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1.0 INTRODUCTION
1.1 BACKGROUND

Task 57 —— Component Evaluation was performed by JSC to determine
the applicability of off-the-shelf devices in the Space Shuttle power
distribution and control system. Detailed selection o: the test require-
ments and candidate devices to be considered in this program was estab-
lished in an agreement between JSC and Rockwell Space Division.

0 The Rockwell Space Division power distribution and control
systen baseline configuration included power switching compo-
nents vhich have not been evaluated for space application.

0 The detailed characteristics of the proposed switching devices
vere not well enough defined to determimne interfacing require-
ments.

0 JSC had been in the past and was currently involved in develop-
mental programs aimea at providing improved spacecraft switching
devices.

0 JSC had the technical expertise and *“e laboratory facilities
to accomplish the task.

o JSC had already invested 6 Civil Service man-months, 6 support
contractor man-months, and $160,000 in programs that would

contribute directly to this effort.



1.2 OBJECTIVE

The objective of Task 57 was for JSC to perform desiga analysis,
tests, and evaluation of selected power switching components to deter-
mine the possible applicability of off-the-shelf hardware wo Shuttle,
and to evaluate the various characteristics available in those devices

to determine the most desireble characteristics for the Space Shuttle.

1.5 SCHEDULE

On April 17, i3, J3C submitted a program schedule of major mile-
stones for Task 57 in an effort to assure that the program objectives
would be effectively met. The milestones were discussed and mutually
agreed upon by the cognizant NASA and Rockwell managers for WBS 1.3.4.6.
Due {o hardware delivery delays by component suppliers, some of the
original milestones could not be met. These milestones were amended by
matual agreement of the WBS manag.rs with the understanding that the

objectives of Task 57 could still be fulfilled.

Due to additional hardware delivery delays by component suppliers,
two o the four RPC (remote power controller) designs originally cited
for evaluation will not have significant data generated through tests
in time to meet the milestones of this task. Tests on these RPC's,
as well as evaluation of other hardware as it becomes available to NASA,
will be continued at NASA facilities, and data and analysis will be
provided to Rockwell to support Shuttle procurement and development

activities. The .-nal schedule for Task 57 was as follows:

[



Requirement Re ponsibility

Initiate Hurdware Procurement JsC

and Tests
Establish Shuttle Envircnmental Rockwell

Requirements
Provide Preliminary Test Results JsC
Provide Interim Report JSC
Provide Final Report JSC

Date

10/72

2fiz

9/73
12/73
3/th

Actual
€

16/ 2

Cpcn
91‘73

12/73
354

Preliminary environmental requirements were established by Rockwell

in most areas so that testing could progress; however, complete require-

ments defipition has not been officially provided. Some changes in

test requirements were informally requested by Rockwell =ngineering 25

they became known, and these were iucorporated into the test programs

where feasible (see individual test activity section 3.2).

The submittal

of this final report satisfies the JSC milestones of this task.

2.0 COMPONENT SELECTION

2.1 SELECTIOR CRITERIA

The components were selected for Task 57 evaluation according to

several criteria, the main two criteria being the Shuttle requirements

and the feasibility/availability of hardware.

2.)..1 Shuttle Requirements

The Rockwell power distribution and :catrol system baseiine con-

figuration included RPC's, RCCB's (remote control circuit breakers),
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and very high current d.c. contactors in addition to the hardware
qualified in past programs. RCCB's ané high current d.c. contectors
are devices that have been used on aircraft programs but never tested
for space application. RPC's are essentially a‘developmntal device

with no program application history.

The Space Shuttle sysiems' physical sizes aimost force the distri-
bution system's designer to use remote control switching devices to
eliminate many pounds of power distribution wiring. The ever-present
overload protection requirements combired with the desirability of
the remote control make the RPC's and RCCB's very attractive potenﬁial
Space Shuttle hardware. The power profiles for the Space Shuttle
presently require d.c. power distribution for 15-20 kilowatts of power,
far sbove past spacecraft levels. D.C. contactors of 500 amps or more

will be required to manage the power sources for the Shuttle.
2.1.2 Feasibilily/Availability of Harcware

Another factor in the selection of components for evaeluation was
the feasibility/availability of the hardware. JSC had several different
designs of RPC's already on contract for developmental projects. It was
felt that these units had enough variety in design characteristies to
evaluate RPC's without further procurements. RPC's of current ratings
higher than 10 amps have been proven feasible by several manufacturers:
however, the availability of those units wculd be dependent on 7 signi-
ficant amount of develujmental dollars and so coule not be Included in

Task 57.



RCCB's have not been epplied in spacecraft systems, tut are used
on several commercial aircraft, making thean not only feasible but com-
mercially available off-the-shelf. High current d.c. contactors rated
at 500 amps and grester are availabie from some aircraft and ground
systems programs; however, no spacecraft experience near these ratings

is to be had.

There are no special requirements on Space Shuttle toggle switches
that cannot be met by past proven devices. The cost associated with
spacecraft developed switches, however, is excessive in comparison to
aircraft qualified units; therefore, some MIL~-S5-3950 aircraft type
toggle switches were procured for evsluation as a low cost unit. Con-
taminaticon, contact degradation, ani other problems present with any
electromechanical switch make a solid-state switch very desirable for
Shuttle application. A JSC research and development program supplied
several versions of sclid-state switches for evalustion, and twc addi-
tional rotary solid-state switches were obtained from an Air Force

developmental program.

2.2 COMPONENT LIST

Components were selected for evaluation in Task 57 according
to the criteria of section 2.1. General descriptions of the selected
components are given in the following paragrachs. A detailed list
of components tc be evaluated in Task 57, including vendor model numbers,

is given in section 3.0 - Evaluation Activities.



2.2.1 Remote Coatrol Circuit Breakers

One device sel:cted as a prime caddidate for use on the Shuttle
tc meet some of the remote switching and p-otection requirements is
the RCCB {remote control circuit breaker) as developed for commercial
aircraft application. An RCCB is basically a combination of a relay
and a circuit breaker, and can operate as either or bqth. It utilizes
coils (intermittent duty) and contact mechanisms in much the sam>

mapner as relays and contactors.

RCCB's utilize bimetallic sensing of overloads much the same as
thermal circuit breakers. When triggered by movement of the bimetal
due to heat generated by covercurrent, the appropriate mecharical lﬁtches
will trip the RCCB tc an open contect porition. Electronic circuitry/
components are employed for power supply, coil suppression and logic

requirements to obtain proper operaticn.

The basic operation of the commercially designed RCCB's ceaters
around a single wire, ground switching control line. Utilizing input
line power to perform the logic and coil operations, the RCCB contirols
its contactors such that if the single control wire is grounded, the
contacts are closed, and if the control wire is opened, the contacts
are opened. While in the closed position, if an overcurrent conditica
exists, the bimetal sensor triggers the trip circuitry to cpen the con-

tacts. Resetting the RCCB after a trip is accomplished by merely cycling



the cantrol function off and teck on. Details of the designs and
operations of RCCB's are given in Cutler-Hammer Bulletin 7204 HB-14,
- Febmry 1972, and Texa.s Instruments Technical Product Specification
No. 181.
2.2f2 Remote Power Con*rollers

For the past 8 to 10 years, designers have worked towards pro-
viding a solid-state power control device to replace the conventiomal
electromechanical parts. The culmination of these efforts appears to
te the RPC (remote power confroller). This device is a sophisticated
i)ower control de¢vice that includes many features &ver and above the
turn-on or off and overload tripping provided by relays and/or circuit

_ breakers. The detailed operating characteristics of the particular
RPC's to be evaluated in Task 57 vary from one vendor to another, but
all have the same general intent. The RPC is completely solid-state
in nature, using no moving contacts. The RPC has a current sensing
circuit that feeds into the control circuit to provide overload pro-
tection. In a.c. units, the overload protection is simply & turn-off

; function, whereas the d.c. units generally include a current limiting
capability in addition to the turn-off function. The RPC also has an
overload "trip® indication circuit that can be used for monitoring and
management of the distribution system. Other specific operationsal
characteristics can be determined by the requirements given in the

specific design specification for each RPC design.



2.2.5 Panel Maunted Switches

Design analysis and modifications are a continuing prcecess in
toggle svitch applicatior, with ergineers sti.--ing for designs, manu-
facturing processes and zest and inspection proced:;‘: ~5 that could
elininate or minimize proi;lems associated with panel mounted switches.
In addition to designs which have been dcveloped for space appli«;:aiion
afer un:i:que space problems were experienced, ;ev_era.l other ‘designs
qualified by aircraft programs have been celecied for evaluation maitnly
as a possible low ccst component. Developmental so.id-state components

will be evaluated as they become availsble.
2.2.4 Power Contactors

A survey ¢ >ff-the-shelf hardware capabilities to switch d.c.
current.. in excess of 500 amperes indicated very little experiemce in
this area was available. The only candidate off-the-shelf hirh current
d.c. device uncovered for evaluation was a Hertman reverse current cut-

out unit. A modified viieion of this unit was procured that included

a hermetic seal end overcurrent cutout characieristics.

3.0 AC _JITY

- ovn—

3.1 EVALUATION A¥PROACH

The general approach for Task 57 component evaluation efforts ccn-
si.ts of test requirements establishment, lab test sctivities, end data

aralysis. Estahlishing the Space Shuttle test requirements has proved



%0 bte imrossible up to this time. Chsnging ﬁssicn requirements, major
vehicle and epgine characteristics modifications, as we . as clanges

in prograe consideratians to rlace mre emphasis on the influences of
.txi. and weight have all contributed to the problenm such that Rockwell
n2s not provided firm test reguirement: for Shuttle vhich cocld be
applieda to Task 57. For the pnrpo%e of cbtaining same timely evalua-
tion 3ata in Task 57, however, ine best available requirements defini-
tion was put together from Rockwell data snd daza from JSC Test Divisior
dscumentation. TheSe iest requirements are being used for Task 57 -
effsris, and will be updated as actua® requirements becone nettér -

:fined. Teble I lists the requirements as estehlished for Task 57.

Lab activities an any one compoment do not necessarily involve all
af the test requirements listed in Table I. The first step for each
component o be evalu. ted is an analysis of the compoment's test history.
Meny cof the components have Lad documented test programs run cn thex,
and *hese programs are evulvated against the Shutile requirements to
estabiish & delta test requirement for the individual compcnents. Some
Shuttie requirements may be eliminated from the Task 57 efforts due to
krown desiga characteristics fo. a particular cowponent, or due to
similarity of design requirements imposed by two or more tescs. The
specific fest plon for each caomponent for Task 57 is to be included

in the test activity report for that component.



During aud afier the test activities, data enalysis is to be per-
formeé .o determine the ability of the compoments to meet the test
requirements. The anelysis effort will contain mipimal failure analysis,
sinee the purpese of this program is generally to invesf.igaté existing

hardware designs for their possible direct applicability.
3.2 ACTIVITY STATUS

The basic activities for Task ST have been component selectiom,
tes?. requiremerts definition, hardware procurement, and 1ahoratary
testing. The following list gives the vendor's model numbers of the
components selected far evaluation according to the criteria of sectian
Z.k. A status of activities on each componert is presented in the
paragraphs fcllowing the list.

o0 Remote Control Circuit Breskers

Cutlcr-ﬁamf Mcdel Nc. SM600 BA XXX Al
Texas Instruments Model No. 3 RC 1-B
Texas Instruments Model No. 4 RC 1-A
o Remote Power Controllers
SCI Electronics Inc. Model Nc. 10 I/1 and 10 I/=
SCI Electronies Inc. REC's for NAS 8-26082 (no model number)
Teledyne Relays Model No. 673-1000X

Leach Corporativa RPC's for RAS 9-12000 (nc mcdel number)

10



o Panel Mounted Switches
7 Cutler-Hammer P/¥ 850x Kx

Micro Svitch PN x TLl-x

Bdison Flectraonics P/ 35000-XXX

Texas Instruments P/M 1XISX-X

EDC Model No. 8-08Cc-01

Raven Electronics Model Nos. 203A, 203B, 02C

singer Kearfott Solid State Switches (NAS © s1hh)
¢ Power Contuctor

Hartman Model No. AH-7l1
3.2.1 RCCB Fvaluation Status

RCCB's were procured irom Cutler-Hammer and Texas Instm;nnts as
The uly two menufacturers presently in production of this family of
hardware for comsercial application. The Cutler-Hammer RCCB's are
being applied in the DC-10 and Texas Instx;mnt.s RCCB's are used in
the L-1C11 aircrafi. In order to estsblish the test requirements for
Shuttle evaluatior of these aircraft qualified components, ﬁe vendor
qualification test reports¥* were compared against the Shuttle require-
weats of Fable I. There was an adequate test history to provide a
reusonshle level of confidence in the ability of the RCCB's to meet the
shattle requirements defined by Table I except for the acceleration,
Space simulation and vibration requirements. The actuul test program

at JSC was, therefore, limited to those three tests. Detailed test

#Cutler-Hammer Qualification Report Kumber 72-4 and Texas Instruments
Qualification Test Report Document No. EX 1120-235.

11



procedures and data sheets for RCCB testing are inc’uded as Apperdix A
to this report. Twenty-six RCCB's were selecteé as iest ssmples, with
samples of both vendors hardware cuvering the camplete range of curreat
ratings available. A summary of the test results is presented in the

following peragraphs.

J.c.1.1 Electricsl Characteristics

The tsi‘.so.ples;'ere tested for performance under room ambient
conditions against the electrical characteristics requirements as
defined-"by the vendors. This effort ounsuted of the following tests:

a. Insulstion Resistance. -

b. Dielectric Strength.

c. Comtact Voltage Drop.

d. Overloud Frip Calibration.

e. External Switching.

f. Pushbutton Switching (Texas Instruments only).

g- External Indication (Auxiliary Contacts).

h. Visual Operation Indicatiom.

i. Shock Hazard.

J. Voltege Extreme Operatiom.

k. Backup Control Operation (Cutler-Hammer only).

The RCCB's all conformed Lo vendor requirements except for onme
Cutler-Haumer 25 amp unit and one Texas Instruments three-phase 10 amp

a... unit. The Cutler-Hammer unit tripped in 335 seconds under 115%



load, not meeting the reqiirement to carry 115% load for 60 minutes
vithout tripping. All other characteristics of this unit were within
specificat{ous. A phase of the Texas Instruments unit aid not trip
within 60 siputes under 138 load as required, but all other charac-
teristics ot‘ this unit were within specifications. Several units of

both wen.hr ext:ibited case taperdtures higher than vendor specifications
dunnr “.w rload operation; however, no electrical characteristic degra-
datxca n notenduetothistapenmemrsmnamthe\mitsme

retun«a\t' ~'1 the test sample group.
3.2.1.2 Space Simmlation Test

. fwent.—two samples were subjected to a space similation test in
accorinm:c; with the requirements of Table I. Failure of two Texas
Instroiente a.c. wits was aoted vhen external switching could not be
performed at -34°C. %She units could not be switched externally at the
capletou of the test either. Pose test electrical measurements were
mede o the remmining ROCB's including contact voltage drop, shock
hazard, nd 200% tripping time. No changes were noted in the electrical

characteristi:z.
3.2.1.3 .icceleration Test

Twenty- ‘wo samples were subjected to an acceleratica test in accord-
ance with the 1equirem ~‘.s of Table I. No failures were incurred and
no contact chatter \ .5 observed. No changes in characteristics were

noted in pcst ' :celeration electrical testing.
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%¥.2.1.0 Vibration Test

Seven ctuples were subjected to the random vibration test in
accordance wita tie requirements of Table I. neSpncesmtﬂ.e test
philosupwpravidesa-jorimacttoﬂbrsﬁmtestm:ehﬁve
topastm !mez-hmpernistestwmm&ﬂe
mmeismm&nmmiegreuﬁerﬂnnwtmﬂlmecnﬁ
requirémnts. m:testreqﬁmtnotonlym“samiderabh
amtottestﬁndm,htdmmmﬂsibiuwd
hnrdmreperfmitfaﬂmzdnm&nﬂngtesﬁng In order to
provide as meaningful a test as possible in the vibration effort, a
mission cycling plan was established by the JSC Test Division per
June 27, 1973, memo WF-031, vhich provided that vibration testing be
conducted in a cyclic memer as follows: (a) Rnn one missian Qin_aiation
in each axis, (b) run five mission duretions in each axis, (c) run five
mission durations in each axis, (d) run ten mission durations in each
axis, (e) run 30 mission cycles in each axis, and (f) complete the
tesﬁngvithﬁ?li.sﬁmcyclesineachaxis. This plan results in a
vibration exposure prafile of 101l mission cycles and approximately 2
hours. It is felt that testing in this method allows a better identi-
fication of the capebilities of candidate hardware that may be capable
of neetingt;e requirements of the Shuttle program tmt may require
reﬁmbish:f"plans. This readirng of "fatigue" life becames umnecessary,

of course, if no failure or degradation is encountered.
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Coutact -hatter was monitored for both the main contacts and the
auxiliary cantacts during testing. The Cutler-Humer units indicated
no chatter on any circuits except for three isoclated instances of Single
openings Cansidering the length of the test, the fact that only single
discontinmities were indicated, and the sensitivity of the monitoring
circuits involved, it is ‘cmdnﬂed that the Cutler-Hammer RCCB's can
meet the random vibration requirements of Table I. The Texas Instru-
ments BOCB's exhibited random comtact dntterinbothﬁxeningﬂ
am'iliary contacts, with chatter susceptibility increasing as the mission
' cyd.esmessed.'hycqietimafthelﬂlﬁ.ssichles, two of the
three Texas Instruments units tested exhibited contimous chatter.

Other than the chatter indications, it wes detected that the Texas
Instruments three-phase unit failed catastrophically in that it could
not be externally operated. Post vibration testing of the electrical
characteristics indicated no changes from the normal in any of the

other units.
3.2.1.5 Conclusims

The test history of cammercially available RCCB's, cowbined with
the initial results of the JSC test program, indicates very promising
“off-the-shelf™ components that may be directly applicable to the
Space Shuttle distribution system. The susceptibility to vibration
previocusly noted was confined to the Texas Instruments units with the
apparent design deficiency probably due to the manual push-button

requirement. The pushbutton mechanism on the RCCB can be a useful tool

15



for laboratory test and possibly for ground maintenance purposes; how-
ever, it has no operational phase admges and apparently Jeoperdizes
the structural integrity of the hardware. A requirement for manual
pushbution operatian capebility is, therefore, not recommended far
Space Shuttle hardware specifications. The failure of the two a.c. units
during space simmlation is not considered to be an inherent design
deficiency sicce four other units of essentially the same design experi-
enced no degradation under the same test conditions. No detailed
failure analysis was performed on the two units for the following
reasans: (1) the ﬁst vas successfully completed on four other wnits,
(2) the vibration sensitivity of this particular hardwere design makes
serious comsideration unlikely, and (3) the physicai configuration of
this RCCB design is such that disassembly for failure analysis would

be a very difficult and time consuming task. In summary, it is felt
that commercially available RCCB'es have demonstrated the ebility to

weel the Shuttle requirements as defined in Table I as well as pro-
viding & sound electrical component to meet requirements for a remotely

operated circuit protaction device.
3.2.2 Toggle Switch Evaluation Status

Final test activities on toggle switches were limited to consider-
ation of the Cutler-Hammer, Micro Switch, Edison Electronics and Texas

1 truments devices listed in paragraph 3.2.

16



Review of the hardware and the development and test reports on

the ENC Model No. 8-080-01 Solid-State Rotary Switch developed for

the APAPL (Air Force Aero Propulsion Labaratory) led to a decision

not to perfarm further testing o these units at JSC. Though designed,
fabricated, and tested successfully within the bounds of the APAPL
program requirements, these swit-bes could not be considered as off- °
the-shelt‘ or mdinable Shuttle bardware since no design and packaging
considerations were mc].uded for active flight environmtal reqmre-

ments. 'merefore, no JSC test efforts were expended an this hardware.

<Fhe Singer Kearfott solid-state switches developed for JSC under
Contract NAS 9-1314k were scheduled for delivery in Octover 1973. Due
to component parts unavailability for the swiich circuits, the Xearfott
delivery was Slipped to January 197h. Electrical acceptance tests were
pverformed at JSC with mltiple failures noted, :-nging from out-of-
toleraiice volta.g? outputs to completely inoperative switches. Since
these switches have not been contractually accepted, and since they
are provided in a panel-momted configuration, no further evaluation
can be done prior to repair or replacement. Evaluation cata cannot be
provided, therefore, as part of this report, but will be conveyed to
Rockwell as it becomes available. The Singer Kearfott Final Report on
this project is included as Appendix C to this report to provide the

design and development data available at this time.

The Cutler-Hammer and Micro Switch switches were previously

qualified to MIL-5-3950 requirements and offered a potential low cost

17



togale switel for Ghuttle application. In order to establish the test
requirements for Shuttle evaluation of these switckes, the MIL-S-3950
specilications were campared against the Shuttle requirements of Tsble I.
The MIL-S-3950 requirements are sufficieni to prove the capabilities of
the switches exce~* for spece simalaticn, acceleration and random

vibration.

- After completion of test efforts on the MIL-S-3950 toggle switches,
 Roghwell informlly requested that the random vibration levels of Table
I be changed due to more up-to-aate dynsmics data. In respanse to the

" Rockwell informal telecon request, the vibration spectrum for testing

these switches wes changed fram the prencus ‘toggle switch spectrum
u;ed (spectrum 1) to the higher levels of spectrum 2. Retest of the
MIL-S-3950 switches at the higher level was not comsidered necessary
since chat;:.er susceptibility was proven to be excessive even at the

lower levels.

The Edison Electronics and Texas Instruments switches have pre-
viously been tested to spacecraft specificatlonsw to prove their general
capabilities. In order to establish the test requirements for Shuttle
evaluation of these switches, the Shuttle requirements of Table I were
campared to the specifications of MEY52-0102-XXXX for the Texas Instru-
ments switches and MSFC LOM38202 for the Edisorn Electronics switches.
Comparison of these specifications revealed that random vibration was
the only area where previous test requirements wez;e insufficient to

prove the switches adequate for Snuttle application. Although both
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types of switches have been tested to comparable emergy levels in
meeting the given specification requirements for random vibratiom, it
is questionable whether the exposure duration adequately demonstrated
reliable switch life for as many us 100 Space Shuttle missians. During
previous inhouse testing of the MIL-S-3950 switches, a marked increase
ia contact chatter was noted after vibration exposure totaling approxi-
mately 20 missione per axis. It vas, therefore, decided to perform
random vibration on both types of switches. Detai].;d ﬁést procedures
‘and data sheets for these tests are incluced as Appendix B to this

report.
3.2.2.1 MIL-5-3950 Toggle Switck Testing
3.2.2.1.1 Space Simlation Test

Space simlsation tests were performed on samples of both vendors'
rardware covering all available togzle configurations. No hardware
failures were noted and post test electrical characteristics indicated

no degradation.
3.2.2.1.2 Acceleration Test

Acceleration tests were performed on samples of both vendors'
hardware covering all avaiiable toggle configurations. No chatter was
indicated during testing and post test electrical characteristics

indicated no degradation.
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3.2.2.1.3 Vibration Test

Tandom vibration tests were performd‘én samples of both vendors
hardw: - covering all available toggle conflguratlons Chatter was
aetected on every test sample, with chatter frequency ranging from 16
1ndiv1dual indications minimm for single and double pole meintain con-
tacts to continuous chatter for all quadrapole or momentary switches. -
Post tés.t ele;trical characteristics indicated no changes for any of

3.2.2.1.h  Conclusions

These MIL qualified switches offer a low cost, off-the-she&l.f
candidate companent capable of meeting all of the Shuttle requirements
of Table I e;cept for vibration. Although no electrical charagteristics
were degraded in the course of the tests, the chatter indications pointed
oiit an apparent mechanical degradation that would have to be evaluated
for systems criticality before these switches could be considered for
Shuttle application.

3.2.2.2 Texas Instruments and Edison Electronics
Toggle Switch Testing

3.2.2.2.1 Vibration Test

Random vibration tests were performed on samples of both vendors
hardware covering all svailable toggle configurations. Fifteen of the

2h total samples had no contact. chatter indications over the complete



vibration duration. Seven samples exhibited discrete chatter indications
of three (3) times or less, and the remaining switch (an Edison Elec-
tronics unit) gave a continuous chatter indicatior after ten mission
cycles. Post test electrical characteristics indicated no significant

changes for any of the switches.

3.2.2.2.2 Conclusions

l Most of thé chatter indications recorded for these switches were
isélated, discrete indications with no apparent pattem or trend. It
was ncted during testing that most of the chatter indications occurred
on more than one chamnel simultaneously. Given the transient suscep-
tibllity of the chatter detector circuitry, this would indicate that
many of the simltaneous indications werer transient:rgsponses »ather
than real multiple channel chatter indications. Even assuming all
indications tc be real, it would have to be concluded that these switches
performed well enough under the vibration requirements to be considered
for off-the-shelf Shuttle- hardware with only minimal delta qual tests.
With respect to the one Edison Electronics switch that exhibited con-“
tinuous chatter, preliminary analysis of all of the data available indi-
cates that this was a defective switch rather than a design deficiency.
This positi.a is strengthened by the good performsance of the other
switches tested with the same basic design, as well as the perfect per-
formance of another switch of the identical part number The chatter

susceptibility of this one switch should not, therefore, distract from



the proof of capability of these switches, but rather serve as a data
point in establishing minimum vibration test requirements for accevtance

testing of toggle switches procured for thne Shuttle.
3.2.3 RPC Evaluation Status

Evaluation act vitiec to dat: on RPC's sor Task 57 have been
limited to consideration of the SCI devices and the Teledyne Model
No. 673-1000X. The-Leaca REC's have not been delivered to JSC yel,
a.p‘d no evaluation efforts can be accamplished oﬁ them in time for rthis

report.

The SCI 10 I RPC' - were developed for the Marshall Space Flignt
Center in an efiurt to obtain a flight packaged solid-state switching
and protection device. No qualification test history was available
on this R&D device, so the full ;equiremnts of Table I were considered
for evaluation of this device. These devices are environmentally sealed,
however, and considering the time and cost involved with the tests con-
cerned w.th seal cepability (such as humidity, salt-fog,‘etc.) s environ-
mentgl testing of these units was limited to high-low t:mperature,
acceleration, shock, and vibration. The Teledyne RPC's were developed
for JSC in an effort to evaluate some design options which varied from
the requirements of the Military Specification tor KPC's (MIL-P-81653).
No qualification test history was available on this R&D device, so again

the full requirements of Table I were considered for evaluation of this
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devic- . These devices are hermetically sealed, end for the same reasons
as with the SCI 19 I Jevices, environmental iesting of these units will

be limited to higa-low remperature, accelerat._on, shock, and vibration.

The SCI 31 RPC's have been developed for the Marshall Space Flight
Center as part of the contimuing HASA programs to dev:lop flight capable
hardware. SCI experienced severzl schedule delays due to redesign
efforis and parts delivery tram component sanufacturers. With Jelivery
Azt accomplished untii January 197k, the MSPC test efforis to date hsve
been limited to initial electrical testing. ALl units performed satis-
fact:orily uader normel ¢ :rating conditioss, except for insulation
resistance and dielectric streagth. All vmits failed to meet the
requirements of these tesis and it was determined thot the potting 7
material used by SCI in these units simply cannot meet these require-
ments. Fucther ting will contiinue at MSFC and data and analysis
Wil be provided to Rockwell as it becomes availsble. It should be
ncted that these SCI RPC's are considerably larger and heavier than
the basic MIL-SPEC cutlines, and that consideration of these units as
off-the-shelf units after the MSFC qual program would mean a substantial

weight and volume penalty to the usor.
3.2.3.1 ®™luation Testing of SCI 10 I REC's
3.2.3.1.1 Electrical Characteristics

Using the MIL-P-81552 design characteristics and specifications

as the baseline for comparison, the SCI 10 I RPC has weny design
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differences. These are not to be considered failures, but rather

exceptians to the MIL-SPEC requirements taken by SCI vhen desiguning

the 10 I device. A wmnjor exception taken is denoted by the nomen-

clature of the device; i.e., 10 I literally means ithat the instantaneous
trip level for these units is 10 times the normal rating w1’ the device,

| with {rips ati levels lower than 10 I time dependent on the degree of

overload. This gives a trip curve proportiaonal to the time and over-

load a5 approximately an"I°t Punction with t approaching zero as I

approaches 10. 'The trip curve for these devices is shown in Figure 1.

Another exception with this design is essentially no delay times
in response o turn-ou and turn-off signals. Wherec. the MIL-SFEC
réquires some few milliseccnds of signal application or removal to
effect u change of siate of the RPC, the 10 I design responds in approxi-
mately 2 to 6 microseconds. Combined with the very clean switching
characteristics of the unit, the fast switching could make this design
applicable where extremely time critical coordination switching is
required. This design characteristic, however, wouid apparently meke
tkis device more susceptible to interference than a MIL-SPEC unit, and
FMI testing is being performed on these devices. Preliminary results
of testing to MIL-STD-704 and MIL-STD-6181 indicates no adverse charac-

teristics in these units.

Another exception with this design is the lack of isolation between
the control and the output state. The importance of such isolation from

2 user's slandpoint mst be assessed once the system application is
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defined. From the component standpoint, the lack of ;§o].atim and the
allowed very fast turn-un and turn-off times cosbine to reduce any
standby power requirements to essentially zero. This benefits the
user by cutting the OFF state power dissipation to essemtially zero,

vith leakags currents of a few microamperes contributing the omly losses.

The final two exceptions uvg“migiue advantages or aisanvaﬁtages
fros 2 compcnent stsodpoint, an2 should not affect systems application
significantly either. The excepticns are (1) the meximm turn-GPF
valtage is 1.0 Vdc rather than 2.5 Vdc, and (2) the trip indication
circuit is designed tc mtpnt"s.o Vdc at 1.0 milliamperes instead of
the 10 milliamperes of the m-spm design,‘ therehy requiring the

monitoring circuit to provide a 5000 chm impedance.

The electrical characteristics of the 10 I wmits could be susmerized

as fol. ss:

Contact Drop (Rated Loed) - 0.250 Vdc

furn On Voltage (Min‘mm) - 3.5 Vdc

Purn Off Voltage (Maximum) - 1.0 Vac

Control Imput Resistance - 50G Obms

Leagage Current (Meximm) - 100 Microamps

Trip Indication Voltage - 5.0 Vdc at 1.0
Millismps

3.2.3.1.2 High-Low Temperature Test

High-low temperature tests were performed on the 10 I umits of

both 1 and 5 amp ratings. Performance characteristics during and after
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these tests were well vithin specifications except for lesksge current
readings of one 5 amp unit during high temperature operation. The
specification requirement for leakage on 5 amg FFC's is 500 microamps
maximm. The average leskage currents actoally measured on the 10 I

S amp units was less than 20 wicroamps. One of the 5 amp vnits exhibited
k0O microamps leakage at ambient conditioms, however, and under high
temperature (71°C) this wnit had 640 microamps leakage. Post test
measurements were within specifications, but still remained sbove the

average.
3.2.3.1.3 Shock Test

Shock tests to the ievels of Table I were performed an the 10 I
units of both 1 and 5 amp ratings. Performance specifications before

and after these tests were within limits.
3.2.3.1.F ’zceleration Test

Acceleration tests to the levels of Table I were performed on the
10 I units of both 1 and 5 amp ratings. Performance specifications

tefore and ater *these tests were within limits.
3.2.3.1.5 Vibration Test

Sinusoidal and random vibratica lests to the levels of Table I
were performed oc the 10 I units of toth 1 aﬁd 5 amp rwtings. The RPC's
were monitored for changes of state during vibration, with none noted.
Post test electrical characteristics indicated no degradation .n per-

formance.



3.2.3.1.6 Life Cycle Test

Lifs cycle testing was performed on 10 I units of both 1 and 5
anpranngs These units vemcycledchand off Tor appruximetely
500,000 cycles at rated load with no failures or degradation in per-
formence.

3.2.3.1.7 cmclnsions_

. The dnra;cteristiesrof e 8 10 I RPC’s have been demonstrated,
including the abi;it*; o nget Shmttle »en'irmnntal reguirements. With
respect to taic specific piece of hardware, tl;e amly anamalies exper-
ienced uand:v test were indicated during acceptance type checks that
could have weeded out those units before applicaticn. This leads to
the position that the SCI 10 I RFC appears capable cf being qualified
to its particular characteristics and that applicetion of the device

is mostly dependent on the compatibility of these particular electrical

characteristics within the proposed system.
5.2.3.2 Evaluation Testing of Teledyne Model No. 673-1000X RFC's
3.2.3.2.1 Electrical Characteristics

The Teledyne RPC's developed nnder Contract HAS 9-1291k applied
the general switching and protection specificatioas of MIL-P-21653,
but incorpcorated several major desigr bptions chosen through optimiza-

tion studies performed by Teledyne. Details of the Teledyne electrical



characteristiics, packaging camcepts, ani selection rationale for these
- characteristics are included in Appendix D, the Teledyne Finmal Repcrt .
for Contract NAS 9-1291%4, dated August 30, 1973.

One of the mmjor design varistions chosen by Teledyne was to
eliminate the power ground terminal and make the RFC a two terminai
device with reference to the power circuits. The functiomal circuitry
for this design is shown in Pigure 2. This design has the advantage
that no power is taken from the load supply for the switching functionm.
The base drive is essentially in&ependent of the load voltage, resulting
in the RPC having uniform.capebilities from 0.5 to 30 volts. The 2
terminal unit, therefore, allows for location of the RPC on either the
supply or ground side of the load voltage. In a MIL-P-81653 design,
the HPC is limited to the cupply side of the load voltage. A possible
disadvantege orthetvoternimlg!'c is that the power for the base
drive must be derived from the comtrol °1gna.1, raquiring lu.gher control
currents than an equivalent 3 terminal device. This current drain is
in the range of 10-25 milliamperes for 1 and 5 ampere RFC's, and is only
required in the ON state, with the OFF state @imnt being essentially
zero. In a systea's application, the end resulis on overall power
dissipation would depend on the number of units OGN end OFF for the total
mission, with the 2 terminal device looking mc.e attractive as the

number acd time of OFF state RPC’s increased.



The other major design varistion selected by T:ledyne was to
increase the control voltage level from 5 volts to 28 volts. This
increase makes the RPC less susceptible to moise as well as making
the normal spacecraft bus power directly usable if desired. When
combired with the two terminal design, this variation allows less
complex drive circuitry, resulting in component reduction and in-
herently improved cost, weight, and relisbility parameters.

. Actual test efforts on these Teledyne units at JSC have been
haited due to failures. Four d.c. RPC's were delivered by Teledyne,
tvo 5 smp and two 1 amp units. Both 1 emp units failed to operate

jaﬂ:er insulation resistance and dielectric withstanding strength
testing. The two 5 smp ugits successfully completed all of the elec-
tr}.cal functional tests, but failed upon application of negative tran-
sients on the control circuit. The units have been returned to Teledyne
for analysis end replacemsent. MNeither the failure analysis nor the new
units have been received as of this writing. Completion of the detgiled
electrical evaluation and the envircomental testirg of the Teledyne
units must of course be delayed until the new units are received.

Estimated delivery of the new units is Mevch 15, 19Tk.
3.2.3.3 Evaluation Testing o2 Hartman Contactors

High current d.c. contactors were purchased from Hartman for
evaluation as modified off-the-shelf candidates for source and bus
svitching. Testing vas acromplished at Marshall Space Flight Center

on February 8, 197h, and the test report is presently being written.



The nfficial test report will be provided to Rockwell as soon as it
hecames available. A summary of the test efforts is presented in the

paragraphs below.

The Hartman AH711l contactor procured for this program ic a modi-
‘fication of the Hartman A702AP contactor. The modifications were to
change the internal logic package from a reverse current cutout to an
overload cutout and to incorporate a hermetic seal into the unit design.
Since th's unit bhas been listed on the Military Qualified Parts List
No. QPFL-005026(AS)-1, it was determined that the most cbjective and
cost effective test program for this hardware should include electrical

characteristies, life cycling, acceleration, shock, and random vibration.
3.2.3.3.1 Electrical Characteristics

Initial electrical characteristics were measured for five contactors
including contact resistance, pickup and dropout voltage, coil currents,
operation times, voltage drops at various loads, and overload tripout

calibration. All units performed satisfactorily in these initial tests.
3.2.3.53.2 Life Cycle Test

One contactor was exposed to 8 life cycle test with 50,000 cycles
as the design requirement. The unit was loaded at 500 amperes on the
main contacts and 5.0 amperes an the auxiliary contacts. The cycle
rate was set at twenty (20) cycles per minute. This unit performed

with no discrepancies for 43,217 cycles. The mmin contacts failed to
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aperate for one cycle at 43,218 and the auxiliary contacts failed for
one cycle at 43,219. All functions resumed correct operation through
50,000 cycles. Cycling was continued ard the main contacts failed again
at 52,509 cycles through 52,582 cycles (contacts remmined open for entire
period). The main contacts resumed prover operation again at this point
and no other failures were nd‘-:ed through 55,211 cycles, at which point
the test was stopped. The auxiliary comtacts failed to transfer une

more time at 52,58k cycles.

Electrical tests were performed at the completion of the life
cycling and all characteristics were vithin limits. Some loose object
was noteé inside the contactor after the test, with no apparent effect
on operating charscteristics. This unit will be opened for contact
inspection and investigation of the loose object, wiih findings to be

prcvided in the MSFC official test report.
3.2.3.3.3 Acceleratict Test

-Acceleration tests were performed om two contactors, momitoring
for chatter in excess of 10 microseconds and checking pickup and drop-
out voltages during test. A variation in pickup voltage was noted
during acceleration with the worse case axirs moving to greater than 26
volts. Both units indicate transfers (contimuous chatter indication)
at the maximm g's imposed (22.5 g's). Both units operated successfully
up to 11.7 g's in all axes. Post test electrical characteristics

indicated no degradation.
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3.2.5.3.4 Shock Test

Shock tests were performed on two contactors, monitoring for
chatter in exéess of 10 microscconds. The shock level used was 30 g
peak/half-sine. Both units indicated chatter in the worse case axis
and passed in all other axes. Some lower level shocks were performed

in the most critical axis and all contacts passed at 6.5 g's.
3.2.3.3.5 Vibration Test

Pandom vibration tests were run on two contactors according to
the latest spectrum as provided by Rockwell and JSC Test Division
agreement. This spectrum contains a peak excitation of 0.2 éa/nz, and
immediate continuous chat.t-er was detected for both units at this level.
The test level was dropped 10 db and runs of 1 minute duration were
started at this level, increasing 1 db after each run. Auxiliary con-

is exaibited chatter at every level greater than -9 db, but the main
contacts had no chatter prior to the -3 db level. Langer rums were then
started at the -4 db level (main contacis had passed 1 minute runs at
this level), but both units indicated intermittent chatter at this
level. Levels were reduced further for longer runs with maia contact
total success (po chatter) achieved on one unit at -6 db (0.05 ga/Hz
peak). The second unit experienced intermittent failures at this level
on its main contacts. Post test electrical characteristics indica*e no

degradation other than some changes in trip calibration.
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3.2.3.5.6 Conclusions

Althou_gh the final test report has not been campleted by MSFC,
several conclusions may be drawn from the preliminary date reports.
A major observation for these tests was the apparent susceptibility
of these units to the mechanical requirements as established for the
Shuttle. Post test discussians with Rockwell and JSC Test Division
personnel indicate the acceleration and shock discrepancies may have
occurred at levels higher than the present Shuttle requirements. The
data must be evaluated against the present requirements to determine
the compatibility of this hardware in these areas. With respect to
random vibration, it is obvious that this hardware is susceptible to
chatter at levels considerably lower than Shmttle requirements. Con-
sideration should be given to this point in discussions with potentiai
manufacturers to determine the possibility of vibration isolation

mouating of this hardware for Sauttle application.
3.3 TASK 57 SUMMARY

The optimm completion of *ane objectives of this task has been
inhibited due to schedule delays in hardware delivery by vendcrs and
lack of firm test requirements definition. These delivery problens
may be an important factor to remember in supplier selection tc the
degree that considerable weighting should be given to in-house inte-
grated circuit design and manufacturing capabilities, as well as in-

house facilities for production line manufacturing. This consideration,
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Plus the availability of electronic components, appear to bte the most

critical delivery factors for remote power contrcllers.

Continued test efforts in those areas impacted by delivery prob-
lems will be reported to Rockwell Space Division as information becomes
avﬁla'ble. With test inputs, this Final Repari, and a continued trans-
fer of requirements and information between the cognizant NASA and
Rockwell 3pace Division personnel, the primary objective of providing
full evaluation of available hardware and design concepts will have

been accomplished.
3.4 PLANRED ACTITITIES

Test and evaiuation efforts will be completed on the Hariman
contactors and the Teledyne RPZ's. Eveluation progress of the other
hardware uncer consideration is contingent upon its delivery. The
cognizant Rockwell Spece Division perscnnel will be continuously

informed of the status of the deliveries and the test efforts.
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TABLE I.

JEST CRITERIA FOR _COMPONENT ENYIRONMENTAL TESTING

PROCEDURES AND PARAMETERS

TEST
F
Humidity

MIL-STD 8108, Meth. 507, Proc. i

Temp. (Max/Min) - 71°C/28°C
Ral. Hum. (Max/Min) - 95%/85%
Pressure - Room Amb.
Duration - 240 Hrs,
Salt.Fog MIL-STD 8108, Meth. 509, Proc. 1
Temp. - wuZ5F
Salt Concen. - 1.0+ 0.5z
-0
Chamber Humidity - 85+ '!5z
- 10
Fungus MIL-STD 810B, Meth. 508, Proc. 1

Sand and Dust

© e - —
MIL-STD 8108, Meth. 510, Proc. 1

Material - Si 0p (97-992)

Concentration - 0.3 gn/cu. ft.
Air Vel. - 250-1750 ft/min
Amb. Temp. - 23°C - 63°C

P« 2ssure Per Shuttle Master Verification Plan, General
Approach and Guideline, Vol. I, paragraph
3.5.14 (6)

Altitude MIL-STD 8108, Meth. 500, Proc. I and II

Temp. (Max/Min) - 80°C/-54°C
Pressure (Max/Min) - 1.0 atm./87.5 Torr

Space Simulation

MIL-STD 810B, Meth. 517, Proc. II

Temp. (Max/Min) - 80°C/-54°C
Pressure - 3.8 x 10°5 Torr
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l O OTEST

{
' Acceleration

Shock

TABLE I.
(continued)

PROCEDURES AND PARAMETERS

MIL-STD 810", Meth. 513, Proc. I and II

Room Ambient Conditions
G (Hax/Min) - 22.5/3.3 G RMS
Duration - 2 minutes

MIL-STD 8108, Meth. 516, Proc. IV

Room Ambient Conditions
5 (Peak) - 3Xa
Pulse Shape - Half Sine

st B

MIL-STD 810B, Meth. 515, Proc. I

L ER L e te

Per Shuttle Master Verificaticn Plan, General

Approach and Guidelines, Vol. I, paragraph

3.5.14 (12)

Sinusoidal:

5-2000 Hz, 2 min/Octave
1.0 & Peak

Random:

Spectrum 1 MIL-S5-3950 T.S.
20 - 80 Hz, increasing 3 db/Qct
80 - 350 Hz, constent 0.06 g</Hz
350 - 2000 Hz, decreasing 3 db/Oct
2 Hrs./Axis

Spectrum 2
10 - 24 Hz, increasing 12 db/Oct
24 - 160 Hz, constant 0.1 g¢/dz
160 - 2000 Hz, decreasing 6 db/Oct
2 Hrs./Axis

Spectrum 3
10 - 20 Hz, increasing 6 db/Oct
20 - 30 Hz, constant 0.05 g</Hz
30 - 85 Hz, decreasing 6 db/Oc%
85 - 2000 Hz, constant 0.006 g</Hz
15 Hrs./Axis

. s P WmE . ~—asey
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NnN1Y- 35210
ABSTRACT -

Engineering evaluation tests were performed on several
models/types of Remote Control Circuit Breakers (RCCB)
marketed by Cutler-Hammer and Texas Instruments in an
attempt to gain some insight into their potential suitabi-
lity for use on the Space Shuttle vehicle. Tests included
the measurement of several electrical and operational per-
formance parameters under laboratory smbient, space simula-
tion, acceleration and vibration environmental conditions.
Although some undesirable operatiom was noted, sufficient
manpower and facilities were not available to allew a com-
pfehensive enough test program to proviie the basis for
drawing a firm conclusion as to the RCCBs' suitability or
unsuitability for the Space Shuttle vehicle. A further
obstacle to drawing such a conclusion is the unavailability,
at the time this report is being written, of firm environ-
mental specifications for that vehicle.
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1.0 INTRODUCTION
1.1 Purpose

The purpose of the Remote Control Circuit Breaker (RCCB)
testing discussed in this report bhas been to verify.elec-
trical and operational characteristics of RCCB's, manufac-
tured by Cutler-Hammer (C-H) and Texas Instruments (T.I.),
as specified by the vendors, and to explore the feasibility
of their application in the Space Shuttle vehicle.

1.2 RCCB Background

The Remote Control Circuit Breaker (RCCB) was developed
to meet the requirements of power control in super sized
jet aircraft. It is an electronically control? d electro-
mechanical device which physically separates th: power
switching from the switching control. While thc package
containing the relay and circuit breaker canm be installed
close to the power source and/or to the load, the control,
i.e., the actuating and resetting functions, can be performed
via a single #22 gauge wire from the cockpit or any remote
location. RCCS's now available on the market have
ratings from S to 100 amperes. Some of the most notable
characteristics cof the units tested are described below.
Some of the basic differences between them can be more
clearly understood by referring to figures 1 and 2. Addi-
tional particulars and characteristics are shown in
reference 1.

The successful application of RCCB's in aircraft
introduced them to the space industry. This prompted the
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recently initiated and executed test program for exploring
the RCCB's feasibility for the Space Shuttle.

1.2.1 Cutler-Hammer models' characteristics.— The
Cutler-Hammer models can be used alternatively for dc (28
volts) or ac (155 V,400 Hz operations). In the latter case
they can be interconnected fbr'-ultiphase operation by
utilizing control terminal No. 6 (fig. 1).

The state cof the main contacts (A1°A2) is shown by the
indicating terminals (Sl, S, and 83) and by a mechanical
FLAG exposing either OPEN cr CLOSED sigms.

The remote switch connected to terminal No. 3 controls
the main contacts if the primary power source is connected
to A, or if any suitable power source is connected to
terminal No. 4, referred to as Backup Power. Thus, if
puver is inadvertantly lost from A1 , terminal No. 4 can
be attached to a power source and the main contacts can be
opened by operating the remote switch. In this way, shock
hazard (the time delay from commanding the circuit to open
until the output power terminal is actually disconnected
from the source terminal) is eliminated. Because these
RCCB's normally derive their actuating power from the primary
power source, opening the remote control switch after loss
of power to terminal A, would not cause the RCCB's main
power contacts to open. Thus, if primary power to A1 was
restored, the load terminal, A2 , would be energized for
the short but finite time required for the RCCB to actuate
even though the remote-control switch had been opened prior
to restoration of the primary power. Providing the RCCB
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A.

dc OR SINGLE PHASE OPERATION

INDICATION TERMINALS

T 3 0
7 I FLAG l 8 l -a {AMPER-
PONER SOURCE b——}-@k 5152 53, T o) ELECTRONIC
28 vdc OR 1 20+ COUNTER
11s Vv 1] s 1} [ 3
400 Kz o %
= REMOTE CONTROL SWITCH
P >
B. MULTIPHASE OPERATION
N I
LFLAG | 48 8
Sl S2 S3
A A0 ELECTRONIC
CCUNTER
46 95 " "] (PHASE A)
* I 1 /2 T
/
N
PONER SOURCE [-LQEJ I !
11S V S S_. S X
172 73, .- ELEC1RONIC
400 H:z l 2 COUNTER
(3 PHASE) ve! #5s #q¢ 03 (PHASE B) .
g_o .
== =
4
1.1 1
LFiAG | §38 1
S S. S .
172 %3, o ELECTRONIC
A 2
COUNTER
[ [ [ 2 113 "] (PHASE C)
73 33
< A‘______.REMOTE CONTKOL SWITCH
< 0R CIRCUIT BREAKER
NOTE:

ELECTRONIC COUNTER FOR MEASUREMEN? OF SHOCK-HAZARD
DURATION AND TRIPPING-TIME DURING OVERLOAD OPERATION.

Figure I.

- External wiring diagram of Cutler-Hammer model RCCB's.
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with actuating power via terminal No. 4 provides the means
of preventing this temporary energizing of A2

Terminals No. 6, for multiphase operation, and No. 4,
for Backup Power, are unique features of the C-H models not

available in Texas Instruments units.

1.2.2 Texas Instruments models' characteristics.—

Texas Instruments provides two models of RCCBs, one for
dc (28 V) and another for ac (115 V, 400 Hz) applications.
Both models have a Push Button arrangement not available
in C-H models. The ac models are assembled for 3-phasé
operation (fig. 2).

The state of the main contacts (Al- Az) is shown by
1? S2 and S3) and by a FLAG,
located beneath the Push Button, which exposes or conceals
an ON sign. '

the indicating contacts (S

The main coantacts are controlled by a remote switch
connected to terminal No. 3 provided the power source is
connected to the line terminal (A, or Al, Bl, Cl).
Actuating the Push Button temporarily overrides the control
of the external switch. Its effect is similar to that of a
"momentary switch."

When the power source is lost from the line terminal(s)
while the remote switch is closed, the sh-ck hazard is
eliminated by opening the remote switch and actuating the
Push Button (pulling it up) so that the main contacts open.
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A. 3RCIB MODEL FOR dc OPERATION

INDICATION TERMINALS
PUSH BUTTON\\> —————

g
\—ﬂ» AMMETERS
POWER SOURCE @A 8. ] %1 52 SsA @ mﬁ_
28 Vdc 1 FLAG 2 | il
k4 13
A 1
=

hamp— 58
PEit "TE CONTROL swrrcu/ <
‘0’ CIRCUIT BREAKER

\
l
/
1
!
/

INDICATION TERMIMALS  AMMETERS=

B. 4RCIA MODEL FOR ac OPERATION ‘F__ELECTRONIC
EOUNTER
N
N

PUSH BUTTON —_— “
N —_N '._ﬂ I\
T 5 8 A, i 1Y
PONER SOURCE 1 S, 5,8, A ! ‘~
115 Vv B P.B. I 1
400 Hz 19" 320__@
(3 phase) C FLAG —
T, 1y 13C, lir
)
A i_ PHASE -A)
/A (PHASE-B)
REMOTE CONTROL SWITCH
OR CIRCUIT BREAKER (PHASE-C)
NOTE:

ELECTRONIC COUNTER FOR MEASUREMENT OF SHOCK-HAZARD
DURATION AND TRIPPING-TIME DURING OVERLOAD OPERATION.

Figure 2. — External wiring diagram of Texas Instruments
model RCCB.
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Because the Push Button is mechanically coupled to the main
power contacts, an alternate or back-up power source is not
required to open those contacts when primary power is lost,
as is the case with the Cutler-Hammer unit, but the capabi-
lity for remote operation, wkich is retained by the Cutler-
Hammer unit, is lost.

1.3 Test Program Summary

Because of the similarity of environmental parameters
of al‘ ‘ude and high/low temperature tests with space
simulation tests and because the vendors' documentation of
humidity and shock tests were deemed adequate for purposes
of this initial evaluation, the Qualification testing
(environmental exposure) was limited to:

e Space Simulacion
e Acceleration

e Vibration

Acceptance testing, the measurement of electrical and
operational performance parameters under laboratory ambient-
environment conditions, was performed on 305 samples of
several models/types from the two vendors. Of thes2, 26
were exposed to space simulation, 22 to acceleration and 10
to vibration.

In several instances units tested failed to meet the
vendors' specifications or did not operate as desired
during/after environmental exposure. The results of the
tests are summarized in TABLE I.
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2.0 REFERENCE DOCUMENTS

RCCB-Remote Control Circuit Breaker Bulletin 7204 Hk-1A
Cutler-Hammer, February 1972.

Remote Control Circuit Breaker Techmical Product Speci-
fications Single Pole Series SM60OBA Number 181, Cutler-
Hammer, Milwaukee, Wisconsin.

Overhaul manual with illustrated parts for Remote
Control Circuit Breaker, part no. 3RCIA, 3RCIB, 4RCIA,
H.B.47-EG71, December 15, 1971, Texas Instruments, Inc.
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3.0 TEST PROCEDURE

All tests were classified into either Acceptance or
Qualification tests. The first of these included those
measurements intended to verify electrical and operational
characteristics of the RCCB's while the second involved
exploring their feasibility for application in the Space
Shuttle vehicle.

The specific RCCB models (or types) tested and the
tests performed on each model are tabulated in Table I.
Test instrumentation 1s shown in Table II.

3.3 Acceptance Tests

3.1.1 Electrical characteristics.— The first part of
the Acceptance testing consisted of measuring the RCCBs*
electrical characteristics--insulation resistance,
dielectric strength, and contact voltage drop.

Insulation resistance between the mutually insulated
parts of each RCCB, illustrated in figure I, was mcasured
with the application of 500 volts dc between sll possible
pairs of these parts on any one RCCB. The mutually insulated
parts considered were the RCCB case, mounting base, line
terminal (A,, or Al, Bl, C1 in T.I. ac models) and load
terminals (Az, or Az’ Bz' C2 in T.I. ac models).

Dielectric strength was measured in a manner similar
to insulation resistence by measuring the leakage current
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TABLE II. — TEST INSTRUMENTATION AND FACILITIES

dc voltmeter, Weston, model 931

dc millivoltmeter, Weston, model 931
dc Ammeter, Weston, model 931

Shunt, Weston, 50 mv/200 a

dc Microammeter, Weston
model 1011

ac voltmeter, Weston, model 433

dc ammeter, Weston, model 904

dc ammeter, Weston, -odelvsol

dc ammeter, Weston, model 904
Oscilloscope, Tektronics, RM4SA
Plug-In, type D, Tektromics
Electronic Timer, H.P., model 5243L
Plug-In, H.P. model 5262ZA

ac-dc nondestructive insulation
tester, Telemet Co., Amityville, N.Y.

Discontinuity Time Monitor, CTL,
Fern Park, Fla.

Reg. dc nower supply, Kepco,
model CK 40-0.8

Precision dc power supply,
Kristie Electric Co.

Ohmmeter, Simpson, model 270

3 phase 400 Hz 115 V/phase power
source (wall-plug)

dc load bank
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TABLE II. — TEST INSTRUMENTATION AND FACILITIES (Concluded)

e st load bank In House

® Space Simulation Test facility;
RCA High Vacuum Chamber (vith
accessories) (ID: NAS4-1272)

Temperature monitoring device,
Honeywell, Philadelphia, Pa. (ID: NAS6-4453)

e . Acceleration test facilitv:
Centrifugal Acceleration,
S/N G264A-0, Ser.: 010;
Trio-T2ch, Burbank, Calif. (with
access-ries) (ID: NAS4-5212)

e Vibratia: test facility:
Ling Eleltronics —
Vibrator, model 249-2, Ser. 56;

X-axis (ID: NASS-16523)
Vibrator, model 310, Ser. 20;

Y-axis ( - )
Vibrator, model 310, Ser. 31,

Z-axis (ID: NAS7-0775)

Random Analyzer, Ling, model ASDE-80 (ID: NASS-2289)
VTVM, BRUEL and KJAER, model 2416 (ID: CD4643)

Accelerometer, Columbia, (1D: Cu1374)
model 440-1-H

Charge Amplifier, UNHOLZ-DICKIE, .
Model 8 PMC V (ID: NAS6-1356)

Log Converter, H.P., modex 7562A (ID: NAS8-3657)
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A.

CUTLER-HAMMER MODEL

FLAG
CASE A 55, saA
' b 2 MUTUALLY INSULATED PARTS
MOUNTING TERN
BASE pfc oI5 o4 o3 : NOTE: cnouﬁzgk gg.!éUNTI
IW////&’//W/ o0 s = BASE

B. TEXAS INSTRUMENTS MODEL FOR dc OPERATION.

‘ — 8§88 MUTUALLY
5,5,5; qplr""—- INSULATED
IELJg A e—| PaxTS

of4 O3
7000007 ////////////////////////,M

NOUNTING

TEXAS INSTRUMENTS MODEL FOR ac OPERATION.

LY. %] MUTUALLY
CASE $,5,5, INSULATED
A) PARTS
MOUNT ING
BASE

82
oss 913 €,
/45355599’ Y/

Figure 3. — Mutually insulated parts of RCCBs for insulation
resistence and dielectric strength tests.
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between the mutually insulated parts under application of
150C V, 50 Hz (for C-H models) or 1250 V, 60 Hz (for T.I.
wmodels).

Following the vendors' instructions, terminals Nos. 3,
4, S, 6, and Al of the C-H models were shorted togéther
during both tests. The ac potential was not applied between
the open contacts A, and A, of the T.I. dc models.

Contact voltage drop was messured between the line and
the load terminals while passing the rated full-load current
(ref. Table I). The test setups are shown in figures 1
and 2.

3.1.2 Cperational characteristics.— Operational
characteristics of the RCCB's include:

a. Performance of the main power switching, performance
of the indicating terminals (Sl, Sz,~and 83) and
of the FLAG and duration of shock-haziard before its
elimination.

b. Effects of overloads and the extremes of line
voltage upon the overall operation.

c. Specific features of Cvtler-Hammer' and Texas
Instruments' models.

All tests were performed using the test setups shown in
figures 1 and 2.

The performance of the main power switching was tested

by actuating the remote control switch whilc power was
applied to the line terminal of the RCCB.
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The operatior of the indicating terminals sl, 82, and

S3 was checked with an ohmmeter attached alternately to
S1 and S2 ,» and to S1 and 83 . (Sl, Sz, and S3 are
the three terminals of a SPDT switch with S1 being the

common terminal.)

The performance oi the FLAG was checked by visual
observation.

The shock hazard duration was measured with an electronic
counter 2s follows:

1. The remote control switch was turned ON.
2. Power was disconnected frem Al .
5. The remote control switch was turned GFF.

4. Power was reconnected to Al .

The counter was connected to count milliseconds from its
internal clock for the period from step 4 until the RCCB
automatically disconnected A2 from A1 .

The overload tripping operation was tested by increasing
the load current from rated full-load stepwise to 200, 138,
or 115 percent. The tripping time was measured with an
electronic cow.ter connected to the individual load.. At
the end of the 115-percent overload run, the temperature
of the RCCB was measured at the line terminzl of the parti-
cular sample. While testing T.I. ac models, the overloads
were applied consecutively to three individual phases. Due
to the limitation of the test facility, no overload tests
could be performed on T.I. ac models rated for 35 amp per
phase.
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Again because of test facility limitations, the tests
for effects of extreme line voltages were limited to dc.
The test sample was turned ON and the line voltage was first
reduced to the specified minimum (18 V for T.I. models, and
21 V for C-H models) and then increased to the specified
maximum (30.5 volts for T.I. and 32 volts for C-H models).
During both extremes, the operation of the main power
switching and the duration of shock hazard were measured in
the way explained above.

The operation of the Push-Button, a unique feature of
T.I. models, was checked on its similarity with the action
of a "momentary switch," and on its ability to eliminate
the shock-hazard. In the first case the Push-Button was
pulled up to interrupt the load current when the sample was
turned ON by the remote control switch, or the Push-8utton
was pressed down to affect the flow of the load current
when the sample was OFF. Elimination of the shock-hazard
was tested as follows:

1. The remote control switch was turned ON.

2. Power was disconnecteu from the line terminal.
3. The remote cont-ol switch was turned OFF.

4. Ihe Push-Button was pulled up.

S. Powcr was reconnected to the line terminal.

The duratior, 2r rvresence, of shock-hazard was checked via
an electrecaic ccunter connected to the load of the particular
test sample, as described previously.
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Operation of the Backup Power arrangement, available in
C-H models, was tested by disconnecting the power source
trom terminal Al and attaching it to terminal No. 4. Tuc
remote control switch was then repeatedly actuated and the
state of the main contacts was monitored by the FLAG indica-
tion and the indicating terminals Sl, Sz' and 53 . Elimi-
nation of the shock-hazard was tested as follows:

1. The remote ccntrol switch was turned ON.
2. Power was disconnected from terminal A1 .
3. The remote control switch was turned OFF.

4. Terminal No. 4 was attached to the power source for
a few seconds.

S. Power was reconnected to terminal Al .

Duration of the shock-hazard was measured in the same way
as described previously.

The multiphase operation of the C-H models was tested
with the setup shown in figure 1 by actuating the remote
control switch and by increasing the individual phase loads
stepwise from 100 to 200 percent. The individual phase
loads were changed sequentially one after another, and the
corresponding trip times were measured with the counter.

3.2 Qualification Tests

Facility and manpower availability procluded subjecting
all 305 RCCB's to environmental exposure.

Twenty two samples were actually exposed to space
simulation--altitude and temperature extremes combined.
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Preliminary to this, four additional samples were subjected
to an abbreviated temperature extreme cycling at ambient
pressure to verify the basic temperature capabilities of the
devices.

The same 22 units were exposed to acceleration.

) Again because of resource limitations, the total number
of RCCB's subjected to vibration was reduced to 10. Of these,
three were subjected to a preliminary test to verify the
basic mechanical integrety of the devices. The seven others
were then subjected to the full duration cyclirg described
below.

3.2.1 Space simulation test.— The test was performed

with the setup shown in figure 4. The main contacts of
one-half of the test samples were open and these of the
other half were closed.

Twenty-two test samples were placed in the chamber which
was evacuated to S.SXIO'S Torr, equivalent to 360,000 ft
altitude. The internal temperature of the chamber was kept
constant for one hour at each of the following temperatures:
-54° C, -34° C, +25° C, +74° C, and +84° C. During the
-34° C and +74° C periods, the samples were subjected to
remote ON/OFF switching, and during the +25° C period, a
dielectric strength test was performed on the T.I. models
at 500 V, 60 Hz in the way discussed for acceptance tests.

Measurements of contact voltage drop, of shock hazard

duration, and of tripping time at 200 percent overload were
made after Space Simulation testing.
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Figure 4. — Space simulation test setup (wiring diagram)

3-10



3.2.2 Acceleration test.— Twenty-two samples, wired

as shown in figure S5, were accelerated in both directions
along three mutually perpendicular axes. Acceleration of
22.5 G was applied to the RCCB's for 2 minutes with their
contacts open and then for 2 minutes with their contacts

clased.

The main contacts were controlled by the Tush-Buttons
in T.I. models and by remote control switches in C-H models.
The testing was performed at room ambient conditions.

Contact chatter was monitored with a chatter detector
(Discontinuity Time Monitor) during each test run.

Measurement of contact voltage drop, of shock
hazard duration and of tripping time at 200 percent overlecad
was made after conclusion of the acceleration test.

3.2.3 Vibration test.— Ten samples were subjected to
random vibration with the following spectrum:

10 Hz at 3 ng/Hz

10 Hz - 24 Hz, increas=> @ 12 dR/octave
24 Hz — 160 Hz at 100 mg?/Hz

160 Hz — 2000 Hz decrease € 6 aB/octave
2000 Hz at 0.65 mg’/Hz
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Overall level: 5.37 G rms per run. Vibraticn was
applied along three mutually perpendicular axes as follows:

Test Sequence

Run Duration Contacts of Axis
1 2 min. 20 sec (2 Mi= loas) (closed) X, Z, Y
2 S min. 50 sec (5 Missions) (closed) Y, Z, X
3 S min. 50 sec (5 Missions) (open) X, Y, Z
4 1. min. 40 sec (10 Missions) (open) Z, Y, X
5 35 min. 0 sec (30 Missions) (closed) X, Y, Z
6 58 min. 20 sec (50 Missions) (closed) Z, Y, X

The axes of the test samples are defined in figure 7.
The test setups are shown in figures 5 (with closed contacts)
and 6 (with open contacts). Testing was performed at room
ambient conditions.

Chatter of the main contacts and of the indicating

contacts, S, - 82, was monitored with the chatter detector.

1

Measurement of contact voltage drop, of shock hazard
duration and of tripping time at 200 percent overload was
made after con~lusion of the vibration test.
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4.0 TEST RESULTS

The results of testing, performed in accordance with
the test procedure outlined in the preceeding paragraph,
are summarized in Table I. The test data sheets are in the
appendix.

Of the 305 samples on which acceptance tests were
performed, 82 did not meet the requirements specified by the
vendor. Of those 82, seven samples failed; i.e., became
totally inoperative.

Qualification testing was performed on 26 samples,
three of which failed durinz, or as a result of, the
environmental exposure.

The list of the failed samples in TABLE III shows
the circumstances and symptoms of failures. No failure
analysis has been performed.

4.1 Acceptance Tests

4.1.1 Electrical characteristics.— The insulation
resistance is specified by the vendor to be a minimum of
50 (106) ohas when measured at 500 Vdc. The minimum insula-
tion resistance was found to be 40 (109) ohms in the T.
ac and C-H models and 1.4 (109) ohas in the T.I. dc mo.. .

Dieleccric strength is defined by the vendors in terms
of leakage current which is specified as 0.5 mA maximum at
1500 V rms, 60 Hz for C-H models or at 1250 V rms, 60 H:z
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TABLE III. — RCCB — FAILURES DURING TESTING

Sample

T.I. 7.5 ac; S/N 26887

(test #35; 12/9/72)

C-H, S/N 8/5
(test #73; 1/17/73)

C-H, S/N 11/35
(test #137; 1/26/73)

T.1. 1S dc;
(test #167;

S/N 29055
2/2/73)

C-H, S/N 13/75§
(test #215; 2/9/73)

C-H, S/N 11/25
(test ¢ 269; 2/16/73)

Time/Cause

During 200 percent
overload on
phase A

During 200 percent
overload

During 138 percent
overload (before
200 percent over-
load)

After 115 percent
overlcad (before

138 percent over-
load)

Testing opera-
tional character-
istics, external
switch

During shock
hazard test when
attempting to
switch the unit

4-2

Symptoms/Effect

Cracking sound
and smoke; not
operating
therea. ter.

Contact chatter;
FLASH over when
No. 4 terminal
was used.

400 Hz emanates
whenever turned
ON with Al, or

No. 4 connected
to power source.

Main contacts
OPEN/CLOSE ran-
domly when
external switch
is used.

400 Hz emanates
whenever turned
ON.

Contact voltage
drop -10.0 volts.



TABLE III. — RCCB — FAILURES DURING TESTING (Concluded)

Sample

T.I. 10 ac; S/N 26268
(test #30; 5/29773)

T.I. 10 ac; S/N 26317
(test #31; 5/29/73)

T.I. 7 ac; S/N 30156
(test #301; 6/26/73)

T.I. 10 ac; S/N 26427
(test #31; 12/13/72)

Tile[Cause

During Space
Simulation Test
at -34° C

During Space
Simuzlation Test
at -34° C

After Vibration
Testing.

After 200 percent
overload

Symptoms/Effect

Could not be
switched exter-
nally during and
after testing.

Could not be
switched exter-
nally during and
after testing.

During post test
checking exter-
nal switch did
not operate.

External switch-
ing does not
work.



for T.I. models. T.I. dc models, exhibited 4 to 7 uA, and
T.1. ac models 30 to 45 uA leakage current. C-H models

had leakage current up to 78 uA. Three C-H samples exhibited
an exponential increase of lecakage current at 800 V, 60 Hz,
and were defined as faulty.

The maximum contact voltate (CV) drop, specified in
reference to current rating®* of the samples, was not
exceeded.

4.1.2 Operational characteristics.— The FLAG and
remote indication (Sl, Sz, 83 terminals) were found correct
in all samples.

Remotely controlled switching did not operate properly
in two T.I. dc models, which required a minimum load at the
A_ terminal before switching would occur. One C-H unit

2
failed during ON/OFF switching of the rated load.

Shock hazard duration is specified, for Cutler-Hammer
samples only, to be a maximum of 12 ms, which was met in
all units. One sample failed in the course of this test.
Shock hazard duration was 1 to 20 ms in T.I. dc and 35 to
45 ms in T.I. ac samples. It is not specified for Texas
Instruments models. Shock hazard could be eliminated in

—%
RATING SPECIFIED MAXIMUM CV DBROP
S.0 amps C-H: 0.50 V; T.I.: 0.45 YV
7.5 amps T.I.: 0.35V
10.0 amps C-H: 0.30 v; T.I.: 0.30V
above 10.0 amps C-H: 0.20 Vv; T.I.: 0.25 YV
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the T.I. models by operating the Push-Button and in the
C-H models by utilizing the Back-up Power arrangement
(terminal No. 4)

Vendor-specifiad line vc®tage extremes are 18-30.5 Vdc
and 95-130 V rms, 400 Hz for T.1. models and 21-32 Vdc and
104-122 V rms, 40¢ Hz for C-H models. Limitations of the
test facility dictated that the RCCB's be tested under
extremes of only the dc line voltage. The vendors' speci-
fications were met by all samples except one T.I1. dc unit
which could not be controlled remotely when the line voltage
was 19 volts.

Vendor specifications for overload operation are in
terms of tripping time and temperature of the RCCB. At
115 percent overload, the RCCB should not trip within
60 minutes and its t. —~erature should not exceed 75° C.
At 138 percent overload, the units should trip within
60 minutes. At 200 percent overlcad the specified tripping
time depends on load rating of the unit as follows:

Rating Specified Tripping Time
5.0 amps C-H unit: 7-40 sec; T.T'. unic: *
7.5 amps C-H unit: * ; T.I. unit: 40 sec max

10.0 amps C-H unit: 12-42 sec; T.I. unit: 42 sec mzx
15.0 amps C-H unit: *® ; T.I. unit: 55 sec max
20.0 amps C-H unit: 14-47 sec; T.I. unit: *

25.0 amps C-H uni“: 15-55 sec; T.I. unit: *

~ *Not available for testing.



Rating Specified Tripping Time

35.0 amps C-H unit: 15-55 sec: T.I. unit: 635 sec max
50.0 amps C-H unit: 13-55 sec; T.I. unit: 65 sec max
75.0 amps C-H unit: 13-60 sec: T.I. unit: *
100.0 amps C-H unit: 17-62 sec; T.I. unit: *

In the course of testing:

® One C-H sample exceeded the specified maximum
tripping time at 200 percent overload, while one
C-H and two T.I. ac units failed during this test.

® Four C-H and eight 7.I. units did not trip within
60 minutes at 138 percent overload, and one C-H
sample failed in course of this test.

e Eileven C-H and two T.I. units tripped within 60 min-
utes at 115 percent overload, and one T.I. sample
became inoperative after this test.

e Twerty-six C-H and 16 T.I. samples (of 50 amps and
higher current rating) exceeded the temperature
limitation at 115 percent overload.

When T.I. ac samples (3 phase) were tested by over-
loading on= phasz while the other two phases were not loaded
(passingz no current), the samples tripped as specified. When
the tws other phases were carrying 100-percent rated loads,
overloading c¢f the third phase (200 or 138 percent overload)

*Not available for testing.
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caused, in most cases, a tripping off of the over-loaded
phase only. This could cause severe problems during actual
use of the units.

Operation of the Push-Buttoa in T.I. models, and of
the Back-Up Power feature (applications of No. 4 terminal)
in C-H models was found within the vendors' specifications.

. Cutler-Hammer models were wired for 3 phase operation
and their performance was as specified, i.e., with two
phases unloaded, overloading of third phase caused tripping
off of all three anits. It was noticed, as in the case of
T.I. ac models, that when the two other phases were carrying
normal loads, an overlrading of the third phase resulted,
in most cases, in tripping off of only the overloaded phase.

4.2 Qualification Tests

4.2.1 Space simulation test.— Prior to the space simula-
tion test, two C-H and two T.I. samples were subjected for
3 hours to +80° C temperature at normal atmospheric pressure
to explore any detrimental effects upon the RCCB. Checks of
contact voltage drop, shock hazard duration, and tripping
time at 200 percent overload, performed after completion of

this test, 4id not reveal any changes in the characteristics
of the test samples.

Twenty-two samples were subjected to space simulation,
following the procedure outlined in paragraph 3.2.1. Failure
of two T.I. units was noticed when remotely controlled
switching could not be performed at -34° C. Also, these
units could not be switched remotely after completion of
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test. Measurement of contact voltage drop, shock hazard
duration and tripping time at 200 percent overload on the
remaining units thereafter did not show any changes in their
characteristics.

4.2.2 Acceleration test.— Twenty-two test samples
subjected to acceleration, following the procedure outlined
in paragraph 3.2.2, did not exhibit any contact chatter.

No changes in their characteristics were detected in
the course of after-test measurement of contact voltage
drbp, shock hazard duration and tripping time at 200 percent
overload. ’

4.2.3 Vibration tast.— Seven samples were suﬁjectéd

to vibration, following the procedure outlined in para-
graph 3.2.3, and three units were subjected to preliminary
test runs to explore any detrimental effects of this type
cf{ vibration upon the RCCB's.

The contact chatter observed during the initial part
of testing was found to be caused by faulty cabling and
improper test wiring. Both were corrected and testing was
resumed.

In general, most contact chatter occurred when the
samples were vibrated along the Y-axis (ref. to fig. 7).
The chatter was either reduced and/or disappeared during
the subsequent vibration along the other axes, or it was
sustained and/or enhanced, especially during the long test
runs, suggesting a deterioration of the sample's performance.
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As can be seen from Table IV, showing the vibration
test results in detail, three units (out of 10) did not
exhibit any contact chatter. Two units exhibited contact
chatter once during the 50-mission run (Y-axis), and one
sample showed contact chatter twice during the 30-mission
run (Z-axis).

Two T.I. dc samples exhibited repeated contact chatter
during the 50-mission run along the Y-axis, while their
indicating contacts exhibited chatier also during the
30-mission run along the Y-axis.

In oie T.I. ac unit (3-phase) cecntact chatter was
observed during the S50-mission run, but only in two phases.
Indicating contacts were not monitored in this unit (pre-
liminary test runs).

In other T.I. ac samples, contact chatter (phasc c)
started during the 30-mission run when it was vibrated along
the Y and X axes and prevailed until the end of vibration
exposure. '

During after-test measurement of contact-voltage drop,
shock hazard duration and tripping time at 200 percent over-
load, only one sample showed any changes in characteristics.
One T.I. ac unit (S/N 30156) could not be controlled
remotely and was defined as faulty.
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S.0 CONCLUSIONS AND RECOMMENDATIONS

Limitations on available manpower and facilities pre-
cluded the performance of sufficient tests to provide the
basis for a firm conclusion as tn the suitability or unsuit-
ability of these Texas Instruments and Cutler-Hammer RCCB's
for use on the Space Shuttle vehicl=s. A further barrier to
making such a conclusion is the unavai:ability, at the time
this report is being prepared, of firm specifications fer
the environmental requirements for the Space Shuttle vehicle.
Ithis, therefore, rec mmended that no such conclusion be
drawn until additicaai RCCB test data and Space Shuttle
specifications are available.
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APPENDIX -~ TEST DATA

RICB-ACCEPTANCE TESTING (Nctes)

All testing performed at room-ambieni condition.
Insulation Resistance® measursd at 500 Vdc.

Dielectric Stre- :th measured at 1250 V (60 }z) for
Texas Instrument'< models, and at 1500 V (60 Hz) for
Cutler-Hameer models.

Vendor's Instruction: No ac-poteantial to be applied
between open contacts (A -A,).

Test-unit did not trip-off within 3605 seconds.
OPERATIONAL CHARACTERISTICS:

— Load Control Switch;

— Trip free operation;

— High-low line voltige:

Cutler-Hammer - 122. - 104, V (400 Hz)
32. - 21. V (dc)

Texas Instrument — 130. - 95. V (400 Ez)
30.5 - 18. V {dc)

~ Auxiliary, or indicating terminals' operation;

~ Back-up power operation (Cutler-Hammer only);
Push button ope.ation (Texas Instrument only).

10. a=np.-ioad per phase.

High-low line voltage te<t not perforwed.
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Several models of hermeticslly sealed toggle switches marketed
by two vendors, Micro Switch ard Cutler-Hammer, as meeting the require-
rents of MIL-S-3950, were evaluated to determine the probability trat
they could withstand the envirommental requirements of, and therefore
-be suitable for use on, thne Space Simttle vehicle. The evaluatior was
started wvit:. a comparison of the envirommentsl requirements of vendor-
performed testing end specifications for Space Smuttle hardware. This
was followed with in-house testing for those enviromments where a
reasonably firm conclusion could not be drawn in the comparison. Space
simulation, acceleration and vibration testing were perfcrmed in-house.
After the imtter of these, the switches were Judged to be unsuitabie
for use on tne Space Shuttle vehicle and the evsluation effort was

terminated.
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EVAIUATION REPORT
FOR
TOGGLE SWITCHES
MICRO SWITCH AND CUTT.ER-HAMMER
MODELS PER MIIL~-S-3950

1.0 INTRODUCTION

7.1 Backgrour?

As a result of a problem experienced with toggle switches during
the Apollo: program, the Power Distribution and Contrcl Branch at
Lyndon B. colmson Space Center has initiated evaluation of several
types of toggle switches per the environmental regquirements of the
Space Smttle vehicle, The results of this evaluation for three types
of envirommentally sesled toggle switches markeive. Oy *wn different
vendors (Micro Switch and Cutler-Hammer) as meeting the requirements

of MII-S8-3950, are reported in this document.

1.2 Surmary of Evaluation Program

For purposes of this evaluation, these switches were considered to
be, by virtue of the vendors' test data, in full compliance wirth the
requirements of MIL-S-3950. A comparison of this specification, in

1



mid-April of 1973, with the then-available documentation specifying
the envirommental requirements for components of the Space Stmttle
vehicle indicated that space simlation (temperature-altitude),
acceleration, vibtration and shock testing should bde performed. Other
envirommental requirements of tmese two specifications were similar
ercugh to varrant reasomable confidence tiat the switches coulé
.sneceufnm complete Space Smttle qualification testing. Seversl
samples, including different contact configurations, of the three
types of s\ntches were gubjected £o space simmlation and acceleration
tétingmnhibitedmpurmeamlm. A smaller group of
samples wis subjected to vibration testing and, when subjectel to
vihration for a total duration simmlating up to 20 Space Smttie
mise iru-cycles along an axis approuintely parallel to the switches®
actusting Lendle, exhibited freguent chatter of normally-closed
centacts. Because the recuirements for the Space Shittle include

a total eliable life expectancy of 100 missions, these switches

were judged to be ansuitable for Space Smttle use. Shock testing,

therefcre, was not performed.



2.0 EVAIUATION PROGRAM

2.1 Specification Comparison

The enviromeertai requirements of MII~ST-3950B, to which the
suitches were designed and tested by the vendors, and the corresponding
. requirements for the Space Smttle vehicle as specified in HASA MSC
document SP-T-0023, dated June 30, 1972, entitled, “Specificacion
Envirommental Acceptance Testing”, were compared. The purpose of this
comparison was to provide a basis for deciding which envirommental tests
t0 incinde in the in-house test vrogrem and which enviromeental tests
could reasonably he excluded from it. Becanse the Space Smttle environ-
mental recuirements had not yet been finalized, George C. Marshall
Space Flight Center Specification hOM3IB202 was included in the comparison
as a means of broadening the total information base upcn vhici to

base the test/no-test decisions.

The results of this corperison are snown in Table I. Based on
this informmtion, it was Jecided to test the effects on the switches of
space similation (temperature-altitude), acceleration, vibration ang

srock.



2.2 Space Simlation (Texperatu Altitude) Testing

2.2.1 Test sample. - A total of 36 imdiviiual switches of the
military standard types MS 24523 (one pole), M5 252k (two pole) and
NS 24525 (four pole) were subjected to the envirommental stresses of
space simmlation. A complete list of the gwitches, inclnding types,

_contact configurations and mamfacturer, is shown in Table II.

2.2.2 Test procedure. - Becsuse of the difficulty of activating
mechanical switches while they are sealed inside a vacuum chamber, the
test sample was subjected to the temperature and altitude corditions

_nrescribed in MIL-SED-810B, Method 517.1, Procecare IT without being
operated either electrically or mechanically. ‘The voltage drop acroes
closed ccntacts while passing DC currents of 0.1 and 10 amperes was

peasured both before and after the envirommental exposure.

2.2.3 Test results. - None of the 36 switches exhibited any
noticeable change in voltage drop across closed contacts after exposure

to spece similation as compared to before this exposure.

2.3 Acceleration Testing

2.3.1 Test sample. - “he same 36 switches, as listed in Table II,
that were subjected to space simulation, were subjected to acceleration

testing.
e 4



2.3.2 Test Procedure. - The switches were subjected to an accalers-

tion of 22.5g for e duration of two minutes in eech directicn of three
mtually perpendicular axes. As with the space simmlation test, before
and after exposure to the acceleration, the woltage drop across closed
contacts while passing 0.1 and 10 amperes IC wes measurei. In addition,
using the same equipment and technique described below under vibration
_testing, chatter (undesired momentary opering) of normally-closed

contacts was monitored during exposure to the scceleration.

2.3.3 Test Besults. - No contact chatter was detected during sny
of the accelerstion exposure nor wvas there any degi-adation of the woltage

dmp across closed contacts as a result of this exposure.
2.4 Vibration Testing

2.h.1 Test sample. - Because one-half of ti= totsl of 36 switches
had been exposed to vibration previously and becsuse three of those
remaining had only momentary action, only 15 of the switchern were
subjected to vibration testing. The detailed list of these 15 is

shown ir Table II.

2.4.2 Test procedure., -

2.4.2.1 Envirommental: The 15 switches were divided into two

groups, one of eight (group A) and one of seven (group B). Bach greup,

5



omctgtin,mmbjechdtoamiuoteinhhﬂniuiom. Bach
simnlated mission comsisted of raniom vibration for s duratiom of 70
seconds with an acceleration spectral density increasing at e rate of
3 dBfoctave from 20 Bx to 80 Hx, remaining constant at 0.06¢Z/Bz from
&)&mﬂmuﬂdeermhgutanteofWochvern;ﬁonz
to 2000 He.

The first test phase consisted of simulating two missions, i.e:, a
total of 1% seconds, in each of the three axes. (The vibration axes
are shosn in figure 1.) The next phase consisted of similatirg five
nissions, i.e., a total of 350 seconds, in each of the three axes.
This was followed by another five-mission phese and then phases of 10
missions, 30 missions aud 50 missions each. (The 50 mission phase was
not perfornad on the second group of switch s.) This resulted in a
total vibration duration cf approximately two hours in each axis.

2.5.2.2 FElectrical: As previously discussed for space similation
and acceleration testing, the voltsge drop across closed contacts
with DC currents of 0 and 10 amperes was measured berore and after

the total vitration exposure.

During vibration, con.act chatter was monitored using a Continental
Testing Laboratories, Inc., Model TM-5100 Transient Monitor. The test

setup is shown schematically in figure 2. All fixed contacts of all

6



svitches {one group at a time) vere commected together and to the posi-
tive termimal of the 28-volt DC power supply. All movable contacts

of any one switch were comnected together, to a 1000-olm resistor and
to one chamnel of the transient monitor. The other side of the 1000-olm

resistor was connected to the negative termimal of the power supply.

. With the exception of the first five-mission phase of the vibration,
only normally closed contacts were monitored for chatter. During that
first five-mission phase, the same pairs of contacts vere monitored

but the switches were activated sc that these contacts were in a

normally open position.

2.hk.3 Test results. - No degradation of voltage drop across
clogsed contacts as a result of the vibration exposure was noted.

The mmber of undesired contact openings detected during each
pnase of vibration for each of the three axes is tabulated in Tables III
anl IV for groups A and B respectively. It can be seen that, with
vibration applied along the X axis (parallel to the switches' actuating
handles) the mumber of undesired contact cpenings shows a marked increase
during the 10-misaion phase, or after a total exposure corresponding
to approximately 20 missions. The switches were much less susceptible
to vibration along the Y and Z axes. For group B, because two of the

switches during the 10-mission phase and all of the switches during

7



the 30-mission phase reached a state of contimious chatter on the
X axis, the 50-mission phese was not performed.

2.5 Shock Testing

Becanse the performance of these switches during the vibtration
.mmmmnummtmm for Space Smttle use,
no shock testing was performed.



3.0 CONCLUSIONS

The contact chatter detected during vibretion exposure after a
duration sim:lating approximately 20 Space Shuttle missions shows them

to be unsuited for use in flight systems for this program.

The limitations of the contact chatter test eguipment and techniques
only served to give the switches the benefit of the doubt. The transient
monitor used to detect the chatter has to be reset mamialiy after “he
operator has noted and recorded the occurence of a transient (contact
opening). Thus mmerous transients could have occurrei which were not
recorded by the operator. The fact that all poles in each mlti-pole
switch were connected in parallel could only have prevented recognition

of possibly more ccntact-openings than were noted.



4.0 RECOMMENDATIONS

It is recommended that switches marketed by Micro Switch and
Cutler-Hammer as satisfying the requirements of MIL-S-3950 and military
standards MS 2h523, MS 2452k and MS 24525 be considered unsatisfactory
for use on the Space Shuttle vehicle unless armd until additional infor-

_mation to the contrary is provided by other sources.

10
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Z-axis
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Figure 1. - Vibration Axes




g TouusypD

00TS~WL
19PCH
‘LLO

J03 TUOW
JUPT IUBIY,

¢ Teuusyp

- D G an an 00 @ M-

1 Teuusyy

O~
o~

O YD J:aasuv duraoqiuon Jof dnjag 189 - ‘¢ AINITI

.5
Uil

\/

—t

L %4

O

.
;...

198, Jopuf
8923 M8 9T8B0T

g*0-0% MO
TooCH
ooday

CPA ge
A1ddng
Ism0d

12



o SRR
g uo[3FpuUcC) 131838 A sanpaooad
£0T pPoylan 9CT DPoY3ap L0S pouisi
— U0 ALSTIIW :°J3M } =~ QRUS~QIS-IDN _:°Jad | H€OTg-GLS-TIW _**JY
sowfy OT 3eadey -
62 62~59 86-08
€ %9 86~06
52 69-62 86=06
g2 62-¢9 g6-0g
£ ¢9 86-06
3 69-62 R6-06
*8IY X0 04736 . - —
Jo wmsvn. M:u:m uw (STH)SWTL (o) dwel (%) °H'Y¥
‘H'¥ %66-06 03 aansodxy :BurToAD *H*¥ 966 38 BurTaf) Ay TPTUNY
V UOT3IpuUO) 383 g UOT3TPUOD 383] I axnpadoad
10T PoylIap 10T poy3Isn 606 pouse,
- — G2QCGLO-TIN_ g3y L _ __ __ _dgOS-GLS-TIN _:°Jed _ ) _ €OTg-GLS-TIIN :°J°oY
- — _ [(owes llllr-..lll.orcauw.u. llllll T T Dok :rdwoy cqmy
sanoy 96  ‘uojjmang surss sInoy |m.ﬂ~| TTdoygmang
ittt i — — = — — GSfguros —
(eums) (sues) 10%N 96 03 saasodxy £Leadg 4188
(TILLOHS @OVAS)
202gENON OJEW A0S6E~S-TIN £200-1-dS OSM INTNNOMIANT

S3UdMUSI T TPSY TBIUSLUOITAUY JO uosiaedwo) -*T STQRL

13



L » N,
2ix8 Jod sdoars BT _4,
utw 6T iuopdBang dossg , SIXB/UTW Oy :UOTYBING

i
_
o1 :weag ¢ M3 reqor
(pasoToud 30u) S8your 90°'0 : ?.m\mmnoa |
2025EWon m TUOTSANDRY URULT XBY ©1 SAT3BI3I) HE QT
Das ~ UOruBL puB t 2l OT=0056~0T 01 dn  itaemod Teaqoedg
[LPTOSTMT S AATSUSY A _ ‘doamng vtwn{3Tawdo] ZH 0002 03 dn  iwopuwsy UOT13BIGTA
Y uot1ipuoy j¢al 1 '"10{aLpuon 189
£12 rouasy €1e poulan
U202 TISTUIM_GfJSM __ _ GZQZ-GLS~IIW _:°JeM  _ pe3seBfus ..anpeooxd o
*098/,T £°11 A ‘038/°33 2'6 Hy patJivada jou A
P I.m.mlmmw Sl.. ng..mpwm.za.l - -ll..MolmE M.‘W."Wmﬁmmnw.&l T ToeBm T¥ TU  (UcTasang |
m Jou "HERd _ T T 86l Tesd T T T80l Wesd
A €11 N C TN SUIS-ITBH :wIoj Mo0Ug
@ UoOT11puoy 3863 € 10731puo) 383L
201 pouszap LOT poyssi
1202-AL3-TIN :*39y A202~LE~TIN & °Joy pe3ea8dns aunpaocoad oN
seuly ¢ geadey sewry ¢ 3wvaday T T T T T
ST-91 G2+ g ge+
53 S+ of 621+
¢1~01 G+ q G+
ot 66- Ot 59-
(curajeuty (Do) dway (eutw)auty (D ) duag 0006 03 D LT woaj
:JuptoL) "mc:oho 98usx sanjeasdwal | aanjsxadua]
i’ i
A

(1 mur3uod) sjuswsainbsy 1sjusUIMOATAW JO uosiIeduwo)d - *I STURL

1k



L B AR

SR R S DU
LSS U S S g

(uo/3go/uo wew) (€-

_ (uoor rgo/uo dom) Jg- ~

(U0/;70) 2g-
ilnAﬂmHo ao) 1e-
(a10d Xn03) $2SH2-GH

- T - N

e e e i e e

T 2

Tll@

fe  ——

__(Uo/pyoyuc mot) TE-
1o EoE\.,Ecxﬁm &oEplpmu

_ _ ___ (uo/330) 22~

“(uo/130/u0) 12-
(210d omy) #aihe-<H

i \
- e e ey
R SRS R S S A R

v e e i e i v mon e et e et et ey e e s« —— e e

1 | g

|

1 _ e

‘il’{ﬁl‘!‘!‘iﬂlww‘l

_ *Ton0y %
'GIA | uTg suudg

*qQTA

— .Hm“\u;/\ nm
'urfg wowdg
£

S -0 TA0NG

o3 TAS OIOTW

£373UBMR

N

— . {uo/3go/uo wow) T€-

fl.aAWol,EOE_.f‘oélo uow) Je-

Uuo/33o) gg-
(uo/3307t0) 12-
{(s10d 2u0) £o6H2-SKW

pay e8] #alo4IMg Jo A3Tausny pus asangoejnunp ‘adAl, - *II o1q8l

15



UOTA2BUUOD AGOUT O NP Lo DAUOUY 980, %]
*8IR1'30 1TV J03 posold ‘eswid USTEBIMeG 4811 01 vado f)amqun)y

3

v

SO

USITAS OdOTH

.Co\:c..u [od npug
SS=n2sne

U] -uoﬂsoJ

S S e Smem CE— ot — > ——

USITAF OI5TH

uo/33o/uc-ntod omy
Te~fig6ne W

! L QUETG}[- 2O TFNY

UOITAG OIDTH

33o/uc-etod suo

2e-t2sne N

+b.Twl_ ..m. - |_. o eumreH~1913NY

L
_ (suoTssTH pPeyEINUTS)
NOLIVHIXI NOIIVSEIA

—— e ——— —— s m—

_ UOFTAE OLOTNW
_ =0\.wu0\co..o4.om uo

Te-£2542

QALOCLHA SRITTVAONY d0 MEHWNN

V dnod ; - oanmodx UOFIBIQTA BUTJNG PR3Ioeled seTTVWOTRUY - °*ITI ©Tq8l

SIXV




CRAOYGO L[ AR

o
o
°!

O
(o]

-——
- ——

r—-—-

1" 15101%t10]0

AIHYD e U0 A0 =

P@30TO founmpl anfeaTWe=¢ 4.1 a0 Uodo CAORHODE LG LON

uo =EE\30\:o.oaoa JAnog
1€-5e5He M

—
o
O
2
-
[
—_— e —
o
-

Qaumrglf =0 (1)

uo wout/J3o/uo-atod cmy

0
1 TE~HS6He SN

——f e mt— u——

(o]
o
o
o

—— e e e — e —— e ——
e e e ——— e — o —
o
e e ——
ot

}___

0 L

Jauum{ - 191310

uc wou/yyo/uc-91od ouo

|
_
|
d
_
_
_
_
| TE-£26He SN

o
b
I
J
— e e —— e ———— —— —
L' Y

O‘-—'
oo
]
-ﬁ b — — e ——
°P

r-———..-—n_—— _— e — — e ——— —
op
r“-

—_—de e e — ]
o

—— e SEMEHIOTIND
Yo3TAS OIOTH

|
4:
Fxe

JJo/uc~atod anog

P e — e —— e —— ——%
o~ .

olo
i
— ——— i#b—_
o
a-lr_. — —

—_ - -
O'O
T Al

—-——J—d_—

olo
_-___.'_-i.._.._.
- 2%

i
= =)

o

l————-'l'——\—-——-—-ﬂk-——-—-d
°p
[\
gttt

ojo
i

XQUIISH =D T

UOHTAE CIOTW

ol
i
Hlﬂ
OlO

——Ll—-—-
ﬁnlh

uo/33o0/uc-atod anog
TS-52ehe M

0S| & | 0T 6 |Sw|2 (suoteeli pajeTrwis)

L1 a4 L NOLLVENG NOTIVHHIA

X ! SIXV

(LLLOMLIA CYI'TVWONY J0 HIEWNN i

g dnosy - sanpodxy UCTIRAATA BuTat(] pejoaeq HOTTEWOUY = °*AT 61QBL

22-G2Ghe MW,

17



n1Y- 3527

EVALUATION REPORT FOR TOGGLE SWITCHES
Texas Instruments, Inc. — Apollo-Type
And
Daven Measurements Part Number 45000-XXX

Job Order 32-139

~Prepared By

Lockheed Electronics Ccmpany, Inc.
Aerospace Systems Division
Houstcn, Texas

Contract NAS 9-12200
For

POWER DISTRIBUTION AND CONTROL BRANCH

= =
i = National Aeronautics and Space Administration

" LYNDON B. JOHNSON SPACE CENTER
Bouston, Texas

Decemter 1973

LEC-1667



EVALUATION REPORT
FOR
TOGGLE SWITCHES

Texas Instruments, Inc. — Apollo-Type
And
Daven Measurements Part Number 45000-XXX

PREPARED BY

)

€rton, Princina gineer

APPROVED BY

V. i. %opgiﬁs, gnpervisor

Power Systems Engineering Section

Prepared By
Lockheed Electronics Company, Inc.
For
Power Distribution and Control Branch
NATIONAL AEFRONAUTICS AND SPACE ADMINTISTRATION
LYNDON B. JOHNSON SPACE CENTER
HOUSTON, TEXAS

December 1973

LEC-1667



CONTENTS

Section Page
1.0 INTRODUCTION. . . . . . ¢« ¢ ¢ ¢« ¢ o o = =« o« 1-1
1.1 Background . . . . . . . . ¢ ¢ s . 1-1

1.2 Suamary of Evaluation Program. . . . . 1-1

2.0 ~ EVALUATION PROGRAM. . . . . . . . ... .. 2-1
' 2.1 Specification Comparison . . . . . . . 2-1
2.2 Vibration Testinmg. . . . . . ... .. 2-4

2.2.1 Test sample. . . . . . « & « « & 2-4

2.2.2 Test procedure . . . . . . . . . 2-6

2.2.2.1 Environmental . .. .. 26

2.2.2.2 Electrical. . . . . .. 2-6

2.2.3 Test results . . . . . . .. . . 2-9

3.0 CONCLUSIONS . . . . . e o o o o o a o o o @ 3-1

4.0 RECOMMENDATIONS . . . . . &« « « « ¢« ¢« o « « #4-1
Appendix

A TESTDATA . . . . ¢ ¢ ¢« ¢ ¢ « = o o o o o Al

ii



1.0 INTRODUCTION
1.1 Background

As a part of a continuing program to find suitable
candidate hardware for panel switches in the Space Shuttle,
a preliminary evaluation of envircnmental capabilities was
undertaken on toggle switches manufactured by Daven Measure-
ments Division of Edison Eiectronics (Daven part number
45000-xxx) and on Apollo-type toggle switches manufactured
by Texas Instruments, Inc. (Klixon xxLSx-x). It was not
the purpose of this evaluation to qualify these two types
of switches to the detailed requirements of the Space
Shuttle environmental specifications, but rather to take
a "first look" at their tested capabilities for the purpose
of determining whether the candidate hardware appears to
have a good chance of successfully completing a detailed
environmental qualification test program.

1.2 Summary of Evaluation Program

The initial phase of the evaluation reported herein
consisted of comparing the demonstrated environmental capa-
bilities of the two candidate switch types to the latest
available Space Shuttle environmental requirements. The
documents used for this comparison were:

e Certification Test Requirement, Apollo Block II,
Part No. ME452-0102-1101, North American Aviation,
Inc., 18 February 1969 (for Klixon switches).
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e Specification 40M38202, George C. Marshall Space
Flight Center, 3-27-70 (for Daven switches).

® Specification MC450-0016, "Controller, Master Events",
North American Rockwell Corporation, 22 August 1973
(Shuttle requirements).

Based on the comparison of environmental parameters in
these three documents, it was decided that additional
information was needed concerning the capability of the
switches to withstand exposure to random vibration without
contact chatter.

The Space Shuttle temperature and linear acceleration
requirements were not judged to be severe enourh to neces-
sitate additional tests to satisfy the purposes of this
evaluation. Successful techniques for hermetically sealing
such switches have been in use for some time and hence it
was felt that the puiposes of this evaluation could be well
satisfied without particular concern { 'r the survivability
of the switches in vacuum, explosive atmus here, and sand
and dust.

As described below, 1t Klixon and 8 Daven switches, of
several different contact configurations, werc subjected to
random vibration with the most recently defined power
spectral density for the Space thuttle as of the date of the
test.
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2.0 EVALUATION PROGRAM
2.1 Specification Comparison

As indicated in section 1, the tested capabilities of
the Texas Instruments (TI) switches and of the Daven Measure-
ments switches were compared to the most recent statement
of environmental exposure requirements for the Space Shuttle
available at the time the comparison was made. The contents
of the three documents used for this comparison that were
deemed pertinent to the purposes of this evaluation are
susmmarized in table I.

Although the tested capabilities of the two types of
switches for salt spray and aumidity do not match the stated
Shuttle requirements, most notably with respect to the
duration of exposure, the ability of devices to withstand
these environments should be primarily dependent upon the
materials used for the exposed surfaces and the techniques
used to seal the package. Similar components have been made
that can withstand such extended exposures, so it was felt
that these two types of switches could successfully complete
detailed qualification testing without redesign, and that
actual testing, for this evaluation, was unnecessary.

The tested temperature capabilities of the switches are
reasonably close to the Shuttle requirements for equipment
located in the crew compartment. Even the temperature
requirements for qualification tests, which are slightly
more severe than those actually expected (and quoted in
table I), are not so severe that evaluation tests at tempera-
ture extremes were deemed to be a necessary part of this
evaluation.
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The Shuttle qualification test requirements include
vacuum conditions (10’9 torr) in association with temperature
cycling. The TI switches have demonstrated an ability to
withstand pressures at least as low as 10'4 torr. No evi-
dence was found of similar tested capabilities for the
Daven switches. However, this capability should also be a
function of a properly sealed package, and not the basic
switch design. Hence, supplemental vacuum testing was not
considered a necessary part of this evaluation.

Although ther> is some minor difference in wave shape,
both types of switches have been tested at higher levels of
shock than those required for the Shuttle. Hence, no
shock tests were performed.

The Shuttle vibration requirements have total energy
levels approximately equal to or below those at which both
switch types have been tested. However, the distribution
of this energy across the frequency spectrum is different
in all cases. Becaute of this, supplemental vibration
testing of both types of switches was considered necessary.
(Note: The power spectral density (PSD) used for these tests
was difierent from the requirements stated in the reference
document for the Shuttle. The PSD to which the switches
were actually exposed was chosen because of a more recent
statement of Shuttle requirements than that quoted in
MC450-0016) .

Neither the TI nor the Daven switches apparently have
been tested for satisfactory operation while being exposed
to linear acceleration. Although the Shuttle requirements
include exposure to such an environment (*4 g's for
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S min/axis), the level is so low that no anomalies should
reasonably be expected after successful completion of the
shock and vibration tests which are documented. For this
reason, no supplemental linear acceleration testing was
deemed necessary.

2.2 Vibration Testing
2.2.1 Test Sample

A total of 24 switches were exposed tc the random
vibration spectrum described in paragraph 2.2.2.1 below.
To facilitate this exposure these were divided into three
groups of eight switches each. Two of the groups, i.e., a
total of 16 switches, were comprised of Texas Instruments'
*Klixon" switches, as follows:

Quantity Type No. Configuration*
Group 1 -- 2 11LS2-2 1P2T MA-MA
23LS3-2 3P3T LK MA-LK MA-LK MA

2 14LS2-3 4P3T MA-OFF-MA
2 13LS3-2 3P2T LK MA-LK MA
Group 2 - 2 12LS2-2 2P3T MO-OFF-MO
2 12LS3-3 2P3T MO-LK OFF-MO
' -
MA = Maintained
MO = Momentary
LK = Locked
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Quantity Type No. Configuration*

Group 2 - MA -MA -OFF
(con't) 2 23LS2-5  3P3T <(OFF-MA-OFF
MA -MA-OFF

2 18LS2-1  3P3T MO-LK CFF-MO

The last group was comprised of the Daven Measuiement
switches, type 45000-xxx, as follows:

Quantity Type No. Configuration*
Group 3 - 1 -201 2P2T MA-MA
1 -202 2P2T MA-MO
2 -308 3P3T MA-OFF-MA
2 -204 2P3T MA-OFF-MA
2 -207 2P3T  MO-OFF-MO

As can be seen, two of each type except the Daven -201
and -202 were included in the total test sample. Only one
of these two Daven types was tested because additional
switches were not available.

2

Maintained
MO = Momentary

LK Locked
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2.2.2 Test Procedure

2.2.2.1 Environmental. The test sample was exposed
to the following random vibration under room ambient tempera-

ture and pressure:
10 Hz ¢ 3 ngIHz
10 Hz to 24 Hz e +12 dB/octave
24 Hz to 160 Hz € 100 mg2/Hz
160 Hz to 2 kHz @ -6 dB/octave
2 Kliz @ 0.65 mg’/Hz
(Overall level of 5.37g rms)

The total duration of the exposure was 1 hour and
59 minutes in each of three orthogonal axes. Definition of
these axes relative to the physical characteristics of the
switches (viewed from the terminal side) is included in
figures A-1 through A-3. In order to maintain the accumulated
exposure duration equal, within practical limits, in each of
the three axes, the switches were first exposed for two
simulated missions in each of the three axes. (A simulated
mission was defined as an exposure of 70 seconds.) Next,
they were exposed for five missions in each axis. This
was followed by a second 5-mission exposure in each axis,
then 10 missions, 30 missions, and finally 50 missions in
each axis.

2.2.2.2 Electrical. Before and after vibration
exposure, the voltage drop across all possible closed con-
tacts of each switch was measured at load currents of both
0.1 and 10.0 amps. Because, in most instances, slight
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variations in the test setup prevented exact repeatability
of these measurements, a minimum of three readings were
taken for each terminal-pair at each load currenc. Both
the minimum and maximum readings were recorded.

During vibration exposure contact chatter (inadvertent
opening of normally closed, or closing of normally oper
contacts for 10 us or more) was monitored. The test setups
are shown in figures A-1 through A-3. On all switches having
maintained normally closed positions, the contacts were set
to these positions. Insofar as possible within available
maintained positions, the two switches of the same type
were set to different positions. For these normally closed
contacts, all such p-irs of contacts cn each switch were
connected in series, thus providing a single signal for that
switch to the chatter detector. On those switches where
normally open was the only maintainec position available,
all contact pairs were connected in parallel, thereby again
providing a sinjle signal for that switch to the chatter
detector.

2.2.% Test Results

The test data forms appendix A to this document. With
one exception, very little or no contact chatter was detected
during vibration exposure. Although there were differences
(both incieases and decreases) between the contact veltage
drops measured before and after vibration exposure, no
definite degradation in the performance of any of the switches,
including the one which exhibited excessive contact chatter
during vibration, was detected.
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Of the 16 TI Klixon swiiches tested, no contact chatter
was detected in 10 of them. All chatter detected in the
other six switches was noted in at least two switches
simultaneously, indicating thzt at least half of the detected
signals were errcnecus. (The chatter monitor used exhibited
not only this channel-to-channel crosstalk, but also suscep-
tibility to noise on its power line. Several channels
indicated detected chatter when a large rollup door in the
bi-bay near the vibration facility was opened.)

Of the eight Daven switches tested, no chatter was
de.ected ir two of them. Unlike the results for the Klixor
skitches, however, only part o{ chatter detected in the
other six occurred in two switches simultaneously. One of the
six, a -308 {(5¢3T, MA-OFF-MA) exhibited continuous chatier,
starting during the 10-minute exposure and continuing through
the 50-minute exposure. During this time, the chatter
monitor channel was changed to verify that the monitor was
not at fault. It should be noted that n~ significant degra-
dation in contac: voltage drop was measured on this switch
after vibration exposure. It should also be noted that
another -30R switch was tested, with its toggle in a differ-
ent position, at the came time and tkis switch exhibited no
chatter at ail.
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3.0 CONCLUSIONS

No previously documented or in-house test data was
found which should disqualify either of these two types of
switches from further detailed evaluation. The continuous
chatter exhibited by the one Daven switch was unique and is
felt to be a result of some flaw in that particular switch
rather than the basic switch design.
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4.0 RECOMMENDATIONS

It is vecommended that both of the two types of switches
evaluated herein be considered candidate for use on the
Space Shuttle unless additional information or considerations
indicate otherwise.
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APPENDIX A

TEST DATA
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TIVE SIGER CORPARY
KEAREOTT DIVISION Y256A226 REV.

An intensive study of various forms of transducers was conzucted
with application tcwards hermetically sealing the traunsducer pick
off and all electronics. The results of the study indicated chat
the Hall effect devices and a LED/phototransistor combination
were the most practical for this type of application. Therefore,
hardware was devejoped utilizing 2 magnet/Hall effect transducer
for single action switches and LED/phototransistor transducers
for rotary multiposition or potentiometer applicatioans. All .
electronics could be housed in a hermetically sealed compariment.
A number of switches were built and models were hermetically
sealed to prove the fessibility of this type of fabrication. One
of each type of swituh was subjected to temperature cycling, vib-
ration, and EMI tests. The results ocf these tests are indicated
in the following report.
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RESULTS

The iesults of this project are:

1.

2.

An operating switch panel conforming to the requirements
of NAS-9-13144.

Test data taken during environmental tests performed on
selected switch and rotary components. The tests per-
formed were comparable to tests run on MASA flight
hardware delivered on the skylab project. Satisfactory
results were cbtained oa all tests.

Reliability data indicating MTBF for selected devices.
A project report covering the study phase of the project

and containing test data, schematics, and outline
drawings of the switch devices and the mounting panel.
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CONCLUSIONS

The results of this prcject indicate that solid state switches
and rotary components capable of meeting the requirements of
manned space flight are feasable and well within the current
state of the art. The environmental and reliability data indicate
that a production unit would have the superior reliability
associated with solid state equipment. The large selection of
conta~t closure types will allow switches to be fitted to various
reql .ements. A phase II production type unit would be packaged
in a smcller and lighter housing. The feel of each switch and

the froat panel appearance would be improved in the phase IIX
design.
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KEARFOTT DIVISION S236A226  _ mev. -

RECOMMENDAT ION

The study indicated that the most efficient switch is one designed
to switch a specified voltage and current. Using a high current v
switch to handle a low current is inefficient. Any production
switches should be designed for a specific power level.

In production quantities a hybrid package containing all the
electronics is recommended as a way to save gsize and increase v
reliability of the solid state switch devices.

Reduction of switch size would allow the toggle section of the
switch to be brought flush to the panel surface and otherwise
improve the appearance of the switches.

It is also recommended that a closer analysis of the front panel .
removability criteria be made with an effort to reduce the
panel area used for fastening.

vii

£82021 N



THE SINGER COMPANY
KEARFOTT DIVISION Y256A226 REV._~

INTRODUCTION

The purpose of this report is to summarize the results of a
study coaducted to uvetermine the optimum transducer type and out-
put circuitry for a solid state switch configuration and to
demonstrate with hardware, the feasibility of the resulting de-
signs. Two basic types of switches are required, a single acticn
switch (toggle, pushbutton) and a multiposition rotary switch and/
or potentiometer. The switches will be designed to be hermet-
ically sealed and removable as an integral unit from the frort
of the panel. Selected switches contain a Light Fmitting Diole
(LED) display indicating the status of the switch position and/or
operable or failure mode.
The various types of transducers studied included the following:

e Light

® Capacitive

® Hall effect

® Magneto-resistor
Many factors were considered in selecting the appropriate trans-
ducer for the application and the necessary circuitry for the
switch output. They were as follows:

® Type of excitation required

® Power required

e Cost

® Size

® PReliability

® Hermetic sealing capability

® Cross talk effects

e Packaging

® Switching characteristics

A matrix indicating these characteristics of the various transducers
are shown in Table I.

fazc2 272
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The results of the study indicated that the H:.1 effect trans-
ducer is the most effective for the single ac+.on switch and the
LED/phototransistor is the optimum device i.x the multiposition
rotary switch and potentiometer.

Dependent upon the function of the switct, four types of output
circuits were selected to interface with peripheral equipment.
The determining factor in the circuitry was the contact rating of
the switch.

e High current DC (16 AMP)
® Medium current DC (400 MA)
e Low current ' Analog (50 MA)
® Low current ac (I AMP)

To insure reliable operation, redundant circuitry has been inclu-
ded wherever size and circuitry dictates practicability. The
snbject of man-hardware interface has not been discussed because
standard mechanical switch actuating devices are used for inputs
with normal actuating pressure loads and travel.

Envelope drawings and schematics are i..cluded in the appendices
(Section 8) indicating the design approach configurations for the
Phase I program. Production versions of these modules would re-
quire some modification for facility cf fabrication and appearance.
As a result of the study program, a panel was fabricated including
25 single pole or double pole toggle and pushbutton switches, two
rotary 10 position switches and two potentiometers as indicated

in Figure 1.
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TECHNICAL DESCRIPTIOX

The following four basic areas were studied in order to produce
the required switch,/notentiometer configurations for the switch
panel:

e ‘Transducers
e Mechanical Packaging
e Output (switch contact) circuitry

® Sc il state potentiometer circuit configurations
TRANSDUCERS

Many types of transducers were evilualed to determine +1~ optimum
switch trausfer. For each transducer the source and s : .« of the
switching medium is discussed along with the various configuratiocns.

MAGNETIC CIRCUIT TPANSDUCER

A magnetic circuit transducer depends on changing magretic flux
for switching action. A mechanical switch change occurring ex-
ternal tc the hermetic seal changes the reluctance of the mag-
netic circuit. This flux change is sensed inside the hermetic
seal and interfaced with the logic section of the switch. Both
alternating and direct flux devices have been reviewed.

DC Devices

The flux flcws in only one direction in a direct flux circuit and
is a functicna of the following relationship.

MMF
R

A change in the flux is scnsed and a typical simple switch is
illustrated in Figure 2, With the switch open as in Figure 2 a
high reluctance air gap exists in the magnetic circuit. If the
missing slug is moved into the gap, the reluctance is diminished.
This incre es the flux and changes the ~harvacteristics of the
flux sensinag element. Two sources of .mf appear mest app-opriate
fcr switch applications: permanent maynets or solenoid coils.
Permanent maynets reguire the following characteristics to Lte
effective,

¢ =
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® Small size
¢ High induction
® High demagnetization force

Of the present cou-;icially available magnetic materials, the
following bes: suit these characteristics:

e Ceramic permanent magnets
® ALNICO SERIES®*
® Gecor?

The life characteristic of these materials (time of retention of
useful magnetic properties) has been estimated at approximately
15 years.

Solenoid coils require electrical power in order to operate.
However, these devices utilize materials which are more readily
available than magnets and do not require any special handling
techniques as is sometimes the case with magnets. Of the flux
sensing elements available the following exhibit the most suitable
properties for switch application:

-@ Pick up coil
® Hall effect device

® Magnetic resistor

® Pick Up Coil - The simplest ~f the three devices is a pick
up coll which is a coil of wire of many turns wound around
the magnetic core. This co:l does not require a gap in the
magnetic circuit which greatly increases the reluctance
and, therefore, reluces t:e magnetic strength required.
Many magnetic materials can be used for this application.
The createst disadvantage of using a pick up coil in a
direct flux circuit is the fact that a coil can >nly sense
a chanc2 in flux. Therefcre, an output voltage would only
be availalkle from the coil during switching transition.
After the coil has reached a different steady state valve
as a result of the new switch position no voltage is pres-
ent at the coil. The logic necessary to sense these

*Trade name of a uyeneral Electric Co. product

razey 2,72
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transient pulses is relatively simple, however, the prob-
lem exists in the initial start up procedure. The use of
this device is limited to momentary switch applications
wvhere the switch mode of operation is in the normally off
condition.

Hall EBffect Device - The Hall effect element is a semicon-
ductor device that gemerates a voltage as a function of
roatrol curreat and magnetic fieid. As illustrated in
Figure 3 control current is passed through one axis of the
semiconductor. The Hall voltage will appear perpcndicular
to the control current at the edges of the semicomductor
chip. This voltage will be a function of the magnetic

flux passing through the chip perpendicular to both control
current and the output voltage. Imn the awitch application,

.this voltage is used to coatrol the switch output. Th=

advantages of the Hall effect device are:

® Small size

® Detection of steady state flux levels

e Life and reliability similar to silicon semiccaductors

Because the Hall effect device has a relatively low output
voltage (in the order of 50mv) an amplification stage is
necessary as an interface between the transducer and the
switch output circuitry. The control current required

for the Hall effect device is approximately 5 - 50 MA.

The Hall effect device is made very thin (.006 inches
typical) in order to retain a high flux density across

the Hall device in the on condition.

A devi~ce avalilable from Honeywell Microswitch incorporates
a Hall effect devic. and an amplifier and trigger circuit
in one integra*«d caip. This device operates on low levels
of flux and prcvides as in output two current sinks. In
addition to being smail und sensicive this magnetic

switch requires very little power to operute (30 mw max.

at 5 volts). This power level is equivalent or lower than
most flux sensing devices made of discrete parts.

The device has been designed to operate cver the stan-
dard Military temperature range (-55°C -- +125°C) and
is available off the shelf from Micro-Switch. The device
is sensitive enough that no specific flux path necd be
incorporated in the hermetic seal. The switch will sense
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the presence of a small sagnet at distance of .090 in. with any
non-magnetic material between the magnet and the sensor. This
feature will greatly simplify the process of hermetically sealing
the final package.

® Magneto Resistor - Magneto resistors are solid state
passive devices that change their resistance in the pre-
sence of a magnetic field. The devices are thin crystals
of Indium Antimonide with elactrical connections at both
ends (Reference Figure 4a). The crystal is a semicon-
ductor with a grid-like conducting material running per-
pendicular to the direction of the current flow. With
no flux passing through the device current flows perpen-
dicular to the conducting bands implanted in tht semi-
conductor. Under these conditions the device exhibits
its lowest resistance. If flux is allowed to pass through
the devic~, the current is forced to travel a greater
distance ‘etween conducting bands (Reference Figure 4b).
The longer current path increases the resistance between
the ends of the device. Typical ratios between maximum
and minimum resistance are on the order of 13 to 18 for
sensitive devices. The application of the magneto
resister is similar to the Hall effect devices in that
they are mounted in the gap in the magnetic circuit.
Magneto resistors have the following advantages:

e Small size
e Low power
o Life and reliability similar to silicon semiconductors

Power consumption of magneto resistors is a function of the input
current and resistance and is, therefore, in the order of mw.

ylternating Magnetic Plux Devices

Alternating magnetic flux can also be used to convey mechanical
switch status through a hermetic seal. Switches of this type
operate using transformer coupling. This method would require
the use of AC signals inside the hermetic seal. Because AC
signa.s must be generated to produce the alternating flux and
later rectified to interface with the logic and switch sections,
this method will consume more power and be more complex than
direct flux circuits.

2-6
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The only source of alternating flux convenient for use in this
application is a coil of wire around the magnetic flux path.

The optimmm frequency at which the flux should oscillate will be
a function of core losses in the magnetic circuit, the size of
the oscillator, and the amount of radiated energy acceptable.

The greatest disadvantage to this type of design is the possible
energy radiated to other switches and circuitry behind the
switch. This radiation can be minimized to some extent by plac-
ing a2 magnetic shielding around the switch and EMI filters on
the electrical lines, however, this would complicate both the
packaging and the manufacture of the final switch.

All the sensors which sense direct flux also sense alternating
flux. Of the three types discussed (pick up coil, Hall effect,
magneto resistor), the pick up coil is the most adaptable to
alternating flux. A transformer type switch using coils might
operate as follows: -

mE

Ny / Ny

A

I
il

In the configuration above, coil N, is not strongly coupled with
coil Np. Coil N2 is a feeubacsy cilcnit for the ostillator.

With the slug removed from the may>etic path the feedback is in-
sufficient to maintain oscillation. This results is a zero volt-
age output at the full wave rectifier. If the missing part of
the core is placed into the magnetic circuit, coil N; is coupled
to coil N, providing feedback to the circuit. This causes the
circuit to break into oscillations and provides a DC voltage at
the full wave rectifier switching the latching logic.

202t 2N
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The selection of the material to form the magnetic core, is based
on a number of factors.

e Magnetic properties

® Ease of machining

e Compatibility with switch housing material

® Ability to form hermetic seal.
A material of high relative permeability and low magnetic reten-
tivity is most desirable. This would insure the greatest change
in flux for a given magnet. Two materials appear best suited to
this requirement.

1. Cold rolled armco Magnetic input iron.

2. Cold rolled electro-magnetic iron.

When properly heat treated these materials are easily machined
and can be soldered or brazed in the normal fashion.

One other consideration must be made if alternating flux is to

be used. Core losses must be kept to a minimum which will require
either a laminated core or a ferrite core. Both of these cores
would be difficult to hermetically seal and will complicate the
machining and manufacture of the transducer unit.

Transducer Evaluation

In the following section each of the sensor and sources are
evaluated, thereby, allowing the best possible combination to be
determined. A summary at the end of this section compares all
the combinations.

Coil Source With CToil Sensor

This approach is not acceptable because of the inability of the
coil sensor to detect a steady state flux. A memory device of
some type would be required to hold the switch in either the on
or off state after a change in the flux level. Such a transducer
would be further complicated by the circuitry required to guaran-
tee proper start up. When power is first applied to the switch,
circuitry must be provided to set the memory in either the on or
off positian “epending on the position of the moveable core
section.

2-9
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Another disadvantage o€ this method 1s the coil source which
dissipates electrical power to provide a steady state flux.
Permanent magnets use no power to accomplish the same thing.

Coil Source With Hall Effect Sensor

A transducer of this type is feasible. It has two major dis-
advantages which make it less acceptable than other methods to
be described.

1. Power must be supplied to both the coil and the Hall
effect device for proper operation. This current would
be on the order of 30 ma which is much higher than other
types of transducers.

2. The Hall effect device puts out a low voltage (40 - 400
mv) when magnetic flu.- passes through it. This voltage
level would have to be amplified in order to drive logic.
The addition of an amplifier would consume more power
and space in the final design and is therefore not de-
sirable.

Coil Source With Magneto Resistor Sensor

A transducer of this type offers many advantages. The magneto
resistor requires no control current as does the Hall effect
device so the total power consumption will be smaller than the
Hall effect. With a flux change of 10 kilogauss the magneto
resister changes its rersistance by a factor of 7 from its 0
kilogauss level. This change is enough to actuate logic without
amplification. At worst a single transistor will interface be-
tween the transducer and the logic section.

The only drawback to this combination is the coil source which
will draw current to generate the flux.

Permanent Magnet With Coil Pick Up

This method is unacceptable ror reasons mentioned under coil
source coil pick up.

Permanent Magnet With Hall Effect Device
This arrangement has the same drawbacks as the one using Hall

effect with coil source. The cnly advantage is the fact that no
current would be required to generate the flux.

2-10
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The complete transducer circuit is indicated as follows:

oL TPUT

i}

Permanent Magnet With Magneto Resistor

This combination 1s acceptable because the flux is generated

without the use of power and the Magneto resistor requires few
additional components and uses little power.

The complete transducer is as follows:

"F—-—ﬂ‘ z
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Permanent Magnet With Micro-Switch Sensor (Hall Effect/Amplifier/
Trigger)

Because this device is very sensitive and comes packaged with a
trigger and amplifier on the same chip it appears to be by far
the most advantageous transducer. It is sensitive enough that
no pole pieces would have to pass through the hermetic seal
barrier. This would greatly simplify the sealing process.
Furthermore, the device comes in a small package allowing the
overall switch size to remain small.

The complete circuit is shown below:

T

MS | OUTPUT

i

Coil Source With Coil Sensor (ac)

A transducer operating with these components would require the
following circuitry:

m!

e

2-12
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The variable inductive coupling between the output and the input
controls the feedback to the oscillator. Thus, by changing the
feedback, the oscillator can be driven out of oscillation. Ry
rectifying the output and using this signal to control the licogic
section, switch operation can be made.

The following problems complicate this approach to the transducer
problem.

1. The oscillation inherent in this tvpe of switch will be
difficult to shield from the outside world. Use of
large RF filters would be difficult due to the small
package size required.

2. The difficulty in hermetically sealing a low loss AC
type core (laminated or ferrite) would necessitate use
of a DC type core. This would force the oscillator to
work at a higher power level to offset core losses.

3. Part count for this type of transducer would be high
making a small package size difficult.

Coil Source With Hall Effect Sensor (ac)

This type of transducer would have all the drawbacks mentioned
under coil source and coil sensor plus the following:

The Hall effect der-ice must be placed in the path of magnetic
flux requiring a gap in the core of the oscillator decreasing
the coupling. The output from a Hall effect device would be a
very small voltage (40 - 10 mv).

The Hall effect device requires a control current for operation
which is an added power requirement not necessary with a coil
pick up. This type of transducer is not acceptable because of
the poor AC flux characteristics cf the Hall effect device. A
co*l pickup is far superior in every respect for this application.

Coil Source With Magneto Resistor Pick Up

This transducer is unacceptable for the same reasons mentioned
under coil source Hall effect device pick up.

Conclusions
Of all the magnetic transducers discussed in this section, tne
most acceptable is the Honeywell magnetic switch used in combina-

tion with a permanent magnet. It is the best selection for the
following reasons.

(42021 "
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e Low power
e Smallest size of any magnetic tra:.“ucer
e Lowest component count.

LIGHT TRANSDUCERS

Transducers of this type will direct a beam of light from 4 light
source through a shutter arrangement to a light sensor. Both
light sensor and source will be contained inside a hermetic seal.
The shutter arrangement wili be external to the hermetic seal.

By either allowing the light beam to strike the sensor or inter-
rupting the light beam with the shutter, sw.tch control of the
light sensor can be obtained.

T 7]  HERMETIC
| SEAL

The shutter type of transducer i.ould require that the hermetic
seal wr-» around the movable shutter. This means a transparent
hermetic seal would have to be made at each side of the shutter.
To avoid this complicated seal, an alternate configuration with

a reflective surface can be used. In this method light is
directed through a transparent hermetic seal towards a reflective
surface. Upon striking the surface the light beam is directed
back toward the light sensor through tne same transparent seal
through which it originally passed. In “his way only one

2-14
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transparent seal is reguired and Lath source and senso:r can be
placed in the same place. Switching is obtained by either re-
flecting or not reflecting the light bear back to the sensor.
%0 moving parts ar2 required within the hermetic seal.

ueht | | ROTATING ENCODER DISC.

SOURCE | |
| i
‘ MIRRORED
| | SHUTTEN
LIGHT |
SENSOR | |
___ _J

Light Sources

A bezm of light can Le obtained from the following sources:
e Incandescent lamp
® Light emitting diode
® Electrc luminescent lamp
The fullowing characteristics would be desirable in a light source:
e Small size
® High brightness
® Low power

e Long life

2-15
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It would also be desirable to have the light eminate frcm a
single point source. As the light must be gathercd irnto a beam
to pass to the detector a single point source would simplifyv this
requirement.

® Incandescent lamps - A light source of this type satisfies

the size and brightness requirements with nc difficulty.
Light intensities as high as 2,400 foot LAMBERTS can be
obtained in package sizes as small as Pigqure 5. The
drawbacks of this source are its power consumption and

its limited life. There would be no way to conveniently
replace the lamp because of the hermetic seal. This
factor alone makes use of incandescent lamps PRORIBITIVE.

e Light emitting diode - Light emitting diodes satisfyv
mecst of the requirements. They are small, have a very
long life time, moderate power consumption with moderate
brightness. A further advantage cf the LED source is
its narrow frequency band of light output.

Many types of photo diodes and photo transistors are optimized

for use at a single fre.nency. This means that the proper com-
bination of LED and photo diode will make more efficient use of

the light than a combination of photo transistor and any other light
source.

LED's come in a variety of package sizes. The device pictured

in Figure 6 would be most suited to the requirements of this
application. This device was designed to be used with a particu-
lar photo transistor in high speed card and tape readexrs. The
characteristics orf this device are listed in Table II.

® Electro-Luminescent Lamps - This type of lamp would not
be suitable for this application. Electro-luminescent
lamps have very low brightness (2i fL) and are better
suited to surface illumination.

Light Sensors

Light <. .tting diodes are the best choice for light sources so

only sensors wkhich incerface with LED's will be considered. The

following devices are specifically designed to interface with LED's.
e Photo - Diodes

® Photu - tran.istors

2-16
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TABLE II. LIGHT EMITTING CHARACTERISTICS

ELECTRIZAL CTHARACTERISTICS (T, = 25°C unless otherwise noted)

Ct-.racteristic Fig. No. | Symbol | Min | Typ | Max] Un.t
Revers Leakage Current - IR - 50 - nA
(Vg < 3.0 V,Ry, = 1.0
| Mg om)
Revefsn Breakdown - BVR 3.0 - - | Volts
Joltig:
{In = 100 uA)
— —
torwar Voltage 2 Ve - 1.2}11.5] Volts
(I, 50 mA)
: - N =
‘Jral ‘apacitance - CT - 150 - pF
(VR =0V, £=
1.0 MH2Z)
OPTICAlL. CHARACTERISTICS ('rA = 25°C unless otherwise noted)
sharacteristic Pig. No. | Symbol | Min | Typ | Max| Unit
Tot 1l Power Output 3,4 P, S0 (150} - uw
- (Noze 1}
(Zp = 50 mA)

Rad;ant Intensity 1, - to.6eqd - | mW/
(No .e 2) stera-
(4p = 50 mA) dian

-]
Peak Enission 1 AP - 900! - A
Wavalength

[ ]
Spectral Line Half 1 ax - 400 - A
Width

The characteristics desirable for this appliication are:
® Snall si e
® Cumpa*itle wita LED light sources
® Higu light sensitivity

® .Oow power consumption

2-19

Fa2021 M2



THE SINGER COMPANY
KEARFOTT DIVISION Y256R226 _  mev.

® Photo Diodes - Photo diodes are P on N or N on P silicon
function devices that generate a photo current in
respcnse to a beam of li. ht focused on the sensitive
junction.

Being composed of silicon, these devices are small, rugged and
reliable. The photo-diode is the basic photo sensitive device
in all of the phcto transistor varieties, so in one foum or
another it will be used in any kind of light transduce:. The
current voltage curves for a typical photo diode are snown below.

2 QUACS T ST QUADRANT
. as e 02 n] OPERATIONN

NC-AK \puTaGE L ouTw

L 316007 avacEs p
e -0 r:;
JeonsonT candees —
M0 QUADRART §

{REVERSE BIAS OPERAT:ONI _gg-

”
TUNBIASE! RATIOM)
W

v

The voltage and current levels are sufficient to drive the logic
section without further amplification. However, if a photo
transistor were used, lower light intensities would be able to
drive the same logic section. This would mean lower power con-
sumption in the LED.

® Photo-transistors - The photo-transistor uses a photo
diode to generate base current for a normal transistor.
This, in effect, amplifies the current sensitivity of
the device by the B of the transistor. There is no

. difference in package sizes between the photo diode and

pLato transistor, both can be obtained in packages as

- rwall as Figure 6.

Photo PETS take advantage of the photo voltaic effect of photo

diodes. This is the change in output voltage as a function of

light intensity of an open circuited photc diode. The increase

of current gain available using a photo FET is of the same order

of magnitude as that of a photo-transistor.

2-20
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Configurations - The simplest configuration of a light transducer
would look as follows:

RL
OUTPUT

LED PHOTO-TRANSISTOR

0
—=
|

In this configuration the light from the LED provides base
current for the photo tramsistor turning it on. The shutter can
ke placed in the path of the light beam turning off the transistor.

The LED must be provided with from 20 to 50 ma of current depend-
ing on the distance between the diode and the transistor, the
load RL on the transistor, and any attenuating devices between
the diode and the transistor (glass, light pipes, etc.).

The configuration of the reflective type transducer would be
identical to that pictured above except for the shutter which
would become a mirrored surface.

Conclusions
Of the light type transducers the light emitting diode in con-

junction with the photo-transducer 1s the only method which will
adequately meet the requirements of this application.

2-21
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Table III below lists the characteristics of this type of
transduacer.

TABLE III. LIGHT TRANSDUCER CHARACTERISTICS

POWER +150 WATTS
COMPONENT 3
COUNT
CROSS NONE
TALK
EXCITATION DC-5-10V
HERMETIC PROBLEM AREA
SEAL GLASS TO METAL
SEAL

2-22
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CAPACITANCE TRANSDUCERS

A transducer of this type would operate by sensing the change of
a capacitor and operating a trigger circuit from this change.
Because all electrical co:ponents must be contained inside a
hermetic seal the only portion of a capacitor wnich could be used
to change the capacitance would be the dielectric. The plates of
the capacitor being cuzrent carrying devices must lie within the
hermetic seal and are therefore inaccessable for mechanical
change.

This factor makes it very difficult to implement this type of
transducer. Both plates must be sealed behind at least .050
thick sheets of glass while the dielectric contained within the
environmentally sealed sectiocn is moved in or out of the plate
gap.

A further complicatina factor is the dielectric itself. It
would be desirable to have the capacitor make a very large change
in capacitance. This would mean using a material with a high
dielectric constant. Most materials with this characteristic

are unacceptable for use in a space cabin environment.

A variable capacitance transducer is _l~refore unacceptable for
use ia :his application.

CIRCUITRY

SINGLE ACTION SWITCH

The basic circuitry of the switch consists of a magnet and Hall
effect transducer, amplifier and output solid state relay switch
as shown in schematic SW201 (Appendix I). The Hall effect de-
vice is an integrated hybrid chip containing the Hall effect
pick off, an amplifier and a Schmitt trigger. The output of the
Schmitt trigger drives a transistor amplifier which supplies
current to the coil of the snlid state relay switch. The output
of the solid state relay directly supplies the load. The solid
state relay coil is in series with the transistor driver and a
light emitting diode. The light emitting diode provides an in-
dication that the switch is in the ON condition and that approx-
imately 80 percent of the circuitry is operating normally. The
only difference between the single pole and double pole switch
is the addition of a solid state relay, the coil of which is in
series with the original solid state relay coil, and an increased
supply voltage to provide additional drive power.

2-23
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TEN POSITION ROTARY SWITCH

The circuitry of the ten position rotary switch is shown in
Schematic RD00O:L (Appendix I}. Four LED - phototransistor trans-
ducers provide the initial 3CD triggering to obtain 10 discrete
switch position outputs. The output of the phototransistors pro-
vides triggers to exclusive or gates which inserts the proper
logic format into a BCD to one of ten decoders. The output of
the decoder supplies through transistor amplifiers the current

to drive the apprcpriate coil of solid state relay matrix. The
output of the solid state relav directly supplies the load.

POTENTIOMETER

The input to the potentiometer consists of 7 LED - phototran-
sistor transducers providing a resolution of 128 bits. The cut-
put of the phototransistors provides logic states to exclusive
or gates, the outputs of which supply the necessary binary data
to the digital to analog decoder. The decoder utilizes a ladder
network with an operational amplifier output. The output is a

0 to 10 volt analog voltage capable of supplying a 1000 ohm or
greater lcad. A visible LED on both the rotary switch and po-
tentiometer indicate that all inteinal LED: are energized.

OUTPUT SWITCH CIRCUITRY

The output characteristics of the switches are tabulated in
Table IV. Physically all chips are the same size so that any
possible combination of switch outputs is available. An impor-
tant consideration with all types of switches is that the input
to output isolation impedance is in excess of 10" ohms.

SWITCH CONFIGURATION

The following types of mechanical packages must be produced to
compiy with the contract.

e Toggle switch (maintained;
® Toggle switch (momentary)
e Push button

® Potentiometer

® Rotary switch

2-24
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TABLE IV. SWITCH CHARACTERISTICS
SWITCH 100 MA 140V 28V 40G MA
TYPE DC AC AC DC
LOAD +50V MAX 140 VAC 280 VAC 60 VDC
VOLTAGE PEAK oMS RMS
INPUT (CONTROL) SPECIFICATIONS
CONTROL 3.8-10 3.8-10 3.8-10 3.8-10
VOLTAGE RANGE vDC vDC vDC vDC
MAX INPUT
CURRENT @ 57 22 MA DC 15 MA DC | 15 MA DC 15 MA DC
TURN OFF
VOLTAGE (MAX) 0.4 VDC 0.8 VDC 0.8 VDC 0.4 VDC
DIELECTRIC
STRENGTH 1000 VAC 2500 VAC | 2500 VAC 1500 VAC
INPUT TO OUTPUT| (PP) (RMS) (RMS) (PP)
ISOLATION . .
INPUT TO OUTPUT| 10" o MIN 10% g MIN | 10" o MIN| 10* o MIN
OUTPUT (LOAD) SPECIFICATIONS
OUTPUT CURRENT _-_!—_100 MA
RATING PEAK 1.0 AMP 1.0 AMP 400 MA
OUTPUT +50 MAX 140 VAC 280 VAC
VOLTAGE PEAK RMS RMS 60 VDC
OFFSET +5.0 MV
VOLTAGE FIAX - - -
CONTACT “"ON"
RESISTANCE (OHMS)5.0 MAX - - -
S 5 7

CONTACT “OFF" i 9 2 x 10 2 x 10 10
RESISTANCE (OHMS)10° MIN MIN MIN MIN
MAX DRIVE
FREQUENCY (Hz) | 100K 500 500 30K
MAX SURGE
RATING 0.1 JOULE 10 AMP 10 AMP -
CONTACT VOLTAGE
DROP AT RATED
CURRENT (MAX) 250 MV 1.5V RMS | 1.5V RMS 1.5VDC
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Each type must have the electronics hermetically sealed. The
packages for each type therefore have two sections, a hermeti-
cally sealed section and an environmentally sealed section. The
hermetically sealed sectinn contains the drive electronics. The
mechanical actuation is contained in the environmentally sealed
sectiocn.

There are two basi~ types of package. One contains all the
single action switch configuration and the other houses the ro-
tary switch and potentiometer.

SINGLE ACTION SWITCH

The single action switch is packaged in a rectangular case of the
same approximate dimensions as the present hermetically sealed
single pole double throw mechanical switch made by Texas Instru-~
ments for the LEM and Apollo missions.

Of all approaches tried, Hall effect devices and magneto resis-
tors were the most acceptable. The Hall effect device, because
of the higher sensitivity of the Micro-switch device, results in
no pole pieces extending through the hermetic seal and, therefore,
is the optimum selection.

Figure 7 depicts the layout of the single action switch using
this Hall effect device.

POTE#TIOMETER AND ROTARY SWITCH

A potentiometer with a resolutjion of 3.6 degrees is provided.

The potentiometer is nct a variable resistor but a variable volt-
age supply which should serve all the functions normally per-
formed by a potentiometer. Rotation of the pot shaft varys the
digital input to a D to A converter (DAC) producing a variaktle
voltage. The pot is, in effect, a 7 bit encoder connected to a
DAC.

The encoder portion of the potentiometer is a mirrored disk out-
side of the hermetic seal. Inside the hermetic seal a series of
photo diocdes and light emitting diodes operating through a

transparent seal senses the position of the mirrored disk. This
digital information is connected to a DAC to provide the outpu*.

The rotary switch is of the same configuration as the potentio-
meter. An encoder disk is mirrored into 10 sections. A series
of photo diodes and light emitting diodes senses the p>sition of
the encoder disk and operates 10 individual switches. Any of the
switch outputs shown in Table IV can be provided in the rotary
switch.
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The potentiometer and rotary switch are both packaged in a cylin-
drical housing approximately 2.5 inches in diameter and 1.% inches
in depth. TIigure 8 depicts the layout for the solid state pct

anc rotary switch. A glass seal separates the herretic section
iroz the encoder wheel. The encoder wheel is environmentally
sealed at the shaft with an €- ring. Light from the LEDs passes
thrcugh the glass seal, is reflected by the silvered encoder disk
ard after again passing through the glass seal turns on the photo-
transistor. Seven LED phototransistors are arranged to align

with a Gray code disc providing seven bits of non-redundant binary
information. This information is coaverted into a variable volt-
age in the D to A secticn located on the two PC boards in the
sealed area.

HERMETIC SEAL

A sample of each package style is uermetically sealed. The her-
metically sealed portions of these packages constructed as gas
tight enclosures completely sealed by fusion of glass tc metal
or bording of metal to metal. Special sapphire glass discs al-
ready hermetically sealed to a metal ring are brazel into the

rass casing to provide the chamber hermetic seal. After the
electronics are irnserted into the chamber and leads attached to
the soldered glass/met2]l inte-connect the back cover is srldered
intec place. Prior to sealing, the enclosure is cleanea and
dried. The enclosure is purged of all air anc backfilledl with
one atmosphere of gas consisting of 95 percent nitrngcn/5 percent
heliur. A primarv consideration in the selection of enclosure
materials is the ease of wrlding, brazing cr soldaring the bond-
ing methods typically employed for metal to metal hermetic seals.
Tinal »iter®al ceiection provides for brass casings for ease of
brazirnag ana soldering.

Environmental Seals

Environmental sealing is accomplished primarily by gasketing.
Siliccne O-rings and gaskets are utilized at closure pocints to
prevent dirt or mcisture infiltration and other contaminants.

PANEL CONFIGURATION

The sold state switch panel contains the following types and
gquantities of switches.

Toggle maintained SPST 5

Toggle maintained DPST 5

se202. 2 2
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Toggle momentary SPST S
Toggle momentary DPST 5
Pushbutton SPST 3
Pushbutton DPST 2
Rotary 10 position 2
Potentiometer 2

Th-se switches are mounted on a 19-inch wide rack. Two of these
switches controi high powered 10 awp switches mountéd directly
on the test panel. The test panel also contains the rated loads
for all the switches and poténtiometers and provides an indica-
tion as to which mtcﬁes*‘*—srﬁ'aséﬁted The_switches are
grouped relative to contact rating and identified accordingly on
the test panel.

SUMMARY

For the small number of switches produced, several techniques
were utilized which would not necessarily remain in the pro-
duction unit. The same housing was used for both pushbutton and
toggle switches which necessitated the use of an add-on toggle
assembly. In production units, the toggle assembly would become
an integral part of the switch body thereby enhancing the usual
outline of the tocggle switch.

In production quantities, all switch and rotary components would
be hybridized to miniaturize the electronics. This would
diminish the package size and simplify hermetic sealing.

POWER CONSUMPTION

Excluding the switch contact ratings, the following power is

required in the quiescent (non-operating} state and the operating
mode for each type of switch.

2-32
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Voltage Power Quiescent Power Operating
Switch (volts) (war) (mw)
Pushbutton/toggle SPST S5 & 12 &) 320 ow
Pushbutton/toggle DPST 5 & 28 20 720 mw
10 Position Rotary 5 & 12 500 mw S00 rr v
Poten::iometer S5 & *12 irC aw 450 mw

total panel power quiescent 3.7 critts

Operating 14.° vatts
PANEL UPERATION

POWER APPLICATION

Place all switches in the off (down) position. Apply the powexr
to the proper pins on the input jack panel located at the
bottom of the switch panel. The positive side of the -12 volt
input connects to the black, input jack and the negative connects
to the red jack. The 28jpower supply shall be capable of
suppling 25 amps in order to test the power switches.

The AC -roltages (120 VAC, 240 VAC) are oaly used to provide con- i
tact voitage ratings on the 5 pushbutton AC switches. The AC
need not be connected for proper check out of all DC switches
and rotary components.

OPERATICN

The switch labeled controls power to the entire panel.
Power is conaected to 1s switch whenever power is present on
the jack panel. Wwhen it is switched to the ON position, power
is applied to all cthex switches.

With power connected to the panel and the panel switch on, all
switches will operate. Switching any toggle momentary or main-
tained to the ON (up) position or operating any pushbutton will
cause the appropriate load light to illuminate. For the two
power switches there are no load lights. Closure indication for
these switches is given by two current mcters located at the

top of the panels.
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The rotary deviceg are also actuated by the panel switch. The
outputs of the potentiometers are indicated by two volt meters -
located at the top of the panel. The rotary switches are

connected to decimal displays which indicate the position of

the switch.

LOAD CONNECTOR PIN OUT.

PIN LORD PN LOAD

1 s10 35

2 59 36

3 s8 37

4 57 38

5 56 39

6 55 40

7 S4 41

8 S3 42

9 s2 43

10 s1 44

11 s22 45

12 Ss21 46

13 Ss20 &7

14 S19 48

15 sl8 49

16 817 50 POWER SWITCH 2 Sl4
17 S16 51 POWER SWITCH 1 S13
18 S1S 52 ROTARY SWITCH 2 0
19 523 53 9
20 S22 54 8
21 Ss21 55 7
22 820 56 6
23 s19 57 5
2 POTENTIOMETER # 1 58 4
25  POTENTIOMETER # 2 59 3
26 ROTARY SWITCH 1 PCSITION 1 60 2
27 ROTARY SWITCH 1 POSITION 2 61 1
28 ROTARY SWITCH 1 POSITION 3 62 ROTARY SWITCH 1 POSITION 0
29 ROTARY SWITCH 1 POSITION 4 63 ROTARY SWITCH 1 POSITION 9
30 ROTARY SWITCH 1 POSITION 5 64 ROTARY SWITCH 1 POSITION 8
31 ROTARY SWITCH 1 POSITION 6

32 ROTARY SWITCH 1 POSITION 7

33

34

2-34
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TESTS
FUNCTIONAL TESTS

All switches were tested at standard ambient conditions to in-
sure proper operation at rated voltage and 10 percent under and
over voltages. Power at nonoperating (quiesent) and operation
conditions were measured for the entire panel with the following
results:

Panel Quiesent Power 2.4 watts —
Panel Operating Power 14.7 Watts —

The panel operated satisfactorily when submitted to the various
functional tests.

ENVIRONMENTAL TESTS

One type of each switch: toggle, pushbutton, rotary and poten-
tiometer were submitted to the following environmental tests.

TEMPERATURE
2 Hour Soak at 0°C
Funectionally tested
2-Hour Soak at 70°C
Functionally tested

RESULTS
SPST, DPST, and Rotary Switch operated satisfactorily.
Potentiometer intermittent a* high temperature as a result
of low current through LED's. Increasing current through -
LED's provides stability over temperature range, however,
higher power dissipation resultis.

RANDOM VIBRATION

Procedure

A random vibration equal to the total G level utilized on

the LEM and Skylab was impressed on the switches. Perind of .-~

application is 2 ninutes. d

1150-2000 Bz 20-2000 Bz .02 9%/mz

Fa2021 2772
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Switches Tested

Pushbutton
Toggle

Rotary Switch

RESULTS

All switches functioned chroughout the random vibration.
The pushbutton normally open remained in the normally open
state, the toggle maintained in a closed switch position
remained in that state without interruption and the rotary
switch set at position S5 remained closed in that position
with all othor positions normally open. The graphs on the
following pages visually depict the vibration levels
applied isrthe-during the test.

EMI_TESTS

EMI tests were conducted on the double pole, single pole and the
potentiometer in accordance witnh MIL-STD-461. The tests per-
formed were CE01l, CE03 and CS06. CEOl and CE03 were preformed
on every lead of the device under test. CS06 was preformed on

all power leads with the spike egual to 50% of the nominal line
voltage.

RESULTS

22021 N

The results of the CEOl & CEO03 tests are contained in the
attached data. Emissions for all devices were within the

max specification limit. All devices operated successfully
during the CS06 tests.

3-2
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TEST SPECIMEN
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MODEL BO

Y256A226

SINGER
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REARFOTT DIVISION
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SPECIFICATION PARAGARA PN TEST ,
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conpuUCTED & T L. € o . oavE
v .5, oa :,,, i3 HECKED BY R 7, ,-;/73
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T . ] T o 2 29 3 L Fozs
16.7 /[ o 7 6 Zo 3 ’”
2.0 2 s B 2T 2L 0 2 o
—d.
1
NOTE: A — Al frequencies 2ot listed ere scorned for moximum interference,
8 « Inteiference Type: (1) Brecdbond, Sreody~Srare
(2) Broodband, Trensients
(3) Nerrowband (CW)
e 390a #/70
TEST NO.




Electromagnetic Compatibitity Test Data Sheet

STNEEHE

KREARFOYY DIVISION

TEIY SPECIMEN »ODEL NO SER %O,
lr £5 2 o-/-1t
YLt MODOK
Pwrr o N
SPECIFICATION PAT AGRAPN TEST
CS? % U
CONDUC TRD BY N OATR -~ CHECKED BY - oaTe
- 7/t /73 £, 1 )18/7>
~ SPECIFICA INTER, TYPE -
- !SSETQ | “:;ETG'E‘.G C%‘?CE’C_‘I;!“{ ] n?:‘ﬁ&c__] Ecl "lc!n' TION 19gE nare B) REMARKS
losra /o - vt f s
R Iz 2 /i 10 =z L,
15 - s L 0 7 - L0 2 :
2z r7 ' > < 20 2 ’

NOTE: A -~ All frequencies not listed are scenned for monimum interfarance,
B - Inter _rence Type:

(1) Brocdbond, Steady-Siete
(2) Broodband, Tronsients
{3) Nerrowband (CW)
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YES) 0CE
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SPECIFICATION PARAGRAEPH TR Y
+S70 V.D. ¢,
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PRI v-re-7% nN-/76-27
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Y
. i i
= . = =
T ; s v e ! 59 o # Pro>I
/9.7 Low ) 28 10 3 -
22.0 ~ 0 22 25 2 "
{
!
NOTE: A = Al frequencies nat Listed are scenned for mosimum interferance,
8« interference Ty-e: {1} Brosdband, Steady=Stare
{2) Broadband, Tronsients
(3) Norrawband (CW)
PAGE 3-22

PL 390

e/10

TEST NO,



RE!‘RQDUC{B!?,T'?‘:" AIAcY

ia

Etecitomageetic counllllllu 'hsl Gata Sheet XBARPOTT DIVISION
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Y 131 e
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SPECI 1CA Tiome j SARASRATR TEsY
28 V. 0.C
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753 kY, g %) 9 3 -
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1
)
HOTE: A ~ AL heavencres net lissed ere é bor maxi interl

B = lnterferece Type: (1) Crecdbend, Son‘y—Snﬂ
(2) Broadbond, Transians
Q) Newenbend (CW)
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- TEST SAECakn

WAORL W0
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ABELIPC A TIDN salaglasn et
16M 0-C
CORDUC TED Ov A.‘. ) “'I'.‘- ',.,’ CHRCRLD OV 9.1' “';’- "- 7’
L SPECHICATION | WTER TV REMRKS
L S LA ] C. P L2 ey p2eA JF - .
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TiY¥s Y1 /e FsS 723 ]
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T 3¢ 'y 39 773
TS 32 K7 3¢ 766
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400 Jo 3 76
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TRIT 2SR CICR - " ne Imﬁ
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- T T T - - —_ - .
P‘uo:‘ > 3%
SPECINCA Tion PARLONADS st
ov7 o7 ¥
TONOUE TED B sarg CngCned ov sare
Ao‘ "007' 73 ‘;_ ""'7- ??
TEST METER 2t FIMAL SPECIFICATION | '.'...ﬁ.-.“..! REMARKS
'rl '.i , .; c-P' .l‘“lf - D’:iihﬁ
.bL3 % LI I} b Polzs
e T YL 12 .g:l: T
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-evg” i Ky ot "
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Y W T | 4y 3= : 1
L1209 - ] ;_[ S ] T
EE 3 2 [A % -
3o 37 ) . i N %7
300 2 ] :i _2o . .
-5 iz ° 72 < 20 N A ¥
MOTE: A — All hreguencies aet listed are sconned Tor mesi &
8 = Intorforencs Type: 1) Eresibend, Sood.—&cn
(2} Oraedbond, Teonsioms
D) Nerrowbond (CW)
>4 3004 W70
TEST N0, PAGE 3-25
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RNBARPFPOTT OIVISION

TEST IPRCrele e SRR e,
_ N ASA l 6-1 -2
“TOT 08T
Powe: 9:)
SPECIwta T SARASRASN TTEY -
4 , 0L7 Pu7T My GNJ
(Y 3
Con TED v ».6 . SATE cuttagh v B.J' “';-'7-’3
TESY .ﬁg_& PECT [mnm N eove B REMARYS
oot ¢ RV NTX S “-MI/-."L
_ "
.01 va " 5 A £aey
NI - 9 % ¢ ~l2° : '
13 3Y 2 ye 1 i
. 89§ 3 - -9 i , .
T FE K7 — 3¢ lfg 1 1
YL "3 ? ) 103> R T
» 100 3‘ ~ k3 Ei% Q = t
N Ty ’ B XN 2> : i
Y 3 129 ’) ~ [] —j‘ ﬁ s
22039 f L 3! - G
.80 10 20 h
3 7e fL
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LI WP TEST HO. PAGE 3-26
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§ = Interferonce Type:
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(2) Sraodbond,
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Q) Newswhend (CW)
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Pswer ;0
SPELC:MCA TION SARASRAPN T
Sv. 0 <
CONbWE T [, 4 oa
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£ | co  |pelorfens): 2hanfisz
ml’
et~ 2y 3 ) S - /Y Ko lE
XS 2" 0 . L X L] :
L0321 -2 i 46 né .
T 4 13 25 :
p le Lt 1
T Jo 3 37 ¥ :
s oo 3o 2> 3% L'13 : :
wivy 2o Yi $i 9 Lo H
e 2 Lor f X g_z | .
- .I_LQJL ) £
700 ~%o . 3 B
.‘130 “‘- l [~ d [ ' T
° + 09 2D J PJ (-.’ ‘
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3.0 A ! 30 } [ !
&f - } © ¢ J0 o ]
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THE SINGER COMPANY
KEARFOTT DIVISION

o

256226 REV.

RELIABILITY

A reliability prediction was preformed to estahlish the failure
rate of each of the solid state switch devices. This data is
summarized on the attached computer data sheets. Also included
in this section is a reliability failure mode and effects anal-
ysis. This analysis was made on the 10 position rotary, poten-
tiometer, and the double pole switch.
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The report s comprised of the rationale, amalysis, design, bread-
boarding and testing of the incremental functional requirements that led
to the develogmant cf prototype 1 and 5 Amp DC and 1 Axp AC Solid State
Power Controllers (SSPC’'s). The SSPC's are to be considered for use as
a replacament of eloctro-mechanical relays and circuit breakers in future
spacecraft and aircraft. They satisfy the combimed function of both the
relay and circuit bresker and can be remotely controlled by small signals,
typically 10 s, 5 to 28 vOC.

They have the advantage over conventional relay/circuit breaker sys-
tams in that they can be located near the utflization equipment and the
primary AC or DC bus. The low level control, trip indication and status
sfgnalc can be circuited by smali gauge wire for control, computer inter-
face, logic, electrical multiplexing, unboard testing, and power manage-
ment and distribution purposes. This results fn increased system versa-
tility at appreciable weight saving and increased relfability. Conven-
tional systems require the heavy gauge 'oad wiring and the control wiring
to be routed from the bus to the load to other remote relay contacts,
switches, sensors, etc. and to the circuit breaker located in the flight
engineer's compartment for purposes of manual reset. Solid state switch-
ing reduces the conducted EMI substantially. The SSPC is intended to pro-
tect itself, the load, and the systems wiring against overload, short-
circuft and voltage transients. .



SUMMARY

Following analysis, design anu breadboard testing, 1 and 5 Amp DC
and 1 Amp AC prototype Solid State Power Controllers were produced and
delivered to NASA MANNED SPACECRAFT CENTER/Houston. The specifications
of the Statement of Work were satisfied with a few exceptions. These
exceptions were due to compromises in arriving at optimum design with re-

.spect to weight, size, reliability and cost. !any options in design were
evident and are discussed.

Due ., the small quantity of units contracted and problems of high
density packaging of discrete components, some optional features of the
SSPC's were not included in the delivered articles, particularly "status
indication". Circuits for this feature were analyzed, breadboarded and
tested. Production requirements would utilize hybrid microelectronic
manufacturing techniques, and the inclusion of many optional functions can
be realized.

In addition to meeting functional requirements, the design objective
was simplicity for reasons of relfability, weight, size and cost. The de-
sign leading to the prototype units met this requirement. Relaxation of
some specification parameters without sacrifice to overall performance
could lead to further optimization of design and are discusced.
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CONCLUSTONS

Solid State Power Controllers can be made in the envelope proposed,
satisfy the functions and meet the envirommental conditions. This makes
possible a fully automatic electrical control syste. with built-in safety
factors to protect the SSPC, the load and wiring against overload, short-
circuit and voltage transients.

RECOMMENDAT IONS

Since the efforts of the study and the production and testing cf func-
ticnat SSPC's proves the concept, final specifications for production
flight SSPC's should be generated. Efforts should be made between NASA,
cognizant military services, aircraft manufacturers and potential suppliers
to arrive at a mutual agreement concerning basic packaging, functional re-
quirements, control voltage levels, trip indication, status irdication, etc.
To meet functional reguir-ments in optimum packaging, hybrid microelectronic
manufacturing techniques will be required. Poor economics as well as relia-
bility exist in relatively small quantity of hybrid microelectronic produc-
tion. Standardization of basics would encourage more multiple and univer-
sal usage with resulting improvements in economics and reliability. Econ-
omy, rather than design or production, appears to be the only obstacle tn
widespread practical usage of SSPC's. An advanced system utilizing SSri's
would be cost-competitive with conventional systems if reasonabie produc-
tion could be anticipated.

Although the contract reques:cd study and development in the 1 Amp to
5 Amp range, higher current SSPC's are being considered. For the high DC
current range, 10 Amp to 50 Amp, the availability of tramsistor chips with
good secondary break-down characteristics are limited and only available at
considerable cost. Encouragement to the semi-conductor industry to produce
an acceptable chip at reasonable cost is highly recommended.

Industry has recently reported on some SSPC failures in switching into
transf. <r loads where core saturatfon can occur. Teledyne has not exper-
ienced this faflure moZe. Since reported failures have been catastrophic
in nature, further study of the problem is suggested and resulting specifi-
cations d.orived to protect against this possible failure mode.



INTRODUCTION

It was suggested that a study be made of DC and AC Solid State Power
Controllers (SSPC's) with respect to each of the functional requirements
such as control voltage, trip indication, status indication, and isolation.
Teledyne Relays was to analyze optional circuitry for each function and to
weigh the results with respect to size, cost, weight and reliability.
Optimum packaging was to be a main consideratirn. The final objective was
to fabricate and test prototype units incorg ‘*ing the analysis and bread-
board testing results. Although the guiding s cification was MIL-P-81653,
*General Specifications for Power Controller, Solid State®, deviations were
allowed to optinize the design. The basic functions and switching charac-
teristics were to be satisfied in principal. The following functions and
points of design analysis were considered for both the DC and AC SSPC's.

DC SOLID STATE POWER CONTROLLERS
Power OQutput Termination
Power Chip Selection
Power Dissipation
Isolation
Current Limiting and Short-Circuit Protection
Contrcl Voltage Selection
Trip Indication
Status Indication
Reset
Transient Voltage Protection
Fusing
Foul-up Protection
Circuit Schematic
Packaging
Reliabilit
Specifications
Test Results



AC SOLID STATE PONER CONTROLLERS
Zero Axis Switching
Power Qutput Terwination
Power Chip Selection
Power Dissipation
Isolation
Short-Circuit Protection
Control Voltage Selection
Trip Indication
Status Indication
Waveform Distortion
Reset
Transient Voltage Protection
Fusing
Foul-up Protection
Circuit Schematic
Packaging
Reliability
Specifications
Test Results

In analysis and design, tae axiom was taken that reliability was in-
versely proportional and cost-, weight- and size-proporticzal to total com-
ponent count of the circuit. Emphasis was on simpiicity.



DC SOLID STATE POMER CONTROLLERS

PONER OUTPUT TERMINATION

MIL-P-81653 solid stat> power controller specification requires the
fur.tionmal circuitry illustraved in Fig. 1, requiring three terminals in
“he Jutput section. The grovnd terminal is used for establishing an in-
tertial power supply for switching and status function. This curreat ar-
ravviement has distinct disadvantages in that the base current necessary to
drive the power switching transistor must be established for the minimum
lgad voltage, resulting in excessive power dissipation at maximum load vol-
tagr ;. Clrcuitry for the isolation and control function requires a rela-
tivr iy high component count. The principle objective of the study was to
red e the component count for reasons of size. weight, cost and relfability.
Traisformer coupling is required to obtain the necessary base drive to
saturate the power transistor, introducing probable RFI elements unless
eliborate filtering is employed.

A 2-terminal design was investigated and the functional circuitry is
illustrated in Fig. 2. This arrangement has the advantage that no power
is taken from the load supply for the switching function. The base drive
is independent of the load voltage, resulting in the controller having uni-
“orm switching capabilities from .5 volts to 30 volts. The 2-terminal de-
s#ign allows for location of the power switching transistor on either the
supply or ground side of the load voltage. In the case of the 3-terminal
¢'esign, the load {is dedicated to the ground side. The disadvantage is
that the power for the base drive of the switching function sust be derived
tron the control signal. The current required for low control voltages is
=ppreciably more than that required for the 3-terminal controller. With
a 28 volt cor* ol voltage current, drain is not excessive for 1 and 5 Amp
contrellers. For higher ratirgs, control current requirements may be ex-
cessive. RFI problems will also exist for the 2-terminal controller, as
transformer coupling 1s required for isolation. The induced power of the
RFI clement 1s considerably less for the 2-terminal controller. Status
indication rrquirement s more complex for the 2-terminal controller with-
out the ground reference. It can be accomplished by sensing current in
t!\e‘;load 1ine versus sensing voltage at the load in the 3-terminal con-
trollor.

An alternate 3-terminal design was investigated, as shown in Fig. 3.
For 1 Amp i ds a PNP transistor may be used for Ql, with Q2 omitted. For
higher cu..ents, PNP transistors are not readily available with sufficient
Beta f r efficient drive. The NPN power transistor, driven by a PNP tran-
sistc , allows for efficient switching. The only disadvantage is the in-
cr..sed voltage drop across the combined switching transistors. Fig. 4

iows lcad current vs volitage drop. It might appear that the larger vol-
tage crop would ~tuse considerably more power dissipation resylting in a
less efficient power distribution system. However, calculatfons taking
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into consideration the internal power requirements for drive as well as
the power dissipation of the power switching transistor, indicate that
this 3-terminal arrangement is more efficient for loads up to 7.5 Amps.
Above 7.5 Amps, - MIL-P-81653 controller is more efficient. It has been
estimated that from 76% to 90% of controllers on actual aircraft systems
(A-7, F-14, SST, etc.) are for loads of 7.5 Amps or less. There may be
loads which suffer in performance due to the slightly reduced output veol-
tage. Trade-off studies are required to isolate the areas. Another major
advantage of the 3-terminal controller illustrated in Fig. 3, is that iso-
lation can be accomodated by opto-electro means, resulting in elimination
ofIRFl-induced elements, reduced weight, size, cost, and improved relia-
bility.

The design used for prototype units incorporated the 2-terminal con-
figuration, Fig. 2, because of the 1 and 5 Amp rating specified and the
available 28 volt control voltage. The 3-terminal controller, Fig. 3,
should be considered in future studies if the resulting slight increase
in output voltage drop is acceptable.

POWER CHIP SELECTION

The output power switching transistor is the only highly stressed
component ir the entire circuit. In the curr .2t limiting mode, it must
dissipate at a ninimum 105% of rated load X 3,.5 volts, or 195 watts for a
5 Amp controller. The chip failure mode is determined by secondary break-
down characteristics. Power transistor chips with 75 Amp rating failed
for the 5 Amp rated controller in the current limiting mode due to secondary
breakdown characteristics. Chip size and geometry, rather than rating,
determine the secondary breakdown characteristics. Power Tech MT-1010 was
selected after comparison evalution with several other manufacturers' power
chips. Power Tech discrete equivalent to the MT-1010 is their P/H PT-7501.
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POWER DISSIPATION

While the controller is in short-circuit or current limiting mode, it
is necessary to dissipate the heat generated in the power chip to the heat
sink as rapidly as possible to limit the transistor maximum junction tem-
perature to a safe value. The problem is complicated by the need to isolate
the power chip from the controller case to meet the 1000V dielectric test.
Further complications arise in that the temperature rise is rapid in the
event of a short-circuit, and a temperature gradient develops from the
heat sink to the isolator to the power chip. This develops mechanical
stresses due to differences between coefficients of thermal expansion of
the different materials involved. Large power chips are required for rea-
sons of secondary breakdown characteristics, thus making thermal expansion
problems more acute. Two methods of power chip mounting were investi.-
gated. One was to mount the chio with hard solder directly to a copper
surge block of sufficient size to rapidiy absorb the heat generated under
fault conditions, in turn isolating the copper surge block from the con-
troller case. Fig. 5. This procedure proved efficient. Another approach
was to mount the power chip to the metalized Beryllia (BeQ), which acts
both as an insulator and a thermal conductor. The power chip and Be0 as-
sembly is in turn mounted to the copper header making up the case, which
acts as an additional heat sink, Fig. 6. This method allows for appre-
ciable weight saving and would be adequate for the 1 Amp controller. How-
ever, the heat problems are critical for the 5 Amp controller, and copper
surge blocks were used for both the 1 Amp and 5 A.p controllers.

ISOLATION

A dielectric withstanding voltage of 1000 vAC (RMS) with a maximum
leakage of 1.0 mA is required between all input terminals and output ter-
minals. This appifes for contrcl (on-off and reset), short-circuit and
current limiting interface,and trip indication. Isolation between control,
short-circuit and current limiting, and trip indication is not required
since all of these functions have a common DC ground in most applications.
They can be isolated at the expense of additional componentry, cost, size
and weight. Wherever applicable, opto-electro couplers are more efficient
with respect to cost, size, weight, RF! and reliability than DBC-DC con-
verters ut{lizing transformers. Care is taken in the use of opto-electro
couplers to allow for leakagc currents at elevated temperatures and expo-
sures to radiation.

15
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COPPER HEADER
HEAT SINK

FIG.6 POWER TRANSISTOf. CHIP MOUNTED TO BeO
INSULATOR TO COPPER HEADER HEAT SINK
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CURRENT LIMITING

The characteristics and mounting of the power transistor ch:p deter-
mine the current limiting capabilities. It is believed that the cotimum
available chip has been selected. Its safe operating characteristics are
illustrated in Fig. 7. Fig. 8 shows the voltage drop across the collector
and emitter, with an 80 volt supply voltage fc e 5 Amp rated controller.
A Tocus of peoints for 105%, 110%, 120%, 130% anua 140% current limiting con-
ditions vs their respective voltage drops across the collectcr-emitter are
superimposea ca Fig. 7. These points are in a marginal regio - ¥ the Safe
‘Operating Region curves. The current limiting charac "eristic, of MIL-P-
81653 are shown in Fig. 9, whilh dictates fold-back cu rent limiting.

This is not recommended as it does no’ allow for full rated load to be ap-
plied under transient voltage conditicns. Also, fold-back current Yimit-
ing has a negative resistance characteristic which may cause ss -~ us in-
stability (oscillation’ with many reac*ive loads.

Analysis of the overvoltage problem yielded the following conclusion.
The objert s to prote:t the power transistor chip from excessive power
dissipati:on and seconcary breakdown. The most efficient method of doing
this is to monitor th2 voltage across the power chip itself, rather than
the supply voltage. With up tc 37.5 volts across the controller, full
curre is delivered to the load. Ahuve that voltage, the controller
switches off if it is in a current limiting mode. (see Fig. 10) The 37.5
volt value was s2lected in order that with an 80 volt line surge, the
controller would stiil deliver full rated current to the load. This sys-
tem protects the power chip only when needed and does not interfere with
normal operation. If the voltage surge (above 37.5 volts) occured simul-
taneously with a short-circuit, the actuator would trip-out immediately.
If required, a 100 msec delay could be implemented before trip-out and
still remain within the safe operating range of the power transistor chip.
The controller will not trip-out under th. in.-~eased lcad currents result-
ing from the volitage transients of MIL-STD-704 (Fig. *1). The time delay
of 2 to 3 seconds is fixed for all conditions except the combined condi-
tion of overvoltage and short or near-short conditions, in which case
the trip-out is immediate (or delayed for 10J msec if desired). Fig. 12
block diagram shows the basic function. The controller will be tripped
after a 2 to 3 second delay if the overvoltage indication is not present.
In the event of overvoltage, the trip-out is immediate. An overvoltage
condition can not tr’'m the controller by itself. It must be AND func-
tioned with the controuller in the current limiting mode for trip-out.

Schematic shown in Fig. 13 for the 1 and 5 Amp OC controller illus-
trates how current lTimiting and overvoltage projection are accompiistied.
Voltage across current sensing rasistor R16 is supplied to operational
amplifier U4. Whan over current exists, voltage is applied through enmitter
diode of opto-isolator U2, initating a timing circuit comp ised of C1, R1,
and R2. The output voltage through diode of U2 continues through R19,

R20 and R17, providing feedback to operational amplifier U4 with Q7 being

18
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biased to put Q6, the power transistor, in a constant current mode by v.r-
tue of the above-mentioned feedback. After the time delay of 2 to 3 se-
conds the gate of U3A goes to logic 1, inhibiting the oscillator c. ., 'stirg
of U3C, u3D, €2, €8, R11 and R7, and the push-pull amplifier consiz® g of
Q5, Q3, Q4, R13, R12 and C3. The trip-out is latched by virtue of reed-
back via CR1.

The overvoltage sensing circuit consists of opto-isolator U1, R13
and CR9. With 37.5 volts (36 volts zener and 1.5 volts diode drop of U1),
current flow through diode of Ul with the transistor of Ul effectively
_short-circuiting R2 of the timing circuit allgwing for immediate inhibition
of the oscillator if the controller is in the current limiting mode. Re-
menber the 37.5 volts is the voltage across the controller and not the
supply voltage.

This circuit offers power transistor chip protection for overload
and overcurrent conditions. It is protected against short-circuits in
normal and overviltage conditions. It allows the controller to supply
full rated loads from 1 to 30 volts, and through transients to 80 volts
with a wider margir against muisnace trips. It deviates from MIL-P-81653
controller in that trip-out is faster under the combined conditions of
cvervoltage and short-circuit. In some schools of thought this is an at-
tribute. Regardiess, the overall advantages far outweigh the disadvantages
of the above-mentioned curremt fold-back systems.

MIL-P-81653 allows f:~ current limiting within 150% maximum and 105%
minimum. Current 1imiting can be accomplished within a 20% band through
temperature anywhere within the 105% to i50% range. Its location is op-
tional. Prototype units were fixed at a 110% to 130% band. A band of
130% to 150% would provide greater pass current capabilities without ef-
fecting nominal load conditions.
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CONTROL VOLTAGE SELECTION

MIL-P-81653 control voltage refers to Para. 3.1 , making control
voltage a specification requirement for a specific controller. A 5 volt
TTL compatible control voltage has been generally specified. It is consi-
dered thatthis control véltage is too low for aircraft and spacecraft use.
The 2.5 volt threshold between "ON" and "OFF" conditions of the controller
would be susceptable to voltage-induced noise. The 5 volt level increases
;hg current requirements for transformer isolation and power transistor base

rive.

The most efficient voltage tc use would be the existing 28 volt bus.
Transients can be readily suppressed and voltage levels reduced for in-
ternal logic functions. The 28 volt supply would prove most efficient
for transformer coupling and opto-isolation. The controller would
also be compatible with existing 28 volt systems. The 28 volt control sys-
tem was employed in the prototype DC controllers after weighing size, cost,
weight and relfability.

The purpose of the 5 volt TTL control is to have the controller oper-
ated directly from the computer. If direct computer control is essential,
then HTL (High Threshold Logic) control voltage levels should be consi-
dered. HTL was specifically developed for the purpose of noise immunity
for systems with far less hostile noise envirorment than aircraft or space-
craft. HTL has a minimum of 5.0 volt noise immunity and operates from a
15 :olt supply which would be adequate for transformer coupling and opto-
isolators.

TRIP INDICATION

Trip indication can be readily satisfied by either current sinking -
or voltage indication.. Current sinking can be performed in either one of
two conditions, 1ight indication when controller is tripped or light off
when controller is tripped. The latter method has the advantage in that
it also gives positive indication that control voltage has reached the
controller by having the 1ight “ON" in the untripped condition. It has
the disadvantage that a light turning off is not as distinct a visual
indicator of a change in condition as a light tuming on. This method was
used in the prototype controllers since the current sinking method of trip
indication was to be investigated, and this method does afford the dual
function of trip indication and wiring integrity to the controller. The
circuit schematic, Fig. 13, shows how trip indicating transistor Q2 is
forward biased from NOR 3ate output of U3A. By connecting the base of Q2
to NOR gats outpwd of U3B, trip indication with the 1ight going on rather
than off would be accomplished.

Trip indication by means of voltage indication can be readily per-
formed by connecting the collector of Q2 through a resistor to the 28
volt control supply, and Q2 forward biased as an indication of trip; that
is, connecting the base of Q2 to the NOR gate output of U3B. This system
would give both trip indication and controcl voltage wiring integrity indi-
catfon. By simple circuitry at the receéiving point of indication, a iamp
could be turned on when trip occurs. Voltage indication would be 28 volts
no trio and .4 volts tripped.
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STATUS INDICATION

An ideal status indicator would show flow of current to the load with
the controller on. This would indicate wiring integrity to the controller
and from the controller to the load. A pure voltage indication at the con-
troller output does not indicate voltage to the load, only voltage to the
controller output. It does not indicate wiring integrity from the controller
to the load. A status indicator based upon current flow to the load was de-
veloped. The principal was similar to the current limiting approach des-
cribed earlier, ie. a voltage differential was detected across a current
sense resistor in the power line and fed into an operational amplifier which
biased a signalling transistor. The gain of the amplifier was set to detect
current flow of 50 mA or more. A simplified schematic is shown in Fig. 14.
Supply voltages for the operational amplifier were from the same source as
for the uperational amplifier used in the current limiting function. Because
of the limited nuscci of prototype units contracted which eliminated hybrid-
microelectronic manufacturing concepts, it was impossible to package this
statys indicating circuit in the size package established for the prototype
units. This status indicating feature could be incorporated in production
warranting hybrid-micorelectronics.

If 1t 43 desirable to fully isolate a fault to the load, to the controller,
to control viring, to load wiring (from the load supply to the controller
and controller to the load), a load voltage sensor would be required at the
controller load input and controller load output. This would mandate a 3-
terminal output configuration.

RESET

After the controller has tripped, resetting is accomplished by removal
of control voltage and re-application of control voltage. A seperate reset
circuit could be imp. .nented by forward biasing through a coupling capacitor,
a transistor located between output of U3B NOR gate and input te U3A NOR gate,
::g& lgﬁl This would remove the latch voltage applied to input of U3A through

e .

The time for re-applying control voltage for resetting is 80 msec mini-
mum. This time is dictated by capacitor C7 of Fig. 13. In addition, the
capacitor must be of sufficient capacity to filter high voltage transient
spikes. The 80 msec interval requested before re-applying control voltage
following a trip-out should not be detremental to circuit function.

TRANSIENT VOLTAGE PROTECTION

Control Input Transients as specified in MIL-P-81653 will not damage the
controller. The Operating Voltage Transients as specified in MIL-P-81653 can
be satisfied. The requirements of Transient Spike Overvoltage (+ 600 volts)
of MIL-P-81653 cannot be satisfied. The controller will not be damaged by
these transients. A + 600 volt transient applied to the power input terminal
will be passed to the power output terminal for the duration of the tran-
sient | fmsec.). Power transistors suitable in chip form that would satisfy
all the requirements of the power chip are not available with a 600 Vceo rating.
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FUSING (FAIL SAFE)

The fusable link requirement is met by insuring that the bond from the
emftter of the power transistor is the smallest cross-section conductor in
the power system. MIL-P-81653 specifies that in the event of a failure of
the contruller in a shorted condition, the controller shall fail open within
4 seconds when a current corresponding to 50% of the square root c¢f the spe-
cified 12t value is applied, namely 18 Amps for the 1 Amp controller and 32
Amps for the 5 Amp controller. The fusable link requirement was included in
the prototype controllers. Tests were not conducted to determine exact cur-
rent/time 1imits. In flight hardware, this specification can be met.

. The fuse link raises problems of arc extinction and other phencmenon in
high current fuses, to ensure the cdesired protection of the spacecraft. The
proposed method of controlling this is with the use of a stable liquid such
as silicone oil or a flourocarbon. There has been previous experience using
these types of fluid for purposes of controlling arcing. There are other
benefits to be derived from {lyid filling. One is the additional heat paths
due to conduction and convection that tend to equalize temperatures within
the package and minimize hot spots. This would be particularly beneficial tc
solid state switches. There are also proven benefits of fluid-filled devices
with respect to mechanical shock and vibration conditions. Under short dura-
tion mechanical shock, the fluid acts as a solid and gives support to all the
components it surrounds. Under mechanical vibration, the oil acts as a vis-
cous damper for any resonant conditions. Considerations are made for fluid
expansion under differentials to atmospheric pressure and temperature.

luid filling is proposed for flight controllers, and the possibilities of a
replaceable fuselink should be considered in future studies.

FOUL-UP PROTECTION

Sirce the controller is polarity-sensitive, it can be destroyed in test
cnd installation by improper wiring, ie. not observing polarities. Diodes
could be used to protect against this condition, but would constitute a .7
plus additional voltage drop in the p wer circuit. Diode protection can be
used in the control and trip-indicating circuits without difficulty. They
were omitted in the prototype units and can be included in flight units as
indicated in the schematic, Fig. 13.

The controller is intended to operate on bi-level control voltages. Slow
ramp or gradual increase or decrease of control voltage could destroy the con-
troller. This possible problem area could be eliminated by snap-action on
turn-on and turn-off, however this feature would be at the expense of size,
weight, cost and reliability due to the additional components.

Rapid sequential switching of reset with the controller switching into a
short-circuit, could be damaging. The controller can be reset once within
the 80 msec minimum. No positive protection against damage from repetitive
rapid cycling can be incorporated without extensive circuitry. Functionally,
repetitive recycling is not required. Caution should be exercised in testing
and computer programming of the reset function of the controller.
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FOUL-UP PROTECTION (Continued)

The controller is designed for considerable abuse. Properly wired,
tested and installed, it should prove trouble-free. With the theecry, "If-
something can be fouled-up, it will be", the above possible areas of concern
are noted.

CIRCUIT SCHEMATIC

The circuit schematic of the 1 Amp and 5 Anp OC contrcller is shown in
Fig. 13. The two units are identical except for input impedance and gain of
the operational amplifier for current limiting. The functions of the sche-
matic have been discussed under each individual function heading.

PACKAGING

The prototype 1 Amp and 5 Amp DC cantrollers delivered to NASA Mannea
Sp-cecraft Center consisted of discrete component packaging, with the excep-
tion of the power transistor chip. The outline drawing of “he 1 Amp and 5
Amp DC contreller is shown in Fig. 15. The method of internal assembly is
shown in Figs. 16, 17 and 18.

Intensive study was made of packaging for flight hardware cocntrollers
utilizing hybrid-microelectronic principals. Based on an analysis of the
circuit complexity and the thermal and environmental considerations, the fol-
lowing was established as reasonable size znd weight targets.

Size: 1 cu. in. max.
Weight: 2.5 o0z. max.

The control circuitry will be in one hybrid-microelectronic package.

Teledyne, through its Mic-oelectronic Operations, has been engaged in
the development and production of hybrid-mtcroelectronics for the past nine
years. Over 500 different configurations have been designed and produced,
with a total quantity of over 400,000 packages delivered. Teledyne pioneered
in the technology of manufacturing and testing of these devices in large-scale
economic production. These hybrid packages have been used in numerous high
reliability aerospace systems. This has demanded the development of extensive
100% screening procedures that in some cases exceeded the requirements of
MIL-STD-883 to ensure the necessary reliability.

The circuits involved are both analcg and digital and the circuit com-
ponents include bipolar integrated circuits and transistors, FET devices,
diodes, resistors and capacitors. For digital applications, a package typi-
cally houses 25 integrated circuits, with some as high as 32. For analog
applications, a typical package may contain up to 70 components with a mix
of integrated circuits, transistors, resistors and capacitors. The range of
power densities has been from 6 watt/in to 32 watts/in and all package de-
signs have provided for heat sinking in the system application. Since some
system applications have used from 200 to 1000 of these packages in an extremely
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NOTES UNLECS OTHERWISE SPECIFIED
073 1. BEFORE SOLDERING CAN TO HEADER, TEST UNIT

i I PER ENGINEER SPECIFICATION

PR 378 CIRCUIT CARD

ASSEMBLY (TOP)
NATEPLATE -1 FOR 1 AMFOR -2
FOR S AMP SYS)

PR 379 CIRCUIT CARD N
ASSEMBLY (BOTTOM) by !

(! FOR 1 AMF OR -2

FOR 5 AMP SYS)

FUNCTON
ChART

0.062 DIAMETER DOT
FAR SIDE {INDICATES

PIN NO. ¥ V

FR 364-2
CAN-MODIFIED

PR 350-2 HEADER
ASSEMBL(

MT1010 TRANSISTCR
(PWR TECH: 1Q&:

PR 380

LUG-SC.DER 600 -138-5

HEAT SINK

FIG. 16. ASSEMBLY LAYOUT 1 AMP AND 5 AMP DC CONTROLLERS
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CATHODE END OF DIOCES, CRY 2 3
F ACE CIRCUIT BOARD

FIG. 18. CIRCUIT BOARD ASSEMBLY - TOP. DC CONTROLLER
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dense array, the thermal problem has received considerable attention. This
extensive background is directiy and ideally applicable to the specific prob-
lems of the solid state power controllers.

Some of the control circuitry will be in the form of MSI inteqrated cir-
cuits and it appears tke component count to be packaged will be in the order
of 40. This would exclude the optical isolators and a few additional power
devices. The mechanical dimensions of the end item power controller esta-
blishes the size of the hybrid package, but from preliminary estimates it ap-
pears that a package size of approximately 0.8 inch X 9.8 ii.ch X 0.160 inch
would result. This size package could reascrzbly accommodate the components
mentioned abeve, and therefore there would be one hybrid control package per
power controller. The substrate power dissipation is estimated to be in the
range of % watt.

The key factors determining the hybrid package design for this applica-
tion are the reasonably high power dissipations mentioned above and the maxi-
rnum heat sink temperature. This dictates that this hybrid package
must have the lowest possible therwal resistance from the components to the
heat sink, and rules cut any simple mech2nical contact interfaces between
the substrate and the heat sink. The substrate will be beryllium oxide cera-
mic which has the highest thermal conductivity of any known electrical insu-
lating material (2.6 watts/CM/°C). The ceramic will be 0.025 inche:, which
will give adequate strength for this size substrate. To implement the maxi
mum thermal conductivity rule, a copper strip in the order of 0.025 inch thick
would be brazed to the bottom of the ceramic substrate, providing the best
possible thermal path to the heat sink. This copper would ezual tke width
of the ceramic in one dimension, and extend beyond it in the other dimension
to engage a support structure for mechanical mounting in the power controller,
which is also the heat path. This is shown in Fig. 19.

The ceramic metallization required to provide a base for this copper
braze operation can be either moly manganese or thick film gold-palladium.
The advantage of gold-palladfum: metallizing is that its firing temperature
of 900°C causes no warping or introductinn of camber to the ceramic, as op-
posed to the 1540°C firing temperature for moly manganese which can reintroduce
cambers in tne order of 1 mil/inch, which are acceptable but less desiradle.

Therefore, the proagram would proceed with the thick film gold-palladiur
apprcach for ceramic metallization. The exit pads for the package, as shown
in Fig. 19, would be thick film stripes emerging from under the ccver seal
area, appearing as exposed pads on the ceramic surface along two edges. They
would be on 0.050 inch centers, which is industry standard, and lecads can be
bonded by either welding or reflow solder technigques. The insulation for the
cover seal land area is provided by silk-scree --d and fired glass inks or
fired glass preforms, to give adequate insulat:.n path to the cover to meet
the electrical requirements of the specification. Guld-palladium metalliza-
tion on the top cf thés glass insulation provides the solder base for cover
seal. The proposed metallization system for the active portion of the sub-
strate is a dual system. Gold-palladium ink would be screened on and fired
to form the component mounting pads. This would actually take place at the
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same screening cperation as the package exit pads. Aluminum would be evapo-
rated with an undercoat of nichrome over the entire active area. The alumi-
num thickness would be 250 microinches, which gives the desired resistivity
of S milliohms per square. The surface would then be coated with photo re-
sist and exposed with the desired substrate wiring pattern.

After developing and processing, the aluminum is protected by resist,
where the conductive pattern is desired, and the aluminum is bare where it
is to be removed. The substrate is immersed in an etch bath and the aluminum
is removed from between the desired conductive strips in the circuit pattern,
andfalso from the component bond pads to re-expose the bare gold-palladium
surface.

The alaminum system was chosen to aliow a monometallic bonding system
with aluminum dice pads, aluminum wire and aluminum substrate bond areas.

The advantage of this is the total elimination of potential intermetallic
problems. This {is particularly important in this application since the tem-
peratures will be in the region of 1250C or slightly higher, and long life
at these tu?eratures is required.

The dual system with gold-palladium is necessary to provide a solderable
metallization for component attach, since aluminum is not wettable by solders
on a practical basis. The role of the evaporated film of nichrome under the alumi-
cak {s twofold. First, it is routinely used as an intermediary to strengthen
the bond between evaporated metal films and either glass or ceramic substrates.
In this case it serves an important secondary roie of acting as an effective
diffusion barrier between the aluminum and gold-palladium where they are in
contact. Engineering tests involving thousands of hours at 2000C indicate
that the nichrome is an excellent diffusion barrier, and no evidence of inter-
metallics have ever been found in the proposed metallurgical system.

Compomsat attach technology will follow standard production procedures.
The corponent wire bonding will use aluminum wire with ultrasonic welding,
which is standard procedure. Circuit analysis is routinely done to establish
electrical current values in the wire bonds to determine wire size require-
ments. For typfcal signal type currents, 1 mil diameter wire is used. For
higher current _apability, 1-% mil or 2 mil diameter wires are used, and in
some cases multiple parallel «ires have been used.

The hybrid control package will be covered and hermetically sealed by
~ormal processes, even though it will be contained in the hermetically sealed
sol1d state controller case. This is to give adequate protection for inter-
nal handling through screening and environmental test procedures, as well as
nencling dyring final assembly in the end product. It is also necessary in
view of the propose fluid filling of the end item device.

The normal Teledyne high reliability screening procedure will be used
on & 100% basis for all the hybrid packages for this program. These screen-
ing procedures are listed in detail in Table 1.
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10.

TABLE 1. Screening Procedures for Hybrid Control Circuits

TesT

Incoming dice visual inspection

Post-die attach visual inspection

Pre-cover visual inspection

Stabilization bake

Temperature cycling

Mechanical shock

Hermeticity a) Gross

b) Fine

Burn-in

Electrical test

a) DC parameters at 25°C and at
max. and min. rated operational

temperature.

b) AC parameters at 25°C and at

max. and min. operational
temperature.

¢) Final Functional test at 25°C.

External visual

39

SCREENING CRITERIA

Criteria based on MIL-STD-883
method 2010 test Condition A.

MIL-STD-883 method 1008 test
Condition C (150 C) 72 hrs.

MIL-STD-883 method 1010 test
Condition C (-65°C) and +150°C)
22 cycles.

MIL-STD-883 method 2002 test
Condition B8 (1500G, % ms)
5 impacts Y axis.

MIL-STD-883 method 1014 test
Condition C, step 1.

MIL-STD-883 method 1014 test
Condition A except packages
are helium filled at seal.
MIL-STD-883 method 1015 test
Condition 8 160 hrs. @ 125°C
junction temperature.

Per hybrid specification.

MIL-STD-883 method 2009.



TECHNIQUES

The packaging utilizing hybrid-microelectronics and in accordance with
MIL-P-81653 concepts is shown in Fig. 20. In this case, the basic assembly
would consist of the copper heat sink base, power chip, hybrid control cir-
cuit package and miscellaneous components such as the optical isolators {which
are themselves hybrid circuits). The hybrid control circuit with its copper
heat sink strip is mounted to copper support members which are bt-azed to the
copper heat sink base. It is proposed to use slots in these members as shown
in the drawing, to engage the copper strip of the hybrid package and solder
this joint to minimize thermal drops. Any diaphram effects in this mechanical
mounting system would be minimized by fluid filling.

A deck is provided above the hybrid circuit to provide a mounting board
for the optical isolators. These are very low power generating components
and the increased distance from the heat sink has no adverse thermal effects.

The method of fluid filling electrical devices must contend with the temp-
eratare coefficient of expansion of the fluid, which should be minimized.

One common method is to fill the device and seal it off at the maximum oper-
ating temperature or slightly over. In this case, sbout 125°C. Then a. all
future operating conditions, there will be less than atmospheric pressure
within the device, and the differential tc atmosphere can never exceed 15 psi
under any conditions. If the unit were sealed cold, the interior pressure
would be higher tham atmospheric at elevated temperature, and there is no
limit to the pressure differential that could build up.

The hermetic seal of the package cover seam would be done prior to fluid
filling and it is proposed to use either electron beam welding or laser weld-
ing. The final seal would be accomplished with a pinch-off tube.

An alternate approach to packaging is shown in Fig. 21, with two signi-
ficant modifications. First, the terminations are brought out on a surface
90 from the mounting (heat sink) surface. This affords several benefits:

a. Increases heat sink area.
b. Facilitates implementation of .n Integrated Wiring Termination
System (IWTS).
c¢. Improves ease of replacement.
Secondly, it is proposed to use mounting flanges in lieu of mounting studs
to further maximize heat sinking.

Referring to Fig. 21, an L-shaped structure is proposed to provide ri-
gidity and mechanical strength between the heat sink plane and the lead/ter-
minal piane. The power switching devices are again mounted on the heat sink
as discussed previously. The hybrid package is mounted to the heat sink by
the same structure proposed for the 1 inch cube package, and the transformer
deck is the same. This package calls for wire exit leads. To maintain her-
meticity and still provide leads, it is proposed to use a hermetically sealed
header to bring the leads through the package wall. The external wires would
be soidered to the header pins and potted for general protection in that area.
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RELIABILITY

A preliminary reliability prediction analysis has been conducted to de-
termine the failure rate of DC Solid State Power Controllers using hybrid-
microelectronics for flight hardware. The predictions are based on the ser-
vice and environmental conditions of the specifications.

The approaches and zssumptions used consisted of a functional analysis
of the design. It indicated that the functional blocks in each design »s-
sume a totally serial relationship. This results in a conservative estimate
of the circuit capability. The basic failure rates of each chip or die com-
prising the hybrid-microelectronic control package was calculated at the maxi-
mum hybr1d package case temperature of +125°C, which is +5°C over the speci-
fied 120°C maximum case temperature of the controller Thermal analysis of
the design shows that the use of beryllia substrate and the method of mount-
ing the HYBRID intermally insures a low order of thermal resistivity. For pre-
diction purposes, the junction temperature of integrated circuits and semi-
conductor dice was assured to be at HYBRID case temperature plus 10°C, or
1359C. This is in accord with recommendations of the RADC Re]1ab1l1ty Hand-
book, Volume II. Failure rates for capacitor and resistor elements was based
on using +1250C as the component ambient temperature. MNIL-HDBK-217A was
used as the source of failure rates except as otherwise noted in the discussion
below. The use of silicone or fluidcarbon 0il as a filler within the con-
troller housing, facilitates heat sinking and provides a dampering effect on
other environnents such as shock and vibration. Therefore, an environmental
K factor of 1.0 was applied to all calculated failure rates.

The failure rate for the hybrid-microelectronic control package can be
estimated by analysing its constituent elements. The I.C. failure rate used
for this prediction was based on life test data published by Fairchild Semi-
conductor* for devices which have received 100X burn-in_sc.eening prior to
usage. That figure is .030 failure per 106 hours (+135°C junction tempera-
ture) and is applicable to packaged devices.

In order to predict the faflure rate of the hybrid-microelectronic con-
trol assembly it is necessary to estimate the intrinsic failure rate of "bare"
dice by removing the fallures of the packaged device which cannot be attri-
buted to the "bare" die. The approach then is to eliminate the effects due
to leads, base, package, etc., leaving the failure rate due to dice alone.
I.C.'s used in Teledyne HYBRIDS are subjected to extensive pre-use screening
and testing as follows:

100% AC Testing

100% DC Testing

100% Thermal Testing

100% Optical Inspection (at dice level and again at
MEMA precover)

® Microcircuits Reliability Report - Fairchild Semiconductors, May 6, 1969;
83.8 millfon part hours (all devices).

43



RELIABILITY (Continued)

When the intrinsic die failure rates are estimated as outlined, and the
effects due to extensive screening and ingpection are taken into account, a
dice failure rate of .020 failures per 10° hours results.

A similar rationale is applicable to other types of dice. Failure rates
from MIL-HDBK-217 for Minutemen quality parts were used to represent intrin-
sic die failure rates. These rates were normalized for operation at +125°%C
(capacitors, resistors) and at +135°C junction temperature for semiconductors
in accordance with factors of MIL-HDBK-217. Table 2 shows the failure rate
for. 1 Amp and 5 Amp DC Controllers.
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TABLE 2. 1 Amp and 5 Amp DC Controller
FAILURE RATE ESTIMATE

(Failures per 106 hours)

QY. C NY FR SOURCE IR
4 Integrated Cireutts 11,2 '¢)0 000 | . ORC
18 Resistors, film 0.7 é 126
8 Capeacizors, ceramic ¢ .03 2 104
6 Diodss, gemeral purpose ¢ .008 4 .030
6 Trongistors ¢ .010 2 .060
3 Ciode - lener ¢ .102 2 .306

1 ?Power Trangistor 82.000 2 2.000

2 Transformers ¢ .200 2 .400
100 Lead Bonds @ .00007 3 .007
Suostrate, Frame & Cover 4 .004

24 External Leads @ .00005 5 .001
Total Failure Rate 3.318

Failure Rate Sources:

See discussion above.

Normalized MIL-HDBX-217A, Minutemen level failure rates.
Ultrasonic lead bond estimate based on Teledyne and industry data.
Best engineering estimate.

Welded termination estimate based on Teledyne and industry data.

O BN -

45



! i
. REQUIREMENTS

]
i

i
i

p 23
<2
-
[Aa]

Solid State Power Controllers

3. SPECIFICATIONS - Teledyne 1 Amp and 5 Amp

1 mrurmwmr‘jr'm TTEMIFE

Hoemanical & Rimansions!
(hRaracioriarics

Corfiquration
Dimengion
Enciosure
Weight

Mounting Torque

Teladyne P/N 673-10004

=

€2 Fig. 1%

See Fig. &
Harmatic Seal

3.U ounces maximym
15 in. lbs.

See Figy 1§

See Fig, 1%
Hermetic Seal

3.0 ounces maximum
15 in. lbs.

'

THermaI Cnaracteristics

Thermal Resistance Case-
to-Sink

Heat Sink Temperature
(Des1gn Consideration)

0.5 C/watt with spe-
cified mounting torque

+118°C maximum

G.5 C/watt with spe-

c*fied mounting torque

+118°C maximur

Electrical Characteristics

General

Terminal Arrangement
Insulation Resistance
Dielectric Withstanding
Voltage
Isolation
Between control ana
trip terminals shorted
and output terminals
shorted
Life (operating cycles)
Radio Interface
Power Jissipation
(maxtum @ 25°C ambiend
"ON"-rated load
'OOFF"

—

-54°to +120°C case
temperature (unless
otherwise specified)

57ST (normally open)
100 megoh:, minimum

1000 vAC (RMS)

1020 vAC (RMS)
10° minimum
MIL-STD-461

1.5 watt, maxinum

.150 watt, maximum

-54°tp +120°C ca¢
temperature fumnlc ..
otherwise i1poscifiea’

SPST fnermaily oper)
130 megore =\ pimus

1000 vAC (R™S)

1020 vAC (ame)
10° minimym
MIL-S™" 4¢}

4.5 watt max imys
164 watt, ma imus
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TABLE 3.

SPECIFICATIONS - Teledyne 1 Amp and 5 Amp

Solid State Power Controllers {cont.)

REQUIREMENTS

T AW BT CONTROLLER
Teledne P/N 673-10004

5 AMP DC CONTROLLER
Teledyne P/N 673-10001

p e -

Power Circuit
Suppty Vo!tage
Limits - Curves 1 8 6
MIL-STD-704A
Current (rated’
Veltuge Urop
Leakage Current
Current Limiting
OC ripple

Fail safe (I2t)
Transients
Operating Voltage
Spike Overvoltage
Response
Turn-On Time
Rise Time

Turn-Cff Time
Fail Time

Trip Free
Trip-Ocy Time
Nou-repetitive Reset

Repetitive Reset

Trip Indication
Not Tripped
Tripped

Centrol Circuit
Supply VYoTtage
Maximum
Rated
Minimum

30 vDC, maximum
15 vOC, minismum

1 Ampere

.5 volts DC, maximum
100p Amps, maximum
Applicable

5% rated lnad (peak
to peak), maxiwum
1200

Applicable
Apglicable

1.0 mSec, maximum
.1 mSec, minimum
.5 mSec, maximum

6.0 mSec, maximum
.5 mSec, minimum

5.0 mSec, #naximum

Applicable

Applicable (30 seconds
minimum between resets)
Applicable

Current sink, 0 to 50 mA
Open circuit, 0 to 32 vDC

32 vDC
28 vDC
20 vOC

30 vOC, maximum
15 vDC, minimym

5 Amperes

.5 volts DC, maximum
500 Amps, maximum
Applicabl

52 rated ..ad (peak
to peak), maximum
1200

Applicable
Applicatle

1.0 mSec, maximum
.1 mSec, minimum
.S nSec, maximum

6.0 mSec, maximum
.5 mSec, minimum

5.0 mSec, maximgm

Applicable

Applicable (3G seconds
minimum between resets)
Aprlicable

Current sink, 0 to 50 mA
Open circuit, 0 to 32 vDC

32 vDC
28 «DC
2C vDC
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TABLE 3.

SPECIFICATIONS - Teledyne i Amp and 5 Amp

Solid State Power Controllers {cont.)

-

BEQUIREMENTS

1T AMP DC CONTROLLER
Teledyne P/N 673-10004

S Af > DC CONTROLLER
Teledyne P/X 673-10001

e ——

{ontrol Circuit (cont.)
Turn-In Voltage
Rate of Change
Turn-0¢f voltage
Rate of Change
input Current
input Transients
Noise (mwunity
Jeset

Time to Reset (removal)

28 yiC, minimum

.5 v2C/mSec, minimm
5.0 vOC, maximur

.5 vDC/mSec, minimum
20 A, maximum
Applicable
Applicable
8y removing and re-apply-
ing DC control voitage
5 mo>ec, minigum
80 mSec, maximum

28 v0OC, minimum

.5 vOC/mSec, minirum
5.0 vDC, maximum

.5 viC/mSec, ninmmwm
25 mA, maximym
Applicable
Applicable
8y removing ani re-apply-
ing DC control voltage
5 mSec, minimum
80 mSec, maximum

Envirormental Characteristics |

Case Temperature
Operating
Storage
Shock
Mechanical
Temperature
Vibration
Sinusoidel (operating)
5 Level
Frequency Range
Random (operating)
Power Spectrzl Density
Frequency Range
Acceleration
Calt Foq
Humidity
Temperatura-Al titude
Operating Ambient
Temperature
Altitude
Nor-Operating Ambient
Altitude
Explcsive Decompression

-54%c 0 +120°C
-65°C to +150°C

40 G's for 11.0 +1.0 mSec
-54°C to +i20°C ambient

15 G's, maximum
5 to 2000 Kz

0.2 62/Hz, maximum
0 to 2000 Hz

100 G's

pplicable
ppiicable

53°C to +120°C
Sea Level to 100 K ft.
65°C to + 150°C
.65 to 15.4 psia
t Applicable

-54°C to +120°C
-65°C to +150°C

40 G's for 11.0 +1.0 mSec
-54°C to +120°C ambient

15 G's, maximum
5 to 2000 Hz

0.7 Z/Kz, maximum
20 to 2000 Hz

100 G'<

Applicable
Applicabie

-54°C to +120°C

Sea Level to 100 K ft.
-65°C to +150°C

0.65 to 15.4 psia

Not Applicable

48




TEST RESULTS

Teledyne 1 Amp OC Solid State Power Controller

Pin Identification

P/R 673-10004

[ Pin No.

Ffunction

NN EW N

Control Veltage (+)
Signal Cummon

Trip Indicater
Power In (+)

Power Out {-)

No Comnnecticn

Test Point (Emitter)
Test Point (Base)

Terminal Arrangement - SPST (Normally Open)

~TEST

— REQUIREMENT

ESUL

insulation Resistance
Dielectric Withstanding
Voitage
Isoletion
Power Dissipation
"ON" (rated load)
“OFF"
Voltage Drop
Serial No. 1
{al No. 3
Overshoot
Response
Seridl M. 1
Turn ON Time
Risea Tioe
Turn OFF Time
Fall Time
Serial No. 2
Turn ON Time
Rise Time
Turn OFF Time
fall Time

100 megohms, min.

1000 vAC (RMS), wmin.
100G vAC (RMS), min.

" 1.5 watts, max.
.150 vatt, max.

.5 volts, max. @ | Amp
.5 volts, max. @ } Amp

6.0 mSec, max.

1.0 mSec, max.

.1 mSec, min.; .5 mSec, max.
6.0 mSec, max.

.5 mSec, min. ;5.0 mSec, max.
1.0 mSec, max.

.1 mSec, min.; .5 mSec, max.

.5 mSec, min. ;5.0 mSec, max.

> 100 wmegohms

>1000 vAC (RMS)
>1000 vAC (RMS)

1.0 watt
.003 wett

150 millivolts
250 millivelts
<25%
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TEST RESULTS (cont.)
Teledyne 1 Amp Solid State Power Controller

PA 673-10004
TEsT REQUTRERENT [ RESULTS
Leakage Current 100 pAmps, max. <100 uhmps
Time tc Rest (removal) 5.0 mSec, min.; 8C wSec, max. | 80 lgc
Trip Indication
Not Tripped Current Sink, 0 to 50 mA 0 to 50 mA
Tripped Open Circuit, 0 to 32 vAC 0 to 32 vDC
Turn ON Valtage 24 vOC, wmin. <24 viC
Turn OFF Voltage S vDC, max. <5 vDC
Control Voltage
Rate of Change .5 viC/uSec, min. 2.5 vOC/aSec
Control Current 20 mA, max. 12 oA 6 24 vC
13 mA 8 28 vDC
15 mA @ 32 vDC
Current Limiting Serial A1 Serial #2
Trip Current @ 25°C 1.4 Amp 1.4 Amp
€-55°C 1.5 Amp 1.5 Amp
8 90°C 1.3 Ay 1.3 Amp
Time to Trip @ 300% Load @ 25°C 4.0 Sec 4.0 Sec
8-55°C 5.0 Sec 5.0 Sec
@ 9%0°C 3.0 Sec 3.0 Sec
Time to Trip
30 vDC Supply Voltage 100% Output Current No Trip No Trip
3ovDEC * - 150% - . 6.0 Sec 4.0 Sec
30vDC " " 5001 - - 4.0 Sec 4.0 Sec
40 vOC " - 150% " 4.0 Sec 4.0 Sec
60 vOC " " 150% - 4.0 Sec 4.0 Sec
80O vDC " * 1502 - .02 Sec .02 Sec
40 vOC " " 500% - 4.0 Sec 4.0 Sec
60 vOC " - 500% - .02 Sec .02 Sec
g0 vDC * - 500% .02 Sec .02 Sec
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TEST RESULTS (cont.)

Teledyne 1 Amp Solid State Power Controller
P/N 673-1000¢

Temperature Tests at -55°C and +90°C
Note. Units did not operate satisfactorily above 10G°C because of improper
transformer core. This can be raadily corrected in future units.

Insulation Resistence A1l Units Tested Satisfactorily
Dielectric Withstanding Voltage " - - "
!solation - - * "
Pvwer Dissipation " . - *
Rated Current and Yoltage " " * “

Voltage Drop of Rated Current

Control Input Trinsiedts
A single pulse of 9lus and minus 100 volts peak amplitude and 100 mSec dura-
tion, repeated 10 times at 3 second intervals. All units tested satisfactorily.

A train of 10 pulses of plus and minus 10C volts peak amplitude and 100 uSec
duration each, repeated 10 times at 3 second intervals. All units tested
satisfactorily.

Above tests repeated between trip indicator terminal and ground (DC return)
terminal. A1l units tested satisfactorily.

Test Circuit
The test circuit for OC controllers is shown in Fig. 22.
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Teledyne 5 Amn DC Solid State Power Controller

Pin ldentification

TEST RESULTS

P/N 673-10001

Pin No.

Fuaction

WNAWNEdWN -

Contro! Yoltare (+)
Signal Common

Trip Indicator
Power In (+)

Power Out (-)

No Connection

Test Point (Emitter)
Test Point (Base)

Terminal Arrangement - SPST (Normally Open)

TEST ~[REQUIREMENT “RESOLT
Insulation Resistance 100 megohms, min. >100 wegohms
Dielectric Withstanding Voltage {1000 vAC (RMS), min. >1000 vAC (RMS)
Iseldtion 1000 vAC (RMS), min. >1000 vAC {RMS)
Power Dissipation

*ON" (rated load) 4.5 watts, max. 3.5 watts
"OFF" .164 wvatt, max. .015 watt
Voltage Drop
Serial No. 4 .5 volts, max. 350 mV @ 5 Amps
Serial No. § .5 volts, max. 350 mV @ 5 Amps
Overshoot <252
Response
Serial No. 4
Turn ON Time 1.0 mSec, max. 1.8 mSec
Rise Time .1 mSec, min.; .5 mSec, max.; .5 mSec
Turn OFF Time [6.0 mSec, max. 1.3 mSec
Fall Time .5 mSec, min.;5.0 mSec, max.| 1.6 mSec
Serial No. §
Turn ON Time 1.0 mSec, max. 1.6 mSec
Rise Time .1 mSec min. ; .5 mSec, max.}] .35 mSec
Turn OFF Time 6.0 mSec, max. 1.4 mSec
Fall Time .5 mSec, in.;5.0 mSec, max. | 1.5 mSec
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TEST RESULTS !cont.)
Teledyne 5 Amp Solid State Power Controller

P/R 673-10001
~ TEST ~ REQUIREMENT RESULT
Leakage Current 500 pAmps, max. <500 phows

Time to Reset (removal) 5.0 mSec, min; 80 mSec, max. | 80 mSec
Trip Indication

Not Tripped Current Sink, C to 50 mA 0 to 50 mA
Tripped Open Circuit, 0 to 22 vDC 0 to 32 vDC
Turn ON Voltage 24 vDC, min. <24 vDC
Turn OFF Yoltage 5 vOC, max. > 5 vOC
Control Yoltage
Rate of Change .5 vDC/uSec, min. >.5 vDC/uSec
Control Current 25 mA, max. 19 mA @ 24 vDC
20 oA @ 28 VXX
21 mA @ 32 vDC

Current Limiting Serial #4 Serial #5
Trip Current @ 25°¢C 5.9 Amps 6.1 Amps
@ 90°C 5.2 Amps 6.0 Amps

e-55°C 5.8 Amps 6.3 Amps

Time to Trip @ 300% Lo.d @ 25°C 2.5 Sec 2.0 Sec
@ 90°C 2.0 Sec 1.8 Sec

8-55°C 3.0 Sec 2.2 Sec

Time to Trip

30 vDC Supply Voltage 100% Output Current No Trip No Trip
30vDC " . 150% . . 2.2 Sec 2.0 Sec
3ovDC " S00% " 2.5 Sec 2.0 Sec
150% 2.5 Sec 2.0 Sec

150% - 2.5 Sec 2.0 Sec
1504 " " .G2 Sec .92 Sec

500% " " 2.5 Sec 2.0 Sec
500% " v .02 Sec .02 Sec

- " 500% “ . .02 Sec .02 Sec
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TEST RESULTS (cont.)

Teledyne S Amp DC Solid State Power Contrcller
P/N 673-10001

Temperature Tests at -55°C and +90°C .
Note. Units did not operate satisfactorily above 100 C because of improper
transtormer care. This can be readily corrected in future units.

Insulation Resistance A1l units tested satisfactorily
Dielectric Withstanding Voltage “ " " "
Isolation . - . -
Power Dissipation - " "
Rated Current and Voltage " " " "

Voltage Orop at Rated Current

Control'lnput Transients
A single pulse of plus and minus 100 voit peak amplitude and 100 puSec dura-
tion, repeated 10 times at 3 second intervals. All units tested satisfactorily.

A train of 10 pulses of plus and minus 100 volt peak amplitude and 10C uSec
duration each, repeated 10 times at 3 second intervals. All units tested
satisfactorily.

Above tests repeated between trip indicator terminal and ground {(DC return)
terminal. All units tested satisfactorily.

Test Circuit
The test circuit for DC controllers is shown in Fig.22.
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AC SOLLID STATE POWER CONTROLLERS

ZERO AXIS SWITCHING

It is desirable in solid state switching of AC voltages to have the con-
troller turn ON at zero voltage and turn OFF at zero current to minimize the
effects of EMI. By proper gating of the solid state switching element (Triac
or inverse parallel Silicon Controlled Rectifier), this is readily accomplished.
Contiruous switching ON and OFF can be at each half cycle or at each full cycle.

In the switching of AC inductive loads, particularly transformers, care
must be taken to avoid a DC component being developed in switching. A core
may be saturated to such an extent that this is possible. Full cycle switch-
ing minimizes the problem. Full cycle gating is more complex than half cycle
gating as memory has to be established in the circuitry. The scope of the
contract was such that hybrid-microelectronic packaging was not feasible.
Consequently, it was not possible to package the additicnal circuitry recuired
for full cycle switching. A circuit has been developed (Pat. Pending) which
incorporates a CMOS logic gate in conjunction with an existing circuit to form
full cycle control. When quantities warrant hybrid-microelectronic assembly,
full cycle control can be included in optimum packaging. Half cycle zero vol-
tage switching was used in the prototype units utilizing a unique circuit
developed by Teledyne and covered by patent #3,048,075. This circuft will be
diccussed in detail later in the report.

POWER OUTPUT TERMINATION

MIL-P-81653 specifies a 3 terminal power output configuration, as indi-
cated in Fia. 23. The zero voltage switching circuitry developed by Teledyne
permits a two wire output configuration, as shown in Fig. 24. The arguments
for or against the two or three wira system are identical for AC controllers
as those for the already-discussed DC controllers. The main disadvantage of
the two wire system is that status indication requires slightly more circuitry.
The two wire system was employed in the prototype AC controllers.

POWER CHIP SELECTION

Three siliccn devices are available for AC voltage switching, namely
Transistors, Silizon Controlled Rectifiers and Triacs. Transistors are sel-
dom used as they must be connected within a full wave bridge for AC operation,
resulting in two diode voltage drops plus the voltage drop of the transistor
itself. They also do not possess the current surge capabilities of Silicon
Controlled Rectifiers or Triacs. Current limiting would be possible with a
Transistor switching element where it is not practical with either the Silicon
Controlled Rectifier or Triac switching element.

Silicon Controlled Rectifiers used in inverse parallel configuration are
widely used in AC voltage switching. They are available with high current
ratings, high voltage ratings and possess high current surge capabilities.
Care must be used in gating for transfermer loads. Itois particularly impor-
tant to ensure that two SCR's are fired exactly at 180" relative to each other.
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TRIP INDICATOR

+  CONTROL 1SOLATED 1
- RETURN ELECTRONICS SUPPLIES
CHIP O
LOAD

T

FIG. 23. MIiL-P-81653 3-TERMINAL QUTPUT AC CONTROLLER
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POWER CHIP SELECTiON (cont.)

If this is not accomplished, the positive and negative current loops will dif-
fer in magnitude and a resultant OC will flow through the low impedarce of
the primary of the transformer.

Triacs (silicon bi-directional thyristors) possess most of tre same fea-
tures as Siiicon Controlled Rectifiers. The distinct advantage is that only
a single component is required for the switching element, and reduced compo-
nent count is a major objecuive in the development of the controller. The
single gate assists in minimizing DC offset problems. .c is not completely
eliminated because of inherent small differences that exist within the Triac
itself when conducting in one direction and then in the opposite d rection.
Less componentry is required for zero axis switching with the Triac. The re-
quired rupture capacity of the speci”ication can be satisfied with a Triac.
For higher rated AC controllers, and where very high rupture capacities are
specified, the inverse parallel SCR's should be considered. Selected Triac
chips from the 2N5443 family were used for the prototvpe AC controllers.
These chips have a 40 Amp continucus duty rating and a 400 Ampere surge capa-
bility for 1 cycle of a 400 Hz voltage line. A further consideration in selec-
tion of this particular chip was its center firing gate and glass passivation.

POWER DISSIPATION

Since current limiting is not practical in solid state switchirt of AC
voltages, power dissipation requirements are not as critical as those for DC
controlilers. The main consideration on power dissipation is through the per-
iod when overcurrent is detected and trip-cut takes pliace. The AC power con-
trollers trip-out within one half cycle in the event of a short-circuit. The
surge capacity of the chip is more meaninaful than power dissipation in short-
circuit conditions. The one half cycle trip-out does not allow suffi. ent
time for appreciable heat dissipation. As a result, chip mounting s1. .lar
to that shown in Fig. 6 was used in the prototype AC controllers.

ISOLATION

Isolation between the load circuit and the control circuit is performed
by opto-couplers for the control, short-circuit protection and wave-
form distortion functions. Transformer coupling is used for the trip-cut
function. Referring to the circurt schematic, Fig. 27, the control function
in the absence of overload, short-circuit and waveform distortion results in
both of the inputs of NOR gate U4A to be at ground potential with output of
U4A high, which is coupled to inputs of UAC with a resulting low output, al-
lowing light emitter diode of U5 to conduct. This is with a positive 28V con-
trol voltage applied. With the emitter diode of U5 conducting, the SCR portion
of U5 is also conducting. At low voltages of the AC power line, Q3 is biased
OFF, This allows the NC voltage developed by BR1 to be passed by the SCR of
U5 to the gate of Triac Q4, turning it ON. As tne DC voltage 1increases, Q3 is
forwarded to biased ON by voltage divider formed by R13 and R11, shorting the
gate of the SCR of U5 to ground and turning it OFF, This is the principie
of zero voltage gating covered by Teledyne patent #3.648,075. The isolation
circuits of the other functions will be discussed later.
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SHORT-CIRCUIT PROTECTION

Short-circuit protection is obtained by developing a voliage across R17,
full wave rectifying it to DC by means of BR2 and causing a light emitter
diode of U2 to conduct. This forwa.d biases the transistor cf U2 putting a
logic 1 voltage to input of QR gate U4A. As a result, the output of U4A and
inputs of U4C go low. The output of U4C goes high and the Triac is turned off
instantly, in a haif cycle or less. Problems were ancountered in testing
where at a cormbination of overload current and temperatures above 90°C the
controller would not trip-out. By either reducing the temperature to 859¢
¢r reducing the frequency, trip-out was successful. This failure was com-
pletely due tc the characteristics of the Triac used at 400 Hz. This
problem can be corrected by selecting a Triac with more favorable 400 Hz
characteristics.

CONTROL VOLTAGE SELECTION

The rationale for control voltage selection is the same for AC contrcilers
as that previously discussed for DC controllers.

TRIP INDICATION

Trip-out time as a function of overload should be within the limits in-
dicated in Fig. 25. Trip-out is5 obtained by sensing a current by transformer
T1 and feeding its corresponding voltage pulses to operatioral amplifier Ul.
This forward biases Q1 and thrcigh the timing and shaping circuit consisting
of R, R3, CRZ, R2 and C2, the input of NOR gate U4A is brought to lcgiz level 1.
This results in the output of U4C going high and turming off the controiler.

Trip indication is cbtained by the successive gating of U4A, U4B, U4D
ard eventual biasing of Q2. The logic is sucn that in a nun-tripped condition,
Q2 is conducting, and in a tripped condition, Q2 is cut-off. The logic may
be reversed by connecting the base of Q2 to the output of UiB. A voltage in-
dication rather than current sink indication may be accomplished by connect-
ing the collector of Q2 though a rzsistor to the 28 volt control supply.

The collector output of 07 is transient protected ty R9 and CR4, The trip-
out is latched by positiv. feedback to the output of U4B through CR3 to one
of the inputs of U4A.

STATUS INDICATIGN

The general rationale for status indication is the same for AC controllers
as that previously discussed for DC controllers. Status i1ndication was not
provided in the prototype AC controllers as the scope of the contract did not
warrant the use of hybrid-microelectronics, and it was impoussible to add this
feature in the packaging desired. Status indication could be provided in the
desired packaging using hybrid-microelectronic packaging concepts.

A status indication circuit was developed and is shown ir simplified form
in Fig. 26. Current is sensed by toroid transformer Tl (same *transformer core
and primary used in trip-indicating circuit).It is transformer coupled to oper-
ational amplifier Al, forward biasing Ql ON anu gating Gl high. Gl output
goes low, oiasing OFF Q2. Current sinking lcgic could be reversed as described
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in trip-cut circuit. Also, a voltage level signal could be furnished. An
analog signal with the output of Al a function of current, could also be
furnished.

WAVEFORM DISTORTION

1f the core of an inductor becomes sufficiently saturated to cause a D
of “set or half waving load current conditions, it is sensed b; the voltage
drop across R12 of the schematic, Fig. 27. This causes light emitter diode
¢f opto-isolator U3 to conduct and forward bias ON the transistor of U3,
:ating U4A high, which through '4C and US tums power circuit CFF instantly
n l2s5 than a half cycle.

=ISET

Reset of the AC controller is accomplished by removing and re-applying
the control voltage as previously described for DC controllers. Control vol-
tage should be removed a minimum of 100 mSec before re-applying. The controller
's iatched in trip-out condition under overload, short-circuit and waveform
aistortion fault conditionms.

TRAKSIENT VOLTAGE PROTECTION

The power output circuit is protected by the breakdown voltage rating
of G4, the power Triac. Further protection is offered by the filter consist-
ing of R16 and C5. This filter increases the effective circuit dv/dt to over
200V/uSec. This R-C network does contribute to higher leakage current. The
retwork appears as a capacitive reactance ia excess of 30K at 400 Hz. Since
3 low power factor exists between this current and applied voltage, almost no
cower dissipation occurs either in load or controller output.

The control input circuit is transient protected by R7, CRl and C1. Cl
also serves to set the 5 mSec time-to-reset. The trip indicator circuit is
protected by R9 and CR4.

FUSING (Fail Safe)

The fusing requirements for the AC controller are met in the same manner
as previously discussed for the DC controller.

FOUL-UP PROTECTION
The AC power controller is not as susceptable to damage by improper wir-
ing as is the case for the DC controller. A diode which was omitted in
the prototype AC controllers is shown in the schematic, Fig. 27. This
offers protection against improper wiring of the control circuit.
AC POWER CONTROLLER CIRCUIT SCHEMATIC

The AC power controller circuit schematic is showa in Fig. 27. This is
the circuit of the 1 Amp AC power controller delivered to NASA Manned Space-
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craft Center/Houston ; Teledyne P/K 673-10005. The block diagram {llustrat-
ing the functions is shom in Fig. 28.

PACKAGING

The 1 Amp AC power controller was packaged as shown in Fig. 29. An ex-
ploded view of the assembly is shown in Fig. 30. and the bottom and top cir-
cuit board assemblies ace shown in Figs. 31 and 32.

The 1 Amp AC power controller using hybrid-microelectronic assembly con-
cepts could be packaged as shown in Figs. 17, 20 and 21, where conceptual
packaging for the DC controller was {llustrated and discussed.

RELIABILITY
The rationale in arriving at predicted relfability s the same for the

AC controller as for the previously discussed DC controller. The failure
rate is shown in Table 4.
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TABLE 4. AC PONER CONTROLLER FAILURE RATE ESTIMATE
(failures per 10° Hours)

QrY COMPONENT FR SOURCE FR
2 Integrated Circuits @ .020 1 .040
16 Resfstors, Film ¢ .007 2 112
3 Capacitors @ .038 2 114
3 Diodes, Gen. Purpose@® .005 2 015
3 Transistors @ .010 2 .030
1 Triac 1.3 6 1.300
3- Optical Couplers 8 .20 6 .600
2 Retifier Bridges 8 .02 2 .040
100 Lead Bonds 8 .00007 3 .007
24 External Leads 6 .00005 5 .0012
2 Diodes, Zener @ .102 2 .204
1 Trassformer @ .200 2 .200

X

Substrate, Frame and Cover 4 .004
Total Estimated Failure Rate 2.667

Failure Rate Sources

See discussion above (Reliability, OC Controllers).

Normalized MIL-HDBK-217A Minuteman level failure rates.

Ultrasonic lead bond estimate based on Teledyne and industry data.
Best engineering estimate.

Welded termination estimate based on Teledyne and industry data.

. Industry normalized life test data.
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FIG. 28. FUNCTIONAL DIAGRAM AC POWER CONTROLLER
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F:G 31. CIRCUIT BOARD ASSEMBLY - BOTTOM 1 AMP AC POWER CONTROLLER
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FIG. 32. CIRCUIT BOARD ASSEMBLY — TOP 1 AMP AC POWER CONTROLLER
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TABLE 5. SPECIFICATIONS - 1 Amp AC Solid State Power Controller
Teledyne P/N 673-10005

[ REQUIREMENTS

TELEDYNE P/N 673-10005

Mechanical and Dimensional
Characteristics
Configuration
Dimensions
"Enclosure
Weight
Mourting Torque

see Fig. 29
See Fig. 29
Hermetic Seal
3.0 ounces max.
15 in. 1bs.

Thermal Characteristics
Thermal Resistance Case-to-Sink
Heat Sink Temperature
(Design Consideration)

0.5°C/W with specified mounting
torque
118°C, maximum

Electrical Characteristics

-54°C to +120°C ¢ <e temperature
unless otherwise specified

General
Terminal Arrangement
Insulation Resistance

Isolation
Between control and trip ter-
minals shorted and output ter-
minals shorted
Life (oparating cycles)
Radic [n.arference
Leakage Current
Power Dissipation
(maximum @ 25°C ambient)
ON" at rated load
“OFF"

Dielectric Withstanding Voltage

SPST (Normally Open)
100 megohms
1000 vAC (RMS)

1000 vAC (RMS)
106 mininum
MIL-STD-461

4 + j1I3 mA *

1.75 watt maximum
.311 watt maximum

® j13 mA leakage 1s due to dv/dT suppression network which appears as a capa-

citive reactanc. ian excess of 3C¢ @ 400 Hz.

Since a Tow power factor exists between this current and applied ve'ltage,
almost no power dissipation occurs either in load or controller output.




TABLE 5. SPECIFICATIONS - i Amp AC Solid State Power Controller (cont.)

Teledyne P/N 673-10005

' REQUTREFENTS

TELEDYNE P/N 673-10005

POWER CIRCUIT
Supply Voltage
Limits 1 & 6 of Curve 1 MIL-STD-704A
Current (Rated)
Frequency (Rated)
\oltage Drop
Rupture Capacity
waveform Distortion
Fail-Safe
Transients
Operating Voltage
Response
Turn-ON Time (from application of
control)
Turn-OFF Time (from removal of
control)
Trip-Free
Trip-Out Time
Non-repetitive Reset
Repetitive Resat
Trip Indication
Tripped

Not-Tripped
Zero Voltage Turn-ON
Zero Voltage Turn-OFf

124 vAC (RMS) maximum

98 vAC (RMS) minimum
1.0 Amperes
400 Hz 5%

1.5 vAC (RMS) maximum
400 Amperes Peak

125 vAC (RMS% or 6V Peak
[¢t = 1200 A< seconds

180 vAC (RMS)

2.5 mSec maximum

2.5 myec maximum
Applicatle
Applicable
Applicable
Applicable

Switch closed, .025 mA maximum
leakage

Current Sink, 0 to 160 wA
Applicable - half cycle control
Applicable - half cycle control

CONTROL CIRCUIT
Supply Voltage
Max imum
Rated
Turn ON Voitage
Rate of Change
Turn OFF Voltage
Rate of Change
Input Resistance

32 vDC

28 vDC

20 vDC minimum

.5 V/uSec minimum
5 vOC maximum

.5 V/juSec minimum
2.2 X ohms
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TABLE 5.

SPFCIFICATIONS - i Amp AC Solid State Fower Controller (cont.,

Teledyne P/N 673-100M5

REQUIREMENTS

TELEDYNE P/N €73-10005

CONTROL CIRCUIT (cont.)
Input Transients
Noise Immunity
Reset

Time to Reset (removal)

-'—J-

Applicable

Applicable

By removing and re-applying
DC control vo'tage

£ mSec minimum

100 mSec maximum

ENVIRONMENTAL CHARACTERISTICS
Case Temperature
Operating
Storage
Shock
Mechanical
Temperature
Vibration
Sinusoidal (operating)
G level
Frequency Range
Acceleration
Salt Fog
Humidity
Temperature Altitude
Operating Ambient Temperature
Altitude
Non-Operating Ambient
Operating Ambient
Altitude
Explosive Decompression

~54°C to +120°¢
-65°C to +150°C

40 Q‘s for 11 mSec
-54 ¢ to +120°C Anbient

15 G maximum

5 to 2000 Hz

100 G's
Applicable
Applicabie
Applicab’e

-54°C to +120°C
Sea level te 100 K ft.
-54'C to +120°C
-54"C to +120°C
.€5 to 15.4 psia
Not Applicable
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TEST RESULTS - i A~p AU Solid State Power Zontroller
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TEST RESULTS - 1 Amp A Sc'id State Power Controller (cont.)

Teledyne F'N €72-1000%
: TECUTREMENT
! T2eT NIL-P-81€52 SOSULTS
~
¢ BCWE< CIRgur™ {conrt.)
3 Frecuenly | aD7 Fz7 =5* | A1l Units OX i
: veitase Drog {
i ¢ lcad tc Rated 1.7 vEC {RMS) mas. Al Units €1.2 vAC [R¥S)}
. Ta17 33 4:: 7 arle Not Tested
: 2esoonse -
: Turr 2% Tire 1 oy 12 dx. L cycle max.
: Tura 3FF Time 1 cycle max. ¥ cycle max.
i Trip-Tut Tire
: Nin-rapetitive reset < SeC. max. <2 sec. all units
: Trio Indicztien
! Tarreat 3ink Metthoed .
i Tripped © Net Snecified Open Contact 0-32 vOC
i Nt Tripped Not :recified Current Sink 3-100 mA
5
i
v CORNTROL CIRCUIT (a1l units
: wnless specified;
X S5uopl) voltage 3.5 to £.0 vTL 20 o0 32 vDC
3 Turn 0N Voltage 1.5 vOC min. 20 vOC min.
! kate ¢ Change i .5 vOCiuSec =in. 2.5 vDC/uSec
i T. n OFF Joltage 2.5 vDC max. 5 +vDC max.
Rate o€ Chance .5 ¢vDC/uSec min. 2.5 vDC/uSec.

Time tc Reset 5 mSec min., 20 mSec max. | o mSec min., 100 mSec

i 1 max.
CONTROL INPUT TRANSIENTS (211 urits unless noted)

A single “se of plus and rinus 100 volt peak ampiitude and 100mSec duration

repeated 10 tires at J second intervals. All uritc tested satisfactorily.

A train of 10 pulses of plus and minus 100 velt peak amplitude and 100,.Sec .ra-

*von gacr, repeated 1T times at 2 second intervais.
Repeated above :ests tetween trip terrina’ aag rontrg. input return termizal.

4nits tested satisfactorily.
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A1l units tested satisfactovily.
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TEST RESULTS: 1 Amp AC Solid State Power Controller {(cont.)
Teledyne ™/'N 673-10005

TEMPERATURE TESTS /al® units urless noted)
The following ta2sts were made at -55
noted)

Insu” *tion Resistan. =
Dielectric Withstanding Voltage
[solat on

Leakage Current

Rated Current and Voltage (-55°C and +125°C)
Voltage Drop (-55°C and +125°C)

Control Circuit (-55°C and +125°C)

Reset Circuit (-55°C and +125°C)

C and +120°C (unless otherwise

On the above tests, all units tested satisfactorily.

Trip-Out under overload (-55°C to +85°C)

Note: Tke Triac chip that was used failed to tum off when an
overload @ 1250C was applied. The controller operated
satisfactorily to +859C under all overload conditions.
This situation can be corrected by using a power Vriac
chip of different characteristics.

TRIPOUT TIME CHARACTERISTICS
Tripout ties versus percentage of overload are shown in Figs. 33, 34, 25
and 36 for 3 prototype AC controllers.
Note: Where units failed to fall within the trip-out time versus over-
loas. this situation can be corrected by putting more effort on the
timing and shaping circuit controiling trip-out.

TEST CIRCUITS FOR AC POWER CONTROLLERS
The test ci.zufts for AC power controllers are shown in Fig. 37 and
Fig. 38.
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