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INTRODUCTION:

THE machine has been the foremost factor making for eco-
nomic and social change in the western world during the
past hundred and fifty years. It has impinged upon man’s
modes of living in diverse ways. The means by which his
productive energies have been utilized, and the directions
in which those energies have been expended, have been sub-
stantially altered. The productivity of his labor has been
increased; his standard of living has been advanced. The
physical features of the world in which he works and lives
have been changed, and a transformation has occurred in
the character of the commodities entering into daily con-
sumption and use. After generations of slow change, the
skills essential to economic survival have been profoundly
modified. Under the pressure of mechanization men have
had to learn to do new things in new ways.

All this is commonplace enough. That the machine has
worked great changes in human life is no discovery of the
past few years. For more than a century social observers
have commented on the progress of machine industry. All
men alert to the currents of social change have known that
major shifts in the modes and manners of living were in
process. But the prevailing conceptions of what, precisely,
was taking place have been vague and inadequate. In spite
of the universality of the process of change, it was a2 move-

xxi



xxii INTRODUCTION

ment difficult to see and appraise as a whole. Here a new
invention brought a striking change in productive procedure,
and threatened the displacement of thousands of men. There
a new application of power promised a ten-fold increase in
output. A movement marked by wide diversity of attributes
and by almost infinite ramifications was known to man, in-
dividually, only through isolated instances of technical
change. It is not strange, therefore, that wild fears paralleled
wild hopes in contemporary appraisals of the growth of
machine technology. One man saw it as a Frankenstein
monster, threatening the very life of its creator. Another saw
a dawning millennium of ease and plenty in a world of push-
buttons and buzzers through which man controlled his mil-
lions of yoked and mechanized horsepower.

In the face of these vague conceptions we have had sore
need of an account in realistic detail, but presenting these
details in a broad economic setting, and interpreting them
with reference to the mechanization process as a whole, and
to related processes of economic life. For in dealing with
the characteristics and consequences of mechanization, as in
many other economic fields, a part, to be truly appraised,
must be seen in its place in the whole working of the eco-
nomic system,

It is a great virtue of Dr. Jerome's study that he has tried
to do this difficult job and has, indced, done it better than
it has ever been done before. We find here a wealth of detail
as to the actual changes which mechanization has involved,
over a wide area of industrial activity. Conveyors, clectric
hoists, mechanical stokers, concrete mixers, steam ditchers,
steam-jet weed destroyers, rotary ballast sweepers, power tie
tampers, portable escalators, trench excavators—these are the
stuff of modern industry. Heve is realisin about the industrial
process. But Dr. Jerome sees beyond his details. Ile has
emphasized, as has no one before him, the wide range of



INTRODUCTION xxiij
consequences which must be traced if one is accurately tc
measure the effects of a mechanical change. In doing so he¢
provides an effective corrective alike for the visions of doon
and for the prophecies of a mechanical millennium.

The mechanization process in its countless manifestation:
reacts upon the volume of employment, the skills and the
working methods of the human factor in production. Dr
Jerome’s treatment of one point, the effect of technica
change upon the saving of labor time, furnishes an excellen
example of careful technique and, by contrast with pro
cedures confined to obvious consequences, illustrates the
necessity of trying to see these movements in their broac
relations to the working of the entire economic system.

To begin with, we must note the distinction drawn by Dr
Jerome between ‘productivity-increasing’ changes (those
which increase the units of output per hour of labor) an¢
‘labor-displacing’ changes (those which reduce the numbe
of workers required). The two concepts are closely related
of course, but the distinction refines our tools of analysis ir
the study of technological improvement. We do not stof
here, however. A given change in technique may affect the
productivity of operating labor (that required directly in :
particular process), of auxiliary labor (plant labor necessi
tated by the use of a machine, but not engaged directly ir
its operation), of embodied labor (labor applied to the pro
duction of the machine itself, or to the production of power
oil, or some other commodity used in its operation), or of
indirectly required labor (that is, all additional labor re
quired, as for transportation, advertising or merchandising
in putting the given commodity in the hands of the fina
consumer ready for use). Furthermore, with reference tc
labor displacement, Dr. Jerome insists that we take account
of labor requirements in the specific operations directly
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affected, in the occupation in question, in the plant, in the
industry, and in the economic system as a whole.

The mere citing of these diverse channels along which the
effects of a' given change may be felt is sufficient to indicate
how fatuous it is to confine ourselves to the direct and
immediately .observable results of technical improvement.
Technical change has brought striking advances in the effi-
ciency of human labor, and has given rise to real problems
of adjustment and adaptation, but we secure only a gro-
tesquely distorted picture of the consequences of technical
improvements if we take a microscopic view of that small
industrial area in which the direct mechanical change hap-
pens first to appear. Dr. Jerome’s study should improve our
perspective.

The results of this investigation are made available at the
end of a decade of intense interest in the processes of mech-
anization, and in their economic consequences. Before the
beginning of the present dépression ‘technological unem-
ployment’ was a subject of wide discussion, and the machine
has been given a prominent place in many explanations of
the current industrial crisis. Dr. Jerome does not undertake |
a precise definition of the part played by the mechanization
process in the economic developments of the post-War era,
but there is rich material here for the student of this period.
That mechanization always involves some disturbance of an
existing situation, in the markets for goods or in the markets
for labor, or in both, is clear enough. Was the degree of dis-
turbance intensified during the post-War years? Were the
consequences of mechanization during this period materially
different, in kind or degree, from the consequences of earlier
mechanical changes in industry? These questions arise, in-
evitably, in any survey of recent industrial movements.

As to the relative speed of the mechanization process dur-
ing the post-War period, in comparison with earlier periods,
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it is difficult to give any precise figures. Dr. Jerome’s general
results accord with other evidence in indicating that me-
chanical improvements were being applied more generally
throughout the industrial system, and probably more rapidly,
during the years following the War than during the years
preceding the War. The speed with which, in post-War years,
a perfected technical innovation was introduced throughout
an industry was not approached during the earlier phases of
the Industrial Revolution. Taking account of the area, in-
dustries and occupations affected, it is a safe conclusion that
the rate of technological change was high in post-War years,
in relation to previous experience.

But the economic and social consequences of technical
innovations do not depend on the speed of mechanization
alone. It is probable that in post-War years certain other con-
ditions contributed to accentuate the problems arising out
of the widening scope of machine technology. In appraising
these conditions we shall do well to recognize the distinction
Dr. Jerome has drawn between changes that increase output
and changes that displace labor. This distinction is highly
useful in tracing the incidence of mechanization and in dis-
tinguishing different stages of industrial development.

One of the major factors determining the economic effects
of a given technical change is the degree of elasticity of de-
mand for the products of the process affected. With highly
elastic demand lower prices stimulate new buying. Under
these conditions mechanical improvements leading to lower
per-unit costs and lower selling prices will make possible the.
marketing of a much larger volume. Output will be increased,
and the net effect of the innovation may well be a substantial
rise in the amount of labor employed. The growth of the
automobile industry is a concrete manifestation of a series
of such improvements in the making of a commodity for
which the demand is elastic. Improvements in industries pro-
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ducing commodities of inelastic demand, on the other
hand, may be expected to lead to actual displacement of labor
or, under certain conditions, to. an uneconomic expansion of
output. For such commodities may not be disposed of in
much larger quantities, in a given market, even though costs
and prices are reduced materially by technical changes.
Given a labor supply without fixed job tenure, and therefore
subject to ready reduction, real labor displacement may be
expected to result from technical improvement. If the labor
supply be tied to the productive processes in question (as it
is in agriculture, to a large extent) an expanding output,
produced under conditions of lower cost and without much
regard to the ability of the market to absorb the increased
supply, may be expected. Marketing troubles, price weakness,
social distress and reduced living standards may result from
this combination of circumstances.

With the widening, in recent decades, of the area within
which mechanical improvements were being applied, it is
probable that the proportion of technical- changes affecting
commodities of inelastic demand was greater than in earlier
periods of mechanization. Retail coal handling, street clean-
ing, train operation, stevedoring provide examples of occu-
pations the products or services of which are not marked
by high elasticity of demand. But the outstanding example
of such a shift is furnished by agriculture. The mechanization
process in this important field lagged for years, and still lags,
in comparison with the changes machine technique has
brought in manufacturing industries. But recent years have
seen a substantial .advance in the use of mechanical methods
and new sources of power in farming. Tractors, combine
harvesters, potato-digging machines, milking machines, the
application of gas engines and electric motors to agricultural
operations—these are but examples of a process which, has
been going forward at accelerated speed in the last decade
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and a half. Dr. Jerome cites figures compiled by the United
States Bureau of Labor Statistics indicating that technical
improvements in agricultural production were sufficient to
have displaced 2,530,000 workers between 1919 and 1927,
had volume of output been unchanged. Actually, only some
800,000 workers were displaced, because these improvements,
in the main, were used to increase output rather than to
reduce the number of workers employed.

Normally, increased efficiency in the production of goods
of inelastic demand would tend to displage labor, rather
than to increase output. The great technical advance in agri-
cultural production during the decade in question did not
have this result. One reason for this is that agricultural pro-
ducers are, traditionally, tied to the soil. They do not react
to innovation as would a market-conscious manufacturer,
with a relatively mobile labor supply at his disposal. The
effects of mechanization in this field, therefore, have been
quite different from the effects experienced in other indus-
trial areas, at earlier periods. A glutted market, with prices
abnormally low even when account is taken of lowered costs
of production, has resulted.*

In part, however, mechanization in agricultural industries
displaced labor during this period, and probably contributed
to the volume of unemployment which characterized the
post-War years. Mechanization in other economic areas
marked by inelastic demand for commodities produced
tended also to displace labor, rather than to increase produc-
tion, and so to widen the margin of unemployment which

1 Other factors, of course, contributed to the agricultural situation that
has prevailed in the United States since 1920. Reduced demand in foreign
markets, after the War-time stimulus, and declining demand for animal
feeds, resulting from the increased use of motor power on farms, have re-
enforced certain of the tendencies due to mechanization. The industrial
depression was a major factor in the agricultural distress following 1929. '
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has always been a feature of an industrial economy. It is true
that the purchasing power released when consumers are able
to buy certain commodities at lower prices may be expected,
ultimately, to find an outlet in increased demand for other
commodities, and so to lead to the absorption elsewhere of
the displaced labor. But this may be a very slow process, miti-
gating but slightly the immediate evils of labor displacement.
Some portion of the increased unemployment which char-
acterized the post-War years in the United States may be
attributed to the mechanization of industries producing
commodities of inelastic demand.

But other factors, as well, contributed to this widening
margin of unemployed men. Among these we must include
the pricing policies followed in those industries in which
rapid technical improvement occurred in the post-War years.
For whether a given technical advance shall be ‘labor-dis-
placing’ or ‘productivity-increasing’, in Dr. Jerome’s terrms,
depends not alone upon the relative elasticity of demand for
the commodities affected. With demand elastic the given
innovation may still displace labor, rather than increase out-
put, if the reduction of costs is not passed on in the form
of correspondingly lowered prices to buyers. If the reduction
of costs served exclusively to swell profit margins or, con-
ceivably, to increase wage rates, the final effects of the inno-
vation might be to yield higher profits or earnings to pro-
ducers, to leave the volume of production substantially where
it was before the change in productive methods was made,
and to displace a quantity of labor corresponding to the
enhanced efficiency of the manufacturing process. Here,
again, the increased purchasing power represented by higher
dividends or other disbursements might be expected to offset
the reduction of purchasing power due to the displacement
of labor and to lead, ultimately, to increased demand in other
economic areas and to increased employment elsewhere. But
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the time lag between displacement and ultimate re-employ-
ment might be a very long one indeed.

The actual effects of mechanization, at any time, are un-
doubtedly a blend of the various possible consequences. To
some extent profits may be increased, to some extent wage
rates may be advanced, to some extent prices may be lowered
and the volume of output increased, and to some extent
labor may be displaced. The state of competition, the bar-
gaining position of labor, the character of the demand for
the product and the pricing policies of management all com-
bine to determine the relative importance of these possible
consequences. During post-War years these different effects
of mechanization were all present, in varying degree. Al-
though the physical volume of production was substantially
increased, it is probable that in certain manufacturing indus-
tries full advantage was not taken of opportunities for in-
creased production at lower prices. This was partly due to
relative inelasticity of demand for the products of some of
the industries in which advances in mechanization occurred.
It was probably also due, in part, to the observance of policies
of price maintenance, even where lowered prices might have
served materially to stimulate demand. The existence of
relatively high prices for manufactured products was a char-
acteristic feature of this post-War period. To some extent,
then, mechanization during post-War years was manifest
through labor displacement as well as through increased out-
put. The margin of unemployment which has persisted since
the industrial system came into being, and which tends to
expand during a period of rapid technical change, was
widened still further by the special conditions characteristic
of the post-War years. The focusing of public interest on
‘technological unemployment’ was a consequence of this-
combination of circumstances. -
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In appraising some of the results of the mechanization
process which Dr. Jerome illuminates in the following pages
we should take account, also, of the relative ease, or difficulty,
of the industrial readjustment which any innovation necessi-
tates. The concept of general economic equilibrium remains
a somewhat vague one, in so far as the actual processes of eco-
nomic life are concerned, and the conditions of such equi-
librium in an industrial society have not been defined. Yet,
even without such definition, it is a fair assumption that tech-
nological changes disturb in greater or less degree the equi-
librium, or the tendencies towards equilibrium, which pre-
vailed prior to such innovations. The more rapid the rate of
technical change, the more thoroughly mechanized and in-
tegrated the economic system, and the more rigid its parts,
in relation to one another, the more difficult ‘adaptation to
such changes must be. On all these counts we should expect
the problems arising out of the mechanization processes of
the post-War years in the United States to be of exceptional
difficulty. Dr. Jerome’s studies indicate that the rate of tech-
nical change was relatively high during this period. Further-
more, our national economic system and the world economic
system had become more thoroughly mechanized and more
highly integrated than in earlier eras. The increasing impor-
tance of fixed costs in industrial operations, and other forces
operating both within and without the industrial system
proper, had probably tended to lessén the flexibility of the
industrial structure. Post-War mechanization broke with ex-
ceptional force, then, upon this system, and involved greater
difficulties of adaptation than had similar mechanical inno-
vations in earlier stages of our industrial development.

The process of mechanization described in the following
pages is thus not merely a technical affair, of interest only
to production engineers and factory managers. It needs no
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argument to establish its relevance to the major problems of
the day, and its bearing on the central processes of contem-
porary economic life. When exaggeration and fantasy about
the machine are duly discounted it remains, it is safe to say,
the most compelling factor in the changing culture of modern
man. It is the story of the machine, in its recent and mature
development, which Dr. Jerome tells in the pages of this
book.

FREDERICK C. MILLS
New York
August, 1934



APPENDIX A
MACHINE SALES AND OTHER
MEASURES OF MECHANIZATION,
BY YEARS

(For similar data, see also text tables 5, 6, 7, 8 and 13)

TABLE 36
IRON AND STEEL: 1911-31

MACHINE CASTING OF PIG IRON

A
r Y

PERCENTAGE OF OUT-
PUT MACHINE CAST NEW IN-
NUMBER —————>————-\ PERCENTAGE STALLATIONS
OF MACHINES ALLPIG OF STACKS OF ELECTRIC GROWTH

INSTALLED BY MERCHANT IRON NOT MECHANI-  MAIN ROLL OF THE
LEADING MANU- BLAST  DELIVERED CALLY  DRIVES (HORSE- CONTINUOUS
YEAR  FACTURERS ! FURNACES2 MOLTEN 8 CHARGED4  POWER)S  PROCESS 6

911 5 45 4 57 3,100 7
1913 6 50 47 57 27,700 T
1913 3 42 7 56 37.650 797
1914 1 5 5t 64 42775 76.7
1915 13 81 54 75 96,980 815

- 1916 8 50 51 73 158,660 83.5
1917 7 50 50 49 98,525 879
1918 5 56 54 54 37900 85.8
1919 4 58 62 56 107,750 83.3
1920 9 63 63 56 102,420 871
1931 2 n 83 68 31,300 78.4
1922 ] 75 73 73 80,555 88.0
1933 5 72 74 [ 94,800 86.1
193¢ ] 75 79 84 120,350 85.2
1938 [ 82 81 88 243.975 88.8
2926 1 85 83 87 198,440 87.9

419
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TABLE 36 (cont)
IRON AND STEEL: 1g11-31

MACHINE CASTING OF PIG IRON

A
r )

PERCENTAGE OF OUT-

PUT MACHINE CAST NEW IN-
NUMBER r———*——————\ PERCENTAGE STALLATIONS
OF MACHINES ALLPIG OF STACKS OF ELECTRIC  GROWTH

INSTALLED BY MERCHANT IRON NOT MECHANI- MAINROLL  OF THE
LEADING MANU- BLAST DELIVERED CALLY  DRIVES (HORSE- CONTINUOUS
YEAR  FACTURERS 1 FURNAGES 2 MOLTEN 8 CHARGED4  POWER)S  PROCESS 6

1927 v 81 85 91 134,150 87.8
1928 7 4 85 7 188,150 89.5
19329 7 T 89 7 890,600 91.1
I930 T v oL 7 146,740 875
1931 T v 93 7 95.325 917

1Based on U, S. Census of Manufactures for 1914 and 1919, and lists of
installations by manufacturers. The installations in the successive years
1895—-1910 were: 1, 1, 8, 3, 4, 13, 7, 6, 12, 3, 4, 10, 6, 7, 10, 7. The average
number of strands per listed installation varied from 2.0 to 24 in the period
1898-1916, and from 1.7 to 1.9 in the period 1917—26.

2 Based upon survey reported in Bul. 474 (Ref. 3%). The list of plants in-
cluded is not completely identical from year to year. In 18go no pig machines
were used.

8 Computed from data in Statistical Reports of the American Iron and
Steel Institute. The percentage was zero in 18go; 40 in 1go4.

4 Same source of information as 2,

5 Computed from lists published in January issues, 1926-32, of Iron and
Steel Engineer. Corresponding figures for the successive years 1gos—10 are:
10,600, 25,640, 26,600, 8,050, 27,450, 30,700.

6 The measure of growth utilized is the percentage of steel-making pig
iron used by makers which is cast in molten condition., Computed from
Statistical Reports of the American Iron and Steel Institute.

7 No data available,
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TABLE 37

COMMERCIAL PRINTING: 1913-281

NUMBER SOLD RATIO OF CUMULATIVE
AUTOMATIC SALES OF MACHINE-
Jos- FEEDING | FED PRESSES TO TOTAL
YEAR AUTOMATICS 2 ATTACHMENTS 8 PRESSES SOLD, 191328 4
1913 S 828 8.7
1914 14 490. 11.8
1915 82 555 149
1916 209 938 19.6
9ry 271 1,024 28.2
1918 259 2,857 413
1919 277 3,948 586
1920 499 5,163 64.6
1921 825 2,021 64.7
1923 685 - 2,060 62.8
7933 1,199 2,238 62.5
1924 1,183 1,915 63.2
1935 1,738 1,348 637
1926 1,542 1,215 64.5
1927 1,461 1,217 657
1928 1,439 1,048 66.8

1 Baker (Ref. 4), pp. 201, 204.

2 Computed from cumulative annual sales as compiled by Dr. Baker, pp.
201, 204.

% Automatic feeding attachments for platen and flat-bed cylinder presses.

¢Includes platens, job-automatics, small and large cylinders, and two-
color and perfecting presses. For cumulative annual sales of each type see
Ref. 4, p. 201,

This computation does not cover presses sold prior to 1913.



TABLE 38

SELECTED MANUFACTURING EQUIPMENT: 1914-1929

| §
FOUNDRY EQUIPMENT - WOOD-WORKING YARN-WORKING
r - y MACHINERY MACHINES
MOLDING MACHINE (SHIPMENTS) 4 (NUMBER SOLD) 5
ALL TYPES 1 MACHINES 2 TOOLS 8 ’ - Y -~ * Y
(SHIPMENTS, (NUMBER) VALUE HICH

VALUE HAND POWER  (NUMBER  (THOUSAND WARP  AUTOMATIG  SPEED
YEAR IN 1g25: 100) TYPE TYPE  IN 1925: 100)  DOLLARS) NUMBER TYING  SPOOLERS  WARPERS
1914 [ 864 [} 81 [ [ 43 7 7
1915 ] 435 6 167 6 L] 50 ves ves
1916 6 886 6 209 8 8 71 ree v
1917 6 640 ] 233 e 8 66 1 T
1918 6 380 200 219 8 e 67 1 1
1919 8 567 710 174 14,798 8 67 2 1
1930 e 707 625 185 21,320 8 88 8 4
1921 27 112 65 25 10,595 8 26 . 16 8
1922 70 180 804 ‘51 15,644 8 18 5 3
1923 " 100 282 851 89 19,913 18,173 48 14 7
1924 79 136 119 63 18,179 18,725 22 22 15
1925 100 142 107 100 19,218 13,697 28 33 23
1926 106 127 79 108 19,004 14,521 24 53 45
1927 94 53 24 92 15,504 12,243 35 63 56
1928 181 89 81 158 16,212 12,022 22 i 69

1929 148 112 52 187 19,316 13,488 20 101 99
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1 Obtained by converting to 1925 base an index on 1928-24 base given in the 7932 Annual Supplement, Survey of
Current Business, p. 218. The series is said to represent from 65 to 70 per cent of the industry.

* The foundry molding machine data represent sales of single manufacturers, the hand series being of the plain
squeezer type, for use on the lighter classes of work; the power series, the squeezer and jolt-squeezer types operated by
compressed air,

8 Index of number of machines, based on shipments, 1914-19, and new orders, 191g-28. The data were compiled
by the National Machine Tool Builders’ Association, and are published in the Survey of Current Business. The
shipments were “reported by 29 firms representing about 20 per cent of the membership and believed to be fairly
typical of the industry, as standard machines and the larger firms are represented”. The data on ‘new orders’ in-
clude quantity reports “from between 50 and 6o firms, said to represent about one-third of the industry”. We have
spliced the two index numbers at 1919 and converted the resulting series to a 1925 base.

¢From 1932 Annual Supplement, Survey of Current Business, pp. 222-3; originally compiled by the Association
of Manufacturers of Wood Working Machinery from reports of its members, averaging about 2§ each month and
varying from 20 to 27. The total shipments for 1925 represented 48 per cent of the value of wood-working
machinery produced that year, according to the Census of Manufactures.

S Data from Barber-Colman Company, the sole manufacturers of these three types. Sales of the warp-tying
machine in the successive years 190413 were: 24, g1, 64, 72, 21, 35, 27, 21, 44 and 4o.

8 No data for these years.

7 No sales prior to 1917.

SAVAX A4D SATVS
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) TABLE 38 (cont.)
SELECTED MANUFACTURING EQUI?MENT; 1914-1929
IIs
(number sold in r925: roo)

CLOTH AND

GARMENT-  CRUSHING, MIXING, AND PACKING AND
WORKING FILTERING EQUIPMENT 10 -FILLING MACHINES 11
YEAR MACHINES 9 r A — - A )
SERIES SERIES SERIES SERIES SERIES - SERIES SERIES  SERIES

A B C D E F G H
1914 17 cen 4 3t 13 13 13 aen
1915 29 .. 15 46 13 1s EE
1916 89 ves 54 62 13 18 18
1917 53 12 8o 100 17 126 13
1918 46 14 96 16 . 34 130 18
1919 66 o 104 58 45 126 18
1920 74 43 174 112 44 122 13
1921 70 [ 89 38 43 56 13 ees
7922 89 43 73 44 62 52 151 12
1923 go 100 127 72 62 108 - 127 16
1924 95 57 83 52 82 8o 105 32
1925 100 100 100 100 100 100" 100 100
1926 109 114 130 121 112 104 122 100
1927 11615 100 125 118 160 ‘14 100 111
1928 14 86 144 116 212 14 100 14
1929 8815 29 158 134 191 S 14 102 14

8 Each series in this division is based on the sales of only one or two
establishments. ‘

9 The comparable figures for 1go8-13 for Series A are: 3, 5, 7, 7, 10 and 15.

10 Series B, C and D represent, respectively, a type of heavy crushing
machinery, sand mixers, and continuous filtering systems.

11 Series E, F, G and H represent, respectively, filling and capping ma-
chines for milk bottles, labeling and casing machines for cylindrical con-
tainers, bag-filling machines, and butter-wrapping and cartoning machines.

12 No sales made prior to the first year for which data are given.

18 Sales began before 1914 but data for the early years are not available.

14 Data not available for these years.

15 Estimated from value of machines of this type as reported in Census of
Manufactures.
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TABLE 38 (cont)
SELECTED MANUFACTURING EQUIPMENT: 1914-1929

I
NUMBER SOLD GLASS BOTTLE MACHINES
IN 1925: 100 P A ~
r - \ ESTIMATED
PERCENTAGE AUTOMATIC PERCENTAGE
RATIO OF PAPER-STOCK OF JARS
MACHINE-  TOBACCO- PROPORTIONING  SEMI- AND BOTTLES
MADE CIGARS PREPARING AND METER- AUTOMATICS MADE ON
YEAR TO TOTAL 16 MACHINERY 18 ING SYSTEM IN USE 20 AUTOMATICS 21
1914 .es 84 ees 22 22
19158 119 22 22
1916 . 04 - 459 22
1917 17 135 . 428 50
1918 0.1 287 eee 417 22
1919 26 887 . 2z 22
1930 4.6 219 vee . 815 22
1922 6.0 182 19 288 22
1923 7.1 177 "4 164 8o
1923 9.1 155 105 .- 130 22
1934 109 152 o5 2 9o
193§ 148 100 100 98 22
1926 22.3 182 8g 22 22
1927 28.0 71 121 26 22
1928 $2.0 123 53 22 22
1939 35.1 126 42 22 22

18 Computed from total production of cigars weighing more than g pounds
per thousand and estimated production of machine-made cigars (Ref. 47).
The ratio was 47.0 in 1g30.

17 Less than one-tenth of one per cent.

18 Five series. Sales of these types began before 1914.

10 Few or no sales made prior to 1922.

20 The number of machines in use as reported by the union, which had
practically complete control over these machines. Data for 1897-1924 from
Barnett (Ref. 3, p. 110); for 1925 and 1927 from annual proceedings of the
Glass Bottle Blowers Association. We are informed by the secretary of the
Association that by 1929 there were none in use (letter to the writer, January
23, 1934). See Ch. III, especially Table 5, for other data pertaining to
machines in the glass industries.

81 Barnett (Ref, 3), p. 85. Estimates are for production years 1g17, 1922-23
and 1924-25, respectively.

8t Data not available for these years,



TABLE 3¢

DOMESTIC SALES OF SELECTED TYPES OF FARM EQUIPMENT:
1920-1929 1

(number in thousands)

I920  Igar  I922 1923  I924 I925 1926 1927 1928 1929

Tractors 163.0 4 10126 11756 0g9.08 122.08 12647 16047 108.97 160.07
Wheel 2 4 4 464 1109 g2.2 1142 1169 1471 86.9 136.3
Tracklaying 8 4 4 8.7 4.4 4.4 4.6 6.0 8.8 12.9 19.0

Tractor-drawn equipment
Moldboard plows 122.0 247 52.4 B4.1 4047 ‘B39 66.2 7o.7 79.8 gog
Disk plows ] 22.6 6.2 7.5 74 73 107 11.2 11.8 15.9 261
Listers 2.2 b 1.3 1.0 2.5 277 6.5 8.0 8.9 4
Grain drills 8.2 9 9 4 2 5 24 5.9 9.2 158
Disk harrows 597 28 27.3 80.8 26.0 2098 89.8 398 44.8 46.0

Other power equipment

- Internal-combustion engines 216.1 11666 go6 1290 1041 1478 14157 1068 1057 111.8
Corn shellers 6.5 3.3 53 55 3.3 8.4 3. 8.7 35 387
Hay presses 4.3 1.6 2.5 2.0 2.2 1y 1.8 1.8 1.2 15
Feed grinders and crushers 52.8 15.4 46.0 495 82.5 353 41.8 874 44.4 468
Spraying outfits 107 2.2 10.7 10.4 8.0 8.8 100 11.3 119 1047
Water systems 4 4 295 20.7 585 982 g2 1012 1260 1307

. Milking machines 281 8 9.4 111 11.2 14.3 14.5 15.3 19.9 218

Other equipment 9
Combines (harvester-thresher) 2.7 2.3 1.6 1.1 1.6 8.6 6.3 11.2 180 19
Corn huskers and shredders 5.1 8.0 3.3 8.5 1.6 88 2.8 1.5 17 1.0

Potato diggers, plow type 6.8 8.2 5.1 2.6 2.5 2.6 2.7 84 85 80
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Potato diggers, clevator type 105 7.4 14.2 8.1 5.8 4.9 7.8 109 187 179
Farm elevators, portable and

stationary 10.3 6 43 7.5 4.6 7.0 6.6 7.0 11.3 110
Ensilage and fodder cutters 239 106 13.8 139 121 130 185 139 127 108
Overhead feed and litter carriers 14.3 9 68 ' 99 8.4 9.9 8.3 9.7 96 o8

1 Based upon data contained in (1) U. §. Bureau of Public Roads, Circular g12, The Manufacture and Sale of
Farm Equipment in 1920; (2) U. S. Burcau of the Census, Census of Manufactures, 19az, and annual bulletins en-
titled Manufacture and Sale of Farm Equipment, 1922-29, inclusive. Although the number of reporting concerns
varies somewhat, it is believed that each year all but a small part of the total production is included.

2Not including garden tractors and motor cultivators.

8 Not including tracklaying attachments (used to convert the wheel type to the tracklaying type). In 1926,
2,234 were sold in the United States,

¢ No data available,

8 These figures are the number manufactured, rather than sold, and probably exceed the domestic sales.

6 Includes the garden type tractor.

7Includes the garden type tractor and motor cultivators.

8 Data for domestic sales not available.

9 All power driven,

SAVIX X9 SATVS

Le¥



428 MECHANIZATION IN INDUSTRY

TABLE 40

COAL MINING: 1914-1929

UNDERCUTTING MACHINES 1 PERCENTAGE  PERCENTAGE
’ - ~ OF TONNAGE  OF BITUMI-
] PERCENTAGE MINED BY NOUS COAL
NUMBER UNDERCUT STRIPPING WITH  LOADED
IN USE BY MACHINE POWER SHOVELS 1 WITH SELF-
r A \r —A- N r - \  FEEDING
BITUMI- ANTHRA- BITUMI- ANTHRA- ANTHRA- BITUMI- LOADING
YEAR NOUS CITE NOUs  CITES CITE NOUS  DEVICES 2
1914 16,507 4 517 4 L 0.3 aea
1915 15,692 4 55.0 4 4 0.6 .
916 16,198 4 56.5 4 14 0.8 o
1917 17,235 4 555 - 4 2.5 1.0 ven
1918 18,463 176 559 2.1 2.6 14 aee
1919 18,959 4 59.2 1.9 2.4 L ¥ een
920 19,103 139 59.8 1.1 2.5 1.5 “ee
1921 19,618 114 65.6 1.1 2.3 12 aee
1922 20,436 82 63.2 1.0 19 2.4 aee
1923 21,229 * 162 66.9 14 2.7 2.1 03
1924 18,660 212 69.5 17 2.2 28 0.7
1925 17,551 159 70.6 1.6 27 3.2 1.2
1926 17,466 g0 71 . 1.2 8.0 3.0 1.8
1927 17,388 138 2.2 1.5 2.8 8.6 4
1928 15.261 193 73.8 1.8 84 4.0 2.9
1929 14,731 187 5.4 1.6 2.7 3.8 3.6

1 Data for undercutting machines and stripping operations from Mineral
Resources (Ref. 32), Pt. IL: 1923, p. 582; 1927, pp. 374-5: 1929, pPp- 751-5.

2 Computed from coal production and tonnage of coal mechanically loaded
as reported in Mineral Resources of the United States (Ref. 32) 192g, II,
701, 758-9. In 1930 the percentage ‘mechanically loaded was 5.0; in 1931,
5.9 (computed from data in U. S. Bureau of Mines Coal in 193r1), pp. 427,
451.

Mechanically loaded coal includes that “loaded by mobile machines,
scrapers, and duckbills and other self-loading conveyors” but not coal loaded
by hand-fed ‘pit-car loaders and other hand-loaded conveyors or by power
shovels in strip pits.

8 Percentage of fresh mined coal.

4 No data available.
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TABLE 41
SELECTED NON-MANUFACTURING EQUIPMENT: 1g14-1929
I

PRODUCTION OF POWER AND HEAT

A

HEAVY
INDUSTRIAL STOKERS 8
EXCAVATING (NEW ORDERS)  LOCOMOTIVE
AND GRADING ———>——— STOKERS¢ SPECIAL
r - v TOTAL (number ANNEALING
POWER NARROW HORSE-  sold in  AND DRYING
YEAR SHOVELS1 TRENCHERS2 NUMBER POWER 7925’ 100) SYSTEMSS
(number (number sold (number
sold) in 1935: 100) (thousands) sold)
1914 181 23
1915 197 36 2
1916 366 86 3
1917 431 100 [
1918 892 171 8
0919 536 aee 2,809 633 19 20
1920 641 . 2,195 g1 122 22
1931 465 ves 871 327 9 4
1933 876 aee 1,563 725 130 12
1923 1,147 14 1,464 730 179 16
1924 1,105 33 1,128 514 100 15
1935 L4 100 1,348 553 100 16
1926 [ 114 1,361 546 164 19
1927 o 109 1,374 484 s 14
1928 ¢ 82 1.490 509 ¢ 7.
1939 e 94 1,716 600 L 9

1 Power shovels of contractors’ sizes, 14 to 134 yd., of steam, gasoline and
electric types, sold by a group of manufacturers incduding g firms in 1914; 5
in 1915; 6 in 1921; 8 in 1922; and 10 in 1924. In each instance the increase
in numbers represents establishments just beginning the manufacture of
this type of shovels in the given year. The salel‘ in earlier years are:

*
1900 14 1904 45 1958 69 I912 195
1901 16 1905 49 1909 95 1913 165
1902 27 1906 45 1910 105
I903 35 1907 g0 I9rr 147

s Data from manufacturers of narrow trenchers.
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TABLE 41 (cont.)

SELECTED NON-MANUFACTURING EQUIPMENT: 1914-1929

I
AUTOMATIC TELEPHONE
SWITCHBOARDS 7 MOTORIZED STREET AND
NUMBER OF PERCENTAGE RAILWAY CATCH-BASIN
STATIONS OF TOTAL SECTION- CLEANING
YEAR SERVED STATIONS CREW CARS 8 MACHINES 9
(number sold by
(thousands) reporting manufacturers)

914 10 10 3,103 4
1915 10 10 2,971 7
1916 " 10 10 2,706 19
1917 i 10 10 2,885 22
1918 10 10 2,447 33
1919 130 17 2,735 49
1920 157 . 1.9 3634 53
1921 236 2.7 1,808 47
1922 338 3.6 2,541 33
1923 575 - 5% 3.227 68
1924 969 8.6 2,429 68
1925 1,496 124 2,596 74
1926 1,975 15.4 2,954 107
1927 2,550 18.6 2,941 104
1928 3,147 217 8,776 106
1929 4,014 26.0 4,119 10

3 From 1919 through 1922 compiled by the Stoker Manufacturers’ Associa-
tion; thereafter by the Bureau of the Census, U. S. Department of Com-
merce, and published in the Survey of Ciurfent Business and mimeographed
press releases. In the latter the data are classified as installed under fire-
tube or water-tube boilers. The series represents practically the entire in-
dustry, changes in the number of plants being due, apparently, to consolida-
tions. The 1929 compilations cover ten plants. -

4 Data from .two manufacturers. v

5Six series covering metal annealing furnaces and clay-burning kilns of
the continyous tunnel type automatic drying systems for clay products.

6 Comparable data not avd#lable for these years. .

7 The telephone data cover Bell-owned stations, as of the close of the
specified year, and are furnished by the American Telephone and Telegraph
Company.

8 From three manufacturers. The exact distribution by years of about 600
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ars sold, 1914-17, is an estimate. A relatively small number of cars used
for inspection purposes is included. Comparable data for 1911, 1g12 and 1913
are 600, goo and 2,294 respectively.
¢ Two types.
10 No data available.

TABLE 42

EQUIPMENT FOR THE COMMERCIAL PREPARATION OF FOOD
AND DRINK: 191419291

YEAR

1914
1915
1916
1917
1918
1919

1920 °

1931
1923
1923
1924
193§
1926
1937
1938
1929

(number sold by reporting establishments in r925: 100)

BOTTLE-
WASHING
MACHINES

92
102
81
66
87
121
129
7
66
46
88
100
8o

.

.

)

BREAD- AND
CAKE-MIXING
MACHINES

79
82
-86
97
98
93
100
109
114
112
102

58
63
67
65
76
85
79
100
I11
111
138
143

DISH-
WASHING
MACHINES

VEGETABLE-
PARING
MACHINES

22
19
37
33
74
61
70
53
6o
82
93
100
[
86

4

3

1The index for bottle-washing machines covers five models sold by three
manufacturers, the total number in 1925 being 548; the index for bread- and
cake-mixing machines covers the sales of two manufacturers; for dish-
washing machines, one manufacturer; for vegetable-paring machines, six
models sold by two manufacturers.
2 On market prior to 1018, but data not available,
8 Sales in this series began before 1914 but are available only for 191g-29.
¢ No data available for these years.
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TABLE 43

NUMBER OF ELECTRIC HOUSEHOLD APPLIANCES SOLD, BY
SELECTED TYPES: 1923-19301

(thousands)

ELECTRIC APPLIANCE 1923 1924 1925 1926 1927 11928 1929 1930
Irons 2,250 82,750 3,000 3,000 3,000 3,150 2,363
Vacuum cleaners 1,006 go4 958 1,065 1,195 1,219 1,253 978
Washing machines 2 554 612 ‘733 844 490 810 g56 8oz
Ironing machines 50 8 40 6o 68 92 126 100
Sewing machines 625 8 170 200 350 380 399 319
Floor polishers 8 8 ro Qo 47 49 53 33
Dishwashers 3 8 4 7 9 10 12 15

1 Except where otherwise stated, the estimates in this table are compiled
from the issues of Electrical World for March 1, 1924, p. 461, and April 2,
1927, p. 736, and of Electrical Merchandising for January 1927, p. 77; 1928,
P- 70; 1929, p. 62; 1930, p. 52; and 1931, p. 22. The data for vacuum clean-
ers were originally compiled by the Vacuum Cleaner Manufacturers® Associa-
tion.

2 According to a letter from the American Washing Machine Manufactur-
ers’ Association, Februafy 23, 1928, the sales of the electric washing machine
industry in the United States and Canada were 566,000 in 1920; 289,000 in
1921; and 423,000 in 1g22. They also report the number of engine-driven
washing machines (in thousands) as follows:

1920 58 1922 20 1924 17 1926 67
192r 16 1923 20 925 36 1937 8y

8 No data available.

TABLE 44

NUMBER OF USERS OF ELECTRIC HOUSEHOI_.D APPLIANCES, BY
SELECTED TYPES: 1924-19301

(estimates as of December 31, in thousands)

ELECTRIC APPLIANCE 1924 1926 1927 1928 1929 1930
Irons 10,200 12,800 15,300 17,700 18,538 20,001
Vacuum cleaners 5000 K900 6828 7500 8,600 9,086
‘Washing machines 3,500 4,250 5,000 5735 6,585 7,185
Ranges 268 480 590 725 875 1,000
Cookers 2 750 950 1,050 1,175 2
Ironing machines 210 280 848 480 580 680

1 Compiled from the files of Electrical Merchandising and supplements,

1925 to 1931.
2 No data available.
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TABLE 45

PERCENTAGE OF WIRED HOMES EQUIPPED WITH SPECIFIED
ELECTRIC APPLIANCES: 1924-301

(estimates as of December 31)

ELECTRIC APPLIANCE 1924 19262 1927 1928 1929 1930
Irons 770 8o0.0 87.0 93.0 94.0 97.8
Vacuum cleaners 377 87.1 38.8 40.7 43.6 44-4
Washing machines 26.4 26.7 28.4 30.2 834 $5.1
Ranges 2.0 8.0 34 3.8 4.4 4.8
Cookers 8 4 5.4 55 59 3
Ironing machines 1.6 1.7 2.0 2.5 2.9 3.3

1 Compiled from the files of Electrical Merchandising: February 192z
(supplement); January 1928, p. 71; January 1929, p. 63; January 1930, p. 53; -
and January 1931, p. 24.

3 The year 1925 is omitted because the available data do not appear to
be comparable with the data for the other years.

8 No data available.

TABLE 46

HANDLING EQUIPMENT, MOBILE TYPES: 1gi4-1929

LUMBER
ELECTRIC CARRIERS
INDUSTRIAL PORTABLE SELF-FEED- AND
MOTOR TRUCKS TRUCKS AND CON-  ING WAGON  PILERS 5
—————y TRACTORS,8 VEYORS LOADERS# (NUMBER
NUMBER DOMESTIC (NUMBER SOLD SOLD BY
PRODUCED  REGISTRA-  SHIPMENTS BY REPORTING REPORTING
YEAR INTHEU.S.1 TIONS 2 (NUMBER)  FIRMS IN 1925: 100) FIRMS)
1914 25,375 85,600 200 20 4 3
1915 74,000 136,000 350 23 16 16
1916 92,130 215,000 750 25 81 24
1917 128,157 826,000 1800 46 51 9
1918 227,250 525,000 1800 106 54 18
1919 275943 794372 1300 88 78 46
1930 321,789 1,006,082 1914 119 111 47
1911 143,712 1,118,520 351 6o 67 23
1922 269.991 1,875,725 793 9t 88 54
1933 409,295 1,612,569 1340 100 125 139

1934 416659 2,134,724 849 103 o8 99
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TABLE 46 (cont.)

HANDLING EQUIPMENT, MOBILE TYPES: 1914-1929

LUMBER
ELECTRIC CARRIERS
. INDUSTRIAL PORTABLE SELF-FEED-  AND
MOTOR TRUCKS TRUCKS AND CON- ING WAGON . PILERS 5
r - Y TRACTORS,3 VEYORS LOADERS% (NUMBER
NUMBER DOMESTIC (NUMBER SOLD SOLD BY
PRODUCED  REGISTRA-  SHIPMENTS  BY REPORTING  REPORTING
YEAR INTHEU.S.1  TIONS 2 (NUMBER) FIRMS IN 1g25: 100) FIRMS)
1925 530,659 2,440,854 1312 100 100 109
1926 516,047 2,764,222 1317 107 125 136
1927 464,793 2,014,019 1129 104 113 112
1928 543,342 3,113,999 1321 95 82 160
1929 771,020 8,379,854 1857 101 8o 156

1 Survey of Current Business, June 1927, p. 22, and 1932 Annual Supple-
ment, pp. 274-5. The figures for 1g22-29 include foreign assemblies.

2 Registrations from Ref. 19, 1931, p. 16.

8 Data for 1914—19 are rough estimates based on reports from establishments
producing about 50 per cent of the total number in 1gzo. It is assumed that
the fraction produced by these establishments decreased gradually from 1914
to 1g20. Data for 192024, from the Industrial Truck Association; for sub-
sequent years, from press releases of the U. S. Department of Commerce, based
upon reports from the g to 11 leading manufacturers. Similar estimates for the
successive years 1go6-13 are: 5, 10, 10, 25, 45, 75, 130, 200.

4 Three models, comprising the major portion of the industry. These ma-
chines pick up loose material such as sand, gravel.or snow and convey it to the
box of wagon or truck.

5 Four models, gasoline and electric types. The total number sold to 1g2a.
inclusive, was 1,151. '



YEAR

1920
1921
1923
1923
1924
1925
1926
1927
1928
1929

TABLE 47
HANDLING EQUIPMENT, FIXED AND SEMIMOBILE TYPES: 1920-1929

(annual value in thousands of dollars)

ELECTRIC ELECTRIC
INDUSTRIAL MINING
ELECTRIC ELECTRIC LOCOMOTIVES 8 LOCOMOTIVES 3
HOISTS OVERHEAD CRANES 2 STORAGE STORAGE

(NEW ORDERS) 1 SHIPMENTS NEW ORDERS TROLLEY BATTERY TROLLEY BATTERY

3,194

1,590 6,893 2,708 vee

1,590 8,796 6,898 e aee veu

2,118 10,567 9,168
1,673 0,420 8,900
2,016 9,742 10,770 v e s e
1,920 11,722 11,688 286 805 $,210 752
1,620 9,308 7,976 190 829 2,867 8op
2,448 7,126 7,598 796 436 1,718 518
$,102 12,200 14,619 1,344 267 2,720 806

vised figures as probably more comparable with the data for the years prior to 1g25.

1932 Annual Supplement, pp. 218-19.

INSTALLED
HANDLING
SYSTEMS,
SAMPLE &
(VALUE IN
1925: 100)

114

- 26

68

81

82

100

119

95

143

129

1 Compiled by the Electric Hoist Manufacturers’ Association from the reports of nine firms. Data for 1g25—g0 in
Survey of Current Business, August 1929, p. 42, and February 1931, p. 26. Issues of the Survey since March 1931
have carried revised and larger figures for this series, without explanation of the revision. We have used the unre-

2“Compiled by the Electric Overhead Crane Institute, from reports of eleven manufacturers, estimated to cover
g8 per cent of the output of electric overhead cranes for factories, etc.” Published in Survey of Current Business,

SAVIX X9 STTIVS

agy



8 Shipments as reported to the U. S. Department of Commerce by ten firms, comprising practically the entire
industry. Mimeographed press releases, March 2, 1929 and January 17, 1930. Number of locomotives also given.
In 1929, there were shipped 56 industrial locomotives of the trolley type and 13 storage battery type; 468 mining
locomotives of trolley type and 288 storage battery.

4 Based on reports from a small number of firms, whose total installations ranged from $1,500,000 to $2,000,000
in the peak years. The effect of changes in the list of reporting firms has been eliminated so far as possible by con-
structing the index from year-to-year percentage changes in installations of identical firms. ’
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APPENDIX B
ESTIMATES OF THE EXTENT OF USE IN
THE UNITED STATES OF SELECTED
LABOR-SAVING DEVICES

Explanation of abbreviati and footnote references
MD = Data furnished by one or more manufacturers of the specified
device and believed to be exact or approximately so
ME = Estimates by one or more manufacturers of the specified equip-
ment and believed to be reasonably accurate
MRE = Estimates by one or more manufacturers of the specified equip-
ment and believed to have a wide margin of possible error
RE = Rough estimate
T = Based upon data given in the specified table in this report or in
’ the sources from which it was prepared
The numbered references are to footnotes to the respective tables, with the
exception that those prefaced with ‘Ref.’ refer to the serially numbered
bibliography in Appendix D.

TABLE 48
AGRICULTURE

I. GENERAL PURPOSE EQUIPMENT
EXTENT OF USE IN THE UNITED STATES, YEAR TO WHICH

TYPE ESTIMATE APPLIES AND SOURCE OF INFORMATION

1920 1930

Motor trucks Number on farms 1 139,169 900,385
Percentage of farms reporting

trucks 20 134

Automobiles Number on farmst 2,146,362 4,134.675
Percentage of farms reporting

~ automobiles 30.7 58.0

437
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TYPE

Tractors

Stationary gas
engines

Electrification

TABLE 48 (cont.)

AGRICULTURE

I. GENERAL PurrosE EQUIPMENT (cont.)

MECHANIZATION IN INDUSTRY

EXTENT OF USE IN THE UNITED STATES, YEAR TO WHICH
ESTIMATE APPLIES AND SOURCE OF INFORMATION

'

Number on farms 1
(1925 505.933) ¢

Percentage of farms reporting
tractors

Domestic sales of tractors, 1922—=9,
(for both agricultural and in-
dustrial uses): all types, g91,000;
tracklaying type, 64,000.5

Percentage ratio of value of tractors
to all farm equipment sold in
1929, 339 (T. 6)

Number on farms 1

Percentage of farms reporting
gas engines

Total domestic sales, 192029,
1,270,309 (sales in- 1921 not
known but estimated as equal
to the number produced, T. 39)

Electric motors on farms

Percentage of farms reporting
electric motors

Farm dwellings lighted by electric-
ity (including those lighted by
gas in 1g20): 3

Number
Percentage

In 1931, of approximately '¥,000,000
farms using electricity, . 644,500
had high-line service, and be-
tween 800,000 and 400,000 had

1920
246,083

‘3.6

452,620
7.0

independent or unit farm-light-

ing plants (Ref. 24, p. 449)-

Of a group of farms surveyed in
192526, 23 per cent had sta-
tionary engine power, 28.5 per
cent had electric power available

1930
920,021

13.5

1,131,108

150

386,191

841,310
134



TYPE

TYPE OF

EQUIPMENT

Tractor-drawn
plows

Tractor-drawn
disk harrows

Harvester-
thresher
combines

Tractor-drawn
binders

Small-size
threshing
machines
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TABLE 48 (cont.)
AGRICULTURE

I. GENERAL PURPOSE EQUIPMENT (cont.)

EXTENT OF USE IN THE UNITED STATES, YEAR TO WHICH
ESTIMATE APPLIES AND SOURCE OF INFORMATION

and 16 per cent of the reporting
farms without electricity were
within one mile of a transmis-
sion line (T. 51).

II. SoIL PREPARATION AND GRAIN HARVESTING

EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIES
AND SOURCE OF INFORMATION

Total domestic sales (for use in the U. $.), 1920—29:
moldboard, 655,319; disk, 126,822 (T. 39).

Percentage of total value of moldboard plows sold
which are tractor-drawn (1929) 66; of disk plows,
83. No pronounced trend in these ratios (T. 6).

In 1928 on 25 per cent of Illinois farms surveyed most
of the plowing was done with tractor-drawn plows.2

Total domestic sales (1920-29) 371,518 (T. 39).

Percentage ratio to dollar value of all disk harrows
sold (1929) 60. No pronounced trend in this ratio.

28 per cent of Illinois farms had tractor-drawn disk
harrows in 1928.2

Total number, domestic sales (1920-29), 68,013.

Percentage ratio to dollar value of all harvesting
machinery sold (1929), 51.g. Sharp increases in this
ratio in 1926, 1927 and 1928.

Estimated that go per cent of wheat acreage in
Kansas was harvested with combines in 1926.8

Used on only o.2 per cent of Illinois farms (1928).

13 per cent of Illinois farms used tractor-drawn bind-
ers in 1928; 62 per cent used the horse-drawn type.2

On 63 per cent of lllinois farms (1928) threshing was
hired, but 11 per cent of threshing machines were
farmer-owned, 47 per cent of these being 28-inch
cylinders or less (most of which can be powered by
tractors sufficiently small for field work). 88 per
cent of separators sold in 1929 were 28-inch or less,
as compared with 73 per cent in 1921,
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TYPE OF
EQUIPMENT
Tractor-drawn. -
listers

Tractor-drawn
cultivators

Motor
cultivators

Rotary hoes

Multiple-row
corn planters

Mechanical
corn_pickers

Corn huskers and
shredders
(usually belt-
driven at barn)
Cotton sleds
and pickers

Potato diggers

TABLE 48 (cont.)
III. Row Crops

EXTENT OF USE, YEAR TO WHIGH ESTIMATE APPLIES
AND SOURCE OF INFORMATION

Total number, domestic sales, 1920-29, over 37,000.

Percentage ratio to dollar value of all listers sold:
14.2 in 1920; 34.9 in 1928. Sharp increases in this
ratio in 1926, 1927 and 1928 (T. 6).

Percentage ratio to dollar value of all cultivators sold:
16.6 in 1929. Sharp increases in this ratio in 1927,
1928 and 1g29.

Not extensively used. It is estimated that most of the
cultivation was done with motor cultivators on
only 0.7 per cent of Illinois farms in 1928.2

Use relatively small but increasing. Domestic sales in
192g Were 14,504.

Used for most of the cultivation on 4.3 per cent of
Illinois farms in 1928.

Use of more than two-row planters limited. For ex-
ample, in 1928, 87 per cent of Illinois farms had
two-row planters; 0.2 per cent, three-row; and o.o2
per cent, four-row. )

Use small but increasing. Domestic sales of mechani-
cal picker-huskers totalled 25,381 in 1927—29. In
1928, they were in use on 11,000 Illinois farms or
4.9 per cent of farms over 50 acres.

Practically all power. Sales stationary or declining
(T. 89). Used on 9.4 per cent of Illinois farms in
1928.

Cotton sleds used for a portion of the crop in western
Texas and Oklahoma in late ’twenties, especially
when prices were low. )

Also there has been some experimental use of me-
chanical cotton pickers.

Total domestic- sales, 1g20-29: plow type, 35.343:
elevator type, 91,130.



TYPE OF
EQUIPMENT
Milking
machines

Cream
scparators

Water
systems

Overhead feed
and litter
crriers

Power hay
presses

Power feed
grinders and
crushers

Ensilage and
fodder cutters

Power corn
shellers

Power spraying
outfits
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TABLE 48 (cont.)
IV. Stock AND DAy FArRMING

EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIES
AND SOURCE OF INFORMATION

Total domestic sales (1920-2g), 188,415, assuming
domestic sales in 1921 were the same as the number
manufactured (T. 39).

In use on 3.1 per cent of Illinois farms of over 30
acres (1928), and on g per cent of Wisconsin farms
(1928).8 Sampling surveys found milking machines
on 10 per cent of 204 farms in southeastern Pennsyl-
vania; on 23.6 per cent of 318 farms in northeastern
New Jersey (1930-31); on =23.2 per cent of 414
farms in Grafton County, N. H. (1930); on 345
per cent of 863 farms in Connecticut; and on 50.6
per cent of 83 farms in Coos County, N. H. (1931).6

Percentage ratio of value of power-driven separators
to value of all cream separators sold (1928), 7.4
(T. 6). No distinct trend in this ratio, 1g22-28.

Total domestic sales (1922-28), 655,976, mostly power
operated.

Percentage of farms with water piped into the dwell-
ing house: 10.0 in 1920; 15.8 in 1930.

Percentage of farms in Wisconsin with running water
in barns (1927), 308

Mechanically operated water systems on Illinois farms
(1928): electric on 5.7, gas engine on 12.2 and wind-
mills on 16.1 per cent of the number of farms.2

Total domestic sales (1g20-2g), 87.528.

Constituted 71 to 84 per cent of value of all hay
presses sold, each year 1920~29. No marked trend.
Total domestic sales (1920-29), 401,539. In value, over

go per cent of all feed grinders sold. No distinct
trend.
Total domestic sales (1920-29), 187.993-

83 per cent of all corn shellers sold (1929) were
power-driven. No trend in this ratio, 1920-29.

Percentage ratio of power type to total value of all
spraying outfits sold (1929), 69.0. No marked trend.
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TABLE 48 (cont.)

IV. Stock AND DAIRY FARMING (cont.)

TYPE OF EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIES
EQUIPMENT AND SOURCE OF INFORMATION
Farm elevators,
portable and Total domestic sales (1920-29), 70,244.
stationary

1U. S. Bureau of the Census, r5th Census of the U. S., 1930, Agriculture,
Vol. II, Pt. 1.

2 All data given for Illinois in Table 48 are from mimeographed report
of estimates based on a survey made by A. J. Surratt and R. K. Smith,
Illinois Farm Equipment Survey, and are for 1928.

8 All data for Wisconsin in Table 48 are from Bulletin No. go, U. S.
Department of Agriculture and Wisconsin Department of Agriculture,
Wisconsin Agriculture—A Statistical Atlas, 1926-27.

¢ U. S. Bureau of the Census, Census of Agriculture, 1925.

5 Based upon data in Table g9 or given in the sources listed in footnote 1
thereto. Unless otherwise specified, the sales data in Table 48 are in terms of
the number of machines sold for use in the U. S.

8 U. S. Department of Agriculture, Yearbook of Agriculture, rgja.

7 Comparable data for 1920 not available.

TABLE 49
EXCAVATING AND HIGHWAY CONSTRUCTION 1

EQUIPMENT EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIES
OR PROCESS AND SOURCE OF INFORMATION
Power shovels, Widely used in excavation for buildings and in deep
contractors’ cuts for highway grading.
sizes Number sold, 1goo-13, by 2 leading manufacturers,
(14—134 'yds.) 1,097 191424, by 3 to 10 manufacturers, 6,337
(MD).

Total production in census years 1925, 1927 and 192g:
$102,063,000 (T. 13).-

Trenching Large ditching almost entirely a machine process.

Total production of trench excavators in 1925, 1927
and 1929: $9,068,584 (T. 13).

Narrow trenchers for pipe lines, gas mains, telephone
conduits, etc., relatively new. 1,089 machines sold
by leading manufacturers, probably representing at
least 50 per cent of the industry, 1923-29. By 1925
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TABLE 49 (cont)
EXCAVATING AND HIGHWAY CONSTRUCTION t
EQUIPMENT EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIES

OR PROCESS AND SOURCE OF INFORMATION

about 30. per cent of work for which they are
adapted was handled by these machines; by 1929,
about 70 per cent (MRE).

Central propor- In general use on larger highway jobs by 1925, as a
tioning plants substitute for wheelbarrow proportioning at point
of construction (Ref. 20-a).
Subgrader, in Introduced in 1g20. In 1926 in use on 8o to go per
highway con- cent of larger jobs, where its use is most clearly
struction advantageous (MRE).

In use on 79 per cent of those construction operations
inspected in 1925 where the subgrader was feasible
(Ref. 20-a).
Machine finishers Used on 8o to go per cent of larger jobs (1926, MRE).
on cement high- In use on 84 per cent of 1925 field inspections (Ref.
way construction 20-a).

1 For further detail concerning sales of selected types of excavating ma-
chinery, see Tables 13 and 41.

TABLE 50
SELECTED HOUSEHOLD APPLIANCES1
EQUIPMENT EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIES
OR PROCESS AND SOURCE OF INFORMATION
Availability of power Number of wired homes, December 1930,
(see also Table 48, I) 20,438,774, with 70.5 per cent of the total
population in dwellings with electric current.2
Laundering
Electric washing 7,185,000 users, December 1930; in 85 per cent
machines of wired homes (T. 44 and 45).
Gasoline-power Number sold, 1920527, 318,000 (T. 43, foot-
washing machines note).
Electric irons Users, December 1930, 20,000,000; in g8 per
cent of wired homes (T. 44 and 45).
Electric ironing Users, December 1930, 680,000; in 3.3 per cent
machines (flat work) of wired homes (T. 44 and 45).
Stationary Percentage of dwellings equipped, 1925—26:

laundry tubs urban, 28; rural, 6 (T. 51).
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TABLE 50 (cont.)

SELECTED HOUSEHOLD APPLIANCES1

EQUIPMENT
OR PROCESS
House cleaning

Electric vacuum

cleaners
Electric floor
polishers

Sewing

Food preparation
Electric
dishwashers
Electric cookers
Electric ranges
Electric

refrigerators -
Bread mixers

Heating

EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIES

AND SOURCE OF INFORMATION

Users, December 1930, 9,086,000; in 44.4 per
cent of wired homes (T. 44 and 43).

~ Number sold, 1925—'30, 822,000 (T. 43).

Electric sewing machines, number sold, 1g25-30,
1,818,000 (T. 43).

In 1925-26, 4 per cent of urban and 2 per cent
of rural reporting homes had electric ma-
chines; 8o per cent of rural homes had hand
or power type (T. 51, note).

Number sold, 1g25-30, 57,000 (T. 43); in 1925
used in less than one per cent of urban homes
(T. 51).

Users, December 1929, 1,175,000; in 5.9 per cent
of wired homes (T. 44, 45).

Users, December 1930, 1,000,000; in 4.8 per cent
of wired homes (T. 44, 45).

Users, December 1930, 2,625,000; in 12.8 per
cent of wired homes.4

Percentage of reporting farm homes equipped,

1926, 8.9 (WCS).8

Estimated number of oil burners in homes,
1928, 600,000 to 650,000.8

Sales of mechanical stokers of the residential
type totalled 6,915 in 1931, 6,783 in 1932 and
9,507 in 1933.8

1 For further detail concerning the extent of use of household appliances,
see Tables 43, 44, 45 and B1.

2 Electrical World, January 3, 1g31.

8 WCS = Women's Club Survey (see T. p1).

4 Electrical Merchandising, January 1931, pP. 24.

5 Letter to author from H. F. Tapp, Assistant Secretary, American Oil
Burner Association, March 12, 1928.

6 U. S. Department of Commerce press release, Mechanical Stokers, Decem-

ber, 1933.
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TABLE §1

445

PERCENTAGE OF RURAL AND URBAN HOMES EQUIPPED WITH
SPECIFIED LABOR-SAVING DEVICES

(based on a sampling survey made in 1925-1926)1

TYPE OF EQUIPMENT
Electricity available
Central station service
Individual plant
Electric or gas lighting
Laundry equipment
Electric washing machines 8
Hand washing machines
Other power washing machines
Electric irons
Gas irons
Flat-work ironers
Laundry tubs
Vacuum cleaners, electric8
hand
Sewing machines, electric3
foot
Electric dish washers
Heating, furnaces other than oil
oil-burning furnaces
Water and sanitary equipment
Water piped to house
Stationary kitchen sink
Stationary wash bowl
Stationary bath tub

PERCENTAGE OF REPORTING HOMES

EQUIPPED WITH SPECIFIED
DEVICE
RURAL URBAN
19.6 3
8.9 2
30.6 87.0
131 23.0
17-5 2
11.7 2
20.3 63.6
74 2
2 19
6.0 28.3
9.1 34.6
8.4 2
2.0 4.0
72.1 2
2 0.5
12.9 468
2 1.8

47.2
333
16.3
21.3

839
71-3
68.3

1 Based on mimeographed reports of surveys made under the direction of
the Industrial Survey and Research Service for the General Federation of
Women's Clubs, one covering urban home equipment (1925-26), the other

farm home equipment (1926).
2 No information given.

8 Of the rural homes for which reports -on washing machines were
obtained, 44.3 per cent in all had some type of washing machine, though
only 42.3 per cent specified whether the machines were hand, electric or
other power. Likewise, ‘the percentages -for vacuum -cleaners and - sewing
thachines, irrespective of whether hand or ‘eléctric types, were 18.3 and 8o.1.
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TABLE 52

HANDLING EQUIPMENT

EQUIPMENT

Electric industrial
trucks and tractors

Gasoline tractors
in industrial use
Lumber carriers and
pilers, electric
and gasoline

Portable conveyors

)
Portable elevators or
tiering machines, hand
and power

Hand lift trucks

Motor trucks

Self-feeding wagon or -

truck loaders for

I. MoBIiLE TYPES

EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIES

AND SOURCE OF INFORMATION

Shipments, domestic, 1914—29, 19,742 (T. 46).

Number in use, June 1928, 14,103, including
2,133 tractors (T. 12).

Leading wusers: metal products, marine and
railway terminals, iron and steel mills, auto-
motive industries (T. 11).

Used in one-fourth to one-half of potential
market (MRE, 1926).

About 50,000 to %0,000 sold for non-farm uses
by 1926 (MRE).
Total number sold,

1,151 (MD).

In the Northwest, used for probably 75 per
cent of lumber cut and by go per cent of
mills where use is feasible. Probably used for
65 per cent of Iumbering in South and on
West Coast (MRE, 1929).

Use in large wholesale and retail yards increas-
ing rapidly.

Number of users, 1929, about 11,000 (MRE).

Estimated percentage of total work for which
they are adapted actually done with aid of
these machines: 1920, 15; 1925, 30; 1929, 40
(MRE), o

Widely used in such industries as wholesale
paper, large newspapers, oil in barrels, etc.
for from 15 to 2o years. One firm sold over
2,000 (1921-25); peak in sales 1917-20 (MD).
Increasing demand for power types.

Estimated 30,000 'users, or 50 per cent of
.potential market (MRE, 1926).

four models, 191429,

. 'Registrations, 1929, 3,380.000. Number produced

in the United States, 1914-29, 5,211,000 (T.
46). -

. Use in bituminous coal mines small but in-

--creasing; 3.6 per cent of output so handled
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TABLE 52 (cont.)

HANDLING EQUIPMENT

EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIES

EQUIPMENT
handling loose
materials in piles

AND SOURCE OF INFORMATION

in 1929 (T. 40). Percentage ratio of actual
to potential use in fields for which its prac-
tical feasibility had been demonstrated: 1gzo,
10; 1925, 40; 1930, 25. The 1930 decline arises,
not from less extensive use, but from a
widened field as the machine was improved
(MRE, 1930). Over 3,000 of 3 models sold,
191429 (MD).

II. FIXED AND SEMIMOBILE TYPES

EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIES

EQUIPMENT
Electric hoists

Electric overhead
cranes

Cupola charging hoists,
for foundries

Electric locomotives
(See also Table 53)

Installed handling
systems

AND SOURCE OF INFORMATION

About 44,300 sold, 1920-29.2 Dollar value of
new orders, 1920-29, g firms, over $21,000,000.

Shipments and new orders, for about g8 per
cent of total output, each over $80,000,000,
1921-29. Peak in 1929 (T. 47)-

In use in a small proportion of work for which
suitable (MRE, 1926).

Shipments, 1926-29, by 10 firms, representing
the bulk of the industry (T. 47):

For industrial use
Trolley type, aggregate value $2,600,000
Storage battery type, aggregate value

$1,300,000,

For mining use
Trolley type, aggregate value $10,500,000
Storage battery type, aggregate value

$2,900,000.

Installations by 3 reporting firms, chiefly in the
automotive and tire industries, totalled
$6,800,000, 1g922—25 (MD).

Not over 25 per. cent of potential market for
package conveyors equipped (MRE, 1926).

For conveyors of all types, see T. 13.

1Letter to author from Secretary of Electric Hoist Manufacturers’ As-

sociation, March 10, 1930.
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PROCESS
Bituminous coal
Stripping

Undercutting

Loading into
mine cars

Drilling
shot holes

Underground
haulage

' Cleaning

TABLE 58

COAL MINING

EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIES

AND SOURCE OF INFORMATION

Percentage of total tonnage produced by strip-
ping with power shovels: 1.5 in 1920; 3.8 in
1929, varying from below 1 per cent in some
Pennsylvania counties to 100 per cent in
‘Wallacé County, Georgia (Ref. 32).

Percentage of total tonnage undercut by ma-
chine: 59.8 in 1920; 75.4 in 1929 (T. 40).

Percentage of tonnage of underground mines
undercut by machine varied, in 1929, from
2.1 in Texas to 97.9 in Michigan (Ref. g2).

Percentage of total tonnage loaded with self-
feeding loading devices: o.3 in 1923; .6 in
1929; 5.9 in 1931 (T. 40).

Percentage handled on pit-car loaders and
hand-loaded conveyors: g.5 in 192g.

Percentage of product of underground mines
foaded by machine varied in 1929 from 0.8
in Kentucky to 39.9 in Wyoming (Ref. 32).

Power drilling of shot holes with portable elec-
tric drills being rapidly introduced (Ref. 32,
1928, Pt. II, p. 482). '

In a2 sample group of 100 mines surveyed in
1929, 94 were using electric or compressed-
air drills (Ref. 2, pp. 122-24).

“Mines equipped with one or more electric
locomotives now supply 85 per cent of the
output, -and 83 per cent is produced by,
mines in" which even the gathering is done
electrically and no animals whatever are em-
ployed” (Ref. 32, 1928, Pt. II, pp. 481-2).
In 1925 percentage of deep-mined bituminous
coal moved by animal haulage only, 12.0;
locomotives only, 34.1; locomotives and ani-
mal haulage, 539 (U. S. Bureau of Mines,
Coal in 1925, p. 445).

Percentage of total tonnage cleaned mechani-



Anthracite coal
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TABLE j3 (cont.)

COAL MINING

EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIES

AND SOURCE OF INFORMATION

ally by wet washing or pneumatic methods:
3-3 in 1920; 6.2 in 1929 (Ref. 32).

Percentage mined by stripping with power
shovels: 2.5 in 1920; 2.7 in 1929 (T. 40).

Percentage of tonnage undercut by machine:
1.1 in 1920; 1.6 in 1929.

Percentage mechanically loaded: about 3 in
1928 (Ref. 2, p. 47).

Tonnage cleaned mechanically: very large, and
additional mechanical cleaning facilities total-
ling almost 8,200 tons per hour were under
construction in 1929 (Ref. 32).

TABLE 54

OTHER NON-MANUFACTURING INDUSTRIES

EQUIPMENT
OR PROCESS

Adding and calculating

machines
(See also T. 7)

Motorized railway

section-crew cars

Street cleaning

Automatic equipment
in the commercial
preparation of food

EXTENT OF USFE, YEAR TO WHICH ESTIMATE APPLIES

AND SOURCE OF INFORMATION
Number manufactured by princpal manu-
tacturers to March 19281

Full keyboard types 1,707,400
10-key keyboard types 326,500
Miscellaneous non-listers 814,000

Number sold by g makers, 1914-29, 49,727
(MD). In 1927, approximately 55,000 were in
use, representing about 83 per cent motori-
zation of railway section cars (special inquiry
by makers). Used in practically all cases
where conditions are suitable.

Motorization increasing. Over 700 of one type
of motorized sweeper sold, 1914-28, with
highest sales in 1926-28 (MD).

Sales of mechanical catch-basin cleaners, 1922-
28, reached peak in 1928 (MD).

Bottle-washing machines have long been used.
Sales of 5 models totalled 6,348 in 1914-26
(MD).
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TABLE 54 (cont.)

OTHER NON-MANUFACTURING INDUSTRIES

EQUIPMENT

OR PROCESS
Note:. in ‘these estimates
of use, an estimated total
of 8,500 hotels over 50
rooms in size, and 120,000
restaurants, is taken as
‘100 per cent, as of 1928 2

Coal stoking

Automatic signals. at
railway grade crossings

Retail merchandising
. by coin device.
vending machines

EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIES
AND SOURCE OF INFORMATION
Dish-washing machines extensively used; in
about 50 per cent of the larger hotels and 20
per cent of restaurants in 1928 (RE). Total
number sold, 191829, about 44,000, with
heaviest sales in 1929 (MRE). Aggregate pro-
duction of dish-washing machinery in the
census years 1925, 1927 and 1929: $6,915,500

(T. 8).

Dish-drying machine, for blowing water off
dishes, just entering commercial marketing in
1926 (MD).

Vegetable peelers: used in about 4o per cent of
the larger hotels and 15 per cent of restau-
rants (RE). Total sales of 2 makers, 1914-27,
over 16,500, power and hand types (MD).

Slicers used in about 6o per cent of the larger
hotels and 3o per cent of restaurants (RE).

Fruit-juice extractors used in 25 per cent of the
larger hotels and 3o per cent of restaurants
(RE). ,

Dough mixers used in about 45 per cent of the
larger hotels and 2o per cent of restaurants
(RE). Total sales of 2 makers, 191g—29, over
54,000, with peak in 1927 (MD).

Heavy industrial mechanical stokers: total new
orders, 1919-2g, over 17,000, with 6,412,000
horsepower (T. 41).

Locomotive stokers: sales of 2 makers, 1g22-26,
over 5,000 (MD). ‘

Steam grate shakers: introduction began in 1914
and was rapid in 1916-20.

“Automatically controlled crossings constituted
61.3 per cent of all protected grade crossings
in 1930” (Ref. 61, p. 1,050).

Value of vending machines produced in the
census years 1919 to 1929: $27,971,000 (T.8).

“It is said that 25 million dollars worth of
cigarettes are sold through coin machines
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TABLE 54 (cont.)
OTHER NON-MANUFACTURING INDUSTRIES

EQUIPMENT EXTENT OF USE, YEAR TO WHICH ESTIMATE APPLIFS
OR PROCFSS AND SOURCE OF INFORMATION

each vyear; that Automat restaurants feed
500,000 people a day in New York, Philadel-
phia and other cities: that there are 10,000
handkerchief vending machines in the United
States; and it is well known that hundreds
of millions of pieces of gum and candy are
sold in this way.” 2

1 Estimates made available by courtesy of Equipment-Research Corpora-
tion, Chicago, publishers of The Business Machines and Equipment Digest.

2 Rough estimates of extent of use suggested by J. O. Dahl, Manager,
Service Department, Ahrens Publishing Company, Inc, in letter to the
author, February 23, 1928.

sL. D. H. Weld, The Cost of Marketing, Taylor Society Bulletin, April
1933, pp. 26-30-

TABLE 35

MANUFACTURING INDUSTRIES

) ¢
EQUIPMENT EXTENT OF USE, YEAR TO WHICH ESTIMATE
OR PROCFSS APPLIES AND SOURCE OF INFORMATION
Glass manufacture 98 per cent of window glass was machine-made

in 1926 (Ch. III, footnote 39).

go per cent of bottles and jars were made on
automatics in 1924 (T. 38).

g5 per cent of electric light bulbs were made
by automatic processes by 1926 (Ref. 36, p.

6).

Continuous kilns in Used in the production of approximately 50
clay products per cent of high-grade clay products, but for
industriés only § to 5 per cent of crude clay products

(MRE, 1929).

Automatic cigar Used by most or all large cigar manufacturers

machines ’ (ME). Over 4400 machines installed or

ordered by principal manufacturers, 1918-29.
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TABLE 55 (cont.)

MANUFACTURING INDUSTRIES

EQUIPMENT
OR PROCESS

Automatic paper-stock
proportioning and
metering system, in
paper mills

Continuous filters, in
place of the inter-
mittent type, for
separation of liquids
and solids

Garment pressing ma-
chines, used in gar-
ment manufacturing
and by tailors in
pressing

Metal and wood-
working equipment
Blast furnaces

«Machine tools

‘Wood-working
machines

Electric portable
drills and valve
grinders

I

EXTENT OF USE, YEAR TO WHICH ESTIMATE
APPLIES AND SOURCE OF INFORMATION

35 per cent of cigars were machine-made in
1929 (T. 38).

In use for about go per cent of newsprint pro-
duction, as a substitute for the intermittent-
batch method (1929, ME). Most new mills
equipped.

Used for from 50 to 70 per cent of materials
in beet sugar factories and 100 per cent in
wood-pulp mills (1928, ME), and for from
20 to g0 per cent of materials in the heavy
chemicals industry (MRE). Over 5,000 sold
by 1929.

Probably over 100,000 sold 1921-29 (author's
estimate, based upon data for a substantial
fraction of the industry). Aggregate value of
machines produced in 1925, 1927 and 1929
was $24,702,800 (T. 8).

81 per cent of output of merchant blast fur-
naces and 85 per cent of all pig iron not
delivered molten was machine-cast- (1927, T.
86); and g1 per cent of merchant blast fur-
nace stacks were mechanically charged (1927,
T. 36).

Ceaseless change in types and uses. Peak of
production; 1917 and 1918 (Chart 2). Aggre-
gate production- in the census years 1925,
1927 and 1929: $383,075.000 (T. 8).

Shipments by reporting group of manufactur-
ers, 1918-2g, ‘totalled approximately $1go,-
000,000; and the number shipped 192329,
97:568 (T. 38).

It is estimated that 360,000 were sold in 1924~
26 (Electrical Merchandising, January, 1928).
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TABLE 55 (cont.)

MANUFACTURING INDUSTRIES

EQUIPMENT
OR PROCESS

Tire building

Job printing presses

EQUIPMENT
OR PROCESS
Foundry equipment
Molding machines
Power types in
general

Sandslinger type

Hand types-

Core-making machines
for cores, 84" to 4",
hand and power

1

EXTENT OF USE, YEAR TO WHICH ESTIMATE
APPLIES AND SOURCE OF INFORMATION

The core process predominated prior to 1926,
the flat-drum process thereafter (U. S. Bur.
of Labor Statistics, Bul. 585, p. 7).

Two-thirds of presses sold, 191328, were ma-
chine-fed (T. g7).

1I

EXTENT OF USE, YEAR TO WHICH ESTIMATE
APPLIES AND SOURCE OF INFORMATION

87 per cent of workers in the molding process
in 8o foundries inspected were machine
workers, 68 of 77 foundries inspected had
some power molding machines, g had hand
molding only (1925, Ref. 20-a).

In use for 50-100 per cent of small, and for go
per cent of the medium and heavy work for
which power machines are suitable (MRE,
1926).

Over 140 units installed, in 65 or more plants,
by close of 1924. Used in 7 of 79 plants in-
spected (T. g).

One maker sold 1,900 to 2,000 of the hand
squeezer type, 1920-29 (3,300 in the 6 preced-
ing years), but chiefly as replacements or for
new foundries rather than in displacement of
other methods (T. 38).

In 1927, molding machines constituted, in value,
three-sevenths of total foundry equipment
produced (rg29 Census of Manufactures, p.
1100).

Used for about 80 per cent of suitable work
(MRE, 1926). 23 of 79 foundries inspected
reported their use. One maker sold about
5000 in the quarter century ending 1925.
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TABLE 55 (cont.)

MANUFACTURING INDUSTRIES

I
EQUIPMENT EXTENT OF USE, YEAR TO WHICH ESTIMATE
OR PROCESS APPLIES AND SOURCE OF INFORMATION
Sand mixers Core and facing-sand mixers used for 45 per

cent of suitable work (MRE, 1926). 61 of 79
foundries had power sand-conditioning
equipment (1925, Ref. 20-a).
Textile equipment
Automatic looms Plain cotton goods made mostly on automatics,
Cotton goods except .in a few localities. In 1925, in the
sample of New England mills inspected, g2
per cent of looms of all types were automatic;
in the southern sample, 79 per cent (Ref.
20-a). In 1929, 74 per cent of plain looms
were automatic; of fancy, 47. In the southern
cotton states, 8o per cent of plain looms were
automatic; in the New England states, 59
per cent (rg29 Census of Manufactures).

Other textiles Used quite extensively in worsteds, and getting
into the silk field (1926, ME).

Tying-in and drawing-in 808 tying-in machines in use at end of 1g25;
machines, in cotton about 100 more sold, 1926-29 (MD). Approxi-
goods manufacturing mately 450460 drawing-in machines in use,

191g; about 100 sold, 1920~25 (MD). Possibly
80 per cent of cotton goods market equipped.
A few used on finer grades of worsteds (ME,

1926).

Automatic spoolers Total number sold, 1917—29: 894 spoolers and
and high speed 332 warpers. Only a small fraction of poten-
warpers tial market equipped (ME).

Hand knotters, in Used in the majority of cotton mills by 1g10;
spooling - about 50,000 of one make sold in the quarter

century after introduction in 1goo (ME).



APPENDIX C

HORSEPOWER PER WAGE EARNER IN MANUFACTURING,
CENSUS YEARS 189g9-1929

HORSEPOWER PER WAGE EARNER IN MANUFACTURING, CENSUS YEARS 1899-1929, FOR INDUSTRIAL
GROUPS AND INDIVIDUAL INDUSTRIES, ARRAYED IN ORDER OF HORSEPOWER

PER WAGE EARNER IN 192518

1925
RANK

1 Blast furnaces

2 Ice, manufactured

g Cement

4 Flour-mill and grain-mill products

s Paper and wood pulp

6 Coke

¥ Minerals and earths, ground or otherwise

treated

8 Smelting and refining

g Steel works and rolling mills

10 Oils

11 Malt liquors, including cereal beverages

12 Sugar, beet and cane, and its refining

13 Paving materials, other than brick or granite

1929 1937

935 1933

5 5 47.29* 45.94

3347 4368
35.48 2946
23.75 21.39
2318 2142
19.13 21.42

2 14.08
1749 14-33
5

o

16.58 1291
2

13.14 12.26

12.80 18.67

37.07 3141
2270 18.31
20.93 20.17
19.60 18.05
17.66 1171

14.50* g9.60
183.21 13.65
12.85% 11.11
12,51 18.39

1919

ADJUST- UNAD-

1914

ED 12 JUSTED 12

87.28
19.06
19.17
19-33
16.25

7.68

8.83
11.11
10.18

9.64

12.28 8 13.97*8 9.39

12.16 11.28
11.59 10.17

7.81
12.20

86.78
18.97
19.1%
19.26
16.26

4.68

8.83
1118
10.99

9.66

9.46

7.81
11.8¢

41.64
20.09
17.58
20.72
18.32

5-55

9.38
7.28
10.88
10.88
6.54
10.46
7.08

1909 I904 1899

$0.58 22.04 12.67
1974 18.98 14.55
13.87 8.5 1
21.61* 19.83 20.83
17.16 16.57 15.36
214 351 205

1045 7.86 846
6.81 481 384
875 7.95 6.01
1033 9.04 6.16
6.37 553 501
10.52 1006 10.37 .
414 274 i85
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HORSEPOWER PER WAGE EARNER IN MANUFACTURING, CENSUS YEARS 18gg-1929, FOR INDUSTRIAL
GROUPS AND INDIVIDUAL INDUSTRIES, ARRAYED IN ORDER OF HORSEPOWER
PER WAGE EARNER IN 1925

1929 1927 1935 1923 919 1914 I909 Ig904 1899

925 ADJUST- UNAD-
RANK ED 12 JUSTED 12
14 Glucose and starch 1258 1157 11ay7 997 667 647 924 590 %66 451
15 Chemicals and acids® 1374 11.02 044 766 624 6.24 868 828 6.8 5a6
16 Gas, manufactured, illuminating and heating 12.63 1023 9.11 848 557 556 487 845 289 141
17 Locomotives, not made by railroad companies 892 11.46 892 297 861 364 =290 =236 1.20 1
18 Cereal preparations 1022 850 848 o958 648 624 496 1 1 1
19 Chocolate and cocoa products other than
confectionery 1012 980 821 684 367 367 469 379 248 =215
20 Fertilizers 708 840 776 840* 479 449 501 854 888 3.834
21 Condensed and evaporated milk 1207 865 759 582 859 859 3533 246 146 1
22 Wire 669 768 745 582 6.04 605 447 898 546 622 )
23 CHEMICAL AND ALLIED PRODUCTS-—
Group 880 789 740 668 479 478 490 384 =21 234
24 Butter and cheese 841 707 697 604 553 554 648 628 420 6.888
25 Shipbuilding, steel 1 1 648* 539 188 138 250 205 1.39 1.26
.26 IRON AND STEEL AND THEIR PROD- : ‘
UCTS—Group 758 750 646 585 510 510 522 444 383 204
27 STONE, CLAY AND GLASS PRODUCTS—
Group 879 %80 650 552 529 526 446 862 272 220
28 Explosives ‘919 659 663 550 p61 561 H27 454 5I2 4.27
29 Marble and stone work 809 7.29 656 531 524 518 878 286 201 1.99

30 Petroleum refining gBo 7476 6083 586 406 406 506 6.50 274 2496

o9
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8! Brass, bronze and copper products

s2 PAPER AND PRINTING—Group

83 Other rubber goods e

84 Paint and varnish

85 Lumber and planing-mill products not in
planing mills connected with sawmills

36 Cordage and twine

87 Cotton goods and cotton lace

88 Tires and inner tubes

89 Cars, steam and electric railroad

g0 RUBBER PRODUCTS—Group

41 FOOD AND KINDRED PRODUCTS—Group

42 Engines, steam, gas and water

43 Lumber and timber products, n.es.

44 Structural and ornamental ironwork

45 Aluminum manufactures

46 Carriages and wagons 10

47 ALL INDUSTRIES—combined

48 Roofing materials, n.es.

49 Boxes, wooden packing, except cigar boxes

50 Leather, tanned, curried, and finished

51 Brick, tile, pottery, and other clay products 8

52 Phonographs

53 Agricultural implements

54 MISCELLANEOUS INDUSTRIES—Group

55 NON-FERROUS METALS AND THEIR
PRODUCTS—Group

56 Glass

6.39
645
7-43
6.a7

7.52
504
5.28
556
596
5.52
494
469
474
484
5.08
5-19
4.86
561
449
4.60
4.66
2.67
8.08
3.91

476
5.06

6.30
6.az2

741
58t

6.53

496

577
6.22
558
4.82
4-45
4.30
4.80
4.86
5-35
465
57
440
417
4.28
342
3-54
4-22

4.22
484

574
570
563
5.61

5-36
504
4.97
494
484
465
4.64
4:39
439
438
4-33
425
4.27
4.12
412
4.1 2
4.09
4.05*
4.02%
3.98

5-96
391

473
5-21
519
501

479
44
4.52
5.01
8.10
4-39
4-41
340
3.90
398
3-58
3.26
377
514
8.81
3.86
378
2.01
894
$:51

370
§.28

354 354
467 4.61
go2 296
394 396
483 479%
878 3.8
4.22 428
1 1
3.03 .03
271 21
4.05 404
245 245
502  4.90%
376 3.6
2.65 2.66
2.2910 2.2510
325 324
440 442
3-39 340
8.00 $.01
4.19 417
1.40 140
2.36 2.36
2.25 2.25
2.90 291
2.67 2.68

804
453
3.02
4.38

4.263
3.51
4.07

2./70
4.32
2.12
457
2.32
2.67
18010
3.19
2.85
329
3.09
8.70
1.24
2.50
2.82

2.19
2.19

261
4.02
2.98
3.96

8.663
324

346
1

2.49
4-4

1
4-23
2.00

1
]_5010
2.82
8.76
8.18
2.38
8.40
1.23
1.99
2.10

1.86
179

2.09
372
2.28
356

§a78
2.81
315

1

H
1.98
415

1
3.68
165

1

174
8.06
2.00

313

g.118

2.57

2.65
1
2

1.95
4.03
1
333
0.9
1

1.0410 8g10

2.47
2.61

2.84
2.05
8.04
074
1.89
1.79

1.46
143

2.11
2-39
2,50
.7
2.39
0.85
1.52
1.22

1.3%
1.00
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HORSEPOWER PER WAGE EARNER IN MANUFACTURING, CENSUS YEARS 1899-1929, FOR INDUSTRIAL
GROUPS AND INDIVIDUAL INDUSTRIES, ARRAYED IN ORDER OF HORSEPOWER
PER WAGE EARNER IN 1925’

g9

I929 I927 I925 I923 919 1914 1909 Igo4 1899

I925 . ADJUST- UNAD-
RANK ED 12 JUSTED 12 2
57 LUMBER AND ITS REMANUFACTURES— i S’
Group 489 402 38 g7 411 407 382 356 g0z gap I
58 Machine tools. 2.99 373 3.86* 327 189 1 1 1 1 1 p
59 Shipbuilding, wooden, including boat building 1 1 gxo* 362 179 1.80 =287 245 1.94 145 E
6o Soap 459 463 368 440 165 165 =25 218 1.84 1.848 g
61 Slaughtering and meat packing, wholesale 4.29 411 367 288 =223 223 256 280 156 124 =
62 Foundry and machine-shop products 7 397 3877 858 245 =236 212 212 1570 140 1.08 5
63 Dyeing and finishing textiles 383 389 357 g=22 28 286 268 245 238 232 2
64 Photographic materials 11 3.44 2478 3.56* 308 168 168 190 165 1.34 1.00
65 Woolen and worsted goods 386 360 345 247 249 281 240 213 195 1.86 2
66 Screw machine products 326 318 3.39% 319 228 228 222 194 160 88 M
67 Confectionery, chewing gum, and ice cream 401 373 3885 3802 189 188 158 .Bos 6738 .28 %
68 Mineral and soda waters 2 2 3.33 358% =250 240 162 148 112 91 C
69 Pumps 357 3546 316 262 =201 202 207 1 1 1 ﬁ
70 Cutlery, not including silverware and plated w
cutlery 333 252 815 259 195 196 210 1.8y =223 281
71 Tools, not elsewhere specified 842 841 811 258 191 192 =228 226 190 155
72 Motor cycles, bicycles and parts 2.53 247 800* 224 1.32 186 1.31 1.34% 1.3 113
78 Ammunition and related products 2.6 =226 =299* 221 171 171 .99 118 69 .58
74 Automobile bodies and parts 373 804 =290 260 1.94 1.04 144 102 139 1

75 Cooperage g17 =292 =268 =279 =234 =282 =224 218 185 139



%6 Paper goods, n.es.

77 Automobiles

v8 Plumbers’ supplies, n.es.

79 Coffins, burial cases, and undertakem goods

80 VEHICLES FOR LAND TRANSPORTA-
TION INCLUDING RAILROAD REPAIR
SHOPS

81 Steam fittings, steam and hot water heating
apparatus

82 TEXTILES AND THEIR PRODUCTS—~
Group

83 Electrical machinery, apparatus and supplies

84 Cast iron pipe

85 Boots and shoes, rubber

86 Mattresses and bed springs, n.es.

87 Pickles, preserves and sauces

838 Sewing machines and attachments, including
cases

89 Furniture

go Textile machinery and parts

91 Steam-railroad repair shops

92 Electric-railroad repair shops

g3 Stamped and enameled ware, n.es.

94 Stoves and hot-air furnaces

g5 Canning and preserving fruits and vegetables

g6 Printing and ‘publishing newspapers and
periodicals

97 Hardware, n.es.

3-32
816
8.61

3.04

3-30
347

243
2.2
353
244
2.04

2.83
2.61
2.46
2.92
2.59
2.45

2.56
2.15

2.90
3.86
3.09
2.66

3.14
3-09

247
274
2.76
2.55
244

3.56
2.39
2.46
2.61
2.32
2.33

2.40
2.09

2.63
2.58
2.54
2.54

2.53

2.46
2.46
2.38
2.38
2.28
2.27

2.26
2.22
2.21
2.20
217
2.16
2.16%
2.16

2.03
1.88

2.57
1.80

2.20
2.35

1.95

2.06

2.21
2.04
2.19
1.91
2.15
2.38*

1.68
2,05
1.58
1.51
1.79
1.94
1.98
2.43%

176
158

2.5t
1.34
2.8
1.86

1.50
1.84

2.0§
2.06
2.28
1.50
1.87
1.35

1.67
1.89
1.31
1.22
172
1.50
1.50
2.21

1.69
1.58

2.52
1.86
2.19
1.87

1.51
1.84

2.08
2.06
2.28
1.50
1.86
1.36

1.67
1.90

1.23
1.72
1.50
1.50
217

1.61
1.59

2.03
1.32
1.53
2.00

1.48
1.46

1.82
1.93
2.06
1.82
178
1.49

1.84
1.88

1.28
170
1.21
1.40
1576

1.59
1.30

172

99
1.85
1.77

1.29

1.41

158

1.82
1.5%
147
1.57
1.33%

1.00
171

1.04
1.60
1.09
1.25
1.48

1.60
1.08

1.34

117

1.55

94

0

1.50
174

1.37
1.27
1.20

" 9%

1.30
1.45

1.31
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-]

1.36
1.04

-

174

=
o
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HORSEPOWER PER WAGE EARNER IN MANUFACTURING, CENSUS YEARS 18gg-1929, FOR INDUSTRIAL
GROUPS AND INDIVIDUAL- INDUSTRIES, ARRAYED IN ORDER OF HORSEPOWER
PER WAGE EARNER IN 1925

1939 1937 1925 1933 1919 1914 I909 Igo4 1899

1935 ADJUST- UNAD-
RANK ED 12 JUSTED 12 -
98 Canning and preserving~fish and oysters 159 146 186 193 =208 =209* 1.3 85 M3 40
99 Boot and shoe cut stock 1.67 159 1.86* 1.80 87 .03 87 72 76 52
100 Carpets and rugs, wool other than rag 200 201 186 153 1644 167 140 116 102 .94
103 Stoves, gas and oil 1 1 179* 133 107 107 102 106 .97 68
102 Druggists’ preparations, patent medicines,

perfumery and cosmetics 1.99 179 172 151 120 119 1.27  1.22 93 88
103 Lithographing 187 175 168 165 119 129 1.00 87 65 .55
104 Tinware, n.es. 246 215 1.6 1.35 888 898 .84 M9 53 1
105 Silk goods, including throwsters 169 178 160 164 187 1.89 1.08 .99 9o .88
106 Toys and games 154 120 146 111 102 101 86 100 102 .97
107 Instruments, professional and scientific 1.35 156 145 1.82 82 82 96 102 62 89
108 Bread ard other bakery products 177 165 142 119 118 147 87 65 46 .87
109 Copper, tin, sheet-iron work, including

galvanized iron, n.es. 1.88 1468 1.418 1.8 89 87 4 66  .po 438
110 Buttons 162 166 137 129 102 104 99 48 66 48
111 Musical instruments, pianos 273 149 134 1.21 1.25 1.25 1.09 g1 83 988
112 Bags other than paper 1.62 141 1.34 1.21 85 84 111 .86 29 46
113 Boxes, paper and other, n.es. 144 144 188 1.08 08 .98 84 59 47 34
114 Cash registers, adding and calculating

machines 1.68 158 1.82 1.99* .88 89 1a8 .92 100 .62

115 LEATHER AND ITS FINISHED PROD-
UCTS—Group 1.87 182 181 120 110 111 104 91 a7 64

og¥
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116 Optical goods
117 Printing and publishing, book and job
118 Hats, fur felt

119 Tobacco, chewing and smoking, and snuff

120 Saddlery and hamness

121 Typewriters and supplies

122 Stationery goods, n.c.s.

123 Knit goods

124 Watches and watch movements
125 Signs and advertising novelties

126 Trunks, suitcases and bags

127 Bookbinding and blank-book making
128 Jewelry

129 Boots and shoes, other than rubber
130 Fancy articles, n.es.

131 Collars and cuffs, men's

132 Corsets

133 TOBACCO MANUFACTURES—Group
134 Fur goods

185 Furnishing goods, men's

136 Shirts

137 Clothing, men’s, n.es.

138 Millinery and lace goods, n.es.

139 Tobacco, cigars and cigarettes
. 140 Clothing, women’s, n.es.

141 Turpentine and rosin

¢—maximum, if prior to 1927.
nes.=not elsewhere specified.

1.61
140
1.20
143
141
1.38
1.043
87

98
90
.88

68
59
43

.56

-85

28
28
34
47
a9
05

1.10
1.17
1.11
1.24
118
77
86
94°
64
91
64
75
64
57
.60

-37
.30
.30
.81
27
.27
.29
.19
21*
.06

1.06
1.08
1.10
103
82
84
74
87
45
75
.68
55
49
55
b2
47

.28
-39

.38¢
.23
25
a8
20
.08

1.07
1.07
119
108

79

73
.88
45
74
67
54
-53
57

47
-39
28

-39*

.38¢
.23
24
a8
.20
.08

99
1.01
98
B2
8o
98
74

‘58
a7
77
52

52
.62

-39

.20
.36
26
-34
.20
.28

.09
a7
.07

68
55
62
61
42
53
57
68
26

47
29
-33

46
13
.29
17
a2
10
19
.11

11

04
ag
.02
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1 Not shown separately.

2 Not canvassed, or comparable statistics not available.

8 Scope of industry in these years not strictly comparable with other years.

¢ Includes wage earners in establishments with value of product under $5,000.

5 Because the power equipment is sometimes common to blast furnaces and rolling mills under common owner-
ship, in the 1927 and 1929 Censuses of Manufactures, the horsepower in blast furnaces and rolling mills is combined,
though at the former censuses it was distributed by means of estimates. '

6 Data for ‘Other Rubber Goods’ in 1923, 1925, 1927 and 1929 not comparable with the data for earlier years
because tires and inner tubes were included prior to 1g921.

7 The following industries are included in ‘Foundry and machine-shop products’ only at the stated censuses, and
thereafter treated as separate industries or omitted: ‘Machine tools’, ‘Steel barrels, drums, and tanks’, ‘Textile ma-
chinery and parts’, and the tempering and welding of iron and steel—prior to 1919; ‘Engines—steam, gas, and water’, and
‘Pumps, steam and power’, prior to 1914; ‘Automobile repairing’—in 19og and 1go4; ‘Iron and steel—cast iron pipe’,
prior to 1gog; ‘Locomotives’, and ‘Stoves and furnaces’, prior to 19o4. ’

8 Includes sand-lime brick.

9 ‘Coal-tar products’ and ‘Ferro-alloys’ included.

10 Repairing included prior to 1923.

11 Includes ‘Photographic apparatus’ and ‘motion pictures’.

12 The 1919 ‘unadjusted’ figures cover plants with value of product $500 or more, and include rented power other
than electric; the 1919 ‘adjusted’ figures are based upon wage earners in plants with value of product $5,000 or more,
and exclude rented power other than electric. The ‘unadjusted’ data are comparable with those for the earlier
censuses; the ‘adjusted’ figures have been made comparable as far as possible with the subsequent cenisuses, but the
horsepower data used still include the small amount of power in establishments with products less than $5,000.

18 Computed from horsepower and wage-earner data originally compiled in the Censuses of Manufactures, and re-
arranged by Day and Thomas in The Growth of Manufactures, Tables 29 and go for 18gg-1923, and Table 43 for 1925.
The data for 1927 and 1929 are taken directly from the Census of Manufactures for 1927 and 1929, respectively; and
the data for 1925, 1927 and 1929 are adjusted to make the classifications comparable as far as possible with those for
1928 and earlier years.
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Equipment (see also Handling, Pro-
cesses, Machines)
changes”in plants inspected, 56,
786, 8g—go (see also Labor-sav-
ing changes)
changes, relative frequency of, in
post-War years, 76
existing, reluctance to scrap, $33—4
investment in, 271
obsolescence, 24, 319
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Equipment Research Corporation,
1721, 4518
Establishments
decline in number, 76—7, 23943
increase in size, 2434
Evolution (see Stages)
Excavation (see Building construc-
tion, Highway construction)

Factory, 187
Federal Trade Commission,
gobn
FIELD, M. F., 85
Financing, ease of, 334-6
Findings
limitations, 23-6
summary, 17-23
FITCH, JOHN, 407
Five-day week (see Shorter work
period)
Flint Glass Workers’ Union, 359
Flour, 15, 241, 455
Food and drink, commercial prepa-
ration of, 176, 269, 431
Foreign and Domestic Commerce,
Bureau of, 268n, 2711, 332
Foundries, ferrous, 58, 66-71, 275, 277
Foundry and machine shops, 12, 183,
185-6, 232-5, 241, 261n, 289, 458
FOURCAULT, EMILE, g9
FOWLER, C. B, 335n
FRANK, GLENN, 417n, 463
Fuel
changes in, 75
economy of, 48-g, 168
Furniture, 12, 110-1, 2611, 459

298n,

Garment industry, 12, 87-8

Geographical location of plants in-
spected (sce Survey)

Geological Survey, 5n, 16, 49, 130m,
229

GIRVIN, H. F, g1n

GIVENS, MEREDITH B., 58n

Class, 12, 282, 451
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blown ware, 107-8
containers, 1036
electric-lamp, 1089
plate, 102-3
pressed ware, 106-7
window, g7-102
Glass Bottle Blowers Association,
425n
Glass Factory Directory, 103
Grading (see Building construction,
Highway construction)
GRIMES, W. E., 1251
Growth, rate of, effect on mechani-
zation, 348—4

HABER, WILLIAM, 16, 135n, 558n,
368, 463
Hand methods
dedline in, gg-102
displacement of, 46—
prevalence of, in handling, 4o0-1
Hand workers
by processes, 27680
relative number of, 18n, 271-6
HANDLER, EDITH, 9in
Handling (see also Labor-saving
changes)
defined, 181-2
equipment, types of, 49, 180-1,
285-6; fixed, 4356, 447; mobile,
4334, 446—7; semimobile, 190,
435-6, 447
expense, ratio to payroll, 187-8
importance of, 1829
interprocess, 1867, 282
intrafactory, 182
skill required in, 203, 3946
volume of, in brick plants, 75-6,
186-8; in foundries, 68, 185-6;
in manufacture, 183-8
HANSEN, ALVIN H,, 388n
HARRISON, J. L., 143n
Hart Schaffner and Marx, 358n
Haulage, 46
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Highway i:onstruction, 11, 13, 56,
© 140-5, 275, 277, 285, 442-3
Highway transportation, 152-3
HOGG, MARGARET, 387n
Home-made machines, 512
Horse-motivated  equipment,
placement of, 45-6, 74
Horsepower
establishments reporting, 214-6
per wage earner, by industries,
2236, 256-9; geographical dif-
ferences in, 25g9-62; in agricul-
ture, 223-6; in manufacture,
21926, 455-62; in mining, 223-
6; in railroads, 2236
rated, limitations of, 209-14
total, increase in, 216-8
Horses, displacement of, 110, 140,
165
Hosiery, 183
Household tasks, 11, 1736, 285
HUBER, CLYDE M., 466

dis-

Ice, 332, 455

Immigrants, unskilled, 4

Immigration restriction, 6-7, 349

Immigration, slump in, 3—4

Industrial Management, 166n, 182n

Industrial Truck Association, 4347

Information, sources of, 12-3, 15-7,
558

Insurance, unemployment (see Job
severance compensation)

Interchangeable parts, 249

Iron and steel, 10, 58-66, 269, 419-
20, 456

Iron and Steel Engineer, 420n

Iron Trade Review, 245n

JACKSON, JAMES A., g34n
Job severance compensation, 336, 358
JONES, D. L., 126n, 410n

KENNEDY, D. D., 332, 463
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KING, W. 1., 36, 122n, 298n, g8
463

KINSMAN, C. D., 122n, 464

KIRK, WILLIAM F., 465

KJAER, 8., g4n, 465

KUZNETS, SIMON, ggn

KYNOR, H. D., 133

Labor
opposition to mechanization,
fectiveness of, g59-61; forms
855~7; methods ‘of lesseni
3613
subdivision of, 83
types of, 28-9, 272-5; auxilia
28, 272-5; embodied, formm
for, 28, $6; indirectly requir
28; operating, =28; semiskill
204—7; skilled, 2g4—7; superviso
278-5; teamsters, 274-5;
skilled, 294~7
Labor displacement
bases for computing, go-1
constructive, 65-6, 371, 374-83
potential, g71-2
Labor-requirement ratios, 376-8
Labor-saving changes
defined, 27, 31-5
handling, 188202
mechanical, types of, 42-5
men saved, per change, 376-7; |
plant, 374-5
number of, 56, 67-9, 736, 79, 80
85, 90-3, 13840, 1445, 367-
Labor-saving equipment (see M
chines)
Labor-saving ratios, 35~
Labor Statistics, Bureau of, 16,
78, 89, 95, 11371, 117, 118n, 1
155, 162, 205, g7on, 386, 46:
LA FEVER, MORTIER W, 112n
Lag in absorption of displaced lab
3835
Lamp chimneys, 107
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Large-scale production, relation to
extent of market, 33841

LASSWELL, H. D., g6o, 361n

Laundries, §8n, 173

Leather, 114-5, 257, 269, 457

Legislation, 138, 353

Libby Owens Sheet Glass Company,

Life history of machines (see Stages)

LUBBERS, J. H., g8

LUBIN, ISADOR, 386, 463

Lumber, 12, 15, 109-11, 241, 257,
261n, 269, 456

McCULLOUGH, H. F., 463
MACELWEE, R. 8., 1537, 15418
Machine civilization, 17
Machines and devices (see also
Equipment, Mechanization,
Processes, Sales)
adding, 172, 449
addressing and mailing, 172
air compressors, 139, 177-8
air-drying, g2
annealing and drying ovens, 69,
429
AutoBrik, g17n
‘automatic spooler and high speed
warper’, 86—y, 213, 309, 813, 422,
454
ballast sweeper, rotary, 149-50
blader, 144
bleaching ball, g2
block signals, 147
bodies, demountable, 156
bookkeeping, 163
bottle-washing, 176, 431, 449
bread mixers, 431, 444
brick, automatic-dump, 44
bulb-making, 109
cake mixers, 43t
calculating, 172, 449
canning, 177-8
capacity of, increase in (see Size,
Speed)

car dumper, 154, 197

card-punching, 172

catch-basin cleaning, 430

caterpillar tread, 48, 134, 136, 141,
196, 247 (see also power shov-
els, tractors)

check-writing, 172

chloride spreaders, 145

cigar, automatic, 118-9, 310, 318,
426, 451

cleaning, 69, 173

cloth-cutting, rotary, 47, 87

cloth-pressing, 177-8

combines, bharvester and thresher,
124-6, 231, 248, 285, 426, 439

continuous (see kilns, conveyors,
filters)

conveyors, 72, 112, 163; belt, 139,
1go, 201; bucket, 139, 154, 201;
continuous, %0, 112; overhead,
75, 79, 92; portable, 156, 433-4,
446; progressive-assembly, 112,
191-3; self-loading, 433—4; types,
1934 ‘

cookers, electric, 175, 444

core-blowing, 68

core-making, 453

core-removing, 47

corn husker and shredder, 127,
426, 440

corn picker, mechanical, 127-8,
285, 440 . ‘

corn planter, maultiple-row, 126,
440

cotton picker, 126, 285, 440

cotton sled, 126, 440

cranes, 139; crawler, zo1; grab
bucket, 194; locomotive, 165,
201; overhead traveling, 110,
192, 201, 435-6, 447; stationary,
201

cream separators, 124, 441

crushers, rock, 8o, 424

cultivators, motor, 128, 124, 440
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cupola chargers, 68, 194

cylinder (see window-glass ma-
chine)

dictating, 172

digesters, 89

dish-drying, 146, 450

dish washers, electric, 175, 176,
177-8, 285, 431, 4323, 444, 445,
450

distributing stations, automatic,
167

distributors, automatic, 43, 81

ditcher-spreader, 149

ditching, 149

dough mixers, 176, 450

drag lines, 201

drawing'in, 81, 85

drills, portable, 253, 452

‘duckbills’, 132n

dump, automatic, 43, 74, 153

edgers, 110

electric appliances (see cookers,
dish washers, floor polishers,
ranges, vacuum cleaners, wash-
ing machines)

elevators, bucket, 165; electric,
185; farm, 427; pneumatic, 154;
portable, 441, 446; stationary,
441 :

engines, gasoline (or internal com-
bustion), =232, 247, 426; steam,
247

ensilage cutters, 427, 441

escalators, portable, 156

excavating (see power shovels,
trenchers)

facing-tables, mechanical, 163

‘feed and flow’ devices, 105

feed grinders, 124, 426, 441

feeding attachments, automatic,
43, 94, 311, 313, 421

filling, automatic, 43, 47, 424

filters, continuous, 424, 452

" finishing, 47, 143, 443

floor polishers, electric, 175, 432-3,
444

fruit juice 'extractors, 176, 450

garment-working, 87, 424

glass bottle, Owens, 105, 247; semi-
automatic, 1045, 311, 313, 425

grader, elevating, 140, 141

grain drills, tractor-drawn, 123,
124, 426

grate shaker, g11, 313

gravity chutes, 138, 164

grinders, 8o, go

harrows, disk, tractor-drawn, 124,
285, 426, 439

harvesters and threshers (see com-
bines)

hay presses, 124, 426, 441

hoists, 47, 137; cable, 132, 194;
distributing tower, 138; electric,
185, 104, 4356, 447; slusher, 65

home-made (see Home-made
machines)

hot-metal carriers, 68

integraph, g2, 176

intertype, g5

ironing, flatwork, 175, 230, =285,
432-3, 443, 445

irons, electric, 174, 230, 285, 432-
3, 443, 445

job automatics, 94, 309, 313, 421

kilns, cement, 246-7; continuous
tunnel, #8-9, 451; periodic, 79;
rotary, 8o

knotters, hand, 50, 454

labeling, 47

laundry equipment, 177

lawn mowers, power, 177-8

life history of (see Stages)

linotype, 94

listers, tractor-drawn, 123, 124,
426, 440

litter carriers, 128, 427, 441

loaders, 154; mast-and-gaff, 165;
pit-car, 131-2; portable, 164,
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165, 196-7; self-feeding, 131-2,
446; snow, 169; wagon, 310, 313,
4334

locomotives, industrial, 47, 72, 195,
435-6, 447; mining, 132; steam,
1456

looms, automatic, 42-3, 81-3, 454;
non-automatic, 50

lumber carriers, 109-10, 309, 313,
4334

lumber pilers, 309, 313, 4334, 446

machine tools, 177-8, 253, 302—4,
422, 452

magazines, multiple-type, 94

main roll drives, electric, 63, o9,
813, 41920

manifolding, 172

milking, 177-8, 285, 426, 441

mixers, concrete or paving, 137,
142; mortar, 139

molding, 47, 68, 248 (sec also
sandslingers)

monorails, 68, 194

monotype, g5

motors, electric individual drive,
212

nailing, 47

oil burners, 42, 167, 175

oilers, wick, gt

packing or packaging, 47, 177-8,
424

paint-spray, 47, 138, 150

paper, go

pavers, 142

pig-casting, 43, 6o

plows, tractor-drawn, disk, 123,
124, 426, 439; moldboard, 123,
124, 426, 439

portable (see conveyors, drills,
elevators, loaders, valve grind-
ers)

postage-canceling, 163

postage-metering, 163

potato diggers, 128, 426, 440

pots, hand (see window-glass ma-
chine)

power shovels, 47, 72, 74, 80, 130,
136-7, 140-1, 144, 182, 201, 309,
813, 429, 442

presses, g5 (see also feeding at-
tachments)

pressing, steam, 47, 87

production of (see Machine-pro-
ducing industries)

proportioning and metering system
for paper stock, 47, 425

pulverizers, coal, 43, 68, 167

pumps, pulp, 92, 196

ranges, electric, 175, 444

ready-made (see Ready-made
machines)

refrigerators, electric, 175, 444

rivet passer, automatic, 139

riveting, pneumatic, 137

Ross carrier (see lumber carrier)

rotary hoe, 440

sanding, 139

sand-cutting, 67, 68

sand reclaiming, 47

sandslingers, 67, 68, 70, 453

saws, power, 139

scrapers, 140, 201

screening plants, 47, 165

section crew cars, motorized, 148,
311, 313, 439, 449

self-feeding (see conveyors, load-
ers)

sewing, electric, 175, 177-8, 285,
432-3, 444, 445; hand and foot,
175, 177, 445; industrial, 87,
177-8

shakeout, 67, 68

slicers, 176, 177

sound movie, 16970

spooler (see ‘automatic spooler
and high speed warper’)

spraying, 124, 426, 441

sprinklers, motorized, 168
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stitching, 47, 91 )

stokers, automatic, industrial, 166,
177-8, 429; locomotive, 27, 146,
429, 450; residential, 175

stone-planers, 136

street-car, one-man, 152

street-cleaning, 168—q, 3809, 313
449

subgrader, 142, 285, 443

surfacing, 138

switchboards, automatic (see tele-
phones, dial)

tabulating, 172

tailor-made (see Tailor-made ma-
chines)

telegraph, printer, 147, 159-60

telephones, dial, 158-9, 309, 313,
430

threshing-machines, small-size, 439

ticker, high speed, 161—2

tie lifter, 149

tie tamper, 149

tobacco-preparing, 425

tools, . pneumatic, 139, 168

towers, Boston, 165

tractor-drawn (see  cultivators,
grain drills, harrows, listers)

tractors, 76, 109, 1225, 144, 157,
197—201, 285, 310, 313, 426, 438,
446 '

train control, automatic, 50, 146—7

‘translux’ theaters, 171

trenchers, 2o01; form-line,
narrow, 182, 285, 429, 442

trimmers, automatic, 154

trucks, crane-equipped, 156, 199,
200; hand-lift, 187, 196, 446; high-
lift (tiering), 92, 156, 199, 200,
446; industrial, electric, 72, g2,
197-201, 310, 313, 4334, 446;
low-lift, 156, 199, 200; motor, 139,
433—4, 437 446; power-dump, 47,
164, 165

turret, cam-operated, 109

145;

INDEX

tying-in (see warp-tying)
typewriters, 172, 232
typesetting, 177
undercutting, 130-1, 133, 22g, 281,
310, 313, 448
vacuum cleaners, electric, 175, 176,
230, 285, 432-3, 444, 445
valve grinders, 452
vegetable-paring, 176, 431, 450
vegetable-slicing, 450
vending, coin device, 177, 450
warper (see ‘automatic spooler and
high speed warper’)
warp-tying, 47, 81, 84-5, 311, 313,
422 :
washing, electric, 174, 230, 432-3,
443, 445
waste-heat boilers, 43, 80
water systems, 426, 441
weeders, steam-jet, 149
welding, 177
window-glass, Colburn, 9g8-9; cylin-
der, 44, 98, 100, 213, 311, §13;
Fourcault, g8-9; hand pots, gg—
100; sheet, g8-100
wood-working, 47, 110-1, 422, 452
wrapping, 47, 119
yarn-working, 422
Machine-producing industries
also Marketing methods)
characteristics of, 289
earnings in, 297-300
employment in, 2323, 28994
grade of labor in, 294
growth of, 232-5
Machine-producing plant, essential
features of, 289
Machine shops (see Foundry and
machine shops)
Machine workers, relative number by
processes, 277-80
MACKLIN, THEODORE, 411
MANN, L., 132
Marketing methods, 3046, 34952

(see
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Materials handling (see Handling)
MAY, GEORGE O., 333n
MAYO, E, 417n
Meat (see Slaughtering and meat
packing)
Mechanical changes, 40-8
Mechanization
defined, 412
degree, changes in, 17, 50, 2369,
255-87 (see also Use, extent of)
effects with regard to arduousness
of work, 406-8; health, 404-6;
labor  displacement,  365-go;
power required, 414; quality, 403,
408-11; repairs, 414-5; schedule
control, 415; skill, 391~403; space
required, 404, 412-3; waste of
materials, 414 (see also Unem-
ployment)
limiting factors, pecuniary, 331-52;
psychological, 354-63; techno-
logical, $28-g0 (see also Legisla-
tion)
measures of: establishments using
power, 214-6; horsepower per
wage earner, 205-6, 207, 219-22,
256-67, 269; investment-in-equip-
ment, 206, 271; machine output
ratio, 205-6, 229-30, 280-2; ma-
chine worker ratio, 206, 271-80;
number of machines in use, 208,
231-2; proportion of operators
machine-equipped, 230, 271-80;
wage ratio (or labor expense
ratio), 206, 226-8, 267-71
rate, changes in, 20~2, 218-g
Methods (see also Machines, Pro-
cesses, Survey)
fixed-base, 3767
year-to-year, 3778
Migration, 6, 129 (see also Immigra-
tion)
Migration and Business Cycles, 6
MILLS, FREDERICK C, 5, 244n,
293n, 3351, 346n, 384, 38gn

481
Mines, Bureau of, 5n, 465
Mining
anthracite coal, 133, 428, 449
bituminous coal, 11, i30-3, 237,
-275, 428, 448
metal, 65, 1334
MONTGOMERY, R. E,, 360
MORTON, A. B., 100n
Motor vehicles, 112, 241, 243n
Musical instruments, 269, 460
MYERS, ROBERT ]J., 88n, 386, 464

National Automobile Chamber of
Commerce, 152n, 464

National Glass Budget, 98n, 1oo0n,
1011

National Industrial Conference
Board, 348

National Machine Tool Builders’

" Association, 302n, 4231

National Research Council, 6

National Window Glass Workers, g9

Newsprint, g2, 277

New York Edison Company, 167

Nielsen Company, A. C., 187

Non-ferrous metals, 269, 455

Non-manufacturing industries, power
in, 222-6

Non-mechanical changes, 37-40, 254

NOURSE, E. G, 4171

Occupations, specialization of (see
Labor, subdivision of)

Office equipment, 171-3

Operations, elimination of, 42—4

ORCHARD, ]. E., 3270

Output-per-hour survey, 12-3, 15

Overhead expense, 332-3

PAUL, J. W., 463

Paper (see Pulp and paper)

Postal service, 162-3

Pottery, 12, 77-80

Power (see also Horsepower, Mech-
anization, measures of)
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electric purchased, g1, 212, 251
equipment, 166
production of, 56, 1658
statistics, limitations of, 209-14
transmission of, 212-3
types of, 212-3
Printing )
commercial, 934, 261n, 421, 459
newspaper, 946, 261n, 459
Processes (see also Equipment, Ma-
chines)
assembly, 273, 289
bricklaying, 280
casting, pottery, %8; stereotyping
plates, 94, 195
central proportioning, 143-4, 145,
285, 443
continuous, 102-3, 419-20
discontinuous, 102-3
drilling, 448
dry molding, 95
drying, 75, 78, 79-80
finishing, 143, 280
flask-making, 279
heating, residential, 175-6, 444
inspection, 44
painting, lacquer, 151
pattern making, 279
paving, 280
pneumatic caisson, 1351
progressive system of car repairs,
151
proportioning and metering system,
automatic, g2
puddling, mechanical, 64
repairing, 41
sheet for window glass, 44, 98-9
snow removal, 150, 168—g
soil preparation and cultivation,
439
stripping with power shovels, 130,
448
testing, 41
tire building, flat drum, 113
weaving, 81, 279

INDEX

welding, electric, 137
wheelbarrow proportioning, 1434
wick oiling, 42
Processing equipment, nature of, 4g,
181
Productivity
bases for computing: labor, 28-30;
time, go
increases in, 56, 76; anthracite coal
mining, 5; bituminous coal min-
ing, 5; blast furnaces, 61—2; cop-
per mining, 5; iron mining, 5,
65; manufacture, 5; steam rail-
ways, 5
Public Roads, Bureau of, 143, 42/n
Pulp and paper, 11, 12, 58, 88-93,
184, 269, 274, 277, 455 (see also
Wood pulp)

Quality (see Mechanization, effects
of, Raw materials)

Railroad repair shops, 151, 269
Railways
steam, 14551, 223
street, 152, 223

Raw materials, 38, 83

Ready-made machines, 53

Recent Economic Changes,
252n, 348

Regularization of production, 336—;

Reorganization of work, 83—4

Rerouting, 37, 190

REYNOLDSON, R. A, 367n

Roads and pavements (see Highway
construction)

ROBERTS, GEORGE E., 352

RORTY, MALCOLM C.,, 206n, 219n,
228n

ROYLANCE, W. G, 23n

Rubber products, 269, 457

RUSSELL, H. L., 411

2431,

Sabotage, 356
Saddlery, 241, 461
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Sales of machines, 56-8, 172, 419-36
Saturation, 85
SCHUMPETER, JOSEF, 388
Scientific management (see Non-
mechanical changes)
Scrap, increased use of, 62
Seasonal variations, 39, 337 (see also
Unemployment)
Separation rates, 384
Serialization of machines, 43
Shoes, 115-6, 184
Shorter work period, 39, 338, 362
SIEGFRIED, ANDRE, 341n
Singer Sewing Machine Company, 115
Size
equipment units, increase in, 6o0-1
relation to mechanization, 244-8,
2637
Skill, grades of (see also Mechaniza-
tion, effects of)
defined, gg1
in machinery industries, gg1—2
in repair work, gg92-3
leveling, 63
Slaughtering and meat packing, 117—
8, 261n, 458
Smelting and refining, 455
Smith Corporation, A. O., 398
SMITH, L. R., 398n
SMITH, R. K., 442n
SNYDER, CARL, 346
Social Science Research Council, 6
SOULE, GEORGE, 332n, 342
Sources of information (see Informa-
tion)
Specialization (see Labor, subdivision
of)
Speed, increases in, 75, 86, 248-50
Stages in the development and use
of machines, 20-1, go6-23
commercial trial, 17
conception of primary principle,
315-6
declining use, 319

483
examples of machines in the sev-
eral stages, 30g-11, §20-23
obsolescence, 319
pre-commercial experimentation,
317
rapid increase, 318
recognition of need, 3i5
saturation, 319
slackening increase, 319
Standard Statistics Company, 336
Standardization (see also Interchange-
able parts)
relation to large-scale production,
341-2
structural forms, 1356
Steel (see Iron and steel)
Steel works and rolling mills, 12, 61~
3, 455
STERN, BORIS, 977, 1037, 108, 1531,
157, 369, 3731, 381, 465
Stevedoring, 11, 13, 1537, 275, 278
STEWART, ETHELBERT, n7n
Stoker Manufacturers’ Association,
430n
Stone products, 241, 243n, 269, 456
Straight-line flow, 37, 62, 1901 (see
also Rerouting, Serialization of
machines)
Street cleaning and maintenance,
168-9
Stretch-out system, 37, 83
Style changes, 38, 339
Sugar, beet, 12, 15, 1167, 455
SURRATT, A. J., 442n
Survey
information sought, 14-35
origin of, 3-8
plants inspected, geographical lo-
cation of, 8-g; number of, 12-3
scope, 3-26
selection of industries, bases for,
104
Survey of Current Business, gozn,

4237, 434
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Tailor-made machines, 52-3

TANSIG, A., 134

TAPP, H. F,, 444n

TAYLOR, PAUL S, 148n

Textiles, 12, 257, 269, 459

THEE, T. C,,.142n

THOMAS, WOODLIEF, 344n, 462n,
464

THORP, WILLARD L., 211, 218n,
464

Tile, 12, 74-6, 2745, 277

Tires and tubes, rubber, 1124, 183,
457

Tobacco, 118-9, 241, 257, 269, 461

Transportation equipment, 269

TROXELL, JOHN P., g56n, 3g7n

TRYON, F. G, 132

Unemployment
absorption, lag in, 3835
cyclical, 388-9
permanent, $87-8
seasonal, 3367, 390
technological, g1, 3857
United Shoe Machinery Company,
115, 305
United States Steel Corporation, 335
Use, extent of, 283, 48754
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Vacuum Cleaner Manufacturers’
Association, 432n ’

Value added by manufacture, ratio of
wages to (se¢c Mechanization,
measures of) .

VAN BARNEVELD, CHARLES E,
134, 464

Wages
differentials, 63, $44-9
ratio to value added by manufac-
ture, 267-71
relation to mechanization, 262—3
Wage earners per establishment,
242-3 (see also Horsepower)
War, Department of, 153, 466
WATKINS, RALPH ]., ggon
WEINTRAUB, DAVID, 5, 382, 383,
464
WELD, L. D. H,, 451n
Wired homes
number, 230, 443
proportion equipped with spe-
cific devices, 174, 445
‘Women’ Club Survey, 175
Wood pulp, 277

Yearbook of Agriculture, 129n, 464
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