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Introduction    With the advent of large space vehicles such as SATURN, requirements
for large quantities of measurements have resulted. Many of these measurements are low
frequency and may be multiplexed into a single R-F carrier. This has created a need for a
flexible multiplexing System which may handle up to 900 channels. Also, due to the size
of large vehicles, routing large numbers of signal carrying leads to a centrally located
multiplexer has become difficult, especially with low level data. To eliminate the above
problems, a Flexible Commutation System was designed which had the following major
characteristics.

1. Individual 30-channel commutators were designed which could be placed in
locations near the data sources throughout the booster.

2. A special Master Control Unit was developed which could synchronize 1 to 30 of
the remotely located commutators and generate a single serial output with
programmable sampling sequences and formats.

3. Individual commutators may be either high level or low level at the option of the
user.

I.   System Description    The 30-channel multi-mode pulse amplitude modulated (PAM)
commutator system is a solid state system consisting of a master control unit, high level
commutator units, and low level commutator units. The output of the system is a 50
percent duty cycle pulse train (pedestal synchronization optional) with a sampling rate of
3600 pulses per second (pps) and amplitude from zero to five volts, making it suitable
for modulating a 70 kilocycle (±30%) subcarrier oscillator in a frequency modulated
telemetry system. The master control unit opens its gates (1 through 30) sequentially and
receives a sampling of 30 channels from one commutator at each operation. The system
may be operated in either of the following modes:

1. Commutators operating serially under the control of internally synchronized
master control unit,



2. Commutators operating serially under the control of the externally synchronized
master control unit, or

3. More than one master control unit may be synchronized by an external source such
as pulse code modulated (PCM) programmer.

The commutators used in the system may also be used independently of the master
control unit in the following modes:

1. Each commutator sampling at its own internal clock frequency (free-running), or
2. Each commutator operating under the control of an external clock other than the

master control unit.

The master control unit has 30 gates which sample at the rate of four samples per gate
per second, while the high and low level commutators have 30 channels, each sampling
at the rate of 120 samples per channel per channel per second, making it possible to
transmit as many as 900 channels. The master control unit is bassically a 30-gate, two-
pole, 100 percent duty cycle, sequencer switch that scans the high and low level
commutator outputs four times each second. The system has a maximum capability of
810 information channels; the remaining 90 channels being used for servo reference and
frame identification.

In the system, a frame is referred to as one complete scanning of the inputs of a single
commutator. A master frame is one complete scanning of the 30 gates of the master
control unit, and a master sub-frame is the scanning of gates 1 through 10, 11 through
20, or 21 through 30 of the master control unit.

A.  Toaster Control Unit    Each gate of the master control unit has two poles one of
which scans the commutator outputs with pedestals (for PAM applications); the other
pole scans the commutator outputs without pedestals (for PCM applications).

Master frame synchronization is achieved as follows; When gate 30 of the master control
unit is sampling, a pulse (from the master control unit) is applied to all commutators..
This causes a five-volt pulse for 100 percent duty cycle to appear on the outputs of
channel 28 of all commutators. Channels 28, 29, and the first 50 percent of channel 30
now appear as one continuous pulse of five volts amplitude in the output wave train.

Master sub-frames are identified by a five-volt pulse for 50 percent duty cycle which
appears on channel 28 of each commutator when gate 10 of the master control unit is
sampling, and again when gate 20 is sampling. This pulse is the result of a signal from
the master control unit which is applied to the commutators.



Each commutator produces its own frame identification consisting of a five-volt pulse on
channels 29 and 30. The duration of this pulse is 100 percent of channel 29and 50
percent of channel 30 (one and one half channels).

The output of the master control unit, then, bears the following identification; Every
frame (30 channels) ends with a five-volt pulse one and one half channels in duration.
The 10th and 20th frames (master subframes) end with a five volt pulse one half channel
in duration followed by another five-volt pulse one and one half channels in duration.
Every 30th frame (master frame) ends with a five-volt pulse two and one half channels in
duration. For this reason, channels 28, 29, and 30 cannot be used for data transmission.
This leaves 27 channels per commutator, or 810 channels from the master control unit
available for data transmission.

B.  High and Low Level Commutator Units    The high and low level commutators
each sample 27 data channels. They contain an internal clock, or they may be
synchronized from an external source such as the master control unit. The commutator
units may be operated individually or in conjunction with the master control unit, and
may be procured with or without pedestals which are internally generated pulses of one-
volt amplitude. Low level commutators are designed to accept signal inputs from zero to
10 or 50 millivolts. High level commutators are designed to accept signal inputs from
zero to five volts.

C.  Operation    The system is extremely flexible in its application and may be
programmed in a great variety of different sampling rates and numbers of channels.

Since sampling rate requirements vary with the nature of the information being sampled,
the fact that the system provides sampling rates from four frames per second to 120
frames per second makes it unique in telemetry applications. Different sampling rates are
obtained by programming (applying the same commutator output to more than one gate
of the master control unit). However, this reduces the number of channels available for
data transmission.

Listed below are three examples of ways in which the system may be programmed. If
telemetered data is to be meaningful, it is necessary that it be sampled symmetrically.
The following method of establishing a program is presented to aid in obtaining
symmetry and the proper proportion between sampling rates and number channels.

The table illustrated in Figure 1 may be used to set up a program quickly. To use the
table, first establish the required sampling rates and the number of channels to be
sampled at each rate; the sampling rate must be a multiple of four and the number of
channels must be a multiple of 30.



Next, enter the table with one of the sample rates and the number of channels to be
sampled at this rate. The number appearing where the two columns intersect should be
recorded as a reference number. Repeat the process for each combination of sampling
rate and number of channels required.

Next., add all the reference numbers and assure that the sum equals 30. Multiply each
sampling rate by its corresponding number of channels and add the porducts. The sum
should equal 3600. If these conditions are not metP the number of channels or the
sampling rates must be altered.

Figure 2 shows how the ten commutators would be programmed to achieve this results.

Figure 3 shows how the ten commutators would be programmed to achieve this result.

Figure 4 shows how the eight commutators would be programmed to achieve this result.

II.  System Design    The system described above presented a unique challenge in terms
of system reliability. It was recognized that a failure in the Master Control Unit could
conceivably result in the complete loss of data from up to 810 data channels. In order to
reduce the probability of such an occurrence, a special system of triple redundancy was
developed to insure that a single component failure in the Master Control Unit could
result in loss of data from a maximum of one commutator.

A.  Master Control Unit    A block diagram, of the Master Control Unit is shown in
Figure 5. To obtain the required redundancy, three complete independent systems were



designed and outputs gated together to yield the required logical selection pulse for
selecting each commutator at the appropriate time.

If any two of the three systems are operating normally, the Master Control Unit will
perform its function. The three outputs of the three separate logic systems operate the
isolation gates shown in Figure 6 through “majority logic” gating (i.e., if any two
counters are operating in synchronism, the isolation gate logic will be selected on this
basis).

Three power supplies, three clocks, and three complete counters are used as illustrated in
Figure 5. Clock X, Clock Y, and Clock Z are synchronized to each other through
appropriate synchronizing circuits. The three clock outputs are fed to all commutators
through the aforementioned “majority logic” to produce a sample rate signal that
sequentially advances the channels of the commutator that has been selected by the
Master Control Unit. Two clock outputs are operated in this manner, thereby providing
clock redundancy to the commutators.

The Master Control Unit and all commutators connected thereto are automatically reset 1
second maximum after the power is applied to the system. Should the system fail to go
into synchronism, the automatic reset checks the system again and will cause a second
attempt at reset to occur after another 1 second maximum delay.

Each commutator output is gated to a common line through a 2 pole isolation gate
assigned to it as shown in Figure 6. There is a pole for each of the two commutator
outputs (PAM output and auxiliary output without pedestal). Each 2 pole isolation gate is
selected by the application of two out of three appropriate Z counts to the “majority
logic” gate. The isolation gate is designed with dual series elements to guard against the
possibility of any commutator interrupting the pulse train due to a component failure in
the isolation gates. Such a failure would result in loss of data from only one commutator.

B.  High Level Multi-Mode Commutator    The Multi-Mode Commutator is shown in
block form in Figure 7. The Multi-Mode Commutator is all-silicon solid-state and
features DC coupled transistor switches with high input impedance and low output
impedance. Channel 28 is isolated for use during calibration.

The transistor data gates used are illustrated in Figure 8. Referring to this figure, channel
selection is achieved by coincidence of negative going X and Y levels. When X or Y or
both levels are positive, the gate is non-conducting. When X and Y simultaneously are
negative, the diodes Dx and Dy are reverse biased and the diodes are, therefore,
disconnected. A current drive of approximately 50 microamperes flows from constant
current generator #1 through the collector and the base to the transistor gate being turned
“on” to constant current generator #2. The net unbalance between current generators #1



and #2 represents backcurrent which is nominally zero. The input impedance of the
switch is determined by the output impedance of the two constant current sources and the
input impedance of the “Buffer”.

The outputs of 27 channels are connected to a single buffer.

Frame pulse is inserted into the PAM pulse train during 100% of Channel 29 and 50% of
Channel 30. A special insertion is made on Channel 28 upon receipt of Z10, Z20, or Z30

selection pulses from the Master Control Unit. The PAM output has 50% Duty Cycle
with a 1 volt positive pedestal. As the input signal varies from 0 to 5 volts full scale, the
output signal varies from 1 volt to 5 volts full scale.

The auxiliary output (output #2) is 100% Duty Cycle and has offset of less than 2.5
millivolts under all conditions. This includes offset of through the isolation gate when
the commutator is used in conjunction with theses gates.

C.  Low Level Multi-Mode Commutator    A Multi-Mode Low Level Commutator
which is directly interchangeable with the high level unit described has also been
developed. The Low Level Commutator has all the features of the High Level
Commutator.

The Multi-Mode Low Level Multicoder consists of 28 differential channel switchs and a
low level amplifier, and associated logic circuitry. The basic differential data switch is
shown in Figure 9. Referring to this figure, Qa1 and Qb1 are two input gate transistors for
differential channel number 1. Qa2 and Qb2 are two input gate transistors for differential
channel number 2. The outputs of the 28 gate transistors are connected to a common bus
and fed into an emitter follower at each side. When X, Y, and B inputs for any channel
are negative, the diode, D, is reverse biased and the current pulled by Constant Current
Source X divides equally between bases of the two input gate transistors Qal and Qbl.
This current pulled from the bases of Qa1 and Qb1 is supplied by Constant Current
Sources Ya and Yb respectively. The current levels of Y Constant Current Sources are
adjusted to be equal to one-half of the X Constant Current Sources, therefore, the net
current through the collector of the gate transistor, and thus through the signal, is zero
when the channel is turned “on”.

During this “on” period, the gate transistor of the channel selected are completely
saturated and the input signal is applied directly to the emitter follower.

The outputs of all channels are connected together and applied to an emitter follower and
differential amplifiers as shown.



The channel “on” duration is 50% of channel time. During the “off” time, the input gate
transistors are turned “off” by means of positive going B while B̄ goes negative and turns
“on” clamp transistors Qca and Qcb, connecting the two sides of the input to the
differential emitter follower to ground to achieve emitter follower and Common
Amplifier offset stabilization.

The amplifier, as well as the low level gates, has no memory element such as a
transformer. The transistors used exhibit very high insulation impedance when turned
“off”. Crosstalk under extreme conditions will be extremely small.

The Differential Pulse Amplifiers required for the commutators is designed to provide
proper common-mode rejection and a signal gain as required. The pulse amplifier is
direct-coupled and contains no capacitors. Recovery from overloads, therefore, is almost
instantaneous. A high degree of gain stability is achieved through a sufficient amount of
current feedback.

A more advanced version of this low level commutator is also developed using field
effect transistor as switches, to handle input signal levels as low as 5 MV full scale.

III.  Advantages of the System    The most outstanding features of the multi-mode
commutator system are its increased data handling capabilities and its great flexibility.
Some of the features that contribute to this flexibility and increased capability are:

1. Any number of 30-channel commutators, fron two to 30 may be used.
2. Sampling rates of commutated data can be varied from four to 120 samples per

channel per second depending on the number of times sampled the master control
unit.

3. Programming of commutator outputs to the master control unit gates provides
many combinations of sampling rates and numbers of channels.

4. Triple redundancy in the master control unit and mixi-n-l- circuits assures ultra-
reliability of the system.

5. High level and low level commutators are directly interchangeable because their
output characteristics are the same; thus, only two basic types of commutator units
can handle all types of computation requirements.

6. Commutators may be operated independently of the master control unit.
7. The master control unit and the commutator may be synchronized either internally

or with an external clock, and the system may be operated in any of five modes.
8. Missile wiring is greatly simplified and weight reduced because small commutator

units can be placed close to their signal sources, thus eliminating large bundles of
long wires leading to the commutator assembly. This in turn helps to reduce
system noise and weight.

9. The system, eliminates unused data channels.



Figure 1 - Programming Table

Figure 2 - Programming Diagram for Example #1



Figure 3 - Programming Diagram for Example #2

Figure 4 - Programming Diagram f or Example #3



Figure 5 - Master Control Unit

Figure 6 - Master Control Unit (Isolation Gates)



Figure 7 - Multi-Mode Commutator

Figure 8 - High Level Data Switches



Figure 9 - Low Level Commutator Data Switches


