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5. It is recommended that the following items be implemented to Insure a
satisfactory cable pressure system in Wings II to V.

A. A program for the continued use and verification of the cable simu-
lators to include:

I - Verification and perfection of the simulation technique

2 - Use of the simulators as a tool for familiarization of maintenance
personnel with the pneumatic behavior of the cable network.

3- Study use of the simulators as a fault location aid.

4 - Study integration of the simulators into the cable system main-

tenance concepts.

5 - Simulate Wings 2 to 5 on the "Universal Simulator".

B. Collection, reduction and analysis of existing data on the Wing I cable
system for verification of the simulation techniques.9

C. Integrated pressure system study to establish all pneumatic parameters
based on the simulation results and field data.

6. A comprehensive review of the current maintenance concepts to drasti-
cally reduce the scheduled and non-scheduled maintenance costs for the
pressurization system.
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Simulation of Cable Pressurization

Wing I - Minuteman

1.0 hiroduction

This report describes a study of the pressurization system for the buried cable

network of Wing I, Minuteman. The purposes of this study follow:

a. To determine expected pressure distribution throughout the buried cable net-
work of Wing I using various pressurization inputs and leakage rates.

b. To determine airflow from the compressors used for pressurization of the
buried cable network, using various pressurization Inputs and leakage rates.

o. To form conclusions and recommendations based on the information deter-

mined in a and b above.

The objectives of the study were to:

a. Determine the expected pressure distribution in the cable network. This would
provide a standard for Judging the quality of the aotual buried cable installa-
tion. A variation In pressure throughout the buried cable installation is ex-
pected. Some means is necessary for determining whether this pressure dis-
tribution is normal (i.e. due to the pneumatic characteristics of the cable net-
worlo or If there Is a fault in the cable installation.

b. Determine the number and location of compressors needed to maintain the
cable network at a desirable pressure level.

*. Determine the capacity (airflow) requirements of the compressors used to
maintain network pressure.

d. Furnish information about the pressurized cable network on which the design

adequacy of the buried cable system could be judged.

2.0 Pneumatic Simulation

The study was conducted by means of analog simulation. An electrical model of
do Wing I buried cable network was built, in which the electrical properties were
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analogous to the pneumatic properties of the buried cable network. This electrical
model was used to obtain the pneumatic parameters of the buried cable network.

Analysis of the problems of pressure distribution calculations indicated that a
purely theoretical approach would be undesirable. While a separate pressurized
able (not part of a network) can be handled theoretically, there is no simple method
fot analyzing pneumatic conditions in a complex network of interconnected cables
such as is used In Wing I. Theoretical calculations for a network of cables are ex-
tremely cumbersome and time-consuming. Moreover, these calculations are useful
only for one specific set of pneumatic conditions; for each different set of conditions
(e.g. a different pressurization configuration and/or leakage rate) an entirely new cal-
culation would have to be made. New calculations would also have to be made if there
were any change in the configuration of the buried cable network.

It was decided to conduct the study by simulation, using an electrical model in which
th. pneumatic parameters of the pressurized cable system are represented by analogous
electrical parameters.

3.0 Theory of Simulation

The relation of airflow through a cable. to pressure drop can be approximated by
an ohm's-law relationship- (See document MTOR-C-052 Final Report- Buried Cable
Design Verification Program, Page Mn-47)

Pneumatic Resistance Pressure Drop
Air Flow

Although this relati'-ship is not exact (pneumatic resistance varies with input
pressure) the variation is not large enough in the pressure range under consideration
to introduce appreciable error. This permits an electrical analogy; pressure Is re-
presented by voltage, pneumatic resistance is represented by electrical resistance, and
airflow is represented by current.

Air leaks from the cable mainly at the splice cases (see MTOR-C-052 page M-14).
The leakage at each splice case can be represented as an electrical conductance to
ground. A run of cable consisting of several lengths of cable spliced together (Fig-
ure 1) can be represented by the electrical analog shown in Figure 2.
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FIgure 1. A Run of Pressurized Cable

Figure 2. Electrical Analog of Pneumatic Characteristics
of Pressurized Cable Shown in Figure 1.

In the electrical model shown above, resistors RpA, RPB, ard RpC represent the
pneumatic resistance of cable lengths A, B, and C respectively. Resistors RL 1 , and
RL2 are electrical conductances representing the pneumatic leakage at splice cases 1
mW 2 respectively. Voltages applied at junctions I and IU represent the pressure ap-
plied at Inputs I and II respectively. A measurement of voltage or current at any point
an the electrical model indicates the pressure or airflow at the corresponding point
in the pneumatic cable run.

The resistors In Figure 2 can be lumped together to form a simple Tee (see
Fiure 3).

JuN CT1io4 I IRi JUM4CTION M.

Figure 3. Lumped Tee-

ft the lumped Tee, each series resistor Rp/2 represents one half of the total pneu-
mat• resstance (R = + R C)of the cable. Theshunt, R.represents

p p p pL
do total leakage-conductance (ConductanceRL = ConductanceRL½ + Conductancew½
or_L- I + l . \

UL RL1. RL 2J,
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Calculations show that the Tee in Figure 3 has almost the same impedance as the o!r-
cult in Figure 2, with only a negligible error (see TMR 947.1, page 4). A cable net-
work simulator can be built in which each cable length between two junction points is
represented by a simple Tee network; the Tees being connected together in the same
configuration as the cable lengths in the actual buried cable network. Figure 4 is one
eample of cable network. Figure 5 is the electrical simulation of the cable network
in Figure 4. The series and shunt resistors of each Tee In Figure 5 have values which
represent, respectively, the pneumatic resistance and leakage conductance of the
corresponding cable in Figure 4. Compressor inputs are represented by voltage
supplies with values representing the pressure furnished by each compressor. Pres-
sure at a& Junction in the cable network is found by measuring the voltage at the cor-
responding point in the simulator. Airflow in found by measuring the current at any
point in the simulator.

4.0 Pneumatic Values and Electrical Equivalents

A. Pneumatic Resistance, Rp. The pneumatic resistance of a cable is the ratio
of pressure drop to air flow. The dimensions of pneumatic resistance are:

pounds per square Inch psi
cubic feet per hour or h

Physical measurements of pneumatic resistance for various cable sizes had been
made previously. The Rp values of Wing I cables were based on these measurements

(ee Appendix 1). R , in P, is represented in simulation on the basis of 10 ohms = 1
p cli

R is represented in a Tee by two series resistors, each of which has the value
ch p

R p/2.

B. Leakage Conductance. The leakage conductance of a cable is the ratio of total
cable air leakage to average gauge pressure in the cable. The dimensions of leakage
conductance are:

cubic feet per hour cfh
pounds per square inch or psi
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igure 4. Pneumatic Cable Network

Figure 5. Electrical Model for Network Shown in Figure 4.
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Cable air leakage occurs principally at the splice cases, and is considered inde-
pendent of the size (cross-section) of the cable. Since there are splice cases at reg-
ular intervals (2 to 3 per mile), leakage conductance can be treated as a function of
cable length only. The value of leakage depends on the quality of the splice case instal-
lations. However, as explained in TMR-947.1 (page 4) it is reasonable to use a maxi-
mum leakage rate of 0.5 cubic feet per day per mile (CFDM) at 10 paig pressurization
In the present installation. It is also felt that a leakage rate of 0.1 CFMD with 10 psig
pressurization is a reasonable goal for future installations.

For the computation of leakage conductance based on these leakage rates see Ap-
pendix I. Leakage conductance is represented in. a Tee by RL, the shunt to ground.

Simulation is on the basis of I mho-10 (10 ohms I

Pressure is represented, in simulation, on the basis of I volt - 1 psi, with elec-
trical ground (zero volts) corresponding to atmospheric pressure (zero ps/g.) Since

psi
I volt -1 psi, and 10 ohms = 1 p, air flow is represented on the basis of 1 amp -
10 ofh.

5.0 Simulator Panels

Each of the 15 flights comprising*fing I was simulated on a separate panel, called
a flight simulator panel (Figure 6 is a photograph of a group of 6 flight simulator panels.)

The flight simulator panels were designed primarily for making the simulation
study.of cable pressurization.

It was felt that when the study Uas concluded, the simulator panels would still be
useful as field maintenance tools. For this reason, the simulator panels were packaged
for portability. The simulator electrical network was laid out in a maplike fashion and
suitably labelled on the front of the simulator panel to permit easy correlation between
simulator display and a flight map of the same flight. The simulator panels were de-
signed to be self-contained, each with its own regulated power supply and meter. Pro-
vision for simulation of cable faults (leaks and blockages) was made.

On the flight simulator panel, each cable length is implemented by a "cable group"
(see figure 7). The resistive tee representing the cable is implemented by three vari-
able resistors in the cable group. These are adjusted to the proper value with an
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Ia. Detail View of Cable-Group as seen on Flight Simulator Panel.

-L, P4, ,f ,,% ar
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SRI_ J4

Tb. Schematic Diagram of Cable Group.

Figure 7. Cable Group
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Wearnal resistance bridge. Jacks for making voltage, current, and resistance mea-
surements are also provided (see figure 7). Referring to the designations in figure
7, the following measurements can be made:

Measurement How Measured

Resistance of R /2 No. 1 Plugs inserted in JI and J3.
Measure between tip of J1 and
tip of J3.

Resistance of R /2 No. 2 Plugs inserted in J2 and J3.
Measure between tip of J2 and
tip of J3.

Resistance of RL. Plug inserted in J3.
Measure between sleeve of J3
and panel ground.

Current entering cable at Plug inserted in J1; ammeter between
left. tip and sleeve of plug.

Current entering cable at Plug inserted in J2; ammeter between

right, tip and sleeve of plug.

In addition to the above measurements, the jacks permit other functions:

Function How Performed

Increase RL beyondvalue of RL Plug inserted into J4, with resistance
variable resistor. of desired value between tip and sleeve

of plug.

Simulate small leak in cable. Plug inserted in J1 (leak at left end of

cable) or J2 (leak at right end of cable).
Tip and sleeve of plug are common,
connected to resistor of appropriate
value. Other end of resistor is con-
nected to ground.
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Function How Performed

Simulate large leak in cable. Plug inserted in J1 or J2 as above.
Tip and sleeve of plug are wired to each
other and to a jumper to ground.

Simulate small blockage of Plug Inserted in J1 (block at left end of
airflow in cable, cable) or J2 (block at right end of cable).

Resistor between tip and sleeve of plug.

IL-ulate complete blockage Plug inserted in J1 or J2 as above. No
ofai-'low in cable, wiring to plug.

At each cable Junction on the flight simulator panel, there is a momentary push-
button which connects the junction to a voltmeter on the panel to measure junction
pressure.

The flight simulator panel contains a regulated 10v d-c power supply, to simulate
the 10 psig compressor inputs. The supply has regulation to .08%. A 10v d-c bus
carries supply to each LCF and LF group, where it can be applied by throwing a
switch.

The LCF and LF groups on the flight simulator panel are shown in figures 8,9 and
10. Each has a switch, for applying regulated 1ov d-c from the regulated power sup-
ply, simulating the pressurization from a 10 psig compressor. A lamp next to the
switch indicates whether the switch is on. A momentary pushbutton connects the LCF
or LF to a voltmeter to measure pressure at the LCF or LF. Each LF group also
contains a Jack, for the possible connection of an external power supply (simulating a
compressor pressure which may be greater or less than 10 psig).

Each flight simulator panel has a voltmeter located on the panel. By use of
a switch, the meter can be used to measure voltage (analog of pressure) at any
Junction, or current (analog of air flow) through any cable. In one position of the
meter function switch, the meter operates as part of a resistance-measuring
bridge to measure resistive values in the cable Tees.

6.0 Interflight Cables

For constructing each flight simulator panel, an interflight cable (a cable con-
meeting one flight to another) was considered to belong half to one flight and half to
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Figure 8. Detail View of LCF Group as seen on Flight Simulator Panel
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Figure 9. Schematic Diagram of LCF Group
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10a. Detail View of LF Group as seen on Flight Simulator Panel
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10b. Schematic Diagraim of LF Group

Figure 10. LF Group
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another. This half-cable was represented on a flight panel by a Tee calculated on the
basis of one half the total mileage of the interflight cable.

This method of representing interflight cables allowed simulation to be performed
In two different ways:

a. Interconnected Flights: Interflight connections are completed by Jumper
cables ruhning from one flight panel to another. Each jumper cable Joins
the outer ends of the two half-tees representing an interflight cable. Thus
each interflight cable is represented by the following electrical model:

SRP114. RPI•1 UP V V1

PLICTfHT SoA.twEL "X" fLIQHT SIM. PONFAL'Yff

Figure 11. Interflight Cable Electrical Model

whereas an ordinary intraflight cable is represented by this model:

,t Ri l

Figure 12. Intraflight Cable Electrical Model (Lumped Tee)

As explained previously, the difference between individual Tee's in series
and a lumped Tee of equivalent Rp and RL is so small that the difference can
be Ignored. Thus the interconnected-flight simulation accurately represents
the cable network of Wing I, Minuteman.

b. Individual Flight Simulation: In this second method of simulation, there are
no interconnections between flight panels. The outer end of each half-tee
representing half an interflight cable is not connected, but is allowed to float.

JI
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The advantage of individual simulation Is that it permits the operation of one
flight simulator panel without the necessity for the connection, or even the
presence, of other flight simulator panels. This is important; the flight simu-
lator panels were built with in eye toward their possible usefulness as field
analysis and maintenance aids.

The disadvantage of individual simulation is that it represents the interflight
cables by an approximation which does not take into account the pressure
difference on the two ends of an interfllght cable. The error thus caused in
pressure distribution readings is greatest at the interconnection junctions
(i.e., the junctions at each end of an interflight cable). The error produced
at other junctions is very slight. The amount of error at interconnection Junc-
tions for leakage rate of 0.5 CFDM is shown in Table 1, Appendix HI. For
pressurization at the LCFs only, the error in some individual cases is as great
as 0.8 psi, but the average error is only 0.3 psi. For pressurization at the
LCFs and all LFs, the error in one case is 0.6 psi; however the average error
is only 0.1 psi. Thus each flight simulator panel may be used individually, if
it is remembered that readings at the interconnection junctions are only ap-
proximate.

The error produced by individual flight simulation at interconnection junctions be-
comes smaller with any condition that raises minimum system pressure and hence
narrows system pressure distributionsuch as pressurization at LCFs and all LFs,
instead of at LCFs only, or a leakage rate of 0.1 CFDM instead of 0.5 CFDM.

Measurement of pressure distribution at 0.5 CFDM were made with interflight
cables connected in this study. Measurement of compressor airflow, and measure-
ment 6f pressure distribution at 0.1 CFDM, were made by individual flight simulation.
To determine whether the error caused by individual flight simulation would affect
compressor airflow readings, airflow through interflight cables was measured during
the simulation with all flights interconnected. The greatest airflow through an inter-
flight cable was found to be 0.25 cfh, with the average value much lower than this.
Since the capacity of an LF compressor is 25 cfh, and since (as will be shown) none
of the compressors is operating anywhere near full load, the additional airflow re-
quired to feed the interfllght cables can be ignored.
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.7.0 Simulation Data

The following data were determined in this study: The compressor output, where
present, Is 10 psig.

7.1 Pressure Distribution - With a given leakage rate and a given pressurization con-
figuration, pressure readings at each Junction and LF were made. The readings are
presented in Figures 13-16. The readings were taken under these conditions:

a. Leakage rate 0.5 CFDM, pressurization at LCFs only
(figures 13A through 13-q).

b. Leakage rate 0.5 CFDM, pressurization at LCFs and all LFs
(figures 14A through 14-0).

a. Leakage rate 0.1 CFDM, pressurization at LCFs only
(figures ISA through 15-qo.

d. Leakage rate 0.1 CFDM, pressurization at LCFs and all LFs
(figures 16A through 16-qe.

Each of the figures 13A through 16-0 is a map of one of the flights in Wing I
buried cable network. The letter suffix indicates the flight. For example, figure 13F
Is a map of flight F.

Figures 13 through 16 serve as a standard for Judging the quality of the actual
buried cable installation. If the pressure distribution of the actual cable network,
with appropriate pressurization, is roughly the same as indicated in figure 13 or 14,
then the 0.5 CFDM leakage rate has been achieved. If the pressure distribution in the
actual cable network is proportionally lower than indicated in figure 13 or 14, then the
system leakage rate Is higher than 0.5 CFDM. If the pressure distribution in the actual
cable network conforms generally to figures 13 and 14 but with one or two points whose
pressure is markedly different than the pressure Indicated in figure 13 or 14, a local

fault can be suspected.

7. Compressor Airflow

With a given leakage rate and a given pressurization configuration, the airflow
from each active compressor was measured. Measurements were made for:

a. Leakage rate 0.5 CFDM, pressurization at LCFs only.

b. Leakage rate 0.5 CFDM, pressurization at LCFs and all LFs.



MTOR-C-170'
28 March 1963
Pape 16

O. leaa rate .0.1 CFDM, pressurization at LCFs only.

d. Leakage rate 0.1 CFDM, pressurization at LCFs and all LFe.

The measurements are presented in Table I. Each compressor Is identified by
the name of the facility (LCF or LF) In which it is located, viz, B-i, D-7, H-11, etc.

The airflow at each LCF is broken down into four readings - for example, J1-A,
J1-B, J1-C, and J1-D. There is only one compressor at the LCF. But there are four
cables from each LCF by which air from this compressor can enter the cable network.
If one of these four LCF cables carried a much greater airflow than the others, a block
or leakage In this one cable would have a greater impact on network pressure distri-
butloun. Thus the airflow from each LCF is broken down to show the airflow through
each of the four cables from the LCF. In the example Just given, the reading for J1-A
shows the airflow from Ji which reaches the network through cable "A", flight J. To
Identify cable "A" flight J, use the map shown in figure 13-J, 14-J, 15-J, or 16-J. The
value Jl-total gives the total airflow from the compressor in J-1, and is the sum of
the airflows for Ji-A, JI-B, JI-C, and Ji-D.

7.3 Determination of Minimum Pressurization Needed to Maintain a Certain Minimum
Network Pressure:

A study was made of the minimum pressurization needed to maintain various mini-
mum network pressures. With all flight simulator panels interconnected, and all LCFs
pressurized, various LF's were pressurized to achieve a certain minimum network
pressure with 0.5 CFDM leakage rate. Two rules were followed:

a. No junction or LF In the network could have a pressure less than the mini-
mum network pressure.

b. The number of pressurized Us. should be the minimum number necessary to
achieve a., above.

A certain amount of trial and error was necessary to achieve the best solution
(that is, minimum number of pressurized LF's). Determinations were made for
minimum network pressures of 6 psig, 7 psig, and 8 psig. It was found that some
flights could not be brought up to an 8 psig minimum even if all LFs were pressurized.
Because of this, the following procedure was used for the 8 psig minimum network
pressure:

a. For those flights which could not be brought up to 8 psig, pressurize all LUs
and record the minimum pressure value in the flight.



MTOR-C-170

28 March 1963
Page 17

b. For those flights which could be brought up to 8 psig, pressurize only as many
LFs as needed to achieve 8 psig in these flights.

7.4 Effect of Interflight Cables.

It is possible to consider the pressurized cable network of Wing I, Minuteman as
consisting of 15 separate pressurized networks (the flight networks) whose pressure
distributions are modified by airflow from one flight to another through the .interflight
cables. Because of the small number of interflight cables (from two to five interflight
oonneotions per flight) it was felt that the modifying influence exerted by the interflight
cables might be relatively small. If this were true, then each flight cable network
could be considered as a separate pneumatic system, with a small allowance made for
tie effects of an interflight cable at its point of connection to the flight cable network.

The comparison of interconnected flight simulation with individual.flight simulation
(see 6.0 "Interflight Cables", above) provided some indication that interflight cables
did not have a strong effect on flight pressure distributions. Individual flight simula-
tion eliminates the connections between flights, but retains the simulation of the inter-
flight cables as sources of air leakage from the flight networks. To fully determine the
effect of the Interflight cables, it was desired to simulate a Wing I network in which the
interflight cables were completely removed as pneumatic paths. The pressure distri-
bution of this simulation was then compared with the pressure distribution of a normal
Wing I simulation (interconnected-flight simulation) to determine the effect of the inter-
flight cables.

To simulate the Wing I network with interflight cables removed as pneumatic paths,
each half-tee representing half of an interflight cable was electrically disconnected from
each of the flight simulator panels. Comparison with the interconnected-flight simula-
tion showed that the offect of the lnterflight cables was most noticeable at the intercon-
nection junctions (Junctions where an interflight cable connects with a flight network),
and only slightly noticeable at other junctions. Recorded measurements were there-
fore confined to the interconnectiri junctions.

The results are shown in Table MI. For each interconnection junction, this table
shows the pressure with all interflight cables removed and with all interflight cables
connected. The difference between the two readings shows the effect of interflight
cabling on the pneumatic network.

Reading were taken with LCFs only pressurized, and with LCFs and all LFs pres-
surized. Readings were made only at the leakage rate of 0.5 CFDM, at which leakage
rate network pressure differences are greater and the effect of interflight cables more
pronounced.
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8.0 Analysis of Data:

8.1 Pressure Distribution:

To evaluate the suitability of the pressure distribution values determined by this
report, the following criteria are used:

a. A pressure of 4 psig Is required to prevent the entry of water into the buried
cable network (assumes a posaible 8 foot hes of water).

b. The warning pressure level (pressure contactor setting) should be at least
2 psi above the water-entry pressure, to allow time after receipt of a warning
Ia which to perform maintenance. Thus the warning pressure, or pressure
contactor setting, is 6 psig.

c. The minimum network pressure should be at least 1.5 psi and preferably 2.0
psi above the contactor setting, to avoid alarms caused by temperature and
atmospheric fluctuations and tolerance variation of the pressure contactors.
Thus the minimum network pressure should be at least 7.5 psig, with a mini-
mum of 8.0 psig preferred.

A maximum leakage rate of 0.5 CFDM, as previously described, is considered a
reasonable expectancy for a modern pressurized cable installation. With such a leakage
rate, and pressurization at the LCF's only, figures 13A through 13-0 show that a large
portion of Wing I will be below the 6 psig warning pressure, with some points as low
as 2 psig. This Is clearly undesirable.

Table II shows that in order to maintain Wing I merely at the 6 psig warning pres-
sure level with 0.5 CFDM leakage rate, it would be necessary to pressurize an average
of four LFs in each flight.

Table II and figure 11 show that it is impossible to attain the desired 8 psig mini-
mum network pressure with 0.5 CFDM leakage rate, even if all LF's are pressurized.
However, as seen in Table II, a 7.4 psigminimum networkpressure canbe attained with
0.6 CFDM leakage rate by pressurizing an average of 8 LF's in each flight. This is
just barely acceptable. In order to avoid confusion as to which LF is pressurized and
which is not, and to supply a certain safety factor to the system, it is recommended
that all LFs in Wing I be pressurized for an 0.5 CFDM leakage rate. This would re-
sult in a minimum network pressure of 7.4 psig (pressure distribution shown in fig-
ures 14-A through 14-0).
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I is also recommended that strenuous efforts be undertaken to reduce the leakage
rate below 0.5 CFDM. Reduction of leakage rate would cause a noticeable improve-
ment in minimum network pressure. For example, with 0.5 CFDM leakage rate and
pressurization at LCFs only, the minimum network pressure is 2.0 psig; with 0.1 CFDM
leakage rate and pressurization at LCFs only, the minimum network pressure is 6.4
p.ig. With 0.5 CFDM leakage rate and pressurization at all LCFs and LFs, minimum
network pressure 1o 7.4 paig. With 0.1 CFDM leakage rate and pressurization at all
LCFs and LFs, minimum network pressure Is 9.4 psig.

8.2 Compressor Capacity

The LCF compressors have a capacity of 208 cfh; those at the LFs have a capacity
a 25 cfh. As shown in Table I, the actual airflow from these compressors, with 0.5
CFDM leakage rate, Is far below the capacity of the compressors (order of magnitude,
capacity to actual output is about 100:1).

Thus the compressors are more than adequate for their job.

8.3 Effect of Interflight Cables

Table m shows that the maximum difference in pressure due to the presence of
Interflight cables Is 2.9 psi. This is with LCFs only pressurized and a leakage rate
of 0.5 CFDM.

This amount is sufficiently large that the effect of interflight cables must definitely
be considered in cable network analysis. Note, however, that with LCFs only pres-
surized and 0.5 CFDM leakage the average difference in pressure at interconnec-
tion junctions is only 0.7 psi. As previously stated, the difference in pressure
at junctions other than interconnection junctions is so slight as not to be worth
recording.. This suggests that the effect of interflight cables need only be con-
sidered at those junctions where Table III shows such effect to be considerable.

Recall, also, that it to recommended that if an 0.5 CFDM leakage rate is achieved,
then the Wing I network should be operated with all LCFs and LFs pressurized. Under
such conditions, Table Ill shows that the maximum difference in pressure due to the
presence of interflight cables is 0.7 psi, and the average difference at interconnection
Junctions is 0.3 psi. Thus, with 0.5 CFDM leakage, and all LCFs and LFs pressurized,
the interflight cables have only a slight effect on the pressure distribution of the Wing I
cable network.
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9.0 Usefulness ,if Flight Simulation Pane,'.q

Inu the course of this study a trem, .rduus amoaznt of experience was aoquired in the
operation of the flight simulation a.nels. The flight simulation palss were found to
have three areas of usefulness:

a. They made possible the stily descrfi'ed in thl report. ft inishing a prediction
of the Minuteman buried cable netwo-I1,

b. They are adaptable to ch&Adge '.n thg cable network azd to changer in the assump-
tions made about the pneumatic propei..tý..s of tMe cable, and thus can serve to
keep the simulation study up-to-date Mn fhe face of changing information.

a. They show great potential aa %ult-locetion tools, P. potential vhich should be
verified by actua field irfvestlgation.

As for their usefulness in the present stv 'y, it became clear in early investigations
of network pneumatic conditions that ther was no intu.i e way of estimating network
pressure and airflow. This was confirmed when pressure distributions were determined
which could not have been predicted by any prouess of logical mental analysis. Also, as
explained, there was no feasible method of theoret -:,a calculation which could be used
to determine network predsure and airflow.

This very usefulness suggests that emrloyment.of the flight simulator panels
should not terminate with the present study. The prf. 'ictions of network pressure and
airflow presented in this report are necessarily applicable to a narrow set of conditions.
If these conditions were to change, the flight simulator panels could be adjusted and
new predictions of network pressure and airflow made q,Ackly and easily by simulation.
Possible changes in conditions are:

a. Field experience indicating a change in the assumed leakage rate.

b. Field experience indicating a change in specific pneumatic resistance for
some or all of the cable sizes under consideration.

c. A discovery that a value of cable mileage reported for use in this study is
incorrect.

d. A decision to alter the geographical path of a cable with a consequent change
in cable length.
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e. A decision to alter network configuration by adding or deleting a cable in the
network.

Each of these &anges could be represented by appropriate modification of the
flight simulator pand.as. A change in leakage rate, pneumatic resistance, or cable
lsngth would be met by adjustment of the variable resistors comprising the resistive
Tow insimulator network - the amount of adjustment would be calculated on the basis
described in Appendix I of this report. The deletion of a cable from a flight network
would be represented by disconnecting the appropriate resistive Teefrom the simulator
network - a disconnection which can be accomplished by the insertion of two plugs into
tbe appropriate jacks on the simulator panel. Addition of a cable can be accomplished
by adding a resistive Teeconsisting of three variable resistors of the proper value.
These resistors would probably be mounted on a separate miniature chassis, and con-
nected to the simulator network by patch cords plugging into existing jacks on the sim-
ulator panel.

With such simple alterations, the flight simulator panels would continue to furnish
predictions of cable network pneumatic properties under a wide variety of changed con-
ditions.

The flight simulator panels also show excellent promise for use In fault location.
The use of the simulators as fault-location tools is based on the following circumstances.

a. A fault in the cable network serious enough to have a noticeable effect on the
cable network-causes a change in network pressure distribution.

b. A reported change in network pressure distribution is considered an indica-
tion of fault.

o. It is believed, on the basis of investigation, that the altered pressure distribu-
tion caused by a fault is unique for that fault; that the same pressure distri-
bution would not be caused by any other fault.

d. Faults can be simulated on a flight simulator panel.

To use a flight simulator panel as a fault location tool the "fault simulation method"
would be employed. A report of actual flight network pressure distribution would be
received, and noted to be in disagreement with the predicted pressure distribution.
Then various faults would be simulated on a trial and error basis to find a simulated
fault which would cause a simulator pressure distribution approximately equal to the
actual pressure distribution. The simulated fault would indicate the actual fault.
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Since It was not possible to investigate the merit of the fault simulation method by
inserting actual faults in an actual cable network, it was decided to use the following
method. First, a simulated fault would be inserted into a flight simulation panel, and
the altered pressure distribution recorded. Then the fault would be removed. An op-
,rator, unaware of the nature and location of the fault, would be given the altered pres-
"one distribution and would try to locate the fault by using the fault simulation method
o&. 'he same flight simulation panel. It was found that the nature and location of the
orig-'-1 fault could be determined rapidly (one or two minutes) and unambiguously by
a trial- -nd-error attempt to find a simulated fault that would produce the altered
pressure distribution.

Such investigation is open to criticism, as the flight simulator panel is used as its
own validation: first it is pretended that the flight simulator panel is the actual cable
network, with a fault included; then it is pretended that the simulator is not the actual
cable network, but an analysis device that will function as a fault-locating tool. How-
ever, in the absence of an actual cable network available for experimentation, this
method is the only one possible, and offers assurance of the following:

a. That a pressure distribution caused by a simulated fault can be duplicated
quickly and easily, knowing only the pressure distribution but not the fault.

b. That a pressure distribution caused by a given simulated fault is unique, in
that no other simulated fault could cause exactly the same pressure distri-
bution.

Thus the investigation suggests, if. it does not confirm, the usefulness of the flight
simulator panels for fault location. It is recommended that actual field trials be con-
ducted to investigate this promising possibility of predicting fault location.
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TABLE I. COMPRESSOR AIRFLOW

Airflow in cubio feet per hour

L-kafe 0.6 CrDM 0.1 CIOM LAka" 0.5 CIDM 0.1 CrOm

PLUWi..Ind ow I nd Preo.mur- LCIrnd LCPOnly lOCFand
gi m I Only AIIL'- L. Oy AUL?''s AtitnL L AlL

FIUGHT A D$ .D3 .04
Al-DO .11 .00 04 .11 .03
AS-1N A? .56 Do .16 .03
Al-rI .17 .12D0 .1A .04
6l-0O .68 .43 D7 .16 .04
A.-TOTAL 1.07 1.23 D6 .D .o

A2 .J, DO .1: .03
AS .19 D00 .16 .03
£4 .14 DII .14 .03
AS .1O
At .10 FUI-CT ' .1 .15 .11 .03

AhI .06 !Il-DD .15 .10 .06J .03
AlS .10 31-13 .21 .11 .07 . .05
ATO .11 51-IF .32 .10 .07 .02

All .1 2 I-TOT Z .6l4 .4 6 .31 .0:
22 .10 .02

L, T ..-, .10 . .02

31-:N .15 .07 .04 .02 34 .14 .03
at-PP .31 14 .09 .03 E5 .10 .03

1-00 .44 .30 .10 .04 36 .11 .05
21-13H .43 .16 .11 .03 E? .11 .03

1-7TOTAL 1.33 .51 .34 .12 26 .O .04
I3 .12 .02 19 .1 .02
1&1 .14 .03 110 .14 .03
34 .13 .03 9ll .17 .04
so .11 .o032
of .14 .03 FUOGT I
9T .05 .01 ri-Cc .16 .07 .05 .05
32 .15 .04 FI-DD .23 .11 .06 .02
so .10 .03 I-E3 .42 .20 .13 .04
310 .11 . .03 FI*F- .45 .21 .14 .04
311 .11 .02 T1-TOT 1.26 .59 .40 .12

Fl .06 .03
PLIGHT C 1`3 .:1 .03
cl-n .16 .07 .04 .01 r4 .16 .02
Cl-PT .2n .15 .07 .03 To .16 .03
CI-0O .16 .11 .04 .02 16 .16 .03
Cl-mU .In .39 .21 .07 17 .11 .03
Cl- TOTAL 1.6 .72 .36 .13 fl .17 .04

CI .13 .02 70 .0 .05
C3 .is .03 10 .14 .6
C4 .:o .04 111 .14 .03
CS .00 .02
C: .10 .o0 FLIGHT O
CT .13 .03 01-A .1 .07 .05 .01
CS .13 .:03 011 .31 .10 .00 .05
Ce. 0 .0 01-c .15 .10 .04 .0i
Cie .11 .02 02-D .44 .16 .14 .03
Ci1 .11 .03 01-TOTAL 1.16 .43 .33 .03

02 .1s .03
fLOHT D G3 .:3 .06

:1-00 .47 .17 .is .03 G4 .10 .61
Di-KH .I: .R .08 .02 05 .14 .03
DI-Ua .3 .10 .t o .02 GO .lO .03
DI-.1 .34 .09 106 .02 07 .15 .03
DI-TOTAL 1.16 .44 .37 .09 03 .06 .6

02 .14 .03 0o .14 .0
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TABLE 1. (Continued)

1dd Ce UD cr0D 0.1 CI'DM Leakage 0.5 CrDm 9. CrDMP"W~lk Iy cdyLCYRO LCP m Peauri Lr~n Uw o •r d
so" All Lme uOlyA LmF Petio IP Only .1 LF's c LF'BSFo..a WVIF' A crrl tta,.~~"' IL'

all .16 Xl-F?? .12 .06 .6 .601
all .14 .03J KI-TOTAL 1.33 .00 .36 .10

.33 .6 . .01

VIUONI N .3 .13 .03
31-A .It .0? :0 3(4 .03 .0

313 4 .23 .16 .0 1' .u8.0
.$-C .39 .30 .13 .04 K6 .13 .03

NI-V is .17 .10 .03 K7 .13 .02
11-?1rTAL 1.37 .6? .43 .14 KS .15 .02

us .1? .03 0 :14 O0x
0.1 .0 El0 .14 .03
34 .15 .04 2KIt .12 .03
RS .17 .03
161 .06 FLIGHT L
S7 .66 .06 LI1E2 .71 .3 .16 .06
no. .02 LI-Fp .32 .10 .06. .06
11 .17 .04 LI-G1 ,50 .s 2 .11 .0O
ol, .21 .05 LI-NH .10 .06 .06 .01
oIl .15 .03 LI-TOTAL 1.60 .11 .3? .12

1.2 .11 .031

11 !N1 I .13 .:0
U-A .61 .30 .1 .07 1A4 .15 .08
n-* .61 .43 .17 .11 1.5 .1T .03
11-C .16 .10 .04 .03 1.6 .14 .01
n-D .311 .1 .11 .04 1W7 .14 .03
l-TOTAl[. 1.4 .00 .61 .25 U .13 .06

n .03 . .L9 .17 .03
3 .3 .02 1.0 .14 .02

1 .13 .03 LII .16 .0
1t .16 .04
16 .13 .06 FLIGHT M
17 .15 .04 M11-HH .74 .1O .18 .04
3.I6 .04 MI-UI .s0 13 .07 .02
35 .1t .03 MI-JJ .26 .16 .0@ .:0
us0 .3 .08 M-iKK .34 .13 .6 .0
il .18 .04 MI-TOTAL 1.74 .66 .41 .10

132 .as .04
IPUWIT MI .I1 .02
J*1A .Is .09 .04 .02 M4 .1J .02
*i-a .43 .21 .14 .0A MS .14 .02
J1-C .44 .20 .13 .04 Me .11 .01
*itD .a3 .18 .10 .04 M7 .16 .03
JI-.7rAL 151/ .m .41 .AS M8 .1 .03

*i .N .03 MO .30 .64
is .!3 .03 330 .1: .0s
*4 .23 .01 MI1 .Is .03

is .24 .04
14 .16 .03 FLUGHT N
? J0 .05 NI-CC .1i .6 .6 .01

is .16 .04 NI*DD .:0 .32 .12 .04
it .13 .03 NI-ES .18 .06 .06 .0.
JIG .13 .03 Ni-rr .42 .1t .21 .06
Ail .14 .03 NI-TOTAL 1.15 .57 .I .10

-N3 .15 .03VU IENI ,t3 .03
FLOGT K N3 ise.1

KI-CC .64 .2@ .15 .04 N4 .6: .01
El-DO .23 .10 .06 .02 N5 .6 .0
KIE32 .14 .26 .0 .01 NO .15 .03
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TABLE 1. (Continued)

&~U CVO 0.1 Cr02 ILeakag 0.5 CIW4 6.1 C7024

rem Vl 0,11 mw 'Wa Pr-aaurt- WFCd Only LIC O

- A*1 .04
No .1 .62
101 .13 .03

0-1-33 .15 .01 .00 .02
0-1-CC is 06 .4 0

0.1.33 .4 .22 .15 .04
0.2-1OYAL 1.5 JIf .O .30 .11

0.1 a0 .02
04 .0 .02
0.4 .0 2 0
0.6. .13 .06
0.4 .15 .00
0..? .10 5
0.4 .3 .25
0.0 .1 .03

0.11 A6 0
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TABLE 11

PRESSURIZATION NEEDED TO MAINTAIN VARIOUS PRESSURE LEVELS

11. To maintain a pressure level of 6 poig, 10 psig pressurization input at the
following LCF's and LF's is required.

Al, AS, A6, A7, AS, A9, All II, 14, 19
B1, -B4, B-10 J1, J3, J5, J6, J7
Ci, C3. C5, C7, C9 KI, K4, K7, K11
DI, 13. D6, D7 LI, L5
El, E4, ES, E7, ES Ell M1, M2, M8
I1, F7, F10, Fll Ni, N4, N5, N7, Nll

Gi, G3. G7, G8 0-i. 0-2, 0-3. G-11
Hi, H4, S1,l HS, H7, H8, H9, H10

rlb. To maintain a pressure level of 7 psig, 10 psig pressurization input at the
following LCF's and LF's is required.

Al. AS, A6, A7, AS, A9, A10, All
Bl, B3, B4, Bl0
Ci, C3, C5, C6, C7, C8, C9
Dl. D3, D5, D6, D7, D8
El. E2, E3, E4, ES, E6, E7, E8, E9, Eli
F,. F2, F7, F8, F9, FIO, FlI
01, G3, G6, G7, G8, Gll
HI. H2, H4. H5, H6, H7, H8, H9, H10
Ii. 13, 14, 19, Ill
J1, J2, J3, J5, J6, J7
KI, K4, K7. KS, K11
LI, 1,. I,
MI, M2, M3, M8. M9, M10
Ni. N4, NS, N7, N8, Nil
01. 02, 03, 04, 07, Ol1



MTOR-C-170
28 March 1963
pope 27

TABLE 11. (Continued)

He. To maintain a pressure level of 8 psig, 10 peig pressurization input at the

fWllowing LCF's and LF's is required.*

Al. A2, AS, A4, AS, A6, A7, AS, A9, A10, All (7.4 plig)*
Bi, B3, B4, B6, B9, B10, Bll
Cl, C2, CS, 'C4, C5, C6, C7, CS, C9
Dl, D3, - DS, D6, D7, D8, D9, Dll
El, E2, E3, E4, ES, E6, E7, ES, E9, ElO, Eli (7.7 psig)
71, 72, F3, F4, 7, FS, F9, FI0, F11
01, G3, GS, G6, G7, G8, G10, ll
Hl, H2, H3, H4, HS, H6, H7, HS, H9, HI0, HII (7.7 psig)
II, 12, 1S, 14, IS, 16, I9, Il.
Ji, J2. M. J4, J5, J6, J7, J8, J9, Jil, J11
KI, K3, K4, KS, K6, KB, KB, KlI
Li, LS, IA, LB, Li1
M, M2, M3, MS, M7, M8, M9, M10
Ni, N2, N3, N4, N5, N6, N7, N8, N10, Nil
0-4, 0-2, 0-3, 0-4, 0-6, 0-7, 0-9, 0-il

*Nots: Even with all LF's pressurized, some flights cannot be raised to an 8 psig

pressure level. For such flights, the attainable pressure level is shown in parenthesis
in the table above.-
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TABLE m

EFFECT OF INTERFLIGHT CABLES

Pressure at interconnection junctions, with interflight cables
oonnected and disconnected. Pressure In p.ig. All readings
at 0.5 CFDM leakage rate.

LCF's Only Pressurized LCF's and all LF's Pressurized

Pressure Pressure
Difference Difference

Interoon- Interflight Interflight Connected Interflight Interflight Connected
nection Cables Cables vs. Cables Cables vs.
Junction Removed Connected Removed Removed Connected Removed

A14 8.0 6.5 1.5 9.2 8.6 0.6
A16 9.0 8.6 0.4 9.4 9.3 0.1
A92 6.8 6.6 0.2 8.3 7.6 0.7

B17 5.2 5.6 0.4 9.2 8.6 0.2
B18 9.2 8.7 0.5 9.9 9.7 0.2
B30 7.1 7.2 0.1 9.1 8.9 0.2

*B38 4.4 4.5 0.1 9.4 9.0 0.4

C32 8.9 8.5 0.4 9.6 9.4 0.2
C56 4.8 4.2 0.6 9.3 8.7 0.6
C93 7.2 * 8.8

D41 5.5 4.6 0.9 8.9 8.8 0.1
D59 5.3 4.4 0.9 9.0 8.6 0.4
D66 4.3 4.1 0.2 9.5 9.1 0.4
D59 2.7 2.2 0.5 8.6 8.1 0.5

E68 2.4 4.7 2.3 8.6 8.7 0.1
E71 4.9 2.0 2.9 9.0 8.7 0.3

F12 7.2 6.5 0.7 9.0 8.7 0.3
F18 7.0 6.4 0.6 6.9 8.8 0.1

G21 6.3 6.3 0 9.2 8.9 0.3
048 4.4 4.3 0.1 9.7 9.5 0.2
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TABLE M. (Continued)

LCF's Only Pressurized LCF's and all LF's Pressurized

"Pressure Pressure
Difference Difference

Wntercon- Interflight lnterflight Connected Interflight Iaterflight Connected
section Cables Cables vs. Cables Cables vs.
JiSction Removed Connected Removed Removed Connected Removed

315 6.3 6.2 0.1 9.1 8.7 0.4
109 6.3 6.6 0.3 9.1 8.9 0.2

353 5.0 4.4 0.6 9.0 9.2 0.2
174 5.6 5.9 0.3 9.3 8.6 0.7

9m .1 * 8.9*

A42 7.4 6.7 0.7 8.9 8.8 0.1
J69 7.0 6.1 0.8 8.7 8.6 0.1

KIO 7.2 7.1 0.1 9.1 9.0 0.1
Ka1 5.4 4.5 0.9 8.9 8.8 0.1

L14 7.7 7.2 0.5 9.2 9.0 0.2
LIs 4.0 4.3 0.3 9.3 8.9 0.4
1,0 5.0 5.00 9.2 8.9 0.3
U6. 8.1 7.5 0.6 9.4 9.1 0.3

U3n 6.2 5.2 1.0 9.1 8.8 0.3
o38 7.5 7.4 0.1 9.1 9.0 0.1

M46 7.7 7.3 0.4 9.2 9.0 0.2
M65 6.1 5.1 1.0 9.2 9.0 0.2
194 6.4 * 9.2 *

M49 3.7 3.9 0.2 9.5 9.3 0.2
N79 6.5 6.1 0.4 8.7 8.7 0

0S7 5.0 4.9 0.1 9.3 9.0 0.3
062 6.1 6.1 0 9.0 8.7 0.3

* Readings not taken
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,lgure 13A - night A

Figr lSB - Flight B
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Figure 133 - Flight E
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Figure 130- Flight 0

igur 13H - Fght H
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F re 13 - Pressure DLetribution (pressure in psig)
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* Figure 13 1 - Flight I
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Figure 13K - Flight K
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Figur 13M - Flight M

Figur C3 - Fliglam
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L4L

' .r. 13' l~h

Figure 13 - Pressure Distribution (pressure in puig)
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Figure 14C - Flight C
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Figure 149 - Flight E
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Figure 140 - Flight G
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Ftgure 141 - Flight I

Figure 14J - Flight J
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O Junction Numbero LF Number Leakage Rate 0.5 CFDM
o LCF Number Pressurization Source LCF AND ALL LF' S

Figure 14 - Pressure Distribution (pressure in psig)
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Figure 141K - Flight K
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Figure 14M - Flight M
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Figure 140 - Flight 0
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Figulre 14 - Pressure Distribution (pressure in psig)
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Figure 15A - Flight A
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Figure 15C - Flight C
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Figure 15E - Flight E
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Figure 15G - Flight (

Fiur 15 T Fg H
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O LF Number Leakage Rate 0.5S CFDM
O LCF Number Pressurization Source •

F•gr 15 - Pressure Distribution (pressure in psig)
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Fi/gure 151 - Flight I
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Figure 15J - Flight J
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Figure 15K - Flight K

Figure 15L - Flight L

O Juctio L O Number

O LF Number Leakage Rate 0.5 CFDMo LCF Number Pressurization Source

FIgure 15 - Pressure Distribution (pressure In pLig)
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'tgure 15M - Flight 3!
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Figure 150 - Flight 0

UU

LI L

L•"•.on C w "•~,

Figure 15 - Pressure Distribution (pressure in psig)

o• Junction NumberO LF Number leadrage Rate 0.5 CFDM

o WCF N~umber Preesurlsatlc Source LCF ONLY
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Figure 16A - Flight A

to

Figure 16B - Flight B

0cNu
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0 Juncton Number

o LF Number Leakage Rate 0.5 CFDM
o LCF Number Pressurization Source LCF AND ALL LF'S

Figure 16 - Pressure Distribution (pressure in psig)
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Figure 16F - Flight F
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11gre 160 - Flight 0

o FNubrLlkgeRt .5 CFDM

o Luctio Number Pesrzto oreLFADALL'

Ffgure 16 - Pressure Distribution (pressure in psig)
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Vip. 161 - Flight !
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Figure 16 - Pressure Distribution (pressure in psig)
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11par 16Kw Flight K

FigureIL 1614Flgh4
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Figure 1GM - Flight M
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Figure 160 - Flight 0

Figure 16 - Pressure Distribution (pressure in psig)

O" Junction Numbero IF Number Leakae Rate 0.5 CFDM

O LCF Number Pressurization Source LCF AND ALL LF' S
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APPENDIX I

Calculation of R and R L

A. Calculation of Rp.

In the Buried Cable Design Verification Program, measurements were made on
various sizes of cable of the relation between airflow through a cable length to pressure
drop over the cable length. It was found that the ratio Pressure Drop varied only

Air Flow
slightlywith change in pressure drop (see MTOR-C-052, page m-9, figure 3. If a certain
average pressure drop could be assumed, then the ratio Pressure Drop could be con-

Air Flow
sidered a constant, and defined as the Pneumatic Resistance of the cable. Since the
maximum network pressure is 10 paig, the compressor input pressure, and the mini-
mum tolerable network pressure is 6 psig, the value at which a low-pressure alarm is
sent, the maximum network pressure drop is 4 psi. Since this drop is distributed over
several cables, it was felt that an average pressure drop of 1 psig could be assumed.
The curves In MTOR-C-052, page 111-9, figure 3 were extrapolated to form the curves
shown in figure I-1 of this report. These curves show specific pneumatic resistance
rp in 2 per 1000 feet of cable length as a function of cable size. Cable size is ex-

pressed by the number of 16 AWG ort9 AWG wire pairs in the cable.

For a homogeneous cable (i.e. containing exclusively 16 AWG or exclusively 19
AWG wire pairs) the value of rp taken from figure 1-1 is multiplied by the length of
the cable in thousands of feet to find Rp, the pneumatic resistance of the cable. A
heterogeneous cable, containing both 16 AWQ and 19 AWG wire pairs, is treated as
having the same pneumatic resistance as two homogeneous cables in parallel. The
specific pneumatic resistance of the heterogeneous cable is found by

r (r. 16 AWO ) (rp 19 AWG)

p (rp 16 AWG)+(r 19 AWG)

and this value of rp is multiplied by the length of the cable in thousands of feet to find
Rp, the pneumatic resistance.
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For example, cable HH, flight C contains 29 wire pairs of 16 AWG and 13 wire
pairs of 19 AWG and is 16,100 feet long. Consulting the 16 AWG curve in figure I-1,
r for 29 wire pairs is .08 psi per 1000 feet. Consulting the 19 AWG curve in Figure

oih
1-1, r. for 13 wire pairs is 1.70 psi per 1000 ft. Therefore

o~h

rp, cable HH = (A08) (1-70) .076 per 1000 ft.
(.08) + (1.70) c.•-

The length of the cable, in thousands of feet, is 16.1

RP - .076 x 16.1 = 1.23

Where the number of pairs of one wire size in a cable is less than five pairs, the
curves In figure 1-1 are useless. In such a case, it was assumed that all wires in the
cable were of the more populous size. For example, cable U, flight K, contains 6 pairs
of 16 AWG and 2 pairs of 19 AWG. 16 AWG is the more populous size in this cable, so
assume that all eight wire pairs in the cable are 16 AWG. Consulting the 16 AWG curve
in figure I-1, rp for eight pairs is 0.88 psi per 1000 feet.

cfh

B. Calculation of RL

This report considers leakage rates of 0.5 CFDM and 0.1 CFDM for a system
pressurized to 10 psig. (CFDM is cubic feet per day per mile.) These two leakage
rates, on an hourly basis, would be, respectively, 1 and 1 cfh per mile. Leakage

4T 240
conductance is the ratio of air flow to pressure. Based on an average 10 psi network
pressure, the two leakage rates represent specific leakage conductances of -L cfh

1 cfhi 480 psi
per mile (0.5 CFDM) and I -fh per mile (0.1 CFDM). These values, multiplied
by the length of the cable In miles, gives the leakage conductance, GL

GL a (Miles) cfh (0.5 CFDM)480 psi

G a (Miles) cfh (0.1 CFDM)
L 2400 pi-(1-
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Sinoe leakage conductance is represented in simulation by an electrical resistor,
it is convenient to speak of a leakage resistance, RL, which is simply the reciprocal
of the leakage conductance GL:

1
RL GL

480 psi (0.5 CFDM)
RL (Miles) cl ( F

R 2400 psi (0.1 CFDM)L (Miles) c (h

480

For example, cable HH flight C is 3.05 miles long. R for 0.5 CFDM is Y- =pal2400 psi78L.3.05

7. -Pi R for 0.1 CFDM is 2 787.0 pi 3
h" L 3.05 -



MTOR-C-170
28 March 1963
Page 66

APPENDIX R1

CABLE DATA

Tables 1lAthrough 11-0 show the size, length, and pneumatic properties of each
cable in the Wing I buried cable network.

Column 1 in each table, "Designation", refers to the cable designations used in
tho pressure distribution maps, figs. 13 through 16 in the main body of this report.

Columns 2 and 3 in each table, "Number of Pairs," show the number of 16 AWG
and 19 AWG pairs in each cable.

Column 4 shows the specific pneumatic resistance rp for each cable, computed as
deosribed In Appendix 1.

Columns 5 and 6 in each table give the length of the cable in miles and feet. For
an lnterfltght cable, half the total length of the cable is given.

Column 7 shows the pneumatic resistance Rp for each cable, computed as described
in Appendix L

Columns 8 and 9 show the leakage resistance RL for each cable for leakage rates
of 0.5 and 0.1 CFDM, computed as described in Appendix 1.
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TABLE ILI-A

CABLE DATA FOR - FLIGHT A, WING I

CaCrle Cable

Cabe Ho. of Pairs rp Length Length l RL
Dm.ignmftoe 1 AWG 19 AWO Per 1000 Ft. (Miles) (Feet) RP 0.5 Cs DM 0.1 CFDu

A 17 1t 0.337 2.27 13,000 4.0 211.5 .1057.5
a 14 14 0.400 1.50 7,940 3.2 320.0 1600.0
C 6 1s 0.651 3.20 16,900 11.0 150.0 750.0
D 30 S. 0.290 19.70 104,016 30.2 24.4 122.0

9 8 8 0.596 1.70 9,000 5.4 282.4 1413.0
3 a o.0l8 1.14 6,020 0.4 421.1 2105.6

o 44 2 0.07 14.6 77,088 5.4 32.9 164.5
t Io 5 0.36 0.949 5,012 1.8 505.8 2529.0
1s 12 0.465 5.25 27,725 12.9 91.4 457.0

J13 a 0,4"• 2.27 12,001 610 211.5 1057.5

K 17 15 0.318 1.33 7,000 2.2 360.9 1804.5
L 14 7 0.439 12.599 68,525 29.2 38.1 190.5
M I 4 0.628 5.99 31,803 19.0 60.1 400.5

M| 10 2.0 8.03 36,800 73,2 69.3 348.5
O 9 11 0.560 2.24 11,839 8.8 214.3 1071.5

P S 12 0.552 8.23 32,915 18.3 77.1 385.5Q 0 14 1.030 1.62 8,557 14.0 396.3 1481.5
R3 12 1.780 8.82 48,590 82.0 5]4.4 2'72.0
83 8 2I.33 2.588 13,664 31.8 185.5 927.5

T. 27 17 0.111 5.92 31,275 3.5 81.1 405.5
v 27 it 01113 5.28 27,900 3.2 90.9 454.5
V 24 2 0.170 8.9 46,992 6.0 53.9 269.5
W 3 12 1.78 3.58 18,815 33.5 134.8 674.0
x 24 12 0.150 1.89 10,000 1.5 254.0 1270.0
T 0 14 1.63 1.136 6,000 9.8 422.5 2112.5
I 0 12 0.189 1.25 43,571 30.0 58.2 271.0AAq 6 8 0.809 1.136 6,000 4,9 422.5 2112.5

asb 15 .0.688 4.35 22,977 15.8 110.4 558.0
cc 1, 14 0.454 1.7 9,000 4.1 382.4 1412.0
DID a 18 1.49 2.72 14,375 21,4 178.5 882.5
REb 29 8 0.09 3.83 19,128 1.5 132.8 663.0
FF 5 32 1.21 3.10 10,362 19.8 154.8 774.0
00 24 22 0.149 3.54 18,669 2.8 135.6 878.0
MR 0 1i 1.55 3.01 15,885 24.0 159.5 797.5
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TA13LE fl-B

CABLE DATA FOR - FUGHT B, WING I

Cawd, Cable 
RCdoS No. ad pwair IV Infith Laengh

1ugim 6 AWO 19 AWO Per 1.000 Pl. (Miles) (Feet) RP 0.5 CrDN 0.1 CFDM

' A 6 £ 3.400 509 26,904 31.47 94.2 471.5

a 6 85 0.454 1.-02 5,383 2.45 470.1 2350.0
C 1: 23 0.1260 5.14 27,118 7.05 93.5 467.3
0 1' 0.2 2.7 14,651 ?.74 173.0 664.9

3 at1 27 0.2,03, 104 5,613 1.12 459.3 2294.6
F 1 0.52 2 .6 13,747 7.26 184.3 021.6

Is 24 21 0. 4.762 24.950 3.74 101.6 507.9
11 14 14 0.400 3.42 18,076 7.23 140.2 701.1
I is Is 0.120 3.97 20,956 2.51 120.9 604.7
1 1S a 0.496 2.43 12,822 6.36 197.7 948.6
K 47 14 0.058 3.60 19,013 1.10 133.3 666.5

L Is 0.060 3.91 10,671 1.24 122.6 613.0
It 1 15 0.528 3.16 16,712 5.52 151.6 758.3

P4 18 1.550 1.74 9,19 14.25 275.5 1377.7
0 9 14 0.537 0.36 1,922 1.03 1316.7 6593.4
NO S 15 0.526 3.06 16,171 8.54 156.7 783.5
Q 6 . 0.509 1.39 7,340 5.94 345.3 1726.6
a 35 14. 0.067 4.33 22,857 1.53 110.9 554.4
a 44 2 0.060 3.84 20,275 1.22 125.0 625.0
T 3 15 0.528 3.68 19,427 10.26 130.5 652.4
o 38 15 0.067 0.68 4,668 0.31 543.0 2714.9
v 9 8 0.596 2.82 14,885 5.87 170.3 851.4
V 0 22 0.482 4.02 21,221 10.23 119.4 579.2
x I 15 0.528 3.04 16,036 8.47 158.0 70.0
T 12 16 0.443 4.05 21,368 9.47 118..6 593.0
2 1 ;o2 0.S5p 3.32 11,532 9.13 144.6 722.9

AA 20 8 0.290 2.00 10,560 3.06 240.0 1200.0
3e 12 17 0.437 1.16 6,138 -2.88 412.7 2063.6
cc 9 1s 0.528 5.20 27,471 14.50 92.2 461.3
DID 3 23 1.100 1.001 5,724 6.30 442.8 2214.0
33 3 it 1.250 3.16 16,869 20.84 152.11 760.2
7?F 6 24 0.597 3.12 16,450 9.112 154.0 770.2
00 32 16 0.056 3.24 17,1234 0.96 14T.9 739.6
mE 26 14 0.120 3.17 16,749 2.01 181.3 756.6
3 1s 9 0.392 3.05 16,204 6.31 157.4 766.9
ji 9 2 to1 0.077 3.23 17,054 1.313 148.6 743.0
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TABLE il-C

CABLE DATA FOR - FLIGHT C, WING I

Cabl No atPais rCable Cable L

Cabe No. o Pairs rp Length Length RL

De;ignation 16 AWO 19 AWO Per 1000 Ft. (Miles) : OeJ WTM a. ; CTD-

A 6 15 0.689 1.31 6,917 4.6 366.4 1832.0

6 25 10 8 L 60 15,101 10.4 127.8 83 .0
C 6 9 0.788 1.24 8,548 8.1 307.1 1935.5
D 11 23 0.428 8.42 36,898 14.5 74.8 374.0

I0 18 050: L680 13,728 8.9 184.8 023.0
• 80 1: 0.240 17 8,0 1.0 377.9 1889.5

r0 .1.21 6,600 1.
G 6 16 0.526 4.10 31,648 11.4 117.1 585.6

* 29 2 0.060 6.48 34,241 2.7 74.0 370.0

! S 13 1.37 1.05 5,544 7.6 457.1 2285.5
1 0 18 105 8.47 44,748 47.0 56.6 283.0

K 5 40 0.80 1.05 5,544 4.4 457.1 2285.5

L a is 1.37 .15S 11,352 15.5 223.2 1116.0

A 3 14 1.43 5.29 27,931 39.9 90.7 453.5

N 0 9 2.14 1.6 10,032 21.5 282.6 1263.0

0 6 18 0.505 4.C8 22,598 11.4 112.1 560.5

P 1 15 1.37 3.3 17,424 27.0 145.4 727.0
Q 6 12 0.731 7.6 41,184 30.1 61.5 307.5

R I 12 0.552 0.64 4,435 2.4 571.4 2857.0

8 11 0.560 1.75 9,240 5.1 274.3 1371.5

T 6 15 0.528 4.21 22,229 11.7 114.0 570.0

U 6. 12 0.731 4.53 23,918 17.5 106.0 530.0

v 3 12 1.76 7.14 37,699 67.1 67.2 336.0

W 12 5 0.630 1.83 9,662 6.1 262.3 1311.5

X 41 9 0.068 2.80 14,784 1.0 171.4 857.0

Y 50 11 0.058 2.40 12,672 0.73 200.0 1000.0

Z 12 12 0.465 3.23 17,054 7.9 148.6 743.0

AA 64 2 0.060 3.91 20,671 1.2 122.6 613.0

Ba 9 11 0.560 1.70 8,976 5.0 282.3 1411.5

CC 0 15 0.528 2.64 13,939 7.4 181.$ 909.0

DD 6 11 0.746 2.20 11,616 8.7 218.2 1091.0

3z 0 17 1.43 3.26 17,313 24.6 147.2 736.0

r? i 50 0.65 3.11 16,421 10.7 154.3 771.5
00 0 20 1.28 3.02 15,946 20.4 158.9 794.5

aH 29 13 0.076 3.05 16,104 1.2 157.4 781.0
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TABLE II-D

CABLE DATA FOR - FLIGHT D, WING I

C"If Cablecm No.a 3d • ft p unt l~nmth iiL
O •ipem 16 AWO 19 AWO Per 1000 Ft. (holes) (ret) Rp 0.5 CFDM 0.1 CFDM

A 15. as 0.329 1.64 5,128 3.7 311.7 1858.4
a 31 27 0.203 7.92 41,882 8.5 60.5 302.6
c 9 15 0.528 2.74 14,453 7.6 178.2 816.9
D 34 21 0.150 5.33 28,155 4.2 90.1 450.3

16 10 0.305 2.38 13,470 3.8 203.4 1016.9
25 23 0.125 0.20 1,062 0.1 2400.0 12000.0

o 12 2 0.630 .2.60 13,740 7.3 154.0 923.1
3 11 12 0.487 1.03 10,186 5.0 248.7 1243.5
! 12 12 0.487 4.01 31,157 10.3 119.7 598.5

1 9 1.63 L41 18,002 29.3 140.6 703.8
K 11 20 0.440 5.32 28,474 12.5 69.0 445.3
L I is 0.651 4.50 23,878 15.5 106.7 533.3
m 1 17 1.20 3L.7 10,833 23.1 127.1 038.3
N 4 is 0.551 4.70 34,809 16.1 102.1 510.6
0 5 a 1.70 2.00 13,706 13.3 184.0 923.1
p 12 14 0.454 1.64 9,707 4.4 260.9 1304.3
Q 17 21 0.330 2.24 11,525 3.9 214.3 1071.4
I 26 14 0.120 2.40 12,646 1.5 200.0 1000.0
a I 15 0.526 L70 14,373 7.6 177.6 886.9
T 29 2 0.000 6.485 34,241 2.7 74.0 370.1

is 15 1 0.412 1.15 6,067 2.5 417.4 2087.0
I 9 15 0.528 3.92 20,704 10.9 122.4 612.2

W 1t 12 0.300 1.02 5,406 1.0 470.0 2352.9
X as 20 0.238 1.03 5,428 1.3 486.0 2330.1
1 36 22 0.117 3.70 19,517 2.3 129.7 64S.6
z 0 15 0.528 3.86 20,362 10.7 124.3 621.6

129 10 0.077 3.23 17,054 1.3 143.6 743.0
3i 11 13 0.481 3.64 19,222 9.2 131.9 059.3
CC 29 10 0.076 4.81 25,402 1.9 99.8 498.9
DO 12 11 0.471 2.64 13,925 6.6 181.8 909.1
33 9 15 0.528 4.24 22,386 11.8 113.1 566.0
• 9 11 0.500 1.57 6,279 4.5 305.7 1528.7

I a 0.48S 3.1 16,362 7.9 154.8 774.7
911 5 i1 1.46 3.23 17,039 25.3 148.6 743.0
U 1 is 1.18 &S7 18,655 22.2 134.4 672.3
JJ a 22 1.18 3.53 16,662 22.0 136.0 679.9
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TABLE 13-E

CABLE DATA FOR - FLIGHT E, WING I

Cal No. of Faim r Cbe Cable it

Csio No Pdr p Imqgth uengm R

DwIsmdm 1S AWO 19 AWO Per 1000 Ft. (Miles) (Feet) Rp 0.5 CFDM 0.1 CFDM

A I 11 0.111 0.82 4341 3.3 583.9 2919.7
a I 1i 1.37 3.10 16864 23.1 150.3 751.4
c S U 1.33 2.47 13045 30.3 194.2 971.3
3 3 1: 1.37 6.85 36173 49.6 70.1 350.3
a o 11 1.76 Lot 10425 16.9 238.6 119L8

t 11 1.78 1.19 6300 11.2 402.7 2013.4
o 0 1 4 1.37 2.95 15560 21.3 162.9 614.4
a 31 11 2.63 1.41 7435 12.1 340.9 1704.5
1 5 17 1.20 3.96 15653 16.6 162.2 610.6
J 3 15 1.37 L319 16630 23.1 150.5 752.3
R a it 0.598 0.11 48076 28.7 53.7 263.4
f I is 0.564 2.47 .13026 7.7 194.3 971.7
N 1 : L" L0 13708 23.3 164.9 923.1
N 9 15 0.549 1.11 5876 3.3 431.3 2156.3
O 6 2 0.88 4.23 23334 19.6 113.5 567.4"P 6 13 0.717 333 17561 12.6 144.3 721.6
Q 1 13 0.731 1.44 7536 5.5 334.0 1670.1
a IL 0.598 L.33 13287 7.3 206.3 1031.4
* 3 1 1.24 2.24 11118 14.6 214.5 107L.4
T 12 14 0.454 1.11 5889 2.7 430.5 3152.3

S 223 to 0.166 3.04 16080 &.7 157.6 788.2
6 15 0.669 3.62 20160 13.9 125.4 627.9

W 31 16 0.076 4.81 35402 1.0 99.6 498.9
2 17 23 0.299 1.48 7831 2.3 323.7 1618.3
T I 1i 0.543 7.87 41574 22.6 01.0 304.6
3 3 is 1.37 4.37 13088 31.6 109.6 547.6

AA 6 12 0.731 4.60 24300 17.8 104.3 521.5
33 6 32 0.465 1.0 6 8 560 .6 440.1 2130.5
CC 2 34 0.64 3.34 17630 15.5 143.0 718.8
DO 0 15 1.55 3.36 17735 27.5 142.9 714.5
33. 3 14 1.47 2.25 17166 25.2 147.6 136.0
p! 3 1i 1.37 2.24 17084 23.4 148.3 741.7
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TABLE 1l-F

CI.3LE DATA FOR - FLIGHT F, WING I

Cale CabIe

Cae e fo d aln L.wIse AbL
Delgtoda If AWO 1 A Per 1000 Ft. (Mle (Feet) Rp 0. CPDM 0.1 CFDM

A 6 .V' 0.552 3.18 43137 23.3 60.7 2MA.4
a 0 11 1.350 3.05 1IS 23.9 131.6 657.3
C 6 6 0.ta7 6.06 32006 30.1 70.2 390.9
3 tl3 0.U43 7.06 37267 20.3 05.0 340.0

I 3 13 1.370 4.93 2e011 3l.i "7.4 487.0
1 6 12 0.731 3.63. 19173 14.0 132.2 651.0
* 3 16 0.U8 8.30 17434 6.2 145.4 736.8

B It U 0.077 LS3 16484 1.3 16.6 816.3
I 12 12 0.404 4.217 12563 10.5 112.3 501.7
S s0 o 0.00 .2 27577 2.3 61l 456.6

4 U L 0.5N 4.64 25530 1.1 9.1 495.4
L 1 12 0.258 3.26 17236 3.5 147.0 735.1
S o1 6 0.050 1.44 670 0.5 283.6 1443.3
x 7 7 0.734 3.23 43600 32.1 57.0 380.5
0 I S 0.060 3.00 16241 1.0 157.0 700.2

u 12 i 0.468 3.14 16558 7.7 153.1 765.3
9 15 0.528 3.07 15217 3.6 154.3 7"1.5

it 6 0.800 1.55 3196 0.6 303.3 1546.4
a 1 11 0.U60 1.06 5606 3.1 452.0 1259.9

UT 2 0 0.422 1.02 8401 2.3 469.2 2340.0
U ai & 0.96 1.26 17218 6.3 147.2 736.2
V 13 1 0.200 2.34 12380 2.5 204.7 1023.4
W 24 1 0.160 0.98 5190 0.6 488.3 2441.5
x 15 2 0.400 3.82 20185 6.1 125.6 627.8
Y 33 6 0.069 1.19 6310 0.4 401.7 2006.4
2 11 3 0.312 1.63 10210 3.2 246.3 1241.0

AA 0 S 0.670 2.13 16510 11.1 153.4 767.0
al 9 14 0.536 1.60 6443 4.5 300.2 1500.0
CC I 1 1.550 3.18 16772 26.0 151.1 755.4
DD 3 24 1.080 2.26 17226 16.6 147.1 735.5
33 to 8 0.396 3.24 17111 6.6 140.1 740.6
l1 1 15 0.367 3.13 16544 6.1 153.2 7.0
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TABLE U - 0

CABLE DATA FOR - FLIGHT G, WING I

Cable No. of Pars r Cable Cable10 wo10 wo hIoo r LngthPl

Dpost , Il6 AWO t0 AWO Par F0.0it = (Feet) Rp 0.6 CFDM 0.1 CFDM

A 1 12 1.56 293 15470 24.0 108.8 819.1
S0 33 0.04 3.64 10224 18.1 131.0 610.3

C 0 I 1.21 3.64 10220 26.2 131.0 650.3
D 2 20 0.20 3.68 20487 6.1 123.7 018.6
3 6 11 0.6 1.65 6160 4.:6 00.1 1548.4
1 0 5 0.07 21.42 12770 6.6 108.i 901.7
a 2 N 0.16 1.06 5590 1.0 452.6 2264.1
• 21 8 0.226 1.83 9680 2.2 263.8 1311.5
2 9 a 0.52 3.35 17160 0.1 147.1 736.4
1 6 11 1.87 3.61 20070 20.2 120.0 604.5
Z 6 14 1.63 1.58 8650 13.6 303.1 1510.0
L 1 S 0.800 1.64 9693 7.8 260.8" 1304.3
Al 19 14 0.371 0.70 4000 1.6 631.0 3157.0
IN 3 13 0.004 1.00 6450 0.6 300.0 1500.0
O 6 6 0.009 3.60 16900 15.4 133.3 666.7
p 34 27 0.067 1.07 5670 0.3 448.6 2243.0
Q 6 21 0.621 2.09 11050 6.6 229.7 1148.3
a 24 20 0.057 4.01 21195 1.2 110.7 596.5
a a 14 0.058 2.67 14115 0.8 179.8 898.9
T 0 10 0.500 2.50 13665 6.6 185.3 026.6
U 14 14 0.400 3.17 16732 0.7 151.4 757.1
v I 16 0.651 3.40 18450 12.0 137.5 687.7
W 12 12 0.465 6.01 30457 16.9 09.5 347.3
x 6 16 0.528 3.00 16320 8.6 155.3 776.7
T I 1s 0.680 4.25 22442 15.5 112.0 564.7
2 0 15 1.550 10.09 53268 62.7 47.6 237.9

AA 9 15 0.520 3.48 10355 0.7 137.0 689.7
an 6 15 0.528 2.62 13640 7.3 183.2 016.0
CC 9 15 .5128 3.65 10256 10.2 131.5 657.5
DD 28 30 0.091 9.8 51744 4.7 40.0 244.0
3 348 22 0.057 3.78 19958 1.1 127.0 634.9

POP 5. 2 0.060 3.06 16241 1.0 157.0 760.2
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TABLE 11-H

CABLE DATA FOR - FLIGHT H, WING I

rdft ma Cable ItL

bnlumt 16 AWO It AWO PFo 1 . (MU..) (Fet) r 0.6 cDM 0.t COMM

A 4 L14 U.N 1140 .40.3 184.6 074.3
a 11 a &.14 3.55 10644 7.1 123.4 615.0
C T it L406 3.67 14073 6.4 270.6 3N.5

a 10 14 6.464 3.64 16464 8.5 135.6 678.0
I I 5 1.0" 8.16 16674 11.1 151.3 175.5

V 31 10 03m22 1.46 7735 l. 326.6 1643.1
St1 11 0.471 3.46 12660 4.1 151.6 003.0

3 II 6.530 1.07 643 3.0 446. 2245.0
1 L I 014 1.60 1005 6.3 852.6 1863.1

1 U1 I.45 1.34 .6562 6.7 367.1 1363.5
I L 5 670 3.540 2175 21.9 131.8 657.5

L 1a 15 L.311 3.25 17157 5.0 141.7 738.6
M 6 0.606 3.0W 106oo" 8.8 233.0 1164.0

x a a 2.660 1.37 "GO 15.5 356.7 1183.4
0 34 17 L.2I5 5.20 27475 4.3 51.1 401.8
p 11 1S &.466 3.30 17400 - .1 145.4 737.2
I 80 14 &.076 6.o0 4767 0.4 533.3 366.T
a 9 15 &.3S L.Nl 14067 7.4 160.4 602.3

S 30 3 L.060 3.10 16368 1.0 164.6 774.3
T 1 9 .$314 7.10 37464 14.7 67.6 338.0
* 5 121 V31 6.20 37471 20.1 OL.2 401.8
V 6 6 6.52t 12.20 64406 40.4 30.3 in6.?
W 11 1 &.4"1 1.16 317 11.1 U1.0 465.1
I t 10 to6 6.0 - 47322 73.3 U.S. 267.5

S 61 11 &.T31 3.52 150 13.4 130.4 601.5
I I1 32 &.480 4.63 25476 12.3 00.4 406.6

AA a is 1.660 10.71 84564 67.7 44.1 324.1
w 4 11 0.731 3.70 16543 14.2 122.? 648.6
cc 34 11 &.1M6 4.50 23753 2.7 400.7 522.2
DD is 12 0.445 3.43 12617 6.0 137.5 067.6

3 36 a c.060 L12 27577 -3.3 31.0 456.5
ia & LI 6.635 3.12 16477 6. 15.6 7L6a.2
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TABLE a - I

CABLE DATA FOR - FLIGHT IL WING I

Cable CableN.de li. 84 Pairs Lengtl Ler•t ML

Deasipam If AWO 10 AWO Per 1000 &M . (Miles) (Feet) p 0.5 CFDM" 0.1 CFDM

A 33 10 U.n 3.28 17208 3.1 140.3 131.7
a 2T 6 011 3.52 18609 2.1 136.4 001.6
C 6 10 1.33 3.13 16504 21.6 163.3 166.5
D 6 36 0.611 3.53 16632 0.5 136.0 079.0
* a 3 1.10 6.39 28407 42. 6.0 445.3
v so* S 0.076 3.39 17910 1.4 141.6 109.0
o i sI 0.731 L44 13905 6.4 196.7 M63.6

I a 0.909 L34 13402 10.0 189.0 044.0
I is 14 0.454 1.63 0426 4.4 263.7 1326.7
./ 8 33 0.450 1.56 8223 3.7 307.7 1538.5
3 a Los6 L36 15600 10.3 10.2" 610.6
L 3 1 9.122 1.50 7941 1.0 320.0 1600.0
A 20 14 0.070 L02 14013 1.1 1"0.2 651.1
• 3 1i L53 4.02 21233 32.9 119.4 597.0
o DY 11 0.112 36 17127 LO 142.6 714.3

8 1 1. L55 2.56 188162 20. 134.8 674.2
Q 34 3 0L130 6.3 44986 5.P 5.2 261.7
a is to 0.292 9.67 51039 14.9 40.6 246.2
1 0 13 0.552 5.55 29233 16.2 6.5 432.4
T 0 12 0.552 2.10 .16823 9.3 150.5 75L3
U 21 3 0.197 L.2 30741 6.1 6L5 412.4
v 6 18 0.651 &04 20776 13.5 121.6 609.1
1W v 31 0.106 1.02 56402 0.6 470.5 1352.9
x S IS 0.526 &61 19056 10.1 133.0 664.0
y 30 21 0.065 1.91 10104 0.7 251.2 1256.5
2 12 13 0.465 4.15 21935 10.2 115.7 576.3

AA 36 22 0.057 2.76 19956 1.1 127.0 634.9
so 26 10 L.077 7.05 37223 L9 68.1 340.4
CC I v 0.711 6.07 42631 30.3 59.5 307.4
DO 2D 1 0.115 6.35 33551 3.6 T7.I 377.
33 24 6 0.161 Li 160sm L7 150.0 754.7

2? DY S 0.114 0.76 35796 4.1 70.8 354.0
O0 1i I 0.321 3.76 12953 0.3 127.7 638.3
mi DY ' 0.150 4.36 23021 L3 110.1 150.5
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TABLE U - J

CABLE DATA FOR - FLIGHT J,WING I

Cme Came Ca
camep Loo th Ldmslt

Dhuesilum 11 AWO 1O AWO Per 1000 Ft. (M ..) (FeOq 67 U CFDM 0.1 CIDM

A 0 1$ 1.8 2.17 16713 35.5 111.4 757.1
a I to 0.0268 3.1 1242 6.0 150.5 7I5.
c 12 so 6431 3.65 15254 64 IU.A 30.4

1s 14 0.454 2.1 16776 7.6 150.0 74.7
is 17 6.437 1.0 5432 2.4 46.0 2230.1
1 11 1.47 1.3i 606 5.7 2CO4.0 1920.0

15 11 0.3O1 1.36 711" 2.7 252.9 1618.7
a IS 14 6.45 1.11 757 3.6 317.1 1106.4

I t1 3 6.200 0.604 II5 1.0 460.8 2449.0
t 15 2 L.400 L25 13341 5U 16.7. 646.6

x 21 6 2UI 0.LO 526 12j 464.8 2424.2
L 21 2 a.20& 0.56 5150 1.1 409.6 2445.0

S S U 0.560 2.27 12506 7.0 202.5 101L2
IN 11 i.580 2.05 10630 6.1 234.1 1170.?
o U9 10 0.2L2 1.23 6500 1.4 260.0 1051.3
p 12 I L.400 2.40 17556 7.2 141J 705.5

S $ 15 1is70 L3.6 102 2m5.5 134.1 670.4
• 6 1t 0.660 6.62 34064 24.1 73.1 363.5

1 i Is 0o318 5.15 43052 15.3 S6.S 364.5
a 6 1i L.6s 3.57 20434 t4.1 134.0 620.1

U 5 13 0.&53 3.40 15417 10.3 137.5 017.7
V is 2 0.210 14.71 77664 15.4 22.6 152.1
W 1. 6 0.CU7 10.24 54060 33.5 40.5 234.4
I 6 0.L627 M72 19447 12.3 119.0 045.2
T so is 0.06 2.20 12454 0.5 202.4 1016.5
a 5 a &.552 3.51 20114 11.1 136.0 636.0

AA 27 6 0.115 4.36 23021 2.6 110.1 550.5
as 6 1 0.640 4.02 21201 14.7 110.1 595.5
CC 6 15 9.445 3.10 16656 11.5 151.5 755.5
OD 6 1 0.466 3.34 1127 12.1 143.? ?7i.$

.3 22 14 0.051 2.12 112310 .6 225.3 1126.1
pP 35 a O.060 3.20 163W6 1.0 154.8 774.2
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TABLIJ U-K

CABLE DATA FOR - FLIGHT K, WING I

came ewele

k 16 AWO 10 AWO Per 10O0 1 M (Fe et CA c) o.1 Crum

A I7 14 04067 1.33 N" 0.1 313.7 1i66.6
S 4 I7 0.068 L.O8 5 200 0.3 484.8 142423

c I If 0.609 3.1 16766 11.5 130.8 764.7
. 46 Il 0.018 1.00 10100 0.6 246.7 1243.5

S6 12 0.51U 3.30 18476 10.2 137.1 US.7
• 4 1 0.060 3.13 16526 1.0 IU.3 766.8

i s3 10 6.376 4.00 215" l.2 117.4 586.8
3 N 20 0.111 6L41 33843 4.0 74.3 374.4
I 6 10 6.083 2.13 16617 11.4 132.4 761.6

IS 14 6.120 4.32 22101 2.7 111.11 555.3
I 6 1. 0.ant LI 15246 10.5 166.1 830.4

w 2 2 0.106 3.27 17260 1.1 1406. 724.2
K i1 IT 0.458 1.10 6061 2.7 411.4 2067.0
x is 6 0.4SN 0.03 6013 2.3 500.2 2326.2
O 0 12 0.a6 2.42 16100 10.0 123.0 6$".1
p 9 1 0.600 1.63 0356 6.6 284.3 1472.4
48 is 2 0.230 12.2 84332 16.1 30.4 IN.
a 6 0..627 2.06 1 7 10.1 156.$ 784.3
I I 6 0.627 3.50 18436 11.6 137.1 685.7
T I6 I L .300 2.07 10304 3.3 231.3 1153.4

a 3 2 6.660 2.28 12077 10.0 200.6 1048.0
V 1 12 6.062 3.13 16607 8.1 153.3 766.6
w 2 It 1.63 3.10 16617 27.4 130.3 M6.3
Z 2 6 1.18 1.83 "762 18.3 250.6 1237.0
T 1 is 0.56M 4.32 28422 3.0 N.6 437.0
3 i 2 0.Ul T.66 40442 22.2 66.7 213.3

AA 6 1i 0.689 2.46 123s6 0.9 136.1 7M.6
is 18 11 o.302 1.12 3830 1.3 423.6 2142.8

CC to 24 0.L27 3.24 17648 4.3 143.7 713.6
so I 18 1.17 3.00 16334 13.1 155.3 776.7
S I a 06.67 2.13 16626 10.4 112.4 7161.9
16 12 L73" S.06 1097 21.0 In.3 778.7
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TABLE U - L

CABLE DATA FOR - FLIGHT L, WING I

No. d Pairs I0 RL

ke11smokm 16 AWO 1S AWO Per 00 72. 011n) ( )0.C.=

A 31 0.064 LI20 11004 0.7 226.6 114L3
a 40 0.0L 4.31 21570 1.3 111.4 556.6
C is 12 L,46 2.54 13531 U. 1017A 027.5
D 41 U 0,0O0 5.77 30406 1.6 63.3 415.9
a 9 5- 0.530 LOT 1610 L6 1513 7581.1
V i1 1 0.310 1.33 6072 L3 363.6 16102

i si 1 0.46 3.15 10643 7.7 I1M4 701.9
• 14 0.537 1.16 6140 L3 413.8 2054.0
I a 22 6.482 3.04 3025 3.3 125.0 625.0

9 1s 0.LIS@ L.0 14713 7.3 ITL0 60.3
i 12 16 0.443 4.25 32061 10.3 110.1 551.7

L 11 Il 0.4541 3.32 17516 0.0 144.6 72L.
K I s 0.14 4.57 24100 4.4 105.0 525.2
v 1t 6 0.303 2.26 17212 67 147.3 736.3
O S 3 0.100 327 17260 1.7 146.6 734.2
P I 1 0.I746 L.23 11780 8.8 215.2 1070.2
Q 25 10 0.12 L29 12071 1.5 200.6 104L0
a 34 17 0L0o 1.40 7400 0.4 342.3 1714.3
a 24 .14 0.0Lu L 15261 0.6 166i. 30.4
T3 13 0.446 4.15 21014 10.3 115.7 575.3
U 1 15 0.5LO L40 17971 0.5 141.1 70L5
V 43 2 0.060 2.13 16537 1.0 153.3 706.3
W 9 5- 0.LOW 3.0 17301 0.L 147.2 716.2
x 14 s 0L440 3.15 11346 50 223.3 1110.3
T IT I 0L341 0.24 40326 16. 51.4 257.0
2 13 12 0.465 L93 15461 7.3 1603 819.1

AA 23 .100 36L6 14010 1.4 180.4 002.2
an 1i 6 0.321 4.31 22733 7.3 111.4 556.8
cc 23 2 0.140 3.318 17302 .4 146. TM.4
VD 0 9 0.502 I.6 8356 4.6 303.8 1510.0
n3 s0 1 0.00S 3.14 16500 1.6 150L 764.3

IT 6. 16 0.64O L12 16445 10.6 153.0 70.2
OG 1 0.026 3.O 16120 4.3 157.4 786.0
11 5 1 1.010 3.44 18182 34.0 139.5 607.7
a Is 6 0.321 3.65 1t272 4.3 12LI 557.5

2 41 3 0.060 1.76 14573 0.0 17L.0 1049.
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TABLE 11I-M

CABLE DATA FOR - FLIGHT M, WING I

C" C"
& . VIM , Lath Len .

Dnstmtw= 16 AWO if AWO 'Per low ft . (Miies) (re.t) p O.S . u

A 40 3 0.060 1.14 ISO" 0.6 166.0 o930.
5 It 1 0.060 31.15 69363 3.6 42.1 213.3
a is 6 0.392 U.N 1192, 6.0 16O.? 633.3
D 84 1 0.060 3.17 114t0 0.7 331.3 1101.0
3 n 1 0.l31 '1.10 16659 3.6 150.6 752.4
V Is 1 6.067 6.1 32M777 2.6 72.3 356.5
a Ui 33 0.466 8.37 loo16 6.3 127.0 634.0

3 7 4 0.070 1.06 51O6 0.4 453.6 2264.1
3 i s6 0.138 1.07 16231 .6 156.3 711.0

So is 1 0.076 1.60 9494 0.7 260.7 1333.3
I T? U 0,106 1.10 9577 0.6 436.4+ 211.6

L 3 is 1.300 4.23 21S34 30.4 113.5 567.4
S S 11 0.C60 3.80 20054 11.2 126.3 631.0
9 9 15 O.53 3.23 17077 1.0 146.6 743.0
0. 12 11 0.471 1.00 5266 2.5 460.0 2400.0

I 1 2.000 1.22 6421 12.6 303.4 1967.2
S 0 a 0.060 2.76 14573 0.9 113.9 M6.

A ,W , 0 e 3.91 15665 3.5 161.6 606.1
* i 5 0.524 3.79 14719 7.6 172.0 660.2

i 8 6 0.313 1.14 5863 1.6 4U1.0 2105.3
is s1 ,6.32 0.49 4679 1.1 639.3 2694.6

v 27 ,4, 0.101 ,567 29643 3.0. 64.6 423.3
I , 40 0.400 1. 6s0594 2.. 384.0 1620.0
x o i5 0.528 .1 14809 7.6 170.6 854.1
'" 0 2 1.050 6.48 44744 47.0 04.6 283.0
5 14 1o 0.152 4.84 25554 3.9 99.2 495.9
AA t1 17 0.456 3.40 17937 6.2 141.2 701.9
3S 23 a 0.140 3.28 17302 2.4 148.5 732.4
CC. is 44 0.167 1.21 6422 1.2 393.4 1967;2
100 9 i5 0.52, 6.81 46539 24.6 H4.1 9 V.4
BE 1is 1 6.21t 0.91t 4776 1.5 521.5 2637.4
FF is 12 0.468 3.14 1 18957 7.7 152.5 764.3
00 1i IU 0.302 1.16 6301 1.9 403.4 2016.8

a3I 3 12 0.203 3.44 16154 3.7 139.5 697.7
3 t o9 0.500 3.71 i0n" 6.6 123.4 646.6
is i3 1U 0.260 3.02 15025 4.5 158.9 794.7
IK 6 I6 &.630 3.19 15643 10.6 150.5 752.4
,L S 6 0.060 4.96 26136 1.6 81.0 404.8
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TABLE U-N

CABLE DATA FOR - FLIGHT N, WING I

Siasmed 10 AWC 16 AWO Per... Ft. (HU7 (?) pP 6U CiDM 9.1 CFDM

A ,6 30. 2.61 200 1 6.2 I£2 1.60 39J,.
a S 10 0m 3.49 2061? It0 12i.4 617.0

a 5 14 06271 L.0 42 2.6 346.7 1333.2
a 40 14 6.0 5. IT 37276 1.6 NJ 444.2

SSAG 0 2.0 16196 1.0 167.4 766.6
9 6 2 02 4.60 34415 12.3 10.3 M1A.1

o is a6 1l2 2.04 N64 Li 2.1 14U3.4
a II 1 471 2.11 14641 7.0 170.6 854.1
1 0 11 6m 1.00 5300 3.0 460.0 2400.0

I s 15 1.300 4163 23010 3225 106.0 $62.6
K " 15 1.360 J.65 2I62M 39.6 .6.1 433.4
16 IT 0.463 L5 8276 5.6 201.0 1506.4
I # 13 UI6 4.03 31334 11.7 119.4 667.0
* 2 14 1.430 0.66 502a 7.2 3IIJ. 3826.3
O I l 0070 1.43 M76 0I. 221. 1635.2
P s6 1o 0.346 If.7 61641 12.6 44.6 222.6
Q i2 is &.45 4.63 25516 IL 60.4 466.6
It 3 1o 6.230 6.40 350 2.4 J".A 444.4

S 60 s I 6.3 L71 14810 2.6 177.1 665.6
T 34 33 0.al0 1.67 6174 1.5 356.7 136.4
IF a a 3m L.S 136 5.4 163.3 516.0
V 3 a5 L3 4.22 22334 30A. 113.$ 567.4
W 14 II 0. .1.0 661 2.6 266.7 I2333.3
x 2 0 LU 1.46 7643 14.4 - 31.0 1656.5

1 0 0.1L731 3.03 1067m It. 26.4 732.1
3 1 L233 2.A0 143 34.5 171.4 657.1

AA 0 12 0.731 6.60 31I5 32.3 61.4 406.5
S 6 I 0.L731 1.15 6306 4.6 402.4 1016.6

cc 0 Is 1.780 3.51 i6531 23.60 i1.6 063.8
ED3 Is 9 0isN 3.40 173O 66 7.3 141.3 706.1
3 $ 1i 2.24 3.47 i1605 3L.7 lo.3 001.0
PP t 11 i2 0.436 2 N 166N 0 6 • 16.5 6SO.L
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TABLE U -O0

CABLE DATA FOR - FLDHT 0, WINO I

cob ftUs d Pateew d M
Duigodm If AWO It AWO v. rm s. =ZI = i 0.5 CVFDI 0.1 CVDm

A 4 11 1.01 1.70 ow3 17.0 272.7 1263.6
5 * 10 1.IS 7.01 40161 03.4 63. 215.4
c I I L.60 1.90 le31 SI.. 244.6 1224.
3D a it LIS 1.61 5233 L.7 462.3 2376.2
a I 1s LIS 2.16 1314 2L6 150. 754.
r 6 I 6.6T 4.110 256604 17.2 U6.0 489.6

a SO LO6.3 2.21 11646 1.0 21%3 106.0
*12 is 6.401 3.51 1612 3.6 126.7 633.$

IT L4OU6.1 1.30 a666 6.4 26.3 1546.1
SIs 165212 L"7 16627 16.6 127.1 636.2

a 43 11 6.06 6.71 25406 2.0 71. S57.7
L. is is U.4266 LI 65 sun .7 121.F 607.6
U. IS to 46167 1.32 6547 1.4 363.6 1816.2
IS 6 a 6.53 3.2 . 12031 6.4 310.5 1052.6

*0 a is 6.216 L.3 46435 10.2 K4. 272.
9 6 s 15S L.23 2. 16024 10.0 133.3 666.7

to 2 6 667 5.41 23577 2.2 66M 443.6
is I6 0362011 23 1576 4.6 130.5 602.7

* IS a 6.060 4.35 23136 1.6 37.0 464.6
T 24 16 .117 1.03 5422 6.6 466D 230.1

S1 IS c.6 2.66 30723 1Its 122.1 610.
v is I6 6.33 0.IS sin 1.5 400.8 3443.0
w 8 It 1.63 1.35 7106 11.6 355.6 1777.6
z I to 5.5.6 6.41 4704 77. 51.0 355.0

* . T a 11 1.66 1.76 62o 15.1 272.7 1363.6
3 3 1s 1.36 ca5 236061 32.4 106.2 531.0

AA 6 It LIS 1.51 7660 15.0 217.6 1553.0
Is 16 1.6 .2 1713 26.6 147.2 735.2
to 1 1.41 2.45 18237 25.7 139.1 635.6

33 I a 41.238 L30 11414 6.6 145. 727.3
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"APPNDDC MI

utroonmsction Junotioa Error - Individual Flight Simulation

As previously explained, the flight simulator panels can be operated in either of
two ways:

a. All flights Interconnected. There are eleotrical connections between the
flight simulator panels, representing the interflight cables.

b. Individual flight simulation. There are no connections between flight
simulator panels. Instead, the interflight cables are represented on
s uah pael by half-tees: resistive tees equivalent to one half the length
of the total interflight cable.

The readings taken with the two methods are different; the all-flights -

Interconnected method Is the more accurate simulation. Table rn-1 shows the pressure
at Interoonneotion Junctions (junctions at each end of an interflight cable) measured
under these two methods of simulation. "Error" is the difference between readings
taken by the two methods, with the all-flights-interconnected method considered
correct. Readings were taken for pressurization at LCFs only and pressurization at
LCFs and all LFs; all at 0.5 CFDM leakage rate.



MTOR-C-170
3$ March 1963

TANLE MU-1

Conmqpuson of Individual Flight Simulation with Intercon-
mected - Flight Simulation
(Mhis table ohows pressure at interoonneotion Junctions using
Interonneotsd - flight simulation and individual flight simu-
lation. Pressure in p.ig. All values at 0.5 CFDM leakage
rate*.)

LCF's only Pressurized LCF's and all LF's Pressurized

Interconnected Individual Difference Interconnected Individual Difference
. Flight Flight Flight Flight

Simulation Simulation Simulation Simulation
Inteuronneotion

Junction

A14 6.5 6.6 0.1 8.6 8.2 0.4
A16 8.6 8.5 0.1 9.0 9.3 0.3
A92 6.6 6.0 0.6 7.6 7.5 0.1

B17 5.6 5.2 0.4 8.6 9.2 0.6
Bi8 8.7 9.0 0.3 9.7 9.8 0.1
B30 7.2 6.7 0.5 8.9 8.9 0
B38 4.4 4.0 0.4 9.0 9.2 0.2

C32 8.5 8.8 0.3 9.4 9.4 0
C56 4.2 3.8 0.4 8.7 8.8 0.1
C93 - 6.8 8.6

D41 4.6 5.0 0.4 8.8 8.6 0.2
D59 4.4 4.7 0.3 8.6 8.5 0.1
D66 4.1 3.7 0.4 9.1 9.3 0.2
D59 2.2 2.2 0 8.6 8.5 0.1

E68 4.7 4.5 0.2 8.7 8.2 0.5
E71 2.0 2.1 0.1 8.7 8.8 0.1

F1t 6.5 6.7 0.2 8.7 8.7 0
Fie 6.4 6.6 0.2 8.8 8.7 0
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TABLE lM-i (Continued)

LCra o Pressurized LCF's and all LF's Pressurized

hkierc•anected Individual Difference Interconnected Individual Difference
Flight Flight Flight Flight

Snmulation Simulation Simulation Simulation

Intemconnection
junction

G21 6.3 6.0 0.3 8.9 9.0 0.1
G48 4.3 4.2 0.1 9.5 9.6 0.1

E15 6.2 5.6 0.6 8.7 8.7 0
139 6.6 5.8 0.8 8.9 9.0 0.1

23 4.4 4.5 0.1 9.2 8.7 0.5
174 5.9 5.1 0.8 8.9 9.0 0.1
Ii - 7.3. - 8.2

542 6.7 7.2 0.5 8.8 8.7 0.1
,T9 6.3 6.7 0.4 8.6 8.6 0

X10 7.1 6.9 .0.2 9.0 9.0 0
S, 4.5 4.9 0.4 8.8 8.7 0.1

L14 7.2 7.4 0.2 9.0 9.0 0
L19 4.3 3.5 0.8 8.9 9.1 0.2

a30 5.0 4.5 0.5 8.9 9.0 V.1
136 7.5 7.8 0.3 9.1 9.2 0.1

333 5.2 5.3 0.1 8.8 8.7 0.1
3138 7.4 7.0 0.4 9.0 8.8 0.2
346 7.3 7.5 0.2 9.0 9.0 0
M55 5.1 5.5 0.4 8.9 8.9 0
M94 - 5.5 - 8.6

N49 3.9 3.3 0.6 9.3 9.3 0
1m8 6.1 6.2 0.1 8.6 8.6 0

057 4.9 4.1 0.8 9.0 9.0 0
082 6.1 6.0 0.1 8.7 8.8 0.1


