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1.0

2.0

SUMMARY AND ILLUSTRATIONS

Eight (8) High Intensity Portable Fluorescent Lights were produced
under Contract NAS8-24527. Units Serial Numbers 006 and 007 were
spec1f1ed as Qualification units, S/N s 001 through 005 and 008 were
specified as flight units.

Three prototype lights were produced of which S/N's X1 and X2 were
subsequently updated to the physical ‘and operational configuration

of the qualification and flight units. These two units were not
required to meet the functional characteristics of the qualification
and flight units, nor to undergo the same tests, nor to meet the same
cleanliness requirements, as they were for use as training units.
However, the lamps in S/N's X1 and X2 are of flight quality. S/N X3
was used by the contractor for evaluation, tests, studies, and the
trial incorporation of modifications and changes. ‘

Also furnished were 17 spare lamp aésemblies, P/N 150189, and a number -
of spare mechanical and electrical components.

Light Units S/N's 003, 004, and 005 were shipped direct to McDonnell-
Douglas” Astronautics Co. All other shipments were to NASA, Marshall
Space Fllght Center, Huntsv111e Alabama.’ '

Positioning of lamp apertures and reflectors is such that the light is

 concentrated and intensified in a specific pattern rather than w1dely

dlffused

-Indlum amalgam control of mercury vapor pressure in the lamp gives:

hlgh output-at lamp ambient temperatures up to 105°C. A small amount
of amalgam applied to each electrode stem helps to obtaingfast’warm—up}

Shrlnking a Teflon sleeve on the tube and pott1ng metal caps on each
end of the lamp minimizes dispersion of mercury vapor and glass parti-

- cles in event of accidental lamp breakage.

. Operation at 20 KHz allows the lamps to consume more power than at low

frequency, thus increasing their light output and raising their efficiency.

When used to expose color photographlc fllm,llght from the 1amps produces'
results approximately equal to sunllght

‘GENERAL

The contractor produced eight (8) High Intensity Portable Fluorescent. .
Lights, P/N 150200, Serial Numbers 001 through 008, of which S/N's 006
and 007 were assigned as qualification units, and the remdinder as

flight units. Three prototype or experimental lights, identified as

S/N X1, X2 and X3, were produced for the .developmental program. Two

of these (S/N's X1 and X2) were subsequently updated to be physically

__and operationally the same as the fllght units so that they mlght be



2.0 GENERAL (Continued)

used for operational and handling training. The lamps used in -
S/N's X1 and X2 are of flight quality. ‘

EaCh.light is composed of two independent lighting subsystems,
each capable of two levels of intensity, and controlled by
independent 3-position toggle switches.

Safety, reliability, ease of operation and of héndling were paramount
considerations in the design of the lights.

With the exception of the fluorescent lamps themselves, parts and
assemblies were designed by the comtractor. Since he was not

equipped or staffed to fabricate or finish-the mechanical, structural,
or electrical compoments, these parts were subcontracted to approved
vendors who were capable of producing the specific item, or performing
the specific function to the quality required. Subsequently, IOTA
assembled the parts and components into the finished product which was
then tested, packaged, and shipped.

Tests were performed on all units to verify proper continuity, and . on
the flight and qualification units to assure required insulation -
resistance, freedom from corona discharge, and to determlne power
.consumptlon,llght distribution and 1nten51ty

Lights S/N's 003, 004 and 005 were shipped direct to McDonnel-Douglas
Astronautics Co., Huntington Beach, California. All other lights were
shipped to NASA, Marshall Space Flight Center, Huntsville, Alabama.

3.0 DELEGATION

NASA Delegation No. PR-M-24527 assigned to Defense Contract Administration
Services, Phoenix, the authority for contract administration, quality

and reliability assurance, and production, engineering support and
transportation management. '

4.0 QUALITY

Quality requirements for the contract were specified by NASA Quality
Publication NPC200-3, "Inspection System Provisions for Suppliers of
Space Materials, Parts, Components, and Services," (April, 1962 Edition),
also by subsections 4.1 and 4.2.1 of NASA Quality Publication NPC200-2,
"Quality Program Provisions for Space System Contractors,” (April, 1962
Edition), and also by NASA Reliability and Quality Assurance Publication
NHB 5300.4(3A), "Requirements for Soldered Electrical Connections,"

(May, 1968 Edition). '

The contract office approved an IOTA-prepared 'Quality Control Plan
for Contract NASS 24527" based on, and complying with, the above documents.



4.0 QUALITY (Continued)

After notification of approval, quality operations at IOTA complied
with this plan, and assembly of the two qualification units and the
six flight units, as well as modification of:S/N's X1 and X2, was
accomplished in accordance with it. )

4.1 Certifications and Test Data

For Electrical components, the IOTA purchase order specified that

the vendors would furnish certifications as well as any appllcabie
test data.,

For mechanical and structural components, the IOTA purchase order
L specified that certifications of materials, processes, and other
applicable features be furnished.

4.2<.Inspection

One hundred percent inspection by the subcontractor, and- also
_IOTA source inspection was applied to all parts made and services
rendered by a subcontractor. Government source inspection applied
to any parts or services where it was so: specified by the DCAS
Quality Assurance Representative. IOTA purchase orders specified
“these requirements when they applied. :

4.3 “Calibration

Periodic calibration, traceable to the National Bureau of Standards,
was required at IOTA and at all subcontractor's facilities for all
measuring tools and equipment and for all test control equipment.
Calibrated equipment was marked with the date of calibration, and
the date on which recalibration was due. When certificates were
furnished by the calibrating organlzatlon, they were retained as
part of the calibration records.

4.4 In House-Inspection

No I0TA-owned or employees' personal measuring tools or equipment
were used for inspection. These functions were all performed at
the subcontractor's facilities. Inspections made at IOTA were
confined to assembly operations and process, the electrical tests
of purchased components, and tests performed on the end items.
Inspection instruction sheets were prepared for subcontractor use
for parts and non-standard, non-proprietary services, as well as
those applicable at IOTA. Test instruction sheets were prepared
for use at IOTA. ’

5.0 - VENDORS

The nature of the end item, the large number of components invoived,
‘and the necessity of depending on subc0ntra§tors made mandatory the
careful selection of vendors. To this end, an Approved Vendor List



VENDORS (Continued) !

was established, based largely on a history of reliability and
quality of their products, and on their ability to meet delivery
schedules at reasonable prices. Where such history was not readily
available, quality surveys of the facilities of the prospective
vendor were performed. The records of these surveys are part of
the contract historical records.

5.1

5.2

Electrical and Mechanical Components

. Wherever possible, high reliability electrical components were

chosen. Often such parts were available from only one vendor.
Where standard off-the~shelf items were used the choice of

vendors widened. However, in all cases IOTA purchase orders
specified that certifications be furnished, and where test data
was available, it, too, was required. Receiving inspection tests
were performed on electrical components to verify their conformance
with vendor specified characteristics.

Mechanical or structural components were subcontracted to the veandor
considered best equipped to produce the part and provide the necessary
associated services. Where two or more subcontractors were available,

capability of meeting the delivery schedule at reasonable cost
became a deciding factor. Purchase orders specified that the veador
must supply certification of all materials and processes applicable
to the part. o : o : '

Certifications received from the vendors of electrical and mechanical
.components are part of the contract historical records.

Lamps

. Lamps used in the High Intensity Portable Fluorescent'Light

are unique. A search for lamps with the desired characteristics
established that the supply must come from.a single vendor; the
Westinghouse Electric Corporation in Bloomfield, New Jersey. This
vendor was able to furnish lamps of small size and weight to the
specified power rating. The lamps also incorporated a phosphor
producing light whose gpectral energy distribution was such that ..
its effect on photographic color film very closely approximates

the effect of sunlight. A clear aperture the length of the glass
‘tube and nominally 60° of its circumference was left in the phosphor
to provide a window of increased light intensity. The lamps contain
a small quantity of indium amalgam to assist in control of the
mercury in the glass envelope. A problem arose wherein vendor

test results did not correspond with IOTA values of light measuie-
ment. IOTA persomnel carried lamps and test equipment in use at
IOTA to the vendors laboratory and were able to resolve the diffi-
culty to the satisfaction of all involved. Improved processes and
controls by the vendor ultimately resulted in replacement of the
lamps originally supplied with improved items for the 10 light
assemblies. and for spare lamps furnished under the contract.

v
1,



5.3 Transformers and Inductors_

6.0

L. _Provide ease of operation_and handling. _

Fabrication and tests of inductor and transformer assemblies

was subcontracted to a single vendor. His deliveries to the
original ‘design showed erratic and inconsistent operating
characteristics. X-rays and sectioning of assemblies indicated
cracks in the cores, which were felt to be causing the difficulties.
The cracks were believed to occur during the thermal shock tests.
A minor change was introduced creating a .020 inch gap between the
ends of the center posts of the two core halves, the method of
internal support was revised, a different type of potting compound
was used, and the potting procedures were changed to leave a small
air bubble inside the housing. Assemblies incorporating these
changes did not exhibit the erratic and inconsistent performance
characteristics. The vendor performed all inspections and tests -
on the assemblies, and furnished data on all items accompllshed

as required by’ the purchase order.

- Inductors and transformers used in the 10 light assemblies are of
this latter 1mproved configuration, as are the spare transformers.

END ITEM OBJECTIVES

'Desigh of the light to provide the maximum reliability and'éfficiehc&,'

at the same time sought to satisfy the following specific requirements:

A. Minimize the cost.

B. Minimize the weight.
C. Minimize the size.

D. Use of minimum number of electrical and electronic componénts.

E. Simplified package design.

F. Provide'fail—safe ballast design.
G. Closely approach the specified power input.
H. Provide maximum light output for size and péwer input.

I. -Offer minimum EMI and RFI.

J. Operate the inverter at 20 KHz or higher.

K. Provide maximum touch temperature of 105°F.



END ITEM DESCRIPTION

The High Intensity Portable Fluorescent Light consists of a single
package, approximately a rectangular box in shape, containing two
independent lighting subsystems, each with a high and a low (bright
and dim) operational mode, controlled by a three position toggle
switch.

The structural housing is completely surrounded by a wire cage (or
thérmal barrier) to prevent the operator inadvertently touching the
moderately warm case. At the rear of the top of the thermal barrier
is access for operating the control switches. At the back of the
light unit a folding handle protrudes through the barrier. This
handle is locked in the open operating position, or in the folded
stowed position by a rod seating in detents and actuated by a thumb
push button. The power connector lead comes out the lower side of the

electronics housing and terminates in a Zero-G connector.

The electronic housing which forms the back section of the light unit
contains the electronic components mounted on metal chassis held in
place with screws. The housing is a rectangular pan-with two long
sides converging slightly toward the bottom of the pan (the back of

-the light unit). The open side of the pan attaches to the back of

the lamp hou31ng with screws.

The 1ampvhou51ng is a shallow rectangular pan at whose front, or open

side, are mounted the four lamps and.the reflector frame. Lamps are

-mounted so that their aperture coincides with the four slots. in the

reflector frame. Ends of the slots are rounded and hlghly polished.
Sides of the slots are flat surfaces which have a wide included angle

of taper at the bottom adjacent the lamps, changing to a narrow included
angle of taper less than half the distance from the lamp to the edge

‘of the slot. Highly polished and optically coated reflector strips

are bonded to these tapered surfaces. Except for the reflector slots
all external surfaces of the structure are black anodized to .assist
in heat dissipation.

To prevent free release of mercury vapor and of glass particles in
event of accidental lamp breakage, a tubular Teflon sleeve is shrunk -
over the entire length of the glass tube. The shrinking process is
very carefully controlled in order to minimize detrimental effects on -
optical and light emission properties of the lamps. Metal end caps
are mounted on each end of the lamp; the leads passing through hollow
terminals in the cap, and are soldered to them on the outside.  To
contain mercury vapor and glass particles, the end caps are filled
around the end of the glass tube with a resilient potting compound.

The thermal barrier is of welded wire construction, divided into a
forward and rear unit joined by screws. The barrier is secured by
screws - to stand-offs to the light unit. Wire and sheet surfaces on
the inside of the barrier are gold plated to reflect heat back to the

e



7.

END ITEM DESCRIPTION (Continued)

surfaces of the light unit and minimize radiated heat absorption.
The outside surfaces are dulled by sand-blasting to help dissipate
the heat, thus reducing the touch temperature

7.1

Materials & Finishes

Choice of materials was limited to those which possessed. the
required physical properties and offered the maximum resistance
to deterioration. In general, metal parts are 6061 aluminum
alloy. Lamp end caps are brass to permit proper plating and

to allow soldering. The thermal barrier is corrosion resisting
steel wire with welded joints, with corrosion resisting steel

_mounting.and._joining plates. Heat shrinkable Teflon tube. is
_'QﬁﬁduﬁgIHSleeveS at wire-to-component terminal connections,
A andwfor.sleeving the basic lamp tubes. Wire is Teflon insulated.

" Finishes were chosen for their resistance to abrasion and their
- lack of a tendency to flake, chip, or powder. Aluminum parts are

either black anodized or.treated with chemical coat per MIL-C-5541.

" Lamp end caps are nickel plate over copper plate on the brass parts.

Finiéh on the polished aluminum reflector strips was chosen solely

for its optical properties, and while hard, is nevertheless subject
~to damage through mishandling. This finish is a proprietary process,

identified as Denton FSS-99, of Denton Vacuum; Inc., Cherry Hill,

’_ New Jersey. Corrosion resisting steel parts are passivated to

7.2

remove free iron from their surfaces. Gold plate was chosen for

the thermal barriers and switch guard plates because of its heat
reflective characteristics. Bonding, coating, and potting materials
were chosen from the list of acceptable materials in MSFC publication
50M02442, Revision K, "ATM Material Control for Contamination Due

to Outgassing." '

Generally, the electrical compoﬁents_chosen,were those listed in MSFC
publication 85M02716, Revision B, '"Preferred Electrical Parts List
for AAP." 1In the case of fabrication of special components, such

.as the inductors and transformers, conformance was spec1f1ed w1t1

applicable sections of MSFC publication 85M02715, Revision C, -
"Electrical Parts Selectlon and Control Requ1rements for Apollo
Applications Program (AAP).

Operational Features

The light unit is nominally rated for 26.5 VDC input, but for
operation of the fluorescent lamps the special inverters in the
electrical system change this to high frequency AC.

- The power connector cablé -terminates in a Zero-G type comnnector

which permits the operator *to hook-up to the power supply cable
with the use of only one hand.



7.

2

Operafional Features (Continued)

.Switches are conveniently grouped on the top of the electronics

housing at the rear of the light with their functions clearly

‘marked. Guard plates are secured to each actuating toggle lever

to help dissipate any heat that might otherwise concentrate there.
The guard plate is gold~plated on the side next to the housing to
reflect heat back into the housing on the flight and qualification
units. On units X1 and X2 the plate is polished aluminum on the .
housing side. The switches provide for operating each lighting
subsystem either separately or simultaneously in either low (dim)
or high (bright) modes, or either subsystem may be operated 1n
high mode with the other in low.

1f the llght ‘overheats, a thermostat in one of the two subsystem
circuits interrupts the power in one system only. Restart of de-
.energized unit will no occur until the temperature has dropped to

an acceptable 1eve1.

The .individual lamps contain an indium amalgam to assist in con-
‘trolling their internal mercury vapor. . Gas charge in the lamp is a
mixture of neon and argon. The internal coating does not cover the

.entire inside surface of the lamp tube. Rather, it is controlled to
leave a clear window of nominally 60° of the circumference along the

- entire length of the lamp; providing a greater illumination intensity

_from_that area. A Teflon sleeve is shrunk over the full length. af

the lamp and a metal cap is potted on each end to prevent or minimize
escape of mercury vapor and of glass particles in event of acc1dental
lamp breakage. /

The first experimental lights used bare polished aluminum as the
reflector surfaces. However, the two qualification and six flight
units have reflector strips bonded to the sides of the slots in: the
reflector frames, the rounded ends of the slots still being bare
polished aluminum. The alumlnum sheet reflector strips are -ground
and polished by optlcal procedures to provide maximum reflectance,
and are then coated with a hard optical finish. Units X1 and X2
were subsequently changed to this configuration. '

A folding handle that locké in two positions (bpen:and'closed) by
a thumb pushbutton actuated detent allows the operator to ‘hold the
light in any chosen position with only one hand. :

Special adapters on the four sides of the light prbvide fdrrmounting
‘a camera on the unit in the most convenient location. The light
may also be tripod mounted through these adapters. :

The. thermal barrier which completely surrounds the light (with

exception of the folding handle) assists in dissipating the heat
load but does not itself reach the 105°F maximum.allowable toucth
temperature. This barrier has a sand-blasted finish on exterior
surfaces and a gold plate finish on interior surfaces. Its sole
purpose is to protect the operator from the hot surfaces of the



8.0

7.2 Operational Features (Continued)

~ housings and reflector with minimum weight material. It is not
primarily intended for protection of the light in event of mis-
handling, such as dropping the unit.

DOCUMENTATION

Reproducible drawings completely define the light unit assembly,

all subassemblies, and all detail parts. Assembly. instruction
sheets, inspection instruction sheets, special process instructions,
test procedures, and test instruction sheets provide information for
all operations. Data from in-house testing is recorded on appropriate:
data sheets. Parts and materials were obtained by purchase orders
which established requirements for submission of certifications and

' test data. Stores records provide information of receipt of parts
- and materials, and also requisitions of parts and materials for

assembly operations. -Records were kept of environmental conditions
within the assembly area. Quality Control History Records for each

~light ‘unit provide historical data for the individual units as well as

its components, and also contain shipping records. Records also include
data on receipt of Government Furnished Equipment ard materials, and

its use or d15posxt10n. Assembly personnel certifications were alsc
retained. ' '

8.1 Drawihgs ' : - ' v o

Complete assembly and detail design drawings are on vellum
reproducibles of standard size and format, and are prepared in

" accordance with MIL-D-1000, Category F, Form 2. After initial
release of the drawings, all changes were submitted for customer
approval on MSFC Form 390-4, "Contractor Drawing Change Request,"
and no changes were incorporated prior to receipt of- approval.

8.2 Test Procedures

Specific test -procedures were prepared detailing equipment required,
electrical connection information, and the specific tests to be
‘made. The procedures covered insulation, corona, and continuity
tests, and also the detailed acceptance test for the assembled -
light. They included data sheets for recording the 1nformat10n
obtained. :

8.3 Processes

Most of the processes applied to parts and assemblies were performed
by qualified vendors or subcontractors in their own facilities,
according to their own established or licensed procedures. The only

....... .-processes performed at 10TA were soldering, potting, bonding, Teflon
shrinking and conformal coating. -Soldering was done in accordance

with NASA publication NHB 5300.4(3A), and the affected IOTA personnel



8.3

8.4

Processes (Continued)

were certified at a school held in the Motorola facilities in
Phoenix, Arizona. Detailed process instructions were prepared
covering all phases of the potting, bonding, and confarmal
coating procedures, and affected personnel were certified after
test by DCAS representative.

Handling and Operation Manuals

The handling manual for ground procedures details requirements
related to unpacking, inspecting and ground testing the light
unit so as not to compromise the cleanliness characteristics to
which it was built. Pre-launch operational restrictions are
also detailed. The manual also includes a reminder that all
operational use should be recorded in the log book which
accompanies the unit.

The operationel use handbook describes the mechanical and electrical
characteristics of the unit; provides set-up information; the

- operational sequences for starting and shutting down the light;

special usage information; and also information on stowage and’

. life characteristics. Operational constraints are llsted, and a

sectlon is devoted to malfunctlons and trouble—shoetlng

ASSEMBLY

The light units were assembled at the IOTA facility, 1735 East Fort

Lowell Road, Tucson, Arizona. All parts, components, and materials
were gathered at this location and were wired and assembled to produce
the finished product.

9.1

Facilities

IOTA facilities at the above address did not orginally contain
sufficient space to permit proper. controls for the assembly of

the unit- -with associated needs for storage for accumulated parts
and materials, and for testing. A 12 foot by 50 foot Mobile Office
Unit (trailer) was therefore leased and set up adjacent to the IOTA
permanent facility. The trailer contained a partition dividing .it
into two rooms, the larger approximately 12 x 32 feet, the smaller
approximately 12 x 16 feet. A door in the partition joined the two
rooms. The small room was contiguous to the heater enclosure and.
lavatory. The large room was used as the clean room for assembly
and test operations, -and the small room as an ante-room to the clean
area. In it were kept clean room clothing, test equipment, files,
and office equipment and supplies. Addition of shelves in the
lavatory made possible its use as a storage area as no plumblng
facilities were connected Fire extinguishers were placed in the



9.1 Facilities (Continued)

two large rooms. Originally, butane was used for heating, but
with institution of the 100,000 class clean room requirements
it was necessary to seal off the heating unit to permit

- pressurizing the assembly area. Thereafter, heating was accom-
plished by thermostatically controlled floor type electric heaters.
An air conditioning unit prov1ded necessary cooling durlng hot
weather.

9.1.1 Environmental Control of Assembly Areas. The large room
in the trailer was established as a Class 100,000 clean room as
defined by MSFC-STD-246A (cover leaf of Fed. Std. 209a). The
door from the large room to the outside was locked, to be used
as. an emergency exit only. Entrance to the trailer was possible
‘through the ante-room only. '

The door joining the two rooms was closed at all times except
during passage of personnel between areas. Windows and cracks
were sealed and a blower was mounted on the partition.in the small
' -ante-room dlscharglng air to raise the pressure in the assembly
area. Sealing the windows and cracks in the assembly area made it
- possible for the blower to achieve more than .05 inches of water
pressure differential. ' s

Thermostatic controls on the heating and cooling units kept the
. assembly area between 68°and 78 °F. No attempt was made to control
‘humidity, but in eight months of recorded observation, the highest
value of humidity reached was 55 percent and that on only two’ days.

Access to the assembly area was limited to those persons performing
necessary assembly, test, and quality functions. All persons in

the area wore clean room smocks and caps. A vacuum cleaner was
located in the ante-room to remove street dust from shoes and clothing
before entering the clean area. : :

' .Ait samples were taken at least three times a week, and dust counts
were performed to verify that the area was in compliance with Class
100,000 requirements. A glass view panel in the door to the clean
area helped reduce the need of frequent pass1ng between rooms‘

9.1.2. Laminar Flow Work Station. Assembly and wiring.of the

lights was done on a horizontal laminar flow work station manufac-
tured by Edcraft Industries, Inc., Linden, New Jersey. - Nameplate '
identification is Model BHP 1045, S/N 1007. This unit has a catalog
rating of 1250 cfm of air at 100 fpm velocity. -High Efficiency. '
Particulate Air (H.E.P.A.) filters listed as 99.97% efficient on 0.3
micron particles are used as final filters on this unit. The unit
was in operation when Class 100,000 clean room practices were insti-
tuted, and operated continuously. Operation was.discontinued when all
‘clean room practices ended with shipment of~the last 1light -unit~

11
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9.2 Personnel Access and Control

Although all IOTA personnel were familiarized with the clean
room practices and requirements, only the minimum number of
regular operators, supervisory and service personnel were
allowed access to the clean room. Any special requirements for
personnel were handled on a temporary basis. All others than
those regularly assigned to the area were required to sign an
entrance-exit log, and to be accompanied by a regularly assigned

. employee at all times.

Soldering -and inspecting of soldering was done by qualified and -
certified personnel. Bonding and conformal coating and inspecting
was also done by qualified and certified persomnel. On rare
occasions special skills were required and special tasks were per-
formed by qualified personnel on a temporary basis. Authorized
visitors were admitted when occasion required.

9.3 Assembly Operations

_Bonding of reflector .strips to reflector frames, of capacitors to

chassis, and of potting end caps to lamps was done in the clean
room, but not on the laminar flow work station., Dependent on ‘its
nature, some conformal coating was applied with the light unit on
the laminar flow station, some was not. A chemical beam scale was
used to weight out the proper proportions of the various compounds.
De—-aeration of the mixed compounds was accomplished using a bell
jar and a vacuum pump. An electric oven in the clean room was used
for curing as required. '

Mechanical assembly of components to chassis, of the chassis to
one another, and of lamps to the reflector frames was not
ordlnarlly done on the laminar flow station. However, in all
cases wire preparation wire routing, soldering, and sleeving were
done on the laminar flow station. After completion of wiring, the
assembly of reflector frame and lamps, the wired chassis, and the
housings were assembled on the laminar flow statiom.

Immediately prior to c1051ng the unlts, the interior of the housing,

.chassis, . lamps, and back of the reflector frame were cleaned using

..approved solvents, and the surfaces inspected using a high intensity

ultra-violet spot light. Assembly of the handle and of the thermal
barrier to. the light was not generally done on the lamlnar flow
station.

Quallty survellléﬁce was continuous with inspection occurlng as

and where the particular operation was performed. Inspection
instruction sheets were available at all phases of assembly, and
inspection acceptance.or action was noted on them. Nonconformances
were presented for Material Review Board action. Deviations were
submitted for customer approval before disposition was made.
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9.3.1 Product Cleanliness. Cleanliness requirements for the
light are established by Paragraph 4.3 and related subparagraphs
of MFSC publication 95M11360, Revision A, 'Materials Processing in
Space Experiment M512/M479 Environmental and Cleanliness Control
Plan." Methods and materials specified therein were used for the
cleaning operations, and inspection complied with Paragraph 4.3.3
and related subparagraphs.

Cleaning of the lights was accomplished in three phases, the firse
being the internal cleaning noted above. The second phase was
cleaning the exterior of the housings and lamp reflector after

they were assembled. Immediately after this cleaning the thermal
barriers and the handle were installed and all tests and inspec-
tions were performed. The third cleaning phase was performed after
all operations were complete and immediately before wrapping the

unit in anti-static nylon film and sealing it 1n polyethylene ‘bags
for shipment.

TESTS

Tests were conducted at appropriate and timely points in the fabrication

of the light units. These varied from receiving inspection test of
electrical components to the final acceptance test of the particular

.11ght unlt

"10.1 Receiving Inspection Tests

'To establish confidence in .electrical components prior. to
incorporating into circuits, appropriate confirming electrical-
"and functional tests were performed. Switches, thermostats, - v
transistors and other items were subjected to tests that verified
their conformance with the required electrical characteristics,
and the proper functioning of the component. Data obtained from
these tests is part of the historical records of the contract.

10.2° Insulation, Corona, and Continuity Tests

"Continuity was verified at various levels of assembly. One

source of verification was visual conformance with the wire "
running list, IOTA Document No. 150224. A second verification

was visual conformance with the "Terminal Connections Verifica-
tion List" which is included in the QCHR for each partlcular light.
.Electrical tests for cont1nu1ty were performed at the level of*
assembly where accessibility best permitted it. Further electrical
continuity tests were performed in accordance with Paragraph 6.4 of
IOTA Test Procedure No. 150231.and the data obtalned is a part of
the QCHR for each particular light. .

The insulation resistance test was performed in accordence'with
Paragraph 6.3 of 150231 and the data: obtalned is also a - part. of
- the QCHRfor “each particular- 11ght.“”i“ T T :

The corona test was performed in accordarce with Paragraph 6.5 and
related subparagraphs of 150231 and the data obtained is also a
part of the QCHR for each pariticular light.

13



11.

12.

14

10.3 Acceptance Tests (Including Vibration)

The acceptance tests were performed in accordance with IOTA
Acceptance Test Procedure No. 150232. The test not only’
~verified proper control and functioning of the light but also
verified its ability to withstand specified vibration inputs.
The electrical tests verified warm—up and stabilization charac-
teristics, and power input requirements. Light brightness.and
color temperature were determined, and light distribution patterns
. were developed. Data obtained from these tests is a part of the
QCHR for each particular light. .

PACKAGING, PACKING AND SHIPPING

Prepackaging, packaging, packing, marking, handling, and shipping met
the applicable requirements of MSFC publication 95M11360. The final
boxed item was designed to protect.the light against the environment
specified in Paragraph 4.7.3 of that publlcatlon

- Immediately after the f1na1 cleaning operatlon, the finished light was

inspected to visibly clean under both white and ultraviolet light. It
was wrapped with antistatic nylon film and closed with tape. Env1ronmental

.cleanllness integrity seals were applied by the DCAS representative, the
-unit was placed in a polyethylene bag which was then purged with dry

nitrogen, evacuated and heat sealed. Required labels and marklngs.’
were placed on this bag. The specified amount of desiccant and moisture
content indicator were taped to this package, and the package was placed
in a second polyethylene bag whlch was then evacuated and heat sealed.

’
The bagged light was fitted snugly into a corrugated board box con—
taining rigid foamed sheet dunnage. The box was sealed with pressure
sensitive filament tape, the required labels and markings applied, then
placed in a second corrugated board box in which it was sSupported by eight
corner pads of flex1b1e polyurethane foam. .

Items spec1f1ed to comprise the data package for the llght were placed in
a. polyethylene bag and taped to the top of the inner box between the corner
pads. A single piece of interlocking type of flexible polyurethane foam
was placed with its smooth side against the data package bag, its fingers
pointing up, the box was closed and sealed with pressure sensitive fila-
ment tape. Applicablé identifying labels and markings were applied to. this

‘box. Addition of shipping labels then completed the preparatlon for air

shipment to the customer.

SPARES -

Spare parts as such were not a necessary item in the concept of the light
unit package. However, some purchases were made in anticipation of
possible failure of some components. The wisdom of this action was
demonstrated as extra part needs arose during final assembly operatioms.
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14.0

15.0

16.0

Lamps were an exception, and a specified number of these were included
in the contract. After completing assembly of the flight article,

lights residual components were shipped to MSFC for possible use as
spares.

TEST DATA

Test data for each particular light is contained in the applicable
QCHR as noted in Paragraphs 10.2 and 10.3 of this report.

INVENTORY

An inventory will be performed and recorded‘covering all contract
items at IOTA. This hardware and equipment will be held at IOTA:

-pending disposition instructions from NASA.

FINANCIAL

A final statement willvbe submitted with the final contract invoice.
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List of MaJor Subassemblles for High Intensity Fluorescent

Appendix 131

L1ght P/N 150200

150159 Barrier, Thermal - Forward
150160 Barrier, Thermal - Rear

150167 'Assembly Inverter and Corntrol Chassis
150184 Mechanical Subassembly
150185 - Electrical Subassembly .

150189 Lamp Assembly

e g
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150185
40M37764-9
95M10102-3
95M10102-9
NB7H-14-15PN
ZG6E1717-6PA

150167
150202-3
150202-4
95M10142-7

" M39003/01-2661

'RER65F8RO6P
RER65F33R2P
RER65F56R2P
RER65F1001P
SIN1204A
S2BLH-8-91B
S2GH-3-58B
52N5539-5
SCTM684VBJ
WM2DM20D202JP10

WM2DM30D682JP10
WM2DM43D333JP10

150189

150223

150208
M39003/01-2661

Appendix II1I

Electrical Component Usage List

Electrical Subassembly

Switch, Toggle, on-off-on

Switch, Toggle, (Power) on-on
Switch, Toggle, (Reset) MOM
Connector, 15-Pin Male (Deutsch)
Connector, 6-Pin Male (Bendix)
Assembly Inverter & Control Chassis . -
Tranaformer (IOTA)

Transformer (IOTA) _
Thermostat (Open 160°F, Close 270°)
Capacitor... 15 mfd, 75VDC (Kemet)

. Resistor, 8.06 ohm, 10 watt (Dale)

Resistor, 33.2 ohm, 10 watt (Dale)
Resistor, 56.2 ohm, 10 watt (Dale)
Resistor 1 k ofm, 10 watt (Dale)
Diode, Rectifier (G.E.)

Relay, 2A, DPDT (Potter & Brumfield)
Relay, 10A, DPDT, (Babock)

" Transistor (Solitron)

Capacitor, .68 mfd, 200 VDC (Dearborn)

00WV5CR Capacitor, 2000 pf,

. 100 VDC (Elmenco)

O0WV5CR Capacitor, 6800 pf,

' 1000 VDC (Elmenco)
00WV5CR " Capacitor, 33000 pf,

1000 VDC (Elmenco)
Lamp Assembly (IOTA)
Chassis Assembly, Inductor
Filter, Inductor (IOTA)
Capacitor, 15 mfd, 75 VDC (Kemet)
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APPENDIX IV

OPERATIONAL USE
HANDBOOK, 150302,
FOR
HIGH INTENSITY PORTABLE
FLUORESCENT LIGHT
'CONTRACTOR'S 'PART NO. 150200

CONTRACTING AGENCY:

CONTRACT:
CONTRACTOR:

I

PREPARED BY: Robert W. Bushroe

aPROVED BY: &S T Zelell .

George C. Marsnall
Space Flight Center
Huntsville, Alabama
NAS8-24527

I0TA ENGINEERING, INC.

1735 E. Fort Lowell Rd.
Tucson, Arizona 85719

Date: 20 July 1971
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III.

FUNCTIONAL DESCRIPTION

A,

42

General Description

The light consists of two separately controlled systems, No. 1

and No. 2. Each system operates two fluorescent lamps in a
#eries coﬁfigurationf A transistor inverter in each gys;em
changes the DC inﬁut power to 20kHz AC for the lamps. antrol
switches and relays provide local control fo? each systeﬁ. VA
test receptaéle (J2) provides access to the coﬁtrol circuitsu

for remote operation during bench testing. (This function.

"will not be used in flight.)

The lamps and inverters are housed in an aluminum structure

which serves as the radiating cooling surface. A wire thermal

 barrier provides a cool surface for the agstronaut for handling.

A foiding handle is available to assist in handling or aiming

the light.

Brackets on the side of the structure accept adapters for the
MSC universal support bracket, and a l—foot—long pigtail cable
mates with a separate power cable for input power. The connsctor

is a Bendix Zero-G type, with an operating toggle lever.

The light be;m is opticallylcontfolled to provide a bean

Pattern suitable for the anticipated photographic tasks. . -Each
lamp is individualiy jacketed with a‘Tefion sleeve and end—cépped
to retain mercury vapof and glass splinters in case-of glaés'.

Breakage. The lauwps are recessed in slots within the reflector

structure to provide mechanical protection.
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Functional Circuit Description —~ Power Input and Logic Control Sections
The power input section of the’ light serves to distribute power to
the logic and inverter sections, provide RFI attenuation and reverse

polarity protection. Main power enters through connector Jl.

" Positive power connects with capacitors Cl/C2 and inductor L1 which,

in conjunction with the inverter input capacitors €301 - 306 and
C401 - 406, comprise a pi network filter for RFI suppreséion. ‘The
negative power line connects through diode CR1l which provides a

reverse polarity protection for the unit. .Spacecraft ground enters

‘and connects to the ;hassis and body of the light through Jl; At

the inductor Ll output, positive power is~ dlstributed to chree

points: the main control swltch 56 System 1 main power relay KlOl

‘and Syétem 2 main power relay K201, When S4 is placed-in the "ON"

position, it allows power to pass to the system control switch

- wipers of S1 and S2. Control switches S1 and 52 are three-position

switches which control power to the energizing.coils of the respeccive

‘ System 1 and System 2 relays. In the "STANDBY" cond1t1on of Sl

and S2, no felays are‘energiZed. When Sl (82) is moved to the
ﬂHIGHﬁ éosiiion, K101 (K201) is energized through onme set of
contacts,allbwing main power to pass té the inQerte;, .Thétoﬁerated'
coil of relay K102 (KZOZ)-is also enérgizediﬁhraugh the other set
of contacts, providiné'bypass of the inverter base éir;piiiiesistér
R304 (R&OA) and bypass of the in&ertex secondary bdllast;capaéﬁtor
c307 (C407).through two‘. separate relay contact- sets, effécting .

"HIGH MODE" operation of the lamps. With S1 (S2) in the "LOW"

position, K101 (K201) and the reset coil of K102 (K202) are - - —- ~——

energized. K101 (K201) again supplieé main power to the inverter
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while the componeptisSOA (R404) and €307 (C407) are now allowed |
to operate functiomally in the inverter circuit, effecting "LOW
MbDE" operation of the lamps. 4Note that in moving between any
two operational modee the main inverter pewer'is interrupted,
avdiding any high voltage switching problems éssociated with

bypassing the ballast capacitor C307 (C407).

,15 syetem 2 only, a thermal cutout system is 1ecorporated. . Upon
‘overheating of the unit*, thermal switch S2 closes, energieingA

the operate coil ef K203. This can occur only ;hen K201 is.
energized, 1.e., System 2 is on. The contacts of K203.open, :
temoving the negative side power of relay K201 and in turn removes

| power from S3 and K203, ahutting off System 2. ThiS comprises a_.
so-called thermalvpfotection ciiduit. The circuit is reset by
.operatiOn of thermal‘p?otection switch,SS,eto the "RESEf" position.
This energiées the reset coil of K203, restoring the ﬁegative-power
return path'for K201. .SS is a momentary operatiOn switch ;o.thae

~ a permanent disabling of the thermal cutout is not possible.

The’switching logie is desiéneﬁ tovoperate.the lamps in the
rapid-start md&e. Arc power is applied gimulﬁaneously'with fila—
ment heat, and filemeng heat is on whenever tﬂe inverﬁer>is
operating. The arc voitage is not high enough :oAstfikeethe'are

until one or both filaments heat up (each lamp).

C. Functional Description of Inverter Sections
With a nominal 26.5 VDC appiied through operation of the logic

unit, R301 biases the base of Q301 through R302, R303, and N2

* Thermostat cloelng temperature is nominally 270°F (130°C) “Thermostat
- reopens at 160°F (70°C). - ’
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winding (fgedback) of T301. Q301 turms on, lett;gg current
flow through the primary of the transformer (N1 of T301).

Once oscillation has started, the filament windings N4, NS,

and N6 provide current to keep the filaments heated independent

of arc current. The two filaments which are at the common arc

point between the two lamps are driven in parallel by one winding.

Filament heat and arc power are applied simultaneously to the

- lamps. As current is established in the lamps, the oscillator

shifts downward in frequency and the voltage across the secondary,

N3, drops to the operating level. At the same time the filament

voltages drop a corresponding amount.

The high voltage required for starting the lamps is provided by

thevflyBack\actidh of the transformer. After the lamps are lit,

the operating voltage is only about 20 pgrcent of ﬁhe open.circu
voltage. Tﬁe action of the base drive.components'R302{ R303'and
C309 are aé fﬁllows.A_R363 seryesAthe purpbse.of base cufreﬁt
liﬁi:atidn under driven half cycle} 0309 is'a s?eed?up capacito
whiph initiates fgsCerAtransisﬁqr sﬁitching. R302 serves the
multiple purpose of providing‘d.c. céupléd transistor ariVe,
%>capacitof dischaxge path and a d.c. starting'biasQ in thé dim -
mode, R304 is placed 1n:series with R302 tqlcéppensate for the

lower required drive conditions.

Lamp current is limited by the 'ballast" capacitor, €312, for

"HIGH" operation, and C31l in series with C312 for the "LOW"

' mode. The open circuit voltage is limited by the action of C310

across the secondary.

it

T
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The lamp filaments are continuously heated to reduce the
curfent densit& of the arc sbot at the filaments. If a lamp
filament were to lose heat, it would raise the starting voltage
requiredlto-sttike-the arc. Once lit, howevef, the lamp woul&
contiﬁue to operate without external filament heat. The
circuit has been designed to provide étarting capabili;y under .-
the_following worst conditions when switched to "HIGH'" mode: |
1. Temperature of -18°C (0°F), low imput voltage of 24 VﬁC

(all filaments good).
2. Normal ambient, one filament open.

CR301 provides a parallel path for reverse current which is
caused by high reverse bias during open circuit and dim

operations. o S A g
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IV. NORMAL USAGE (ORBITAL)

_:Visually inspeéc for loose, broken, and damaged parts.

Removal From Stowggg

The following minimum precautions should be taken when removing

the Higﬂ.Intensity Portable Light from its stowage case: (1)

. (2):Visually

/

inspect the electrical connection for bent or démaged pins.

:(3) Verify that the input POWER switch is "OFF".

Setup

. A crew safecy‘tethet can be attached to the wires of the thermal -

'_barrier or to the handle if required. It is not necessary to-

unfold the handle for normal operation of the light.

EAN

Sécure the ligﬁc with a camera mount aimed.at the desired locatiqn.

The_wires of the thermal barrier may be used as a sighting_aid‘i;’

~ in aiming the light at the target.

.The handle can be locked opened as an aid in'positioning and

moving the light (See Figure B). To releqse the handle from

either lqcked.position, press the button at one end of the‘h#hdle'

. until the handle is free to move. 'Pgsh the handle in the‘desired.--

direction, with the button relgased, until the lock engagés} .

Some free play in the locked position is normal}
Place the switches in the following positions beforefma;ing the.

input power connector:

FUNCTION POSITION

Power “OFF"



Cc.

Thermal Protection  Opposite "RESET" (UP or Forward)

System 1 4 "Standby"

System 2 "Standby"

Mate the input power connector (at end of pigtail) with the

OWS 15 foot power cable (Stowage #0610.17.06). If the control

switches are inadvertently left in an "OV" state, operation would

be initiated immediately upon application of power, thls operation

is not detrlmental toﬂthe light, but can cause unde51rab1e

damage (arcing, pitting, etc.) to the power connector.

Ogeratlon

1.

2.

Place the "POWER" (1eft—hand) switch in the "ON" position.

Place the “SYSTEM 10 switch in the "HIGH" position. The outer

. paii of'lamps~wi11 show glowing filaments, followed by a dim

glow of light over.the length of the lampé. A bright.”neon.
red" region around thé filaments_is normal. As the lamp warms
up, the full length‘éf the aée;tﬁre'bgcomes brighter, and:thg
"neon red" glow around the filaménts gradually fades.. The

lamps at normal room temperature will reach 3/4 brightness

within two minutes from a cold start. Normal time to peak =~ ::

brightness is four. to five-minutes. If they were still warm

.from previoug‘operation, they will reach peak brightﬂess in

. .less tham. four minutes. The light output will decrease

slightly after both systems have been on "HIGH" for twenty
minutes. This decrease is due to the lamps exceeding their »

optimum operating temperature, but does not coﬁstitute-an

- abnormal or unsafe operating conditiom. -
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3. For minimum power consumption and lowest light output, place
the "SYSTEM'1" switch in the "LOW" position after the lamps
have warmed up in the "HIGH" position. The lamps can be

started in the "LOW" position, but &arm-up would be veiy slow.

It is recommended that operation of both systems simultanéously"‘

in "LOW" mode be avoided. The electrical efficiency is much’

lower in the "LOW" mode, and electrical emergy is wasted.

4. TFollow the same procedure for operation of System 2, using

the "SYSTEM 2" switch. The light is designed to operate

continuously with both systems on "HIGH".

Shutdown

The light can be turned off by.use of the '"POWER" switch,Awhich _

‘'shuts off both systems simultaneously; or by placing the "SYSTEX 1"

and "SYSTEM 2" switches in the "Standby" poéition. Deliberate or
inadvertent disconnection of the imput connector will also shut off
both systems; this is mot harmful to the unit, but could damage

the comnector. - -

NOTE: If the light has been on for a long time, (i.e., _ 30 'minutes a

or longer), the control switches may be hot to the touch, but not
hot enough to injure (approximately Q5 °F). Within a minute
after shu;down,uthg lamps become cool enough to again appear dia

when restarted.
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B.

Stowage

Place the "POWER" switch in the "OFF" position. Disconnect the

power cable. To stow the light. in the original compartment,

remove the mount adapters. The light may be stowed while warm;

cool-down is not required.

Life Charaqteristics

The only components which show an aging'characteristic‘aré the

lamps. Two types of degradatlon take place. (1) a gradual fading

of llght output along with clouding of the lamp ends, and

(2) eventual failure to start.

The gradual fading is caused by the operation of the lamps at

 full power. Clouding of the lamps is caused by emission of the

fllaments, especxally during lamp start. From initial conditions,

the output may . be decreased by one-third in 1,000 hours of "HIGE"

operation. Since the two systems operate independently; the

operation of System 1 does not affect the aging of System 2.

NOTE: System operating houks should be logged separately.

_ The failure to start is primarily related to the number of starts

applied to a lamp dﬁring its life. Eventually, the eléétrodes

(s

&egrade to such an extent that no start is possible. The lamps

are designed to start more than 1,000 times.
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V. SPECIAL USAGE (PLANNED ONLY FOR OUALIFICATION,ACCEPTANCE. OR BENCH TESTS)

The light can be operated remotely through use of the test

Ganed Caasnd

Teceptacle, JZ._ See Figure C for wifing information.

A. To mate the test comnector, remove the flat-head screw from

Biaid

the sheet metal portion of the wire door covering the receptacla.

Slide the door end-wise to release the hooked portion of wirae ffom'

- -_thevthétmal barrier; then’rptate the door open. Using fingers,

~remove the dust cover from the tesﬁ'teceptacle>and move it aside.
(Do not attempt to disengage the retaining chain.) Insert the -

test connector through the opening, mate the connector, and

rotate the lock ring until the lock pins show.

,“‘B. The-control swi;chéé must béfin the folloﬁing ﬁdsitions fbr

&3

- successful remote control:

e

_ FUNCTION  SWITCH POSITION
Power _ ' : | "oﬁ" 7
E] ) Thgrmal Profecti&n : ‘ 0§posi£e ”RESET"
| System 1 . 7"STAND3_Y" "
S&etem 2. : :"STANDBY"

| 5

Systemvpower is apjlied (aé’ndrmal)~;hroggh J1.. Note that

. |

internal inverter voltages are available for monitoring at . . C

" certain pins of the test receptécie. See Figure C for ﬁih

assignﬁéhts.‘ Mbniﬁor'voltage'froﬁ J2-A (+) to J2-P.

C. To remove the test comnector, reverse the steps of paragraph

3
|
{
t
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VI.

MALFUNCTIONS AND TROUBLESHOOTING (NORMAL SPACECRAFT USE)

This section is written to help the user to detect faults, to

clear them, to bypass them, and to take the appropriate loag-term

1.
2.

3Q'

4.

_action. The format for this section is as follows:

Description of symptom (br non-typical operation)

Description of probable cause.
Immediate actionsﬁto be attempted.

Final dispbsi;ion of article.

The assumption has been made that satisfactory performance can be ‘

" achieved by prdViding a cetfain levél.of illuminance on a specific

taiget of relatively small area.

.~ A. Overheat

1. Symptom: Center paii of lamps goes out by itself (System 2).

2. Probable Cause: 'Light has reached upperilimit of-operaiing

.temperature, causing thermostat,.SS, to shﬁt off_Sysﬁem 2.

3. Immediate Action: Push "Thermal Reset" switch to momentary
"Reget" poéitibh,'thén relaése. If thermostat has cooled
sufficientlj;VSystem 2 will restart. If-thérmgs:at is strill

above upper temperature limit, then.System'Z will not restart.

4. ' Final Disposition: Allow light to cool down before fufthe:
use. Ifilight;has been operating close to a warm object,
reloca:eithe light closer to a cooler éutrogﬁdiﬁg surfacé._

(The light is cooled primafily by radiation to cool surfaces.)
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B. Failure to Light - Both Systems

-

l. Symptom: 'Lamps will not light when activated (both systems).

2. Probable Cause:
.(1) Low Temperature - [below =18°C (0°F)]

(2). Insufficient or no imput voltage

(3) 1Internal compdnent failure

3. Iumediate Action:
(1) (Low Temp) Allow light to warm up to -18°C, or
- higher, if possible. If it is neceéssary to force

the ligh; into immediate operation after a cold

. goak, turn on System 2, the central pair of lamps, -

3

* to the "HIGH" mode. The filament heat should

_eventually warm the lamps'sufficiehtly to cfeate'

the arc (one to two minuteé). -Aliow'the light to

operate several minutes so0 that the outer lamps

wili be wa:med'from thq'heatTof operation. Then

| e

'v'turn'System 1 on "HIGH". If the lamps are still cold,

the arc may be. delayed until';he‘filameﬁt heat warms

Y

them sdfficien;ly to create the arc. ,

=3

(2) (tow or No Voltage),'Wai: untiliﬁower.araih dn:space-

craft power has been reduced, or_pluggihto a different

R

recéptacle for test purposes. Then start one'system'pnv

"HIGH." After that system has reached peak brightness,

3

i
!

turn the system off. - Quickly start the other system on
“HIGH", 'Promptly follow by restarting the first system.

3 3

g



(Lamps will start.at a lower 1n§ut voltage after

they have been warmed up.)
(3) No repair possible.

4. Final Disposition: Continue normal use (1 and 2) or

discontinue use (3).

C. Failure to Light -~ One System Onlyv

l. Symptom: .Lamps won't light when turned on (oﬁe system OK)

2. Probable Cause: Broken filaﬁent, one or mqre.places, B

3. Immédiate-Action: Turn functioning systém-bn "BiGH:" Cover .
light with a cloth so that the light will heat up as much
as.possiblé for loltd 15 minutes. Tﬁen-try‘the failedllaéps
'again,_starting them in ""HIGH" ﬁode. If only one filament
is damaged, the lampb'shoﬁld light. . | B

-4;' Fina14Qisposition§ Continue_oﬁération with qné 3ystem, or

'wi;h both systems if the starﬁ is successful. " » fi

D; .Blackened Ends on Lamps

1. Symptom: Ends of lamp develop dark depoéits'insidé the
glass cylinder in vicinity of electrodes. This may be

located at one or both ends of a lamp..

.2.. Probable Cause: This deposition normally:op¢ufs__ﬁithAage}

"~ The number of starts is usually':he related factor.
: 3; Immediate Action: None

4., Final Disposition: Continue normal use.

-
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E." Low Light Output

1.

2.

3.

4,

Symptom: Brightness of lamps is visibly low after five

minutes of warm-up, with both systems on "HIGH."

iProbable Causes:-
(1) Lamps approaching end of life

(2) Lamps cold

(3) Input voltage low

Immediate Actidn:- Move light closer to the t#rget. Mbviﬁg
.light f:om 8ix feet away to fodr feét‘away doubles the -
illuminange'on the target centerline. e

'Final Disposition: Same as immediate action.

- F. Craéked'Lampa‘

1.

2.

Symptom: Cracks visible in glass cylinder of one or more

iamps,(Teflon sleeve still intact).

thin gliss cylinder..

Immediate Action. Discontinue usa of system con:alnlng the:

Probable Cause: *Thermayﬁmechanicai shock has fractured the

cracked lamp. If lamp is still operating, turn the system off

and allow the lamp to cool._‘

FTT )

WARNING:

The lamp contains mercury. ‘if.the outer Tefién élgeve,is=also

damaged, immediate disposal of the light is %equired{

O e et e o e e e o = -
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4. Final Disposicion: Dispose of thae light. The lamps are not

replaceable.

G. Short Circuit

1. Syﬁbtom: -Light doés not operate; circuit breaker trips (in

~ spacecraft).
2. Probable Cause: Internal component failure,

3. Immediate_Aétion: Turn both systems to "STANDBY'" and turn
power "OfF." Reset circuit breaker. If'gircuitibrgaket'SCill
trips, the Iight is unusable. If reset is successful, turn .
power £o~“ON"; if circuit bfeéker triés, the light‘is

_ Ungsablqs"lflcitcuit bééaker sﬁays reset, tufn S}stem 1lon
"HIGH." If’circuit,breaker trips, then Sysﬁem_I is &éfeétive
and shéﬁld nbt_be used. Regurn’controi éwitch to "STANDBY."
Reset circuif breaker. If System l‘operates‘ﬁdrﬁally,.witﬁout
tripping the circuit breaker,-then #hat'sysfém is still Qsable,

Verify S?scéﬁ 2 in the same way.

(NOTE: The light does not contain any internal short circuit protection.

It is designed to use the spéééctaft circuit breaker only.)

s Final Dispoéitidn: Continue :o‘use the operational

system if §¢aitéd.
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VII. MAINTENANCE AND DISASSEMBLY
No.provisions'have been included for repair of the light. No
ﬁaintenance is anticipated. 'If the mirrbrs should beéome ’
contaminated, they éhoﬁld ba cleaned by thé sane précedufes used -
for coated optical lenses. However, the reduction in light output
is small with amounts?of contaminétion whigh Aie easily viéible
to the naked aye; Déinot attempt to ciéan.thé Qiirors-if_:_
 qohtamiﬁation is equal fq a layer of*dusﬁ, and if the observér1

. can view his own image in the mirror surfaces.

IfASny’of the wires of the thermal barrier become bent. grasﬁ

them fifmly by hand and straightan‘theﬁ, The wires are not:

considered structural.
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VIII. OPERATIONAL CONSTRAINTS

A,

Do not connect or discomnect the input power comnector

with the "POWER" switch in the "ON" position.

Do not opefafe more than one syétem4in "LOW" mode.

. Do not turm laﬁpd on and off at a rapid cyclic rate.

Do not use cablg for a handle in translation or stabilization

[

of the lighﬁ.‘

. The lamps are shock sedsitiva. Do mot allow the‘light

© to impact rigid objects.

F.

G.

I,

K.

The lamp contains mercury. If the outer Tefloh'sleeve and

.'1amp glass are Bo;h damaged, immediate diébdsal of the ligh:. 

. is required. -

Do mot attempt repairs of the light..
"Do not attempt to clean the mirrqrs of moderate contaminatioa.

The light does not contéin any.internal short'circuit.

’pro:ec;ion. It is designed to use the‘spacecraft:q§rcuit
R _ R

breaker only.

Do not attempt to remove the chain on the J2 dust cover.

Do mot start the light more than 200 tiﬁea;:and do not ope:§§e 

' more tham 100 hours, prior to_launch;'_
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APPENDIX V

HANDLING PROCEDURE, 150303
(GROUND OPERATIONS)

~-FOR

" HIGH INTENSITY PORTABLE»FLUORESCENT LIGHT

'CONTRACTOR'S PART NO. 150200

'CONTRACTING AGENCY:

CONTRACT: -
. CONTRACTOR:

PREPARED BY: Robert W. Bushroe

APPROVED BY: /4. Qthece.

Contract COR

" Date:

George C. Marshall ‘
Space Flight Center
Huntsvx]le A]abama

NAS8- 24527

IOTA ENGINEERING, INC.
1735 E. Fort Lowell Rd.
Tucson, Arizona 85719

9 August 1971
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' HANDLING PROCEDURE, 150303

REVISIONS

REV. DATE

REVISION

APPROVAL .
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III.
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I.

1.

~ from its carton. Deterriine whether the ahticipated usage requires

"ﬂunit;"The outer wfab has provisions for operation of the unit without '

PACKAGING FOR SHIPMENT

This unit is pbckaged in accordance wiih IOTA Procedure 150233 “A."

The data package is fastened at the topvof the carton for rap{d

access.

UNPACKING

Review this entire "Handling Procedure" prior to removing the unit

functional testing:of this unit. If functional tests are required, they'_

must be performed in such a way as to maintain the cleanliness of the

:penetrating the cleanliness barrier.

A. V1sua1 Inspectwon

- Remove the unit from the carton and perform a vmsua] 1nspect1on
Look for the'fo]]ow1ng' ]oose p1eces, parts deformed; torn bags; =

'hum1d1ty indicator turned color; cracked lamp enve]opes, contam1- |

nation on m1rror surfaces.

B. Rattle Test -

Shake the unit by hand as an assist’in.determinihg,whether;qhy;

internal damage exists. No rattles should be present, with two .

possib]é exceptions: the handle and the J2 dqstvcdver chain.

ENVIRONMENTAL CONDITIONS

This unit wes cleaned and packaged to the 100,000 level in accordance

‘with NASA_MSFC-STD%246 and MSFC SPEC.95M11360. Al operations shall

be cpntroIledﬁtq-mgintajn this level of cleanliness. For storage, -

6




Iv.

temperatures shall lie bEtween,-40°F and +160°F. During operation,
the ambient temperature shall be between 0°F and 90°F. The unit shall

not be operated for more than 30 minutes continuously with the bag

in place. A ;ooling period of one hour shall follow each 30 minutes

of operation (intermittent or contindous).

FUNCTIONAL TEST WITH BAG ON | o |

Switches are accessible through the bags. Apply 28 ti DC power through.i
an.appropfiate connector; ZGOE-17]7-GSA, or eqUivé]ent, to the pigtail
cohnecfor (blus_on Pins C and D, return on pfns A ahd B, ground on pia

E, no connection on pin.F). Turn “POWERJ switch to "ON." Move

“SYSTEM 1" and "SYSTEM 2" switches to "HIGH." Unit will draw about

R 6 amps of input power. Operation of the 1ights can-be observed through

the bags.

PRE=LAUNCH OPERATIONAL RESTRICTIONS -
1. A1l operations shall be logged in the MSFC Log Book which accompanies

» each piece of hardware.

2. Ambient'temperature‘Should not exceedA90°F]for_0perator‘touch

temperature reasons.

3. The light shall not be accebtab]e for SKYLAB launch if it has
accumulated niore than 100 hours of ground operatiod and/or 200

starts per system prior to launch.

4. The Tight 150200 shall not be acceptable for SKYLAB launch if the

lumen output at 6 feet + 1 inch, as measured under the conditions



[ e | [T Baivid Wiy A Witacd#
. : .

| SR | RS ) Coniod |
.

" and restrictions of IOTA Acceptance Test Procedure 150232,

paragraph 6.5.2, is less than 28 footcandles.
VI. DATA PACKAGE
All test operétions shall be recorded in the log book assigned to

_each unit-and verified by the cognizant quality control organization.
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1.0 SCOPE

Part I of this End-Item Specification (EIS) establishes the reqmre-
ments for performance, design, test and quahfxcatxon of equipment S
identified as the Space Oriented High Intensity Portable Work- Photographxc

Light as required by End-Item No. 95M10750 for the proposed Skylab
Program Projects.
\ .

"Light and "Lamp'' Identification

For purposes of this EIS only:

a. Lxght as shown, refers to the total assembly or total item of -
hardware.

" b, Lamp, as shown, refers to the individual lighting element and

_is that component which actually converts electrical energy _
into light. '

, Tms specxfxcatxon comphes with and is prepared in deta11 ona .
paragraph-by-paragraph basis as outlined in Section 3 of the Office of
‘Manned Space Flight (OMSF) Experiment General Specxflcatxon (EGS) for
Hardware Development, dated March 27, 1969. If a paragraph in the

EGS can be used verbatim, it is so md1cated by the word "apphcable"
If it is not apphcable it is so stated

The Light and Task Hardware which consist of flight hardware,
backup hardware, qualification test hardware, and flight type training

hardware shall be developed in accordance w1th the reqmrements of
this EIS,

The End-Item Criticality Category to which requirements must be -
specified for the design, development, manufacturing, and testing of the
hardware shall be based on the resuits of the Failure Mode, Effects,
and Criticality ‘Analyses as specified in Para. 8.5.1 of the EGS.

When completed and accepted, this document will become the
official control specification for the basic desxgn configuration of the
Flight and Qualification Hardware and as such, will be subJect to -
subsequent change only by configuration control methods.

Lxght ~ This end item is used to provide auxxhary 111ummat10n

for visual and photographic tasks on Skylab Program PrOJects
durmg orbtt only - , 4
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CHAN GES

All approved changes to Part I of the EIS shall be as specified in

Para. 8.3.4 835 and 8. 3.6 of the EGS.




2.0 APPLICABLE DOCUMENTS

Existing MSFC and Military Specifications shall be utilized in

the performance and administration of this task wherever practical.
. When such documents exist, wherein the subject matter is applicable

but specific requirements are not appropriate and/or are inadequate
because of advanced design conditions and/or are inadequate because
of advanced design conditions and/or requirements, the specthcatlons
referenced herein shall be followed only to the extent that the intent of
such requirements shall be met. It is not the intent to inhibit or
restrict the equipment manufacturer with respect to utilizing the latest-
proven state-of-the-art. Primary consideration shall be given to suit~-
bility in and for the application consistent with the latest state-of-the-art.
By the same token, complete compliance with the pertinent military and
other specifications by the equipment manufacturer shall not constitute a
waiver in whole or in part of any of the requirements of this specification.

a. '"'The following documents, of exact issue shown, form a part
of this specification to the extent specified herein. In the
event of conflict between this specification and other documents
‘herein, the requirements of this,spectficatio‘n shall prevail'.

-~ b, ~ When documents are mentioned elsewhere in this document

. revision letters and/or amendment numbers are omItted
and only the basic numbers are used.

| SPECIFICATIONS

- Military
MIL-I-6181D - Interference Control Requirements,
Aeronautical Equipment
MIL-I1-8500 Interchangeability and Replaceability
, ' : of Component Parts for AIrcraft
and Missiles ‘
MIL-W-8604 Welding of Aluminum Alloy, Process for ‘
MIL-B-5087B Bonding, Electrical, and Lightning Protection,

for Aerospace Systems
~ National Aeronautics and Space AdmmlstratIon (NASA) :

No Number OMSF Experiment General SpecxfIcatIon
for Hardware Development -

George C. Marshall Space Flight Center (MSFC)

' MSFC-SPEC- - Flammability Requirements and Test Procedures -
- 101B for Materials in Gaseous Oxygen Environment

MSFC-SPEC-164 Cleanliness of Components for use in Oxyger,
Fuel, fand PneumatIc Systems
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SPECIFICATIONS

George C. Marshall Space'Fli"ght Center (MSFC) (Con.).

MSFC-SPEC-278B Specification for Electrical Terminals

(AMDT-1)

MSFC-SPEC-393B Compound Printed Cu‘cmt Board

(AMDT-1)
MSFC-SPEC-
40M39513A
MSFC-SPEC-
40M39526
MSFC-SPEC-
85M02716
MSFC 10M32447

MSFC 40M39580

RS003M00003

10M32157

STANDARDS

‘Military.
MIL-STD-130

'MIL-STD-143A

MIL-STD-163

MIL-STD-810B
(USAF)

MS 24123
MS 33586A

. Military Standard Environmental

Conformal Coating, Elastomeric
Wire, Electrical, Hookup

Cable, Electrical, Shielded, Jacketed,

Specification for
Preferred Electrical Parts List for

Apollo Applications Program (AAP)

Human Engineering Design
Constraints for AAP Experiments

Connectors, Electrical, Zero-G,
Spec1f1cat10n for

' Performance and Design Integratmn
"~ Requirements for the Cluster

System/Apollo Applications

Program, General Specification for
Flights AAP 1 and 2 Manned .

Systems Test Analysis, Part Il

- Identification Marking of United

States Military Property
Specification and Standard Order
of Precedence for the
Selection of
Electrical Engmeermg Desxgn
-Practice, Standard for

Test Methods for Aerospace-
and Ground Equipment

Plate Identification

Metals, Definition of Dissimilar-

George C. Marshall Space Flight Center (MSFC)

MSFC-STD-105A
(AMDT-3)
MSFC-STD-156

MSFC-STD-246A

Synthetic Rubber, Age Control of -

R.iveting, Fabrication and Inspec-
tion, Standard for

‘Design and Operational Criteria

Controlled Environment Areas

Aug. 8, 1969
and
supplements

June 15, 1967



' STANDARDS

George C. Marshall Space Flight Center (MSFC) (Con.)

MSFC-STD-267A . Standard, Hum;m'En'gineering
. Design Criteria
PUBLICATIONS

Military

AFSC DH 1-4 Electromagnetic Compatibility
- MIL-HDBK-217TA Reliability Stress and Failure =
MIL-HDBK-5 ' Metallic Materials and Elements for

- - - Aerospace Vehicle Structures

USN-FARDA Failure Rate Data Handbook

National Aeronautics and Space Administration (NASA)

NHB 5300. 4 (3A) - Requirements for Soldering
_ . ' Electrical Connections
" NPC 200-2 =~ Quality Program Provisions for Space
o , ‘ .. - Systems Contractors '
. NPC 200-3. - Inspection System Provisions for

Suppliers of Space Materials, Parts,
. . Components, and Services '
- NPC 250-1 Reliability Program Provisions for
: Space System Contractors

George C. Marshall Space 'Flight Center (MSFC)

MSFC-PPD-600 MSFC Preferred Parts Document -
MSFC-PROC-274A Terminals, Installation of, Procedure for
"MSFC-PROC-293A Polyurethane Conformal Coatmg, Pro-

(AMDT-4) cedure for Printed Circuit Assemblies
MSFC-85TP1- Test Procedure - Qualification Tests for 150
MR& T-SK-1044 ' Watt High Intensity Portable Light - Skylab
40M35690 - Auxiliary Support Equipment/Cluster Electri-~

cal Interface Control Document

" Manned Space Center (MSC)

- MSC-D-NA-002 Procedures and Requirements for. . Juiy 1968
the Flammability and Off-Gassing
Evaluation of Manned Spacecraft
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DRAWINGS

George C. Marshall Space Flight Center (MSFC) ‘

95M10750-1 . High Intensity Portable Lxght
95M10751-1 - Bracket Mount

Manned Space Center (MSC)

" SEC 39104366 Camera Mount Assembly

(Copies of specifications, standards, drawings, and publications may
be obtained from NASA Documentation Repository.)

2.1 SUPERSEDENCE

If any of the specifications, standards, drawings, and publications

which form a part of this document are superseded, the later issue may
be used provided that the later requirements are equal to or exceed the
requirements of this document or of any of the publications forming a

part thereof and providing that the-terms of the contract are not changed.

2.2 PRECEDENCE

When the req'uirements. of this specification and subsidiary speci-

fications are in conflict, the following precedence shall apply:
~ a. This specification
b. Speéiﬁcations referenced herein

_c. Specifications subsidiary to those referenced herein
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3.0 PERFORMANCE AND DESIGN REQUIREMENTS
3.1 PERFORMANCE

3.1.1 Functional

The functional charactensucs of the Light shall be as spec1f1ed
herein.

3.1.1.1 - Overall System Requirements

The Light shall be used to illuminate the area at which a . .
particular experiment is to be performed. The primary purpose is

© twofold, namely, to provide a lighting level sufficient for the astro-
" naut to complete his task, and to provide a lighting level sufficient
for obtaining a color or black and white cinematographic record of

the astronaut performing his task in a nominal 5. 5 Psia environ-
ment. Means of holding, mounting, carrying, and operating the
Light shall require little or no additional effort on the part of the
astronaut. It shall be designed to be hand-held, mountable on a
tripod or mountable to portions of the spacecraft structural mem-
bers. - A connecting power cable shall be provided by others with -

- zero-G connectors at each end. There are provisions for a remote -

control station, but no remote control station shall be provided.

" Input voltage to the Light shall be 28 +2 or -4 volts DC and per

Para. 3.3.2.13. The input power shall be 160 watts maximum at
26.5 VDC.

“The Light shall maintain at least 90% of it's peak light output
for 30 minutes when operating continuously in air or in a mixture of
70% oxygen and 30% nitrogen at a nominal ambient pressure of 230
mm Hg (about 4.8 Psia) and at rated nght input power of 160 watts.
Ambient temperature shall be 25 + 5°C. Peak light is defined as
the lumen output of the Lamp at it's optimum operating temperature.

Lamps shall reach 75% of peak light within two mmutes of operation -
a.fter a 25°C maximum start.

a. Color Temperature and Chromat1c1ty - Color temperature
of the Light at rated full power shall be 5150 +250°K. C.I.E.
chromaticity coordinates shall he x = 0.337 +0. 006 and
y = 0.324 +0. 009 for essentially equal energy distribution
at rated wattage. Spectral energy distribution shall approxi-

" mate figure 1 within a conformity of +5% at rated voltage
“and power after three minutes of operation at 25 +59C and
normal atmOSpherxc pressure (15-+1 Psia).
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b. Target Illummance - When operah d at rated vol.dz-( and
power for 30 minutes in an ambient of 25 +5”C and 15 + 1
Psia, center beam light illuminance, +10 degrees, shall a6t
be less than 28-foot candles when measured on 2 flat
plane magnesium oxide target 6 feet +1 inch (1. 83 nmeters
+2.5 cm) from the face of the Light with a 1/2 degree
Photo Research Company spot meter or a calibrated light
meter. The rate of illuminance fall-off from center beam
out either way 42 inches (106.5 cm) along the axis of the
Lamps and 30 inches (76 cm) either way vertical to the
axis of the Lamps shall not exceed by 10% the typical dis-

tribution of figure 2. For temperature and voltage derating .
see figures 3 and 4.

3.1.1.2 Subsystem Requirendents

The lighting system shall consist of two independent m,htmrf
subsystems in one package. A single power switch shall he pr cvided -
to isolate both systems from the input power source. One sysiem
shall be called System #1 and the other System #2. Each system -
shall have a high and low mode capability with the following aoprom-
o mate power delivered to the Lamp drivers at rated mput vortag

LOW MODE HIGH E\;xODE
System #1 50 Watts | .80 Watts
System #2. . ‘ 50 Watts - 80 Watts

Control shall be by maintained toggle switches. - Each syétem
shall be controlied by an independent 3-position switch. Switch shall
be center "STANDBY", down "LOW", and up "HIGH". Operation of the

Lamp shall be as follows with the Lxght connected to a rated power
source:

APPROXIMATE

' o : : _ . - INPUT POWER
SYSTEM ; MODE o .. - TO LIGHT
#1 only ‘ Standby 0 Walts
~#1 only Low . o - 50 Watis
#1 only - High o ' 80 Watts
#2 only - ‘ Standby . - 0 Watts
#2 only ' Low - : 50 Waits
#2 only High . ' 80 Waits
#1 & #2 - Low-Low : .. 100 Watts .
#1 & #2 : Low-High = - 130 Watts
#1 & #2 ' High-High I 160 Watts
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3.1.1.2 (Con.)
Switches and controls shall be grouped according to function.

In the event of a power outage, Lamps shall restart auto-
matically upon resumption of power.

Criticality Category - Each subsystem'and each componeht-
of eae_h subsystem is in criticality category 4.

3.1.1.2.1 Mechanical

All moving parts shall operate satisfactorily in the natural
.and induced environmental conditions of orbital space flight. All
mechanical latches shall be one-hand operation and be positive action.
Handles shall be attached as near the center of gravity as possmle

3.1.1.2.2 _ Electrica.l/Electrdnic

The Light shall be designed to perform satisfactorily with a
nominal 28 VDC source and power consumption of 160 watts. The

‘unit shall generate no audible sxgnals and be in comphance w1th
'MIL-I 6181D. o . R

3.1.1. 2. ,3, Other :
Not. applicable.
3.1.2 Operability
3.1.2.1 Reliability
, . The nght shall. have a 95 per ‘cent probability of successful
. operation for 500 hours under the natural and induced -environmental
conditions specified herein and shall not affect the safety of the crew .

or delay the launch of the vehicle.

3 1.2, 2 Maintainability' -

3 1.2.2.1 General Reqmrements

" The equ1pment defmed herein shall be desxgned to
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3.1.2.2.1 (Con.)

a. Minimize the number and complexity of maintenance tasks

(i.e., pre/post installation, calibration, ad]ustment
mSpectlon etc.) .~

b. Minimize the number and types of tools and test equipment
(standard and special required for maintenance).

c. Optimize the accessibility to all units, assemblies, and
sub-assemblies requiring mamtenance, mspectmn, removal
and replacement

d. Maximize the safety of personnel and equipment involved
' in the performance of maintenance.

3.1.2,2.2 Additional Requirements for In-Flight Maintainability

Not applicable.
'3.1.2.3 Useful Life

Serv1ce life requlrements will be satisfied prowded the Light is

designed to meet the reqmrements of Para. 3.1.2. 1 and 3. 3 18 of
this EIS. .

3.1.2.4 Natural Environment

. Environmental requirements to which the Light shall be designed
shall be in accordance with figure 5, Design Environments, and the
Acceptance and Environmental Tests Requirements.

3.1.2.5 Induced Env1ronment

The experlment hardware shall be capable of successfully per--
forming the required function after being subjected to the induced

environmental conditions specified below and those of figure 9,
Design Environments.

3.1.2.5.1 'Vibration o

The sinusoidal and random vibration levels to which the
Light shall be designed are as follows:

a. Sinusoidal - A logarithmic sweep from 5 to 2000 to 5 Hz

84
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3.1.2,5.1

(Con.)

at a rate of one octave per minute in each of three mutually
perpendicular axes. .

Frequency . ‘ : Test Level -
| 5 to 48 Hz - 0.100 inch D. A. stplacement
'48 to 2000 Hz . - 10g Peak

Random - A shaped broad-band random vibration for five
minutes in each of three mutually perpendicular axes. The
acceleration density input profile is as follows:

Frequency ‘Test Level
20 to 50 Hz o +6 db/octave
50 to 100 Hz. o 0.9 g“/Hz
100to 270 Hz  -12 db/octave A

- 270 to 500 Hz . 0.0172¢g /Hz
500 to 2000 Hz . - -3 db/octave

3.1.252

2000 Hz 1 . 0.0043 g4/Hz

Overall = 12g rms

ACcelerati'on

The nght shall mthstand a centmfugal acceleratlon of '70 meters,
per second? (7 g) in both dlrectlons of each of three mutually perpen-

3.1.2.6

Applicable.

. dicular axes.

Transportability
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3.1.2.7 Human Engineering

All knobs, grips, toggles, switch buttons, and handles shall
be designed for ease of manipulation by a pressure-suited astro-
naut. The design shall consider the anthropometric constraints
imposed by the astronaut’'s pressure suit per MSFC Human Factors
Specification 10M32447 and MSFC-STD-267A.

‘Movable handles and knobs must be capable of bemg manipu- -
lated with one hand. '

3.1.2.8 Safety

In the event of breakage of a Lamp, reasonable precaution
shall be taken to prevent particles of glass, mercury, etc. from
escaping the Lamp. No glass particles larger than 50 microns shall
escape the Light. " -Mercury vapor escapement shall not exceed
0. 004 milligrams total per Lamp in the event of Lamp breakage while

it is installed in its approved mounting. Refer to Para 3. 3 1.2 and
3.8.2.14. .

3.2 INTERFACE REQUIREMENTS

“ The interface requirements shall be as specified herein.
‘Refer to Para. 3.2.5.

. 3 2.1 Flighf Hardware

_The Flight Hardware shall be designed to be physically and
functionally compatible with the Skylab. = This aspect of the hard-
ware design shall be controlled through the applicable coordinated
and approved mterface specifications and drawings.

3.2.1.1 thht Vehxcle Interfaces

Applicable.

3.2.1.1.1 Location, Envelope, Weight, and Center of Gravity

The location, enve10pe, weight, and center of gravity for
each of the following conditions shall be specified on referenced
Dwg. Nos. 95M10750, 105200.

a. Stowed for lannch - Refer to ICD 13M13410 and 1-SL-~ 002 o
SR coT Skylab Stowage List. :

b Mounted-for‘fnght experimer_zts - Not Critical..

JEP
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3.2.1.1.1 (Con.) o

c. Stowed/ mounted while not in use - Not Crmcal

d. Stowed and/or mounted for return and recovery - Not _
applicable. _ ‘

3.2.1.1.2 Structural

The requirements for stowing, mounting, attaching, and/or

re-stowing shall be in accorda.nce with referenced drawings indicated -
in Para. 3.2.1.1. 1.

The nght shall be equipped with a removable bracket for -
attachment to top, sides, or bottom of Light. The bracket shall ‘

" have.provisions-for attachment to camera mount assembly, MSC

Dwg SEC 39104366 Refer to Pa.ra 3.2.5.

32113 Fluld(Gasandqumd) o IR '

Not applicable.

3.2.1. 1.4 Electrical -

a. Stowed for launch - Not applicable.

- b. Mounted for flight experiments - Light requiresa 7.5
ampere circuit at 28 +2 or -4 VDC. Vehicle electrical
receptacle shall mate with MSFC- 40M39580 type
ZG6E-1T717-6PA, power cable connector '

' Connectxon shall be W1red as follows

EI_N_ o  FUNCTION
A 28 VDC Return
B - 28 VDC Return
C -~ +28 VDC Power
D +28 VDC Power
E Ground :
F Spare



3.2, I;‘S’“ Ground Commumcatmns Interfaces

W

3.2.1.1.4 (Con.)

c. Stowed/mounted while not in use - : -
Not applicable, :

. d. Stowed and/or mounted for return and recovery -
. Not applicable.

3 2. 1 1.5 Communications and Instrumentatlon

Not apphcable

3.2.1.1.6 Environmental Control

a. Stowed for launch -
Not applicable..

b, Mounted for experiments - Max1mum touch temperature
of 105°F cannot necessarily. be maintained continuously
if the ambient air and vehicle wall temperature exceeds
80°F in 2 5.5 Psia atmOSphere See Para 3.3.2.14.

T -Stowed/mounted wh11e not in use in the Skylab -
Not apphcable.

d. Stowed and/or mounted for return and recovery -
Not apphcable. ‘

3 2.1,1.7- Controls and stplays

Not apphcable

3.2.1.1.8 Lxghtmg

Not applicable
3.2.1.1.9 Other
Not applicable.

3.2.1.2 Interfaces with Other Experxments

Specified in Task Analysxs Report for AAP-l and 2 10M32157

Not applicable.
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3.2.1.4 thht Crew Interfaces

Flight crew interface requirements are as specxfxed in
Para. 3.1.2.7 and all uses and manipulations required of the

‘Light will be specxfxed in Task Analysxs Report for AAP 1 and 2,

10M321517.

3.2.1.5 Mission In‘erfaces

Thermal - Refer to Para. 3.2.1.1.6.b.

3.2.1.6 Ground Support Equipment' (GSE).Interfaces -

The Light shall be designed so that standard tools and test
equipment may be used to the greatest possible extent to accomplish
all necessary adjustments and maintenance. For performance
verification the following test equipment will be required: One-half

~degree brightness spot meter, 5% accuracy, Standard brightness

source, 2% accuracy, Spectroradxometer, 400 to 700 nanometers,

99% reflectance target, Color temperature attachment for spot

meter, and Closeup. lens for brightness spot meter.

+

3.2.1.71 Facxhty Interfaces

"Not apphcable.

3.2.2 Zero Gravity Type Training Hardware

thht equ1valent or prototype umts shall serve as zero
gravity training hardware.

3.2.3 Neutral Buoyancy Type Training Hardware

Not applicable

3.2.4 Simulator Type Training Hardware

‘Shall be as indicated herein.

‘3. 2.4.1 Simulaﬁon Devices

Flight equivalent type hardware shall be utilized.

K 3.2.4.2 Simulators

Not applicable,




3.2.5 Interface Control Document List

MSFC Publication 40M35690 - Auxiliary Support Equipment/
Cluster Electrical Interface Control Document.

13M13410 - Portable High Intensity Photo Lamp to OWS
Mechanical Requirements, Stowage.

- 3.3 DESIGN AND.CONSTRUCTION

Light shall be designed for ease of aiss;emblvy and disassembly.
Lamps shall be replaceable as a unit, i.e., all Lamps, their housing,
and protective lens shall be replaceable as a unit. Modular units shall

in turn be repairable by skilled electrical techmcmn using standard -
tools.

a. The light covered by this EIS shall be designed in
. accordance with the requirements of this specification
and shall be capable of operating as specﬁled by the
_ performance requirements herein,

.b. * The Light assembly, less removable handles, shall be
-compactly des&gned with a max1mum volume of 19,000 -
~ cm3 (1150 in.

~¢. A power cable shall be provided by others for connection
of the Light to the 160 watt power source. The cable
shall be “equipped with zero-G connectors on both ends.

d, For electrical schemat1cs and complete details, refer to:

@ mgh Intensny Portable Light | _95M1o750___ '
~(2) ‘BracketMount - 95M10751-1
" (3) Electrical Schematic =~ o 150138

- lota Engineering, Inc.
Tucson, Arizona
(See EIS Part II, Para. 3.2.)

of"




drop from 5.5 Psia to 1 x 10

3.3.1 Mechanical

3.3.1.1 dRigg‘mg Devices

Not applicable.

3.3.1.2 Shatterable Matefial

Shatterable material shall not be used unless positive
protection is provided to assure essentially zero percent dispersion
under the normal or induced conditions specified herein. Refer
to Para. 3.1.2.8 for better definition. ’

3.3.1.3 Restriction on Coatings

Surfaces of hardware shall not be painted, coated, or
finished with materials which are subject to flaking under the

normal and mduced conditions stated herem.

3.3. 1 4 Decompressmn

Hardware shall be deSLgned to thhstand rapid decompression
without damage. Rapid decon?ressxon is defined as a pressure.
PSLa inb seconds

3.3.1.5 Mechanical Locks

All handling and mounting devices shall have positive |
mechanical locking provisions to prevent accidental release.

Release of handles and mounting provisions shall be by one hand
operatxon.

3.3.1.6 Weight and Size

Maximum mass (weight) of the Light assembly, less

. removable handles, shall be 6.3 Kg (14 pounds) maximum.

For weight and size of complete unit, refer to MSFC

Dwg. 95M10750.

3.3.1.7 Factors of Safety

3.3.1.7.1  Structural | '

Applicable.

-




3.3.1.7.2 Fluid Systems (Gas and Liquid) :

Not applicable.

3.3.1.8 Lubr.ication

Hardware shall be designed so that no lubncatlon is
required.

3.3.2 Electrical and Electronic

All electrical connectors for interfacing with an astronaut
shall be zero-G type per MSFC-SPEC 40M39580. Contractor
shall furnish dummy plugs and receptacles as required to protect
the wired receptacles and store the dummy plugs Dummy plugs’
- shall be captive by use of flexible wire covered with an approved

non-metallic sheath or a MSFC approved substitute method.

‘a., Lamp Power Converter Efficiency - Efficiency of
each Lamp power converter and Lamp combination
~actual power transferred, shall not be less than 70%

Power into Lamp
Power into converter

X100 := 70%

b. Fail Safe Power Converter Circuitry - It is mandatory

~that the power converter circuitry shall be designed to
limit current to safe limits in the event of a Lamp
failure. Circuit breakers shall not be acceptable as a
current limiting device for failure-to-light overloads.

3.3.2.1 Flammability of Wiring Insulatlon Materlals and
- - Accessories B ,

Insulation used in wiring shall not be capable of sustaining

- combustion after removal of the source of ignition or following
melting of the electrical conductor by high currents such as those
resulting from short circuits or circuit breaker failures. Insulation
on conductors subjected to these high currents shall not be capable
of igniting the insulation on other conductors which may be in
contact with it. This requirement does not apply to wiring which
is completely isolated from the compartment atmosphere by potting
or hermetic sealing. Materials and accessories associated with
wiring, such as potting, bundle ties, bundle chafe guards, heat

_ shrinkable tubing, -protective covering, solder-sleeves, cable clafaps =

and bundle identification tags that are in contact with electrxcal wire
bundles, shall meet these ﬂammablhty requirements.
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- 3.3.2.2 Toxicity of Wiring Insulation, Materials and Accessories

Applicable, except change word nominal to normal in first
sentence, change last part of second sentence to read ""meet the

requirements of MSC-D-NA-0002 test Nos. 6 and 7", and delete
third sentence.

3.3.2. 3 Electrical Connectors - Keying

All electrical plugs and receptacles shall be positively keyed
to prevent interconnection with other accessible plugs or receptacles.
Connectors shall be per MSFC Spec 40M39580.

3.3.2.4 Electrical Connectors - Pm Assxgnment and Pin or
' Socket Selection

a. Electrical circuits shall not be routed through adjacent ‘
pins of an electrical connector if a short circuit between

them would constitute a single pomt failure as defined
in Section 3. 3. 7

b. Cable COn'nections shall be designed so that pin and socket
connectors are properly used to prevent power from
shorting to ground. They also shall be designed to
protect personnel when connected or disconnected and
during the operations of connection and disconnection,

3.3.2.5 Electrical Cohnectors -'_Protective Covers or -Caps

3

Protective caps shall be provided for electrxcal plugs and
receptacles. .

The protective caps ‘shau:
a. Applieable.

b. Applicable.

. Applieable. '

d. Net app}ieable.|

‘€. Abplicable. |

f. Be made of material which is compatible with the connector
materials, ‘




3.3.2.6 Materials Detrimental to Electrical Connectors

Materials containing or coated with substances which are
detrimental to metals used in electrical connectors shall not be
used adjacent to exposed electrical contact surfaces, Specifically

included in this category are materxals contammg or coated with
sulfides or free sulfur.

3. 3.2.7 Electrical and Electronic Piece Parts - CloSure

Applicable.

v3. 3.2.8 Protection of Exposed Electrical C'ir‘cuits .

All exposed connection pomts shall be capped by a captwe

cover when not in use and provided with a dummy receptacle to
store cap when circuit is in use.

3.3.2.9. Protection 6f Electrical and Elvectfonic Devices . -

| The Light shall mcorporate protectlon agamst reverse ’

: polarxty or other improper electrical mputs durmg quahﬁcatmri, -
acceptance, and other tests.

3.3.2.10 Corona Suppression

Electrical and electronic systems and Teomponents shall
‘be designed so that proper functioning will not be impaired by .
corona discharge under any of the required operating conditions

“and shall not be a source of corona whxch will adversely affect
.other equlpment

a. Not apphc able

b, Not applicable.

3.3.2.11 Moisture Protection of Electrical and Electronic Devices
Applicable.

3.3.2.12 Redundant Electrical Circuit'

Not applicable.

95"




—— e
0

3.3.2.13 - Electrical Operating Requirements

a. Hardware shall operate on direct current ranging from 24
to 30 volts.. It shall withstand continuous operation on
under voltage ranging from 21 to 24 volts or an over volt-
age ranging from 30 to 33 volts without damage, and shall
give specified performance upon return to the rated oper-
ating voltage after temperature stabilization. The hardware
shall withstand voltage transients not to exceed +50V about
28 VDC with a pulse width not to exceed 10 microseconds.

'b. The Hardware shall be capable of recovery to specified per-
formance after momentary interruptions of all power.

c.  The Hardware shall not be damaged by a 1 volt peak-to-peak

ripple voltage on the input power at a frequency rangmg
from 20 to-20K Hz. :

d. Power Reqturements - Rated power and voltage

Rated Voltage: 26 5VDC

Rated Wattage' o 160 Watts maxxmum :

e. Electrlcal re51stance from L1ght housmg to ground
pin in electrical power connector shall not exceed two. (2)
mllhohms (. 002 ohms) per MIL-B-5087-B, Class R.

3.3. 2 14 Temperature Control

The maximum astronaut Touch Temperature shall not exceed
1059F after 45 minutes operation into a 809F (27.7°C) maximum heat
sink at 4.8 +1-0 psia. Touch Temperature shall be defined as the
temperature of Light surfaces which would be touched by operator
during normal operational handling. System #2 HIGH & LOW modes
shall be automatically switched off if the temperature of the most
critical electrical component approaches its rated temperature upper

limit. Restart, after cooling, shall be uutla.ted by manually smtchmg

"ON"' the System #2 reset switch.

3.3.2.15 Wiring Splicing

Splicing of wires shall be forbidden.

LR TN
~— +
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3.3.2.16 Wire Bundle and Harness Protection _

All wire bundles and harnesses shall be designed to with-
stand anticipated handling, including disconnection and re-
connection, and operating deformations without damage to
- the wires, insulation, or electrical connections. Wire smaller
- than 22 gauge shall not be used in wire bundles. Routing and
installation of all wire bundles and harnesses shall be specified
on the drawings. Special precautions shall be taken to prevent
damage as a result of extreme temperature conditions, chafing
or any other conditions that may result in damage.

3.3.3 Fluid (Gas and Liquid)

Not applicable.

3.3.4 Debris Protection

~ Applicable.

3.3.5 Cleanliness

 Flight hardware shall be fabricated under conditions of
100, 000 level, or better clean room per MSFC-STD-246A.

Quahflcatlon hardwa_re shall be fabricated under cond1t1ons of
- NHB 5300 4 (3. A).

- 3.3.6 Test Provisions

3.3.6.1 Test Points

 Test points, where necessary,. shall permit pianned tests
to be made without dlsconnectmg electrical connectors whxch are
normally connected in flight, -

3. 3.- 6.2 Test Equipment

Applicable.

',3.A3 T Single Point Failures

Hardware shall be designed so that a single pomt failure
will not affect astronaut or ground personnel safety, cause loss of
a fhght vehlcle/module prevent or compromise accomplishment -
of a primary mission obJectxve or cause a launch to be rescheduled
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3.3.8 Redundancy

3.3.8.1 Separation of Redundant Paths

Not applicable.

3.3.8.2 Redundant Paths - Verification of Operation

Not applicable.

3.3.9 Selection of Spec1f1cat10ns and Standards

a.

~ NHB 5300. 4(34) -

Specmcatlons and Standards for all materials, parts,
and government certification and approval of processes

and equipment, which are not specifically designated
- herein and which are necessary for the execution of

this specification, shall be selected in accordance thh

‘ MIL-STD 143.

Wire,' Cable, Soldering, Insulation, Comgponents, and
Assemblies - These materials shall be capable of
meeting the environmental, reliability, and load
requirements specified herein. - Applicable Military,

- MSFC, and MSC documents are:

MSFC STD 163 Electrical Engmeermg Desxgn

Standard for

MSFC-SPEC- : Wire, Electrical, Hookup

 40M39513A ' | | .

MSFC-SPEC- - Cable, Electrical, Shielded,

- 40M39526 . Jacketed, Specification for

MSFC-SPEC- - ' Preferred Electrlcal Parts
85M02716 : " List for AAP

Requirements for Soldering
Electrical Connections
MSFC-SPEC-101B - Flammability Requirements
and Test Procedures for
Materials in Gaseous
Oxygen Environments

"MSFC-PROC-274A Terminals, Installations of,

_ Procedure for -
MSFC-SPEC-278B Specification for Electrical
(AMDT-1) Terminals '
MSFC-PROC-293A Polyurethane Conformal Coating,
" (AMDT-4) : Procedure for Printed Circuit

- Assemblies

. o o

- o




3.3.9
b. (Con.)

‘MSC-D-NA-0002 Procedures and Requirements
for the Flammability and
Off-Gassing Evaluation of
Manned Spacecraft, July 1968
MSFC-SPEC-393. Compound, Printed Circuit '
. Board, Conformal Coating,
: Elastomeric
MSFC-STD-154A ' Supplement 1 - Standard,
S Printed Circuit Desxgn and
Construction

3.3.10 Materials, Parts and Processes

.a. Materials used in the fabrication of all components
shall be of the highest quality and lightest weight
compatible with the design requirements of this
specification and shall conform to applicable govern-

- ment specifications and as specified herein; contractor's
use of materials for which no government specmcatlon
exists and which are not covered herein shall require
prior written approval by MSFC. Contractor's requests
for-approval to use non-standard materials shall
include sufficient supporting data to permit MSFC's
analysis and evaluation of the intended usage. The
‘use of magnesium and titanium is prohibited.

b. ' Dissimilar Metals - Unless suitably protected against
- electrolytic corrosion, dissimilar metals as defined
in MS 33586A, such as brass, copper, or steel shall
not be used in intimate contact with aluminum or it's

alloys. Any protection used shall offer a low xmpedance
path to radio frequency currents.

c. All screws and fasteners having Cross recess type
heads shall be of the (Frearson/ Phillips) recessed type.

This shall apply to mounting screws, cover plate screws,
and other fasteners normally removed by service - .
personnel while servicing, repairing, or replacing equip-
ment in the field. However, hi-torque recess flush

bolts are preferred over Frearson/Phillips recessed

type bolts in all structural applications. Frearson/Phillips
recessed type bolts shall in no case be specified in any
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3.3.10
C. (Con.5

application where the ultimate tension load exceeds
257 of the nominal bolt tension strength. Any screws
holding modular sub-assemblies which could be changed

out in flight shall be hex socket 5/32 inch hex socket
~wrench,

3.3.10.1 Toxicity of Materials

Whenever the use of inflammable or non-heat resistant v
material cannot be avoided, the material shall be of such composition
that it will not liberate toxic fumes or noxious odors when the
material is burned or exposed to the temperatures specified

herein or the maximum inherent temperature of the equipment

when operating as specified herein. Material used in equipment
under the service condition specified herein shall not liberate
gases which will combine with the atmosphere (air at one

_‘atmosphere and 100% oxygen at five psia) to form acid or cor-

rosive alkali or an explosive or combustible mixture. Equipment
utilizing any material which temporarily liberates fumes or any
volatile matter shall be preconditioned by some suitable process,
such as baking, to expel all such matter prior to shipment. Such

. expulsion shall be permanent under the service conditions specified
~ herein.. The use of non-metallic materials shall be subject to
. MSFC written approval and shall be tested, as required, per

MSFC-SPEC-101 "Flammability Requirements and Test Procedures
for Materxals in Gaseous Oxygen Experiments',

N

3.3.10.2 Restriction on Use of Transistors and Capacitofs.

Point contact, grown Junctxon or alloy junction transxstors
shall not be used unless approved by MSFC,

3.3.10.3 Soldering
"~ Applicable.
3.3.10.4 Welding '

3.3.10.4.1 Resistance Welding

Applicable.




3.3.10.4.2 Fusion Weld'mg

All fusxon welding shall conform to- requlrements of
_ MIL—W-8604

3.3. 10. 5 Ultrasor_xic Processes

3.3.10.5.1 Cleaning

Ultrasonic vibration shall not be used as a method for .
cleaning electronic assemblies.of this Light.

3.3.10.6 E'tching of Wire Insulation'for P’ott'ihg

Applicable, except delete word "experxment" in f1rst
sentence and add word "'lighting" instead.

3. 3 10. 7 Adhesxve Bondmg

All adhesxve bondmg shall be per MSFC specxflcatlons
and procedures

3.3.10.7.1 Adhesives, Encapsulatxon and Coatmg

Where adhesives, potting foam encapsulation or conformal

. coating is applied to hghtmg equipment, the materials, application
process and process controls shall be per referenced documents

of Para. 3.3.9 or per approved contractor procedures

3. 3.10.8 Restriction on Use of Mercury

 Refer fo Para. 3.1.2.8.
' 3.3.10.9 Brazing
Applicable. |
3.3. 1010 Engraving
" Applicable.
3.3.10,11 Riveting

Not Applicable.




3.3.11 Standard Parts

AN or MS parts shall be used whenever they are suitable

for the purpose and shall be identified by their part numbers.
Commercial utility parts, such as screws, bolts, nuts, cotter

_ pins, etc., may be used provided they have suitable properties
and are replaceable by the AN or MS parts without alteration and

- provided the corresponding AN or MS part numbers are referenced
on the drawings and in the parts list. In applications for which no
suitable corresponding AN or MS parts are in effect on date of
invitation for bids, commercial parts may be used provided they
conform to the requirements of this specification.

3.3.12 Fungus Resistance

Applicable, eX'cept delete words "experiment hardware"
‘from first sentence and words "when tested in accordance with
paragraph 6.2.3.7 of the EGS" from last sentence.

3.3.13 Corrosion Prevention

- Materials shall be of a corrosion resistant type or suitably
processed to resist corrosion. Alternate matenals and processes
shall be subject to MSFC approval.

- 3.3. 14 Interchangeability and Replaceability

All parts having the same manufacturer's part number shall
.~ be directly and completely interchangeable with each other with
respect to installation and performance. Detail components,
other than those utilized in test samples, shall not be considered
interchangeable unless such substitutions are substantiated by
the equipment manufacturer and approved by MSFC. Physical
mterchangeab111ty shall be in accordance with MIL-I-8500.

- 3.3.15 Workmanship

All machined surfaces shall have a smooth finish and
details of manufacture, including the preparation of parts sub-
assemblies and accessories, shall be in accordance with the best
practice for high quality electrical equipment and specxf ic '

A, references in this specxﬁcatmn.
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3.3.16 Electromagnetic Interference

-a.'

Electrical and Electromc Interference - The Lxght
shall be designed such that the generation of radio

_interference by the overall system and the susceptibility

of the system to radio interference, shall be controlled
to the maximum practical extent using MIL-I-6181D as
a guide toward this end. Mutual interference between

_units of the system shall not prevent satisfactory

operation of the system as defined herein.
Applicable.
Applicable.

Applicable.

: Applicablé .

Refletted Rxpple - Reflected rxpple shall not exceed +1 :
millivolt peak for. each watt of steady state power
required by the nght '

3.3.17 Ident1f1cat10n and Marking

a.

A nameplate conforming to the réequirements of

MS 24123 and permanently marked in accordance with .
the requirement of MIL-STD-130, shall be permanently’
attached to each part requiring separate installation

.’ "by MSFC. Sheet metal nameplates and structure to

support nameplates, only, shall not be used. -Metal

" .. engraving, if used, shall not compromise the structural

and installation integrity of the equipment. Metal
stamped and engraved nameplates may be used. The
nameplate shall contain the following information:

(1)) Nomenclature

(2) Serial Number .

(3) Manufactured by _

(4) For (Government Agency)

(5) Per (Applicable NASA Contract Number)
(6) Seller's Part Number

() Seller's Model Number (xf apphcable)

(8)_"us" .. . . R I

Information such as voltage power, and current will be
included.
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3.3.17 o T
a. (Con.)

(9) Assembly Date - Each part requiring serializa-
tion under this paragraph shall be marked with
the assembly date. The assembly date shall
consist of the abbreviation "ASSEM!" followed by
the numerical designation for the quarter and year
separated by "Q" (Example: "ASSEM 2Q69" indicates
that the assembly date is in the second quarter
of 1969). The assembly date may be included on

the nameplate.
b. Applicable.‘_'
R Apphcable.

d. eres and cables shall not be 1denth1ed by hot stamping
- ‘dxrectly onto prlmary or secondary (shield) msulatlon.

3.3.18 Storage

The equlpment defined herein’ shall have storage life of

‘no less than 60 months as a design goal without parts replace-

ment or maintenance. After 60 months, it shall have the
capability of meeting the specified performance and reliability
requirements for no less than the total specified service life.

The contractor shall notify MSFC, in writing, of any post storage
special conditioning, reforming, etc. which may be necessary

to effect specified operation following storage. Such procedures
shall be subject to MSFC Technical Supervisor approval.

3.3.19 Pyrotechnic Devices

Not applicable,




4.0 TEST/PRODUCT ASSURANCE REQUIREMENTS |

An effective rehablhty engineering program shall be maintained
to satisfy the following paragraphs of NASA Reliability Publication
NPC 250-1, "Reliability Program for Space System Contractors':

a. 3.2 Design Specifications

b, 3.3 Reliability Prediction and Estimation

¢. 3.4 Failure Mode, Effect, and Cr1t1ca11ty Analyses |

d. 3.5 Mamtama.blhty and Ehmmauon of Human-Induced Faﬂures
e. .3.6 Design Review Program |

f. 3.8 Standardizatioxi of Deoign Practices

An Inspection System shall be maintained that will. satxsfy the o
requirements of NASA Quality Publication NPC 200-3; “Inspection System .
Provisions for Suppliers of Space Materials, Parts, Components and ‘ '

Services". Paragraph 3.2 of NPC 200 3. shall be changed to read as
follows: =~ ,

When Government Source Inspection is required, purchase orders
shall include the following statement: ""All work on this order is
subject to inspection and test by the Government at all times and
places. The Government representative who has been delegated
NASA quality assurance functions on this procurement shall be .

~ notified immediately upon receipt of this order.' All other orders
shall include the following statement: '"The Government reserves
the right to inspect any or all of the work included in this order
at the supplier's plant.' The inspection plan shall be expanded to
include provisions for compliance with sub sections 4.1and 4.2.1

of NPC 200-2 "Quahty Program Provxslons for Space Systems
Contractors "

4.1 VERIFICATION MATRIX
The verification matrix is shown in Figure 4. 1.
4.2 TEST TYPES

4.2.1 Development

—-4,2.1.1 Assessment
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4.2.1.1.1 Analysis

3.1.2.1, 33171 3226 3.3.2.15, 3310
33101 3.3.13, 3314 3318

~4.2.1.1.2 Demonstratlon

3.3.2.1, 3.3.2.2, 3.3.2.4, 3.3.2.8, 3.3.2.16,
3.3.4, 3.3.5, 3.3.10.2, 3.3.10.3, 3.3.10.4. 1,
3.3.10.4.2, 3.3.10.6, 3.3.10.7, 3.3.10.7.1,
3.3.10.9, 3.3.10.10, 8.3.11, 3.3.15

4.2.1.2 Test

-4,2.1.2.1 Funcfional |
4.2.1.2.2 Mechanical -
4.2.1.2.3 Electrical/Magnetic

3.3.2.
4. 2 1. 2.4 _Enviroriméntal :
. 4.2.1.2.5 Life
4.2.1.2.6 Off-.Limits

3.1.2.8, 3.3.1.2

' 4.2.2 Qualification

The qualification tests for the qualification test hardware shall

.be performed as specified in MSFC test procedure 85TP1-MR&T-SK-
1044, Revision A dated January 25, 1972.
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4.2.2.1 Assessment

4.2.2.1.1, Similarity
4.2.2.1.2  Analysis
3.3.2.2, 3362 3312
4.2.4. 1.3 Inspectlon
3.3, 3.8.1.3, 3.3.2.3, 3.3.17
4.2.2.1.4 Démonstration _ |
| 3.1.1.1, 8.1.1.2; 3.3.1.6

4.2,2.2 Test

4.2.2.2.1 Functional

3L, 3112

4.2,2.2.2 Mechaniéal' L : N
3. 1121 |
4.2.2.2. 3 Electrxcal/ Magnetm

3.1._11, 3.1.1.2, 38.1.1.2.2, 3329 33210
3.3.2.13, 3361, 3.3.16

4.2.2.2.4 Environmental | B

3.1.1.2.1, 3.2.1.1.6, 3.3.1.4, 3.3:2.11, 3.3.2.14,
3.3.10.7.1, 3.3.12 o |

4.2.2.2.5 Life

3. 1.2.'1,-'3.1.2.3 '
4.2.2.2.6 Off-Limits
4.2.3 Reliability

4.2.3.1 Assessment . . - e e T T T T

4.2.3.1.1 Analysis

3.3.7

CRRE MR bal ks o BN



4.2.3.2 Test

4.2.4 Other Tests

4.2.4.1 Integrated Systems

4.2.4.1.1 Assessment - ' | ’
4._2.4;1,1_.1 | 'Anélysis | | » | _
| 3.1.1.1, 3.2.1.1.6 IR | -
4.2.4.1.1.2 Inspection
3.3.2.3, 3.3.2.5
4.2.4. 1."1._3. ‘Demons't"ration |

1, 3.1,2.
.1.6, 3

, 3.1.1.2. 2
1 .2

1 L.
4, 3.2

wWwWw
L
0D
2.,»‘.—4

4.2.4.1.1.4 - Vahdauon of Records
2.4. 12 Test

.2.4.1.2.1 Functionél

.2.4.1.2.2 - Mechanical

N N

.2.4.1.2.3 Electrical/Magnetic -
3.1.1.2.2, 3.2.1.1.4, 3.3.16

4.2.4.2 Flight Verification

Not applicable. S - |
4.2.4.3 Post Flight' ,
Not apphcable

4.3 REJECTION

Rejection for failure is required when a test article is unable -

to perform its required functions as defined in MSFC 85TP1 MR&T- . ]
SK-1044, Test Procedure. :
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4.3.1 Qualification Failure

Applicable.

4.3.2 Reliability Test Failure

Applicable.

5.0 DATA LIST

Applicable.

6.0 PREPARATION FOR DELIVERY

- Applicable.

7.0 NOTES

Not applicable;
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Nomenclature

End item Nc.

Cti!'.icoli'y Cotegory
| High Intensity Portable Light 4 95M10750- 1
Reguiroments for Volifico'ﬁon '
TEST TYPES "YERIFICATION METHODS
A « Development 1. Test 2. Assessment
B - Quolification a. Functionol a. Similiarity
C_ - Reliability b. Mechonical b. Analysis
D « Integrated Systems ¢. Electrical/Magnetic c. lnspection
N/A - Not Applicable d. Environmental d. Demonstration
e. Materials Compatibility e. Validation of
f. Life Records
g. Oft Limits- ’
h. Combined Tests
. Test Types/ " E
Section 3.0 i Section 4.0
Performance/Design _ Venhcnhpn Methods Test Assessment
Requirement Reference ' Requirement
A B C D N/A
3.0 Performance & Design
Requirements
3.1 Performance X
3.1.1 Functional
3.1.1.1 Overall System Require- o
ments ‘ la | 2b
le] |ad
2d '
3.1.1.2 Subsystem Requirements la
' . 1c
2d
3.1.1.2.1 Mechanical Ib| |24
- 1d |
3.1.1.2.2 Electrical/Electronic lc lc
-3.1.1.2.3 Other X
Prepared by: Org. Date ‘| Rev. Date Rev. No.
Approved by: Org: Dote - Page

Figure 4-1

-



A B C D N/A

.1.2.

.12,

2.1,

Operability -

.1

.2

7

8

1.

Reliability

Maintainability
P

. 1 General Requirements

.2 Additional Require-

ments for In-Flight
Maintainability

Useful Life

Natural Environment
Induced Environment
Tr;msportability
Human Engineering

Safety

.2 Interface Requirements.
.2.1 Flight Hardware

.2.1.1 Flight Vehicle Interface

1 'Location, Envelope,

Weight, and Center of
Gravity

.2 Structural
.3 Fluid (Gas & Liquid)

.4 Electrical

.5 Communications and

Instrurnentation

.6 Aﬁnvironmental Control

2b

1f

1f

1d

2d

- 2d

1c
24

12b
- ad

2d




[
P—l
et

3.'3.

.1.1.7 Controls & Displays

.8 Lighting

.1.1.9 Other

.1.2 Interface with Other

Experiments

. 1.3 Ground Communications

Interfaces

.1.4 Flight Crew Interfaces
.1.5 Mission Interfaces

. 1.6 Ground Support Equip-

ment (GSE) Interfaces

1.7 Facilities Interfaces

.2 Zero Gravity Type Trammg

‘Hardware

.3 Neutral Buoyﬁncy Type

Training Hardware.

.4 Simulator Type Trammg

Hardware

.4.1 Slmulatlon Devmes
.4.2 Simulators

.5 V' Interface Control Document

List

Design & Construction

.1 Mechanical
3101 Rigging Devices
. 1.2 Shatterable Material .

. 1.3 Restrictions on Coatmgs

1. 4 Decompressmn

1g’

2¢

2

1d

2d

2d

112

-——




B.._

C .

b

N/A

-3 &

=

.8

Electrical and Electronic

Y

Mechanical Locks
Weight and Size

Factors of Safety

.1 Structural

.2 Fluid Systems (Gas &

quuld

Lubncatlon

Flammab1hty of ermg
Insulation, Materials,
and Accessorlgs

Toxicity of Wiring In-

sulation, Materials, and

Accessories

Electrxcal Connectors - b

Keymg

. Electrical Connectors -

Pin Assignment and Pin
~or Socket Selection

Electrical Connectors -
Protective Covers or
Caps

Materials Detrimental to
Electrical Con’nec’:tors_ o

Electrical & Electronic

- . Piece Parts - Closure

3.3.2.

8

Protection of Exposed -
Electmcal CerUItS

3.3.2. 9 Protection of Electncal
" and Electronic Devices

3.3.2.10 Corona Suppression |

2d

2d

2b

12b

lc -

t2d

8

2c

1c

ic

2d

2b

2d

2¢
2d

2c |
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3.3.2.11 Moisture Protection of
Electirical and Elec-
tronic Devices

3.3.2.12 Redundant Electrical
Circuits

3.3.2.13 Electrical Operating
Requirements

3,3.2. 14 T.emperafu're Control :

3.3.2.15 Wire Splicing

3.3.2.16 Wire Bundle and -
Harness Protection .

3.3.3 Fluid (Gas & Liquid)
3.3.4 Debris Protection
3.3.9 Cleénliness’ |
3.3.6 Test Provisions
3.3.6.1 Test Points
3.3.6.2 Test Equi'pmlent. ”
13.3.7 Single Failure Points
3.3.8 Redundahcy |

3.3.8.1 Separation of Redun-
dant Paths

3.3.8.2 Redundant Paths -
: Veri’ﬁcation of Operation

3.3.9 Selection of Specifications ‘|

- ‘and Standards

3.3.10 Materials, Parts, an
Processes. _ c

3.3.10.1 Toxicity of Materials

2b

2d

124

2b

2d

1d

lc

1d

1c

2b

1 2b '

| 2b
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A

C D NA

B
3.3.10.2 Restriction on Use of
Transistors and Capac-
itors 2d
3.3.10.3 Soldering 2d
3.3.10.4 Welding X
3.3.10.4.1 Resistance Welding" | 2d -
3.3.10.4.2 Fusion Welding ]2d
3.3.10.5 Ultrasonic P_f‘ocesses
3.3.10.5.1 Cleaning
3.3.10.6 Etching of Wire Insula-
_ tion for Potting -2d
3.3.10.7 Adhesive Bondir_xg | "Zdv
3.3.10.7.1 Adhesives, Encapsa- |
- lation, and Coating- 2d | 1d |- ‘
3.3.10.8 Restriction on Use of B
Mercury X
3.3.10.9 Brazing . = 2d
3.3.10.10 Engraving 2d |
3.3.10.11 Riveting | X
3.3.11 Standard Parts 2d
3.3.12 Fungus Resistance 1d
3.3.13 Corrosidn Prevention 2b
3.3.14 Interchangeability and |
Replaceability 2b
3.3.15 Workmanship {2d | | | | .
3.3.16 Electromagnetic |
Interference 1c lc




'3.3.17 Identification and
" Marking '

3.3.18 Storage

3.3.19 Pyrotechnic Devices

2b

2¢

‘B C__D N/A

Prepored by: o . Org.

Dote -

Rev. Date

Rev. No.

Approved by: - ' - | Org.

| Dote

Page
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o o | 7 95M10763
L ~ Revision A

APPENDIX VII

END ITEM SPECIFICATION
PRODUCT CONFIGURATION (PART I)
' REQUIREMENTS.
(END-ITEM NO. 95M10750)
HIGH INTENSITY PORTABLE LIGHT E
FOR

'SKYLAB A AND B

APPROVAL

z/////

Hardware Developer . . January 25, 1972
S&E-PT-MEI '. g .

GEORGE C. MARSHALL SPACE FLIGHT CENTER .
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
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1.0 SCOPE

This Specification establishes the requirements for complete
identification and acceptance of all units of 95M10750, High Intensity
Portable Light, to be formally accepted by the National Aeronautics
and Space Administration. It specifies the performance, configuration,
and manufacturing techniques that are necessary to reproduce the end-

item and becomes the controlling document for acceptance of the
end-ltem

1.1 PRODUCT CONFIGURATION BASELINE ACCEPTANCE

The Product Configuration Baseline shall be established by
Configuration Inspection of serial number 3. This unit and
all subsequent units, regardless of intended use, shall be accepted to
the configuration defmed by serial number 3, unless formally
~approved otherwise as required by Section 7 of the EGS.

1.2 CHANGES

R Applicable.
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2.0 APPLICABLE DOCUMENTS

The following documents, of exact issue shown, form a:pait of
this Specification to the extent specified herein. In the event of con-

flict between the Specification and other documents herein, the requlre-
ments of this Specmcatxon shall prevail,

- SPECIFICATIONS

National Aeronautlcs and Space Administration (NASA)

'No Number OMSF Experiment General Specm-
cation for Hardware Development

- George C. Marshall Space FlightCenter (MSFC) :

RS003M00003 - Performance and Design Integratlon
'~ Requirements for the Cluster Sys-
- tem/Apollo Applications Program,

General Specxﬁcatxon for

10M32157 ~  Flights AAP 1 and 2 Manned Systems
‘Test Analysis, PartIIl
STANDARDS
Military

MIL-STD-202D  Test Methods for Electrlcal and Elec-
_ ' : tronic Component Parts

PUBLICATIONS

Iota Engineering Inc., Tucson, Arizona

150232 Acceptance Test Procedures for ngh o
Intensity Portable nght

DRAWINGS

George C. Marshall Space Flight Center (MSFC)

'95M10750-1 - ' High Intensity Portable Light = .
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3.0 PRODUCT REQUIREMENTS
3.1 PERFORMANCE

3.1.1 Functxonal Charactenstlcs

- 3.1.1.1 Seasonmg .

The Lamps shall be seasoned at rated Lamp voltage and
current for 100 hours or 1% of rated life, whichever is shorter. The
value for rated life shall be obtained from tests and the Lamp manu-
facturer's data

3.1.1.2 Functional Sylstems Test

The Light shall be operated at rated voltage in each mode, i.e.,

- System #1 high, low., System #2 h1gh low; m both local and remote

control operations.

3.1.1.3 Low Level V1brat10n

The light shall be subjected to a s1nus10da1 vibration in the Z
direction, front to rear, at 1 octave per mmute at the followmg levels

to verxfy mechamcal integrity.
4 Levels

20 - 100 Hz @ 0.002 inches DAD :
100 - 2000 Hz @ 1.0g Peak Above Ambient

3.1.1.4 Light Output

. With the Light operated at rated voltage and current for five

. minutes in an ambient of 25 +5°C and 15 +1 psia, center beam Light

illuminance, +10 degrees, shall not be less than 28 foot candles when
measured on a flat plane magnesium oxide (or equivalent) target
6 feet +1 inch (1. 83 meters +2.5 cm) from the face of the Light with

- al/2 degree Photo Research Company Spotmeter or a Cahbrated

122

Light Meter.

3.1.1.5 Light Distribution

" The rate of illuminance fall-off from the center beam out either
‘way 42 inches (108. 5 cm) along the axis of the Lamps and 30 inches
(76 cm) either way vertical to the axis of the Lamps shall not exceed by
10% the typical distribution of ﬁgure L.




3. 1'. 1.6. Color Coordinates

The C.I1.E. chromaticity coordinates shall be x = 0.337 + 0. 006
and y = 0.324 +0.009 for essentially equal energy distribution at rated
wattage. The—spectral energy distribution shall approximate figure 2 .
within a conformity of +10%.at rated voltage and current after three min-
utes operation at 25 "_+_5'°C and normal atmospheric pressure (15 +1 psia).’

3.1.1.7 Color Temperature

'The color temperature of the Light shall be 5150 + 250°K.
3.1.1. 8 Efﬁmency

The efficiency of each Lamp power converter and Lamp combmatxon
actual power transferred shall not be less than 70%.

3,11, 9 Dielectric Withstanding Voltage

The Dielectric Test shall be conducted per MIL-STD- 202D
Method 302, Test Condition A to verify insulation resistance for all cxr-
cuits carrymg 100V peak to peak or less and Test Condmon C for all
circuits carrying more than 100V peak to peak.

3.2 CONFIGURATIONI

Top assembly drawing 95M10750 is shown in f1g-ure 3. Drawmg No

150200 is shown in figure 4. Electrical Schematlc No. 150138 is shown in
figure 5.

3.2.1 Manufacturing Dtawih‘gs ‘

© 95M10750-1 ~  High Intensity Portable Light
- 95M10751-1. Mounting Bracket Assembly
95M10754-1 Bracket
- 95M10755-1 Stem
95M10756-1 = . Shoe
95M10757-1 ~ Knob .

-SEC 39104366 Camera Mount Assembly
SDC 39104367 End Piece Assembly

,,,,, SDC 39104369 -Grip Assembly
SDC 39104370 Pad

SDC 39104371 Side Plate

SDC 39104372  Trigger -

'SDC 39104373 Spring Mount
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3.2.1 '(Con.)’vz

SDC 39104374
SDC 39104375
SDC 39104376
SDC 39103521
SDC 39103525
SDC 39103528
SDC 39103536
SDC 39104605
SEC 39104377
SDC 39104378
SDC 39104379
SDC 39104380

SDC 39104381 -

150200
150184

150139
150140
150141
150147
150145
150146
150157-1
150157-2
150158-1
150177
150178
150179
150182
150186
150187
150144
150161
1150162-1
150162-2
150159
150160
150185
150167
150150
150194 -
150189
150190
150192

Swivel Mount
Washer

Cover

Bottom Plate

- Spring Stop

Swivel

Washer
Extender

Slide Assembly
Slide

Rail

"Lock Pin

Button

High Intensity Fluorescent Light Assembly

Mechanical High Intensity Fluorescent Lxght
Subassembly

Reflector -

Lamphouse

" Blectronics Cover

Lamp Cap Assembly

Lamp Cap - :

Lamp Cap Bracket

End Camera Attachment Mount
End Camera Attachment Mount.
Slide Camera Attachment Mount
Functions Nameplate ‘
Warning Nameplate

- Identification Nameplate

Power Nameplate
Power Connector Nameplate

Remote Control Connector Nameplate
Spacer

Stud Spacer

Stud Spacer -

Stud Spacer

FWD Thermal Barrier

Rear Thermal Barrier

Electrical NASA Light Subassembly
Assy Control Logic and Inverter.
Inverter Chassis

- Orientation Subassembly

Lamp Assembly.
Lamp Process Spec
Lamp

——




3.2.1

(Con.)

150138
150156
150216
150224
150203
150202
150208
150219

150206

150199
150218
150207
150205
150204
150217
150209
150198
150225

150210 -

150211
150212
150213
150214

150215 -

150221

Schematic

Outline & Mounting

Switch Plate

Wire Running List

Terminal Locations

Transformer Inverter Subassembly
Filter Inductor Subassembly

- Chassis Inductor Subassembly

Inverter Transformer Spec
Component Holder

Chassis Control

Filter Inductor Spec
Chassis Inductor

Reflector Assembly
Right Hand Camera Mount

~Handle Assembly

Reflector Strip

Harness Support Bracket
Grip

Grip Support

Handle Guide

Latch Button

Latch Rod .

Handle Base

Spacer
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4.0

4.1

4.2

4.2.1

TEST/PRODUCT ACCEPTANCE REQUIREMENTS
ACCEPTANCE MATRIX

The acceptance verification matrix is contained in figure 4-1.
TEST TYPES

Acceptance

The acceptance tests shall be performed in accordance with the

“instructions in Acceptance Test Procedures for High Intensuy Portaole‘

Light

4.2.1.

4.2.1.

150232.

1 Assessment

1.1 Analysis

3.1.1.6, 3.1. 1.7

. 1.2 Inspection

.1.3 Demonstration

3.1.1.4, 3.1.1.5, 3.1.1.6, 3.1.1.7

.1.4 Validation of Records

3.1.1.1, 3.1.1.8, 3.1.1.9

.2 Test

2.1 Functional

3.1.1.2

.2.2 Mechanical

3.1.1.3

.2.3 Electrical/Magnetic

3.1.1.8, 3.1.1.9




4

2.

.1.2.4

.1.2.5

Environmental-

Other

 Other Tests

2.1

.2.1.1

.2.1.1.
.2.1.2
2.2

.2.2.1

.2.2. 1.

2.2.2

Integrated Systems

Assessment

.2.1.1.1 Analysis
.2.1.1.2 Inspection |

.2.1.1.3 Demonstration

3.1.1.2, 3.1.1.4
4 Validation of Records

Test

Prelaunch

Assessmé_nt
1 De'mpnstration
3.1.1. 2, 3.1.1.4

Tes{

4.3 REJECTION

Experiment hardware that does not ineét the performance re-

‘quirements of Section 3.0, Part I and II of this document shall be con-

sidered failures and subsequent hardware shall not be considered
acceptable until all hardware failures that have occurred have been
satisfactorily reported, analyzed, and corrected. '
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5.0 DATA LIST

Applicable.

6.0 PREPARATION FOR DELIVERY
6.1 PRESERVATION AND PACKAGING

Packing and packaging of end items shall conform to the

" most economical method acceptable to the common carrler wmch

will assure safe and proper delivery to destmatlon

6.2  PACKING

Refer to Para. 6. 1.

' 6.3 SHIPMENT

Shipment shall be by common carrier. All shipments shall
be clearly marked to md1cate contents, contract number, and DCN

- number.

7.0 NOTES

Not applicable.
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Nomaenclaoture

High Intensity Portable Light

Criticality Category
4

€nd lters No.

95M10750-1

Requiremeonts for Acceptance

TEST TYPES:

VERIFICATION METHODS

1.. Test

A - Acceptance 2. Ass.essment
B -Integroted Systems a. Functional a. Anclysis
C  -Prelounch Checkout - b, Mechanical b. Inspection.
N."A -Not Applicable c. Electrical/Magnetic ¢. Demonstration
d. Environmental’ d. Validation of
e. Combined Tests _ records
f. Other Tests (Specify) . ‘
Section 3.0 ‘ Test. TYP'-‘,S/ : Sectiron 4.0
Performance/Configuration Verification Methods - Test/Assessment
Requirement Reterence A B c T N/A Requirement
3.0 - X
3.1 X
3.1.1 X
3.1.1.1 2d
3.1.1.2 la | 2c | 2¢
" 3.1.1.3 ib
3.1.1.4 2¢ | 2¢ | 2¢
3.1.1.5 2¢
3.1.1.6 2a
2c
3.1.1.7 2a
2c
3.1.1.8 lc
. 24
~3.1.1.9 1c
: - 2d
" Prepared by: Org. ‘| Date Rev. Date Rev. No.
Approved by: Org. Date Page - - -
L L me
‘Figure 4-~1
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APPENDIX VIII
DESIGN PHILOSOPHY

The design philosophy of the high intensity light was determined by
the design requirements and goals summarized in the body of the
final'report; The design can be subdivided into the areas of>
| 1. ' Light Source
2. Electrical Circuitry
3. Thermal Parameters

4, Size and Weight Requirementé

Light Source

It was decided for reasons of life and efficiency, that fluorescent
lamps should be used in the high inténsity light. The usage of fluorescent
lamps raises several problems. These are mercury containments, temperature

stability, optical and electrical requirements.

It was necessary to enclose the lamp to prevent mercury escape under’
breakage conditions. This was accomplished by sleeving the lamp in
thin wall, tfansberent teflon and potting the end caps in silicone
rubber. The teehnique maintains flammabilit& requirements and pfevents

high rate venting of the lamp. .

The operational temperaﬁure of the lamps was determined to be,approg-
imaeely 200°F due to the size limitations of the system. It was found
that in a 1/3 atm. environment t:heconduct:ive and cogvective 1o$ses‘were
small eompared to the_radiative losses hence a direce relationito the

package area exists.. The Westinghouse Electric Co. has developed a

lamp utilizingAa mercury amalgam within the lamp for temperature

135



Heim

stabilization. This lamp exhibits a high peak light output temperature
(nom. 208°F in the lamps used in the high intensity light), and a
relatively flat>light output with respect to temperafure about the

peak point. These characteristics are a function of the eutectic
opefation of the amalgam in éontroling the mercury vapor pressure within
the lamp. It has been found that amalgam control provides a further
benefit in that'thé vapor pfessure above a cold amalgém is more than

two orders of magnitude less than that of elemental mercury>under
similar conditiops. This effect eliminates the chance of toxic mércury

escape in the event of lamp breakage.

The lamps utilized in the High Intgnsity ;igﬁf have a color corrected
phosphor with CIE'coordinétes or X'= 0.337 i 0.006? Y = 0.324 + 0.009
and a relatively flat SED in the visible range. This corresponds to

a black body color temperature of nominally 5250°K which is an excellent

match to normal daylight photographic films;

The electrical qharacteristics of the lamp are generélly the same as a
normal discharge phenomenon lamp 6f this size; however, the very low
ﬁercury vapor pressure (céld)'and the high pércentage neon‘fili gaé
contenf uéed to increase the lamp.ene;gy density require higher starting

voltages than normally encountered.

Electrical Circuitry

The electrical requirements for operation of fluorescent lamps are
twofold. First, sufficient voltage must be provided to initiate
avalanche or are conditions within the lamp. Seéond, sufficient power

must be provided in a current limited mode to operate the lamp.

- Fluorescent lamps may be operated in either a DC or an - -
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NAAbAmnde;-however? DC operation is inefficient and. considerably .
shortens normal lamp life. It was decided AC operation at a nominal
20 KHz frequency offered the most appropriate compromise of the

influencing factors of inverter size, RFI/EMI minimization and lamp

outpuc.

The géneral category of devices for DC-AC conversion are called
invergers, of which there are several varieties. There are two
varieties of inverters appropriate for driving‘fluorescen;wlamps'in
the manner desired. These are tﬁe "one transistor—one transformer
inverter" and the "two transistor-one transfqrmer.inverfer." The former
type was decided upon for the following reasons:

1. Circuit Simplicity

2. Dynami; output characteristie

3. Efficiency

Thermal Parameters

- The thermal parameters of the system stem basically from éize and
power considerations. At the full design power, of 150 watts, it was
found that cooling in the radiative mode was dominant. All components
within the syétem were designed for 125°C or greater operation.‘ The

thermal parameters of the system were verified theoretically and

experimentally.

_Size and Weight

The size and weight of the High Intensity Light were minimized as much
as possible while maintaining other system parameters. This was accom-
plished by use of unique optical control techniques and good packing

density of the electrical circuitry.



APPENDIX IX

CIRCUIT OPERATION

There are two basic trade—offs ihvolved in the design of:a lamp driver
circuit. These are:

1. Reliability, aﬁd

2. Efficiency
' which are in themselves inférrelated.  The probleﬁ.in oﬁtimization of these
parameters is nof only a functién of the driver circuitry but of the load

and source characteristics. Thus, for example, a higher inverter efficiency

'doesmﬁEEtimply a higher overall efficiend}é When eiéﬁfﬁfﬂéhéifChiE'desigh{7fﬁei
_additional restraints of human factors and RFI must be keptin mihd.’ The'
.following constraints are necessary‘in‘thé_High'Iptenéity.Light:
1. Minimum weight |
2. Minimum package size
3. 150 watts total input
a. 75 watts each driver, high mode-
b. 37.5 watts, low ﬁode
4. Maximum light output - efficiency
5._.Minimum‘RFI
6. Maximum case temperature - 120°F
7. Méximum ease of>operation
8. 20 KHQ or greater inverter operationg (for minimizing component

sizes and increasing lamp efficiency)

The constraints that are omitted above are not peftinenf to this examination.
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For purposes of this discuséion a simplified model without feedback and

starting additions will be used.

+2avbe - nl A

Q .

.
-

.

>

<

AV

At an opérating frequenéyfof 20 KHz or greater, the lamp may'be_modeled
as a resistive load which value depends on the operating point of the
lamp's volt—amp characteristic curve. The operating chgracteriséics of
the circuit are depeﬁdent upon (1) the'transformer, (2) the seéondary

loading, and (3) the transistor.

The circuit operates in the following manner. When voltage isvappliéd to
the circuit, the transistor is turned on regeneratively through transformer

operation. The equations governing this action are:

Hl, = Ni | (Eq. 1)
E .= N d¢/dt x 1078 (Eq. 2)
or in. this case,
U Rt = meBAx 10~ T @y o
AB = B, + B (b)
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These equations can be solved for Tand iy for a given core type and size.

This action continues until time T when the core saturates and voltage cannot
be sustained on the feedback and secondary windings. With the loss of drive,
the traﬁsiétér.begins to turn off and the flux in the core collapes to Br’_
regeneratively turning the transistor off. Note that the energy store in

the core must be dissipated during.turn-off of.the transistor. = This eﬂergy

is (1) fed into the secondary capacitive léad: and (2) ekhibited in fﬁe primary _

. : .. SR~ D - — e - . ) e
as a large voltage spike. Capacitors C1 and 02 then begin to discharge through
the transformer secondary with time constants characterized by the effective

LRC2 circuit and the LC

1 circuit (the feédback and primary are effectively

infinitelimpedances), During discharge of Cl1 and C2 the transist¢r is biased
off. When the discharge is complete,‘the cycle is complete. Capacitive loading
of the secondary is necessary to reset the transformer core from B, to —BS (or

as near as this method of reset will allow).

Two requirements must be met for lamp operation (1) startiﬁg copditioqs,
and (2) operational conditions. Obviouslf, both requirements cannot

be optimized simultaneously. Common procedure ié to attempt optimi*
zation of the operational mode while maintaining acceptable starting

requirements.

In the high Intensity light, thé operating requirements show that tube current
must be approximately‘O.S amps-rms which corresponds to a steady
stalerﬁéEafiﬁg poiﬁt’éﬁﬁi&;iéﬁtwga'gﬁﬁgoiiﬁateiy'SS watts (55.2 wétté

are required for 70% electrical efficiency at rated input.)l Assuﬁing

that the iamp is comparatively sluggish in its steady state response

at the specified operating frequency (20 KHz), the tube can be modeled

(as stated previously) by a pure résistance. ~ T ’ - : Yo
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Capacitor C, serves the function of "resetting" the transformer

core. Capacitor C. further serves to limit the "flyback" voltage

1
appearing across the windings of the transformer to a safe level

when the lamp is not in arc operation.

Other components in the feedback circuit of an operational inverter are
utilized for current limiting and wave shaping. Capacitor C, serves

to limit current flowing through the lamp and reset the co:é.

For rapid start operation, which was chosen for this system for
qptimum lamp life and minimized RFI, filament windings are added to the in-

verter transformer.

System dimming is accbmplished by actuation of a relay which decreaseé
capacitance Cl and reduces the baée drive to the transisﬁor by increésing
resistance in fhe feedback leg. Decreasing Cqys increases_thg complex
impedence of theAsecondary circuit'and rgduces lamp éurrept}_ Increasing
the feedback cirguit resistance serves to compensate forAthis'reduced

loading.

At.the end of life of the lamp i.e.: the lamp fails to light, the inverter

. operates in what is designated as an ''open circuit mode". Open circuit

operation is highly diééipative since little or no power is transferred
to the lamps. All components within the system have the capability to
withstand open circuit operation both thermally and e}ectrically’at any

input level.

Typical values of input and output at a nominal 26.5 VDC input for one system

were obtained during breadboard testing. These results are as follows:
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Hi mode:

Dim mode:

Input Voltage 26.5 VDC . ’ Input power 67.6 w.
Inﬁut Current 2.55 amp |

' Output Voltage, 60,3 VRMS . Output pover 49.4 w.'
Output Current 820 ma.
Input Voltage 26.5 VDC | , Input power 47.2 w.
Input Current 1.78 amp. |
Output Voltage 85.9 VRMS ' | Outﬁut power 13.2 w.

Open

Note

142

Output Current 154 ma.

Circuit mode:
Input Voltage

Input Current

that filiment

26.5 VDC ' ' " Input power 39.7 w.

1.5 amp.

power has been neglected in the output power figures.



APPENDIX X
THERMAL ANALYSIS AND TEST RESULTS -

THERMAL ANALYSIS OF THE HIGH INTENSITY LIGHT

1. Total Dissipation:
Based ‘upon test results of preproduction hardware the
Input power at 26.5 VDC 1is 142 watts, with switch in "Bright"
" position. In dim position, input power is 100 watts or 50
watts (both on, one on).

It is beyond the scope of the present contract to measure

exactly the amount of power radiated within the visible spec-

trum. However, a reasonable approximation can be made.

Although the lamp is running hot and at high current, there

is a compensating improvement in efficacy due to the high

frequency operation. Hence, it is assumed that luminous out-~

put is about 20 percent - : . &8

Losses are distributed approximately as follows:

Inverter _ 21.6 watts
Control Circuits 2.5 watts
Lamp Filaments 18.9 watts
Lamp Arcs .99.0 watts

142.0 watts

Subtracting the visiable radiation leaves a net heat flux
Q = 142 -(.20)(99) = 122.2 watts. Converting to BTU's per
hour: ‘ v :

Q = 122.2 x 3.413

416 BTU's/Hour SR (2)

2. Cooling Method:
With the very low velocity of cooling atmosphere in the spacecraft
and at the reduced gas pressure, the amount of heat carried away
by convection is very small (in the range of 2 to 5 percent).
Consequently, it is assumed that only radiation is effective in
cooling the light. '

No trénsient analysis will be made, since it is assumed that the
light may be operated long enough to reach thermal equilibrium.

This is conservative since the approach to equilibrium is asymptotic
as AT".

(n IES Lighting Hankbook, Fourth Edition, p. 8-18

(2 Internal’ Combustion Engines, E. F. Obert, Second Edition, 1950. Table I,
appendix. ' :
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At thermal equilibrium, absorpt1v1ty and emlss1v1ty are equal.
The value of emissivity is assumed as the value of a gray body
radiating diffusely into a hemlsphere, u51ng total em1ss1v1ty, €.

For the case of 1nf1n1te parallel.planes, a reasonable statement
of this case, the net 1nterchange of. energy per unlt time is

q = Ao (T3* - T2") 1 -3

A; is the area of gray plane 1; ois_the Stefan—Boltzmann constant
[0.1713 x 10-8 BTU/(sq. ft. )(hr ) (deg R) ] T is temperature in
degrees Rarnkine. '

For anodized alumlnum (black), ey = 0.
For cloths and pa1nted surfaces, 82 =

8 ()
0.9

The spacecraft Walls.are at 70°F 530°R.'”

Ay the unobstructed -view of the surface of the llght, is approx1—
mately 1.9 square feet Flux q = 416 BTU s/Hour ‘

Substituting,
416 = 1.9 x .1713 (j ) x 1
100 14+ 1 -1
.8 .9.
416 = 239(' 0) - .239 x 789

it

4
T
(;UU 1740 + 789 = 2529

()

Ty = 710°R = 250°F (121°C)

1l

7.1

This assumes that the source temperature is unlform over the entire
area, which is not true The largest amOunts of power are d1551pated

in the lamps, which have a clear aperture over “about 20 percent of

their c1rcumference The lamps exceed the average temperature, redu01ng
the heat flux to be dlss1pated by the structure.’ Tests were conducted
to determine the temperatures at varlous p01nts to’ verify adequacy of’
cooling dlstr1but10n.

(3) Heat Transmission, W. H. McAdams, Third Edition, 1954, p. 63.
(4) MIL-HDK-217A, 1965, p. 6-7, Table VI-I.
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3. Temperature of Wire Cage:

A wire cage has been incorporated around the light to prevent contact
-of hot surfaces by using personnel. It is essential that this- wire
barrier be held to an outside (exposed) surface temperature of 105°F.
Again, it is assumed -that convection cocling will be negligible.

The general equatlon for direct 1nterchange is of the form
AjF1oe182(T1" - To™). | ()
The flux into the wire cage must equal the flux out. Since all

temperatures are nearly the same, and since the source and space- )
craft walls are both nearly black, the case can be stated as follows: .

A1F12€1€2A0(T1u - Tzk)'

- =1
AjF)2e1€980(T2" = T3") -

Viewing areas and factors are equal, and €) can be controlled. Tj
is the source, Ty is the w1re, and T3 is the spacecraft wall. The
wire can be plated to have a low emissivity facing the source (EZA)
and a hlgh em1531v1ty (EZB) facing the wall.

By selectively polishing, plating and roughing, it is anticipated that

a ratio of outside to inside surface emissivities of 7:1 can be achieved.
Emissivities for gold and stainless steel, for 1nstance, -are .03 and .35
respectively. Using €2B/€2A = 7, S ' (6)

g (T1° - T,

M
€28 (Tz - T3)

1740 x 10°

‘With T;"

T3 = 789 x 10° -

1740 x 10° - )" = TT," - 7 % 789 x 10°

8Ty" = 1740 x 10a 5520 x 10° = 7260 x 1o8

2 = 980 x 108
T2 = 549°R
= 89°F -

(6) Ibid. Table A-23, p. 472.
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If the emissivity ratio drops to an effective 5:1,

1740 x 10° - T* = 57,% ~ 5 x 789 x 10°

6T," = 5685 x 10°
T, = 948 x 10°
Ty = 555°R
= 95°F ‘ ’ o : ’
At 3:1, ' o .

1740 x 10° - TZ“ = 3T2“ - 3 x 789 x 10°

4To" = 4107 x 10°

Tp* = 1027 x 10°
— 3
= 106°F

At 1:1,

1740 x 10® - Tzﬁ = TZ"‘—'ng'x-xog

2T,% = 2529. % 10°

To* = 1264 x 10°
Ty = 595°R
= 135°F

This indicates that there should be a sufficient'degree of margin in
meeting the requirement of 105°F touch temperature. Switches and
connectors may require isolation from conduction paths and some
reflective: shielding to minimize direct radiation. Convection cooling
will help to a small extent.

(9
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Thermal Test Results

Thermal verification of the theoretical analysis was run on engineer-

ing model X-2 of the High Intensity Light. The results of these tests are

presented in the following graphs. The experimental results were found to

“be quite close to the predicted résults. It was indicated that further

sheilding of the switch handles Was necessary to.stay within touch tempera-

ture requirements. These:results were further verified during qualifica-

tion tests.
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Qualification Tests . SRR

i Qualification tests will be conducted at thé Marshall .

Space.Elighthen&er.w~?heitesultsfofﬂthose“teSts”Witl

be supplied by the Quality Assurance Laboratory, envi-

rommental test division,

 NASAZMSFC

153



