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1.0 INTRODUCTION

This final report describes the development and testing of a
thermostatic/pressure switch! by Index Industries for the U.S. Army Tank-
Automotive Command (TACOM) under Contract DAAEQ7-89-R082. This device
provides effective warnings of both over-temperature and under-pressurization
of engine coolant systems. Included in the project was a detailed design effort,
preproduction manufacturing, qualification testing, preparation of a draft
military specification and in-vehicle application engineering.

1 This switch was formerly referred to as the Dual Level, High Coolant

Temperature Warning Switch.

2.0 OBJECTIVE

The contractual objectives were to accomplish the following:

o

Finalize a production design of a thermostatic/pressure switch
previously investigated as part of a Small Business Innovative
Research (SBIR) contract with TACOM (ref. 1).

Incorporate into the design the form and fit of the MIL-S-12285
thermostatic switches currently used in military vehicles (ref. 2).

Include in the design both upper and lower temperature
switching elements and a pressure switching element.

Expand the over-temperature warning function to include a
pressure sensing electrical interlock to activate the upper or
lower temperature switching element depending on coolant
pressure.

Manufacture preproduction units designed to provide a warning
whenever the coolant temperature is above 205°F (when the
cooling system pressure is less than 7 psig), and another
warning whenever the coolant temperature is above 230°F
(regardless of cooling system pressure).

Conduct qualification tests of preproduction units (ref. 3).

Support in-vehicle testing of the devices and develop a
retrofittable application to the M113 family of vehicles.

Prepare a new specification or a modification to MIL-S-12285.







5.0 DISCUSSION

5.1 Mechanical/Electrical Design

The mechanical/electrical design challenge was to contain three switching
elements (two temperature and one pressure) in the physical configuration
which previously contained only one switching element. This was made feasible
by the adaptation of a small, modular switching element which is used by Index
Industries in its commercial temperature and pressure switch products. An
important reliability feature of the design is the avoidance of internal
conducting wires or electrical traces around the individual switching elements.
The switch design, including a cut-away view of the stacking of the switching
elements as well as a the switch circuit schematic is shown in Figure 5-1.

The probe diameter of the switch housing was increased from .610 inches as
specified in MIL-S-12285D to .670 inches in order to accommodate 0.5 inch
diameter internal switching elements. Index has manufactured over 750,000
coolant temperature switches with a .670 probe diameter with no reports of
mechanical interference.

In order to assure precise switching pressures it was necessary to incorporate a
hydrophobic vent into the design. This vent ensures that the internal reference
pressure of the switch will be the same as atmospheric pressure and unaffected
by the heating and cooling of the device.

The coolant pressure is sensed through a .050 inch diameter port in the bottom
of the switch. This port size has been used in a wide variety of other pressure
switches; accordingly, fouling of the port is considered unlikely.

Each of the three switching elements is designed to demonstrate snap action
switching and therefore has switching hysterisis with a unique set point and
reset point. Table 5-1 describes the parameters which relate to these unique
set and reset points as well as the initial calibration requirement.

5.2 Functional Design Considerations

Most engine cooling systems are pressurized in order to (a) prevent coolant
pump cavitation, (b) to allow the higher operating temperatures required for
optimal engine performance and (c) to prevent coolant from boiling. The
pressure in the coolant system is generated by the thermal expansion of the
coolant and trapped air in the cooling system. System pressurization is usually
controlled by a pressure relief valve incorporated into the radiator cap. Typical
system pressures are in the 10 - 15 psig range.

Classical over-temperature warning systems consist of a thermostatic switch
electrically connected to a warning lamp or a buzzer. The set point temperature
of the switch is typically established at least 5-10°F above the maximum
expected operating temperature of the engine. Assuming that the cooling
system is designed to pressurize to 10 psig, a typical operating temperature
could be as high as 225°F; in this instance, the over-temperature warning

11
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Table 5-1 Switching Parameters and Initial Calibration Requirements

Switch Related Parameter Ca{{llaig%'_lion

Parameter Condition Description Requirement
P none Descending Setpoint Pressure 7.0 +/- 1.5 psig
Py none Ascending Setpoint Pressure Pj + (2.5 psig max)
TL P<Pgy Low Setpoint Temperature 205° +/- 3.6 F
TLo P<Pgy Low Reset Temperature TL] - (15° F max)
TH; P>Py High Setpoint Temperature 2300 +/-3.6°F
THo P>P; High Reset Temperature TH; - (15° F max)

13



Table 5-2 Example of Cooling System Temperatures

Parameter Temperature
Coolant Boiling Temperature (pressurized) 2450F
Coolant Pump Cavitation Temperature (pressurized) 2350F
Thermostatic/Pressure Switch High Setpoint : 2300F
Maximum Specified Engine Operating Temperature 2250F
Coolant Boiling Temperature (unpressurized) 2200F
Coolant Pump Cavitation Temperature (unpressurized) 210°F
Thermostatic/Pressure Switch Low Setpoint 205°F
14




switch should be designed to activate at approximately 2309F. Such an over-
temperature condition could occur under an excessive operating load or if a
related cooling system component fails (thermostat valve, fan belt, coolant
pump, fan, etc.).

If there is a cooling system fault such that pressurization is not achieved during
engine warm-up, it is possible that the coolant will boil before an over-
temperature warning is activated. This is because the maximum temperature
of the unpressurized coolant (the boiling temperature) is less than the set point
of the over-temperature warning switch. Similarly, if the coolant temperature is
in the normal operating range (pressurized system) and cooling system pressure
1sf rap:;dly lost, the coolant will instantly begin to boil causing a significant loss

of coolant.

The thermostatic/pressure switches developed as a part of this effort are
intended to warn of both excessive coolant temperature conditions and
inadequate coolant system pressurization. The switch is comprised of an high
temperature switching element, a low temperature switching element, a
pressure switching element and case grounded, normally open electrical
contacts. Closing of the electrical contacts by the switching elements activates
a warning lamp or audio alarm. The functional switch design provides three
types of cooling system warnings: '

Coolant over-temperature warning is provided whenever the
coolant temperature is greater than the high setpoint temperature.

Coolant over-temperature warning is provided whenever the
coolant temperature is greater than the low setpoint temperature
and the coolant system pressure is less than the descending
pressure set point. ‘

Coolant system under-pressurization warning is provided whenever
the coolant system pressure is less than the descending setpoint
pressure and the coolant temperature is greater than the low
setpoint temperature.

The switches developed under this contract had a high setpoint temperature of
23009F, a low setpoint temperature of 205°F, and descending setpoint pressure
of 7 psig. Table 5-2 provides an example of how these setpoint temperatures
would relate to a typical engine cooling system.

When applied to a typical diesel engine, the thermostatic/pressure switch
operates as follows: . .

Prior to starting a cool engine, the system pressure is zero psig.
The over-temperature alarm remains off because the pressure is
less than 7 psig and the coolant temperature is less than 205CF.

As the engine warms up, the thermal expansion of the coolant pressurizes the

cooling system before the coolant temperature reaches 205°F. Unless there is a
fault in the cooling pressurization system, the over-temperature alarm won't

15
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activate unless the coolant temperature exceeds 230°F.,

If there is a fault in the pressurization system, the over-temperature alarm
will activate if the engine temperature exceeds 205°F before the system
pressure reaches the ascending setpoint pressure (approximately 8 psig).
This provides warning of leaks in the cooling system during vehicle warm up
and initial operation.

If the engine is operating at its maximum specified temperature of 2259F and
subsequently loses cooling system pressurization, the 7 psig interlock will
activate the low temperature (205°F) switching element causing the over-
temperature alarm to activate. Continued operation of the vehicle is possible
providing that the engine temperature is kept below the low switching
temperature. '

5.3 Manufacture of Preproduction Switches.

The switches were manufactured using components and tooling which were
- similar to that used for manufacture of Index commercial temperature and
pressure switch products. The manufacturing challenge was to refine the
sensor disc manufacturing processes to reliably achieve the desired
temperature and pressure calibrations of the assembled switch.

One of the major differences in the manufacturing process was the need to
apply both heat and pressure in order to calibrate the device. Rather than
develop pressurized thermal baths, Index developed an externally mountable
and submersible pressure manifold to facilitate individual switch calibration.
(See Figure 5-2).

Two lots of preproduction thermostatic/pressure switches were manufactured.
The initial lot was originally intended to be used for design refinement however
due to the generally good performance of this lot, coupled with schedule
constraints, it was decided to use these switches for the environmental
exposure portions of the qualification test program. Because the disc
manufacturing processes had not yet been fully refined, several of these
switches were slightly out of calibration or near the tolerance limits for initial
calibration. Use of these switches for the environmental portion of the
qualification testing was appropriate because the primary performance criteria
for these tests is based upon changes in calibration rather than absolute
calibration values.

The second lot of switches were used for the initial calibration part of the
qualification testing as well as for delivery to TACOM. The manufacturing
process for the thermostatic/pressure switch involves manufacture and
calibration of the individual switching elements followed by final assembly and
testing of the complete unit. 100% of the switches are screened for initial
calibration conformance. As shown in Table 5-3 the initial calibration data of
the second lot of switches was excellent and validated that these devices are
very producible using assembly personnel and tooling appropriate for
manufacture of commercially equivalent products.

17




Table 5-3 Summary of Initial Calibration Data (Preproduction Lot)

Test Mean Standard Calibration
Parameter Calibration Deviation Requirement
TLy 205.93 0.48 205 +/- 3.6°F
TLo 193.08 1.83 TL; - (15°F max)
Py 6.9 0.23 7.0 +/- 1.5 psig
Py 8.3 0.70 P + (2.5 psig max)
TH, 231.6 0.65 230 +/- 3.6°F
THy 221.4 0.57 TH; - (15°F max)
18




5.4 Qualification Testing
5.4.1 Overview.

The purpose of the qualification testing was to demonstrate conformance to the
test requirements specified in MIL-S-12285E (Draft). The test procedures and
test requirements were derived from the existing MIL-S-12285D specification for
thermostatic switches with appropriate adjustments made for the unique
aspects of the thermostatic/pressure switch (ref. 3). The primary focus of the
testing was to demonstrate that the devices would perform satisfactorily after
exposure to a variety of severe environments and extended endurance testing.
Satisfactory performance was determined by measuring changes in the \
calibration data before and after the testing.

Index Industries performed most of the testing in its laboratory and
subcontracted the remaining tests to qualified test vendors. The qualification
sample consisted of seven switches from the initial production lot which were
identical to the twelve production configuration switches subsequently delivered
to TACOM.

5.4.2 Abbreviated Test Description

Calibration. This test is the primary basis for initial quality conformance
and is used to validate switch performance after various qualification tests.

High Temperature. This test required exposing the sample to elevated
temperatures for one minute in a fluid bath at 150° C.

Endurance. This test required exposure of the sample to repeated thermal
and pressure cycles simulating lifetime actuation and non-actuation
conditions.

Waterproofness. This test required that the sample be submerged in a
saline solution for 1.5 hours and then be subjected to 15 hours of dry
operation.

Vibration. This test required that the sample be subjected to a total of 9
hours of multi-axis vibration using specialized equipment capable of
producing sweeps through the frequency range of 10 to 3500 Hz, at a peak
of 50 g. '

Fungus. This test required that the sample be exposed to a specified
composite of fungus spores and then subjected to 90 days of continuous
incubation. :

Corrosion, This test required that the sample be subjected to 200 hours of
salt spray in a controlled environment.

Shock. This test required that the sample be subjected to an impact of
100g, repeated ten times.

19




Table 5-4. Summary of Qualification Test Data

Parameter Allowable Minimum Maximum  Mean Standard
: Change Change Change  Change Deviation
TLy +/-3.‘6°F _ 0.1 2.2 .53 77
TLo  +/-3.6°F 0.2 2.1 04 1.32
Py +/-1.0 psig 0.0 0.8 .18 31
Py +/7 1.0 psig 0.0 0.6 13 .26
TH; +/-3.6°F 0.0 0.6 .03 32
THy  +/-3.6°F 0.2 1.1 .20 64
20




Dielectric Withstanding. This test required that the sample be subjected to
a potential of 440 volts rms between its terminal and case at a temperature
of 180CF,

5.4.3 Qualification Test Results.

The qualification test program was successfully performed on the sample -
switches. There were no performance deficiencies and no required design
changes. As shown in Table 5-4, the change in calibration after exposure to the
various test environments was minimal and validates that the switch design is
rugged, durable and reliable. Detailed descriptions of the testing and the
corresponding results is contained in Appendix A. Vendor test reports are
‘included in Appendix B.

5.5 In-Vehicle Testing

The contract originally required that Index support in-vehicle testing of the
switches at the Yuma Proving Grounds. The contract was subsequently
modified to require Index to provide support for the installation, form, fit,
function testing of the switches on M113 vehicles at Ft Lewis, WA.

Index Industries engineers made approximately five field trips to Ft Lewis for
this purpose. Cooperation by all TACOM and military personnel at Ft Lewis
was excellent. While the focus of this application engineering task was upon
the M113 family of vehicles, other vehicles evaluated included an M-923 five ton
truck and an M-578 recovery vehicle.

The M-923 five ton truck had two cooling system problems. Initial examination
revealed that the vehicle had an inoperative overtemp warning system because
of a defective warning lamp; sensing of an over-temperature condition by the
installed thermostatic switch would not have been displayed to the driver. The
system did not have any type of a "lamp check" feature to automatically alert
the driver of a burned out over-temperature warning lamp. After installing a
thermostatic/pressure switch on an available 1/2" NPT port in the coolant
manifold, the engine was started and allowed to warm up. Before the coolant
reached the normal operating temperature, the thermostatic/pressure switch
warned of an over-temperature condition indicating a pressurization problem.
Subsequent investigation revealed that a defective radiator cap was preventing
pressurization of the coolant system.

Most of the vehicles used for in-vehicle testing and application efforts were from
the M113 family of vehicles with Detroit Diesel 6V-53 engines. Although they
are equipped with temperature gauges, these vehicles do not have a warning
signal such as a lamp or audio device to warn of engine over-temperature
conditions. In contrast, the engine oil pressure condition is monitored by both
a gauge and a warning light. TACOM requested that Index determine a method
for applying the thermostatic/pressure switch to these vehicles on a retrofit
basis.
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Two approaches were considered. The first approach was to simply install a
thermostatic/pressure switch on the engine block and electrically connect it to
a new warning lamp which would have to be installed on the instrument panel.
This approach was discarded because of the difficulties of (a) adding a light to
an overcrowded instrument panel, (b) accessing electrical power from the sealed
wiring bundle, and (c) routing the new wiring through the firewall. A further
consideration was that there would be no easy means for providing a "lamp
check" to assure that the warning lamp was functioning prior to engine start. It
should be noted that the low ofl pressure warning lamp is automatically "lamp
checked" whenever the ignition is turned on prior to engine start.

The second approach involved installing a thermostatic/pressure switch on the
engine and electrically connecting it in parallel with the low oil pressure switch
using a simple wire harness. This approach was selected for the following
reasons:

The existing warning light can be used for multiple functions.
Warning of low oil pressure, excessive coolant temperature or low
coolant pressure is feasible since the installed temperature and
pressure gauges can be used to ascertain the cause of the
warning, ‘

The low oil pressure warning system provides a reliable "lamp
check" prior to each engine start.

The existing vehicle wire harness does not need to be modified.

The modification is simple and inexpensive. An eighteen inch
wire harness with appropriate electrical terminations is designed
to simply snap in place on the temperature switch and on the
pressure switch,

The adaptation of the thermostatic/pressure switch to the M113 vehicleis
shown schematically in figure 5-3. Subject to slight harness modifications, this
approach can also be used to retrofit the thermostatic/pressure switch to the
any other vehicle that has an available 1/2" NPT port in the engine coolant
manifold and either an existing oil pressure or over-temperature warning
system.
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QUALIFICATION TEST PROCEDURES AND RESULTS







Background

The purpose of the testing was to determine conformance to the qualification
test requirements specified in MIL-S-12885E (draft) for thermostatic/pressure
switches. The primary purpose of the testing was to demonstrate that the
devices performed satisfactorily after exposure to a variety of severe

~ environments and extended endurance testing. Satisfactory performance was
determined by measuring changes in the calibration data before and after the
testing,

Index Industries performed most of the testing in its laboratory and
subcontracted the remaining tests to qualified test vendors. The qualification
sample consisted of seven switches which were identical to the twelve
production configuration switches which were subsequently furnished to
TACOM.

Abbreviated Test Descriptions

Calibration. This test is the primary basis for initial quality conformance and is
used to validate switch performance after various qualification tests. Typically,
each qualification test requires sample calibration before and after switch
exposure to the specified environment.

High Temperature. This test involves exposing the sample to elevated temper-
atures for one minute in an instrumented, fluid bath at 150° C. .

Endurance., This test involves exposure of the sample to repeated thermal and
pressure cycles simulating lifetime actuation and non-actuation conditions.

Waterproofness. This test requires that the sample be submerged in a saline
solution for 1.5 hours and then subjected to 15 hours of dry operation.

Vibration. This test requires that the sample be subjected to a total of 9 hours
of multi-axis vibration using specialized equipment capable of producing sweeps
through the frequency range of 10 to 3500 Hz, at a peak of 50 g.

Fungus, This test requires that the sample be exposed to a speciﬁed composite
of fungus spores and then subjected to 90 days of continuous incubation.

Corrosion. This test requires that the sample be subjected to 200 hours of salt
spray in a controlled environment.

Shock. This test requires that the sample be subjected to an impact of 100 g,
repeated ten times. '

Dielectric Withstanding. This test requires that the sample be tested for its
ability to withstand a potential of 440 volts rms between its terminal and case
at a temperature of 180°F.




Qualification Testing Sequence

Qualification testing involved seven test samples which were tested in the order
listed below:

Sample MIL-S-12885E (Draft) 1 Test Testing
Number Paragraph Sequence Agency
001 4.9.3 Calibration Index2
4.9.5 High Temperature Index
4.9.3 Calibration Index
4.9.6 Waterproofness Index
4,9.3 Calibration . Index
010 4.9.3 Calibration Index
4.9.11 Endurance : Index
4.9.3 Calibration Index
003 4.9.3 Calibration Index
4.9.10 Vibration ESC3
4.9.3 Calibration . Index
005 4.9.3 Calibration Index
49,7 Corrosion ESC
4.9.3 Calibration Index
004 4.9.3 Calibration Index
4.9.9 Shock ESC
4.9.3 : Calibration Index
002 4.9.3 Calibration Index
4.9.4 Dielectric Withstanding ESC
4.9.3 Calibration Index
008 4.9.3 Calibration Index
4.9.8 Fungus Wyle
4.9.3 Calibration ) Index
1 MIL-S-12285E (Draft) see reference 4.
2 Index Industries, Bellevue, Washington.
3 Electronic Specialty Corporation, Vancouver, Washington.
4 Wyle Test Laboratories, El Segundo, Callfornia.




Calibration Testing

Purpose. The purpose of the calibration test is to determine conformance to the
performance specifications detailed in paragraph 4.9.3 of MIL-S-12885E (Draft).
This test is the primary basis for initial quality conformance and is used to
validate switch performance after various qualification tests.

Required Data and Performance. The calibration test requires that four tem-
perature values and two pressure values be recorded. These values are based
upon circuit closure, or warning light "on" conditions, and circuit opening, or
warning light "off" conditions. Test samples are required to meet the initial
calibration requirements specified in table A-II-1.

Testing Apparatus. The calibration test apparatus included mounting
manifold, a fluid bath circulating through the manifold, a regulated, variable
source of pressure, a 3 candlepower (cp), 24 volt indicating lamp connected to a
28 volt direct current (dc) source of electrical energy, and laboratory
thermometers and pressure gauges.

Calibration Test Procedure,

1 The sample was mounted in such a position that the circulating fluid
covered the tapered thread.

2 The sample was electrically connected through the indicator lamp to the
voltage supply.

3 The initial bath temperature was set at a maximum of 195° F and the
manifold pressure maintained at zero psig.

4 The fluid bath temperature was set to increase at a rate no greater than 1°F
per minute until the indicator lamp illuminated. TL; was recorded.

5 The bath temperature was then maintained at 5° F above TL; and the
manifold pressure was increased until the indicator lamp turned off. Py
was noted and recorded.

6 The manifold pressure was decreased until the indicator lamp turned off. Py
was noted and recorded.

7 The manifold pressure was increased to Py (lamp off).

8 The bath temperature was increased at a rate no greater than 1° F per
minute until the indicator lamp turned on. TH; was noted and recorded.

9 The bath temperature was decreased at a rate no greater than 1° per
minute until the indicator lamp turned off. THo was noted and recorded.

10 The manifold pressure was decreased to Py or less (lamp on).




11 The bath temperature was decreased at a rate no greater than 1°F per
minute until the lamp turned off. TLy was noted and recorded.

12 The recorded values for TLy, Py, Py, TH;, THy, and TLy

were compared

with the applicable requirements specified in MIL-S-12285E (Draft).

Initial Calibration Requirements

Initial

g:x{ia‘fr(i’ll’éter C%glgitt?gn Iggggnm%g; l&%ﬁggr%ggt

TLy P < P; psig Low Setpoint Temperature 2050 +/- 3.6° F

TLo P < P psig Low Reset Temperature TL; - (15° F max)

P None Déscending Setpoint Pressure 7.0 +/- 1.5 psig

Py None Ascending Setpoint Pressure P; + (2.5 psig max)

TH; P > Py psig High Setpoint Temperature 2300 +/-3.6°F

THo P > Py psig High Reset Temperature TH; - (15° F max)
Calibration Test Results

The following data are the initial calibrations of the twelve switches delivered to
TACOM. As previously discussed in section 5.2, these units were used to
satisfy the qualification test for calibration. All units satisfied the initial
calibration requirement and therefore passed the calibration qualification

requirement.

Serial TL P2 Pl TH TH TL% Results

Number (°F5 (psig) (psig) (OF} (OF% (°F
Ol1L 205.5 7.8 6.7 232.3 221.5 192.5 Passed
02L 205.3 9.3 7.1 232.3 221.3 193.5 Passed
03L 205.7 8.0 7.3 231.8 220.7 190.7 Passed
04L 205.8 7.7 6.9 232.1 222.1 191.9 Passed
O5L 206.0 9.0 6.9 230.8 220.7 190.5 Passed
O6L 205.3 7.6 7.0 232.0 221.2 190.9 Passed
07S 206.1 9.3 7.3 230.6 220.5 194.0 Passed
09S 205.5 8.0 6.9 231.0 222.1 194.8 Passed
10S 206.5 7.8 6.9 230.8 221.3 196.6 Passed
11S 206.5 9.3 6.9 231.9 221.7 193.7 Passed
12S 206.6 8.0 6.9 232.3 221.8 193.8 Passed
13S 206.3 7.8 6.8 231.5 222.1 194.0 Passed
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High Temperature Testing

Purpose. The purpose of the high temperature test is to determine confor-
mance to the high temperature exposure requirement of paragraph 4.9.5 of
MIL-S-12285E (Draft). :

Required Data and Performance. The high temperature test requires that a
fluid bath be monitored at a temperature of 150° C (302° F) for a period of one
minute. The sample calibration must not change by more than +/- (3.6°F) and
+/- (1.0 psig) after high temperature exposure.

Testing Apparatus. This test involves use of a fluid bath capable of sustaining
a temperature of 1500 C (302° F),

Test Procedure,

1 The fluid bath temperature was established at 1500 C (302° F). The sample
was mounted in the bath such that the circulating fluid covered the tapered
thread.

2 The sample was soaked for a period of one minute and then removed from
the bath and re-calibrated. The recorded values for TLj, Py, Py, THj, THo,
and TLo were compared with requirements specified in MIL-S-12285E
(Dratft).

High Temperature Test Results
The sample switch (TP-301-001) exhibited minimal calibration changes as a

result of high temperature exposure and therefore passed the high temperature
qualification test.

Test Initial Final Allowable -~Measured Comments
Parameter Calibration! Calibration? Change Change
TL; (°F) 204.0 204.1 +/-3.6 +0.1 Passed
TLo (°F) 190.5 188.5 +/-3.6 -2.0 Passed
P; psig 7.3 7.5 +/-1.0 +0.2 Passed
Py psig 9.5 9.5 +/-1.0 0.0 Passed
TH; (°F) 228.0 227.5 +/-3.6 -0.5 Passed
THg (°F) 215.5 215.1 +/-3.6 -0.4 Passed

Notes (1) Prior to high temperature exposure
(2) After high temperature exposure




Vibration Testing

Purpose. The purpose of the vibration test is to determine conformance to the
vibration exposure requirement of paragraph 4.9.10 of MIL-S-12285E (Draft).

Required Data and Performance. The vibration test requires monitoring of
harmonic motion, acceleration, vibrational frequency, resonant frequencies, and
calibration data. The sample calibration must not change by more than
+/-8.6C0F and +/- 1.0 psig after exposure to vibration.

Testing Apparatus. The vibration testing was performed by Electronic
Specialty Corporation of Vancouver, WA. A detailed description of the
apparatus used is described in Appendix B. The vibration test requires
instruments capable of detecting simple harmonic motion having a maximum
amplitude of 0.03 inches and a peak of 50g, with an accuracy of +/- 10 percent
for the amplitude. Vibrational frequency must also be monitored within the
range of 10 to 3500 cycles per second (cps). Sensors must be capable of
detecting resonant frequencies in excess of the applied vibration. The vibration
source must be capable of generating automatic sweeps of the specified
frequency range with a logarithmic rate of frequency change.

Procedure.

1 The test fixture was attached to the vibration source and the specified
- frequency range was scanned for points of resonance which could not be
attributable to the sample.

2 The sample was mounted in the test fixture and electrically connected
‘ through the indicator lamp to the power source.

3 The frequency range of 10 to 3500 to 10 cps was scanned and points of
resonance and their degree of criticality were recorded (for a definition of
criticality of frequency see paragraph 6.4.3 of MIL-S-12285D). The
complete vibrational cycle was completed within 20 +/- 2 minutes. This
step was performed three times for each of the three mutually
perpendicular axes at 50g acceleration. One critical frequency (750 Hz) was
identified in the upright orientation.

4 The sample was vibrated in the upright orientatlon for two hours at 50g
acceleration at 750 Hz.

5 The sample was vibrated at 50g in each of the other two orientations for two
hours with the frequency cycled from 10 to 3,500 and back to 10 cps (20
minutes per cycle).

6 The sample was then re-calibrated and the data was compared to the initial
values for TLq, Pj. P9, THy, THy, and TLy.




Vibration Test Results

The sample switch (TP-301-003) exhibited no intermittent operation, sﬂcking of
contacts or delay in functioning and exhibited minimal calibration changes as a
result of vibration exposure and therefore passed the vibration qualification
test.

Test . . Initial Final Allowable Measured -
Parameter Calibrationl Calibration2 Change Change
TL (°F) 204.5 205.1 +/-3.6 +0.6
TLo (°F) 188.3 190.4 +/-3.6 +2.1
P (psig 7.0 7.8 +/-1.0 +0.8
Py (psig) 9.6 10.2 +/-1.0 +0.6
| TH; (°F) 233.0 ~ 233.0 +/-3.6 0.0
TH, (°F) 216.3 217.4 +/-3.6  +l.1

Notes (1) Prior to vibration exposure
(2) After vibration exposure




Fungus Testing

Purpose. The purpose of the fungus test is to determine conformance to the
fungus exposure requirement of paragraph 4.9.8 of MIL-S-12285E (Draft).

Required Data and Performance. The fungus test requires that the sample be
subjected to the conditions detailed in MIL-F-13927A, method B, for a period of
90 days. Temperature and relative humidity inside the incubation cabinet will
be maintained within 80° to 84° F and 96 to 100 percent, respectively. After
exposure to ninety days of continuous incubation, the sample must conform to
the initial calibration requirement.

Testing Apparatus and Procedure. The sample was exposed to the incubation
environment by Wyle Test Laboratories of El Segundo, California. Initial and
final calibration was performed by Index Industries. Refer to Appendix B for a
detailed description of the testing apparatus and procedure.

Fungus Test Results
After exposure to 'ninety days of continuous fungus incubation, the sample

switch (TP-301-008) calibrated in accordance with the initial calibration -
tolerance and therefore passed the fungus qualification test.

Test Initial Final Requirement Comments

Parameter  Calibration!  Calibration2
TLj (°F) 204.7 206.9 205 +/- 3.6 Passed
TL9 (F) 189.3 191.0 TL1 - (15 max) Passed
Py (psig) 7.6 7.7 7.0+/- 15 Passed
Py (psig) 9.9 9.9 Pl + (2.5 max) Passed
TH; (°F) 232.5 232.7 230 +/- 3.6 Passed
THo (°F) 216.1 216.3 TH; - (15 max) Passed

Notes (1) Prior to fungus exposure
(2) After fungus exposure
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Endurance Testing

Purpose. The purpose of the endurance test is to determine conformance to the
endurance requirements of paragraph 4.9.11 of MIL-S-12285E (Draft).

Required Data and Performance. The endurance test was conducted by

electrically connecting the switch in series with a 28 volt direct current (vdc) -~

power source and a 3 candle power (cp) 24v lamp and cycling the temperature
and pressure of the sample in the following sequence:

a. 2,500 cycles between 185°F and 210°F baths at 0 psig with an
electrical lamp load.

b. 2,500 cycles at 210°F with the pressure cycling between zero and 15
psig with an electrical lamp load.

c. 2,500 cycles between “210°F and 235°F baths at 15 psig with an
electrical lamp load.

d. 25,000 cycles between 105°F and 195CF baths at 15 psig without an
electrical load.

The sample calibration must not change by more than +/- 3.6°F and +/- 1.5
psig after cyclic thermal and pressure exposure.

Testing Apparatus. The endurance test was performed using two temperature
controlled oil baths, a transfer mechanism, cycle counters and a pressure
manifold.

Procedure,

1 The sample was connected to the transfer mechanism and electrically
connected through the indicator lamp to the 28 volt power source.

2 The sample was transferred between a 185°F bath and a 210°F bath for
2,500 cycles at a rate sufficient to produce "on and off" cycling of the
indicator lamp.

3 While maintaining the sample in the 210° F bath, the manifold pressure
was cycled between zero and 15 psig for 2,500 cycles.

4 With the manifold pressure maintained at 15 psig, the sample was cycled
between a 210°F bath and a 235°F bath for 2,500 cycles at a rate sufficient
to produce "on and off" cycling of the indicator lamp.

5 With the manifold pressure maintained at zero psig and the sample
disconnected from the electrical power source, the sample was cycled
between a 105°F bath and a 195°F bath at a rate of one full cycle every two
minutes for 25,000 cycles.

6 The sample was re-calibrated and the data compared to the recorded values
for TLl. Pl' P2, TH,, TH2, and TLo.
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Endurance Test Results

The sample switch (TP-301-010) exhibited minimal calibration changes as a
result of endurance cycling and therefore passed the qualification test.

Test Initial Final Allowable Measured Comments
Parameter - Calibration! ‘Calibration? Change Change
TL; (°F) 204.5 205.5 +/-3.6 +1.0 Passed
TLy OF)  190.5 190.7 +/-3.6  +0.2 Passed
Py (psig 8.3 8.6 +/-1.0 +0.3 Passed
Py (psig) 10.3 10.7 +/-1.0 +0.4 Passed
TH; (°F) 227.3 227.9 +/-3.6 +0.6 Passed
THo (°F) 213.0 213.5 +/-3.6 +0.5 Passed

Notes (1) Prior to endurance cycling
(2) After endurance cycling
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Shock Testing

Purpose. The purpose of the shock test is to determine conformance to the
shock requirement of paragraph 4.9.9 of MIL-S-12285E (Draft).

Required Data and Performance. The shock test involves subjecting the test
sample to repeated impacts of 100g in accordance with MIL-STD-202, method

- 202. The sample calibration must not change by more than +/- 3.6°F and

+/- 1.0 psig after exposure to shock.

Testing Apparatus. The shock test was performed by Electronic Specialty
Corporation, Vancouver Washington; A detailed description of the test
apparatus and procedures are included in Appendix B. Initial and final
calibration was performed by Index Industries.

Procedure,

1 The sample was mounted in a threaded fixture such that it is supported by
the threaded portion of the switch body. :

2 The fixture and sample were subjected to an impact acceleration in the
vertical axis of 100g which was repeated 10 times.

3 The sample was re-calibrated and the data was compared to the initial
recorded values for TLy, Py, Pg, THy, THg, and TLs.

Shock Test Results

The sample switch (TP-301-004) exhibited minimal calibration changes as a
result of exposure to shock and therefore passed the qualification test.

Test Initial Final Allowable Measured Comments
Parameter Calibrationl Calibration2 Change - Change
TL (°F) 203.7 203.8 +/-3.6 +0.1 Passed
TLo (°F) 190.7 190.4 +/-3.6 -0.3 Passed
P (psig 6.8 6.6 +/-1.0 -0.2 Passed
Py (psig) 9.4 9.2 +/-1.0 -0.2 Passed
TH; (°F) 233.5 233.4 +/-3.6 -0.1 Passed
THo (°F) 217.0 216.8 +/-3.6 -0.2 Passed

Notes (1) Prior to shock testing
(2) After shock testing
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Corrosion Testing

Purpose. The purpose of the corrosion test is to determine conformance to the
environmental exposure requirements of paragraph 4.9.7 of MIL-S-12285E
(Draft).

Required Data and Performance. The corrosion test requires that the sample
" be subjected to a salt spray (fog) as specified in MIL-STD-202, method 101, with
a test duration of 200 hours. The sample calibration must not change by more
than +/- 3.6°F and +/- 1.0 psig after exposure to salt spray.

Testing Apparatus. The Corrosion test was performed by Electronic Specialty
Corporation, Vancouver Washington; A detailed description of the test
apparatus and procedures are included in Appendix B. Initial and final
calibration was performed by Index Industries.

Procedure.

1 The sample was exposed to salt spray (fog) as described in MIL-STD-202,
method 101 for 200 hours.

2 The sample was calibrated and the data was compared with the initial
calibration values for TLy, Py, Pg, THj, THy, and TLy

Corrosion Test Results

The sample switch (TP-301-005) exhibited minimal calibration changes as a
result of corrosive environment exposure and therefore passed the qualification
test.

Test Initial Final Allowable Measured Comments
Parameter Calibration! Calibration? Change Change
TL; (°F) 204.5 204.6 +/-3.6 +0.1 Passed
TLy (°F) 189.6 189.0 +/-3.6 -0.6 Passed
P (psig 7.3 7.2 +/-1.0 -0.1 Passed
Py (psig) 9.8 9.8 +/-1.0 +0.0 Passed
TH; (°F) 230.5 230.7 +/-3.6 +0.2 Passed
THy, (°F) 215.5 215.0 +/-3.6 -0.5 Passed

Notes (1) Prior to corrosive environment exposure
(2) After corrosive environment exposure
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Waterproofness Testing

Purpose. The purpose of the waterproofness test is to determine conformance
to the environmental requirements of paragraph 4.9.6 of MIL-S-12285E (Draft).

Required Data and Performance. The waterproofness test requires that the
sample be subjected to the conditions detailed in MIL-STD-1184, for Type II,
Class 4 components. This involves one hour of submergence in a saline
solution followed by thirty minutes of submergence while electrically connected
to a 28 vdc power source and 3 cp lamp. After saline submergence, the sample
switch must operate successfully for 15 hours and subsequently must calibrate
in accordance with the initial calibration tolerance.

Testing Apparatus. The waterproofness test was performed using a container
of the specified saline solution with sufficient depth to achieve a sample
immersion of one inch below the surface. A 28 vdc power source and 3 cp lamp
will be used to power the device while immersed. The endurance testing appa-
ratus used for the endurance testing was then used to provide 15 hours of
operation.

Procedure,

1 The sample was placed in the container of saline solution a minimum of one
inch below the surface, at room ambient temperature (77° +/- 15° F), for a
period of 1.0 hours.

2 The sample was electrically connected through the indicator lamp to the
power supply and resubmerged in the saline solution for an additional 30
minutes.

3 The sample was removed and allowed to drain for a period of five minutes in
its normal operating position.

4 The sample was then allowed to dry for five minutes and then operated for a
period of 15 hours while attached to the electrical load.

5 The sample was re-calibrated and the data compared to the initial
calibration requirement.
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Waterproofness Test Results

After saline submergence and subsequent endurance cycling, the sample switch
(TP-301-001) calibrated in accordance with the initial calibration requirement
and therefore passed the waterproofness qualification test. Teardown
inspection of the switch revealed that a minute amount of saline solution had
seeped into the switch through the venting plug but that it had not impaired
the operation of the switch.

Test Initial Final Requirement Comments

Parameter  Calibrationl Calibration?

TL1 (°F) 204.0 203.8 205 +/- 3.6 Passed

TLo (°F) 190.5 190.2 TL; - (15 max) Passed

Po (psig) 9.5 . 9.5 Py + (2.5 max) Passed

P; (psig 7.3 7.3 | . 7.0+/-1.5 Passed

TH; (°F) 228.0 227.8 . 230+/-3.6 Passed
. THo (OF) 215.5 © 215,83 TH; - (15 max) Passed

Notes (1) Prior to saline submergence and subsequent endurance cycling
(2) After saline submergence and subsequent endurance cycling
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Dielectric Withstanding Testing

. Purpose. The purpose of the dielectric withstanding test is to determine con-
formance to the high voltage potential requirement detailed in paragraph 4.9. 4
of MIL-S-12285E (Draft).

Performance. The dielectric withstanding test was performed in accordance - -
with MII-STD-202, method 301 by Electronic Specialty Corporation, Vancouver,
Washington. Refer to Appendix B for a detailed description of the apparatus
and procedures used. Index Industries performed the initial and final
calibrations.

The general test requirement is that the switch must be maintained at a
temperature of 25° +/- 59F while a potential of 440 volts root mean square
(vrms) is applied to the sample between the switch terminal and the switch body
(60 cycles per second alternating current).

After the voltage application, the sample must not show evidence of cracking, -
charring, burning, smoking or other damage. After high voltage exposure, the
sample switch calibrated in accordance with the initial calibration tolerance
Procedure, -

1 The sample was heated to a temperature of 180° +/- 59 F in an electric
oven. .

2 The switch terminal and body were connect'ed‘ to the voltage source

3 The voltage potential was increased to 440 volts at a uniform rate of
approximately 440 volts rms per second.

4 The 440 volts rms potential was maintained for a period of 60 seconds, then
decreased at the same rate to O volts.

5 The sample was then examined for evidence of cracking, burning, smoking
or other damage.

7 The sample was recalibrated and the data compared to the initial
calibration data for TL{, Py, P9, THj, THg, and TL, .
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Dielectric Withstanding Test Results

After the voltage application, the sample (TP-301-002) did not any show
evidence of cracking, charring, burning, smoking or other damage; the sample
switch calibrated in accordance with the initial calibration tolerance and
therefore passed the dielectric withstanding qualification test.

- o Test Initial Final Requirement Comments
Parameter  Calibrationl Calibration?
TL; (°F) 204.0 204.3 205 +/- 3.6 Passed
TLo (°F) 193.0 192.5 TLj - (15 max) Passed
P; (°F) 6.3 6.6 7.0 +/- 1.5 Passed
Py (°F) 6.8 7.0 Pl + (2.5 max) Passed
TH; (°F) 226.4 226.4 230 +/- 3.6 Passed
THy (°F) 213.5 214.6 TH; - (15 max) Passed

Notes (1) Prior to high voltage exposure
(2)  After high voltage exposure
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2LLECTRONIC SPECIALTY CORP.

1 Northeast 13th Avenue, Post Office Box 3501, Vancouver, Washington 98685 Phone: (206) 574-5000
' FAX: (206) 573-4635
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ELECTRONIC SPECIALTY CORP.

14 1 Northeast 13th Avenue, Post Office Box 3501, Vancouver, Washington 98685 Phone: (206) 574-5000
FAX: (206) 573-4635

CERTIFICATE OF TESTING (CONT’D)

TEST EQUIPMENT LIST

TEST REPORT NO.: ?ﬂ— 002, DATE: S - 7- 70

EQUIPMENT TYPE MANUFACTURER MODEL E.S.I.D..  CALIB. DUE
: f'ez] A rowieente [Syctem £9 prfor to JesT
 plMleter  NWR Sientific 49  O2867 bror to Vet
o Dloetrie er Lompany lpz-2.656 0467 . 7-12-0
S Ghom e o452
[ j Thermopmet=r Fluke 2 02898 7-s~90°
45! M/ne /4 Yeo 2 195~ Gior to 7 e -
[ 4 er  ConaolilatedSlectrodymeniilon 42001 0177/ 7-22-90
Cattnde folbwrer 0707 -9 -%
0{(,‘//@2@176 Tettronix £2R3 OR730 7-18-90
| Verticle duel trace amp  Tedtronix FAZE 0273) _7-18~%0
' 0,41 fizer fipe bae/ mp T Ltron'X $BA4 N Q2732 -8 -90
(onich' Monitor ‘ ' 02857 f?’/br » Vest”
Vibrator Block  Indese Lndectrios  #4 A Fior to lest
\Vibrator L;‘nj [/ecfrom'(; C 370 129 Bior to Tect
Congole - Lol  oaéps o o n
lmp/[er (ontrof " SO I/ ORESY “ Y
Lclemerter (. bt ) Sudeve 22/3 £ 02472 7-22%
#Cc&/erpp{efer Z Mo, fvr) Coloembia 303/ 0L504 7/~ 2250
/Ereamem;/ Counter _ B$& Grecicon (803 O28£Y L~22 9P
Cilbscope R Tolktroni £223  o0z73p 7-(2-70
el /ofcape Mon. Tektrounix T7/ A L4626 £ ~25- 70
V7T /M Horlrt Bokerd “lpo Fl 0222 i-3-920
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-ELECTRONIC SPECIALTY

DIVISION OF ELECSPEC CORPORATION

14511 Northeast 13th Avenue
Post Office Box 3501, Vancouver, Washington $8668-3501

(206) 574-5000
TWX: 910/444-0005
TLX: 152-386

TEST EQUIPMENT

LIST

/Ciﬂzﬁ:/L¢fu/CQ/{ /C(ﬂh

Test Report No.: 7/ — (;\/JL ,Zg/ 5% %
Date: /’4_,/3,-‘?/ ' u;)c fos /2,/,/
Equipment Type Manufacturer Model ESID Calib. Date | Calib. Due
Libalry | fng Lo C3Y | 499 | Gy Bt  ——
Covs:/ T Aste pn| ooegs | T —
el Gt Seo v p)| 22639 “ —
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A2 @fé/ :ﬂef[ Tl Cd/é"rlzc; 3¢ 3/ POAZ07 “ v
Ly Cpuny Cpd Byk freaisie) /803 | 02869 | §A3~70 | A-F3-
ey /éx«/ ,%'é’ fﬁf{:ﬂx 7z 28 U5 232D 2237/
L7i/ 7 ek frted 40 fL| 0039) | 2D | ST
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DATA SHEET REPORT NO. 50197

SCIENTIFIC SERVICES
& SYSTEMS

LABORATORIES GROUP

3 August 1990

Index Industries
13205 S.E. 30th Street
Bellevue, WA 98005

Attention: Bob Pierson

Test Title: Fungus Resistance

References: Your Purchase Order No. 4033
Wyle Laboratories Job No. D50197

Gentlemen:

This is to certify that the enclosed Test Data Sheets contain true and correct
data obtained in the performance of the test program as set forth in your pur-

chase order,

Where applicable, instrumentation used in obtaining this data has been calibrated
using standards which are traceable to the National Institute of Standards and
Technology.

Test Results:

One Dual Level Switch, P/N TP-301-008, S/N 170, was subjected to a Fungus Resis-
tance Test in accordance with MIL-F-13927A, Class 1. A visual inspection of the
specimen, as received, is _presented in Data Sheet 1. The specimen completed the
90 day Fungus Resistance Test with no evidence of fungual growth, however, after
60 days some corrosion due to humidity was apparent. The test conditions are
presented in Data Sheet 2. The Mycologist's report on fungus growth is attached

“hereto as Exhibit "A".

Encl: Data Sheets (2 Pages); Equipment List (1 Page); Exhibit "A" (1 Page)

STATE OF CALIFORNIA ‘s .
COUNTY OF LOS ANGELES [ S-S DEPARTMENT Mechanical Systems

M.NAVID, GM EL SEGUNDO OPERATIONS, y .
uworn.depom,mdlay‘:'rhnmo ﬁu mahodhmhnponbmmuldcor:mdtz TEST ENGINEER /4- M

w«wmm best uwmmwhum ‘ S. Shih
—=

TEST WITNESS
Lt

SUBSCRIBED stk i sy Q06 1090 Not Applicable
_ ‘ N DCAS-QAR VERIFICATION %
g yd
7

KAREN K. SMTH l QUALITY CONTROL %
:B-16

NOTARY PUHLIC - CALIFORNIA
Principle Office In
Los Angeles County




Report No. 50197

LABORATORIES SCIENTIFIC SERVICES & SYSTEMS GROUP Page No. 2

DATA SHEET 1

Customer //{/Dé)( IANOUSTRIES  1ob No. SDI q 7—
Date 4-25 '70

Specimen -DUﬂ’é LﬁUZL S/ 7'651‘

RECEIVING INSPECTION

No. of Specimens Received: opE / / )

Record identification information exactly as it appears on the tag or specimen:

Manufacturer IO £X

Part Numbers _ TP - 30 / - 008

How does identification information appear: (name plate, tag, painted, imprinted, etc.}

EXNGRAYED

Serial Numbers:*___/ 7'0

Examination: Visual, for evidence of damage, poor workmanship, or other defects, and completeness of identification.
Inspection Results: There was no visible evidence of damage to the specimens unless noted below.

=0 = A0 MASIR DAMAGE. AOTED,

* If additional space is required for serial numbers, use an additional page, or reference first functional test data
sheet (if applicable).

Inspected By 4/ 50‘}

Sheet No. VA of _
Approved g& R ét‘ L Date: Y-25-90

w-614
GA Form A 2% B-17




Report No._ 50197
Page No. 3°

LABORATORIES SCIENTIFIC SERVICES & SYSTEMS GROUP

DATA SHEET 2

TEST TITLE Kesis es
CUSTOMER Twder Tielus +rje.$ Twec Job No.__S©/9 7
Specimen Dol Level Susitel. Date Started__Z-25-%2
Part No._ 22 -30t ~008& Serial No. 120 : Date Comp.__ 27 ~25"~%90
Spec. Mil~F-139374 Clags .1 par. MU Photo — Amb. Temp. Chamber

Procedlore. &

I Device was jwstalled ivto chamber with 4 clofh
strips. Strips were placed arovne device ata
distavce o & 2403 jncles. Cloth strips were .
USec| as controls To Ler Fy Furgeal 3rouf‘L..

L 12 Chamber was cycled i the pollowing mavwers
30 hoeurs @ 0 =BS5S F avd e homidity op 13-2727,
Thew 4 hovrs € 75-8§0°F awd a. A.hu.mt‘c[;.b/. of 1002,

3 9 myecolo Zcq' ;wspec:{‘c‘ou wa..s,'.f)e.ffohmeol ot
_ E%CD\CpC>_caAJq[mf}l> CJC%;QS. o .

1y Test a(.uvri‘mii.aﬁ was ?0 a(a)/s |
Resolts 2___-.,, | o -

1INote_mycologists report 1 Exwnr
12 Signs of Corresion Were Neted cloe fo. me/o(b')}
Mot Fosgal. 3roer. T —

Tested by_4/ B le rsS
W614A-82 QA Form Approval_oF B-18 e gineer_S<Shi/

| | e ———




W Y L E EXHIBIT *"A* Report No. 50197

Laboratories
Page No. 5
Frank E. Swatek, Ph.D. —

Industrial & Mycological
Consultant

812 STEVELY AVENUE
LONG BEACH , , CALIFORNIA 90815

DATE: 7“ RE — 76
JBNo. D BZOI197

il spiporclestics

INVESTIGATION: Fungus resistance test in accordance with specification.

PROCEDURE: The unit was sprayed with a suspension of viable fungus spores in
accordance with specification /\//J/"" F-/3230274. [j‘amz /, /¢é7)

Spores from the following fungi were used:

Chaetomium globosum ATCC 6205
Aspergillus niger NLabs 386
Aspergillus flavus NLabs 380
Peniecillium funiculosum NLabs 391
Aspergillus versicolor NLabs 432

The specimen was placed in the test chamber with an internal -
temperature of 86 * 4° and a relative humidity of 95% % 5¥. This

is accomplished by means of a heater immersed in water within the
chamber which is controlled by a thermocouple placed in the

chamber atmosphere, set to regulate the ambient temperature. At

the end of 30,47, %day period the unit was visually examined for

the presence of fungus growth and/or material deterioration.

CONROLS: D 4 7 Fuonit Mwoﬁnﬂ%.@ rger -
RESULTS: o~ 5500 .

> e — A
3o deye —ZM?Z.,A/M%M’()

éo %‘ - .7_7/0’ b Lot~ TV~
: Ao W’% / " ok
’/“ 7—5‘—-71’ %J;:{ o>v ///’c&cjﬂ—rwzlé’m’/\;%fw

L S ¢ 7 Test By: :
*7L - (signature) -
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Report No. 50197
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