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ABSTRACT

The desvelopmsnt and installation of the single~channel
helt conveyors were rade gpecifically for providing means of
trangporting satrip holiders uauh¢1a1ng filght data Pfrom Che
compubter room o an appropriate control pesition in the
Tndlanapolis alrs Roube Troldle Control fenter gparaiticns
oo,

It is helleved that other systezmz, such gg the wide
channelizer Pelt. zave porsibllitiep and deserve consideration
where there 1s sufiicient space and the arranpgement permita

sauach an incstailaticon



PURPOSE

The purpose of thlis task was to develop & usable,
Bingle-channel belt conveyor sultable for transporting strip
holders containing flight data from the computer room to the
appropriate control positions in the Indianapollis Alr Route
Traffic Control Center operatlons room.

SUMMARY

This repert describzs the testing, deslign, installatlion,
and operation of the single-channel belt conveyors in the
Indianapolisz Air Route Traffic Control Center, Theae
conveyors are used for transporting striv holders contalning
flight data from the computer room to appropriate control
positions in the Ceater operatlione room. The conveyor
channels sre fabricated of stainless steel, except for belts
and accessories, and are chain-driven at belt speeds of
approximately 166 linear feet per minute.



INTRODUCTION

The Indlanapolis Air Route Traffic Control (ARTC) Center
was equipped with the IBM 650/RAMAC computer on July 3, 1958.
Prior to the installation of the computer, all flight data
and strips were processed manually. Manual preparation of
strips required per flight 1s four, requiring between 2 to 4
mimutes. The time wlll vary according to the complexity of
the flight and the number of interruptions that may occur.

The intreduction of the computer has relieved the
controllar from a large part of the clerical-type work so
thet he may devote hls entire attention to his primary
function of treffic control. The computer not only has
relleved the controller workload, but has increased the
capacity of the system by processing the flight data and
printing the necessary strips more rapldly. As many as 50
atrips & minute can be printed by the IBM 307 printer.

DISCUSSION

a. Enviromment: With any new ln-service improvement,
certaln problems usually are introduced. In this case, the
size and complexity of the computer system required that 1t
be located 1n quarters separate from the control room. Al-
though these guarters physically were adjacent to the control
room, the problem cof delivering the computer-prepared fllght
data strips to the appropriate control position was increased.

Prior to the insteallation of the conveyors, a number
of people were asslgned to the computer sectlon to serve as
runners or delivery boys. This system, although reliable,
required at least three persons per shift. Even the most
efflclent runner required conslderable time to pilck up
strips in the computer room and dellver thsm to the appro-
prigte control positlon and return to repeat the cycle.
Whlle several flight plans may be dellivered by one runner
at a time, the average delivery time requlred per flight
plan was 1 minute since the nearest positlon was located
approximately 25 feet away. The physical layout of the
Indlanapollis ARTC Center anéd associated computer room
requlres that a runner traverse a one-way dlstance of nearly
90 feet to delliver a strip to the sector farthest from the
computer room.

The Indlanapolis Center quarters are located 1n a
portion of a semipermanent-type single-story bullding.
That portion which the center occuples 1s approximately
44 feet wide and 50 feet long, with ceilings 9 feet high.
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The length of the room 13 orlented east and west. On the
north side of these quarters, in a Beparate room, 1s the
computer. The equipment layout in the Center consists of-

two rows of A-3 flight progress boards. The rowa of boards
also are oriented east and west. The south row of flight
progress boards 1s positioned &4 feet from the south wall.
There ls approximately 24 feet between the rows, leaving 10
feet between the rear side of the north row and the partition
separating the Center quarters from the computer room. Thera
also 1p a sahort row of bosards, consisting of two sectors,
aligned along the east wall of the center. The location from
the high-altltude sector 1s between the north and south rows
of flight progress boards. It covers approximately 48 square
feet, being 12 feet long and 4 feet wide. Located at the west
end of thls room 1s the supervisor's position.

Due to the limitations imposed by this layout and the
limited space below the low cellings, a single-channel
system was the only choice which was believed to be feaslble.
Other methodas which recelved serious conslderation were a
prieumatic tube, an overhead trolley with suspended basket
utilizing electronic awitcehing devices for proper sector
Belection, and wide channelized belts. Each of the systems,
including the single channel, was thoroughly investigated
with regard to cost, ease of installation, adaptabillity
to the environment, operation, meintenance, and operating
nolse level.

b. Single-Channel Prototypes and Testg: The flrst
prototype slangle-channel conveyor waa bullt and installed
in the center in the summer of 1958. This conveyor was
fabricated from aluminum U-channel. The delivery channel
was 2 1/2 inches wide and 1 1/2 inches deep. The belt
return channel, 2 1/2 inches wide and 1/2-inch deep, was
Hell are-welded to the underneath side of the delilvery
channel. The length of this conveyor was 48 feet. It was
supported ¥ inches below the ceiling by 1/2-inch steel rods.
It was believed that by anodlizing the gluminum channel of
this conveyor, the wearing quality would be lncreased;
however, after one week in operation, the aluminum channel
began to wear on the bed surface of the channel creating a
800%t-like residue which coated the belt, strip holders, and
finally reached an accumulation of sufficlent gquantity to
filter down on persons and objects beneath. Since no
reasonable method for surface-treating the aluminum was
found that would retard the wearing characteristic, it was
declded to try a different type of material.




The second conveyor, patterned after the first one, was
made of stainless steel. The method used in fabrilcation was
identical, and the channel dimensione were the same except
for the length. Thie conveyor was 32.5 feet in length.
There was considerable improvement in the wearing quality
of the stainless steel as opposed to the aluminum; however,
there were definite indications that a different type of
belting wae necessary. Sturdier bearing and pulleys were
needed to produce & quieter operation. To reduce slippage
between the belts and drive pulley, & coating of hard rubber
or other sultable material needed to be applled to the face
of the drive pulley. In additlon, there were indicationa that
a deeper belt return channel was8 needed, &9 well as emoother
Joints between sections of the conveyor to reduce belt wear.

To determine appropriate belt speeds and the amount
or degree of incline that could be tolerated and still
maintaln efficiency and reliabllity, a number of tests
were made using both the aluminum strip holders and the
much lighter nylon holders. Since it was belleved that the
nylon holders would replace the aluminum holders, no tests
for the aluminum holder are llsted since results obtalned
with the nylon holders would apply equally well to the
metal holders.

By changing sprocltet ratios, it was possible to test
varying speed ranges {rom 131 to 555 linear feet per min-
ute (fpm). The higher linear belt speeds presented the
greatest problem and consumed most of the test time. An-
other problem waa the resolutlon of the incline angle in
the first section of thes conveyor. Thls first seecticn, 9
feet in length, was jolned to the horlizontal section vila
a 24-inch-long noseover sectlon, adjustable from zero to
35°. The length of the first section was standardlzed at
9 feet because of the necessity of rqaching maximum helght
as rapldly as possible to allow sufficient head clearance
for personnel operating the "FLIDAP" positions in the area
between the north row of flight progress boards and the
partitions separating the computer room from the operations
room (Bee Fig. 1).

To arrive at optlmum belt speed and incline angle of
this first section, 1t was necessary to establish a working
level for loading the conveyore. The position of the computer
equlpment and ite relationship to the conveyors plus
subjectlve opinions of those persons assigned co operate the
equlpnent established that: fl) the conveyors, in this
instance, be loaded from a stending position; and (2) the



helght of the loading zone should be 54 inches from the
floor. This height compares to the chest helght measurement
for the average man 5 feet 8 inches tall; therefore, the
inecline engle, the maximum that would be required in this
installation, was determined to be 31°.

o With the first section of the conveyor inclined at
317, and a belt speed of 131 linear fpm;- the nylon holders
adhered to the belt with sufficient frictlon. As the Dbelt
gspeede were increased in increments, using speeds of 147,
276, 396, and 555 fpm with the incline angle remaining the
same, slippage began occurring with a few of the holders at
a belt speed of 276 fpm. BSpeeds above 276 fpm were too
great for the holders to adhere to the belt. In order to
obtaln usable higher speeds, the angle of incline was
decreased by ralslng the height of the lcading end of the
conveyor from 54 inches to 59 inches. This new angle of
259 permitted a belt speed of 396 fpm before objectlonable
slippege occurred. A decrease in incline angle to 220
which resulted in a loading height of 64 inches, also was
tested. The holders adhered to the belt at this setting up
to an estimated belt speed of 450 fpm. Above 450 fpm, the
slippage was too great, although some holders 4ld atick long
encugh to reach the horizontal section, in which case they
reached the full speed of the belt. However, when holders
adhered to the belt at thls apeed, they were dellvered to
the recelving bin with such force that controllers recelved
a rather severe bump on the hands 1f they were in the
process of removing holders from the recelving bin. Some
holders passed completely through the bin onto the floor.

These testa result ln a selectlon of a belt speed of
396 fpm and incline angle of 25°. It was believed that this
could be done satisfactorlily considering the fact that a
"Ruff-Top" belt was tc be used and that a 58-~inch working
level would not be obJectlonable.

¢. Final Design: On September 3, 1958, Contract No.
Cl3ca-680, was iasued for the construction of eight single-
channel conveyora. On January 7, 1959, the original contract
was amended for flve additional conveyors, maki a total
of 13 single-channel conveyors for the Indlanapolis ARTC
Center. Eight of the conveyors were delivered, lnstalled,
and placed in operation 1n January 1959. The remaining
five conveyors were cdelivered and became operational in
April 1959. Two minor problems developed after the first
elght conveyors became operational:




l. Four of the longest conveyors, in excees of 50
feet, did not have motors of sufflclent power
for continuous operation. This was corrected by
replacing the 1/3-horsepower ratio motor with cone
of 1/2-horsepower.

2. The designed linear belt speed of 396 fpm was found
to be too fast. The apeed, plus the "Ruff-Top" belt,
was removing the strip from the holder. To overcome
this problem, the belt speed was reduced to
approximately 166 fpm by changing sprocket ratlos.

Nelther of these two problems had occurred during the
teet of the prototype mogdels.

d. Motors: The motors for the conveyors, both
prototype and production models, are Boston Ratiomotors,
Model M113-10EU, 1/3-horsepower, 220/440 VAC, three-phase.
The motor input speed is 1750 rpm, and the output speed 18
175 rpm. The output torque is 100 inch-pounds and the
output horsepower is .28.

From teat results, 1t was determined that the
1/3-horsepower tratlomotors would not operate continuously
driving a belt conveyor in excess of 40 feet in length.

On belts in excess of 40 feet in length, the load on the
motor was 3/4-ampere. Any temperature rise in the motor
tripped the proteetion cireuit, shutting down the motor.

To overcome this, larger motors of 1/2-horsepower were
substituted on the four conveyors that were in excess of

40 feet. The larger motors are Boston Ratiomotors, Model
M113-FU, 1/2-horsepower, 220/400 VAC, three-phage. The
input and output speeds were 1dentical to the 1/3-horsepower
motor. The output torque was increased to 180 inch-pounds
and the output horsepower to .50.

e. Sprocket and Chains: To obtaln a belt speed of
396 fpm, a Boston sprocket, Type KSS20, having 20 teeth and
a pltch dliameter of 3.20 inches, waB placed on the output
shaft of the motor speed reducer. A Boston sprocket, Type
KSS14, having 1% teeth and a pitch diameter of 2.25 inches,
was connected to the bearing shaft of the drive pulley.
The driven pulley 18 a Boston PCB-6 cast iron pulley having
a 6-inch-diameter, 1.5-inch width, spoke style. A 3/32-
Inch layer of hard rubber was vulcanized to the ocuter face
of the pulleg. The connecting chaln was a Boston roller
chain, No. 48, of 1/2-pitch single. The roller dismeter
is .306 inch, width 1/2-inch, pin bearing area .032 inch,




welghing .2 pound per foot, with an ultimate strength of
1,700 pounds. Approximately 56 inches of chain was required
per conveyor.

f. Delivery Tubes and Recelving Bins: The method used
to carry tThe strip holders rrom the ﬁIbcHarge end of the
conveyor to the appropriate position in the A-3 flight
progress board was achleved quite simply. An adapter was
used which permitted the attachment of a 4-inch OD
"Flexflyte ! flexible tube to the end of the conveyor (see
Fig. 2), thence through the top of the flight progress
board to a receiving bpin in the 102A key panel position of
the A-3 board. The 4-inch flexlible tubing ie of triple-
ply construction. The inner surface conslst of two layers
of spirally wound Neoprene, each layer being .015-1nch
thick. Reinforcing the two-ply Neoprene 18 s galvanlzed
steel wire which 1s applied spirally. The outer layer is
made of Neoprene coated fiberglas. There 1s a Neoprene
coated fiberglas cord applled to the outer surface in the
same manner as the reinforcing wire. This cord tends %o
prevent bulging or separation of layers when the tube 1s
flexed to its maximum.

This type of tubing and method of installation permits
considerable latitude in locating the receiving bins with
respect to the fixed end of the conveyor. Distances up to
3 feet either side of the conveyor may be obtained without
changling the tube length. Greater distance may be achleved
by installing a longer tube. The receiving bins were
designed to flt into the 102A key panel space at the
assistant controller's peosltion. The width of the face
place of the bin 18 8 inches by 9 1/4 inches. In addition
to a recelving area, this provides space for a 3-inech OD
discharge chute for the disposal of used holders that are
to be returned to the computer room via runners. The
recelving portion of the bin ia 5 inches wide, 6 inches
high and 10 inches in depth. The bin 18 attached to the
A-3 frame in the same manner as the 102A key panels and
A/G equipment.

g. Belting: Belting used on the aluminum prototype
conveyor was a %aminate conslsting of seven layers of
fabric bound together wlth a rubber or synthetic-type
material. The transporting surface of this belt had a
texture comparable to a very fine sandpaper. This rough-
ness was sufficlent to glve adequate friction between the
belt and the drive pulley. The test belt was 7/32-Inch
thick, 2 inches wide, and of sufficient length to transport
strip holders a dlstance of approximately 55 feet.
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To splice this belt requires some sklll on the part of
a mechanle or technlclan. It was necessary to separate the
layers on each of the two ends, using caution to avold
damage to the fabric. With the layers separated, the next
step 18 to trim each layer in the manner of steps, the
thread of each step being 3/3-inch. Each end of the belt
must be trimmed in the same manner except that one end pust
be measured and cut precisely to insure a perfect Joint.
After preparing the relt as described, a coating of contact
cement is appllied to each layer of each end of the belt.
The ends are Jolned and clamped, aliowing the clamps to
remain until the cement has thoroughly dried.

This splicing method proved to be satisfactory,
although the seven-layer belt 1tself proved to be
unsatisfactory because:

1. The smooth surface of this belt was not coneidered
adequate for transporting the nylon holders at a
desirable incline angle. At angles of 22° or
greater, a sllppage of the helders was cobjJectlonable.
To achlieve an angle of leas than 22°, it would hava
been necegeary to railse the loadlng end above 59
inches.

2. The thicknesa of the seven-ply belt was consldered
to be excessive for the workload demanded.

3. The short radius on the pulleys created stresses
on the splice which in time tended to loosen 1t,
necesasitating frequent repairs. There was no
decernible damage In evldence to the belt other
than the splice due to the short radius over the
pulleys.

The "Ruff-Top" belt used on the production units 1s
three-ply, having a Neoprene-impregnated cord under surface
and a s0lild white latex rubber top layer. The top surface
has a pebble-llke texture wlth lrregular projections
extending above the surface approximately 1/16 inch. The
three-ply 1s 5/32-inch thick and 1 3/8 1nches wide, This
belt 18 very flexible and adaptable to operation over
radli as emall as 2 inches. The rough surface of this belt
permitted greater belt speeds and incline angle up to 31°.
Splicing of this belt was accomplished with a 5/16-1inch
double-0O alligator clip, which 18 easlly installed on the
belt. To apply the clip, 1t was necessa to remove the
top Neoprene layer from the belt about 3/16-inch from the
ends, leaving the Neoprene-impregnated cord ezposed. The
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clips are clamped to the exposed ends and jolned by means

of an appropriate length of steel wire. This resultant
splice resemblea a small plano hinge. It must be noted that
this belt was susceptible to inltial stretching, which
required a new splice after a run-in period.
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CONCLUSIONS

The production model conveyors have been in service
approximately one month. During this period, the one
breakdown occurred when an lmproperly applled metal splice
pulled out, resulting in belt separation.

The "Ruff-Top" three-ply belt has proven to be
adequate for transporting the strip holders at an ineline
angle of 319 and a belit speed of 166 linear feet per
minute.

The stalnless chesnnel has shown no appreciable wear.
Its operation does not cause dirt to fall onto worlking
surfaces or persona below.

The smooth machined jolnts have reduced belt wear
to a minimum.

The 1/3~hcrsepower motors are adeguate for conveyors
40 feet in length or under. The 1/2-horsepower motor 1s
adequate on lengthsa to 50 feet or more,

The sturdier bearing and pulley have resulted in a
quieter running assembly. Facling the drive pulley with
a vulcanized rubber coating has practically eliminated
belt slippage.

RECOMMENDATIONS

The single-chennel belt conveyor system is recommended
for use where the environment lis simllar to that of
Indlanapelis.

It is believed other systems such as the wide
channellized belt have possibllities and deserve considera-
tion where there is sufficient space and the arrangement
permits such an installation.
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FIGURES 1 AND 2

13



NINE FOOT INCLINE SECTION
SINGLE CHANNEL CONVEYOR
ARTC ROOM

FIG. |
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BELT CONVEYOR-DISCHARGE END
AND TUBE ENTERING A-3
FLIGHT PROGRESS BOARD

i Task No. 59730 FiG 2
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