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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 ras carried out under U.S.A.F. Con- 

tract F336i5-75-C-3002 (Arthur D. Little, Inc., Case No. 

77576).  The contract was in support of Project No. 6146, 

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, AFFDL/FEE, 

as Project Engineer. 

This report covers work from 1 -September 1974 to 

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 Vullleumler (VM) 
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: 

• Reliability: greater than 8,000 hours mean-time-between- 

failure; 

• 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 -540C to +550C), EMI, acceleration, shock 

and explosive atmosphere tests. 

The test also showed the temperature units' controlled the load temper- 

ature within a 1200oF to 1300oF 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; 

2. Power control in a strictly "on/off" mode; and 

3. Use of a platinum resistance temperature sensor. 
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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 repowered 
until manually reset by an operator. 

We selected passive electronic components of the P class of demonstrated 
reliability; this is nominally a one-failure-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 circuitry. 

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 o: these circuits. 

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 recomnend that 
this operation be Implemented. 

2. Alternate Platinum Resistance Temperature Sensors 

In the prototype models of the control system, we used a custom- 
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 sor.e 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 
determine whether they would withstand the long time exposure to 
the elevated temperatures, while still maintaining adequate 
calibration. 

3. AC-Qperated 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. 
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II. APPROACH 

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 50oF of a 
1250oF setpolnt.  This control must be maintained In the presence of an 
ambient that normally varies from -540C to +550C and In the face of both 
a variable aircraft electric power supply voltage and of EMI and environ- 
mental variables Including shock. "Ibratlon, and explosive atmosphere. 
Approximately 200 watts of power have to be supplied and the controller 
efficiency must reach at least an 80S! 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 disruss the principle of the temperature controller in general. 

B. THE GENERALIZED TEMPERATURE CONTROLLER 

1. 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 exists 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 
bl-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 setpolnt 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 svs- 
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. y 
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Figure 1      Block Diagram of Basic Temperature Controller 
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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 
source, i.e., equal utility was evident for either the 400-Hz or the 

28-volt source. 

C.  THE POWER CONTROL ELEMENT 

"on" The temperature controller uses a series transistor that is either 
or "off," depending upon the measured-temperature error. We chose to 
operate in this mode for two reasons.  The implementation of this type 
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of circuit requires a small number of components to provide the control 
function, and the EMI problem ctfn 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 hiRh-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: 

• The resistance thermometer is a high-sensitivity device 
which yields a large signal in response to temperature 
changes, the magnitude of typical signals being millivolts 
per 0F as compared to tens of microvolts per 0F 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 IGO'C change 
of ambient temperature. 

• 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. 

—  



PPIWP" , ij.lJWWl^l ^«•Lw^nmi^niinw 

• 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 auxiliary 
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 amperes. The maximum load 
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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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 is 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. 

< 
i 
CJ 20   - 

u 
o 

o 
u 

15   - 

10   — 

5   - 

Collector Currant llgl/Bau Currant (Ig) = 10 

Case Temperature IT«) 

= 250C 

/     yy   150oC 

/   • 
/ / 
// 
// 

-// 

r    i     i     i     i     i 
0.5       1.0       1.5 2.0      2.5 

Collector-to-Emitter Saturation Voltage (Vp^lsat)! -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 QA) 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 
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operational amplifier driving the output terminal 6 toward the BiftM bttt 
of the power supply. This, in turn, drives current through the 4»7-M 
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 lO-kfl 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 
setpoint. 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 Ql is assured by the use of a pair ot sili- 
con diodes in series with the A.7-kf2 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-kn resistor to cause Ql to turn on. 

The positive Redback and hysteresis control is through use of the 22- 
megohm resistor connected between pin 6 and pin 3. the plus Input of the 
7A1.  In 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 equated 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 CE03, 
CS01,  CS02, CS06,  RE02,  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 U1B 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 translstor-chaln 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. 

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 
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We interpreLed 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- 
forward way of implementing this function was to use a snap-action switch. 
This switch is the Texas Instrument Klixon circuit breaker identified 
as Kl.* 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 U1A, in conjunction with transistors Ql, Q2, and the 
circuit breaker Kl, provides this function. As noted in the diagram, 
the U1A amplifier is a detector for a second Wheatstone bridge 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 U1A, normally 
negative, becomes positive, turning on transistors Ql and Q2, and there- 
by energizing Kl's coil and thereafter the contact of Kl. Thus the power 
from the power-handling portion of the circuit is shut down. Once again, 
a cascade of two transistors, Ql and Q2, is used so that the maximum 
degree of circuit degradation can occur before the circuit 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 load. 
The operation of the low-sensor resistance circuit is provided by tran- 
sistor Q8.  In 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 QB 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 
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 pF) also aids in maintaining a stable DC voltage in the 

*A data sheet for this device is included as Appendix C. 
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Figure 4     Schematic of Control Circuit 
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presence of this AC.  The rectifier CR1, 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-yF 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 

"on" and turn "off" of the 
"on" and turn 

Capacitor C5, a 0.47 \F  foil capacitor, suppresses transient emission 
on the power lines that occur during turn 
load current. This current remains despite the slow 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 Kl from excessive voltage from 
sudden de-energizatlon 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.3 

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: 

• Temperature Range - All components were selected to meet the 
full temperature range of -5A0C to +710C. 

• 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 0.001Z per 1000 hours. The resulting 
analyses showed that this was not in keeping with the cost 

*m 
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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 0.1% per 1000 hours. 

• 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. 

• Circuit Board - Circuit board material corresponds to MIL-PI3949 
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. 

• Sensor Description - The platinum resistance temperature sensor 
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 106 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 
is, 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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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 Phllco-Ford. 
These are judgmental matters and a case could be made that this approach 
Is overly conservative. We did not adjust failure rates downward, how- 
ever, although the evidence from Phllco-Ford and MIL-HDBK-217B would 
give some basis for adjusting the failure rates of some components sub- 
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 falls 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 
mechanism Is a use factor. I.e., how many times was the mating connector 
applied? Again, In our application, this action will occur relatively 
Infrequently and therefore we believe that the failure rate chosen Is 
conservative.  For the circuit board we have made an estimate of 10 x ID"6 

failures per hour In the computation. For the sensor, we have also 
chosen to use a 10 x 10~6 failure rate. We believe that our computation 
of failure rate which leads to a total of 117 x 10"6 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. 

E.  ERROR BUDGET 

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

• Resistor Temperature Coefficient - The basic resistor elements 
within the Wheatstone bridge are comprised of 50 ppm/eC 
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 10~5) 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. 
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TABLE 1 

ESTIMATE FOR FAILURE RATES 

All Passive Components of Class P (1 failure per 106 hours) 

No. In Ad1 usted Failure Rate 
Component 

Power Transistors 

Circuit 

3 

(rate per hour) Failure Rate 

12 x 10"6 4 x 10"6 

Signal Transistors 3 x 10"6 15 x 10"6 

Power Resistors 3 x 10"6 9 x 10'6 

Tantalum Capacitors 2 x 10"6 8 x 10"6 

Zener Diodes 2 x 10"6 6 x 10'6 

Film Resistors 20 1 x 10"6 20 x 10"6 

Carbon Resistors 1 x 10"6 2 x 10"6 

Plastic Capacitor 1 x 10"6 1 x 10'6 

Switching Diodes 1 x lO-6 3 x 10"6 

Analog IC 1 x 10"6 1 x 10'6 

Circuit Breaker 10 x 10"6 10 x 10"6 

Connector 10 x 10"6 10 x 10"6 

Sensor 10 x 10"6 10 x 10"6 

Circuit Board 10 x 10"6 

Total Failure Rate 

10 x 10"6 

- 117 x 10"6 

MTBF - 8500 hours 
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• 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 +220F of temperature error.  This worst 
case error leaves ±280F 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 0.5Z tolerance bridge resistors could be used; 
these bridge resistors could be trimmed by nominal 5X  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 resistor 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-ohin 
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 5X  tolerance resistor is selected and used 
as trim resistor R25. 
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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 region 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 tne 
platinum resistance sensor leads. The thermocouple leads are provided 
with a thermocouple connector and its mating male piece. 
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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 
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 interconnections 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 90.8Z 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 limits 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°? 
Power Supply Voltage: 28 volts 

No. 

Range of Load Temperature, 0F 

Controller Serial Low Hitfi 

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 
through 005: 

Range of Load Temperature, 0F 

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, 
0F 

Voltage Low Hlfih 

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: 

Ambient 
Temperature, 0C 

Sensor 
Turn-o 

Resistance for 
ff of Controller 

(ohms) 

Equivalent 
Temperature, 0F 

-55 346 1 1 1282 ± 6 

0 344 ± 1 1270 ± 6 

20 344 ± 1 1270 ± 6 

A0 344 ± 1 1270 ± 6 

65 344 ± 1 1270 ± 6 

*At 100% duty cycle 

2.  Environment and EMI 

Complete details on the environmental tests are included in Appendix B 
of this report. They include temperature, vilration, 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: 

• 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 28Z addition for fringe benefits is 
also assumed, for a total cost of $8.96 per hour. 

• The factory overhead is defined as 150Z 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 20% of the factory labor costs is 

assumed. 

• Profit is defined as 11% of net costs. 

• To ensure the reliability level required, a 100% 
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) 
Overage Allowance 
Total Parts Buy 
Handling Charge 
Total Parts Cost 

Direct Assembly Labor (5 hours) 
Direct Supervision and Test Labor (2 hours) 
Total Direct Labor 

Factory Overhead 
Factory Loaded Labor Cost 
Total Manufacturing Cost 
G&A 
Total Net Cost 
Profit 
Sell Price 

$33.25 
17.92 
$51.17 

76.76 

$107.33 
10.73 

$118.06 
11.81 

$129.87 

127.93 
$257.80 

25.59 
$283.39 

31.19 
$3U.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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T        ,coc PARTS    LIST ntviiidN 

Ui'l |       IOC hi    NO 
PL       77576-200 

POB 6-9-75 
0»Tt • KHOV10     11 

77576 
D«TI                  »It    HUM»! 

Temperature Controller 
tltL« 1  noi  3 

itta 
■ 0 OTY • »•T      MUMM«     OM 

iol«tiniin    xuMllli NOKf »Cl ITU«!     OH    OUcniHiO« 

1 

2 

A CSR13Ü226KP Capacitor,  22jjf  50V (Kernet) Cl,  2,  3,  4 

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

3 1 JANIN5550 Diode,   (Unitrode)  CR1 

4 1 JAN1N2982B Diode,  Zener  (Motorola) CR2 

5 2 JAN1N4461 Diode,   Zener   (Unitrode)  CR3,   5 

6 2 JAN1N914 Diode,   (T.I.) CR4,   6 

7 1 MIL-C-5809 Breaker,  Circuit   (T.I.,   7MC6-3-0.1)  Kl 

8 

  

3 JAN2N2222A Transistor,   (Motorola) Ql,  2,  3 

9 1 JAN2N2907A Transistor,   (Motorola) Q4 

10 1 JAN2N3055 Transistor,   (Motorola) Q5 

11 

12 

2 JAN2N3772 Transistor,   (RCA) Q6,   7 

1 JAN2N2946 Transistor,   (Motorola) Q8 

13 1 RER60F100RP Resistor,   lOOfi + U 5W Rl 

1A 1 RNC60E2491DP Resistor,   2490« +0.5X 1/8W R3 

15 1 RNC65E1151DP Resistor,  1150fl    + 0.5X 1/4W R4 

16 2 RNC60E1182DP Resistor,   ll.SKfi    + 0.5Z 1/8W R5,   13 

17 1 RCR07G3003JP Resistor,  300K« + 5% 1/4W R6 

18 2 RLR07C472GP Resistor,  4.7Kn + 22 1/4W R7,  15 

19 4 RLR07C103GP Resistor,   10K   + 22 1/4W R8,  9,   11,   16 

20 1 RLR07C182GP Resistor,   1.8Kn + 2%  1/4W RIO 

21 1 RNC60E3571OP Resistor,   3.57Kfi + 0.5% 1/8W R12 
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22 RCR07G6804JP Resistor,   6.8 Meg +  5%  1/4W R14 

23 RWR89S2261FP ,   2.26K« + 1%  3W R17 

24 

25 

RLR07C102GP ,   IXii    + 2%  1/4W R18 

RER60F250RP ,   250fi +  1% 5W R19 

26 RWR80S100RFP ,   100Q +  12 2W R20 

27 

28 

RWR80S10RFP ,   10n ± 1% 2W R21 

RCR20G360JP .   361^ +  5%  1/2W R22 

29 RNC60E1071DP ,   1070^ + 0.5% 1/8W R23 

30 RCR07G682JP ,   6.8Ki> +  5%  1/4W R24 

31 AR ,   Trim  if  required R25 
f 

32 AR ,           R26 

33 1 M38510/101-02 Operational Amplifier Ul 

34 1 MS3102E-18-8P Connector   (Amphenol) Jl 

35 

36 

1 77576-203 Base Plate 

1 77576-204 Cover 

37 1 77576-205 Board,  Printed Circuit 

38 

39 

1 

1 

77576-206 Bus Strip 

77576-202 Cable Assembly 

40 2 4882-1-0516 Insulated Terminal,   (Cambion)   El,   2 

41 12 2043-2 Solder  Terminal   (Cambion)  P/Cl-12 
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«2 1 320733-300 Crimp Terminal  (AMP)  E3 

43 3 7416 Mica  Insulator  (Amatom) 

l*U 6 4 - 1/32 Nylon Screw  Insulator  (Non-Metalllcs) 

45 1 MH745 Rectifier Mounting Kit   (Motorola) 

46 4 9211-A-0115-1A Standoffs   (Amatom) 

47 AR 120-8 Thermal Joint Compound  (Wakefield Eng.) 

48 AR 3144RTV Sealant   (Dow Corning) 

49 AR Type C Sealant   (Loctite) 

50 4 Screw,   Pan Head,   SS,  2-56 x 3/16 

51 4 //2 Lockwashers,   SS  Internal  teeth,   SS 

52 6 Screw,   Pan Head,   SS,  4-40 x  1/4 

53 4 Screw,   Pan Head,  SS,  4-40 x 9/16 

54 4  ,   4-40 x   3/8 

55 6  ,  4-40 x  3/16 

56 14 //4 Lockwashers,   SS  internal  teeth 

57 4 Nuts,   SS,   4-40 

58 AR MIL-C-7078 Wire,   24 AWG Stranded,   Insulated 

59 AR It "     ,   22 AWG           "       , 

60 AR II "     ,   18 AWG          "       , 

61 AR Qq-W-343 "     ,   22 AWG Solid,  Tinned,   Bus 

62 REF 77576-201 SCHEMATIC 

63 1 RCR42G    RJP Resistor.       fi ± 5% 2W R27 
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APPENDIX A 

INSTRUCTIONS 

A.     OPERATION 

The controller may be operated in conjunction with the circuit diagram 
of Figure A-l, 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 Che wires that supply heater power, and it is unimportant 
which polarity i* applied to the heater. The other pair of connections 
is 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 1250oF 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. 

M^MMM 
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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 : .rob- 
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 A 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 n=ver 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. 

Z.     REPAIR 

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 
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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. 

4§ 
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APPENDIX B 

ENVIRONMENTAL AND EMI TEST PLANS AND RESULTS 

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 O.A7-vF 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. 

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 AOL 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. 
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TEST PROCEDURE NO. TP-1:77576 

ENVIRONMENTAL TESTING 

OF 

VM HOT CYLINDER TEMPERATURE CONTROLLER 

DEVELOPMENTAL MODEL 

SERIAL NO. && 

UNDER 

USAF CONTRACT F 33615-75-C-3002 

Z^-y ^ ^ 
Arthur D. Little, Inc., Test Engineer 

7 djs// 
Date 

Arthur D. Little, Inc., Program Manager 

mtf  7    / y' 7 y 

Date 

Revision No.      Zero 
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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 
Order 

1 

2 

3 

4 

5 

Section 
Test Method Per 
MIL-STD-810-B 

Working Days, Lapsed 
Time from Start Date 

10.0 504 - Temperature-Altitude 0 - 8 

11.0 511 - Explosive Atmosphere 9 

12.0 513 - Acceleration 10 - 11 

13.0 516 - Shock 12 

14.0 514 - Vibration 13 - 15 

6.0 TEST ROUTINE 

6.1 Installation of Test Item in Test Facility 

The controller shall be installed in 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° * 10oC     (73° ± 180F) 

Relative Humidity:  50% ± 30% 

+50 
Atmospheric Pressure: 725 _^g MM HG 

+2.0 (28.5 -4.5 IN HG) 

(14.0 ^'.22 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 following tolerances shall apply. 

7.3.1 Induced Environment 

Air Temperature: ± 1.40C (± 2.50F) Temperature stabilization will have 

been obtained when the monitored temperatures do not change more 

than 2.0oC (3.60F) per hour. 

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

accuracy. 
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Acceleration Amplitude: ± 10X 

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 2 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 1250oF 

2. Failure to shut down for over-temperature. 

50° F; 
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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 1250oF ±  450F leaving a 50F 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 1350oF. Shut down at any indicated temperature between 1300oF and 1400oF 

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     tf§£&   7/Z7^    S>M,rcfHlC7 

Range      ^-f^tr HI/   j f -tvc U  

Inventory Number     f2.i   o/Z    /faL. 

Serial Number 60/- OffCe 

Calibration Date       TjfeiJjJL         Calibration Due     7/ä//7S 
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10.0 TEMPERATURE-ALTITUDE 

Method 504, Class 1, Procedure I. 

10.1 Equipment Required 

Chamber Tenney. 12ST 2'x2'x3'  

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

Inventory Number   eW8#» c H 3CI 

Serial Number    ■»? 7C^~  

Calibration Date  ^-1 rH (<-»7v^./Tit-/>-r^   Calibration Due 

/3^i*,n>L%  i-rtu»*vr*T&z- s&o. -net 
Hoce t~ : t**- i* r&t St0 ■*«* * 
.■SAC//«. X.<P      ObA- Zi^ri 

Pressure Gage     MC-..ih\Afi~      HvOfj.   c .,MZ>vrt 

Range  c? - 3c    ^vntis   hltA^.c^ 

Inventory Number     /■VTr 0*    ( U  1C I 

Serial Number £cl  

Calibration Date     I+ITH    (JiSHJEii 

f.yhcte:        l0l, n   r iCli- 

it—<r*-n:'Y h-'ei    fate"«'* <-i* it i 

CM.  ft-nxc 5 12 1/ i? 

Calibration Due     ^ , TW caidm> 

Voltmeter   

Range        f-JJ** ^ 

f:L.i.<t:    HlOoA 

t - toco V 

Inventory Number       l5t> -dK   L^^*-S 

Serial Number tSTf't I  

Calibration Date     6'/j?^r/7y Calibration Due    W**/' *£ 

Controller Temperature Recorder     £f£ MOP    It 21A 

Range    ^-Sitctw')    /- iOO*' 

Inventory Number      I2Z-CI2.  (PH»-} 

Serial Number        ZC( -   Ollb% 

Calibration Date iß hp* Calibration Due     7/J//7*? P 
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10.2 Procedure 

Install controller in accordance with Section 6.1.    Axis Orientation      c-P 

Pretest Performance 

Ambient Temperature 7!^   ^ Relative Humidity 

Ambient Pressure    Af, gy/1:»/  Controller Supply Voltage  «gg 6 / 

Controller Temperature     ^ gg^C Simulator Temperature    /7 a^ 1£ 

Over-Temperature Activated - Simulator Temperature g*; /^   S2 >=• a.tc--. r. .: 

Mechanical  Reset - Simulator Temperature  6*:    ^if££^£LiA   "^"^ '* 

By ^   ^        Zg&Ht Date gjfi ^t7    ZfC  

Test Performance 

Step 1:    Adjust chamber temperature to -620C at ambient pressure and hold for 

2 hours, controller non-operating. 
/*r r.' nr 

Chamber Temperature   " i>2-C Li^C    Time    t' 

Controller Temperature '^^  — ~CC c    Simulator Temperature   -'CC   qtcix. — 
*&-*< ***** - * 

Visual  Inspection  .       CK .  

By 

uispcv. k I Uli    , \-^ '- 

Date tf* PUj    If 

Step 2: Adjust chamber temperature to •-540C at ambient pressure and hold for 

Ct*AH: 

test duration. 

Controller non-operating,/'temperature stabilized to -540C: 

Chamber Temperature      '54 9C Time     OS fO    VA. 2VH+S & 

Controller Temperature    -' S* 9 C#qtm Simulator Temperature     ~S/ C 

l) Controller operating at 24 VDC: 

Time I c'S   ^sr   /        JLJE Chamber Temperature _ 

Controller Temperature       ~-47.SLC /?*«>£$ imul a tor Temperature     (£&££. 

Over-Temperature Activated - Simulator Temperature   20CSS*   rt- if97 r   c-^-.-ri^r 

Mechanical  Reset - Simulator Temperature      c t t/i-^r M-'* *£ JtuSS.   '*■' ^^ 
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Controller non-operating,/itemperature stabilized to -540C: 

Chamber Temperature       ~ S'-f £         Time /£ O0 AJCCS/  

Controller Temperature ~SZ*C ahute'-t   Simulator   Temperature   't-iib* 2t&'tiqs\) 

[Z]   Controller operating at 24 VDC: 

Chamber Temperature - &4 C Time \   iZ ■*>/-U.*' }       ^3   f%  

Controller Temperature        ~ ^7 C $SH*** Simulator Temperature    /jiC'Z^f^ 

Over-Temperature Activated - Simulator Temperature 3>/t*-P.f'rj>   7i  HIT*''?' ctxtinrvsr 

Mechanical Reset - Simulator Temperature    c cit&t-r A*rt^ i.'/~. s»- .r**  /t^ etc 
r^Mp (.pro  t/fllT - rt^x c*r^/3 2S 

Controller non-operating./temperature stabilized to -540C: 

Chamber Temperature -a- ^C Time /-^   ' IO  

Controller Temperature       ~5~.2^ js-m** Simulator Temperature /**/D£     /^F 

i^ Controller operating at 24 VDC: 

Chamber Temperature " !> r C Time \   i4 **■'    )        '*     'i 

Controller Temperature —470C. ft*** Simulator Temperature      /.Z. OS. ^ 

Over-Temperature Activated - Simulator Temperature   I>'W£P n>  llfl^f c». jfa-rcvv 

Mechanical Reset - Simulator Temperature   <:«- „-g^T    $**£   OL     ^SlSJUl '*■'&£ 
Tffif i-r rv    tlft*r   fais*. <. ftp / s zc 

Controller non-operating-,^temperature stabilized to -540C: 

Chamber Temperature       ~ tT-f^C. Time JQ' O 7    
  ■•PTC .SAC«.- 

Controller Temperature      '~ 52 C Simulator Temperature    /'7't F"'**>*£ 

By "7?. i/U- As--^ Date ..? / /^y (£*£. 
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Step 3:    Adjust chamber temperature to -540C (and hold for duration of test) 

with controller non-operating and temperature stabilised. 

Chamber Temperature -J^*? fa  

Controller Temperature    -S2^ C— 

Time r&.zs- 
Simulator Temperature      "-ga C£*4m* 

(-CI'F )    -S/-7C'C  /v„6i 

Controller operating at 32 VDC. adjust chamber pressure to 3.44 inches HG: 

Chamber Temperature        —5'40C         Time £   ZC?  

Chamber Pressure 3A* {fjjft ^/ir -^ •i^i'V- 

Controller Temperature ~i£'cC 
e.- 

Over-Temperature Activated - Simulator Temperature   

Mechanical Reset - Simulator Temperature ?■< 

By üE   ffiÜ      JO^fe 

Steer '      ^    _ 
Simulator Temperature  *iM*'i>z   jZC1' 

ft, ti^.-r«.'*'     9k.:riit /,■> 

Date -3^ /^ PS- 

Step 4: Adjust chamber temperature to -10°C and pressure to ambient with 
controller non-operating. Stabilize controller temperature. 

Chamber Temperature ^mlL Time 12.   ZO 
-7% 

Controller Temperature -P.S^C Simulator Temperature ^»,j/t     ^37^ 

•n 

Open chamber door and allow frost to form on controller surfaces. After the 
frost has just melted, close^chamber door and operate^ontroller at 32 VDC: 

Chamber Temperature^^  ^c)-6^ Tinie JjJ-   ±U    J-tu ~ 

Controller Temperature ( jJ^Jj^C    Simulator Temperature^^U^t ^ 

Over-Temperature Activated - Simulator Temperature QK (2*$ * m*.** 

Mechanical Reset - Simulator Temperature (2^—fYW**-' **"*"  4" 

Controller non-operating: 

Chamber Temperature   

Controller Temperature 

Au-vC-i C** /3 c C 

~ G- (fa 
—afc 

Time /3    C^   

Simulator Temperature        ^3Z  C 
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Controller operating at 32 VDC:     /5»»*^k OAJ   /s   <a 

fjr   Chamber Temperature(/S^^^     - f'C Time Cjjjj JtS. 

Controller Temperature -/Ox rt Simulator Temperature   tt*j£   (2W-C- 

Over-Temperature Activated - Simulator Temperature 

Mechanical Reset - Simulator Temperature   

Ö(C /^ y-^/c »'***''•*■< 

öf'C      e^X'U^r i •*   i^,Vf.   t 

Controller non-operating:      fo^'-c   ^^y-    /f.'Jtf 

Chamber Temperature [/ ^t^:
//    ~ ^ 3  <^       Time  /3- 25 

Controller Temperature _       I &  C Simulator Temperature    /t^itc   ffägPf 

Controller operating at 32 VDC:       I*»**« «•'•t cä . 2* 

>■?) Chamber Temperature {IO'F)    " f C Time /3 - 30 

Controller Temperature        ~ fS^C Simulator Temperature   it-±tt>e   (ZS/ty* 

Over-Temperature Activated - Simulator Temperature 

Mec 

By 

OK    (Z^LJE-A^ 
Mechanical Reset - Simulator Temperature   

r    ^-       4L^~<£-*. Date 

OK C ». ^-tfc .-^r c «^.   sn-i m* Hi 

Jo tjjy,   /^7s^ 

Relative Humidity S-l'/c 

fiit   fc tw5"L ^«C /3 -i / 

Step 4a:    Ambient performance at 32 VDC (md-tebt): 

Ambient Temperature ^f' !r[  

Ambient Pressure l4,bOP*>( 

Controller Temperature^B^ %idtl!F      Simulator Temperature      /JZ'tf r 

Over-Temperature Activated - Simulator Temperature  0£      4LfC£  0^ifr*r»^w 

Mechanical Reset - Simulator Temperature   

By /^. /^    j/L**^* Date 

ÖC >,->-»'■'"   t«^     »»«., A f«  </, 

^      ^ ?£- 
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Step 5:    Adjust chamber temperature to 850C at airbient pressure, stablize and 

maintain for 16 hours with controller non-operating. 

&S^C^ Time  ^J^t  |g Ac     7>  '^J^E^ -JCJ Chamber Temperature 

Controller Temperature     Or $ C 

Visual Inspection 6?£  

By      22 oL: ndteg 

Simulator Temperature     .»?/ v d <;t T^,^ 

Date J, ̂/■^  >sr 

Step 6:    Adjust chamber temperature to 550C at ambient pressure with controller 

non-operating and stablized at 550C. 
—5—« /STHCT \ *—-rm 

Chamber Tempera turt £» ^-    Time \ cj iz. } Q f^r 

Controller Temperature & r C Simulator Temperature 

Controller operating at 32 VDC: 

Clock 
Time 

Lapsed 
Time, Min. 

Chamber 
Temperature 

Controller 
Temperature 

Simulator 
Temperature 

0«ä       ,*.j,.*e 

0?  sT Start SF-fc ***c Ifc   '     6/V 

f0  2.S S + 30 SS"c Stf.s'c ZiV-  , ^72^ 

vmr S + 60 nrc 6/.S^ 23^ ^^3V 
//;2Sr S + 90 rrc Oz'a ^^^r, /2^ 

//.5-r S + 120 &rc. <c>20C. ^4fc! a^r 
tf-ZT S + 150 s&*c tztfc ziiViZrt't 
^;« S + 180 Z&c tJfi'C ikt i A?^ 
/3:2S S + 210 &*€. 62//c t9((c>/Z%> 
/3 5r S + 240 £*"c Cz'^t ^<fc/w*r 

4 HOURS TOTAL LAPSED TIME 

«i^1 i^'' 

■ ■ 

Over Temperature Activated - Simulator Temperature 

Mechanical Reset - Simulator^Temperature    yf- 

By     /Z /f s  -^ <:< ' ** Date ^ /f ■ /^^ ^3 \J<~M£ 75^ 
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Step 7:    Adjust chamber temperature to 710C at ambient pressure with controller 

non-operating and stabilized at 710C. 

Chamber Temperature 7/ CL Time I4wr 
Controller Temperature (O C Simulator Temperature *-it0B   £%>7   r 

&■/*£   iZ'c- 

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

Upon completion of the schedule: 

Over-Temperature Activated - Simulator Temperature C[£- f2 "C /—■ t'-V* 

Mechanical_Reset - Simulator Temperature  QfC . {££*£* **£ i   jflgg /<b 

Date 3 UyAy>e   r9?£~ 

Mechanical Reset - Simulator Temp 

By /y ■  JM        X^^^rvfe 
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STEP 7 SCHEDULE 

Clock 
Time 

Lapsed 
Time. Min 

Controller 
Power 

Chamber 
Temperature 

Controller 
Temperature 

Simulator 
Temperature 

i+:is Start ON 7(0C 7oac 
fTIC«. 

H7£ S + 10 ON 1(0C 730C 

/^ 3^ S + 20 ON 
1 

11 c~ -HVc zjfrc urn** 

A^ S + 30 ON n0c 1S0C Z60c.   itifi* 

h S + 30 OFF NA NA j^tNA 

\4r^ S + 40 OFF 7/'6 74 *c n'c  ez-fr 

&0C S + 45 ON NA NA NA 

/S'cZ S + 50 ON 7(*C H'c x*% m> ypUK 

iS'l* S + 60 ON H'c ys't'c ZSfcc IZSLCF 
 77 n 

15 1* S + 70 ON K'c- 76*c. 2C'fic I&& 

IS'.MC S + 75 OFF NA NA NA 

&.'30 S + 80 OFF li'c. 7fr<v_ 2cec.   iczre 

/ZiS S + 90 OFF 7/lc- Th^c zdt o^r 
n S + 90 ON NA NA f     NA 

*tn * 

^.«T S + 100 ON li*c ?*& 2^     llWf- u. x*.hi*.c 

/6:0^ S + 110 ON y* Tt'c U0c  tvrfr . 

I0:ib S + 120 ON 7/cc yrc ?.60c   Wfc 

II S + 120 OFF NA NA NA 

l0'2< '      S + 130 OFF 7/1. 7t*c i^c Scz^ 

li'ii j      S + 135 ON NA NA NA 
4 ALU 

\kv* '      S + 140 ON T/V 7**0 niv net OP 

^■45 S + 150 ON If'r %'ilr 2sfo a** ' 

/t-SS '      S + 160 ON 7ft 7?^ Ui* IZSt ■r 

ICOO S + 165 ON H'C 77 "c 21% a® i 

2 Hi -s. 45 Min. TOTAL LAPS IÜ TIME - 
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Step 8:    Omit for Class 1 equipment. 

Step 9:    Adjust chamber temperature to 30oC at ambient pressure with controller 

non-operating and stablized at 30oC: -f X»*"* /'S 

Chamber Temperature Za'c Time       0&5?~ 

Controller Temperature       30 C 

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

Simulator Temperature     /"/^ C 

Clock 
Time 

Lapsed 
Time, Min. 

Chamber 
Temperature 

Controller 
Temperature 

Simulator 
Temperature 

09:18 Start Zo'c 360C isic mfc 
owe S + 30 &c 3?CC Igte IZJ& 

IOI % S + 60 30'c 4i*c ail w* 
wm S + 90 SC'c Iz'c #&/***■ 

n it S + 120 3^V_ ipS^c it%'cittW: 

U:4t S + 150 3^c 41* c irfita&'r 
tzw S + 180 K'C *J *c ItfScUW 
12 it S + 210 dc0c ^3CC /dcjxfr 
/3.7F S + 240 Jo'c 4^o fdt'a&r 

4 HOURS TOTAL LAPSED TIME 

Over Temperature Activated - Simulator Temperature 

Mechanical Reset - Simulator Temperature Qgl. 

By  //.  l/\A      -^Li^*^^ Date  

g?£     cZä£JL SJl/Uh*-T <-f=F 

C(s.'2/Ui*'~cd     - <i*/>V-H  t*J 

■^ '/^/^Bys- 

Hofe (u..'   6+A ** P& no -z / 

.rf**   S 7**^, /+ 
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Step 10:    Adjust chamber temperature to 47CC at a pressure of 5.56 IN HG with 

controller non-operating and stabilized at 470C: 

Chamber Temperature        ^7 c  

Chamber Pressure S".g^ i»j<rft- Time      /3.' "f-S  

Controller Temperature 
0 /A*,oe ^tz+^r 

TOC     Simulator Temperature   A<*g     /6'C 

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

Upon completion of the schedule: 

Over-Temperature Activated - Simulator Temperature       &C    (2'4b f* CtHjUSw^e* 

Mechanical Reset - Simulator Temperature ^>iC       HJtAt*r   ou   5**** tv 

By fc    JU.     ^^^^ Date    äTf^f/sA/f ^7 3" 
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STEP  10 SCHEDULE 

Clock 
Time 

Lapsed 
Time, Min 

Controller 
Power 

Chamber 
Temperature 

Controller 
Temperature 

Simulator 
Temperature 

STllk 

MM 

/^ f r Start ON ,47t ^b0c ^^C     42^V 

(3'** S + 10 ON 47'C 4s'e. ^c mf* 
ii:c* S + 20 ON 47V_ &k*c (ft   12&,I0F 
I4:i< S + 30 ON 4ft eiVc i?ac  f&z'r 

a S + 30 OFF NA NA NA 

H:X S + 40 OFF 410C Wc nfgt &oof= 
i4;3o S + 45 ON NA NA NA 

/^3S' S + 50 ON 41^ SVlt'c /^fe    ff/V 
li'rt S + 60 ON Alüc 5 2't rrtt 12^^ 
f4.,5r S + 70 ON -*7fc 3-3 V ^    (2^^ 

/>CO S + 75 OFF NA NA NA 

fö9> S + 80 OFF 47*6 ^2^ /I'lS'c /o/^8*/ 
i'tit* S + 90 OFF 4V£ ^"c 17^    ^7/^ 

/i S + 90 ON NA NA NA 

« ^5- S + 100 ON 47*. ^^/t'c is c  mo 
IS:& S + no ON A-)0c rs^'c (Vc   iv& 
\<:it S + 120 ON 47t ^4^ ffc    (Z7Z^ 

II S + 120 OFF NA NA NA 

if.&r S + 130 OFF -fTt m n0c    IH?F 
lh'00 S + 135 ON NA NA NA 

\Q>:üS S + 140 ON 4rr ^2^ /7C   fÖM^« 
\b\€ S + 150 ON Arc yrt »tt   (273^ 
\bis S + 160 ON -m ^//c Wc  fz&ie 
iG3ö S + 165 ON 47*c n l^c i91 ns$> 

2 Hrs .  45 Min. TOTAL LAPSED TIME 

66 

■-- -     ■ ■teMU, 



r      .™^- '-"-.—■.■■■^«.■»,,...——.- •■ ,.^t^mnM.-j -JMWiMiuuujJJiJiuiiJAJu^ 

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

Operate controller at 32 VDC and then adjust chamber pressure to 3.44 IN HG 

Chamber Temperature 2C0C Time     OX&n 

Controller Temperature I'f 'ft C Simulator Temperature      /A0c &A%J* 

Controller operating at 32 VDC: 

Clock 
Time 

Lapsed 
Time 
Min. 

Chamber 
Temperature 

Controller 
Temperature 

Simulator 
. Temperature 

ÖlOC Start zo'c 2^C kW t2iä> 

ovx> S + 30 Wc 2ft% nfc nu'r 
looo S + 60 *>0C 32^c'c in: w& 
IOSO S ♦ 90 24°^ 3^?^ n'c' /2*/> - 
HCO S + 120 *f€* sst niiu^F 
112,0 S + 150 ^t **%*. tfcaW 
iz<ro S ♦ 180 Zc'o 36°^ (tt 1 iU& 
iZ-hO S ♦ 210 TS'C ^öc \&0<L   '. 't&fe 

iloo S ♦ 240 w'c 16 Vc Itc   Mft 
4 Hoi irs TOTAL LAPSED-TIME 

Over-Temperature Activated - Simulator Temperature      /23-7 f    t*£S££L ?** 

Mechanical Reset - Simulator Temperature      <?fc      c ttt^^r  cf   S****-1* 

By /A rc/T       ,^..^^^*- Date S"    vXx*?  7S~ ■7>.M.    1 
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Step 12:    Adjust chamber temperature to 350C at a pressure of 3.44 IN HG with 

controller non-operating and stablized at 350C: 

ssrcc. 
13   IS' 

Chamber Temperature 

Chamber Pressure 

Controller Temperature 

3 . ^ ;z. HHH 
2S^ 

Time  

Simulator Temperature *****     /& l'c 

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

Upon completion of the schedule: 

Over-Temperature Activated - Simulator Temperature Qfc-   /2£^ £    C^ÄSUrt-r^r 

Mechanical Reset - Simulator Temperature  oK-       c<--^L^^',~^^     S^-iTZit- H. Mechanical Keset - Simulator Tempen 

By     2^. /U     j/L^**^ Date 5" J<'*'£- (9?^ 

68 

)mmimam mmmm .*-, .„.. ^^.^.:.   ....... 1..  , .-,      J,.J..,1.. 



mmigmmmm^^f^mmmmmmmKmmmm^ mmmmmi: 

1 

STEP 12 SCHEDULE 

Clock 
Time 

Lapsed 
Time, Min 

Controller 
Power 

Chamber 
Temperature 

Controller 
Temperature 

Simulator 
Temperature 

rs.vr Start ON 3rt art /60c    Wr 
/S:2<r S + 10 ON ire S*c t>ih  (IST*? 

13 i€ S + 20 ON irt lik f8VC   l2ibcF 

lZ*f S + 30 ON 5St ^c'L /re Mf* 
I3H> S + 30 OFF NA NA NA 

ti&r S + 40 OFF 2.5"C ift n^ && 
l4:oo S + 45 ON NA NA NA 

K'OS- S + 50 ON a*t 3 fir is Ik n& 
14 li S + 60 ON 3>t A-lVo H'C (»7** 

*:if S + 70 ON i^c: iiisc kit wt 
H3C S + 75 OFF NA NA NA«2-2^ 

\4iS- S + 80 OFF J^c 42'C ßc'c /o22> 

/fHT S ♦ 90 OFF zslc -4OC<L to*c &*? 
i\ S + 90 ON NA NA NA 

nsr S + 100 ON STc 4i*c Ibfa  WKfF 
3ncc 

ISM S + 110 ON &C 4Zcc fit    /23S1'F 

IS'IC] S ♦. 120 ON S^C 4*0c ßic. iw* 
H S + 120 OFF NA NA NA 

r-'ir S + 130 OFF Srt 420C nvc 8iicF 
If:*) S + 135 ON NA NA NA 

&:& S + 140 ON i5"fc 4//2t tftffc «r^- 6»cc 

*:# S + 150 ON 3S-c 4%*t'c /T?:   /2^^ ■ 
*:& S + 160 ON S^C H'c /«^^ ^?f^ 
iiff'OO S + 165 ON Js-0c 4*i± ^cc r^ar^ ■ 

2 Hr« . 45 Min. TOTAL LAPSED TIME 
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Step 13: Omit for Class 1 equipment. 

Step 14: 

Postcest Performance:    Return chamber to ambient conditions with controller 
operating. ******>*'***,*<*'***'**** 

Ambient Temperature l*?*^ Relative Humidity        CJio 

Ambient Pressure l4.Slt PSf Controller Supply Voltage Z% OZ* 
,*.%,oe  tl^K0^ 

Controller Temperature Wvc ^S>4^«£      Simulator Temperature   A***   7SS<- 

Over-Temperature Activated - Simulator Temperature      QtL  fUfJ- C   £*.'t£6*'r<.icr 

Mechanical Reset - Simulator Temperature      ö£      C4SM££Ü1   ÖK! ^^tVt* /A.' 

By    "^ H<4^i Yu Adam*      >•*■    5r xJsve. tfTsr 
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11.0 EXPLOSIVE ATMOSPHERE 

Method 511. Procedure 1 

n.l Equipment Required 

Chamber Tenney.   , 3 ft diameter x 10 ft long 

Range    85.000 ft  

Inventory Number   CM SOZ-  

Serial Number L.A  

Calibration Date /JrA    Calibration Due MA 

Pressure Gage   Wallace Tiernan  

Range        O - (£. C PSS*  

Inventory Number        t I   S'Z'^  

Serial Number   fi| 129- U-6+ZC* 

Calibration Date A- llo/l^ Calibration Due     ±U£ßk 

Voltmeter      f^LvCZ    ffZC** 

Range       l-/Oe M t-toot* 

Inventory Number     (S'ti-Cfi&  \r™L) 

Serial Number        l£J£L  

Calibration Date    tyUMj/UZL Calibration Due      ^tfCÜL 

Controller Temperature Recorder     M-P HdP TtZ?*  

Range     tBSlSU     ,''*a* 

Inventory Number    d&SJ*! (jSSJ 

Serial Number     AC/- &*££  

Calibration Date        ^ j/td Calibration Due    Z&JJJL 
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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 Orientation fr*»*««/* iWV T 

Pretest Performance        V-rnnAS   ctwi&L 

Ambient Temperature      Jfej£i^!±f      Relative Humidity           C?/^ **•*• 

Ambient Pressure        It.SS/SI                  Controller Supply Voltage    *l'VO* 

Controller Temperature -47^ «4/f6l'F    Simulator Temperature   ~-l2 4S  ? 

By "7. )M. /<<~~^ Date        ^  ^fa /fZ£  

Test Performance 

Seal chamber and adjust temperature to 71 ± 30C and maintain throughout test. 

Stabilization of chamber walls and controller is considered attained at a 

temperature of 60oC 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 medianical reset shall be accomplished at 

least once during the pressure increases. 
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EXPLOSIVE ATMOSPHERE TEST SCHEDULE 

Pressure or 
Pressure Increase 

PSIA 

Chamber 
Temperature 

Controller 
Temperature 

Simulator 
Temperature 

Over-Temp 
Activate 
Ignition? 

Mechan. 
Reset 

Ignition? 

Sample 
Ignition 
Verified? 

1.05 fWc 7I.S~c- U 74*e* NA NA NA 

1.05 to 1.33 ttfrtä 7(1 NA NA NA 

1.33 operate controller at 28 ± 4 VDC 

1.33 to 2.15 6£.3 7^ 
2*  *% 
/7 79^ Ac X/c NA 

2.15 6S 7('C* f2 iTf'F NA NA at AL.CV 

2.15 to 3.47 er 77L U> Vo NA 

3.47 6X.I 7^ /Z6/ ^ NA NA y^s 

3.47 to 5.46 bB 1(.Q> /U Ao NA 

5.46 (& 72, 
2% 71 
IZ If* NA NA ye^ 

5.46 to 7.65 01 7Z bo V. NA 

7.65 M,Z 7/7 
IK. f/ 

NA NA •:<y£3 

7.65 to 11.34 i.f'2. 7Z 2* <? 
AJu /U. NA 

11.34 bSr.z, ItS NA NA VFs 

11.34 to 13.67 bf.* K.^ 
^r fco 

**o u NA 

13.67 6&Z. vs tZt4** NA NA V^ 
13.67 to Amb. (>S.2, Tfr tut** kt H, NA 

Ambient fi~* A/f fis* NA NA 4/* 

By ~12 Ifc-^i.'^-' Date 2* H*7 ZS1 

9/A* 
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Posttest Performance 

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

Ambient Temperature ^ Relative Humidity        507»  

Ambient Pressure 27. 77 Mth-       Controller Supply Voltage  S0.9f 

Controller Temperature     ^ fOjF Simulator Temperature     IV+TB 

 oL  Over-Temperature Activated - Simulator Temperature 

Mechanical Reset - Simulator Temperature 

By      ""/?, jL 
-&L 

Date ^   H>y   IS' 
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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 RE 301  

Serial Number 20  

Calibration Date        ^til/lE. 

Voltmeter    GtiäSA     Vtoo*  

Range      I-loom/    4   l-icW 

Calibration Due 3^ 7S- 

Inventory Number     iSV-Off faö 

Serial Number 1*94/  

Calibration Date      C/M'/y*/ Calibration Due     ^/JY/ZtT 

Controller Temperature Recorder    WP ****> 7tZ7A 

Range       S-SPQiH   f  i-WY 

Inventory Number     tZh-QITL (At*-) 

Serial Number       So/- 0//6S 

Calibration Date      7/2if7+  Calibration Due    7/4//73 y4//7t 
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 
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Pretest Performance 

Ambient Temperature 

Ambient Pressure 

76 ^ Relative Humidity 60/o 

29■iZ' IvÜ^ Controller Supply Voltage 
iv. /e 

/As.oe    I347v^ 
Controller Temperature  jfc . I If.4°^       Simulator Temperature   **** *jfr .,§*** 

Over-Temperature Activated - Simulator Temperature      12 41 F    QIC      / C/M-^T-C^ 

Mechanical Reset - Simulator Temperature       OiL      t^ttetsr <.■,<. . S t^-TT* <*: 

By JL ..■C< t^ Date £> J^Assf- ftysr 

Test Performance Procedure I 

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

of 6 directions. 

Axis Orientation Arm Length RPM 6 

+X 2.3.75- IZO I3.B 

+Y JS.7S- Uo d.i 
+ Z 27 SO \\S /4.I 
-X 5 5.7sr iZo a.s 
-Y Si 7S- IZO &.& 

-Z 
 u 

ho 13.6 

By ~7?   ^ <i<'x~c*a. Date 6 -JiSAsS   I97S- 
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1 

Posttest Performance Procedure I 

Ambient Tempe . ture It  P 

Ambient Pressure 

Controner Temperature g>(^F 

Relative Humidity 6c/c 
X f'&J wMc        Controller Supply Voltage    28»00 

Simulator Temperature   I24BP' 
 .„ BPW CfMtt^rttcr Over-Temperature Activated - Simulator Temperature^ /li&'F 

Mechanical  Reset - Simulator Temperature      0(£   coAte**- o*J( S^in*i*J 

         Date     £, Ju/y/B        {??<*' 

Mechanical Reset - Simula^ 

By      IS ^C ^ 

Test Performance Procedure II 

The Induced test level is y.O 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. 
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PROr^OURE II 

OPERATINL ACCELERATION 

Axis 
Arm 

Length 
Inches 

RPM G Controller 
Temperature 

Simulator 
Temperature 

Simulator Temp. 
Over-Temp. 
Activated 

Mechan. 
Reset 

+X NA 0 0 fo> ilL*** &*&M, 
+X i3.75- tfO flsr* V" f247uF r *At£*r v^ 
+X NA 0 0 v* |234*>= 

+Y NA 0 0 101° F (21*> 
+Y n.jsr IOC f.S? /Off* dir* HJ-lXtt   Mi 

+Y NA 0 0 laz^F /zWr ec 
1- <IU+  i*- 

+Z NA 0 0 lOl'P ni& ai&^ 

+Z 27.S-C /'O ^ in*? (iKt 
+Z NA 0 0 m** (74 & 

11 *k*rc* 

-X NA 0 0 K'F t24S"r 
-X 3375- too f^r 9fr U^'F 

-X NA 0 0 9*°^ l2iS> 
-Y NA    • 0 0 I**'F IZio"? 
-Y hi  7* too «sv fc**r I2Z^ 

1114**  OK 0c 

-Y NA 0 0 lO^F /23*V 
-Z NA 0 0 ffC'r m*fe ci^/uu^r OPT 

CK 

-Z if s-o ^ t&i ft.&'* a&r II sv '/* »t 

-Z NA 0 0 <rt.t0F 121 l0F 
^2 

Posttest Performance 

The last line of entries satisfies this requirement. 

Ambient Temperature //   t-         Relative Humidity 

Ambient Pressure ;££?£"   /KI  Uy, 

By />.tU. ^H 

61 f* 
Date f \JL^C  ff?S~ 
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13.0 SHOCK 

Method 516.1, Procedure I, terminal sawtooth pulse 

13.1 Equipment Required 

Shock MWine       AVCO,, SM-1J0M?, 

Range       lO-^vPOO g 

Inventory Number 

Serial Number 1    " 

Calibration 

Accel erometer     BIZ.   We    SrjOZ- 

Range   

Inventory Number        rr C 3iO  

Serial Number 3 gj   77^ 

Calibration Date        IMIELZS. Calibration Due y/csr/j* 

Oscilliscope     TlBulMt-i* 

Range    

Inventory Number   OS 3 // 

Serial Number C&lGZl 

Calibration Date       &/?Il* Calibration Due 8/7/75- 

Amplifier    JVL * TVo*'**     life $A1 

Range '   

Inventory Number     OPSl^  

Serial Number      Qfj l&f  

Calibration Date     S'/lfl*  Calibration Due zhfe 
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Filter     ^KL-       ^f<- 3o2- 

Range        0-2000      H-*r  

Inventory Number 

Serial Number 

AM-iZB 

fg 
Calibration Date      .2 l^-t Jlf Calibration Due r/z I jl^ 

Vol tmeter       PLVK£     SZOQA 

Range       hioo *>/ .     l-'ooo v 

Inventory Number       ATg Opg CA-ö/\ 

Serial Number 75~y^f /  

Calibration Date 6 t/jur/?*/ Calibration Due       6>/?#*S' 

Controller Dummy Mass    /wr 4JBggff 

Controller Temperature Recorder     QP   M-'^ 7/^7/? 

Range      S'-^r&o^^f     t-iooV 

Inventory Number     /Zh-oi2. (fäü 

Serial Number       &C?/-0//6<f 

Calibration Date      TJJSjZE Calibration Due j^Z 2£. 

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 ancf the following equipment will be substituded. 

Wave Form Synthesizer EJIACT 

Range   /x-auic ~ lOo^~c*c. 

Inventory Number       S6  5-S^» 

Serial Number ^SS'T 
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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. 
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1 I 

| 

FIGURE 13.2  Shock Pulse Waveform and Tolerance Envelope 
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TEST PERFORMANCE 

*V 

Posttest Performance 

The last line of entries satisfies this requirement. 

Ambient Temperature 5BCj£ Relative Humidity 

Ambient Pressure 24.7/    t^ät Controller Supply Voltage    30v faore) 

By       JLM   7<*mL      ^ g ^ 3K  

£3 ^ 
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14.0 VIBRATION 

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

14.1 Equipment Required 

Shaker Ling A 300  

Range 6000 lbs force  

Inventory Number      P&3.14-  

Serial Number ^2  

Calibration in use 

Amplifier 

Range   

CP10/16VC 

5 Hz to 5 KHz 

Inventory Number       PE 314 

Serial Number 59 

Calibration Date       WJMJJUL Calibration Due       C/z/yS' 

Accel erometer     & ^ (e^     Type.  tfSo 2. 

Range  

Inventory Number 

Serial Number 

fl-CSilO 

3^f 77y 
Calibration Date +/(£'/7ST Callbratlon Due      ifc^llS 

Voltmeter    /zweier      VZJOQ A 

Range       l-leort\t    £.   l-ioootf 

Inventory Number 

Serial Number 

Calibration Date      ^/Jf^r//y Calibration Due    6/9f/7tr 
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Controller Temperature Recorder   HP    MOt>   7f7.1 A 

Range    S"- S2>o n •  ^   I ~/oo \/ 

Inventory Number      ifh-OI?-     jjfPtl) 

Serial Number       00/ -olfbG 

Calibration Date        l/zzjlf Calibration Due      •7/2//76' 

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 uxis 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-to-Peak 

Sweep Time: 15 minutes per 5 to 500 to 5 Hz , |,lf ••♦t'fjffif** 

Resonance Search »4 Ö-Yf I Kifm**. 
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 Dwell 

Dwell at a maximum for four frequencies per axis as obtained during Resonance 

Search. 30 minutes for each frequency, at the leva determined from above. 

Cycling Time 

Cycle at the rate given above for 3 hours minus dwell time per axis. 
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JZ'F Relative Humidity 

Pretest Performance 

Ambient Temperature . 

Ambient Pressure        Z % 7&   wt*^       Controller Supply Voltage   ZS,^ S 

6*6 

Controller Temperature     AJ.A. Simulator Temperature   /Z-iS' 12.12. Is 

Over-Temperature Activated - Simulator Temperature      0ft   M*C  

Mechanical Reset - Simulator Temperature $&   W*L'  

By jJtL '£~^ Date 'ttttZSl 

1l*f~       /Zfeorwe HvHiuty _ (>(/. 

Cct.ni*.***'  T&^&prM* 7t- £>,**<.*»*. T&T&nnm IZS9-* 

{^*h*i*r    £&>**■   - Sun*****- ~r&rr&?m* a«c 

to   JIjjiLjL^sm^      *m     at itt '*7sr 

ii 
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VIBRATION SCHEDULE 

X-AXIS DWELL 

Clock Time Event Freq Controller 
Temperature 

Simulator 
Temperature 

Simulator Temperature     l 
Over-Temp. 
Activated 

Mechan. 
Reset Start   Stop 

Ä Dwell 1 m 
Dwell 2 JUc fer^Ol**** 5 

Dwell 3 

Dwell 4 

0.0 Hßs. TOTAL DWELL TIME 

X-AXIS CYCLING If rt4-r ff/f 

Time from 
Start, Mln. SMcr f :!->*» 

Controller 
Temperature 

Simulator 
Temperature 

Simulator Temperature     j 
Over Temp. 
Activated 

Mechan. 
Reset 

+30 ins- s-lft 't IZCie0 &t <K 

+60 /O: fS- "-»'f /25?^ ö<e cx 

+90 10   +* **&'/* IIS)'* O/C efc 

+120 II : lb i^too'ir Izsi'r *< &<. 

+150 // m «-Uo'F /zSz> 6t o**** 
+180 tZ. /4 ~Hff /CW* OK ***.* 
3 r*** TOTAL CYCLING TIME 

3 Hours     TOTAL X AXIS TIME 

v|C>' 

if.*' 

! 

X-AXIS POSTTEST PERFORMANCE 

Ambient Temperature 7? f 

Ambient Pressure   

Relative Humidity £Z^ 
X9,?t,  Controller Supply Voltage   19*0"*- 

//5V                  Simulator Temperature      iZlt^ 

Over-Temperature Activated - Simulator Temperature 5£E  

Controller Temperature 

:al Reset - Simulator Temperature £!  

"DslU.    fCo*^ Date       /^    M**   rr?S~ 
Mechanical Reset - Slmulatpr Temperature 
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VIBRATION SCHEDULE 

Y-AXIS DWELL 

Clock Time Event Freq 
Controller 
Temperature 

Simulator 
Temperature 

Simulator Tern 
Over-Temp. 
Activated 

uerature 
Mechan. 
Reset Start Stop 

Dwell 1 

Dwell 2 M> /UrJ*/**"*^ 

Dwell 3 

Dwell 4 

0.0 TOTAL DWELL TIME 

Y-AXIS CYCLING 

Time from 
Start, Min 

+30 

+60 

+90 

+120 

+150 

+180 

3.0 

<>**T fi'i-*- 

t3 *X. 

dJi 
/&*£ 
rmwmamt 

lb -oo 
te   i* 

Controller 
Temperature 

-ns* 

^l^o'F 

*/to4, 
Ii7.f 

Simulator 
Temperature 

/-262 

^S-7 
/2^f 
fZSZ 

1*48 
iz*& 

Simulator Temperature 
Over Temp. 
Activated 

6C 

Mechan. 
Reset 

■nw** 

6k. 

€>< 

OK ft/it 
p &x> v 

*< 

O* 

0t 

TOTAL CYCLING TIME ji M »c*nt  'chStn tit 6 '? 

■2*75-* 

<*%& 

3 Hours     TOTAL Y AXIS TIME 

V-AXIS POSTTEST PERFORMANCE 

Ambient Temperature BO g 

Ambient Pressure ^.f. 7/   /*> rK- 

Relative Humidity 52'/' 

         Controller Supply Voltage    j^fS 

117- 5" Simulator Temperature  

Over-Temperature Activated - Simulator Temperature OK , _  

Controller Temperature 

Mechanical Reset - Simulator Temperature a< 
n.t,     /r //*, srrs-  
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VIBRATION SCHEDULE 

Z-AXIS DWELL 

Clock Time 
Start   Stop Event Freq 

Controller 
Temperature 

Simulator 
Temperature 

Simulator Temperature     I 
Over-Temp. 
Activated 

Mechan. 
Reset 

t0& 1125 Dwell 1 z+e VA. tZ7SHZ55 o< OK 

/A26 /Aö& Dwell 2 3SZ> if A, I1ZZ o(c & 

Dwell 3 
  

Dwell 4 
 —       

/ Hi TOTAL DWELL TIME 

Z-AXIS CYCLING (u/ttt-m*.    i^^e-t^ x^»«    •      <•#♦ J 

Time from 
Start, Min. SlMCr /Z-if 

Controller 
Temperature 

Simulator 
Temperature 

Simulator Temperature 
Over Temp. 
Activated 

Mechan. 
Reset 

+30 rs-tgwy /^7-f CM- &£ 

+60 iZhi lZt>3 ct. at 

+90 /4 0b iZf.l** lues 0(C ac 

+120 t4:*( t*ra* IZS3 Otc cat 
  

-*we—  . 

Zt* TOTAL CYCLING TIME                      ai^^mt 'OHJ   *r    ikCtT 

3 Hours     TOTAL Z AXIS TIME 

Z-AXIS POSTTEST PERFORMANCE 

Ambient Temperature » & 

Ambient Pressure 2-9*70 

Relative Humidity 6C 
Controller Supply Voltage  ZKW 

Simulator Temperature      /^ 70 

Over-Temperature Activated - Simulator Temperature ^*~  

Controller Temperature /T-^Z- ^ 

eset - Simulator Ii Mechanical Reset - Simulator^emperature 

By  

ex 
Date 'ffy 7sr 
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T««t Report No.   ^685 No. of Pag« 

^..iiiaiiiifcrt .... 

Report of Test on 
VM HOT CYLINDER TEMPERATURE CONTROLLER 
FOR 
ARTHUR D. LITTLE. INC. 
UNDER 
PURCHASE ORDER NO.  536309 

ENVIRONMENTAL 

TESTINO 

CORPORATION 

frU     Jun« 17, 1975 

»y 

Sionod 

Propofd 

A.LeBourdtls 

££4^4 

Chocks 

R.Librtcqut 

Approved 

M.L.Tolf 

/i./^: 
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Administrative Data 

L£—PurpoM of Tett; 

2.Q    Mnnufaeturar; 

To subject Temperature Controller to 
tenpereture/eUltude. explosive atMosphere. 
acceleration, shock and vibration exposures, 

Arthur D. Little, Inc. 

3.Q    ManufaeturT'i Typa or Modal No- 

4.Q    Drawing. Soacifieation or FwKihi». 

5.0   Qt-antity of i»«mt Tftifed; 

Item Identified as 
VM Hot Cylinder Temperature 
Controller 

Arthur D. Little, Inc. Test 
Procedure TP-1: 77576 dated 
31 October 1974 

One (1), S/N 1 

6.0  SwcuritvQmüBmÜmnttomm        Unclassified 

7.0    Dot« T«»t CompU^. 

8.0    TM» Conduct«d ftyt 

9.0    Ditpo«;»!^ of Sp^j^nm. 

June 5, 1975 

R.Labrecque 
F.LIiotte 
J.Martens 

1Q.Q    Ahttrnrt. 

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

Evaluation of the Temperature Controller during 
and after testing was made by Arthur D. Little 
representative. 

Report No.  Ufaj  Pog« 
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4 

1.0 VIBRATION 

Requirements. The temperature controller shall be 

subjected to vibration testing In accordance with para. 

14.0 of Arthur 0. Little, Inc. Test Procedure TP-1:77576. 

Procedures. The temperature controller, mounted by 

Us 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 cycling. 

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-mlnute 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. 

Report No. 
11685 
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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 mutuaUy perpendicular axes. Each shock 

was of 20g's magnitude. 11 milliseconds duration, sawtooth 

waveshape. The shock test was performed using a vibration 

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

ResuUs. Evaluation of the temperature controller 

during and after shock testing was performed by Arthur D. 

Little. Inc. representative who witnessed testing. 

Report No. n685 
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3.0 ACCELERATION 

Requirements. The temperature controller shell be 

subjected to acceleritlon testing In accordence with 

para. 12.0 of Arthur D. Little. Inc. Test Procedure 

TP-1:77576. 

Procedures. The temperature controller, mounted by 

Its 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 deterioration to the temperature controller 

as a result of acceleration testing. Evaluation of the 

temperature controller during and after acceleration 

testing was made by Arthur 0. Little. Inc. representative. 

Report No. 
11685 
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4.0  EXPLOSIVE ATMOSPHERE 

Requirements. The temperature cont.rnn«r ^hall he 

suhjected to an explosive atmosphere test In accordance 

with para. 11.0 of Arthur D. Little, Inc. Test Procedure 
TP-1:77576. 

Procedures. The temperature contrnllAr ^5 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 pe» 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. 

*™_ 
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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 0. 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 0. 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 
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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 purpc-e 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 limits 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 Requirements 

The MIL-STD-462 test methods to be used in EMI qualification of 

the Temperature Controller System is listed bleow. 

Test Title 
Test Plan 
Paragraph 

Test 
Method 

7.0 CE03 

8.0 CS01 

9.0 CS02 

10.0 CS06 

11.0 RE02 

12.0 RS02 

13.0 RS03 

2.2 Applicable Documents 

MIL-STD-461A, Notice 3 

MIL-STD-462,    Notice 2 

MIL-STD-463 

20 kHz to 50 MHz. Power Leads 

30 Hz to 50 kHz, Power Leads 

50 kHz to 400 MHz. Power Leads 

Spike Susceptibility 
14 kHz to 10 GHz, Electric Field 

Magnetic Field Induction 

14 kHz to 10 GHz, Electric Field 

Electromagnetic Interference 
Characteristics Requirements 
for Equipment 

Electromagnetic Interference 
Characteristics, Measurements of 

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. 
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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 

Model No. Mfr. 
Frequency 

Range 
Frequency 
Accuracy 

Amplitude 
Accuracy 

EMC-10 Fairchild 
Calibrated every 6 months 

EMC-25 Fairchild 
Calibrated every 6 months 

EMA-910 Singer/Empire 
Calibrated every 6 months 

20 Hz - 50 kHz   ±(»-2% + 5 Hz)    ±»5     dB 

14 kHz - 1 GHz 

1 GHz - 26.5 GHz 

NF-105 
Basic Unit 
Calibrated every 12 months 

Singer/Empire       14 kHz - 1 GHz 

TX 

T2 

12 Months 

9 Months 

TA 

T3 

9 Months 

9 Months 

Tl 

±2% ±1.5 dB 

tifi ±2     dB 

±2« ±1     dB 

12 Months 

These instruments are calibrated 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 

All 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 

Calibre.tion/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 

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 1250oF ± 50oF a failure is indicated. 

102 

- ■'- '■"- - '- --"-"■^^— ^>^^.. - - --  iiAfTMlIMiriii   mu-      .             



■■"   ■U-WM 111 u; up. IR.   W*^^^V**^^W^*V^V«^^M^^V I m I »HI w^^t^^wvi^^^ 

. 

Test Plan 2186 

TEST PARAGRAPH 7.0 

TEST METHOD CE03 

CONDUCTED EMISSION 

POWER LEADS 

20 kHz to 50 MHz 
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Test Plan 21ß6 

7.0 CE03, Conducted Emissions, 20 kHz to 50 MHz, Power Leads 

(a) Purpose 

Broadband and narrowband conducted emissions on the plus 

2fi volt DC and return power leads shall not exceed the limits 

shown in Figure 14 and 15 of MIL-STD-461A, Notice 3. 

(b) Test Equipment 

Description Model/Mfq. Serial No. 

EMI Meter EMC-25 
Fairchild 

214 

Current Probe 91550-1 
Stoddart 

BF496 

Capaci tors 10 ufd Feedthrough 
Sanders Associates 

N/A 

(c) 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 28 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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Test Plan 2186 

(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 fi. 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. 
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Test Plan 2186 

TEST PARAGRAPH 8.0 

TEST METHOD CS01 

CONDUCTED SUSCEPTIBILITY 

POWER LEADS     ' 

30 Hz to 50 kHz 

I 
■MiMMMMMIMil 

ii ir ■—-  p WMfci  h   i 

106 

■ ■ 111 ^lnl ,m '*■ -   ~- 



>mr>™>|i«'(iiJ'M,ip(W>IIW«IPil!»»il'<pi».li'HI*-»^!'«iiH»M>J'U«""i. mu-it—».. IM.»».«»., ,,»|.W,WIII1.,,UUI,IWI 

Test Plan 21R6 

8.0 CS01, 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 Model/Mfg. Serial No. 

Oscillator HP200S 
Hewlett Packard 

7153 

Power Amplifier M0100 
Bogen Presto 

J52 

Transformer 6220-1 
Solar 

N/A 

Voltmeter 630PC 
Triplett 

3905 

(0 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 fahrenhelt. 

(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-Ä61A, Notice 3. 
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Test Plan 2186 

(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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TEST PARAGRAPH 9.0 

TEST METHOD CS02 

CONDUCTED SUSCEPTIBILITY 

POWER LEADS 

50 kHz to 400 MHz 
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Test Plan 2186 

9.0 CS02, 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 

Signal Generator 

Signal Generator 

Capacitor 

RF Voltmeter 

Model/Mfq. Serial No. 

606A 
Hewlett Packard 

3786 

608 
Hewlett Packard 

4499 

CS02 
Sanders Associates 

N/A 

94D 
Boonton 

7373 

(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. 

no 
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Test Plan 21R6 

(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 degr#ps 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 Plan 2186 

TEST PARAGRAPH 10.0 

TEST METHOD CS06 

SPIKE 

POWER LEADS 
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Test Plan 2186 

10. CS06, Spike SusceptibilUy, 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 
Solar 

17536 

Oscilloscope 565 
Tektronix 

1086 

Capacitor 10 ufd Feedthrough 
Sanders Associates 

N/A 

(0 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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Test Plan 2186 

(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 Plan 2186 

TEST PARAGRAPH 11.0 

TEST METHOD RE02 

RADIATED EMISSIONS 

14 kHz to 10 GHz 

ELECTRK FIELD 
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Test Plan 2186 

11. 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 limits of Figures 21 and 22 of MIL-STD-461A, 

Notice 3. 

(b) Test Equipment 

Description Model/Mfq. Serial No. 

EMI Meter EMA-910 
Singer 

121 

EMI Meter EMC-25 
Fairchild 

217 

Vertical Antenaa RVR-25 
Fairchild 

217 

Biconcial Antenna 7825 
Honeywell 

N/A 

Cone Antenna 93490-1 
Stoddart 

N/A 

Cone Antenna 93491-1 
Stoddart 

N/A 

MP-105 Hand Probe N/A 

ALTERNATE EQUIPMENT 

EMI Meter NF-105 2160 

Vertical Antenna VR-1-105 181 

Vertical Antenna VA-105 796 

116 

  

-W^—^aa ~—*-     



wwmimmmmmmmm mfuf^mmmm ^~* "••" «I' n»1 

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 

25 MHz to 200 MHz 

25 MHz to 200 MHz 

200 MHz to 1000 MHz 

1 GHz to 10 GHz 

41 Rod/Counterpoise 

Horizontal Biconical 

Vertical Bicon-cal 

Conical Log Spiral 

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). 
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Test Plan 2186 

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

(7) Final results will be recorded in terms of dBuV/M for 

narrowband emissions and dBuV/m/MHz for broadband emissions. 
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Test Plan 2186 

TEST PARAGRAPH 12.0 

TEST METHOD RS02 

RADIATED SUSCEPTIBILITY 

MAGNETIC INDUCTION FIELD 
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Test Plan 2186 

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 
Solar 

17536 

Variac 116 
Superior 

N/A 

Transformer N/A N/A 

Meter 25A 
Weston 

CC673 

(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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Test Plan 2186 

(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) If 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 Plan 2186 

TEST PARAGRAPH 13.0 

TEST METHOD RS03 

RADIATED SUSCEPTIBILITY 

ELECTRIC FIELD 

14 kHz to 10 GHz 
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Test Plan 2186 

13. RS03, 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 

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 

Test Plan 2186 

Model/Mfq. Serial No. 

EMA-910 
Singer 

121 

NF-105 
Empi re 

2160 

HP200S 
Hewlett Packard 

212-00620 

HP606 
Hewlett Packard 

038-03786 

M0100 
Bogen 

J52 

404A 
Microdot 

32 

406A 
Microdot 

87 

125 
Airborne Instrti. 

12510 
Lab. 

616B 
Hewlett Packard 

259-00099 

C772A 
Microlab 

519 

X772A 
Microlab 

324 

VRl-in5 
Empi re 

181 

VA-105 372 

7825 
Honeywel1 

N/A 

93490-1 
Stoddart 

N/A 

CA-L, S. M, X 
Polarad 

N/A 
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Test Plan 2186 

(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) Fran 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 log 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 lowest 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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Test Plan 2186 

(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. 

126 

— • ■ -'—• 



—^h>   in*!       • 
■UÜSÜiMUMtfillWlI^I^MIiH ■ M ■!!■    ■!  I       ■  II I 



IM ■> i mmi i j ■ mmß^mimt*? ■» •mr>"^ Ill.l.UUlfl UifiUWll 

o 
kl 
u 
n 
z 
o 
U 

e 
o 
in 
«n 

U 

rt 

o 

0« 

e 
v ••- 

e 

« 
U 
9 
00 

iu/Angp 

128 

1 -«»"^rss 
—---   ■  ■ •   -■  -  -'in   in'  i'ihiii 1i il^rm r - - * - -J 



liiMHy''"^"" |B|!lllp,J,l|iiW!Ii|piipj!|iJi|JWll>PPip«.l»-- I JW I1- .. IT'««*!"«™. I..  . .Uli .m^UüpMrawi. ,JM»U 

129 

 .  

u 
u 
it 
Z 

O 
U 
PS 

e o 
Mg 
(A 
(A • -• 
£ 
w 
•v 
u 

a: 

0 
u 

cu 

c 

.—>» . .I ■  ■ 

■M MMH^g HMMBBHIi -'•   ■■ .... .•.,;-    Ü 



' 

*«.-«f-«»«Ji,.Pi« -I   JW^WUPBllpiUUl.Uil, ,1,1. .U mmmmmmmm 

^ 

J3 

A 

O 
U 

c 
o 

£ 
u 

•o 

OS 

o 

c 
.2 

I 
01 

I 

'HW/w/onjp 

130 

alMMMMH 
i 

  -'   ■--   - 
^-,^u.it..a^, 



mmsmmmmKmmm*m^^* jmmmmmmmwiu-mmuwmmmi*-.w**^mmmmnmmmiimmmmm ,mmum»mi i^t^v«^^^ 

S     » 

m   is) 

UJ   t- 

3 B 
u.   n o 

131 

^— -- —^ •—  ■ i^-«..—.— -._ 



III.Uii«ill.|MIII   I   I  Ulli    I     II  I   I I       ■      

DATE: 

ITEM  TESTED; 

TEST  PERFORMED: 

TEST  CONDITIONS: 

EMC DATA SHEET 
REPORT  NO: DATA SHEET OF 

TEST  EQUIPMENT:, 

PERFORMED  BY: 

FREQ. 

FIGURE 6 

SAMPLE EMC DATA SHEET 
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Report No. 

Revision 

REPORT OF 

ELECTROMAGNETIC  INTERFERENCE 

TEST  ON 

ARTHUR D. LITTLE, INC. 

TEMPERATURE CONTROLLER SYSTEM 

TEST  PERFORMED  BY 

SANDERS ASSOCIATES.   INC. 

95  CANAL  STREET 

NASHUA.  NEW HAMPSHIRE 

CONTRACT  NO, 

2268 
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ELECTROMAGNETIC   INTERFERENCE  REPORT TEST  SUMMARY  SHEET 

I 

TEST   ITEM •   Temperature REPORT NO. 2268 DATE TEST COMPL.   3/31/75 
Lontroner system 

DATE  REPT.   COMPL. 
"AW^yVfttle. Inc. SPECIFICATION  MIL.ST0.461Af Not1ce 3 

SUMMARY  OF  TEST  RESULTS 

TEST 
METHOD TITLE 

SPEC. 
PARA. REMARKS PASS FAIL 

CEG3 

CS01 

CS02 

CS06 

RE02 

RS02 

RS03 

20 kHz to SO MHz. Power Leads 

30 Hz to 50 kHz. Power Leads 

50 kHz to 400 MHz. Power Leads 

Spike. Power Leads 

14 kHz to 10 GHz. Electric Field 

Magnetic Field   Induction 

14 kHz to 10 GHz. Electric Field 

6.2 

6.4 

6.5 

6.9 

6.12 

6.18 

6.19 

Broadband 
Narrowband 
Transient 

X 
X 

X 

X 

X 

X 

X 

X 

X 

SUMMARY OF REPORT:        CE03:   Turn on transient exceeds limits by 4 dB at 800 kHz. 
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Test Report 2268 

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) 

1.3 Disposition of Test Sample 

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

1.4 References 

Test Plan 2186 

MIL-STD-461A. Notice 3 

MIL-STD-462, Notice 2 

MIL-STD-463 

Electromagnetic Interference 
Test Procedure for Temperature 
Controller System 

Electromagnetic Interference 
Characteristics Requirements 
for Equipment 

Electromagnetic Rnterference 
Characteristics, Measurements of 

Definitions and Systems of Unit 
Electromagnetic Interference 
Technology 
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Test Report 2268 

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    Amplitude 
Model No. Mfr. Range Accuracy 

EMC-10     Fairchild    20 Hz - 50 kHz ±{H% + 5 Hz) 
Calibrated every 12 months 

EMC-25     Fairchild    14 kHz 
Calibrated every 12 months 

1 GHz 

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 

±2« 

±2% 

Accuracy 

±H     dB 

±1.5 dB 

±2  dB 

±1  dB 

TX 

T2 

12 Months 

9 Months 

TA 

T3 

9 Months 

9 Months 

Tl 12 Months 

These instruments were calibrated by the Sanders Associates 

Instrumentation Calibration/Standards Laboratory, which operates a 

governmen   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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Test Report 2268 

2.2 Transducers 

All 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: 

b) Manufacturer: 

c) Model No: 

d) Size: 

e) Door Clearance: 
f) Filters, Current & 

Voltage Rating: 

g) Ground Plane 
Size and Material: 

h) DC Bonding Resistance 
of Ground Plane: 

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

Ace Shielded Enclosure 

MR10H20-G-2 

6M x 3M x 2.4M 

Double Door 2.3M x 1.7M 

Filtron - FSR - 1202 
50 amp, 250 VAC 
600 VDC, 400 Hz 

Copper .92M x 4.9M x .79MM thick 

.2 milliohms 
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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 12500F shall not change by ±500F. 

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 CE03 

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 
Falrchlld 

214 12/74 

Current Probe 91550-1 
Stoddart 

BF496 N/A 

Capacitor 10 ufd Feedthrough 
Sanders Associates 

N/A 

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, 

CE03 limits. 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. 

; 
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APPENDIX B 

TEST METHOD CSOl 

CONDUCTED SUSCEPTIBILITY 

POWER LEADS 

30 Hz to 50 kHz 

153 

t^^m  —  -   --^-^^^ 
--■■-■■-—^--""^ 



wf..-'- mmmAv..,^tmmmmfmm,i..,,mmimif# 'A*■*,u,|.■ ^mmmmmgiiff •*mmiM*mt 

Test Report 2268 

TEST EQUIPMENT 

Description 

Oscillator 

Power Amplifier 

Transformer 

Voltmeter 

Model/Mfg. 

HP200 
Hewlett Packard 

MO 100 
Bogen Presto 

6220-1 
Solar 

630PL 
Triple« 

Serial No. 

7152 

J52 

N/A 

3905 

Cal Date 

N/A 

5/74 

N/A 

1/75 

TEST PROCEDURES 

The required CS01 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 

monitored for changes not to exceed ±50oF. 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. 

CS01 requirements. See data sheet 4. 
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APPENDIX C 

TEST METHOD CS02 

CONDUCTED SUSCEPTIBILITY 

POWER LEADS 

50 kHz to 400 MHz 
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TEST EQUIPMENT 

Description 

Signal Generator 

Signal Generator 

Capacitor 

RF Voltmeter 

Test Report 2268 

Serial No. 

3786 

Model/Mfg. 

606A 
Hewlett Packard 

608 4499 
Hewlett Packard 

CS02 N/A 
Sanders Associates 

94D 7373 
Boonton 

Cal Pate 

2/75 

1/75 

N/A 

2/75 

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 ±50oF. The test wa? 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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APPENDIX D 

TEST METHOD CS06 

SPIKE 

POWER LEADS 
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TEST EQUIPMENT 

Description Model/Mfq. Serial No. Cal Date 

Spike Generator 6471-5 
Solar 

17536 7/74 

Oscilloscope 565 
Tektronix 

1086 9/74 

Capacltor 10 ufd Feedthrough 
Sanders Associates 

N/A N/A 

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 RE02 

RADIATED EMISSION 

14 kHz to 10 GHz 

ELECTRIC FIELD 

159 

 :—— 

■MMMMMM aHMBa,HkMaMM-tM. _ ^__ HI   nlM-miiimititli 



»^■•v.-.........*.■..•..».>.."....*.■■..    ,,  mim i.i u,    uiw.inuMu*! w«iw»iii»iu«K<wiiLiiiHiiiBiJjiivwiimLUJii ^^mmmmBmmn^mmmm^immBmmm^mmmmmmm 

Test Report 2268 

TEST EQUIPMENT 

Description Model/Mfq. 

EMI Meter EMA-910 
Si nger 

EMI Meter EMC-25 
Fairchild 

Vertical Antenna VR-1-105 
Empi re 

Biconical Antenna 7825 
Honeywel1 

Cone Antenna 93490-1 
Stoddart 

Cone Antenna 93491-1 
Stoddart 

MP-105 Hand Probe 

Vertical Antenna VA-105 
Empire 

TEST PROCEDURES 

Serial No. Cal Date 

121 3/75 

217 12/74 

181 8/74 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 
10853 2/75 

Broadband and narrowband radiated emission measurements were 

performed from 14 kHz to 10 GHz. 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 

of MIL-STD-462, Notice 2. All measurements were made with the 

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

maximum emission. The test was performed as described in Paragraph 

11 of EMI Test Plan 2186. The test setup was as shown <n Figure 11 of the 

plan. 

TEST RESULTS 

Broadband and transient radiated emissions comply with MIL-STD-461A, Notice 

3, RE02 limits. No narrowband signals were detected. Detailed test data 

is shown on data sheets 7, 8 and 9. 
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Test Report 2268 

APPENDIX G 

TEST METHOD RS02 

RADIATED SUSCEPTIBILITY 

MAGNETIC INDUCTION FIELD 
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TEST EQUIPMENT 

Description Model/Mfq. Serial No. Cal Date 

Spike Generator 6471-5 
Solar 

17536 7/74 

Variac 116 
Superior 

N/A N/A 

Transformer N/A N/A N/A 
Meter 25A 

Weston 
CC673 10/74 

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 ±500F. 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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Test Report 2268 

APPENDIX H 

TEST METHOD RS03 

RADIATED SUSCEPTIBILITY 

ELECTRIC FIELD 

14 kHz to 10 GHz 
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TEST EQUIPMENT 

Description Model/Mfq. Serial No. Cal Date 

EMI Meter EMA-910 
Singer 

121 2/75 

EMI Meter NF-105 
Empire 

2160 12/74 

Oscillator HP200S 
Hewlett Packard 

3786 N/A 

Signal Generator HP606 
Hewlett Packard 

4499 1/75 

Power Amplifier MOlOO 
Bogen 

J52 5/74 

Power Oscillator 404A 
Mlcrodot 

32 N/A 

Power Oscillator 406A 
Mlcrodot 

87 N/A 

Power Oscillator 125 
Airborne Instru. 

12510 
Lab. 

N/A 

Signal Generator 616B 
Hewlett Packard 

259-00099 2/75 

Signal Generator C772A 
Microlab 

319 1/75 

Signal Generator X772A 
Microlab 

324 2/75 

Vertical Antenna VR1-105 
Empire 

181 4/74 

Vertical Antenna VA-105 372 9/74 

B1conical Antenna 7825 
Honeywel1 

N/A N/A 

Cone Antenna 93490-1 
Stoddart 

N/A N/A 

Horn Antenna CA-L. S. M. X 
Polarad 

H/A N/A 
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TEST PROCEDURES 

The Temperature Controller System was immersed in an electric 

field intensity of 10 V/M from 14 kHz to 35 MHz and 5 V/M from 

35 MHz to 10 GHz. During the test strip chart recorder was monitored 

for temperature changes of ±500F. 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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EMC DATA SHEET 
REPORT  NO:   ^jtf DATE:  g/tt/iäC  

ITEM  TESTED: fy.AjfjeAjtrU**.  
DATA  SHEET OF 

TEST  PERFORMED: C|gfl ^     lOpffll. "To 

TEST  COfJDITIOrTS:   */• fJtA t.     Q *JZJfJlT**l 

US'*  

TEST EQUIPMENT: ZM^^S" 

PERFORMED BY: 
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DATE;    %/l*/7S-  
ITEM  TESTED:  Tkt*rzAiru*£. 

EMC DATA SHEET 
REPORT  NO:    &&& DATA  SHEET 

TEST  PERFORMED:  C£Ü3        AtJtJVt. Q 

TEST EQUIPMEMT: 

ZSSA 

TEST CONDITIONS: dajie^t    tegMttUg PERFORMED  BYG*^ 

FREQ. 

UM. iß it 484*1 

• Q^O ^0 ¥/ /* fcf /-fv •titlr Zt-i/nt. 
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-7-^0 
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EMC DATA SHEET 
REPORT  NO:    o^fe^ 

o 
DATA  SHEET.-j    OF 

TEST pcuronMEPi q-ff ^j 3.0**1 r*  

TEST EQUIPMENT:^ 

TEST CONDITIONS :^|2J*|4LC__0/ÄAtZVt4L 

/»rq  
PERFORMED  BY;    ^?</ 

FREQ.        { 

r4MX 

Vvtr 

/f 
tBW   ' «HUT SIJ^ 

^2 S?tA*.. 

C£(Lr 
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c«v^/r/#^ 

  

  
  

"■ 

-* i 1 
j... _]     J 1— 1          .. . . 

168 

— ■ -    - M^I'Ümil'Mitfllltl llll- '--"-■^- ■ 



_,      TT. ^^ .■ii u. M.i»iiiMm H ■■      ii m^.\^m^^^^mmmm 

mtmrntrnta HMunanM 

DATE:    %/*.%/*£- 
EMC DATA SHEET 

REPORT   NO 

ITEM TESTED: 7%******™**  

TEST  PERFORMED: CJg/      JUdUi   ^fl 

TEST im\Mm\ib£mä± &JBt44J3tut. 
/is-*  

DATA  SHEET  V    OF  

TEST  EQUIPMENT: ^gJfcUJ 

-&*   
PERFORMED  BY:   Jf^/  

FREQ. ^€7 

tksr *-at face -l 
^OAfi A.*- p.^- *i j e«f iLtifmatr r**i*e**~ 
ro 71 ro n 4C c. ¥**&*. 

£"**»*. Ao Ao 

S.OH*. ^.^ ^ -^ 77-fr ix-i^c 
r* ro r-o fJZTU/f* 

s-Ok/tt /.Ö /.o Hp 9«JAf y*Ack : rfe«»/vp«**n44£ 
t/t* '*&* 

1 
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DATE: i}/i*y7*~ 
ITEM   TF^TFn:     X***'*-**rV*-*- 

EMC DATA SHEET 
REPORT  NO:   2&lt& DATA SHEET OF 

TEST PERFORMED; 

&£UUk   PtiV*** LMAäsl  
TEST  rnNDlTIONS:    A/6Am*t Of&K**'**    PERFORMED BY 

TEST  EQUIPMENT:    HFtOt 

M^L 

FREQ. *j4 

.oi'o /0 /.« reincs-nctjs*^ 
r'o /«I /•• Ah 9A1C c r%*i/«/r^^f* 

voc.c Aft /•9 t.***<Lk 

. 0^*0 / ^ /.Ö TK r aff*fc ^^*f^ 
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EMC DATA SHEET 

REPORT   NO; DATA  SHEET   &     OF 

ITEM TESTED:   Tk ** rX-ZfATu* Jt. 

TEST  PERFORMED: C-gOg   S^/ST/C  

<:ust.£/>r/ss<./rjS 

TEST  EQUIPMEMT;  iiffjmf 

AAC  

TEST  CONDITIONS: 4/c**i*<.  0*X.**r'*9*' 
/Q^JJ. 

PERFORMED  BY <* äM- 

FREQ. 

Äi tT-ltfi r   /•/!// 1   *t£ Ajfr/\ /^     « '<$ ^ >- /om+c 
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i/kt DATE; 

ITEM  TESTED: ZSAÜäÜJäHüAM 

TEST  PERFORMED:  ^jgg,^     /****.    r~l 

EMC DATA SHEET 
_ REPORT N0:_£aMg_ DATA SHEET 7 OF  

TEST EQUIPMENT: 

TEST CONDITIONS *Sei**t*<   teßj&t&UL 

FREQ. 

Q/^ 
_€uM. 
Q-^Q 

joya. 
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_0 4rQ 
/o ^ 

./f'O 

tA&a 
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yo 0 
^00 
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H^-O- 
A 
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J^o_ 
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^-^LO. 
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^fi_ 

^iJ- 
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-/o 

4k_ 
J£L 
4* 
ML 
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^ISL. 
=1*. 
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-/» 
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r^fl 
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-/o 
vo 

-^ 
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Mi. 
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CA 
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J^ 
i^L 

JL^- 
JS^- 
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J«^ 

^ä_ 
^L 
SI 

"5^ 
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-ÄA. 
^^_ 

^r^L 
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M± 
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MJ- 
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3£- 
J&SL 
JUL 

OX 
1* 
*± 

**- 
*X 
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-£2_ 
1^=- 

M- 
1± 
At 
1± 
IM. 
4SL 
4SL 
M. 
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Jk£L 
^L 

•i— 

# 

PERFORMED BY ~ÄÄr 

f€ÖÄ 
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/tf 
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-2X 
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J^ 
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I± 
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1± 
** 
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W 
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DATE:   ^/AfSVS- 

EMC DATA SHEET 
REPORT   NO: 

ITEM TESTED: ttmJtM4äCSid& 

TEST  PERFORUED:   /fjCflJ-      CliAtry.A/UX.0 

DATA  SHEET  ,        OF 

TEST   EQUIPMENT: g^f C- 
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/OO.Q 
^5-JL4_ 

iA- 
19_ 
_^Q- 
i^ 
ÜL 
i^L 
1^ 

^0. 

^il 

^IOJJL 

0 

Ob^.Q 
■VftO.O 
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o 
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A* 
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i 
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AIL 

19L 
ML 

A<L 
7*. 
Z*L 

J  
^  

-^ 

.S-AUL 
j^MQ i r 

A^_ 
JJ^. 
j^^L 

^ 
^ 

JL1 

^ 
^ 

-5J_ 
3> 

£t 3^ 

3^ 

^Xö 
•^/r 
g£4& 

^ 
J2O 
<t 
tr 
M- 
4£L 

J1X 
2^ 
4X 
AIL 
AL 
*£. 

41 
7* 
77- 

H*IVZ*NT*C 
&£3kMiU£AL 

tewmc 40f 
zjy*** 

SSL. *X. 

1* 
JA. 

iÖL 'MBTMULL 

1« 

OZHLOICD 
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DAT F:    tJAtJjUL 
ITEM TFSTED: f£**.?*.* ATU A X.  

TEST  PERFORMED: glÄt    -TTMA/S/JCJ/TS 

EMC DATA SHEET 
REPORT NO: ^Qtf    DATA SHEET <? OF  

- TEST EQUIPMENT: /tsMC'-US 

TEST  rONDITIONS: <Vfl**«^<.    QPM.4477M    PERFORMED  BY:    /?// 

FREQ. r^^ 
/* 

flfU* 

.o/V /a V3 yo fof »0 

.»00 0 vp 5y W fT 
/.^ i V^- J3 *i 4"f 
/¥.? /o ^9 *7 4*7 f* 
isoo.t 30 V i* r* 1* 

i 

i 

l 
l 1 

i 1       '"      ' i 
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EMC DATA SHEET 
IUTF:    ±/ti.*SlS'     REPORT NO; 

ITEM TF^TFD: rfaM.***Arü4X.  

TEST PERFORMED;   ^^0^-   *?***'**''*' 

DATA SHEET /' OF 

TEST EQUIPMENT: l/A^/ztK. 

TEST rnuniTinuS: A/p^^f^e, OS*/*??** PERFORMED BY: 2fe 
FREQ. 

/         * TJtJf •  H//A /t    (LA **</> '*/C *6 ******** 

Qfi 4/0 0/1 *.  cc xsfjtXfr'ri *S )*/> tM££A :^ 

rf/i WA/0 r-jm C^J>t *** tAa .Ä^f 
A/Q o*fe fS&f*. * c tM* £!^ T^CSfAC^TL* t 

2       * 7~kn- W**A CJ9** *jSS*Si L   SOO »'O^ /OsU^JL* 

t> /**& H/sKS lA/jf* IS*** **Au. i/^ T-^^-                     ! 

CÄÜZJ **/* *.** dCJ*- 

Jt/fi    i Tyf^bW t^C  /«» ' i§***mmr*iQc V-iK^t ^m*K V»/f ^^ 

1 

1 
t 
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3/34/?*~ 
EMC DATA SHEET 

REPORT  NO DATE; 

ITEM  TfeSTEB! Tt ****** TV**. 

c **/r**£i.x.A &si£Mm S* /  
TEST PFRFORHED: JPJ«.!   /*** \.    f*    __ ___ _ 

TEST CONDITIOHSs 4Saj(***<.    OSir**mAf_    pERF0RMED BY 
/*4-G  

DATA SHEET // OF  

TEST EQUIPMENT:  

~KiT 

FREQ. *A9 
we* 

Pt* /o /o K-fA/#tr 
To /o /o ^0   i*A*/kM   M/\ r<c*fr€**7rv*€: 
./ro /« /© 

./ro /o /o yA^/tS- 

T% /• • 0 4/0 C ^r^< 'K. At*/l   t 
^r o /o /o /* 7 ir-Wj» ve**- £/e.o* 

AiT f s- VK*rr ßscw 
7-b r S" 

d-oo c c 

.a^ ^ £ A/0   C jy/*ys *- Hef/l, MJCö* 

ro f c m ti L«^. 
^0 5' JT 

^-00 ^0 r //* < //^x/ö ** 

r« r:o £- /V t bif/. 
/Ö0O i-. ö s* 

/e«e ^ a £■ ^_£ ¥A4/<U 

ro «■J_ c /^ r'&'Ht •  

/Q#O0 0 «".o £- —^—=-1»— 

i I 1 
 f  

1 
i 
1 
1 I ..   i J  
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INTRODUCTION 

On May 6, 1975, CE03 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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.r/^/7^ 
EMC DATA SHEET 

REPORT   NO:      DATA  SHEET/?/ OF  

TEST   FnniPMFNT- f\x?t-lf 

DATE:  
ITEM  TESTED: ffAJlteJUrVAK. 

TEST  PERFORMED:    CiE Q .1       e.O**Ut.r&0 

t^*******ir>Ä  „ 
TEST  CONDITIONS:   4/rnf*144    g^g/f/f^fl^ PERFORMED  BY:     SjQ 

FREQ. 

>^^ 
C^9 

.^00 
ÄJL 
^5.0 

»C^AO 
.^0 
^-0. 
a^ft 

£0. 

1&- 
USL 

frfl 

Ä4_ 
^V- 
/Ö- 

ML 
MZ. 
±0. 
AJO. 

ML 
JGL 
Aft. 
A&. 

^JL 
^a. 
^^. 

"/JT 

11. 

^z^i 

ZU- 
-MC 
^^ 
y£L 

ZÜ 
-^2. 
JkSL 
1SL 

iSM- 
J^. 
SSL 
£SL 

/3i 
M- 
SA. 
JTQ. 

Tfor f-ZIrMZ 
*.*** 

-f&sr zs-VfiiL 
ffruSJl/ LEAP 

&z£ txa^si 
Ut&UZJUL. 
Ait&sStZi'k'A^ 
Art* AGTuM 
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APPENDIX C 

DATA SHEET FOR THE CIRCUIT DISCOMNECT DEVICE 
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MAGNETIC »■■«nil    Wl«wWIB,,*• 
Wi0*   CIRCUIT BREAKERS 

BMC & 7MC SERIES 

SUB-MINIATURE 
PUSH-PULL OR TOGGLE 

Meets   MIL-C-5809 requirements 
High   performance   at   minimum 
cost 
Sub-miniature suenv*'',"*?'") 
Lightweight (2 oz max) 
Push-pull or toggle actuation 
From .050 to 25 amperes 
32 v-dc, 240 vac,60 & 400 cvcle 

The KLIXON 6MC and 7MC series 
magnetic circuit breakers are min- 
iature, lightweight, and fast acting 
-and are the only circuit breakers 
of their type available with either 
toggle or push-pull actuation. The 
6MC and 7MC series is designed 
for critical applications in airborne 
control systems, ground support 
equipment, launch systems, ord- 
nance   vehicles,   radar,   communi- 

cations,weapons systems and other 
high-performance military and space 
applications. 
Trip-free, the 6MC and 7MC will not 
sustain a fault even with the push 
button or the toggle held in the ON 
position. 
Both the 6MC and 7MC can be fur- 
nished  with  one or two  internal 

PERFORMANCE CHARACTERISTICS 

auxiliary switches plus a wide 
choice of terminal configurations 
for remote indication and ease of 
assembly. The 7MC is available 
with a silicone-rubber boot for a 
panel seal. Both the 6MC and 7MC 
are available with high temperature 
components for operation in demand- 
ing environments up to 1250C. 

Calibration. 
Ruptur« . . . 

Hold 110%-uip at W* within limit» of tin» eurraol curv» 
Sea Level      60.000 Feel 

Voltage. . 

Vibration. 

32 v-dc 
120 v-ac. 60 Hz 
120 v-ac. 400 Hz 
240 v-ac, 60 Hz 
240 v-ac, 400 Hz 

Time delay type: 

2500 amps 1000 amps 
1000 amps 1000 amps 

BOO amps 800 amps 
600 amps 400 amps 
500 amps 400 amps 

32 v-dc. 120 v-ac, 60 and 400 Hi 

Instantaneous trip type: 5-56 at  080 DA 
56-2000 at 6 G 

5-55 at .080 «A 
56-2000 at 10 G 

Mechanical shock. . . 

Acceleration  

Weight  

Operating force 
6MC IToggle typel   . . 
7MC (Button type)   ■ 
Endurance cycling . . 

Insulation resistance. 

Dielectric strength . . 

.emperature range . . 

Operating altitude. . 

Auxiliary  
switch rating 

Corrosion resistance 

Humidity  

Sand and dust  

Fungus  

Instantaneous trip type. 26 G per MIL-C-6809 
Time delay type: 50 G per MIL-C-5809 

25 G per MIL-C-6809 

2 oz max 

Open:   1 lb max     Close: 3 lb max 
Open:   6 lb max     Close; 10 lb max 
10,000 operations at 100% rating (resistive loadl 

100 megohms mm at 500 v-dc pei MIL-C-5809 

.  1500 v-nc per MILC 5809 

-54',c to mK 
. 60,000 feol 

.   7 amps resistive, 4 amps inductive, 28 v-dc 
7 amps resistive k inductive, 115/130 vac.   60 cycle 

. Per MIL-C-5809 

. Per MIL-C-5809 

. Per MIL-C-6809 

,   Per MIL-E-6272. Procedure 1 

TEXAS INSTRUMENTS 
IN( OKIM1MAI ll> 
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APPEMDIX D 

MISCKLLAMEOÜS DATA SHEETS 
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—CONTINUID 
TABLE IX NICKEL-CHROMIUM vs. NICKEL-ALUMINUM 

(Chromel-Alunwl) 

J 
TYPEK 

Temperatur« In Degrees F Reference Junction at 32*^ 

XktCIIIC   VOIIMI   IN  UtM.UtI  ■ILLIVSLtk 

TYPE 

K 

no 
SM 
tM 

»00 
010 
OJO 
*M 
0*0 

•to 
0*0 
• »0 
OiO 
•00 

U.fOI 
n.oai 
II.Ul 
ii.ioi 
1I.0I> 

II.O»« !».">•» 
II.IIT 
ll.0*0 
Il.tOI 

|*.01l 

000 
OM 
010 

1.000 
1.010 
1.010 
1.0»0 
1.000 

l.0»0 

II.T» II.U« ll.TIO II.HI 
II.«»« II.»»T ll.gOO 1J.01I 
lt.IM II.IOT 11,110 ■>«>•• 
II.»I» 1I.M0 11.001 UiM* 
11.000 11.000 II.««I II,M» 

11.110 U.»If 
11.0*0 11.000 
II.ITT 11.100 
II.»Of 11.110 
It.Ill 11.Ul 

11.011 
It.lOO 

lti*tt 

I«,01* 
UttOO 
I*.»01 
u.t» 

»10        I«.0*0     It.00« 
IM      It.MO     It.«01 
100        10.11* 

I*.to« 
10.»01 
10.010 
I»,04» 
11.100 

11.111 
11.101 
I».tot 
ll.Otl 

I*.tot 
lo.ltt 
I*.Tit 
1*,001 

It.lit 
It.ot« 
It.ttt 
It.OIT 
10.101 

It.»11 ll.O** 
i».it* it.na 
tl.lt* 11.40* 
11.»It 11.0*1 
11.MO llitU 

l*.l)« 
lO.ttt 
U.OO» 
11.011 

II.ITt 
it.tat 
It.lit 
ll.tf* 
it.m 

It.HO 
II.IOI 
II.«11 
11.001 
II.MT 

I*.11» 
l*.l»t 
I*.»01 
I*.»11 
14.001 

ll.OOt 
11.11* 
l».«tt 

11.001 
11.001 
11.111 
lliltl 
II. It* 

It.010 
II.tot 
lt.*TO 
II.Til 
11.0*1 

11.001 ll.OM 
11.11» 11.110 
11.1*0 II.MO 
lf.110 it.too 
It.MT 11.011 

I».Ill 
l«.ltt 
l*.01l 
14.011 
11.001 

11.010 
11.1» 
11.tot 
11.11* 
II.»»' 

1*.1M 
1*.*11 
1**001 
14.»»0 
11.111 

11.Ml 
it.tot 
It.tit 
II.ItT 

11.411 
It.1*1 
11.101 
11.011 
ll.OM 

11.Ott 
11.111 
ll.t*« 
11.101 

l*.tM 
1*.*T« 
14.»W 
l*.**l 
14,11« 

14,t«4 14,111 14.1*1 lt,M» 1».100 14,*1| 
14.41« 14.401 14.11» 1».»*« It.Oil 1«,0*0 
I».101 1»,IM 1»*010 l>*tt» It.lM l».tM 
10.MT 10,010 10.0** 10.00? 10.001 10.11* 
10,111 1»,!»» 10,110 IO.MI 10.11» 10,1*0 

10.111 
10.»OT 
10.0*1 
11,010 
11.111 

II,»«T 
IT, rot 
10,010 
It.ltl 
10.40» 

U.IO» I*.41* 10,*«1 1»,*M 1»,»00 10.111     10,IM 
10.010 10.0M I0.01T |».TM 10,It* 10.1*1     10.111 
10.Mt I».«00 lO.tlt U.011 1».»»* 10,001     ii-ta* 
It,IM 11*111 11.1*1 IT.Ho IT,to« 11.111 
IT.»It 11.110 IT,111 IT,«00 lT.*t« 1T.*»| 

11.110 |1.»M 11,011 IT 
ll.OM 11,010 IT,«»» II 
10.0*1 11.00» IO.MI II 
10.111 11*101 11,11* II 

II.4*4 ll.OM 11,111 
I'.»00 IT.Ott IT.Ml 
io,iio it,no io,iil 

■ v.. < .      t ■. rv i      a». >i^      jrn^   «v      It.lTl II, l«t lt,«10 
II.til     11,11»     10,100     II,»I*     ll.*ol 10.»II 10,OM 

10,»M 
10.>M 
11.010 
11. IM 
11.MO 

11,lit 
11,011 
10.IM 
IO.MI 
10.011 

10,101 
10,110 
11,011 

n,Tot 

10.'01 1I.T1» 11,1*0 ll.TTI 10,TM I».110 It.Ml ll.MI 10,100 II,«1* 11.010 
10.010 ll.MI II.«Ot 10.001 10,111 10,04» 1».0T* 11.101 lt.l|T l«,ltO 10.IT* 
l*.l'4 |«,|«1 I«,III |».1*4 14.10I I*.1*1 l*.ll« 10,110 I«.»01 10.MO 10,»10 
10,010 10.»H 10.«I1 |0,«01 I». »04 It.ltl lt,1»l 10.»TO I*.»»* I*.»11 tt.O«» 
1*.**0 10,010 10.OM 10.111 14.1*1 lt,Tft» II.T|| I«.Oil 19.0»» |«.l»« I«.«01 

lO.Mt     10.001     10.010     1«)«M     l«.«1l     10,001 
to.no   to,i*i   le,ioT   m.IM   io.ii4   to.Ill 
io.it»   to.no   ti.aot   10.41'   lo.oti   to.tio 
10.101     10.»I»     10,MO     ID.OM     10.»»     10, TU 
10.010     10.«41     10,0"     tO,»01     10.»14     IO.MI 

.104 

10.01» to.o«* 
10.1»! 20.114 
10,««| 10.411 
10,T|t 10.Tl« 
10,111 10,10» 

II.101 11,1» 
11.**» II,M« 
11,*01 II. IM 
11,tl« ll.MI 
11.lit It.100 

10.011 
10,10» 
10, Ml 
10,101 
11,010 

10.OM 10,110 
10,111 10,IM 
10,MO 10,III 
tO.OM 10.OH 
ll.MI ll.OM 

11,IM tl.100 11,101 
II.«*) II.tl* ll.MO 
11.100 II.Tl» VI.»" 
ti,«M u.tte ii.üi« 
11.101 tl.tlT ]],t>l 

tl,OM 11.0*0 11.IU 11,111 11.101 
11,101 11.111 II.Ill 11,11* 11.100 
tl.»*0 II.»M 11.»II 11.011 11.011 11.04* 
11*111 ||,00l 11,01* ll.MO 11.111 11.101 
11,11* II,OM 11.011 11.001 11*10* 11,111 

II.Ill 11,11* II.*»» It.Ill It,IM ll,)»t ll.ltl     |t.*11     It.MO     11.«04     lt.*M 
It.«00 It.411 11,41» 11.»»0 It.»» ll.OM II,»10     lt,tt*     11,0"     II, TO*     11.11» 
It. »14 tl.»«« 11.111 II, »*• 11.11« tl.MI 11.MT    It.lM    11.01*    ll.OM    ll.MI 
ll.MI ».Mt ll.MO 11.011 ll.OM 11.OH 11,10*     II,UT     11.141     I»,IT»     II, IM 
II.IM II.Ill 11,IM ll.t»» ll.tll 11.11' 11,1*0     11.10«     11,100     II,«11     II.*»» 

II.«It tl.«»« 11.«01 
11.»»1 11.0*4 11.110 
ll.MO ll.OM ll.OM 
I«.Ut »,100 M.IOI 
■•■Ml lO.OOt l«,«t* 

11.40» 
11.1*1 
11.01» 
I».110 
l*.*»l 

ll.MI     ll.Otl II,»10 11,141 II.»t» 11,001 It.Ot* 
11.10» II,TM tl.tl* 11,111 II,Ml ll.MI ll.MO 
lO.OOt l*,OtT I«.OM I«,01« l**|M t«*Ul I*.I«» 
l*.l*0 I*,101 t«.ll. I«.Ill t*.>M I*.IM lo.MI 
l**«10 I«.»oc I«,»II I».Ml l»*|11 I*.10« t«,»10 

010 
»10 
«10 

1.01« 
1.010 
l.fllC 

LOT« 
l.OM 
1,0*0 

I«.»10     IO.MI     l«.M»     l«.»l«     10.111     I«.IM     1«,1H     I*.Tit     I«,Ml     t«,0»l     1«.»»*        1.IM 
1.110 t*. IM I« 111 1» Ml 1« Ott 1* M* 1* • 11 1* •»» It 010 II •«1 It MT It 001 l.U« 
i.iie It. 001 It 11« It 111 It III 1» 111 tl 10» t» lit It 1»0 It 1» It »01 It •11 i.ut 
I.1M It. »IT It IM 1» 11« It »•» l»,*ll It «•» i» *•• It *»1 It 111 »» • 10 It Ml I.IM 
I.IM It. toi It »M It • 11 1» on 1» *•» It.Ml H »0« tt »to It 141 It 111 It 1«« 1.1*0 

1,1»0 1». MO It • It 1» MO ll.MO 1» •tl tt »1» 1» *«0 It •M It Ml I* on IO.0M l.ltt 
1,100 M Ot* It OM to Ml 1» 10» to III to l»t 10 IT» to IM ».III »• IM ».tie I.IM 
1.110 10 

10 
HO 
tot 

10 
10 

III 
»to 

to 
1« 

III 
Ml 

10 >*0 to 
to 

M* 
to« 

10 
to 

Ml 
Oil 

l» 
it 

«11 
M» 

to.*»» 1» 
10 

»tl 
•01 

10 
10 

Ml 
111 

to 
M 

til 
»M 

l.ltt 
1,100 to »1» I.IM 
1,IM 10 »M 10 IM 10 1»1 10 •II 10 Ot* 1» 0»> l» 001 10 00» •».Oil »• Ml » •It WIM 

l.tM 10 »1» to «M 11 •It II.M* IT 00» 11 Ml 11 110 1» IM IT lot »1 111 ti IM Ultt 
1*11« 1» 110 tl tM n 111 1» III IT H* 11 III 1» 1*1 IT H» II IM »T *lt l» Mt 1*110 
I.IIO 11 M» 11 Ml n «•t 11 tl» 11 »to 11 Ml IT tM if »0« 11 •11 IT OM IT •It I.IIO 
l.tM 1» • 10 tl TO» n 'to t» ISO 11 111 n »01 1» ote 1» Ml 1» MT It OM 1» •1« I.IM 
l.tM • 1 01« 11 01» n Ml »» OM IO.MI it Oil 10 ot* 10 «TO M »•> M 11* ».IM I.IM 

l.tM to 1«0 to in 10 IM M.ll« » 1*1 n IOt tl tM 1« 111 1« III I* M* It« Ml l.tM 
I.IM I«. Ml 

«.•It tiUio 
10.Oil 
IO.MI 

1» 
tl 

*»1 
Ml 

1* 
to 

• 11 
10* 

»• »• 4«i 
'11 

1» 
1» 

»It »»» to M» 10 
to 

tot 
001 

».M| 
».tit 

».•It 
».Mt 

I.IM 
1.110 to TTO 1.11« 
I.IM M.tot 10.111 H OM »• 01» I0.«»1 ti »»1 tl »M 10 en It.Oil 10 •M •o.oot I.IM 
I.IM »o.o»» M IM 10 11« t« l»t to 111 I» 1*« It ttl M 1*4 I« in ■0 101 «t lit I.IM 

I.IM »• tit It.lM 10 Ml 1» ■M IO.MI to «11 1».*»* •0 • 11 ».Mi to »1« 1» Ml I.IM 
1*110 »0 MI 10 

»0 
»10 
001 

1» 
1» 

•M 
•10 

10*01» 
lO.Mt 

IO.MI 
10.111 

IO.MI 
10. MO 

It.Ml 
It.tl» 

10.110 
tt.Mt 

»f.itt 
M.Mt 

10 
10 

IM 
«M 

to 
M 

IM 
0.1 

1.110 
i.tio »0 IM 1.110 
l.tM »•.Oil M 01» M.tt» IO.MI M IM M no H 111 M IT* M 101 M II« M IM I.IM 
l.tM »O.IM 

I«.**» 

M 

M 

101 

«M 

H 

H 

IM 

»tl 

10 

10 

»11 

M» 

»0 IM M 

M 

It« 

Ml 
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