


GE3 A Model 747 jetliner program team, under 
direction of Malcolm T. Stamper, a Boeing vice- 
president, is taking all actions necessary for planning 
and developing the 747 program during the time 
preceding final go-ahead decision. Stamper, formerly 
general manager of the Turbine Division, reports to 
J. E. Steiner, vice-president, Product Development. 
Robert E. Bateman now is general manager of the 
Turbine Division. He previously was assistant gen- 
eral manager of the Turbine Division. 

CS Cargo potential of the giant new Boeing 747 
was displayed full size last month a t  the third Inter- 
national Air Cargo Forum in Chicago. Two side-by- 
side rows of eight-by-eight-foot simulated cargo con- 
tainers were positioned as they would be in an 
airplane, with a short section of 747 fuselage arching 
over the forward part. 

Airlines recently placing orders for Boeing jet- 
liners include Continental Air Lines, four 707-320Cs; 
TAP Portuguese Airline, three 727s; Lufthansa Ger- 
man Airlines, two 707-320Bs, one 707-320C and five 
727QCs; Pan American World Airways, twenty-five 
747s; Air France, three 707-320Cs and one 707-320B; 
Braniff Airways, four 727s and one 707-320C; West- 
ern Air Lines, four 720Bs and four 737-200s; World 
Airways, two 707-320Cs; Lake Central Airlines, three 
737-200QCs, and Trans World Airlines, one 707-120B 
and one 707-320C. 

CS An intensive two-week course dealing with re- 
cent developments in fluid power control will be 
offered a t  the Massachusetts Institute of Technol- 
ogy July 5 to 15, 1966. Details and applications are 
available from the Director of the Summer Session, 
Room E19-356, M. I. T., Cambridge, Massachusetts 
02139. 

CS The 1966 edition of United States Aircraft, 
Missiles and Spacecraft is off the press. This authori- 
tative reference book contains highlights of 1965 
aerospace events, facts and figures on the aerospace 
industry's 1965 accomplishment and photos and de- 
scriptions of aircraft, missiles, drones, launch vehicles 
and spacecraft. The book is published by the Na- 
tional Aerospace Education Council, 806 15th St. 
N.W., Washington, D.C. 20005, a t  $2 per copy. a 



A Minuteman II  takes off from Cape Kennedy. 

Boeing men and products pour into 

71 IYe SP1;1C/T 1CIF THE FUNNEL 

By GREGG M. REYNOLDS 

F OR 2,000 Boeing employees, 
things-enormous, curious, reas- 

suring, intriguing-are coming from 
all directions. 

The 2,000 are the Boeing people 
now manning various activities at 
Cape Kennedy, Florida; the things 
a r e  the  Apollo/Saturn V moon 

rocket, Lunar Orbiter spacecraft 
and a few Minuteman missiles 
thrown in for luck. When they all 
come at  once, or nearly so, the situ- 
ation can be confusing-as if, and 
it's almost literally t r~e-300~000 
people were pushing their hardest 
against the 2,000, who haven't time 
to push back. 

Kennedy Space Center's Launch 

Complex 39, says A. M. Johnston, 
director of Boeing Atlantic Test 
Center, "is like the spout of a fun- 
nel. All activities of the estimated 
300,000 government and industry 
people working on Apollo and of 
the thousands of large and small 
contractor firms located across the 
United States converge here. Stages 
and components are received at the 



525-foot- tall Vehicle Assembly 
Building (world's largest by vol- 
ume) to be assembled into Amer- 
ica's largest rocket. When com- 
plete, the entire 363-foot-8-inch-tall 
Aoollo/Saturn V and its 440-foot- 
hygh ~ o b i l e  Launcher will be 
moved approximately 3% miles to 
the launch pad by a 5%-million- 
pound transporter. 

"Then, as if this mammoth job 
were not enough, NASA will launch 
the first Americans to the moon 
and return them safely to earth. 
The technology employed here and 
the results of that first manned 
soace vovage beyond earth orbit 
Gill bring &eat -advances to this 
industry and to everyday life. The 
men who work here are helping 
to write history, develop new tech- 
nology and set the stage for a new 
era of transportation and com- 
merce." 

For the Boeing people involved, 
the vear 1966 started fast and .-- - 

promises to move faster as the 
months pass. The few hundred em- 
ployees here a year ago have been 
joined by hundreds more. Work- 
load and numbers of persons in- 
volved continue to rise. The accel- 
eration comes as a result of the 
three programs on which the com- 
pany holds contracts converging in 
time. Minuteman tests continue, 
Apollo/Saturn activity rises and 
Lunar Orbiter launchings are irn- 
minent. And, all at once, the prod- 
ucks of thousands of workers in 

Orleans, Wichita, Ogden and 
Seattle come almost nose-bnose 
on the Florida sands. 

The first big event of 1966 was 
the arrival of the 287,000-pound 
S-IC-F, the facilities checkout ver- 
sion of the Saturn V moon rocket, 
on January 19. It was transported 
to the NASA Kennedy Space Cen- 
ter, Merritt Island, Florida by sea- 
going barge from Boeing assembly 
lines at the mace agency's Michoud 
plant in N ~ W  ~ r L n s i  Louisiana. 
This booster, together with other 
ground test Saturn V stages, is be- 
ing used to check out facilities and 
procedures prior to processing the 
first flight hardware this summer. 

I Boeing's role in the ApolloISat- 
urn V Gogram at Kennedy Space 
Center reads like an aerospace en- 
gineer's dream. In addition to being 
charged with receiving, inspecting, 

Satwn V facilities model is assembled in Kennedy Space Center. 



erecting and mating s-IC boosters 
with upper stages, the company is 
responsible for design and installa- 
tion of certain support equipment 
in the Saturn V assembly and 
launch facilities and support of 
NASA during launch operations. 

Since the arrival of the booster, 
Boeing Saturn V personnel a t  
Launch Complex 39 on Merritt 
Island have run the gamut of erect- 
ing and mating the s-IC-F to the 
upper stages as well as installing 
first stage booster ground support 
equipment and certain Apollo/Sat- 
urn V ground support equipment 
common to the vehicle. Erection 
of the "F" was accomplished on 
schedule March 15 and mating to 
second and third stages and in- 
strumentation unit was complete on 
March 30. Thereafter electrical 
power to the first stage was turned 
on and joint checkout of vehicle 
flying subsystems and ground sup- 
port equipment begun. 

A major milestone in the Saturn 
V project at Kennedy Space Cen- 
ter was reached a few days later on 
May 25 when the Apollo/Saturn 
V facilities checkout vehicle was 
moved from the VAB to Pad 39A. 
There company engineers and tech- 
nicians have begun several weeks 
of propellent loading operations. 
First, they are loading propellents 
separately to each stage in conjunc- 
tion with appropriate stage contrac- 
tors. Later they will simultaneously 
fuel the entire rocket. 

Propellent loading of flight model 
Saturn Vs will require only hours. 
However, initial operations with the 
500-F vehicle will check out facili- 
ties, train personnel and polish pro- 
cedures-hence the long duration. 
The first Apollo/Saturn V mission, 
an unmanned launch, is scheduled 
for early 1967. 

Before Saturn V steals the spot- 
light in 1967, Lunar Orbiter will 
move center stage this summer 
when the first flight model of the 
unmanned, camera-carrying space- 
craft is launched to the moon from 
Pad 13. I t  has arrived at Cape Ken- 
nedy and now is being readied for 
its launch. 

Boeing is under contract with 
NASA to build three non-flight 
plus five flight versions of the Or- 
biter, which will circle the moon 
taking photographs to assist in se- 

lecting manned Apollo landing 
sites. Additionally, Orbiter will ob- 
tain data on the moon's shape and 
gravity as well as micrometeorologi- 
cal activity near the lunar surface. 

Current Lunar Orbiter work at 
the Cape was made possible by the 
success of Spacecraft C, or the pro- 
totype as it is sometimes called. 
Built at the company's Missile Pro- 
duction Center, Seattle, Washing- 
ton, it arrived at the Cape on Feb- 
ruary 8, following a series of highly 
successful performance demonstra- 
tion tests at Goldstone, California 
(see Boeing Magazine, January 
and April) . 

The "C" has completed two 
months of tests in its clean room 
at Hangar S, one of the most his- 
toric buildings in the space pro- 
gram. (All project Mercury astro- 
nauts were quartered there before 
their missions.) Like the s-IC-F, 
Spacecraft C is being used to pol- 
ish handling and processing tech- 
niques as well as check out test 
and launch facilities. Approximate- 
ly 100 engineers and technicians 
are assigned to this project at Cape 
Kennedy. In addition, each space- 
craft has a team of Boeing and 
subcontractor representatives which 
accompany it from assembly to 
launch. 

Not to be outdone by space ac- 
tivities at the Cape, Minuteman I1 
personnel across the Banana River 
on Cape Kennedy Air Force Sta- 
tion started the year by launching 
a test missile on January 5. It was 
the 12th consecutive successful 
flight of the nation's most advanced 
intercontinental ballistic missile. 

Since that flight the pace has 
quickened. Minuteman I1 has run 
its enviable record to a perfect 14 
successes out of as many attempts 
down the Air Force Eastern Test 
Range. Company employees and 
Air Force personnel of the 6555th 
Aerospace Test Wing now are 
launching the three-stage solid-fuel 
missiles at the rate of about one a 
month. 

In addition to assisting the Air 
Force during launch operations, 
company personnel assemble the 
research and development missiles 
on Cape Kennedy. Operational ver- 
sions of Minuteman I1 are mass 
produced at the company's Ogden, 
Utah, assembly line. 4' 

ApoElo/Saturn V mobile launcher on 
tramporter mves  toward Vertical 
Assembly BuiMing at Cape Kennedy. 



Titanium processing building rtses in Seattle. 

New plant is designed to shape 

7ii7iANIUM Fm1P THE SST 

By JOHN NEWLAND 

N UNUSUAL multi-million- A dollar titanium-processing facil- 
ity is under construction at Boeing's 
Developmental Center in Seattle. 
The facility was designed from the 
outset for the demanding task of 
hot forming and hot sizing the 
strong and light metal which will 
be used in the United States' super- 
sonic transport. 

The building which will house 
the presses and furnaces will be 
180 feet wide - approximately the 
width of the arrow-wing Boeing 
SST design with its wings extended 
for efficient low-speed fight - and 
480 feet long. A high-bay manu- 
facturing area, it will be 45 feet 
from the floor to the hooks of the 
15-ton capacity mobile cranes under 

the roof trusses. Each bay will be 
90 feet wide. 

Divided roughly in thirds, the 
building will have an area for con- 
structing master models from which 
the hot-forming and hot-sizing dies 
will be built, an area for the high- 
temperature forming and sizing 
operations required in working ti- 
tanium, and one for chemical pro- 
cessing and penetrant inspection. 

To form and size titanium, the 
dies used will be heated to three 
times the temperature produced on 
the SST's skin by the friction of 
its 1,800-mile-an-hour passage 
through the air. Titanium hot form- 
ing and hot sizing at temperatures 
up to 1,500 degrees F make pos- 
sible tighter radii curves than in 
cold-formed titanium, combine 
forming and sizing with stress re- 

lieving and prevent springback after 
forming. 

The new facility will include 
many advanced industrial features 
- pressurization of certain areas 
to prevent dispersal of chemical 
fumes, anti-pollution fume scrub- 
bing to remove chemicals from ex- 
haust air, no-clutter power supply 
for the hot-die area, rail storage 
for the heavy but fragile ceramic 
dies used for creep forming titan- 
ium parts as long as 70 feet and a 
complete penetrant inspection setup 
to detect surface imperfections in 
the titanium parts through use of 
black light. 

But the heart of the facility will 
be its chemical tanks, furnaces, 
dies and presses. 

The nine tanks in the chemical- 
processing line, 75 feet long, 5 feet 



Scale model of new building fits 
against the Deuelopmental Center. 

wide and 10 feet deep, will be used 
for cleaning titanium parts before 
and after forming and sizing and 
will remove scale, the titanium 
equivalent to oxidization in iron. 

Standing out along one wall in 
the forming and sizing area will be 
a giant gas-fired furnace 70 feet 
long, 10.5 feet wide and 10 feet 
high. The furnace will be used for 
relieving stresses in cold-formed 
titanium and for preheating dies. 
Five other, smaller furnaces also 
will preheat dies and spacer blocks 
before they go into the presses. 
The 10 presses will be capable of 
operating at 1,500 degrees F and 
exerting horizontal and vertical 
pressures on the dies. 

Schedules call for the master- 
model area to be activated in 
August. Not long after, employees 
looking like spacemen in air-cooled 
asbestos suits will begin working in 
the hot-forming and hot-sizing area, 
where the temperature will be no 
more than 10 degrw greater than 
the outside at floor level but will 
be somewhat hotter near the press- 
es, dies and furnaces. 

Some of the asbestos-clad men 
at the presses may already have 
spent as much as two years work- 
ing in a similar facility of smaller 
scale at another Boeing plant in 
Seattle where titanium hot forming 
has been going on since 1 9 6 4 . 4  



Versatile, reliable, inexpensive 

E m  1 E D  I 4  emI4w7ii 

By HAROLD CARR 

T HE FIRST Burner 11, a new 
upper-stage space vehicle, has 

been delivered to the United States 
Air Force by a small, hand-picked 
Boeing team. 

Like the end runner in a relay 
race, Burner I1 will provide the final 
"kick" for placing small- and me- 
dium-size space payloads into pre- 
cise orbit. 

Special qualifications of Burner I1 
are its low cost, high reliability, ver- 
satility and early availability, based 
on an extremely .short 12-month de- 
velopment timetable. As the latest 
addition to the Air Force's space 
inventory, Burner I1 on top of the 
Thor booster will fill the payload 
gap between the National Aeronau- 
tics and Space Administration's 
Scout launch vehicle and the Delta 
and Thor-Agena launch vehicles. 

As Boeing's initial entry in the 
space propulsion field, Burner I1 is 
the first upper stage designed for 
broad applications to employ a solid 
rocket motor combined with full 
control and guidance capability. It 
will push its payloads into orbit at 
speeds of more than 25,000 feet 
per second and then point the pay- 
load accurately. 

A complete flight-hardware pro- 
totype of Burner I1 is being de- 
livered to the Air Force for crew 
training. 

The Air Force asked for Burner 
I1 proposals from the aerospace in- 
dustry in mid-1964; Boeing and 
Ling-Temco-Vought were selected to 
proceed with the competition in 
August, 1964, and Boeing was 
awarded the design and develop- 
ment contract in April, 1965. 

Company officials signed a $6.5 
million contract with the Air Force 

System Command's Space Systems 
Division in April, 1965. Chief of the 
Burner I1 program at  the Air Force 
Space Systems Division is Col. Jean 
G. Goppert. 

Winning Burner I1 was a break- 
through in several respects. Al- 
though a small program, it is sig- 
nificant that this was the first new 
military contract for the company 
since the Minuteman ICBM award 
in 1958. It was Boeing's first hard- 
ware contract with the Space Sys- 
tems Division and the first contract 
won under the new military total 
package procurement process. 

"The first key to winning Burner 
I1 was the design job," says Doug- 
las Graves, program manager dur- 
ing the competition. "We never did 
change our original design proposal 
once we had an indication the Air 
Force liked it." 

Burner I1 does not break new 

Heat shroud will protect Burner 
ZI and its payload during flight. 

First Burner II flight vehicle under 
goes precise weight and balance test. 



technological ground, but rather is 
a combination of already-proved 
space components. Its Thiokol solid- 
fuel engine is the same one devel- 
oped for Surveyor, the soft-landing 
lunar vehicle; the Honeywell guid- 
ance system is essentially the one 
used on NASA's Scout launch vehi- 
cle, and the Walter Kidde reaction 
control system is from NASA's Lit- 
tle Joe booster and other programs. 

"Once we froze the design, all our 
effort went into cutting Burner I1 
cost. This was the second and big- 
gest key to success," Graves con- 
tinued. 

The mere presence of Burner I1 
at Boeing is an anomaly. Compared 
with the company's other airplane 
and space products it is minuscule, 
measuring 68 inches long and 65 
inches in diameter. Only 180 em- 
ployees were assigned to the pro- 
gram at its peak, far less than the 
staff on many company study con- 
tracts. Program manager E. Watson 
Smith and his engineering staff are 
located a few steps away from the 
production area. 

"Burner I1 should enhance Boe- 
ing's reputation for ability to han- 

dle a small program economically," 
says Smith. "We demonstrated our 
willingness when we signed a firm, 
fixed-price contract. It's the first 
time the company has done this on 
a development program. 

"Although we've had to go through 
all the steps on Burner I1 that a 
large program demands, we've held 
down the costs by short lines of 
communications and by having top 
technical people working the day- 
to-day problems." 

This emphasis on economy is why 
the Air Force is counting on Burner 
11 to operate at a small fraction of 
the cost of larger, more complex, 
liquid upper stages currently in use. 
By replacing these liquid stages 
with Burner 11, launch vehicle ex- 
pense can be substantially reduced. 

Burner I1 stages are thoroughly 
checked by Boeing in Seattle and 
no further intensive testing is re- 
quired following their arrival at the 
launch site. 

Although specifically designed as 
the second stage on the Thor boost- 
er, Burner I1 has the adaptability to 
be used as either the second or third 
stage on the complete stable of 

standard launch vehicles from Thor 
through the Titan 3. 

The new solid-fuel upper stage 
can do many jobs. These might in- 
clude injecting payloads such as the 
Tiros weather satellite into orbits 
below 1,000 miles; "kicking7' pay- 
loads as large as 800 pounds, such 
as the communications satellites, in- 
to 20,000-mile stationary orbits after 
they have been lobbed into space 
and providing power for earth-es- 
cape missions for either solar or 
planetary probes. 

Burner I1 has attracted the at- 
tention of several government agen- 
cies and the aerospace industry as 
a money saver. For this reason, Boe- 
ing is already proposing growth ver- 
sions. 

Four such versions have been 
studied. They include strengthening 
the structure on which the pay- 
load attaches to Burner I1 so that it 
will carry 1,000-pound payloads; 
building a structure around the basic 
Burner I1 to boost the payload ca- 
pability to 4,000 pounds; placing 
two Burner I17s in tandem or using 
a larger solid-fuel rocket engine to 
provide increased performance. 4 

Technicians check portable ground equipment. 

1 Payload will be attached to ring at left. 

t rPP I l i b -  

Burner II  upper stage is dwarfed by high-altitude 
chamber at Tutalip Test Site, north of Seattle. 





Minuteman equipment 
will undergo 

S HOULD AN ENEMY drop a 
nuclear bomb near a Minuteman 

missile installation, it would only 
raise a mushroom cloud. Cradled in 
its silo deep in the earth, a Min- 
uteman can absorb almost anything 
short of a direct hit and still come 
up fighting. 

Part of this rebound ability is 
due to a shock absorber system in 
the Minuteman silo. Personnel and 
electronic equipment waiting to 
send the big bird roaring out of its 
tunnel are protected from damage 
by floors that float on shock iso- 
lators much as an automobile floats 
on shock absorbers and springs. 

Tests conducted independently 
by Boeing and the Air Force Spe- 
cial Weapons Center, Albuquerque, 
New Mexico, are constantly evalu- 
ating the Minuteman shock isola- 
tion system to be sure the isolators 
will, indeed, dampen a massive 
shock wave properly. These tests 
involve slamming a small section 
of shock-isolated floor, then ana- 
lyzing the results by computer to 
give an idea of what might happen 
to the entire floor. 

To get more positive results, Boe- 
ing's Missile and Information Sys- 
tems Division is now designing a 
blast simulator to be built a t  the 
company's Tulalip test range. This 
high-energy simulator will pack a 
punch roughly equivalent to an 
earthquake with an order of magni- 
tude of 10 on the Richter scale, yet 
the Tulalip countryside will feel 
little or nothing. The energy will 
go directly to the test item, and the 
ground shock of megaton-size nu- 
clear weapons can be virtually du- 
plicated for any kind of shock-iso- 
lated floor in any type of soil. 

The new simulation facility will 

have horizontal and vertical im- 
pact devices. Timing of the impacts 
and control of the forces will simu- 
late various degrees of nuclear 
shock, direction, multiple shocks 
and different burial depths of the 
electronics equipment. Other effects 
-such as acoustic environment- 
may be imposed simultaneously 
with the shock testing. 

"For the first time, this new test 
rig will permit us to track the effect 
of a nuclear weapon attack on the 
entire floor and its electronic equip- 
ment," said Art Hitsman, project 
manager of the Minuteman shock 
isolation system. "We are develop- 
ing actuators that will give US real 
conditions on an actual system rath- 
er than relying only on computer 
simulation." 

The shock tests for the Minute- 
man silo equipment will be equiva- 
lent to flight testing missiles or 
aircraft, picking up where computer 
analysis leaves off in verifying the 
rebound ability of a complete sys- 
tem. As Bob Hager, head of Min- 

uteman Dynamics staff, explained 
it: "We'll get simultaneous verifica- 
tion of the dynamic performance of 
the isolators, structural integrity of 
the floor, and electrical perform- 
ance of the equipment just as would 
occur under a real nuclear blast." 

Computers still will be called 
upon to reduce the test data to 
workable form and to apply the 
knowledge obtained from the tests 
in the design of more efficient isola- 
tion systems. Even in this day of 
high-speed calculation, a computer 
will need 45 minutes to boil down 
all the information generated by 
one shock test. 

The new Boeing facility may be 
used for other types of shock test- 
ing, since nearly anything that re- 
quires a high energy shock could 
be studied by the facility. Airplane 
landing gear, currently drop-tested 
with weights, could be checked eas- 
ier and faster on the shock plat- 
form; with the added advantage of 
having the landing gear moving for- 
ward as the shock is applied. & 

Minuteman liquid-spring shock isolater is inspected. 



I Highland Games are held at Braemaj 

Caledonian carries many pilgrims to Mecca. 

Caledonian Air ways provides 

IYrnLIIlAYS WI;rIY n ! !  w1;rIYiu;r IY'5ce1s 

By MICHAEL HIGGINS 

A CANNY Scot living in the 
United States or the travel- 

minded American with a wee bit 
$of Scotch blood in him soon will be 

able to enjoy a lkday holiday in 
the United Kingdom for little more 
than the cost of the current stand- 
ard one-way air fare. 
This will be the immediate result 

of an exclusive tour charter license 
granted by the U.S. to Caledonian 
Airways, the Scottish International 
Airline which has ordered a Boeing 

707-320C for the company's North 
Atlantic operations. Fourteen char- 
ter flights will span the Atlantic 
between April and October of next 
year. 

Caledonian, a young airline by 
any standards, was incorporated in 
1961 by a group of young aviation 
executives including 39-year-old 
Adam Thomson, current chairman 
and managing director. Organiza- 
tional meetings were held in various 
parts of the world whenever two ex- 
ecutives happened to be on the spot 
at the same time. 

Their efforts resulted in Scotland's 
fist international airline, using one 
leased DC-7C with the Scottish Lion 
Rampant adorning the tail of the 
aircraft and stewardesses wearing 
the ancient Black Watch tartan uni- 
form. Since the first flight in De- 
cember, 1961, Caledonian has added 
six Britannia jet-prop aircraft to its 
fleet. 

Caledonian specializes in long dis- 
tance inclusive tour and charter 
work. Inclusive tours are complete 
package arrangements in which the 
tour operator not only books the 



aircraft seating, but also hotel ac- 
commodations and the other neces- 
sities for an inclusive holiday. As a 
result the general public can travel 
for considerably less money than 
would be necessary if holidays were 
planned individually. 

The airline's charter work has 
taken some unusual turns. Recently, 
three Britannia 300s were engaged 
in the oil lift to Zambia. On this 
airlift Caledonian flew more than 
150 sorties during the first six weeks 
of this year and carried upwards of 
350,000 gallons of oil. 

tain amount of tactful handling for 
sometimes i t  is difficult to avoid 
weighing part of the passenger as 
well as the luggage. 

The strict observance of facing 
East during the five daily prayers 
while in flight presents its own prob- 
lem, but an even greater one is the 
custom of washing before prayers. 
This places a considerable strain on 
the aircraft's water supply. 

While the more romantic flights 
were taking place, some aircraft 
were flying troops and their families .- -- 

to different parts of the world while 
others were busy on North Atlantic 
passenger charter flights. The build- 
up of North Atlantic business has 
been one of the cornerstones of Cale- 
donian's success. During 1965 about 
200 such flights were operated. The 
number will be exceeded by a wide 
margin this year. In addition, an 
application is pending for scheduled 
flights to the Continent from Glas- 
gow airport, Scotland. 

The bulk of Caledonian's work 
has reflected the desire of its chair- 
man to bring to the American pub- 
lic the opportunity of visiting Eng- 
land and Scotland and seeing the 
beauty of Highland mountains in 
August and the thatched cottages of 
the Cotswold hills in the height of 
summer. 

Adam Thomson and his young 
and enthusiastic band of directors 
want to bring to the mass American 
market-particularly to Americans 
with Scottish blood in their veins- 
the opportunity of visiting their 

Caledonian also has carried pil- homeland without making too much 
grims to Mecca. In 1964 they trans- inroad into their "bawbees." The 
ported over 3,000 pilgrims from all 707-320C which is due for delivery 
parts of Africa on the Hadj-the in the spring of 1967 is the vehicle 
name given to the sacred pilgrimage. on which Thornson and his col- 

Such charter flights involve spe- leagues are placing their hopes for 
cia1 problems. The weighing of pas- success. 
sengers' luggage is one. Female Concerning the 707 order, Thom- 
passengers on these pilgrimages in- son commented, "In addition to the 
variably carry much of their belong- full evaluation study carried out by 
ings strapped to their waists. Cale- Caledonian, I travelled several times 
donian experience has proved the on this aircraft and I think from all 
quickest method is to weigh the aspects-operations, range and car- 
bundle while it is still attached to rying capacity-it is a first-class air- 
the passenger. This calls for a cer- plane and the right one for u s . " d  





Wichita researchers 
work on a 

SCIENTIFIC 
SHAKEUP 

Drawing shows a Naval Research vibration test. 

By DARRELL BARTEE 

H UMAN FACTORS scientists at 
Boeing's Wichita Division are 

investigating the effects of dual-fre- 
quency vibrations as they might be 
experienced by operators of military 
or civilian vehicles. 

As anyone might guess, operators 
of aerospace or ground vehicles are 
often subjected to more than one 
source of vibration at the same time. 
How can the combined effects of 
these shakes be identified and eval- 
uated? One vibration may tend to 
mask the effect of the other and 
there are many complex interactions 
to be examined. The answers have 
bearing on human perception, fa- 
tigue, sensitivity and performance. 

The work is being done under 
contract with the Office of Naval Re- 
search. This is the ninth project in 
a series of human vibration studies 
for ONR which started seven years 
ago a t  the Kansas plant. 

Human subjects are placed in a 
special rigid seat and multiple vi- 

brations applied. The study can es- 
tablish, among other things, at what 
point in time a man experiencing a 
uniform, low-frequency vibration be- 
comes affected by a second, higher- 
frequency shake. 

Youthful subjects who are in good 
health and have test experience are 
used. Their physical condition is 
thoroughly checked to begin with 
and is rechecked after each shake 
session. An M.D. is present for all 
tests. He watches a stylus as it traces 
heart-action graphs and closely 
watches the subject for any signs of 
distress or extreme changes in his 
performance. Most tests last about 
40 minutes. They are kept well with- 
in safety ranges established by pre- 
vious research. 

The subject is held in the pilot's 
seat by a special lap belt with a 
grip that cannot be loosened by vi- 
bration. The seat is mounted atop 
a platform and a hydraulic cylinder 
which supplies the up-and-down mo- 
tion. A simulated cockpit eliminates 
outside distractions. 

Airplane noise is reproduced from 
tape. Monitors in a control booth 
observe the subject through a one- 
way window, converse with him via 
microphones and provide instruc- 
tions through a remotely controlled 
instruction panel. The subject can 
increase, decrease, or halt the vi- 
brations through hand controls. 

The shakes, of different frequen- 
cies, are controlled electrically from 
a lab beneath the control booth. 
Many combinations are used. Fre- 
quencies range from one to 27 cycles 
per second. 

Results from completed tests are 
made known to other researchers 
and to equipment designers and 
users, by means of various technical 
reports, articles in journals and 
presentations for technical and sci- 
entific meetings. 

Complexity in the propulsion and 
operation of military vehicles is in- 
creasing every day. ONR and the 
Wichita researchers are contributing 
basic data to help understand and 
solve vibration problems. 4 



Try this 'time-saving approach to your next 2-week vacation. 

(And loaf for 16 days.) 

Fly there and back. 
When you fly, you can actually 

crowd 16 full vacation days into a reg- 
ular two-week period. 

You can, for instance, board a 
Boeing jet the evening of your last 
work day, and be in any part of the 
country in a few hours. You can begin 
your vacation there, that same night. 

whisk you back-rested and refreshed 
-that same evening. 

By Boeing jet, two weeks is time 
enough to vacation anywhere in the 
world. Boeing jets serve 301 cities in 
12 1 countries. And every 13 seconds a 
Boeing jet lands or takes off some- 
where in the world. 

Fly  Boeingwith: Air Congo, Air France, Air-India, 
Air Jamaica, Air Madagascar, All Nippon, 
American, Ansett-ANA, Avianca, BOAC, B WIA, 
Branifi Continental, Eastern, El Al, Ethiopian, 
Flying Tiger, Indian, Iran Air, Irish, JAL,  Japan 
Domestic, Lufthansa, MEA, National, Northeast, 
Northwest, Olympic, PIA, PSA, Pacific Northern, 
Pan American, Qantas, Sabena, Saudi Arabian, 
South African, TAA, TAP, T W A ,  United, Varig, 
Wardair Canada, Western,  World. Later: 
Aerolineas Argentinas, A v  Asia, Alaska, American 
Flyers, Braathens, Caledonian, Frontier, Lake 
Central, Mexicana,NorthernConsolidated,Pacific, 
Piedmont,SouthernAirTransport, WienAirAlaska. 

And you can vacation right through This year, get your vacation off to a m m ~ / ~ &  
the last day, because a Boeing jet can flying start-by Boeing jet. fimt &m~/y of+s 707 - PO .727.737 


