
Airplane Production Is Speeded by Revolutionary Photographic Process 

Looking through the huge camera in the Martin labora- 
tories, one sees the original drawing mounted beyond and being 
checked for scale. The drawing is then reproduced on a 
negative and projected back in exact size to the surface of 
a metal, wood, cloth or paper sheet which has been specially 
treated with a photographic emulsion. The material itself 
then becomes, in effect, a photographic print. 

Efficiency Standards 
Give Mass Air Results 

War Orders Handled Rapidly 
With Promise of Satisfying 
Future Peacetime Demands 

By Joseph S. Edgerton. 
Full-scale photographs made directly on metal, wood, cloth or paper In a camera half the size of a small house are being employed to beat the 

vital time element in the production of warplanes for the United States 
and the Allies under a revolutionary process established in the great Glenn 
L. Martin Co. plant in Baltimore. 

The ability to photograph full-size engineering drawings directly on 
nearly any Kind cl surface is held- 
to be a decisive factcr in the attain- 
ment of mass production methods in 
the making of bombardment air- 
planes 'or France and the United 
States Army and giant* long-range 
patrol airplanes for the United 
Sta‘es Navy. The same method is 
expected in the future to find wide 
application in many other indus- 
tries. 

The heroic camera, with its lens 
in one room and its plate-holder 
in another, does its work on plates 
averaging 10 by 5 feet in size. The 
prints customarily are made on 
sheets of aluminum alloy metal with 
sensitized surfaces. These sheets are 

developed in large tanks and the 
original drawings appear in exact 
size on their surfaces. In special 
cases the drawings can also be 
reproduced in fractional or multi- 
ple scales, on paper, cloth, wood or 

any other substance. 
Using this process, the Martin ex- 

perts can produce in an hour or two 
any number of drawings which 
might have required days in re- 

drafting. Drawings can be laid out 
directly on metal in a matter of min- 
utes where formerly days were re- 

quired to make layouts on metal 
from blueprints. 

The photographic process is esti- 
mated to have saved the Martin 
company more than $80,000 last year 
in drafting costs. More important, 
it has speeded up engineering work 
tremendously. Tool designing and 
tool making can be gotten under way 
more rapidly and more accurately. 
Production preparation gets under 
w^ay more quickly and changes can 

be made more rapidly. Because 
there are plenty of exact-scale draw- 
ings available, greater co-ordina- 
tion of the efforts of several vital 
departments can be obtained. 

Plane Building. 
The process can be used in an even 

more interesting fashion in the 
building of experimental airplanes. 
These airplanes can be built up. 
where on)}’ one or two of a kind 
are concerned, directly from photo- 
graphs. The master drawings, ab- 
solutely accurate in every detail, can 

be photographed directly onto the 
metal of which the airplane Is to 
be constructed and the parts cut 
directly from the material. 

If a wind-tunnel or water basin 
model of a projected airplane is de- 
sired, it is only necessary to use the 
camera to scale down the lines from 
the full-size drawings to an eighth 
or a tenth or any other fraction of 
the full size. Perhaps weeks of re- 

drawing to scale may be saved. 
The huge Martin camera is called 

upon for yet other duties. Drawings 
are projected onto tracing paper, 
vellum and wood for various pur- 
poses. Typewritten pages of instruc- 
tions or design figures, with pictures 
In ink. pencil or photographs, can 

be reproduced on metal plates which 
are treated to become lithographic 
plates for rapid reproduction by the 
multilith method. Ordinary photo- 
graphs can be “blown up" on paper, 
canvas or wood paneling to sizes as 

large as 10 by 5 feet for photo- 
murals. 

By far the greatest use of the 
camera and the greatest economies 
from this method, however, are in 
the engineering field. Although the 
Glenn L. Martin Co. has more than 
900 engineers on its pay roll, out of 
a total of more than 12.000 employes, 
its engineering force would have to 
be many times larger but for the 
camera method. Drafting work 
would be multiplied many times. 

One of the intresting features of 
the engineering and design depart- 
ment of the Martin company, which 
makes efficient use of the camera 
method possible, is a “loft” some- 

what similar in appearance to a sail 
loft, in which original drawings are 

made full size, regardless of the 
size of the airplane under develop- 
ment. 

In the basement of the Martin 
factory is a huge chalk-white floor, 
raised above the level of the build- 
ing floor, on which airplanes and 
airplane sections are drawn out in 
full size by engineers who walk and 
crawl over the floor, wearing flannel 
window-dressers’ slippers over their 
shoes. 

On this floor the engineers and( 

r .. 

designers lay out every detail of the 
new airplanes. The floor is large 
enough to accommodate the full-size 
outline of airplanes larger than any 

yet built. After all parts of the 
structure have been laid out in out- 
line. all kinds of engineers visit the 
floor to study the new design. Stress 
analysts examine each part of the 
assembly to determine what trusses, 
stringers and braces will be required 
to carry the loads imposed. Tool de- 
signers lay out tools and dies for 
each part, large or small. Production 
planners examine the layout to plan 
the shop and assembly line opera- 
tion and to arrange for uninter- 
rupted flow of parts from machines 
to minor assembly departments and 
into the assembly line. Details then 
are sketched into the full-scale 
drawings on the floor in conformity 
with the findings of all the engineers 
concerned with various design and 
production phases. 

Now the photographic process 
comes into action. Wing ribs, spars, 
fuselage bulkheads, gussets, skin 
sections—all of the hundreds upon 
hundreds of parts which go into 
the completed airplane—are repro- 
duced in outline on "loft layouts,” 
which are large sheets of aluminum 
alloy coated white on one side. On 
these layouts all final details are 

laid out in pencil—openings to re- 

duce weight of the structure, ribs to 
stiffen weak points, spotting holes 
for critical attachments to ajoin- 
ing members, riveting or welding 
flanges, and the like. 

At top: Production of warplanes for the United States, 
of which the above Curtiss pursuit ship is a typical example, will 
be speeded under the neiv photographic pattern process. 

Above: Borrowed from the shipbuilding industry is this 
idea—a raised floor on which whole airplanes may be Idid out 
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in full scale, their contours sketched out onto the floor itself. 
The drawings are then transferred to white-coated metal 
sheets in full scale and passed along to the photographic 
reproduction process. 

Pew dimensional details are neces- 

sary on these loft layouts, since the 
sections are drawn in full scale. 
When a loft layout is finished as a 

drawing, it goes to the big camera 

and as many copies as necessary are 

struck on white-coated metal sheets 
which become duplicates, the orig- 
inal going into a file for permanent 
record. 

The duplicates go throughout the 
great plant to perform their vital 
functions. Tool design gets at least 
one, sometimes more. The design 
is transferred to a sheet form or 

template in the case of parts which 
must be cut from sheet metal. The 
templates form the guide for rapid 
cutting of the final parts. In the 
case of die-stamped parts, the dup- 
licates are used as the basis for 
cutting of the dies. Other dupli- 
cates are used to guide the fabri- 
cation of jigs of all sizes in which 
subassemblies and final assemblies 
are made with hairline precision. 

Keep Constant Check. 
The production department may 

get one, or several, of the loft lay- 
outs to keep constant check on the 
arrangement of fixtures and as- 

sembly of the parts. Others go to 

No longer do craftsmen work from scale drawings in building fixtures, jigs, etc. In many 
cases these are built directly on the full-scale drawings themselves, the workmen simply fol- 
lowing the lines of the photographic print. 

the different classes of engineers 
who must plan their work. 

The many errors which crept into 
the old style of redrafting each loft 
layout several times are eliminated 
by the new process, Martin authori- 
ties explained. 

“Once an original drawing is i 
checked carefully, no further error 
can be made because each repro- 
duction is exact,” they pointed out. 
"But changes may be made, if 
needed, directly on the reproduction. 
This has been an important fea- 

ture, for no matter how careful a 
draftsman may be, he cannot dupli- | 
cate a drawing exactly, his lines 
deviating in minor degrees from the 
original.” 

The photographic system also is 
of very great value in the making j 

At top: An immense saving of time is effected in the 
design of tools and dies because the photographic drawings 
can be taken in any number by tool design and the details 
drilled onto metal plates, which become templates. 

Above: One of the reproduced drawings of an airplane 
section turned out in a few minutes, where a drafted repro- 
duction would have taken whole days and many men. 
__ 

o’f “mock-ups.” Since a full-size 
model of every new type of air- 
plane must be built first of wood 
to give engineers, tool designers and 
production planners their final in- 
formation. the ability of the camera 
to photograph drawings directly 
onto the surface of both painted 
and unpainted wood saves time and 
effort and insures accuracy. The 
full-size wooden form is the mock- 
up. As a result of the photographic 
process, craftsmen in the big wood- 
working shop can wbrk directly on 

many of the mock-up parts without 
constant reference to drawings or 
the delay of making multitudinous 
measurements and reproducing dif- 
ficult and complex curves. 

Still another interesting, labor- 
saving function of the new process 

Test House Built at Bureau of Standards Furnishes Guidance in Home Construction 
By Basil Gordon. 

Is your home too hot in summer? 
Or too cold in winter? What is the 
best way to heat it? Does your pres- 
ent method result in a great tem- 

perature difference between floor 
and ceiling, or is the temperature 
fairly uniform throughout the house? 
How much heat do you lose by radi- 
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ation and conduction through the 
walls? What is the best insulation 
material? What is the best height 
for a room? What is the- 

But enough of this. To many of 
these questions, answers may be 
obtained—and will be, unless ruth- 
less methods of suppression are 
used—from a certain type of sub- 
urban householder; the kind that is 
a slave to his furnace in winter, and 
to his lawn mower in summer. This 
interesting species is divided into 
two classes, both married. 

Class A consists of those who ac- 
tually take a mqrbid pride in their 
slavery around the house, and enjoy 
it. There is no cure for Class A. 

Class B is more numerous, com- 

prising as it does husbands under 
matrimonial orders to Are that fur- 
nace and mow that lawn, or else, re- 

gardless of the enormous amount 
of leisure time recklessly thrown 
away. The author, who was for a 

time a lowly member of Class B, 
eventually solved the winter prob- 
lem by cunningly contriving to alter- 
nate the temperature of his home 
between that of an Ethiopian desert 
and the sun porch of an Arctic 

igloo in January, so that eventually 
a furnace man had to be employed 
to maintain a reasonably uniform 
heat in his little palace. He still 
takes an occasional whirl at the 
lawn mower, when trapped, but the 
time is rapidly approaching when 
he can wish that task on to his son, 
who is growing up, after which there 
ain't gonna be no mow. 

As stated, the opening questions 
are right up the alley of these peo- 
ple. The only trouble is, no two 

will agree on the answers; and yet 
there must be some way to find out. 

Knows Answers. 
There is. The Bureau of Stand- 

ards knows (or will know) them all. 
Only last September the bureau 

completed a test house — a four- 
room-and-bath frame bungalow. 25 
feet by 26, on Reno road near Van 
Ness street. In their little cottage 
are conducted a great variety of ex- 

periments designed to point the way 
to better house construction and 
heating. 

The project is under the super- 
vision of Mr. Dill of the Heat and 
Power Division of the bureau, who 
readily assigned Mr. Achenbach, in 
charge of testing, to conduct a per- 
sonal tour of the house. 

From the moment the door was 
unlocked, .one thing became quite 
sure—that there was no lady of the 
house. The lack of curtains alone 
would have been sufficient proof. 
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With nothing to cut it off, the bright 
June sunshine fairly streamed into 
every nook and corner. The rooms 
may have looked bleak, but at least 
everything could be seen; the powers 
that be planned it that way. What 
is the use, they said, of conducting 
valuable experiments, and then 
peering at the results in the dark? 

Navigation in the test house 
turned out to be a precarious prob- 
lem, due mostly to the presence of 
150 brickbats strung on wires from 
floor to ceiling at five different 
levels. That is, they seemed to be 
half-bricks wrapped in tinfoil; in 
reality they were thermocouples, 
each connected electrically to the 
control room, where its temperature 
reading may be taken by the turn 
of a master switch. The thermo- 
couples themselves may be avoided 
by dextrous twists and turns and 
clever footwork. 

The bungalow has its own special 
style of Interior decoration. There 
are no pictures on the walls of 
Uncle Abner and Aunt Petunia, hung 

with the expectation that they will 
appreciate the honor and do some- 

thing constructive in their wills to 
repay it. Instead, the walls are 
ornamented in the submarine school 
of architecture, with gadgets every- 
where. That odd looking thing over 
in one corner, for instance, is not 
a what-not; it is a wind indicator 
(windicator for short), whose flash- 
ing lights determine both direction 
and velocity of the wind. 

Hung With Meters. 
In place of the crocheted sampler 

in the parlor and the mail-order 
calendar in the kitchen, the walls 
in numerous places are hung with 
heat flow meters, to indicate how 
much heat is leaking out in each 
area. It may safely be stated that 
on this particular June day they 
were working in reverse, and regis- 
tering the amount coming in. 

The furniture consists of desks, 
chairs, shelves and packing boxes, 
in addition to the bathtub. The 
function of the bathtub is to act 
as a temporary receiving station 
for each new device that comes in, 
until some one can cut a hole in a 

wall, floor, or ceiling in which to 
install it. When once the device 
has served its purpose, it is subject 
to removal, after which the hole is 
plugged up with wallboard, adding 
further to the miscellaneous ap- 
pearance. Altogether, it is a sort of 
bachelor's paradise, fairly exuding 

an atmosphere of informality. The 
author, usually well trained, experi- 
enced no hesitation whatsoever in 
dropping ashes on the floor. 

If winter comes, there is no doubt 
whatever that the test house can 
be adequately heated. There are 
three heating units on the main 
floor, and no less than six furnaces 
in the cellar, ’which is entered 
through a trapdoor by means of a 
cross between a ladder and a stair- 
case, guarded by a low-bridge warn- 

ing and a padded beam for those 
who do not believe in signs. The 
furnaces will burn gas, electricity, 
fuel oil, coal, wood, or practically 
anything that the bureau feeds 
them. One overworked chimney 
with three flues takes care of the 
load. 

Routine Change. 
The average householder, who left 

home in the morning with his ceil- 
ing 9 feet high would confidently 
expect that on his return it would 
remain at the same level. If he 
found it reduced to 7 feet, he would 
regard it as a disturbing phenome- 
non, and before attempting to raise 
the roof would quite likely either 
take the pledge or consult an alien- 
ist. But in the test house a change 
in ceiling height is a mere routine 
affair, accomplished by turning with 
a socket wrench a number of large 
nuts, which raise or lower the ceil- 

The "test house” at the Bureau of Standards. 

ing as much as 2 feet. The idea, of 
course, is to determine just how 
high a room should be for efficient 
heating. 

Outside, a few feet away from 
Reno road, is a small model of the 
test house, built correctly to scale, 
known as the doghouse. Day and 
night in the winter months, it is 
heated by powerful electric light 
bulbs, to determine its radiation 
heat loss. It is easy to tell how 
much is put in—a simple wattmeter 
does that—and the temperature 
being known, and the model exact, 
it is possible to use these figures, 
correct the scale, and apply them 
to the big house. 

After showing all the contrap- 
tions, Mr. Achenbach explained in 
detail. "This house.” he said,” is 
the result of a demand on the part 
of builders and the general public 
for information about house con- 
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struction and heating. For some 
time we have been beseiged with 
questions along these lines, and have 
answered them to the best of our 

ability. As time went on, it be- 
came increasingly obvious that exact 
knowledge was needed—knowledge 
obtained by actual tests. 

“It is summer now, and the house 
is unused. Next summer we hope 
to employ it to discover what we 

may about the possibilities of air 
conditioning.” 

Check Factors. 
“Last winter we found out a lot 

about heating—a feat made possible 
by being able to check one factor at 
a time, while keeping the other con- 
ditions constant. Let us suppose, 
for instance, that we wanted to 
know how long it would take differ- 
ent fuels to raise the temperature 
from 60 degrees to 70. With no less 
than nine furnaces in the same 
house, this was easy to discover. 

| Then again, all but ceiling height 
I would be constant, and that varied. 
The results obtained would be ac- 

curate. If certain types of heating 
happen to result in uniform distri- 
bution. the thermostats at different 
levels in different rooms will indi- 
cate it.” 

“With all these different tempera- 
tures,” I interrupted, “at various 
levels iu each room, it seems to me 

impossible ever to state wuth cer- 
tainty just how hot the house is.” 

“We got around that.” replied Mr. 

Achenbach, “by a definition. In one 

place, at the 30-inch level, Is a re- 

cording thermometer. Its reading 
is taken to be the official tempera- 
ture, even if it is really just an aver- 

age of a lot of others in other places. 
"We get a lot of satisfaction out of 

running this house the way it should 
be run. Other branches of the Gov- 
ernment may be worrying about 
homeless families; our job is to run 
the familyless home. As a result, 
no one ever disturbs our thermo- 
stats. They stay set. So does every- 
thing else, including a certain 
amount of dust. Sometimes women 
peer in through the windows, get a 

good look at the interior, and be- 
come fired with the instinct to get 
in with a broom and move the fur- 
niture. If it proves necessary, we 
will call out the militia to keep them 
out 

“Next winter we will go ahead with 
comparisons of steam, hot air and 
hot water, and will also check on the 
merits of insulating material. Look 
out! You almost bumped into 
thermocouple No. 127. You will 
hardly know the old place then, with 
15 different kinds and colors of wall 
boards and some lovely fresh holes 
in the floor* and ceilings.” 

Back in the office, Mr. Dill has a 

record of all the findings. Skillfully 
he puts them together and from it 
emerges comprehensive, scientific, 
incontrovertible data, which, re- 
leased to the public, will result in 
better heated, better constructed 
houses and contribute further to a 

high standard of living which is al- 
ready the envy of the rest of the 
world. i 

is the making of "shrink layouts." 
Because zinc and other metals 
molded into dies shrink considerably 
in cooling, it always has been neces- 

sary either to make new drawings 
to allow for this shrinkage or to use 
a “shrink scale." The task uf en- 

larging a drawing by hand the 
small amount needed to compen- 
sate for shrinkage was a long- 
drawn-out and exceedingly tedious 
process, a careful mathematical 
computation of each detail of the 
drawing being required. 

Because the shrinkage is a known 
factor, however, it is possible by 
simple enlargement to let the 
camera do in a moment the work 
which required many hours of time 
by older methods—and with far 
greater accuracy. The great camera 
is delicately calibrated to permit 
these fractional enlargements with 
mathematical precision. 

Throughout the Martin plant the 
privileged visitor—for visitors are 
few during these troublous days 
when critical military production is 
under way—will see data books and 
clerical forms reproduced from the 
camera's lithographic plates. On the 
walls in offices and shops hang big 
pictures and colored photographs on 
canvas of airplanes and air views^- 
incidental work of the process; .a 
sort of “hobby” by-product. 

The camera process, with its pos- 
sibility of application to manv 

types of industry, has been devel- 
oped for the airplane industry at th,e 
most opportune time. The aviation 
industry now. for the first time, ha* 
quantity to deal with. It is getting 
the opportunity to apply something 
of automobile line-production meth- 
ods. It is doubtful whether any 
aircraft company in the Unitpd 
States has built more than 4,0<)O 
airplanes in its entire career. Tills 
is hardly more than half a gqod 
day's output for a major automobile 
plant. 

As a result of the small-produe- 
tion limitations, airplanes ha’ve 
been built largely by hand methods. 
This is reflected in the* fact that 
one of the most widely used auto- 
mobiles requires 218 man hours'of 
labor per car m fabrication, while 
the most widely used small private 
airplanes requires 350 to 400 man 
hours and a large bombardmWt 
airplane requires 14.000 man hours. 

Like Auto Efficiency. 
Such methods as the revolution- 

ary photographic process are be- 
ginning to speed up airplane con- 
struction and to introduce the effi- 
ciency standards which for years 
have been applied to the automobile 
production industry. 

Once war production is over, these 
efficiency methods are expected-to 
have a tremendous effect on com- 
mercial and civil aeronautics. 

“Commercial aeronautics is goiag 
to profit greatly by developments re- 
sulting from this war efTort,” Gletv* 
L. Martin explained. “We now khQfy 
of improvements in efficiency whtrti 
will give us new types of commercial 
aircraft of vastly greater perform- 
ance efficiency and economy within 
a few years.” *r'J 

The savings due to such processes 
as the photographic method, coupled 
with gains in machine tool and line- 
production methods are expected lo 
be passed on to commercial aviation 
in the ultimate days of peace. These 
cannot but help to increase the 
rapidly growing uses of the airplane 
for air transportation, business. pj.i- 
vate and pleasure flying now ,£n 
progress. 
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