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ABSTRACT: The PADRE provides a means of automatically
punching IBM cards to record data on pressures, forces and
moments, temperitures, small temperature differences, mean
square values of turbulence, positions of probes during
boundary-layer surveys, angles of attack of models in wind
tunnels, and any other analog quantity represented by a
voltage. Seven channels of four decimal digits each are
provided, besides a means of automatically punching
serial number or clock time into each card. Each of the
seven channels has its own digital converter and may be
operated with 60 cps input signals from strain gages or
with D.C. input signals from either strain gages or thermo-
couples.

This equipment has been in use at the NOL
Wind-Tunnel Facility since 1954. Because of its porta-
bility this equipment can be used with any of the NOL
operating wind tunnels. Because of its versatility it is
particularly useful for research work requiring special
set-ups. Hence it complements and supplements the Auto-
matic Data Processing System (ADAPS) and the high-speed
data system to be installed in 1960.
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A wind-tunnel tert facility costs several hundred dollars
per hour to operate. On this account it is absolutely nec-
essary that every effort be made to operate it in the most
eficient manner. The Portable Automatic Data Recording
Equipment (PADRE) was developed in response to this require-
ment and has proved to be a significant advance in this
direction.
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ment, construction, maintenance, and operation of this equip-
ment: Mr. George W. Payne, Mr. Ward J. Wilkie, and
Mr. Milton R. Dixon.
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PORTABLE AUTOMATIC DATA RECORDING EQUIPMENT (PADRE)

INTDIOD1T ION

1. Several years ago the need for some kind of autoaatic
data recording device became apparent. For the apparatus
to be of maximum service, it had to be portable, reliable,
versatile, and simple to operate. An intensive develop-
ment program was begun and resulted in PADRE (Portable
Automatic Data Recording Equipment), which was put into
operation at the NOL Wind-Tunnel Facility in 1954. Since
then this equipment has complemented and supplemented the
Automatic Data Processing System WI) and will augment
the high-speed data system to be installed during 1960,
particularly in the case of research activities for which
a simple system is highly desirable.

2. Because of its portability, the PADRE makes it possible
to bring to any of the operating tunnels in the NOL Wtnd-
Tunnel Facility a means of automatically punching IBM cards
to record data on pressures, forces and moments, tempera-
tures, small temperature differeuces, and mean square
values of turbulence, angles of attack, probe positions,
etc., by means of transducers. For punching these types
of data into IBM cards, seven channels of four decimal

,digits each are provided as well as a means for automatically
punching a serial number or the clock time of day into each
card. One servo-system is used in each channel, driving a
digital converter directly. Each servo-system is arranged so
that it may be operated with 60 cps input signals for use
with strain gages or with D.C. input signals for use with
either strain gages or thermocouples.

3. The seven channels with the associated control equip-
ment are mounted on a relay rack which has rubber-tired
casters for ease of movement. The type 026 IBM Card
Punch is a separate piece of equipment mounted on a dolly
and contains a keyboard which makes it possible to punch
in by hand supplementary data as they arise during a test.
After the cards are punched with the data, they are taken
to the NOL computing facility where the cards are machine
processed for data reduction.

4. PADRE is quite simple to operate; if need be, one man
can operate both the PADRE and the wind tunnt1. This
feature makes PADRE particularly attractive in light of
the manpower requirements of many wind-tunnel tests.

-o
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Elements of PADRE

5. The block diagram given in Figure 1 shows the over-all
relationship between the various elements making up the
PADRE. The model in the wind tunnel provides the signals
which are to be recorded. These signals are fed directly
into the servo-systems and cause them to come to balanced
positions, carrying the digital converters to th- corres-
ponding readings. The digital converters arp read out
through the punch controller. The 026 IBY jard Punching
Machine then records the readings on an IBM card, both by
punching the proper holes and also by printing the same
information at the top edge of the card. Thp readout of
the serial namber device or of the clock-time digital con-
verter also goes through the punch controller so that time
information may be punched along with the servo-system
readouts.

Description of Servo-System

6. Figures 2 and 3 show schematic circuit diagrams of the
PADRE servo-systems. Figure 2 shows the arrangement used
for A.C. operation, while Figure 3 shows the arrangement for
D.C. operation. The strain gage of Figure 2 or the thermo-
couple of Figure 3 is located ini the model inder test in
the wind tunnel and produces the voltage to be measured
which is fed into the PADRE. Referring now particularly
to Figure 2, it is seen that a channel of sevo-system
consists essentially of a potentiometer through which flows
the reference current, a Brown amplifier Pars No. 353170-20
(amplification order of magnitude of 12 x 10 ), and a servo-

motor which is a two-phase induction motor. The servo-motor
is mechanically arranged to move the potentiooeter arm in

such a direction so that the error signal* fed to the ampli-
fier is decreased. This signal is the difference between
the incoming signal from the strain gag- (Terminals C and D
in Figure 2) and that from the potentiometer output
(Terminals A and B). When the potentiomet c arm is moved
to the position where the incoming signal it exactly equal
to the potentiometer output, the error signal *s zero and
the driving current fed to the rotor by the amplifier is
also zero, so that the motor rests in this position. The
servo-sys im is then balanced. The position of the arr- on
the potentioi-eter is now an accurate measure of the magni-
tude of the incoming signal. A digital converte; driven
from the potentiometer shaft through gears is then able to

fTo ---rm "error signal" is used here in the sense ordi-

narily employed for servo-.systems and automatic controls.

2
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transform the (analog) position of the potentiometer shaft
into (digital) decimal numbers representing the magnitude
of the incoming signal,

% 7. As is true of servo-systems in general, the mnount of
amplification in the servo-system amplifier does not have
a great effect on the sensitivity of the servo-system.
However, if insufficient amplification is present, the
balancing of the servo-system is not as accurate as it
might be. On the other hand, too much amplification causes
instability of the servo-system, usually indicated by os-
cill&ting about the balance point. The best amount of
amplification to use is the highest which barely avoids
oscillation; then the servo-system gives the best repeata-
bility. The amplification required for this condition
varies with the sensitivity of the servo-system; the greater
the sensitivity, the greater the amplification requir(Id, The
amplification control is located in the Brown amplifier
chassis, where a plastic knob has been provided for varying
the amount of amplification (see Figure 4).

8. No servo-potentiometers meeting the requirements of the
PADRE were commercially available, so it was necessary to
design and build the ones used. They have proved to be
exceptionally reliable, rugged, and accurate, and the
linearity is better than 0.1 percent. The resistance
element is made from No. 14 B & S (0.064" din.) solid
Advance wire, the wire being of much larger size than that
used in any known commercial potentiometers. The winding
is of the double type with the brush making contact between
the two windings as shown in Figures 2 and 3. This arrange-

* ment makes it possible to have the potentiometer essentially
non-inductive so that stray A.C. magnetic fields do not produce
troublesome interference.

9. As shown in Figure 2, an Jl-step potentiometer makes it
possible to have the servo-balance point located anywhere
throughout the scale. With the centerin g potentiometer set
at 5 and with the capacity balance adjusted to give maximum
servo-stiffness, the resistance balance can be adjusted to
set the servo-system on a reading of 1000. The centering
potentiometer will then give even steps of 200 counts per
step from 1000. This arrangement has proved to be of Teal
convenience in operating the PADRlE.

10. There are four terminals (labelled 1, 2, 3, and 4) con-
nected to the strain gage (see Figure 2). These terminals,
as shown in Figure 4, are the four binding posts located on

3
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the right-hand side of the front panel. By connecting
suitable resistors across these terminals, balance iiter-
actions present in wind-tunnel balances can be greatly
reduced. When a thermocouple output is to be recorded, the

-' servo-system of the PADRE must be connected for D.C. operation,
as shown in Figure 3. Basically the D.C. circuit is the same
as the circuit for A.C. operation, Figure 2, except that a
chopper must be used in the circuit to convert the D.C. error
signal into A.C before it is fed into the A.C. amplifier.
Also, it is necessary to use a D.C. reference current in the
potentiometer in place of the A.C. reference current used for
A.C. operation of strain gages. The servo-systems in the
PADRE are arranged so that converting them from A.C. to D.C.
operation, and vice versa, can be accomplished within minutes.

11. It is to be noted that the potentiometer in the D.C
circuit arrangement appears to be connected in a reversed
direction. This has bien done to eliminate the tribo-electric
effect which prevents the servo from readily attaining a
balance. In the A.C. connection the tribo-electricity is
effectively nullified by the direction reversals of the
alternating voltage used. Since tribo-electricity is of
considerable importance for potentiometers working at the
microvolt level, a brief explanotion is in order. The wire
used in potentiometer is made of some standard type of
resistance wire (Advance, Nichrome, or Manganin), while the
material of the brush riding along the wire is usually made
of silver, platinum, or some other precious metal. Any
sliding of a metal over a different mexal has associated

KS with it a certain amount of friction, which produces a
minute amount of heat exactly at the point of contact. The
two dissimilar metals form a very effective thermojunction,
and a thermoelectric voltage is generated duying sliding of
a magnitude which is dependent cn the amount of heat generated
by the friction. The direction of the tribo-.eSectriclty is
always the same, but the error signal fed to th\ amplifier
may be of either direction, depending on zlie diri:ction of
unbalance. Hence the tribo-electricity can eithe- increase
or decrease thq error signal. When it increases the error
signal, it ca,ses the servo-system to overshoot the balance
point and thus introduces servo-instability. It is, therefore,
desirable to avoid the effect, but this is practically impos-
sible. For example, a brush made of the same materials as
the resistance wire would eliminate the thermojunction at
the point of contact, but any metal sliding on itself exhibits
very serious wear, ruling out this mode of operating,, The
"swamping" of the tribo-electricity by using the potentiome.er
in the reversed connection shown in Figure 3 has been found
to be a very satisfactory solution to this problem.

4
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12. For A.C. opeeration, the reference current for tach
channel is obtained from one of the eight secondaries of a
transformer. The strain gage exciting power is obtained from
another secondary of 5 volts on the same transformer. Since

voltages for both reference and for strain gage excitation
come from th. same transformer, the ratio of these voltages
depends only on the tr3.nsformer-turns ratio, and hence the

voltage ratios are independent of line-voltage variations.
Consequently, line voltage variations are without harmful
effects. For D.C. operation, the required D.C. reference
currents through the potentiometers are obtained from three
No. 6 dry cells connected in parallel for each channel. It
has been found that this arrangement gives a very constant
source of D.C. current which obviously is also independent of
line voltage variations. The effect of normal room-temperature
rariations is entirely negligible (less than 0.05%) on the

D.C. reference current.

13. For A.C. operations, the sensitivity, number of counts per
unit of signal magnitude, of the PADRE is controlled by two
different methods which are independent of each other. A
wide range of sensitivities is thus made available by the
combined action of the two controls, giving much more range
of sensitivity than would be practicable with either control
alone. The simpler of these methods uses an attenuating
network, or "signal attenuator," consisting of a symmetrical
arrangement of variable series and shunt resistances. This
network, shown in Figures 2 and 4, directly reduces the magni-
tude of the signal fed to the servo-system. The other method
consists of an arrangement to control the -eference current;
the greater the IR voltage drop ae'vm,_ the potentiometer,
the less the potentiometer arm must '; ,iovtd for the servo-
system to become balanced for a give.. magnitude of signal,
therefore, resulting in lower sensitivity ,f tho servc-system.
The second method of controlling sensiti,._ty depends on the
resistance network marked "sensitivity control" in Figure 2.
Fer minimum sensitivity this control is set to position 1
which inserts 5 ohms in each side of the 0.375 volt trans-
former secondary, the output current of which is fed to the
0.1 oLh potentiometer. The reference current through the
potentiometer is then 0.0375 amperes (approximately) and
the IR drop in the potentiometer is 3750 microvolts. The
total rotation of the potentiometer is arranged to give
2000 counts, both on the dial and on the digital converter.
With the sensitivity control set to position 1, the si:si--
tivity is then 18.75 microvolts per count. With the signal
attenuator set to maximum attenuation, another factor of
10:1 decreasing the sensitivity is introduced, so that now
187.5 microvolts are required to give one count.

5

V 4



NAVORD Report 4207

14. Maximum sensi'ivity is obtained when the sensitivity
control is set on position 5, which introduces 200 ohms
in the circuit. With the signal attenuator set to zero
attenuaticn, the sensitivity is much greater than is
normally needed and has not been used as yet.

15. When the PADRE is used to measure D.C. voltages such as
from thermocouples, the sensitivity through the D.C. refor-
ence current is controllable by means of a rheostat for
each channel. In this case, the value of the current is
read on a laboratory-type millimeter. The maximum
usable sensitivity is obtained with a reference current of
about 0,010 amperes, which gives a sensitivity of about one-
half microvolt per count.

16. Good repeatability of the PADRE depends very much on
proper set-up. Generally, the greatest reference current
possible for the particular sensitivity required gives the
best repeatability and accuracy. Under normal conditiors
tbe repeatability is usually within one or two counts. The
over-all accuracy, of course, involves the calibration. For
the measurement of forces and moments with strain-gage
balances, it is necessary to calibrate the over-all system
by applying known weights to deflect the strain gages and
recording the corresponding PADRE readings. The over-all
accuracy should equal the repeatability if the inherent
accuracy of the strain gage and its calibration do not limit
accuracy otherwise. When pressures are to be measured,
pressure gages making use of strain gages are used. For
calibrating this system, known pressures are applied to the
pressure gages and the resulting PADRE readings are punched
into the IBM cards. A different situation is encountered in
the measurement of temperatures. The PADRE is calibrated
against known millivolt or microvolt inputs obtained from a
"microvolt source" which has been calibrated against a
Rubicon thermofree potentiometer or against a K-2 L & N
potentiometer. It is generally advisable to use the micro-
volt source rather than an L & N potentiometer to provide
the known input to the PADRE since the microvolt source has

* a low internal resistance while L & N potentiometers and
other standard potentiometers generally have internal
resistances which are too high for this purpose. With the

* PADRE now calibrated, a standard table of millivolts vs.
temperature for thermocouple materials (reference (a)) can
be used to obtain the temperature equivalents for known
PADRE readings. With the maximum usable sensitivity of one-
half microvolt per count (reference current of about 0.010
ampere) the thermocouple temperature indication with a

6
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Cu-Constantan thermocouple is about 0.01°C per count. With
careful operation this means an accuracy of about 0.010C.
This set-up is useful for measuring small differential tem-
peratures. Such small differential temperatures result when
temperature gradients are being measured in a w4nd-tuanel
model. In effect, there are two thermojunctions spaced a
known distance apart. Vie thermojunctions are connected in
series so that the output "buck," thus giving the difference
of voltage which is fed into the PADRE. No ice bath cold
junction is used with this circuit. In the usual temperature
measurement, the "hot" junction of the thermocouple is located
on the model and the "cold" junction, usually in an ice bath,
is located outside the tunnel. The output from this thersio-
couple is then fed into the PADRE.

17. in the measurement of aerodynamic forces and moments of
models in the wind tunnel it frequently happens that the
model is subjected to considerable vibration. For example,
in the case of a model in the intermittent wind tunnel, the
starting shock passes over the model and momentarily causes
severe vibration of the model. The effect of this vibration
is to cause the strain gages to have a large modulation of
their 60 cps outputs. This modulation causes severe over-
loading of the servo-amplifiers with the result that they are
more or less paralyzed, so that it is difficult or even
impossible to get a satisfactory measurement under these con-
ditions. To combat this trouble, the electro-mechanical
filter shown in Figure 5 has been made. As shown in Figure 2,
one channel of this filter is connected across each strain
gage output. Thus the filter is connected outside the servo-
loop and, therefore, does not upset the servo-stability. Each
channel of the filter consists of a galvanometer coil mounted

* in a strong magnetic field. The resonant system formed by
the moment of inertia of the coil and the stiffness of its
wire suspension causes the filter to have a very high motional
impedance at the resonant frequency and s very low impedance
at all other frequencies. The wire suspension is carefully
adjusted to give resonance at exactly 60 cps. The filter
greatly reduces the modulation from vibration of the signal
fed into the servo-system and thereby greatly reduces ampli-
fier overloading. The use of the filter frequently makes it
possible to obtain measurements which could not otherwise be
secured..

18. Signal source impedance or resistance up to about 200 ohms
is generally satisfactory for the PADRE. However, it is
desirable to have the source impedance or resistance as low
as possible.

7
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19. The slewing speed of the servo-systems is 500 counts
per second, which is 9pproximately one-tenth that of the
capability of the digital converters. Figure 4 is a photo-
graph of one channel of the PADRE servo-system. The big
dial on the front can be read to one count. The one-turn
potentiometer shaft carrying the dial pointer is connected
through gears so that the digital converter has the same
reading as the dial. The signal attenuating network is
located on the upper right-hand corner of tho panel, and the
centering potentiometer is located on the corresponding left-
hand corner. Under the centering potentiometer are located
the capacity and resistance balancing controls. Immediately
beside the centering potentiometer is the range switch,
which controls the magnitude of the reference alternating
currenc running through the potentiometer. The amplifier
is located in the extreme left end of the chassis. The
main potentiometer and servo-motor are located in the chassis
directly behind the dial.

20. Figure 6 shows an over-all view of the PADRE including
the relay rack carrying all the units and 026 IBM Card Punch,
which is setting beside the relay rack. The top panel of
the relay rack contains either the serial numbering device
or the clock-time device, whichever is used. Under this panel
are seven servo-channels, and finally at the bottom are the
power supply and the puncn controller.

21. A rear view of the relay rack is shown in Figure 7.
The power supply can be seen on the left, with the punch
controller on the bottom right. Also on the panel at the
bottom is the plug cable used for arranging IBM card layout.

22. A digital converter is an electro-mechanical device which
translates the analog shaft position of the servo-system
(when balanced) into electrical contact closures. These
closures give a digital numerical value to the shaft position
and can be arranged to give this information in the form of
binary, decimal, or other system. The binary system and vari-
ations of it are frequently favored because of the simplifica-
tions which can be realized. However, the straight decimal
system was chosen for the digital converter used in the PADRE
so that anyone can immediately understand the quantitative
information recorded without the necessity of decoding or
going from a binary system to a decimal system through a con-
version.

23. Essentially the digital converter developed for PADRE
makes use of four stationary ten-segment commutators with

8
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rotating brushes. The rotating shafts carrying the brushes
are connected to one another through gearing of ten-to-one
ratio as follows:

The units shaft registers 10 counts for oue shaft revolution

10's " " 100 " " " " "

l0's " 1000 " " "
1000's 10000

Thus there are three sets of gears, each with a ten-to-one
ratio. The digital converter as used in the PADRE, however,
never registers over 1999 counts but returns to 0000 when one
more count is added. If the servo-system is set on a reading
of 1000 for a zero input, then the variable under measurement
either can go 1000 counts up (i.e., 1000 to 1999) or it can
go 1000 counts down (1000 down to 000). A simplified circuit
diagram and a photograph of one of the digital converters are
shown in Figures 8 and 9, respectively.

24. Means are provided in the digital converters to prevent

any brush from simultaneously contacting two segments of a
commutator. For this purpose, a pawl and toothed wheel operate
on the units shaft, which at readout place the units brush in
the middle of the correct segment. If the tens brush is about
to make contact on two segments of the tens commutator, a
solenoid rotates the commutator (capable of only one-tenth of
a revolution) so that the brush avoids the double contact and
is placed squarely on the correct segment. For the hundreds
and thousands commutators, a double arrangement with relays
is used which always selects the correct brush. In this way,
double contacts are completely avoided, and the brushes make
contact with the correct segmeats only. The brushes on the
units and tens shafts are disengagable and are always out of
contact (disengaged) with the commutators except at readout,
at which time a solenoid forces the brushes up against the
commutators. This arrangement completely eliminates both
brush friction and brush wear for these two shafts. On the
hundreds and thousands commutators, however, the brushes are
not disengagable and so are always in contact with the commu-
tators, but the revolutions made by these shafts are so greatly
reduced by the two ten-to-one gear sets between shafts that
friction and wear are reduced to negligible proportions. All
commutators are made of sterling silver, as are the brushes
on the hundreds and thousands shafts. The disengagabie
brushes on the units and tens shafts are made of Ni-Span-C
spring wire.

9
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General Specificaticns of NOL Digital Converters

25. Some of the more important characteristics of the NOL

digital converters are given below.

Over-all size, including lucite dust cover:

Height 6 3/8 inches
Width 7 inches
Depth 8 inches
Weight 7 pounds

Electric power required to operate solenoids and
relays for readout: 2.5 amps, 24 V dc

Plug connections:

Cinch 15 terminal for output reading
Cinch 7 terminal for energizing relay and

solenoid coils

Number of decimal digits: 4

Maximum slewing speed: 5000 counts/second

Torque to start rotating tens shaft: 0.200 in. oz.
(100 counts/revolution)

Torque to start rotating units shaft: 0.020 in. oz.
(10 counts/revolution)

All shafts locked during readout.

No additional relays are needed in the readout
circuit.

The four decimal digit electric circuit closures
are complete and independent.

Serial Numbering System

26. A serial numbering system has been provided in the PADRE
so that each IBM card can be numbered serially every time the
card is filled with punches. Usually in making a measurement
it is desirable to apply zero input to the servo-systems imme-
diately after the servo-system digital converters have been
read out so that a "zero reading" can be punched in the card.

10
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The value of the measurement then is equal to the data
reading minus the zero reading. If the first reading is
the data reading, it will fill up the first half of the IBM
card, and the zero reading will fill up the last half. Since
only one serial number is all that is required to identify
this card, a geared cam arrangement has been provided on the
punch controller (this device is described later) which
operates a switch for every other punch controller cycle.
The signal from this switch then operates the serial num-
bering device and the digital converter here is advinced
one number for every other cycle of the punch controller.
Also, the switcETonthe punch controller is arranged so that,
if desired, the switch closes for each cycle of the punch
controller and the serial number is- vanced one count every
time the punch button is pressed.

27. Inserted in the serial numbering system is a relay which
can, if desired, prevent the serial number from being punched
in the card whenever the serial number is ncvt sdvanced, By
this means, needless duplicative punches iiTha card are
avoided so that the columns saved can be used for other pur-
poses.

28. Frequently fewer than 999 cards are required for re-
cording the data of a test. When this is the case, only
three digits need be punched. Hence the first digit of the
four available in the serial numbering digital commuter can
be eliminated, thus saving one more column in the IBM card.
This can easily be accomplished by suitably modifying the
"plug cable" described later.

Digital Converter for Indidating Clock Time

29. One of the digital converters has been modified for
recording minutes and hours, or clock time, in terms of
decimal numbers by means of a 60 cps synchronous motor. In
this case one tenth of a minute (6 seconds) registers as
one count, i.e., one revolution of the units shaft equal one
minute, since there are ten segments on the units commutator.
The tens commutatar has ten segments also, and hence, it
registers 10 minutes for one revolution. The hundreds shaft,
however, has been replaced by a six segment commutator so
that it registers 60 minutes, or one hour, for a revolution.
The thousands shaft then registers 10 hours for one revolt-
tion. Thus, this digital converter runs for 10 hours before
repeating and gives one count for each six seconds. It can
be used in the "serial numbering" set-up to provide miuls
and hours after the start of the test.

11
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Tests and Reliability of Digital Converters

30. Digital converters, which are quite complex devices for
converting shaft rotation to digital contact closures of
electric circuits, must function perfectly and must be very
reliable. Suitable commercial versions were not available
when the development of the PADRE was begun, so that develop-
ment of a digital converter for NOL use was initiated. In
order to achieve the near perfection and reliability required
of the digital converter, it was necessary to subject the
design to millions of life test operations to find the weak
features and eliminate them one by one, until a satisfactory
over-all design was evolved.

31. The NOL digital converters have been developed with the
aid of a testing procedure designed to show up faults. First
of all, the final designs of all individual parts subject to
malfunction have been determined by testing parts to failure
and modifying the designs for improvement, until all designs
were found capable of operating at least 1,000,000 times
without failure. The parts particularly tested and modified
included such items as links and 1iins, springs, flexing
wires, bearings, and brushes.

32. Over-all tests of the digital converters were made

during their development and are repeated every time a dig-
ital converter is serviced. For this purpose, a life tester
and fault finder, shown in Figure 10, has been built which
compares two digital converters, A and B, against each other.
The digital converters are connected together mechanically
so that they always read the same number. A small motor is
connected to the two digital converters and gives a random
(more or less) number of revolutions to the units shafts.
The motor is then stopped. Energizing current for readout
is then applied to both the digital converters. First, the
tester checks digital converter A for blank columns (misses)
and double punches, then checks digital converter B for the
same faults. Finally, the tester compares the electrical
contact closures indicating the reading of A against those
of B. If the contact closures are not identical, a wrong
number is indicated. If no faults (misses, double punches,
or wrong numbers) are found, the tester then automatically
causes the motor to advance the digital converter to some
new reading and repeats the process. The testing continues
until either a fault is found or until the tester is manually
shut down. However, when a fault occurs, the tester stops

- instantly and indicates the type and location of the fault.
. The digital converters are then examined by the test operator
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who can usually find the exact cause of the fault and take
steps either to make repairs or to modify the design.

33. It has been found from a study making use of probability
theory that a digital converter has a probability of about
0.999 of being completely free of faults if it will operate
50,000 times without a fault. Actually the test is seldom
carried so far. Fifteen or twenty thousand fault-free read-
outs give a very good probability of freedom from faults.
This number of tests made at the rate of 26 readouts per
minute (fault tester rate) takes between one and two days of
eight-hour operation. It is essential that each digital con-
verter be as fault-free as possible, since up to eight converters
are used in the PADRE, and the probability of trouble is
therefore multiplied by eight. Ever since this fault tester
has been used for testing the digital converters, very little
trouble has been experiencedwith the PADRE.

Punching the IBM Card

34. As can be clearly seen in Figure 5, the IBM Card Punching
Machine is equipped with a keyboard which makes it possible
foi an operator to punch IBM cards manually. This machine
not only punches the data into the cards, but it also prints
numbers at the top edge of the card. The machine also is
equipped with a cylinder on which an IBM card containing
control commands can be mounted, the function of which is
automatically to control the IBM cards being punched; e.g.,
any columns desired can be duplicated from the last card
punched. Also, columns can be skipped in any sequence desired
by punching the proper commands into the control card.

35. When used with the PADRE, the IBM 026 Card Punching
Machine is modified by the addition of a Cinch plug which
permits the running of a cable to the PADRE so that digital
converter circuit closures can cause the punching machine to
punch the correct holes in the IBM cards when reading out the
information held in the digital converters. To do this, it
is necessary to provide a device called a "punch controller"
between the digital converters and the 026 Card Punch. This
is shown fn Figure 1, and a simplified circuit diagram is
shown in Figure 11. Since the 026 Card Punch Machine punches
the columns consecutively, the punch controller must read out
one digit at a time in sequence and transmit t'.e digit to the
card punch machine and also give a current plse at the right
time and of the right duration to punch each digit. One
terminal on the 026 Card Punch Machine might be called the

13
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"punch command" terminal. If it is connected to any one of
the terminals for the digits between 0 and 9; or to the space,
or to the X or Y punches, it will cause this number, charac-
ter, or space to be punched in the column under the puncher.
However, unless the circuit closure generating the punch
command current pulse is closed for a fairly precise period
of time, the card punch machine will not perform satisfactorily.
The correct duration of this closure is of the order of
15 milliseconds, a requirement which must be met by the punch
controller.

36. A photograph of the punch controller is shown in Figure 12.
Basically the punch controller consists of a stationary com-
mutator of 50 segments and a rotating brush. Never more than
40 of the 50 segments on the punch controller are used, the
unused segments providing a dead space in which the brush arm
can be accelerated from its normal resting position up to the
proper speed (constant) before encountering "live" segments
and, after contacting the last of the 40 live segments, pro-
viding a space for decelerating to the normal resting position
again. Thus, the arm makes one revolution for one readout
of all digital converters. The brush on the arm successively
makes contact with each of the live segments, each of which
is connected by a wire to a particular brush on a particular
digital converter. At readout all brushes in the digital
converter are locked in their proper places. Each particular
brush then is setting on a segment corresponding to some
number between 0 and 9, inclusive, so that the circuit is
now complete as to the proper terminal on the card punch
machine to punch the number corresponding to the brush position.
Then a pulse of command current is applied to this circuit
set-up and causes the machine to punch the hole for the' segment
on which the digital converter brush is sitting. When the
punch controller brush now moves to the next segment, the
next digital converter commutator is read out, and so on
through all digital converters. Spaces, and X and Y punches,
can be interspersed as desired between digital converter
readouts by proper connections in the plug cable described
below.

37. Since the command pulse of current must be of carefully
controlled duration, as stated previously, it is necessary
to provide a means of creating pulses of this duration while
the brush is in the middle of each of the 50 segments of the
punch controller commutator. For this purpose an additional
small comutator, having one segment occupying about one
third of the circumference, rotates at fifty times the speed
of the arm carrying the brush over the 50-segment commiutator.

14
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Two brushes ride on the single-segment commutator to provide
continuity between the brushes when both brushes are con-
tacting the single segment at the proper times. As a result,
a command current pulse of 15 milliseconds duration is
generated. To eliminate sparking between this commutator
segment and the two brushes, a capacitor, resistor, and
rectifying element are connected between the brushes. This
is a necessary requirement since the sparking would reduce
the life of the brushes and segment to an unacceptably small
number of operations before failure. With this arrangement,
the main 50-segment commutator and brush do not break any
current; it has been found that they remain in perfect working
condition even after years of use.

38. The punch controller is driven by a small (1./200 hp)
synchronous motor controlled by cam-operated microswitches.
When the brush passes the 40th (last live) segment, the
motor current is automatically cut off and the motor stops
with the brush in the xiddle of the ten unused commutator
segments. A manually operated push button is used to
initiate the readout by closing the circuit for starting
the motor. After all live segments are scanned by the brush,
the above microswitch shuts off the motor, stopping the brush
in the middle of the 10-segment stretch.

39. The pattern of the IBM card to be punched is controlled
by means of a plug cable. This cable is about one foot long
and has a 50-termnU7a-=T-ug on each end. By arranging con-
nections between the terminals of the plugs on each end, it
is possible to punch the readouts from the digital converters
in any order desired, to skip any digits not needed, and to

7 insert spaces between each four digits of the digital con-
verters. The purpose of inserting spaces between each four
digits is to make it easier to read the printed numbers
appearing at the top edge of the IBM card. The plug cable
is exactly equivalent to the usual IBM plug board.

40. When the PADRE is not actually in process of being read-
out, any supplemental data desired can be manually punched
into the IBM card by the regular purich keyboard. To provide
absolute independence between the card punch keyboard and the
digital converters, a relay has been provided in the PADRE
so that the PADRE is actually connected to the card punch
machine only during readout. If it is desired to duplicate
supplemental data in each IBM card, this can be done by
suitably punching the proper commands into the control card
carried on the cylinder of the IBM 026 Card Punching Machine.

41. When all seven channels and the serial numbering set-up
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are being used, the IBM card is exactly half filled by each
readout. Each of the seven channels with four digits and
one space fills up thirty-five columns of the card. The
serial numbering setup, or clock time setup, can fill up
four more digits and one space, making up the total of
forty. However, there is no need to record the serial
number twice on each card, so that it may just as well be
omitted every other readout. Thus, on the over-all card
only 75 of the 80 columns are used, which leaves five columns
free for supplemental data.

42. At the instant a readout is to be made (by pushing the
readout button), all shafts of all digital converters are
locked in at the reading positions. In effect, this does not
prevent taking readings periodically "on *the fly" with equal
time intervals between them. During reado-'t, the servo-
motors are reconnected and the digital converter shafts are
unlocked. Then the servo-systems are free to "catch up" to
the input signals which may have changed during the readout,
and the servo-systems can balance now at the new values.
Then the next readout can be made, and so on. In effect,

*. this amounts to taking readings on the fly.

43. The frequency with which readouts can be made is limited
by the speed of the card punching machine as well as by the
servo-systems. The 026 IBM Card Punching Machine can punch
a maximum of 20 columns or punches per second. For use with
the PADRE, only fifteen punches per second are used. Hence,
if forty columns are to be punched, the time required for the
punching is 40/15 - 2 2,'3 seconds. The punch controller,
however, makes one cycle in three seconds, so that three
seconds is actually required for the readout itself. Then,
in addition, the servo-systems require time for catching
up for the next reading. At most, this requres an additional
five seconds, making a total of eight seconds between read-
outs. If, however, the signals do not change very much in
magnitude between readings, the time required for catching
up is much less, perhaps two seconds. Under these circumstances
it is possible to make a readout every five seconds, which is
about the fastest possible for the PADRE in routine use.

General Precautions

44. There are a few common-sense precautions which should be
observed in order to get best results in using the PADRE.

a. The PADRE chassis should always be grounded. The
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thermocouple circuits should be grounded in one place and
only in one place. They may be grounded either in the servn-
systems or in the model. Either of these places for grourling
is generally satisfactory. Floating circuits and doubly
grounded circuits cause unsatisfactory operation.

b. The servo-phase angle balance for a given gain set-
ting must be carefully made to give the maximum servo-stiff-
ness. The gain control must be set to give the gr,%zcest
servo-stiffness without oscillation.

c. The IBM cards should be inspected occasionally during
data taking te, see that data look reasonable. One should

especially look for things which are obviously wrong.

CONCLUDING REMARKS

45. The main features of PADRE are summarized here. This
instrumentation provides a means of automatically punching
IBM cards to record data on pressures, forces and moments,
temperatures, small temperature differences, mean square
values of turbulence, positions of probes during boundary-
layer surveys, angles of attack of models in wind tunnels,
and any other quantity represented by a voltage, either A.Co
or D.C. Seven channels with 3ervo-systems and digital con-
verters of four decimal digits each are provided, as well as
means of automatically punching a serial number into each
card or punching the clock time. Because of its protability
and versatility, PADRE is particularly useful for research
work requiring special set-ups.
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READOUT DIGITAL CONVERTERS



AERODYNAMICS DEPARTMENT
EXTERNAL DISTRIBUTION LIST (Al)

No. of No. of
Copies Copies

Chief, Bureau of Naval Weapons NASA
Department of the Navy Langley Aeronautical Laboratory
Washington 25, D. C. Langley Field, Virginia

1 Attn: DLI-30 3 Attn: Librarian
1 Attn: R-14 1 Attn: C. H. McLellan
1 Attn: RRRE-7 1 Attn: J. J. Stack
1 Attn: RMMS-53 1 Attn: Adolf Busemann

1 Attn: Comp. Res. Div.
Office of Naval Research 1 Attn: Theoretical
Room 2709, T-3 Aerodynamics Div.
Washington 25, D. C.

1 Attn: Head, Mechanics Br, NASA
Lewis Flight Propulsion Lab.

Director, DTMB 21000 Brookpark Road
Aerodynamics Laboratory Cleveland 11, Ohio
Washington 7, D. C. 1 Attn: Librarian

1 Attn: Library 1 Attn: Chief, Propulsion
Aerodynamics Div.

Officer in Charge, NPG
Dahlgren, Virginia NASA

1 Attn: Library 1520 H Street, N. W.
Washington 25, D. C.

Commander, U. S. NOTS 1 Attn: Chief, Division of
China Lake, California Research Information

1 Attn: Technical Library
1 Attn: Code 503 Office of the Assistant
1 Attn: Code 406 Secretary of Defense (R & D)

Room 3E1065, The Pentagon
Director, NRL Washington 25, D.. C.
Washington 25, D. C. 1 Attn: Technical Library

1 Attn: Code 2027
Research and Development Board

12 Commanding Officer Room 3D1041, The Pentagon
Office of Naval Research Washington 25, D. C.
Branch Office 2 Attn: Library
Box 39, Navy 100
Fleet Post Office 10 ASTIA
New York, N. Y. Arlington Hall Station

Arlington 12, Virginiq

NASA Attn* TIPDR
High Speed Flight Station
Box 273 Commander, NAMTC
Edwards Air Force Base, Point Mugu, Calfiornia
California I Attn: Technical Library

1 Attn: W. C. Williams
Commanding General

NASA Aberdeen Proving Ground, Md,
Ames Aeronautical Laboratory 1 Attn: Technical info Br.
Moffett Field, California 1 Attn: Ballistics Res. Lab.

1 Attn: Librarian

)W0* , ::- . , _2 .. -__ . ... . = '._ . . .. "



AERODYNAMICS DEPARTMENT

EXTERNAL DISTRIBUTION LIST (Al)

No. of No. of

Copies Copies

Director, Special Projects Commanding General
Department of the Navy Army Ballistic Missile Agency
Washington 25, D. C. Huntsville, Alabama

Attn: SP-2722 1 Attn: ORDAB-DA
1 Attn: Dr. E. Geissler

Director of Intelligence 1 Attn: Mr. T. Reed
Headquarters, USAF 1 Attn: Mr. H. Paul
Washington 25, D. C. 1 Attn: Mr. W. Dahm

1 Attn: AFOIN-3B
Commanding General

Commander, WADC Redstone Arsenal
Wright-Patterson AF Base Huntsville, Alabama
Ohio 1 Attn: Mr. N. Shapiro

2 Attn: WCOSI-3 ORDDW-MRF
1 Attn: WCLSW-5
3 Attn: WCRRD Office, Chief of Ordnance

Department of the Army
ARDC Regional Office Washington 25, D. C.
Room 4549 Munitions Bldg. 1 Attn: ORDTU
c/o Dept. of the Navy
Washington 25, D. C. APL/JHU (C/NOw 7386)

1 Attn: Maj. T. J. Borgstrom 8621 Georgia Avenue
Silver Spring, Maryland

Air Force Ballistic Missile Div.
HQ Air Research & Development 2 Attn: Tech. Reports Group
Command 1 Attn: Mr. D. Fox
P. 0. Box 262 1 Attn: Dr. F. Hill
Inglewood, California Via: INSORD

1 Attn: WDTLAR

Chief, AFSWP
Washington 25, D. C.

1 Attn: Document Library

Commanding General
Arnold Engineering Development
Center
Tullahoma, Tennessee

1 Attn: Technical Library
5 Attn: AEKS

Commanding Officer, DOFL
Washington 25, D. C.

1 Attn: Library
Room 211, Bldg. 92

4



AERODYNAMICS DEPARTMENT
EXTERNAL DISTRIBUTION LIST (A2)

No. of No. of

Copies Copies

Case Institute of Technology Princeton University

Cleveland 6, Ohio James Forrestal Research Center
1 Attn: G. Kuerti Gas Dynamics Laboratory

Princeton, New Jersey

1 Mr. J. Lukasiewicz 1 Attn: Prof. S. Bogdonoff
Chief, Gas Dynamics Facility
ARO, Incorporated Institute for Fluid Dynamics
Tullahoma, Tennessee and Applied Mathematics

University of Maryland

Massachusetts Institute of College Park, Maryland
: Technology 2 Attn: Director

Cambridge 39, Massachusetts 1 Attn: Dr. J. Burgers

Attn: Prof. J. Kaye
1 Attn: Prof. M. Finston University of Michigan

1 Attn: Mr. J. Baron Ann Arbor, Michigan

1 Attn: Mr. M. Sweeney, Jr. 1 Attn: Dr. A. Kuethe

New York University 1 Applied Mathematics and

45 Fourth Avenue Statistics Laboratory
New York 3, New York Stanford University
Attn: Prof. R. Courant Stanford, California

1 Attn: Prof. H. Ludloff
Cornell University

Polytechnic Institute of Graduate School of Aero. Engr.

Brooklyn Ithaca, New York

527 Atlantic Avenue 1 Attn: Prof. W. R. Sears

Freeport, New York
1 Attn: Dr. A. Ferri The Johns Hopkins University

1 Attn: Dr. M. Bloom Charles and 34th Streets

1 Attn: Dr. P. Libby Baltimore, Maryland
1 Attn: Dr. F. H. Clauser

Brown University
Division of Engineering University of California

Providence, Rhode Island Berkeley 4, California

I Attn: Prof. R. Probstein 1 Attn: G. Maslach

1 Attn: Prof. C. Lin 1 Attn: Dr. S. Schaaf

University of Minnesota 1 Air Ballistics Laboratory

Minneapolis 14, Minnesota Army Ballistic Missile Agency

1 Attn: Dr. E. R. G. Eckert Huntsville, Alabama

1 Attn: Dr. J. Hartnett
1 Attn: Heat Transfer Lab. 1 Mr. Rex Monaghan

I Attn: Tech. Library RAE, Farnsborough, England
/o British Joint Services

Rensselaer Polytechnic Mission

Institute Attn: Aircraft Branch

Troy New York P. 0. Box 680
1 Attn: Dept. of Aeronautical Benjamin Franklin

Engineering Stations
Washington, D. C.



AERODYNAMICS DEPARTMENT
EXTERNAL DISTRIBUTION LIST (A2)

No. of No. of
Copies Copies

Superintendent General Applied Science
U. S. Naval Postgraduate Laboratories, Inc.
School Merrick and Stewart Avenues
Monterey, California Westbury, L. I., New York
Attn: Tech. Rpts. Section 1 kttn: Mr. Walter Daskin

Library 1 Attn: Mr. R. W. Byrne

National Bureau of Standards 1 CONVAIR
Washington 25, D. • A Division of Feneral Dynamics

Attn: Chief, Fluid Mechanics Corporation
Section Fort Worth, Texas

University of Minnesota United Aircraft Corporation
Rosemount Research Laboratories 400 Main Street
Rosemount, Minnesota East Hartford 8, Connecticut

1 Attn: Technical Library 1 Attn: Chief Librarian
2 Attn: Mr, W. Kuhrt,

I Director Research Dept.
Air University Library 1 Attn: Mr. J, G. Lee
Maxwell AF Base, Alabama

Hughes Aircraft Company
Douglas Aircraft Company, Inc. Florence Avenue at Teale St.
Santa Monica Division Culver City, California
3000 Ocean Park Boulevard I Attn: Mr. D. H. Johnson
Santa Monica, California I & D Tech. Library

1 Attn: Chief Missiles Engineer
1 Attn: Aerodynamics Section 1 McDonnell Aircraft Corporation
1 CVIP. O• Box 516
I CONVAIR St. Louis 3, Missouri

A Division of General Dynamics
Corporation Lockheed Aircraft Corporation
Daingerfield, Texas Lockheed Missiles and Space Div.

Sunnyvale, California
CONVAIR I Attn: Dr. L. R. Wilson
Scientific Research Laboratory 4 Attn: Mr. W. E. Brandt
5001 Kearney Villa Road 1 Attn: Mr. M. Tucker
San Diego 11, California 1 Attn: Mr. B. W. March

1C. 1 Attn: Mr. M. Sibulkin 1 Attn: Mr. W. J. Fleming, Jr.
I Attn: Asst. to the Dir. of

Scientific Research The Martin Company
'S4 ,Baltimore 3, Maryland

Republic Aviation Corporation 1 Attn: Library
Farmingdale, New York 1 Attn: Chief Aerodynamicist

1 Attn: Technical Library
North American Aviation, Inc.
Aerophysics Laboratory
Downing, California

1 Attn: Dr. E. R. Van Driest

_ _ _A V_ -_ _ ___ '



AERODYNAMICS DEPARTMENT
EXTERNAL DISTRIBUTION LIST (A2)

No. of No. of
Copies Copies

1 BuWeps Representative 1 AER, Incorporated
Aerojet-General Corporation 871 East Washington Street
6352 N. Irwindale Avenue Pasadena, California
Azusa, California

Armour Research Foundation
1 Boeing Airplane Company 10 West 35th Street

Seattle, Washington Chicago 16, Illinois
2 Attn: Dept. U

RAND Corporation
1700 Main Street Chance-Vought Aircraft, Inc.
Santa Monica, California Dallas, Texas

1 Attn: Lib., USAF Project 2 Attn: Librarian
RAND

Ramo-Woolridge Corporation
Arnold Research Organization, Guided Missiles Research Div.
Inc. Los Angeles 45, California
Tullahoma, Tennessee 1 Attn: Dr. G. Solomon

1 Attn: Tech. Library
1 Attn: Chief, Propulsion Cornell Aeronautical Lab., Inc.

Wind Tunnel 4455 Genesee Street
1 Attn: Dr. J. L. Potter Buffalo 21, New York

1 Attn: Librarian
General Electric Company 1 Attn: Dr. Franklin Moore
Missile and Space Vehicle Dept.
3198 Chestnut Street Defense Research Laboratory
Philadelphia, Pennsylvania The University of Texas

2 Attn: Larry Chasen P. 0. Box 3029
Mgr. Library Austin 12, Texas

1 Attn: Mr. R. Kirby 1 Attn: Assistant Director
1 Attn: Dr. J. Farber
1 Attn: Dr. G. Sutton Ohio State University
1 Attn: Dr. J. D. Stewart Columbus 10, Ohio
1 Attn: Dr. S. M. Scala 1 Attn: Security Officer
1 Attn: Dr. H. Lew 1 Attn: Aerodynamics Lab.

1 Attn: Mr. J. Lee
Eastman Kodak Company 1 Attn: Chairman, Dept. of
Navy Ordnance Division Aeronautical Engin'ing
50 West Main Street
Rochester 14, New York CIT

2 Attn: W. B. Forman Pasadena, California
1 Attn: Guggenheim Aeronautical

Reports Distribution Office Lab., Aeronautics
AVCO-EVERETT Research Lab. Library
2385 Revere Beach Parkway 1 Attn: Jet Propulsion Lab.
Everett 49, Massachusetts 1 Attn: Dr. H. Liepmann

3 Attn: Dr. J. Ekerman 1 Attn: Dr. L. Lees
1 Attn: Dr. D. Coles
1 Attn: Mr. A. Roshko
1 Attn: Mr. S. Dhawan

U1



AERODYNAMICS DEPARTMENT
EXTERNAL DISTRIBUTION LIST (A2)

No. of
Copies

1 Applied Mechanics Reviews
Southwest Research Institute
8500 Culebra RoadSan Antonio 6, Texas

43

I

"I



I~T 0110
140, C ., 4 1 .0 0 ,l*~" 00 t o I c

0) b 4 3 A 3 f 0 4) bO4 43 1

d4 0.] O00i)d)0
p)O ~4 0 E4,,4 v l4 540H P, P w4' Eli ).

H (14 HH H

H H

0
d 4 ;H ' 4) 4)

It +=1N p p 024'c 0.- 4-1 4to01 r34)o V' _PA Q 01. 4) 4 rd d 0
to*4 P4 r HW30 rir 0 P. 0- 0 W~ 0 f4 )

S4) N 'j4 Vs$ I oH Hd w e o ) 40 sood 4 l-
04 )4)4A) 4)H 0 4. 'Sj g OW 94-v 0)

0'- co-, 0o )0 0 2 ?_,F 0 0
43 . )i j -1 0 .0 to 4 0 tI44.H %44 O1N.$. 010'O H 5 00 ~ 5

0ur N c ) 00~ 93 a)4 N 002 t

)4: a)4 4 p-4 42 0o41 H

4)ft 0L ft. *3 H- 43. t $4) ft~ r 0 44 L 0 to,.5 a
S 'I3U4. j w0 fgHP p4 4)0 3 .4 04 ' . d d_P,4  N 0+30d P 0 I 1I% 0+ 0 00 11 +1 04 P4P 4' 0

a > .4 4~ 5 t P.U~

0 -j v 06)4d 40 r ~ 01P4F4'4) 04to

'ci 4' to 4 , " d-I I
kp 01 th* $3 ;

4 d 9 H1 4)H0 e 4P2

-P' 041

*~~ f.. to, ~
10 P i * ~0 t.4 E~ "

C.4S0 0 O,. CA 04 544) d 0 -~op -. 4 H. P 4 ) r,) G)AHM A
I)~~1N4)04 .5 4a$.H 43 -HH( 04 0 bf4O .0

HH H OIdfI HI 1 00d 0 4 0 9,42

4) ~ 012. 4) 013 4))bO 4 4 %~i1.p '4 ~ 01P )4)b *r

4a- 4 4 >.- , ~*.~l
d t 4 0 4)34 r- 044 0000).310 0

401 3"2 *00 41109
~~.~ 

;4 r044)4 4)4 4) $t4

3)4 0)0 4 . ) 2 O 1 S 454C O 44IQ 4 " H O4 M4 O i A) '. 4 4 0 'I H
N, .4 4) 4)40 1H

H 'd)4 )H0 W~ 4) 0*'T0o--4 A 01 C)J4)- 0 )*4)1.4,C

k4H 4 0 5 4 0 'D 4)~ 4 A 4)d-'.*1~ ~ 434 .d1)

4' r to 4)O4';4 0~~ P3 -4' 0' -P o 0004 0 -PU~~'5 H k * a. I )H ~ 4
-. MH<Fj 0 20 0n 4 0+ 4'

01 04 ) 02) J4 . 01 as $4t).'40 d i 4) 4

44' 
4- r

I I. h t H 0- 3 t3 *jNCO



6- o

hie

e' ",

Iio14

q4! w4.

• ii * a,,

.-, ..' .' , ..,. ,. ..,.... . . .. .


