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The Rocket Model (RN) Sate1lit~ t~osit1ve Ion Beam System (SPIBS) instru-
meat was built)\under Air Forte Ceophysics Laboratory ~~F~j~) Contract
F19628—76—C—O2’?2~Pto be one e~tf,~r1ment in an AstrobeeflP’~~ocket scien-
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electrostatic charging data 114 *t~

e altitude range of 100 to 300 ka. SPIBS
provides a controllable meana bf ejecting a positive xenon ion beam or a
neutralized ion beam at ion ~ ies of 1 or 2 keY. Rocket flight test
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results showed that surface potentials of several hundred volts were
achieved by ion ejection and that charging varied as a function of •

altitude.

Although the RM—SPIBS was built for its own distinct purpose , an equally
important function of the rocket fligh t was the evaluation of the SPIBS
design. -~ he main SPIBS program (F19628—76—C—0066) was conducted con—
currently wltb the sri—~rio~ prog~~iW~~ The SPIBS primary development effor t
was in fact carried out under the main program . The RN—SPIBS instrument
was bui lt to a quality level similar to the SPIBS engineering model (EM)
instrument.
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SEC’1’I0~J I

INT ROIJU CT !ON AN !) SUMMARY

The Rocket Model (RM ) S a t e l l i t e  Pos i t ive  Ion Beam System ( Si ’IB S)

instrument was bu i l t , under Air  Force Geoph ysics L a b o r a t o r y  (AF GL ) Con-

t rac t  F 19628— 7 6—C—0 272 , to be one exper imen t  in an As t robee  “ F” Rocket

sc ien t i f ic  pay load . The purpose of the  rocket exper imen t  was to o b t a i n

e lec t ros ta t ic  charging data in the a l t i t u d e  range of 100 to 30() km.

SPIBS provides a controllable means of eject ing a pos i t ive  xenon ion

• beam or a neutra l ized ion beam at ion energies o 1 or 2 keV. Rocke t

f l i g h t  test resul ts  showed that  s u r f a c e  po ten t ia l s  of several  hundred

vol ts  were achieved by ion eject ion and tha t  charg ing v a r i e d  as a func-

t ion of a l t i tude .

Al though the RM— SPIBS was bu i l t  for  its own d i s t in c t  purpose , an

equally important  f u n c t i o n  of the rocket f l i g h t  was the  ev a l u a t i o n  of

the SPIBS design . The main SPIBS program (F l 9628—7 6— C—00 66)  was con-

ducted concurrent ly wi th  the RM— SPLBS program. 1 The S P I B S  p r i m a r y  devel-

opment e f f o r t  was in fac t carried out under the main program.  The [UI—

SPIBS instrument was bui l t  to a qua l i ty  level s imi la r  to the SI ’IBS

engineering model (EM) ins t rument .

A. BACKGROUND

The main SPIBS program , initiated in 1975 b y the AFGL Aeronomy

Division , had the long—range object ive of operat ing an ion ejection

instrument on the Air Force SCATHA (Spacecraft Charging at High Altitude)

satellite. Within the overall AFCL program , the task of developing the

SPIES instrument was awarded to Hughes Research Laboratories (HR L ) . The

responsibility for other tasks such as requirements deflnition ,qualifi—

ca tion testing , integra tion wi th the satellite, flight operations , and

data reduction was retained by AFGL. Breadboard , engineer ing,  and
flight model instruments were built and deve loped under the SPIBS contract.

For the rocket test, which was conducted in January 1970, AFGL

—~ desi gned and assembled the payload section and pr ov ided the launch
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support team. RM—SPJBS integration into the pay load , prelaunch
checkout , and in— flight operations were performed by AFCL with Hughes

support.

The motivation for the SCATIIA program , the rocke t test program ,

and SPIBS is the general interest in developing a better understanding

of space vehicle charging processes . Several papers related to this
2—7

subject are available in the literature. The SPIBS requirements

were derived by AFCL from consideration of spacecraft charging in gen-

eral and the objectives of SCATHA in particular. The requirements

defined for SPIBS are presented in Table 1 and are discussed in some

length in Ref. 8. Requirements fo r  RN—SPIES were identical to the SPIES

requirements except for a mounting interface needed for the rocket

pay load .

The ion beam current levels, chosen to be greater than the maximum

photoelectron emission expected from SCATHA spacecraft grounds, were set

at 0.3 mA , 1 m~ , and greater than or equal to 2 mA. The upper value was

chosen to provide a dynamic range for possible ion—beam currents con-

sistent wi th power and wei ght limitations. To minimize interference

with other SCATHA experiments , the SPIBS structure exposed to the

ambient plasma must be kept close to spacecraft ground potential. This

translates into the requirement for a grounded—surface (decel grid)

• following the ion accelerator grid .

The SPIES instrument design evolved through several cycles, pri-

marily as a result of ion source design evolution. Initially , the sys-

tem input power goal was about 25 W with a lifetime requirement of

100 hr. Ion sources then available in the 1 to 2 mA beam current range

used f i lament cathodes and met neither of the basic requirements. The

key facto r in meeting the power and life requirements was lower cathode

temperature . The lowe r temperature is onl y available by using “oxide—
coated” emi tters. In addition , the ini tiall y available ion sources
were operated on argon simply as a carryover from previous work and as

a matter of convenience. 
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Table 1. SI~IBS Requirements and Charac te ristI cs

P ar a m e t er  Requ i r enient  Cloi r a ,  t er i st i ~

Ion beam

Curren t , mA 0.3 to 2.0 0.3 to 7.()
Energy , keV I t o  2 I and 2

input power , W

Maximum startup 60 55 -

1 mA beam , 1 key 25 3()
2 mA beam , 2 keV — — 45
Ful l  beam and bia sed —— 55

neut ral izer

Expell an t Nobl e ga s Xenon

Weigh t 7.8 maximum 7.4

Opera ting l i f e , hr 300 minimum - 300

On/Off cycles 200 minimum -200 )
Neutralizer

Control Ion beam on or off On / o f f  control
Emission range 2 jiA to 2 mA 2.5 itA t o  2.5 mA
Biasing —l kV to +1 kV —I kV to +1 kV in

10 steps

• Ion source enclosure Preflight test - B l o w o f f  cover
and cover capabil i ty

Ex ternal  magne t ic <1 G at 10 cm I C at 12 cm
field

EMI MIL STD 461 A AFCL to test

Vibration 20 g rm~ random AFGL to test

Decel grid Shielding from space Decel grid opera ted at
plasma PPA ground potential

6327
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Several cathode designs were Investigated in prototype argon ion

sou rces inc luding  coated f i laments  and various miniature “flower” cathodes

using wire mesh to store the oxide mixture. Lifetimes were generally

less tha n 50 hr , and methods for producing significant improvements were
not obvious. Generally, the power required to maintain a given dis-

charge current increased with time. This trend probably indicated that

the work function was increasing as the result of several mechanisms.

The free surface elements (e.g., barium or strontium) are maintained in

equilibrium by the transpor t of new atoms from the oxide storage site to

• rep lace the atoms lost by ion bombardment and evaporation. Both the

transport process and evaporation are temperature dependent.

Apparently, when ion bombardment losses are not dominant, a stable

equilibrium temperature is achieved and reasonably long cathode lives

can be obtained . For instance , flower cathode lifetimes of several

thousand hours were demonstrated with mercury ion thrusters.9 However ,
• when ion sputtering of the free elements becomes significant, the process

becomes unstable. The temperature must be increased to supply the

active oxide elements being lost by sputtering ; the evaporation rate
• then increases. Eventually, the cathode heater fails from hot spots or

from weakness at high temperature.

To avoid cathode sputtering, the ion energy must be relatively low
(probab ly less than 30 V). Unfortunately, the argon discharge tends to
operate in the 40 to 50 V region with the plasma condit ions needed to

obtain reasonable beam currents. The discharge voltage can be driven

down with increased discharge neutral atom density, but this results in

unacceptable gas flowrates. The combination of argon with an oxide
cathode was subsequently re jected as a SPIES option.

With the recognition that both the gas and the cathode design

were significant, a limited number of tests of oxide cathodes were per-

formed with xenon. Although long duration tests were not conducted,

operation on xenon with discharge voltages around 30 V appeared to have

more promise. However, when it became clear i-hat ion sputtering energy

was the dominant factor , interest was focused on the hollow cathode.
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Hollow cathodes wer e re jected init ially because of the anticipated

high power required for starting. For instance, the 8—cm ion thruster

cathode required about 30 to 35 W for starting. h owever , the typical

hollow cathode has the advantage that the emitting surface Is exposed to

relatively low energy ions. This probably results from the high—density,

low—resistance plasma in and near the cathode. In most configurations ,

a “keeper” electrode near -the cathode is used for starting. Generally,

the cathode—to—keeper voltage is 10 to 20 V less than the main discharge

voltage. Thus, the emitting surface experiences bombardment by lower

energy ions.

Since the probability was high that a hollow cathode would provide

the needed life, the primary concern was power. By isolating the ca thode

thermally, us ing a re—entrant thin wall tube design, conduction losses

were minimized . With this approach , star ting power (into the cathode

heater) was reduced to about 20 to 25 W. Xenon was retained as the

f i rst choice expellan t because of its more desirable plasma properties .

The hollow cathode design selected was eventually found to have a life

of more than 1,000 hr operat ing at acceptable gas flowrates with a

keeper voltage of 20 to 25 V. Because time was of the essence, only

minor variations in the original ~~thode design were investigated. In

addition, argon or other gases were not tested with the hollow cathode

because the primary program objective was to develop a satisfactory sys-

tem design within the available resources and time.

A significant benefit of the hollow cathode that probably would

not have been available from a conventional oxide cathode was low steady

state operating power. After keeper and main discharge ignition, the

cathode heater is turned off. The keeper discharge requires about 5 W,

but this power also contributes to ion production and is not totally

parasitic. The oxide cathodes originally tested undoubtedly would have

required substantial power continously.

As noted in Table 1, the system maximum input power was increased
from the initial optimistic 25—W level. The 60—W peak level was found

to be conservative for both startup and for full—power operation (2 mA

15
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beam with biased filament). Although the cathode heater draws less than

25 W during startup , power processing eff iciency and housekeeping power
contribute significantly to the power demand. Under normal conditions,

an input power o f abou t 55 W was f ound to be adequate.

The time phasing of the RM—SPIBS program allowed essentially all

development work to be completed under the main SPIB S program before
fab rication of the RM—SPIBS instrument.  Although several design changes
possibly would have made the SPIES more compatible with the rocket test
objec t ives , the SPIBS design was unchanged to maximize the applicability
of RM— SPIBS tes t results to SCATHA.

B. SYSTEM CONCEPTS

The requirements and goals outlined in the previous section led to

the system shown in Figure 1. The basic system consists of an ion source
assembly, an expellant assembly, and a power processor. Xenon gas is

delivered to the -porous plug in the source at 7 psia through a pressure

regulator and latching valve from a reservoir initially charged to about

800 psig. Power for the ion source valve, analog telemetry, and corn—

mand functions are provided by the power processor assembly (PPA). The

PPA circuitry is packaged on conventional circuit cards within a struc-

tural enclosure. An ion source vacuum enclosure, with a cover that is

opened by electroexplosive devices, provides protection for the ion

source prior to operation in space. This blowoff cover is designed to

allow for complete ground checkout of ion source and system before launch.

Ion thruster technology was used to develop the ion source in the

areas of ion optics, cathode, discharge chamber, and expellant line high
voltage isolation. Positive xenon ions extracted from a Penning—type

• discharge plasma are accelerated electrostatically to high velocity.

The discharge is operated at the beam potential to allow the ions to

exit at near—ground potential. In the discharge plasma, ions are formed
by collisions between atoms and electrons. A conventional hollow cathode
is used to generate the electrong , which are then accelerated into the
plasma by means of the discharge voltage. An axial magnetic field is

16
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used to restrict electron flow radially and increase electron—atom

collisions. Downstream from the ion accelerating grids is a neutralizer

in the form of redundant thermionically emitting filaments. Depending

• on the requirements of the experiment , the neutralizer could be used to

neutralize all or a fraction (including zero) of the ion beam. The

neutralizer can be biased to ±1000 V to control satellite potential

relative to the space plasma .

A schematic of RM—SPIBS is shown in Figure 2 to indicate the general -

electrical interconnections between the ion source and the PPA. Addi-

tional system functions and interfaces are illustrated in Figure 3.

These figures show the locations of key measurements, current paths, and

the grounding approach. Layout and isometric drawings are presented in

Figures 4 and 5 , respectivel y,  to graphically illustrate the SPIBS
• instrument configuration. A photograph of the RM—SPIBS instrument is

shown in Figure 6. The rocket interface flange ta omitted from Figure 5
for clarity. This flange, shown in Figures 4 and 6 , allowed the PPA to
be mounted in a pressurized section of the rocket to avoid corona or
breakdown possibilities. Overall dimensions of the package are 49 x 23

x 13 cm; the mass is 7.4 kg. Several features of the blowoff cover can

be noted, including the open and closed positions and the ion beam col-

lector to be used during ground checkout.

Major characteristics of the SPIBS instrument are listed in Table 1

along with the requirements. The ion source can be operated with or

without the neutralizer, and the neutralizer can be operated without the
• ion beam. Five neutralizer electron emission levels from 2 ~.iA to 2.2 mA

• can be obtained. For additional flexibility in studying vehicle poten-

tial control, the neutralizer can be biased at 10 levels from —1000 to

+1000 V with respect to vehicle ground (telemetry return). The minimum

operating life and on/off cycle requirements were demonstrated with the

SPIES breadboard system. The expellant reservoir is sized for about

200 hr of operation.

Cosmand capability includes 29 ground coiinands for relatively great

flexibility in EM-SPIBS flight operation and convenient ground testing.

18
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The (-atllode can ht~ heated at either of two levels, corresponding to

in iti al conditioning of a new cathode or to lower power normal startup .

Ct PII I IIcI iid a r~~ P ri ~v i d Pd 14) Lu ru oii ailcl 0 i f LIu ’ cat iiodt keepc~ r HIIPP I y and

LIit hcani/a&-ecl Is~wcr supp ly .  For evaluation test lo g , tI)&~S( supi)1 i~ s ran

bc turned off separately. The neutralizer heater supply can be con—

nected to either c,f the redundant filaments.

I’erformance and operation are monitored by 18 analog telemetry

outputs. Two extremely important currents, the neutralizer emission and

Liue SPIBS net current, are measured by bipolar electrometers. The elec—

trometers are designed to operate between —2.5 mA and +2.5 mA (positive

corresponds to a net electron flow off the filament). The bipolar fea-

ture is required only for detecting the net current to ground , but the

two electrometers are identical to simplify design and fabrication. For

t-urrents (positive or negative) greater than 2 ~A , the electrometer out-

puts are accurate to •~lQ% of the true current. In addition to the pri—

mary outputs defining ion sou rce operat ion , t elemet ry is also provided

b r  expellant reservoir pressure and PPA housekeeping. Two flags are

prov ided for defining bias voltage polarity and blowoff cover position

(open or closed) . -

A good i l lustrat ion of system performance is shown in Figure 7 in
which input power is presented as a f un ction of operating mode. The

fLrst command , ina trw•ient on , activates the line regulator and ac distri-
but ion inverter to allow housekeeping functions to be monitored . The

ca t f rwde pre hea t command turns on the cathode heater and discharge supply.
P After a few minutes (typicall y, 1 to 5 mm ), keeper voltage is applied

and th e discharge ignites. When the discharge voltage falls below 40 V ,

the cathode h eater is automatically turned off. Once the discharge is

established , a wide range of options is available for beam current,
I)eam voltage , neutralization , and biasing. A few of the typical modes

are illustrated in Figure 7. Although biasing is illustrated only for
full beam power , the c omplete bias range of ±1 kV can be used wi th  any

-
• beam current or voltage setting . Since the system can be operated as an

ton source alone, as neutralized ion source, or as an electron source
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alone , each with and without biasing, a total of 290 opera ting modes are
available with RM—SPIBS .

C. PROGRAM SUMMARY AND CONCLUSIO NS

The RN—SPIBS instrument was built and delivered to AFCL in a timely

manner in May 1977 with few serious difficulties . In addition to Hughes

tests, AFGL performance and qualification tests provided a high level of

- 
confidence in the basic design. AFCL tests, using a pumping station to

evacuate the ion source vacuum enclosure through the pump—out port ,

provided additional confidence in the ion source and in its ability to
withstand relatively poor vacuum conditions.

AFGL subsequently -integrated the RN—SPIBS with the Astrobee “F”

payload and performed full system tests in vacuum . These tests included

successful operation o the biowoff cover using electroexplosive devices.

The rocket pay load was t ranspor ted to the White Sands Missile Range,

integrated with the motor section , and flight tested in January 1978.

Charging results using RM—SPIBS were quite suctessful and exceeded many

expectations. The pay load package was recovered by parachute, and
RM—SPIBS was found to be intact except for the filaments. Details of

the charging experiments will be presented thrpugh future AFGL

publications.
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SECTI ON 2

ION SOURCE ASSEMBLY

The key element of the SPIBS in s t rumen t  is the  ion source assemb l y

( I S A )  shown in F igure  8. The ISA produces the  ion beam , provides a

mount fo r  the  n e u t r a l i z e r  f i l a m e n t s , and i nco r p o r a t e s  a vacuum enclosure

flange for interfacing with the vacuum—Li ght cover. ISA design ,

fabrication proces3es , and performance ; I r p  d i s cu i s se d  be l ow . Th i s

i n f o r m a t i o n  app lies to the SPIBS and RM—S l’iRS iu is t ru imcnts , a l t h o u g h

RN—SP IBS data are used where ever p o s s i b l e .  A d d i t i o n a l  information

regard ing design evolut ion , various test results , and s p e c i f i c  problems

is presented in the SPIBS f i n a l  r e p o r t . ’

A. ION SOURCE DESIGN

A photograph of the ion source is presented in Figure 9 to aid in

visualizing some of the design details shown in Figure 8. The major j
elements of the source are (1) ion optics , including neutralizer fila-

ments; (2) source body, which supports the magnets and anode; and

(3) cathode—isolator—porous plug (CIP). The CIP subassemb ly supports

the keeper and in terfaces wi th the expeilan t assembl y.
The ion source consists of a 2.4—cm—diameter cylindrical discharge

chamber wi th a concen t r ic cy lindrical anode. A hollow cathode—keeper

assembly is located at the end o the discharge chamber cylinder; the

ion op tics assemb ly is attached to the exit end of this cy linder. The

ion source is cantilevered from three insulated and shielded feed—

throughs (cable and terminals) attached to the vacuum enclosure end—

• plate. The feedthroughs are tilted toward tlw center line of t h e source

at a 100 angle to form a rigid conical support base. This configuration

allows using a small vacuum enclosure endplate while maintaining suffi-

cient clearance for the isolator assembl y, which lies w it h in the conical
- space formed by the three insulators. N ine wiring insulator feedthroughs

are arranged in a circular pattern around the enclosur~ endplate. These

are also tilted toward the axis to 31110w sputter shield s to be placed

on the source end of the electrical feedthroug lus .
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The open end of the feedthroughs, outside the vacuum enclosure ,

was potted with Uralane polyurathane to prevent high voltage breakdown.

‘hlils was found to be necessary for operation in air , using the pumpout

port for evacuation.

1. ion Optics (Electrode Assembly)

The Ion optics design is shown in Figures 10 m d  11. It consists

oF three electrodes, two filament—type neutralizers, and nine shielded

Insulators. The decel electrode is used as the main support of the

electrode assembly. Both the screen and the accel electrodes are sup—

Ported from the decel through individual sets of three insulators. This

mounting approach was selected for three ma~a reasons:

• The decel could be centrally dished, allowing longer
insulators and the use of sputter shields over the six
insulators that support the screen and accel electrodes.

• The decel electrode will, be operated at nominal space—
craft ground potential (between the negative accel and
the positive screen potential) and thus a lower voltage
stress is applied to the insulators.

• With one electr ode acting as the support for the other
two electrodes , critical aperture alignment is simplified .

The ion optics design incorporates several navel features, includ-

ing a single—aperature steel decel grid and graphite screen and accel

grids. Steel was selected for the decel to reduce the external magnetic

field created by the ion source magnets. Graphite was selected for the

screen aperture and accel grids to minimize charge—exchange sputtering.
A single—aperture decel grid was selected to minimize the trapping of

sputtered accel material, vh~ch in early tests was found to cause a
significant buildup on the 4ecel and subsequent shorting. The decel,

accel , and screen grid aperture diainetera are 1.21 cm, 0.12 cm, and

0.15 cm , respectively. Grid—to—grid spacings of 0.04 to 0.05 cm are

used .
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Selection of ape r tu re number , ape r tu re  d iameter , and grid spacing

was based on empirical relations developed for ion thrusters.1° Beam

current T
b 

and beam voltage V~ are rc ia ted by

= PV
~

312 ( in  A) , (2- I)

where

P = perveance (in A/V~
’2)

V~~= Vb 
+ V (in V)

V = negative accelerator voltage ( i n  V)

= positive beam voltage (in V)

Perveance for a single aperture and xenon ions can be expressed in the
form

6 . 8  x 10 
- (in A/V

3/2
) , (2-2)

a 
(o.336 + t)

where 
•

~~= i  + d
g S

- ig 
= screen gr id to accelerato r gr id spacing

d = screen grid aperture diameter .

Using 2. — 0.05 cm and d = 0.15 cm, the Xe ion perveance is ~~4.l x

~ 
g
312 

Sio A/v .

Empirically , it has also been established that a minimum accelerator

voltage is required to avoid “electron backstreamtng ,” from the neutral-

izer or downstream plasma, through the optics. The ratio of Vb 
to total

voltage V~ is used to characterize the backstreaming limit:
- --v---- 

~
~~0.8 . ( 2-3)

b a t
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Thus , fo r beam voltages of 1000 V and 2000 V , accelerator voltages of

300 V and 600 V 1 respectively ,  were selected .

Total vollages of 1300 V and 2600 V result in beam currents (per

aper ture) of 0.19 mA and 5.4 mA. Since the ion chamber plasma density

is nonuni f orm rad ial l y ,  these values must be reduced somewhat (about 25Z)

to obtain an average current capabili ty for a given optics design . With

an average beam current capability of about 0.14 A/aperture at 1300 V ,

seven apertures are needed to obtain a total beam current of 1 mA. At

2600 V, the optics design would support substantially more curren t than

the required 2 mA. Experimental results presented in Section 5 show

tha t these calcula t ions , used in selec ti ng an op tics design , were slightly

conservative (i.e., the measured perveance was found to be about 4.3 x

l0~~ A/V 31’2) .

The neutralizer filaments are mounted from the decel grid using

shielded insulators as shown in Figure 10. The filament material is

tantalum with yttrium added to reduce brittleness.1’ A filament length

of 1.27 cm and a diameter of 0.18 mm was found to combine low heater

power, adequa te emission , and reasonable operating temperature. Fila-

ment location was determined experimentally through coupling tests

(which determined beam neutralization versus the filament—to—beam

coupling voltage) and through life tests. A downstream position of

0.44 cm from the face of the  dcccl grid and a radial position of 0.64 cm

were selected . Details of th e experiments related to filament position—

ing are presented in Ref. 1.

2. Ion Source Body (Ion Chamber)

A drawing of the ion source body is shown in Figure 12; exterior

features can be seen in Figure 11. The ion chamber shell has a diameter
of 2 .4  cm and a length of 3.6 cm. The anod e , mounted from the shell
with three insulator assemblies, has a diameter of 1.9 cm and a length

of 1.8 cm. Both the shell and anode are stainless steel. A ferromag-

netic (1018 steel) pole is attached to the optical end of the shell to

provide internal magnetic field shaping and a mounting point for the

electrode assembly. A f lange is also attached to the cathode end of the

shell to provide a mounting point for the CIP assembly.
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3. The CIP

The CIP includes several key parts of the SPEllS ion source ,

including the  hollow cathode , keeper electrode , high voltage isolator ,
and porous p lug, as shown in Figure 15 . A photograph of the CIP with

the keeper removed is shown in Fi gure l4.

The C I I ’  pl ug subassembly uses the technology developed for the 8—cm
mercury tliruster)2’13 

Xenon gas fl ow rate to the source is determined

ma in l y b y the porous p lug, whi ch reduces the pressure from the regula ted

~ psia to a few Torr . The porous plug, fabrica ted from tung sten with a
densi ty of 80% , is 0.32 cm in diameter and about 0.14 cm thick. The

plug is electron—beam (E—heam) welded into a tantalum housing, with the
sides E-beam sealed so that the gas flows through the full p lug
thickness.

To operate the source body at beam potential  and the gas sys tem at
ground potential requires an electrical isolator. The high—voltage

isolator consists of an alumina (Al
2
0
3
) outer shell flanged on both

ends and with alternating ceramic rings and stainless—steel mesh disks

within the inner passage .’2’
1 3  

The disks function as barriers to elec-

trons accelera ted by the electric Field gradient. Within each gap, the

app lied field gradient Is below the minimum required for Paschen break—

down. The flanges prov ide a means for attaching the isolator to the

porous plug (upstream) and the cathode (downstream). An exploded view
of the isola tor , source flange , and feedline is shown in Figure 15.

The structural part of the isolator subassembly is the alumina
outer housing . Since alumina can withstand only- limited bending or

tension loads, the isolator housing is supported by the belleville
washer between th e upstream flange of the isolator and the enclosure

endpla te

The hollow cathode assembly design is illustrated in Figure 16.

This cathode Is similar to the 5—cm and 8—cm ion—thruster cathodes with

a modified mount.
12 ’’3 The cathode assembly includes a reentrant—type

mount; this has the effect of increasing the thermal conduction path

length and decreasing the thermal loss. As shown in Figure 13, the

cathode is mounted to one end of a central passage through the endplate
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Figu re 14. CIP photograph with keeper removed .
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of t h e source body. The other end of the cent r al passage is attached

Lu t h e isolator. Photographs of the cathode are shown in Figures 17

and 18. In Figure 17, the keeper and its insulator rings are shown
w ith the cathode. 1)etails of the cathode construction are shown In

F igu re  18, includ ing the heater , ta ntalum heat shielding , and the

c a t h o d e  inser t .

h u e  ca thode  l i p  Is fabrEcated from thoriated tungsten. The orifice

t h r o a t and chamber Is  machined using electrical discharge erosion (EDM) .
I h i e  l i p  Is E— hea m welded to a tantalum tube having a 3.18—mm diameter ,
2 . 19-cm length , and an 0.25—nun wall thickness. The tantalum mounting
t ube is 4.00 mm in diameter , 0.13 mm in wall thickness, and about
1.0 t m  in length.  Sp a e r rings are used between the feed tube and the
m o u n t i n g  tube  and between t~ e mounting tube and the endplate. The parts

must be carefully held in alignment by fixtures during assembly to pro-

vide accu r ate cathode tip alignment.

To achieve stable and repeatable low—powe r operation with hollow

ca thodes , a low work func t ion  insert is usually placed inside the

cathode tube . The SPIllS cathode insert, which is made of oxide—

impregnated porous tungste n , is shown in Figures 19 and 20. it is
at tached to the cathode tube by four rhenium wires that  are brazed to
the Insert and spot welded to the tube. The wires are attached to the

insert before the oxide mixture is put into the tungsten . This approach

was selected after an evaluation of rolled tantalum foil inserts and

o t h e r  impregnated configurations.-

B. ION SOURCE FABRICATION

To ensure reliable and repeatable ion source performance, an
assembl y procedure was developed . This procedure identifies all process

steps required to fabricate the parts for the source and to assemble it.

In conjunction with the detailed drawings, the assembly procedure pro—

vides a written record for each source. A copy of the RN—SPIBS assembly

record was supplied to AFGL.
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During the SPIBS and Rrl—SP1BS programs, four sources were

fabrIcated . Except for the design deficiencies identified and corrected

in  thu.’ b readboard and engineering models , no source fa i lu r es occurr ed

th ,i e in workmanship. Thus, a reliable procedure was developed for ion

source fabrication .

C . ION SOURCE PERFORMANCE

The performance data presented in this section are representative

oh t hose obtained w i t h  four similar sources (breadboard , EM, flight model ,

and 1(M). Specific information on the SPIBS sources is presented in

Ret . 1. Rocket model data are discussed in Section 5.

Interpretation and comparison of test results was a significant

problem for several reasons. First, source operation, including start-

up, discharge stability, and beam—current/discharge—current relationships,

was found to depend on “gas system purity.” It was generally easy to

Identify the “high—purity ” condition by the desirable source character—

istics: (1) discharge ignition without keeper high voltage, (2) stable

discharge at currents down to 10 to 20 mA, (3) stable operation without

the keeper, and (4) relatively low discharge and keeper- voltages. Poor

or bad operation was also easily identif led by the opposite of these

characteristics. Unfortunately , when the source operation produced

characteristics between these extremes, the reason wa-s not always

obvious , particularly at the beginning of the program. Several testing

procedures were eventually established to allow the gas purity factor

to be separated from other performance characteristics. Once the

“p u r i t y  problem” was i dentified , many anomolous results were explained .

The second probl m in data interpretation was gas flow rate uncer-

talntv. Initially , a blowdown—type gas system was used for supplying
p 

xenon . The breadboard source porous plug required a pressure of 18 to

22 psia to achieve a suitable flowrate. The EM, f l ight model, and RN
sources were designed for about 7 to 8 psia to simplify fabrication.

W i t h  the blowdown system, flow rates could be estimated after a few
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hours of testings. Once regulators (for 7 psth) were obtained , f l ow
rates were not measured , and the pressure was set to produce the

desi red discharge voltage and beam cur ren t .

A third factor in data comparison is source—Lu—source fabric-aiion

differences. Such differences might include screen grid aperlure diame-

ter or magnetic field strength. Although care was taken to make each

source identical, fabrication tolerances , material variations , and

magnet handling introduce some variations.

The fourth factor in data interpretation and comparison was instru-

mentation . With the current levels involved , voltmeter location in the

circuits becomes critical since voltmeters draw current. In addition ,

tests were performed with both laboratory—type power supplies and

metering as well as with SPIBS power processing . Ensuring that -the

wiring connections were made correctly was a constant concern .~ In

addition , power supply wave forms (60 Hz sinusoidal , or 20 kHz square

wave) affect meter response and reading accuracy.

A fifth factor affecting data comparison is the ion source stabili-

zation time. With the relatively low discharge and~ keeper current

levels, cathode activation and ion source thermal time constants are

apparently on the order of tens of minutes. Thus , run—to—run compari-

Sons are somewhat dependent on the procedure used to obtain the data.

With these factors in mind , the data scatter observed throughout

the test program is not surprising. However, even with these uncer—

tainties, all four sources performed quite similarly. With the tech-

nique of adjusting flow rate (i.e., pressure) to obtain the desired

discharge voltage, variations due to fabrication tolerances tend to be

reduced. Since only a small fraction (1 to 6%) of the gas is converted

to Ions, minor flow rate variations between sources are not too

significant.

1. Ion Optics Performance

Ion optics performance can he diaracterized by considering per—

veance and backstreamJng. Typical results showing beam current and

accelerator current as functions of total extraction voltage are shown
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in F i g u r e s  21 and 22 , respect ivel y. The “perveance limit ” line ,

determined f rom F i g u r e  22 , was t ak en  to be the point  at which accelera-

tor cu r r en t  h e g in ~; Lu increase  as t o t a l  vol tage is decreased . This

represents t h e  p o i n t  at w h i ch  the beam st a r t s  to defocus .  The measured

perveance was about  4 . 3  x lO~~ A/ V~
”2 , which is in good agreement w i t h

the design v a l u e .

The curves  in Figure 21 are t y p i c a l  of plasma ion sources. As

t o t a l  e x t r a ct i o n  vo l tage  Increases , 11w electric f ie ld  at the  screen

grid penetrates further into the aperture. This penetration increases

the area of t h e plasma sheath at the aperture and provides a larger

source of ions for each beamlet. Beam currents below the perveance line

are possible but at the sacrifice of higher  accelerator current.

Backstreaming results are shown In Figure 23 for two sets of

accelerator diameters. The format of beam current versus accelerator

vollage is used because backstreaming is indicated by a rise in beam

current. For the small aperture diameter (1.02 mm), accelerator volt-

ages from 125 V (1 mA at 1 kV) Lu 185 V (2 mA at 2 kV) were needed to

prevent backstreaming. Wit l~ the larger aperture (1.52 mm), the minimum

voltages Increased to about 300 V and 400 V , respectively.

The SPIBS final accelerator aperture diameter was chosen based on

tests discussed in Ref. I. This d iameter was determined by grid sput-

tering considerations. Life tests demonstrated that smaller apertures

were “ ion machined” to ab out  1.2 mm. Thus , to avoid, depositing the

sputtered grid material on the optics , the initial diameter was 1.2 mm.

Accele rator voltage was specified for  the power processor design

on the basis of Figure 23. To provide for accelerator aperture diame-
ters up to 1.5 mm , the minimum voltage was set at 300 V for a beam

voltage of 1 kV. Since lhe PPA was designed to provide an accelerator

voltage directl y proporLional to beam voltage, an accelerator voltage

of about 600 V is obtained with , a beam voltage of 2 kV.

2. Ion Chamber Performance

The p r imary  i n fo rma t ion  needed to characterize ion chamber per-

formance is the re la t ionsh ip between beam current and discharge
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4.0 7835-4

TEST CONDITIONS

XENON PRESSURE —20 ~ 0.2 psia
3.0 — KPR CIJRRENT—l 5O mA

RUN A—2 1

2.5 - PERVEANCE 
DISCHARGE

LIMIT C U R R E N T

-‘4,E 2.0 — P - 4 3 10~~ ~~XC X 
200mA

cr 1 5 -  0 0
,/~

~ 1.0 - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

030 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0.10 —

0 I I I - I
0.4 0.8 1.2 2.0 2.4 2.8

TOTAL EX T RACTION VOLTAGE . kV

Figure 21. Beam current versus total extraction voltage
(typical).
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XENON PRESSURE —20 ± 0.2 psia
KPR CURR

- 

RUN A— 21

- 

~~~~~
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~~~

COND h T

~~~~~

OND h T I ONS

DISCHARGE
CUR RE NT

9° - 

/ 200 mA

- 

/ 

/

U.,

~~~ 60- /
/

50- / lOO mAg /
4 0 -

uJ
-J / -

‘LI
C.) /

30 - 

/ “
~~

— PERVEANC E
ILIMIT 

- 
-

I 
~XC ~~ x io—~, A/V 312 -

2 0 —  I
2O mA

I
I

V~,= l k V  V~, = 2kV

10 i i  I I t
0 0.5 1.0 1.5 2.0 2.5 3.0

TOTAL EXTRACTION VOLTA GE , kV

Figure 22. Accelerator current versus total extraction
voltage ( typ ica l ) .
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2.5 
~~~/I l\

Lw-A
N. Vb =2 kV

2.0 - -

~~~ ~

~~~~~~ 
Ie20~ mA / 

132 mA

I 0.152 CM DIAM } BOTH

_ _  
A A

1.5 - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1.0 — 

/ = 

Vb 1 k 

—

Vb = l k V  / 2 k V

/ DATA POINT CONDITI ONS
- 

ONSET OF - l  U AND • ~Vb r 2 k V
0.5 - BACKSTREAMING £ AND • - Vb 1 kV -

KPR CURRENT - l5O mA
APERTURE DIA- 0.1O2CM
RUN A-21

I I I
0 100 200 300 400 500

ACCEL VOLTAGE . V

Figure 23. Electron backstreaming characteristics (typical).
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current as shown in Fi gure 24. TI~csc data are  r ep resen ta t ive  of the

four sources tested . Typi at l y ,  a beani current of 2.0 0.2 mA is

obtained w i th~ a di ~a - I h I r~’( t - t i r r e n t  oh 200 mA and a beam voltage of 2 kV.

The 0.2—mA v ar  i at ion is dac to I ; i -  I or~ discussed above . Although

keeper current is important t o t  s t a r t — u p  and for  source s t a b i l i t y  at
low d ischa rge  c u r r e n t s , keeper c u r r e n t  has onl y a minor  i n f l u e n c e  on

beam cu r r en t  d u r i n g  stead y — s t  a lt -  o p e rat i o n .

For SPI B S , beam c u r r e n t  l e ve l s  are  act  i n d i r e c t l y  b y se t t i n g  dis—

charge current levels . Each PPA was t e s ted  w i t h  i t s  associated source

to adjus t  the d i scharge  c u r r e n t  l e v e l s  to the desired valut’s. Typi-

cally, discha rge cur renis  o1 about 35 Lu 40 mA , 120 to 130 mA , and

190 to 200 mA were set.

The “beam cur ren t ” shown In F i g u r e  24 is a c t u a l l y t he  current

passing through the  beam power sup l) [y .  the beam supp ly c u r r e n t  includes

accelerator  and d e c e l e r a t o r  c u r r en t s  as wel l  as beam c u r r e n t  (see Fig-

ure 9 ) .  To o b t a i n  the  t rue beam c u r r e n t , the measured beam supp ly cur-

r en t  would be reduced by the sum of accel and decel currents. Repre-

sentative values of a (-cel (-urrent are shown in Figure 25 . For SPIBS

purposes , this fact is important for understanding system operation

and correlating satellit e results. However , the “net current” measure—

ment will more accuratel y define the curren t leaving SPIBS (ions or

electrons from the filament). Since neutralizer emission is also

measured , net ion current emitted can be accurately obtained even with

the neutralizer operating.

3. Neutralizer_Performance

Neutralizer characteristics can be considered from several view-

points. On the satellite , the primary goal is to provide the ability

to eject a positive or neutral (in terms of space charge) beam. Since

the beam is ouip led to the neutralizer filament when it emits electrons,

an a d d i t i o n a l  o b j e c t i v e  Is to bias the satellite relative to space

plasma po ten t i a l  b y b i a s i n g  the  f i l a m e n t .  Without  the ion beam it may
be possible to eject elec t rons using the bias supply alone .

52

- -_______——— --—--t---- . — -—- — — —— - - - - - -  - -— - - - —-- -- — - - - ,t_ _ - - - — — —5-- —-5

-5_k —- - -  - -  -5-—- -5 - -
~~~~ ~~- —~~



7836 62.0
TEST CONDITIONS
XENON PRESSURE — 20 0.2 ps i a

0 KPR C U R R E N T  — 150 mA

D KPR CURRENT — lOO mA
1.5 — SOLID POINTS — V b = 2 kV

OPEN POINTS_V h = l k V
RUN A— 2 1

E

z
Ui
cr 1.0 —

0

Ui

0.5 —

SET POINT SET POIN T
NO. 2

...~ - SET POINT
NO. 1

0 I I 
—

0 40 60 120 160 200

DISCHARGE C U R R E N T , mA
BEAM POWER SUPPL Y

Figure 24. Beam curren t versus d iscl,;u rge cu trr t tuI (c y p i - a  I)
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7844-97
120

TEST CONDITIONS
XENON PRESSURE — 20 + 0.2 PSIA
KPR CURRENT — 150 mA

100 - RUN A—21

1 kV

8 0 —

Vb =2 kV

6 0-

o 40 —

I I I
0 40 80 120 160 200

DISCHARGE CURRENT , mA

Figure 25. V a r i a t i o n  of accel cu r r en t  with discharge current.
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Ground t e s t s , w i t h o u t  r e l a ~ t vc ly  e l a l ) o r a l L -  vacuum l a c  i I it i es ,

l i m i t  the extent  to which these  va r  ions oh ect  i vt-s can l ie t esled . ‘ I l ie

main  n e u t r a l  i ze r  re la ted goal d u r i n g  t h e  SI’ I l l S  t i t - v t - I  o p m e u u L  was to  ; - t

c u r r e n t  levels to assure f u l l  neut  ral L Z L I L  ion  when des i red ( i . e .  , mor e

electrons available from I lie I I lanieni t h a n  r e q u i r e d  For tine—Lo—t,nt-

neu t r a l i z a t  ion) . Elec t rons  not  demanded b y t i e  io n h e am would ci t l i e r

not leave the  filamen t or woo Id  go [4 )  I lie dccc l  or o t h e r  I m a  I s u r fac e s .

N e u t r a l i z e r  emiss Ion was not  c o n t r o l  led to  equa l beani c u r r e n t  because ,

in the  “ n e u t r a l  i zer onl y” mode , a ( l i t - I e n - n t  cont  ro I seluenie w o u l d  be

needed . In most ground tes ts , n eu L ra l iz er  e m iss i o n  l e ve l s  g r eat e r  t h a n

the beam cu rren t wer e commonly obtained with filament to beam potential

differences of 10 to 20 V. With the net current electrometer connec ted

(see Figure 9), the filament and the ion beam are tied to ground . In

this case, the filament biasing was provided by the bias supply.

The neutralizer heater and emission control loop ch aracteristic is

shown in Figure 26. The heater power supp ly is curren t limited at a

safe  level ( f i l a m e n t s  will operate for short periods at 3 A) that pro—

vides adequate emission . Without emission (e.g., if the beam i s  o f f )

the heater goes to full current. Three emission cur-r en t  set po in ts  are

set b y command along with discharge current levels; two lower neutral—

izer emissions levels are set separa tely. When emis s ion  reaches the

set value , the heater  current  feedback loop contro ls  to m a i n t a i n -  t h e

set emission. For the examp le shown in F igure 26 , the filament pro-

vid ed adequate emission for the four lowest current levels without bias-

ing . However , emission above 1.5 mA was not possible without a few

volts of negative bias.

Once the filament was coupled (i.e., w i t h  the heater controlling

emission) ,  biasing had a range of i-fleets. For tl[e three highest current

levels, bias ing caused onl y small r e d u i c t  ions in heater power . However ,

at the lowes t em ission leve l s, negative biasing was apparentl y elfective

in attracting sufficient ion c u r ren t  to satisf y he emission loop, and

the heater turned off. The ion cur r en t  may have o r i g i n a t ed in the  beam

or In the vacuum chamber plasma near t h e  source.
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I I I l ~ I I I l ~ I l i i i  I I I I

3.0 EMISSION —

EMISSION LEVEL SETPOINTS LIMITED BY
2 3 4 ~ 

POSITIVE
COUPLING

25 - 
4, 4, VOLTAGE 

—- 
MAXIMUM HEATER CURRENT 

____

I 

W FrHOUTBI
~~~~~~~~~~~
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5+ 1000 v 5..
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/ --i000 v I I 
- 
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I I I
0 I I I I I  I _ I . I I  Ii 1 i i ~i il I I I
io 6 io~ 1o 4 io~ io 2

NEUTRALIZER EMISSION CURRENT, A

F i g u r e  26. Neutra l izer  control loop characteristics.
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0 t h e r  examp les of n e u t r a l  izei -  opera t ion are d h-a- nsat-d iii Ee l  -

For instance , teats to esi ab I isb I i  lame-nt IRIS i i  ion , ti t u it r;I 1 izat i o n

c a p a b i l i t y ,  and b i a s  i ng chia rac Ic ri  st ie s  we r -  pe n f o r n , -d w i t  Ii a I I  o;u t i rig

powe r supp ly a rrangc-m&-n t that prov id ed  se l l  —1) I as I . I h i  r ou gh n i ; I r l ( r a  I

con t ro l  of the neutral izer heaLer , ebua ra -tc r 1st ics of 11w t y p e  shown iii

Figure 27 wer e generated . A movable  co t  I ( ( t  or was p laced i i i  f r o n t  (It

the source to p r o v i d e  a r e l a t i v e  measure  u I  bt -arn l)oLerlt Ia I . When s i )  --

ficient electron emiss  ion is provided , b o t h  [ h i t -  power supp ly f loating

poten t ia l  and t h e  -o l l e e -t o r  p o t e n t i a l  are- r t - duces h  to  ne ar  zero . T esL a

of t h i s  type  were he l p f u l  In o p t i m i z i n g  I i  l a n i c i r t  pus i t  10:1. Endu r ance

tes t s  were later  used to  v e r i f y t ha t  the  u c u L  r ;i I iz e r  ~~~ 11 (ifl was

satisfactory.
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2~~
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10
NEUTRAL H EAT ER POWER , W

Fi gure 27 .  Example of neutralizer coupling using self—biasing .
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I

SECTI ON 1

E X PEI I A N I  A SSl ; M I lh Y

The SPIBS expel hint assembly (EA) prov idt a Xu noi ,  sI or i g e , p r e ssu re-

r e g ul a t i o n , and pressure  m o n i t o r i n g .  An asacr r rh i  I y d r a w l  rrg  is  shown in

Figure 28. The components  in t t u  is assc-mli I y we ru at I e u t t -d  on t I r e  has iS

of availability, fl ight qualifiah il ity, ari d t - u l s t  . 5i-v -ral options

were considered but were generally more - x h l -I1s i v e  an d / o r  r - q u i n e - d

development.

A photograph of a t y p ical EA is presented in Figure 29; anothu -r

view is shown in Figure 6. The EA Is mounted  to t i re  sys tem s t r u c t u r e

with clamps around the reservoir and ove r ti~ - regulator. The r e g u l a t o r

outlet is connected to the source with l.5— inm— diamett -r stainless—steel

tubing and Swagelock fittings.

A. RESERVOIR SUBASSEMBLY

The reservoir is a Department of T r a nsp o r t a t i o n  (1)01) rated corn—

mercial aircraft part. When filled to 800 psi , Ib is reservoir contains

about 50 standard liters of xenon . At th e des i gn f l o w  rat e- , t h i s  w i l l

provide about 1500 hr of source operation . As seen in  Figures 28 and

29 , a fitting is attached to the reservoir. ‘Ii,is fitting contains a

fill valve (Schrader type) and a pressure transducer. For xenon fill-

ing,  the reservoir , fill fitting, and latching valve are shipped as a

unit to the gas supp lier.

B. RESERVOIR

The reservoir is manufactured us Ing A ISI 4130 steel and a

spinning process. Although a significant fraction of the SPIllS mass

is associated with the reservoir (about 9% empty, 12% fill ed), the

avai lab i l i ty  of a rated pressure vessel was t h e  main f a c t o r  i n  it s

selection . Other vessels or a l i ghtened vers ion  of tire existing part

could have been obtained hut only a t  a significant cost for DOT

- - rating.
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Figure 28. Expellant assembly layout drawing . -
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Xenon compressibility characteristics do not obey the ideal

gas law . At the design pressure of 800 psi , a fraction of the xenon

w i l  I he a l iq ui d a t tempera tur es below abou t 17°C. This  characteristic

is of no serious consequence fo r  RM—SPIBS , but the implications for

SCATIIA are being evaluated by AFGL personnel. However , if a liquid

phrase would cause a problem , a reservoir heater could be added fo r

t emp e r a t u r e  control or the in i t ia l  pressure could be reduced . Since

tire S P I l l S  expected op t - ra t ing  time on SCATHA is onl y a few hundred hours,

starling with less gas should not jeopardize the experiment.

C. LATCH ING VALVE

A solenoid-operated latching valve is used between the reservoir

and the regulator. Tin s valve, shown in Figure 30, is manufactured by

C;irleton Controls Corp. Although the valve design was based on similar

products developed by Carleton, this particular part was designed speci-

f ic a l l y  for the SPIBS applications.

In tests w i t h  t ir e f i rst valves received , several leaks through the
valve were experienced . It was determined that ferromagnetic parts

were rusting and producing small particles that fouled the valve seat.

Nicke l plating was used to protect these internal parts on later units,

and the initial valves were subsequently reworked .

Valve operation requires a 100 ms current pulse -of about 1 A at

28 V to open and about 0.1 A to close. The higher opening power is

required to overcome l aunch load restraints on the pintle. A single

solenoid winding is used and the current directions are simply reversed

between opening and closing .

I). I’RESSLJRE REGULATOR

A photograph of the Carleton Controls regulator is shown in Fig—

nrc 31. I’hls In an aneroid—type regulator using a -sealed bellows move-

ment. Outlet pressure can be adjusted simply over a range of about

S to 10 psla to match the flow impedance characteristics of the ion

source porous plug. Once adjusted , accurate regulation is obtained
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Figure 30. Latching valve photograph .
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Figure 31. Pressure regulator photograph.
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over an in l et  pressure range- from 1000 psi g to about 20 p sth.  Til ls

W I  t i e  i n  I u t  pr essu r e- rang e- a l l  OWs essefl I l i l l y a l l  t i r e  Xenon to be used .

E .  I ’RE SSURE TRANSDUC E R

A pressure transducer is used to monitor reservoir pressure . Since

t h i s  measurement  i s  mainly to provide status information , high accura cy
is not required . Tire transducer selected , Entran Devices, Inc., P/N
Ei’S—1032—l500, has the advantages of small size , low cost, and reason-
a b l y  low s e n s i t i vi t y  to temperature .  Over a temperature range of —40
to  +80°C , the o u t p u t  Is  w i th in  ± 10% of the  correct value. A calibration

t u r v - and telemetry caLibration data are presented in Section 7.
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The f u n ct  ion i1  t i r e . P l’A i: i t t  ; ;t ~I ) l ) l y to we r to  ar i d  r u o n n L r o l  t l i t -  ion

s t u c i r c e , opera t e -  t i r e  expe l  i ; r n t  v : u i  V u - , ~ I ( IV  i d e -  t c - h n c t - t  r y  d a t a , ar id  a u - c t - I t t

command s. Thu --a-u - i  io n descr  i b u - : -  t h e  th-: ; l i i t  l u ip l c-cnt-it t e d to  inca- i  I lit -

re q u i r e m e n t s  d iscussed in p r e y l o l l : ;  s e a-  t ioics .

A. ELECTRICAL DEsl ( ;N

A f u n c t i o n a l  b l o c k  d i a g r : u n l  ~i l  the i ’ i° A , sh own iii 1- i g ir r u - 1!, r id

cates t h e  g c - r i e - r ; c l  po wer  pree -s: inp l t - r h u i i i h t o - . I n ipu r t  Powe r i s  I l i - i

reg u lated :r t 21 Vdc . A 2( 1 to  25 k i t  z - q i c r r o - wave -  I r e -u  m u m  I r ig  i r m v u - r t  C r

t i t en  l) r oduc e-s  42 Vat - runs b r  u - - u - i t  powe r ; i i j u p i y. S i l t  ru r ; u I i h e -  r u - c u t i o r i — t y p t -

power supp i i es I r e  gene ra l I y i i - ; e - d  -

A m a j o r  f c - i t u r e  of I i i  I : ;  dr -  i gIu i s  t h u  m i t  it- y e -m eri t ol  o l u - o t r l e d

i sola t ion  between  t ia-  i r i p t i t  row e r I i n c - a , t ire - e t r r r r i n ; u rud  I i r e - a , i t - I t i l d e - i  r v

and t i r e -  o u t p u t s  of l i c e -  var t o r us  511 1) 1) ! Ic-: ; . Tue Isurl;i t Ion  c i i  t i re  counr r c:rr id

l i nes  i s  oh ta I ned by us i ug m u -  l a ys . T i r e  re Lay ( 0  i i  a p r u ) v  i de  r I t - u - I  r 1 c a l

l s o l ;r t i on , and magnet  l a t c h i n g  prov  i d e - : ;  i m o i r v o l a t  l i t  s t o r a i y -  til t i r e

r e cu -  ive -d commands.  Tir e i sola t Ion I t -  t w e - c - r i  i fl
~iil I: , Ot i  I Pu t , and  t h u  - i t - I e—

m e t r y  l i n e s  i s  ach ieved  by u r : ;  i ng  t ra rmi -c i o r r n e - r  i s o l a t i o n .  E m - i t  h i d  i v i i h r i ; u l

supp ly has an o u t p u t  t r a n s f o r m c - r  ;j nul , w i o - r - r u - q r m i r e d , i n l  tides i s u r i ; u t  u- t i

voltage sense windings and ii c u r r e n t  t r ; t i u a l o r n i u - r  on t i r e -  p r i m a r y  or

v o I t ;u g c  and current telemetry, ro- :;~~o - t i v e i y .

The d i  sclua rge , n e u t r a l  i zer i r e  - ; u I  e r , c i i i  bode keeper , and  acce-  I t- m a t  c u r

s u p p l i e s  are  f i x - d  set j )0 I n t  supp  1 I u - ;  arid ;1 r e :c I u r ab  Ic  r e - au - i  or c - r i  r u t - n t

l imited for shor t—c ire - r i i t  pro t o - c t  i t o n .  h i r e -  h~~- ;u m and c;l t h io d e -  i rea  t e r

supp lie s use saturable- r u - m t or : ;  b r  b o t h  c o n t r o l l a b i l i t y  and cu r r e n t

limiting . Tine neui t r a I l  ze- r h i t : ;  s u r h u p i y i ; I r ; r r r s  is to r regu l i l t  i d  . t i r e  1 I ic

regulator is a “buick” switching re gu l a t e r  r that c o n v e r t s  t lie rum r egni  I ;I ted

24 to 32 V Input to a r e g u l a t e d  2 1 Vdc o u t p u t . An i n i p r n  I I I I  t -r i s
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required to prevent tire ripp le- c u r r e n t  i y - i t u - r ; c t e - e i  by  I l i e -  I m e  r i - g n c l ; r t i i r

from appearing on t h e  i n p u t  p~ w~-m h u r : ;  I i i i - - ; .

1. Line  Re~~u I a t or  and AC Ini vt - r I c r

A b lock  d i a g r a m  of t u e  li n e- r u- ~ n cl ; rio r is :;ilcowIl i n  i - i g u n r o -  13 . A

s w i t c h i n g  r e -g u lat o r  was chose-ri f o r  l i i i : ;  ;l i i i ) I i r i t  1 (011 to ; i e - i r  i c - y e  tire

d e s i r e d  r e g u l a t i o n  w i t h  max irncrrrr c i  I ft l e - m r c y .  I i i  i s  n 0 - I l l  I ; r ( u r r  ( u p e - r ; r I - : :

over an i n p u t  range of 24 to 32 Vdc ~ iid p rov l i l t - : ;  ;1 r - g n c l : i t  c d  71  V t h e

power o u t p u t  fo r  tire- ac d is t ribu it i u rn  inver ie r. i’ ru- r e - ~~u i 1 ; r t  i o r r  of  t h e -  i ) u l s

power assures  t h a t  t i le  ac in v er t c - r no t I )u t  w i I I he- ;r c c  S c : ;  ( a n t  amp  1 i t u i l u -

square  wave as r e q u i r e d  by t i c e  p~ we -r  s u p p l y : ; ; u t  i i r ; r i c l u -  r l - ; i i - t u ) r s .

The line filter will at t e - r i c r a  t e t i r e  r i pp b c c c i  r i  - ni t i ) r e ) du l c e d  b y I ir e -

s w i t c h i n g  r e g u l a t o r .  1 1 c c -  ma in  r e - q u  I r emen  Is b e r m  t i r e  - i l l  pur l I I It -r ;c re t i n

be s t ab le  wh en a n e g a t i v e -  r e : ;  i~~t ;r c s r dcv i c - c -  i S  t i l l l R d  l u - i l  t o  i t : ;  o r c t  p e l t

r i  pp l e n - u r r e - r r t  1 - I  u i r u r  m u g  t o  I s -  p t n w - r  : ; d l n r m i L .

An e r r o r  amp i if i c r  compare-s t i r e -  21 V o u r  I p t i  t w i l l  I ~1 re I r r u - n i c e -  a r i d

f u r n i s h e s  an e r r o r  s i gna I Lu ) t i r e -  c t r i r r p ;u r a t o r  . h i s -  c o r r op in  m a t u r n  ( o O n i l i r i c  me- : ;  t i ne -

o u t p u t  of t h e  e r r o r  amp l i b  i c r  w i  I i i  ;c r ; rnrc p  y e n  t ; r g u -  : ; r u j n i i l  cr1 b y ( h i t -  m a i n c i i

generator. The compar;r to r outpu I is a p t r  I at -  w i  d t h u  m m ci 1 1 1 ) 1 1  u- il w a ve  t o a t

t u r n s  on and o f f  the d r i v e  to tire- N PN p~ w~-r  t r ; m n i s  1 st  ~ sw i t i r .  l i m e

In p u t  of the  ramp generator is  fed  h a c k I ron t h e -  ( t i l t  i ) n n t  c r 1  t i r e -  at -  d i s t  r 1 —

bu t ion  i n v e r t e r . Hence- , l i c e -  sw i  t r i r i n u g  r u - g t u l ; r t t c r  ;rr id n o -  d i s t r  i i ) u m t  i o n

i n v e r t e r  op er a t e  at  the  sa me f r e - q r r r r r c - y .

Tir e ac di s  t r  Ib u t  ion i n v e r t e - r  r e - u - C  i y e a  r i g u r  I ; i t c r 1  71  Vdc f ronn t i r e

l i n e  r e g u l a t o r  and c o n v e r t s  i t  to ;c : ; q u n i u r e -  wave , 42  V ;,u n rc : ;  I or  c a t -  by

the power supp lies. The block di a g r ;u n m r  f e r r  t i r e -  ;rc d i a l  r i r u n  i u u i i  i n v e - r t c - r

is shown in F i g u r e -  34. Ti re  21 Vdc i s  s e - n t  t o  t i n -  pm i n c ; u r y  u - u - n u t  e - r  i ; u ~i t o t

t he  ou t p u t  powe r ar m to t r a n s i t)  rue - r . A Pa I r oh p u u s h o —  1 1111 I h r e u w u - r  t r;I nis i s  t i c  r:;

are connected to t i r e  two l u g : -; of  l i c e -  i r r  i m ; r r y  oh  t h e -  r r u r t  p u r l  power t r a m s—

fo rmer  and a re  d r i v en by a square  w ; u v o -  usc- i i  I ; r t u ) r .

Thu s chema t i c  ( I f  t I r e -  I I nc  r c g r u J ~ r t o r  ~inie I ac Ir r vt-r I c e  is i - thi owri in

Figure  35 ( d r a w i n g  102 1-HiDO) . Tine  e r ro r  amp l i f  i e r  A R 2  c ompares  t i r e .  r e - f  e m —

ence vol tage  c rea ted  by Zener d lode VR I to  a v o l t  age- e, n  i i  r e - s i  st  or  R40 ,
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LINE
28± 4V FILTER

FILTER —* 21 ± 1%

DRIVE

COMPARATOR - E R R OR 
-

AMPLIFIER REFERENCE
I

RAMP 25 KIIz CLOCK FROM
GEN E RATOR AC DISTRIBUTION

INV ERTER

Figure 33. Line regulator block diagram.
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RECTIFIER
2I Vdc 

F I L T E R  
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POWER OUTPUT

[1~~~~~ NSISTORS I T R A N S F O R M E R

D R I V E

L OSCILLATOR

-t I
VOLTAGE 

______ L 42 Vac 25 KHz
F E E D B A C K  

- 
SOUARE WAVE

FOR LiNE +4~~~~~~~~~
I
~~~J4__...._. 

—

CLOCK R E F E R E N C E  _______________

FOR L I N E  REGULATO R - 
-

Fi ger r e  34 . AC d i s t r i b u t  i o n  i n v e n r L e - r  blo t- k e i i ; c ; r a c n n c .
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wit ich Is - i f uu i c  t i o n  of tir e- u)tl I pu t  v o l t  ;r gu - . l i r e -  r ; r u r u i o  ge- i  i t -  r ;i  ( t i m  is

comprised of resistor R41 and (; u i n ; u u - I lu l l — CI ( o .  l i i  i i ;  ru -I work  pr otI un t - - ; _ - n

ramp vol tage-  b y integraL l og  L i n e -  u - b u i c k  m e - I  i c  o un c e - : ; q c r ; r u o -  w ; u v c -  wh i t - i c  i : ;

supp lied f rom t i r e  ; re - d i  a t e  i m i t t  i o n  i l i v e - m t  c - r  . h u e -  c o u n r u h o ; r  r c  t e r m  A R I c - e n n n u i o ; r  rca

the o u t p u t  of t i r e  e - r l u c r  anum p i i i  i c r  A R 2  t e l  h u t -  v o l  I : u l ’ t  r : u n n r p  o u r  - ; i p ; i t -  i l o o n

C 16. The c o m p a r a t o r  t u n r r r : ;  t r a n s i s t o r  Q2 t o r n  : n c r o i  t u b  I w h i c i n , i nn I m m i i , I t r r n m : ;

transistors Q°) and Q 1 on arid t u b  I i n n ~I pi n l i c -  w i t h  I h o  t o u n i  l i d  led f ; i s i i  ion

The conzw ct i o r i s  of (~~) ar id  Ql  shuo w , i  j u n  i~ i genr e - I t ) ;il I ow (~1 t o  s;n t —

ura te- . I n d u c t or L2 and e - ; u p ; e u -  i t e r n : ;  C6 ar r ( i  ( : 1  t) c e u n u r I n r  i n I l i t  I i i  I c r  w l u  i c - l u

averages t i re  p u l s e w i d t i n  c t m n i t m t u l l u - d  u n u n t i n u n t  o o h  ~~i t o  u u i u t ; n  m m  21 Vdc . l)iode

CR10 is  a commuLat  ing d [ode- w i r  i c - I n  I u t r r  i s ire-s in p ;n ( h o  b u r r  ( h u e -  c i i  r r e -nt  i n

In d u c t o r  L2 when transisttrr (fl t u r n  c c -  c u l t

Res i s t o r  R5 is L i ce -  u n - ; c i l  [a l u m  ;t ;n r l i n g  n e - : ; i s t c o u  . I t  c ;t r t s e a  u u n r —

rent to f l o w  I n t o  tu e.- hc;r se- c o t  I r c c c - . j s l c n I  (~~i u n r  Q(o . l o o m  e x ; n n n i i ) l e - , t i n t -

ru- s 1st or could e - ; ruca t- e -ui r r&-i mt t r u  I b o w  l i u t u n  lice- hc ;n ac- o l  I s l u r - ;  i a t o n r  t~ i

u - :rc i s  l u g  i t  to t u i r n  on .  i r . u o n -  I - ;  l o o n  (
~~

, w i  I I r o - n n c ; c  i n toil h o - o - i n c : ; e -  I m ; r n i s  I e r r r i ce -n

12  I : phased so t h a t  i n t o : ; i t  i v e  I e - u s l i o ; i c - k  w i  I I oc u - u n r .  A l t e - r  au v c - m ; n I  y en I —

se-con ds , ~t a  d e t e r m i n e d  by t i r e -  w i n r d  lug: ; e on 12 , 12 w i  I I ;; u t  u i r ; r t e . - , Q5 w i t  I

t u r n  e n f l  , and (~6 w i l l  t r i m  t o u r .  l I r i s  t y l u -  o t  e o : ; t i I I : i l n r  1 : ;  i s u : ; i t - : r I l y

Ru~ ’e -r u- i m u -o il.

2. Sc rL-eI i /A cce l  Supply

Tire b l o e :k  d i a g r a m  i c r r  t i r e -  c o r r u i n  i n n -ui  st r u t - r n  ; n r i t I  at e - u - I  ;i r l u i u l  i t - , i s

sh own in  I-1 gure 36. S h h o t -  t i r e -  cOl t 1 1111 w i m it t l u l l’ : ; ot : n I t - i - n c  - u n r e i  ;t t - c - e - I aur-

p l i e s  ;rr - common to one ou t p u t  I i  ; r n r - . l e o n n i t - n  , ( l i t -  n u l l  u o u l t  t / M  w i nrc !  i nu g (;r I - n

on t he  same t r a n s f o r m e r )  is  r e - i u r u - : o - r r t  . r t  l v i -  iii c - i t  i u e - i  t h o u -  - u  i t - i - l u  o u r  no - e u - I

o u t p u t  v o l t a g e s .  O u tp u t  u - u r r ( - n r t  l / M  b r  b ud l u :;mn i r l u l it- : ; i s  I : o o l i t e - u I  l i v

Ind iv idual ou lp u l  t r ;t n s t  o r n m u - r : ; .

The b l o c k  l ab e l ed ‘‘ u - t n r r t r o l u - I c - u t u o u u r  l u -a ’’ ; r o - o - c -~ o t  : ;  l e v c - I  I t o n l e v e l I I

command pulses wI n e - h se- I h u e  se r u - c - n n  ; r n r u l  ;r r e - o 1  o u t  p u r l  I t - v t - I s  at 4101)0 err

+2000 Vdc and — 300 or —600 Vie- , r u - a p e~e - t l v & - I y . T iu c -  r e - l ; r y  : ;I u o wml i n  time.-

primary winding of tire oem I put  t r:r rr s I t o rme r te n m i-c ho t  ii  ainpp I i u : ;  U f I w i r e - n m

r e -u - c- lv Ing ;~~~ r- t - o f r i/ 1 d  -1  ‘.1 .1 c o m m a n d .

/1

-5 — —
~~~~

- - -

- ~ -~~~— ~-~~-- - -



5146—7

SCRE EN/ACCE ~ 
~~~~~~~~~~~~~~ +

“OFF COMMAND L_
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L__.._ __J 3 [ 1  ~~~ L T ER  ou lPur

~~~~~~~~~~~~~~~ 
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~
REACTOR

SCREEN
- - 

VOLTAGE ._.

TELEMETRY

LEVEL I

COMMAND CONUIOt. E SCREEN
LEVEL II ELECTR ONICS SENSE
COM M AND

Figure 36. Screen/acce]. supply block diagram .
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A schemat Ic of tine-  concu r i ned : ;i  r c u - r r  a nnul n e - t i I s o c p p  I l u- s is siic nwii I mu

Figure 37 ( d r a w l i n g  1 0 2 8 1 9 0) .  h i l t -  o o c c t  u n i t  yen i t  - u gu-n- i  c c l  1 h o e so re-cur m c d

;~~ u e  I supp l y are -  der  i v c — d  I m e m r n  t w i n  i : ; c n i ; r t u - e I  w i id i r u g s  c o t  c n o i (  p u n t  ( l a i n : ; —

f o r m e r ‘ f — I .  In  t i n s u - o n n f i g t i r a t  i t n n , t i r u -  : ;u - r c - u - i r ; o n e i  ; u c - o - . - i  c u m n t p n u t  vt nl t - c ~ ’,o-s

h o t i c  va ry  as L i n e -  p r i m a r y  i m r p u i t vo l  t inge - o u t  l b  I - ;  v an i c - c l .

A f u l l  wave v o l t a g e  d o u n b l e ’r  c ’ o n i i s i s t  l u n g  c i  i i ~ I , CR6 , C i , and  (:4

C o n s t i t u t e s  tine ’ o u t p u t  c i  r u -u  I I  u n i  t h e  at  r e t - c c  : ; u m ~n p i y .  An i d e - m i t  h ; o i  v u r l  I —

age doub l e r  c i r c u i t , c o n s i s t in g  c o t  CR8 , CR11 ), C c - , ;immd C], i s  emp loye d i n n

the ace-el supply. The ~utpu t VU I I ;c gu  - un I t i n t  - - ; o  n i - i - n m  : ch o i r I y i s  se-m isc -ui

t in rougin  a vol tage d i v i d e r  (R 13 t i i r t n i n g i r  R I m )  a n n u l  c t u u n n i n - r  r e -ui w i  t i n  i i  ru -i c -ru-cue - u-

vol tage est a b l is ir e d  by Zener diode- VR2 at t i ue - inp unta u n f e r r o r am l) l i f i e - r

AR1 . The output of ARI prov ides i s u : ; u -  d r i v e -  b u r r  I m a c c - ;  1 st  tom (~ I wi r  i c h r  : ; c - I  s

tin e con t ro l  c u r r e n t  level of MAI ( s a t u i r ; c h i i  c - m t - a u :  t c n r  I ) . M A I  pr c v I o l e - : ;

s cr  ics c u r r e n t  r e g u l a t i o n  Lu) t h e  1 mm inst r y  w i r i c h  I i ig u n l  h i  . l i c e -  ;u m o u n n t  o f

p r i m a r y  c u r r e n t  f l o w i n g in  o - ; c e - i i  h c ; u l  1 u - y e - I c -  m t  t i n t -  i i i p ui t wov e’ is l i m i t  i-el

by the  c o n d u c t i o n  l eve l  of Ql amid l i n e -  t u m  m i ;  ra I i o n . b et  w t - u - i l  t i n e -  g a l e  and

c o n t r o l  w ind ings of W e - i  . b i n  i n-n L y~ n u -  01 u - o u t  r i m  I L e t  ion in a s  l i c e -

advan ta ge of c u r r e nt  l i m i t  i n i g  du i r  lug s ir t u rt u i  mi-oil I c u n n m u i  i t  i r o n s .

Tine two output l e v e l  a of s u : m c - c - n i  and  ; u c u - e -  I s u i u i l n l  i c - n ;  ;c r e  c o n i l r c l I e d

b y me - lay Kl (ma gnet i t :  t a t e - h i  in g)  . Lc- vc- I I c omn u r rc ; u um d ( : c m e - c - m i :  1( 11 ) 1) Vi le ;

a cc e l : — 30 0  Vdc) m i t  i ;t te s  u - o n t ; n u - l e - b o : -i m i m u ’  t n t  K I 
* - w im i c i m  c t u n n i ; n l i - I  c-a tir e

c i r c u i t  of t ine re ference  vol tage  d iv  ide - r R i  and  R ’ i3 an n ul re-due-c-s t I r e -  ref -

erence voltage to AR 1. Level II .  command ( s e - r e t - r n :  2 0n ’() Vtie - ; ac c e l :  —600

Vd c)  r u - s t o r e s  t i i u -  r e f e r e n c e  to  t h e  Zoner  v o l t a ge  l i - v e t .

Voltage telemetry i s  provided by an anmx il i a ry w i n d i n g  on t r ;m n i s -

former Tl. The output is fu l l  wave rectified by CR12 , CR13 , fi lter e ’uh by

C20 and C6, and scaled w i t in  volt ;igc- d i v i d e r  R9 amid Ru to p rov id e . -  0 E u )

5 Vdc. Zener diode VR5 is used t u n  l i m i t  t i r e  TIM o u i t p u r t  ii) 6 . 2  Vd u- .

Current  t e lemet ry  f o r  t ine  se re t - n )  amid ; io u - c - h  s n n p p  l i e - n ;  i t -n 1 ml) ! e--m en i te ’ul

with  Identical c i r c u i t s , each of w i t i o - h n  prov ides 0 to 5 Vde floa t irig unit—

puts . Because tine ci reul ts a me- i uk-ni l I en I , uni t y t i n e .  sc r eci m - u i r  r c -ni I T/M

will  be discussed . The gain of am p i  i f  i c r  A R 2  is  ad l u n a t e - t i  te prov ide- ;c

0 to 5 Vdc output from an Input vol t ; i g c -  s [ g e n i i  d e v e - I c n p e ’ d across u - u r r e n i t
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sensing r e . - s i st o r  R I o .  ‘ l I m e-  o u t p u t  t u b  A R ]  p r e n v  I u l u - i - ; a 0 - o u r - n o - n u t  s i c u k  t i n  l i me-

o u t p u t  w i n d  Lo g and ru -c t i i i  e.-rs C R2 2 , m d  CR7  1 t o t  t r ; u n u : ; t  u r m ni t ’  r i i .  A n y

vo l tage  leve l  ge -ne r ; i t e d  at  t i re -  e n u n t p u m t  t n t  CR] ]  ; i u n u l  CR ]  I i s  e l n u I n l  i t - n b  e-d a t

the  o u t p u t  of rectifiers CR16 , C R 1 / .  R4 1) i n n  t I r e -  i r r i u n n i u r y  w i u n c l i n m g  c m l  I I

determines the c u r r e n t  s I mn k requ i re -un i t -n i  I s  of AR2 ~n n r c l  e - : ;  l i i i )  I I a h u u - ; ;  h oc-

available output power to thce- ‘tIM cn ul p m nt c iN -nm i t .  R’r I m mcm v  I d  t - : ; ;n f e u r w ; r  rd

bias c u r r e n t  fo r  CR16 , CR17 at  low— i t - v t - i TIM o u u l p n n t  a .

3. Cathode Heater  and l) i scha r ~ e- Stipj n l it-i-i

The block diagram fo r  thee  c;i L iro d e. -  I uu : r  t c - r  am id d i s e - I r a rge  n-ne n l ) I ) l  ic ’s

is shown in Figure 38. A c o n t r o l  I o t op i s  rn se -d  ire-twee-n (lie - “vol t;i ge-

sensing’’ block of the d iscinarge suippl y am id t i n t -  “ :; ;u  t u n m a b  I u- r e c it E or and -

control  electronics” block of t ine-  c ; n t h u o c l e -  l u o i t e m  s u n i r p i  y .  R u - h o m e . -  d i s u - i n ;n r g e

i gn i t ion  takes place , t ine  m a x i n i u m m  u i n t h r c de i r c - ; n t u - r  o r o u l  n u t  r m m r m e n i L is

established by c u r r e , n t — i i m i  h i  r ig  r e s i s t o r s  i c r  t i n t -  a : m t  u m r ; n b J t -  r u - : m c - t t ) r  con—

trol winding . After d isclnarge igni it ion , tiu- i e ’e-u lh ; ru -  k vol Lage f rom t ln t -

d i scharge  supp ly wi l l  suddenly decrease to a v a i n n e  I~~s~ t h an t i m e  r e f er e nt e.

vol tage in the hea t e r  control e l ec tron ics. At U r i s  t i m e , t i nt- c a th ode

hea ter supp ly wi-li be cu tback  to v i r t u a l ly zero o u t p mj i .

The output current levels ot L i c u -  d i s c h a rg e  supp l y are -  15 , 125 ,

and 250 mA and are set by Level  I , I I , and I I I  command s i gm ia I Le o  i c r  I t - h i —

ing relays in tine ‘‘d ischn arge  output current ’’ bl t oe-k. Vt, i t age.- c r i m u l  u - t i m  r e - r n  I

T/M si gnals for both supp l i e s  are t r ans fo rmer  i s o l a t e d .

The cathode heater and disch arge supp i ie-~: circuit se-Inc-mat ie.s ;crc-

presented in Figure 39 (drawing 1028191). ‘ l Ime  d i s c l n a r g c  suppl y i s  a con-

s tan t  c u r r e n t  suppl y in which out 1)ut  vol hagc - i s  sc-nisc- d to conE rob tIn e -

cathode heater  c u r r e n t .  As in tir t - so rt- c- ni supp l y, a c u r r e n t l i m i t  inng

f ea tu re  is desi gned In to  both o u t p u t  I m c r u m s i u m n n e r co n t r o l  magnet  i c s .

The output current level is s c - i c - c - t e d  b y l a t ch i n g  r u - l a y s  K I  anti K2 ,

which are operated by tine d i s c h arge b e v e l  ce mma ni u ls .  A v o l t ;ng e -  sc-nsc-

winding on the discharge supp ly ou tpu t  t r a ui s l o r m er  ‘I’ I I u n m n n i s i u e . - s  ci vol t;nge

— proportional to tine output voltage and i n-c ut-ied Icr coin rul time- i-I u ’e. - t ron i t s

in the hea ter suppl y. Opera t ion;n I cnumu i r i i  f I e.-r AR I c-ompa re-s ti n is ve i l  t ;r ge
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Figure 38. Ca thode heater and discharge supplies block diagram.
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w i t h  m a ru- I u - r e - o u t - - vio l I a g’ - - m o r e l  v ;u  n i t  - - I I r e  - 
- 

- — m o - e l m  I v c I e n I m I m i  0(4 I si n Q I

w i n i t - i u  c on t r u ) 1 n-c t i n e -  o ; c i  b u i l t -  I c c - a t  e - r  c o i n  p r i t  e - u r r u - r m t . iwo I t-vel s  - o f h eater

current can h o c -  ; c-  I c - c - I  c-el  i o y  I - ml cli I rig r e - I  ny s  K 3 and K4 , win i ch an a opera-

t e - el  by  time ’ i ni h ir m I me- m I c - c - lu-vu- I c -co n nu n nmnui cln ;

( : u n r r t - n n t  I c - I c - m m m u - t  m y  I c o n - i r t o t ho e l i : ; c hc ~n r g c  and iu ea t e - r suppl ies  is pro—

v Ic ic ul by c n n r m e - n i l  I t o u r : ,  I o m u n m r - m a  I I  : r n r c l  1 2 .  I i m c -  o u tp u t  w i  nid in g s  of f l  min d

I ? m i r e -  h r  id gc- re -u - I  i i  i c - u i  a n n u l  I j i l t - m e - t i  Leo  p r o v i de  a 0 to 5 Vd c- a n a l o g

vc) i t i ng u  ( u v t -r  I l i e -  c - n t  i r e -  o~n c- r m m  i rig m a n m g c -  ol ea t - hr  suppl y .  Volt  age telem—

c - t r y  i s  c i t - r i  vt-el I mono a r m  c u u n x  i I i a r y  w i n d  lug on 13. ‘l ime ou t p u t  vo l t age  is

r e -  I I t  I t .d and I i l l  u - r e - c l  a n n u l  i s  p m o p c r r  I i una I t o  t i n e -  d i s c -  barge c u t p u t

vei l t itgc  d iver l i n t -  e ) I n ( - r a  t i u ig  r i n u n g u -  cii  t i n e -  SUl)I) ly

4. Ccc t imc ic le  K c -e - pt -m I Nc- t m I r cm I i zcn m i leate ’r Suppi  it- s

‘l ir e - r a t I  o u mu h c  k u - u - i o u -  m hi nc -k d I ag r a m m u is shown in F i g u r e  40. I t  con-

s i s t s  cml ~n I n i g h m — v e l I c i g c -  s n i p p i  y w i n i u ’ i r  i n  I h  i at e - s keeper i gn i t i on  and a low—

v o l t  c l g t -  su n p p  m y wim i u h m  atiSt a iu n s Lice- kc-c ’per d i  scira rge  . i~ac in supply can be

I n  m n it- d on or en I by c conn uu m n ; n r id s  I t o I c i t e - l u  i ng r e l ays  wi r  i cli interrupt input

p owe-r to t lie Sc- Ie-u:Lcd o u u t p u t  L rarnsiuirnrer. Time p r imary  winding of the

ii i gb — v u  I tcige ke-epe- r Si t l i l )  I ‘
~ 

i s  c-c )nni t-c Lt~d ml p a r a l l e l  to . thrat of the

c - a t  b oth- inc-c i t e  r 5.1 1) 1) 1 y . I n  t i m i s  e - i re -em i t  c- on f i g u r a t i o n , very f a s t  cathode

- - i m e ; n I  er e - n m t  Ioau-k iouwu -r í a  j u n  i I i cute-t i  w h met i  t I r e  kee-per i g n i t e s  because of the

I u w  r u - i  ic- u - ted p r i m a r y  i mmmpe d ;ine -e of t in c keeper stn pp l y . The low voltage

kt -t .p er  o u t p r m l  c u r r e n t  i n ;  I i xu -d at 235 mA. Current and voltage T/M for

l i i i : ;  a e n p m r  I y is  t mains  In rnme - r iso ! cited .

Ihuu - ne.ui rcn l i s - r  I u c - ; m l e - r  suppl y block diagram is shown in Figure  41.

I t s  u n i t  put  i s  rc- lay sw I t  c- h e’d t o  p r ou -  ide power to e i t  iner  of t ine two

mit-c i t  r ; m I I zu- r i nc -c i t  e - m: ~ - i t  is  t u r n e d  t i l l  by t i n e  n e u t r a l i z e r  heater of f

t -o mmm n c m i iu i - Tire o m i t  p u r l  powc-r ur  I t h u  is supp l y Is cont  ~~~ I led i)y t ine e r ror

s i  gina I c l iii e re-n e -c- li t- I w -u -mn ti ne. - in c-n o t r;r I i 5c r  em iss ion c-unrr en t and a refer—

c- nc - c-  s i g m i c n  I i n  t i n e -  u - c u r t  i- uI c - I c - c - I  ruin i n - s  Ii I eoe -k. Ne- um trai i z er  I m u - a t e r  level

e-ommcnnm cls c - n - ; t c n l n l  i s h i  I ivo’ o cirn n ncmnn cl cnlilc - r u-I u- ru -n i c e- l e v e l s  oi n e u t r a l i z e r

c’m i s s  i urn c -mn r r u - m I . I ) in e - e-  I 0)0% n c-u t r~r I I sat ion  I cnkes p lace- at a given

ret e ’ru -nc c  set I l u g ,  neil I rcn I I z c-r Jica ( c r  Imwvr i s  cont rol led to ma in ta  in

t I n  i n  - c-miss  ho r n by I l i e-  i - m i nt  ro I I ‘°°I~ .

78

_ _ _ _ _ _ _  _ _ _  _ _ _ _ _  - -  T ’ ~~
-
~~~~~~



5145. 2H1

H EC~~~~~~~~}
42 V ac - 

F I LTER OUTP UT

~~~~
[

~~ R~~~NT

_H_
SATUR~~~LE 

—
~~ 

V T/M

1T/M OUTPUT
CURRENT

R E F E R E N C E

4 MV

TO P R I M A R Y  CATHODE
HEATER TRANSFORMER 

VT/M

Figure 40. Cathode keeper supply block diagram.
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Figure 41. Neutralizer heater supply block diagram .
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C u r r e n t  J I M  f o r  t h e -  c l ou t  n - i l I / e r  l j e - ~i L - ~ supp ly i - m  t r - e : i - ; I i i r u i i - c -

i sa  h a t  c c l .  N - i c t r ; i l i z e - r  t - c n i i s s  ion  r n i r r — e - n u t  T/ I i s  I n c r c c i  h i - i t  by l i i

c -i - i t ra t T l e - I  i i — .

Th e- c a t  i u n h -  keeper  supp ly  - m - h c e a n n a t i c i s s h c o w n  i n  I - i g i i n  i -  42  ( d r a w l i n g

J Q I ~~ I 9 2 )  . The SUP I )  I y i x c i - l n i d e m - m  ii I i  i g i c — v o  l t m c ~ - i -  i n n o u h u l  c- I c r  k i t - p e r i ) ’ c c  i t  i o n

an t i  mc lo w — v o l  t m e g i -  m o d u c i t  t i  s i n - m t  mo m lice- ku - -pe r di : m n - I e r  r p i -  i n  n o rma l c. i p e r m c —

t i o n .  l i c e -  h i gh—v o l t a g e . - w i n d i n g  on ‘12 p m c n v i d c -  11111 ( 1 Vd o m i t t  i - r  h e - i n g

r e - i - I  i i i e d  by CR12 t i n r o n i g i n  CR1 5  I I I  0 0 0 t p c c t  e - c c r r -n i t i s  1 j u n 1 1  i - i l  i i i  2 1 )  mA

I o - I m ; I I : I c -  i2  der  lye- s I Is power I r o n ; ;  I i i  - n i : c~ : c n i - t  j e  ~mn ~ n I i I l u - n  in ;  I :~ o -  c m i  I i n - i t -

h e a t er supp l -
~~~. A L  ( l i e  1 90(1 Vdc o ut  pu l l l e v i - h , i t i-li-os-I m y vol t a p e -  w i n d i n g

on ‘h’ 2 pr ov i de s  a ‘; Vd c s i p n i m c l  m c I  t i ; t -  o c c l t i o u c t  i i i  C R 1 0 , C R 1 1  mind  R—C I i l t l : r

(- ir cu i t

Ti n e low—volt apt- coc c I pint is  e lm -n y u - t i  I ro n c I I  w i t i o  i t s  ou t p u t f u l l

wave  rec- t if ied by CR 16 and C R 1 7 .  CR 1 8 is  - c  i n  i g i r — v o l  t cge  d i o d e -  w h i l e - i n

i r o l  ee ls t ine  o u t pu t  cir cuit a t  ‘13 lr t nnr c  h i g h — v o l t ; i ; ’ i -  m~t r i - T m - e m ;  hce Ic,c --

i g n i t i o n  takes  p l a c e . Cnu rr -nt J imit log is m ii c - c nni ipl I / l a - l i b y lice ar t  i o n  of

sarli rah i - re;~ -t o r MAI . Tire  o u i t p u c t  of I ci- k - o jo- n supp ly i s  t ncr ni t- d on mind

ot  h y  l a t c b c i n g  relay 1<7.

( h ; r r c - n n t  t e l e m e t r y  I a  im p leni c -n n tc ’ d  w i t i o  I r a n s f o rm e r  ‘ i i  and i t s

~r -y-moe I m i t eni r ec t  i f  i c - r — I  I I t  o r  output r in - i-co il . Tic i s  p r c n v  ‘ h i - a  a (I t i c  S Vdc

a nal o g  s i g n a l  pro p n r t i o n a i  t o  l i i i -  k u - - o - b ) u - n  load u r n - n i l

[l ie- c i r c u i t  of t in c  n t - c c t r c m l i -z t - n  i a - m i t  (- r scc p p l y i s  i d t - n t  i c a l  to t h a t

of t h u  ‘- at i n o d e  I c e -m i t e r  s u p p l y w i t  Ii  I l i t -  i - v i e - p t  m m  t h i m c t  I Is- n c - n n t r a l  i / o r

i n n - m r  t e - r  u n n r r c n t  I : ;  c on t r o l  l i d  b y t i e  c o - n u t  n - m e l  i v t - n  e nn i s s  ion  c u r r e n t .  F vc-

le vel commands w h i c h  o p e r a te  l a tu - l c  i m g  re I mi- ’ : 1<3 , K4 , V 5 , m c n i i l  1<6 change

t h e  r e t u - r e - n e t -  s i g n a l  on amp l i f i er  A R I .  An m e - m e mo s - i n n  I l i e -  c- u - I  u r eca t

level  at  I lit - input oh AR 1 co r r e s p o n d s  I i ’  an i r n c n  m i : m i  m m  i c - a l  c r  i - u r n -n t

win ic - Ic r e -sncl t~ ; i n  mini increase in n e u t r a l  l y e - n  em i s s i o n  i I m t r e n I _  T i n e -  c - i c r —

r e n t  supp l ied  to t ire i n - m e t  o r  l c i - e - ocncc- ~ st ;r l c ii ize- d w i c oni  t i c u  emission e - c n r r e - n t

si gna l  r c - ; r i - l n i - - - m I lii- l eve l  of t i n e  me- h cr on e -eu  v o l t ; c p c -  m i t  t i n e  i n p u n t s  c c l  AR 1

The opt i on of s e l ec t  i ng  t - i t  h e r  uinc of twc n n eru ~ r m c I  i z t - r l i t - m i t t - m s  i s  it nnp h -—

m c -n:te- ch b y L-m u - h i n g  r e - 1 - n y 1<2. N e o c t r ; c l  i / e r l o - m i l - n  c - u r n - o c t  t e - l e n u - t m y  i s

- — 

ii derived from t r a n s f o , r n m n o - r  /~~• ‘ l h o c  e n o n t  m int  , win i e l o  is i - I  i i  je-d cml
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--

filtered , provides a 0 to 5 Vdc signal which corresponds to t h e  a p p l i e d

heater cu r ren t .

5. Neutral izer  Bias Supp ly

A block diagram of the neutralizer bias s u p p l y  is shown in F i g u r e -

43. The 42 Vac input passes through an isolation transformer and goes

to two similar series—regulated supplies.  Eac ir suppl y (one fo r  p o s i t i v e

bias and one for negative) consists of a series pass transistor win ic in

has current limit ing , a step—up transformer , a voltage doubler , and an
I 

- error amplifier. The zener reference is common to both supp l ies. On

receiving a polari ty coumnand , a relay selects the  des i r ed  supp ly .

The neutral izer  bias supp ly design is shown schemat ica l ly in

Figures 44 and 45 (drawing 1028406). The basic design consists of

positive and negative voltage—regulated supplies and a commandabl e re la y

¶ (K6) that  selects the desired supp ly .  The negative supp ly cons~~m ,t s  o f

an output t ransformer  T3 and a fu l l—wave voltage doubler CR17 , CR18 ,

C19 , and C20. The output  voltage is sensed b y operational amp l i f i e r

AR1 through resistors R27 through R31 and compares this voltage to the

reference provided by zener diode VR2 . The operational amplifier

linearly drives Q4 , which varies the voltage on the primary of trans-
former T3 to close the regulation loop . Transistor Q3 and resistor R5

are included to provide current  l im i t i ng . Th e p o s i t iv e  supp l y is sim-

ilar in design to the nega tive suppl y but has a series string of 3 mA

constant current diodes CR21 through CR32 across the output. These

diodes provide a path for the current  tha t  t ine  suppl y m u s t  s ink .  The

d i f f e r e n t  output  levels are ob tained by commands which activate relays

K2 , 1<3 , K4 , and K5 . Ampl i f ier  AR3 and a magnet ic  t e l eme t ry  isolator

will generate a telemetry signal that corresponds to the absolute output

voltage . A polari ty flag is used to indicate the polarity of the output .

6. Electrometers

- 
The SPIBS system requires accurate telemetry measurements for the

neu tralizer emission curr ent 
~
‘NE~ 

and SPIBS net current 
~~NET~ 

(i.e.,
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Figure 43. Neutralizer bias supply block diagram.
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current In the ground line) over a tinree decade range from 2.5 icA to

2.5 nrA with +5% accuracy. Furthermore , measurement of the SPIBS net

c u r r e n t  is required to he bi— directional since the spacecraft net current

may be positive or negative . Finally, the unit is required to have a low

source impedance such that the voltage across the input terminals does

not exceed ‘.2 V at tine h ighest input current (2.5 unA). A single design

is used to meet both tine emission and net current requirements.

A block diagram of the SPIBS electrometer configuration is shown

in Figure 46. can he convenient ly measured at S/C common and be

supp lied direc tly to the te lemetry acquisit ion system without isolation.

The 1N Ef electrometer require3 a small isolated supply at S/C common

potential. The 1 NF electrometer requires isolation from S/C potential;

it operates from housekeeping supp lies at PPA common potential.

Since the elec trome ter circuit is required to maintain accuracy
over a 60—dB amplitude range , some form of amp li tude compression or
range switching is required to accommodate the limited capability of the

telemetry isolation amp lifiers and telemetry acquisition systems.
Amplitude compression was selected since the need for relays or switches
for range switching and the need for extra bits to define the measure-

ment range are eliminated .

Schematics of the electrometers for and 1NET are presen ted in
Figures 47 and 48 (drawings 1028602 and 1028706), respec tively. The

elec trome ters are similar except tha t the 1NE electrometer has addi tional

telemetry magnetic isolation. The circuits basically consist of :

. A voltage regulator , comprised of AR1 and AR2, whi ch
prov ides a precisely regulated 10 V bipolar supply for
AR3 , AR4, and AR5 and off-setting input for AR6 .

• An input circuit , which provides for source impedance com-
pression at the higher input current levels.

• Three amplifiers for linear decade ranges 0 ±20 mcA , 0 to
‘200 irA , and 0 to ~2 .5 mA’~

*The ampl if iers each operate over a -0 10 V ou tput  range and are
designed to provide a precise supply voltage and a 0 to ±100 MV input
range clamp when the input range for that amplifier is exceeded .
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• An output summing amp lifier for the 3 decades , wi th  o f f -
setting, to provide a 0 t o  +5 output for —2.5 mA to +2.5 mA
i n p u t .

a. Vo1~~~~e Rej~u1ator

VR3 provides  a very s t ab l e  tempera tu re—compensa ted  6 . 4 — V  refer-

ence voltage to amplifiers ARI and AR2 . These, in turn , prov ide ~l0 V

voltages to AR3 , AR4 , and A~ 5 and off—setting input to ARÔ. The suppl y

voltage reject ion of the  c i r c u i t  is on the order of 2 mV/V or less,

considering the- zener impedances .

b. lqput C i r c u i t

‘I’he i n p u t  c i r c u i t  uses t inree  precision resistors to provide

0 to 100 mV f u l l  scale value for each linear decade range. The circuit

contains a bypass capacitor witin zener clamps for over—voltage pro-

tection , and low—voltage diodes CR1 to CR4 provide source impedance com-

pression at higher values of input current . When input voltage VR1

~ 100 mV (first ful~ scale decade range), CR1, CR2, CR3 , and CR4 are
conducting a negligible fraction of the input current.. When VR2

~ 100 mV , CR3 and CR4 are conducting a negligible fraction of the input

current  (in this case , CR1 or CR2 may or may not be in conduc tion ,
wh ich does not matter because AR1 has already reached the precision sup-

ply voltage clamp). Finally, when VR3 � 100 mV , CR!, CR2 , CR3 , or CR4

may be conducting, but botin AR1 and AR2 have reached the supply rail

clamp , and all input current still flows through the bottom resistor leg.

7. Telemet~ y Transduce r s

A schematic of a typical voltage telemetry transducer to be used

in this design Is shown in Figure 49. The voltage that appears across

the telemetry windings (1—2 and 2—3) is directly propor tional to the
voltage that appears across the output winding (4—5). The telemetry

voltage Is rectified and filtered by diodes CR1 and CR2 and capacitor

Cl. The voltage Cl is divided by the  Rl—R2 resistor divider network to

provide sou rce impedance for telemetry short—circuit protection .

Capacitor C2 supplies additional noise filtering of the telemetry output .

- . 
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Figure 49. Typ ical voltage telemetry transducer schematic.
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Zener diode VR1 is included to prevent t he  telemetry o u t p u t  vo l tage  f rom

r i s i n g  too h igh  and possibly damaging tine te-lemetry multi plexer . Ti n e

analog telemetry voltage can he ad j usted to the various full—scale values

shown by proper se lec t ion  of tine turns ratio of the output transformer

between the output windings and the adjustment of the Rl—R2 resistor

divider ne twork .  ‘F l o e main source of error wi th  this  type of vo l tage

transducer is the variation of the supply output voltage with vary ing

load cur ren t  due to the  o u t p u t  impedance of the suppl y itself. This can

be kept to an acceptable value by taking it into consideration during

- the design phase.

A typ ical current transducer design is shown in Figure 50. Trans-

former r1 is in series with the supply output transformer. This means

t i n a t  the  current that flows through the primary of the supply output

t r a n s f o r m e r  wi l l  also f low th rough  windings 1—2 of the current trans-

former Ti. The turns ratio of transformer Tl is selected so that 5 mA

will flow in winding 3—4 when tine supply output current corresponds to

the full—scale value shnown in the table of analog outputs. The diode

bridge , CR1—CR4 , rectifies the winding 3—4 current which will flow

throug h r e s i s to r  R i .  Capacitor Cl is included to filter the telemetry

output voltage. Zener diode VR1 will prevent the telemetry voltage from

ris ing too high and damaging the telemetry multiplexer .

The transducer output can be scaled by adjusting the turns ratio of

the current transformer Ti and selecting the value of resistor Rl. The

ma in source of err or encoun tered wi th this type of transd ucer ar ises

from the fact that , in this design , it is p laced in ser ies with the
pr imary of the output transformer. This is done so that the current

transformer will not require high—voltage insulation. Therefore, any

additional loading on the secondary side of the output transformer , such

as voltage telemetry , will he reflected on the current telemetry output .

In most cases, t h i s  w i l l  appear as a “zero” o f f s e t and can be taken in to
consideration when the current telemetry channels are calibrated. One

feature common to  hotin tine voltage and current transducers proposed is

that the telemetry output is isolated electrically from the rest of the

92
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power processor e l ec t ron i c s  b y u t i l i z i n g  t ine  inherent  isO~~a t  i on  cc l

magnetic devices.

Eigh teen  cinanne l s  of t e lemet ry  are provided for  mon i to r ing  the

performance  of t he  SPIBS system as shown in Table 2. The sensing loca-

t i O n s  for 14 of tinese quantities are sh own in Figure 51. The other four

t e l e m e t r y  c h a n n e l s  are : t ank  pres sure  ( o b t a i n e d  f r o m  a t r a n s d u c e r  in

t ine  expe l l ant  assembl y ) ,  power processor tempera ture  (obta ined  fron. a

thermistor attachned to a component moun t ing panel in the power processor),

PPA ac inver te r  current  (sensed w i t h  a current transformer in series
- 

wi th  t i n e  o u t p u t  of t h e  ac d i s t r i b u t i o n  inver t e r ) , and PPA ac inve r t e r

voltage (sensed across a telemetry winding in the secondary of the ac

distribution inverter output t r ans fo rmer ) .

8. Temperature, Pressure, ~~~~~~~~~~~~~~~~~~~~~~~~~~

The temperature , pressure , and decel current T/M block diagrams

are shown in Figure 52. The power processor temperature transducer

provides an analog output from 0 to 5 Vdc , which represents a tempera-

ture range of +60°C (1.25 V) to —20 C (4.4 V). The temperature mea-

suring device is a conventional type thermistor operated from a constant

current source. The output is amplified and buffered to provide the

TIM ou tpu t .

The Entran  semiconductor  type pressure transducer is operated from

regulated 4 Vdc and provides an analog signal from about 0 to 120 tnV

fo r  a reservoir pressure from 0 to 1500 psi. This signal is amplified to

provide a 0 to 5 Vdc T/M signal.

The decel curren t amplifier provides a T/M signal of 0 to 5 Vdc

over a range of — 2 . 5  mA to +2.5  mA of decel cu r r en t .  All of these

c ircuits are operated from an isolated ±15 Vdc supply and are referenced

to vehicle telemetry ground .

Schematics of these telemetry circuits are shown in Figure 53

(draw ing 1028636). The pressure transducer , described previously,
provides a low—level pr (-sstnr (- analog voltage to buffer amplifier AR3.

The output of the buffer amplifier is combined witci a dc offset by 
*
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Tab Ic 2.  Ar i a log  O o n t  p o n t

Channe l  A c t  o r a l  Va I c c  - f c c r  S V

No.  l) - s - r  i pt ion  O o n t p n n l  , 
c 5%

- I Beam c u r r e n t  2 . 5  nrA ( ‘ 2 X )

2 Beam v o l t a ge 2501) V

3 Di sc l c a r g e  c u r r e n t  2 5 ( )  nrA

D i ~;c Hc ~cr ~~e v o lt ag - 51) V

5 Keeper  c u r r e nt  250 nrA

6 Keeper  h i g h  v o l t; cg - 1 000 V

7 Kee per low v o l t a ge  51) V

8 C a t l c o d e  h e a t e r  cu r r e n t  5 A

9 Accel c u r r e n t
a 

2 . 5  ricA

10 Dccci c t n r r cn t a 2 . 5  mA

11 N e u t r a l  i z er  h e a t e r  a - c c  r r e n t  S A

12 Neu t r al  i ze r  b i a s  vo l  t ;c~~ - 1 001) V

13 Neutralizer emission
h 

2.5 mA e hI)7)

14 SPIBS net curreot
h 2 .5  mA ( a  I I , : )

15 Tank pre ssccre-  1500 ~~ I a

16 Power processor t em p e - ra t  ore See c: n i i  brat i a n  cur v~

17 PPA ac in v e r t e r  c - c j r r c r r t  I . - o A

18 PPA an- Inverter voltage SI) V

aT I n d i c a t e  an omolorns c o n di t  m c c c .

b in t in r ec  ranges :  2 . 5  to 25 cA;  25 A t o  25(1 m A - -

9-)
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Figure 51. Telemetry sensing locations.
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~TIM
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L _ _ J
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Figure 52. Block diagrams for temperature, pressure , and
decel current telemetry .
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amplifier AR4 to provide a 0 to 5 Vdc output, which corresponds to a

reservoir pressure of 0 to 1500 psi.

For the temperature measurement , a constant current is supplied to

the thermistor by the Qi—ARI circuitry. The voltage that appears across

the thermistor will be representative of the temperature of the surface

to which the thermistor is mounted (in this case, the baseplate of the

power processor). Amplifier AR2 amplifies and buffers the thermistor

voltage to obtain the required telemetry voltage. A calibration curve of

telemetry voltage versus power processor temperature is used since the

thermistor resistance versus temperature is characteristically a non-

linear function.

As shown in the schematic, the pressure, temperature , and decel

telemetry circuitry derives power from the output of transformer Ti.

This allows the pressure, temperature, and decel telemetry to be isolated

from the power—processing circuitry. The accuracy of pressure and

temperature measurements will primarily be determined by the accuracy

with which the initial calibration curves are generated . The decel

current which flows through R53 (decel current sense resistor) is detec-

ted by amplifier AR5. When properly scaled, the output of AR5 will

produce a 0 to S Vdc T/M signal. .

9. Commands

A total of 29 ground command s are ava ilab le in SPI B S, as indicated
in Table 3. The command function schematic presented in Figure 54 shows

how the commands to the SPIBS accomplish their intended functions. All

command s, except the expellant valve open and close commands, control
the operation of one or more of the power processor supplies. The corn—

mand s to the power processor , with one exception, can be grouped into
two types: those that apply or remove ac input power to supplies and

those tha t ad just the level of control s ignals. Examples of the former

are Ion gun power on and High voltag~’ off; examples of  the la tter are
Neutralizer biaB Levels 1 throug h 5 and Bea ’n Voltag e L.e Vel8 I and 2.

The one except ion to the f unc t ions described above is the rever sing of
the polarity of the b ias supp ly output voltage .

-— 
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Table 3. Command Capability

Command Function

1. In8trwnent on~ Turns on instrument power

2. Ins trument 0fj ~Z Turns off all instrument power

3. Expellant valve open Opens solenoid valve

4. Expellant valve closed Closes solenoid valve

5. Cathode heater preheat Turns on the cathode heater to
Level 1 and turns on discharge
supply

6. Ion gun power on Turns on the ion gun power

7. Ion gun power off Turns off the ion gun power

8. Becvn voltage Level 1 Sets the beam power supply to
l000 V

9. Beam voltage Level 2 Sets the beam power supply to
2000 V

10. Keeper off Turns the keeper supply off

11. Disc~harge current and neu— Sets the discharge current refer—
tralizer emission Level 1 ence to achieve 20 mA current;

sets neutralizer emission level
to 0.4 mA

12. Discharge current and neu- Sets the discharge current refer—
tralizer emission Level 2 ence to achieve 125 mA current ;

sets neutralizer emission level
to 1.2 mA

13. Dia charg ’ ‘-‘urren t and neu- Sets the discharge current refer—
tra lizer emission Level 3 ence to achieve 200 mA current ;

sets neut ralizer emission level
to 2.2 mA

14. Neutralizer emission Sets neutralizer emission level
Level l t o 2 i i A

15. Neutralizer ’ emission Sets neutraliz.r emission level
Level S to 2O iA

100
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Table  3. Command C a p a b i l i t y  (cont)

Command Funct  ion

16. Neut. r i  i i; :~r No.  I S .  I -t  t s neutra l i ~‘.e r I [ I t  No.

17. N e u L r ( J / i : ; ~ p No. Sele r ts  n e u t r a l  i zer  f i l amen t  No. 2

18. !Veu fru / /::vr h~~ t. r uH Turn s on th e  n e u t r a l i zer  cathod e
heater on

19. Neu traLizer h o!er off Turns oi l the n e u t r a l i z e r  heater

20. Neu tra lizer b-lao off Turns o f f  the  neut ra l izer  bias
power supp ly

21. Neutralizer bia s positive Sets the neutra l izer  bias for
posit ive p o l a r i t y

22.  Neutral izer  bias neçja iiv~ Sets the neu t ra l ize r  bias for
negative polarity

23. Neutralizer bias L(~v(~-l I Turns on the  neutral izer  bias to
l O V

24. Neutra lIzer bias Level i~ Turns on the neu t ra l i ze r  bias to
2 5 V

25. Neutrali;~ r b-lao bevel 3 Turns on the neutral izer  bias to
b o y

26. Neutralizer bias Level 4 Turns on the neutral izer  bias to
500 V

27. Neu t r a l Iz e r  bias Level S Turns on the  neu t r a l i ze r  bias to
1000 V

28. IIi~’jh voltage off Turns o f f  the bea m and accel.
power supplies

29. Cathode conditioning Turns on the cathode heater to
Level 2

a1~ the SPIBS instrument, j netrwnent; on/of’! is implemented by connec-
ting or disconnecting 28 V input power.
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p
A l l  commands received by the SPIBS , except the .Tnatrument on/off

roIflmIn (I , are momentary pulse commands. Therefore , the SPTBS must possess

t he Iu-ci ’ssa ry “ memory ” to maintain a commanded mode of operat ion u n t i l

commanded to change . Memory Is provided by magnetic latching relays ,

w h i c h  remain In the set (S) or reset (R) condition until the opposite

command Is received . All command functions except Instrument on/off are

achieved with latching relays.

As shown In Figure 54, mos t level—setting commands adjust  the cur-

rent through the control  winding of a saturable reactor. The one excep—

tion is th e  b i a s  supp ly where two series regulators are used , one in the

po sitive supply and one In the negative supply. Also shown are the
internal control functions that (1) turn o f f the cathode heater when the

discha rge voltage drops below a selected level and (2) turn off the

keeper high voltage output when the cathode heater Is turned off.

10. SPIBS Command Unit

Ground tests require a method for issuing commands to SPIBS and mon—

Itoring telemetry. The SPIBS command unit, shown in Figure 55 , contains

the necessary circuitry to provide the following functions: (1) supply

+28 V bus power to the power processor ; (2) supply a continuous +28 V
I n I , ~/ U,h”f l f  on command ; (3) generate any o .  the addit ional  26 commands

described in  the command list presented above; and (4) provide a f ront
I) iIfl (~I read out of the bus voltage , bus current . and the 18 teleme t ry
Inputs l i s t e d  above . A schematic of the command uni t  is presented in
Ft gure 56.

The power—processor bus voltage is regulated by sensing the bus
voltage at the input to the power processor to compensate for the line
drop in the cable between the command unit and the power processor . The
sensed bus voltage is used as the feedback signal in the voltage control
loop of a commercial power supply capable of 0.05% regulation. The same
sensed bus voltage is displayed when the VOLTS position is selected on
the DVM input selector switch. When the AMPS position is selected , the
output current  of the bus supply is displayed .
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The output of the command pulse gent-riitor is one +28 V 100—ms

pulse for each depression of the front panel COMMANI) button. The com-

mand pulse is routed to the prop er  o u t p u t  I t-ad by s e t t I n g  the  two
COMMAND SE LECT rotary switches to the desired command number.

B. PPA FABR ICATION

The PPA fabrication process was tailored to the quality requirements

of each SPIBS instrument model . The breadboard model PPA was assembled

at RRL without detailed specifications . Various design difficulties and

design adjustments needed to match ion source charac ter i s t ics  were

worked out with the breadboard . The breadboard I’PA did not include full

command capability and provided only limit ed teLemetry data .

The EM PPA fabrication process provided the first opportunity to

evaluate the electronic packaging design . Severa l problems were encoun-

tered in fitting the parts and circuits onto three circuit cards and in

fit ting the herne~sed cards into the structura l enclosure . To fit the

circuitry intO the structural package defined for SCATHA , most magnetic

components wete banded to the circuit cards rather than using a stud

attachment. Ouring the EM phase, shake tests were performed by AFGL on

simulated PPA cards to prove that the bonding technique was acceptable .

RM—SPIBS model PPU circuit cards were assembled at the Hughes Culver

City plant by personnel familiar with flight electronics assembly in a

clean room environment. Harness design and p in—to—p in wiring lists were

prepared at CUlver City from HRL schematics and parts layouts. The SPIBS

EM— and RM—SPIBS were assembled concurrently. Magnetics were fabricated

by the Hughes Culver City Components and Materials Laboratory ; other l’PA

parts were purchased or fabricated by HRL. The quality assurance level

applied to the RM—SPIBS PPA was primarily In terms of craftsmanship;

complete inspection was not applied .

The RM—SPIBS tircult card designs and assembly process notes are

shown in Figures 57 through 59 (drawdigs 1095560, 1095561, and 1095562).

The structure of the cirtuit is machined out of magnesium stock for light

weight.  The terminal stripe and magnetic components are bonded to the

cards using Hughes process specification HP 16—103 , Type 6. The elec-

trical componentS are mounted between the terminal strips and hard—wired
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p

together. After tn ftl a l electrical testing of the circui t  cards is
completed , the high—voltage areas are potted with uralane per HP 16—8
using aluminum oxide filler. The cards are then conformally coated

with HP—l6—66, Type I, Class I. A photograph of the RM—SPIBS before

potti ng and conforma l coating is shown in Figure 60. The wire bundle In
the foreground is eventually attached to the ion source terminals . When
installed in the s t ruc tura l  enclosure , the cards are secured on top and
bottom with screws into nut plates mounted on the cards.

C. PERFORMANCE

The performance characteristics of the PPA can be described in terms

of e f f i ci e ncy, regulation , and output characteristics. A block diagram
showi ng the efficiencies of the supp lies Is shown in Figure 61. The quan-

t i t ies  shown in Figure 61 are typical values; more specific details for

each o f the individual supplies is discussed below. Thus , for the condi-

tions illustrated, the PPA overall e f f ic iency is about 36% (15 W Output

for 41.9 W input) .  Without the neutral izer  bias supply , the efficiency

is about 48% (13 W out for 27 W input) .

1. LIne Regulator on AC Distribution Inverter

The efficiency and regulation of the combined line regulator and ac

distribution inverter (includ i ng t h -  l ine f i l t e r )  is given in Table 4.

These data were taken from the s~ i~ s breadboard unit to show the charac—

teristics of the basic design . A resistive dummy load was used . Although

slight differences exist between the breadboard and RM—SPIBS models (e.g.,

magnetic . fabrication procedures) , the characteristics shown in Table 4

would be representative of the f ina l design. Typical inverter response

to step changes in load current is shown in Figure 62.

2. Cathode Heater/Discharge Supply

The output current regulation of the cathode heater supply is shown

in Figure 63. This figure shows the typical regulation characteristic

of the supply and is not intended to represent the final setpoint values.

A current-limiting characteristic is needed to prevent excessive current

at turn —on when heater resistance is low (i.e., about 0.1 £~ hot).
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Table  4.  L ine  Regula to r  and AC Inver te r  E f f i c i e n c y

Inp u t  Inpu t I nput  Output  Output  Output
Vo ltage , Current , Power , Voltage , Current , Power , E f f i c i e n c y ,

Vd c A W V m s  A W Z

21 1.3 27.3 41.5 0.5 20.75 76.01

2.39 50.19 39.9 1.0 39.9 79.50

3.15 66.15 37.0 1.5 55.5 83.90

25 1.28 32.0 42.3 0.5 21.5 66.09

2.2 55.0 41.8 1.0 41.8 76.00

3.25 81.25 40.5 1.6 64.8 79.75

30 1.0 30.0 42.3 0.5 21.15 70.5

1.86 55.8 42.0 1.0 42.0 75.27

2.76 82.8 - 40.5 1.6 64.8 78.26

35 0.87 30.45 42.3 0.5 21.15 69.46

1.64 57.4 42.0 1.0 42.0 73.17

2.3 80.5 40.5 1.5 60.75 75.46
__________ ________ _______— 

T6327

The cathode heater  supply e f f i c i ency as a function of output power
is presented in FigurE- 64. ThIs typical (breadboard) curve demonstrates

the effect of load resistance on the efficiency of the supply. Since

the output  power is 15 to 20 W, efficiencies of 85 to 90% are achieved
wi th  this supply.

The d i s c h a r g e  supply ou tpu t  current regulation for several setpoints

is shown in Figure 65. Discharge voltage is di.termined by plasma char—

acte r i st i c s , w h i c h  in turn depend on xenon flow rate. Discharge current

ft
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Figure 62. Inverter response to step changes in load current .
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levels are adjusted to produce the desired beam current. The typical

efficiency of the supp ly when operating into a fixed load impedance and

when operating at a fixed output voltage is shown in Figure 66. Thus,

for most operating conditions , the discharge supply efficiency is in the

70 to 80% range .

3. Cathode/Keeper/Neutralizer Heater Supplies

The cathode keeper supply output current regulation characteristics

are presented Ira Figure 67. The lower curve shows the characteristic of

the low—voltage section of the supply alone. The upper curve shows the

normal output with the low—voltage and high—voltage sections operating

In parallel. Once the discharge is ignited , the high—voltage section

is automatically turned off , and the supply output would be defined by

the lower curve.

The keeper supply typical efficiency for a range of output power is

shown in Figure 68. For a typical output of 6 W, the efficiency is

about 80%.

Neutralizer heater supply output current regulation is shown In

Figure 69. As with the cathode heater, the filament, resistance increases

significantly when hot. The current—limiting feature prevents overheat-

ing at turn—on . The typical efficiency of this supply is shown in Fig—

ure 70. For typical operation at outputs of 2 to 6 W, the neutralizer

heater supply efficiency is in the range of 75 to 85%.

4. Screen/Accel Supplies

The screen supply output voltage regulation at the 1000 V and

2000 V levels is shown in Figure 71. These data show that currents up

to 3 mA can be obtained at full voltage. The combined efficiency of

the screen/accel supplies is presented in Figure 72. The typical effi—

cien~y curve is plotted against combined output power, with the two

major operating levels noted . Since accel power represents less than

5% of the total power, the power scale is essentially beam power.
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5. Neutralizer Bias Supply

Output voltage regulation curves for the neutralizer bias supply

with negative and positive bias are shown in Figures 73 and 74, respec-

tively. The curves in each figure represent the five setpoint levels.

The lowest setpoint is 25 V for positive bias.

6. Electrometers and Transducers

Performance of the electrometers and transducers (temperature,

pressure , and decel) is best described through the calibration curves pre—
sented in Section 5. Although these elements require power, the combined

demand is less than 1 W.

D. EM!

The line regulator breadboard was checked for conducted emissions

(CEOI and CEO3) and conducted susceptibility (CSO1) in the environmental

testing area of the Culver City plant. These tests were conducted per

the setup for this type of equi pment as described in MIL—STD—462, and

the results were compared to the levels specified in MIL—STD—461A . As

noted in Ref. 1., the breadboard unit did not meet the specification for

test method CEO3 and did not pass the conducted susceptibility test.

The Input filter to the line regulator was redesigned to reduce

the amount of conducted emissions. The line regulator control loop was

modified to reduce its suscept ib i l i ty .  The unit was then returned to p

the Culver City plant for retesting . The results of this test are sum-

marized in Table 5. Improvements beyond these levels would require

significant filter weight Increases, and further changes were not made .

Additional EMI tests conducted by AFCL with the EM system indicated

satisfactory performance.

E. INPUT LINE TRANSIENTS

The major t ransient  on the power bus occurs when power is applied
to the PPA (Inat~’wnent on conmiand) . The current surge observed Is the
result of charging the line regulator input filter capacitor. Tests
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‘l’ab le 5. Su mn i ary  ~~ EMJ Test I ) . - i t : a : SI~I I ~~ l i i i - R ’ -~~i i l i t u r

(9 .1 (1 1 y V~)T h )

() pe r :a t  1mg Tc-~~t
Mode Method I ( - : - ~t I~( ) i l I L ‘ Iy ~s uI In t . M ; i x  lv i i -; p i - r

~2 V : IM ] +28 Vd (- R r w i d h a t a d  W I t h i n  ;~~~~
- i f  l i d  l i m i t s

¶ t:i-:oi +28 Vd (- N;i ruwband W I ?  bin -~~~ - v i i i  -d i i  in i t

CI~0l !)C r i - t u r n  R r i ~~d han d  WI t ib i n  ~; p -  i f  i d  I m u  I - -

(:1:01 DC return Na rrowli;ind WI thin ~- ; J e -  I l l  &-d l i m i t  s

CEO3 +28 Vd c Rrnad band +2 d R at. 2 . 29 MHz

C I 0  3 +28 Vdc N~ r r owban d + I ]  d l~ i t  1 .85 MH z

CEO 3 DC return J l t e i db a n d  + 10 dli at 2.27 MIL-

CF0 3 DC ri-turn N;irruw hand +9 dB ;It 1 . 7  M h z

24 V CEO I +28 Vd c R r u a d b a n d  W I t i  i n  s p - - i l ed  I i ml I S

Ch-01 +28 Vd i- N ;irrowband Wi th~i n s r i-i - I led l i m i t  s

CEO1 DC ret urn IIru ;adband W I thin ~p i - c -  i t  l i d  l i m i t s

CEOI DC ret urn Narrowband W i t  P u n  ~~ i t - - i f  l i d  I u t

CEO3 +28 Viii Broadband Wit hi n ~;p-e i f  I ud l i m i t s

CEO 3 +28 Viii- Narrowband +8 dFi at  I . 66 Mh z

CEO l I)C r et  urn Broadband +2 dli at 2 . 2 8  M h z

CEO3 DC r e t u r n  Na r rowband + 10 ii 11 ;i t 1 . 73 MHz
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were performed on the breadboard system to determine the peak value of

the turn on current surge . The first test performed used the input

filter configuration present during the 10 March 1976 EMI test . A

photograph of the surge current is shown in Figure 75. The peak current

observed in this fi gure is 30 A. 9 he l ine regulator was retested using
the EM! filter additions , wi th the results shown in Figure 76. The

initial 43—A peak observed in this test, and not observed in the previous

test , is due to the addition of capacitance between the input filter

choke and the input powe r bus. Since the additional current peak is of

short duration and would not adversely affect the spacecraft fusing

requirements, it was decided to finalize the filter design in the con—

figuration used in the 9 July 1976 EMI test. The RM—SPIBS instrument

characteristic is expected to be similar to that shown in Figure 76.
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SECTION 5

ROCKET MODEL SYSTEM

The SPIBS system design evolution process is presented in depth in

Ref. 1. The RM—SPTBS was phased into the main SPIBS program at about

the time the EM went into f a b r i c a t i o n . ‘t he two systems were largely

bui l t  in parallel . However , to meet rocket test schedules , the RM—SPIBS

model was completed f i r s t , w i t h  d e l i v e ry in May 1977. A series of tests

we re subsequently performed at AFCL , some of which i d e n t i f i e d  design
weaknesses that were corrected in all SPIBS models (e.g., potting of

the ion source vacuum feedthroughs to prevent breakdown in a i r ) .

A. SYSTEM DESIGN

The RM—SPIBS design is shown in Figures 77 through 79. Except fur

Figure 79, these f i gures apply eq ua l l y to the engineering and the flight

models. The reservoir clamp , shown correctly in Figure 77, was modifi ed

after the photographs were taken. The loop in the reservoir i-lamp

extended beyond the base Interface and was subsequently relocated . The

photographs in Figures 78 and 79 show many details of the SPIBS sys tem

dur ing and af ter f inal  assembl y. The wires protruding f r om the PPA
enclosure in Figure 78 attach to term inals  on the ion sou rce .

Fabrica t ion and assembl y procedures for the RM system were similar

to those used for the EM’. All mechanical or machined parts were fab—

ricated through the HRL shops as “controlled hardware .” The process
does not involve inspection of vendor facilities , but does provide 100%
inspe ct ion of all fabr ica ted parts. Electronics parts , except for

magne tlcs , were purchased and controlled by HR II pe r sonnel .  Magnet ic s

parts were designed electricall y at HRL and were built by Hughes

Components and Material Laboratory in Culver City.

During the fabrication of the EM and RM ion source , a written

assembly procedure was developed . All process steps were clarified

aunt document t’d In r uisi ’ on I In’ II i ght son ret’. ‘I ’ m ’ asst ’mb I t ’d I on Multi  rc( ’

was inspected by the assembly supcrvisor. Although the quality
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assurance program for the ion source was simple, few errors resulted .

(All sources operated properly from the first startup and had remarkably

similar characteristics.)

Assembly of the RM PPA was performed at the Hughes Culver City site.

Harness design , point—to—point wiring lists, assembly , and inspection

were handled at this  fac i l i ty .  Parts kits were supplied by ERL. After

th e three circuit cards were assembled , electrical tests were made to

v e r i f y  prope r assembly. The inner—card harness was then installed as

shown In FI gure  80 and tests were performed on dummy loads and with the

EM ion source. Select—by—test components were installed , all corrections

were finalized , and a pre—conforma l coat test was made with the system.

Alt er system performance verification , the PPA was potted (all high

voltage areas) and conformally coated for environmental protection .

The ion source, PPA , and expellant assembly were then integrated .

The various tests performed during the assembly phase are discussed in

the following section.

To minimize SPIBS weight , magnesium was used extensively. Except

for minor parts of the ion source vacuum enclosure, all machined parts

were magnesium , includ Ing the PPA circuit card structure . The PPA

enclosure and SPIBS structure were machined extensively to remove all

excess mate r ia l  as shown in Figure 81. As shown- in Table 6 , the weight
of the EM—SP IBS was 7.5 kg.

H. SYSTEM TES’r IN(:

‘lest Ing of the RM—SPIBs system was completed relatively quickly as

a result of prior experience with the EM. As noted in Ref. 1, during
P’PA Integration on the EM, circuit card 2 was found to have a cracked

weld. Since the RM was considered to be less critical than the EM , the

KM card was substituted in the EM system . The cracked EM card was

modified to allow for additional mounting screws, and was subsequently
installed in the RM system. After the card substitution , test. of the

RM system proceeded smoothly. $
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I
Table 6. EngineerIng  Model Weig ht Breakdown

Wei gh t , g

Element  R ev i s e d  E s t i m a t e

Ion source assembly ( I S A )

ton  source

• E n c l o s u r e  end pla te

insu la to rs, wiring, and fasteners

Expellant assembly (EA)

Tank (empty )  ‘1
Valve , f i l l  f i t t i n g ,  and t r a n s f e r

Regulator

Xenon 270

Lines and f i t t i n g s  20

Connectors  and misc .  50

Power processor assembly (PPA )
- 

- a
Circ uit card 1 961

C i r c u i t  card 2 1 1026a

Circuit card 3

Conformal coating and potting 300

Connectors and wiring 55O~1

Struc ture and mechani sms

Blowoff cover assembly 540

PPA enclosure 850
a

Clamps and fasteners 230

Contingency - 150

7,500 g

a , -Measur ed EM weights
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I
Six test runs were conducted during system integration , as shown

in Table 7. The few problems encountered were limited to gas (or gas

supply line) purity and Pl’A minor component failures. Run RN—l was

directed toward checkout of the EM ion source. The EM—PPA and EM—EA ,

mounted outside the vacuum chamber , were used to support this test. The

RM—PPA was in the fina l steps of assembly when this test was conducted .

Test run RM—2 was primarily dedicated to checkout of the harnessed

PPA and to determining select—by—test component values for the heater

c i r c u i t s  and n e u t r al i z e r  emission levels. The EM—EA .was also used for

this run as a matter of convenience and availability .

The PPA was then returned to Hughes Culver City facility for

potting and conformal coating . Prior to final system assembly , test run

RM—3 was conducted to assure that no significant changes in PPA opera-

tion had occurred due to potting . For this test , the RM—EA was used ,

but test results Indicated a possible gas contamination or g~~ line

purity problem. Except for difficulty in operating at the low beam

current level, the system performed satisfactorily .

A complete system test in vacuum was conducted In run RN—4, using

the EM—EA because of previous success. Performance and full functional

capabilities were satisfactorily demonstrated . This test was a major

milestone in the EM—SPIBS program. 
-

Run RM—5 was devoted to evaluating the RM—EA with the EM system.

Satisfactory performance was achieved , and the RM— EA was made part of
the EM. The apparent purity problem noted in run RM—3 was not clearly

resolved since the EM reservoir gas apparently was clean.

A final ground test simulation run was conducted in run RM—6 . In

this test , the RM—SP1BS pumpout port (with the cover closed) was

“plugged in” to a fitting on the vacuum chamber. In this configuration ,

sputter ing lim i t s  opera t i ng time to a few minutes. Beam current was

detected on the collector mounted in the cover. However, in the con—

f i ned volume of t he cove r , neutral izer  performance cannot be eva luated .
Following this run , the RM—SPIBS instrument was packaged and shipped

to AFGL .
1 -

146

__
~~ -_ — - —~ — — ~~_- —



Table 7. Summary of Integration Test Objectives and Results

Run Objective Result

RM— l KM ion source checkout using Ion source starts and operates
EM PPA and EA . within norma l tolerances.

RM— 2 Checkout of RM—PPA cards , Adjustment , mino r corrections ,
harnessed , but in air; install and SBT component Installation
select—by—test components; comp leted ; operation n o r m a l .
EM EA

RM—3 Checkout following PPA con- PPA checks OK; EM EA gas sys—
forma l coating and potting; tern purity in question;
PPA and EA in air; RN EA. opera tion at beam lev el 1

difficult.

RM—4 Checkout of PPA in vacuum ; PPA operates satisfactorily;
return to EM EA~ total system operation at beam level 1
in vacuum , more stable.

RN—S Checkout of KM EA wi th EM Ion Operation seems to be satis—
source and EM PPA. factory. RM EA to be used

with EM system.

RM—6 Final checkout of RN system Startup and operation sati s—
in “ground test” mode , pump— factory ; collector current
Ing through pumpout port. satisfactory .

.
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An operating mode not originally anticipated was experienced
during the SPIBS and RM—Sl’I BS testing. This mode is one in which the

keeper is ignited at a low v a l ue  (less than 30 mA), the discharge current

is essentially zero, and the cathode heater is limited to about 1 A.

Such a condition arises if the discharge goes out but the keeper dis-

charge remains at a level sufficient to be self—sustaining . The cathode

heater supply and the keeper supply share a high voltage transformer to

minimize parasitic power during normal operation; however , when the

keeper drains even small currents , the cathode heater current Is limited

to about 1 A. Since it was expected that the keeper and cathode heater
would never be on together, algor~Ithms to accommodate this mode were

not planned .

However , as a result of the rocket test of the RN—SPIBS, it was

determined that beam current levels below 0.3 mA might be desirable and

necessary for full evaluation of SPIBS on SCATHA . The “low keeper

current only ” mode can probably be achieved repeatably by turning the

ion source on in the low discharge current mode (25 mA) without initially

starting at higher discharge current . Such a startup process probably

does not allow the cathode emission process to stabilize sufficiently

to operate as an “auto cathode .” The beam current obtained in this low

keeper cur rent mode is about 0.1 mA , giving the SPIBS a beam current
dynamic range of abou t 20 to 1.

C. ANALOG OUTPUTS

Operation of the RM—SPIBS instrument Is monitored with the 18 analog

o u t p u t s  l i s t ed  In Table 2. Calibrations for these channels are presented

in Figures 82 through 99. These data were obtained using resistive loads

on the supplies Individually. However, during system integration, the

PPA was connected through a meter panel to verify calibrations and to

set select—by—test components. Most of the calibration curves are

believed to be accurate to within ±5% of the true value. The electrom—

eters are believed to be accurate to about ±10%.
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SECTION 6

CONCLUSIONS

The RN SP.IBS program was successfully carried oui wi th a minImum

of serious setbacks. Essentially, all objec t ives were met and an

operational instrument was delivered to AFCL. This instrument was sub-

sequen tly used successfully in a rocket 11 iglit test program . Although

the kM—SPIllS as delivered I-iad a few shortcomings that were dis (-overed

later in the  program , m o d i f i c a t i o n s  were made relativel y easil y by AFG L

personnel.  These m o d i f i c a t i o n s  included : ( 1) ion source I n s u l a t or

potting and (2) the addition of a noise filler on t he  analog outputs.

A PPA component f a i l u r e  was also corrected at  AFCL with Hughes support.

Significant points to be noted regard i ng t he  instrument include:

• The RM—SPIBS performed as sp ecified with reproducible
characteristics and satisfied requirements on input power ,
envelope dimensions , and weight.

• Rocket qt 1tf-i~ at-ion tests were completed by AFCL personnel
and demonstrated tha t  RM—SP lBS mcrr f t id—r ~~~uJ rements on
vibra t ion , the rmal—vacuum , and E M I .  

-

• The flexibility o the SPEllS des i gn was demonstrated during
the rocket flight test . As a result of this flight , an
additional operating mode will be included on SCATHA to
ob ta in  beam cur ren t s  as low as 0.1 mA . W i t h  t h i s  “keeper
only ” mode , the beam curre nt d ynam ic range i~ about- 20 to 1.

• Over 300 operat ing modes are a v a i l a b le , inc l u d i n g  ope ra t i on
wi th an un—neutralized ion beam , partial neutralization ,
full neutralization , or neutralizer only. Neutralizer
biasing of ~l000 V is possible i n  all modes.

• The SPIBS ion source has many novel features and character—
ist ics , including: (1) xenon expeilant , (2) d ec-el grid ,
(3) graphite screen and accel grids , (4) compact and
rugged hollow cathode using a porous tungsten oxide impregnated
insert , (5) startup in l ess than 3 mm , (6) stable operation
over a wide beam current range , (7) opera t ing  l i fe  In excess
of 1000 hr , (8) low input power considering overall capa-
bilities , and (9) an extremely h igh to lerance in abnormal

• 
gas conditions (e.g., exposure to air during operation).
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Several important related subjects were not addressed as part of

this program. Neutral efflux , ion beam divergence , and charge exchange
are of concern to other experimenters on SCATHA . AFGL personnel are

conducting experiments and analyses to accurately define and assess these
areas. Notwithstanding these questions , SPIBS should prove to be a
valuable tool in the stud y of vehicle charging .
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