  required  for each f i x  
t o  be posted on the flight progress  boards.  Seventy-six  standard  departure 
route  card  packs were used 

combine the  route  information from a  selected  card pack with  other infor- 
mation required on the   f l ight   s t r ips ,   th is   information  being  entered 
through an auxiliary keyboard. The output of the 858 Cardatype unit can 

All functions of the machine are  directed by a  control ( p r o m )  panel 
feed one to  four  electric  typewriters  either  simultaneously or selectively 

which can  be changed easily  for  other  applications. From 1 t o  200 punched 
cards may be inserted  simultaneously in the  card  input hopper.  Cards are 

the  electric  typevriters  is   ten  characters  per second (less  tabulations,  
read at the  ra te  of ten  card C O ~ U m n S  per second, and the machine output t o  

spaces,  line  feeds, and carriage  returns). 

The E M  85.8 Cardatype  accounting machine, Fig. 2, was  Used t o  

to enter  the flight identity,  type of  aircraf't, estimated g~ound speed, 
and propoaed cruising  alt i tude 

Two IpBl 972 auxiliary keyboard units,  ehovn i n  Fig. 2, were used 

Rro I" 866 nontransmitting  electric  typewriters  printed  the 

writer  rlbbon m8y be  used, with these  functions  being  controlled by the 
f l ight   propees  s t r ips   Ei ther  upper or lower  case and black or red  type- 

IBM 858 Cardatype  accounting machine unit. 

I" 863 arithmetic  unit was not In operation a t   t h e  time of 
this  evaluation. It was planned for  use in computing estimated  elapeed 

putation would  be made using  the  estimated ground  speed inserted on the 
times between f ixes  f o r  printing on the flight progress  str ips.  !Phis com- 

keyboard and the  mileage from the  preceding f i x  which had been punched 
Into  the f i x  cards. 

F l i g h t  plans  for  aircraft  departing  the New York area  normally 
were received a t   t h e  Center  over  a  voice  interphone  circuit  by an ass i s t -  

t ransfer red   th i s   s t r ip   to   the   opera tor  of the Cardatype  equipment. The 
ant controller, who wrote the  f l ight   plan on a f l ight   progress   s t r ip  and 

flight and inserted  the pack i n  the  Input  card hopper  of the 858 Cardatype 
Cardatype operator  selected  a  card pack f o r  the  corresponding  route of 

accounting machine The Cardatype operator  then  inserted the variable in- 

proposed cru ismg  a l t i tude)  through the IBM 972 auxiliary keyboard uni ts  
formation  (flight  identity,  type of aircraft,  estimated ground speed, and 

A start button was depressed on the IBM 858 Cardatype  accounting machine 
and the  flight progress  str ips were printed  by  the l 3 M  866 typewnters on 
a  continuous r o l l  of perforated  paper  str ips.   After  these  str ips were 
printed,  they were cut  apart,  inserted i n  holders, and delivered  to  the 
control  boards. 
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New Pork Center was used t o  prepare flight progress  strips for a l l  depar- 
tu res  from the Newark A i r p o r t ,  and for  a l l  westbound departures from 
La Ouardia and Idlewild  Airports. 

A t  the  time of evaluation, the IBM 858 Cardatype  system at  the 

The following  statistical  information was derived from an analysis 
of t r a f f i c  between November 25, 1957, and January 28, 1958. The average 
number of flight promess  str ips  prepared  in  the New York (domestic)  Center 
was 7,844 per day On the most active single day, 12,543 s t r i p s  were pre- 
pared, and on the  least   act ive day, 4,895 s t r i p s  were prepared. The aver- 
age number of departures  in  the New York ARTC (domestic)  Center was 678 per 
day. On the busiest  single day, there were 1,171 departures and on the 
least busy  day, there were 309 departures. 

Cardatype system  averages 297 per day. The largest  number of departures i n  
a single day was 478, and the  least  number was 163. The area served by 
Cardatype handles, on the  average, 43.8 per  cent of all departures  in  the 
New Pork Center area Peak periods of t r a f f i c   i n  the Blew York Center  occur 

peak being slightly  higher 
from 7-30 a.m. 'to 9:30 a m . ,  aad from 4 p.m. t o  6 p.m., v i th   t he  evening 

The portion of the New York control area served by the IEM 858 

In the  area  served by the Cardatype  system  during  these two 
2-hqur peak periods,  departures  averaged 29 per h o w  and reached a maximrup 
of 40 per hour. The average  departure  flight plan during  these peak periods 
reqvired 6.45 f l ight   progress   s t r ips  

pRoCEsSIN(I. RATE Am CAPACITY 

period t o  comgare processing times of both  Cardatype and 6w1~ua.l operation. 
The average time required  to  prepare flight progress stripe i n  the 
Cardatype  system is eham a8 follows. 

Stop-watch measurements were made by obeervers  during  the test 

Operation 

Time to  receive f l igh t  plan 
Transfer t o  Cardatype  operator 

Additlon of variable  information 
f ichine time t o   p r i n t   s t r i p s  (average 

.'Card-pack selection 

f l igh t ,  6.45 s t r ips  and 13.2  seconds 
printing  time  per  strip) 

Cut and stuff in   s t r ip   ho lders  
Delivery to   control  board and return 

to  operating  posit ion 

Average Time for  Flight Plan 
(&n.:eec.) 

0: 41 
0:05 
0.05 
0.13 

1: 25 

0: 17 

1.20 

- 
Total Time 4.06 
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A flight plan  with normal handling and no delay i n  processing can  be on the 
control board 4 minutes 6 seconds a f t e r   t he   s t a r t  of f i l ing   the   f l lgh t   v ia  
the  interphone  circuit 

5 seconds required  to  select a card pack  can be  eliminated.  After  entry 

pr int ing  f l ight   progress   s t r ips .  The maximum processing  rate and capacity 
of t h e   f i r s t  flight, this operation can  be  performed  while the w h i n e  i s  

of this Cardatype  system are  as follovs 

In determining  the  capacity of the IBU 858 Cardatype  system, the 

Capacity  Flights 
Operation  Total Time Per H o u r  

(min. sec.) 
Receive f l ight   plan and t ransfer  : 46 78 .o 
Cardatype operation I’ 38 36.7 
Cut, stuff, dellvery and return 1.37 37 -0 

Aesuming that  additional  personnel could be assised  as  necessary,   the 
l imiting  factor in the Cardatype  system would be the speed of operation Of 
the  Cardatype  machine. Peak period demands of kl f l ights   per  hour, which 
occur  almost daily, exceed the  capacity of the  Cardatype  equipment for 
strip  preparation.  Therefore,  the system must be  supplemented by manual. 
&rip  preparation  during  these  periods. Althougll three  operators  are re- 
quired  for  the Cardatype  system, the  operator  receiving flight plans need 
work a t  only a 47 per  cent  load  factor  to load the Cardatype machine 
ccaupletely. 

was made on the  following  days. 
During the  period  covered by this evaluation,  a  special study 

Total  Flight  Progress  Strips 

J m V  7, 1958 - 9,295 
J a n ~ 8 ~  15, 1958 - 11,451 
J-U&IY 17, 1958 - 10,643 
J e n ~ a q  26, 1958 - 9,891 
J ~ U ~ V  g, 1958 - 9,829 

On these 5 -6, an average of 10,222 fl ight  progress  str ips  per day were 
prepared, which was well over the  average  daily count and def ini te ly  in- 
dicated heavy IFR traffic  conditions.  In the area served by the IBM 
Cardatype, there were 2,002 departures for these 5 Uays. Of these  depar- 
tures, 1,739 f l i gh t s  were proceseed on the IBM Cardatype  equipment, and 
263 f l ight   plans (13.14 per  cent) were processed manua.Uy. 

Measurements and time  studies were conducted from Januaq 27 t o  
31, 1958, t o  determine  the number of minutes pr ior  t o  the proposed takeoff 
time tha t  a f l igh t   p lan   i s   ca l led   in to   the   Center .  The time  interval be- 
tween call-in and proposed  takeoff called  “lead time,” and t h i s  was the 
determining  factor i n  deciding  whether  the  flight  plan  could be  handled by 
the IBM Cardatype  equipment or would have t o  be c q l e t e d  manually. 
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For example, if a proposed departure  time of 1600 was f i l ed ,  it VBs 
desirable from a control  planning  standpoint that the flight progress  Strips 
be a t  the  control   board  a t   least  5 minutes prior  to  departure.   Since 4 
minutes was required t o  process a flight plan by means  of the IBH Cardatype 
equipment, then any f l lght   plan that was received  with a lead time of less 
than 9 lainutes  could  not  be  processed If the Cardatype equipment al- 
ready was busy  processing flight plans when a flight p a  was received  with 
a lead  time of only 10 t o  12 minutes, manual preparation  usually was re- 
quired. Approximately 15 per  cent of a l l  departure flight plans were f i l e d  
with a lead  time of less than  9 minutes,  representing the percentage of 
flights that probably would require manual preparation  Fifty  per  cent of 
a l l  departure f l ight  plans were f i l e d  with a lead  time of less   than 24 1/2 
minutes.  Figure 3 shows the  percentage of fl ight  plans  f i led  ver8us  the 
number of minutes lead  time  for a part  of the  period  analyzed. 

It can be noted from the  printed flight progress  strips,  Fig. 4, 
tha t   the   l a t te r   por t ions  of the  route  infomation  often were handwritten 

most frequently  used  routes t o  Chicago, Boston,  and Washingkon had complete 
Standard depar’cure mutes  were mandatory in the Blew York Center  area. The 

route  card  packs When a flight proceeded v i a  a standard  departure  route 
i n   t h e  New York area, and thenvlaaroute   for  which no card psck exis ts ,   the  
Cardatype  equipment could  be  used  provided that  the  additional  route  infor- 
mation was handwritten It was not   pract ical   to   s tore  a card pack f o r  every 

route  information  increased  the  utilization of the Cardatype  system.  During 
route of f l i g h t  beyond the Rew York area Handwritten addi t ions  to   the 

the 5 days of t r a f f i c  analyzed, of the 1,739 flight  plans  processed  by  the 
Cardatype  equipment, 430 flights, or  24 7 per  cent, had manual additions 

For  purposes of comparison, measurements a l so  were made at the 
New York Center of the time  required  for  processing flight plana  by hand 
The average  time f o r  a man t o  prepare flight progress  strips manually was 
as follows 

Average Time 

(min ‘see.) 
0.41 

the average  length of flight 1 52 

0 20 

Total   str ip  preparation 3.10 

With a t o t a l  time of 3 minutes 10 seconds required  for  the 

Operation  Per  Flight 

Time t o  receive  f l ight  plan 
Prepare flight progress   s t r ips   for  

Delivery to   cont ro l  board and ret= 
Stuff and position  stripholders 

0.17 

- 

average flight pUn,  the manual capacity  per man, working a t  100 per  cent 
loading, would be 18.94 fl ight  plans  per hour Theoretically, two men 
working a t  100 per  cent  loading  could complete 3.88 f l ight   plans  per  hour. 

various flight plan  rates  for  both manual and Cardatype processing  Since 
the demEDd in   t he  New York area exceeds the  capabi l i ty  of one lEM Cardatype 

The curves i n  Fig 5 show the amount of lead time  requmed a t  
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accounting machine, the expected r e su l t s  from a second and th i rd  machine a re  

number of strips  required was 6.45 per   f l igh t  plan.  The c r i te r ion  for es- 
shown. In establishing  the comparison chart, it was asaumed that the average 

tablishing  lead times was tha t  99 out of 100 flight plans would be  processed 

minutes  before fl ight  deperture.  For example, one Cardatype  could  process 
early enough so that strips would a r r ive   a t   the   cont ro l  boards a t   l e a s t  5 

26 114 f l igh ts   per  hour when a l l  f l i gh t  plans were f i l e d  20 mlnutes pr ior  t o  

pacity of the Cardatype equipment would be 19 112 f l igh ts   per  hour. If two 
departwe If these  f l ight  plans were f i l e d  15 minutes in advance, the ca- 

Cardatype machines were ins ta l led  and each flight plan f i led  15 minutes i n  

preparing  strips manually a t  a 100 per  cent  loading  factor,  could produce 
advance, the  capacity would be 54 1/4 flights per  hour. W e e  operators, 

15  minutes i n  advance. 
s t r i p s   f o r  40 1/2 flights per hour, providing  each  flight  plan was f i l e d  

Although the  ari thmetic  unit  was not  in  operation a t  the time of 
this  evaluation, it w i l l ,  when incorporated,  calculate  "plus" tFmes (f lying 

t ional  calculating and printing will lengbhen the time required t o  p r in t  
time between fixes)  to  be  printed on the flight progress  strips  This  addi- 

Carbtype system with  the  arithmetic unit w i l l  be reduced t o  30 f l i g h t s  
flight progress  stripe. It is  estimated  that  the  processing rate of t he  

per  hour. 

ACCURACY Am READABILITY 

Tha accuracy of the  Cardatype-printed  flight  promess  strip 
depends primarily upon the  accuracy of the  operating  personuel. The f l i g h t  
plan  received  via  interphone by an operator i s  handwritten on a flight prog- 
res8 s t r i p  and transferred t o  the IBM Cardatype operator. Here, the  proper 
card pack muat be selected and the  variable  information  entered  into  the 
machine. These operations, i f  completed correctly, produce accurately 
pr inted  f l ight   progress   s t r ips  During the  observation and t e s t  periods, 
no errors  were noted However, t o  ineure  accuracy,  the  operational speed 
m a  reduced a t  times because of lack of operator  proficiency on the machine 

progress  stripe  with  the machine equipment than  are made when a l l   s t r i p s  
In  general, it appears that fewer e r rors   a re  made in preparation of f l i gh t  

are prepared  by hand. 

The IBH Cardatype equipment pr ints   easi ly   readable   f l ight  progress 

0.3125-inch  high and 0.1875-inch  vide  Spacing between pr inted  l ines  i s  
strips. The type  size  used in the New York Center IEM 666 t ypemi te r  is 

0.1875-inch This type  size i s  well above the minimum size recommended by 
Courtney and C 0 . l  l o  hypnotic  effect was reported from use of the   pr inted 

k n r t n e y  and Co , "Human Factors Recommendations for Flight 
Promess  Stripe," unpublished Memorandum Report No 1, October 1, 1957. 
This  report recommends that the minimum height for all characters t o  be 
read  horizontally  should be  0.1242-inch (9-point) and the  vidth should be 
approximately 75 per cent of height. 
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f l i gh t   p roness   s t r i p s  i n  the New York Center In  informal  discussions  with 
operating  personnel a t  the  New York ARTC Center,  they  indlcated  that  they 
were sat isf led with the  size of pr int  and format of the printed flight pmg- 

used, the Cardatype s t r ips   a re  more satisfactory  than  those prepared 
gress   s t r ips  In radar display  areas where reduced amblent l igh t ing  is  

manually. 

characters, and this feature i s  used as follows in  the Blew York Center 
W departing  flights  are  routed  via standard preferential  departure  routes. 
Flight plans, vhlch specify  the  standard  route, are printed  in  black. If a 
fliat plan  having  other  than  the  standard  departure  routing i s  rewived, 
the flight progress strips are  printed  with  the standard route i n   r e d  and 
the  route  f l led by the  pi lot  1s omitted. This indicates  to  the  departure 
controller  that  the  route of flight in  the  departure  clearance must be  given 
t o   t h e   p i l o t  In  detail ,   rather  than by uslng  the  single  phrase,  "cleared  via 
flight plan route. " 

The Cardatype  system i s  capable of printing  elther  black  or  red 

system with and without  handwritten  route  information, and with  insertions 
made during  actual  use i n  control  Single  let ters  are used t o  represent 
f ixes  as follows. E, Newark, L, La Guardia; and I, Idlewild. 

Figure 4 shows fl lght  progress  str ips  prepared by the  Cardatype 

MAINTENANCE 

evaluation The maintenance log from November 25, 1957, t o  January 27, 
The IBW Cardatype was operated on a 24-hour basis during this 

19%, follows 

Time Out Tlme I n  

1630 _ _ _  
Remarks 

l e t t e r  V and f a i l m g   t o   l i n e  
Printing  Fig. 5 instead of 

feed. 

Not printing  correctly. 

New ribbon  put on. 

Machine released t o  IBM t o  
install Arithmetic U n l t .  

I n s t a l l  Arithmetic Unit. 

Install Arithmetic Unit. 

Machine not printing. 

Card read  inoperative. 

Total Time O f f  

EST 16 + 00 

EST 8 + 00 

0 + 15 

No failure 

l o  f a i lu re  

No failure 

5 + 0 0  

3 + 20 
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Time In Remarks Total Time Off 

1500 Ribbon  change - using  "Miller" 
l i ne  nylon  rlbbon o + 19 

_-- Omitting l e t t e r s  and figures EST 8 + 30 

--- Nylon ribbon removed from type- 
writer.  Weak p r in t  - 5 days EST 0 i 17 

1145 Not pr lnt ing  correct   le t ters ,  

paper found on contact  points 
no repairs needed Piece of 

by operator 0 + 20 

Total  outage  time 42 hours 01 minutes 

in which case it was estimated that operations  returned t o  normal a t  the 
&art of the  follovLng day. This period covered 63 days (1,512  hours), 
during which the system was available 97 2 per  cent of the time. It should 
be  borne in mind that this equipment is leased from the  IBM Company and that 
maintenance  service i s  provided, as necessary, on a call basis.  

On several  occasions, no return-to-norum1  operation  time vas given, 

ECOMOMIC FACTORS 

The IEpr Cardatype  system, as ins ta l led  in t he  New York ARE Center, 

FAA at the  following monthly costs,  
i s  m e d  by the  International h s i n e s s  %Chine6 Corp., and i s  leased t o   t h e  

Quantity bfechine  Model Description 

1 026 1 Card Punch 

1 8% 4 Cardatype  Control Unit 220 00 

1 863 1 Arithmetic Unit  loo 00 

2 866 2 liontransmitting !l'ypewriters 70.00 

(as   ins ta l led  in New York) 

(as ins ta l led  i n  New York) 

$35 each 
(vlth  color  control  devices) - 

2 972 1 Auxilial-g Keyboards - 
$20 each 

40.00 - 
Total $490 .OO 
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Approximately 300,000 f l i&t  progress  str ips are prepared  per month 
a t  the Hew York Center.  In  the  sectors  serviced  by  the IBn Cardatme, ap- 
proximately 8,OOO IBM s t r ip s   a r e  used. Of these, 6,000 are  printed and 

a t  present  to  expedite  cutting and stuffing  procedures. The cost of these 
2,000 are  used as spacers between pr inted  s t r ips  This spacing i s  necessary 

s t r i p s  i s  $1.34 per thousand 

The IBM cards  used in the  card  packs have an average l i f e  of 13 
days. A t  present,   there  are 76 card packs requiring 386 cards. On 
th i s   bas i s ,  approximately 1,000 IBM cards  are  required  per month. The cost 
of the LBM cards is $2 34 per thousand 

The weights of the IBl Cardatype equipment a r e  as follows 

Quantity Machine Description Weight 
( l b  ) 

1 026 C a r d  Punch  250 

1 858 Cardatype  Control  Unit 450 

1 863 Arithmetic Unit 200 

1 866 'Pypenriter and Stand 57 

1 972 Auxi l~ary  Keyboard (Est. ) 25 

f e e t .  No special  requirements, such as humidity  control and power units, 
are necessary  for  the  operation of the IBM Cardatype equipment 

The area  required  for  this  equpment is approximately 100 square 

flight progress  str ips b e  system of greater  capacity  could  use IIplI 826 
Other systems similar t o   t h e  Cardatype  can  be  used for   p r in t ing  

card punch units and an IBM 407 accounting machine pr in te r  With this sys- 
tem, assis tant   control lers  would  copy flight plans on the 826 card punch i n  

partun point, proposed departure  time,  and  requested  altitude would occupy 
the normal sequence. Flight  identification,  type of a i rc raf t ,  speed, de- 

24 c o l ~ s  of an 8O-columu card. The remaining 56 columns could be used 
for  route-of-flight  information, which should  be  adequate for   the  cconplete 
route of prac t ica l ly  a n  flight plans (10 t o  18 fixes or  airways). 

A runner  could  pick up the flight plan  card, read the route-of- 
f l i gh t  information,  and  select one card from a rack  coinciding  with  the 
proposed or assigned  preferential  routing The  two cards  could  be  inserted 
in to  the  IBH 407 pr in te r  and flight progress  str ips would be pr in ted   for  
a l l  f ixes  i n  the  Center area For  airway f l ights ,   the  second card selected 
f r o m  the  rack  could  contain a l i s t  of a l l  fixes on the  preferential   route 

a flight on route A requires f ive  f i x  postings. Several  roufe A cards, 
and a lso  could  prwide  plus times between f ixes  For example, asmme that 
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based on different ground speeds (I& knots, 210 Imots, and so forth),  
could  be  available in the card  rack f o r   m u t e  A. By selecting the card 
corresponding to  the  estimated ground speed, f i ve   s t r i p s  vould  be  printed, 
including  f ix   ident i f iers  and plus  times between fixes.  For direct-route 
flights, the second card  selected from the  rack would not  include f i x  
Identifiers  but would be coded t o  provide the t o t a l  number  of s t r ip s  
required.  Fix  identifiers  then  could  be  filled  in  manually. 

Table I has been  prepared t o  show system capacity and  personnel 

IEM card, 52 seconds, i s  based on use of the E M  826 card punch units a t  
requirements. The Sime required to  receive and t ransfer  an  est-te t o  an 

the  Indianapolis  Center It i s  estimated that a runner can pick up the 
flight plan  card,  select a rmte/speed  card from a rack,  and transfer it 
t o  the D!&! 407 operator i n  20 seconds. The IBM W pr in te r  can pr in t  50 

based on measurements made at the New York Center  using  the IEU 858 
str ips   per  minute. The time  required t o  cut, stuff, and de l iver   s t r ips  i s  

Cardatype  equipment. 

Flight 
Plans 

Per Hour 

69 
ll0 

180 
138 

240 
360 

TABLE I 

826/407 FLIGm PLAN CAPACITY AND PERSOIWEX R?QUIEMlZNTS 

826 
Runners 

1 Select Card 407 cut,  Stuff,  Total 
Runners t o  

Operator  and  Transfer)  Operation and Deliver  Personnel 

I* 1 
2 1 
2* 1 

h 
3 1* 

2 
6 2 

1 2 5 
1 3* 7 
1 4 8 
1 5 
1 

10 
7 14 

1* 10 19 

*Limiting  operation a t  this rate. 

The theoretical  capacity of this system,  with one IIpd 407 printer,  
i m  approximately 360 flight plans  per hour based on the average  requirement 

7.5 s t r ips   per  flight plan. It appears that one IBM 407 printer  with sev- 
for all flight plans,  both  departure and arr ival ,  i n  the New York Center of 

plans  in a PZIDAP operation. 
e r a l  826 card punch units could  service  both  departure and  inbound flight 

data transceivers  to  forvard flight plan data between auacent  ARTC Centers. 
For exnaple, assume a f l i gh t  vhose flight plan is f i led  with  the Cleveland 
Center w i l l  enter the New York Center  area A flight plan  card is punched 
by the aseistant controller  receiving  the flight plan at  the  Cleveland 
Center. This card,  plus  the second card, is used to  prepare  the  necessary 
f l ight   progress   s t r ips   required  in   the Cleveland Center  area. The f irst  
card,  called  the  flight  plan  card,  then  could be placed i n  a data 

'phis proposed  arrangement a lso could be used  with the addition of 
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transceiver and sent t o  the N e w  York Center.  Nonessential  item, such as 
proposed  time of departure and altitude,  could be eliminated by internal  
wiring.  Flight  progress  strips  vith  plus  times  then  could be prepared by 
the New York Center with a second card   for   f ix   ident i f ie rs  and speed. 
Subsequently, the Clevelend  Center would have t o  f o m d  only  the  estimated 
time, alt i tude,  and ground speed t o   t h e  New York Center  via  interphone. 

An al ternate  arrangement wou ld  be t o  hold  the initial flight plan 
card at a FLIDAP position  until  the  estimated  time and a l t i tude  Lve received. 
By adding this information to   t he  flight plan  card and b$ using the second 

with  estimates  printed on a l l   s t r i p s .   I f  an adjacent  Center had other than 
fix/speed  card,  the IBM 407 printer  could produce f l ight   progress   s t r ips  

transmitted  vla  teletype  to  the  adjacent  Center. 
IEpa equipment, a card-to-tape unit could  be  used and the  information 

!he equipment rental  charges for t h i s  proposed  system are  as 
follows' 

Equipment Rental Cost 
(m. 1 

IBW b7 Accounting Machine Printer  (basic machine) m -00 
Additional  cost  for  special  print wheels t o  conforn 

TIpl 826 Card  Punch 

Additional  Features: 

with proposed pr inted  s t r ip  format 195.00 
(per machine - several requ1red3115.00 

Data Transceiver 

Tape-to-Card Unit 
Telephone o r  Telegraph =ne Converter 

Card-to-Tape Unlt 

preparation of f l ight   progress   s t r ips  is similar t o   i n i t i a l  phases of the 
A E  computer programs. The computer functions of selecting  f ixes and com- 
puting estimates  are  replaced  for airway f l i gh t s  by a human operator  se- 
lect ing a card for the  appropriate  route and e s t h a t e d  ground speed. For 
direct-route  f l ights,   the  desired number of pr in ted   s t r ips  would be ob- 
tained,  but human operators would be requirkd  to  plot  and determine the 
f i x e s   t o  be  posted  manually and compute estimated times aver  or  adjacent 
t o  these  fixes.  Other combinations of equipment which m y  be  available 
also should be investigated. 

It will be  noted that this arrangement for semiautomatic 

and observations made during  the  evaluation  period  described  in  this 
report: 

!he  following  conclusions  are  based on analysis of data  obtained 
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1. Time Requirements. The average  time  required t o  process  a flight 
plan  wlth  the Cardatype  system i s  4 minutes 6 seconds, as compared t o  3 
minutes 10 seconds for manual preparation This includes  receiving  the 
flight plan,  processing, and dellvery  to  the  control board. 

2 Pnocessing  Rates and Capacity. The Cardatype  system vi11 process 
36.7 flight  plans  per hoar with a complement of three personnel. However, 
PC& period demands of the  departure  sectors  served by th Cardatype  exceed 
the capacity of the system for fYght progress  strip  preparation and must be 
mpplemented by manual strip  preparation. The theoretical  capacity of one 
man handwriting flight progress  str ips i s  18.9 f l i g h t  plane  per  hour. Tvo 
men, working a t  100 per  cent  loading  factor,  theoretically  could prepaFe 

Using three men. However, 100 per  cent  personnel uti l izaticm cannot  be 
37.9 flight plans  per  hour, o r  s l igh t ly  more than the Cardatype machine 

urpected from manual operations for 60 minutes of each hour. 

3. Accuracy and Readability. It appears  there is less  l ikelihood of 
human errors when using  the Cardatype  system than in the raanual system. The 
OiZe of type and s t r i p  format are sa t~s fac to ry ,  and the  printed flight 
prOgrcss st r ips   are   wel l   l iked by New York Center  personnel. 

4. Usable Time. k i n g  the  period of this evaluation,  a  total of 
1,512 hours, the  Cardatype  equipment operated 97 2 per  cent of the  time. 

5 -  Economic Factors. The IBM 858 Cardatype  system requires one 
d d i t i o n a l  man per shift over that normally required if all flight progress 
rtr ips  are  prepared ranually. In addition,  there i s  an equipment rental  
Coat of $490 per month, exbluding&he additional  cost of the IEIN cards and 
8pcci.d flight progress  str ips.  

Although the IBR 858 Cardatype  equipment  produces relat ively 
derirable  printed  f l ight  progress  str ips,  additional capacity is  required. 
Eqrripment for faster  input and printing, which vould  provide an improved 
rystem for  this purpose,  should be investigated 

prepr in t   s t r ips  for scheduled  deparbure f l ight   plene.  This would permit 
It also is  recommended that the Cardatype  systembe  used t o  

preparation of flight  progress  strips  during  periods of low activi ty ,  
reducing  the demand in peak periods. 



FIG. 1 IBM 026 CARD PUNCH UNIT 



FIG.  2 IBM 972 PUXILIARY  KEYBOARD UNITS 



PERCENTAGEOFDEPARTUREFLIGHTS 

FIG. 3 PERCENTAGE  OF  FLIGHTS  FILING WITH  A LEAD  TIME  LESS  THAN  TIME SHOWN 



ROUTING PRINTED IN RED ON THE ABOVE TWO FLIGHT PROGRESS STRIPS 

N209 
264 OCb 

I *  

FIG. 4 EXAMPLE OF FLIGHT PROGRESS STRIPS 
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FIG.  5 LEAD TIME VERSUS FLIGHT PLAN RATE 


