~ AD=AQT73 853 VISIDYNE INC BURLINGTON MASS F/6 20/6
| ROCKETBORNE LASER BACKSCATTER EXPERIMENT,(U)
MAR 79 O SHEPHERD: A ¢ HURD: W H SHEEHAN F19628-T6=C=0253
UNCLASSIFIED VI=ATS AFOL=-TR=T9=-0081 NL

g "
)|

R




fl2

Iz

llee
2
B

i

FFFFE

[P

i< s

ll22

22

s

ngp

ll2

22

22

L

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




——

ADAQ7T3853

= |E 7

ROCKETBORNE LASER BACKSCATTER EXPERIMENT

. Shepherd %

. G. Hurd
. H. Sheehan
. D. Bucknam

DED>O

Visidyne, Inc.

19 Third Avenue

Northwest Industrial Park
Burlington, Massachusetts 01803

15 March 1979
Final Report: 6 May 1976 — 15 February 1979

Approved for Public Release; Distribution Unlimited

AIR FORCE GEOPHYSICS LABORATORY
AIR FORCE SYSTEMS COMMAND

UNITED STATES AIR FORCE :
HANSCOM AFB, MASSACHUSETTS 01731

V1-475







sSECumTY CL FICATION OF THIS PAGE (When Date

REPORT DOCUMENTATION PAGE ' BEPORE CCMPLY FING PORM -

r UNCLASSIFIED
[

~RFoRT — oV ACCEaon o] K WEGPENTs CATALAS mmeEn |
{2 aF6LETR-79-6081 | B " SYAR
fo TIT e (e Sterite) Ve TYPE OF REFORT & PEMOD COVERED 1
_ : (ZV Final_Répart
ROCKETBORNE LASER BACKSCATTER EXPERIMENT’/ .6 May W76-15 Feb e 7
b ) £ ST N - : . / 6, s
- . AUTHONR(S) e OR CRanT WuUMPERre) —
0. Shepherd A. 6. Hurd =) F19628-76- c-0253 7
R. D. Bucknam ™ o T
. TP ERFORMING CRGANIZATION WAME AND ADDRESS - RROGRAN ELFNENT. PROJECT . ¥ ASK
Visidyne,Inc. 62101F " “‘:2; 7
19 Third Avenue,Northwest Industrial Park, 7 '6690P1A0 \-——X7T;/ /
Burlington, Massachusetts 01803 4/ e e
1. CONTROLLING OFFICE NAME AND ADDRESS p ‘t ."0.7 Dl?[ i
Air Force Geophysics Laboratory (LKB) f/(/f 15 Margh 1979/

Hanscom AFB, Massachusetts 01731
Contract Mon1tor Joseph P. Mclsaac Q

e MONITORING AGENCY NAME & ADDR $(1{ dliferent frem Centrolling Office) SECURITY CLASS. (~t thia report)

Unclassified

L—_——_———————
16 DISTRIBUTION STATEMENT (of d.fe Repert)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abetvect entered in Block 90, If dillerent lrom Report)

77 )
O. /Shepherd, A, G, /Hurd, i
6. SUPPLEMENTARY NOTES | w. He /Sheehan R, D, /Bucknam /

e C————————————— i o s

5. KEY WORDS (Continwe en reverse oide If necessary and Identily by Sloek mumber)
Atmospheric Density Rocketborne Payload
Thermosphere
Rayleigh Scattering

Q\g Laser

20. ABSTAACT (Centinue on oo olide It ““’"“m

A prev1ous]y flown rocket payload designed to measure atmospher1c!
density in the thermosphere through Rayleigh, backscatter of a dye i
laser signal, was modified and refurbished-by—Vistdyne, lneg, In its
earlier f1e1d test by-anether—contractor;?the payload failed to pro-
vide any data, apparently because of a timing_problem. Relaunched
24 July 1978 from White Sands Missile Range, g%he laser faTTEH*fB")
operate because of a minor component failure. However, measured

DD o W73 e€oimion or 1 nov e8 18 omsoLETE & -

/% ,f// 4,

e A

vWWW B T
L : S ————————




& 3

UNCLASSIFIED

T8 & L .. .

ackground intensities were orders of magnitude higher than
anticipated. The source of the background signals has not been
positively identified since the rocket aspect data have not been
finalized. The most likely source appears to be scattering from
the earth's atmosphere illuminated by the below horizon sun.
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1.0 INTRODUCTION

The rocket-borne Laser Background Experiment was originally designed,
fabricated, and flight tested by another contractor(1’2 . Its purpose was
to measure atmospheric density as a function of altitude by monitoring the
atmospheric Rayleigh scattering of a dye laser operating at 4580R. No data
on atmospheric density were obtained from the initial launch of the instru-
mentation. The objective of this contract was to refurbish and/or redesign
the instrumentation to perform the intended measurements.

The engineering task required for this program was significantly
greater than originally anticipated. As proposed, an existing operational
Laser Backscatter Experiment payload was to be refurbished and selected sub- A
systems redesigned so as to improve operation and/or increase system
reliability. After the GFE payload and support equipment had been received
and inspected, it became apparent that much more extensive modifications
were required. The following existing subsystems were totally redesigned:

a. The laser dye and coolant circulation system including
reservoirs, pumps, tubing and fittings, filters, and
control electronics flow monitors.

b. The laser high voltage (25 kv) power supply and its
control electronics.

€. The laser firing spark gap high voltage (40 kv) ]
trigger circuitry.

d. The laser firing timing circuitry.

e. The entire laser section mechanical mounting structure

and all electronic packaging.
f. The laser 28 vdc battery, the supporting electronics'

28 vdc battery, and their respective power distribution

systems.
g. The laser section telemetry interface.
h. The laser section electrical cabling. 4
i. The laser boresight pointing optics.

9
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The backscatter sensor electronics.

The laser output power monitor electronics.
The system timing electronics.

The sensor electronic packaging.

The sensor cabling.

Q 3 B == X

The payload ground support equipment and all test cabling.

The GFE components considered qualified to be reflown with minor
refurbishment required were:

a. The main optics casting.

b. The collecting optics, primary and secondary, and optical
structure.

The laser high voltage capacitor and spark gap.

The laser high voltage step-up transformer.

The laser flash lamp assembly.

The sensor photomultiplier.

- ® A O

However, items ¢ through f failed to perform during testing and
were repaired or replaced.

At 2205 hours, 24 July 1978, the Laser Backscatter Experiment Pay-
load was again launched from White Sands Missile Range using an Aerobee 150
vehicle. A1l vehicle and payload support systems performed to specifications.
The payload attained an apogee of 150 km approximately 205 seconds after
launch and the payload was recovered successfully the following day. No
laser backscatter data were obtained during the flight because of a component
failure within the laser high voltage power supply which prevented laser
firing. Sky background signals were detected by the backscatter sensor. A
subsequent analysis of the component failure is given in Appendix L.

10

”?T*”prw%wmmmwﬁm@mnmpmmwmmemwwyw~wv S b
£ "




2.0 SCIENTIFIC OBJECTIVES AND ANTICIPATED SIGNAL LEVELS

The purpose of this experiment was to determine the total atmo-
spheric density in the thermosphere in the 60 to 140 km altitude range.
The measurement technique utilized backscattering of a pulsed laser signal
at 45808 generated and collected by a rocket-borne payload. Visidyne's
! effort was to modify, refurbish, and provide field support for a rocket
H— payload previously unsuccessfully flown to make the above measurements.

The previous field test by another contractor(l’z)

failed to obtain any
data, apparently because of timing problems.

The technical approach followed by Visidyne in this contract
emphasized checkout and calibration of the complete system as well as
individual components. The calibration and test simulated as closely as
possible the flight operation. It included a precise measurement of the
detector system response along the laser path and an accurate calibration

of the detector response. Of particular importance to the experiment was

the detector/laser timing accuracy.

In general, in the wavelength spectral range of the laser source,
the nighttime continuum is of the order of 2 x 106 photons sec 1-em™2-R"1
(Figure 2.1)(3). The night sky background photon flux collected by the
detector optics and incident on the photomultiplier is:

AQ

= 2 x 108 —E%A-(photons sec_l)

Nnight sky
where A is the effective collecting area of the detector (700 cm2)
© is the solid angle viewed by the detector system (4 x 10'3 sr)
AX is the bandwidth of the detector (100 ﬂ)
Hence,
1
)

N 4 x 10’ (photons sec”

night sky

By comparison, the anticipated rayleigh scattered laser signal
flux is given by

11
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where P]aser

L “rayleigh

At
Ris Ry

Thus,

Nray]eigh

I N g —— i - ——
| B e e
- T — S . - L

rayleigh . At 27

Ratio

Praser “rayleigh pA

1 1 -1
{ET-- ﬁ;& (photons sec )

is the number of Taser produced photons per pulse
(2.2 x 1018 for 1 joule pulse and photon energy 2.7 eV)

is the rayleigh scattering cross section (9.6 x 10'27 cm2

@ 4580R)

is the particle density (6.4 x 101° cm3 at 60 km and
9.3 x 1010 em™3 at 140 km, U.S. Standard Atmosphere,
1976, NOAA-S/T76-1562)

is the detector effective collecting area (700 cmz)
is the integration time (6.8 x 1076 sec)

are the near and far distances to the portion of the
laser beam that contributes to the return signal and
are assumed to be to the half power points of the
laser response curve in Section 4 (R; = 140 cm,

R, = 340 cm).

15% W2

We can compare the night sky background and anticipated rayleigh
scattering signals by taking the ratio

quy]eigh scattering _ 1.5 x 1073
Nnight sky 4 x 10

so that the ratio as a function of altitude is as follows:

13
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ALTITUDE (km) RATIO
60 2.4 x 10°
80 1.4 x 10°
. 100 4.5 x 10°
L 120 1.9 x 10!
140 3.5 x 10°

Therefore, the night sky background signal contribution is
negligible except when the rocket payload was near apogee.

It should be noted that the experimental data requirements were
revised during the program. The original altitude region of interest,
90 km to 160 km, was revised to be 60 km to 140 km.

14
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3.0 PAYLOAD DESIGN, FABRICATION, AND PREINTEGRATION TESTS
3.1 Vehicle

The GFE payload was designed to mate with an Aerobee 150
(1). Figure 3.1 shows the payload configuration. Location of the
principal components within the payload was relatively unchanged by the
Visidyne modifications with the exception that the dye and coolant
reservoirs were mounted in the forward part of the ogive and the ogive
skin divides into two parts. An extension of the ogive length was
required to accommodate the reservoirs. The redesigned payload is shown

rocket

in Figure 3.2.
The payload electrical interface is given in Appendix A
and the experiment telemetry assignments are in Appendix B.

3.2 Transmitter

The transmitter was located in the section of the payload
forward of the optics casting. A block diagram of the transmitter is
shown in Figure 3.3. The transmitter optics were in the optics casting.

Jo2.1 Laser

The flashlamp-pumped dye laser was part of the GFE
(Government Furnished Equipment). It was designed and manufactured by
Candela Corporation, Needham Heights, MA. and is of coaxial flashlamp
design described by Furumoto and Ceccon(4).

The dye used was Coumarin 2 (4,6-Dimethyl-7-ethy-
lamino-Coumarin). A1l dye concentrate was from the same lot number manu-
factured by Eastman Kodak Co., Rochester, N.Y. It was mixed with methanol
(Certified A.C.S.) and distilled water to make a 1.5 x 10°%
Complete mixing instructions are given in Appendix C. The tuning range
for Coumarin 2 lasing is from 4300-4800R. Spectral measurements made
at AFGL with a variety of dye mixes showing that all Kodak mixes had peak
lasing wavelengths of 4569 1_20ﬂ(5) were confirmed at Visidyne by using a
narrow band transmission filter.

M solution.
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FIGURE 3.2 PAYLOAD, FORWARD SECTION, DISASSEMBLED
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The rear laser mirror has a 99.9% reflecting coating
while the front, or output, laser mirror has a coating which has a trans-
mission of about 85% at 4500R as shown in Appendix D.

Appendices E and F consist of detailed instructions for
the initial and final laser alignment procedures and safety procedures.

A spare dye laser was also part of the GFE. Both
lasers were beset with problems. Although the flashlamps were guaranteed
for 5000 flashes and rated for 30,000, failure occurred in each after
totals of only hundreds of flashes. The seals between the body of the
laser and the dye and coolant fittings were prone to leak, even after
checking by the manufacturer. The 0-ring groove for the front end mirror
on one was too deep, causing the mirror to crack during alignment and/or
dye leakage. These problems were the cause of extended delays. Nevertheless,
the cooperation of Dick Herron of Candela in rectifying many of them was
most appreciated.

3.2.2 Optics

The transmitter optics are shown as part of Figure
3.4. Although relatively simple, they were considerably modified from
those of the GFE. The latter consisted of an anti-reflection coated window
to maintain the pressure in the laser compartment of the payload and a
plane dielectric mirror on a two dimensional adjustment mount to permit
folding of the laser beam out at the desired elevation angle. These two
optical components were replaced with a single constant deviation penta-
prism, which acted as both a pressure seal and a folding mirror. Char-
acteristics of the pentaprism are as follows:

Material: Suprasil 1 Fused Silica
Deviation Angle: 96.4° + 10 arc seconds
Polish: Laser Quality 10/5

Flatness: 1/4 wave or better at 46008

19
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The entrance and exit surfaces have a "V" coating
for less than 0.1% reflectance at 46008. A representative curve is given
in Appendix D. The first internal reflection surface has a high reflectance
multilayer dielectric coating for 46008 with a black lacquer overcoat.

The second internal reflection surface has a similar coating but one that
transmits about 2% at 46008 as shown in Appendix D. This small fraction
of the laser output signal is transmitted through a narrow bandpass filter
(Appendix D) and focused by a lens onto a fiber optics bundle which is
bifurcated on the other end to provide signals for a laser power monitor
and a timing pulse.

Suprasil 1 was chosen as the material for the penta-
prism for the following reasons:

1. It has a very low absorption at 46008
2. It has high radiation resistance.
3. It is fluorescence free.

4. It has a very high optical homogeneity.

Abertures in the transmitter section were re-
dimensioned. It appeared that as previously designed, they were all equal
to the nominal diameter at the face of the laser. However, since the beam
is slightly divergent and because some decentering of the apertures with
respect to the beam axis is inevitable, a portion of the beam was being
obstructed.

Jilnd Dye and Coolant Systems

A schematic of the laser dye and coolant circulation
system is shown in Figure 3.5. The plumbing system, as received as part of
the GFE, was ndt suitable for reflight. Consequently, Visidyne made
extensive modifications to the system, including replacing the two square
reservoir tanks with two spherical stainless steel ones, the dye tank
having a capacity of 6.0 liters and the coolant tank a capacity of 2.5
liters. The spherical shape minimized the possibility of trapped air.
These tanks can be clearly seen in Figure 3.2. Repositioning of the tanks
into the nose cone also improved the filling operation.

21
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The dye system contains a 1/2 micron filter at the
dye input side of the laser, and a micrometer restrictor valve is mounted
at the dyeinput side of the laser. Flow monitors are included in both
the coolant and dye lines. Each line also has a Micropump Model 12A-31-303
which is a stainless steel, magnetically coupled, leak-proof gear pump
running at 7000 rpm at 28 vdc. Contamination-free operation is assured
since there is no shaft seal to wear, leak, or generate heat. These gear-
rotor pumps replaced the centrifugal-type pumps, thus eliminating the need
for priming. In addition, materials in the dye pumping system that come in
contact with the dye are limited to stainless steel and teflon.

Two locations of trapped bubbles in the dye system ;
of the GFE laser could not be eliminated. They were the top end of the laser,
from which bubbles could be released only by tipping the laser horizontally,
and the bellows of the teflon tubing, from which bubbles could be released by

tapping with the pump operating. Both of these methods became standard oper-
ating procedures.

3.2.4 High Vo]tage Power Supply

The GFE laser high voltage power supply is described
in Reference 1. Upon receipt of the power supply, the unit was inspected
and the following conclusions were reached:

1. The power supply was susceptible to failure
if the driver-multivibrator circuit output
waveform was not symmetrical under all
operating conditions. Since the driver
circuit waveform did not have any dead-
band, simultaneous conduction of both sets
of output transistors was virtually assured.
The result of such simultaneous conduction
would have been a greatly increased tran-
sistor collector current which would in
turn have caused greatly increased power

23
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dissipation or transistor destruction.

2. The inverter circuit output transistors
were operated in a parallel configuration.
This is inherently unreliable because these
transistors must be matched for both switching . 4
times and emitter resistance.

3. The thermal heat sink of the inverter tran-

sistors consisted of a solid copper block.
This had the disadvantage of limiting the
duration of power supply operation by the
thermal capacity of the heat sink and the

maximum operating temperature of the tran-
sistor. Based upon reliability and qualifi-
cation testing requirements, it is desirable
to have a power supply rated to as near to
continuous duty as possible.

4. The packaging and wiring of the high voltage
and low voltage sections of the power supply
were found to be unacceptable.

5. The high voltage power supply step-up trans-
former was tested and found acceptable for
using in the new power supply. Later, this
unit was to fail during test and it was
replaced with a new unit purchased from
another manufacturer.

6. The laser high voltage power supply Ag-Zn
batteries were found to be inadequate to
provide the currents required by the power
supply.
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7. The switching relay used to turn on the high
voltage power supply was not rated for the
required carry current (100 amps).

On the basis of the above conclusions, a new high
voltage power supply design was required.

The schematic diagrams for the circuits comprising
the laser high voltage power supply are shown in Figure 3.6: High Voltage
Battery Wiring Diagram; Figure 3.7: High Voltage Control Circuit; and
Figure 3.8: Laser Power Supply.

The primary function of the high voltage control
circuit is to generate and control the high voltage power supply inverter
drive waveform. The drive waveform was generated using a regulating pulse
width modulator integrated circuit, A3(SG3524). This circuit contains a
voltage reference, an oscillator, a current limiting control, and a pair
of output drive transistors.

This circuit was set up to provide a 1.5 kHz inverter
drive waveform with a potentiometer-adjustable dead band. The regulator
was set up so that the drive waveform was disabled if the energy storage
capacitor high voltage exceeded a preset value (~23 kv), or the transistor
emitter current exceeded a specified maximum value. This feature was found
useful during testing of the supply at full power as it prevented transistor
destruction due to excessive collector current. This feature was disabled
after the power supply circuit component values had been finalized.

Other functions of this circuit are as follows:

1. Provide external and internal power switching
control for the high voltage power relay (K1).

2. Provide H/V ENABLE-SAFE switching (K2) from
the GSE.

3. The laser capacitor high voltage monitor signal
current (H/V monitor signal) was inputted into
A2/4-1 for current to voltage conversion.
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) 4. Al is a power comparator whose function is to
shut down the high voltage power supply inverter
if the battery voltage decreased to less than a
predetermined value. This had been a requirement
of the old power supply but it was not required

} for the new design. Thus, it was disabled.

The schematic of the laser power supply is shown in
Figure 3.7. The inverter drive waveforms from the high voltage control
circuit (MOD1, MOD2) are applied to their respective Darlingtons. The
drive waveforms are generated by the output transistors of a switching
regulator integrated circuit. In order to achieve high switching speeds,
these transistors are not switched completely off. The function of the PI
network in the power supply is to clamp the Darlington drive current to
zero when the regulator drive is off.

To replace the parallel transistor configuration of
the GFE supply, a single pair of ultra-high power transistors were used

(PT6502).
Typical transistor characteristics are:
VCEO 80 Volts
IcMAx 200 A
Ic 100 A
Pp(T=25°C) 350 W
tr 2.0 usec

Thus, a single pair of unmatched transistors could
be used to drive the step-up transformer primary winding.

Inductances L1 and L2 are in the circuit to limit
the transformer primary current to a 120 amp maximum in a transistor
330 usec on - time (1.5 kHz). A pair of .0025 ohm resistors are also in
the primary circuit. Their function is to provide a drive voltage across
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Q3,04 when Q1,Q2 are conducting high collector current. Without the re-
sistors, Q1,02 will drop out of saturation and very high power dissipations

will result.

The function of the zener diodes, CR1-CR4, is to

suppress inductive switching transients appearing across the transistors.

The high voltage step-up transformer (Mag-Cap 6483)

had the following specifications:

Frequency 1.5 kHz

Primary Bifilar Winding (Inverter)
Secondary 50 kv Stand-Off Voltage
Step-up Ratio ~800

Voltage (Center Tap) 28 VDC

Current (avg.) 50 amp

Duty Cycle 100 percent

Core Material Permalloy

The high voltage rectifier circuit was mounted on

the top surface of the transformer. High voltage integrity was maintained
within this circuit by the judicious use of insulation and encapsulation.
The assembly procedures were as follows:

1. The high voltage rectifier assembly was laid
out so that the distance between high potentials
was maximized. In addition, the distance from
high potentials to outside walls or surface
was maximized.

2. A1l interconnections were solder-balled and
any residual flux removed.

3. A1l sharp edges on points were removed.

4. G-10 epoxy board 1/16" thick was used as the
outside wall material.

5. High voltage leads were 50 Kv rated with
silicone rubber insulation.




6. Low voltage leads were PVC insulated. No
teflon insulated wires were used because
adhesion of the encapsulating RTV to wire
insulation was required.

7. A1l components and surfaces were degreased
and cleaned using Freon TF.

8. After cleaning, all components were handled
using white gloves.

9. A1l components and surfaces were fully immersed
in RTV primer (Dow Corning 1201).

10. A1l wires and leads connecting the outside of
the power supply were mechanically strain
relieved.

11. After mixing, the uncured Dow Corning 3110
with catalyst S was pumped down in a vacuum
bell jar to remove trapped gas bubbles.

12. The high voltage assembly was encapsulated
by pouring. Care was taken to remove all
bubbles and voids.

13.  After the encapsulation had cured, the assembly
was high potential tested to 50 kv.

The high voltage rectifier is a full-wave bridge
made up of four EDI-RTD-50, fast recovery, 50 kv diodes. The high voltage
dc output is connected to the energy storage capacitor (High Voltage Com-
ponents, Inc., 5L500.25, 1.5 mfd, 25 kv). The capacitor is of a coaxial
configuration such that the output pulse width of the xenon flash lamp is
approximately one microsecond. A schematic drawing of the laser energy
storage circuit is shown in Figure 3.9.

The high voltage power supply applies high voltage
to the inner plate of the capacitor. The outer plate is grounded through
the 1 k@ resistor. When a 40 kV trigger pulse is applied to the pressurized
spark gap electrode, a very low impedance path is created between the inner
plate and ground. Thus, the outer plate is rapidly switched from ground
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potential to that of the charge voltage. At this point, the laser pump
xenon lamp fires and the capacitor discharges through the lamp. In the
case of a failed lamp, the capacitor will discharge through the resistor.

The step-up high voltage transformer initially used
was the GFE unit. This unit performed until payload integration when the
unit failed due to high voltage breakdown from within the transformer to
the payload structure. The breakdown path was dug out to remove carbon and
then the void filled with epoxy. The unit was then installed in the pay-
load and retested. Another similar breakdown failure occurred at another
part of the transformer. After the second failure, the transformer was
considered to be unsuitable for flight. The cause of this failure appeared
to be improper encapsulation techniques during the original manufacture.

A new high voltage transformer was designed, fabri-
cated, and tested. This unit was made by Mag Cap Engineering, Inc. Since
the new transformer was of a different size than the GFE unit, the high
voltage rectifier assembly packaging had to be redesigned. The new unit
was hi-pot tested and then installed in the payload for an operational
capacitor charging test. Upon successful completion of this test, the
unit was brought to AFGL where it was subjected to a subassembly level
vibration test (Appendix G).

A photograph of the high voltage battery is given
in Figure 3.10. The battery consists of 18 series-connected Ag-Zn cells
to provide a nominal voltage of 28 VDC. An investigation disclosed that
the smallest cell which the manufacturer would recommend for this high
peak current application was the PML-15. This is a primary Ag-Zn 15 amp-
hr cell capable of reliably delivering peak currents up to 200 amps.

These cells are stored in a dry-charge state and become charged to full
capacity 72 hours after being filled with electrolyte. Full capacity is
retained for approximately 30 days, after which a gradual capacity re-
duction occurs.
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The capacity of the PML~15 cells greatly exceeds
that which was required by the laser power supply during flight. Typical
average power supply current is 45 amps. Thus, a nominal 20 minute
operation time is provided for.

Included in the battery package, shown in Figure 3.10,
were the following:

1. A charging diode and monitor resistor to
permit battery charging through the
umbilical.

2. A 40 amp fuse, F1, to protect the high
voltage power supply wiring in the event
of a switching transistor short circuit.
This fuse was replaced by a brass shorting
plug for flight.

3. A 100 amp rated aircraft relay for power
supply power switching. The relay was
controlled by K2 in the high voltage con-
trol circuit.

Although the high voltage power supply battery
voltage was directly monitored at the payload GSE, the design of the high
voltage control circuit did not allow for a telemetry monitor for this
voltage. It is recommended that this monitor be added to the system.

A major problem which occurred during power supply
design was that the cell manufacturer (Yardney, Inc.) provided Visidyne
with incorrect cell dimensions. Only after the cells were received did
this error become evident. The cells were approximately two (2) inches
higher than originally specified. The implications of this were the
following:

1. Modification of the battery box.
2. Redesign and rework of the existing battery
mount.
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3. Redesign and rework of the high voltage
power supply packaging.

4. Redesign and rework of the transmitter
structure.

3.2.5 Spark Gap

The firing of the laser was initiated by a triggered
spark gap which was located in the GFE energy storage capacitor housing.
When a 40 kv pulse was applied to the trigger electrode of the gap, an
ionized path to ground was formed between the storage capacitor inner
plate and ground. This switching completed the discharge circuit through
the laser xenon lamp.

The standoff voltage of the spark gap was maintained
by pressurizing the gap to approximately 20 psig with ambient air. An
unpressurized spark gap would spontaneously break down without being
triggered when the capacitor voltage exceeded 13 to 15 kv. Standoff
voltage was increased through pressurization by approximately 3 kv/psig.
Since the laser output power decreased rapidly to zero when the energy
storage capacitor voltage decreased to less than 18 kv, the spark gap
pressurization was an essential part of the system.

The GFE spark gap was the source of many of the
problems which occurred during system test. The problems are discussed
in the paragraphs below.

A cracked nylon insulator ring inside the gap caused
low voltage breakdown to occur. A replacement was procured and the gap
reassembled and tested.

Spark gap pressure leakage was a problem throughout
the program. The main cause of this was that the spark gap end plate was
made of sheet metal rather than being a machined pressure flange. Sealing
the plate required careful sequential tightening of the fastening screws
with care so that over tightening did not strip the nylon insulation into
which they were seated. The gap pressurization tubing fittings were also
the cause of leakage.
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During laser testing, the trigger electrode within
the spark gap disintegrated. A new gap end plate was procured and the gap
reassembled and tested. It should be noted that although there was a spare
GFE energy storage capacitor housing, it was different dimensionally from
the GFE flight unit so that they were not easily interchangeable. For
example, the spark gap end plates could not be switched because they were
of different designs.

During final testing, a sporadic pressure leak
developed in the spark gap. Sudden depressurization occurred during
occasional laser firings. The cause of this leak could not be found.
Prior to shipping the payload to WSMR, the entire spark gap end plate
and pressurization fittings were primed and thickly coated with RTV 11
silicone rubber. Testing at WSMR indicated the major leakage problem
had been solved.

A spark gap pressure transducer was used to monitor
gap pressure and the resultant data was sent to telemetry. It would have
made field site testing less complicated had this data been also sent
through an umbilical to the GSE for direct readout.

3.2.6 Transmitter Circuits

In addition to the High Voltage Supply, other circuits
in the transmitter were the following:

Spark Gap Trigger Circuit

The GFE spark gap trigger circuit was con-
sidered unacceptable for flight primarily because of improper packaging and
because of anticipated interfacing problems. Thus, a new circuit was de-
signed, fabricated, and tested. The trigger circuit schematic is in
Figure 3.11.

A TTL, asserted low, firing pulse from the
timing circuit discharged C8/C9 through T2. This caused SCR1 to discharge
C10 through the grid of V1. V1 went rapidly into conduction, thus dis-
charging C6, charged to 300 volts, through the primary of Tl. The secondary
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output of T1 was a 40 kv pulse which was sent to the pressurized spark gap
trigger electrode. When relay K1 was energized, the firing pulse was
initiated by a manual switch closure at the GSE.

Telemetry monitors were provided for the
300 volt output of PS-1 and the charge and discharge of C6, which was the
primary firing pulse capacitor. Extensive transient isolation and de-
coupling were included in the circuit to prevent RFI circuit effects.

Timing Circuit

The function of this circuit was to generate
the timing pulses required for laser firing, sensor data gate control, and
sensor calibration gate control. The circuit schematic is shown in Figure
3.12. The payload timing is discussed in Section 3.3.3.

Dye Coolant Control Circuit

The function of this circuit was to provide
the laser control and monitor telemetry interface for the dye and coolant
circulation system.

Temperature and Pressure Circuit

The function of this circuit was to monitor
and interface transmitter section pressure and temperature data.

Power Supply

The function of this circuit was to provide
+15 VDC and +5 VDC power required by the transmitter section electronics.

A11 of the above circuits were Visidyne designs
specifically fabricated and tested for this Laser Backscatter Experiment
payload. A shielded-cabling, sub-system interconnection harness was de-
signed and fabricated. The extensive use of shielding, decoupling, and
transient suppression devices in the design served to make payload RFI
a minor problem.
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3.2.% Packaging

The payload transmitter section main Structure and
packaging were of an entirely new design; the only parts retained from the
previous payload were the energy storage capacitor housing, the laser
housing, and the payload outer skin. The latter was modified by AFGL to
accommodate the dye and coolant reservoirs in the payload. The transmitter
section with the outer skin removed is shown in Figure 3.13.

Major features of this new design were the following:

1. Modular electronics packaging whereby all
circuits were interfaced with the system
using connectors, exceptions to this being
the high voltage and high current inter-
connections.

2. Modular mechanical assembly whereby all
sub-systems could be independently removed
and installed as a design goal.

3. A longeron mounting system for the newly
designed dye and coolant reservoirs.

Two major mechanical problems were encountered.
First, the transmitter structure was mounted to the payload only by a
set of screws into the optics casting. After launch and recovery several
of these screws were found to be stripped from their tapped holes. It is
probable that the payload exceeded its mechanical environmental specifi-
cations during chute deployment and/or ground impact. Thus, this problem
was not considered significant.

Secondly, the fluid interface plate between the
transmitter section and the dye coolant reservoir section was not rigidly
connected to the payload structure except where it was fastened to the end
plate of the lower skin section. The result of this non-rigidity was
that excess flexure was imposed on the fluid lines leading from the trans-
mitter section to the interface plate. The result of these flexures was
to cause leaks in the fluid lines. By rigidly fastening this interface
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FIGURE 3.13 TRANSMITTER SECTION WITH THE OUTER SKIN
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plate to the transmitter structure, the risks of these leaks could have
been minimized.

3.2.8 High Voltage and System Tests

On November 19, 1977 during the final testing of the
laser payload experiment, a failure occurred in the high voltage assembly.
The system had been fired approximately 100 times prior to this failure.
Later investigation showed that the failure was a short-circuited high
voltage rectifier. Test data has indicated that the high voltage rectifiers
were subjected to excessively high frequency - high voltage inputs during
initial turn-on. Inductors installed in the power supply after initial
turn-on removed these high frequencies from the high voltage circuit.

Failure of the overstressed rectifiers occurred after
many cycles. On the basis of these tests, no design modifications were
made in the high voltage power supply.

Immediately after the above mentioned failure, the
back-up high voltage assembly was installed in the payload. During the
first attempt tofire the laser, a high voltage arc over occurred. The
resulting transient caused extensive damage to the high voltage power
supply electronics. With reluctance, Visidyne, Inc. informed AFGL on
21 November 1977 that the 6 December 1977 launch schedule could not be
met.

The damaged high voltage power supply was repaired,
and some transient suppression diodes were installed. It was attempted to
fire the laser and again high voltage breakdown occurred, inflicting ex-
tensive damage on the high voltage power supply. Locating and testing
damaged components was a major effort. The arc over also damaged the
spark gap, thus requiring it to be rebuilt.

At this time, the refurbished new high voltage
assembly, with new rectifiers, was installed in the payload. Arc over
occurred immediately and caused the destruction of every semiconductor
in the high voltage power supply. The back-up laser capacitor was then
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installed in the payload and the flight unit was returned to the manufacturer
for tests. No problems were found with the flight capacitor. The back-up
capacitor also performed well in the payload system for approximately 15
firings when another arc over occurred. Repairs were made and additional
transient suppression diodes installed. Testing was again started and final
spark gap pressure capacitor high voltage and timing settings were made in
preparation for the final sustained operation test. A faulty electrical
connection caused the high voltage shut down circuitry to be disabled.

Thus, during the next charging cycle, the capacitor was overvoltaged and
breakdown again occurred. Subsequent testing showed that the breakdown
voltage level had been Towered to within the operational voltage range.

Several design changes were implemented and the
system was successfully tested to the approximate flight profile of
80 laser pulses in a 180 second period. The details of this effort are
given below.

The extremely destructive intermittent short circuit
in the high voltage section was eliminated after determining that the break-
down was occurring in the high voltage capacitor charging return wire.

This wire is set at near ground potential at all times except at the instant
the spark gun breaks down. When the flash lamp fires, the charging return
lead voltage drops to lamp voltage (several hundred volts).

To rectify this problem, the following modifications
were made to the high voltage section:

1. The high voltage capacitor charging return
lead was double insulated using surgical
tubing.

2. The charging resistor was replaced and
relocated away from the high voltage power
supply.

3. A ground plane was added between the charging

return lead and the high voltage power supply.
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As a result of these modifications, the breakdown was eliminated.

Next, a simulated flight test, consisting of eighty
(80) laser firings, was attempted. After approximately twenty-five (25)
shots the system was shut down because of excessive temperatures in the

switching transistors. To locate the cause of this excessive temperature,

the following power supply diagnostic measurements were made:

1.

Collector-emitter voltage as a function of
time.

From this test it was found that the inverter
power transistors were not fully saturated
during the on period of each switching cycle.
The addition of a small resistor (.025Q) in
the collector of the power switching resistor
corrected this problem.

Collector current as a function of time.

From this data it was found that Ic(max) was
approximately 90 amps, thus permitting safe
transistor operation at transistor temperatures
in excess of 100°C.

Collector current versus collector emitter
voltage (load line).

From this data it was found that the power
transistors were operating within their
specified safe operating area (SOA) over

all operating temperatures.

Measurements of transistor collector current
when the transistor was "off" indicated collector
current of several amperes.

This was attributed to leakage current at
high junction temperatures. The leakage was
eliminated by adding a capacitor to the base
drive circuit so that the base was maintained
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at -0.6 volts rather than 0 volts during
the "off" period.

5. To further improve inverter efficiency, an
inductance (40 uH) was put between the base
and emitter of the power transistors.

The function of the inductance was to remove
charge rapidly from the transistor base region
at turn-off. Since insertion of the inductance
caused excessive ringing during switching,

it was removed from the circuit.

6. Another attempt at continuous operation was
made, but again system shut down was required
when transistor temperatures exceeded 100°c.
Heat sink efficiency measurements indicated
that thermal equilibrium could not be main-
tained with the existing heat sink. There-
fore, a new transistor heat sink was designed
and fabricated. The new design incorporated
the following improvements:

(a) Electrical insulators were not
required between transistor case
and the heat sink.

(b) Cooling liquid was circulated within
.060 inches of the transistor case.

(c) Cooling liquid was circulated around
the transistor (approximately 2700).

(d) A separate heat sink was provided
for each power transistor.

The heat sink described above was breadboarded
and installed in the payload.
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7. During electrical testing of the heat sink,
the laser flash lamp failed. According to
the manufacturer, Candela, Inc., the flash
is guaranteed for 5,000 flashes and rated
for 30,000 flashes at 25 kv. It is estimated
that the failed flash lamp was subjected to
200 flashes at voltages averaging 22 kv.
(The 5,000 flash guarantee is valid for
only six months.)

8. The spare flash lamp was installed and it
was found that it could not be optically
aligned. The flash lamp was removed from
the payload and it was found that the front
window o-ring groove was too deep. The
assembly was returned to the manufacturer,
Candela, Inc., for repair.

9. The repaired flash 1amp was returned to
Visidyne and reinstalled and aligned.

10. On 10 March 1978, an engineering test was
performed where constant laser operation
for a period of approximately 180 seconds
(80 shots) was observed.

11. On the basis of the above continuous operation
test, the high voltage supply was considered
to be qualified and the 24 July 1978 launch
date was scheduled.

3.3 Receiver
Jvdal Optics

The receiver optics are shown in Figure 3.4. No
design changes were made in the optical components by the Visidyne modifi-
cations, but the primary and secondary mirrors of the telescope system re-
quired new optical surfaces.
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The primary mirror coating as furnished was protected
silver (silver 950, overcoated), but the protective coatings had obviously
failed and the silver had tarnished severely. Adherence of the coating was
also inferior. The decision was made to change to aluminum overcoated with
Si0. Although the reflection of aluminum at 46008 is slightly lower than
silver (see Figure 5, Appendix D), its nontarnishing properties were of
greater importance. Consequently, the primary mirror was sent to Applied
Optics Center Corp., Burlington, Ma., where its silver coating was removed,
the substrate repolished, and a new coating of aluminum applied and over-
coated with Si0. The resulting physical characteristics were as follows:

Diameter: 40.00 cm
Radius of Curvature: 72.17 cm, polished to
within 1/2%
Surface Finish: 80/50
Accuracy: Overall deviation < 1/2 A
Local Smoothness < 1/4
Astigmatism < 1/4

The secondary mirror was refurbished in the same
manner as the primary mirror. Its radius of curvature was found to differ
considerably from the value specified. Repolishing was done to its actual
radius and the resulting physical characteristics were as follows:

Diameter: 18.92 cm
Radius of Curvature: 114.88 cm, polished to
within 1/2%
Surface Finish: 80/50
Accuracy: Overall deviation < 3/4 A
Local Smoothness < 1/2
Astigmatism < 1/2 A

The spectral transmission of the receiver bandpass
filter was checked at several points and at normal and 17° from normal
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incidence. Blocking from 2000-90008 was also rechecked. No degradation
was detected. Representative transmissions are given in Figures 6 and 7
of Appendix D.

No changes were made in the folding mirror or the
relay lens. However, the relay lens was checked to see that total internal
reflection was not occurring.

3.3.2 Sensor

The receiver sensor section of the experiment was
located within and below the receiver optics casting. The function of the
receiver sensor was to detect the backscattered photons and condition the
resulting signals for payload telemetry transmission.

The backscattered photons, collected by the Cassegrainian
optical system and spectrally filtered, were focussed onto the photocathode
of a photomultiplier. A block diagram of the receiver electronics is shown
in Figure 3.14.

The GFE receiver electronics were inspected by Visidyne,
Inc. and all cables, components, and circuits were found to be unacceptable
for flight. These parts were subsequently scrapped. Exceptions to the above
were the photomultiplier, the photomultiplier housing, and a high voltage
power supply. Thus, the receiver electronics were of a completely new
design.

The detector used was an EMR 541E-01-14 photomultiplier
which had a semitransparent tri-alkali photocathode which exhibited a typical
quantum efficiency of 25 percent at 42708 and a dark current of 7.5 x 10'10
amps at a gain of 106. This tube is a ruggedized type suitable for sounding
rocket use.

The flight photomultiplier was found during flight
test to be degraded such that it had excessive dark current (>10'7 amps)
and it was replaced with the uncalibrated spare.
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3.3.3 Electronics

The photomultiplier data amplifier schematic is
shown in Figure 3.15 and the photomultiplier signal conditioning and data
distribution are shown in Figure 3.16. The preamplifier used a PMT anode
capacitor to convert anode current pulses to voltage pulse heigh.s. The
680 pf capacitor was discharged through a 10K resistor providing an effective
integration time of 6.8 usec. Thus, the voltage across the capacitor re-
presented the time integral of counts per 6.8 usec interval. The voltage
pulse across C was then amplified and stretched to form a data pulse having
a fast, sharp rise to a voltage value corresponding to backscattered photon
flux but having a slow exponential decay (see Figure 3.17). In this manner,
short duration data could be transmitted on relatively low frequency tele-
metry channels.

The IRIG FM/FM VCOs used in the payload telemetry
required that the input signals be Timited to the range between 0 and 5
volts. This limiting was done by zener diodes on each telemetry line.

The voltages across the pulse stretching capacitor C4 were limited by the
saturation voltage of the output of Al/A2, typically 12 volts, but since

the peak voltage (V) of a clipped exponential can be determined from the

duration of the clipping time (tc), the dynamic range of the medium gain

channel was extended by a f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>