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DESIGN REVIEW MEETING RECORD

Part Name:  FElectrical Protective System Module Part No. 1264931-1

! Type of Review: Ma.jor Date: _ 1-7-70
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B. L. Amstadter requested that the failure modes and effects analysis be

- expanded to show what would happen if the relay coils should short.
Failure Modes 19, 20, 21, and 22 have been added to describe the effects of
this type failure.
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SCOPE OF REVIEW

This design review presents the latest conception of the Electrical
Protective System Module (EPSM) comparing the similarities to and differences
from the features and provisions of preceding designhs. Included is the
backup data and analyses upon which this design is based. A complete set of
fabrication and assembly drawings has been prepared and is ready to be
submitted for drafting check and release pending approval by the Design

Review Board.



DISCUSSION

Electrical Generating System Emergency Shutdown Parameters

There are 8 conditions in PCS-G which if any one or more occurs can
initiate a programmed emergency shutdown of the EGS. These 8 were selected
after careful consideration of past experience in the various SNAP-8 system
test loops, especially as applicable to the specific requirements and operating

conditions peculiar to PCS-G. These 8 conditions are as follows:
1. Failure to achieve alternator voltage during TAA acceleration.

2e PNL flow decay to 10% of nominal during startup prior to time when

TAA reaches rated speed.
3 Condenser pressure greater than Lo psia.

L, PNL flow decay to 50% of nominal any time after startup after TAA

reaches rated speed and prior to TAA deceleration to 220 Hz on shutdown.

5 HRL flow decay to 10% of nominal any time after completion of

startup sequence and prior to initiation of shutdown sequence.

6. An extended drop in alternator output voltage of 10% or more, an
extended rise in alternator output voltage of lO% or more, or combinations

thereof, any time after the alternator voltage exceeds 108 volts rms.
T. A reactor fast setback signal.
8. An external command.

The circuits for Condition 1 and 2 are operative only during startup and
are de-activated after completion of the startup sequence. The circuit for
Condition 3 is operative any time there is flow in the heat rejection or the

mercury loops and is de-activated at all other times.

The circuits for Conditions 4, 5, and 6 are operative essentially when
the TAA is at rated speed and are de-activated at all other times. The circuits

for Conditions 7 and 8 are active any time any portion of the EGS is operating.



Conditions 1, 2, 4, and 5 signals are provided by transducers via
instrumentation signal condlitioning equipment. Condition 3 signal is provided
by a pressure actuated switch whose contacts are connected into the emergency
shutdown circuit. Condition 6 signal is the actual 3 phase line-to-neutral
alternator voltage itself. Condition 7 signal is sﬁpplied by the nuclear
reactor subcontractor. Condition 8 signal is initiated by an astronaut in
space or by a test engineer on the ground and consists of a manually operated
switch. This switch can be used to shut down the EGS at any time an unsafe
condition is considered or known to exist whether or not a protective circult

for this condition is included in the system.

Conditions 2-6 utilize a 2 out of 3 voting logic to cause an emergency
shutdown. This means that each‘of these conditions have 3 separate sensing
circults from which at least 2 outputs are required to cause an emergency
shutdown. This logic scheme allows one of the 3 circuits to fail in such a
manner as to give a false shutdown signal without actually causing an emergency

shutdown.

The voltage conditions in the EGS as a result of the possible short-
circuit faults that can occur are discussed in Appendix A. It is shown that
at least two voltage sensors will be activated for any of the faults considered

and therefore a 2 out of 3 system will start protective action.

Of the 8 emergency shutdown conditions described in the foregoing, only
Condition 6 is involved with the EPSM. The EPSM as the name implies provides
protection to the Alternator and to all the electrical and electromechanical
-components receiving electrical power from the Alternator. The protection
provided is against single or multiple phase short circuits or overloads,
gingle or multiple phase open circuits, badly unbalanced 3 phase loads and load
power factors, and excessive TAA rotational speed. The EPSM continuously
monitors each phase of the 3 phase Altermnator output voltage with no inter-
mediate transducers or signal conditioners required. Since it must be ready
to operate for the full rated life of the EGS at any time after the Alternator
line-to-neutral voltage exceeds 108 volts rms, every effort has been made to
use the most relisble components available and use them in & foolproof and

reliable circuit.
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EPSM Design Ubjectives

The addition to the NASA specifications of the requirements that the
EGS be capable of several restarts and shutdowns, and that the design of the
EGS be such that repair or replacement of most EGS components could be made
while in flight by virtue of the mission being a manned rather than unmanned
mission, has resulted in a number of changes in the design philosophy and

design objectives of many EGS components and in the EGS itself.

EPSM Design Objectives for Unmanned Mission

For the original single start ummanned mission application, the design
objectives for the wvarious EGS components were to make them extremely rugged
and reliable and capable of meeting or exceeding all performance requirements
and design life when subjected to the various extremes of the rigorous SNAP-8
enviromment. On such a mission the EGS was to be started and kept running
and producing electrical power for as long as possible even though to continue
running might result in damage or destruction of the EGS or one or more of its
components. BEven if the EGS output power were severely reduced because of a
failure or degradation of some internal component, some power output would be
better thén no power output. Thus, if the various EGS components had sufficient
operating margin, a failure or degradation of one component could in some
caseg be offset by working another component or group of components somewhat
beyond their rated capacity. Even though the life of the overloaded component
or components might be severely decreased, the fact that the operation of the
EGS might be prolonged was considered to be of even greater importance. For
-this mission loss of output power because of destruction of the EGS would be

no worse than shutting down the EGS to prevent its being further damaged.

For this original application the EPSM had to sense merely that a fault
condition existed. If the fault were to occur in the Vehicle ILoad, the EPSM
would protect the EGS and keep it running. Besides the action of the EPSM tox
periodically remove the voltage applied to the Vehicle Load, by opening the
VLB, any other_pratection for the Vehicle Lioad would have to come through the
action of each load's individual protective device. If a fault were to occur

in the EGS, the only hope for saving the EGS would be for the fault to clear

k-



itself spontaneously, or for the performance degradation to be small enough
to be compensated for by other EGS components. To shut down the EGS would in
effect be no different from the EGS running until it destroyed itself or one
of its vital components. Therefore, if a fault were to occur in the EGS, the
only action the EPSM would take would be to open the VIB to remove the effect
of the Vehicle Load from the EGS.

EPSM Design ObJjectives for Manned Mission

The multiple start repairable components application of the EGS allows
for the possibility of some components degrading or failing completely before
the design life of the EGS is reached. While each of the EGS components would
still be designed to be as reliable and as rugged as possible, the components
and the EGS would also be designed so that repalir or replacement could be made
in flight by an astronaut. PFor this application, the EGS would be started and
kept running and producing electrical power for as long as possible or until

an electrical fault should occur.

For this application the EPSM had to distinguish between two fault

conditions:
1. A fault in the Vehicle Ioad.
2. A fault within the EGS.

For the first condition, the EPSM would act to protect the EGS and keep
it running. The protection for the Vehicle Load would be as before - period-
ically removing the voltage applied to the load and by action of each load's
indilvidual protective device. For the second condition, the EPSM has an added
function. It must recognlize the difference between this kind of fault and a
fault in the Vehicle Load. Then as quickly as possible after an EGS fault is
recognized, the EPSM must act to shut down the EGS to minimize any further
damage to the part or parts responsible for the fault and to protect the other
BEGS parts from becoming damaged because of these failures. Once the EPSM
actlion has opened the VLB or shut down the EGS, the astronaut can then safely

repair or replace the defective component or components as required.



The EPSM has the primary function of protecting the TAA from damage
caused by:

1. Short circuits anywhere in the electrical power distribution system.
24 Badly unbalanced Vehicle Loads and/or load power factors.
3. Excessively high TAA rotational speeds.

The EPSM has the secondary function of minimizing possible damage to
other EGS components by shubtting down the EGS as quickly as possible should

any of the above listed malfunction conditions be detected within the EGS.

Since the EPSM 1s energized whenever the TAA is operating and must
perform its intended functions whenever required during the rated life of the
EGS, it must be constructed to be as rugged and as reliable as possible.
Therefore, wherever practical the types of components, materials, and the
design techniques which have proved successful in the Speed Controller,
Voltage Regulator, and associated other electrical components shall be used in

the design and fabrication of the EPIM.

EPSM Design Features

During the materials and components selection portion of the SNAP-8
Speed Controller development, the ability to resist damage by nuclear radia-
tion and high temperature was the basic capability a material or component
had to have before it could be further considered. Fortunately, resistance
to nuclear radiation and high temperature are often found together in materials.
When radiation and temperature resistant materials are found and used in a
component, resistance to the other SNAP-8 envirommental conditions can be

achieved by proper packaging.

The life and reliability of a part can be improved if the radiation dose
and temperature rise are kept as far from the tolerance limits as possible. _
For all of the materials used in the SNAP-8 Electrical Components the radiation
threshold dose is two or more orders of magnitude above the rated life dose
(see OP367736). Therefore, life and reliability of these parts can not be
significantly improved by additional local radiation shielding. However,

considerable improvement in life and reliability can be achieved for any given
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part by limiting its maximum hot spot temperature through careful consider-
ation of the amount of heat generated within that part compared to its ability
to reject that heat.

Generally speaking, the greater the surface area of a part the betfer
its ability to dissipate heat. This 1is true for any of the three principle
ways by which heat may be removed from a part - radiation, convection, and
conduction. For the design of all SNAP-8 Electrical Controls including EPSM,
all heat is considered to be transferred only by conduction to an actively
cooled heat sink, none by radiation or convection. Therefore, as much surface
area as possible of each individual part is placed in direct contact with the
EPSM. Actually, some heat will be transferred by radiation and, for ground
testing in particular, some by convection. However, by designing a part to
have a safe operating temperature with heat transfer only by conduction, the
actual operating temperature of the part will be less than design resulting

in an improved reliability and confidence factor.

The primary consideration for locating each electrical part within the
EPSM was the amount of power dissipated by that part in relation to its
maximum temperature rating. All other things being equal, the higher power
dissipating parts are located closer to the housing base plate than the lower
power dissipating parts. In some cases, ease of wiring and assembly resulted
in some deviation from this approach. Finally, obtaining a good packing
factor of parts within the housing and keeping the center of gravity as low as

possible resulted in some additional deviations.

It should be noted at this point that there are no critical thermal
problems known to be present in the EPSM. (See Appendix B)  The maximum
power dissipated within the entire assembly is about 20 watts and the maximum
power dissipated within any cne part is 5.3 watts worst case. With a base
plate area of about 234 square inches, the heat transfer rate is less than
0.1 watts per square inch. Furthermore, the EPSM housing is cast from alumi-
num which eliminates possible thermal interface barriers where the walls of
the housing join the base plate. Also, the normal draft required on walls by

standard casting practice gives a continuously increasing wall cross sectional
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area as the base plate is approached. This factor acts to reduce the resis-
tance to heat flow and hence the temperature differential between any given

point on the wall and the base plate.

Another technique which was used to improve the reliability of the
SNAP-8 Speed Controller, and has also been applied to the EPSM, is that of
derating. In the EPSM, in all cases except the relay actuating coils, the
power dissipated in a part is one-third or less of the rated power digssipation
of the part. For the rectifier and resistors the derating is applied to the
power rating of each part when mounted by its leads and cooled by convection
rather than the power rating when mounted on an aluminum heat sink plate as

they are mounted in the EPSM.

Theoretically, the rectifiers and relay contacts are the parts most
prone to fallure although no failures have been experienced in the rectifiers
through all the Speed Controller testing and the relays are made to one of
the most stringent military relay specifications, MIL-R-6106, to which relays
may be purchased. In each place where one rectifier isg required four recti-
fiers connected in a series parallel redundant configuration (rectifier quad)
are used. (See Figure 2) Fach rectifier in a quad has sufficient capacity
to operate in the circult alone. Therefore, besides the benefit of the
redundant connection which allows at least one rectifier failure with no effect
on operation, the quad configuration also effectively derates each rectifier

by an additional 0.5 for both power digsipation ard reverse voltage.

To improve the reliability of the relay contacts, parallel redundant
-connection of normally open contacts is used. In addition, a 2 out of 3 relay
contact logic network is employed which requires at least two sensing circuits

to operate to produce a malfunction signal. (See Figure 2)

Finally, to provide the required 0.5 second time. delay before a malfunc-
tion signal can result in an auvtomatic shutdown, the constant volt-second x
integral saturation characteristic of a saturating reactor is used as the time
reference. The use of this type of device results in an extremely simple
timing circult using very rugged and reliable parts. In Appendix C is shown

the design equations and test results of an experimental timing reactor.’
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Functions of the Electrical Protective System Module

The functions to be performed by the EPSM for the multiple start

repairable components EGS are as follows:

1. Open the Vehicle Load Breaker (VIB) (if it should be closed) prior

to mercury injection.

2. Sense line~to-neutral voltage of each phase of the alternator
voltage, and once two or more of these voltages reach a predetermined minimum
value, provide a signal to enable the Programmer to clogse the VIB at the

proper time during the startup sequence.

3. Also, after the alternator voltages reach this minimum value,
provide a signal should two or more phases of the voltage vary below 108 volts

or above 132 volts. This signal shall immediately do two things.
a. It shall open the VIB.
b. It shall start a 0.5 second timer.

With the VIB open, if the fault 1s on the load side of the VIB, the
alternator voltages will return to normal in something less than 0.5 seconds.
If this occurs the EPSM will stop the timer, reset it, and reclose the VIB.

If the fault still exists, the alternator voltages will again vary outside the
normal band, and the EPSM will re-open the VIB and festart the timer. This
cycling of the VIB and timer will continue until one of the following events

occur:

1. The load fault corrects itself by burning open or by tripping its
own individual protective device. If the fault corrects itself, the alternator
voltage will return to normal, the VIB will reclose and remain closed, and the

0.5 second timer will be reset.

20 The 0.5 second timer times out sending a signal to the Programmer :

to start an automatic shutdown of the EGS.

3. An external command signal is sent to hold the VLB open and stop the
cycling. With the VIB held open, the alternator voltage will return to normal

and the 0.5 second timer will be reset.
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If the fault is in the BEGS, the alternator voltages will not return to
normal when the VIB is opened, the 0.5 second timer will time out and start

an automatic shubtdown of the EGS.

With the VIB open or the EGS shut down, an astronaut can safely proceed
to locate the cause of the fault and repalr, replace, or disconnect it. When
the cause 1s corrected, the astronaut can then reclose the VIB or restart the

EGS as applicable.

EPSM Operation

The EPSM consgists of 3 identiecal circults, one complete circuit
monitoring the voltage in each of the 3 phases of the alternator output voltage.
(See Figure 2) Bach circult consists of a single phase bi-stable magnetic
amplifier whose output energizes two 4-pole double throw relays, a preset dual-
voltage sensing circuit, a 0.5 second timing circuit, and a portion of the
relay logic output circultry. Each circuit monitors the line-~to-neutral
voltage of one phase of the alternator 3 phase output voltage. Two JAN high
reliability type 10 watt silicon zener diodes in each circuit are the basic
reference standards, one for the under-voltage 1limit and the second for the

over-voltage limit.

Still referring to the electrical schematic Figure 2, Phase A to neutral
of the alternator voltage is full-wave rectified by CR13 through CR20 and
filtered by Ll and applied across the control winding circuits N2, N3, and N4
of magnetic amplifier ARl. Control winding N2 with zener diode VR2 controls
the undervoltage trip point. Control winding N3 with zener diode VR3 controls
the overvoltage trip point. Control winding N4 provides the necessary bias to
keep the magnetic amplifier off during startup when the alternator voltage is
building up from zero. Control winding N5 provides the positive feedback
necessary to mske the magnetic amplifier bi-stable. (See Appendix D for the
magnetic amplifier design and control characteristics.) Control winding N6' “
with R6 provides some adjustable rate feedback to slow down the switching of
the magnetic amplifier from one reference state to its alternate reference
state. This delay is included to prevent the Vehicle ILoad Breaker (VIB) from
being switched because of transient dips and rises which occur normally with

step load changes.
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The Phase A to neutral voltage of the Alternator is also applied to the
gate windings NIA and N1IB of magnetic amplifier ARYL. The magnetic amplifier
output is full-wave rectified by CRL through CR8 and applied to the actuating
coils of relays K1Ll and K112 and the positive feedback winding N5. Rectifiers
CR9O through CR12 are called free wheeling rectifiers and cancel the inductive
effect of the relay coils. When the net negative ampere-turns of coﬁtrol
windings N2, N3, and N4 are reduced enough to start to turn the magnetic ampli-
fier on, the magnetic amplifier output applied to N5 winding further decreases
the net negative ampere-turns in the core which in turn increases the magnetic
amplifier output further decreasing the net negative ampere-turns thereby
driving the magnetic amplifier to full on. Conversely, when the net ampere-
turns of N2, N3, and N4 become negative enough to reduce the magnetic amplifier
output, the reduced voltage across N5 reduces the positive ampere-turns produced
by N5. The effect of this is to increase the net negative ampere-turns in the
core further reducing the magnetic amplifier output. This in turn further
reduces the positive ampere-turns produced by N5. This action continues until

the magnetic amplifier is driven to full off.

When K1L1 and KlI2 relays are energized, KILL1E2 and K1I2FE2 close, KIL1E3
opens, and KI1L1E4 closes. KILLE2 and K1I2E2 closing energizes K2 which locks
itself on through contacts KPE2 and K2E4. When K2 is energized the under-
voltage/overvoltage clrcult in Phase A is armed and ready to perform as designed.
K1L1E4 closing energizes the reset winding of the timing reactor I2. KLLLE3
opening removes power from the timing winding of I2. With KILL and KlI2
energized, K1L1E6 and K1I2E6 contacts close and K1L1E7 and K1I2ET contacts open.
These contacts are in a 2 out of 3 logic circuit which in conjunction with the
equivalent contacts in the Phase B and Phase C circuits control the automatic

opening and closing of the VIB.

Once K2 is energized, any Phase A to neutral voltage excursions below 4
108 volts rms or above 132 volts rms will cause K1Ll and K1I2 relays to become
de-energized. This will cause K1L1E2 and X1I2E2 to open. However, since K2
is energized and K2E2 and K2E4 are closed, this will have no effect. However,
KI1L1E3 will close and KII1E4 will open. KIL1E3 closing will energize the timing
winding of I2. KIL1lEY opening will de-energize the reset winding of LE;
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If K1L1 and X1I2 relays are not re-energized before I2 timing reactor
saturates, K3 will energize opening K3EL and K3E3 contacts in the 2 out of 3
logic network in the automatic shutdown circuit. The timing reactor 12 will
saturate in 0.5 seconds. An equivalent action in either the Phase B circuit
or the Phase C circuit is all that is required to start an automatic shutdown
of the EGS. The 0.5 second delay provided by the timing reactor I2 is
included to allow time for the alternator voltage to recover to within the
design range after the VIB is opened. This time was selected on the basis of
transient test data obtained when adding and removing 35 kw step vehicle loads
on the TAA during PCS-1 testing.

Overspeed Protection Clrcuit Limitations

The previous overspeed circuit (Figure 3) used in PCS-1 sensed the
frequency of the alternator voltage with a series resonant L/C circuit. The
resonant increase in current flowing through a trimming potentiometer in series
with the resonant circuit produced a voltage across the potentiometer a portion
of which was applied to the gate of an SCR. The value of this voltage could be
adjusted to that required to trigger the SCR. The firing of the SCR energized

a relay whose contact's operation produced the overspeed shutdown signal.

There were several disadvantages to this circuit especially if applied
to a flight rated system. The primary disadvantage was the use of an SCR. In
the SNAP-8 nuclear testing program, OP367736, performed at the Georgia Nuclear
Iaboratories of Lockheed-Georgia Company, the test data showed that the type
2N17T8 SCR's which were evaluated had a fast neutron damage threshold at about
5 x lOll nvt. This is about 5 times higher than the specified dose and 0.05
times lower than the next most sensitive component, the silicon rectifiler. The
rectifier threshold occurred at about 1 x lO13 nvt. There was considerable
spread among the SCR's with one shorting before the end of the testing. Another
disadvantage of SCR's is that they are extremely sensitive and can be triggered
"on" by stray electrical noise even when precautions are taken to prevent this
occurrence. The Electrical Components Section has experienced several instances
of false triggering of SCR's by electrical noise in PCS-1 and in the laboratory

even with nolse protection techniques employed.
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Another disadvantage of this circuilt is that it is dependent upon the
alternator voltage. If the alternator voltage were to be lost for whabever
reason, the frequency information would also be lost. This could be a serious

problem especially during EGS startup.

There has been included in the present design of the TAA a small
permanent-magnet tachometer pickup. Unfortunately, the output of this pickup
is very narrow positive and negative pulses having very little power and being
very rich in harmonics. (See Figure k) To use this signal some form of
signal conditioner would be reqguired. This then would require a signal condi-
tiloner having the same high religbility as the other electrical components.

This is not available and would have to be developed.

Elimination of a Separate Overspeed Protection Circultb

A separate overspeed protection circuit as described in paragraph 2. of

Appendix E was eliminated from the EPSM for the following reasons:

1. The output signal from the tachometer pickup in the TAA is inadequate
to drive the standard frequency sensitive circuits which have already been
developed. for the SNAP-8 electrical controls without some form of signal condi-

tioning.

2. The undervoltage/overvoltage sensing circuit can provide overspeed
sensing because of the constant volts per cycle controlling characteristics of
the SNAP-8 voltage regulator.

3. Because of the capability described in 2. above, the only need for
a separate overspeed circuit is durlng startup to protect the TAA from over-
speeding 1f for some reason the alternator should not produce an output voltage.

Without an output voltage, no electrical load can be placed upon the alternator.

L, It was computed from energy balance conditions of the boiler and the
TAA that even under the reduced power capability of the EGS during startup ifi
the EGS were to be shutdown the instant an overspeed signal was received, there
would still be sufficient energy in the hot gas to continue to increase the TAA
speed to runaway speed where the TAA could be damaged. Therefore, this circuit
could not really protect the TAA because it was impossible for it to act fast

enough. (See Appendix F)

- 13 -



FEPSM Overspeed Protectlon Provided

Since the SNAP-8 Voltage Regulator is required to regulate the Alternator
voltage at a constant volts per cycle ratio, any change in TAA speed brings
with it & proportional change in alternator voltage. Therefore, an increase in
speed greater than 10% above rated will be accompanied by a proportional
increase in voltage. If the Alternator voltage exceeds 132 volts rms for any
reason, the overvoltage circult of the EPSM will start the protective action
provided by this system. As long as overspeed protective action occurring at a
speed equivalent to 132 wvolts is compatible with system requirements, and as
leng as the same protective action is compatible with either condition, the

EPSM is capable of providing overspeed as well as overvoltage protection.

The question naturally arises: 1if being dependent upon Alternator
voltage was a disadvantage of the PCS-~1l overspeed circuilt, why is it not a
disadvantage for this PCS-G clrcuit. The answer 1s that for TAA startup it
still is a disadvantage. If during startup no voltage is developed by the
Alternator, neither circult can provide any overspeed protective action. To
cover this possible malfunction condition is precisely why the Condition 1
emergency shutdown parameter was included in the list of shutdown parameters.
The Condition 1 circuit monitors the TAA tachometer pickup output and the
Alternator voltage during startup. If no Alternator voltage 1s developed after
the pump motors are switched from inverter power to alternator power at 220 Hz,
this circuit will act to shutdown the EGS. This circuit can start the neces-
sary protective action to prevent TAA overspeed much earlier in the startup
sequence than any of the other overspeed protection cilrcuits previously
described. These other circuits require an actual overspeed condition to exist
before they can start any protective action. The Condition 1 circuilt antici-
pates that an overspeed condition will occur if the alternator does not produce
an output voltage to permit electrical loading of the TAA. Consequently, it
can start shutting down the EGS sufficiently early that the likelihood of the;
TAA reaching rUnaway speed is greatly reduced. If the TAA startup is normal,
the Condition 1 circuit is de-activated as soon as rated speed and voltage are

achieved. At this point the undervoltage/overvoltage circuit of Condition 6
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takes over. Since the Condition 1 circuit is active only during startup, the
reliability requirements on it are less severe. TFor this and other reasons,

the components of this circult are included in the Programmer rather than in

the EPSM.

Once the TAA reaches rated speed and voltage and activates the under-
voltage/overvoltage circuit, a loss of Alternator voltage will again result in
the TAA overspeeding. However, in this case, the protective action will be the
result of an undervoltage conditlion rather than an overspeed. For the case
where an overspeed condition is caused by loss of load, the resultant voltage
rigse will cause the overvoltage circuit to act to provide the protective
action. Therefore, the dependency of the undervoltage/overvoltage circuit

upon Alternator voltage for overspeed protection is no longer significant.

As was described in the "EPSM Operation" paragraphs of this report, there
are two time delays associated with the protective action of the EPSM, one a
variable delay in magamp action and the other a fixed delay produced by the
0.5 second timing circuit. These two delays will occur whether protective
action of the EPSM is started by undervoltage, overvoltage, or overspeed.
While it would be desirable as a matter of design philosophy to eliminate these
delays for an overspeed condition, practically, this delay is of little signif-
icance since no action started by an overspeed condition can shut down the EGS
fast enough to prevent the TAA reaching runaway speed. Figure 5 shows a curve
of TAA speed versus time plotted from test data taken during an emergency shut-
down of PCS-1. This curve shows the TAA reaching runaway speed in 0.5 to 1.0
seconds while the boiler continues to deliver sufficient hot gas to maintain
runaway speed for 5 or 6 seconds. Therefore, there would be little to be
gained and possibly much to be lost if the EPSM were to be further complicated

to require it to make this additional distinction.

- 15 -
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N-1

TAA 5/4 Tach Pickup Output Signal
3/22/68 at 1400 Hrs - PCS-1 Test’

Scope Settings:

Vert. Sens. = 2 volts/cm
Sweep = 1 millisecond/cm

Results:

Output = 3 cm x 2 v/cm = 6 volts

4 cycle 1 rev 1l cn 60 sec
Speed = b.¢ — - = 12,000 RPM
}0 cm 2 cycles 1 x 10 3sec min
goo PPS
| EYeLs
; ULsg EQ = ——— = 2500 CP5
Basie Puse Fea= 2
oy lLle
O~ bl ~L= 3 z 2000 PS5 J/%/M
B Xte SEe ’
IR | <t
® e ® ABL0ep (3o g 78 o)

Figure L



Figure 5
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APPENDIX A

VOLTAGES IN THE SNAP-8 ELECTRICAL SYSTEM

AS THE RESULT OF POSSIBLE SHORT CIRCUIT FAULTS



VOLTAGES IN THE SNAP-8 ELECTRICAL SYSTEM AS THE RESULT

OF POSSIBLE SHORT CIRCUIT FAULTS

Short circuit faults on the SNAP-8 electrical system will consist of

the following conditions:

1. Three-Phase short circult

2. Phase~to~Phase short circuit

3. Phase-to-Phase~to-Neutral short circuit
L, Single-Phase-to-Neutral short circuit

The voltages existing in the system as a result of these faults are as

follows:

1. Three~-FPhase Short Circuit

For this case all phase-to-phase and phase-~to-neutral voltages

are zero.

By = Boy = By = 0

It 1s evident that three phase-to-neutral undervoltage sensors

will trip on a three-phase short circuilt.

2. Phase~to-Phase Short Circuit

For this case the faulted phase-to-phase voltage is zero.
Assume phase 1 to 2 is shorted, then

E12 =0

By the method of symmetrical phase components it can be shown that

By = Bop = 1/2 E3N . (Reference 1)

The results of a short circuit test on the SNAP-8 alternstor are

shown in Figure 1. For this test the alternator was separately excited.



Another test on the alternator with its Voltage Regulator-Exciter
supplying the field current demonstrated that the phase current on a phase-to-
phase short circuit is 670 amperes. (Reference Aerojet Report 3658.) From
Figure 1 the voltage E

By = By = 1/2 E

N is shown to be 126 volts. Since as previously stated

3
aw Biy = Eoy = 126/2 = 63 volts.

This shows that two of three phase-to-neutral undervoltage sensors

set to trip at 108 volts will trip on a phase-to-phase short circuit.

3. Phase~to-Phage-to-Neutral Short Circult

In this case all of the faulted phase-to-phase-to-neutral voltages

are Zeroe.

Therefore, at least two of the three phase-to-neutral undervoltage

sensors will trip on a phase-to-phase-to-neutral short circuit.

b, Single-Phase-to-Neutral Short Circuit

In this case the faulted phase-~to-neutral voltage is zero.
Assume phase 1 to neutral is shorted.

ElN =0

For this condition the voltages, EEN.and EBN’ have been determined
from tests on the SNAP-8 alternator. These results are summarized in Figure 2

and Figure 3.

The conclusion is that voltages EEN and E3N are less than 102 volts and

104 volts respectively, and that therefore all three phase-to-neutral under-

voltage sensors set at 108 volts will trip on a single-phase-to-neutral fault.

References:

1. Symmetrical Components, Wagner and Evans, Chapter III, page L47-48,
McGraw-Hill Book Company, Inc.
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INTEROFFICE MEMO AFROJET-GENERAL CORPORATION 3 December 1969
4968:69:0082-FNC: if

160/xk207
TO: S. L. Bradley
FROM: F. N. Collamore
SUBJECT': Protective System -~ Single Line to Neutral Fault

DISTRIBUTION: N. E. Waldschmidt

ENCLOSURE: (1) Figure - Single Line to Ground Fault

A review of the SNAP-8 alternator and voltage regulator-exciter performance
indicates that a single phase line to neutral fault will cause the protective
system to trip. The under voltage trip point is set at 108 volts line to neutral.
With a single phase to neutral fault all three phase voltages will be below
108 volts.

Enclosure (1) shows the altermator current and voltage vs field current
with a single phase line to neutral short circuit. Phases 2 and 3 are open
circulted. ghort circuit tests of the alternator with its voltage regulator-
exciter indicate a maximum single phase to neutral current of 940 amperes.
(Reference Aerojet Report 3658) From Enclosure (1) the voltages on phases 2 and 3
under this condition are 102 volts and 104 volts respectively. It should be
noted that data shown in Enclosure (1) is taken without the voltage regulator-
exciter and that phases 2 and 3 are open circuited. With the voltage regulator-
exciter connected, phases 2 and 3 would be loaded by the saturable current
potential transformer which supplies the alternator field excitation. This would
reduce the voltages below that shown on Enclosure (1).

During normal operation of the SNAP-8 system the alternator is loaded by
the system pumps, speed control system and vehicle load. If a line to neutral
fault were to occur on one phase the load would remain on the other two phases
causing a lower voltage than that shown on Enclosure (1).

F. N. Collamore
Electrical Components Section
Power Systems Department

Figure 2
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APPENDIX B

STEADY STATE THERMAL ANALYSIS OF SNAP-8

ELECTRICAL PROTECTIVE SYSTEM MODULE
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TECHNICAL MEMORANDUM

AUTHOR(S): R. G. Rivera

TITLE: - Steady-State Thermal Analysis of SNAP-8 Electrical
: A"Prdtective System Assembly

ABSTRACT

The "CINDA" computer program was used to thermally
analyze the SNAP-8 Electrical Protective System Assembly. The
results of this anlysis indicate that the assembly will operate

within temperature limits at the worst case radiator conditions.

KEY WORDS: Electrical Protective System, thermal analysis,

electrical equipment
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SYMBOLS AND NOMENCLATURE

Area perpendicular to heat flow, ft2

A
¢,  Specific heat at constant pressure, BTU/1b-"F
FA Configuration shape factor, dimensionless
Fe Emissivity factor, dimensionless
G Thermal conductance, BTU/hr-"F
h Film conductance through a bolted connection, BTU/hr—ftg—oF
K Thermal conductivity, BIU/hr-ft-CF
Q Heat dissipated, watts
2
U Overall thermal conductance, BTU/hr~ft"-"F
W Weight, 1b
X Heat flow path, ft
v 2 ok
c Stefan Boltzmann constant, BTU/hr-ft - R
2l
26 Summation from 1 to n
4=f
Subscripts:
r refers %o radiative
i refers to node or element "i"
ij refers to nodes "i" and "j"
Symbols:
8‘ G':-?' } Non radiative conductance between nodes "i" and "j"
A ~
S%E sz‘ ;z> Radiative conductance between nodes "i" and "j"



II RESULTS AND RECOMMENDATIONS

The stegdy—state cgmputer solution for assumed radiator temperatures
of 225°F, 390 F, and 550°F, respectively, 1s presented in Table 1, The
results show that the on%y elecgronic component that reached its critical
temperature limit of 125 C (257 F) was the electronic relay - Element
Number 37 of the thermal negwork - which reached 258OF for the most severe

radiator temperature of 550 F,

Because of the conservatism of the steady-state analysis no changes
to the present design of the SNAP-8 Electrical Protective System Assembly
are recommended,

Table 1 - Element Temperature in Degrees Fahrenheit
vs. Assumed Radiator Temperature

Element Element Rgdiator Tegperature o
Nurber Description 225 F 390°F 550°F
1 Lumped element consisting of

inner housing aluminum wall,
magnetic amplifier AR.,
transformer T., induc%ors L
and L,, zener diode VR., ané

resis%ors R.s R,y Ros % s> Res
and R, L o O W5 158 168 18
2 Lumped element consisting of

inner housing wall, magnetic
amplifier AR_, transformer T
inductor L_, zener diode VR
and resistgrs R8 and RBO'

3’
7 160 170 187

3 Lumped element consisting of
rectifier heat sink, diodes CR
to CR,, and zener diodes VR ané

20 2
VR3.

L Lumped element consisting of
rectifier heat sink and diodes
CRl to CR12'

5 Lumped element consisting of
rectifier heat sink and diodes
CREl to CR32.

265 276 292

165 175 192

165 175 192



Table 1 ~ continued

Element
Number

6

10

11
12
13
14
15
16
17
18
19

20

Element
Descrigtion

Lumped element consisting of
rectifier heat sink, diodes
CR,, to CR, . and zener diodes
VR?Sand VR29

Lumped element consisting of
rectifier heat sink and diodes
CRHl to CR52.

Lumped element consisting of
rectifier heat sink, diodes

CR to CR and zener diodes
VR53and VR6?

8 9
Housing wall - aluminum
Tumped element consisting of
inner housing aluminum wall,

magnetic amplifier AR,, trans-
mitter T,, and zener diode VRM'

2
Housing wall - aluminum
Housing wall - aluminum
Housing wall - aluminum
Housging wall - aluminum
Housing wall - aluminum
Housing wall - aluminum
Housing wall - aluminum
Housing wall - aluminum

Housing wall - aluminum

Housing wall - aluminum

Radiator Temperature

225%F 390°F 550°F
265 276 292
167 177 194
267 278 29L
153 163 179
155 165 181
153 163 179
15k 167 187
155 168 189
154 167 188
151 160 17h
150 160 175
15h 166 184
157 178 210
149 158 172
150 160 176

B-6



Table 1 - continued

Element

Number

21

22

23
2k
25
26
27

28

29

.30

31

32

33
3k

35

Element
Description

Housing wall for relays -
aluminum

Quter housing wall adjacent
to doral glass element ~

aluminum

Housing wall - aluminum
Housing wal} -~ aluminum
Housing wall - aluminum
Housing wall - aluminum

Housing bottom plate - left
side - aluminum

Housing bottom plate - middle =~
aluminum

Housing bottom plate - right
side ~ aluminum

Housing cover plate -~ left
gide - aluminum

Housing cover plate - middle =
aluminum

Housing cover plate - right
gide - aluminum

Doral glass element

3.6 watts resistor (R.) attached
to Element 27, Compartment A

3.6 watts resistor (R.,) attached
to Element 2, Compartiient A

Radiator Temperature

205°p 390°F 550°F
172 ;87 209
153 170 197
150 160 174
150 160 175
154 166 18L
157 178 210
17 152 160
146 150 158
1h6 154 166
177 267 396
17k 256 375
168 228 317
215 372 533
197 202 210
210 220 237

B-T



Table 1 - continued

Element Element Rgdlator Tegperature
Number Description 225 F 390 F 550 F
36 3.6 watts resistor (R.,) attached
to Element 27, Comparthient C 197 202 210
37 Typical relay element attached to
Element 21, Compartment G 221 236 258

IIT  THEORY AND ASSUMPTIONS

The analysis of thermal systems such as the one being considered
(Figures 1 and 2) is so complex that the only successful approach to them
is by the use of analogies between heat and electric flow, It was then
necessary to make an electric network analogous to the thermal system
being congidered and to calculate thermal conductances between adjacent
nodes or thermal elements,

In using electrical analogies temperature can be thought of as a
potential that causes heat to flow., In steady~state procesges the current
of heat 1s governed by the potential difference and the resistance of the
heat flow path. This concept indicates that for steady-state processes
heat flow is analogous to electric cyrrent flow, temperature is analogous
to voltage, and thermal resistance (%,) to electrical resistance. (For
transient or periodic changes the ef%éct of storage or capaclty must be
included, therefore, the thermal capacitance (w ¢ ) is analogous to the
electrical capacitance.)

The simultaneous linear equations generated by making an energy
balance on each node of the electric network are solved by the "CINDA"
computer program of Reference (1) by using iterative finite differencing
techniques very similar to Southwell's and Emmons' relaxation method., The
esgence of the method is to make a heat balance and arbitrarily select
temperatures at each node so that the net heat transferred into each ele-
ment igs approximately zero., This of course cannot be done independently
of the adjacent nodes on all sides of the one being considered. The pro-
cedure is to set up a pattern for the entire system and then to satisfy
the requirements of zero unbalance or pre~established resgidual heat cri-
teria for each node,

Non radiative conductances for the "CINDA" program were calculated
by the formulae:



ij i7i
where,
_ 1
;"(' / \ kS X
SN AN Y
or, ’
K. A
N |
ij Xij

Radiative conductances were calculated by using the formula:
Gr = O FaFe A

Conductances through bolted connections were conservatively calculated
by assuming that the contact flange area was equivalent to an area having a
diameter four times the actual diameter of the bolt and using a parallel flow
path, in which the total internal conductance is taken as,

2™
¢ =7
.:,‘-I )
(K A.)
yAE =
X. .
L2 L
and
UA = L

2
A value of 1kl BTU/hr-ft -°F wag used for the film conductance through
the air gap based upon past experience with similar systems and to simplify
calculations,

Heat dissipated by electronic components were taken as given by Mr,
Norman E, Waldschmidt of the Electronics Group, Section L4936, and were
lumped accordingly, i.e., either in the critical component per se or in
the corregponding wall, as applicable,

The heat dissipated in watts into each electronic component or wall is
given below, in which "Q," refers to the heat dissipated into -~ or by =
the thermal element "i',



Heat dissipated by electronic components:

9 = 6.08 watts de = .015 watts
a, = 8.38 watts ql% = ,015 watts
q3 = 3,20 watts Ay = 28,0 watts
qu = 1,0 watts q23 = .015 watts
q5 = 1.0 watts q2h = .015 watts
dg = 3.20 watts q25 = 015 watts
4@ = 1.0 . watts 4, = 3.60 watts
4g = 3620 watts A5 = 3.60 watts
Ao = 3.03 watts Qg = 3.60 watts
45 = 015 watts Ay = 3450 watts

All of the above heat dissipated values were multiplied by a 3.&137
factor in the "CINDA" program to convert them to BTU/hr.

As mentioned previously it was not considered necessary to model all
electronic components since it was obvious that some of them were not
critical, i.e., the inductors which had a very large mass dissipated only
.030 watts, each, Rather than modeling each inductor as a separate element
and calculating conductances to this element it was assumed that the heat
dissipated by the inductor will be divided equally among the two walls at
which the inductor was attached, each receiving ,015 watts,

Critical elements such as resistors R,, R.,, and R2 which dissipated
3.6 watts steady-state each, were given a nZde %%Mber S0 %hat a correct
temperature could be calculated by the computer program of Reference (1)

for each one, (This was also done for a typical relay attached to Element 21
since it dissipated 3.5 watts steady-state.)

v METHOD OF ANALYSIS
The analogy between heat and electric flow was used in the preliminary
steady~state thermal analysis of the SNAP~8 Electrical Protective System

Assembly, The thermal configuration shown in Figures 1 and 2 was subdivided
into seven compartments, namely, A, B, C, D, E, F, and G,

7 B-10



The electrical components in each individual compartment are as follows:

A,

Components in Compartment "A"

1.

Components attached to Elements #1, #3, and #4

a) Rectifier Heat Sink including diodes CR, o CR,,

and zener diodes VR2 and VR3

b)  Zener Diode VRy

¢) Inductor L,

d)  Magnetic Amplifier AR,

e) Transformer Tl

f) Resistors Ry to R6

Components attached to Element #27

a) Resistor R

7

Components in Compartment "B"

L.

3.

Components atbached to Elements #l, #5, and #6

a) Rectifier Heat Sink including diodes CR,, to
CRMO and zener diodes VR5 and VR6

b)  Inductor L3
Components attached to Element #2
a) Resistors Rg tO By),

Components attached to Element #10

a)  Magnetic Amplifier AR,

b)  Transformer T,

¢) Zener Diode VR,

8 B-11



C. Components in Compartment "C"
1. Components attached to Elements #2, #7, and #3

a) Rectifier Heat Sink including diodes CR),, to CR.,
and zener dilodes VR8 and VR9

b)  Zener Diode VR7

c) Inductor L5

d) Magnetic Amplifier AR3

e) Transformer T

3

f)  Resistors R15 to Ry,

2. Components attached to Element #27
a) Resistor R,y

D. Components in Compartment '"D"

1. Reactor Inductor L2
E. Components in Compartment "E"

1. Reactor Inductor Lh
F. Components in Compartment "F"

1. Reactor Inductor L6
G. Components in Compartment "G"

1. Relays KlLl’ Kng, K2, and K3
e Relays KhLl’ KuLg’ K5, and K6
3. Relays KYLl’ K7L2, Kg, and K9

The thermal configuration was subsequently subdivided into 39 thermal
nodes or elements described at the end of this section, In order to keep
computer time to a minimum it was necessary to lump certain non-critical



elements into an equivalent thermal element whose temperature will be repre-
sentative of the average temperature of each of the individual elements

lumped,

In doing this, it was kept in mind that the results of the analysis

will indicate whether or not a finer element subdivision or a more refined
thermal analysils should be made,

An electrical network analogous to the thermal system (Figures 2 and 3)
was then made and thermal conductances between adjacent nodes were calculated,
The temperatures at each individual node were calculated by using the computer
program of Reference (1) and the thermal properties given in Table 2,

Table 2 - Steady-State Thermal Properties

Thermal anductivity

Material BTU/hr-ft°-CF /£t
A 356-T6 Aluminum 92
6061-T6 Aluminum 92
Beryllium Oxide 64

Steel 33
Steatite 1.5
Copper 226

Doral Glass 0,1815

Note: Thermal conductivities were obtalined from References

(2)3 (3): (h)g and (5).

Thermal Element Degcription:

Lo

3.

Lumped element consisting of inner housing aluminum wall,
magnetic amplifier AR,, transformer T., inductors L, and L.,

. . % 1 3
zener diode VRl’ and Yesistors Rl to 5°

Lumped element consisting of inner housing wall, magnetic
amplifier AR,, transformer T3, inductor L5, zener diode VR7,
and resistoré Rq to R, .«

8 20

Lumped element consisting of rectifier heat sink, diodes CR

to CRZO and zener diodes VR2 and VR3.

13
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9.

10,

11,
12,
13.
1k,
5.
16.
17.
18,
19.
20,
21,
22,

23

Lumped element

to CRleo

Lumped element

CRBE'

Lumped element

CRMO and zener

Lumped element

to CR52.

Lumped element
CR6O and zener

Housing wall -

consisting

consisting

conslsting
diodes VR

>

congisting

consisting of rectifier heat

diodes VR ..

aluminum

9

of rectifier heat

of rectifier heat

of rectifier heat

of rectifier heat

sink and diodes CRl

sink and diodes CR21

sink, diodes CR33 to

sink and diodes CRhl

sink, diodes CR 3 to

>

Lumped element consisting of inner houging aluminum wall,
magnetic amplifier ARE’ transmitter T2, and zener diode VRM'

Housing
Housing
Housing
Housing
Housing
Housing
Housing
Housing
Housing
Housing

Housing

wall

wall

wall

wall

wall

wall

wall

wall

wall

wall

wall for relays - aluminum

aluminum
aluminum
aluminum
aluminum
aluminum
aluminum
aluminum
aluminum
aluminum

aluminum

Outer housing wall adjacent to doral glass element - aluminum

Housing wall - aluminum

11
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2k,
25
26.
27
28,
29.
30.
31.
32.
33.
3k,
35.
36.
37
38.
39.

Housing wall - aluminum

Housing wall - aluminum

Housing wall - aluminum

Housing bottom plate - left side - aluminum
Housing bottom plate - middle - aluminum
Housing bottom plate - right side - aluminum
Housing cover plate - left side - aluminum
Housing cover plate - middle - aluminum
Housing cover plate - right side - aluminum

Doral glass element

3.6 watts resistor (R7) attached to Element 27, Compartment A

3.6 watts resistor (th) attached to Element 2, Compartment B

3.6 watts resistor (R21) attached to Element 27, Compartment C

Typical relay element attached to Element 21, Compartment G
Heat sink boundary plate @ 140°F

Congstant radiator heat source temperature

12

B-15



v CALCULATED CONDUCTANCES

The calculated conductances for tlie steady-state computer run were as

follows:

Non-Radiative Conductances.

Gl
G2
G3
Gh
G5
G6
GT7
G8
G9
G10
GlLl
G12
G13
G1h
G15
G16
G17
G18

G19

1.528
1.945

1.910

1.910

1.9k45
0.1089
0.,0273
0.1531
34520
3.080
1.528
3e52
3.08
0.0328
0,0857
0.910
0,945
1.527
1.527

BTU/hr-"F

1"

13

G20
Ga1
Go2
G23
Gl
G25
G26
G27
G28
G29
G30
G31
G32
G33
G3k
G35
G36
G37
G38

0,0905 BTU/hr-°F

0,1089
3.520
0,1531

0,0328

. 3652

0,1531

0,0273
0.1089
0.1531
1.81
0,093
1.126
1,126
0.093
2,038
0,093
1.126

0,0858

1"

1"

"
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Non-Radiative Conductances (continued)

G39
GLO
Gh1
Gh2
Gh3
Ghl
Gl5
Gh6
Gl7
Gu8
Gh9
G50
G51
G52
G53
a5k
G55
G56
G5
G58
G59

G60

0.093 BTU/hr-"F

1.126
2,038
1.126
2,038

0.093

1.126

1.126
1.273
1.187
3.659
934
6.29
0.93h
0.097
0.1332
3.659
2.54
1.187
1.095
1.126

0.0857

1L

G6L
G62
G63
Gk
G65
G66
G67
G68
G69
G70
G71
a72
GT73
GTh4
GT5
G76
GT'(
G78
G79
G80
G81

G82

1,273

1,126
0.093
2,038
1,126
0.910
0.,0905

1,095

. 2,585

3.150

24395
3.01

1.518
0.937
1.518
2.494
0,937
2,494
1.945
1.945
1.945
1.945
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Non-Radiative Conductances (continued)

@83 = 1.945 BIU/hr-°F 689 = 0.2443 BTY/hr-°F
G8h = 1,945 : G0 = 0.,2443 "
G85 = 2.065 " Go1 = 0,2h52 "
@86 = 2,065 " G100 = 22,901 "
G87 = 1.310 " G0l = 23,239 "
G88 = 0.2452 " G102 = 10,642 "
Radiativg Conductances
622 = 4.375 x 1070 B1U/ur-%RY @98 = 5.070 x 10" BTU/hr-OR "
G93 = 14,895 x 1070 = G99 = L.675 x 1070w
a9k = 1.760 x 1000 v G103 = 5,02 x 107 v
695 = k4,215 x 107 v GOk = 3,31 x 107TF  w
6% = 5.585 x 107 " G105 = 3.485 x 107
@97 = k215 x 107 "

B-18
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APPENDIX D

EXPERIMENTAL UV/OV MAGAMP DESIGN

AND CONTROL CHARACTERTISTICS
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APPENDIX E

PROTECTIVE SYSTEM FOR PCS-G

E-1



00-007.022 (RZV, 7-62)

% AEROJET »
TO: DATE
d» Coff 15 Hovember 1968
FROM: 5936-68-0115:51B:ve

8. L. Bradley

SUBJECT:
- Protective System for PCB-G

}

DISTRIBUTION:

PN Collsmore, EG Brittain, LP m@@
Enclosure: {1) Protective System Requirements

Enclogure (1) is the engineering imput of the protective
gysten regquirements for FCS-G3. The requirements provided here
are for protection of the electrical system only. The protective
systen requirements for the hydraunlic system involving flows and
pressures will be supplied as payt of the programmer reguirements.




1.1 Fault Benalog
Faulie on the electrical gyolen may conpist of one or more of the Follows
ing conditions:
{a) Thvee phuse short eizcult
{v) Fhege to ground short clrould
(e)
(8) &ystem overload

mee Lo phase shurt clyeults

{e) cevere ubslanced loads
{£)
{g) Voltage regulator failuve

Soved Cosbrol fallure

The existence of one o wove of these foavlts will be sessed by voltegs

power systen to neubtyal.

epenfent from esch obher sengor and

operete in @ coapletely independent warmey.

senpors shall be defined in the following pex
I % 3

The performance of the voliage
B0 ,;.;,‘ s
sensors shall operate from the voltsge

whlch they eve sesing. ¥Ho sddibional gource of power ghsll be reguired

1.1.2 Quiput Relsy - The oubtpub of the voltege sensor shall operete @

double pole dovble throw relay reted ab 2 smps minlmm repigtive 20 wvolts D.C.



1.1.3 Bheady Stege Volimge Limits - The voltsge sensor shall actuste

the velay st the volisge limlts shown in Plgure 1A. The devietion from the

speclfied wlue for all faciovs including envivommental

copfitions ghmll oot
gzceed * 1.5 volbe. The differentisl bebtwsen the plckup and drop out of the
rolny ghell not excesd 3.0 volis.

1.1.h Trenpient Voltese Liwmits - The voltage ssupor shell heve an

inverse tipe delsy before opevation so that momentary volisge trensients
reguiting from sudden changes ln vehicle load will nobt csuge dvop ouk. The
regquired inverse time charecterigtic lis ghown in Plgure 1B.

: Freguancy - The voltage sensors ghall perform se epecified

whens the supply freguency is within the saoge of 300 to 500 HZ.

1.2 Feult Tripping - The faulie on the electricel system shnll be eensed

by feult seosors ap described in payegraph L.1l. Protective action will he
igitisbed in the event thet two of the three faullt gensore indlicate that a
fault condition exlpta.

1.3 Pault Dlecriminstion - The protective system shell diserimivete between
inberoal snd exbernal system fanlis.

1.3.1 Erbernal Yoults - Bxbermal fmults will be igolated from the gystoms
by opening the veblcle load breaker (VIB)imwedintely upon indlcation of & fault.
1.3.2 Intersel Paults - Ioberpel feults will be deternined by o time

delny which will allov the gsysten to recower from on exbersal favld after the
In the ovent thet the fault condition ramivg on the gyetem
lovrer Yhan 0.5 seconds o osigoel will be initisted to abut down the

power conversion system (PUS).

1.3.3 Fouli Clemring - In order thet maxinum effort be wade to clear

external Yaulbes the protective gystem will reclose the VIS sp soon &g the

gloctrical gysteon recovers o spocified conditions. IF the Poult remmins 1%

E-4



o

will be sensed and the VIR revpsned. This schbion will be ropmated untll the

fault i cleaved or the 8 lp sbub down by operater acbion.

shockive myshen shall interfoce with
grenmer Yo effect the necessary action in the event o fexit
iz senped. The polnts of luterface ghell be deternined by mtuel sgreesend

by the desligners of the protective sysben and gypben EOIresey.

2. Tuwrbinve Overgoeed Probection. Overspeed protection ghall be provided

which will shut down the POE in the ovent of turbipe overgpesd in execoss of
13200 B8 plug o winus 132 BWM .

gl « The turbine speed ehell be sensed by a epeed plakup
pounbed in the tuwrbine sssenbly. The soeed sengor

gimll be completely
independent from the alterpetor and not reguire alieronticor voltage o funobioa.

X Bupnly -~ The speed songor shell opsrate from the outpud of
the spoed gie:’sm@ and 20 volts. D.C. supplied by the system progrosmer.

The oubput of the gpeed sensor shell oprate g double
pole double thvow relay reted at 2 emps minimum resistive 25 volts D.C. The
relay shall be ensrgized only wh

o an overgpesfd condlbion exigts. Durisg
norzal operation the yelay coll will be waeweibed.

E-5
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APPENDIX F

TAA TERMINAL SPEED DURING EMERGENCY SHUTDOWN

(Memo %4966-T70-0701)



Y
FROM:
SUBIECTY

COPES T

g
Lhe F

shubdown sigual i initisted, Yhe TAAL wouvld veash and possibly excesd by @ swall

Pect
. % & ”
follosing:

W. B, ¥aldschmidd DATE '3‘1! e iy }{}‘?0
hO6E=To-0FCLIME 16 m

Eﬁ i.xeu e,zﬁéfi*“ fcf
a8 Verwinal Spsed Durlsg Buergency Shubldown

8, %o Bradley,. B. ¢, Dritiein, 4. #. Poges, File

o snswer to your fpguivy, ap inspectbion of PUS-1 date wegovding the
%

of swmarganey shubdown, inlb .&’s@é 4n the zeglon of 200 cps indicubes

Le I% *"b@ morowry Plow vete is 1500 o 2500 }}3/ e ab the mopent the

wargin | 2w5-10%) of its cperstiog speed of 12,000 vrym.

slgual Lz Suibtiated, the 44 will wreach and excesd the cverspeed Limis of 13,500

2, IF vhe flow rabs iz 3000 - 4500 mfma &% the noment ths shubdown

B3 and possibly spproach runpway spead of 19,000 BEM,

M. G. @hezﬂry
Rotatliag Compowante

Power Systems Deparbtusnt



APPENDIX G

STRUCTURAL ANALYSIS

ELECTRICAL PROTECTIVE SYSTEM MODULE
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| ANAZL¥SES MO:_SA-E.18p

| DATE_ 7 August 1969

w BT - GUMMARY OF ANALYSTS

. Project.  SMAP-8 . .~

i Part Component Pi'otectivg-vaysiiéin. '

A,";_Comﬁonent ~ Electrical.

T

"o Subjeet_ Sﬁructural Analyses

Dist¥ibution:

5. L. Bragley

“Drawing No._ 3267097 . |

R M., HilL

Referénce(s)i, 1. AGC Spec, 10512

Engineer 0. H., Cano

,Approved_

File: SS_1090-02

OBJECTIVE:

Evaluate structural integrity of part (castiﬁg)

ASSUMPTTONS: -
1. Drawings ., Dimensional
2. spec.

i Toads

 REFERENCES (Analysis Methods):

Std., Analyses

RESULTS AND ‘CONCLUSIONS:

Part 1s acceptable

RECOMMENDATIONS AND COMMEN'TY

Part i acceptable -- lnstal lation of part by means of 16 screws is
acceplable.” No turther recommndations -~ Sign ofrl,

-G-2



AERCJER WUCIEAR SYSTEMS COMEANY

%o s N. E. Waldschnidt Dete: 6 Mareh 1970
BOST 700018 sWif seh
Froms W, Weleff

Subject s Stress Apalysis for the Flegdrisal Proteetive Syastem Mrdule Assembly

»

Copy %o S, L. Bradley, O. Cano, J. Shem, V. A. Plneda, file

Keference: {a) Compoment Protective System Struetural Analyzis 85-E-182,
dated 7 August 1969

Eneloswre: (1) Stress Apalysis SA-5.186, Electrieal Protechive System Module
Asgenbly, dated 20 Jenuary 1970

Enelosure (1), representing additional stress snalysis for the components
of the Proteectlive System Mrédule Agsembly, ig forwarded herewith for your use
and retention. Thig enalysis contalnsg invegtigation of the structural integrity
of the ecomwonents contained in the assembly module such as: the relay'comnafﬁmemﬁ;
reactor industor eompartment: PA and 03 comvartments, eontaining the resistors,
regtifiersg, transformers, filters; ebe,

To aeceount for the dynamie effests nn these eomponents, an eguivalent
static load of 20 g was essumed snd utilized in this analysis. The properties
~f the cest aluminum slloy A~356 inm the T-6 eondition were used in this analysie,

All stresses were found to be within Tthe allowable yield strengith of the
material, resulting in pogitive safely mawrging for all comoonents.

Thie analysis ahould be considered as suppvlemental to the orevious eanalysis,
reference {a), which eontained the evaluation of the structursi integrity »f the
houging.

0t

W, Weleff, Sugervisor
Stregs Group
Engineering penartment

Power Systems Operations
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Dept. L927 ANALYSTS NO. SA-E-186

DATE 1-20-70

SUMMARY OF ANALYSIS

Project SNAP-8 - Comﬁonent Electrical y Distribution:

Electrical Protective System .
-~ Part Module Assembly Drawing No. . K S, L, Bradley

Sub Jject 20 g TLoading N. E. Waldeschmidt

Reference(s)

Engineer J. Shen , Approved M M File: 85 1090-03

OBJECITVE:

To calculate stresses and sign-out drawings.

ASSUMPTTONS :

20 g loadings assumed and used.

REFERENCES (Analysis Methods):

RESULTS AND CONCLUSIONS: i

’”n

1. Reactor-Indicator Cover (Dwg. 1267813)., Relocate tie-down screw insert to glve better &
edge distance (original 018" edge distance for #10-32 screws) C ke

7,

2, Corrected torque values for #10-32 and #8-32 screws (Dwg. 1267812). '§

All stresses are within allowables and with suffidient margins for 20 g loadings.

RECOMMENDATIONS AND COMMENTS:

SJign-out Drawings:

1264931 1267643 1267808 126781k
1267058 12676L6 1267809 1267817
1267089 1267800 1267810 1267818
1267097 1267803 1267811 1267819
1267098 1267806 1267812 126782k
1267425 1267807 1267813

G-l
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PROTECTIVE SYSTEM

I. REQUIREMENTS

1. The flight protective system can only protect the Electrical Generating
System (EGS) for faults occurring in the wvehicle load. It will not be possible
to protect the plant against faulbs in the EGS, for if any of the loads or circuits
in the Electrical Generating System.(EGS) are faultad or lost, the plant will fail.
It ig therefore possible to protect the EGS against these failures only by design~
ing the electrical wiring system and components with enough margin and redundancy

80 that electrical faults and failures in the EGS are very unlikely.

2. Although the exact nature of the load the SNAP-8 EGS will supply is
unknown. The nabure cf the fallures and faults that will occur isg known, for
they will be the same regardless of the type of load. The faulbs and failures
will be three-phase faults line-to-line, single-phase faults line-to-line, and

line-to-neutral, overloads and open circuits.

3. Although there will be a high current when there is a three-phase
fault, the impedance tc the fault will be mostly reactive so there will be little
real power in the fault current and the turbine will be esseatially unlcaded.
Because the fault will reduce the alternator output voltage to a very low level,
the parasitic load system cannot apply appreciable load to maintairn the speed
at normal levels., There is thus very 1iittle load on the TAA, consequently it

overspeeds,

L, The alternator and the excitatlon system are capable of producir
high short circuit currents when faults occur. A three-phase fault will produce
2.85 Per Unit (P.U.) current (2.85 times rated current); & single~phase line-to-
line fault will produce 3,05 P,U, current, and a single-phase line-to-neutral
fault will produce 4.2 P, U, current. The winding of the albernastor cahn withstand
4.2 P, U, current only about 18 seconds before the winding temperaturs rises to
approximately 600°F (31600). This temperature will soon damege the insulation

sufficiently to cause winding failure.
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5. It is clear that some protective action should be taken, for if the
Vehicle Load Breaker (VLB) is opened when a fault occurs, EGS can comtinue to
operate and produce power, Whereas if the VIB is not opened, the TAA is in
danger of destroying itself because of overspeed or because of high alternator

winding temperature caused by high fault currenfts or both.

6. The £light protective system must be highly reliable in order to
perform successfully. For over 10,000 hours the system must avold any false
signals and consistently provide trip signals when true faults occur. Performance
like this can only be realized because of inherenmt relisbility achieved by simpli-
city of circuitry, natural ruggedness of components, and integrity of fabrication.
When less reliable components cannot be avoided radundancy of components and/or

conservative ratings are essential.

IT, AVAITABILE SYSTEMS

1. A review of other protective systems has established that they are
not suitable for use in the SNAP-8, In most cases, the aircraft protective systems
are based on prevention of damege to the power generating components (whereas the
goal for the SNAP-8 PCS EGS is to keep it in operation) and depend upon disconnecting
them from the rest of the system, removing the field excitation and reducing or
removing the shaft input power. In systems containing multiple generators, the
load can be reduced or redistributed to maintain the essential functions., In
single generator systems, the same type of protection is used, but with an

emergency power supply to maintain the essential functions.

ITTI. FLIGHT SYSTEM CONCEPT

1. The protective system concept suggested here is based on an effort to
maintain the EGS in operation for as long as possible. Faulbts in the vehicle
load will be detected and the load breaker opened to isolate the fault and :
maintain the EGS in operation. The load breaker will be reclosed when the oﬁtput
voltage returns to normal, and normal operation can be resumed if the fault has
been cleared. If the fault condition persists, the breaker tripping and closing
cperation will be repeated. This method of operation will give the EGS every
opporbunity to resume completely normal operation if the fault has been cleared.
If the fault still exists when the breaker is reclosed, (since normal voltage
output conditions will have been reestablished in the EGS) another attempt can

D
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be made to clear the fault by either burning it clear or by tripping a branch

or individual clrcuit protective device in the vehicle load system.

26 No attempt will be made to detect or clear internal faults within
the EGS, Each major power consuming or producing component is essential to the

operation of the system and cannot be isolated without resulting in system failure.

3. It is considered necessary to detect single or three phasge faults
that will result in excessive current in the system, will cause excessive voltage

urbalance or will result in overspeed of the TAA.

L, Faults that result in overload and overcurrent will decrease the
output volitage directly as a result of alfermator or exciter limitations or
indirectly as a result of the decrease in turbine speed and the proportional
relationship of the frequency and output voltage. ILow impedance faults on single
or multiple phases will result in a direct reduction of voltage. The use of
single phase sensing on each of three phases will provide protection for either

single or multiple phase faults,

5 Faults that can cause either an increase in voltage or an increase in
frequency without a decrease in voltage will not be eliminated by opening the

breaker and therefore do not need to be sensed separately.

6. A1l vehicle-load faults which can be cleared by opening of the vehicle

load breaker will be sensed by this system.

T The protective system designed for ground testing of the PCS as
shown in schematic diagram 095381, Figure 1, is basically an under-voltage protec-
tive system. It, however, does include an over-frequency protective circuit

which will not be needed on a flight system,

8. The over-frequency cilrcuit protects the TAA from failure of the speed
control subsystem or loss of load due to line breakage or other open circuit or
any other malfunction which would cause overspeed of the TAA buk which is not
accompanied by a drop in voltage. However, to protect the TAA from overspeed
the PCS wmust be shut down. This of course violates the principle that the EGS
should be kept in operation as long as possible, so over~fraguency protection

should not be included in a flight protective system.
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Vi. SPECIFIC CIRCUITRY RECOMMENDATIONS

1. A 28 V DC power requirement is shown on the schematic diagram 095381,
Figure 1., If a restart capability is included for the EGS, this power will be
available from the battery which must be kept charged for the full mission. If
1 no restart capability is necessary, a means will be provided to trip the Vehicle
| Load Breasker when there is 1little voltage output of the alternator. This can be

done with a current transformer -power supply or by capacitor energy storage.

2. As shown on drawing 095381, Figure 1, undervoltage sensing is
accomplished by means of a bistable magnetic amplifier which receives the input
from three phases into one conbrol winding. When input voltage is above an
establighed value, the bistable stays on and relay Kl is energized. If any one
phase voltage or all three drop below established levels the bistable will switch
off and relay Kl will bede-energized. When relay Kl is energized, the vehicle
load breaker (VLB) is closed. When relay KL is de-energized, the VIB is tripped.

3. To prevent tripping on transients, a time delay is provided which will
allow the system to ride through fast voltage dips caused by load changes. There
is also a time delay provided on reclosing of the breaker. This is provided to

allow the regulating system to reestablish normal volbage conditions.before the

VIB is reclosed., The time delays are obtained by means of a time delay winding
in the magngtic amplifier and by RC circuits. No separate time delay relays are

required.

V. CONCLUSION

1. A protective system specifically developed for the peculiar require-
ments of the SNAP-8 EGS must be provided. No standard system is available which
will satisfy these unique requirements. The system must achieve high reliability
essentially from simplicity of circuibry, through use of inherently sturdy

components and by careful knowledgedble and experienced fabrication.
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APPENDIX I

RECOMMENDED ELECTRICAL PROTECTIVE SYSTEMS FOR

THE SNAP-8 ELECTRICAL GENERATING SYSTEM
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T. INTRODUCTION

The protective requirements for the SNAP-8 EGS depend to some extent
on the function of the system. If the function of the EGS is to operate
in ground devélopment tests, the protective requirements are different than
for an unmanned power plant operating in space. Consequently, this discussion
of protective requirements will be divided into three functional classes:

Class T - Protective System for Development Ground Testing

Class IT - Protective System for Space Operation - Unmanned

Class IIT - Protective System for Space Operation - Manned

Each of these classes has distinct protective requirements; each is
somewhat like the other, but each is different from the other,

This discussion will be concerned with the protective system for the
electrical system only. Protection for the hydraulic system involving press-
ure, flow, etc. will be considered separately.

II. GENERAL DISCUSSION OF FAULTS AND FATLURES

The most common electrical hazard against which protection is required
is the short circuit, and this fault will be given special consideration.,
However, there are other faults and failures which must be considered. Open
circuits, overvoltage, undervoltage, overfrequency, underfrequency, over-
temperature and unbalanced voltage are faulty conditions which must be considered.
Thése failures are not independant of each other. One fault may be responsible
for the appearance of other undegirable conditions. For example, a line-to-
ground short circuit in a grounded system will not only result in high current
in the faulted phase but will also cause low voltage across the same phase.
In fact, any short circuit that results in excessive current will also produce
abnormal voltages.

The SNAP-8 EGS is basically different from most power systems because
speed is regulated by maintaining a controlled load on the system and the voltage
is regulated to a value proportional to frequency rather than being independent
of frequency. These unique characteristics have an important influence on the
protective system required.

For example, an overload beyond the ability of the system will result

in a drop in speed and voltage, so that overloads need not be sensed directly,
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but can be detected by an undervoltage sensor.

Also, a substantial loss of load caused by an open circuit or for
other reasons will result in overspeed of the Turbine Alternator, so this
component must be protected by an overspeed or overfrequency sensor which
will sense an overspeed and shut the loop down rapidly enough to prevent
damage to the TAA,

The SNAP-8 alternator and the excitation system are capable of producing
high short circuit currents when faults occur. A three-phase fault will produce
2.85 Per Unit (P,U,) current (2,85 times rated current); a single-phase line-to-
line fault will produce 3.05 P,U. current, and a single-phase line-to-neutral
féult will produce 4.2 P.U, current. The winding of the alternator can with-
stand 4.2 P,U., current only about 18 seconds before the winding temperature
rises to approximately 6OOOF (31600). This temperature will soon damage the
insulation sufficiently to cause winding failure. {

Although there will be a high current when there is a three-phase fault,
the impedance to the fault will be mostly reactive so there will be little real
power in the fault current and the turbine will be essentially unloaded.
Because the fault will reduce the alternator output voltage to a very low
level, the parasitic-load speed-control system cannot apply appreciable load
to maintain the speed at normal levels. There is thus very little load on the
TAA{ consequently 1t overspeeds. Thus a three-phase short circuit requires
the same protective device as a loss of load on the TAA - an overfrequency
sensor with the ability to shut the loop down rapidly.

All of the fault conditions discussed can occur in any SNAP-8 power
system regardless of the class of service it is providing. However, the pro-
tective action that should be taken is different for diffefent classes of
service, so the protective system discussion that follows Will-be divided
into three classes. “

III; CLASS T - PROTECTIVE SYSTEM FOR DEVELOPMENT GROUND TESTING

A, REQUIREMENTS

The primary purpose of the protective system for development
ground testing is to prevent damage to the Power Conversion System equipment,

A shut down of the test facility will be tolerated to prevent damage to the

Tl
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TAA, the pumps, the electrical equipment and other PCS apparatus, It is
therefore required that failures anywhere in the PCS or test support equip-
ment be detected and protective action taken to minimize damage, It, however,
is also important that false shutdowns do not occur because endurance oper-
ation with a minimum number of shutdowns is one of the goals of the testing
progran, |

A protective system for ground testing must provide protection for
faults and failures in the PCS or in the Vehicle Ioad. It must open the
vehicle load breaker when faults occur in the vehicle load. It must shut the
plant down and remove the field excitation from the alternator for faults in
the PCS.

The Turbine Alternator Assembly (TAA) must be automatically protected
against destructive overspeeds and damaging fault currents.

It is not necessary that the pump motors be automatically protected
from overload currents, but they should have overload alarms which sense.high
currents and high temperatures, Action to correct the condition existing can
then be taken by the operator.

The Speed Control, Voltage Regulator, Programmer, Protective System and
Inverter must be provided with temperature sensing means although it doesn't
appear necessary to provide for high temperature alarms on these systems, The
temperatures should be closely monitored during the initial operation of the
system, but after a few hours of satisfactory operation close monitoring will
not be necessary.

B. SYSTEM CONCEPT

For sensing of faults within the Power Conversfon System (PCS)
and the Vehicle Load (VL) an under-unbalanced voltage (U-UV) and overfrequency
(OF) sensing system is required. The U-UV sensor will detéct both undervoltage
and unbalanced voltage in the system, and the OF sensor will detect Turbine
Alternator overspeed.

In order for the protective system to distinguish between a
fault in the PCS and one in the VL there should be two U-UV circuits. One
(U-UV1) will open the Vehicle load Breaker (VLB); the other (U-UV2), which will

1-5



be delayed longer than the first, will start a controlled shutdown of the loop.

U-UV1 will protect for faults in the Vehicle Load.

U-UV2 will protect for faults in the Power Conversion System,
including the more severe internal faults in the alternator.

Both under-unbalanced voltage sensors must be set so they do not
trip when vehicle load is suddenly applied. Therefore they must have a time
delay sufficiently long to ride'through suddenly applied loads or the under-
voltage must be set low enough that tripping does not occur on voltage dips
caused by suddenly applied loads.

When an undervoltage occurs the U-UV1 sensor will open'the VLB
before the U-UV2 sensor starts a loop shutdown. If the fault is in the vehicle
load, normal voltage conditions will be restored and U-UV2 sensor will notr act.
This is accomplished by providing a longer time delay for activation of the
U-UV2 sensor than for the U-UV1 sensor. In other respects the two sensors are
expected to be identical. If the fault is in the PCS the U-UV1 sensor will
first open the VLB, but since this action will not clear the fault the abnormal
voltage condition will persist so a predetermined time after the VLB opens,
the U-UV2 sensor wili initiate a controlled shutdown of the system.

These two U-UV sensors will detect nearly all the significant
faults that could occur in the vehicle load and in the PCS electrical system.
However, they will not detect a.situation in which the voltage does not drop
but the load on the TAA is lost. This is a condition which cduld occur if the
vehicle load is lost by open circuit fault of all three phases provided the
fault results in loss of the parasitic load systemn.

If this situation should develop the turbine will overspeed. The
alternator output voltage will remain balanced but will rige proportional to
speed. The U-UV sensors will not be actuated, so no protec%ive action will
be taken. An overvoltage (OV) sensor would detect this described malifunction
and provide a loop shutdown signal. However, the (OV) senéor would not detec%
an overspeed which was caused by a loss of voltage output and consequently a
lcss of load on the TAA. This situation would be detected by the U-UV sensors
and the U~UV2 sensor would initiate a controlled shutdown after a preset time

delay.



The delay in start of a shutdown might result in overspeed
sufficiently high to damage the TAA. It is therefore unlikely that an over-
voltage (OV) sensor will be satisfactory to provide protection for all over-
speed conditions,

To provide protection for TAA overspeed an overfrequency (OF)
sensor should be provided. This sensor must be capable of detecting an over-
frequency malfunction even though the alternator output voltage is higher than
normal or if the voltage has been reduced to zero. This OF sensor must act
to shut the loop down sufficiently fast to prevent damage to the TAA.

With the three sensors, U-UV1l, U-UV2 and the OF, there is no
need for an overload sensor per se,

Real power, kilowatt, overloads either in the vehicle load or in
the PCS will result in a reduction in parasitic load as the speed control
system attempts to maintain rated speed. When the speed control system can
reduce the parasitic load no further, and if there is still an overload on
the system, the speed and the voltage will decrease below normal until thé
under voltage setting of U-UV1 and U-UV2 is reached. At this point the
sensors will be actuated, the VLB will be opened and a controlled shutdown
will be started, providing protection for the overload condition.

A differential protection scheme will protect the Alternator from
phase-to~-ground faults within the Alternator winding. The Under-Unbalanced
Sensor U-UV2 will also protect the Alternator against the more severe internal
faults. However, it will not protect for faults at a point near the neutral
point or for high resistance faults which do not result in excessive currents.

To obtain the maximum protection from internal Alternator faults
a differential protective scheme should be added to the protective system.
When it functions it should start a loop shutdown and after an appropriate
time delay it should operate the field shorting switch.

A differential protective system is complicated, requiring four
current transformers and a differential relay device. It should be included
in the Development Ground Testing System but not in a space system.

c. GROUNDING OF ALTERNATOR NEUTRAL
If the neutral of the Alternator winding is grounded, faults to

I~



ground will result in high current and low or unbalanced voltages. These
conditions will be detected by the protective system and appropriate action
taken, Also if the neutral is grounded, a differential protective scheme
will be able to detect internal ground faults within the Alternator that
cannot be detected by any other means,

If the neutral is not grounded fault currents will not flow when
a single short to ground occurs, so the protective system will not take any
protective action, Thus the system will continue to operate with one ground
fault, If a second ground fault occurs the protective system will be actuated.

It is recommended that for the Development Ground Testing System
the neutral of the Alternator be solidly grounded. The Alternator neutral
should not be grounded when the EGS is operating as a space power plant.

D. OTHER PROTECTIVE DEVICES

There are other conditions for which protection could be added,
but such protection does hot seem justified because of the increased compli-
cation,

1. Reverse Phase Rotation Sensor

This device would only be useful when the system is first
started or after a repair. The extra complication is not justified, because
this device checks only on workmanship and should not be required as a perman-
ent device.

2. Over Current-or Over Load Sensor

Neither of these devices is required because damaging overloads
will also result in undervoltage which will operate the undervoltage sensor to
provide required protection.

E. SUMMARY
Table 1 summarizes the possible fault conditions that could be
experienced and the protective action that will be taken by the proposed Protect-

ive System,



Iv, CLASS IT - PROTECTIVE SYSTEM FOR SPACE OPERATION - UNMANNED
A, REQUIREMENTS

The protective system for an unmanned space power system can only
protect the Electrical Generating System (EGS) for faults occurring in the
vehicle load. It will not be possible to protect the plant against faults
in the EGS, for if any of the loads or circuits in the Electrical Generating
System (EGS) are faulted or lost, the plant will fail. It is therefore possible
to protect the EGS against these failures only by designing the electrical wir-
ing system and components with enough margin and redundancy so that electrical
faults and failures in the EGS are very unlikely.

If the Vehicle Load Breaker (VLB) is opened when a fault occurs
in the vehicle load, the EGS can continue to operate and produce power, Whereas
if the VLB is not opehed, the TAA is in danger of destroying itself because of
overspeed or because of high alternator winding temperature caused by high
fault currents or both, |

The protective system must be highly reliable in order to perform
successfully. For over 10,000 hours the system must avoid any false signals
and consistently provide trip signals when true faults occur. Performance like
this can only be realized because of inherent reliability achieved by simplicity
of circuitry, natural ruggedness of components, and integrity of fabrication.
When less reliable components cannot be avoided, redundancy of components and/or
conservative ratings are essential. v

B. SYSTEM CONCEPT

The protective system concept suggested here is based on the intent
to maintain the EGS in operation for as long as possible. Faults in the vehicle
load will be detected and the load breaker opened to isolate the fault and main-
tain the EGS in operation. The load breaker will be reclosed when the output
voltage returns to normal, and normal operation can be resumed if the fault has
been cleared. If the fauit condition persists, the breaker tripping and closing
operation will be repeated. This method of operation will give the EGS every
opportunity to resume completely normal operation if the fault has been cleared.

If the fault still exists when the breaker is reclosed, (since normal voltage



output conditions will have been reestablished in the EGS) another attempt
can be made to clear the fault by either burning it clear or by tripping a
branch or individual circuilt protective deviée in the vehicle load system,
This opening and reclosing action will continue until the fault is cleared or
until the VLB is lockéd open by an external signal. U

No attempt will be made to detect or clear internal faults within
the EGS. Fach major power consuming or producing component is essential to
the operation of the system and cannot be isolated without resulting in system
failure,

It is considered necessary to detect single or three-phase faults
in the Vehicle Load that will result in excessive current in the system, will
cause excessive voltage unbalance or will result in overspeed of the TAA,

Faults that result in overload and overcurrent will decrease the
output voltage directly as a result of alternator or exciter limitationsvor
indirectly as a result of the decrease in .turbine speed and the proportional
relationship of the frequency and cutput voltage. Low impedance faults on
single or multiple phases will result in a direct reduction of voltage. The
use of single phase sensing on each of three phases will provide protection
for either single or multiple phase faults.

Faults that can cause either an increase in voltage or an increase
in frequency without a decrease in voltage will not be eliminated by opening
the VIB and therefore do not need to be sensed separately. ‘

All vehicle-load faults which can be cleared by opening of the
vehicle load breaker will be sensed by this system.

C. SUMMARY

The Protective System for unmanned space operation will consist
of an undervoltage (UV) sensor which will open the Vehicle ILoad Breaker (VLB)
when a fault in the Vehicle Toad is detected. It will reclose the VIB after
norﬁal'volﬁage conditions are restored. This opening and reclosing'action
will be repeated until the fault is cleared or until the VLB is locked open

by external signal.
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V. CLASS ITIT - PROTECTIVE SYSTEM FOR SPACE OPERATION - MANNED
A, REQUIREMENTS

The purpose of a protective system for a manned space power system
is two fold: (1) The equipment that is repairable or replacable in space must
be protected so that it sustains minimum damage when a fault or failure occurs.
(2) Equipment that is not repairable or replacable in space must be kept in
service as long as possible even though that equipment may be destroyed.

For the purpose of this discussion the following assumptions are
made :

| 1. An astronaut will be able to monitor instruments and make
limited corrective adjustments from time to time, but will not be in regular
attendance,
2. Spare electrical modules, TAA and PMA's, will be available to
the astronaut for replacement of defective units.

3. An astronaut will be able to determine which electrical>mod-
ules and components are malfunctioning and will be capable of replacing them
with spare units after the EGS is shut down.

4, The EGS can be shut down without causing damage which would
prevent restart of the system.

5. The system can be shut down quickly so that damaging overspeed
of the Turbine Alternator Assembly can be avoided.

Any faults or failures which would result in destructive overspeed
or destructive temperatures to the Turbine Alternator must be sensed and pro-
tective action taken to prevent damage.

Faults in the vehicle load which are not cleared by local protective
equipment must be sensed and the vehicle load breaker (VLB) opened., As discussed
for the Class II system, an undervoltage sensing system which opens the VLB and
then recloses it after a time delay is the recommended way to protect for vehicle
load faults.

Faults within the PCS must be handled in a different way than those
in the vehicle load. PCS faults cannot be cleared by opening a protective

breaker to lsclate the failure from the rest of the system, because if this is

I-11



done a vital function will be lost and the system will stop operating, with
the possibility that damage will result. When an electrical fault within the
PCS is detected, the only action that can be taken is to shut the system down
in such a way as to minimize the resulting damage.

B. SYSTEM CONCEPT

For sensing of faults within the PCS and the VL an undervoltage-
voltage unbalance and overfrequency sensing system is required identical to
that recommended for the Class I system, except that the U-UV1 Sensor which
protects against faults in the Vehicle Load will be able to open and reclose
thé VLB in the manner described in the discussion of the Class IT system,

This protective system consisting of two undervoltage-unbalanced
voltage sensors and an overfrequency sensor will detect all faults which could
result in rapid and catastrophic failure of an electrical element. If a fault
occurs in the Vehicle Load the VLB will be opened, The VIB will be reclosed
when the output voltage returns to normal. This protection method will give
the EGS every opportunity to resume completely normal operation if the fault
in the Vehicle Load clears.

| The protective system proposed is not complex. It consists of only
three sensors which can detect any of the fault conditions which would cause a
replaceable item to fail, The simplicity of the system minimizes the failures
that can occur to the protective system which would cause false shutdowns of
the system.
Ce SUMMARY

The Protective System recommended for manned space operation will
consist of two under voltage-unbalanced voltage sensors, U-UV1l and U-UV2, and
an overfrequency (OF) sensor. No other protective sensors are required to

provide the required protection.
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TABLE 1

FAULTS AND PROTECTIVE ACTION
FOR DEVELOPMENT GROUND TESTING

Fault or Failure
in Vehicle lLoad

Condition
Sensed

Protective
Action

3 phase Short

1 phase Short
Line to Ground

1 phase Short
Line to Line

Overload

Open Circuit

Undervoltage (U-UV-1)

Unbalanced Voltage (U-UV-1)

Unbalanced Voltage (U-UV-1)
Undervoltage (U-UV-1)

Current to Vehicle Ioad

Open VLB

Open VLB

Cpen VIB
Open VLB

Operator Action

Fault or Failure
in PCS

Condition
Sensed

Protective
Action

3 phase Short

1 phase Short
‘Iine to Ground

1 phase Short
Line to Line

Internal Faults.
in Pump Motors

Phase fo
Ground Short

Phase to
Phase Short

Undervoltage (U-UV2)

Undervoltage (U-UV2)

Undervoltage (U-UV2)

Undervoltage (U-UV2)

or
Unbalanced Currents =
Overtemperature

Undervoltage (U-UV2)

or

Unbalanced Currents -
Overtemperature

Table 1
Sheet 1 of 2

I-13

Shutdown Loop
& Short Field

Shutdown Loop
& Short Field

Shutdown Loop
& Short Field

Shutdown ILoop &
Short Field

Operator Action

Shutdown Loop &
Short Field

Operator Action



TABIE T

FAULTS AND PROTECTIVE ACTION
FOR DEVELOPMENT GROUND TESTING

Fault or Failure
in PCS

Condition
Sensed

Protective
Action

Internal Faults
in Pump Motors

Open Circuit
One Phasge

Stalled Motor

Internal Fault
in Alternator

Phase to
Ground Short

Phase to
Phase Short

Speed Control
Failure

Voltage Regulator
Failure

Unbalanced Currents -
Overtemperature

Over Current -
High Temperature

Differential Current

or
Unbalanced Voltage (U-UV2)

Unbalanced Voltage (U-UV2)
Overspeed (OF) or
Undervoltage (U-UV2)

Undervoltage (U-UV2)
or Over Voltage

Table 1
Sheet 2 of 2

I-1h

Operator Action

Operator Action

Shutdown Loop
& Short Field

1" "

Shutdown Loop
& Short Field

Shutdown Loop

Shutdown Loop
Operator Action



APPENDIX J

DESIGN REVIEW CHECK LIST

AND FAIIURE MODES AND EFFECTS ANALYSIS

J-1



Enclosure (1)
No. I-Abc
Page 1 of 12

--------

2 POWER SYSTEMS DIVISION

DESIGN REVIEW CHECK LIST

SUBJECT UNDER REVIEW (Name, Part No.): Electrical Protective System Module
P/N 1264931-1

- This Design Review Check List is an integral part of the design review
i documentation.package, required by Power Systems Division Procedure I-Abc,
e "Design Review Plan."

! The items specified on the Design Review Check List provide the basis for
i a comprehensive review. However, they are not necessarily all inclusive. The
design engineer shall be guided by the basic requirement for a thorough and
detailed evaluation of a design, as stated under Section 3, "SCOFE, " of this
procedure, and shall expand the list where necessary. ‘

Check List entries shown herein provide current information on the design
under review and are intended to reflect the basis for and readiness of the
design for entry into its next evolutionary phase.

REVIEWED BY: _PRESENTED BY:
MW 9 M /770 W»ﬁwf/ [-7-70
Stress v / Date sign Engineer Date

? 7 /(;oﬁﬁafééJ 3/ 10/70

Réliability Date DESIGN APPROVAL:

& 6 Taleaed 33/ AL TPy adle, 331

Quality Assurance Date “Department Manager /Date
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PSD DESIGN REVIEW CHECK LIST

Page

2 of 12

SUBJECT . NAME:

Blectrical Protective System‘Module

p/N__ 1264931-1

DESIGN ENGINEER: 4

DATE /2-18 -69

NO

N/A

REFERENCE DOCUMENTS

L925:66:107

Ltem No. General

1. Is the basic design objective clearly defined?

2. Are the performance parameters and output requirements
definitive and not subject to misinterpretation?

3. Are performance tolerances delineated?

L. Are failure criteria delineated?

5. Were alternate designs considered in selecting the
present design?

6. Were redundancy needs analyzed and results used in the
design?

T. Were simplification techniques applied?

8. Was a failure modes and effects analysis made?

9. Have adequate safety margins been incorporated for each
important failure mode?

10. 1If item has a limited life, is it so designated?

11. Have maintainabllity requirements been considered?

12. Have previous test data and failure reports been °
reviewed and results used in the design?

13. Is the method of component identification specified?
(The method of marking and location must be compatible
with use-environment. )

1k, 1If documentation of inspection findings is required, are
the characteristics to be observed and their frequency
and method of inspection defined?

15, If operationgl or functional acceptance testing is

required, are the parameters, mode of testing, and
equipment defined?

4936-68-0115
4936-68-0115

4936-68-0115

Concept. Des. Rev.
354:63-14T & 095521
1067428

1267428

All parts derated
to 30% or lower

1064931

PCS-1 Log

See Dwgs
In process

In process
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PSD DESIGN REVIEW CHECK LIST
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Page 3 of 12

SUBJECT NAME:

{No

P/

' DESIGN ENGINEER:

DATE

N/A

REFERENCE DOCUMENTS

Item No. General
16. Are required special inspection equipments, tools, and

17.
18.
19.
20,
21.

22.

23.

2k,

gages defined?

Has & procurement plan for this material been =
established?

Have qualified and preferred parts been used where
applicable?

Is the design notebook and file up to date and ready
for audit?

Have provisions been made for preservation, packaging,
handling, storage, and shipping?

Were trade-off studies made and utilized in selecting
the design?

Does the design minimize the probability of human
errors during installation, checkout, and operation,
such as reversed connections, parts installed backward,
no lubrication during startup, ete.?

Does the design meke appropriate use of "fail-sgfe"

devices or techniques?

Does the design comply with all applicable specifica-
tions ?

Were the action items from the previous Design Review
carried out? '

' Is the design compatible with the requirements of the

end- item?

- 4925:66:107 J-k

Dwgs

AGC, JPL PPL.
QPL~6106

Dwgs

354:63-147
™ 4931:66:405
™ 4936:68-53T7

See Dwgs

2 out of 3 logic
See 126Th28

4936-68-0115

Loh2-69-0080
Appendix C
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PSD DESIGN REVIEW CHECK LIST

Page 4 of 12

SUBJECT NAME: NO N/A REFERENCE DOCUMENTS
P/N
DESIGN ENGINEER: A DATE

Item No. Mechanical

1. Has a stress analysis been made? SA-E-182

2. Yave areas of high stress concentrations such as sharp See Dwgs
corners, radii, and re-entrant angles been eliminated? -

. Has a thermal analysis been made? 4942-69-0095

k., Is thermal expansion likely to have adverse effects on X
dimensions and tolerances?

5. Has a tolerance analysis been made to verify proper Dwg. check
fitting of parts under extremes of tolerance buildup?

6. Did the tolerance analysis consider operating loads and Xj
temperatures?

T. Were static, dynamic and magnetic balances and their X
tolerances considered?

8. Has a wearout analysis for all rubbing and rolling parts X
been made?

S. Have the installation torques and ‘tolerances of all Same as SCM
fasteners and their stress effects been evaluated? See Dwgs

10. Is the inspectability of the component assured? (Are See Dwgs
the true positioning and contour requirements designed
to enable inspection of part?)

1l. Has the mechanical compatibillty with the complete Next assy not
system been verified? defined

12. Does mechanical design reflect simplest method, from See Dwgs
manufacturing view, to meet needed parameters?

13. Were environmental effects (including these of nuclear Similar to sCM

radiation) considered along with safety requirements
during design?

4925:66:107 J-5
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PSD DESIGN REVIEW CHECK LIST Page 5 of 12
SUBJECT NAME: YES|NO N/A REFERENCE DOCUMENTS
P/N
DESIGN ENGINEER: DATE

Item No. Electrical

1.  Are the design essentials adequately defined, ipcluding | X Lol2-69-0080
performance, longevity, and repetitive operation
requirements? ' ' ’

2. Is the design compatible with the life cycle conditions | X L oho-69-0080
to which the equipment will be exposed?

3. Have the.stability and drift requirements and the X Zener diode T. C.
effects of environments on these characteristics been See Handbook
considered? )

L, Was a simplification study made and applied? X Preliminary Design

5. Is redundancy employed where beneficial;. a¥e possible X 1267428
8ide effects tgken into consideration?

6. Were reliability characteristics considered and X 1264931
documented in parts and materials selection? :

T. Are the part tolerances consistent with design X Dwgs & Specs
requirements? ' .

8. 'Was adequate derating employed, including sufficient X Derated to 30%
margin for transients and other excessive stresses? : or lower ’

9. Can the parts operation result in undesirabie conditions| X Will generate
of temperature, voltage, current, or RFI for other RFI
parts or assemblies? If so, was this info used in the
design?

10. Are the dielectric breakdown and insulation resistance X See Magnetic Comp.
properties adequate for the most severe environments? Dwgs (add nos.)

11, TIs hermetic sealing employed where beneficial? X

12, Are type of connections employed reliable? X All are welded

4925:66:10T




PSD DESIGN REVIEW CHECK LIST ~ Page 6 of 12

) . : : -
- SUBJECT NAME: o - |msiwo N/ALEFMCE DOCUMENTS
| P/ . |
' -DESIGN ENGINEER: . DATE
- Item No, . Electrical
@3 13. Have all applicable specifications been called out? | x , See'Dwgs
-+ 1h, Have the preferred parts lists (JPL Specification | x AGC, JPL
| No. 20061C and CSFC-PPL-1) been used? | QPL-6106
. 15, Has expected hot spot  temperatures been determined X L9k2269-0095
i and considered? ' '
2 |
16. Has effect of component operation on primary power X Similar to SCM
3 wave form been considered? ’
- 17. Has nuclear radiatién environment effects been X! | Similar to SCM
considered?

NOTE: The following electrical characteristics should be
‘considered: inductance, capacitance, resistance,
© sensitivity, leakage, insulation, shielding;
N distortion, gain, phase, attenuation; slope,
harmonics, eddy currents; time, spikes, peaks,
e  contact resistance, contact rating, torque, wire size

4925:66:107 - J-T
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PSD DESIGN REVIEW CHECK LIST Page T of 12
SUBJECT NAME:. N [YES LD-N/J REFERENCE DOCUMENTS
P/N
‘DESIGN ENGINEER: _ DATE

Item No, Materiéls

l. Are all materials asdequately identified by MIL; Fed, . X See Dwgs

' AGC, or comparable specifications?*

2. Is the source of supply specified for qnalified/' X Seéfﬁwgs
preferred materials? :

3. Are the strength characteristics of the materials _ X - SA-E-182
including tensile, compressive, shear, yield, bending,
creep, and fatigue satisfactory for intended use?

k, Is each material employed within limits defined by its X;V SA-E-182
endurance limit curve?

5. Have adequate safety margins been used to provide X Similar to SCM
protection from fallure due to corrosion, vibration,
shock, fatigue, and other stress factors?

6. Are the hardness, ductility, and other characteristics X ¥ Similar to SCM
sultable for both the manufacturing processes and :
application?

Te Will the material characteristics be significantly X ‘Threshold of ali
changed by exposure to enviromments, particularly parts 100 times
“radiation? greater than dose

OP 367736

8. Are the special inspection and test processes X
compatible with the parts and materials?

9. Are the thermal éxpansion characteristics suitable X Similar to SCM
for the intended use? :

10. Will the materials be compatible with mating parts, X‘ Similar to SCM
fluids, and gases and not act as catalytic agents?

1. Does each material have suitable electrical and X Similar to SCM
magnetiec properties for its application?

* The order of precedence for specifications must meet

MIL-STD-143 requirements.
4925:66:107 J-8




PSD DESIGN REVIEW CHECK LIST Page 8 of 12
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+

SUBJECT NAME:; | | | YES |NO [N/A| REFERENCE DOCUMENTS
P/N
DESIGN ENGINEER: , _DATE

4 Item No. Materials

1l2. Have adequate metallurgical controls been imposed to X See Dwgs
oy assure that each material conforms to its '
3 specification?

13. Are all tolerances specified and are they compatible X} See. Dwgs

with the materials and required manufacturing methods?

[OVE e

14, If mechanical, metallurgical, and/or chemical testing X
o 1s required, are the necessary samples, coupons, or
test bars defined, and test methods established?

4925:66:107 J-9
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PSD DESIGN REVIEW CHECK LIST Page 9 of 12

s
;
i
]

SUBJECT NAME: " _ YES | NO,N/A [REFERENCE DOCUMENTS
P/N
‘DESIGN ENGINEER: DATE :
y Item No. Manufacturing Processes '
| 1. Are the specified fabrication methods suited to the X See Dvgs
3 design and materials?
! .
M§ 2. Are the process cepabilities consistent with component X 1 See Dwgs
’ requirements? '
j 3. Is heat treating, stress relief, nitriting, flame X . Seé Dwgs
N hardening, or other special process required? :
‘% k. Will processing and assembly affect the dimensions? X
5. Are process specifications and tolerances designated? X | See Dwgs
M; 6. Are requirements after processing and assembly X See Dwgs
specified?
! 7. THave joining methods (welding, brazing, soldering, X

v fastening) been selected to minimize effect on
tolerances and part variations?

% 8. Are special inspection and test processes such as X See Dwgs
radiograph, helium leak test, and penetrant dye check.
required 7
s 9. 1If so, are acceptance criteria specified? X1 See Dwgs
3 10. Has the most suitable cleaning method been specified? X
11. Is a protective coating required? X 4923:68:8186
12. If so, will protective coating affect mating parts? X
13. Are special asseﬁbly requirements such as sligmment, x| See Dwgs

torque, lock wiring, static balancing, or dynamic
balancing defined and documented? '

vy 14, 1Is there an assembly instruction or specification? 1 xl

WE 4925:66:107 J-10




PSD DESIGN REVIEW CHECK LIST Page 10 of 12

SUBJECT NAME: » YES |NO [N/A |REFERENCE DOCUMENTS
P/N

DESIGN ENGINEER: DATE

Item No. Manufacturing Processes

15, Are the clean room environmental characteristics X
defined (such as maximum particle size,. count,
. temperature, flow rate, etec.)?

16. Are there special packaging, handling, or storage X See Dwgs
requirements? '

1T. Are the special process operator and equipment X ' See Dwgs
qpalification requirements specified? .

s
N

18. Are the surface finish, waviness, and lay adeqpately X ‘Bee Dwgs
A defined?

19, Are workmanship acceptance standards defined? X : AGC-10331

20. Are the applicable workmanship specificetions X : See Dwgs
referenced?

o 21, 1Is a Build-up and Assenbly Log required? X | hi7-2

3
B
= |
P
besd

[T
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PSD DESIGN REVIBW CHECK LIST _Page 11 of 12

SUBECT NAME:, — - . » _|YES|NO|N/A|REFERENCE DOCUMENTS
| oy , R
. DESTON ENGENERR:_______ DATE
Item No. - Environment
%E 1.> Heve the environmentél exposures; levels, and durations{ X | PCS-G Spec AGC-
- been fully determined? 105120
ml 2. Heve the environmental effects on component performance] X , éim;iar to SCM

longevity, and reliability been evaluated?

1 3. Does operation of the component generate environments X ' RFi
B which are detrimental to the component or to other
essemblies or subsystems? ‘

B k., Can the component withstand external and self- x| | See Dwgs
génerated environments without employment of isolation X
devices?

5. Is adequate protection from environments specified in X ‘ 1 See Dwgs
detail where required? '

6. Were the relationships between environments and modes X i:  See FM & E Anal.
of failure considered in the failure mode and effects :
analysis?

NOTE: The following environments should be considered:
heat, cold, thermal shock, high pressure, vacuum,
pressure shock, humidity; vibration, acoustic
noise, acceleration, shock, RFI-radiated, RFI-
conducted, RFI-susceptibility; explosive atmosphere,
solar radiation, nuclear radiation, salt atmosphere,
fungus, meteoroids, zero-gravity, sand, dust, wind.
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PSD DESIGN REVIEW CHECK LIST ‘ Pageu;E of 12

, SUBJECT NAME: , W!Es NO|N/A|REFERENCE DOCUMENTS
o/ | v .
DESIGN ENGINEER:_ - DATE

. ‘ ERNE "
. Item No. Instrumentation

: 1. Have acciracy:and precision requirementa,been - X ' AGC-STD-12L5

- . specified for performance parsmeters? '
7 2, .Have proviéions"been’made for instrumentation to meet - X | None required
' "+ -thése requirements? g
3. Hgve gensor installation requirements, including X! . Moy install

o "~ hermetic dealing and removal or replacement, been | thermocouples
. considered? ‘

‘ h. Will;théﬁihéertion of sensors affect the operation X
o of the ccmponent? ’
- 5. Is adequate instrumentation available for anticipated | X -~ | EcTE

’ operating conditions? ‘ I
- 6. 1Is an-insfrumentation development ﬁrogram necessary? S x
o T. Are written calibration instructions available for | X : | - AGC & Mil Spec

the calibration of data gathering equipment?

" 8. Has an adequate and reliable instrumentation wiring : X
system been defined? ’ '

4925:66:107 J-13
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