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capabilities of today's 
B-52s go many important 
steps beyond those of the 
earlier Stratofortresses. A 

I 
major part of the updat- 
ing takes place in the elec- I 
tronic heart of the bomber. 
For more news about mfd- 
ernization see pag -2. 1 

Boeing's Industrial Products Division had its 
name changed last month to Turbine Division, to 
place more emphasis on the company's development, 
manufacture and sale of small gas turbine engines. 
The Turbine Division, located in Seattle, employs 
1,200 persons. Major production programs include 
turboshaft engines for an U. S. Navy anti-submarine 
helicopter, and powerplants for a special-purpose mili- 
tary vehicle. Under development is a new series of 
turbine engines of 400 to 550 horsepower. 

Manufacturing facilities of the Turbine Division 
include precision gear-making equipment and an alu- 
minum foundry. Boeing turbine activity dates from 
1943. The company pioneered the majority of the 
world's small gas-turbine applications in the aircraft, 
industrial, marine and vehicular fields. 

Maynard L. Pennell was elected a vice-president 
of The Boeing Company a t  a recent meeting of the 
board of directors. Pennell was appointed assistant 
director, new product development, Airplane Division, 
and will continue as program director of the super- 
sonic transport program. He joined Boeing in 1940. In 
1946, as head of commercial project development, he 
began studies which determined the feasibility of 
commercial jet transports. He served as senior project 
engineer on the 707 jet prototype and was named 
chief engineer - aircraft in 1953. In 1956 he became 
chief engineer of the former Transport Division and 
later director of engineering. 

a Sales of Boeing jetliners continue a t  a brisk 
pace. A total of 60 airplanes were ordered by nine 
airlines in June, July and part of August. There also 
were sales of two jetliners in May which were not re- 
corded in this column before now. The sales include 
one 727 each to Ansett-ANA and Trans-Australia 
Airlines; four 707-320Cs to Continental Airlines; a 
720B to Pakistan International Airlines and four of 
this type to Western Air Lines. Pan American Air- 
ways added another long-range -320B and TWA or- 
dered six -320Bs plus six more 727s. National Airlines 
bought an additional three 727s for its fleet and five of 
these planes were purchased by Pacific Southwest 
Airlines. Northwest Airlines ordered two more 707- 
320Cs and placed the first airline order for three of 
the new Model 727Cs (see article about the 727C on 
page 11). On August 19 United Air Lines ordered 25 
additional 727s. m 





a regular pattern, the way station 
would serve as a residence for per- 
sonnel and as an assembly and 
launching facility for vehicles going 
nn into space. 

A Mars vehicle (fuel tanks, crew 
cabin, engine, Mars landing craft 
and other items) could be boosted 
to the way station in sections, using 
a number of Saturn 5 rockets. The 
Mars vehicle would be assembled, 
fueled and checked out for launch- 
ing. Astronauts would go aboard. 
Then the vehicle would be edged 
away from the way station and its 
engine started. 

Way station personnel probably 
would be transported to and from 
earth by a hypersonic-speed re- 
entry spacecraft. Boeing and NASA 
designs for such vehicles were dis- 
cussed in the June, 1964, Boeing 
Magazine. 

Steve Ragar, program manager 
on the orbital way station study, 
says: "We believe the way station 
concept is significant because it 
would make possible the assembly 
and firing of very large spacecraft 
beyond the influence of most of the 
earth's gravity. Far less energy 
would be needed to send such a 
vehicle on a space trip from the 
way station than from earth." 

THE ADVANCED concepts group 
was awarded a 10-month study con- 
tract by NASA to investigate the 
orbital launch facility idea. Last 
month, the group was awarded a 
nine-month, $100,000 contract from 
NASA for the study of manned 
interplanetary support mission re- 
quirements. 

Space flight studies under way 
a t  Boeing are based on three types 
of missions: fly-bys to Mars and 
Venus, or possibly to both during 
one flight; flights ending in orbits 
around Mars or Venus, and manned 
landings on Mars. 

A crew of from three to eight is 
being studied for these flights, with 
the exact number dependent on the 
type of mission. More information 
on equipment necessary to support 
man on extended space trips is 
needed before crew size can be ac- 
curately predicted. 

Some of the questions to be an- 
swered are: What effect will pro- 
longed trips under low gravity con- 
ditions have on man? What control 

of space radiation hazards will be 
needed? How will astronauts re- 
spond physically and psychologi- 
cally to the long-term, cramped 
conditions in a spacecraft? 

@ is estimated that a complete 
manned interplanetary spacecraft, 
which would be much larger than 
any now in existence, could weigh 
from 500,000 pounds to more than 
six million pounds, depending on 
mission and propulsion system. 

A major problem is the develop- 
ment of an adequate powerplant for 
the Mars vehicle. Boeing is examin- 
ing various types of propulsion sys- 
tems, including chemical, nuclear, 
and nuclear-electric rockets. 

Why go to Mars first? Because 
scientists believe there is some life 
there. Seasonal color variations in- 

Mariner spacecraft is scheduled to 
take close-up photographs of Mars. 

dicate the possibility of a low form 
of plant life on Mars; polar masses, 
thought by some to be ice, are 
clearly visible. 

The possibility of life on Mars 
in some form we know lends ro- 
manticism to the first manned deep- 
space project. The minimum dis- 
tance to Mars is 35 million miles; 
the maximum is 250 million miles. 
Astronauts can look forward to a 
round-trip ride of from 300 to 1,000 
days, again depending on the type 
of mission and the spacecraft's 
flight path. The time spent at the 
planet will vary from a brief fly-by 
mission to perhaps a year-long ex- 
ploration. 

Scientists believe there is very 
little oxygen on Mars in compari- 

son to earth, so it appears that the 
first human Mars explorers will 
have to carry their own atmosphere 
with them. Also, there is a fluctu- 
ation of surface temperature from 
200 degrees below zero to approxi- 
mately 85 degrees F, according to 
the best information now available. 

In order to keep the crew size 
realistic, each astronaut will prob- 
ably have to be a jack-of-all-trades. 

ALTHOUGH they will be rocket- 
ing through space at thousands of 
miles an hour for long periods of 
time, crew members will be kept 
busy conducting various space ex- 
periments, maintaining the space- 
craft, making minor trajectory ad- 
justments, and continually checking 
the spacecraft equipment which 
keeps them alive. 

One idea about rendezvous and 
landing on Mars is that approxi- 
mately 40 million miles from earth 
the spacecraft will go into orbit 
around the planet. The astronauts 
would transfer into their landing 
craft, which then would be detached 
from the spacecraft. Retro rockets 
could be used to land, and later to 
launch the craft from Mars. The 
spacecraft would make the return 
trip to the orbiting way station. 

The first step in obtaining infor- 
mation about Mars is scheduled for 
November, 1964, when a Mariner 
spacecraft should be launched for 
an unmanned picture-taking fly-by 
mission. More sophisticated Mari- 
ner fly-bys are planned for 1966 
and early 1969. The fact that Mars 
orbits closest to earth approximate- 
ly every two years determines the 
most favorable times for launching 
space probes. 

The Voyager, a possible follow- 
on project of Mariner, may make 
interplanetary probes to Mars in 
the next decade. Voyager would 
land on Mars with instruments de- 
signed to detect biological life form. 

Before man first steps on Mars, 
deep-space probes to Jupiter, larg- 
est of the planets and 390 million 
miles from earth, probably will be 
under way. 

I t  is in this context that Boeing's 
planners are studying manned in- 
terplanetary flight. The challenges 
of developing technology to make 
these flights possible are great, but 
not insurmountable. 4 
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Blastoff will be from 
Cape Kennedy. 

41m F i m ' E  
7-A-AIT7-As 
NEW M1SS1LE 

By ROBERT KNOLL 

T HE FIRST firing of a Minute- 
man 2 intercontinental ballistic 

missile is scheduled to be made 
soon for the Air Force by a Boeing 
test crew from refurbished silo num- 
ber 32 at Cape Kennedy, Fla. In 
flight the new missile is not ex- 
pected to appear much different 
than. its predecessor. But Minute- 
man 2 packs more muscle, as big 
brothers should. 

Confidence that the solid-fueled 
Minuteman will continue to be the 
backbone of the Air Force's de- 
terrent missile force led to the 
advanced model, soon to be in pro- 
duction assembly at Ogden, Utah. 
The result of evolution rather than 
revolution in design, Minuteman 2 
has greater range, payload and ac- 
curacy; more flexible targeting, and 
increased chance of surviving an 
attack. 

T H E  NEW missile (officially 
LGM-30F), a 60-footer, is longer 
than the Minuteman 1 missiles 
(LGM-30A and LGM-30B). Most 
distinguishing feature of Minute- 
man 2 is its larger second-stage en- 
gine. With more fuel and higher 
thrust, this stage will boost Minute- 
man 2 past the 6,300-mile range of 
Minuteman 1. 

Use of microminiature electronics 
in the Minuteman 2 guidance and 
control system has increased the 
system's capacity while reducing 
component sizes and weights in the 
same size body. For example, a new 
digital computer contained in the 
missile is about one-fourth the size 
and one-half the weight of earlier 
models, but has double the memory 
capacity. 

The new guidance and control 
design provides an increase in mis- 
sile accuracy, as well as increased 

target-selection capability. In ad- 
dition, the Minuteman 2 computer's 
extra capacity is used to perform 
monitoring and control functions 
formerly handled by ground equip- 
ment. 

A new power supply set for the 
Minuteman 2 underground silo not 
only provides regulated power to 
the missile during the time it waits 
in readiness in the silo, but detects 
any out-of-tolerance condition of 
power supplies and reports them to 
the computer in the missile. The 
computer responds to this informa- 
tion according to its program, either 
shutting down the system or turn- 
ing on a warning light and buzzer 

some distance away. 

of the underground M 

ter will be larger and will 
a two-aisle equipment r 
bunk and an enclosure for 
vidual wash basin and toi 
center also will contain an 

in the separate launch 
ment building. The Minut 
launch-control center and 
control equipment building 

designed better to withstand a nu- 
clear blast. 

Only minor changes will appear 
above ground at the Minuteman 2 
launch-control area. One exception 
will be a large rectangular area 
which will be outside the security 
fence and will be enclosed by ordi- 
nary farm-type fencing. The trans- 
mitlreceive antenna for the radio 
launch-control system will be buried 
at one end of the enclosure, and 
the other end will be a heliport. At 
each Minuteman 2 launch site the 
antenna enclosure outside the se- 
curity fence will be square, with no 
provision for a heliport. 

Below ground a t  each launch site, 

the launcher-equipment building 
will have a capsule form and a blast 
door, blast valves and shock-mount- 
ed floor. In the launcher, physical 
change will not be so obvious. In 
the upper level of the equipment 
room, electronic racks will look dif- 
ferent; the collimator bench will be 
much smaller, the sighting tube will 
be located opposite the personnel 
hatch and there will be only one 
alignment-reference mirror. On the 
lower level, the motor-generator set 
will be replaced by solid state con- 
verters. The number of electric bat- 
teries will be reduced from 12 to 10. 

Mobile support equipment will be 
essentially unchanged for Minute- 

man 2. The same basic equipment 
will be required at the Minuteman 
2 support base, but new test gear 
will be provided to check out all 
of the new operational electronic 
equipment. 

Minuteman 2 is first scheduled 
for Wing 6, centered at Grand 
Forks Air Force Base, North Da- 
kota, where 150 launch sites and 15 
launch-control centers of the new 
design are under construction. 

Designers of the Minuteman 2 
system looked ahead further than 
Wing 6, however. Every feature of 
the improved Minuteman is com- 
patible with the Minuteman 1 sys- 
tem now in use by SAC at Wings 
1 through 4 (600 missiles) and at 
Wing 5, where 200 missiles are be- 
ing emplaced and checked out by 
Boeing. 

THE REASON for compatibility of 
the two systems became apparent 
with recently announced Air Force 
plans to replace many Minuteman 
1 missiles in present installations 
with Minuteman 2 missiles. Only 
relatively simple a 1 terations of 
existing silos, transporters and other 
equipment will be required. 

Minuteman 1 and Minuteman 2 
squadrons will be integrated into a 
single system by connecting their 
communications and control sys- 
tems, thus greatly enhancing the 
targeting flexibility of the force as 
a whole. When each Minuteman 1 
missile reaches the end of its oper- 
ational life it will be removed from 
its underground silo and fired a t  
Vandenberg AFB, Calif., for system 
testing and for training of SAC 
missile combat crews. The missiles 
thus fired will be systematically 
replaced by Minuteman 2 missiles. 

Launching of the first Minuteman 
2 operational test missile, though a 
significant milestone, is only one 
step in a test program to assure 
maximum quality, reliability and 
performance. Additional flight tests, 
with special instrumentation, are 
scheduled at Cape Kennedy. Inert 
missiles, such as No. 060 pictured 
on this page, will be assembled, 
transported and put through many 
tests at Cape Kennedy and in Se- 
attle. Later a number of launchings 
of fueled missiles will test a com- 
plete operational system at Van- 
denberg AFB. 4? 



Centrifuges spin HiBEX missile mmponeats to ssimu- 
hte stresses of rapid blastoff and quick maneuvers. 

Unusual equipmemt b built fo fesf missije componenfs. 

SIY/IA(E WELL A V ! ! F l i ! M !  USINi 

B OEING'S long experience pio- 
neering test equipment is 

proving invaluable in the HiBEX 
program, for whieh the company is 
prime contractor. When the Ad- 
vanced Research Projects Agency 
seleded Boeing to develop a new 
high-acceleration experimental mis- 
sile booster, it set forth test speci- 

fications unattainable with any 
available equipment. 

To test components such as gy- 
ros, tape recorders and electronic 
flight-control assemblies for the Hi- 
BEX and anticipated programs, 
Aero-Space Division structures lab- 
oratories engineers developed de- 
vices able to exert internal forces 

hundreds sf times that of gravity. 
Ta@ wSl-pp&@e that HiBEX com- 
ponenix W g  @.wembled by Boeing 
and s W p a * m  can withstand 
the sh&-M, &&b of instantam- 
ow b1a4& d - & i c k  maneuvers. 
Until naw, II$Upmmt could not 
provide ada$&e -punishment to 
test today% rugged componats. 

One machineJ the structural-test 
centrifuge, fs a powerful, electrical- 
ly driven wh%1~gig which can make 
a relatively Ii&t instrument pack- 
age suffer the: effects of having its 
weight increased to 40,000 pounds. 
Engineers accomplish this with a 
mechanical Vibrator which they at- 
tach to one end of a long sfeel arm. 

A sirnil= devtce, more sex~&tke 
than the f&~.$+ is* a mqdis&d com- 
mercial ~ h x g ~ . r !  machfne 
checks.. %kt$' $&@ha of delicate 
p ; u i d a n q = ~ e ~ ~ ~ c r r . t t  It spins a 
pad&@ at 42@ kpm .so unerringly 
that a &irBqf part will maintain 
its intended mth with an accuracy 
of one part in 200,600. Such con- 
trol e m e s  the ability to measure 
accurately the performance and re- 
liability of HiBEX guidance com- 
ponents. 

SHAKING parts to simulate their 
pun&hme&t in a missile launching 
is done by @n ele&romagnetic vi- 
brator to whfch test spechens are 
secured, I~I building this device, 
engineers mafied a commercially 
available vibrator originally de- 
signed to be driven by 15,000 watts 
of power. The rebuilt vibrator is 
driven by a 175,000-watt amplifier. 
Beefed-up parts in the vibrator en- 
able it to shake test specimens 
twice as hard as any machine avail- 
able on tbe market. 

The new test facility was built 
with Boeing funds for about $22,- 
000. The do-it-yourself approach en- 
abled the mgany to get exactly 
the equipment needed and to get 
it quickly. It  also saved about 
$122,009, cornpan$ to having the 
equipment built outside the com- 
pany - 

In addition ta HiBEX research, 
the equipment has been used in 
Minut- m d  bioastronautics 
studies, and is. available for 0 t h ~  
Boeing work. 



Airlines flying the new 727C 
will benefit by 

By JAMES BOYNTON 

T H E  NEW Boeing 727C jet 
transport will enable airlines to 

make a profit on a number of routes 
now showing a loss. This neat 
stroke of business can be accom- 
plished by loading the C-Jet with 
cargo as well as passengers, to get 
that all-important extra buck. 

In  less than two hours the 727C 
may be converted to carry passen- 
gers only, cargo only, or a com- 
bination of both. Galleys, seats, 
hatracks and cargo-handling equip- 
ment may be removed or installed. 

An all - passenger configuration 
has 94 mixed-class seats. A combi- 
nation configuration provides for 
52 passengers and their baggage, 

plus 24,000 pounds of cargo on four 
pallets. The all-cargo configuration 
carries 36,750 pounds on eight 
pallets. 

The 727C has the same large for- 
ward cargo door (91 by 134 inches) 
as the long-range Boeing 707-320C 
convertible cargo-passenger jet, as 
well as the same cargo pallets and 
handling system. Cargo may be 
transferred from one aircraft to the 
other without reloading the pallets. 

Use of the 727's integral rear- 
entry stairs makes the main cabin 
easily accessible for passenger load- 
ing and unloading when the for- 
ward part of the cabin is being used 
for cargo. 

Like the standard 727, the 727C 
can be operated from 5,000-foot 

runways. The plane can carry 30,- 
000 pounds 1,900 miles or 36,750 
pounds more than 1,500 miles. 

The 727C has a maximum gross 
takeoff weight of 160,000 pounds- 
8,000 pounds heavier t h a n  the  
standard 727. Installation of the 
forward cargo door and strengthen- 
ing of the main deck and floor 
beams were the only major changes 
required to convert the standard 
727 to C-Jet configuration. The air- 
plane systems and components - 
their reliability proved in the day- 
to-day operation of the standard 
727s in airline service - have been 
retained in the new airplane. 

First delivery of a 727C is sched- 
uled for April, 1966, to Northwest 
Orient Airlines. 4 



B-52 electronics technicians average more than 10 years experience. world's host up:to-date weapon 
systems. Next June the durable 
bomber will have a record of 10 
years of service with the Strategic 
Air Command, but the airplane's 
capabilities, thanks to continuous 
up-dating, will sharply exceed those 
of the original article. 

The electronic improvements cov- 
er a wide spectrum of target-hitting 
devices; better equipment for navi- 
gation and piloting, and communi- 
cation units to provide instant 
world-wide voice contact. The total 
of these and other changes create 
an almost-new airplane. Further re- 
finements are planned for the future. 

Extent of B-52 improvements is 
most noticeable in the electronic 
s h o ~ s  at the com~anv's Wichita 
~ r a k h .  ~echnici&s here are re- 

Heading rej .rice system is tested on concrete-and-granite base. sponsible for check-outs of. the 
electro-mechanical hearts of the 

Certain B-52 equipment is tested in this enuironmental chamber. bombers that come to Wichita for 

for varied programs of refinement 
and up-dating. This year by the 
end of July, 216 of the Stratoforb 
had been through Wichita modifi- 
cation programs. 

IN MAJOR check-ups, Wichita 
technicians remove as many as 
125 black boxes and/or electronic 
assemblies from each craft, for in- 
spection, test, adjustment and re- 
pair. The assemblies range in size 
from cigar-box to file-cabinet di- 
mensions. 

Many of the black boxes were 



unknown in the earlier B-52s. One 
example is the heading and vertical 
reference system, a delicately bal- 
anced series of gyros that refines 
navigation and bombing accuracy. 
Another is a dual-purpose radar 
system which provides a presenta- 
tion for navigators and gives terrain 
height indications. 

A celestial tracker has been added 
to the late-model B-52s for accurate 
determination of the airplane's di- 
rection. Penetration devices of a 
new order have been installed, to 
improve the bomber's ability to deal 
with enemy defenses. 

Other new devices are identified 
with low-level flight. The SAC tac- 
tic of flying as low as possible in 
order to penetrate enemy radar de- 
fense makes unusual demands on 
the structure as well as the control 
of the bomber. It  is one of the major 
areas in which the B-52 shows its 
ability to change and grow, elec- 
tronically and otherwise. 

The B-52 originally used approxi- 
mately 2,140 electron tubes (not 
counting transistors), a number 

about equivalent to the tubes in 144 
home TV sets. Some were 18 inches 
long with a 10-inch diameter. Now 
the bomber's electronic system uses 
many transistors and diodes. They 
improve reliability, reduce weight, 
require less power, and help solve 
heat problems. 

Test-and-repair techniques in the 
electronic shops at Wichita are 
highly modern. For example, the 
equipment used to check out the 
B-52H gunnery system is a tape- 
controlled unit. 

One of the B-52 navigation instru- 
ments is so sensitive that electronics 
technicians must place it, for test 
and adjustment, on an individual 
concrete column base topped with a 
slab of granite. An atomic-gas de- 
vice is required for calibration of the 
check-out equipment used on the 
celestial tracker. A four-wheeled cart 
in the electronic laboratories con- 
tains a set of circuits that respond 
to the activation of the Hound Dog 
missile control systems. When those 
systems are removed from an air- 
plane, linked to the test cart and 

After modification the B-52 is a new airplane in many ways. 

activated in the lab, technicians can 
determine exactly whether they 
would get the desired result from 
the system. 

Electronic equipment from each 
airplane is scheduled in and out of 
the laboratories on a time schedule 
designed to get the bomber back in 
service with SAC quickly. 

THE ELECTRONIC center at 
Wichita is a three-story building in 
the flight-line area, with tempera- 
tures and humidity controlled for 
the perfect comfort of sensitive in- 
struments. S p e cia 11 y constructed 
walls and floors are laced with elec- 
trical lines and cables, supplying 
seven different types of power. It  
is one of the largest concentrations 
of electronic equipment in the Mid- 
west. Included is a stock of compo- 
nents and repair parts on the 
ground floor. 

On a typical day technicians may 
be checking out B-52 wave guides 
(involving frequencies of billions 
of cycles per second) in one of the 
laboratories, while others are test- 
ing new antenna designs on the 
roof. Others may be working with 
man-made starlight, noting the pin- 
point accuracy of an ultra-sensitive 
tracker. Others may be doing more 
routine jobs in the fire-control areas, 
radar shops, or environmental cham- 
ber. They are all trained in theory 
as well as practice. Technicians 
have an average experience of more 
than 10 years. They are B-52 heart 
specialists. 

For a B-52 directional instrument: 
the technicians measure increments 
as small as 30 seconds of arc. In 
checking out the heading reference 
system, test increments as small as 
15 seconds of arc are measured. 
Basic timing within the bombing 
system is checked to .001 per cent 
of error. 

When the electronic assemblies 
have completed inspection, test, ad- 
justment and repair, they go back 
to the bombers. They get a final live 
check-out. 

When the B-52s have received 
their electronic and other modern- 
ization touch-ups at Wichita, they 
are ready to resume front-line ac- 
tion for SAC. They can successfully 
carry out any peace-keeping assign- 
ment required. 4 





t t  . . . the 727 has exceeded 
by appreciable margins 
the Boeing performance 

guarantees." 

tt  Customer reaction has 
been most enthusiastic." 

That's how a top U.S. airline execu- 
tive describes the new Boeing 727's 
performance in commercial service. 

The 727 is exceeding even the 
highest expectations. 

Cruising speed is higher than pre- 
dicted, field-length requirements are 
less, and distance flown per pound of 
fuel consumed is greater than speci- 
fied. Performance is as much as 12% 
above Boeing's original guarantees. 

Just as important, passengers are 

reacting with enthusiasm to the 727's 
exhilarating performance and its in- 
credibly quiet cabin. The Boeing 727 
is attracting load factors well above 
industry averages. 

The Boeing 727 offers airlines the 
uniquely profitable combination of 
big-jet passenger appeal and small-jet 
economics. It also offers the reliability 
and performance benefits of more 
than 1% billion miles of Boeing 707 
and 720 flight experience. 

The 727 is now in service with All 
Nippon, American, Eastern, Luft- 
hansa, TWA and United airlines. It 
goes into service later with Ansett- 
ANA, BWIA, JAL, National, North- 
west, Pacific Southwest, South Afri- 
can, and TAA (Australia). These lead- 
ing world airlines have already ordered 
222 Boeing 727s. 
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