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FOREWORD

This report, prepared by staff members of Arthur D.
Little, Inc., Acorn Park, Cambridge, Massachusetts, is the
final technical report on a study involving the development
of a temperature controller for a Vuilleumier (VM) cycle
power cylinder. The work i-as carried out under U.S.A.F. Con-
tract F33615-75-C-3002 (Arthur D. Little, Inc., Case No.
77576). The contract was in support of Project No. 6146,

e
Task 6146-03. The work was administered under the direc-

tion of the Air Force Flight Dynamics Laboratory, Vehicle
Equipment Division with Lt. David C. Brubaker, AF¥DL/FEE,

as Project Engineer.

This report covers work from 1-September 1974 to

TP A

1 October 1975 and was released by the author in August 1975

for publication as a technical report.
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I. SUMMARY AND CONCLUSIONS

A. INTRODUCTION

The Air Force has sponsored the development of compact Vuilleumier (W)
cycle refrigerator systems for cooling airborne sensor systems. The
Vuilleumier system is a heat-operated refrigerator system; an important
element in its operation is the source of input heat and its control.
The Air Force contemplates the use of a substantial number of VM
refrigerators on aircraft to cool a variety of sensitive sensor systems.
Experience has shown that previously available temperature controllers
for the hot cylinder of the VM refrigerators were not reliable enough
for the Air Force missions. These control systems were plagued with

electric heater and temperature sensor problems, as well as control cir-
cuit deficiencies.

The work conducted by Arthur D. Little, Inc., under the subject contract
covers the detailed design of a temperature control system designed to
meet certain objectives of the Air Force, and tests have been conducted
to prove the design. The Air Force's specific targets for reliability
and cost are noted below:

e Reliability: greater than 8,000 hours mean-time-between-
failure;

e Cost: less than $500 amortized over 300 units.

Under this contract, we have designed and tested a temperature controller
to meet the following general environmental specifications: an oper-
ating temperature range (from -54°C to +55°C), EMI, accelerationm, shock
and explosive atmosphere tests.

The test also showed the temperature units' controlled the load temper-
ature within a 1200°F to 1300°F range.

B. PROGRAM RESULTS

We completed the detailed design of a temperature controller for the hot
end of a VM refrigeration system, and we verified this design by fabri-
cating five prototype controllers. We subjected one of the units to
complete EMI and environmental testing. Features of the design are:
1. Operation from the 28-volt bus of the aircraft;
Power control in a strictly "on/off" mode; and

3. Use of a platinum resistance temperature sensor.




The circuit includes both over-temperature protection in the event that
! the load temperature rises above a safe operating level and shutdown of
¢ the system in the event of a shorted sensor; both of these actions turn
the power section of the controller "off," and it cannot be repovered
until manually reset by an operator.

We selected passive electronic components of the P class of demonstrated
reliability; this is nominally a one~-fallure-per-million-hour classifi-
cation. We also chose active components of the JAN or JANTX class to
assure reliable operation of the components used in the clrcuitry.

Our program included extensive testing of an elementary breadboard model
of the unit, testing of a breadboard model of the assembled unit, long-
duration testing of Serial No. 001 of the controller which passed labo-
ratory, EMI, and environmental tests, and testing of the four other
Prototype units. During these tests, we never had to replace even a
single active component in any one of these circuits.

|
|
Ji
We estimate that the mean time between failure (MTBF) for the prototype
unit controllers will be greater than 8000 hours. Our calculations for
the MTBF show considerable conservatism in the numbers used for indi-
: vidual components, and we fully expect that a reliability level higher
than this will be realized by the controllers in actual operation.

Our estimates of the manufacturing costs of the unit show a per unit
cost of $314 for the controller itself. To this cost must be added the
cost of a platinum resistance temperature sensor, and we believe its
cost will range from a low value of $40 per unit to a possible high of
$125 for a unit specially designed for this purpose.

External packaging of the unit is such that the entire volume occupied
is less than 25 cubic inches.

C. RECOMMENDATIONS

In this program we developed a control system which we feel will meet
the requirements specified by the Air Force Flight Dynamics Laboratory.
During the course of the study, a number of ideas occurred to us which
we believe are worthy of further work. They are:

1. Test of the Controller with a Real VM Refrigeration System

The work we have done demonstrates the capability of the controller
to maintain temperature in a load simulator. Nevertheless, the
load simulator does not match perfectly the properties of the

true hot end of a VM cooler. We believe it would be appropriate

to operate the controller with a real cooler to verify that
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performance expectations are met, and we therefore recommend that
this operation be implemented.

2. Alternate Platinum Resistance Temperature Sensors

In the prototype models of the control system, we used a custom- T}
made platinum-resistance temperature sensor. We now believe that
it is possible to use a commercially available platinum resistance
temperature sensor. It is important that some laboratory tests be
undertaken to verify the suitability of commercially available
sensing elements for this purpose, and we recommend that they be
conducted. If a commercially available element can be found, the
costs to the Air Force for the sensors could be markedly reduced. .
A series of stability tests on the units would be necessary to i
determine whether they would withstand the long time exposure to

the elevated temperatures, while still maintaining adequate

calibration.

3. AC-Operated Unit

! Our choice of operating a controller from the 28-volt DC bus of

‘ the aircraft was made on the basis that there would be no apparent
advantage or disadvantage in the choice of power sources. It now
seems apparent that, everything else being equal, it would be pre-
ferable to operate the unit from the AC power supply of the air-
craft. We believe such operation is entirely feasible and there-
fore recommend that a single breadboard unit be designed and
fabricated to verify the expectation that such an operation is
completely feasible.




II. APPROACH

gy -

A. THE TEMPERATURE CONTROL PROBLEM

¢ The basic temperature control problem for the VM refrigerators is
maintenance of the temperature at the hot cylinder to within 50°F of a
1250°F setpoint. This control must be maintained in the presence of an
ambient that normally varies from -54°C to +55°C and in the face of both
a variable aircraft electric power supply voltage and of EMI and environ-
mental variables including shock, vibration, and explosive atmosphere.
Approximately 200 watts of power have to be supplied and the controller
efficiency must reach at least an 80% level. There are almost countless
ways in which the temperature controller could be designed to meet the
needs of the Air Force. Therefore, as an introduction to our approach, we
will first disc.ss the principle of the temperature controller in general,

B. THE GENERALIZED TEMPERATURE CONTROLLER

l. Power Control Element

A block diagram of a basic temperature control circuit capable of meeting
Air Force requirements is shown in Figure 1. The diagram shows sensing,
error measuring, and power control functions.

A major consideration in any temperature controller is the power control

element. Many controllers use a continuously adjustable power control

element, such as a series transistor, for use where DC power source is |
available, or a phase-back SCR control where an AC power source is avail- |
able. A chopper control element is sometimes used to regulate direct

current. In other temperature control systems the control element might

be an electronic switch, a transistor for DC operation, or an SCR for AC

operation. Most electronic temperature control systems that control

electric heat operate in one of these modes.

2. Sensor

A wide variety of electronic sensors e:ists for measuring temperatures.
The best known and widely used are thermocouples and resistance ther-
mometers. In addition, there are less widely used, but important,
methods, including state changes in certain materials, instrumented
bi-metals, noise thermometers, optical pyrometers, acoustic methods,
and others.

3. Error Measurement

Temperature controllers generally operate on the basis of controlling
the power delivered to the heating element in accordance with a meas-
ured temperature error. Thus, a common feature of such controllers is
a reference for the setpoint temperature. The departure from the set-
point is used to control the power to the load element. The precision
of temperature control is in part determined by the "gain" of the sys-
tem--how much temperature error is required to fully control the power-

handling element. Dynamic considerations also enter as they do for any
closed-loop control system.

e %
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Block Diagram of Basic Temperature Controller




g g

III. CIRCUIT FUNDAMENTALS

A. GENERAL CONSIDERATIONS

The twin objectives of low-cost, reliable operation for the temperature
control system led us to two general conclusions:

1. The electronic components used in this unit should
be well established, widely used devices so that
there is positive evidence of their performance in
terms of reliability; and

2. Concentration on the design should be directed toward
the simplest possible circuit that would achieve all
of the requirements that must be met by the controller.
Using this approach would assure the least parts count
which in turn should contribute to lower unit costs
and also to achieving the desired reliability.

B. SELECTION OF POWER SOURCE

At the start of the program we were given the option of selecting either
115-volt, 400-Hz or 28-volt DC power to operate the controller. We chose
to use the 28-volt DC source for several reasons.

First, it provides the low-level voltage at DC required for the elec-
tronics that perform the error determination for the controller. Such
a power source would be needed regardless of the choice of input raw
power. By using DC, one avoids the necessary conversion of 115-volt,
400-Hz power to a low-level DC with the attendant necessity of using
a 400-Hz power transformer. Thus use of DC will allow a less compli-
cated, smaller part-count circuit to be achievable.

Second, we chose DC because the EMI problems can be more easily handled
than when AC is used.

The original Request for Proposal for this task gave no weight to the
suitability of the controller that depended upon the choice of power

gource, i.e., equal utility was evident for either the 400-Hz or the
28-volt source. :

C. THE POWER CONTROL ELEMENT

The temperature controller uses a series transistor that is either "on"
or "off," depending upon the measured-temperature error. We chose to
operate in this mode for two reasoms. The implementation of this type

B . o e e e L S e e Qg




of circuit requires a small number of components to provide the control
function, and the EMI problem cdn be handled without resort to high-
performance EMI filters that would be required had we chosen a chopper
control mode of operation.

The elimination of a high-performance EMI filter is desirable both from
the restricted size allowable for the controller and from the point of
view of eliminating one more component from the circuit. The EMI fil-
ters typically would use a wire-wound inductor, an undesirable component
from the point of view of reliability.

D. SENSOR

The subject RFP suggested the consideration of new, novel, or unusual
types of temperature sensors, particularly those that might exhibit a
state change at the required regulating temperature. Our examination

of the technology in this area showed that, while certain devices were
available, they were severely limited in terms of expected life. Others
are not available at all and therefore no history of reliability per-
formance is available.

Undertaking this activity would represent a sensor development program
rather than the design of a working, reliable temperature controller.
For this reason, early in the program, we gave up completely the search
for such devices and concentrated on available temperature-measuring
devices. The search was rapidly reduced to thermocouples and resistance
thermometers. It is perfectly obvious that either thermocoupler or
resistance thermometer devices could be used to achieve the objective

of the program. We chose to use the resistance thermometer approach
rather than thermocouple approach for several reasons:

o The resistance thermometer is a high-sensitivity device
which ylelds a large signal in response to temperature
changes, the magnitude of typical signals being millivolts
per °F as compared to tens of microvolts per °F for thermo-
couple materials. This more than two orders of magnitude
difference in sensitivity eases the control problem, parti-
cularly in view of the fact that the control electronics
must perform within specifications, while the package
containing them is subject to a more than a 100°C change
of ambient temperature.

e The small thermocouple voltages could make it difficult to
achieve the required performance level in the presence of
the fields and voltages specified in the conducted and
radiated susceptibility parts of the MIL-STD-461A to which
the finished controller has to perform.

e —




® The use of a thermocouple for a measuring device requires
that a compensating thermocouple junction of some sort be
included as part of the control device, one more set of
components required to make such a controller operate.

® The low sensitivity of the thermocouple requires an
extremely well balanced amplifier to raise the level of
the thermocouple voltage to a point where it could be
used for a control function. The amplifier drift
problems indicated that a high-cost amplifying element
would be required for this purpose. We decided that
the trade-off between this high-cost element and the
high cost of a platinum resistance thermometer was well
worth the choice.

In addition, since the inception of this program, improvements have been
made in semiconductor devices; in particular, sensitive low-drift ampli-
fiers of fairly modest. Thus this one particular aspect of sensor choice
might be viewed somewhat differently if the program were just beginning
today, rather than a year ago.

E. ERROR SENSING

With a choice of a resistance thermometer for the sensing element, the
use of a simple Wheatstone bridge configuration, together with a simple
discriminator circuit, provides the basic control function.

F. BASIC CONTROL CIRCUIT

Figure 2 illustrates the basic circuit used in the controller. This
circuit is based on the principles of control previously explained, and
the principles of operation are clear from a study of this circuit.
However, in the completed circuit which includes many other auxillary
functions, the basic fundamental operation is not so clearly seen.

The figure shows the load resistor to which power is applied by the
controller. The basic switching action which turns power "on'" or "off"
occurs in the 2N3771 transistors identified as Q3 and Q4. The 2N3771
transistor has a nominal current rating of 30 ampares. The maximum load
t current for the intended application is 10 amperes total or 5 amperes
per transistor, thus achieving a highly derated operation resulting in
a high degree of reliability in these components.

It is well known that power transistors are frequently the weakest link
in an otherwise reliable circuit. One feature of this use of a parallel
pair of transistors is that there are no emitter resistances to force
current balance between the two transistors. These particular tran-
sistors operate in such a fashion that the variation of collector-to-
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Figure 2  Basic Control Circuit of Controller Breadboard
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emitter voltage with current causes an inherent balance between the two,
thus saving the added component in the extra power dissipation that a
Pair of emitter resistors would require (see Figure 3). The configura-
tion 1s a Darlington type with Q2 driving both Q3 and 04, and also
supplying its collector current to the load, thereby providing maximum
efficiency for the circuit.

Collector Current (lcilaau Current (lal =10

Case Temperature (Tc)

=26°¢C
20 - -

Collector Current (IC)—A

L A
0 0.5 1.0 1.5 20 25

Collector-to-Emitter Saturation Voltage [VCE(sat)] -V
92CS-13192

Source: RCA.

Figure 3  Typical Saturation-Voltage Characteristics
for Type 2N3771 Transistor

The last feature of the power end is the use of a 20-uF feedback capa-
citor. This assures that, in response to a full "on" or full "off"
command from the circuit, response is a ramp function of some 20- to
50-msec duration. Thus, abrupt changes in current are not possible.
This eases considerably the EMI problem of conducted emission on the
power leads, particularly in the high-frequency region where they are
of most concern to the requirements of MIL-STD-461A.

The operation of the power end is thus clear and evident. Ql operates
either full "on" or full "off," turning the three power transistors (Q2,
Q3 and Q4) full "on" or full "off," but in a ramp "up" and ramp "down"
fashion caused by the negative feedback provided by the 20-uF capacitor.

In the front end of the circuit, there is a Wheatstone bridge configura-
tion for sensing temperature error. The error detector is a 741 opera-
tional amplifier with a small amount of positive feedback applied, so
that switching action is assured. This operation can be seen by noting
that the sensing resistor is located in the upper left-hand part of the
Wheatstone bridge. When this resistor has a temperature lower than the
setpoint, it also has a resistance lower than the setpoint. With this
low resistance, terminal 2 of the operational amplifier is more positive
than it would be at balance; hence, a negative output occurs from the

11
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operational amplifier driving the output terminal 6 toward the minus bus
of the power supply. This, in turn, drives current through the 4.7-kQ
resistor into transistor Ql, thereby assuring that it is in the "on"
state and that power is thereby supplied to the load.

When power is supplied to the load, it is expected that the sensing
resistor attached to the load will rise in temperature and eventually
reach the setpoint as determined by the two 10-k resistors of the
Wheatstone bridge. When this balance is reached, the voltage on ter-
minal 2 of the operational amplifier becomes more negative than at the
setpdint, thereby driving the output at pin 6 toward the positive bus
of the power supply. This action reduces the drive to Ql and indeed
turns it "off." Cutoff of Q1 is assured by the use of a pair of sili-
con diodes in series with the 4.7-kQ resistor. These are used because
the output at pin 6 cannot get much closer than 1 volt to the power
supply, and if these diodes were not there, sufficient current could
not flow through the 4.7-kQ resistor to cause Ql to turn "on."

The positive feedback and hysteresis control 1s through use of the 22-
megohm resistor connected between pin 6 and pin 3, the plus input of the
741. 1In this way the state of the 741 will either be full "on'" or full
"off" and there will be no uncertainty in its state, and hence no un-
certainty in the state of the transistors controlling the power. For
this circuit the positive feedback corresponds to a dead band in the
system of about 0.1% of the sensing resistor's value, and this can
readily be eguated to a dead band in temperature.

¥
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IV. DETAILED DESIGN

A. CONTROL CIRCUIT

Figure 4 is a schematic of the complete temperature controller. This
circuit “as many more components than the elemental circuit. Each one
of these has its purpose; the reason for the added components is dis-
cussed in the paragraphs below. Use of the additional components is
predicated largely on the constraints placed on circuit performance by
the need to meet electromagnetic interference specifications, according
to MIL-STD-461A, “or which the unit must meet the requirements of CEQ3,
Cs01, Cs02, CS06, REO2, RS02, and RS03. Other components in the circuit
are included because of the need to meet the environmental requirements
of MIL-STD-810B, including temperature, class 1, procedure 1, test method
504; vibration, procedure 1, part 1, curve z, part 2, curve ar, test
method 515; acceleration, procedures 1 and 2, test method 513; explosive
atmosphere, procedure 1, test method 511; shock, procedure 1, and the
requirements for safety shutdown of the system in certain classes of
failure of the sensor and, in addition, the requirements to perform over
the expected power supply voltage range of 24 to 32 volts DC.

B. CIRCUIT FEATURES

1. Basic Temperature Control

Heater power is basically controlled by a UlB operational amplifier
which detects the Wheatstone bridge error, and then either turns power
to the heater element "on' or shuts the power from the heater element
"off." This control is exercised through the transistor-chain Q3, Q4,
Q5, Q6, and Q7. For the most part the circuit performs precisely as
described in our discussion of the basic control circuit. The exception
is that there is a single added stage of transistor gain prior to the
output stages previously discussed. This added stage of gain is used

so that transistor Q4 can be operated with a forced beta near 10--the
desirable mode of operating a transistor when one wishes both to main-
tain the highest degree of reliability and to permit the widest degrada- {
tion of performance before circuit failure occurs. Thus, it can be seen

that the right-hand part of the circuit diagram is essentially that dis-
cussed before. i

2. Over-Temperature Shutdown

According to the contract, the circuit was to include a feature which
would shut down the temperature controller if the temperature of the hot
cylinder rose above a safe operating limit, and circuit operation

could not be restored without the assistance of a technician or operator.

13




¢ We interpreced this to mean that should the shutdown event occur, the

circuit would have to "remember" this fact, even though the raw DC power
had been removed and reapplied. Thus, we decided that the most straight- L
forward way of implementing this function was to use a snap-action switch. ]
This switch is the Texas Instrument Klixon circuit breaker identified
as K1.* The snap-action operation of this switch, once it has occurred,
requires that the exposed pushbutton of the switch be manually actuated
before power can be applied to the power side of the circuit. The oper-
ational amplifier UlA, in conjunction with transistors Ql, Q2, and the
circuit breaker K1, provides this function. As noted in the diagram,
the UlA amplifier is a detector for a second Wheatstone bridgc element,
the setpoint resistor set being comprised of R23, R3, and R5. When the
temperature has risen to an over-temperature shutdown point, the sensor

] resistor has increased to the point where the output of the UlA, normally

negative, becomes positive, turning on transistors Ql and Q2, and there-

4 by energizing K1's coil and thereafter the contact of Kl. Thus the power

E from the power-handling portion of the circuit is shut down. Once again, l

a cascade of two transistors, Ql and Q2, is used so that the maximum

degree of circuit degradation can occur before the circuilt ceases to

operate.

3. Shorted Sensor Shutdown !

If no provision for detection of a shorted sensor is made, the circuit
would continue to supply power to the heater and there would no no recog-
nition that the sensor was shorted, the operation of the circuit being
such that low values of sensor resistor suggest adding power to the loaq. i
The operation of the low-sensor resistance circuit is provided by tran-
sistor Q8. 1In the event of a shorted sensor, or nearly shorted sensor,
the potential on pin 8 of the circuit diagram rises almost to that of

pin 12, thus turning on transistor Q8 and supplying current to transistor
Ql which, as already discussed, operates the shutdown relay. The parti-
cular transistor, the 2N2946, is a chopper transistor particularly de-
signed to withstand large base-to-emitter voltages, such as would occur
for an open sensor, or if no sensor is connected to the circuit.

4, Stable Power Supply Voltage

The zener diode, CR2, an 18-volt zener, is used in conjunction with
resistor Rl to assure that the low-level circuits operate at a stable DC
supply voltage in the presence of variations in the 28-volt bus (24 to I
32 volts). In addition, it is subject to high-level AC voltages repre-
sented by the requirements of the MIL-STD-861B relating to EMI. The
capacitor C3 (22 uF) also aids in maintaining a stable DC voltage in the

F
1
I
|
|
i *A data sheet for this device is included as Appendix C.
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presence of this AC. The rectifier CRl, a 1N5550, serves the function
of protecting the circuit against reverse voltage of the EMI test con-
ditions wherein a 100-volt peak pulse is applied to the circuit in the
polarity opposite the normal supply voltage. To prevent damage to the
semiconductors, this diode is used and it effectively shorts out the
pulse generator and prevents over-voltage in the wrong polarity from
being applied to the circuit elements. Two 22-uF electrolytic capaci-
tors, Cl and C4, are also used to assist in stabilizing the 18-volt
operating supply against AC components in the 28-volt bus.

5. EMI Conducted Emission and Arc Suppression

Capacitor C5, a 0.47 F foil capacitor, suppresses transient emission
on the power lines that occur during turn "on" and turn "off" of the
load current. This current remains despite the slow turn "on" and turn
"off" discussed previously. This capacitor acts mainly on the higher
frequency components of the transients that are not controlled by the
much larger electrolytic capacitor Cl, the high-frequency impedance of
such electrolytic capacitors being too large to provide the suppression.

The diode, CR6, prevents the coil of K1 from excessive voltage from
sudden de-energization of the coil.

6. Envelope

The envelope for the controller is illustrated in Figure 5. The volume
represented by this enclosure, which is also shown in the drawing of
Figure 6, is somewhat less than 25 in.>

7. Safety Switch

The safety switch is designed to remove power from the heater element
in the event that over-temperature is reached and the power cannot be
restored until a manual reset of the safety switch is made. The safety
switch is shown clearly in Figure 5.

C. COMPONENT SELECTION

The following bases were used for component selection for the controller
circuit itself:

o Temperature Range - All components were selected to meet the
full temperature range of -54°C to +71°C.

Passive Components -~ Selection of passive components originally
was made at the S level of reliability, that is, at a failure
rate of 10”8 per hour, or 0.001% per 1000 hours. The resulting
analyses showed that this was not in keeping with the cost
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\ guidelines established by WPAFB. Subsequently all passive com-
ponents were backed off to the P level of reliability, a 10-6
# failure rate per hour, or 0.1Z per 1000 hours.

e Active Components - All active components were selected to be of
the JAN or JANTX variety, thus assuring selection of components
for military~-qualified lines. These items fall under MIL-STD-
19500 classification. The single IC was selected from MIL-38510.

e Circuit Board - Circuit board material corresponds to MIL-P13949
and the circuit was laid out according to MIL-STD-275.

® Stress Levels - Stress levels on the power semiconductors were
purposely kept low by operating them in the switching mode, thus
assuring low stress levels in terms of power dissipation in these
components. In addition, all power switching transistors are
operated with forced beta's of 10 or less, again to assure high
reliability in the face of gradual degradation of the semicon-
ductor's characteristics over time.

e Sensor Description - The platinum resis.ance temperature 8ensor
chosen for use in the temperature controller is a modification
of designs developed at Rosemount Engineering for military ap-
plications requiring long life and resistance to vibration and
shock. A sketch of the construction of the sensor is shown in
Figure 7. The important details of the construction include
the external sheath being made of Inconel with a ceramic insu-
lator to carry the lead wires to the junction point. The sens-
ing element itself is wound on a ceramic bobbin and the inter-
vening voids of the structure are thoroughly filled with alumina
powder by a proprietary Rosemount process. The standard cali-
bration curve for this sensor is included as Figure 8.

D. ESTIMATED CONTROLLER LIFE

In our design of the circuit we attempted to reach a reasonable economic
trade-off between the component costs and the level of component relia-
bility. In general, we chose to use Class P components, which have a
nominal failure rate of 1 in 10° hours. Class R components, which have
a nominal failure rate of 1 in 107 hours, would have cost substantially
more if implemented in the circuit. Class M components with a failure
rate of 1 in 105 hours would have made the design inadequate.

We estimated the life of the controller on a simple cascade basis; that
1s, any single failure of any component leads to a failure of the con-
troller. In terms of operational effectiveness, there are a large

number of components in the circuit which may fail completely and still

,,,,,
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Y not affect the operational utility of the unit as a temperature con-
troller. In this sense our computation is conservative.

We also adjusted the nominal failure rates upward in some instances on

. the basis of general reliability testing data supplied us by Philco-Ford.
t These are judgmental matters and a case could be made that this approach
is overly conservative. We did not adjust failure rates downward, how- i
| ever, although the evidence from Philco-Ford and MIL-HDBK-217B would :
: give some basis for adjusting the failure rates of some components sub-
i stantially downward. We made estimates for the circuit breaker, the
connector, the sensor, and the circuit board, all of which can contrib-
ute to failure.

The circuit breaker is a device which fails largely because of the number
of cycles of use. In the application intended, the number of cycles of
use will be extremely small, a few in the life of the controller. We
believe that the estimate of 10 failures per 1,000,000 hours is conser- }
vative. The connector is again a device for which the basic failure i
mechanism is a use factor, i.e., how many times was the mating connector i
applied? Again, in our application, this action will occur relatively

infrequently and therefore we believe that the failure rate chosen is i
conservative. For the circuit board we have made an estimate of 10 x 10~ i
failures per hour in the computation. For the sensor, we have also

chosen to use a 10 x 1076 failure rate. We believe that our computation |
of failure rate which leads to a total of 117 x 10~® failures per hour '
and a corresponding mean time between failure of 8500 hours is conser-

vative. The proof of the design, of course, will be the reliability

testing to be undertaken by Wright Patterson Air Force Base.

It is noteworthy that the failure rates we have used are 5 to 20 times

larger than the rates obtained by using procedures and data from MIL-

HDBK-217B. Hence, some credence can be given to our conservative esti-

mates on controller life. ¢

Table 1 shows the estimated failure rates for subject components.

o

E. ERROR BUDGET

I

The design of the circuit is based on the following errors in controller :
setpoint accuracy:

e Resistor Temperature Coefficient - The basic resistor elements
within the Wheatstone bridge are comprised of 50 ppm/°C
resistors. Three such resistors form the arms, together with
the sensing resistor. The worst case error due to the resistors
is 3 x 65 x (5 x 1075) or #0.67% of resistance value. When
referred to the 340-ohm sensor resistor, this corresponds to a
2.27-ohm sensor error due to this source.

R R R R R R T RSN TR R Ty

e e 3
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TABLE 1

ESTIMATE FOR FAILURE

RATES

All Passive Components of Class P (1

failure per 10° hours)

Component

Power Transistors
Signal Transistors
Power Resistors
Tantalum Capacitors
Zener Diodes

Film Resistors
Carbon Resistors
Plastic Capacitor
Switching Diodes
Analog IC

Circuit Breaker
Connector

Sensor

Circuit Board

No. in
Circuit

Adjusted
(rate

Failure Rate

per hour)

Failure Rate

3 4
5 3

x 1(')-6

x 1(')-6

107®

1078

1078

Failure Rate =

12 x 1078

15 x 10°°

9 x 10°°

8 x 10°°

1075

1075

1078

1078

1078

1078

1076

10 x 1078

10 x 10°°

10 x 108

117 x 1078

MIBF = 8500 hours




e Operational Amplifier - The operational amplifier specifications
are such that over the full temperature range the offset voltage
will remain constant to within $3 mV. The sensitivity of the
basic bridge operating at 18 volts is 9.6 mV per ohm. Therefore,

the operational amplifier uncertainty corresponds to 0.313 ohm of
sensor resistance.

Sensor - The basic sensors provided by Rosemount are accurate at
the operating temperature to *1.3 ohms.

These three elements combine to give a total worst case error of 3.88 ohms
of uncertainty corresponding to *+22°F of temperature error. This worst
case error leaves +28°F for all other sources of error, including long-
term drift of the bridge resistors, the natural fluctuation of temperature
because of the on-off character of the controller, and long-term changes
in sensor resistance.

F. DETERMINATION OF TRIM RESISTORS

Figure 4 shows two trim points in the circuit, R25 and R26. These trims
were included so that 0.52 tolerance bridge resistors could be used;
these bridge resistors could be trimmed by nominal 5% or 10% carbon
resistors. The trim resistors are selected by powering the unit with a

load element which could either be a load simulator or a fixed resistive
load. The sensor is replaced by a precision decade reeistor box which
is set to 360 ohms; a second decade box is connected across R5 which is
the trim resistor position for R26. The decade box representing R26 is
adjusted so that the over-temperature action takes place at the 360-ohm
sensor. The value of trim resistor necessary for this is noted, and

the nearest 5% standard resistor is then selected and placed in the trim
position. This sets the over-temperature limit. After completion of
the over-temperature setting, the decade box representing the trim
resistor is attached across R12, the position for R25 trim; the preci-
sion decade resistor representing the sensor is set at 344.2 ohms, and
the decade box representing the trim resistor is adjusted so that the
temperature controller turns the current off at precisely the 342.2-ohm
level, representing the sensor resistor. The value of the trim resistor
is then noted and the nearest 5% tolerance resistor is selected and used
as trim resistor R25.




V. LOAD SIMULATION

Figure 9 illustrates the load simulator used to exercise the controller.
The extremely simple construction consists of a base plate to which is
attached a stainless-steel pedestal around which is wrapped a Watlow
heater. The device has an aluminum cover. The reglon between the heater
and the cover is insulated with Q-felt around the base and a min K cap
over the top to provide thermal insulation such that for the available
heater power the temperature becomes approximately the correct value.

In the base plate there are provision for either air or water cooling to
keep the exterior of the unit from becoming overly hot during extended
periods of tests.

We used both water and air to control the base temperature. The heater
wires are brought out to a terminal strip as are the temperature sensor
leads. The configuration of the heater and the temperature sensor are
shown in the figure, as well as the configuration of the load temperature
sensor, a thermocouple with the thermocouple metallically bonded to the
sheath of the sensing element. The heater resistor equals approximately
4 ohms, so that at a 28-volt output from the controller 196 watts are
consumed by the heater. The assembled load simulator is shown in

Figure 10. The heater wires run to the terminal strip as well as the
platinum resistance sensor leads. The thermocouple leads are provided
with a thermocouple connector and its mating male pilece.
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VI. SYSTEM PERFORMANCE

Figure 11 illustrates the two parts of the temperature control system*--
the controller and load simulator. We have designated the controller
1 as Model TCAF-1, Serial Nos. 001 to 005, and the load simulator as
Model LSAF-1, Serial Nos. 001 to 005.

Figure 12 illustrates the {nterconnections used to operate the system
and the instrumentation we used to test the equipment in the laboratory.

A. MEASURED EFFICIENCY

The "on-off" mode of operation of the controller makes the efficiency
slightly dependent on the duty cycle of the power supplied to the heater.
Measurements show that at 100% duty cycle and 28 volts input with an
external resistance load, the input power is 215 watts with an output
power of 195 watts, yielding an efficiency of 90.8% at 100% duty cycle.
The standby power, that is, the power consumed by the circuit when the
load is not being operated, is 2.8 watts. Thus, at a 50% duty cycle the
efficiency drops to 89.6%. Both of these figures are well within the
target of a temperature controller that dissipates less than 20% of the
power it controls.

B. TYPICAL TIME RESPONSE OF CONTROL UNIT

The temperature controller operates in an “"on-off" fashion for the
reasons discussed previously. This "on-off" operation leads to a tem-
perature excursion at the control point which is caused by the time lags
of both the mass being heated and the time constant of the sensor itself.
The plot shown in Figure 13 represents performance typical of the con-
troller when it is operated at 28 volts. This plot also shows the
start-up transient which occurs as the simulator is heated up from ambient
temperature. The specification 1imits for temperature are marked on the
strip chart record reproduced in this figure and show performance to be
within the requirements.

C. CONTROLLER PERFORMANCE CHARACTERISTICS

1. Controlled Temperature

Table 2 shows the performance of the temperature controllers in conjunc-
tion with the load simulators.

*Operational instructions are presented in Appendix A.
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: TABLE 2

PERFORMANCE OF TEMPERATURE CONTROLLERS

Load Simulator Serial No. 002 operated with Controllers Serial Nos. 001
through 005:

Conditions: Room Temperature: ~70°F
Power Supply Voltage: 28 volts

Range of Load Temperature, °F

Controller Serial No. Low High

001 1253 1275

002 1248 1274

003 1249 1274

‘ 004 1249 1274
005 1250 1275

Controller Serial No. 001 operating with Load Simulators Serial Nos. 001
1 through 005:

Range of Load Temperature, °F

Load Simulator Serial No. _Low High
001 1243 1268
002 1251 1271
003 1249 1273
004 1251 1273

005 1257 1277
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TABLE 2 (Continued)

PERFORMANCE OF TEMPERATURE CONTROLLERS

Load Simulator Serial No. 002 operated with Controller Serial No. 005
at various voltages:

Range of Load Temperature, °F

Voltage Low High
32.0 1250 1280
28.0 1250 1275
24.0 1257 1257%

Cut-off Temperature versus Controller Ambient Temperature; Serial No. 001
Controller at 28 volts, as measured with controller in temperature-
controlled chamber:

Sensor Resistance for

Ambient Turn-off of Controller Equivalent
Temperature, °C (ohms) Temperature, °F

-55 346 £ 1 1282 + 6

0 344 + 1 1270 + 6

20 344 + 1 1270 ¢ 6

40 344 + 1 1270 + 6

65 344 £ 1 1270 + 6

kAt 100X duty cycle

2. Environment and EMI

Complete details on the environmental tests are included in Appendix B
of this report. They include temperature, vitration, acceleration,
explosive atmosphere and shock. Complete details of the EMI tests are
also included in the appendix.

These tests results show compliance with the EMI and environmental
specifications.
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VII. PRODUCTION COST ESTIMATE

A reasonable production cost estimate for this system requires the
assumption of typical industry costs and some definitions of the condi-
tions under which these units would be manufactured:

e Parts costs are based on procurement of 300 sets of
parts at one time, to take advantage of quantity
discount schedules.

The overage parts buy of 10 percent is to cover
losses due to breakage and test failures.

The handling charge of 10 percent of the total
parts buy is to cover receiving, stocking, and
kitting costs.

A typical direct assembly labor cost of $5.00 per
hour is assumed for skilled persons employed in a
diverse electronic assembly job shop. Fringe bene-
fit costs of 33% must be added to obtain the total
direct hourly labor cost of $6.65.

Direct supervision and testing labor costs of $7.00
per hour with a 28% addition for fringe benefits is
also assumed, for a total cost of $8.96 per hour.

The factory overhead is defined as 150% of the direct
labor costs. This covers the cost of the floor space
and production equipment devoted to this project.

A G&A cost of 20Z of the factory labor costs is
assumed.

Profit is defined as 11X of net costs.

To ensure the reliability level required, a 1002
incoming inspection of critical electronic parts is
assumed. Also, final testing and a full-power burn-
in is assumed in the calculation of test labor costs.
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Cost Breakdown
Parts Cost (per PL77576-200) $107.33
Overage Allowance 10.73
Total Parts Buy $118.06
Handling Charge 11,81
Total Parts Cost $129.87
Direct Assembly Labor (5 hours) $33.25
Direct Supervision and Test Labor (2 hours) 17.92
Total Direct Labor $51.17
Factory Overhead 76.76
Factory Loaded Labor Cost 127.93
Total Manufacturing Cost $257.80
G&A 25.59
Total Net Cost $283.39
Profit 31.19
Sell Price $314.58

The cost of a sensor element must be added to this estimate for the

controller. If Rosemount 132JA sensors are used, an estimated cost per
unit in 300 lots is $125.00. If it is found possible to use a Rosemount
Series 78, the cost would drop to $40.00 per unit in lots of 300. Thus,
the total controller cost would be:

$439.58 with the 132JA

or

$354.58 with the Series 78
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e o7 PARTS LIST
75629 PL 77576-200

IDENT NO NUMBER OATE

6-9-175 77576 Temperature Controller cr

OB
PALPARE DATE APPAOVED OY CASE NUMDEN TIVLE 1 PAGE 3

ITEM PARY NUMBEN OR
no IDENTIPYING NUMBER NOMENCLATURE OA OESCAIPTION

1 CSR13 G226KP Capacitor, 22uf 50V (Kemet) C1, 2, 3, 4

2 MIL-C-27287 Capacitor, .47uf 50V (TRW, 463uw) C5

JANIN5550 Diode, (Unitrode) CR1

JAN1IN2982B Diode, Zener (Motorola) CR2

JANING44G61 Diode, Zener (Unitrode) CR3, 5

JANIN9 14 Diode, (T.1.) CR4, 6

MIL-C-5809 Breaker, Circuit (T.I., ™C6-3-0.1) Kl

JAN2N2222A Transistor, (Motorola) Q1, 2, 3

JAN2N2907A Transistor, (Motorola) Q4

JAN2N3055 Transistor, (Motorola) Q5

JAN2N3772 Transistor, (RCA) Q6, 7

JAN2N2946 Transistor, (Motorola) Q8

RER60F100RP Resistor, 1000 + 1% 5W R1

RNC60E2491DP Resistor, 24902 +0.5% 1/8W R3

RNC65E1151DP Resistor, 11500 + 0.5% 1/4W R4

RNC60E1182DP Resistor, 11,8KQ + 0.5% 1/8W R5, 13

RCRO7G3003JP Resiastor, 300KR + 5% 1/4W R6

RLRO7C472GP Resistor, 4.7KQ + 2% 1/4W R7, 15

RLRO7C103GP Resistor, 10K + 2% 1/4W R8, 9, 11, 16

RLRO7C182GP Resistor, 1.8KQ + 2% 1/4W R10

RNC60E3571DP Resistor, 3.57KQ + 0.5% 1/8W R12




caobt PARTS LlST RFViLINN
75629 PL 77576-200

TDENT NO NUMAER

6-9-75

DATE APPROVED BY

77756

CASE NUMEGER

Temperature'gggtroller

PART NUMBER 0N
10ENTIFYING NUMBER

NOMENCLATURE OR OESCRN(PTION

RCRO7G6804JP

Resistor, 6.8 Meg + 5% 1/4W R14

RWR8952261FP

2,26K2 + 1% 3W R17

RLRO7C102GP

IKQ 4 2% 1/4W R18

RER60F250RP

2508 + 1% 5W R19

RWR80S100RFP

1002 + 1% 2W R20

RWRB0S10RFP

100 + 1% 2w R21

RCR20G360JP

36Q + 5% 1/2W R22

RNC60E1071DP

1070 + 0.5% 1/8W R23

RCRO7G682JP

6.8K2 + 57 1/4W R24

Trim if required R25

" " ”" R26

M38510/101-02

Operational Amplifier Ul

MS3102E-18-8P

Connector (Amphenol) J1

77576-203

Base Plate

77576-204

Cover

77576-205

Board, Printed Circuit

717576-206

Bus Strip

77576-202

Cable Assembly

4882-1-0516

Insulated Terminal, (Cambion) El1, 2

2043-2

Solder Terminal (Cambion) P/C1-12




HEVISIDN

¢ PARTS LIST
75629 PL 77756-200

IDFNY NO NUMRL R

POB

PREPAR

6-9-75

DATE APPRDVED @Y

77756 Temperature Controller

CASE NyumutR TITLE

ITEW
“p

PARY  NUMNBIRN DN
IDENTIFPING NUMBER

NOMENCLATURE OR DFSCRIPTION
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320733-300

Crimp Terminal (AMP) E3

43

7416

Mica Insulator (Amatom)

44

4 - 1/32

Nylon Screw Insulator (Non-Metallics)

45

MH745

Rectifier Mounting Kit (Motorola)

46

9211-A-0115-1A

Standoffs (Amatom)

47

120-8

Thermal Joint Compound (Wakefield Eng.)

48

3144RTV

Sealant (Dow Corning)

49

Type C

Sealant (Loctite)

50

Screw, Pan Head, SS, 2-56 x 3/16

51

#2 Lockwashers, SS internal teeth, SS

52

Screw, Pan Head, S§S, 4-40 x 1/4

53

Screw, Pan Head, SS, 4-40 x 9/16

54

" ” " "' [‘_40 X 3/8

55

", 4-40 x 3/16

56

#4 Lockwashers, SS internal teeth

57

Nuts, SS, 4-40

MIL-C-7078

24 AWG Stranded, insulated

22 AWG o e

18 AWG 5

QQ-4-343

22 AWG Solid, Tinned, Bus

77576-201

SCHEMATIC

RCR42G RJP

Resistor, Q t 5% 2W R27




APPENDIX A

INSTRUCTIONS

A. OPERATION

The controller may be operated in conjunction with the circuit diagram
of Figure A-1, which shows the extremely simple connection from the con-
troller to the power supply and to the load simulator. There are only
four connections of importance on the simulator; one of them consists

of a pair of the wires that supply heater power, and it is unimportant
which polarity is applied to the heater. The other pair of connections
1s to the sensor, and again it is unimportant which polarity is used in
connecting to this pair of terminals. It is extremely important that
the power supply be connected to the controller in the correct polarity
as indicated.

The temperature of the load is monitored with a chromel-alumel thermo-
couple for which leads are supplied, together with a thermocouple con-
nector and its male mate. If the temperature is to be monitored, a
reference thermocouple junction must be included for use with the
chromel-alumel sensor.

There is no provision for adjustment of the load simulator's temperature.
This is set internally with fixed resistors within the regulator itself.
Should it be desired to alter the load temperature, it is possible to
add a fixed series resistance to the platinum resistance sensing element,
with the leads going to the controller. This fixed resistance, in con-
junction with the calibration data for the platinum resistance sensors,
will enable temperatures lower than the nominal setpoint to be achieved.
Should it be desired to raise the temperatures slightly, a parallel
resistance may be attached across the sensor terminals on the load simu-
lator to achieve this result. This is inadvisable, however, because the
platinum resistance sensor is operating at a nominal 1250°F and should
not be operated substantially higher than that value. Should it be
desired to test the over-temperature feature, a larger series resistance
may be inserted in series with the sensor element with a momentary switch,
which upon actuation opens the contacts across the series resistor,
thereby increasing the resistance seen by the controller. Thus, with
the temperature being regulated, one can add resistance to observe the
action of the over-temperature switch. The short-circuited sensor per-
formance may be exercised the same way by shorting the sensor resistance.

In operation it is important that the control element be bolted to a
surface which can dissipate the 20 or so watts of power lost in this unit.

We used 8" x 8" aluminum plates with the unit screwed to the plates for
this purpose.
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The controller-simulator dissipates nearly 200 watts, so we used tap water
running through the base via the hose fittings of the base. This makes a
stable reproducible system and keeps the exterior of the load simulator
from getting too hot to touch.

B. TROUBLESHOOTING

The objectives of the program were to develop a reliable controller, and
also to provide a test bed for evaluating the sensors associated with
the controller. For this reason we anticipate there will be more ; cob-
lems with the load simulator than with the controller unit itself.
Should evidence of improper functioning of the system occur, the first
things to check are the characteristics of the load simulator. It is
easy to check (1) the resistance of the simulator heater which nominally
runs around 4 ohms, (2) the insulation resistance of the heater element
to the frame of the simulator, (3) the platinum resistance thermometer's
resistance and its leakage resistance, and it is also easy to evaluate
whether the thermocouple has its integrity or not.

Internal controller malfunctions are nowhere nearly as obvious. In fact,
since assembling the units, we have nzver found a malfunctioning part.
Access to the internal parts of the controller is easy. By removing

the four screws holding the cover, the cover may be lifted off. The

unit may be operated in this configuration so that voltage probes can be
made at various parts of the circuit. With the aid of the schematic
diagram, one should be able to locate quite rapidly what particular part
of the circuit is malfunctioning. For this purpose, one would want to
use a skilled laboratory-trained technician or engineer.

C. REPAIR f

We understand that the present five units are to be used at Wright
Patterson AFB strictly for the purpose of assessing the reliability of
the controller and its sensor. If a failure of a controller occurs
during this series of tests, we do not know what purpose repair would
serve. Looking ahead to possible widespread use of a controller of this
type, it would seem inadvisable to attempt field repairs of the unit;
instead, we feel that the failed unit should be returned to a central
depot for repair by skilled technicians there. If an adequate degree
of skill is available at such a depot, it is entirely possible that
failed semiconductors, IC's, or passive components could then be
installed.

We feel that, in view of the relatively modest cost of the controller,
it might be better from a reliability point of view to return units to
the manufacturer for factory repair or merely to discard failed units
and replace them with new units. An intermediate step would be to keep
spare sets of the power dissipating section, that is, the components

47




attached permanently to the baseplate of the controller, together with
a set of spares for the assembled printed circuit board. In this way
simply resoldering the wire harness would enable one to put together
operating units from the two parts.
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APPENDIX B

ENVIRONMENTAL AND EMI TEST PLANS AND RESULTS

Il.

This appendix includes copies of the test plans for the EMI and environ-
mental tests, together with the reports associated with these tests.
Two points concerning these tests should be made. The EMI tests were
conducted first in the series, and the first attempt showed one frequency
for which conducted transient emissions were some 2 dB higher than the
requirement. Subsequently, after consultation with EMI control engi-
neers at the testing laboratory, Sanders Associates, Nashua, New Hampshire,
a minimal EMI filter comprised of a 0.47-\F capacitor was used to reduce
the conducted emissions to levels below the limits. This feature of the
circuit was tested and the results are included in the addendum to the
EMI report.

I
Concerning the environmental tests done at Acton Environmental Labora-
tories, a change was made to one circuit component and one circuit com-
ponent only. Early in the tests, we observed the circuit breaker to be
marginal in performance. Tests at ADL on the other five circuit breakers
showed similar marginal performance. We contacted the manufacturer of
the circuit breaker who agreed that the circuit breakers were not within
the specifications that he had given us, and he supplied six new units
for test. The only change to the unit during the environmental tests
was the replacement of the circuit breaker by the new model.

49
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TEST PROCEDURE NO. TP-1:77576

ENVIRONMENTAL TESTING
OF
VM HOT CYLINDER TEMPERATURE CONTROLLER
DEVELOPMENTAL MODEL

SERIAL NO. €O/
UNDER
USAF CONTRACT F 33615-75-C-3002

/Zmz/?/ )Z/ 74.&“:, / Ao 7#

Arthur D. Little, Inc., Test Engineer Date

Cﬂ'&étd V%4 ;‘44“4& nev 7 197y

Arthur D. Little, Inc., Program Manager Date

.
~

Revision No. Date: 31 October 1974




1.0 PURPOSE

The purpose of this test procedure is to: Define the test requirements,
establish the test schedule, and serve as a means of recording the completion
and certification of the various tests.

2.0 OBJECTIVE

The objective of the testing is to demonstrate the specified performance
of one controller when subjected to the environments herein described or to
demonstrate that the limits of the failure criteria described in Section 8.0,
Failure Criteria, are not exceeded by the controller.

3.0 SCOPE

This test procedure is applicable to the controller, hard mounted by its
normal mounting means, when applicable, to the appropriate test fixture or
test equipment. The controller is defined as being the controller electronics

module, its input connector and the hot cylinder sensor. This controller is
subject to the failure criteria described in Section 8.0. The accompnaying
hot cylinder simulator, to which the sensor is mounted. and simulated over-

temperature means, are not subject to the failure criteria.

4.0 APPLICABLE DOCUMENTS

The documents applicable to this test procedure are: Attachment No. 1,
Statement of Work, dated 7 March 1974; Attachment No. 3, Date Item Description
No. DI-T-3708/T-108-2/M, dated 1 November 1971, both part of Contract F 33615-
75-C-3002, dated 4 September 1974; and MIL-STD-810B including change notices
1 through 4. In the event of conflicts between documents, this test procedure
takes precedence.

5.0 TEST SCHEDULE

The test series listed in Table 5.1 is the preferred order. This test
order is not essential, however, and may be altered to suit the availability
of the test equipment or to allow the designated test equipment to be corrected,
or substituted for, if the test equipment demonstrates the inability to achieve
the required test conditions.
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TABLE 5.1 ENVIRONMENTAL TEST SCHEDULE

Test Test Method Per Working Days, Lapsed
Order Section MIL-STD-810-B Time from Start Date
1 10.0 504 - Temperature-Altitude 0-8
2 11.0 511 - Explosive Atmosphere 9
3 12.0 513 - Acceleration 10 - 1
4 13.0 516 - Shock 12
5 14.0 514 - Vibration 13 - 15

6.0 TEST ROUTINE

6.1 Installation of Test Item in Test Facility

The controller shall be installed 1in the test facility under ambient con-
ditions with appropriate test fixtures and in a manner that will simulate the
intended service use. Axes orientation shall be noted when appropriate. The
test equipment data block will be completed as appropriate.

6.2 Pretest Performance

Prior to conducting the Environmental Tests of Table 5.1, a pretest per-
formance check of the controller, at ambient conditions, shall be made. The
performance of the controller shall be compared to the failure criteria and the
results noted in the data block.

6.3 Environmental Test Performance

When operation of the controller is required during the test exposure, the
performance check shall be of sufficient duration or shall be repeated at appro-
priate intervals to insure obtaining representative data for comparison with the
failure criteria. The results shall be noted in the data block.

6.4 Posttest Performance

Upon completion of the test at the specified environmental levels, the con-
troller performance will be checked at ambient conditions. The results will be
compared to the failure criteria and noted in the data block.
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6.5 Certification and Test Records

At the conclusion of each test the blocks provided in this procedure shall
contain the date and initials of the test engineer or his designated alternate
thus certifying the completion of the specified test. Additional records of the
applied environment or measured results also shall be dated and signed by the
test engineer or his designated alternate. Such records or copies thereof shall
be obtained by the test engineer and maintained in an accompanying bound laboratory
notebook. Additional notes pertaining to any of the testing also shall be re-
corded in this notebook.

7.0 TEST CONDITIONS

7.1 Standard Ambient

The standard ambient test conditions are:

Temperature: 23° + 10°C (73° + 18°F)
Relative Humidity: 50% + 30%

Atmospheric Pressure: 725 t??s MM HG

(28.5 *2-2 1 Ho)

(14.0 *0-37 psia)

7.2 Test Environment

The induced test environment will be that specified for each test in Sections
10.0 through 14.0.

7.3 Tolerances

Unless otherwise specified, the foilqwing tolerances shéll apply.

7.3.1 Induced Environment

Air Temperature: : 1.4°C (+ 2.5°F) Temperature stabilization will have
been obtained when the monitored temperatures do not change more
than 2.0°C (3.6°F) per hour.

Pressure: + 5% or + 1.5 MM HG (0.059 inches HG), whichever is the greater
accuracy.




Acceleration Amplitude: =+ 10%
Vibration Frequency: + 2% or + 1/2 HZ below 20 HZ
Time Durations: + 10%

7.3.2 Measured Results

See Section 8.0, Failure Criteria.

7.3.3 Instrumentation

The instrumentation for obtaining the measured values or controlling the
induced environment shall be appropriate for measuring those parameters and
shall conform to laboratory standards whose calibration is traceable to the
prime standards at the U. S. Bureau of Standards. Such calibration shall be
verified at least every 12 months, preferably every 6 months. The instrumen-
tation shall have an accuracy of at least one-third of the tolerance allotted
to the parameter being measured.

7.4 Overtest and Undertest

An overtest, that is, a value of the induced environment, that creates a
greater stress on the controller shall not be deemed as a necessary cause for re-
conducting the test unless the limits of the failure criteria are exceeded. Any
undertest shall be cause for reconducting the test.

7.5 Specimen Orientation

The controller and hot cylinder simulator each have three arbitrarily de-
fined axes: x, y, and z orthogonal to each other. These permanently marked
axes will serve to identify and record the directions of the induced environment,
where appropriate.

8.0 FAILURE CRITERIA

Two classes of failure are identified for these tests:

1. Failure to hold hot cylinder simulator temperature at 1250°F + 50°F;
2. Failure to shut down for over-temperature.




Failure of the first type will be monitored for by providing a continuous
record of simulator temperature on a strip chart recorder. Prior to the tests
the acceptable region of response will be marked off on the recorder and will
be 1250°F + 45°F leaving a 5°F guard band. Performance will be judged satisfac-
tory if the simulator temperature remains within these bounds during the tests
(with the exception of start-up when the temperature will be less than the operating
value and for purposely imposed over-temperature).

Failure of the second type will be monitored for by using the same temperature
recorder. For this test the simulator load temperature will be allowed to rise
above the desired range by an externally applied temperature error signal that
demands more heat from the controller. The temperature set point for this shut
down is 1350°F. Shut down at any indicated temperature between 1300°F and 1400°F
will be judged as a satisfactory over-temperature shutdown.

Should a failure as identified above be found to be attributable to the
load simulator (other than failure of the sensing resistor) the failure is not
considered a failure of the system. Another load simulator may replace the
failed unit and tests will continue.

9.0 CONTROLLER EQUIPMENT REQUIRED
Hot Cylinder Temperature Recorder HP Mlee 1rZId_ SWyZ cHAUT

Range _S-s90 MV , | —100 v

Inventory Number (23 -¢/2 Abe
Serial Number 80)- 017¢&
Calibration Date 7/22/7¢ Calibration Due 7/;;/75
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10.0 TEMPERATURE-ALTITUDE CotTie el # Smedne GnE IEnp mu wzes
[BOSRLE DyatrasTED. [ wEC
Method 504, Class 1, Procedure I. MOPE e . 6AA—I12PECS YO -2¢
. s SE2im Ao 6O A~ 21,67/
10.1 Equipment Required Inisame, at - RE 322

Ca. DT 4/ahs  vE TY0S
Chamber Tenney, 12ST 2'x2'x3'

Range -100 to 300°F (-73 to 149°C) 100K ft. max

Inventory Number €304 (v 3C |

Serial Number 2762
Calibration Date o« trvt (LdVc ivEnTS Calibration Due —

TEesy {nmreen
Pressure Gage HMIE.JIMAA  HOO0EL ¢ -1/42w M TEMP (07! RUSTL

TZ 1750 F%> 38

Range O -30 (npougs Heraicy KPR 5% ede
Inventory Number /),’V:T o€ ¢ H 3()’ /ﬁ-V'Fl-m'LY ﬁ-‘"" AT € v ;C’/

Sedum ke 0 097293
Serial Number 29 (M pre  5/21/75

o De€ - 3/20)98
Calibration Date @/ ™ ([iMSL:2 Calibration Due w.m civiMBER
Voltmeter cLoke 82004
Range 1—(0o My | - 1000V
Inventory Number 18$ - 98 (AnL)
Serfal Number 25 94 4 |
Calibration Date & /R5 /7% calibration Due &/2%, 75

’ / r 7

Controller Temperature Recorder AP Moep 2127 A

Range _GF-Sbenv, [=/00Y
Inventory Number _ /23 -¢/2 (AoL)
Serial Number Bol - ole§

Calibration Date 7/2 L/74 Calibration Due ;/07///7.5'




=

! o Ryt ST -

10. 2 Procedure

pERE £ (LDl i
q ; . . . q X el 2
Install controller in accordance with Section 6.1. Axis Orientation vP

Pretest Performance

b

¢ Ambient Temperature ZoRe Relative Humidity i d /’

Ambient Pressure f4- 5% /a1 Controller Supply Voltage £& ¢/

Controller Temperature _* EC‘F Simulator Temperature /4 S52F

Over-Temperature Activated - Simulator Temperature oK /2 S2F tcacenre s

Mechanical Reset - Simulator Temperature OK  cctter ey, Swinwin

By 7 /é'/ . I,Zéuw‘a, Date Pl H/l;y -8

Test Performance

Step 1: Adjust chamber temperature to -62°C at ambient pressure and hold for
i SWher T 73 35 T LENCE NnT0T
2 hours, controller non-operating.
A7 rear

Chamber Temperature - O2C = (:2°C Time /# 32 T2k »/6'32

. 4 <"
Controller Temperature ~#6€ —= —(c'¢ Simulator Temperature Y Buex -~ '—"’:(

v ”'a"é' %= -» -97%¢
Visual Inspection LK

By 7 : [/// 3(4«4-._ Date 26 /'1/17 76

Step 2: Adjust chamber temperature to -54°C at ambient pressure and hold for
test duration. SMeaE) AT M '32 v 20 Ay 7S TV SMadtdE cle-sicm

a2
Controller non-operating,Atemperature stabilized to -54°C:

Chamber Temperature —-54°C Time 08 20 ca2¢Me, 5

Controller Temperature — 9 2 S'C gsmee Simulator Temperature =S/ Yol

1) Controller operating at 24 VDC:
gy . AT CA
Chamber Temperature =P Time ( VS ¢S /00

Controller Temperature  —A7.5°C #gsmseSimulator Temperature _/203°‘F

Over-Temperature Activated - Simulator Temperature _PMv-£4 7T HP?'F Cie.i e

: |
Mechanical Reset - Simulator Temperature _ (<£Rswd Sk o&  Sw 2o /&, 0K i
TEMmp O R NI s Y )
57
,,,i" e e s e e e e el S - - .




(,MM/W' ;
Controller non-operating, Atemperature stabilized to -54°C:

Chamber Temperature — 54 °C Time (2 00 Avon

Controller Temperature __— § 2°C #smse Simulator Temperature /As.or 2a5s(gs )
Hme - 23

Controller operating at 24 VDC: "

fotee ¢ T
Chamber Temperature -s54% Time ( 12 .*t'l-.'.t'.v) /315
Controller Temperature — 4 )C #$smi simylator Temperature /ZG’Z ‘=

Over-Temperature Activated - Simulator Temperature R2Arffep 72 N91*F (cuteaicor

Mechanical Reset - Simulator Temperature C ¢ .Zécar Ss4ce. & S e /A0 OK
NP T Y 9YE - ok o (32K

£ -

Controller non-operating,/ftemperature stabilized to -54°C:

Chamber Temperature -5 4°C Time |4 10

Controller Temperature _ —S 2°C ¢smev Simulator Temperature /Asi0s [9S'F
Lre —23¢

Controller operating at 24 VDC:
Fo B &

Chamber Temperature -5 1% Time \ /4 ¢ ) s 19

Controller Temperature —<47°C. #sws Simulator Temperature /2 03 °F

Over-Temperature Activated - Simulator Temperature D& &D T NY?F (o pivar ooy

Mechanical Reset - Simulator Temperature Cc iR<ny fShe ol Sei e /Al ac
TEMD o7 e 11 GEFE  fhs it oF (s 2.

s
Controiler non-operating',ﬁtemperature stabilized to -54°C:

Chamber Temperature — S 2C Time /607

Controller Temperature ~92C Simulator Temperature /7€ /£ ,wsise

w1 M. 7»(7;4«-4, bate 2 7 Fhz (778"

SMEwizrnol. A -S54 'C e COA A CUERIG PPy




Samr 30 M4y /77s

Step 3: Adjust chamber temperature to -54°C (and hold for duration of test)
with controller non-operating and temperature stabilized.

Chamber Temperature ___ —&4 € Time L2585

Controller Temperature ~-&2 b'uC« Simulator Temperature
(—OI"F) —SI'ICC /L aed 4-

Controller operating at 32 VDC, adjust chamber pressure to 3.44 inches HG:
Chamber Temperature —54% Time ‘0. 26

Chamber Pressure 3,44 (nHe

Blse + #¥'c
Controller Temperature ~35J Simulator Temperature af/N>Z /2(’ ol

Over-Temperature Activated - Simulator Temperature oK )2 CLF nienr e

Mechanical Reset - Simu]ato/r Temperature OF cock.rer Suwile

By 7 é{/ 7%,(.«& Date 7] //611 75

(+1#%)
Step 4: Adjust chamber temperature to -10°C and pressure to ambient with
controller non-operating. Stabilize controller temperature.

Chamber Temperature -10°C Time /12 .30

- S'c g SE - '7:t
) Simulator Temperature cesws - 37

Controller Temperature

Open chamber door and allow froct to form on controller surfaces. After the
frost has just melted, clo.s’g chamber door and operate controller at 32 VDC:

< ¢l l/"‘q. A
Chamber Temperature@;\ 7°C) =6 Time (/2 44) /3. .05
B FmE B\ ssC
Controller Temperature 14 C +05¢ Simulator Temperature\ mswz z-€ S¢

Over-Temperature Activated - Simulator Temperature ol (/2% et e

Mechanical Reset - Simulator Temperature QK osiziren, Soarie s

Controller non-operating:  /~w#¢ CEF 3¢ 6

Chamber Temperature —~b.6C Time /3. 01

Controller Temperature O $£c Simulator Temperature __ /4% F
Grse 26°C




(4) Chamber Temperature @‘F) -9 Time /330
' ) AAGE ¥ 3¢ °C
Controller Temperature = /5C Simulator Temperature /4s.oe /25/%%F
Over-Temperature Activated - Simulator Temperature OK /ZS/I'F ,o.or v
Mechamca] Reset - Simulatpr Temperature OK  cintenrce, swireen w
By Z«—( Date B0ty 1978

Controller operating at 32 VDC: /Av«%¢ o /340

Chamber Temperature (/S — ¢ Time /320

0 y Bz +250C
Controller Temperature =/ Simulator Temperature /am.oc /(2924
Over-Temperature Activated - Simulator Temperature (7Y (4 2 = (LG

Mechanical Reset - Simulator Temperature al< Cotibareiy, CoiRer in

Controller non-operating: #¢+=C¢é vfF /320

Chamber Temperature Q7‘)F) -8.3°c  Time [3.:25
—_— +3 ;t)(
Controller Temperature ~(& C Simulator Temperature (t,.gr.‘ UXo“r~

Controller operating at 32 VDC: Povrsst e (3:23

M £owvEl ("" /3:3/

Step 4a: Ambient performance at 32 VDC (rid-test):

Ambient Temperature 75’01': Relative Humidity 5—2%
Ambient Pressure 14,60 ps(
: g p g
Controller Temperature( 5.30c§ 9/ 4~ Simulator Temperature _ / f
. BBE(e2) 197
Over-Temperature Activated - Simulator Temperature O /28°F corrpnrcr<
Mechanical Reset - Simulator Temperature A i e Shime

By //ZJ” #4/—«1, Date S /‘7’? 76"

POEor ASs T sed A 2 Jon 72 cobe T E=QciP
PHEPEL CHARBEL o'W K i A MINE ™ AINEL e X
Msc cHEcE A3itiry p ke SAceme AT 2eoTF La
FANE2 KorSs foan Ok a0 ¢ Hes,07c 1S

60

= e e L S T PP oA i ™ R
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Step 5: Adjust chamber temperature to 85°C at ambient pressure, stablize and
maintain for 16 hours with controller non-operating.

Chamber Temperature 8s Time 24vue 18180 T 'SJJUECJ&' 34

Controller Temperature 84 $c Simulator Temperature _2I / C ouvm o
20% (6o "FPMrb’

Visual Inspection

By _ 2 M- M pate .3Jore P&

Step 6: Adjust chamber temperature to 55°C at ambient pressure with controller
non-operating and stablized at 55°C.
i (5mer + .
Chamber Temperature S (- Time \ ¢ 32 OC7SH
12% Oucx b gu S

ST F sk

Controller Temperature é'70C Simulator Temperature

Controller operating at 32 VDC:

Clock Lapsed Chamber Controller Simulator

Time Time, Min. Temperature Temperature Temperature
EM; 7.2t 14

. 5% Start st s54°c 722 e
J0 25|  S+30 53°c S#sc |23% /27F
jo-s&| S+60 S3C 615 | 238 ¢ 1263F
[1:25 S+ 90 $sTc G2 c 24% 1244
;85| S+ S5 c ©2'C 4C  12%F
2.2 S +150 s5°C 62/% | 244e1 1243°F
i2.55| $+180 55 c cotic | a8 1264F
(3:28 S+ 210 s37C Gafi'e |¢9%e 12587
/2531 S+ 240 557 czhc |2 7‘{‘&1: 1249F

4 HOURS TOTAL LAPSED TIME

c
Over Temperature Activated - Simulator Temperature Ok [RS0F cutsnrcer

Mechanical Reset - Simulator Temperature ok Coetlbént or SwifRe (p

By //? W s o Date ___ «3 \/‘A@ =




Step 7: Adjust chamber temperature to 71°C at ambient pressure with controller
non-operating and stabilized at 71°C.

Chamber Temperature y aC, Time I SHES

o
Controller Temperature J0°¢C Simulator Temperature #4106 567 °F
AMEE 22°%

Controller operating at 32 VDC according to the schedule on page 13 following.

Upon completion of the schedule:

o /%€=
Over-Temperature Activated - Simulator Temperature olc 12 Y& fmT

Mechanical Reset - Simulatgr Temperature OK |, CosenT o0 | Switee 1o

By /; ¢ ﬂ( 4 - ta_ Date 3 \/‘/A/é‘ r2$




STEP 7 SCHEDULE

-

?:IA‘;‘.‘Mlu-

-

Clock Lapsed Controller Chamber Controller Simulator
Time Time, Min Power Temperature Temperature Temperature
mEeE {103 1DE
14-2/5 Start ON 2% 70°¢ 224t S39F
425 S+10 ON A°¢C 73%¢ |2¢9c Wp'F
435 S+ ON 71°c. 24hc | 2she pF
45| S+ 30 ON °¢ 75T 26% 126cF
T S + 30 OFF NA NA 28 A
455 | s+40 OFF 21 74° 270 &22F
j5'0C| S+ 45 ON NA NA NA
/S08] §+ 50 ON 21% 74% |z23% MCF|ss+
55| S+ 60 ON 2% oshe |25kt 125t
525 S+10 ON 2. % | 26Y2c 12€2°F
15:3¢| S*75 OFF NA NA NA
/5:3%] S+ 80 OFF 21°¢c 75 4% | Jge 1022'F
j545] S+ 90 OFF 2. 734 c | 236 oA
1 S + 90 ON NA NA F W
5551 s+ 100 oN 71% 7shc | 24% wedk |
Jb:05| S+ 110 ON 2'c 76 | 26¢ 1295F
1645 s+ ON 2/% =77 | 26% 1265F
1 S + 120 OFF NA NA NA
128 S+ 130 OFF 71 75% | es'e E8E
16:ad S+ 13 ON NA NA NA =
l6:25] S+ 140 ON 21 7sc | 234 ME
lo4s | S+ 150 O " 26 |2shke 12%5F
Jusx]| S+ 160 ON 70°C 72 264° 12965
jeoo] S*1%8 O 20 27c | 264 12AH

2 Hrs. 45 Min.

TOTAL LAPSED TIME




Step 8: Omit for Class 1 equipment.

Step 9: Adjust chamber temperature to 30°C at ambient pressurg'with controller
non-operating and stablized at 30°C: A SvE 7S

Chamber Temperature 2o0c Time OS2

~ [y
Controller Temperature 30C Simulator Temperature /€% '
/-/}Ua.cuusnu on’

Operate controller at 32 VDC and adjust chamber pressure to 5.56 IN HG:

Clock Lapsed Chamber Controller Simulator
Time Time, Min, Temperature Temperature &Lefmpe%
0718 |  Start 30'c. 3¢%c |\wfe 2nF
orges | S+ 30 37% (g4 1276F]
/078 | S+ 60 30°C. 4/% 8% ¢ (244F
jo48| 5+ 9% 30°c 42°c | 18he 285
/1.8 | S+12 30%C g24c |wlheazdes
(/48| S*150 30°c £3°¢c 1808 122
s2:4p| s+ 30 - 3¢ | he 2%
12:45| s+ 20 3¢% 43¢ |/she 1265
1319 S + 240 Xc 43¢ /J’le‘c'-TIZbS'”ﬁ
4 HOURS TOTAL LAPSED TIME

| R - Y T S —— -

Over Temperature Activated - Simulator Temperature k. /2 Ggof-’ CURULAT £

Mechanical Reset - Simu'lzr Temperature Qé ChhotnTcp) - SWiTet u)

By 7 /i’ (A Date 4 \f JAE 7S

Cormeo ek #Simuanne Bass TEMP, pecardees /. opts £ meo 1

Brisee's Dyrvmrsrce Peccede &
Mosree ' 6¥A 24 P& £90 -2/

SSun Mb:  GEA — 14,SEB/
nvtnrey #o: RE 523

St 24 . Y75 Dot Dare T/ufrs

64




Step 10: Adjust chamber temperature to 47°C at a pressure of 5.56 IN HG with
controller non-operating and stabilized at 47°C:

Chamber Temperature 47°C

Chamber Pressure i.%w#‘-. Time __ /3. ¥#S :
0 s idE 424°F

Controller Temperature ﬁ 46°C Simulator Temperature bme [6°C

WANEZ CoOC At ON

Operate controller at 32 VDC according to the schedule on page 16 following.

Upon completion of the schedule:

Over-Temperature Activated - Simulator Temperature K (246F cumsurers

Mechanical Reset - Simulator Temperature Pl CURAEST Obr SR (4

By 7/(( ; o Date fi\[//ﬂ/f{??&"




STEP 10 SCHEDULE

Clock Lapsed Controller Chamber Controller Simulator
Time Time, Min Power Temperature Temperature Temperature
OISE 1A% 0E

13 45 Start ON 49% 6% bc 4q24°F

521 Ss+10 472%. 48‘°c K)‘t [094°F
45| S+ 472 21,°C | (92 (21%F
4] S+ 30 47 S1%% 97 12%62°F
+ 30 NA NA NA

40 47°. S¥c 17 &i0°F
45 NA NA NA

3 47°C. (6 991°F |2
60 4% {g‘/;"'c. 12MF

70 472% 19 265"

75 NA NA

80 4 29C 184, °c. 1016
%0 42°c (76U
90 NA NA

100 472c (8'c (214
10 41% (¢ 123
120 47 [1c 1272°A
120 NA NA

130 47c (¢  7¢4F]
135 ON NA NA

140 ON 47% 17 [olo'e
o1& 150 ON 479 R4YZ 1223A
16:25| s + 160 ON 47% 19 (266°F
Ib:30] S+ 165 ON  47%e 19'C_(258°F
2 Hrs. 45 Min. TOTAL LAPSED TIME

w

0
(4.25
14:30
14:25]
J4'45°
1455
15 ¢0
15:¢5

TNEY

niuwumiluolwmi un|lwm

"

15 25

/$:35

IS4
i

1S 55

16.00

X%:3

S
S
S
S
S
S
S
S
S
S
S

w




Step 11: Adjust chamber temperature to 20°C with controller non-operating.

s Jowve >
Operate controller at 32 VDC and then adjust chamber pressure to 3.44 IN HG.
Chamber Temperature 20°C Time O30

(0 (6¥°=) 13°%c w.i0€
Controller Temperature _ /7 1:c Simulator Temperature _ /3“C Asss

Hil Feow SRLL 0A

Controller operating at 32 VDC:

Clock Lf’r‘i’:‘gd Chamber Controller Simulator
Time Min. Temperature Temperature A&mpelﬁggz_t;
: 0900 | Strt 20 24% whe 128
f 030 | S+30 w’c 29% % /7’(;} [292'F]
foop | S+ 60 2°c 324 % | (7% 126 F
| (030 | S*% 20°C 349%C | 0 1269%
(0D S +120 2% 38 /7;{;,‘;24/3«:
J(2O | S+ 150 Lo yshe | 1Yo w2erA
200 | S+1w0 20°c 36% | (¢8| (206
| 1230 | S+ 210 20°c. 3% |4 1258
1300 | S+ 20 20°¢ 26 1% | e ress
] 4 Hours TOTAL LAPSED. TIME

3 Over-Temperature Activated - Simulator Temperature _ /237 %F c(urear vem

Mechanical Reset - Simulator Temperature _ Ok  ((REAT O0A -Seane N

By =7). V.- %M Date S e 75




Step 12: Adjust chamber temperature to 35°C at a pressure of 3.44 IN HG with
controller non-operating and stablized at 35°C:

Chamber Temperature .3$°C
Chamber Pressure 3,42 vifq Time /13 1§
M 3,06 O6F3v-F

Controller Temperature 3s Simulator Temperature «2%& /5

Mo Feew STICC 0N

Operate controller at 32 VDC according to the schedule on page 19 following.

Upon completion of the schedule:

g 5
Over-Temperature Activated - Simulator Temperature &€ (2694 °F Cenrsinroes

Mechanical Reset - Simulatgr Temperature oK Cefonr ol SRy w

By 7 m » <on— Date S Jowe 975

68
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STEP 12 SCHEDULE

Clock Lapsed Controller Chamber Controller Simulator
Time Time, Min Power Temperature Temperature Temperature
bose 1A%51 D8

13:16°|  start ON astt 3s7c 6°c 653F|
/3:25] S+10 ON 35’ 37 | wle (57 [Pl
/3 36| S+ ON st 3¢ Bc 126%
/3¢s5| S+ 30 ON as'c 40’/:, /8% 1269°A
36| s+ 30 OFF NA NA NA
(353 s+a0 OFF 'S dl 3% | o g5
/4:00 S + 45 ON NA NA NA
|dos| 5+ 50 on 35t | 39% | iste 985 | 0
j4.15 | s+ 60 ON 25k 4% | ¢ (267°A
25| S+70 ON 3s% £2% % | BYE (251F
4.3c] S+ 75 OFF NA NA NA 222
(4:35] s+80 OFF 3s°c £2°% mc we'm
1445 | s+ 90 OFF 35 40°c |lec o2FF

n" S + 90 ON NA NA NA

i : v /" v :-%:wo-
j4:s5| S+ 100 ON 3sc A£2° 6h'c IIF 5%
IS 081 S+ 110 ON 35 43°c (8T (2%°F
[Ss] s+ ON 35’%, 44 °c. lglf& 129°F

N S + 120 OFF NA NA NA
525 S+130 OFF isc 42 | e _312°F
15:30| S*13 ON NA NA NA
1S:35] S+ 140 ON 3sc £ /5E | 1S)e ds8F .5‘1"";-‘,
15 :45] S + 150 ON 35 4 3/;‘?. Ke 123%°A
5. 5| s+160 ON 35 14% |18LC 1249°A
to:oo| s+ 165 ON 3s5°% 49%% | (6% (23R

2 Hrs, 45 Min, TOTAL LAPSED TIME

69




Step 13: Omit for Class 1 equipment.

Step 14:

Postcest Performance: Return chamber to ambient conditions with controller
operating.

Ambient Temperature 79°F Relative Humidity 5'774

Ambient Pressure /483 ps( Controller Supply Voltage 28 .02V
in%i0€ 298 F
Lre IS'C

AL Fecw oOFF ¢ (CES clENEN

Controller Temperature H‘éoc $SMEE Simulator Temperature

Over-Temperature Activated - Simulator Temperature _ Of (ZS 2%F cumbarocr

Mechanical Reset - Simulator Temperature _ g CUUEAT ON ,SeiTtet /4
g /ZL//L'V W 7){&2‘ Date __ S~ \_J.LUEﬁZS’




11.0 EXPLOSIVE ATMOSPHERE
Method 511, Procedure 1

11.1 Equipment Required

Chamber _Tenney, , 3 ft diameter x 10 ft long

Range 85,000 ft

Inventory Number CH 302

Serial Number L A.

Calibration Date LA Calibration oue __ M A

Pressure Gage Wallace Tiernan

Range Q —-($.0 FsiA

Inventory Number £ 323

Serial Number £A4 (29— LL O£3C7

Calibration Date & (16 /2 Calibration Due _F //o/ 7¢

Voltmeter ALULE S2c00f

Range _ [-/0¢ MY ) —t1vodV

Inventory Number _ (S& -CF 8 (AvL)

Serial Number ___ 75 94/

Calibration Date _é/&.ﬁ:/?y Calibration Due é/ﬂéf/?(ﬁ'

Controller Temperature Recorder _ A7 MoP 7/ 27A

Range _S-SPoM, /~180V

Inventory Number 2 -0/ ( #pc)

Serial Number _ g o(- ¢//CE

Calibration Date 7/z 2/74 Calibration Due ;/.9; ys.0




11.2 Procedure

Install controller in accordance with Section 6.1. Use a 100/130 grade gasoline
and mixture determinations as provided for chamber.

Axis Orfentation Cemmuscsc 13&';!?
(ovee 2V §

Pretest Performance winna/ Corrmbel

(1
Ambient Temperature 6 ~ 3 PE  polative Humidity CoX oursive

Ambient Pressure (£,98/51 Controller Supply Voltage 3l.oov
Controller Temperature 47C 2¢/6.6F Simulator Temperature = (248 i
By .M. /zwzl Date ¢ Iy 1975

Test Performance

Seal chamber and adjust temperature to 71 + 3°C and maintain throughout test.
Stabilization of chamber walls and controller is considered attained at a
temperature of 60°C or higher.

Reduce chamber pressure to 1.05 psia. During the following schedule of
pressure increases, a 13 to 1 air/fuel ratio shall be maintained within the
chamber volume and the potential explosiveness of the sample mixture shall

be verified by the ignition means provided. Introduction of the mixture

shall be accomplished with 3 + 1 minutes. Pressure increases shall be steady.
The over-temperature activation and mechanical reset shall be accomplished at
least once during the pressure increases.

(A IBER ). FEA4SASD




EXPLOSIVE ATMOSPHERE TEST SCHEDULE

Pressure or : Over-Temp { Mechan. Sample
pressure Tncrease | 1 SR | onpevatore | Tomperacore | Actuate | Reset' | gnition,
1.05 65.9¢| 705 1274%| M NA NA

1.05% 1.33 | 270%¢ 20y 7 E'@ffap NA NA NA
1.33 operate controller at 28 + 4 VDC
1.33 to 2.15 ©8. 3 72" 279F | M A NA
2.15 68 7L Tore| M NA | O Keiw
2.15 to 3.47 65" 72 FSe| tp | Mo NA
3.47 65. | 722 | /27| m NA vES
3.47 to 5.46 B 2/ e e Mo NA
5.46 % 72 D m NA yES
5.46 to 7.65 68 72 Zave| Ao Ao NA
7.65 8.2 | 77 S| m NA IKyES
7.65 to 11.34 .2 | 72 2| e | Ak NA
1.34 5.2 1.5 | % m NA YFs
11.34 to 13.67 69.3| s | [T o | Ao NA
13.67 652 | ws | Giie] m M YES
13.67 to Amb. 66.2 s ,Qf?dp A ~o NA
Ambient A LA A NA NA LAa
By :72 ]{/ r/d-‘-«--— Date 20 /L//b 7S

73

~3.
fo'e
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Posttest Performance

Return controller to ambient conditions and operate controller at 28 + 4 VDC.

Ambient Temperature %'F Relative Humidity ﬂj‘
Ambient Pressure 2777 1 He Controller Supply Voltage 30.9§
Controller Temperature ~ J0F Simulator Temperature [(Z,78
Over-Temperature Activated - Simulator Temperature ok

Mechanical Reset - Simulatpr Temperature No' M8

Date e My 25

74




‘12.0 ACCELERATION

Method 513.1, Procedures I and II

12.1 Equipment

Centrifuge AMF, LG-34

Range 300 g, 10,000 pounds, 0-500 RPM

Inventory Number PE 301

Serial Number 20
Calibration Date ‘?/?/75’ Calibration Due 7/1/75"'

Voltmeter _Levge RiL00AR

Range _ /-1oomy & [-1000¥

Inventory Number _/S¥-098 (7o)

Serial Number 7S94/

Calibration Date é/.?\;77‘/ Calibration Due 6,/_?;’/;{9'

Controller Temperature Recorder _H P 1D 7/27A

Range  S-Soonv £ (-w0ov

Inventory Number _/Z3—-O/Z ( /Y

Serial Number __ §FO/- 0/168

Calibration Date _ 2/2¢/74 Calibration Due /7/477,2'-

12.2 Procedure

Install controller in accordance with Section 6.1. Order of test axis is not
specified. Axis orientation is in line with the G vector.

G = 0.00002841 (Arm Length)(RPM)2
-—
Ren = \4). 0000 1841 (AZA & ErG )




wna = - Ee—— s T S = R R T

Pretest Performance
=5 e .
Ambient Temperature 76 F Relative Humidity 60'/0

Ambient Pressure 2745 IUQ‘E Controller Supply Voltage
o =2 97°
Controller Temperature 45 | [194%F Simuiator Temperature Zﬁ‘zé “' C”,S ”*=
1 Chv 16C 201°F
Over-Temperature Activated - Simulator Temperature __ /2 £7°F (K “‘Mér-rc.—/-'

2% /8

Mechanical Reset - Simulatgr Temperature O Ceflhamror, S I ipn
By jL,W- Zu.« o2 Date b Jois 1775

Test Perforinance Procedure I

Controller is non-operating and 13.5 g is to be induced for one mirute in each

of 6 directions.

Axis Orientation Arm Length RPM G
i 23,78 120 /3.8
+Y o3.75 120 (3.§
+Z 27. S0 13S 4. |
") 33.75 (2o i3.8
=4 33 75 120 (3.8
39.50 /10 13.6

By /2. M ;Z :«_,:g, Date 6 \/u.vé.‘ (975

76




Posttest Performance Procedure |

Ambient Tempe: . ture 17 E Relative Humidity 6//0
mnbient Pressure 2 7.39 mHg.  controller Supply Voltage _28,0C
Controller Temperature OFF Simulator Temperature A248%

n:f

Over-Temperature Activated - Simulator Temperature o€ (2 £ °F gu;.éﬁraar

Mechanical Reset - Simulagor Temperature O ccAlEsT o), So-ireet 18/
By : Date éJux@ (925

Test Performance Procedure [l

The induced test level is 4.0 G for at least one minute in each of 6 directions.
Controller is to be operating at 28 + 4 VDC throughout the following schedule.

Pretest Performance

The first line of entries satisfies this requirement.




PROCDURE Il
OPERATINu ACCELERATION

onNovEL
Arm Simulator Temp s
Axis | Length |ReM | G |[Sontrolier - Simulator | fyerTemp, | Mechan.
) Inches IDERREMr P Activated Reset
+X NA 0| o 90°F (245°F | (235F o0k c‘cé’for}‘d‘
* | sai feolees] v | pa7%e | dgeee ledfonty !
+X NA 0|0 90 1234°% | J220 % | coaron
g ~' 12485F x
il NA 0 0 102°F [qu F CUUErT UEE “;j%g’f.‘f
+Y 3.7 a © ge| (24rFck | Frw| S F
33. 100 75 /02 F /217 CCAUEAT OFF ;‘{,u LS
Mol m Jo ol twer | s23F| e e |y
(23¢*F ac (4
+Z NA o | o [02°F 12 39F | compenr e |“4%5E 5
(249F o | |
+2 | 27.50 | 1o |945| [0z AT | rtenr ceei o Beres\ ¢
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+1 NA 0o | o (02°F 1296F | comesr o ‘;'.‘.‘2.“:?:32
DS Fox | OF
=X NA 0 0 ?§ °F 245" F CORBAT 0F %-rufh 2
; (254°Fok a
2 3375 o |7s ¢5F (1254°F cvaesrr o | S8Ry
ok NA 0 |0 75~ 1238%F | [230F Ok o binr ou
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-Y NA 0 0 "4°r= [240°F cmserorr | S ime in 3
) O
Y | 33.75 |00 |CSY| /04F [229F | comn ove |ESERT 00
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vl o Jolol jeae | 230 | SnT lader e
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= NA 0 0 I8¢ F 12 379% Cunisrr opy |CLRENT oo
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3 37.s0 |90 |7.09 g95.¢ F 1250 F | connerr om | § 500 in
0 73
-2 NA 0o | o 76.6%F 1291°F | (s e | eubezam
Posttest Performance
The last 1ine of entries satisfies this requirement.
v
Ambient Temperature 2 F Relative Humidity 6/ /C

72 W Date

Ambient Pressure 9.9 1n )f?
By . T

y4 \//Af (F)S™

/

78
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13.0 SHOCK
Method 516.1, Procedure I, terminal sawtooth pulse
Equipment Required
Shock Msgine __ AVCO, SM-110M2

Range

Inventory Number .!!l

Serial Number

Calibration

Accelerometer B?( 79/ E302

Range
Inventory Number AC 3(0
Serial Number 344 778

Calibration Date 4/15/7§ Calibration Due

Oscilliscope _ 7 ZxMoAiX

Range ==

Inventory Number O3S 3/
Serfal Number 00902]
Calibration Date 5'/7/75' Calibration Due

Amplifier g ¥ vorix  Nrle 341

Range ==

Inventory Number O P 374

Serial Number __©/3 759

Calibration Date 5’/7/75 Calibration Due




Filter SKL.  Mosee 302

Range O-2000 H>

Inventory Number AAR2S

Serial Number “fqi

Calibration Date 2 /21 /25 Calibration Due

Voltmeter CLoxg 8zo0hA

Range /=100 fpv , [ =000 V¥V

Inventory Number /ISE-098 (’&a‘)

Serial Number 72894/
Calibration Date 6/4\{/75/ Calibration Due
7

Controller Dummy Mass Ner Megoew

Controller Temperature Recorder HP Hip 2:Z7A4
Range __ S -Somv, /-1ook

Inventory Number _/23%-0/2 (#2¢)

Serial Number &0/ -0(/68

Calibration Date 7/227/7F " Calibration Due Z/a?//gzo*-

NOTE: This test environment may be induced using the vibration shaker and
related equipment in appropriate sequence during the conduct of Test
Procedure 14.0, Vibration. In this instance, the shock machine equip-
ment will not be used and the following equipment will be substituded.

Wave Form Synthesizer Exgec7

Range _lu Séc — (00 ~cc

Inventory Number S 33%
Serial Number 8357




13.2 Procedure

Install controller dummy mass to the shock machine in accordance with Section
6.1. Calibrate the shock machine to the waveform specified in Figure 13.2 so that
two consecutive applications of the load will produce waveforms within the specified
tolerance. The shock machine is now calibrated.

Install controller in accordance with Section 6.1 and operate controller at
28 + 4 VDC. Apply the load so determined above in each of the 6 directions according
to the following schedule. The order of axes given is not fixed nor required.
Photographs of each applied pulse will be taken.

Pretest Performance

The first line of entries satisfies this requirement.




Shock Pulse Waveform and Tolerance Envelope

FIGURE 13.2
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TEST PERFORMANCE

Event

Controller
Temperature

Simulator
Temperature

Pretest

13 °F

/1274

Pulse

NA

Posttest

i3 %

| 260

Pretest

(1O “F

12 64

Pulse

NA

Posttest

jlo ‘F

1269

Pretest

1H3F

125%

Pulse

NA

Posttest

113F

1254

Pretest

e F

(276

Pulse

NA

NA

Posttest

o F

1270

Pretest

(QF

127¢

Pulse

NA

NA

Posttest

[W'F

1276

Pretest

3%

1263

Pulse

NA

NA

Posttest

HY»'F

| 1L5%

JH S ENNE RN RN

Posttest Performance

The last line of entries satisfies this requirement.
1.{ = Relative Humidity

Ambient Pressure 29.7! e

By 7 5(/ ,Aa.«.‘ Date

63 %
Controller Supply Voltage 30Y (rore )

Ambient Temperature

% rhy I




14.0 VIBRATION

14.1

Method 514.1, Procedure I, Part 1, Curve 2, Figure 514.1-1.

Equipment Required

Shaker Ling A 300

Range 6000 1bs force

Inventory Number PE_;&

Serial Number o9

Calibration in use

Amplifier ___ CP10/16VC

Range 5 Hz to 5 KHz

Inventory Number PE 314

Serial Number 59

Calibration Date __ § /2 /75 Calibration Due &/2/7s
Accelerometer & 3 K  7vyre ¥3072

Range

Inventory Number AC 310

Serial Number 244 7789

Calibration Date 4/1s/7s5 Calibration Due 7/($/7;
Voltmeter crete BlooA

Range /~teony € (-1000v

Inventory Number _ /SE-095 (4D.)

Serial Number 7594/

Calibration Date ,6/20'/77 Calibration Due 47/9r?’/7‘5'
84
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Controller Temperature Recorder HF MOD 7/Z7A

Range S-5®0 hny & /—flop v
Inventory Number /23 -O(Z (/f‘Dl-)
Serial Number _ _80J -0//68%

Calibration Date 7/2;!71 Calibration Due ;(_2‘55&‘

14.2 Procedure

Install recorder in accordance with Section 6.1. Operate controller at
28 + 4 VDC throughout the testing. Activate the over-temperature and reset function
once, and toward the end of, each 30 minute time period per axis. The order of axis
testing is not fixed and not required.

The induced environment along each w.xis is as follows:

Cycling

Frequency, Hz Level
5-20 0.10 in. D.A.

20 - 33 2 g Peak-to Peak
33-74 0.036 in. D.A.
74 - 500 10 g Peak-%o-Peak

Sweep Time: 15 minutes per 5 to 500 to 5 Hz , §. &« “h“/‘ﬂ'“ #

ab m/fect.
Iy

Search from 5 to 500 Hz at a minimum level to obtain a usable control signal
(approximately 1.0 g), but not to exceed levels above.

Resonance Search 1B

Resonance Dwell
Dwell at a maximum for four frequencies per axis as obtained during Resonance
Search, 30 minutes for each frequency, at the level determined from above.

Cycling Time
Cycle at the rate given above for 3 hours minus dwell time per axis.

PO, Rl B e e i e s < =




Pretest Performance #Fv€ Z Ams a0 (6 'y 7S

Ambient Temperature 72°F Relative Humidity 4 5%

Ambient Pressure 29,76 wHé  Controller Supply Voltage 28.44 4
Controller Temperature A/ A, Simulator Temperature /Z48~= [2_-72’/=
Over-Temperature Activated - Simulator Temperature K /4»(

(i
Mechanical Reset - Simulator Temperature ol Ml

By 2 M ;éwwo Date 6 Mry 75

Be teeT Prirmcwce Foe X Afp Y ARES w1 FPy 7S

Ansiesr TSrPemis U Rewrnve HuMidiry 6{_ c

BT flesScns 29.50 w Coikenits Strg Uocme 2V 16"
’ (/257_R_1276%)
Cor o #C TPt 7Z Siavame TEARI 2SS _92' ]

JIEL - TEMPENME Arnumeo - Sinvrme TS VEunas gk _
MeLmacm Ceser ~ Sinvrme 6 renve ok

= e

8 A /l/_@g._ . ome _u9 MMy 975 ,.




VIBRATION SCHEDULE

X-AXIS DWELL

Simulator Temperature
Stave Stoy | Event [ Frea | SOtOTe |vemperature | Qver-Temp. | Hechan.
24 Dwell 1
Dwell 2 Mo | AesomniS
Dwell 3
Dwell 4
0.0 HRS | TOTAL DWELL TIME

X-AXIS CYCLING 14 Hay 0I5
Time from Controller Simulator Simulator Temperature
Start, Min| Smer 7:5#1 | Temperature | Temperature 2:::“?:5. M;;::'t'
+30 945 ~50 F | I263% ot as Jdo¥
+60 0: (s ~BF | 1253%F o€ AR T
+90 10 45 AGOPrE| 128)F oK /4 Py
+120 /l .16 07| 1259 o oc | 2wV
+150 196 n~110F | 1252F o¢ g 27.96"
+180 (12 /4 ~1s% | 7260 F orc ok,, 279’
3 mts | TOTAL CYCLING TIME
3 Hours  TOTAL X AXIS TIME Al 5:”‘”
T aroe”
X-AXIS POSTTEST PERFORMANCE
Ambient Temperature 27 Y Relative Humidity &2 1o
Ambient Pressure 29.26 Controller Supply Voltage 27.0%
Controller Temperature __~-(/5'€ Simulator Temperature _ /278 <
Over-Temperature Activated - Simulator Temperature o
Mechanical Reset - Simulatpr Temperature (2

By _/?/721 Date i 4 /% Vidi 28
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Y-AXIS DWELL

VIBRATION SCHEDULE

: Simulator Temperature
Clock Tine [ cre [ g | antrotter | stulator | SoverTeng. Hechan.
Dwell 1
Dwell 2 Y74 - SUpM/O6
Dwell 3 L
Dwell 4 [
0.0 | TOTAL DWELL TIME
Y-AXIS CYCLING ..
Simulator Jemperature i
glime Trom| ey (812 | Somcarsore | Tompirature | TP Io. [Fach. | Zte8” j
0 34| ~jz5F | 1262 o o Tl 7 i=
+60 & 12| ~125% | 1257 ot oK "-
+90 @it | ~1807 | 1257 ok 1 3
+120 W% 252 (/74 oK, ) '
+150 /16 (00 »//6 % /2¥8 ?nemmr, oK 305"
+180 (6 3¢ [17.5 1259 ok ok 302"
3.0 TOTAL CYCLING TIME Simvunr cwiar 168.86 F
3 Hours  TOTAL Y AXIS TIME L s W TR -y
Y-AXIS POSTTEST PERFORMANCE
Ambient Temperature 80°F Relative Humidity S52 '/0
Ambient Pressure 29.7/ 1~ He Controller Supply Voltage _3/.0%
Controller Temperature 7.5 Simulator Temperature

Over-Temperature Activated - Simulator Temperature

Mechanical Reset - Simulator Temperature

By

oK
oK

‘7 l/ézﬁzﬁf1';!r~

P A

Date
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Z-AXIS DMELL

VIBRATION SCHEDULE

Clock Time

Start Stop | cvent

Controller
Temperature

Simulator Temperature

Simulator
Temperature

Over-Temp.
Activated

Mechan.
Reset

10055 /1:25|wel 1 | 246

LA

IR75 253

oK

oK

/].26 1:56 well 2 | 35D

v A

1253

ok

K

Dwell 3

e

Dwell 4 3

o et

/ HR

TOTAL DWELL TIME

Z-AXIS CYCLING (veenine

Sunss 4AMe

z.443

Time from

Start, Min.| ST /2:3F%

Controller
Temperature

Simulator
Temperature

Simulaf

tor Temperature

Over Temp.
Activated

Mechan.

+30

=Y

FIEnie Ak
139°F

| 274

Gl

24

+60 133§

' )
Wl eoe

1263

b

+90 /408

129,2°F

/IRE3

o

/438

129.2F

/1253

ol
ac
~'4

+120

50—

— e

g

—}+80—1

Z e

TOTAL CYCLING TIME

3
Siname ca oT

16€.0°F

3 Hours  TOTAL Z AXIS TI

Z-AXIS POSTTEST PERFORMANCE

Ambient Temperature .

ME

¢

Ambient Pressure

29.70

Controller Temperature

/29.2°F

Over-Temperature Activated - Simulator Temperature

Mechanical Reset - Simulator

otk

By

emperature

Relative Humidity
Controller Supply Voltage 2 49Y

é¢

Simulator Temperature _ /L 7O

ok

oK

Date

15//? v

Reset
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Administrative Data

1.0 Purpose of Test; To subject Temperature Controller to
temperature/altitude, explosive atmosphere,
acceleration, shock and vibration exposures,

2.0_Manufacturer: Arthur D, Little, Inc.

1.0 Manufacturer's Type or Model iNo:  Item identified as
VM Hot Cylinder Temperature
Controller

. iyl o Arthur D. Little, Inc. Test
4.0 Drowing, Specification or Exhibit: ppocedure TP-1: 77576 dated
31 October 1974

2,0 Quantity of Items Tested: One (1), S/N 1

6.0 Security Clouification of ltems:  Unclassified

L-Q—Dﬁll_l.lﬂ_cmnnd: June 5. 1975
8.0 Test Conducted By; R.Labrecque
P.Lizotte
J.Martens
9.0 Disposition of Speci ;

Returned to Arthur D. Little, Inc. by
Arthur D, Little representatfve.

10.0 Absteact:  gyaiyation of the Temperature Controller during

and after testing was made by Arthur D. Little
representative.

Report No. __11&85____ Page ._
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1.0 VIBRATION

Requirements. The temperature controller shall be |
subjected to vibration testing in accordance with para.
14.0 of Arthur D, Little, Inc. Test Procedure TP-1:77576.

Procedures. The temperature controller, mounted by
fts normal means to a non-resilient test fixture, was
secured to the exciter of the vibration system. The
temperature controller was then subjected to the required
vibration test per requirements which consisted of
resonance search, resonance dwell and vibration cycliing.

Resonances were detected in the "Z" axis at 270 Hz
(switch) and at 350 Hz (circuit board). The temperature
controller was vibrated for a 30-minute period at each of
the resonances detected and then vibration cycled for a
2-hour period. There were no resonances detected in the
“X* and “Y" axes.

The temperature controller was vibration cycled for
a 3-hour period in the “X" and *y* axes per requirements.

Results. There was no visible or apparent evidence
of damage or deterioration to the temperature controller.
Evaluation of the controller during and after vibration
testing was performed by Arthur D. Little, Inc. repre-
sentative who witnessed testing.

B
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2.0 _SHOCK

Requirements. The temperature controller shall be
subjected to shock testing in accordance with para. 13,0
of Arthur D. Little, Inc. Test Procedure TP-1:77576.

Procedures. The temperature controller mounted to the
test fixture used for vibration testing was secured to the
exciter of the vibration system. The temperature con-
troller was then subjected to one shock in each direction
in each of three mutualdy perpendicular axes. Each shock
was of 20g‘'s magnitude, 11 milliseconds duration, sawtooth
waveshape, The shock test was performed using a vibration

system and utflizing a waeeform synthesizer to shape the
shock pulse.

Results. Evaluation of the temperature controller
during and after shock testing was performed by Arthur D,
Little, Inc. representative who witnessed testing,

Ropm@l@o..llfggl.__.
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3.0 ACCELERATION

Requirements. The temperature controller shall be
subjected to acceleration testing in accordance with
para. 12.0 of Arthur D. Little, Inc. Test Procedure
TP-1:77576.

Procedures. The temperature controller, mounted by
fts normal means to a non-resilient test fixture, was
secured to the platform of the centrifuge. The temperature
controller was then subjected to the required operating and
non-operating acceleration test per requirements. Operation
and monitoring of the temperature controller during the
operating acceleration test was performed by Arthur D.Little
representative.

Results. There was no visible or apparent evidence
of damage or deteriforation to the temperature controller
as a result of acceleration testing. Evaluation of the
temperature controller during and a€ter acceleration
testing was made by Arthur D. Little, Inc. representative.




4.0 EXPLOSIVE ATMOSPHERE

Requirements. The temperature controller shall be
subjected to an explosive atmosphere test in accordance
with para. 11.0 of Arthur D, Little, Inc. Test Procedure
TP-1:77576.

Procedures. The temperature controller was placed
within the explosion chamber. Required electrical con-
nections for operating and monitoring the temperature
controller during testing were made through the chamber
feedthroughs. The temperature controller was then sub-
jected to the explosive atmosphere test per requirements.
Operation and monitoring of the temperature controller
during the explosive atmosphere test was made by Arthur D.
Little, Inc. representative.

Results. Operation of the temperature controller
during explosive atmosphere testing did not cause an
explosion or burning of the surrounding explosive atmos-

phere. The temperature controller conformed to require-
ments,




5.0 TEMPERATURE/ALTITUDE

Requirements. The temperature controller shall be
subjected to temperature/altitude testing in accordance
with para. 10.0 of Arthur D, Little, Inc. Test Procedure
TP-1:77576.

Procedures. The temperature controller was placed
within the Temperature/Altitude Chamber. Required
electrical connections for operating the temperature con-
troller during testing were made through the chamber access
port. The temperature controller was then subjected to
the 14-step temperature/altitude test per requirements.
Required operation and monitoring of the temperature con-
troller during the 14-step temperature/altitude test was
performed by Arthur D, Little, Inc. representative.

Results. There was no visible or apparent evidence
of damage or deterioration to the temperature controller as
a result of testing. Evaluation of the temperature con-
troller during and after temperature/altitude testing was
made by Arthur D. Little, Inc. repreeentative,.

Report No. 11685
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ELECTROMAGNETIC INTERFERENCE TEST PROCEDURE

FOR
ARTHUR D. LITTLE, INC.
ON A

TEMPERATURE CONTROLLER SYSTEM

Test Plan 2186

Sanders Associates, Inc.
95 Canal Street

Nashua, New Hampshire




Test Plan 2186

1.0 SCOPE

This document specifies the test procedures, instrumentation and
methods of measurement to be used during the electromagnetic emission
and susceptibility evaluation of Arthur D, Little, Inc., Temperature
Controller System.

2.0 PURPOSE

The purpcce of the testing described herein is to determine the
level of interference emanating from the Temperature Controller System,
and to determine its susceptibility to external electromagnetic stimuli.
The 1imits defined in the applicable portions of MIL-STD-461A, Notice 3
for class 1A equipment will be used to determine compliance or non-
compliance.

2.1 EMI Test Regquirements

The MIL-STD-462 test methods to be used in EMI qualification of
the Temperature Controller System is listed bleow.

Test Plan Test

Paragraph Me thod Test Title

7.0 CEO3 20 kHz to 50 MHz, Power Leads
8.0 csol 30 Hz to 50 kHz, Power Leads

9.0 €s02 50 kHz to 400 MHz, Power Leads
10.0 CS06 Spike Susceptibility

11.0 RE02 14 kHz to 10 GHz, Electric Field
12.0 RS02 Magnetic Field Induction

13.0 RSO3 14 kHz to 10 GHz, Electric Field

2.2 Applicable Documents

MIL-STD-461A, Notice 3 Electromagnetic Interference
Characteristics Requirements
for Equipment

MIL-STD-462, Notice 2 Electromagnetic Interference
Characteristics, Measurements of
MIL-STD-463 Definitions and Systems of Unit

Electromagnetic Interference Technology
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Test Plan 2186

3.0 TEST FACILITY DESCRIPTION
3.1 Shielded Enclosure

The RF shielded enclosure used for EMI testing conforms with the
design criteria of MIL-E-8881, Table II, Cell Type, Solid Metal, Class
C. The room size is 6.1M x 3.0M x 2.4M. Door size clearance is
2.0M x 1.8M,

3.2 Power Availability

Power available inside the room is 115 VAC, 400 Hz, 3 phase; 115 VAC,
60 Hz, 1 phase; and 28 VDC. Power is routed through RayProof Power Line
Filter 1B41-60, 60 ampere, providing 100 dB attenuation from 14 kHz to
10 GHz.

3.3 Enclosure Attenuation Characteristics

The attenuation characteristics of the enclosure when tested in
accordance with MIL-STD-285 is 70 dB for magnetic field and 100 dB for
electric field and plane wave.

3.4 Ground Plane

The Temperature Controller System equipment will be installed over
a copper ground plane (solid plate) measurieg 4.9M x 0.92M. The grounding
provisions included in the equipment design will be bonded to the ground
plane. The ground plane is bonded to the shielded enclosure wall at
intervals of less than 0.90M. The DC bonding resistance of the ground
plane to the enclosure wall is 0.2 milliohms.

3.5 Ambient Profile

The shielded enclosure maintains an ambient electromagnetic
environment at least 6 dB below the specification limits for radiated
and conducted ambients. Ambient profile levels are shown in Figures
1 through 4.

99
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Test Plan 2186

4.0 TEST EQUIPMENT CALIBRATION

4.1 Field Intensity Meters

The principle means of determining frequency and amplitude during
the test is one or more of the following field intensity meters:

Frequency Frequency Amp1i tude
Model No. Mfr. Range Accuracy Accuracy
EMC-10 Fairchild 20 Hz - 50 kHz +(i% + 5 Hz) #% dB
Calibrated every 6 months
EMC-25 Fairchild 14 kHz - 1 GHz +2% +1.5 dB
Calibrated every 6 months
EMA-910 Singer/Empire 1 GHz - 26.5 GHz % +2 dB
Calibrated every 6 months
NF-105 Singer/Empire 14 kHz - 1 GHz +2% 1 dB
Basic Unit
Calibrated every 12 months
TX - 12 Months TA - 9 Months Tl - 12 Months
T2 -  O9Months T3 - O Months

These instruments are ca]ibrafed by the Sanders Associates
Instrumentation Calibration/Standards Laboratory, which operates a
government approved calibration program in accordance with MIL-C-45662A,
"Calibration System Requirements". The calibrating equipment accuracy
required by MIL-C-45662A is several orders of magnitude greater than
that of the EMC instrumentation listed above. This ensures the
greatest possible frequency and amplitude data accuracy.

4.2 Transducers

A11 antennas--(with one exception)--and current probes use the
correction factors supplied by their respective manufacturers. The
single exception is the Empire VA-105 41-inch vertical rod antenna
(150 kHz to 30 MHz) which is calibrated every six months by the Sanders'
Calibration Laboratory.
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Test Plan 2186

4.3 Signal Sources

A variety of signal sources is used to develop the RF environment
for system susceptibility tests. The field intensity is monitored by
the field intensity meters described above, and so the signal source
was not a primary consideration in determining the accuracy of
measurement. The signal sources are calibrated by the S/A Instrument
Calibration/Standards Laboratory on a 12 month cycle.

5.0 INTERFERENCE TYPE

Broadband interference is defined as a continuous spectrum of
energy covering frequency range wider than the bandwidth of the measuring
instrument.

Narrowband interference is energy with a bandwidth less than the
bandwidth of the measuring instrument, and is sharply tunable.

Pulsed CW interference is narrowband energy modulated by a
pulse train.

5.1 Measurement Techniques

Broadband and narrowband interference will be measured using the
PEAK detector function. The aural slideback signal substitution method
will be used for impulsive signals. A minimum of three frequencies
per octave will not be preselected, but will be chosen to indicate maximum
interference levels. A complete frequency scan will be made and broadband
and narrowband determination will be made in accordance with Paragraph
4.2.6 of MIL-STD-462, Notice 2.
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Test Plan 2186

6.0 DESCRIPTION OF TEST ITEM

The test specimen will be the Arthur D. Little, Inc., Temperature
Controller System consisting of the following components and associated

equipment.

(a) Controller Unit
(b) Load Simulator
(c) Temperature Recorder

The Temperature Controller components will be installed as follows.

Control Unit - on copper ground plane inside the enclosure.
Load Simulator - on copper ground plane along side the control unit.
Temperature recorder - outside the enclosure.

6.1 Test Sample Operation

During the EMI testing the Temperature Controller System will be
j activated to normal operation as follows.

(a) Energize the Controller Unit with 28 volts DC.

(b) The Load Simulator shall be held to 1250 degrees fahrenheit.

6.2 Susceptibility Monitoring and Criteria

During susceptibility testing the temperature will be monitored on
the temperature strip chart recorder. If the indicated load temperature
falls outside the range of 1250°F + 50°F a failure is indicated.
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TEST PARAGRAPH 7.0

TEST METHOD CEO3
CONDUCTED EMISSION
POWER LEADS
20 kHz to 50 MHz

103
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Test Plan 2186

7.0 CEO03, Conducted Emissions, 20 kHz to 50 MHz, Power Leads

(a) Purpose

Broadband and narrowband conducted emissions on the plus
28 volt DC and return power leads shall not exceed the limits
shown in Fiaure 14 and 15 of MIL-STD-461A, Notice 3. ]

(b) Test Equipment

Description Mode1/Mfg. Serial No.

EMI Meter EMC-25 214
Fairchild

Current Probe 91550-1 BF496
Stoddart

Capacitors 10 ufd Feedthrough N/A

Sanders Associates

(¢) Test Conditions

(1) Setup the equipment "as shown in Figure 5.

(2) Activate the Temperature Controller to normal
operation.

(3) Clamp the current probe around the plus ?8 volt
DC power lead.

(d) Measurements
(1) Measure broadband and narrowband emissions using the
EMC-25 EMI meter. (NF-105 EMI meter may be substituted).

(2) Calibrate the EMI meter according to the manufacturers
instruction manual.
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(3) Slolwy tune through the freauency range of 20 kHz to
50 MHz.

(4) Measure broadband emissions at the frequencies of the
three highest peaks per octave. Record level in dBuV/MHz on data
sheet shown in Figure 6. Convert to dBuA/MHz using the Stoddart
current probe transfer impedance graph shown in Figure 7.

(5) Measure all narrowband signals, record level in dBuV,
convert to dBuA using the Stoddart current probe transfer impedance
graph.

(6) Move the current probe to the return power leads and repeat
measurement steps above.

e e )
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Test Plan 2186

TEST PARAGRAPH 8.0

TEST METHOD CSO1

CONDUCTED SUSCEPTIBILITY

POWER LEADS
30 Hz to 50 kHz




Test Plan 2186

8.0 CSO1, Conducted Susceptibility, 30 Hz to 50 kHz, Power Leads

(a) Purpose

The Temperature Controller System shall not malfunctior. when
the electromagnetic energies shown in Figure 17 of MIL-STD-461A,
Notice 3 are injected on 28 volt DC positive and return leads.

(b} Test Equipment

Description Model1/Mfq. Serial No.

Oscillator HP200S 7153
Hewlett Packard

Power Amplifier M0100 J52
Bogen Presto

Transformer 6220-1 N/A
Solar

Voltmeter 630PC 3905
Triplett

Test Conditions

(1) Setup the equipment as shown in Figure 8.

(2) Conducted susceptibility measurements will be performed
separately on each power lead.

(3) Install the 6220-1 isolation transformer in series with
the positive 28 volt DC power lead.

(4) Activate the Temperature Controller System to normal
operation at 1250 degrees fahrenheit.

(d) Measurements

(1) Tune the oscillator slowly through the frequency range
30 Hz to 50 kHz.

(2) Maintain the test signal level shown in Figure 17 of
MIL-STD-461A, Notice 3.
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(3) Monitor the temperature recorder for change of more
than +50 degrees.

(4) Should the temperature change by 50 degrees or more, stop
at that frequency. Reduce the injected signal level until normal
operation is restored.

(5) Record the frequency and threshold level on the data sheet
shown in Figure 6.

(6) Move the isolation transformer to the return power lead
and repeat measurement steps 1 through 5.
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€S02, Conducted Susceptibility, 50 kHz to 400 MHz, Power Leads

(a) Purpose

The Temperature Controller System shall not malfunction when
1 volt RMS test signal is injected on the plus 28 volt DC and
return power leads. The 1 volt RMS requirement is per paragraph
6.5 of MIL-STD-461A, Notice 3.

(b) Test Equipment

Description Model/Mfq. Serial No.

Signal Generator 606A 3786
Hewlett Packard

Signal Generator 608 4499
Hewlett Packard

Capacitor CS02 N/A
Sanders Associates

RF Voltmeter 94D 7373
Boonton

(c) Test Conditions
(1) Tune the signal generator slowly through the frequency
range 50 kHz to 400 MHz.

(2) Maintain an input signal level of 1 volt RMS, modulated
50% with 400 Hz.

(3) Connect the line injection capacitor box to the plus
28 volt DC power lead.

(4) Activate the Temperature Controller System to normal
operation.
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(d) Measurements

(1) Tune the signal generator slowly through the frequency
range 50 kHz to 400 MHz,

(2) Maintain an input signal level of 1 volt RMS modulated
50% with 400 Hz,

(3) Monitor the temperature recorder for changes of 50 degrees
or more.

(4) Should a temperature change of more than #50 degrcis occur,
reduce the injected signal level until required temperature is
obtained.

(5) Record the frequency and threshold level on data sheet
shown in Figure 6.

(6) Move the injection capacitor box to the return power
lead and repeat measurement steps 1 through 5.
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TEST PARAGRAPH 10.0

TEST METHOD CSO06
SPIKE
POWER LEADS
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CS06, Spike Susceptibility, Power Leads

(a) Purpose

The Temperature Controller System shall not malfunction when
56 volt 10 microsecond spike interference of the waveshape Shown
in Figure 19 of MIL-STD-461A, Notice 3 is injected on the positive
28 volt DC power lead.

(b) Test Equipment

Description Model/Mfg. Serial No.

Spike Generator 6471-5 17536
Solar

Oscilloscope 565 1086
Tektronix

Capacitor 10 ufd Feedthrough N/A

Sanders Associates

(c) Test Conditions

(1) Setup the equipment as shown in Figure 10.

(2) Spike susceptibility testing will be performed on the
positive power lead only.

(3) Connect the spike generator in series with the positive
28 volt DC power lead.

(4) Activate the Temperature Controller System to normal
operation.

(d) Measurements

(1) Adjust the spike generator output control for a 56 volt
waveform on the oscilloscope.

(2) Apply positive spikes, single and repetitive (6 to 10 PPS)
for 5 minutes.
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(3) Apply negative spikes, single and repetitive (6 to
10 PPS) for 5 minutes.

(4) Should temperature changes exceeding +50 degrees occur,
reduce the spike amplitude until normal operation is restored.

(5) Record the threshold level on the data sheet. (Figure 6).
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TEST PARAGRAPH 11.0

TEST METHOD REO2
RADIATED EMISSIONS

14 kHz to 10 GHz
ELECTRIC FIELD
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RE02, Radiated Emission, Electric Field, 14 kHz to 10 GHz

(a) Purpose

Radiated electric field emissions from the case, power leads,
and interconnecting wiring of the Temperature Controller System
shall not exceed the 1imits of Figures 21 and 22 of MIL-STD-461A,
Notice 3.

(b) Test Equipment

Description Mode1/Mfq. Serial No.

EMI Meter EMA-910 121
Singer

" EMI Meter EMC-25 217

Fairchild

Vertical Antenaa RVR-25 217
Fairchild

Biconcial Antenna 7825 N/A
Honeywell

Cone Antenna 93490-1 N/A
Stoddart

Cone Antenna 93491-1 N/A
Stoddart

MP-105 Hand Probe N/A

ALTERNATE EQUIPMENT

EMI Meter NF-105 2160

Vertical Antenna VR-1-105 181

Vertical Antenna VA-105 796




- e ——

e

Test Plan 2186

(c) Test Conditions

(1) Setup the equipment as shown in Figure 11.

(2) Activate the Temperature Controller System to normal
operation.

(3) Determine placement of measurement antenna by probing
the test sample for points of maximum emission using hand probe
MP-105.

(4) Position the measurement antenna 1 meter from the test
sample at point of maximum emission.

(5) Replace measurement antenna according to the following
frequency schedule.

14 kHz to 25 MHz 41 Rod/Counterpoise
25 MHz to 200 MHz Horizontal Biconical
25 MHz to 200 MHz Vertical Bicon-cal
200 MHz to 1000 MHz Conical Log Spiral
1 GHz to 10 GHz Conical Log Spiral

(d) Measurements

(1) Calibrate the EMI meter according to the manufacturers
instruction manual.

(2) Measure broadband emissions from 14 kHz to 1000 MHz at
three frequencies of maximum radiation per octave.

(3) Measure narrowband emissions from 14 kHz to 10 GHz.

(4) Slowly scan the test frequency range changing antennas
as required.

(5) Record the frequency and level of detected signals on
data sheet. (Figure 6).

117




Test Plan 2186

(6) Add antenna factors shown in Figures 12 through 16.

(7) Final results will be recorded in terms of dBuvV/M for
narrowband emissions and dBuV/m/MHz for broadband emissions.
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TEST PARAGRAPH 12.0

TEST METHOD RS02
RADIATED SUSCEPTIBILITY
MAGNETIC INDUCTION FIELD
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12. RS02, Radiated Susceptibility, Magnetic Induction Field

(a) Purpose

The Temperature Controller System shall not malfunction when
the equipment case, calbes and DC power leads are exposed to a power
frequency test and spike test using the limits giver. in paragraph
6.18 of MIL-STD-461A, Notice 3.

(b) Test Equipment

Description Model/Mfq. Serial No.
Spike Generator 6471-5 17536
Solar
Variac 116 N/A
; Superior
fa Transformer N/A N/A
Meter 25A CC673
Weston

(c) Test Conditions

(1) Setup the equipment as shown in Figure 17.
(2) Wrap the test wire around the control units equipment case.

(d) Measurements
(1) Connect the test wire to the power frequency test equipment.

(2) Apply 20 ampere of 400 Hz current to the test wire for
one minute.

(3) Monitor the temperature recorder for a change +50 degrees
fahrenheit or more.
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(4) Should performance degradation occur, reduce the current
level until normal operation is restored.

(5) Record the threshold level on data sheets shown in
Figure 6.

(6) Connect the test wires to the spike generator. Apply
100 volt spikes to the test wire at 6 to 10 PRR for one minute while
monitoring the temperature recorder.

(7) 1If performance degradation occurs, reduce the spike voltage
level until normal operation is resotred. Record spike voltage
threshold level on data sheet (Figure 6).

(8) Wrap the test wire around the DC power leads and inter-
connecting cable at the spiral rate of two turns per meter for
1.5 meters, or less if the cable lenght is shorter. Maintain
15 cm separation from cable connectors.

(9) Repeat measurement steps 1 through 7.
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TEST PARAGRAPH 13.0

TEST METHOD RSO3
RADIATED SUSCEPTIBILITY
ELECTRIC FIELD

14 kHz to 10 GHz
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13. RSO3, Radiated Susceptibility, Electric Field, 14 kHz to 10 GHz

(a) Purpose
The Temperature Controller System shall not malfunction
when immersed in an electric field intensity as follows:

14 kHz to 35 MHz - 10 V/m
35 MHz to 10 GHz - 5 V/m
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(b) Test Equipment

Description Mode1/Mfqg. Serial No.

EMI Meter EMA-910 121
Singer

EMI Meter NF-105 2160
Empire

Oscillator HP200S 212-00620
Hewlett Packard

Signal Generator HP606 038-03786
Hewlett Packard

Power Amplifier MO0100 J52
Bogen

Power Oscillator 404A 32
Microdot

Power Oscillator 406A 87
Microdot

Power Oscillator 125 12510
Airborne Instru. Lab.

Signal Generator 6168 259-00099
Hewlett Packard

Signal Generator C772A 519
Microlab

Signal Generator X772A 324
Microlab

Vertical Antenna VR1-105 181
Empire

Vertical Antenna VA-105 372

Biconical Antenna 7825 N/A
Honeywell

Cone Antenna 93490-1 N/A
Stoddart

Horn Antenna CA-L, S, M, X N/A
Polarad
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(c) Test Conditions

(1) Setup the equipment as shown in Figure 18.

(2) The radiating antenna shall be placed in front of the
test sample at a distance of 1 meter.

(3) From .014 to 25 MHz the vertical rod antenna will be
used. The counterpoise shall be at the same height as the
ground plane.

(4) Fr>m 25 MHz to 200 MHz the biconical antenna shall be
centered on the test sample. Position the antenna alternately to
generate vertical and horizontal fields.

(5) From 200 to 1000 MHz the conical 1og spiral antenna shall
be centered on the test sample, from 1 GHz to 10 GHz horn antenna
shall be used.

(6) The field calibrating antenna shall be one meter to
the side of the radiating antenna. The radiating antenna shall
be rotated to face the calibrating antenna during measurements.

(7) The field intensity level of 1 volt per meter shall be
verified at:

14 kHz to 26 MHz - three per octave

25 MHz to 10 GHz - at the lTowest frequency of the antenna
and at each octave thereafter.

(8) Activate the Temperature Controller System to normal
operation.

(d) Measurements

(1) Starting at 14 kHz, scan through the frequency range with
the power oscillator adjusted to produce 10 volts per meter radiated
field intensity.
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(2) Change antennas and signal sources as required.

(3) Monitor the temperature recorder for changes of 50 degrees
fahrenheit.

(4) Should performance degradation occur, reduce the power
oscillator output until normal operation is restored.

(5) Rotate the transmit antenna to face the receive antenna
and measure the threshold field intensity level.

(6) Record the frequency, field intensity level, and nature
of malfunction on data sheet Figure 6.
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EMC DATA SHEET
REPORT NO:

ITEM TESTED:

TEST PERFORMED:

TEST CONDITIONS:

FREQ.

DATA SHEET
TEST EQUIPMENT:

OF. o

PERFORMED BY:

|

FIGURE 6
SAMPLE EMC DATA SHEET
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ELECTROMAGNETIC INTERFERENCE REPORT TEST SUMMARY SHEET

TEST ITEM: Temperature REPORT NO. 2268  |DATE TEST COMPL. 3/31/75
Controller System DATE REPT. COMPL.

FRNETAC EURE R t1e, Inc. SPECIFICATION: wri-svD-461A, Notice 3
SUMMARY OF TEST RESULTS
TEST SPEC.
METHOD TITLE PARA. REMARKS PASS | FAIL
=_‘m==__===

CEO3 20 kHz to 50 MHz, Power Leads 6.2 Broadband X
Narrowband
Transient X

(1) 30 Hz to 50 kHz, Power Leads 6.4 X

CS02 50 kHz to 400 MHz, Power Leads 6.5 X

CS06 Spike, Power Leads 6.9 X

REO2 14 kHz to 10 GHz, Electric Field | 6.12 X

: RS02 |Magnetic Field Induction 6.18 X
RSO3 14 kHz to 10 GHz, Electric Field | 6.19 X

SUMMARY OF REPORT: CE03: Turn on transient exceeds 1imits by 4 dB at 800 kHz.
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1.0 ADMINISTRATIVE DATA

1.1 Purpose/Reason for Test

To determine if Arthur D. Little, Inc., Temperature Controller
System, SN 1 complies with the applicable limits of MIL-STD-461A,
Notice 3 for Class 1A equipment..

1.2 Description of Test Sample

The Temperature Controller System powered with 28 volts DC consisted
of the following components and associated equipment.

a) Controller Unit

b) Load Simulator

c) Temperature recording equipment. (Strip chart recorder and
digital voltmeter)

Disposition of Test Sample

Returned to Arthur D. Little, Inc. by their personnel.

References

Test Plan 2186 Electromagnetic Interference
Test Procedure for Temperature
Controller System

MIL-STD-461A, Notice 3 Electromagnetic Interference
Characteristics Requirements
for Equipment

MIL-STD-462, Notice 2 Electromagnetic Rnterference
Characteristics, Measurements of

MIL-STD-463 Definitions and Systems of Unit
Electromagnetirc Interference
Technology
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2.0 GENERAL

2.1 Accuracy of Measurements

2.1.1 Field Intensity Meters

The principle means of determining frequency and amplitude during
the test was one or more of the following field intensity meters:
Frequency Frequency Amp1itude
Model No. Mfr. Range Accuracy Accuracy

EMC-10 Fairchild 20 Hz - 50 kHz (3% + 5 Hz) # dB
Calibrated every 12 months

EMC-25 Fairchild 14 kHz - 1 GHz
Calibrated every 12 months

EMA-910 Singer/Empire 1 GHz - 26.5 GHz
Calibrated every 12 months

NF-105 Singer/Empire 14 kHz - 1 GHz

Calibrated every 12 months

Basic Unit

TX - 12 Months TA 9 Months T1 12 Months

T2 - 9 Months T3 - 9 Months

These instruments were calibrated by the Sanders Associates
Instrumentation Calibration/Standards Laboratory, which operates a
governmer, - approved calibration program in accordance with MIL-C-45662A,
"Calibration System Requirements”. The calibrating equipment accuracy
required by MIL-C-45662A is several orders of magnitude greater than that of the
EMC instrumentation listed above. This ensures the greatest possible
frequency and amplitude data accuracy.
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2.2 Transducers

A11 antennas--(with one exception)--and current probes use the
correction factors supplied by their respective manufacturers. The
single exception is the Empire VA-105 41-inch vertical rod antenna
(150 kHz to 30 MHz) which is calibrated every six months by the
Sanders' Calibration Laboratory.

2.3 Signal Sources

A variety of signal sources were used to develop the r.f.
environment for system susceptibility tests. The field intensity
was monitored by the field intensity meters described above, and so
the signal source was not a primary consideration in determining the
accuracy of measurement.

The signal sources are calibrated by the S/A Instrument
Calibration/Standards Laboratory on a 12 month cycle.

2.4 Description of Shielded Enclosure

a) Type Construction: Per MIL-E-8881, Type IB per Table I,
Single Shield, Solid Metal, Class C
per Table II

b) Manufacturer: Ace Shielded Enclosure
¢) Model No: MR10H20-G-2

d) Size: 6M x 3M x 2.4M

e) Door Clearance: Double Door 2.3M x 1.7M

f) Filters, Current & Filtron - FSR - 1202
Voltage Rating: 50 amp, 250 VAC
600 vDC, 400 Hz

g) Ground Plane Copper .92M x 4.9M x .79MM thick
Size and Material:

h) DC Bonding Resistance .2 milliohms
of Ground Plane:
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2.5 Test Sample Operation

During EMI testing the Temperature Controller System was placed into
normal operation as follows:

a) The Controller Unit was energized with 28 volts DC.

b) The Load Simulator was held to 1250 degrees fahrenheit

2.6 Susceptibility Monitoring and Criteria

During susceptibility testing the Temperature Controller System was
monitored with a Temperature Strip Chart Recorder and Digital Voltmeter.
The indicated load temperature of 1250°F shall not change by *50°F.

2.7 Test Procedures

The test procedures used are those outlined in EMI Test Plan 2186,
included as a separate appendix in this report.
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APPENDIX A

TEST METHOD CEO3
CONDUCTED EMISSION
POWER LEADS
20 kHz to 50 MHz
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TEST EQUIPMENT

Description Model/Mfg. Serial No. Cal Date

EMI Meter EMC-25 214 12/74
Fairchild

Current Probe 91550-1 BF496 N/A
Stoddart

Capacitor 10 ufd Feedthrough N/A
Sanders Associates

TEST PROCEDURES

Broadband and narrowband conducted measurements were performed
from 20 kHz to 50 MHz on the +28 volt DC and return power leads. Conducted
transient measurements were made when going from "no current" to a
7 ampere current conditions at 0.020, 0.800, 8.0 and 25.0 MHz as specified
in Paragraph 4.2.7 of MIL-STD-462, Notice 2. Conducted measurements were
made using a current probe clamped around the lead under test and slowly
tuning the EMI meter through the test frequency range. The test was
performed as described in Paragraph 7 of EMI Test Plan 2186. The
test setup was as shown in Figure 5 of the plan.

TEST RESULTS

Broadband conducted emissions comply with MIL-STD-461A, Notice 3,
CEO3 1imits. No narrowband conducted emissions were detected. Conducted
transients at 800 kHz on the +28 volt DC and return lead exceed CE03 limits by 4

dB and 2 dB respectively. Detailed test data is shown on data sheets 1
through 3.




Test Report 2268

APPENDIX B
TEST METHOD CSO1
1 CONDUCTED SUSCEPTIBILITY
POMER LEADS
30 Hz to 50 kHz
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TEST EQUIPMENT

Description Model/Mfq. Serial No. Cal Date
Oscillator HP200 7152 N/A
Hewlett Packard

Power Amplifier  M0100 J52 5/74
Bogen Presto

Trans former 6220-1 N/A N/A
Solar

Voltmeter 630PL 3905 1/75
Triplett

TEST _PROCEDURES

The required CSO1 test voltage of 2.8 volts RMS declining to 1 volt
RMS was injected on the +28 volt DC and return power leads from
30 Hz to 50 kHz. While testing the temperature recorder was
nonitored for changes not to exceed +50°F. The test was performed as
detailed in Paragraph 8.0 of EMI Test Plan 2186. The test setup was
as shown in Figure 8 of the plan.

TEST RESULTS

No observable temperature changes occurred during the test.
The Temperature Controller System complies with MIL-STD-461A, Notice 3,
CSO1 requirements. See data sheet 4.
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APPENDIX C
TEST METHOD CSO02
CONDUCTED SUSCEPTIBILITY
POWER LEADS
50 kHz to 400 MHz
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TEST _EQUIPMENT

Description Model/Mfg. Serial No. Cal Date

Signal Generator 606A 3786 2/75
Hewlett Packard

Signal Generator 608 4499 1/75
Hewlett Packard

Capacitor €S02 N/A N/A
Sanders Associates

RF Voltmeter 94D 7373 2/75
Boonton

TEST PROCEDURES

A 1 volt RMS signal was injected on the +28 VDC and return power
leads from 50 kHz to 400 MHz. During testing the temperature recorder
was visually monitored for changes of +60%F. The test was performed as detailed
in Paragraph 9.0 of EMI Test Plan 2186. The test setup was as shown in
Figure 9 of the plan.

TEST_RESULTS

No observable temperature changes occurred during the test.
The Temperature Controller System complies with MIL-STD-461A, Notice 3,
CS02 requirements. See data sheet 5.
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TEST METHOD CSO06
SPIKE
POWER LEADS
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TEST EQUIPMENT

Description Model/Mfg. Serial No. Cal Date

Spike Generator 6471-5 17536 1/74
Solar

Oscilloscope 565 1086 9/74
Tektronix

Capacitor 10 ufd Feedthrough N/A N/A
Sanders Associates

TEST PROCEDURE

A 6471-5 transient generator was used to inject positive and negative 56 Volt
10 usec spikes on the +28 volt DC power lead. During testing the strip
chart recorder was visually monitored for temperature changes of +50°F .
The test was performed as detailed in Paragraph 10.0 of EMI Test Plan
2186. The test setup was as shown in Figure 10 of the plan.

TEST RESULTS

No observable change in temperature occured during the test. See
data sheet 6.
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APPENDIX E
TEST METHOD REO02
RADIATED EMISSION
14 kHz to 10 GHz

ELECTRIC FIELD




TEST EQUIPMENT

Description
EMI Meter

EMI Meter
Vertical Antenna
Biconical Antenna
Cone Antenna

Cone Antenna

MP-105
Vertical Antenna

TEST _PROCEDURES

Model/Mfg.

EMA-910
Singer

EMC-25
Fairchild

VR-1-105
Empire

7825
Honeywel1l

93490-1
Stoddart

93491-1
Stoddart

Hand Probe

VA-105
Empire

Test Report 2268

Serial No.

121
217
181
N/A
N/A
N/A

N/A
10853

Cal Date

3/75
12/74
8/74
N/A
N/A
N/A

N/A
2/75

Broadband and narrowband radiated emission measurements were
Radiated transients were measured
during cycling from the no current to a 7 ampere current condition

at 0.014, 0.200, 1.2, 14.8 and 400 MHz as specified in Paragraph 4.2.7

performed from 14 kHz to 10 GHz.

of MIL-STD-462, Notice 2.

A1l measurements were made with the

test antenna positioned 1 meter from the test sample at the point of

maximum emission.
11 of EMI Test Plan 2186.

plan.

TEST RESULTS

Broadband and transient radiated emissions comply with MIL-STD-461A, Notice
No narrowband signals were detected.

3, REO2 limits.

js shown on data sheets 7, 8 and 9.
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The test was performed as described in Paragraph
The test setup was as shown in Figure 11 of the

Detailed test data
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APPENDIX G
TEST METHOD RS02
RADIATED SUSCEPTIBILITY
MAGNETIC INDUCTION FIELD
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TEST EQUIPMENT

Description Model/Mfg. Serial No. Cal Date
Spike Generator 6471-5 17536 7/74
Solar

Variac 116 N/A N/A
Superior

Transformer N/A N/A N/A

Meter 25A CC673 10/74
Weston

TEST PROCEDURES

A test wire carrying 20 amperes of 400 Hz current was wrapped
around the cases of the controller unit and load unit for 5 minutes.
A transient generator was then connected to the test wires and
100 volt 10 usec spikes at 6 to 10 pulses per second were applied for 5
minutes. The test wire was then wrapped around the DC power leads
and interconnecting cable between the controller unit and load unit.
The 20 ampere 400 Hz test and 100 volt 10 usec spike test was
repeated. During the test the strip chart recorder was monitored
for changes of +50°F. The test was performed as detailed in Paragraph
12.0 of EMI Test Plan 2186. The test setup was as ‘shown in Figure 17
of the plan.

TEST RESULTS

No observable change in temperature occurred during the test. See
data sheet 10.
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APPENDIX H
TEST METHOD RSO3
RADIATED SUSCEPTIBILITY
ELECTRIC FIELD
14 kHz to 10 GHz




TEST EQUIPMENT

Description
EMI Meter

EMI Meter

Oscillator

Signal Generator

Power Amplifier

Power Oscillator

Power Oscillator

Power Oscillator

Signal Generator

Signal Generator

Signal Generator

Vertical Antenna

Vertical Antenna

Biconical Antenna

Cone Antenna

Horn Antenna

Mode1/Mfg.

EMA-910
Singer

NF-105
Empire

HP200S
Hewlett Packard

HP606
Hewlett Packard

M0100
Bogen

404A
Microdot

406A
Microdot

125

Airborne Instru. Lab.

6168
Hewlett Packard

C772A
Microlab

X772A
Microlab

VR1-105
Empire

VA-105

7825
Honeywell

93490-1
Stoddart

CA-L. s. ". x
Polarad

Serial No.

Test Report 2268

Cal Date
121 2/75

2160 12/74

3786 N/A
4499 1/75
J52 5/74

32 N/A

87 N/A

N/A

2/75

1/75

2/15

a/14

9/74
N/A

N/A

N/A




Test Report 2268

TEST PROCEDURES

The Temperature Controller System was immersed in an electric
field intensity of 10 V/M from 14 kHz to 35 MHz and § V/M from
35 MHz to 10 GHz. During the test strip chart recorder was monitored
for temperature changes of +50%F. The test was performed as detailed
in Paragraph 13 of Test Plan 2186. The test setup was as shown in
Figure 18 of the plan.

TEST RESULTS

No observable change in temperature occurred during the test.
See data sheet 11.
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INTRODUCTION

On May 6, 1975, CEO3 conducted transient measurements per MIL-STD-462,
Notice 2 were repeated on A. D. Little, Inc., Temperature Controller
System SN 1. The purpose of the test was to determine if a .5 ufd metallized
foil capacitor installed across the 28 Volt DC power leads would provide
specification compliance.

TEST RESULTS

With the .5 ufd capacitor installed across the 28 VDC power leads the
Temperature Controller System complies with the conducted transient require-
ments of MIL-STD-461A, Notice 3. See data sheet Al.
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APPENDIX C

DATA SHEET FOR THE CIRCUIT DISCONNECT DEVICE




e

ity

KuixoN

MAGNETIC
CIRCUIT BREAKERS

e Meets MIL-C-5809 requirements
High performance at minimum
cost

Sub-miniature size (1% x %" 'x2%"")
Lightweight (2 oz max)

Push-pull or toggle actuation
From .050 to 25 amperes

32 v-dc, 240 v-ac,60 & 400 cycle

The KLIXON 6MC and 7MC series
magnetic circuit breakers are min-

cations, weapons systems and other
high-performance wmilitary andspace
applications.

Trip-free, the 6MC and 7MC will not
sustain a fault even with the push
button or the toggle held inthe ON
position.

Both the 6MC and 7MC can be fur-
nished with one or two imernal

PERFORMANCE CHARACTERISTICS

BMC & 7MC SERIES
SUB-MINIATURE
PUSH-PULL OR TOGGLE

auxiliary switches plus 8 wide
choice of terminal configuralions
for remole indication and ease of
assembly. The 7MC is available
with a silicone-rubber boot for a
panel seal. Both the 6MC and ™C
are available with high temperature
components for operation in demand-
ing environments up to 125°C.

. X ' " Canibrstion. . . .. ... Hold 110%~—trip at 135% within timits of time current curve

iature, lightweight, and fast acting e | Sea Laval | 60,000 Feet

—and are the only circuit breakers 32 va 2500 000 o

of their type available with either 10 .. 60 Hz | 1000 m ,000,“:

toggle or push-pull actuation. The 120 v-ac, 400 Hz | 800 amps 800 amps

6MC and TMC series is designed 240 v-ac. 60 Hz 500 amps | 400 amps

for critical applications in airborne 240 v-ac, 400 Hz | 500 smps | 400 amps ‘
control systems, ground support Voltaga. .. ... ... . 32 v-dc, 120 v-ac, 60 and 400 Hz

equipment, launch systems. ord- Vibration., . .. .v0 v

nance vehicles, radar, communi-

Instantanaous trip type: 5-56 at .080 DA
66-2000 at 5 G

5-55 at .080 DA

Time dailey type:
55-2000 at 10 G

Mechanical shock. . . . instantanecus trip type. 25 G per MIL-C-5809

Time delay typs: 50 G per MIL-C-5809

Accaleration . . . . . . . 25 G per MiL-C-5809
Waight . .. ... . v .. 202 max

Operating forca
6MC (Tongla type} . .
IMC (Button type) . .

Enduranca cycling . . .

Insulation rasistanca.
Dialectric strength .

Open: 1 lbmax Closa: 3 ib max
Open: 5 Ib max Close: 10 ib max

10,000 operations at 100% rating (resistive oad)
. 100 megohms min at 500 v-dc per MIL-C-5809

.. t500 v-ac per MIL-C-5809

", emperatura range . . . -54°C 10 aT1°C

Operating altituda . . .. 60,000 feet

Auxiliry ., . . ..o 7 amps rasistiva, 4 amps inductiva, 28 v-dc {
switch rating 7 amps rasistive & inductiva, 115/130 v-ac. 60 cycle

Corrosion resistance. . Per MIL-C-5809

Humidity . ... .. , . . Per MIL-C-5809

Sand and dust . . ... . Per MIL-C-5809

FunQus ... ...... . Per MIL-E-5272, Procedure t
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MISCELLANEQOUS DATA SHEETS
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—CONTINUED

TABLE IX

NICKEL-CHROMIUM vs. NICKEL-ALUMINUM

Temperature in Degrees F

TYPE

HEw BIMRENCE 2ABLEN
PIANIRES 4 8 5 CRCLA

o SN- XT3

A-22

THERMOZLECTOIC vOLTOGE 1IN ASIOLUTY MILLIVOLIS
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100 1van
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9
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10l 110D
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eTr0
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12.290
12,081
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e
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0.0
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10.0m
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16,970
.10

n
n
a2

187

[} 4
13,929

14,
i3.00
I}
1392
e
10,000
10299

20,

70,972
71,700
.03
.02
71,010
22,130
77,909
830
12907

9.1

13,910
13287
3

o3
10,2170

10,012
18,787
el

.29
11,000
708
2100y
1,100
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17,968
1303,
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