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ABSTRACT

This report presents the results of a study to develop an improved
universal position indicator switch for use on Kennedy Space Center (KSC)
Launch Complex 39 (LC-39) service arms. The study was performec by
Chrysler Corporation Space Division (CCSD) for the National Aeronautics
and Space Administration (NASA) under contract NAS 10-6063.

The scope of the study included a determination of desired universal
position switch characteristics, a survey of the state-of-art, selection
of test candidates, design verification testing and evaluation, and
refurbishment of test samples to incorporate certain design changes found
to be desireable during testing.

The study revealed a lack of off-the-shelf switches which have charac-
teristies approaching those determined to be desireable fcr this
application. Three switch designs were selected for design verification
testing. Two switches were new designs and the third switch involved
minor design changes and repackaging.

Two of the three switch designs,after incorporation of design changes
to correct deficiencies in contact rating (60 Hz) and vibration
capabilities, respectively, are suitable candidates for qualification
testing and use on LC 39. The third switch design requires repackaging
into a smaller volume in order to receive further consideration. These
switch designs offer many improved operational characteristics over
existing switches, together with a substantial cost reduction potential.
The improved characteristics include an increased ability to withstand
side loads, increased pre-travel and overtravel, reduced differential
travel, and increased repeatability.
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Section 1
SUMMATION
1.1 OBJECT

The object of this report is to summarize the activities of CCSD during
a 17-month study to develop an improved universal position switch for
use on KSC IC-39 service arms. This study was performed by CCSD for
NASA-KSC under contract NASL0-6063. The effort was divided into two
main Tasks. Task I - Analysis activities included establishment of
requirements for a universal switch, determining the state-of-art, and
selection of test candidates. Task IT - Testing activities included
design, procurement, fabrication, testing and evaluation of test samples,
and incorporation of design changes determined to be desireable during
testing. '

1.2 CONCLUSIONS

1.2.1 Task I - Analysis

The efforts of CCSD during Task I have already been documented in CCSD
Technical Report TE-EE-68-37, "Task I Report, Study to Develop an Improved
Universal Position Switch for Launch Complex 39 Service Arm application".
The conclusions of Task I are briefly summarized in the following para-

graphs.
1.2.1.1 Characteristics of Universal Switch

The characteristics for an improved universal position switch intended for
service arm applications where retrofit of existing switches is not a main
concern were determined and are tabulated in table A-1, Appendix A.

1.2.1.2 State-of-Art Survey

The survey of the state-of-the-art for position switches indicated that
there were no "off-the-shelf" switches being manufactured which could meet
or exceed the universal position switch characteristics. A tabulation of
the manufacturers contacted during this survey and the significant features
of each manufacturer's design is presented in table A-2, Appendix A.

1.2.1.3 . Test Candidate Selection

Three candidate switches as indicated in Table 1-1 were selected for
inclusion in the Task II - Testing effort.



Table 1-1 Summary of Selected Test Candidates

CCSD Type Mfg. Reasons for Development ?
Part of Selection Status
No. Switch
SKEE-159| Mechanical CCSD |1. Improved Functional New Design
Characteristics
2. Low cost

3. Interchangeable with
present switches

SKEE-160| Hybrid CCSD |l1. Improved Functional New Design
Mechanieal Characteristics
/Electro- 2. Low Cost
optic 3. Mechanically inter-

changeable with
present switches

SKEE-161| Proximity [Electro+4l. Hermetically-sealed Repackaging,
Sonic moving parts circuitry modifi-
Control {2. No contact between cat:ion
switch and prime
mover

Figures B-1 and B-2, Appendix B, show assembly drawings and operational
requirements of the CCSD built switches. Figure B-3 shows an outline
drawing and operational requirements for the proximity switch, SKEE-161.

1.2.2 Task II Testing

1.2.2.1 Mechanical Switch, SKEE -159

The mechanical switch provided improved functional-operationa- characteris-
ties. . Testing verified that the actuator mechanism design was satisfactory.
However, failure cf the internal switching units to meet the contact rating,
coupled with the unavailability of satisfactory direct replacement switches,
necessitated a significant redesign of the internal switch configuration.

Redesigned mechanical switch, SKEE-159B, has the required contact rating,
is capable of providing the same improved operating characteristics and
utilizes the same actuator mechanism as the SKEE-159 switch. The limited
functional testing of the refurbished switch confirmed that this redesigned
switeh will perform satisfactorily.

1.2.2.2 Electro-optical Switch, SKEE-160

The electro-optical switch provided improved functional-cperational and
electrical characteristics. Testing verified that the actuator mechanism
design, and the electrical circuit design was satisfactory; however, failure
of a relay during vibration and the marginal vibration capability of the
electronic support bracket, necessitated redesign of these affected
components.
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Redesigned switch SKEE-160B has much greater vibration resistance, and
an 18-36 vdc input voltage capability. In addition, it is capable of
providing the same improved functional-operational and electrical
characteristics, and utilizes the same actuator design as the SKEE-160
switch.

Limited functional testing of a switch refurbished to include the needed
design changes confirmed that the redesigned switch will perform satisfacto-~
rily. : '

1.2.2.3 Proximity Switch SKEE-161

Testing confirmed that the proximity switch is generally capable of meeting
all requirements. However, there is a need for improved packaging,
manufacturing and quality control techniques.

1.3 RECOMMENDATIONS

1.3.1 Universal Position Switch Characteristics

It is recommended that the universal position switch characteristics as
determined during Task I should be revised to imelude the rerised, better
defined requirements, listed in table 1-2.

Table 1-2, Revisions to Universal Switch Characteristics

Type Ttem Universal Switch Requirement
Characteristic
Design and Actuation Direct actuated switch; mobile ball-plunger;
Construction maximum angle of approach-30 degrees
Terminations Connector to mate with MS3106-14-~6S
Contact Passive Switch: DPDT
Arrangement Active Switch: SPDT
Functional~ Input Power Passive Switch: Zero
Electrical Active Switch: 18 to 36 VDC
Performance
Functional~ Differential Direct actuated switch: 0.025 inch
Operational Travel maximum (mechanical)
Performance
Direct actuated switch: 0.010 inch maximum
(electro-optical)
Proximity switch: less than 1/10 of sensing
distance
Environmental | High Temp. +160° F stabilized
Performance .
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1.3.2 Mechanical Switch, SKEE-159B

It is recommended that the redesigned mechanical switch be considered
for qualification testing for application as a replacement for present
switches., This switch offers improved mechanical characteristics, is
completely interchangeable with the presently used switches, and offers
a significant cost reduction potential.

1.3.3 Electro-optical Switch, SKEE-16(B

It is recommended that the redesigned electro-optical switch be considered
for qualification testing for uses in future applications where an extremely
accurate, repeatable position detection is needed or in present or future
applications where a prime consideration is the capability to replace a
switch without necessitating recalibration of the enmtire system.

1.3.4 Proximity Switch, SKEE-161

Although this switch offers the greatest potential for meeting all universal
switch requirements, it cannot be directly applied to the majority of
applications. For this reason, it is not recommended that ary qualification
testing be performed. However, for future design of swing arms, it is
recommended that consideration be given to qualifying a repackaged (size
reduction) switch built under more stringent quality control surveillance.
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Section 2
DISCUSSION
2.1 INTRODUCTION

Problems have been experienced for various reasons with position indicator
switches used on KSC service arms at 1C-39. Some of the problems were a
result of the severe environments encountered at KSC, such as the exposure
to salt spray, temperature cycling, humidity, etc. Other problems arose
because of infrequent operation of equipment. The main problems, however,
appear to be caused by difficulty in adjusting switches, and by other
generally poor mechanical characteristics.

For this reason, a Request for Quotation (RFQ) for a study contract to
develop an improved universal position switch was issued in May 1968.

A synopsis of the previously reported Task I - Analysis activities, and
the complete CCSD activities during Task II - Testing are discussed in the
following pages.

2.2 TASK I -~ ANALYSIS
2.2.1 Determination of Requirements for Universal Position Switch
2.2.1.1 Background Information

The requirements for the improved universal position switch were determined
by review, analysis, and evaluation of all available documentation on the
present switches and installations, and by firsthand inspection of actual

. installations. A survey of the present service arm switch applications
indicated that in the majority of applications, the switches were utilized
to provide indications only. They were not required to provide extremely
precise indications of position, but rather to give indications of position
extremes such as: door closed, gate raised, arm retracted, etc. In a
number of applications it was evident that difficulties were encountered

in properly adjusting the switch and ensuring that the overtravel cap-
abilities were not exceeded.

A breakdown of the various types of motions to be detected confirmed the
need for a universal type actuation as indicated in table 2-1.

Table 2-1 Position Switch Applications

Type of Motion No. of Applications
to be Detected

Axial 53

Lateral L7

Rotary L0
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2.2.1.2 Universal Switch Characteristics

Table A-1 in Appendix A, presents the characteristics for an improved
universal position switch. The table also includes the existing require-
ments for switches used on the service arms and the requirements that the
existing switches meet.

Under Design and Construction, two very significant new characteristics
were specified. One was the capability of a switch being replaced by
another switch of the same type without requiring system recalibration.
This requires that all switches of a given design have a very accurate,
repeatable operate point. The other was that the awitch be capable of
actuation from any direction, eliminating the need for keying. Both
capabilities would greatly facilitate installation and application of
switches. Under Functional-Electrical performance, the only new character-
istiec which was specified was an input power requirement. A 22 to 32 VDC
range was determined to be acceptable. (Later, in Task II, this was
revised to 18 to 36 VDC.)

Under Functional-Operational performance, a number of significant changes
were made. For direct-actuated switches, a nominal pre-travel of 0.25

inch was specified which represented a significant increase over the 0.05
inch nominal pre-travel of present switches. This would permit an
installation to be designed so that the actuator could remain in contact

with the cam to minimize impact, side locading, and reduce the possibility

of bounce. Similarly a nominal 0.5 inch overtravel requirement was
specified. This represents a significant increase over the 0.12 inch nominal
travel of present switches. With the increased overtravel, the problems of
properly installing and adjusting switches are greatly alleviated.

-Another significant change was the definition of side~load capability. A
capability of operating with force applied at an angle of 40° degrees from
the normal was specified. This is extremely important since in the
majority of cam type applications the switch is subjected to a side load.

Under Environmental-Performance, the only change was to specify the vibration
test as a non-operational test since the indications are not required at the
time of engine ignition when the severe vibration levels are esncountered.

2.2.2 Determination of the State-of-the-Art

Over 4O switch manufacturers were contacted in attempting to determine the
state-of-the art for position switches. A tabulation of the manufacturers

is presented in table A-2, appendix A. In some cases where a switch appeared
promising, but required some additional developmental effort to meet the
requirements for this application, it appeared that the lack of visibility of
a future market deterred the manufacturer from making any redssign effort.

The Rolamite concept was investigated without success for possible adaptation
to an improved position switch.

2.2.3 Selection of Candidates for Task II - Testing
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2.2.3.1 Trade-off analysis

After determining the improved universal switch characteristics and conduct-
ing a state-of-the-art survey, it was apparent that there were no "off-the-
shelf" switches that possessed the desired characteristicecs. Thus it was
necessary to perform a trade-off analysis to select the concepts which
offered the greatest possibility of attaining the objectives of the study.
From a list of nine promising concepts, three were selected. They included
a mechanical switch with improved operating characteristices which was
completely interchangeable with present switches. A second candidate was

a hybrid-mechanical/electro-optical switch. This switch offered all the
improved performance capabilities of the mechanical switch, and in addition
because of a unique utilization of an electro-optic position sensor, the
switch could easily be built so that one electro-optic switch could replace
another, without requiring recalibration/operation of the system. This
switch concept however was only partially electrically interchangeable with
the existing switches since it required 28 VDC power. The third candidate
was a proximity switch. Although not electrically or mechanically inter-
changeable with present switches,; it could meet all universal switch
characteristics and simplify installation design.

2.2.3.2 Description of Candidates
Figures B-1, B-2 and B-3, Appendix B, list the operational requirements and

show assembly/outline drawings and parts lists for the three candidates.
Paragraph 2.3.1 contains a detailed description of each switch.

2.3 TASK II - TESTING
2.3.1 Switch Design,. Fabrication and Assembly
2.3.1.1 Mechanieal Switch, SKEE 159

A, Switch Design. The preliminary design concept established in Task I
was fully detailed during the initial months of Task II. Figure B-1
shows the final assembly drawing for the switch. A complete set of
documentation (engineering sketch-type drawings) was furnished under
separate cover to the NASA Technical Supervisor., Figure B-4 shows the
completed switch assembly. A primary goal of the switch design was to
develop a low cost switch, capable of meeting a majority of the
universal position switch characteristics. To accomplish these goals
the following design constraints were imposed:

1) Standard off-the-shelf hardware should be utilized to the
greatest extent feasible.

2) Pre-travel and over-travel should nominally be 0.25 inch and
0.50 inch respectively.

3) The actuator must be capable of withstanding side-loads.
4) The switch must be mechanically and electrically interchangeable with
existing LC-39 switches.
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5) Stainless steel hardware should be utilized to the greatest
extent feasible.

A dual spring actuating mechanism concept consisting of actuator-
plunger, bearings, yoke, springs, guide rods, and associated hardware
was utilized. This design was favored over a single spring mechanism
because it facilitated the use of standard springs, was easier to
adjust, and required less intricate machining.

A 3/8 inch diameter actuator-plunger (Find Number 5 of figure B-1)

was utilized. This large diameter together with the use of a 1+ inch
length of axial sleeve bearings (F/N 2 and 3) provide an adequate side
load capability. The bearings are sintered bronze impregnated with
Teflon-Lead powder. The bearings are manufactured by Garlock. A simple
formed yoke (F/N 13), which is riveted to the actuator-plunger, is
utilized to compress the springs. Guide rods (F/N 17) which are threaded
into the base (F/N 1), serve to key the actuator to the base, locate the
springs, and provide a mounting for the stop plate. Two simple retainers
(F/N 275 are used; one retains the bearing, while the other is utilized
in adjusting the springs. A cylindrical rubber bumper (F/N 29) which

is installed on the actuator-plunger shaft acts as a shocik absorber in
the event that the actuator-plunger is suddenly released after being
fully depressed.

A Viton O-ring (F/N 4) mounted ahead of the bearing serves to seal the
interior of the switch. Viton was selected because it has indefinite
life and does not require age control. A Teflon wiper (F/N 6) which is
located ahead of the O-ring serves to scrape any corrosion, dirt, etc.
off the actuator shaft. Teflon was selected because it has a low
coefficient of friction, and will not be affected by the XSC environ-
ments,

The actuator-plunger utilizes the conventional roller wheel (F/N 8).
Although this does not meet the universal switch requirements, it was
utilized because it was not possible to develop a more universal
actuator such as a ball-type during this program.

A single-pole, hermetically-sealed Microswitch (F/N 12) manufactured by
The Microswitch Division of Honeywell appeared to meet all functional

and envirommental requirements, could be obtained with a single actuator
for ganging switches, and was selected for the application. A roller
wheel type actuator for the Microswitches was selected to minimize friction
between this actuator and the actuator-plunger. A bracket of welded
construction (F/N 7) was designed to support the switches and provide
adjustment capability. After final adjustment, dowel pins were utilized
to maintain the position of the bracket relative to the base. After
final Microswitch adjustment, epoxy was utilized to maintain the position
of the switches.

Wiring from the Microswitch was routed via grommets in the stop plate
to the hermetic-sealed type connector (F/N 26). All solder connections
at the connector and the Microswitch were potted to provide strain
relief and moisture resistance.
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The emvelope diameter was determined by the physical characteristics
of the Microswitches. A nominal 2 inch diameter standard stainless
steel container was modified and utilized for the cover (F/N 25). At
final assembly, after all adjustments were made, the cover was welded
to the base.

Fabrication ~ During the course of the fabrication, several sub-
stitutions were necessary. They ineluded the following:

1) Bumper (F/N 29). The bumper design was revised to utilize a
three layer construction because the cost of a sheet of material
of the desired thickness was prohibitive.

2) Wiper (F/N 6) - Nylon was substituted for Teflon because Teflon
of the proper diameter could not be obtained in the allotted time.

3) Springs (F/N 10) - Cadmium-plated steel springs were utilized in
place of stainless steel, because off-the-shelf stainless springs
could not be located in time.

Assembly - During assembly, several minor modifications had to be made.
These included the addition of a grommet to the stop plate (F/N 30) to
facilitate wire routing. It was noted during assembly ~hat the method
of adjusting and securing the adjustment of the Microswitches was
slightly more involved than desireable due to the numbe: of parts
involved.

1.2 Mechanical/Electro-optical Switch, SKEE-160

Switeh Design. Similarly as for switch SKEE-159, the preliminary design
concept established in Task I was fully detailed during the initial
months of Task II. Figure B-2 shows the assembly drawing parts list,
and operational requirements for this switch. A complete set of
documentation (engineering sketch-type drawings) was submitted under
separate cover to the NASA Technical supervisor. Figure B-4 shows the
completed switch assembly. The design goals and constraints for this
design were identical to that of switch SKEE 159 except that the switch
would only be partially electrically interchangeable with existing
switches. The major difference in the switches was that an electrenic
module utilizing a light emitting diode and light sensitive transistor
and a relay replaced the microswitches, and the switch end of the
actuator-plunger was machined to create a vane to block the optical
path. Because of the similar designs, this section will be limited to
a discussion of the electronic design and packaging.

The electronic assembly, (printed-circuit (pc) cards and brackets), are
shown on drawing SKEE 167. The bracket (F/N 1) of welded construction
was designed to provide a mounting for the pc cards and accurately locate
the optic elements relative to the base of the switch and the plunger.
The electronic components exclusive of one dropping resistor were located
on two similarly shaped printed circuit cards. The resistor was mounted
on the stop plate on insulated stand-off terminals.
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After alignment/adjustment of the optical elements, the printed circuit
cards were conformal coated with polyurethane to ruggedize the construc-
tion. Dowel pins were utilized to maintain the position of the bracket
relative to the base.

A general purpose crystal can size relay was mounted on a special
bracket (F/N 7) of welded construction. The bracket was attached

to the base of the switch. Because of space limitations, and possible
interference with the rivets on the plunger-yoke combination, it was
necessary to locate the relay a considerable distance above the base
of the switch. In order to satisfy the required AC contact rating,

it was necessary to insulate the relay case from the structure of the
switch.

The interconnecting wiring between the relay, dropping resistor, and

pc cards was routed through grommets on the stop plate. At final
assembly all slack in wiring below the stop plate was eliminated so that
it was impossible for any wiring to be contacted by the moving actuator-
plunger. Solder connections at connector and pe board were potted for
strain relief. Plastic sleeving was utilized at the relay solder
terminations. -

The electronic circuit is shown in schematic form on SKEE 169. The
‘basic circuit has been designed and tested for application on S-IB
stage prevalves and is documented in CCSD technical bulletin, TB-EE-
67-48. Changes that were needed to adapt the circuit to this applica-
tion are summarized below:

Table 2-2 Required Electro-optical Circuitry Changes

Item Former Required Capability Remarks

Capability for This Application
Input 24,-32VDC 18 to 30 VDC Regulator circuit redesign
Voltage
Ambient
tempera-| -65°F to 165°F 5 to 190°F%* Increase Power Rating of
ture several components, modify

values.,

Contact | 2 amp resistivg 3 amp resistive, Utilize new relay, insulate
Rating 28 VDC 115V, 60 Hz relay from switch structure.

* Later reduced to 160°F

The redesigned circuit was breadboarded to confirm that the circuitry
would function as designed, prior to fabrication of the pc cards.

Fabrication - The substitutions were the same as those needed during
fabrication of SKEE 159, and discussed in 2.3.1.1.B.

Assembly. The desired spacing between optical elements of 0.055 + .005
inch coupled with the actuator-plunger vane thickness of 0.031 complicated
the assembly process. The vane thickness was altered to approximately
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0.020 inch. An optical element spacing of 0.100 inch minimum
is desireable.

2.3.1.3 Proximity Switch, SKEE-161

The proximity switch, manufactured by Electro-~Sonic Control required some
modifications to an existing switch design. These modifications consisted of
circuit changes to provide operation at a lower ambient temperature, and at
different input voltages, utilization of a hermetically-sealed relay, and
repackaging. '

A.

Switch Design. Figure B-3 appendix B, shows the outline dimensions of
the switeh, the wiring diagram, and the operational requirements. Since
this switch was not designed by CCSD, no additional documentation was
supplied. Figure B-5 shows the completed switch assembly. During the
initial three months of Task II, the vendor completed his redesign/
repackaging effort.

Fabrication/Assembly. The vendor was unable to build the switch using a
completely enclosed welded enclosure as was desired for the KSC
environment.. The problem was encountered because a metellic plate over
the sensing face of the device greatly reduced the sensing sensitivity.
Various metals were tried without success. Extremely trin plates had
less effect on sensitivity, however welding problems prevented this
approach. Finally, it was agreed that one side of the switch (containing
the sensing face) could be non-metallic. Epoxy was utilized on this face,
and had no effect on sensitivity.

Low temperature compensation was another problem area ard ultimately
each device was individually compensated using component values
selected during testing.

The vendor was unable to procure the desired stainless steel, hermetic-
sealed connectors due to a schedule problem, and CCSD avthorized the
hot tin-dipped connector which does not have the desired corrosion
resistance.

2.3.2 Design Verification Testing

2.3.2.1 General

The design verification test program consisted of both functional and
environmental tests. The purpose of the tests was to verify that the
candidate switches can meet the design requirements.

A detailed test procedure, CCSD test procedure TP-RE-69-219 entitled
"Procedure for Design Verification Tests for Improved Universal Position
Switch for Launch Complex 39 Service Arm Application" defined the
procedures, to be followed during.testing. The procedure was submitted to
NASA-KSC for approval prior to intiation of testing.

The test sequence and specimen assignments were as follows in table 2-3.
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Table 2-3. Sequence of Tests and Specimen Assignment

Test SKEE 159 SKEE 160 SKEE 161
Serial No, Serial No. Serial No,
101 102 201 | 202 1 2
Visual Inspec. | X X X X X X
Initial Funec-
tional X X X X X X
Input Voltage
Variation X X
Low Temperature X X
High Tempera-
ture X X
Vibration X X X X X X
Humidity-Temp.
| Cycling X X X X
Salt Fog X X X X
Life Cycling X X X X X X
2.3.2.2 Test Results
A. General - CCSD technical report TR-RE-69-240 entitled "Design
Verification Test Report for 8tudy to Develop an Improved Universal
Position Switch for Launch Complex 39 Service Arm Applicator', documents
the complete test program, and contains all test data. A brief
summary of the test results for each switch, is presented in the
following paragraphs. This report was submitted under separate cover.
B. SKEE 159 - Test Results. During initial functional tests the switches

exceeded all requirements except for S/N 102 which did rot meet the

4 1b restoration force requirement (probably caused by excessive wiper
friction). During vibration, both samples failed and were inoperative
after test. Disassembly, and failure analysis indicated that the Micro-
switches had shifted relative to the mounting bracket. Vibration
testing with cover removed, revealed movement of the microswitches
relative to the actuator-plunger at critical frequencies. Corrective
actions consisted of increasing the step on the actuator-plunger from
0.020 inch to 0,030 inch to accommodate the relative motion, and
etching the stainless steel bracket to obtain better adhesion with
epoxy. Vibration testing was then satisfactorily completed on rebuilt
switches without any sign of contact chatter.

After the 10-day humidity temperature cycle test of switch S/N 101, it
did not meet insulation resistance requirements and the roller wheel on
the plunger was badly corroded. Investigation revealed that an improper
size O-ring had been installed on the switch, and that a stainless steel
roller wheel had not been purchased. After correcting these errors, the
test was repeated on Switch S/N 102, and it met all requirements.

After the salt fog test, the actuator-plunger of switch S/N 102 had a
tendency to stick in the depressed condition, and the switch failed to
meet the restoration force requirement. It is felt that this tendency
to stick was @ result of the substitution of Nylon in place of Teflon for
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the wiper. The Nylon is hygroscopic and tends to swell after absorbing
moisture; and does not have the lubricating properties of ¥eflon.

During life test, after only 1600 cycles of controlling a 3 ampere,

115 volt 60 Hz load, the contacts of one Microswitch of S/N 101 welded
and became inoperative. The contacts of the other Microswitch failed
in a similar manner after a total of only 2200 cycles. When the
manufacturer of the switch was contacted regarding the failures, it was
learned that the switch has a rating of 3 amperes at 28 VDC and 115
Volt/L00 Hz, but is not recommended for use on 60 Hz applications.
Microswitceh does not manufacture a switch in that size and configura-
tion which has a 60 Hz switching capability. This switch was operated
mechanically for the 50,000 eycles, in spite of the electrical contact
failure, to determine the mechanical 1life of the switch on this sample
with the operate force applied at an angle of 30° from the normal. The
mechanical performance was satisfactory. The other switch (S/N 102)
completed 30,400 cycles of life test before an internal Microswitch
became erratic. This Microswitch was controlling a 3 anpere-28 VDC
resistive load. Disassembly after test revealed no evidence of
excessive wear, or fatigue on either switch. The bearings appeared

in excellent condition.

SKEE-160 Test Results - Both samples met all requirements at initial
functional test except for pre-travel. Due to an improper initial
adjustment (failure to allow for increased thickness of a substitute
laminated bumper), both switches had less than the 0.20 inch minimum
pre~travel.,

The switch met all requirements during input voltage variation test.
During vibration, S/N 202 was subjected to some abnormal conditions
when the helicoil insert on the test fixture into which the switch
was threaded, became loose. Shortly afterward the switch became in-
operative. After disassembly, inspection revealed a brcken inter-
connecting wire on a pc card, and cracked welds on the electronic
support bracket. This sample was then removed from further vibration
testing, because the bracket could not be repaired without rebuilding
the entire electronic module.

The other switch successfully completed sinusoidal and random vibration
testing in two axes, but failed during random vibration testing in the
final axis. After disassembly, inspection revealed that a relay contact
terminal had fractured at the relay header. Additionally it was noted
that a coil lead, inside the relay, had broken near the logation where
it is welded. It was felt that the failure was caused because the relay
had been subjected to excessive vibration levels during the test.because
of bracket resonance,

Similarly as was experienced on the mechanical switch, an incorrect size
O-ring had been installed on the electro-optical swilches, and switch

'S/N 202 was not functional after the 10-day humidity-temperature cycling

test. Disassembly revealed that a high resistance path had formed as a
result of electrolytic corrosion of dissimilar metals. After installing
the proper size O-ring, this 10-day test was repeated on switch S/N 201,
and it met all requirements.
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Both samples performed satisfactorily in life testing. One contact of
the relay in switch S/N 201, which controlled a 3 ampere, 120 volt,

60 Hz load began operating intermittently after 47,300 cycles (require-
ment is for 10,000 cycles of operation). Similarly as for the mechanical
switch, one of the switches was subjected to a 30° side load during the
test.

There was no evidence of any unusual wear or fatigue after test. The
bearings appeared in excellent condition.

SKEE-161 Test Results. During the initial functienal testing, one of
the two proximity switches (S/N 1) had generally unpredictable
characteristics. Surrounding metallic objects had a significant effect
on its sensitivity. The other switch (S/N 2) performed satisfactorily.

During input voltage variation testing (18-36 VDC) switch (S/N 2)
marginally failed to meet the repeatability requirements at the voltage
extremes. However the reported shift in operate point 0.018 inch maximum
approached the accuracy of the test set-up.

At low temperature, a significant shift in operate point of 0.080 inch

was observed for S/N 2. This fails to meet the repeatability require-
~ment of 0.007 inch maximum deviation. At the high temperature extreme,
the switch met all requirements.

During vibration testing, several of the mounting flanges on switch
S/N 2 fractured. This was not unexpected considering the mass of the
specimen. Mounting straps were improvised to secure the switch for the
remaining vibration tests. With the exception of the broken flanges,
the switches satisfactorily completed vibration testing.

At about this time in the test program it was discovered that switch
S/N 1 could be made to perform in a fairly predictable and stable manner
by placing a ferrous # inch diameter bolt across the bottom of the
sensing face. This technique was utilized in remaing tests.

Humidity temperature cycling tests were performed on bothl sample of

' SKEE-161. Initially this had not been planned, when it was believed

that the switch would be constructed with a completely welded enclosure.
This test was added to the procedure when it became necessary to permit

a non-metallic face. S/N 1 satisfactorily completed the 10-day humidity-
temperature cycling test, but S/N 2 had low insulation resistance and
operated very unstablély immediately after the test. Later when "dried-
out” the switch performed satisfactorily. Subsequent investigation
revealed a small break in the case flange. Moisture apparently entered
the switch at this break and caused the erratic operation.

During life test, both samples operated 50,000 cycles with only a minor
degradation of insulation resistance noted in the sample S/N 1. This
reduction of insulation resistance was attributed to the relay which was
controlling a 3 ampere, 115 volt, 60 Hz load.
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2.3.2.3 Analysis of Test Results

A summary of the test results on all switches is presented in table A-3
appendix A,

Aside from problems encountered because of materials substitutions both
intentional and accidental, and minor adjustment problems which are
typical of first-run production item, the major problems uncovered during
testing are summarized in table 2-4.

Table 2-4. Design Deficiencies Determined by Testing

Switch Type Problem Area

SKEE 159 1. The switch does not have the required
115 volt/60 Hz contact rating

SKEE 160 1. The relay mounting method has inadequate
vibration capability.
2. The electronic support bracket has
marginal vibratien capability.

SKEE 161 . Brratic behavior of one of two samples.
Fracture of mounting flange in vibration

. Moisture penetration in humidity-temperature
cycle test.

. Failure to meet repeatability requirements.

IR S S

In spite of the overall generally satisfactory performance of the mechanical
.switch, the inability to meet the 60 Hz contact rating necessitates replace-
ment with another switching unit. The testing, however, did confirm that
the actuating mechanism is capable of providing the improved mechanical
characteristics, such as side-load capability and increased pre-~travel and
overtravel.

Similarly the electro-optic switch generally met all requirements except

for vibration test. A better method of mounting the relay to minimize the
likelihood of failures as a result of vibration is needed. The testing did
confirm the extremely repeatable performance of an electro-optical switching
device, and did verify the circuit changes made to adapt the circuitry to
this application. Also, similar to the mechanical switch, the testing
confirmed the design of the actuating mechanism and the ability to provide
improved mechanical characteristies.

The proximity switch performance was generally quite satisfactory. Aside
from the ebvious need for heavier flanges, it appears that the other testing
anomalies could be corrected or eliminated by improved manufacturing and
quality control techniques.

2.3.3 Definition of Modifications to Correct Design Deficiencies

In view of the inability of any of the test candidates to meet all design
requirements, action was initiated by CCSD to define the modifications
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required to enable the switches to meet the design requirement. It was then
agreed that these modifications should be incorporated to the extent feasible
in one sample each of switches SKEE 159 and SKEE 160. The change (contract
modification No. 2) was to be accomplished by refurbishment of existing test
samples.

2.3.2.1 SKEE 159 Modifications

The failure of the Microswitches to meet the 60 Hz contact rating necessitated
replacement of the switching units. It was determined that a miniature,
hermetically sealed switching unit, part number 10AT17-0l1, manufactured by

the Klixon Controls Division of Texas Instruments Incorporated had the required
contact ratings. Additionally, the switch had a much higher vibration
resistance (65g). After a detailed examination of the switch operating and
physical characteristics, a method of adapting this switch to the existing
SKEE 159 configuration was developed which would supply the desired improved
operating characteristics. Figure B-6 shows an assembly drawing and parts
list for this redesigned switch. It has been identified as SKEE 159B.
Complete documentation was supplied to the NASA Technical Supervisor under
separate cover.,

The switch actuating mechanism is identical to the SKEE 159 except for the
modification to the actuator-plunger. Actuation of the switching units is
accomplished when the actuator-plunger is depressed sufficiently to cause
the ball (F/N 24) to exert force on the actuator of the swisching unit.
The actumtor-plunger is designed to provide clearance between the ball and
switching unit during the pre-travel length of the actuator-plunger. A
self-aligning bearing (F/N 33) is located immediately below the switch
mounting bloek (F/N 7) to maintain the relative position of the actuator-
plunger and the switching units. A self-aligning bearing was selected to
simplify the installation/adjustment of the switch assembly.

The basic switching unite have external threads. After the proper
adjustments bave been made, the switches are secured with a jam nut and
loce-tite.

A switch mounting block is attached to the plate (F/N 11) which is attached
to the guide rods by jam nuts.

2.3.3.2 SKEE 160 Modifications

In modifying the optical switch to provide increased vibration resistance,

the approach selected consisted of attaching the various support brackets to

a stiffened stop plate. With the electronic bracket and relay support bracket
attached to the stop plate in addition to the guide rods, a mutually stabiliz-
ing effect under vibration would be obtained.

Since the switch modifications were rather extensive it was feasible to modify
the electrical circuitry to meet the desired 18 to 36 VDC input voltage
capability. (CCSD had not been informed of this requirement until after the
electronic circuits board for the SKEE 160 switches had already been designed
and ordered. Consequently the capability of the SKEE 16C Switch was for an
input voltage range of 18 to 30V.)
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Figure B-7 shows an assembly drawing and parts list for this redesigned
switch. It has been identified as SKEE 160B. Complete documentation was
supplied to the NASA Technical Supervisor under separate cover.

The switch actuating mechanism is identical to the SKEE 160 switch. The
electronic support bracket is a sturdy sheet metal bracket. After the
printed circuit cards are attached to the bracket and adjusted, dowel pins
are utilized to secure the position of the bracket relative to the base and
stop plate respectively. After installation on the bracket, the pc card
assembly is completely potted with the exception of the optical elements.

The relay is mounted inverted on spacers. A longer spacer extends to the
stop plate. Standard screw insulators are utilized to insulate the relay
flange from the structure of the switch. Potting is utilized at the base of
the switch to provide positive lateral restraint for the top of the relay.
The relay header is potted to provide strain relief and moisture protection
for the wires connected to the relay. A schematic diagram of the redesigned
electrical circuitry is shown in figure B-10.

2.3.3.3 SKEE 161 Modifications
A reduction in the volume of these switches would greatly enhance its utility.
A package size of 2 x 2 x 3 inches was discussed with the vendor, and they

have said it would be feasible.

2.3.4 Fabrication and Testing of Redesigned Switches

2.3.4.1 Redesigned Mechanical Switch

The modifications described in paragraph 2.3.3.1 were incorporated to the
extent feasible in switch S/N 102. Because of the limited anmount of time
available for the incorporation of modifications, and the need to limit
expenses, it was not possible to include all desired improvements. Figure
B-8, Appendix B, presents an assembly drawing and parts list for the
refurbished switch. It has been designated SKEE 159A, Complete documentation
for this switch was furnished under separate cover to the NASA technical
supervisor.

The deviations from the desired redesigned configuration (SKEE 159B) include
the following:

A. Wiper - Nylon wiper was utilized in place of Teflon.
B. OSprings - Cadmium-plated were utilized in place of stainless steel.

C. Roller wheel - 3/8 inch diameter in place of a 1/2 inch dia.

D. OSwitch mounting block - width had to be altered.
E. Stop plate - Constructed of two thimner stop plates riveted together.
F. An aluminum support plate was utilized on the self-aligning bearing

in place of stainless steel.
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At final assembly, it was discovered that a stainless steel electrical
termination on one of the Klixon switches had not been tin-plated, and

it was not possible to make a proper solder connection. Ultimately,

a repair was attempted which consisted of fastening a terminal, to which

a wire could be soldered, to the termination on the Klixon switch. During
repair the termination on the Klixon switch loosened slightly but remained
functional. During the subsequent potting operation, additional handling
of the terminal aggravated the condition. After potting the switch would
not function properly.

Except for this problem due to the wrong terminal finish, the assembly and
adjustment was much simpler for the redesigned switch. During testing prior
to soldering, the switches met the operational requirement for pre-travel,
differential travel, overtravel, and simultaneity.

2.3.4.2 Redesigned Electro-optical Switch

The modifications described in paragraph 2.3.3.2 were incorporated to the
extent feasible in switch S/N 201. As for the mechanical switch SKEE 1594,
it was not possible to incorporate all desired improvements. Figure B-9,
Appendix B, presents an assembly drawing and parts list for tae refurbished
switch which has been designated as SKEE 160A. Complete documentation for
the refurbished switch was furnished under separate cover to the NASA
technical supervisor.

Deviations from the desired redesigned configuration (SKEE 160B) include the
wiper, spring, and roller wheel deviations that were also present on the
refurbished mechanical switch, and the following:

a. Stop plate - The tabs on the new stop plate were bent in the wrong
: direction. (manufacturing error)

b. The top spacer which secures the relay should héve a #4~40 thread in
place of #6-32 at the relay flange.

¢. Soldering of components to pc cards by non-production personnel
necessitated larger potted module. '

The assembly of this switch was simpler than the previous version, since
the optical spacing had been increased to 0.1 inch.

After assembly, exclusive of welding the cover to the base, the refurbished
switch was tested to verify proper operation. The switch operated satis-
factorily and met all requirements including operation with 18-36 VDC input
voltage variations.
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Table A-l. Summary of Switch Characteristics

CHARACTERISTICS

- REMARKS
TYPE TTEM EXISTING SYSTEM REQUIREMENTS FOR REQUIREMENTS
SERVICE ARM SWITCHES
OF UNIVERSAL SWITCH OF EXISTING SWITCHES
e
MAINTAINABILITY AND Not specified Free fram maintenance Bsquire maintenance or replacemsnt Izprovement
DESIGN
AND CALIBRATION .
ORSTRUCT ION INTERCHANGEABILITY #/ITHOUT Not specified Interchangeability without calibration Interchange requires calibration Improvement
CALIBRATION
MOUNTING 3/& inch through-hole in mounting plate with Direct actuated switch: 3/4 in. through-hole 3/4 in, through hole in mounting plate Improvement
key-way. in mounting plate without key-way.
Proximity switch: 3/4 in through-hole in
mounting plate; or surface mount. Improvement
DIMENSIONS Overall length of 7 inches maximum Direct actuated switch: overall length 7 in. | oyera11 length: 6.32 in. maximum Dimension of 75ML8669 which is
max. . . . largest.
Progimity switch:overall length.? in, HaXs
MATERIAL Resistance to corrosion Direct actuated switch: Exposed e metal- Improvement may be obtained by
sis ) ss’l‘e;OA stuate nosed cas Exposed metal of SST 300 or 400 series alimination of all highly dis-
similar metals within Grade B,C,
Proximity switch: case-SST 304 series; Not applicable D seal envirenments, or exposed
sensing face {to be determined) areas.
[sELDG Grades A,B,C,D applied in accord with KSC-STD- | Direct actuated switch: Basic switch-Grade A | Grades A,B,C No change, improvement is
131 Para. 5.3.2 Actuator - Grade A4,B,C. desirsable.
ACTUATION Provide actuation from linear/rotational Direct actuated switch: mobile ball-plunger; | Roller plunger; normal actuation only is Improvement
motions; maximum angular range of approach is Maximum angle of approach - 40 degrees. specified
30 degrees from normal.
Proximity switch: proximity of ferrous metal Not applicable Inprovemsnt
target;
Maximum angle of approach: - 90 degrees
[TERMINATIONS Connector, integrally mounted (KSC-STD-131) Passive switch: to mate with MS3106~li-68 Connector to mate with MS 3106~14-7S and No change
Active switch: to mate with MS3106~20-78 MS3106-14-63
PHYSICAL CONFIGURATION One piece {sensor/control/switch/connector) One piece One piece Ko change
CONTACT ARRANGEMENT Single pole double throw (SPDT) for majority DPDT SPDT, and DPDT Inprovement
and double pole double throw {DPDT)
FUNCTIONAL~ FINPUT POWER No requirement No ‘requirement System cabling is 6 wire which
BLECTRICAL Passive switch: zero may be used on SPDT applications
PERFORMANCE
Active switch: 22 to 32 V.DC.
CONTACT PATING Majority of applications - 0.1 Amp. inductive 1.5 Amp. inductive, 3 amp. resistive at 3, Amp. resistive only at 28.V.DC,
at 28 V.DC. 28 V.uU. and 119 V.Ac. 10 Amp. resistive only at 28 V.DC.
VOLTAGE DROP OF CONTACTS Less than 0.5 V.DC. (KSC-STD-131) Less than 0.5 V.DC. Not epecifiod
{SIHULTANEITY INot specified Passive switch: 0,03 maximum deviation 0.03 inches maximum deviation Wo o
Active switch: not applicable Not applicable Improvement.
LIFE 10,000 cycles (KSC-STD=131) 10,000 cycles at rated current 10000 cycles No change
INSULATION RESISTANCE 20 megohms minimum at 500 V.DC. 20 megohms minimum at 500 V.DC. 20 megohms minimum at 500 V.DC. No change
DIELECTRIC STRENGTH Not specified Less than 1 milliampere leakage at 1000 V.RMS | Not specified
(Mi1-5~8805B)

#Ability to replace one switch with ancther of the same type.
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Table A-1. Summary of Switch Characteristics {contimed)

CHARACTERISTICS

REMARKS
EXISTING SYSTEM REJUIREMENTS REQUIREMENTS
TIPE ITEM FOR SERVICE ARM SWITCHES
OF uumgx. SHITC; F
F TOMAL- mm Not specified Direct actuated switch: 0,20 to 0,30 inch 0,030 to 0.09 inch Inproveasnt
OPERATIONAL
PERFORMANCE SENSING DISTANCE | Not specified Proximity switch: at least 0.75 inch but not Not applicable Improvement
CAPABILITY greater than 1.25 inch
DIFFERENTIAL TRAVEL Not specified Direct actuated switch: 0.010 inch maximum 0.005 to 0.05 inch Inprovement
(mechanical)
Direct actuated switch: 0.010 inch maximum Not applicable Improvement
{Electro-optical)
Proximity switch: lesss than 1/10 of sensing Not applicable Iprovement
distance
OVERTRAVEL Not specified Direct actuated switch: 0.45 to 0,55 inch 0.125 to 0,200 minimm Improvement
Proximity switch: unlimited, laterally; Not applicable Improvemsent
0.75 in, maximum, gaxially.
OPERATING ACTUATION, AXIAL|! Not specified Direct actuated switch: 6 1b. weight min. 6 1b. Weight minimum Ho cl {]
FORCES Proximity switch: no force required Not applicable Improvement
FULL OVERTBRAVRL, { Not specified Diract actuate switch: 30 1b. t max. 30 1b. weight maximum No change
AXIAL Proximity switch: no force exists Not applicable Improvement,
PULL OVERTRAVEL, | Not specified Direct actuated switch: 40 1b. weight max. Not specified Inprotement - DaTings
HON-AXIAL, Side load capabllity
APPROACH. (40
deg. from normal Proximity switch: no force exists. Not applicable Improvement
RESTORATION, Not specified Direct actuated switch: 4 1lb. minimum 4 1b miniwm No change
AILL Proximity switch: no force required Not applicable _ Improvement
STOP FORCE (additional to Not specified Direct actuated switch: 35 lb. weight Not. specified Inprovament’
operate force) Proximity switch: 35 lb. weight . Not applicable Tupeovement
REPRATABILITY Not. specified Passive Switch: 0.040 inch max. deviat. Not specified Improvement
Active Switch: 0,005 inch max. deviat.
RESPONSE TIME Not specified 30 millisecond maximum Not specified
ERVIRONKEETAL! LOW TEMPERATURE +5 Deg. F. for 2 hours (KSC-164) Equal or greater than system requirements. Equal or greater than system requirement. No change
PERPORMARCE
HIGH TEMPERATURE +160 Deg. F. for 72 hours Equal or greater than system requirement.. Equal or greater than system requirement. Ho change
. +190 Deg. F. stabilized (KSC~164)
VIBRATION 10 to 40 Hz at 0.25 in. D.A. Equal or greater than system requirement, Equal or greater than system requi t.
(non- . (8INUBOID) 40 to 2000 Hz at 21 G (KS5C-164) Equal or greater than system requirement, Status of reguirement at this
operational) date: tests are operaticnal,
( RANDOH ) 0.225 G2/Hz (KSC-164) Equal or greater than svstem recnirement. Equal or greater t.ha.n- system requirement.
72 Deg., F. to 160 Deg. F. at 95 per cent Equal or greater than system requirement. 1 y
HUMIDITY hnumidity. (KSC-164) Equal or greater than system requirement. No change
SAND AND DUST 4 hours at 77 Deg. F. Equal or greater than system requirement. ual o ter ti t.
3 hours at 160 bew. 7. q r greater than system requirement. No change
100 to 500 cu. ﬁjm (KSC-164,)
SALT FOG z parczz?j for 240 hours at 95 Deg. F. Equal or greater than system requirement. Equal or greater than system requirement. No change
KSC~1!
EXFLOSION 32 plus or minus 5 per cent by volume of Equal or greater than system requirement. Equal or greater than system requirsment. Ko change

hydrogen. Pressure 13,1 to 15;1 PSI.
(XSC-164)




TABLE A-2.

SURVEY OF CANDIDATE SWITCHES

COMPANY GIGNIFICANT FEATURES
ELECTRICAL
AGES DISADVANTAGES REMARKS
NAHE ADDRESS A ACTUATION seatie [INPUT Towtacts | RATING OPERATION ADVANT
W,
poL/N -
General Equipf 3300 Fern MDL 43~ | Proximity of ferrous Grade A Zero |} Independ- .84 - D(§ Repeatability: .CU2 in. Economical. Large differ lliequires modification to incornoratg: SST case,
ment and Mfg.]Valley Road 0O A/D[ material and magnetic (Hermetic) ent make J1CA - AC } Response time: (.uUS sec. No power. ential }ntogral connazA:t.or,.DPDT centacts, increase
Co. Louisville, operation. Basic W and break zemperatur:d;anﬁeél -iott.oé~25(/h[>eg. F. éonf life. Lra:elt " ;n ccm.act_. r:;;r;‘g;e;:;:r;a:iaxlsm;qwmr::a::ﬁ:,
Ky. 40223 2 circuits Sensing: ustable o % inc ‘ast response| contacts a ecrease in ) a. . 2 =
Differential travel: 2 times sensing distance. No mechanical| rating tiop study. This candidate is considered pro-
Maximum over travel force {(on case mounting). actuation. mising.
Kinetics Corpf4lO S.Cedros 1117 Mechanical Zero | DPDT lgAVECDC ?epeatability: o 250 . l:o xbzower. (\:lgstly . g:qui:“o;h:\i; z:s:p:;a;ingﬁ;ric::;'i:tigs.
Ave. 2 emperature: -~65 to 275 Deg. F. ast response{ Minimum actu- Decause . -
Sr:].a;m Bsach, #1117 - Pretravel C.U6 ixlxs.; differential travel L.U5 in. gﬁlm‘smed. r:esgn:ly \;.se’;i-‘;l t:ﬁ:t:::tj::eo:;;::{lg:-or
California Over travel: 0. in., 35 lb. erate straints o ]
Minimum required speed’ 3 in/sec. characteris~ | other avenues of amnroach, this candidate is
tics not not considered vromising.
#1172 - Pretravel: 0.Ub5 in. suitable.
Over travel: 1.185 in. 35 1b.
Other characteristics: Same as #1117
General Elec-fHloomington, £R 115 | Proximity vane or 0il tight. Zero (1) Break Repeatability: 0.0025 large differential travel is inherentin this
trie Co. Ilinois h.AS magnet,. or 6A AC Temperature: -i to 167 Deg. F. design tyne. This candidate 1s nct considered
General Pur- (1) Make |2 to Sensing: 3/8 to 5/8 in. promising.
pose Comtrol 24,0 VAC {Response: 1 millisecond
Department
Controls Corpfli20 Delmar { Variousi Mechanical. Resilient SealZero PV Y Temperature: -65 to +250 Deg. F. Econamical. Requires change to overating characteristics
g:r?rgl Sudiols E‘rive ~ Plunger, rotary leaf. |Silicon rubbe No nower, and construction. This candidate is considered
vision oleroft,, . diaphram. promising,
Pa. 19032
Dolan-Jenner §200 Ingails | Various|Proximity. Fiber optic Power | 5PST 34 Temperature: 11U to 120 Deg. F Installation [ Ontic arrangements exvosed to prevailing light
Industries, [Court, interruption. re- Response: 25 Ms is complex. | ambient conditions are not suitable. No
Inc. }éez‘]ﬁgse,ﬂasa. quired Haximum range: Opposed: 2 in.; Reflected: 3/8 in. Costly. enclosed optics are developed. This candidate
2.5 w is not considered oromising.
R - e o e e
Adams & West-]1025 N. Various| Proximity. Power | Two circuit| 5A Temperature: Not determined Operation Because of the mounting constraint, this
lake Hichigan St. | HF Magnet operation. jto Response: 4.5 Ms limited to candidate is not considered promising.
Elkhart, Ind.j Series coil. Sensing: Not determined + 30° of
4651 Differential travel: vertical.
N 5 N N P Syst i modification t inaturized i
Iﬁcx_'o Swritch {Freeport, Proximity. Variable [Power |One circuit{ Relay Repeatability: Not determined ?;:i:ilation Ci':mer;‘is g:c:\;lgz;es 'Nn:d:ffiinm:gveor::m ::s ::Br\tzce
Division of [Il1. 61032 reactance sensor. fto and use Temperature: -20 to 19C Deg. F. is versatile.| Costl; : ery on develomment. This candidate is
Honeywesll Ferro and non-ferro anpli-f relay. Sensing: {nominal) 1/2 in. and 3/4 in. and 2 in. " - q:ot. considered nrm!‘s:\ng
targets. ifier Life: One billion cycles. :
prelay .
Alternate sensor -
Reed t - I
R G.mech. oner.
Tann Comtrols}20210 Sher~ M.R. & |Proximity. Ferrous or [3ealed Zero |SPDT G.54 DC [Repeatability: Not determined Economical. Rating too No resmonse was received after a follow-un
Co. wood, Detroiy T Seriegmagnet operated. Temperature: Not determined No péwer. low telenhone knquiry. This candidate is not
eh. 48234 Sensing: On G.U09 in. Off 0.160 in. Long life, Requires considered promising.
R Fast resnonse] relay
mwc&l‘o-ﬂe‘lal-ll!nx 100 MDL 899|Proximity. Variable Sealed Power }Determined | Deter- [Repeatability:  Not determined Versatility System is Characteristics of design are fairly compatibled
opment. Corp. |16700-13 West]Syst. [reactance sensor. Lo by relay. |mined by|Temperature: -4U to 149 Deg. F of sensor comnlex., Further study is reccmmended for a ong viece
Lynmsood, Ferro and non-ferro tampl i~ relay. [Sensing: 0.275 to 0.325 in dead band 0.0U5 to C.U3U installation, Costly. design including relay and camectop witl
ash. 98036 targets. rier Differential travel: 0.005 to (.U3u in. High environ- increase of sensing distance. This candidate
relay. Power to switch less than 4 W me"":}l." is oonsidered rremising.
capability.
Automatic 1653 Central |MDL 105|Proximity. Variable [Gealed fPower § SPDT 1A DC Repeatability: Not determined . . : . s .
Equipment Co. [Parkway, . 106 reactance sensor. ® to Resist. {Temperature: Not determined Versatility | -System is Requires modlf’:cat;ons to 1ncon\or2!.e; SST
Cincimati, amp 11| 154 DC |sensing: ) to 5/8 in. Differential 3/8 to 1/32 in. of sensor. | comnlex. case, comnectar, DR com e 2 e "
Ohio. tier inrush  [Deadband: 1/8 to 1/16 in. Ch‘*’“%‘é f‘ox; < - This candidate is not
relay. Power input: 15 to 25 W considered rromising.
Cut ler-Hammer 4201 N. 27 S5t Type PL|Proximity. Variable Power {1 N.O 16A DC Requires modification to incornorate: SST case,
Inc. [Milwaukee, reactance sensor. o 1N.C Versatility System is connector, outrut'. relay, circuit change to 28
Wis. 53216 ampl 1~ sensing: U.l to U.4 in. of sensor. complex. V. DC. and one niece design.
fier This candidate is not considered wromising.
relay
Electro Prod-IChicago, ILl.}4910-AN{Proximity. Variable iPower | Determined | Deter- |Repeatability: Not determined Requires modificatisn to incormorate: SST
:ct'l.abo;:- reactance sensor. to by relay mined by|Sensing: 1/2 in. case, gu‘gun c:ange ti\ 28 VBC Enu;,i and one
ories, Ine. 14 -} relay. niece design. No develorment nlanned.
?’?:r d This candidate is not considered rromising.
relay.
Texas Instru-|34 Forest St. 51‘ 1-1 Mechanical. Klixon Snaf Enclosure Fero |Multipele |3A DC Repeatability: Not determined Small: basic | Small Requires modification to incorrorate: increased
ments Inc,- (Attleboro, Series JAction element. hermetic Resistivg Temperature: -65 to 275 Deg. F. switch her- travel. travel characteristics, new desien nresently
Hotal & Cen- [Mass. Forces: Actuate 20 oz. Release 1 oz. Max. 5 lb. metically in test by NASA. This candidate is not
‘trols Div. Displacement: Pretravel U.006; Differential travel v.003| oy e‘?é 5:?“‘ considered rromising.
Overtravel 0.003 in. and vibration
[ lon: i0.; Minimum cycles 15,000 resistant.
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Iable A-2, Survey of Candidate Switches (contipued)

COMPANY SIGHIFICANT FEATURES
) B/ ELECTRICAL
N
NASE ADDRESS ar ACTUAT TGN SEALDG  (IUPUT CCNTACTS | RATING OPERATIC™ ADVANTAGES | DISADVANTAGES) REMARKS
MDL/N {hermetic) PWR
R SN TP Pt TN SRR S
» Requi chuixi modlficatlon to incox-porate' sST caae,
; - . . " Sensing distance: 1 in. or less, to 24 in. | rege Requires inter DPDT contacts, circuit
ELE'CTROl I DEIROH' FS 721 | Proximity Jnsealed 15 uxe} No., *y depending on sensor; max. vpera{e rate: sensing redésign of | change to 28 V. DC., one piece design. Manufact-
CONTROL MICH, variable reactance Amplifier/ 0.5 A & n.c. 115 ac) ? . T . Kagi urer not willing to participate in further dev-
CORP, bridge sensing Control or less Resist ﬁ ;:; m:;nute;ambmnt temperature: O to range rackaging elopment .
COTO-COIL PROVIDENCE Proximity - electro s p s
ce. INC. R.1. ’ magnaticycoil - Various voltages: 611¢, 24, 32, 48 V. DC. Low rating, Iene d..ffmnt,lal travel is inherent in this
reed switch poor charac~ on. f output circuit required.
. tepistics Candidate is not promising.
BENTLY MINDEN, 3000 Proximity ~ variable ; Unsealed 13 DC | Unknown | Unimown | UPKROWR : Requires Extensive modification and develonment would
NEVADA CORP.| NEVADA . | reactance sensing & Amrlifier/ redesign of | be required. This candidate is not considered
eddy current princinld Control . packaging promising.
X . ) Sensing distance: 1/8 in. to 2" maximum Large Requires Requires extensive modification: for 28 V.DC. |
WESTINGHOUSE] BUFFALO, N.Y.} 6540390/ Proximity - variable | Unsealed 117 VAC} Unknown {0.33 A. Gperations ver second 5 to 20 sensing redesign of | Integral connector, minature circuitry, output
ELECTRIC JOOVC reactance sensing Amplifier/ i W D.C. Response time: 25 milliseconds range nackaging relay, one niece design. This candidate is
CORP, Series Control Indue- 1 Differential Distance: 1/5 of sensing not condidered promising.
GENERAL tive at | distance,
CONTROL DIV. 24 VOC
Sensing distance: 0.8 in. between magnet Existing design: ch teri inzd tel
ALCO ELEC- {LAWRENCE, RS-24PR { Praximity - magnetic- ] Plastic None N.O. 0.5 A center and sensor face center. & io:-uicux.'rent_ Satzsf:gto:; \inodi;ig:zo:?::c:otu:asilyequ T
TRONIC MASS. ally operated reed nackage ating; con i 3 s i i i
PRODUCTS itch 3 tacts; long realized using reed switch. This candidate is
™e swite differential | hot considered promising.
SQUARE D CO.|HILWAUKEE, Class Praximity - variable | Unsealed 28 VDC | N.O. 0.3 4. Sensing distance: 3/4 in. ' vesign uses a resd switch. iU has nigh I
INDUSTRIAL [WISC. G007 reactance bridge if n.C. Differential distance: 1/16 inch differential travel. Requires extsnsive
CONTROL DIV. Type sensing modified Ambisnt temmerature: - 10*C to 60°C modification and development. This candidate
-1 8 V.A, is not considered promising.
: . s . a AIEHS Ihteres eeIde L
THE ARROW- | HARTFORD, Praximity - variable : 2321:3:3 I:n"’l‘d”“‘_’f::‘ii“::z:,n not to resrand to invitation to bid. 1
HART & CONNECTICUT reactance bridge ’ on 4
s basis.
HEGEMAN sensing
ELECTRIC CO.
THE NATIONAL}CLEVELAND, EA9700 [Proximity - variable |{Unsealed 125 VAC { DPDT 10 A Sensing range: 0.56 in, Two plece Requires modification to incorvorate: SST case,}l
ACME CO. OHIO Series |{reactance bridge 3 VA Resist, unit integral connector, one piece design,
sensing 1w 250 V AQ This candidate is now considered premising.
- - - Pretravel 0.7 in; Differential travel: . . ®wrong_ | Comnlets new design and developmont is
T — - H lseal, wron N . N " 4
R.B.DENISON |BEDFORD, 1C2-LB2 |{Mechanical Enviromental iZero IND - Incj0.6A .02 in.; Total travel: ,22 in.; onerate eharécterigt.ic required. This candidate is not considered
INC. OHIO Seal, NEMA 115 v ngf ’
> force: 32 oz. contact form. | promising.
HAYDOK WATERBURY,  {No0.6272 {Mechanical Basic switch {Zero CPDT 3A.0C, | Pretravel: unknown but small; differential | Hermetic Orerate _ jYodification is required to a basically good
SWITCH & CONN. is hermetic Induc~ | travel: .0l6 in.; Overtravel: .0l5 in.; Characteristicd switch to obtain suitable operate characteris-
INSTRIRENT sealed tive operate force 4402; release force: 10 oz; ot 5““‘?’1% ties. This candidate is considered promising.
INC. 28 VDC actuation: leaf roller PS!{:; niunger]
Pretravel: .08 in.; differential travel; . Non-hermetic |Requires extensive modification to incorporate:
ALLEN-BRAD~ |MILWAUKEE, Various jMechanical Environmental {Zero INC. 0.LA.DC | .04 in.; total travel: .25 inj operate sealjlarge  {SST case, integral connector, one niece design,
LEY CO. WISCONSIN Seal, NEYA IND. 125 ¥OC | force 3.5 lb. minaturization. Candidate is not promising.
ICHERRY HIGHIAND PARK|Various |Mechanical Unsealed Zero DPDT 2., Typical: .100 in; differential travel: Iggnihemggic Requires modification to orerate characteristicg
[PRECISION L, 125 V AC{ -015 in.; overtravel: .050 in.; overate ac?ef‘isglgi .jand case construction. This candidate is not
|SKITCHRS force: 45 oz. E S aat s} | considered promising.
T
NATICK, ASS.|PS3/PA 3]|Proximity - high freq.|Environmental |Unknown |1 N.O. - [Accord- ] Sensing: I in distance, target: 3 sq.in.; Sensing dis- | Nonil,mmetic Requirss extensive modification to incorporate t
TRIC variable reactance Seal to orer- f{ing to ance is ,?,gf‘,agu;‘;g;‘i“ SST case, integral connector, minaturizatica,
IPRODUCTS sensing ate plug [relay adequate tion. one piece design. Manufacturer declined to
CO. INC. in relay {select— respond.
iion
WMTRON, INC. |MIDLOTHIAN, [11382 |Proximitv - reed Unknown 810 1N.C. {0,254 |Sensing: 3/8 in. distamce, target: . Non-hermetic Large differential travel is inherent to this
ILL, switch, magnetic Tagnet “dl 11382 seal;charac— 'design. Also extensive modifications are
orerated teristics un-irequired to circuitry and packaging. Candidate
suitable. is not considersed prcmising.
P-AIR DIV. [oLld, W Proximity; Variable ower N.O. or "5 A.DC| SenSIAET UL30 IT. High environ- | System is Raq\rl;e?r-nodifi;:;tion to incorporate SST case,
AFOR CORP. [Howard St. reactance sensor o N.C. - mental cava- - | complex integral connector, minaturization, one piece
Chicago, I11. Pli- bility design. Manufacturer declined to respond.
60648 1_113 This candidate is not considered premising.
®.
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Table A-2., Survey of Candidate Switches (continued)
COMPANY SIGNIFICANT FEATURES
/N ELECTHICAL
NAME ADDRESS or ACTUATION SEALING INPUT CONTACTS { RATING OFERATION ADVANTAGES DISADVANTAGES HREMARKS
MDL/N POWER
S o
Fifth P.0.Bax 483 Magnetically actuated | To be SPST Not determined Contact Requires modification. MHanufacturer did not
Dimension, [ Princeton, determined by relay configura- respond. No further action recomsended.
Ine. N.J. tien
GEMCO Clawsen, Various | Mechanical actuated Environmen- | Zero Various Various| Various styles Too large Requires redesign to meet requirements.
Michigan tal Manufacturer is not interested in development.
. No further action is recoamendsd.
Automation | Fairview, Not Machanical actuated Not Zero Various Various Not determined Kanufacturer has no suitable item and is
Devices Inc.| Penn. knovm determined unwilling to respond further.
Pesaco Div,
The Gems Co Famingf.on, Not Magnetically actuatedj Not Unknown { Unknown Various | Not determined Manufacturer states that their product is not
c. Connecticut { known determined suitable for our application. No further
action is pecessary.
Electronics | Cambridge, Lot Magnetically actuated got ined Unimown { Unimown Unknown |  not determined Manufacturer states that they are not
Corp. Mass. own etermin interested in responding to this study.
Robotron Detroit, Not Magnetically actuatedj Not Unimown §{ Unknown Unknown| Not determined Manufacturer states that they have no suitable
Corp. Mich. lmown determined product.
Robertshaw | Colwsbus, Not Magnetically actuated{ Not Unknown|Unknown | Uniknown] Not determined Manufacturer states that they have no suitable
Controls CoJ Chio known determined vroduct.
Da~-Tec~ Chicago, I114 Not HMagnetically actuated| Not Unknown | Unknown Unknown} Not determined Manufacturer states that they have no suitable
Tronic Corp] known determined product.
Raymond Middletosn Not Magnetically actuated | Not Unknown | Unknown Unknown| Not determined Manufacturar states that they have no suitable
Engineering | Conn. ¥nown determined preduct.
Inc.
Controlo- Farmingdale, { Not Magnetically actuated| Not Unknown} Unknown Unknown] Not determined Manufacturer states that they have no suitable
tron Corp. }N.Y, known determined : vroduct.
Aladdi Nashvill Not Magneticall; tuated | Not Unknown { Unknown Unknown : N
c:tr:rll.s Ta:n‘.n &, lmeoun gnetically actua dotermined Not determined Manufacturer states that they have no suitable
vroduct .
Div.
El;;gm‘ :ﬁ;c“’ 1469 ::zia;:a;sziur:ﬁ:; Hernetic Unlnown| DPDT ;g:c_ S;’;;mg g?sia:u: i il';ch- 0 Meets all Requires modification to circuit and
. erenti H . i i ommen
Control field by nearby tive at &l travel: leas than 0.05 requirements packaging. PFurther study is rec ded.
metallic target 28 v.DC




TABIE A-3 SWMARY OF TEST RESULTS

CHARACTERISTICS PERFORMANCE DURING TEST
TYPE ITEM REQUIREMENT SKEE-159 SKEE-160 SKEE-161
(MECHANICAL) ( ELECTRO-OPTIC) (PROXIMITY)
PASSIVE - NONE
INPUT POWER ELECTRO-OPTIC- 18-30 VDG NOT APPLICABLE MET ALL REQUIRKMENTS HEPEATABILITY & DIFFERENTIAL
PROXIMITY - 18-36 VDC TRAVEL RBQUIREMENTS WERE NOT
FUNCTTONAL- MET AT INPUT VOLTAGE
EXTREMES
“LECTRICAL
CONTACT RATING/LIFE| 10,000 CYCLES ~ 3 AMP AFTER 1600 CYCLES IN | GREATLY KXCHEDED GREATLY EXCEEDED HiwUlki~
RESISTIVE AT 28 VDC & LIFE TEST WITH AC LOAN  RHQUIREMENTS MENTS
115V/60HZ CONTACTS WELDED (OPERATED 47,000 CYCLES) | (OPERATED 50,000 CYCLES)
SIMULTANGITY PASGIVE SWITCH - 0,030 INCH GREATLY EXCEFDED NOT APFLICABLE NOT APPLICABLE
. REQUIREMENTS
INSULATTON 20 MEGOHM MIN. MFT ALL REQUIREMMNTS | MET ALL REUIREMENTS SEE HUMIDITY TEMP. CYCLING
RESISTANCE TESTS - OTHERWIGE MET
REQUIREMENTS
DIRKCT ACTUATED SW. MET REQUIREMENT DUE TO IMPROPE INITIAL ' )
PRE-TRAVEL 0.20 TO 0.30 INCH ADJUSTMENT SWITCH DID NOT APPLICABLE
NOT MFVT & UIREMENTS
bY 0.02 INCH
SENSI- :
TIVITY |SENSING PROXIMITY SW. - 0,75 TO NOT APPLICABLE NOT APPLICALLE ONE OF TWO SAMPLIG N
DICTANCH 1,25 INCH INITIAL TEUST, HAD UNPHEDIC-
TABLE SENSING CHARACTHRI:-
1 TICS. o
DIFFERENTIAL DIRECT ACTUATFD SW.- TYPICAL VALUES RANGE | GREATLY EXCHEDED MET REQUIREMENTS EXCEPT
TRAVFL | 0.010 INCH MAX. FROM 0.020 to 0.U30 REJUTREMENTS DURING INPUT VOLTAGE
FUNCTIONAL- PROXIMITY SW. -0.015 INCH MAX INCH TEST AT MAX INPUT VOLTAGE
OPERATIONAL  +— - - - e ]
: . DUE TO IMPROPER
OVER TRAVHL DIRECT ACTUATED &W.- INITIAL ADJUSTMENT, MET RiXUIREMENTS NOT APPLICABLE
0.45 TO 0,55 INCH SWITCH DID NOT MEKT
B N . REQUIREMENT BY 10% o
INTTIAL 6 LB WITHIN 0.015 INCH OF MET REQUIREMENTS MET I UIREMENTS NOT APPLICABLE
DISPLACEMENT|  “FREE" POSITION :
OPERA-
TING - —=-
.o | OPHATE 6 to 25 LB. MET REQUIRIMENTS MET REGUIREMENTS NOT APPLICABLE
FoReEs | UL )
B P . BECAUSE OF THE SUBSTITU- -
OVFRTRAVEL i TION OF NYLON FOR TEFLON | MET Wi UTREMENTS NOT APPLICABLE
’ IN CONSTRUCTION OF THE
PER, THE_SWITCH DID NOT
L - -
RESTORATION| 4 LB, MIN, WITHIN 0.015 INCH | TION OF NYLON FOR TEFLON |nrom op O o o ation | NOT AVPLICAULE
FORCE OF "FREE" POSITION * IN CONSTRUCTION OF THE ! o -
o e cnetot o1 wop Y CONSTRUCTION OF THE
. L MEET ABQUIREMENTS . oA s
. FASSIVE SW. - (.04 IN MAX. TEST SET-UP WAS NUT DID NOT MEET REQNT. OR
REPFATABILITY FLECTRO-OPTIC 5W. ~ 0.005" MAX MET REJUIREMENTS CAPABLE OF DETERMINING OPERATE POINT - MAX. VARIA-
PROXIMITY SW.- 0.007 IN. MAX. : SWITCH CAPABILITY. TION OF (,U82 INCH WAS
MFASURED (LOW TEMP.)
LOW TEMP. 15YF NOT TESTED MET RHUIREMENTS UNSATISFACTORY - OFLHATL
. POINT SHIFTED (.08 INCH
HIG TEHP. “160°F NOT TECTED HMIT HQUIREMENTS SATLSFACTORY
SINUSOIDAL - 25¢ PEAK MET REQUIRKMENTS - | DUE TU COMPONFENT FAILURES| MOUNTING FLANGES FRACTUK:L
VIBRATION RANDOM - 0.225 g2/cps NO CONTACT CHATTER TESTING NOT SUCCESSFULLY | OTHERWISE MET REQUIRIMENTS
{NON-OPRATIONAL) DETECTED COMPLETEL .
FNVIRONMENTAL
HUMIDITY - TIMP Y0°F TO 160°F MET REQUIREMENTS MET RBGUIREMENTS ONE SWITCH NOM-usarAiiURAL
CYCLING 95¢ R.H. - 10 DAYS AFTER TEST - AND LOW
INSULATION RESISTANCE
SALT FOG 5%, 95°F, 10 DAY MET RPQUIREMENTS MET REQUIREMENTS CORROSION ON CASE

#* The maximum displacements at which this force is applicable was defined at the

conelusion of testing.
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Figure B-1, Mechanical Switch, SKEE 159 (Sheet 1 of 5)
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DESIGN AND OPERATING REQUIREMENTS
Termination: hermetically sealed SST shell to mate with MS3106R14S5-6S.

Sealing: Basic switch is hermetically sealed. Actuator assembly is
sealed per KSC-STD-131 para. 5.3.2.

Mounting: Plate through-hole with keying.

Contact Arrangement: DPDT

Material of Case and Connector: weldable corrosion resistant steel.
Actuator Approach (angular range): O to 30 degrees.

Contact Rating: 1.5 amperes inductive and 3 amperes resistive at
28 V DC and at 115 V AC.

Simultaneity: Deviation less than 0.030 in.
Pretravel: 0.20 to (.30 inch

Differential Travel: 0.010 inch maximum
Overtravel: 0.45 to 0.55 inch.

Axial Operating Forces: 6 lbs. weight minimum at beginning of travel
25 1lbs. weight maximum of total travel.

Response Time: 30 milliseconds maximum
Repeatability: 0.040 in. maximum deviation
Low Temperature: 5 F for 2 hours (KSC-STD-164)
High Temperature: 160°F for 72 hours
Vibration (Non-operational): Sinusoidal: -10 to 44 Hz at 0.25 in. DA
L4 to 2000 Hz at 25 g peak
Random: -0.225 G2/Hz (KSC-STD-164)
Humidity: 72°F to 160°F at 95 percent humidity
Sand and Dust: 4 hours at 77°F
2 hours at 160°F
100 to 500 cu ft/min (KSC-STD-164)
Salt Fog: 5 percent for 240 hours at 95°F (KSC-STD-164)

Explosion: 32 plus or minus 5 percent by volume of hydrogen
Pressure: 13.1 to 15.1 psi (KSC-STD-164)

Life: 10000 agtuations (KSC-STD-131)

Figure B-1.Mechanical Switch,SKEE 159 (Sheet 2 of 5)
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1 Base D L7-3 1
2 Bearing - SLEEVE 06DU08 1 gargi.ock Bearing
3 Bearing - SLEEVE — 06DUL2 1 Garlock,Bearlng.
S Prod.
MG 268
4 | "O" Ring 12 FA 1
“TBKEELLY
5 ‘Plunger B
SKEE152~/
6 | Wiper B 1
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8 | Bearing - Ball ] 77-R-2 1 Ng;{ %&ﬁ?{f“e
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DESIGN AND OPERATING REQUIREMENTS
1. Termination: hermetically sealed SST Shell to mate with MS3106R-145-6S

2. Sealing: Relay is hermetically sealed; actuator assembly is sealed per
KSC-STD-131 Para. 5.3.2

Mounting: Plate through-hole with keying
. Contact Arrangement: SPDT
. Material of Case and Comnector: Weldable corrosion resistant steel

3

A

5

6. Input Power: 18 to 30 VDC

7. Actuator Approach (angular range): O to 30 degrees
8

. Contact Rating: 1.5 amperes inductive and 3 amperes resistive at 28 V DC
and at 115 V AC

9. Pretravel: 0.20 to 0.30 inches
10. Differential Travel : 0.0l0 inches maximum
11. Overtravel: 0.45 to 0.55 inches

12. Axial Operating Forces: 6 lbs. weight minimum of beginnirg of travel
25 1bs. weight maximum at total travel

13. Response Time: 30 milliseconds maximum
14. Repeatability: 0.005 inches maximum deviation
15. Low Temperature: 5°F for 2 hours (KSC-STD-164)
16. High Temperature: 160°F for 72 hours
17. Vibration (Non-operational): Sinusoidal: -10 to 44 Hz at 0.25 in. DA
4l to 2000 Hz at 25 g peak
Random: -0.225 G2/Hz (KSC-STD-164)
18. Humidity: 72°F to 160°F at 95 percent humidity
19. Sand and Dust: 4 hours at 77°F
2 hours at 160°F
100 to 500 cu ft/min (KSC-STD-164)

20. Salt Fog: 5 percent for 240 hours at 95°F (KSC-STD-164)

21. Explosion: 32 plus or minus 5 percent by volume of hydrogen
Pressure: 13.1 to 15.1 psi (KSC-STD-164)

22. Life: 10000 actuations (KSC-STD-131).

Figure B-2, Electro-Optical Switch, SKEE 160 (Sheet 2 of 6)
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- ‘ SIZE

b ;
ASSY SKEE 160
PARTS LIST A
b3 2 [ - 5—_-”—~—~5—“-‘_~—5 6 1 8 g
FIND | REF DESIG/FED . SEP
CRIPTION DWG | PART/STK NO. MFRS. PART NO. EQD| PART REMARKS OR
e DES 10 ITEM IDENT NQO.| s17E [ DWG. NO. REQD| A& MFR
SKEE 147-1 1 :
Base D
3 j arlock
2 Bearing - Sleeve 06DU08 1 Bearing Prod.
Garlock
3 Bearing - Sleeve 06DU12 1 Bearing Prod,
MC266 - - L
IA "0" Ring 15FA 1 e el
SKEE_11,3 .
5 Plunger ) B 1
SKEE 152
6 Wiper B 1
| SKEE 152
7 Bracket - Relay B 1
L ' : New (or Equiv.)
8 Bearing - Ball _ 77-R-2 1 Departure
9 Roll Pin 79-028-~125-0375 |1 ESNA Corp.
California
10 ] Spring - Compression 22 2 Spring Co.
! ’ MS 16995-9 | L
11 Screw . . l;ﬂ__ Sl
8 SKEE-167 i
I 12 Electronic Assembly - " 11 *
"NOTES:
- REVISIONS INEXT ASSY] USED ON ORIG%’A_’T F' A-CD LIST OF PARTS FOR NATIONAL AERONAUTICS AND
Syl AT | APDR DESCRIFTION - DTN TR |7, Flectro Optical SPACE ADMINISTRATION
e 27 Ty weis B R wg&fﬁ,c’l.’»»‘d Switch A=cembly George C Marshall
SUBMITYLD Space Flight Center
Huntsville, Alabama
<UL .
G PL, SKEF 160
‘ o l o 3

Figure B=2, Electro-Optical Switch, SKEE 160 (Sheet 3 of 6)
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—— At b sy 3 o o b £ . 4 o

PARTS LIST S 5 P Lores ato

DWG

T T _ R T 'j“ N 5| 6 7| 8 9
FIND REF DESIG/FFD | S i 2 ’PSEP REMAPKS OR
3 N ’ DWG | PART/STK NO. MFRS. PART RO, "REQD PART ! “MADRKS
NG DESCRIPTION ITEM IDENT NO | S176 | DWG_NO. T P LIST MFR
N B ’ g AR :
1300 Tore T - : 1 %
’ X . o “_i."‘."‘~“ ' i+
n Mut - Plein Jem | L4 !
: S —
15 washer - Flat ¢ P
] - o T
16 Tut - 3elf-Locking 1 ' :
i : i AR 1 |
17 Rod - Threaded i B 2 !,
| ' | [, ¢+
e Rivet - Univ. Hd. R S )
§ I i hewzrx Zlech,
19 Stardof” - Insul, . j i ;
; i :
20 Washer - Flat N |
- : i
21 Cover : Lo
1
2 Conrector '.
",
23 Reiainer B | I '
. 2
24 : Hut . R ' . i |
NOTES: i
i
!
IR T"I_ﬁiE'BA_T?:‘“"‘"- 1ix1 OF PAETS FOR R
REVISIONS . INEXTAS3Y] Usi D C 3L A6 NATIONAL AERCNAUTICS AND |
5YM DATE | APPR DESCRIPTICN ST R SPACE ADMINISTRATION |
TYP George C Marshall
SUBMITTE Space Flight Center :
Huntsville, Alatama
‘ PR D PL, SKE—E:Z
L ] S e i

Figure B-2, Electro~Optical Switch, SKEE 160 (Sheet 4 of 6)
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PARTS | UST | SSY D P stz 160

DWG

; 2 3 s Ty T 3 77 | 8 9
FIND .y ~QIes |: o ! - | SEP
NG DESCRIPTION e e FED . Dwa | PART STK NO.| MFRS. PART No. 'REQD'PART | REMAPKS OR

; MODENTNO | SizE | DWG NO. ~ i LIsT MFR

+ = - g i Y AN < P4

i Bumper ; T — by i '

| e T -

Plate - Stop L] Pl * !

i i i . ; SLl Fltiiie T

5 Grommet - Split 2

Ny S
5 Washer ~ Lock =

Vasher -~ Flat ‘

h &

o1-¢

. T
! Fiber Vasher - Shoulder | § 3UF357 0 | Yewary Elsot,
, - T A : f f
. Dowel Pin Lo P !
i - i i
i o :
R . - TOOATYY ’ : H . -
v Relay TP24D1064 A | Deutsen/Filiers
! H
f P |
Screw P2 ‘
~ - - ] T
i i ar i i
I T ' Yylar, Ao, |
Insulation B ! (00120 thics) o i Dupont
. . i ' H T
Hut { | tzo ;
- L R R —— —_ [ — ;
i : As ! )
Wire - Fooxup liylon Insul, R L Reu'd, ;

. - : e acmed sosoy e JORIG DATE 1.I53T OF PARIS FOR .
PRLVISIONS : INEXT ASSY] VD ON ENY e NATIONAL AERGNAUTICS AND |

DATE | APPR DESCRIPTION 1 CFNN IR (07 Tlectro Cptlical SPACE ADMINISTRATION

TYP ENAL Switeh Ass

George C. Marshalt

SUBMITT..L

Space Flight Center

Huntsville, Alabama

PL, SKEE 140

‘Rhee! 3 of ?

Figure B-2, Electro-Optical Switch, SKEE 160 (Sheet 5 of 6)




T1=-9

' SIZE
"ASSY g
PARTS LIST ASSY PL cre 17
1} R ' T s 3 I 7 . 8 | 9
FIND | . "y i - “sgp ’ ]
ING . DESCRIPTION REF 3‘;5,’ 3 ’fg DWG | PART/STK NO.| MFRS. PART NO. QREQD PART! REMARKS OR
NO. | ITEM IDENT NO | 517E|  DWG. NO. ‘ | | LIST | MFR
1 ’ Bracket B = b1 } l
o N RS ‘ i
2  Gireuit Card Assy. B by
; YL . -
3 . Vasher-Fiter 30F355 P "e'rark Elesztronizg
) 1 " ¥
. ) LSS i 1 i
4 t Screw P !‘ ‘
]
: R - Y5 21003-04 i i ‘
5 Nut-Selfiock D3 ; i
H N
6 { Tnsulation Yrlar A Lz 025 Thisk
' - . As oast Fro~Ceal
7 Coat ~ Conformal. CEE-T73 ‘Regtd 'rdEcui':;.\ *
R
i : l
{ : ! i
‘ _ BRI ! ! |
Ref. Drill Pattern P B o !
f T
: - : 3 ;
% i ; ;
NOTES: & Same as KSC-SFEC-2-0071 applied per 7S2-SPEO-E-C003
: - — X s v JORIG DATE LIST OF PARTS FOR
- REVISIONS INEXT ASSY] 1'SED ON 3204 -69 S > NATIONAL AERONAUTICS AND
YM DATE j APPR DESCRIPTION SEZE 16 CEMN CHR ¢4 FISATA04I0 SPACE ADMINISTRATION
S0 54 £3STMELY George C Marshall
SUBMITTED * Space Fiight Center
Huntsville, Alabama
- NIZE
APPRGYVED ASSY sTT_14
S ST NalPlemag
r_‘ I [ e e ' of ‘

Figure B~2,

Electro-Optical Switch, SKEE 160 (Sheet 6 of 6)
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Dimensions (in inches) are maximum allowable.

Manufacturer: Electro-Sonic Control

Manteca, California

Part Number: ESC 1469

Design and Operating Requirements:

10.
11.
12.
13.
14.
15.

16.

Termination: To mate with M33106R-145-65

Sealing: 1In accordance with KSC-STD-131, para. 5.3.2

Mounting: Surface Mount

Contact Arrangement: SPDT

Material of Case and Connector: Weldable corrosion resistant steel
Input Power: 18 to 36 VDC

Actuator Approach (Angular Range): O to 90 degrees

Contact Rating: 1.5 amperes inductive at 28 VDC; 3 amperes
resistive at 115 VAC

Sensing Distance Capability: With minimum thickness of 0.10 inch
0.75 inches minimum to 1.25 inches maximum using a ferrous metal target
4 square inches. (Non~ferrous target permissible)
Differential Travel: 0.015 inches, maximum
Response Time: 30 milliseconds, maximum
Repeatability: 0.007 inches, maximum deviation
Low Temperature: 5°F for 2 hours (KSC-STD-164)
High Temperature: 160°F for 72 hours
Vibration (Non-operational): Sinusoidal: -10 to 44 Hz at 0.25 in. DA
L4 to 2000 Hz at 25 g peak
Random: -0.225 G2/Hz (KSC~STD-164)
Humidity: 72°F to 160°F at 95 percent humidity
Figure B-3, Proximity Switch,SKEE 161 (Sheet 1 of 2)
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17.

18.

19-

20.

Sand and Dust: 4 hours at 77°F
2 hours at 160°F

100 to 500 cu ft/min (KSC~STD-164)

Salt Fog: 5 percent for 240 hours at 95°F (KSC-STD-164)

Explosion: 32 plus or minus 5 percent by volume of hydrogen

Pressure: 13.1 to 15.1 psi (KSC-STD-164)

Life: 10000 actuations (KSC-STD-131).

l

> A -

[LECTHROMS | ——S5 3

>C

=

C

\\“\;32%

7

N

b

—~

PIN

FUNCTION

+28 VOLTS

~28 VOLTS

NOT USED

NORMALLY CLOSED CONTACT

COMMON

i Bico R RieN vl g

NORMALLY OPEN CONTACT

Figure B-3. Proximity Switch, SKEE 161 (Sheet 2 of 2)
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Figure B-6, Redesigned Mechanical Switch, SKEE 159B (Sheet 1 of 4)
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SIZE
PARTS LIST i |PL seas
i 2 3 4 [ [ 7 . 8 3
FIND SEP
REF DESIG/FED
ING DESCRIPTHEIN DWG | PART/STK NO. MFRS. PART NO. D! PART REMARKS OR
NO. ITEM IDENT NO. | s1zE DWG. NO. REQ LIST MFR
SKERILT
1l Base D 1
) Garlock Bearing
2 Bearing - SLEEVE 06DUO8 1 Prod.
Garlock Bearing
3 Bearing ~ SLEEVE 06DUL2 1 Prod.
ANTZ3863-1T10 ' Parker Size No.
4 "O" Ring - 1l 2-110
SKEEI73=%
5 Plunger B ' 1

: SKEEIS2=Y
6 Wiper B 1
T - SKEELTS
7 Block-Switch Moumting B
8 Bearing - Ball A33KDD3 Fafnir
9 Roll Pin 79-028-125-037§ 1 ESNA Corp.

: Catiformia
10 Spring-Compression 22 2 Spring Co.
SKEE-1T72

11 Plate-Switch Support 1
e - Téexas Inmstrumenty

1 Switch 10AT17~0L 2 Klixon Div.
NOTES ,

- n o DATE -

REVISIONS INEXT ASSX| USED ON omc;'./’ 2¢-¢9 LIST OF PARTS FOR NATIONAL AERONAUTICS AND
5YM DATE | APPR DESCREPTION [IDFMN (CHK . Switch SPACE ADMINISTRATION
Y TYP L‘NC"(;’,;,Z Mechanical George C. Marshall

SUBMITTED 7 Space Flight Center
Huntsville, Alabama
SIZE .
APPROVED Assy PL, SK££ /59
e - ‘ Cheet 1 of 3

Figure B-6,

Redesigned Mechanical Switch, SKEE 159B (Sheet 2 of 4)
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PARTS LIST 52 |PL s
DWG SKLE—.159
1| 2 3 4 5 3 7 8 9
FiND, DESCRIPTION T EIGFED | bwa | PART/STR N0.| MFRS. PART NO. |REQD Bibbr|  REMARKS O
NO. S ITEM IDENT NO | 177 | * "pwa, No. ) b LIST MFR
- - T SEFE LG
13 Yoke B i
- I R R I R 4721 iy
u, Nub ~ Plain Jam 6
| . i " T ANSED
15 { Washer - Flat ; CL1é 4
B S5 X g
16 MNat - Self-locking 2
) ] RISSARTIA
17 Rod ~ Threaded B 2
o | Fo-208T3 j
18 Rivet LC12 - '
A=t ~Ct, i
20 Washer "~ Flat ) 2 I
- M5-1€595-17
21 Screw :
— YIIZ5TIECIIG 4
22 Lockwasher T —= 6
) #5-16955-16
23 Screw 2
2, Ball A¥ S 2
i
NOTES:
— T Assy varD ow JORIG DATE LIST OF PARTS FO . ~
REVISIONS INEXT ASSY} USED ON : = PART: R NATIONAL AERONAUTICS AND
Y™ DATE | APPR DESCRIPTION CFMN ICHRK Switch SPACE ADMINISTRATION
B TYP ENG Mechanical George C. Marshall
SUBMITTED Space Flight Center
Huntsville, Alabama
— SIZE -
APPRGL oD Y PL. Sk /52
e e e e U{"'(} p NN S —
- . T Shee: 2 of 3

Figure B~6,

Redesigned Mechanical Switch, SKEE 159B (Sheet 3 of 4)
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PARTS LIST Bl s

DWG
1] 2 3 [ 4 5 6§ T 7 ] 9
FIND | ) e | o | sep
t RFF DESIG/FED
ING PDESCRIPTION . o, | DWG ] PART/STK NO. MFRS. PART NO. REQD P REMARKS OR
NO. |. ' ITEM IDENTNO | §178 | 'DWG NO. Q i PAICT APK
: o S¥IE 165 ’ }rxiu Tres ¢
Liar fhare .
25 Cover . i | Fody only of CAT.
‘ - . BBOO2-14S i ‘ F32K
26 Connector o — 6P-55P-49 i3 Sealtron
] [ SEek 150 i
27 Retainer | B 1
T FLI5051503
28 Hut _ . 2
. OLLD o
29 Bumper , B - { 1t
SRZETITL T T
30 Plate -~ Stop ’ B ’ 1
’ SES 703L74
31 | Grommet; Split e 2
A% G50 ,
32 Washer - Flat : C} 2
. SYEL 176 - Make from nats
33 Bearing 1 Products Pearirpy
As
34 Wire-Hookup - Mil-W-81044 Awg 28 ] &Zeq‘d_
: I As
35 | VWire-Hookup Mil-W-81044-Avg 22 !Req'd E
; | ; - é
NOTES:
SYM DATE | APPR DESCRIPTION TN CHR SPACE ADMINISTRATION
5 TYP EXG q::;t:}ical George C. Marshall
~ Sech .
SUBMITTED & Space Flight Center
Huntsville, Alabama !
SIZE
_____ APPRGVED 1\)?\% PL. SKL{{.’ /579
- - _ Sheet 3 of 3

Figure B-6, Redesigned Mechanical Switch, SKEE 159B (Sheet 4 of 4)
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Isizg

PARTS LIST B PL oo
1 2 3 44 5 6 1 17 | 8 9
FIND | REF DESIG/FED » . | SEP o
ING | DESCRIPTION N DWG | PART/STK NO. MFRS. PART NO. REQD: PART ARK
NO. ITEM IDENT NO.| g1zp DWG. NO. pLIS‘I‘ m{ms OR
‘ « SKEE 147-9
1 Base D 1
Garlock
2 Bearing - Sleeve 06DU08 1 Eearing Prod.
. Garlcck
3 Bearing - Sleeve ; C6DUL2 1 Bearing Prod.
AN 123863-11 Parker Size ho.
L "0 Fing 1 2-110
‘ S¥EE/¥Y3-2
5 i Plunger B 1
SKEE-1652-3
& Wiper B 1
‘ ] %835338-136
7 Lockwasher B 2
- A33KDDG
8 Eearing - Ball 1 Fafnir
R Cowt L L
9 Roll Pin 79-028-125-0375{ 1 ESNA Corp.
] Stainless '
10 Spring - Compression v 1C-C38E-18 2 Lee
73 169959 i ] ‘
i Screw 2 ! #4-40, 1/4 long
SKEE L&y
12 | Electronic Assermbly B 1 *
‘NOTES:
——— ORIG DATE IST OF , '
REVISIONS J)~2¢ -¢g |7 OF PARTS FOR NATIONAL AERONAUTICS AND
EY ™ DATE | APPR DESCRIPTION f’.).l""l\Lv ‘4}{.5 , Electro Optical SPACE ADMINISTRATION
B P EN% 97 1 Switch Assesbly George C. Marshall
SUBMITTED  / Space Flight Center
Huntsville, Alabama
S SIZE o [
AP RN ASSY - Vot
APPR( 3 hm}PLpsAﬁ;maJ
— - Rheet 1 of b

Figure B-7, Redesigned Electro-Optical Switch, SKEE 160B (Sheet 2 of 6)




SIZE

PARTS LIST | I Y

(A A"

1 ; 'y 4 | 5 6 7 8 9
FiND REF DESIG/FED SEP e
1NG , DESCRIPTION ITEM IDENT NO. ls)l\zg PAgg“{g_'ng ofvo. MFRS. PART NO. |REQD I;A‘Iasn'}r REM%S OR
T SKEE 149
12 | Yoxe B 1
i M5-35691-7
L, ! Wit - Plain Jam 4
3 i AN 960 ]
15 = Washer - Flat ] C 416 b
i MS 21CL3-k
16 ' Nut - Sel1f-Locking . 2
{ ' SKEE 184
17 . Fod = Threaded | B ] ‘ 2
I ‘ ¥S 20613
18 ! Rivet - Univ. Hd. 4C12 1
; 97230/ Gries
19 ! Insulator ) 2 Regroducer Co.
i AT 960l
20 | Washer - Flat 2
. SKEE 165 Hake Trom Eody on
2 Cover B 1 of Polarware Co.
B 8002<1L3 —tats#s
22 Connector v N &P~SSP-M9 1 Sealtron
SKEE 150
23 , Retainer B 2
i ‘ M3 3569163
2, ; Mt ' 2
NOTES:
REVISIONS NEXTASSY] UsED ON [ORIG DATE LIST OF PARTS FOR NATIONAL AFRONAUTICS AND
SYM DATE | APPR |  DESCRIPTION TN TiK Electro Optical SPACE ADMINISTRATION
Y : VP ir;\(, Switch Assexmbly George C. Marshali

SUBMITTED Space Flight Center
Huntsville, Alabama

APPROYT.D E\{’:} P I., 5K£[/60

- _ — _ Shee 2 of &

Figure B-7., Redesigned Electro-Optical Switch, SKEE 160B {Sheet 3 of 6)



SIZE

PARTS LIST Hasy PL SKEE 160

[ XA

1 . 2 » , 4 5 & . 7 ] 9
{FIND REF DESIG/FED : SEP
fIN DESCRIPTION DWG | PART/STK NO.| MFRS. PART NO. |REQD| PART REMARKS OR
RS 0 ITEM IDENT NO.| 5178 | DWG. NoO. _ LIST MFR
- SKEE /&S :
{25 Bumper B 1
j SKEF 179
26 Plate - Stop | B 1
i . SKS 70813A A
27 ! Grommet - Split ) = 3
¥S 35338-135
28 Washer - Lock 2
) AN 960
29 Washer - Flat CLL 2
, 974304 Gries Reproducer
30 Insulator - .Screw , 2 Co.
- ¥S 16 555-601
31 Dowel Pin 2
32 | Relay 3SEX-103542 1 G.E. Electric
’ 4S5 16995-17
33 Serew 2
. . ’ ] .} Mylar & As
34 | Insulation _ : {010 thick) Req'd. Dupont
3 MS-2104L3-0L :
35 : Nut ~ Self locking 2.
As
36 Wire - Hookup Mil-W-81044 ] Rea'd.
NOTES: S
“REVISIONS ENENT ASSY] USED ON ORIG DATE LIST OF PARTS FOR NATIONAL AFRONAUTICS Ab;b
Y31 DATE | APPR DESCRIPTION FMN CHK Electro Optical SPACE ADMINISTRATION
AN - TYP NG Switch ASSembly George C. Marshall
SUBMITTED Space Flight Center
Huntsville, Alabama
. _ SIZE —
APPRGL LD ASSY £EE /5
ot DWG EL_LES__/(_ w{i,o
- RS B Sheet 3 of b

Figure B-7, Redesigned Electro-Optical Switch, SKEE 160B (Sheet 4 of 6)
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PAR T SMLET | ASey PL  sxe= 160

DWG
1 2 T | 4 5 3 7 8 9
T . \ SEpP
FIND ue¥ DESIG/FED Y piwo | papr/stk No.| MFRS. PART NO REQD| PART REMARKS OR
R DESCRIPTION IFEM IDENT NO. | Sz | PARTASTK No.| | FART ARKS
- . - - SEazm 173-1
‘ ‘ — - 2
Spacer ;
37 L — SKEE T73=3
338 Spacer 2
¥516995-10
39 ! Screw 2
i
1]
¥
i
i
; ! ; ~
NOTES:
— T JORIG DATE LIST OF PA,
REVISIONS INEXT ASSY) USED ON OF PARTS FOR NATIONAL AERONAUTICS AND
EYM DATE | APPR DESCRIPTION FMN CHK SPACE ADMINISTRATION
T v TYP 412.\0 £leatro Optical George C. Marshali
SUBMITTED Saitch Assembly Space Flight Center
Huntsville, Alabama
s — NIZE
APPROL £D ASSY PL SKEF /60
] DwG il e
b — T Sheet 4 of 4

P

Figure B-7, Redesigned Electro-Optical Switch, SKEE 160B (Sheet 5 of 6)
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' ‘ A PY
3 .
PARTS LIST | e SKee 15y
i 2 3 i 4 5 -6 K 8 9
FIND i REF DESIG/FED | 0.] MFRS. PART NO. |REQD PART REMARKS OR
i 1 : .~ | DWG | PART/STK NO.| I . .
f\‘?é? DESCRIPTION ITEM IDENT NO.{ S17F DWG. NO. : ) LIST MFR-
; ' SKE= 177 :
1 Eracket B ) 1
I ; SKET 1 &
2 ' Circult Card Assy. B 1
R
3 f Washer Fiber . 30F355 12 Newark Electronieés
NS 165G5-%
4 Serew ' 3
i HS ZI0G3<02
5 ! lhb-Selflock 3 . N
A aAs C0asy Pro-~-se
7 ! Potting Cexpound CPs-=773 Req'd or Equiv. #*
i
]
i
?
NOTES:
# Same as KSC-S5PEC-Q-0COL Applied per KSC-SPEC-E-OOCL
o CSED o ; DATE o ' o
REVISIONS NENT ASSY] USED ON 0“/‘3_ PP LIST OF PARTS FOR NATIONAL AERONAUTICS AND
SYN DATE ! APPR DESCRIPTION Sk(é'/ﬁc-‘,: DEMN CHK \ ¥lectronic Assemb‘ly SPACE ADMINISTRATION
SKeE Jea (! TYP NGy ) George C. Marshall
SUBMITTED 7 Space Flight Center
Huntsville, Alabama
SIZE
APPROVFD ASSY PL SKEE /Ly
LA P ——— - -
. Sheer  / of J/

Figure B-7, Redesigned Elactro-Optical Switch, SKEE 160B (Sheet 6 of 6)
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Refurbished Mechanical Switch, SKEE 159A (Sheet 1 of 4)



XA

APPRGN 11

SIZE, :
ASSY SKEE1
PARTS LIST ASSy PL 59
1 2 3 4 5 6 7 | 8 9
FIND REF DESIG/FED SEP
ING DESCRIPTION DWG | PART/STK NO.| MFRS. PART NO. ARK
NO. ITEM IDENT NO.| §1z | DWG. NO. O. |REQD PART REMARKS OR
SKERL,7-11 :
1 Base D 1
Garlock Bearing
2 Bearing ~ SLEEVE 06DU08 1 Prod.
Garlock Bearin
3 Bearing - SLEEVE 06DU12 1 Prod. .
AN123863-110 Parker Size No.
L "o" Ring 1 2-110
SKEE -#77-3 . '
5 Plunger B 1
SKEEL52-3
6 Wiper B 1
SKEEL75 .
7 Block-Switch Mounting B 1l
8 Bearing - Ball A33KDD4 1 Fafnir
9 Roll Pin 79-028-125-0375 | 1 " ESNA Corp.
1.C-038E-18
10 Spring-Compression Staigless 2 LEE B
SKEFE-172 - -
11 Plate-Switch Support -
Texas Instrumentd
12 | Switch 10AT17-01 2 Klixon Div.
NOTES:
- oo ORIG DATE . SARTS F T T e e e
REVISIONS NEXT ASSY| USED ON 1~ 2¢-CF LIST OF PARTS FOR NATIONAL AFRONAUTICS AND
YM DATE | APPR DESCRIPTION DFMN CHK Switch SPACE ADMINISTRATION
TYP JC):Q;’:/ Mecchanical George C. Marshall
SUBMITTED Space Flight Center

Huntsville, Alabama
[ s Ay
PL,oKEs 159

e Yoo 3

RVAN
ASSY
Wi

Figure B=-8,

Refurbished Mechanical Switch, SKEE 159A (Sheet 2 of 4)
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PART S‘ ”LLS T | Aoy pL k159

DWG
1 2 |4 R [ 7 8 9
Rk DESCRIPTION REF DESIG/FED | DWG | PART/STK NO.| MFRS. PART NO e MAPKS OR
NO. - ' ITEM IDENT NO.} SizE | DWG NO. ' ot I
. ; T i V TIEETILY :
13 Yoke B _ 1
- , . ' V5356017
14 Nut - Plain Jam ) 6
S AnS60
15 Washer - Flat Cl;l'éﬂ . L
16 Nut - Self-Locking [ HS-21063-k 2
i - SKYE 164
17 Rod -~ Threaded B 2
i ‘ F5-20613
18 Rivet LC12 1
v AN-960-Ch
20 Washer - Flat : 2
5-16G55-17
21 Screw : ] : L
F5-35338~136
22 Lockwasher 6
15-16595-16
23 Screw 2
2, ] Ball _ , » Y3 L2
i
NOTES:
- REVISIONS INEXT ASSY] USEp ON [ORIG DATE | LIST OF PARTS FOR NATIONAL AERONAUTICS AND
v\ DATE { APPR DESCRIPTION [IDFMN JCHK SPACE ADMINIS’I’RATION
: v TYP ENG Switch George C. Marshall
SUBMITTED Hechanical

Space Flight Center
Huntsville, Alabama

SIZE

APPRGA D ASsY P L' 3 /\/L[Z‘»/ 49

) WG -
- - _ |

Sheet 2 of 3
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PARTS LIST g PL SKEE 159
1 2 3 1 5 6 7 8 3
FIND | ' REF DESIG/FED : SEP
ING DESCRIPTION - ;~ | DWG ] PART/STK NO.| MFRS. PART NO. |REQD' PAR REMARKS OR
*0. ITEM IDENT NO.| S1zE |  DWG. NO. q | ST ., MFR
TT o = T EXeT U
s cover 5 SZE 165 Polar Ware Co.
1 Bedy only of CAT,
BRCO2-14S5 #32K
26 Connector 6P-S5P-M9 1 Sealtron
S¥EE 150 -
27 | Retainer B .
133569183
23 Nut 2
! Sfor 185
23, Bunger B 1
‘ ERENR IS
30 ; Plate -~ Stop B8 1
SDS 7C3:2A
31 { Gremmet; Split ‘ — 2
! Al 560
22 i Wacher ~ Flat cLL 2
) l . SYET-176 Make from wafe
33 ! Bearing - 1 Products Bearing
Vo . 4As
34 ! Wire-Hoolup Mil1-W-8104) Awg 28 Req'd
As
35 ' Wire-Hookup Mil-W-81044 Insul.Awg 22 'Req'd
‘ |
i
: {
‘NOTES:
REVISIONS NEXT ASSY] USED ON [ORIG DATE LIST OF PARTS FOR NATIONAL AERONAUTICS AND
SEYM DATE | APPR DESCRIFTION LEMN CHEK SPACE ADMINISTRATION
A e ENG Switch George C. Marshall
SUBMITTED Hechanical Space Flight Center
Huntsville, Alabama
DT e v PL. SKEE /53
~ . RU. . i_l‘.\."; L. f_ il f— ’ m‘/
S SR I
E Sheei3 of 3

Figure B~8,

Refurbished Mechanical Switch, SKEE 159A (Sheet 4 of 4)
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Figure B=9,

Refurbished Electro-Optical Switch, SKEE 160A (Sheet 1 of 6)
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PARTS LIST st |PL sz 260

1 2 P4 5 6 7 ) 9
FIND ; REF DESIG/FED ‘ SEP
ING DESCRIPTION o v | DWG | PART/STK NO.| MFRS. PART NO. D| PART EMARKS OR
o | ITEM IDENT NO.| S17E | DWG. NO. REQD AT | PPRR
SKEE 147~ 5
1 Ease i D 1
Garlock
2 i Bzaring - Sleeve 06DU08 1 Bearing Prod.
] : Garlock
3 | Ezaring - Sleeve ) céDU12 1 Bearing Prod.
! A¥123863-110 Parker Size No.
A o Ring -1 2-110
1 SKEE 143-/
5 i Plunger B 1
I SKZZ 152-1
6 i ‘u'l.i‘:‘:l‘ B 1
| %S 35338-136
7 | lockwasher B 2
! A33KDD3
8 | Eearing - Ball 1 Fafnir
9 « Roll Pin 79-028-125-0375 1 ESNA Corp.
% ) . Lalifornia
10 : Spring - Coapression . . 22 ) 2 Spring Co.
) 1 M5 16995-9
1 . Screw 2
; ; |
12 | Flectronic Assembly { B , S *
P-_'Cﬁ'ES:

REVISIONS NEXT ASSY] USED ON OR‘G//DfTE ¢ .of LIST OF PARTS FOR  NATIONAL AERONAUTICS AND
5YM DATE | APPR |  DESCRIPTION DFMN [TIR Qﬁlégti‘c "kﬂtigil SPACE ADMINISTRATION
e . P FNg7Z | Switeh hssenbly George C. Marshall

SUBMITTED Space Flight Center
Huntsville, Alabama
SUZE
— s soviPL, skes 5o
- \-_—._h_ T ‘ Sheer b of b

Figure B-9, Refurbished Electro-Optical Switch, SKEE 160A (Sheet 2 of 6)
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SIZE e
PARTS LIST et i PL SKEE 160
1 ) 3 4 5 ) 7| 8 9
RO DESCRIPTION REF DESIG/FED pwc | PART/STK No.| MFRS. PART NO. |REGD! BAm ARKS
NO. * ITEM IDENT NO.| s17zr | DWG. NO. | - PART NO. . %sng REMMFR Oor
) SKE= 14,9 . - ’
13 Yoke B ' 1
¥5-35691~
U Nut - Plain Jam ' A
AN960 -
15 Washer - Flat C 416 L
" ¥S 21043~-4
16 Hut - Self-Locking 2
' SYEF 165
17 Rod . ~ Threaded B | 2
B ¥S 20613
18" | Rivet - Univ. Hd. 3] 1
_ 97230/
19 Insulator 2 Gries Reproducer
A 96C-C
20 Vasher - Flat - 2 .
- . SKEE 165 Make from Eody
4 over B 1 only of Polarware
_ B 8002-14S Co. Cat.#32K
22 Connector < 6P-5SP-M9 1 Sealtron
{EX 150
‘23 - Retainer B 2
: 1 M5 35691-63
25 Nut 2
NOTES:
REVISIONS PYEXT ASSY] USED ON ORIG' DATE LIST OF PARTS FOR NATIONAL AERONAUTICS AND
YM DATE | APPR DESCRIPTION FMN .Hif Electro Optical S'PACE ADM!NiSTKATION
B oy | S5 Switch .\sge.mbly George C. Marshall .
SUBMITTED Space Flight Center
Huntsville, Alabama
SIZE
APPROVED ASSY
— e |PL, SKZ /50
Sheet 2 o [~

Figure B=9,

Refurbished Electro-Optical Switch, SKEE 160A (Sheet 3 of 6)
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PARTS LIST asy  |PL

DWG SKEE 160
1| 2 4 5 6 7 8 9
NeD DESCRIPTION REF DESIG/FED | 1y, | papt/STK NO.| MFRS. PART NO. |REQD| PAnT REMARKS OR
D . - . 4 .
NO. v ITEM IDENT NO. [ g17p | " DWG. NO, LIST MFR
SKEE Jj&5.
25 Bumper | B LR 1
SKSE 179
26 Plate - Stop B 1
i SD3 7C8H3A
27 Grommet ~ Split 3
¥5 35328-135
28 wWasher -~ Lock ] 2
AT 560
29 Washer - Flat CyL 2
9% 30 Gries
30 Insulator - Screw i 2 Reproducer Co.
M3 16 555-E07
31 Dowel Pin 2
32 Relay 38371038502 1 Gereral Elec.
13 16595~17
33 Screw 2
Mylar A ns
34 | Insulation \ 010 thick) | Rea's Dupont
M321043-04
35 : liut-Self Locking 2
] As ]
36 | Wire - Hookup Mil-#-81044 Insul. Req'd |
NOTES:

REVISIONS NEXT ASSY] UsED ON [ORIG DATE LIST OF PARTS FOR  NATIONAL AERONAUTICS AND
5YM DATE | APPR | DESCRIPTION DFMN CHK SPACE ADMINISTRATION
i TYP <G G

RN Electro Optical Jrorse € Marshal
) ’ Switch Assemtly Space Flight Center
Huntsvitle, Alabams
T . NN Corarls s
e s PLSass e
SN ———e G e vom e e ’ ¥ N

Figure B~9, Refurbished Electro~Optical Switch, SKEE 160A (Sheet 4 of 6)



. " Ysuze .
PARTS LIST ASSY PL SKEE 160
DWG
1 2 o B 3 4 5 6 7 ) 9
FIND REF DESIG/FED ) SEP
N DESCRIPTION ; 2 DWG | PART/STK NO.{ MFRS. PART NO. |REQD! PART REMARKS OR
LN ITEM IDENT NO.| SIZE| DWG. NO. LIST MFR
SKEE 178-1
37 Spacer 2
SKEE 178-3
38 Spacer - 2
%316595-10
39 Screw
e
¥
w
£
{
H
1
NOTES:
REVISIONS NEXT ASSY] USED ON [OF1G DATE: LIST OF PARTS FOR 'Z\'ATIO‘;\‘AL AERONAUTICS AND
5Y™ DATE JAPPR | DESCRIPTION PN AR Electro Optical SPACE ADMINISTRATION
5 TP TNG Switch Assembly George C. Marshall
— SUBMITTED Space Flight Center
o - Huntsville, Alabama
0 I 1 R IR L -
T T T APPRGA D A PL0 \). & [",,,\/6}9
..'.— T - S - b —— —— - —_ . e e

Sheeir & of A

Figure B=9,

Refurbished Electro-Optical Switch, SKEE 160A (Sheet 5 of 6)
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PARTS LIST % |PL swer o

4 5

]

i 3 - . 9
FIND | ] REF DESIG/FED | ... P e . T,. SEE sex
ING | DESCRIPTION ITEM 10ENT 0. _xg;g g PAS;!X’{(%.’I‘KNO?O. AFRS. PART NO. | wzgn RATT) RE:.EG.!;:RS OR
i j SRV R
1 } Zrzc¥et 3 1
) S:P3E .
2 ! Circult Czrd Assy. . 3 1 *
i z
3 | lWasher Fiter _ 3067355 12 tewark Ilsclronig
Y V3TIEGS S
X } Serew 3
I F3TZICAICTTY _
5 1 hit-Salfleck ' 3 o
| - - A3 Uoast rro-ceal
7 1 Poining Tonpcura Cr3~773 Reqtd A or Eguiv. ®
I
L
)

i e erem
—m———"

i

:
NOUTES:
% Cormn

T2

a5 LSC-SFE0-LR-0001 Applied per KIC-SPIC -S£.0CCY

010 DATE

B i S ———— m————— ¥ — g~

PEVISIONS INENT ASSY] UabED ON //‘2‘. 5; .
st LATE [arpR | oescrumion foree geo o] SRR XL
- S je e J"_;‘.'.‘...’;{Ef_a
SCIATED
_ N 5 T
e e e e e e e e} D
I D

LIST ©F PARTS FOR

TvicLronic Asserbly

NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION
George € Marshall
Space Flight Center
Huntsville, Alabams

L sxee e

Sheet /) o J

Figure B-9,

Refurbished Electro-~Optical Switch, SKEE 160A (Sheet 6 of 6)



COMPONENT LIST REVISIONS
REP
DES DESCRIPTION TYPE/PART NO. DESCRIPTION DATE ARPROV
CR1 2ENER DIODE 5.6V 1N3827A
CR2 2EMER DIODE 5.6V 1N38274
CR3 LIGHT BMITTING DIODE T1LOL
CRY GENFRAL PURPOSE DIODE 600V 1A 1N645
CRS ZENER DIODE 47V LOO mW 1N977.
J1 CONNECTOR SEALTRON B-~8002-145-6P-55P-%3
or
FHYS. SC. HPO,-145-6P-F2

FlLToRS EENERAL ELETRIC
s RELAY RAGIA or  gS5gK1035A2
Q LICHT SENSOR 15 600
Qz TRANSISTOR 2H2907A
3] TRANSISTOR 2N3019
R1 RESISTOR 590 OHM 1W RW70U5900F
R2 RESISTOR 39.2K 1W B RN6OC3922F
Rr3 RESISTOR 10K 1w RN6OCLOO2F
Ry RESISTOR 348 NHM 3W RATU3ILBOF

CRL Rl R2
1N38274 IZF, 590 39.2
- -
h
Q2
2029074
Qa e
15600 Ry 2N3019
CR2 CR3 ‘# i
B o g
Wi BT ”
10K

Figure B=10,

Electro-Optical Schematic Diagram
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