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Howard Schultheis (standing) and Bill Funk take readings on furnace 
for processing metal powders. 

Gary Lorenz checks hydraulic fail-safe unit attached 
to J-85 engine. 

Willie Napier (left), and Ed Krawczonek convert environ- 
mental chamber in Rocket Engine Test Facility to accept 
components for rocket propulsion module. 

Stan Wilkins (foreground), Bill Lechine and Jerry Ulmer 
prepare test bed for testing advanced burner configurations 
in Rocket Lab. 

Harold Gustin (foreground), Vern Mays and Steve Palko monitor test from 
Dynamitron Control Console room. 

Personnel in the Materials 
and Rockets Branch, the 
largest at Lewis in terms 
of manpower, are proud of 
their technical support to 
some seven research divi- 
tions ranging from rocket 
engine testing to processing 
sub-micron powder used for 
producing new materials. 

Headed by George Tun- 
der, the 145 aerospace mech- 
anics, electricians, electron- 
ic mechanics, electrical e- 
quipment operators, and ap- 
prentices set up, operate, 
and maintain research equip- 
ment in more than 10 areas 
around the Lab. Three 
section heads: Louis Her- 
man, William Lang and Jo- 
seph Kulik supported by 
nine supervisors oversee the 
branch’s activities. 

About 45 percent of the 
Branch’s personnel is assign- 
ed to the Materials and 
Structures Division. There 
the technicians support en- 
gineers involved in studying 
refractory materials, metals 
and advanced superalloys. 
Located in the Materials Pro- 
cessing Laboratory is the 
branch’s toxic machine 
shop - the only one of its 
kind within a five-state area. 
Manned by trained person- 
nel, it is equipped with ab- 
solute filter systems, and 
all radioactive and toxic ma- 
terials requiring machining 
are checked regularly by the 
Health Physics Section. 

At  the Rocket Engine 
Test Facility, Tunder’s men 
are converting that facility 
to test the Research Pro- 
pulsion Module compon- 
ents. 

Tunder’s men are involved 
in almost every type of 
research program at the Lab, 
providing needed highly skil- 
led technical support. In- 
itials like RCL, HEFL, SPL, 
ORL, MPL, LMCL, RETF, 
BML, FML, and M&S are all 
familiar to these men. They 
are initials for facilities 
where much of the Lab’s 
research is being conducted 
and where the Materials and 
Rockets Branch plays a very 
vital support role to bring 
about the success of the 
various projects. 

Skilled 
tradesmen 

John Dorner (left), Barry Willison and Gene Hunter in- 
stall vacuum jacketed cover a t  the high load tensile test- 
ing facility in south area. 

Photos by 

John Marton 

AI Dolinshek (at controls), Lou Manyak (center) and 
Bud Tesack prepare to extrude refractory material on 
a 1000-ton extrusion press. 
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They solve energy problems; 
aid Shuttle technology 

Advancement in the ex- 
ploration of space, depends 
on the advancement of pro- 
pulsion and launch vehicle 
technology. A chemical 
rocket program at Lewis is 
aimed at improving per- 
formance, reliability, re-use- 
ability of rocket engines 
while at the same time, re- 
ducing the development 
time and cost of tomorrow’s 
rocket engines. 

Jack A. Saltzman (left), Tom A. Coney, Daniel D. Chrul- 
ski and Ralph J. Slavik launch sounding rocket in prepara- 
tion for atmospheric pollutant tests. 

Ray G. Sotos examines new 
drop vehicle a t  Zero Gravity 
Facility.. 

Max Melner (left)  and George A. Repas discuss new designs 
for a com bustion program. 

Handling the operation of 
facilities for conducting 
these and other tests are 
members of the Propulsion 
Operation Branch headed by 
Eugene M. Krawczonek. 

To a farmer, the “south 
40” could be the back 40 
acres of worthless bottom- 
land, but Lewis’ “South 40” 
houses such impressive fa- 
cilities as the Rocket Engine 
Test Facility, the Fracture 
Mechanics Lab, Calorimeter 
Test Facility and the Laser 
Rig. All these facilities are 
actively running in support 

Branch Chief Eugene M.  Krawczonek (left), Edie J. Dono- 
hue and Elias L. Corpas plan scheduling for  Zero G 
Facility. 

David W. Vincent conducts 
test on multi-layer insulation 
blankets. 

Neal F. Wingenfeld (left) and Larry C. Leopold prepare to 
operate low cycle fatigue engine from control room. 

Photos by 
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of various Lewis programs 
by members of the Propul- 
sion Operations Branch. 

In addition to the South 
40 area, personnel of the 
branch also handle opera- 
tions at the Zero Gravity 
Facility and several cells at 
the Rocket Lab. 

John A. Kobak rum MHD combustor to support energy 
progmm for a research division. 

Darold L. N e f f  ( left)  and Scott D. Meyer inspect attitude 
control research rocket facility. 

Bernard I. Sather (left)  and Wayne A. Thomas make out 
S-40 facilities schedule. 

The Zero G Facility re- 
cently completed its 1000th 
drop and has “demonstrated 
a remarkable versatility in 
adapting drop packages to 
the needs of the various re- 
search programs it serves,” 
Krawczonek said. Averaging 
about one drop per day, the 
facility is providing contin- 
uing support to Centaur, 
Viking and various other 
Center projects. 

A t  the Rocket Lab, Kraw- 
czonek’s men recently com- 
pleted a Shuttle Attitude 
Control Rocket program 
which amassed probably a 
world record total of 51,000 
firings on one engine. Af- 

fectionately dubbed the 
“belching dragon” because 
of the cycle mode of testing, 
the contractor-designed en- 
gine operated well beyond 
its normal expected life, ac- 
cording to Krawczonek. 
“Tests like these provide in- 
house verification of possi- 
ble designs for various Shut- 
tle engines and significantly 
contribute to that overall 
effort. ” 

From energy problems to 
Space Shuttle technology, 
members of the Propulsion 
Operations Branch are pro- 
viding their services and ex- 
pertise to run the facilities. 
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Dr. Olson appointed to 
Ohio Board of Regents 

Dr. Walter T. Olson, Director of Technology Utilization 
and Public Affairs, has been appointed an advisory to the 
Ohio Board of Regents to study and make recommenda- 
tions about graduate education in Ohio universities. 

Dr. Olson, along with board members representing grad- 
uate education, industry and the public, will prepare a mas- 
ter plan for higher education and suggest new policies for 
the Board of Regents to recommend and implement in the 
universities. 

According to Dr. Olson, the Board will be looking at such 
issues as manpower needs, the structure of opportunity, 
costs, the role of research, and others. 

Dr. Olson brings a wealth of experience to the Board. 
He has served on an Advisory Committee to  the School of 
Technology, Kent State University; Advisory Committee to 
the Department of Aeronautical and Astronautical Engine- 
ering, Ohio State University; and Chairman, Industry Ad- 
visory Committee of Fenn College of Engineering, Cleve- 
land State University. 

Director’s message... 
(Continued from page 2) 

of it has been increased While this is not a large num- 
more than that. ber, it does enable us to 

bring some four or five times 
reduction in personnel at as many people as we have 
all the Centers and Head- in prior years. So I look for- 
quarters except three - Ken- ward to  bringing in some 
nedy, Johnson and Lewis. youth that we need so much 
At the Kennedy and John- as well as correcting some 
son Centers there will not imbalances that have oc- 
be a reduction because of curred in our staffing. 
the growing demands of the “A second important ob- 
Shuttle. There will be no jective of the year ahead is 
RIF at Lewis because of the to continue to meet the 
absence of any duplication goals of EEO programs. I 

“Next year will also see a 

Upcoming local CSC courses 
Courses will be conducted a t  the Federal Office Building, 1240 East 9th 
Street, Cleveland. Individuals who have a job related interest in these 
courses should discuss this interest with their supervisor. Applications for 
the courses, Lewis form (2-478, should be routed through supervisory 
channels to the Training Section. Information on course content is also 
available in the Training Section, PAX 2233, PBX 274. 

Dates Applications Due Courses 

Creative Problem Solving 
Advanced Management Seminar 
(Avon Lake) 
Collective Bargaining Negotiations 
Leadership and Women 
Workshop in Effective English 
Workshop for Middle Managers 
(Avon Lake) 
Introduction to Supervision 
Personnel Management for Managers 
Labor Relations Symposium for 
Executives 
Management Orientation for Adminis- 
trative, Clerical and Technical 
Employees 
Writing Effective Letters 
Management of Time 
Basic Management Functions 

Mar. 24-Mar. 26 

.Mar.BS-Apr. 2 
Mar. 30-Apr. 1 
Apr. 6-Apr. 8 
Apr. 6-Apr. 8 

Apr.12-Apr.16 
Apr. 19-Apr. 23 
Apr.20-Apr.22 

Apr.27-Apr.29 

Apr .27-Apr.29 
May 4-May 6 
Mayl2-May14 
Mayl7-May21 

Feb. 24 

Feb. 27 
Feb. 27 
Mar. 5 
Mar. 5 

Mar. 5 
Mar. 12  
Mar. 22 

Mar. 26 

Mar. 26 
Apr. 2 
Apr. 9 
Apr. 19 

EDITOR’S NOTE: The course “Effective English Review” will be conduct- 
ed at the Center from March 15 through March 26 (half-day sessions.) 
There is still room for a limited number of people in this course. If inter- 
ested contact the Training Section. 

where, and because of our 
growing programs in aero- 
nautics and energy R&D. 

“With a constant employ- 
ment level of 3025 civil ser- 
vice personnel now allotted 
to us, we will be able to fully 
replace our normal attrition. 
This we estimate as some 
80 or 90 personnel a year. 

we have made so far, but 
we must continue to meet 
newer goals. I re-affirm here 
my own strong support for 
this program. As I have stat- 
ed on other occasions, to ad- 
vance the cause of minori- 
ties and women in our soci- 
ety has been a dream and a 

(Continued on page 5 )  

While three square meals 
a day are taken for granted 
by most Americans, getting 
even one balanced meal each 
day is a problem for some 
of the nation’s elderly. 

Food technology and 

i 

Rocket’s red glare 

The bicentennial spirit has reached Lewis in a very dramatic way. The crew responsible for 
operating the Rocket Engine Test Facility in South-40 decided to paint the rocket engine 
test stand red, white and blue not only to mark the nation’s 200th birthday, but also to 
mark the 20th anniversary of the Rocket Engine Test Facility. The dual celebration idea 
was the brainchild of (left to right) Edward M .  Krawczonek, Wendall White, Kenneth R. 
Whitney and James P. Gerold. (Martin Brown photo) 

packaging techniques devel- 
oped by the NASA Johnson 
Space Center, to feed Apollo 
and Skylab crews during 
space flight are being applied 
in a pilot program to help 
provide balanced meals to 
elderly who live alone. Phys- 
icians, nutritionists and bio- 
medical engineers at the Cen- 
ter are working together to 
design and develop a meal 
system to  supplement the 
existing National Nutrition 
Programs for the Elderly. 

The effort is part of the 
agency’s Technology Utiliza- 
tion program in which space- 
developed technology is ap- 
plied in the solution of earth- 
bound problems. 

Surveys have shown that 
many elderly Americans do 
not receive adequate nutri- 
tion. Surveys cited as con- 
tributing factors, lack of sin- 
gle-serving products, limited 
mobility, loss of skills need- 
ed to prepare balanced 
meals, limited finances and 
often a sense of loneliness or 
rejection that reduces the 
incentive to cook and eat 
nutritious meals alone. 

Called Meal Systems for 
the Elderly, it’s goal is to 
develop nutritious, shelf-sta- 
ble, convenient and easily 
deliverable meals for the 
elderly. 

While several programs for 
home-delivered hot lunches 
for the elderly are being tried 
in some cities, there is usual- 
ly no weekend service and 
spoilage risk is high. The 
NASA team developing the 
meal system is striving to 
come up with a shelf-stable, 

multi-meal package that can 
be distributed by several 
methods - even parcel post 
- to senior citizens who live 
beyond the range of hot- 
meal delivery or to those 
people in cities where week- 
end meals are not provided. 

The team is working 
toward a meal system that 
can be opened, cooked, eat- 
en and cleaned up by elderly 
people living alone. A field 
demonstration, starting early 
this year, in which selected 
elderly Texans will prepare 
and eat developmental meals 
will give the team an evalua- 
tion of meal design and de- 
livery methods. 

The basic meal will con- 
sist of an entree, two side 
dishes, dessert and beverage, 
with a 21-day menu cycle to 
provide variety from a list 
of 10 entrees, 20 side dishes, 
10 desserts and five bever- 
ages. Each meal will provide 
at least one-third of the dai- 
ly dietary allowance for el- 
derly persons. 

The design, development, 
field demonstration and 
evalaution phases of the pro- 
gram are expected to be 
completed by late 1976. 

In addition to the JSC 
team developing the meal 
system technology, the Uni- 
versity of Texas Lyndon B. 
Johnson School of Public 
Affairs, Austin, will assist in 
demonstrations and distri- 
bute meals. The Texas Re- 
search Institute of Mental 
Sciences, Houston, has sur- 
veyed attitudes, food pre- 
ferences and has run taste 
tests among potential users. 

Lewis News:  February 20, 1976
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Nickel-zinc batteries eyed 
for use in urban vehicles 

Space technology applied 
to a nickel-zinc battery may 
eventually help reduce this 
nation’s petroleum con- 
sump tion. 

Recent tests conducted 
by Lewis demonstrate that 
nickel-zinc batteries are able 
to provide almost twice the 
mileage range of convention- 
al lead-acid batteries, there- 
fore making them extreme- 
ly desirable for use in elec- 
tric vehicles. 

It is expected that a pro- 
perly designed four-passen- 
ger electric car would have a 
maximum daily range of 60 
miles using conventional 

lead-acid batteries. Nickel- 
zinc batteries are able to 
provide twice that range at 
120 miles per day and would 
be able to meet the needs 
of 95 percent of the na- 
tion’s drivers for a full ser- 
vice urban vehicle. 

A sample nickel-zinc bat- 
tery was put together by 
Lewis, using cells fabricated 
by two industrial contract- 
ors. The cells feature an in- 
organic separator adapted 
from space battery techno- 
logy which promises long 
life and high performance. 

Engineers installed the 
battery in an Otis P-500 

Lewis engineer Lonnie 
with a math problem. 

utility van, using only the 
battery space available in the 
vehicle and a battery weight 
equivalant to the conven- 
tional lead-acid battery. 
Tests performed on a test 
track showed that the nick- 
el-zinc battery delivered al- 
most twice as many stop and 
go driving cycles per charge 
as the lead-acid battery (1 90 
versus 99). At a constant 
speed of 20 mph, the nickel- 
zinc battery ran the delivery 
vehicle 54.9 miles while the 
lead-acid battery yielded 
only 29.4 miles. 

Lewis is conducting fur- 
ther studies to optimize the 
nickel-zinc battery for life, 
performance and competi- 
tive cost. A joint test pro- 
gram with the U.S. Postal 
Service will assess the poten- 
tial of these batteries for use 
in mail pick-up and delivery 
vans. The batteries will also 
be evaluated for urban use 
in a NASA urban test 
vehicle. 

AIAA begins 

Howard J. Cobb (left) explains to Test Installations Divis- 
ion Deputy Chief George Tunder his suggestion which 
keeps the Rocket Engine Test Facility Operating during 
modification of the facility. (Martin Brown photo) 

3 earn monetary award 
The Incentive Awards Committee has announced that 

three more employees have received monetary awards for 
suggestions. 

Howard J. Cobb I11 of the Test Installations Division 
was presented a cash award of $250. He suggested remov- 
ing the Number 2 High Pressure LOX Tank instead of the 
Number 1 LOX Tank to allow the Rocket Engine Test Fa- 
cility to continue operating during the six month modifi- 
cation of the facilitv. 

Cobb’s suggestion prevented downtime and lost research 
run time of the rocket engine test facility which is current- 
ly testing engines for the important Space Shuttle program. 

Lee M. Woods of the Facilities Operations and Main- 
tenance Division and Dennis J. Fischbach of the Test In- 
stallations Division divided $182 equally for suggesting a 
better procedure to operate the 8 x 6 Wind Tunnel drive. 

new 
The 

tion Of the American Insti- 
tute of A~~~~~~~~~~ and h- 
tronautics - .. - _ _  

Reid helps student Rashid Gray 

Lewis employees participate 
in unique tutoring program 

Some 20 Lewis employees, retirees and employee spouses 
are very important persons in helping to make the Voca- 
tional Information Program (VIP) at Cleveland’s Kennard 
Junior High School a success. 

They donate their services as tutors in a unique program 
aimed at preparing eighth and ninth grade students for 
wide ranging vocational careers. 

Retiree Juanita Antoine, a longtime tutor, continues to 
assist the program in an administrative capacity. 

VIP is the brainchild of Stephen I. Rose, a retired Shaker 
Heights industrialist who has masterminded the program 
since its inception in 1966. After recognizing that high 
school students who did not plan to attend college urgent- 
ly needed help in finding jobs, he set out to fill that need. 

From an original group of 10 students and a few tutors, 
VIP today provides tutorial help to some 60 Kennard and 
Central Junior High School students, plus alumni who at- 
tend from nearby high schools. 

An affiliated program for eighth and ninth grade girls 
continues in full operation at Thomas Jefferson Junior 
High School under the sponsorship of Zonta, a profession- 
al women’s organization. Next January, a new VIP class of 
eighth grade girls will begin at A.B. Hart Junior High 
School in Cleveland. 

Much of the credit for the success of the program can 
be traced back to the tutoring sessions. They are held 
Saturday mornings from 9:45 to 11 at Kennard, 25 10 East 

(Contiwed on page 2) 

its fall kick-off meeting, 
Thursday, September 30 at 
the Lewis picnic grounds. 

The meeting, sponsored 
jointly by the Greater Cleve- 
land Section of the Institute 
of Electrical and Electronic 
Engineers (IEEE), will fea- 
ture a do-it-yourself steak 
roast. 

Following the dinner, G. 
Mervin Ault, Director of the 
Space Technology and Ma- 
terials will provide an over- 
view of some of the current 
energy-related research being 
conducted at the Center. 

Specifically, Ault will dis- 
cuss some of the areas in 
which ERDA has requested 
support from the Center 
such as advancing the tech- 
nologies for improved en- 
gines for automobiles, both 
heat and electric engines; 
the study of advanced con- 
version systems for generat- 
ing electric power including 
gas turbine combined cy- 
cles, fuel cells, MHD, solar 
heating and cooling, wind 
power systems and energy 
storage systems. 

(Continued on page 3) 

Their suggestion, aimed at saving electrical power, in- 
volves installing a low speed rheostat setting to reduce the 
current program from 760 rpm to 520 rpm. 

The new procedure started on June 1, saves the govern- 
ment $18 17 during the first year of operation. 

Medical groups announce 

Swine Flu vaccine sites 
The Academy of Medicine of Cleveland and the Cuya- 

hoga County Medical Foundation are spearheading a com- 
munity-wide drive throughout Greater Cleveland to pro- 
vide Swine Flu vaccine for everyone who wants it. 

The Federal government will distribute vaccine to the 
State health director about October 1. As soon as it is avail- 
able, the Ohio Department of Public Health will release al- 
locations to the counties. The Academy of Medicine has 
been designated as the recipient in Cuyahoga County and 
there will be no other source for Swine Flu vaccine. 

The public immunization program designed to reach 
large numbers of the population is planned for nine loca- 
tions around the county on three Sundays - October 24 
and 31 and November 7. The hours are from 10 a.m. to 
6 p.m. at all locations. 

At presstime, the immunization sites are as follows; 
Great Northern Mall, North Olmsted; Westgate, Fairview 
Park; Parmatown, Parma; Garfield Mall, Garfield Heights; 
Euclid High School, Euclid; Severance Center, Cleveland 
Heights; and Public Auditorium, Cleveland. 

(Continued on page 2) 
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The year 1976 has been 
a productive one for the 
Energy Programs directorate 
as a result of the joint ef- 
forts of our staff and the 
other R and T personnel 
and the Support personnel 
of Lewis. 

The frontier of materials 
capability has been signifi- 
cantly extended and major 
advances made toward plac- 
ing advanced materials into 
service. Oxide-dispersion- 
strengthened (0DA)-MiCrAl 
alloys have been shown to 
meet the requirements for 
advanced turbine-engine- 
vane application. These al- 
loys have a 150°F higher 
temperature capability than 
current vane alloys and en- 
gine demonstration tests are 
currently underway at the 
General Electric Company. 

Thermal barrier ceramic 
coatings have been develop- 
ed with potential for use in 
high temperature compon- 
ents of aircraft and ground 
power gas turbines, recipro- 
cating engines, and utility 
electric -power - combustion 
turbine engines. This con- 
cept has potential for in- 
creasing component life and 
cycle temperature and re- 
ducing coolant flow. The 
coating satisfactorily with- 
stood over 500 cycles from 
2500OF t o  flame out in 
ground engine tests. Lewis 
received an IR-100 award 
for the thermal barrier inno- 
vation. 

Lewis composite techno- 
logy has been adopted by 
Langley in its selection of 
the Lewis developed PMR- 
15 polyimide for use in its 
Composites for Advanced 
Space Transportation Sys- 
tems (CASTS) program. 

During the 1975-76 win- 
ter, the airborne radar ice in- 
formation system developed 
by the Aerospace Applica- 
tions Branch, in conjunction 
with the U. S. Coast Guard 
(Project ICE WARN) again 
helped in maintaining Great 
Lakes shipping throughout 
the winter. Members of the 
branch also initiated and 
carried out a similar ice in- 
formation program during 
the brief summer along the 
Alaske North Slope. The 
Communications Technolo- 
gy Satellite (CTS) was used 
for data relay as part of 
this system. Because of the 

Energy Programs 

bad weather and cloudiness, 
which would have prohibit- 
ed collection of ice informa- 
tion by conventional meth- 
ods, the information provid- 
ed by this new system was 
enthusiastically received and 
acclaimed by shippers. 

Remote thermal scans of 
all NASA facilities through- 
out the country were suc- 
cessfully completed in 1976 
with many diverse energy 
losses identified and verified. 
First year savings directly 
attributed to  the thermal 
scanning program amount 
at least to  $385K. Another 
million dollars of C&F funds 
for rehabilitation of heating 
systems at five NASA Cen- 
ters. 

The Radiations Applica- 
tions Office staff succeeded 
in readying the Lewis Cyclo- 
tron for its proposed role 
in a study of cancer therapy 
using neutron bombard- 
ment with the Cleveland 
Clinic. Patient treatment 
will commence during 1977. 
The Lewis Cyclotron is the 
only one of the four cyclo- 
trons being used for cancer 
therapy in the U. S. which 
will provide a vertical neu- 
tron beam t o  permit treat- 
ment in a horizontal posi-. 
tion. 

In the Fluid Physics and 
Chemistry Branch, an exact 
analytical solution was ob- 
tained for predicting the on- 
set of flutter in fans and 
compressors with small 
blade loading. Analyses have 
predicted new phenomena 
relevant to compressor blade 
flutter which have been ex- 
perimentally verified. 

A group of grants and 
contracts supported and 
monitored by the Magnetics 
and Cryophysics Branch has 
yielded several new super- 
conducting materials with 
excellent performance. 
These materials include 
Nb3Ge and CyMoS, which 
maintain zero electrical re- 
sistance at higher tempera- 
tures and higher magnetic 
fields, respectively, than any 
other materials. These ma- 
terials are evaluated in the 
Lewis high-field magnets. A 
new liquid-neon cooled mag- 
net of unique Lewis design 
is being fabricated in Lewis 
shops. It will produce the 
world’s most intense steady 
magnetic field when com- 

pleted next year. 
Achievements in the con- 

trolled-fusion research pro- 
gram of the Plasma Physics 
Branch were lauded at an 
Awareness ceremony on De- 
cember 3 for the laboratory- 
wide team that developed 
and brought into operation 
two unique superconducting 
magnet plasma research fa- 
cilities: SUMMA and Bumpy 
Torus. Temperature and 
densities of the hot plasmas 
produced in these facilities 
are being optimized with 
the aid of laser and micro- 
wave density measurement 
systems developed this past 
year. 

In the MHD generator 
program of the Plasma Phys- 
ics Branch, several mile- 
stones were achieved: Pow- 
er density has been increased 
an order of magnitude to  
over 2 MW/M3 in our closed- 
cycle facility, our new com- 
bustion MHD facility using 
a 7T cryomagnet has been 
successfully brought into 
operation. Lewis contribu- 
tions to  MHD ground power 
plant studies have been rec- 
ognized; the Lewis paper 
summarizing the ECAS 
MHD plant concept was the 
principal U. S. MHD paper 
at the US-USSR MHD Col- 
loquium in Moscow this 
past October. 

In the thermionic power 
generation program, the 
Lewis proposal of lanthani- 
um hexaboride (LaB6) as 
an excellent prospect for 
thermionic-converter elec- 
trodes was supported by 
results attained by con- 
tractor’s research. A signifi- 
cant advance in heat-pipe 
technology was achieved this 
year when a Lewisdesigned 
covert-groove tubing demon- 
strated over three times 
higher wicking capability 
and 16 percent greater heat- 
transport capability than an 
equivalent rectangular- 
grooved heat pipe. 

Significant progress was 
made by our Chemical Ener- 
gy Division in technology 
programs for an advanced 
reusable high pressure hy- 
drogen-oxygen engine for 
orbit transfer behicle appli- 
cations. Altitude perform- 
ance and thrust chamber 
cooling tests, preburner fir- 
ings, and full speed turbo- 
pump tests were completed. 

In supporting in-house work 
to  improve thrust chamber 
low-cycle thermal-fatigue 
life, over 12,000 test firings 
were made at RETF evaluat- 
ing materials, coatings, and 
test variables. In the vacuum 
chamber facility at RETF, 
seventeen space mission sim- 
ulating cyclic tests were 
completed on a purged mul- 
tilayer insulated liquid hy- 
drogen tank which demon- 
strated purging effectiveness 
and reusable insulation sys- 
tem effectiveness. The Lewis 
high power Laser facility, a 
closed-loop, C02,  continu- 
ous wave laser was complet- 
ed. Its present output of 
10 kW beam power was 
used in applications experi- 
ments focusing the beam to 
form a stable plasma in air 
and nitrogen. The Lewis flu- 
idized bed facility, designed 
to  study clean burning of 
sulfurized coal, and speci- 
fically the effects of the ef- 
fluents on turbine materials, 
was also completed during 
the year. 

In the Photovoltaic Tests 
and Applications Project, 
which Lewis manages as part 
of ERDA’s National Photo- 
voltaic Conversion Program, 
efforts this past year have 
concentrated on design, fa- 
brication, and field installa- 
tion of 18 solar cell-powered 
systems coupled to  a variety 
of terrestrial applications. 
These applications have met 
the needs at remote sites 
for refrigeration (Isle Royal 
National Park for trail con- 
struction crews and the Ari- 
zona Papago Indian Reser- 
vation for medical supply 
storage) and electrical pow- 
er for two live-in U. S .  For- 
est Service fire lookout tow- 
ers in California. Other sys- 
tems developed this year 
have involved several DoD 
applications, a promotional 
display in Washington, D.C. 
of a solar cell battery charg- 
ing System for electric ve- 
hicles, and two systems in 
India to  power TV receivers 
for receipt of ATS-6 signals. 
A National Photovoltaic 
System Test Facility has 
been constructed in the 
West Area of the Center 
and is operational with a- 
bout 10 kW (40 kW by 
Mid-CY ’77) of electrical 
power from solar cells. Sup- 

G. MERVIN AULT, 
DIRECTOR 

porting activity involves sys- 
tem engineering, component 
development, improvements 
to  terrestrial solar cell cali- 
bration methodology endur- 
ance testing of solar cell 
modules and materials, and 
the establishment of a na- 
tional solar cell reference 
laboratory. 

In the research efforts for 
space solar cells, carrier life- 
time in the diffused region 
was measured for the first 
time and indicated that bar- 
riers limiting cell efficiency 
could be circumvented to 
achieve efficiencies in excess 
of 18%. Also, the validity 
of low cost solar cell auto- 
mated production concepts 
was established by the fabri- 
cation of space quality solar 
cells without resort to va- 
cuum processes. 

In the ERDA Redox Pro- 
ject for the development of 
a new cost-competitive bulk 
energy storage system, one 
of the major problems of 
finding a membrane to sep- 
arate the reactive oxidation- 
reduction solutions may be 
approaching resolution. A 
test facility capable of pilot 
system operating has been 
completed. 

Tests completed on the 
aerospace silver-zinc cell de- 
veloped by Lewis have dem- 
onstrated a wet life of less 
than 6 years and an energy 
density of 25 watt-hour 
per pound. Cells are now 
being evaluated at Lewis 
for the Ames Research Cen- 
ter as a possible power 
source candidate for a Jupi- 
ter planetary probe mission. 

Research by the Materials 
Science Branch on hot cor- 
rosion, a destructive process 
in high temperature fossil 
fueled turbines, has identifi- 
ed the species in the flame 
that participate in the cor- 
rosion reaction as well as 

(Continued on page 13) 
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It's a success! 

Rocket lab tests low-thrust engine 
Lewis rocket propulsion 

engineers scored a success 
recently when Lewis Director 
Dr. John F. McCarthy, Jr. 
pushed the start button on the 
first official test of the lab's 
new low-thrust rocket engine. 

Unlike the large rocket 
engines that are used as 
boosters, the low-thrust engine 
in this program is being 
developed for use in deploying 
large, delicate structures in 
space. 

This program differs in scale 
from another concept that 
would use a larger engine to 
do the same job. Both 
concepts are intended for use 

3 ... 2 ... 1 ... Fire! 

aboard the Shuttle. 
The official test before 

a gallery of Lewis officials 
and engineers was a complete 
success. The firing of the 
200-pound-thrust engine was 
everything the engineers had 
hoped for. 

The test began when 
McCarthy pushed a button 
that activated a computer 
program which automatically 
fired the engine. 

Observers and monitoring 
equipment were in building 
100. The engine, with its 
volatile fuel supply, was fired 
in the engine test facility on 
the South 40, about 

A tongue of flame licks out of the nozzle of the Lewis low-thrust 
ePgine. (Dave Clinton photo) 

Lewis tests engine ... 
(Continued from page 1) 

the control center's computers 
gathered the required data. 

Applause and hand shakes 
were followed by an invitation 
to see the engine at the test. 
facility. 

Future use of this technology 
should not be underestimated. 
The role of a low-thrust engine 
is to move gently a large, 
delicate object, such as a 
communications satellite with 
its solar panels and antenna 
extended, from low earth orbit 
into a higher one. 

Engines used for such work 
must be very efficient and 

capable of long-duration 
burns. 

The rate of acceleration is 
not as great with low-thrust 
engines as that of other, more 
powerful engines. But 
engineers say they need to 
give satellites only a gentle 
push over a long burn period 
to achieve a higher orbit. 

The Lewis-engineered 
low-thrust engine will enable 
astronauts to pluck a satellite 
from the Shuttle orbiter bay 
and deploy it in space near the 
spacecraft. When everything 
deploys correctly, the 

one-half-mile away from the 
control room. 

Observers in building I 00 
watched the test on several TV 
monitors. At the moment of 
ignition, a bright, red flame 
jetted from the nozzle, 
accompanied by a 
high-pitched sound caused by 
the rush of escaping gas. 

In the second-long burn, 
(Continued on page 2) 

INTELSAT 
launched successfully 

Lewis' Centaur launch 
team successfully fired 
another Atlas-Centaur from 
Kennedy Space Center Thurs
day night, March 4, placing 
the fifth INTELSAT V 
satellite into orbit. 

The communications satel
lite will provide for 12,000 
two-way phone conversations 
and two channels of color TV 
to the 106 nations sponsoring 
the launch. The countries are 
members of International 
Telecommunications Orga
nization, formed to provide 
multi-national satellite com
munications access. 

The launch vehicle for the 
INTELSAT V was AC-58, a 
Lewis engineered Atlas
Centaur upper stage. NASA 
will be reimbursed for the 
costs of the launching by ITO. 

low-thrust engine can boost it 
to the desired orbit. 

Unlike the station keeping 
thrusters carried on spacecraft 
today. the low-thrust engine 
will be capable of the 
sustained operation required 
for changing orbits. 

The engines. along with 
similar-purpose projects 
underway at other NASA 
centers. are commonly called 
'"Orbital Transfer Vehicles." 
Lewis· contributions to the 
low-thrust engine field will be 
vital in building large 
structures in space. 

March 12, 1982 

Dr. John F. McCarthy, Jr. (left) and test controller Wayne 
Thomas at moment of firing. (Don Huebler photo) 
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Alive and roaring

Rocket Lab has enviable success record

Msn:h 26, 1982

Lewis' Rocket Engine T~t
Fa<il~y (RETFJ i. both lhe
site of ouest.ndin, put
ac.hicvemenlS and the
birthplace of future laurels.

Built in 19S6 on land JUSt
outside the South gate. me
f8cilily pennits Lewis to test
liquid fuel engines JBnging in
thnlst from 100 Ibs. up to
20.000 Ibs_ at sca level
atmospheric conditions.

Staff at the RElF work in
one of the few web facilities
remaining in the: cou.nlT)'.
Similar test facilities arc
devoted to intensive
development and testing of
me Shuttle main engines or
are closed down. Others are
001 in an opet;lional $latc and
would require extensive repair
to become useful again.

tcC'hnology and investigate
seal and bearing performance
at super-«lld temperatures are
underway.

The 4Q·acre sile of Ibe
RETF is packed with $lOrllIc
lants. cryogenic propellant
tanks aDd~ stands.

The main complex on the
ground.$ is the rocket engine
test stand facility. The
complex of buildings and
sUppoft ~uipmc:nl is located
aI the edge of:l cliff abo~ t.bi!
CSeveland Metropuk system.

Here. in special heavy-duty
oonaete sheds. ate two scalk
engine test stands. The slallds
permit firing of entines with
complete instnlmenWion for
dala monitoring. The stands
resemblebarnyard water wells

into which engines are fired
downward. AcompleJo system
of water pipes aDd baffles
cools the super-bot gISCS and
suppresses high noise levels
produced by the eng.ines.
TCSls can last from a fraction
of a second to about 100
_nds.

The cx.haust Illumer looks
lik.e a large metal chimney
whkh projects Oul from the
bIse of the building and tum,<;

upward to fonn tht exhatLSI
statk. A 400.000 gallon water
tank provide$ the cooling
water required for the: muffler.

The tcst facility is
considered one of the best
because it pc:nnits scientists to
leSt a variety 0( fuels. both

(Continued o. fH'It 2)

Rocket test facility...
(C<>tJ/bHIed ""'" _ 1)

liquid and high-pressure gas
with a minimum of effort (or
COIIycrsion.

Tests are conducted
frequently aI the site. allhough
you may nOI see anyone
around at the time. The
engineers are located in a
CQf1lroI ceRta within lbe main
labarea. Monitoringoflestsis
dQt\C by TV cameras mounted
in blast proof housings. Data
collected during tests is
controlled by a solid slate
sequeooe timer and processed
tbrougb the main Lewis
oo"p'''e<·

The faciliries are
impressive but the men and
women who work there ue
lIle real story. Folks like
Wayne Thomas have worked
on projects lhat directly aMied
OUt :space program. The)' are
also iDvolved in research wt

will make future rockel
propulsion systems far more
efficient than the)' are today.

The low-thrust engine
program now underway in the
R£TF could resull in engines
lbaI may help us 10 build large
orbiting space stations and
power collectors.

Technicians wotkinJ, on
bcaritll and seaJ "",joe.. will
make engines run for much
loncer periods witbout
breakdowns or repairs.

Cum:ntly. the Shuttle main
engiMS are restricted to SO
minions. By developing
pumP' aDd seals that will not
wear ODt quickly in tbe
super~ enviroDmc:nc of a
Cf)'Oacnic-fueled engine. the
life of the eo,ines can be
sready incrrased. aocording
to Many Braun. deputy dtief

~~..~~~me~t .•~.~~. f~

space propulsion.
"Whal we are doing here is

similar to taking. high
performance engine: like lbiSl
found in an e~Qt)c racing car
and making il durable enough
to be used in me family auIO.·'
Braun said.

The same type: of research
is in progress with lhe
low-thrust engine program.
Tecbnicians and engineers~
trying to make Ihe tiny
engines I1KM'e eff.cient.

"'The Shunle main engines
are about 99 percent
effie:ienl.·· said Thomas.
"n.c bulk of Shuttle engine
rescU'Ch is aimed at making
them last longer. Wirh the
low-thrust engine we have to
first make il more efficient.
We must bring it (rom the
current 93 percent effte:icncy
level up to the 99 percent
mule,"

lbe next research step U 10
make it last a long time UDder

tcpeated use. he added.
To acbieve the Soa!. Ihe lab

is \Csling different fuels and
mc:thOthof injecting them into
the combusLion cbamber. A
good portion o( the research is
also aimed at studying lhe
effects of heating on the
engine nozzle when it is
Nnnina·

Whatever the luk
involved. Lewis can be sure
tbat its rockel engine test
facility can do lhe job.
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SPACE 
By Lawrence J. 

With the successful oper- 
ational flight of the Shuttle, 
the U.S. is moving closer to 
a real manned presence in 
space. As in the past, we at 
Lewis continue to hone the 
cutting edge of vital space 
technology for tomorrow. 
The Space Directorate has 
made significant contribu- 
tions in 1982 in Com- 
munications, Space Trans- 
portation and Space Prop- 
ulsion. 

Space 
Communications 

The Space .Communica- 
tions Division supported 
NASA Headquarters in the 
restructuring of the Space 
Communications program. 
The restructured program 
places emphasis on the high- 
risk technology required to 
ensure continued U. S.  
preeminence in satellite 
communications. The 
ongoing proof-of-concept 
technologies currently under 
development at Lewis will 
pave the way for a flight ex- 
periment focused on the 
technology associated with 
high-gain multibeam antenna 
systems. 

Necessary pre-project acti- 
vities were conducted to in- 
itiate a 1984 Advanced 
Communications Technology 
Satellite (ACTS) Flight Ex- 
periment Project. These acti- 
vities included conducting a 
costltechnology readiness re- 
view; obtaining a Project In- 
itiation Agreement between 
the Lewis Director and the 
Associated Administration 
for Space Science and Ap- 
plications; preparing the 
RFP for the ACTS project 
which was forwarded to 
Headquarters for review and 
pre-released to industry for 
comments; and developing a 
Preliminary Announcement 
of Opportunity for ex- 
perimenters. 

In the Communications 
base technology program, 
ion-textured pyrolytic 
graphite is being developed 
at Lewis to improve the effi- 
ciency of microwave ampli- 
fier traveling-wave tubes for 
space communications and 
military uses to 1990 and 
beyond. This strong, light- 
weight material serves as a 
nearly ideal collector to re- 
cover energy from the spent 
electron beam after it has 
passed through the amplify- 
ing section of the tube. The 

KOSS, uir. 
ion-textured pyrolytic 
graphite has the lowest 
secondary electron yield of 
any known material and its 
use results in greatly im- 
proved efficiency. 

A compact collector 
assembly using ion-textured 
pyrolytic graphite has been 
fabricated, mated to an elec- 
tronic countermeasures tube, 
and has undergone early de- 
velopment testing. 

During the year, both 
multibeam and 30/20 GHz 
technology were aggressive- 
ly pursued under contracts 
with the communications 
equipment industry. As I982 
ends, a number of the tech- 
nology contracts making up 
the ACTS program are being 
completed. Solid state 20 
GHz transmitters, 30 GHz 
low noise receivers and IF 
matrix switches have been 
completed with many per- 
formance goals successfully 
achieved. 

Concurrent with the con- 
tracted technology program, 
the Lewis staff has com- 
pleted the development of a 
modem, state-of-the-art 
communications laboratory 
to test and evaluate the re- 
sulting proof-of-concept 
hardware. 

Advanced communica- 
tions study efforts this past 
year included both the re- 
finement and updating of 
previous study results as 
well as the examination of 
several new applications for 
advanced satellite com- 
munications systems. 

Also this year, the Lewis 
near-field antenna test facil- 
ity was operated for the first 
time. The ability to test ex- 
perimental models is essen- 
tial for developing advanced 
space communications 
antennas. Future com- 
munication satellites will re- 
quire ever larger, higher fre- 
quency, increasingly com- 
plex antennas which are 
very difficult to test in con- 
ventional (far-field) facilties. 

In the Lewis near-field 
facility, very precise 
measurements are made of 
the antenna beam pattern 
close to the antenna (in the 
near-field) in a controlled 
environment. From these 
near-field data, accurate far- 
field beam patterns far from 
the antenna are calculated. 
The Lewis facility has been 
designed to test antennas up 
to aperture diameters of 20 
feet at frequencies to 60 
GHz. This combination of 

size and frequency capabili- 
ties is unique. The facility on September 28, AC-60 Lewis. 
will be used to support 

launched Intelsat V-D and, 

launched Intelsat V-E, the 

major step forward for 

Space 
Propulsion 

Communications Technology 40th consecutive successful 
Branch investigations of 
advanced antenna conceDts 

launch. The Atladcentaur 
vehicle continues to be an 

and to test proof-of-concept important element in In chemical propulsion 
antennas developed in the NASA’s unmanned launch NASA’s efforts on Space 
Advanced Communications capabilitv. Station planning and prop- 
Technology Satellite (ACTS) 
program. 

Lewis support to the De- 
partment of State, the Feder- 
al Communications Commis- 
sion and the National Tele- 
communications and In- 
formation Administration in 
their planning for, and inter- 
national conferences dealing 
with, the use of the geosyn- 
chronous orbit arc and fre- 
quency spectrum resources 
continued in 1982. 

Space 
Transportation 

Two Lewis-managed 
AtlasKentaur launches were 
successfully accomplished in 
1982. On March 4, AC-58 

In August, the Congress 
reinstated funding for the 
ShuttleKentaur Program. 
The objective of the prog- 
ram is to adapt Centaur to 
be used in conjunction with 
the Space Shuttle to launch 
two NASA planetary mis- 
sions in 1986 and a variety 
of DOD payloads starting in 
1987. This effort is a Lewis- 
led, cooperative, cost-shared 
program with the Defense 
Department. Total program 
costs will be approximately 
$1 billion. A joint Lewis/Air 
Force Project Office has 
been established at the Cen- 
ter to manage the program. 

The Center, for the first 
time, has a direct and major 
involvement in the Space 
Shuttle Program and this is a 

A Lewis-managed Atlas-Centaur launch of an In- 
telsat payload. Lewis will manage its 100th launch 
early in 1983. 

- - -  
ulsion requirements for 
large, flimsy, space systems 
has kept the emphasis on 
technologies applicable to 
station keeping and orbit 
transfer. Completed studies 
indicate hydrogen/oxygen 
expanded cycle type engines 
are one of the most promis- 
ing for orbit transfer. In the 
thrust range up to 3000 Ibs. , 
this configuration provided 
high specific impulse and 
the largest operational en- 
velope of the systems consi- 
dered. Lewis is prepared to 
verify these and other analy- 
ses with the low-thrust test 
stand which came on line at 
RETF this year. 

At the other end of the 
chemical propulsion program 
a significant advance was 
made in high pressure pre- 
burner technology. In the 
large engines of the future 
the 4000 psi or higher cham- 
ber pressure is obtained by 
turbopumps driven by the 
output of preburners - de- 
vices burning a portion of 
the propellants at low mix- 
ture ratios. The analytical 
models for performance 
were verified and modified 
so that engine systems can 
be designed to known para- 
meters. 

Last year, in electric 
propulsion, we reported an 
advance in ion thruster per- 
formance. An even greater 
step forward was taken this 
year with a new plasma con- 
tainment design which in- 
creased the production of 
ions (fewer watts per beam 
ampere) and raised the effi- 
ciency. This achievement 
will lead to reduced thruster 
system power requirements, 
lower weight and lower 
cost. 

sputtering erosion rates has 
vexed many investigators 
dealing with plasma. Until 
now the only way to deter- 
mine the degradation of 
materials subjected to sput- 
tering was in real time - 
run a life test even if it took 
10,000 hours. Now, with a 
Lewis-developed process, by 
masking a small sample and 
measuring the erosion of the 
exposed surface compared to 
the protected, the life can be 
determined in a day or less. 

The space experiments 
area showed significant 
achievements. IAPS, the Ion 
Auxiliary Propulsion Sys- 
tem, was delivered and is 
now installed on the 
spacecraft. All qualification 
testing was completed suc- 

The problem of measuring 

Continued on page 13 
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Continued from Page 5 our researchers are tackling and solving 
vehicle contractors as well as the need for joint decisions in this area to  less than 100 lbf. thrust. these problems and others. 
propulsion system manufacturers meet the future transportation needs. The chemical propulsion approach is What should you think about when 
because the vehicle and propulsion A n o t h e r  facet  of t h e  S p a c e  a gaseous hydrogen/oxygen system s o m e o n e  m e n t i o n s  t h e  S p a c e  
designs a re  interdependent. At a Transportation System is the Space using thrusters capable of thousands of Transportation System? Think about 
conference held here in April, the Station. It has unique requirements for exactly controlled firings. It will need all the contributions that Lewis and its 
interchange between propulsion and onboard propulsion and Lewis already reliable and lightweight igniters and people continue to make to  help get us 
vehicle specialists and users from has a significant role: to  provide the propellant pressurization systems, and from the Earth to  the stars. 0 

government and industry reinforced the technology for propulsion systems of 

Major activities in the thrust chamber area are associated with ' THRUST CHAMBERS enhancing the energy extraction from the propellants. 

Standing, from left, George Repas, Harold Combustion chamber wall coatings And (from left) by Jim Coy, Harry Jantz, Bill Lucas, Joe 
Price and John Kazaroff, with Gary Halford Romano, Harold Bulger, Bob Collins, Dick Kajack, Gary 
(seated left) and AI Pavli are concerned Faidon, Tom Dilling and Milan Jopek. 
with combustion chamber materials and 
chamber wall cooling. 

evaluation is conducted at the "South 40'  
Rocket Engine Test Facility by (clockwise 
from 6 o'clock) John Kazaroff, Dennis 
Thompson, Bob Paiaez, Clarence Wem, 
George Repas. 

Facility operation and test monitoring is conducted in the ROB 
Control Room by Wayne Thomas, (left), Wendall White, Ed 
Krawczonek, Mark Klem, Dick Quentmeyer. 

And by (seated i-r) Neal Wingenfeld, Joe Etzler, and 
(standing I-r) Jim Glomini and Terrell Jansen. 

These people are involved in SSME 
and OTV programs. [ P R O G RAM MAN A G E M E N T 

From left Greg Reck, Jody Getz, Don Petrash and Sol From left Pete Wanhainen, Carl Aukerman, Sol 
Gorland and Greg Reck. I Goriand. 

PROCUREMENT 

The OTV has a number of large contracts handled by this 
group: (from left), Shirley Boyer, Reggie Paginton, Tony 
Long, Larry Cooper, Fran Driscoll, and Dori Sharp. 

These are the people who handle the contracts and 
grants for the SSME program. From left, Kurt Brocone, 
Mary Kovach, Boyd Bane, Willie Fleming, Tony Long, 
Glen Williams and Sol Gorland. I 

Debbie Ryan Rachul (left) was 
the coordinator for the OTV 
Propulsion Conference held in 
the DEB on April 3-4, 1984. 
Donna Sexton of Martin 
Marietta Denver Aerospace 
spoke at the dinner about the 
Manned Maneuver Unit used 
for the Solar Max repair on the 
recent Shuttle flight. 

1 LEWIS 
AWARENESS 

~~ ~ 

Awareness photos by John 
Marton. 
Design and artwork by Charles 
Meyers. 
Team Leads: Marty Braun, Stan 
Marslk, Larry Cooper. 
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Teaming Up With TRW 

Lewis Advances Low-Cost Space Access 
In order for the United States to 
counteract fierce foreign com- 
petition in the commercial 
launch vehicle arena, studies 
have shown that a new cost-ef- 
fective launch system is re- 
quired in order to maintain U.S. 
viability in space access. The 
French Ariane 4 is already 
highly competitive, and the new 
Ariane 5 system is projected to 
operate at least 20 percent be- 

the U.S. commercial launch in- 
dustry to remain competitive, a 
low-cost launch vehicle must be 
developed to place payloads into 
low-Earth orbit for under $1000 
per pound. 

Rising to this challenge, 
Lewis, in a joint effort with 
TRW Space & Technology 
Group, has successfully com- 
pleted the first phase of testing 
on the Low Cost LO,/LH, 

In ajoint effort with TRW Space & Technology Group, Lewis has 
,succmyfuIl.y completed the first phase of testing on the Low Cost LOJLH? 
Rocket Eriginr Drmonstratinn Program. 

low comparable U S .  systems 
and will dominate the free mar- 
ket by 1996. Nations such as 
China and Russia are already 
using low-cost technology and 
have developed reliable and 
competitive launch vehicles. A 
new, European government- 
supported consortium may soon 
compete and even dominate the 
commercial space market. For 

Rocket Engine Demonstration 
Program. In response to the 
1984 Space Commercialization 
Act, Lewis and TRW entered 
into a Space Act Agreement to 
demonstrate that the pintle-in- 
jector engine can operate at ac- 
ceptable stable performance 
levels and to demonstrate the 
life of a low-cost ablative liner 

combustion chamber using liq- 
uid oxygenlhydrogen (LO,/ 
LH,) propellants for a proposed 
commercial launch vehicle. The 
testing of a subscale 16,400- 
pound thrust engine was per- 
formed at the Rocket Engine 
Test Facility from December 
I99 1 through March 1992. 

“The recently completed test- 
ing of TRW’s 16,400-pound 
thrust liquid oxygenlliquid hy- 
drogen pintle-injector rocket 
engine was an unqualified suc- 
cess. It demonstrated that high 
performance and excellent 
combustion stability could be 
achieved using a technology 
well-suited to the production of 
a new generation of low-cost 
booster engines that will reduce 
the cost of access to space,” said 
Frank Stoddard, TRW program 
manager. 

Trade studies performed by 
McDonnell-Douglas and TRW 
have shown that a low-cost 
commercial expendable launch 
vehicle could be designed using 
low-pressure turbopumps and 
rocket combustors. These stud- 
ies show that expensive high- 
performance technology can be 
sacrificed for inexpensive lower 
performance technology and 
still meet mission requirements. 
Because the propulsion system 
is more than half of a launch 
vehicle’s cost, TRW proposed 
the pintle-injector engine design 
used in the Apollo Program’s 
lunar module descent engine. 

TRW’s proposed engine will 
run on liquid hydrogen and liq- 
uid oxygen and use low-pres- 
sure, low-cost turbopumps to 
supply the engine propellants. 
The engine consists of a cen- 
trally located coaxial pintle in- 
jector, an ablative liner for 
insulating the metal surfaces of 
the combustion chamber and 
nozzle, and simple translating 
annular sleeves to throttle the 
propellant systems. The engine 
has few moving parts. 

“We are indebted to all the 
Lewis people who worked so 

Integration And Testing Of 
ACTS Spacecraft Completed 
On June 20, 1992, the Ad- 
vanced Communications 
Technology Satellite (ACTS) 
Program achieved a major 
milestone with the successful 
completion of spacecraft in- 
tegration and testing at GE 
Astro in East Windsor, NJ. 

main ground station designed 
and built by COMSAT Labora- 
tories, the TI very small aper- 
ture terminal supplied by the 
Harris Corporation, and the mi- 
crowave switch matrix link 
evaluation terminal designed 
and built by the Space Elec- 

stage), and installation into the 
orbiter. Launch is set for Feb- 
ruary 1993, aboard Discovery. 
After leaving the shuttle, the 
satellite will be guided to a syn- 
chronous orbit with the Earth. 
When on-station, it will hover 
over the equator at an altitude 

All mechanical and electrical tronics Division at  Lewis. of 22,300 miles at 100 degrees 
west longitude, in line with the 
mid-west United States. 

boxes have been built, tested, 
and integrated with the space- 

ACTS system testing is sched- 
uled for completion in mid-Au- 

craft, and the entire spacecraft 
has successfully completed 
environmental tests. 

The next step will be to per- 
form an overall system test to 
demonstrate the spacecraft’s 
compatibility with various 
types of Earth stations. These 
Earth stations include the 

gust. The spacecraft will then 
be readied for shipment to the 
Kennedy Space Center in Sep- 
tember. 

At Kennedy, ACTS will un- 
dergo final launch site prepara- 
tions consisting of spacecraft 
checkout, mating with the peri- 
gee state (TOS-transfer orbit 

Lewis has total ACTS Project 
responsibility. This includes 
development of the flight sys- 
tem, ground station, and experi- 
menter terminals. Lewis also 
has management responsibility 
for all experiments to be con- 
ducted via ACTS after launch. 

hard to make these tests such 
an outstanding success,” said 
TRW’s Stoddard. 

According to Donald Urasek, 
Space Propulsion Division, 
Lewis used a matrix team ap- 
proach to accommodate TRW. 
The team was composed of 
personnel from the Space Pro- 
pulsion and Technology Divi- 
sion, Test Installations Division, 
Computer Services Division, 
Fabrication Support Division, 
and TRW. The engine was built 
by TRW, and Lewis personnel 
designed the engine support 
hardware, modified the test fa- 
cility and propellant support 
systems, and altered the data 
recordingldata reduction tech- 
niques for accommodating the 
engine testing. The test results 

cept for providing low-cost ac- 
cess to space,” said Mark Klem, 
Launch Vehicle Propulsion 
Branch. 

TRW now plans to build and 
test-fire a scaled-up engine with 
40,000 pounds of thrust. Fol- 
lowing that, they plan to test- 
fire the 16.4K engine, utilizing 
low-cost, modified low-pressure 
aircraft turbopumps. A fu l l  
scale, 750,000-pound thrust en- 
gine will be designed for test- 
ing as well. 

“The TRW joint program is a 
model example of successful 
cooperative work between 
Lewis and industry which we 
hope to duplicate more and 
more in the years ahead. In it, 
both parties made special com- 
mitments to gain and share new 

A new cost-effective launch system 
will help the United States counteract 

fierce competition in the launch 
vehicle arena. 

confirmed the analyses and 
conclusions that a low-cost and 
low-development risk solution 
is attainable with simpler en- 
gines. The results from the test- 
ing show that the engine 
delivered 96-98 percent com- 
bustion efficiency, about two to 
four percent higher efficiency 
than what was expected and 
what was used in the trade 
studies. 

“The higher than expected 
performance and excellent sta- 
bility characteristics show that 

information and move new 
technologies more rapidly to 
application,” said Dr. J. Stuart 
Fordyce, deputy director. 
“NASA gained experience with 
pintle injectors and engine in- 
stabilities. TRW gained infor- 
mation to guide and improve 
their cryogenic pintle injector 
testing. Both Lewis and TRW 
engineers and technicians 
worked long hours, side-by- 
side, to accomplish the effort 
and meet the goals within the 
time frame and budgeted cost 

this is an exciting engine con- estimate.” 
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