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EDITORIAL DEPARTMENT NOTE
In our desire to keep abreast of the major industrial
developments we are presenting a paper concerning an
industry which has been making rapid progress within
the past few years. The supply of available material on
accounting in the field of manufacturing and operating
airplanes is very limited. We are glad to present, at this
time, a paper on the general accounting problems in this
industry.
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"C OS T S IN AIR P LANE C O NS T R UC T IO N AN D
T RANSPORT AT ION"
months ago I was asked to address this gathering
SEVERAL
upon this occasion and at that time I had but a hazy idea of
the nature of your organization and the nature of the meeting.
When I started to prepare this paper the other day I came to a
realization that you are a highly technical group of men in your
field, expert in developing of methods for the obtaining of accurate statistics of costs for the guidance of executives in industry.
I feel that I can hardly do justice to what some of you may expect
of me with the period you have placed at my disposal for any addition to the things you already know about cost accounting work,
but rather hope in what I say to tell you a few things about this
new industry and will endeavor to depart not too far from the
subject allotted me.
In the first place I am an engineer and am a possessor to a
marked degree of what most of you gentlemen have undoubtedly
bumped into before with engineers —a pretty thorough lack of
knowledge of accounting systems. I am not a disciple of so- called
efficiency management and probably that accounts to a great extent
for my lack of knowledge on accounting methods which have been
linked closely with that line of thought.
There may be some of you who expect to receive from me a
prophetic and glowing account of what the future may hold in
aviation. Although I do not want to apologize for failure to
satisfy you, either in advance or afterwards, I want to say that,
being one of a group whose chore it is to properly accomplish a
closely held hope of those in this field, it is necessary that I be
careful about making any promises or prophecies in behalf of this
industry. Since I am one of those who has to help make it good
I cannot indulge myself as I might were I outside the industry.
The aeronautical industry today is not truly a great industry
from the point of view of size or invested capital, although the
capitalization of the group of diversified businesses in this industry,
controlled by a large group of which I am a member, is considerably over one hundred million dollars and consists of over twenty
separate operations. In the group there is co- ordinated every phase
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of aeronautical operations, intensive research, engineering, manufacturing, sales distribution, consumer credit, aerial transportation, flying education, aerial photography, investing, organizing,
financing and developing of undertakings and marketing of securities. These operations extend not only over local markets but
over the markets of the world. There is a definite operation now
going on with quite a large payroll for exploration in remote parts
of the world looking for new fields to reach by the use of aviation.
Of course, ours is merely one of the large groups. Since this is an
infant industry it is one about which a great amount of noise is
made and which has to conduct its affairs, on account of the tremendous public interest which has developed in the world, pretty
much under the spotlight.
Business in the aeronautical industry, that is the designing, developing and manufacturing of airplanes and aeronautical engines,
is divided into two classes —that for military service and use and
that for commercial operations of the various sorts. From an
accounting standpoint these phases are handled in an entirely different manner but it happens that our manufacturing company is
definitely active in both fields. Many people have been of the
opinion that our plants are more or less operated by the Government or controlled in some manner by the Government. This is
not true. Undoubtedly that opinion arose from the fact that during the war a great deal of all aeronautical construction work in
this country was done on a cost -plus basis or on a bogey system
where the accounting personnel of the Government were able very
largely to dictate policies. We, however, have approached as close
to that now in Government work as we have done at any time since
the war. Under the ten year building program authorized by
Congress a couple of years ago, the air services of the country
were authorized to disregard for the most part the terribly destructive open bidding system in vogue at that time and to place orders
for so- called proprietary articles with the developers of those
articles on the basis of an audit on completion of the work or of
previous orders for the same kind of work and the law and contracts prescribed that the net profit should not exceed a definite percentage of the face of the contract. This had its disadvantages, as I will outline shortly, but also had some advantages.
I cannot forget a particular case where the group of engineers in
1414
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our organization developed an airplane for a certain purpose, the
best in existence at the time. A few were built experimentally at
a price hoped to be sufficient but actually resulting in a loss of a
good deal of the capital of this company because of the great difficulty in estimating correctly the cost of experimental work of a
novel nature. We were forced, under the terms of the contract
for building of a few ships, to deliver our drawings to the Government. They decided they wanted several hundred planes, a very
substantial part of the year's military business from both services,
the Army and the Navy, and the thing was put up for open bids.
The officers of this company had some very serious conferences
before those bids were made because we had to decide whether to
try to absorb our loss in our quoted prices for the various quantities. The Government is a very astute buyer and it might have
resulted in getting no portion of the business, whereas making the
quoting price low enough to get the job might leave us with a load
of loss impossible to absorb. We bid and lost to another concern.
It was so serious we thought it unwise to be good losers and tried
by every means to get some of that business. We never did, by
the way, but the case illustrates how a concern can spend its invested capital in the legitimate conduct of its business, only to have
a substantial amount of it taken away. It might be said that we
should have known what we were doing at the start. We always
knew what we were doing but under the law it was the only way to
do it and we used to think often in those days how foolish we
were to struggle and strive to develop something which would be
subject to immediate loss. You, as taxpayers, know that was not
good business for you. I am sure there is no one here, no matter
how rabid a pacifist he may be, who thinks that it is unwise to
throw all lessons of the great war to the winds. That was what
was occurring as far as aircraft development is concerned under
the old system. Now we get fair but low prices for our products
to the military department, but we do not have to compete with
other people with less capital and without expensive research and
development activities. I will say at this point, however, that,
considering the price paid for labor and materials, no country in
the world obtains as low prices for the goods they buy from the
aeronautical industry as does the United States.
When, by an exchange between our engineers and the Govern 1415
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ment, there is pending a development of a certain type of military
airplane for a certain new purpose, or the bettering of the performance of a certain kind of craft, our engineers, sometimes in
co- operation with the military, but a few marks on paper representative of the idea and of the performance expected. If this
is interesting, the Government may signify a desire to have us
proceed with the development and manufacture of an article, or
three articles (it is often three) to occupy perhaps a period of six
months. We are called upon to contract for such. This contract
calls for a thoroughly comprehensive technical investigation of that
development with construction of scale models for wind tunnel
analysis, (you will appreciate that I am now talking about airplane
developments rather than engine developments) probably construction and testing of any new accessory features suggested, such
testing and developing occurring perhaps in airplanes already in
existence, and then the manufacture of three airplanes —one of
them to be statically loaded with sand to destruction to check the
stress analysis already made theoretically and finally delivery to
the Government of the flying airplane. After testing, with which
of course our engineers keep closely in touch, the type, if adopted,
will be contracted for by the service at a definite price, subject to
a maximum net profit as outlined above.
To arrive at a correct figure on which to contract for the production business arising from that development, which might have
occupied from six to eighteen months, depending on the size and
novelty of the airplane, is a problem. We do it by use of empirical
data following the recording over a period of the last ten years of
cost data on similar types of development. By using several different kinds of construction, curves have been made from
which we can estimate fairly accurately direct labor and material
since we have a general knowledge of the design. This data, when
combined to a certain formula, gives us a labor factor for the
production of any quantity of these airplanes. The easiest figures
for us to develop, of course, are for a run of machines in production after from one to ten have been produced on a former contract and we have the cost figures on it. It is in those quantity
productions that we must make our money and it is in those operations that the greater amount of our man power and manufacturing
facilities are used.
1416
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With changes in methods of construction of any one type to be
constructed, some of our empirical data has become ineffective.
You are all acquainted with the fact that in airplanes of a few
years ago a good deal of wood was used. Structures were built of
wood and braced with wire. In present day airplanes this is replaced by steel tubing or structural shapes in metal, welded or
otherwise fastened to make a unit structure. In the wing panels
we are getting away from wood beams, wood ribs, wire braced
structure into a combination of wood and metal with beams made
of wood with metal ribs and in a few cases the entire structure of
current airplanes has no wood in it at all. Possibly I might say
this is the ultimate in construction. It is a fact that all metal construction is and will be more expensive than the use of some wood
makes until such time as the quantity of any one type of unit,
such as the rib, becomes great enough so that it can be turned out
in metal by the same means used in making other products. I can
give you a design of a small pursuit airplane, whicih, built experimentally in all metal, would absolutely cost three or four times as
much as a structure that would give the same flying performance
built partly in wood. For the production of 3 0 0 of such ships,
however, in a period of two years, the cost of the two types of production would be about the same. Were one thousand ships produced, probably the cost in metal would be a great deal less than
in wood, due to the use of labor saving machinery since the volume
would make possible expensive tooling, the use of which would
result in a great reduction of direct labor.
In the building of aeronautical engines similarly, we spend great
amounts of money in development. In that case, for military engines, the Government has seen the wisdom of permitting us to
establish a development account as part of our accounting scheme.
You will appreciate that the cost of developing a large aeronautical
engine, practically all direct labor, is great. Often in the building
of two or three engines of 5 0 0 to boo HP our cost will be over
$ioo,000. There is no way to tell whether that model is going to
be entirely satisfactory and successful in competition with other
developments of a similar nature and we feel fairly lucky if we
are successful one -half of the time. In order to keep abreast of
the rest of the world, it is certainly wise for our Government to
have more than one firm working on important projects at one
1417
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time. It happens that I am entrusted with a motor manufacturing
operation and a motor design and development operation and I
know, therefore, particularly about those phases.
The initial cost of the development of a commercial engine
started several months ago and now being produced at the rate of
about 6o a month, ran close to $ioo,000. This includes merely
the actual cost of doing the work necessary to produce and test a
few engines without putting in tools or machinery equipment especially necessary for their manufacture. Last August we decided to
go into production of one of those a day in addition to our then
existing obligations for military stuff. Th e cost per HP of t h e
few experimental engines is not important. I was authorized to
buy approximately one half million dollars worth of machinery
and tools to produce those engines at the rate of one per day.
Before we really got into production, however, we further decided
(and this indicates how far we are able to see ahead in this industry) to increase our capital and spend about four million dollars including about one and one quarter million dollars for additional machinery and tools for the production of four of those engines a day. Some of that machinery and a few of the tools for a
bigger production that we were able to make available immediately
we crammed into existing floor space resulting in the production of
two per day that I mentioned before. Under those conditions we
can sell that engine for approximately $ 2 0 per HP retail. With
manufacturing costs, computed on a sensible accounting basis, sales
commissions and reasonable provision for service and we can come
close to breaking even. By getting into operation within a few
weeks of the big investment with the most modern type of machinery and tooling available we can make a reasonable and fair
profit at that price, liquidate our investments for the development
and feel free to proceed with other developments. I have in mind
a certain operation in the building of the engine where the producer of the machine tool to be used, having decided it is good business for him to interest himself definitely in the development of
machinery for aeronautical engine production is enabling us to
reduce our time from a method in use today which you men would
probably think pretty good to look at, from about 2 2 minutes to
about one minute and eight seconds. That, of course, is an isolated case.
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In the building of aeronautical engines, I might say in passing,
one manufacturer at least has developed piece work methods to a
certain extent. I cannot speak very intelligently as to how that
works out because I have not felt like doing it myself but I am of
the opinion that before long we will adopt something similar. At
present we have the task method. Our experts in that field make
time studies, estimate a reasonable cost for certain operations,
check it through and establish a task which each workman knows
as being a task or bogey for a particular operation. We give no
consideration to a man's pay rate but merely obtain a classification
over a period of months of the man's percentage of ability. Under
our task system the man who is able to attain an 85 percent rating
over a period of months is considered a good man at his work and
he would be retained in case of a reduction of force or would be in
line for a higher rate of pay. We have no ambition to put airplane structural work on a piece work basis because of the constant
variation in our inspection requirements and the necessity for most
strict supervision over spoiled work. You will appreciate that in
the construction of the parts of engines, if the material is right,
micrometers and hardness testers will tell the story as to whether
our ideals of quality are being maintained.
My subject was "Costs in Airplane Construction and Transportation" so I will now proceed to discuss a little of transportation
and it is certain that any one who would educate himself to the
subject could spend a great deal of time talking about the remarkable increase there has been in quantity, quality and efficiency
of this phase of aviation. Airways may be likened to railroads
and today there are 15,128 miles of airways in the United States
and of that 10,00o miles are lighted with the fields illuminated for
night flying. Over those miles of airways there are operating 32
different companies in regular daily schedule, some of them both
day and night. The traffic has increased steadily and in practically
every case money is being made. I think that in most cases the accounting is being done in what you gentlemen would call a reasonable manner. Twenty-two of the companies are carrying air mail
under contract with the Post Office Department and they are flying approximately 28,000 miles every 2 4 hours. A good many
are carrying passengers and express and there are about nine companies that have confined their flying to this field. Of course,
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mergers are occurring so that the number of companies means
very little.
From information gained from a survey of aerial service operations under which is classified all flying which is not on the regular
scheduled transport lines or private flying by an individual with
his own airplane, but includes taxi work, hopping at field, photographs, etc., we get the following:
In 1 9 2 7 there were 8,341,000 miles flown; in 1 9 2 8 there were
8,411,000 miles, an increase of practically nothing; in
1 9 2 6 there
were 7,500,000 miles flown; so there is very little change, although
the significant change is the fact that from 1 9 2 6 to 1 9 2 8 the number of people in that business dropped about one third and the
number of planes in service dropped one half. Compare that in
1 9 2 6 there were 19 operators in scheduled service as against
3 2 in
1928. Of course some have become much bigger and some have
fallen by the wayside. In 1 9 2 7 in regular scheduled service there
were 5,242,000 miles flown; in 1 9 2 8 there were 10,472,000 miles
flown. In 1 9 2 8 three times as much airmail was carried as in 1 9 2 7
and four times as many passengers. In figures:
1927

Air Mail Carried

1928
1927
1928

It

it

Passengers

1,222,000
3,632,000

pounds

12,500

it

52,900

The methods under which some of these 3 2 operating companies
carry airmail is about as follows:
The Post Office Department advises that they want mail carried
from —say some town in Oregon to some town in California over
a route of some 5 0 0 to 6 0 0 miles. They advertise for bids at so
much per pound without any guarantee, although in some cases for
foreign airmail the compensation is so much per round trip.
Several companies may bid and under ordinary circumstances the
low bidder gets it. As I stated before, in practically every case it
has been a profitable operation. I am of the opinion that the Post
Office Department is also making money at five cents for airmail.
For instance, on the Miami to Havana airmail service, the Government pays the Pan American Airways 4 0 / ¢ per pound for
carrying mail and they average over l 0 0 0 pounds each trip. If
every letter weighs an ounce there would be sixteen letters to each
1420
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pound for which the U. S. pays 4 0 / ¢ per pound, or less than
three cents per letter, but the Post Office Department gets 8 0 ¢ for
postage on the 16 letters. These figures do not include the cost in
handling and delivery, but you can see the gross earning of the
Government. I will give you statistics later as to the earnings and
methods on the part of the transport operator.
Some three years ago some of us subscribed to an idea and told
the U. S. Government that if the Post Office Department could see
its way clear to go into this air mail propostion intensively on a
nation wide scheme, linking every big city, see its way clear to
provide us facilities for the collecting and distribution of mail, we
were of the opinion that for two cents an average weight letter
could be carried from New York to San Francisco and intermediate points and from northern to southern cities. We believed that
this would leave a substantial quantity of the two cents for the
collection and distribution, liquidate over $30,000,000 investment
in operating equipment over a period of three years and pay a
handsome return on the capital investment necessary to do the job,
all based, however, on communities providing local facilities and
the government providing lighted mail routes as a permanent national investment. As things have turned out, based on our experience, we were not making a very courageous prophecy.
One of the large transport companies which also carries a heavy
volume of mail but has not been the most profitable concern in the
field has reported for the eight months ending August 28, 1928,
carrying 485, 000 pounds of mail, flying approximately I,ioo,000
miles, carrying I,000 passengers, and earning a gross revenue of
$I,135,00o and a net profit of about $400,000.
Another concern
which has a revenue from the same sources does business of about
$55,0 0 0 per month and has net earnings of $50 ,0 00
per year after
deductions for income taxes, depreciation and all other expenses.
I think it is the general practice of most of these companies to
depreciate their flying equipment on the basis of three years' life,
although the longer we live the more we are learning in that respect. I know in one case we built ten airplanes for a certain company several years ago. They bought a good many spares at the
same time, and when they grounded those ships after five years
they asked us whether we wouldn't buy back practically all the
spares. Their only losses were due to accidental causes and these
1421
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were covered partially by insurance. That company's securities
(it is one of the very oldest scheduled transport companies) are
worth about six times par today and they are writing off all equipment at the end of about three years of service.
The time has arrived when the policy, practically general a few
years ago, of using war surplus equipment for aviation purposes
has been supplanted by one of obtaining the best motor and airplane equipment possible for commercial aviation use. It
was soon learned that it was a waste of capital and time to operate
with equipment not having the maximum of earning power, regardless of the original investment, because nothing was learned from it.
You gentlemen will appreciate that all air transport work approximately up to the present time has been for the purpose of really
learning whether air transportation on a paying basis can be
financed by American business and whether the service can be
paid for by American business on that basis.
A great deal of money belonging to the public has come into the
hands of the aeronautical industry during the last couple of years.
A tremendous number of new companies have been formed for
various purposes, and as in any industry, some of them are certain
to be founded on sand. I believe that the industry as a whole is
becoming more substantial every day and will continue to do so
asking for no subsidy except in the matter of communities providing airports for common use. I know of no communities that have
regretted spending public money for the purpose of providing an
airport.
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