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Prinecipally concernsd in the sale of any manufactured
article are three psrties:-
The cepitalist, whose energies are mainly directed to securing
a maximum profit; the workers, who naturally desire, sbove
allrelse, the highest possitle wages for their time; and the
consumer, whose prircipal concern is to obtain the article
at minimam cost,

At first blush, it might well seer futile to att=pnt teo

hzrmonise any two of these aprarently conflictirg ideals.

There are but two methods by vhich the cespiteslist may increase

%his profit per plece produced — (1) by inereasing his selling

%price, or (2) by »rzducing the cost of prroduction.

| Hitherto the former has proved by far the more attractive;
its rrofits in many lines of manufacture are certain, arnd

‘agreements betweern eompeting firms to combire to the extont of

faﬂvancing their selling prices uniformiy, are the order of

the day. The resultant ircrease I the cost of living is soon

followed by strikes or demands for higher wages, which teim

granted, the cost of production increases, and the cycle

cormences again, The close cf each cycle, however, does 1ot

gentirely restore the initial conditions, There are in every
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community =z large number of persons not directly connected
with production (the idle rich, the professional classes and &
great deal of labour that is not organiseaq into unions), and,
while their cost of living advarnces, there is nc automatie
increase in thelr szlary,. Moreover, as the change in wages to
his employés necessarily lags behind the increment of prices,
every namfacturer stands tc make a distinet gain by every such
increment, unless it be made so injudiciously as to stifle the
demand for his rproduct. Hence the profession of raising
Yrices has become highly remunerative, ard is attracting the
most desirable men frou. the field of rroduction, so that we
are now suffering from "a survlus of prices and a deficit
of products";-,

Now, however, there is an inersasing tendency to bring
these combines under govermmental regulation, so that
memifzcturers bent on inereasing their profits are now being
reduced to the necessity of concentrating upon lowering their
costs of productiomn,

With this end in view, the idezl to strive afteg is the
erployment of each element in the plant to maximum advantage ~

i, e, the elimination of preventable wzste whether of machines

ior of labour. No doubt employers always have striven after

|

ithiS"ideal, hut generally so blindly or desultorily as to have
|

4 H. L. GANTT - WORK, WAGES AND PROFITS.
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~rendered their efforts ineffectual. They hzve macde the fatal

| initial mistske of keeping the status of shep workers below
that of office workers, and, until this condition has been
changed and more capable men attracted to the field of reducing
costs, progress is vain,

That the three apparently irreconcilable ideals of
magximum profit to the capitalist, meximum wage to the worker,
and minimm cost te the consumer may be harmonised in almost
any industry by scientifie management has been proved, time
and again, Instances migcht be cited ad nauseam, but one or
two typical examples will suffice for the present, to indicate

the possitilities of modern management :—

(1ﬁ% Prior to the reorganisation of the Symonds Rolling
Machine Co., Fitchburg, Mass,.,, 120 girls were employed in
inspecting steel balls for bearings, They worked 8 deys per
week of 10 1/2 hours each, and were pald from $3.50 to $4.50
rer week. Afterwards, the vhoie work wss not onlvy handled by
35 girls working 8 1/2 hours per day with a Saturday half
holiday, but the accurzcy of lnspection (proportion of
 defective btalls rejected) was proved to be 37% greater, and
the girls now earned from $6.50 to $9.00 per week., TFven
assuming that each girl's wage was doubled, the relative

efficlency of their wages after and before reorganisation —

# m, 7w, TAYLOR ~ TRANS. A. S. M. E. VOL. XXIV.
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That is, an inerease in efflciency of a5t

(2 To show that similar methods may be applied equally

‘effectively to construction work, a contracter (}x, . B.

iGildreth) some years ago aralysed the motions involved in
laying bricks. By eliminating the useless motions and rodify-—

ing the disagreeable ones he found that the number of motions

made 1r laying a brick micht easily be reduced from eighteen

{

%to five ty the institution of some simple changes in the
methodl 2f delivering the bricks to the brick layer, By
pronising to each workman who followed his directions a large
{increase of pay, Mr. Gildreth succeeded in increassing the daily
output per man from about a thousanc to twen’r;y'—seven hundred
?bricks, and actually enabled the workmen to do thelir much
larger daily task with less fatigue than formerly accompanied
the perforralice of the smaller task.

In these examples the gain to the working force is
obvious, The advantage to the capritalist results from the
distrivution of the overhezd expense (taxes, insurance, rent,
derrecistion, interest, office expenses, superintendence and
other =prerently urproductive labour ) which is approximately

independent of the rate of production, over a larger volume of

# THE OUTLOCY. ~ JANUARY 7th, 1911,



Lutput - thus lowering the cost of rroducing each article.

It is thus possivle for the capitalist to gain 2 much larger
%rofit, and at the same time, in order to stimulate sales and
zaln a larger moket, it may be profitgble to him to reduce
the price to the consuner.

| In many lines of manufacture, the overhead expense not
gonlv exceeds the lzbour cost, but remains practically constant
#hethar the output is large or small, Yet many manufacturers

in considering the cost of productdon fgil to reslise the

erorrmous extent to which this sum is gffected by the volume of

a
ocutput. For simplicity, let us considog4concrete overation

on a casting worth say 3#3. Suprose that it is performed upon
ia machine fer the use of which 21l work is charged 40 f per
hevr (one method of arrortioning the overhead burden), by a
mechanle who is paid at the same rate, Then assuming that we
fcan persuade the machinist te reduce the time for the
operstion, which generally takes 10 hours, without ar increase
of his usual hourly rate of 40 ¢ per hour, the cost of product

would te reduced =s shewn on the following table:
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HOURS MAT'L LABOUR OVERHEAD TOT AL
cOST COST EXPENSE COST
10 3.00 4.00 4,00 11,00
9 3.00 3.60 3.60 10.20
8 3.00 3.280 3.20 9.40
7 3,00 2 .80 2.80 8,60
6 3.00 2 .40 2«40 7.80
5 3.00 2.00 2.00 7.00
4 3.00 1.80 1.80 6.20
3 3,00 1.20 l.20 5.40
2 3.00 .80 .80 4,60
1 3.00 .40 40 3.8C

As will be shown in cChapter VIII, it ic not at all
improbable that this manufacturer, having a defective cost
sccounting system, will have beern selling this article at #$10.
under the irrression that any sum over $7. would bring him a
profi., whereas sale at that price actually involved a loss.
put if the workmen were induced to curtsii the time of the
operation by two hours, a selling yprice of $10. would now
pring a rrofit of 6 1/2%, and the 20% increase of outrut
would involve a corresvonding increment in his total turrover.

And if, as 1is <o often possible, the time of the operation be

' reduced to 5 or even 3 hours, the rergin of profit will

obviously enable the employer to offer the machinist a

| substantlal ircentive for maintaining the high speed, as well



as to reduce the selling »rice of his produect, 1f close
competitionor the desire for a larger market should make it
advisable,

As a result of the reorganisation of a Ner England textile
mill, the output was increzsed by aoﬁ, average wages inereased
by 40%, without increase of staff, and the wage cost per piece
re&uced [o)'4 40%-%; In some prlants the output has been douvdbled,
in others more than trebled. To indicate the advantage of
irersasing the efficiency of existing rlant over rroportionately
increasing'gg; capaclty ef e=isi==g wi=m=t vithout 2dding to its
efficiency - where thg&arket will justify such extension - T
quote the following hypothetical but conservative figures
from "NyOBRK, WAGES ard PROTITS" :—

Initial Costs

Material #3000
Wages 1000
Expense Burden 100C
5000
Selling Price 5500
Profit - $500 = 107 of cost,

‘suprose then that in order to double the output (1) the plant
is doubled and (2) the efficiency of existing plant is qoubled

without inereasing size of prlant or the rurker of workmen,

-

# W. L. GANTT" - ENCQ. VAG. WAY 1910.
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‘(1) means the doubling of all expenses except the expense
burden, vnich will be nearly doubled. We then get something

1ike the folloving:-

(1) (2)

' Material £ 6000 $ 6000
. Weges 2000 1400
? Expense Burden 1800 1200
| Total cost 2800 8600
. gelling Price 11000 11000

Profit 1200 2400

Profit % of cost 12,25 28

It is truly astonishirg how seldon the problem of

inereasing the output of a given plant is attacked in the

|
logical and intelligent manner which woculd befit its obvious

limportance. Under the usual organisation, the manager sinply

"puts it up to" the sup~rintendent to sreed up production.

fThe latter then repests the process on the foremen, and these
jvery important individusls either succeed in msking their men
angry or resentful, and, possibly, in precipitating a strike,
or ~ if thelr sympathies are with the men, or if they resent

the superintendent's statements as reflecting upon their

' ability or integrity - they are more than liable to present a
ruwber of plausible excuses for fallure to inerease the output,

which, as the foremen are largely "the source and conservers
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of industrial knowledge" in any plant, no one else is able to
;refute. And so the conditions remain unchangedsexcept for
the creation of a wider Ireach between ewployers and workers.
| The foregoing is but one of the very many mamfacturing
provlems which might be cited to demonstrete the necessity of
‘more serious attention beirng directed to the establishment of
the Art of Shop lMana~rement upon a sound and scientific basis,
th, or the equivalent, has teen said by so many people who

have theoroughly stuadied the_question, as to have becomie zlmost

axiomatic, that "the greatest risk ir the naruvfscturing

‘tusiness is that of bad managerenrt, ang of the three managing
departments ~ commercizl, firencing aond rroductive, the lstter
generally received least attention while containing the
greatest elements of risk"#. The llanarer usually goes

minutely into every detail of buying, selling and firaneing,

while absolute authority over the actual manufacturing is
;relegated to g Surerintendent, wdth little restriction as to
the policy he is to foliow either in manasgement of men or
}care of plant. It is the »roblem of discovering how best to
obviate these risks that I propose to a3tudy. And, reduced
to its lowest terms the path to salvation will be shown to

!consist in leavening the methods of common commercisl procduction

iwith scientific and searching anslysis of individual operations:

# PAYLOR -~ SHOP MANAGEMENT. TRANS. A, S. M. E. VOL. XXIV.



supplemented by the application of something more than an
elementary knowledge of human nature and of the fundamental

rrinciples of economiecs,
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The term "Industrizl Plant" is subject to very broad
definition as "2 place vhere productive work of the same general
nature is carried on regularly":- but, for simplicity, and in
order to confine the length of this thesis to reasonable
proportions, it will be most profitable to concentrate upon
the means of securing maximun efficiency in that important
ard most intricate tyre - the metal working plant. Although
the underlying principles are identical, the problem of
inereasing the efficiency of such a2 plant, with its complete
dependence ugon the co-operation of the human element, is
vastly more complicated than in a hat factory or similar
strictiy manufacturing concern with its simple organisation,
repetitive work and advanced division of lsbour. Therefore
an understanding of the princivles whereby it is possible to
attain the former end will readily enable us to solve the
problem of cheapening production in ocur hat factory.

In order to make the remainder of the thesis inteliigible,

it would seem both logical and desirable to decide st once upon

' some more or less attainabvle condition’as our idezl of
|

| industrial efficiency. Even accepting as an axiom the
|

 prorosition that no plant will ever be operated at an efficiency
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of 1004, it will herdly be disputed that ceaseless and well
orders=d strivine after 2 condition analogous to z mathematlcal
1irit, which may be continually approached but onlv reached
’at infinity, is more conducive to contiruous progress than to
aim at a series of accessible, will o' the wisp ideals, which
are apt to confuse znd discourage everyone by receding
mhenever caught, Rut it is irmeasurably better to have
’attainable idecls thern none at all,

As a prelude 0 depicting the conditions in our
%hypothetical ideal plant, let us spend 2 rowment in examining

the organisation of the average joint stock manufacturing

conmpearny.

| The direction of the compary!s broad policy is delegated
!by vote of the shareholders to a less unwieldy and better
ginf'ormed body than themselves called the "Board of Directors",
of which the Generzl Manager of the Company is usually though
ot recesserily chairman, His responsibilities are generszlly
rurely finaneial, and the extent to which he influernces and
directs the internzl affairs of the company is largely a
funetion of his personality.

§ Elected, with him, by the Board of Directors are the
secretary and Treasurer, rvhose duties afe somewhat elastic but

have little to do with the internal mechanism of the company.

They may perform part of the functions of a Sales Department,

or the Secretary may confine himself to dealing with
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coerrasiondence affecting the Board, and the Treasursr siuply
to super¥isirg ard recordirg all payments in and out of the
company'!s Treasury.

In adiition tc the above officers elected by the
represertatives of the shareholders, the latter approint
directly an Auditor who hes access to the books of the company
at 21l times, and inspects them st stated intervals,

In charge of these books is an Accountant, part of whose
auty it is to compile revorts of more or less practical vaiue,
for presentatior 1o the Board of Directors.
The functions of the sales derartment are obvious, ang
as they will be discussed later, require no present elaboratilon,
coring ther tc the actual mamufactuwing department, we
find the plant i:n charge of a2 Superintendent or Jorks .anzwer,
who 1is directly resronsible to the General Manager for the
satisfactory operation of the plant as r egards efficiency,
discipline, maintenance, renewals, etc,
Next under him, and responsible tc him for the concdition
of their various departments are the storckeeper and foremen
of the various shops and tool rcoil, And, under these, in
order, are the assistant foremen, gang-bosses or charge-hands,
and tne rank and file.
Among other duties, a foreman is supvosed to exercise
continual supervision over his 1en, especially —hen the latter

are paid by the hour; he must ve a master of his grade; he must
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ke on har? for consultation with them at 211 times:; ne should

kKnew the capabilities arnd trustworthiness of each of his men;
should plean wor!s akhezd to prevent idleness; shculd bve
sufficlently acquainted with the potentialitics of every
macnine in the shoxr to see thet it is coulinually driven at
its highest economical speed; should insgsci each job when

completed; and is often expected to endorse the time sheets,

investigate absences, dischargze men when advisable, and engage

- riew onee,

Arother important officlal whose responsibilities are
less clearly defined then the foregoing is the Puréhasing
Agent. His futy is not only to keep the plant supvlied with
2ll necessary raw materials, but to purchase only the most
sultable grades, and to do so econcmicelly,

The above sketch is briefly descriptive of what is
generally referred to as "military or line organisation®,

Each man 1s directly responsible to someone immediately above
him, and promoticr Is alolg & elearly defined chznnel, Line
organisation mzkes for discipline and for permanence of
existing conditions and methods, It is in operation wherever
there is an industrial plant,

The Drafting 0ffice has 10 nl=ce i1 a pure line
srganisation, but represents the first eneroachment of what is

coning to be krown as "gtaff Organisation" into the industrial

sphere, Its labour is not directly productive, and one esn
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well imagine the indignation and conteuwnt with »1izh the
practical men vho had prospered without it must have greeted

its introduction, But it is long since the last order for

an engine, say, was handed direct to a foreman, and filled by
hin without otniar Jrzwings than a few rude sketches made by
nimself in sonsultation with two or three of his bsst tradgesmen.
Tt is long since employers became convinced of the saving in
time of foremen, skilled workers and machines szttainable by
relieving the former of the responsibility of being his own
designer, .The appreciation of this change and of the resultant
improvement in product was the first intimation of the
economies which might be rendersd feasible by relieving the
ranual workers of the necessity of planning their work - i. e,
the economy of "geparating the brain from the brawnt,

Since then, in many large plants, the Superintendent has
beern. provided with an zssistant who often devotes his attention
and energy mainly to the amelioration and co—ordination of B
shop conditions and methods with the object of increas{§%A~ %ﬁ
mroduction, And the employment of a corps of inspectors, in
prder to lighten the foremen's burden, is now the rule rather
than the exception,

Partly through the conservatism, but mainly due to the
oreternatural terror of anything resembling extravagance that
chzracterises the average manufacturer, only a few of the more

erlightened have permitted the staff organisation idez to
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permeate thelr establishments to z greater extent than this, "
Therks to ¥, 7., Taylor, H., L. Gantt, and other enthusiastt;t4wimﬁ
speclaliists, the seed of staff convrol hashgarminatad in many
apparently hoveless soils, but has thrived, grown and tornie
atple fruit. And now the moral effect of the prosperity
apparently though perhaps inexplicably consequent ulon an
inereszse in numbers of the non- productive staff is convincing
g rapidiy inecreasiir field of marufacturers of th:a dssirablility
of supplementing the kiowledge znd facllitzating the work of
the line by the eunlovment of =2 speecizal staff.

The staff consists of highly trained experts for the
brain work, and ordincx»ilv intelligent and reliable clerks
and machinists for the routine; and each member of it heas a
clezxrly Qdefined furction, for rhose satisfactory verformance
he alone is responsitle. Tor instance, the vageries of
belting, —when each machinist attends to his own belt, are
oftern & source of irritating and expensive delays. 30 a2
special staff, under the supcrvisicn of an experisntced man,
1s formed for the purrose of making periocdieczl inspections of
21l belting in the shop, adjusting the belt tensions and
ek ing repairs and rensewals where necessary. A comparatively
insignificant staff is ample for this pur’ose. Their work
is przcticzlly all done while the shop is not working, and

adoption of this idez obviates practiczlly all further
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possibility of stoppages through beit troubles. The
essential festure of the staff is thus that it tends to
increase the overall efficiency of = shop.

e are now in a vositicn to pry more or less superficlally
into the detszils of cur ideal »lant. And, instead of
entering into a2 separate discussion later of the defects
charecteristic of the ordinary existent plant, which would be
littie more than a negation of the features of an ideal works,
I shsll simply append a note to each peculisrity of the latter,

showing vherein many of the former faill.

(1) LOCATION. The rslant is loczt ed in close prexiuity to
at least one trunr railway line, to vhich it is connected by
at least one siding, and also to a river or canal, This
- menders the manager largely independent of the vagaries of
any one means of luporting suppiles and of. shipping his product.
In arder that a fire in one part of the “lant may not
destroy the rest, and to sliler for extensions of the more
important departments without cramping the others, the rlant
corsists of rot ore large building, but several smeller ones
econrected to each other by cranes and narrow gauge tracks.,
wor administrative convenience, the buildings are arranged in

co.ipeet form, allerirg only reasonable yard areas, but

providing for most probarle extensicks.
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S The relative locztion of the various buildings is such

|

tnzt those depzriments whose heads most often find it necessary
to confer —ith each other, are closest together. Thus the
draftiny office is situsted &s clcse as possible to the

General 0ffice, Pattern shopr and ilachine 3hop, and the Pattern

shop is near the Foundry, etc. The 2tore Room is convenilently
nlaced both for receiving supplies from r2ilway cars ani for

»edistributiney them as required, to the mern,

(1a) As will be shown in Chapter III, this irportant el«iient
'in efficient outlay of cepiltay is recelving cousidorably more
attention now than a fewr years ago, vihen the procedure was
first to purchzse a piece of land and then to engage an
architect unscquainted with manufacturing methols to design

a plant to fit the site. A very large number of plants so

designed are still in existence, but the defect is fortunately

‘beconing sdeewTert.

(2) TOPOSRAPHY OF SHOP:~

The machines in each department are so arranged that
the work travels through it in s strzirht a line as possible
from the point of receipt to its final destination, and without
retrogression, There are plenty of trucks, so that rno time
is lest in loading or unloading before and after each operztion,

and work is taken direct from orne machine tc the next.,

| The internal arrangements of the store aid tool rooms
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are such as to facilitate rapid locztion of whatever article
is required, thus reducing to a minimum the time lost by
workers in the shop. and o sia0w &t a zlanse when it is

advisable to order a fresh supply of any stock materisl.

(2a) A common phenomenon zenerally as a result of growth
for which there wass insufficient oririnal provision in
designirg the plant, is an arrangement of equirment which
renders it impossible for the product in course of manufacture
to pass in arything spproaching a straight line thrsuch the
shobp. This defect naturally nmakes the cost of production
unnecsssarily high, through excessive handling, and imposes a
very real limitation uvon the rapidity of production, through
congestion on the shoxu tracks ete.

The consideration given to store and tool room systenms
varies considerably ii. aiffercnt plants, and it is not at all
uncorrorn. to see a queue of three or four high priced mechaniecs
aweitine their turn at the store or tool room window - thedlr

(o)

machines standing idle the while,

(3) EQUIPMENT :—

It is nerheps surerfluous to state that the
equirment of the ideal plant is maintaired in as good condition
as is consistent with best economiczl operation, All machines
on each class of work are, as far as possible, of the same

modern standard type, so that the performances of the various
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machinists call be measured sgainst each other,

(3a) The operations of most plants are severely handicapred LY
inferior ecquipment - probably insufficient allowarnce has been
made for depreciation, and there is no provision for the
replacement at the right time, of o0ld machine tools, few of
which, since the azdvent of hich speed steels, have been
sufficiently rigid, Angd when they are replaced, not nearly
sufficient attention is paid, in selecting newr machines, to
recent discoveries and developements in the ert of cutting
metals, As régards best economical operation, the rate of
driving these machine tools, and speed and feed combinations,
when not actually left to the discretion of the machinist

are generally decided by a foreman who knows little or nething
of the above discoveries, and who has little opportunity of
studying the capabilities of each, or even of any waochine

in nis department.

(4) TOOLS:~

Oonly modern high speed tool steel is used, and as
few grades of it as necessity dictates, The tools are ground
toe he pro~atermined most suitable standard angles, by a
special staff in the tool room, and on an zutomatic griider,

A specizal staff of toolmakers and drafismen relieves the
machinist of the responsibility of Luwrovisine tools and

fixtures for his work, .
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(2a) The tool rocn is generslly handled by a staff only
atcut half lerge encugh for the rurpose. The neachins tools
are ill naintained and each machinist grinds his own cutting
tools to whatever angles test suit his cvn particular faney.
Neither tools mor fixtires are standardised, and hqurs sre
wasted daily in every shop through machines standiégz;hile
mechinists make plans for handling their work, Absence or
neglect of any system of checking men who return broken or
damaged tools has resulted in the avarage workman liysine
wmhatever comnunction he once had about handling tools carelessly.

Several grades of tool steel zre used — in fact some

Tirms YUY gsamples of every kind of steel that is placed on the
market, and use simnltaneously all grades from carbon to modern
nigh speed steel, without ever troubling tc discover ths best
economical conditions for the use of each, or even to compare
their performances under simllar conditions.,  consequently it

is reasonably certain that no tool in the shop is ever being

employed to vpest advantage.

(5) TFOREMEN:-

A man endowed with sufficlent intelligence, vitality
and initiative to be capable of faithfully performing all the
functions which are cormonly relegated to the foreman, would be
able to command zlmost any position and salary in the

industrizl world. But the task is superhuman, snd, in our



A
ideal plant, is whittled away at one end by ceasing to credit
tne foreman with knowledge that he does not and eannot possess,
and at the other by relieving him of such routine dquties as
2 irtelliigent clerk <3n handle, His task then azssumes
numanly attainable proportions, and requires but little more
than executive 2bility, cormon sense, and a special knowledge
of his trade. The respensipility of planning work shezd to
prevent idleness is taken over by a special staff for the
whole plant. The inspection of work is earried out by a
ecroupr of inspectors, Bach machinist is relieved of worry as
to how best to attackeifgew job, by a card which sccompanies
the work and gives detailed instructions showing the simplest
and most repid method of doing it, These cerds are made out
or checked by an expert possessing 2 specizl knowledge of
rnost recent experiments in the Art of Cutting Metsls, ang of
the capabilities of each machine in the shop: and the foreman
or other officials see that the instructions are followed to
the letter, advising and assisting the workmen when necessary.
They also see that the next job is ready beside his machine
before completion of the job in progress; and that he is
provided with 21l necessary facilities for hoisting it into
position, and fixing it there, and with sll the tools required
for its performance, The officlals responsible for the
performance of the above functions together form an institution

of parzmount importance in relieving the foremen of their most




vexing duties, 2nd of the necessity of similating a krowledge
wiiizh they do not pessess or in completely supplanting the

foremen, while, at the same time, reducing manufacturing costs
to a minimum by Hoing all work in the best and most rapid way,

and by eliminating idleness of machines and machinists.

(ba) The foreman is immeasurably the most important link
in the usual organisation, Tith conscientious:aand efficient
foremen, almost all things are possible; ard the relative
efTiciency of each depsrtment in any rlant is alrmost

infallibly a measure of its foreman's gbility, An inefficlent
foreman, however, will inevitably be the cause of poor
vorkmanship, high mamufacturing costs, tardy production amt
labour troubles:; ande ai: analysis of the extrzordinary collection
of virtues and gualities without which no men cer be an effi-
cient foreman leaves no dowbt as to the impossibility of
securing such a mer for the seciary of = foreman, However,
some are less inefficient than others. Very often he is
simply a machinist who hes been promoted for his apparent
intelligence and integrity, but vho 1s versed in the methods
and routine of only one shop. Such a man can seldom rise
superior to the limitations of his experience o the extent of
formilating or even following a bold, broad and logical policy
of progress, As the foremen are the direct representatives

»f the managerent to the men, the latter are extremely prone



— D24
to bazse thelir opinion of the management upon the qualifications
and behaviour of the foremen; and, in light of this fact, far
too little caution is at present exercised in selecting the

occupants of these very imvortant positions,

(6) WAGES:—

For the performance of each job 1is set a time in
which a first class workman could complete it under the
conditions of the shop. FEach employé is then stimulated to
strive after maximum production by some automatic method of
inereasing his remunerat ion whenever he succeeds in completing
the job within the stated "standard" time, And not only are
each man's immedlate earnings a measure of his efficiency,

v prolonged high efficlency is still further rewarded by

rromotion,

(8a) 0f all conditions directly concerning the workmen
and influenecing their support in attaining the ide:zl of most
efficient production, it may well be doubted if any element is
of such vital importance as the payment system, And yet, as
will be explained in cChaprter IV, the two systems favoured by
most widespread application - day-work and piece—work are
frequently so clumsily or so craftily sdministered zs to

level all workmen of the same trade in a éhop dowvn to the
standard of the least efficient. The ratural and inevitable

effect of this maladministration is to alienate the sympathy
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of the workers from the maintenance of the stetvs cvoj and it
may be accepted as axiomatic that a dissaiisfied worker is an
inefficient one,

Probably no other industrial phenomenon is half so
disastrous to the capitalist, the worker and the general
public as a strike or lock—outs and the vast majority of these
are directly traceable either to arn unsatisfactory payment
gystemor an inexperienced, blustering, tactless fbreman, or

to a combination of the two.

(7) HCMCGENEITY:-

The various departments are so organised and
develcped that each is kept working at full capacity, while
their several products are very nearly the exact quantity
required for the generzl output of the plant;

The foremen of the more important shops, the chief
draftsmen, and a representative of the szles department are
kept in touch with each other and with the superintendent by
formirg a cormittee e #s==m, over which the superintendent
presides at pericdical meetings, when questions of general
interest are discussed. This serves to fix responsibility
for delays, and keeps the foremen more nearly up to a uniformly

high standard.

(7a) In the aversge plant the predominant characteristic

is that of unevenness, In hardly a single plant is any
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department equally efficient witi iy other.

The method of managerent usually 2d0pted is to placze all
the responsibility on the shoulders of one superintendent, and
to make no zautomatic or other provision for surrounding and
strengthening him with an advisory board of the most efficient
foremen, In so doing, the management deliberately lays itselr
open to a double loss, In advition to sacrificing the
incalculable benefit derivable from periodical conferences
between the superintendent - ang the most inportant foremen,
whaich would serve to kesp the former conijrmously in intimate
touch with the actusl conditions and obstacles to progress in
each department of the shop, it also loses a spiendid opportunity
of educating and broadening the foremen, and of so fér
conquering their jealousy of the superintendent and of each
other as to stimmlate them all to hearty co-operation with
the firm,

Too frequently the head of the drafting office is a man
of limited shop experience, with little idea if left to himself
of adapting desiens to economical methods of manufacture, and wdh
no appreciation of the economy of standardisation or of the
use of stock parts in designs. And he is often too ;aalous
of the shop foremen and of the sazles manager to adopt

suggestions from either as to ilmprovements.
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(8) ACCOUNTING:—

A feature of the idezl plant is the use of an
accointing system whereby any priece of work may be at once
located, and the cost of, and time required for filling each
production order is easily determinable. in sdvance,

(8a) Even at the present day, numerous mamifacturers are
blissfully unconsciocus . of, or even sceptical as to the econonlies
of simple systems for such purposes as inventorying stock,
tracing work through the shop, and for ascertaining éhe
aprroximate co$t cf each operation on each piece of iheir
product, The inportsnce of these will be discussed in a later
chapter, but it might be well tio0 emphasize rnow that their
coriplete ignorance of the actual manufacturing cost of any
Pilece of their product and of the capabilities of the shop
must inevitably keep the sales department contimially groping in
the dark. The production of orders 1s an essential link in
the chain; %gt a sales organisation which is quite mnable to
guarzrtee delivery before a certain reasonable date is zlready
half beaten by competing organisations in the race for orders.
Ignorance of the actual cost of manufacturing the produect
éffectually debars them from colicentrating on the sale of their
most profitable lines,

Very often, too, the salesmen being jealous and distrustful
of each other, and having Br&y an incomrlete knowledge of their

own and their competitors'! products, do not co-operate even to

the extent of pecling theilr knowledge.



CONCLUSI ONg :—

such, then, are the wore noticeable distinetions bvetween
the idezl plant and the actual, Not even the most efficient
plant is completely EEEEH}§§§§ against all of the defects which
characterise, in greater or less degree, the average works;

and probably no plant is so clumsily managed as to suffer from
all, The manager of almost every plant is a specilalist in
some element of management whether it be in sales work or in
the actual machine operations ete., and the department with
mhose needs and problems he is conversant will likely be
extremely efficient -~ perhaps even over developed at the expense
of the others, That is, he cannot see the necessity of
employing & non-productive staff in the departments which_he
does not understand, because his own particular departiment
%ppe&rs to have become very efficient without one -~ though in
that case he himself is the staff. The ldeals and limitations
of the manager, therefore, are largely responsible for the |
unevenness of the average plant,

Although the multiplicity of apparently non-prodquctive
labour engaged in the ldeal plant would go to the heart of an
orthodox mamfacturer, I hope to show, in the course of the
Thesis, that industrilal inefficiency is largely a measure of the
numerical paucity of non-productive in proportion to productive

workers. Apart from the drafting office, staff organisation

is consplcucus 1n most plants mainly by its insignificance,
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OFf a truth, many firms employ what is termed a 'production
engineer", but his principal functions often consist mainly in
tying red labels marked "RUSH', on work which has been lost

or forgotter, and in irritating foremen.

Another important contrivuting factor to present
irefficiency springs from the necessity in almost every kncwn
plant for weighing and compromising between several desirable
but conflié¢ting ends.

consider the problem confronting a railroad organisation
in deciding upon the details of a2 new locomotive repair shop.
As all time spent by an engine in E?i,shops represents a dead
loss to the company, estimated‘aqigloo yer day, they will
Apaturally desire to execute all repairs in the least possible
time —~ that is by alﬁays keeping in stock a duplicate of every
locomotive part which could be damaged.

Hesew=e, Jnc number of standard types of locomotive

orned bv the Canadian Pacific Railway Co. for instance is 66,

This the interest on unproductive capital represented by the

ccumulated cdst of only one dquplicate of each standard
ocomotive part might far more than counterbalance the loss
ccasioned by keeping each engine in the shop while its repair
arts are actually being made., And so a compromise is reached,
hereby a ruiber of standard parts most frequently required =

iston rings, ecylinders etec,, — are made in large quantities gng

tored; while less Eggglar paris are simply made as actually
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required. Sonme such compronise as this has to be made in
almost every industrial plant, and necessarily results in

a2 certain waste which however is less than if nc compromise

were made at all,




III.

THE DESIGN AND CONSTRUCTION OF PLANTS FOR RBEST
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ULTIMATE EFFICIENCY.
The appreciaticn of the limitations which can be
permenently imposed uporn the ultimate efficiency of a plant
during the periods of design and construction is a comparatively
recent developemert, The old method of procedure, beginning
mith the selection and purchase of a site, and the emplovment
l>f an architect to design and locate the mildines, frequently
»esulted in excessive invesiment charges through the su=Sgusrl
ﬁecessity of demolishing sound structures or of purchasing
more iand for subsequent extensions, And the conditions of
marufacture were often such zs to have doomed the enterprise
froir the start, had not its competitors been similarly handicapped
i The change to modern methods is so complete and
revolutionary as to be responsible for the existence of z new and
flourishingy branch of the profession, whose members devote
themselves 2lmost exclusively to the scientific design of new
plants, and of extensions to existent ones,

Now, ee—ess®, the work begins with an examination of the

finished product, and an analytical determination of the

nrocesses and equipment negcessary or desirable for its economiezl
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Eroduotion. From this, and considerations ot the capzcity of
the market Ffor the product, a tentative design of the plant is
completed, and a search 1s then begun for a suitable section of
real estate to fit the plant — a complete reverszl of the
established practice of only a decade ago.

In the operation of desigrning a yrovosed new plant, there
are certain brozd principles to be observed, according to the
nature of the »roducts waica it is intended to mamufacture.
Beyond a mere statewent of these broad prineiples it will
hardly be profitable to treppass in a thesis of so general a
nature,

Thus, in a metal working »lant, the machine shop must be
placed for convenience in receiving rar material and rough
stock from the store, foundry and blacksmiths! shop, and for
shirpine the finished product as soon as it has been completed.
Therefore, in designing such a plant, first consideration musi
generally be given to the machine shop, and the other
departments grouped about it according to thelr uses and
administrative convenience.

The store Room must be convenient both to the workmen
who are to draw supplies from it, and to a railroad track and
other points of delivery of raw materials,

The Drafting O0ffice varies poth in status and position

wvith the size of the plant, and the kind of work which it handles.
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Thus# in plants employing less than 500 men, working on a
regular product, the drafting room should be near the
superintendent'!s office, and under his control; and should
commmunicate directly with both pattern and machine shops.
Where the staff numbers from 500 -~ 1000, the drafting room
sheuld~be near the generzl office, for convenience in supplying
drawings and estimates for prospective customers, - and it must
also be within easy reach of the pattern and machine 319ps,
Practically all »lants larger then this do s fairly general
business, and their drafting room becomes &an engineering
department. It should now comrunicate with both general and
sales offices, one of its yrincipal functions being to make
preliminary plans, and estimates for bidding on tenders., If
possible it sheuld still be fairly convenient to the.pattarn
and machine shops,

The method of power transmission is of extreme Iirportance,

and appreciably influernces the design of bulldings.
Tinployment of motor drives may ve justifiable through the
resultant reductién in cost of the buildings, which are then
relezsed from tneir function of forming prart of the equipment,
and has the further advantages of clear head-reom for crane
service, best location of.machine, convenlence in detached

builaings, better speed control, and probable reduction in the

— o

# 0, E. PERRIGO ~ TIRON TRADE REVIEW - O0CT, 3, 1207.
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frequency of shut—dovnus,

The problem of cesign is generally still further
complicated by the necessity for compromising between the ideal
arrangenent of available transportation facilitles and the
actual - and, in adding extensions to an existent »lant, by

the location of the older buildings.

Generally speaking each industrial piant obslongs to one
af three groups according to the nature of the work which 1is
performed in it:-#F
(1) Manufacturing work for the purvose of producing a single

preduct or line of products e. g. sewing machines, cash

registers. typerriters, textile goods, paper boxes,
soap, etc.

(2) A definite line of comparatively heavy work - e, g.
locorotives, automobiles, turbines, electric generators,
railway cars, etc,

(3) General machine work - inecluding repairs and jobbing work.

The design of each is affected by the following bread
cousiderat ions: -
(1) The work being light, an overhead space sufficlent for
proper lighting and ventilation is adequate for manufacture.

Thus the structure plays no part in the actual manufacturing

ENG. MAG. JUNE 1910,

|

# CHARLES DAY
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processes, and may bpe suitable to many types of occupancy.
Tor financial reasons, it is often desirable to ensure this
last consideration, possible slight disadvantages
notwithstanding.

The materials rurchased by concerns of this type are
characterised by coiparative lightness, and it pays tc buy
them 1in large quantities at a time, The stores department
may thus be accurately laid out, and special bins provided for
the storage of material, and for transporting it in lots
through the shop.

The equipment is generzlly special, and each mschine may
be designed to perform only one operation, The demand for
such machines may be sufficiently great for several companies
to pbuild them in standard sizes - . g. box-making machines,
etc. — but they must often be built to order to special designs,
The ability of designers thus becomes an integral element in
the efficiency of plant.

As the buildings are standard (FIG. I) extensiens are
easily provided for through the possibility of adding similar
units; but, in the event of zn extension being made, a
reaprortioment of space among the var ieus departmenrts in the
original plant 1s gererally advisable,

The question of routing is simple, and the routing plan
apparent from lay-out of machinery.

Thus an accurate ley-cut is pessible, The performance






of equirment is defirite, and the amournt of equipnment reauired
is therefore easily calculable. The totzl requisite enclosal

floor space is readily escertainable after completion of lay-out.

(2) The lay-~ocut of a store department is feirly simgle

|

granted some krowledge concerning the quantity of each material

which will be purchased at a tiue. The raw msterial is large
and heavy, requiring special transpertation equipment, and eften
special building features such 28 reinforced floors, and

unusuzlly large door and elevater openings,

The equipment has generally boen desicened for a

gdiversified line of work, though the rmodern tendency is to

|

dirinish its range. Tach itype is =zuited for the performance

of certain operations or a large number of different parts.
Travelling cranes are generallv essential, so that

buildings are a part of the equipment. High head room under

the cranes will probably be required for the ercction of large

'machinery. Heavy floor lozds may necessitate the provision
of especial reinforcement.
it is impossible to select the character and amount of

equipment with anything like the degree of certainty possible

in a manufacturing plant, The type of vullding is fixed by
equipment, which can itself only be approximated, so that the
best solution concerning the building proper is hardly likely to

be obtained -~ (staundard lypes Fles., 2 and 3).
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The routins problen is a difficult one, and czn only be

solved by a compromise to secure the best average routing of all

'parts. It is sonetimes sdvisable to install gddqitional

equipnent, rather than trausport rarts a considerable distarnce
to a point where m=chines of the desired character are
available, The point at vhich such extra equiprment becomes
desirable is deterrined by balancing the probable cost of
extra handling against the interest and depreciaticn on extra
machines,

As 1t is inwpossible to foretell exacily what the future
requirements will be the need of subsequent rearrancc.ent of
:equipment is probable, and the buildings must be speciaily

designed to house several radically different kinds of rork,

(3) In jobping plarts the zresent and future recuirements are
only roughly approximable:. These plants are puilt for

diversified lines of performance, and only those stocks of raw

materials adgptahle to several uses are carried. Provision
mist be rade for handling and terporarily storing special
Daterials when ordered,

The typespbf building suitable for this work are
rractically inderendent of the product and are well
standardised (Fig. 4). They mav differ widelv in character,
but their design 18 governed by considerations of requisite

floor space and floor lo=ds, If much variation is anticipated




' in the size of work handled, there nmust be a section with
overhead space for a travelling ecrane, and z lower section

suitable for shafting,

The equipnment is stendard, with a wide range of duty.
Wide range involves low efficiency on most jobs, but this
arrangement is more economiczl than to have a number of small
range machines, and keep all but one of each type lying idle.
| Many questions apart from the efficiency of individual
operaticns must therefore be considered. Thus many operations
are performed by hand and certain machines may be employed for

a double purpose, e. g. slotting machine for planer, etc,

ACTUAL DESTGK.

Thether or not the work of designing the »lant, or
extensions thereof, is relegated to a2 specialist, the
procedure should be somewhat as follows:— #

(1) “"Ascertain the specific manufacturing requirements, and
‘compile data relating to present and future needs®., This
ineludes an exhaustive study of existing methods, and of the
purpeses which have rrompted the enterprise or extension,

Where the plant is being designed by a specilalist, it is

essential that the ownher should co-operate to the extent of

Csupriying him with thls and all other necessary information,

The compilation of data is largely directed to the eng of

# (OHARLES DAY -~ ENG. MAG. SEPT. 1909.

|
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reducing information to a unit basis, such quantities as
éfloor srea per operator in each department, floor area per ton
of finished product etec., are of great assistance in
lconstructing a preliminsry design, or a tentative subdivision

|
! into gepartnents.
|
|

5(2) consider the system of shop nmanagenent which the owner

intends to adopt, and its effect upon the design of a tool room,

the number, size and location of offices in the shop etc.

(3) Supplement the information already gathered with data as
to the practice of similar plants, -~ more esveclally of those
recently built, suen practice, however, must be adopted with

extreme caution, as it may hsve been dictated by loczl or

gpecial conditiens,

(4) Determine the kind and number of machines that should be
purchesed immediately, T e probable future requirements
should also be estimeted, in order that ample yard areas may be

left in the right place to allow for extensions that may become

expedient.

(5) Decide upon whether the plant shall be built in a
business or suburban district, The locality of the plant
exerts one of the strongest influences that affect its design,

as explained under (85.
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(8) "Decide prelininsrily on the arrangement of equipment and

precesses, basel on elemental routine and zdministration require-

mentsh, Day recomnends that a theoretical asrrangement of

rMachinery, mwith a view to minimising the travel of material, be

‘made with the assistance of accurate templets of the various
|

]

‘'machines, and of the spaces required for process work, The
broad relationship of the templets will be dictated by previous
conclusions as to the best general plan of mamifacture, but a
number of altermate z1d equally satisfactory afrangements may

' suggest themselves, Fxcert in the few czses where the routing
diagran 1s obvious, a cormpromise will be found necessary to
trirr the best working result from a mass of confliecting

desiderata.

5(7) Determine the floor areas rsquired for the manufacturing
gdepartment, stores, aszembly rooms, offices etc., and estimate
‘probable future requirements for each. The equipment having
been arranged for minimimw cost of handling, decide what space

to gllow beside each machine for the temporary storage of partly
finished product, tool cupboard etec, At the same tiie deecide
how the product shall be stacked — whether pilel on the floor,

placed in boxes, on trucks or other speecisl apnlisnces — ang

whether it shall be transported by manual labour, or by what
other means.,

| The wmachine and temnorary storage =paces having been
;approximated, the areas requisite for passzages, general storave

!

i
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' departusrts and special enclosures (inspection and teol rocus,
et be estimated, This ealculation is only rossible when

assisted by a conmbination of experience aid elsbarate data.

(8) Determine wh ich Jdepartments mist be accorodated on the
ground floor, and which may be located on an upper storey.
The cost of real estate may necessitzte the restriction of tie

: . . .case
crea purchased to 2 minimum, in which¢2all possible processes

are performed on upper floors, Tork requiring heavy machinery
5cr erasre service must be performed on the ground floor, as
371i4 foundations are essortial to the successful operation
of the former.

The results of this investigation largel govern the

final deeision as to what building types and construction

Zeteils shall be adopted.

(2) Determine the total property area that will be noeded &t
once, and the anount that sh2uid be reserved for future

expansion, Tabulate the arescs needed for each class of work -

storage, yard requirements etc., segregating irmediate from
future needs. Totzl the oper and enclosed arezs separately,

and note what floor area may be upsteirs.

|
defer purchase until completion of the design. 1If the location

(10) Select the most suitable availasble site, but, if possible,

ﬁere fixed in advance, the procedure would be slightly different,

!as the actual limitations of the site couvld then be considered

|
|
|



from the cutset,

Generzlly rore than ocne site possesses scveral of the
preodetermined requisites, while none possess2s 511, Therefore
several should be taken 1vrder consideration pending coumpletion
of building sketches, =r1 the estimate of costs, Data bearingz
on the cdoesirability of each site should be separately
tabulated, in order to isolate the less suitable ones. The
essential data comprise a knowledge of the suitability of
the various soils for foundations, the cost, including
expenditure necesssry to make the site available, sanitary
facilities, fire protection, availability of water, coal,
electric pvorvar, gas and rav meterials. and raiiroad and
truckiny facilities for the receipt of materials and shipmeunt
of nroducts.

The most suitable site having been singled out and its
purchase practically decided urorn, the next step is to survey
it. A map should then be dravi, showing, among other things,
the boundaries of the site, the location and character of
neighbouring vuildings, the railway sidings, and canals in the
vieinity, scwers, gas and water pipes and electric circuits

r.ear the site,

(11) Prepare alternate lay-outs of departments. tsgking into
sccount all foregoing factors, including the site., Information

already compiled will have defined where particular care must
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be taker to prevent the builldaing details from interferines with
rerufacture, There should 10w be frequent confrreneces dbetweern
orner 2nd engineer, as many voints are bourd to arise, in
dealing with vhich two experienced hecds —ill be far mrore

successful thar one,

(12) Recousider all the work so far done, and prepare a

rzvised lay-out incorporzting the best features of the

prelinitery studies. Thern make an accurate outline drcwing
showing the essentizl dimensions of the various buildings,
depertients srnd erclosures. This 1is necessary for estinmating
the cost, and for ovtaining the owner's final sanction to the
rroposed arrangement.

The final decisicn as to whether the type of building
shell be reinforced concrete, mill construction or steel frame
derends upon specific requiremnents and clinatic conditions in
the locality. Different perticntis of the plant ray be
constructed of different nateriels if this arrangenent is
considered to be more ecornomical without threatening the
efficiency of operztion,

Gererzglly there is a logical front to the site, and the

question of gppearance affects this side onlv,

(13) Prepare a classified estimate of costs, This will be
based on unit cost statistics, as the exaet quantities and the

gmount of labour necessary have not yet been estimated.
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The estimate should pe classified to faziiitate separate

consideration of each item.

(14) Deternine vhether the probable business will be able to
surrort the estimated necessary investment charges, If the
owner cousiders the proposed expeunditure to be excessive after
Lonfenring mith the engineer, the rlan must be consistently
vodified to curtail the first cost. This serves to illustrate
the importance of accunulsting date of unit costs.
| The lay-out should then Pe revised, and the final rlans
prepared.
‘ steps should ror be taken to secure the grproval of the
trunk-line railroad, so that there may be no later difficulty
‘bout the location of sidings; and other tentative decisiocns
Fust be made finsal,
| The subsequent work of firaneing t he enterprise; preparing
aetail rlans and srecifications, superintending counstructicn work
ﬁrd installation of equipment; and of commencing operation may
ér may not be performed by the consulting firm, The engineer
seldom participates in the actual financing of an enterprise, as
#is erngagement terminates on completion of the plant, and he
is consequently unable to guarantee esrnings,

In the orersration of plans and specifications, it is

generally fourd profitable to subdivide the work as follows:~

(1) Special Machinery - Specifications for special equipment
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must be 1k considerably greater detail than for standard
machines, Either detail designs must be worked out, or zan
exact definition of the work to be dore made, aud the function
of designing suitavlie rachines left to the bidders. The owner,
vho possesse q‘unlque exper ience, ray undertzke to procure such

equirnert indeperdently of the engineer,

(2) standard Equipment, —~ generally a large mnrber of
machines are built for doing exactly the same type of work, each
working between certain well defined linits as to size of work,

acceuracy and specd. Relizble data may be secured from the

'._J

gadiny machine tool builders as to the rapidlty of performance

f the machine which each would recoitiendg for the given conditionsg
A comparison of these data with the specificetions will

generally isolate one zs having peculiar advantages over all the

others under the prescrived conditiouns,

(3) Power Plant Equipment, — these specifications are well
standardised. The steam piping, wiring and line shaftirn

should be designed before soliciting tenders, partly to
focilitate comparison of bids and partly tc rrevent them frcr
beirg =¥ranged in a manner prejudicial to the overall efficiency

of the plant.

(4) Artificizl Lighting Equipment, - the shop generally
should be illuminated by arc lamps, and supplied in zddition

—ith =& incandescent lampswherever desirable,
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(5) Heating, Ventilating, Sanitary and vire Prevention
Apparatus etc., - standards of insurance bureaux should be
accirted s a guide in preparing specifications for the last.
The specifications in all cases should be sufficiently corplete

to facilitate comparison of vias.

(6) complete Buildings, — 1in this connection it is advisable
to specify for 2 maximum of fabrication oi the building materials
prior to shipment, in orcder to linmit the ordinsrily exorbitant

field costs,

(7 Necessary Yard Equipment,- this ineludes rellw:sy tracks,

rlatforms, storzze and scrap sheds etc.

It is generally advisable to secure tenders for the
work as a whole, in order to centre all responsibility in a
single company, znd care sheuvld be exercised to allow bildders
ample time for the prreparation of their estimates. Otherwise
they will naturallv leave a margin over the hastily complsted
estimate for each section, in order to make the total price

eyord question safe,

The procedure just outlined perhaps seems unnecessarily
replete with precaution; but no care must be spared to make the
desigr of en industrial plant the best possible, Ir the case
of a manufactured article, errors of initial design can at any

time be rectified for a corperatively trifling expenditure:
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but, as regar s the irndustrial plant, "a design for something
that has never bteern built before and will probablv never bve
bulilt agein, nust be made rigcht the first time", Errors in
such & design impose a2 handicap on economical productiorn, that
will last as long as the plant itself. Therefore the
comparatively insignificant cost of ensuring the vest possible

design is more than justified.
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SYSTEMS OF SHOP MANAGEMENT OTHER TIAN THOaE
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As indicated in CRapter II., many plants are still handled
alrost exclusively by an organisstion of the militery tyre; and,

vhere competition is close, the owner is pitifully dependent for

~antinued prosperity upon the success of his foremen in coercing
or cajoling the rark and file inteo putting forth their best
endeavours, The predominant cause of present general

inefficiency is the zliost culpsble ignorance of employers as to

the minimum tire in which the various jobs performed in their
rlants could be done, or their inability to induce the workmen
tc rerform the jobs in these tiner, In the rare cases where
theye are knorwn, Naturaily resultant upon this igrnorarnce comes
the revealent phenomernon of loafing - partly because it is both

congenial and safe, snd quite often just as much in order to

Feep the anployers ir the dark as to the capabilities of their

@achines a1d workmen.

!
|

Hitherto industrial progress has been heavily handicapped
by an overestimation of the difficulty of harmonising the
[
rorkmen's desire 10 receive maximum wages for their time, with

rhat of the erployers to receive a maximum returi for wages paid.



Prior to attacking this problen, we must first accert the

vroucsitions as exionatic:-

re
vy dr=

folliowin

(1) That the workren in nearly every trade can and will
naterially inerezse thelr present daily output, if assured of a
permanent larger daily wage tham they have provicusly recelved;
and

(2) That employers can well afford to pay higher wages
ever: permanently if each st and esch machine in the shop turns
out a proporticrately larger amount of work. i

Imtil comparatively recéntly and now only in a less degree,
the progress of the art of industrizl nonagerent has been
rerpetuglly hindered by persistent failure of employers of
lapvour to realize the potentialities of the payment system as
an instrument for stirmulating the workers to maximum efficiency.
mhe syster favoured by almost universal application was that
extremely simple one of dividing ithe productive force of any
one nlant into classes, and paying the szme standard hourly or
dzily wage to every meuber of each class, This plar has the
fatal objection that any increase of effort by a superior
worknat. over vhat is required form his class benefits the
erployer without affecting his ovn pay roll. consequently,
21l the workers of each class in any shoyp, having no inducement

to expend more than a standard mininu of energy, will soon be

i

# v w. Paylor. A Piece Rate System, Trans. A.3.M.E. Vol. XVI.
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found, aimost invariably, to adopt the geit of the slowvest.
| Thus the workers lose interest i1 their vork::géch man's
fear of workine harder than his neighbour »roduces a constant

tendency to deterioration; his neglected reserve povers

rmzdelly atrorphy; <. s~omld the process have endured
:sufficiently long, no change of system, Lo amouni of
intirdicetion, and o dagzlirg offer of fabulous reruneration
could stimilate the iien to perforii a really hard day's work.
The effect of such surrcundirngs uron a youth just entering a

trade way be well lmznired, A&nd these conditions, if at all

seneral in a country, would obviously constitute a grave

1national dearnger - 2as 1t 1is saild even now to be doing in England,
In this conrecticn Shadmwell 7 tellis of an English

electrical works in which the men engaged ir winding eocils got

slover and slower until the average time tsken to ~ird g single
coll wes about 90 miuutes. Girls were then put irn cherre of
the —ork, and esch girl nov vinds before breskfast more than

a man was doing in & whole dey.

Thus the employer vho pays mern for their t ime frequently
gets little else 1n exchange for his ~oney, and slrost
invariably pays extravagantly for the product.

Under this systen the management at least recognises its

obligation to maintair the equipment in a high state of

# Industrial Efficiency. Vol., II. ©D. 454,




efficiency. Every employer knows that no machirne —ill work

‘at evern reasonable effizizazy if Lt 13 Ariven continuwousliy at
:the maxirur speed at vhich it is capable of tskirz a cut -
ruinous deprszciztion mendors this course prohibitive. As
ermployers of loivcur are gererally creditced with the possession
éof wore then average intelligence, one would at least suppose
them cepable of inferring that the humsn mn=zchine is subject to
exactly similar limitations; and yet the great majority of

them consider that ecomoiiios productio:nl s ccrivatible only

w1th the ~mployvrient of a foreman whno 1s glso a skiiled driver.
The daily rate cf the workmen in each class is usually

the lowest that will suffice 1o secure the reguisite number of

\)

tradesmen of the desired grade, =2rd depends simply urzon the
suprly of and demand for such rcriers, Ocegasinrally, however,
a union m=y ve sufficiently strong to insist upon the payment
of = hirher rete thzn this. In either case, unless accurate

recoris are Kept of each man's output, it is Ii1vossible for

‘ar. efficient worker to b granted =1 iicrease without others
[claimihg it also, As absence of racords renders discussion
fruitless, the rise is generally withheld to save trouble, and
the effjciasnt worker slows down

The effect of this system is deroralisiiy as well as

' levelling. The more srbiticus workers, —ho see no profit in

morking hard turn their atteution and devote their energies

to oth r . .oihcds ¢f Zugreving their lot. and thevy taxe the lead
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iin forming labour unions for the purvose of wringing better

%pay or better conditions or both, from their employers by
threatening to strike. The necessity for unions would disappear
'1f free scope were granted the ambition of the better workmen

by ®aying them according to their performance. It is relative,

!not absolute wagzes that stimilates exertion, and just so soon

%as the best men perceive a genuine inducement to discontime

|

restricting their output, they are only too eager to do so. -
In order to circumvent the inherent defects of ordinary

ay work, the system has been developed in the direction of

educing the number of men in each group, and inereasing the

—

pumber of groups, involying a greater diversity of dalily rates
ﬁaid to the men on each kind of work. Under the highest form
of day work , when accurate records are kept, and when each man's
wage is inecreased as he improves, the restriction of output can

%e largely overcome, providing that the men are convinced that

ihe system will not be eventually superssded by viece work —
#therwise the fear of making a record that might be used as a
?iece price basis will probably impel them to loaf as mieh as
ihey dare. Only with these innovations can any plant be
Iperated efficiently under day work for any length of time. The
}ecords justify any inerease of pay, and, if high individuasl
éfficiency be liberally compensated, the workers will soon
prefer this systenm.

For jobbing shops, day work is about the only feasible
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system, but needs a first class foreman and a uniformly high

PIECE WORK,

|
|
;grade of workmen.
;\

From the best type of day work to piece work is a
short step, although the latter is in many respects the
antithesis of ordinary day work. The avowed object of the
piece work gystem is purely and simply to obtain a larger
output from a given plant, and generally though not necessarily
for a smaller labour cost per viece than under day work. Even
suppo sing that the labour cost per piece remained 'the‘ same,
the distribution of the overhead burden over a 1arge; vo lume
of product is virtually tantamount to a materisl reduction
in the cost of produeing each individual piece,

mundanmentally , the piece work system contemplates
effecting the material recognition of unusual industry by the
paynent of an unusual wage. It survorts to attain the ideal
of paying each man in proportion to the worth of his performance,

and thus to stirulate maximim individual effieciency. As an

instrument for inereasing outrut, it should invariably rrove
attractive to employers of'labour; and , by affording him an
opportunity to improve his lot, it should be welcomed by every
workman, better than the average of his trade. Why then do
we find its introduction as a rule so bitterly oprosed by the
workers, whether organised into unions or not, as to have been

productive of some of the most determined strikes in industrisl
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history? Piece work prover is the only exact justice, but
the manipulation of the system is frequently so clumsy or SO
crafty as to have convinced the average workman that viece work
and injustice are inseparable. The iniquity is inherent in
the manner in which the piece prices are general}y set.

The methods may be classified as follows:i-

(1) Prom a foreman's estimate of the time which the
job will take,

(2) From records of the best time in whiech euch job
has vreviously been performed; and

(3) rrom a detailed exvert investigaticn of each piece
of work, to find the best method and shortest time in which it
can be done with available appliances. Thus develope a
standard nethod for each series of operations, and set a
standard time within whiech a good workman should be able to
perforn it.

0f these, perhaps, all are af equal imvortance — the
first two beczuse they are the methods generally employed, and
(3) because it is the only exact and equitable one.

(1) is pure guess work. Sometimes the error is small,
but often it is just as likely to be large, in which case a
varticular workman will receive & Wageé that is either ridiculous-
ly low or abnormally high in proporticn to the earnings of his

fellow workmen for a similar expenditure of energy. In either

event there is a strong sense of injustice, and the management
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loses prestige, whether it alters the rate or not. As a rule,
however , it is only on new work that the foreman's estimate
is used as a basis for a piece rate.

Quite frequently, on new work , a viece rate is set by a
Fombination of a cursory tine study of the first attempt at it,
and the foreman's estimate. For this purvose the machinist or
Titter who will afterwards have to perform the job is allowed
to undertske the experimental performance upon which the piece
price will be based, under whatever suvervision the foreman

as time to give, The man will naturally verforim the job as
lowly as he considers safe, and, when & vrice has been set
éccoqung to this time, he can with discretion safely reap the
%Tult of his dishonesty whenever the job has to be repeated.
ﬁaylor states that he hes time and again discovered cases like
thls where a man has successfully mursed a job for ten and
#ifteon‘years verforming it always in a g;;;%sr 2§%£°%E=:d
ﬁest time which he wzs capable of making, and still securing a
hand.some price,

| (2) This is the method most generally employed in
$etting bpiece rates on work that has vreviously been standard.
On the assumption that every workmaen is capable of performing a
substantially greater amount of work per day than he has been
doing under day work , the plece rates set are generally so
calculated that, in order to earn the same wage, each employé

will have to do 25% more work. Thus, those men (and there are
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some) who , under dav work , had regularly out forward their
best endeavours, are rewarded for their integrity on a change
of system by a 25% reduction in wages. On the other hand,
those who have most grossly deceived and despoiled their
employer under day work , are now tempted by the incentive 1o
inerease their outrut by two or three hundred per cent or
even more, and are punished for their previous deception by a

vhenomenal inerease in wages,

Consider a shop consisting simply of mechine shor and

Iassembly rooni, and suvvose for simplieity that the staff under

day work consisted of a number of first elass machinists each
working at half his maximum reasonable speed, and a munber of

similarly equal fitters. each working , under better supervision,

at 4/5 the best speed which he is capable of maintaining.

| Suprose that day work be then superseded by piece work, vrices

being set as above, Then if each man work at his maxirmm
reasonable efficlency, a fitter's wages remain the same, while

those of a machinist are increased by 60%., The iniquity of

' s0 slipshod a2 system is evident.

|
?
|
|
a

The system as commonly applied is thus permeated by
injustice; and should the firm attempt, as many do, to ecorrect
the discrepancies of the initial rate setting. it not onily

stands to lose the last shred of the confidence of its employés,

:but is almost certain to antagonise them as well, Beyond

- question, the cutting of piece rates is frequently justifiable.

Consider the man, cited above, whose output inereased enormously
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%at the ineception of the piece work system. This is no rare
‘'phenomenon, but has occurred on a large scale almost wherever
;piece work has been introduced by either of the first two
methods. However muiech the firm may have been to blame for
failing to call forth this man's best efforts prior 1o the

change of system, the fact that he had in all that time been

systematically robbing his employer is apparently inconvertible.
consequently the man is now receiving far more than he earns,
just as he had previously been doing, and a reduction in his
piece rate is not only justifiable but just.

This argument , however , puts the case for the employers,
where rate cutting is conecerned, on an unnecessarily high plane.
It ignores the incentive created by the prospect of greatly
increased earnings, whicz;jmpels an intelligent man to take a

new interest in his work,,to cast about him for possibilitles

of improving upon yrevailing methods of handling and machining

}it; and undoubtedly a fair piece rate does frequently effeect
Ethese desirable endé, and so speed up production, apart from
ithe erowding of the machines. It disregards the obligation
;of the management to treat its employéé with uniform justice,
and it can only do this by knowing the relative dilfficulty of
every operation performed in the plant; and, moreover, it fails
to refer in any way to what is really the underlying motive in

'all reductions of piece rates. The astute manufacturer, ever

'on the lookout for avoidable waste, can never entirely dissociate
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‘his eonceptions of piece work earnings and a daily rate. The
;discovery that & eertain skilled mechanie . under piece work, is
receiving 37 per day, while under day work he was earning
perhaps only $4 for about half the output, and confidence in
his own ability to secure for $5 per day an equally efficlent
‘substitute for this apparently overpaid mechaniec, are a strong,
and often irresistible temptation to him to reduce that man's
rate so as to make his earnings 85 per day for the same output.
And should the man be so ill-advised as to inerease his output
'still further, under such management it is extremely probable
that his rate will be further reduced. When this procedure

. . / .
is general in a plant, each employeé soon discovers the maximum

wage which he is to be allowed to earn; and thereafter no man
will attempt to earn repestedly more than a very small amount
above this maximun,

Thus all that has been achieved is a replica of the
jconditions obtaining under day work, — vut with the further
disturbing circumstance that the management has succeeded in
‘alienating from itself the sympathy and confidence of the
staff. The fellow feeling, however lukewarm, prevailing
funder the 0ld régime has been superseded by mitual antagonism,
]accentuating the distinctions between capital and labour, and
lproviding ample scope for the blatant eloquence and plausible
hyperbole of .irresponsible demagogues and walking delegates, as

well as for the more cogent and better informed counsels of
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. trade union leaders. On this continent, slmost every important
?union (insluding the Mechanies' Union), that has considered the
%piece work system has denounced it, and declared that none of

iits menbers shall work under it.

| Thus , however justifiable the cutting of piece rates
may be, and however extravagantly a firm may be paying Tor 1its
labour , the moral effect is so bad, in most casese as to make
the procedure extremely expensive. Esrnings are somewhat
ihigher, and cost of production is somewhat less than under day
work , but the output is again restricted, and the possibility
of further progress has been stifled,

Oceasionally the strain is temporarily relieved after a
cut in piece rates by guaranteeing continuity of the new
schedule for a definite reriod. If the period be sufficiently
!1ong, the majority of the men will cease to restrict their

output. Maintenance of accurate records of all standard work

rerformed during this period will then enable the employer, at

;the end of it, to set up a more just and more logical price list.
| (3) T™his, as I have said, is the only just and equal
method of instituting a viece work system, in that it forms a
ready means of standardising labour. It is really borrowed
from the Taylor system and has only been aprlied to piece work
since the developement of the fbrégszt As the detalils of this
method will be somewhat fully discussed in Chapter V, where it

nore proverly belongs, I shall trespass here only to the extent
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of indicating its most patent advantage.

Knowing the maxirum reasonable amount of work thst a
first elass man in any department can accomplish in a day without
over—exertion, the management has a ready basis for comparing the
efficiencies in the same plant of machinists, fitters, moulders,
blacksmiths, painters, labourers etec., and for adjusting viece
rrices accordingly. though in the actual rate fixing other
elements might have to be considered - sucih as suprly of and
demand for labourers of each particular class, strength of
trade unions, etc.

Thus 1n the simple shop deseribed under (2) it would be
found before changing the system that the machinists were working
at only half their best available speed , while the fitters were
80% efficient.  Assuming that a first class fitter can be
attracted and retained just as easily as a good mechanic, the
piece rates could then be so adjusted that a machinist would have
to work justras hard as a Tfitter in order to earn the same wage.
For the purpose of indueing maximum output, it would probably be
wise to pay to the fitters the same vprice ver piece as was
implied in their daily wage of so much per day for a given daily
outrut. And, in this case, absolute interdepartmental equality
and justice will be established by so fixing the machine shop
piece prices, that, in order to suffer no reduction in wages,
sach machinist will have to inerease his outout by 60%.

Almost wherever piece work has been established along
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these lines, and reasonable rates set/the workmen have proven

not only willing, but glsd to eschew loafing — and, if assured
of a suitable permanent reward, to devote their energies to
producing a mueh greater output than under day work. As
regards the Angus Shops, the recent conversion of their most
important standard operations from day to piece work, has already

resulted in a saving of 5 to 8% in cost of labour, while the

orkmen earn more, and the feeling between Company and employes
is much more friendly than heretofore. As evidence of the
onfidence which the men have in the Piece Work Department,

he majority of the requests for niece rates on new work come
tirect from the mren.

| It is obvious, however, that.piece prices can only be
%et on all work throughout a plant by this means where 211 the
%ork and all the conditions are standard. Quite frequently
itrikes have resulted in p%ece work plahts, directly from
ersistent variation in guality, or lack of uniformity of metal
r other raw material supvlied to the workers., Means should be
l1so be taken to ensure that no worker need suffer loss through
aving to wail for new work to be delivered t him, or through
aving to waste time on trips to the stores or tool room. But
s 1t is so clearly to each worker's interest to find a means

T eircumventing these unfavourable conditions, many firms are

ontent to shuffle out of responsibilities which, under any other

stem they would naturally shoulder, Thus it is quite usual to



venalise each worker for temporary stoppages of his machine by
corresponding stoppages of his viece rate. This largely
relieves the management of responsibility for the condition
of equipment; and .Emerson is therefore somewhat justified in
characterising viece work as a "lazy, haphazard method of
shifting the responsibility and direction from employer to
‘employe. L

Conelusions:—

Piece work 1is based upon the sound economic
prineciple that each worker should be paid according to the
value of his work. There is and can be no valid objection to
the principle. In fact, given intelligent, ambitious workers,
and honest, broad-minded employers, piece work is the fairest
and most satisfactory of all systeus, Even under existent
industrial conditions, with no one interested in pushing or
advertising it, ver se, it is spreading on its merits as the

most honest way of paying for repetitive work. Its troubles

|

‘are not inherent to the system but are almost invariably due

to ignorance, carelessness or cupidity in its application,

The whole prinecivie is often falsified by rate~cutting which

ig inevitably followed by restriction of output, and thus
defeats the prineipal purpose for which piece work is generally

introduced — i. e. the reduction in cost of produation per

| Is :
# Richards =~ ”ﬁMﬁge matter with Piece Work?"
Trans. A. S. M, ¥, Vol. XXV Discussion.
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viece of product to a minimum by inereasing the outrut to a
maximm, It is often true that the excessive sveed at which
work 1s performed under this system is subversive to accurate
workmanship. with thorough inspection, however, the amount of
this deterioration can be fixed wherever desired and in many
cases the quality of output actually improves through the
necessity of greater inten;ity of attention to the work.
"The industrial value of piece work is clearly shown by the
fart that it obtains in those branches of industry in which
England retains her superiority, (i. e. textile and engineering
trades), whereas time work is nore common in those wherein
she has been caught up and survassed#".

Piece work has not yet come to its own.

ITT. The Contract Systen.

The plan of contracting with an execeptionally competent
workman to 4o a certain class of repetitive work, and employ
his own men (subject to limitations) is very often successful.
The fewer the men employed by the contractor, and the smaller
the diversity of work performed by the gang, the more
conspicuous will be the success of the system, The contractor
makes so minute a study of the minirmum time in which each
overation can be performed that it is impossible for the men

to loaf without the fact becoming known; and he effects s

# Shadwell, Industrial Efficiency. Vol. II. p.l134.
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further saving by teaching intelligent laboufers to so as mch
a8 possible of the routine machire work - paying them ore
than a labourer!s wage but considerably less thzn that of a
mechanic,

The employment of this system in the erecting shop at
Angus appears to work very satisfactoriiy. In this shop the
general erecting work is dene by = number of gangs each
consisting of about five fitters, two or three helpers or
apprentices, a driller and a labourer} In addition to these
gangs, each under its own "boss', there are a number of "floating
gangs", each performing only one operation or group of
operations ir the erection of gll locormotives - such as setting
up shoes and wedges, spriregs and brakes, brass mountings, valve
motion, vzlve setting, steam fitting, painting, etec. A
contract price is made with a 'vposs" or U"charge hend" for the
erection of each engine, and, except on the new Mallet
articulated locomotives, these operations are falirly well
standardised, and are paid for on a piece work basis out of
the contract price. consequently it is only on the general
erecting work that the charge hand regularly finds it necessary
to exercise his driving powers, Fach mer: in the gang proper,
ineciuding the charge h:nd. is paid a fixed hourly rate,
whether the sum of the products of these ratés and the number
of hours spent by the corresponding men on the job amounts to

rore than the conmtract price or not. Where there is a
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balance or the credit side of the gang between the contract
price ard the zctusl labour cost of general erection, the
surrlus is distributed among the members of the gahg. in
'propor’cion to the roduct of hourly rate and number of hours
spent on job, of each man, Where the balance is a negative
one, there may be some good rezson which wzs unforeseen at the
time of meking the contract, If this is found to bc the case
the contract is usually cancelled, and the discrepancy
adjusted by the substitution of another ard nore liberal one,
But whereé no such uuforeseen difficulty has arisen, and the
failure is considered to be the fault of the men, the gang 1s
simply debited with th'e/defici‘b, which iis mexrlbers nmust eancel
with subsequent surpluses before they again receive anything
above time wages,

This system is peculiarly srrlicable to erecting work.,
In the mechine shop it is generally the cause of extravagent
deterioration of machine tools, and the'employés are often
exploitég by the contractor.

fnother defect of the system, on any kind of work, and
especially on new work, is the tendency of the contractor to
restrict the output of the gang imorder to kKeep up rrices:
or to refuse to adopt improvements in machine methods or
appliances after the contract has been made.

However, the relat ions between employer and employé under
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his system are generzlly less constrained than under ordinary

piece mork, and the zontract system misht —ell be 1nore generally

employed.,

Iv, CO—OPFRATION,

As a natural reaction against the half carviury or so of
industrial anarchy in Burcre ard rore espeeclizliy in England
after the industricl revolution, snd zgeinst the cloomy
doctrines anent the sanctiily of individusl selfishness, and

freedox of contract, —hich were promulgated by the classical

(D

concriizts in justificat ison thereof, many idealists coutenc: o

t0 turrn their sttentiorn to the evolution of some mezns of

unifyirg the irterests of what have come to be called Capital
and Labowr, and so eradicating the injustice and acrimony which
aiready characterised their »olations, One cause to which
marny thinkers ascrilbed the increased exploitetionr of labour
after the indust»isl revolution wzs the fact tiict tradesmen no
longer owned the equipment with which theyr workes, snd vorv
thercfore 2 ererdent for the right tc live, 1.corn the pleasure
of the few who owned the tools, and hoce terms they must
accept or starve.

The only apparent means of obviating this degrading
condgition, zpart roem reforning the factory owners, was to
have each plant collectively ownzsd by the working force

erploye” in it. I sdditior to ensuring for each worker his

rroportional share of the profits, it was thought that adoption
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of this plan would inevitably involve a large increase in the
amount of yrofit to e divided, thrcugh securing the active
syrmmathy of everv rorkman for the welfare of the plant as a
whele. It would,it.was confidently hoped, eliminate most of
the ldss then suffered in each plant through raste of naterial,
and carelessness in the use of equipment, and by discouraging
loafing,

Since 1849, some 250 co—operative associations have been
formed in the United sStates but most have failed or been
transferred into joint stock companies. In Eurdpe there have
been stili more, but only the irsigrnificant few have proven
succeésful. The enormeus capital required for the conduct of
most 1lndustries has confined productive co—operation to
relatively simple and undeveleped businegses, and it is in the
field of dlstribution that eco-operation has given most
satisfaction, There are now avout 50 co-orerative associations
in the United States and 149 in‘England, but investigation of
{ any one will show that the co-operation is only nominal, and
tthat it consists of cgpital-members who are not workers,
and of wagze-workers who are not members"y,
| Notwithstanding the repeated failures of productive

co=operative associations, a modification of the system has

# Beatrice ard Sydney Webb -~ UProblems of Modern Industry!,



often succeeded, whereby the owner of a plant perilodically

distritmtes =rors his working force a certain proporticn of
the profits earned since the last distribution, Undoubtedly
there 1is scope in nost plants for inecreasing earnings by the
elimination of waste in material, rachines and time, and the
bvest way to secure this is tc share it with those who, by
their efforts o care, hocve really effected it.
At first glance it looks as if the owner were prroposing

to pay "something rwre then the market rate of wages" for

his laboir "and receive sorethirng less than the market rate of

vrofites" # put, as the inerenrent of profit would not be

crested by the wmorkers except under the stimulus of the offer
of & gshare in the vrcfits this eriticism is.obviously ro
rétter than superficisl. Startire with the Majison Leclaire,
a hovse decoratiry firm in Paris, about 1840, this plan hzas
o»Xed smoothly =z1d sppsrently satisfactorily in & iarge number
of plants ~ particularliy ir France — bul generzily irn small
towns or in industries not sukject to ordinary manufscturing
conditions,

The follovirg. btriefly, are the outstanding defects of
crdirary profit sharing systems:-

(1) The interest of each participator is larz3ir alfscted

v the actions of others whom he cannot controel or influence,

# J. 3. Nicolsor., "Profit Tharire" - contemp. Rev. Jan. 1890.



Thus al. increz=a in profits may be asttributable to lmproved
menagement, fluctuations in the raw material narket, activity
of a szles department, or to monopoly of a new product, etec.
rather thar to inereased efficiency of lsbour, in vhich cases
the workmern receive vhet they do rnot earn,

(2) The share of any particulsr workisn, carnot possibly,
under this system, be adjusted to his individual deserts.
consequently, as the men —orking under co-operation are
generally paid by the hour, almost all are anxious to work no
harder than -~ny other nern rho is paid the same rate, and we
heve a repetition of the conditions obtaining under the
—orst form of Jday work,

(3) The uncertainty of ¢ surrlus, the comparative
ingignificance of a workman's shere, and the renocteress of its
receipt are generally so prcrounced as to rullify the
individual incentive. The terptation to '"soldier® for an
hour or t—o is often irrccistible, when the reward of inecreassd
industry will hzve to be shared with a number of other worknen,
six months or & year herce.

(4) The pler nekes orly partial provision for unprofitable

vesrs iz that the workmen are nelther asked nor precared to

- ro~ticivste irn the losses.

(5) The workmen nay be prone to doubt whether the

enniover is faithfully fulfillinge his contract. In light of
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itheir exaggerated idess of industrial profits, the rewards

st oftor appear disaprointingly small. At first the

workmen may regsrd their share as a bonus, which is better
thar nothing - and later as az ridiculously sizli wage for
inereased efficiency, when perhaps they will begin to doubt
the honesty of the divyision.

Thus the cereement seems to be between "two partiles, of
whon one has every temptation and opportutiity to cheatv the
second, while the second cennot tell if it has been cheated'si .
This ¢ifficulty, however, may be circumvernted by the
engagement of a sworn accountant to audit the books of the
conparny.

(6) Any one who is inter«sted may calculate the rate
of profit vy discovering the amount of the share distributed
to any amployé; If this amount were relatively high, it
would zlrnost unavoidably have the effect of attractiug new
corpetitors into the field: while if it were known to be very
low, the fact would probably be detrimentzl to the corpany!s

credit %9%4.

The Torne Systen:—

This is a refinemem of the co-operative system, whereby

the increment of trofit, or reduction in manufacturine costs,

£, A, HALSEY - A Premium Plan, A. S. M, E, Vol, XII.

L £ T. s, NICOLION ~ Strikes and Social Probleums.
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and not the absolute profit, is shared by the employer and the
grcup of workmen who created it.

It seems to differentiate between those factors in the
eregation of new profits which depend solely upon the inqustry
aud cereofulness of the employé%, and the followineg:-

(1) Those contributed or controlled by owner — cspital,
rlant, equirment, organisation, experience of ownher, etc.
(2) Those influenced by the mercantile staff ~ purchasing
and selling agents, etec., and
(3) Fluctuzations in the rate of interest, and in the
market value of raw materials, and the finished product # .

Insofar as the plan succeeg§s i so doing, it is superior
to the fmregoing systems, but 1s still subject to all but the
first of the defects enumerated on the two preceding pages.

In the works of Messrs. Yale and Towhe, where this systenm

ﬁae first introduced, the majority of the men were paid by the
{piece but some by the day. Of easn $100 szved in the cost of
production in any department, the company retained $50, paid the
foraic. §65 and distributed the remaining $45 to the men in
%roportion to the totzl zmount of their eszrnings sinece the last
distrioution,

The plan is thus very simple, and has succeeded in

requcire costs in merny establishments, though alwasys slowly and

Ly

% H, R, TOYNE ~— Gain sharing ~ Trans, A. S. M. E. Vol. X,



irregularly. It retains the fatal defect of the foregoing

co—operative systens, of failine tc differentiste between

3warkr.:lez; of varyine merit; and "the drones who do the loafing
gand share the profits tend to drag the others down t5 their
level" # . It therefore resembles day work in tending to
herd the workmen into groups, and thus to prormote unionism
rather than to develore individuality.

Incidenrtally, the successful workins of this system
necessitates considerably more clerical labour for the
maintenance of cost records thsn eithor of the foregoing
oo;operative systemns, This labour, however, if properly
arrlied, wizht soon become self suprorting, as will be

explained in Chapter VIII,

THE HALSEY PREMIUM PLAN:-

This rlan contemplates the attzirment of practical
co~operation by enabling each workman in s plant to irerease
his ecrluings permanently by a corresvondirg incresce in l.ig

Az 1ly ertrut,

The lowest reasonable tine required by an average workman

for the performance of a given piece of work is "determined

rssigned iz offersd &z rremium for every hour by wiich he reduces

- 8 o

%9w 7. Taylor - A Piece Rate System. A.S.M.E. Vol. XVI.
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that time — "the amount of such yremium being less than his

hourly rate of wages" #.

Thus, in the case of a job considered to require 10

hours — wages 30 ¢ per hour and premium 10 ¢ per hour saved,

|we have
TIME WAGES PER PREMI UM TOTAL LABOUR WORKMAN'S
CONSUMED PIECE COST OF WORK  EARNINGS PER
HOUR
10 $z. 0 $z. $.30
| 9 2.70 10 2.80 <311
| 8 2.40 20 2,60 «325
7 2.10 30 2.40 .343
6 1.80 40 2.20 . 366
5 1,50 50 2.00 .40

Thus, if the man's output were doubled, the labour cost
per piece ig reduced by a third, and the workman!s hourly rate
inereased by a similar proportion.

Thus, if the incentive of the vremium be just sufficient
to stimulate the individual worker to work at his maximum power
factor , the efficiency of the plant should increase greatly
through the attainment of maximum production, and a reduction

c
|in labour cost per viece of product. And the mamufaguring

L
L
# P. A. HALSEY — A Premium Plan., Trans. A. S. M. E, Vol. XII,
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cost will be still further lowered by the distribution of the
joverhead charges over a larger volume of product.

| An inerease in the output of a machine shop is largely
£a matter of intelligence, and involves the crowding of machines

!
rather than of the individual worker. In the blscksmith's

shop or foundry, on the octher hand, an inereased outrut can be
secured only by an actual increment in expenditurg of muscular
energy by the workers. Therefore a much higher premium will
be required to stimulate maximum production from the two latter

than from the machine shop. Thus the incentive may be graded

!according to the elass of work.
| Employment of this system involves the use of a written
order for each job$j and, where printed forms are employed, it
is usual to have printed on the back

"According to previous experience, this work should
require ----- hours. If completed in less time than that, a
premium of ————— cents will be pald for each hour sawved". On
receiving his job order from the foreman's or other office, the
workman will have stamped upon it the time of commeneing the
job. When he has completed the order he will have axewissy
space marked "Time finished" filléd in correctly and the card

will then bear all the information necessary for determining

the man'!s wage (for the pay roll), the labour cost of the work ,
and the time it occupied (for determining mamifacturing costs),

As every inerease in wages 1s accompanied by a reduction
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' in labour cost, there is not the same temptation as under
piece work to set a limit {0 any man's earnings. Rate
cutting , while not impossible, 1s therefore unnecessary as
well as unprofitable, and one of the most baneful features
of piece work is thus completely obviated.

It is usual to inaugurate the system with only moderate
premiums since, if they prove too low, no one can object to
their being raised, — Halsey states that excellent results
have been obtained on light machine work by a premium of only
10% of the men's hourly rate. When the rate proves to have
been judiciously fixed, it should be made permanent, and no
downward revision made until an improved process shall have
changed the time base, However , the advantages of increased
output are so great as to render any refined hair splitting
of the rate of premium unnecessary.

Any system which thus simltaneously inecreases output,
decreases cost and increases wages without friction
undoubtedly commands attention, The transition to it from
day work is easy and natural; and there seems no reasonable
scope for opposition to it, as there is nothing compulsory
about it, and nothing tangible to oppose. It is simply an
offer to permit the men to earn higher wages if they care to

work harder.

This system is still employed in a large number of
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’ plants, and a modification of it was notably successful in

zthe santa F&€ Railroad Shops. Yet *"in the year 1903, in New
Tlork alone it was the cause of two determined strikes"#.

The defects and troubles of this system spring almost
;anariably from the fact that the basic times for the various
jobs in a shop do not represent the performance of a uniform
Erad.e of labour. Where the times are not set from an accurate

nowledge of the maximum reasonable daily performance of a
first class workman, they are the outcome of guess work — where
they are so set, it would generally be simpler and more
pfficient to institute pure piece work. As it is the new
rates are almost inevitably unequsl , and, in deciding whether
pr net to give thelr suprort to a new system, workmen are
invariably influenced by object lessons rather than theories.
Consider the case in which the first verformance of a new
preration under incomplete supervision forms the basis of the
time allowance. Suprose # # that two men receive two new jobs,
each of which can be performed in one hour, and that each man
is paid 20 ¢ per hour. Suppose further that A takes 4 hours
and B 1 1/2 hours on the trial performance, but that each

ultimately reduces his time to 1 hour. Then if the rremium be

f F. RICHARDS — Is Anything the Matter with Piece Work?
Tl‘anS. Ao So M'o Eo VOl. XXV.

%{-‘ F. W. TAYLOR -~ Shop Management. Trans. A. S. M. E. Vol, XXIV.
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33 1/3 %

3 x 20
A recelves 20 ¢+ —~ 40 eents per hour
1 20
and B " 20 + 5 x 'y = 8% 1/3 cents per hour.

Thus most men will be strongly tempted to follow A's
policy, and spend as long as vossible on the standard perfor-—
mance, Where the times for previous standard operations are
based upon records, therelis likely to be a similar injustice,
as the man who deliberately wasted his time under day work will
be seen to make a much greater proportional gain on the
introduction of the new system, It is therefore to be
apprehended that every man will be influenced in his work by a
sense of resentment against the injustice which will seem to
Dermeate the system,

In comparison with systems to be desoribed in the next
two chapters., it will be seen that the Halsey plsn
(1) Is slow and irregular in reducing costs, being dependent
largely upon the whims of the workmen,

(2) Fails to attract first class workmen to a plant, and
discourage inferior ones,

(3) Does not automatically ensure maximum output per man

and machine,
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- V. -

THE TAYLOR SYSTEM OF SHOP MANAGEMENT.

. A S G A T —— —— — — — ——t A md Y e} O — — — —

In dwellirg at such length upon the characteristics
and mnore esvecially uron the defects of the ordinary systems
of shop management, I have perhaps becone tedious, but a
proper verspective of these seems essential to an understanding
of the means taken ly the Taylor system for coping with the
rroblems which they fail to solve. If a moment's
recapitulation were rermissible, it might be well to ewmrhasige
that rnot one of them is capable of inducing even an
approxiration to maxirum production conbirned with minimum
manufacturing cost. The defects whose existence vetoes the
at®ainment of this ircustrizl ideal are inherent in every
form of e=ch system. except perheps the third tyre of piece
work, granted a working force far more intelligent and
zrbitious than is conceivable. The fact that sll the other
systems are founded and conducted without serious reference
to what might be termed the labour unit, - i, e. the maximum
reasonzatble armount of vork vhich 2 first class man can perform
yer day on a good machine and under the most favourable
circuriztances, without over exertion - the almost gbsolute
futility of attempting to make the zprlicaticn of any of them

uniformly fair, and the dependence for complete success upon



| - 79 -
whether or rnot the foreamen are endowed with a superhuman
combination of qualities, foredoom each of the systems to
orly partial success, The best that can be said of any from
Piece work to the Halsey system is that they tend to eliminate
a portion of the loafing which characiterises day work.
The Taylor system of shop management is far more ambitious,

and, starting from an accurate determinatior of the labour
unit on all kinds of work performed in the plant, it takes
measures tc obtain with certainty the maximum reasonable
outvut every dav fron each man and ezch machine in the shop.
To 1ts proper application the following are the primary
essentials:~-

(1) A knowledge of, or ability to appiy the results cf the
remarkably exhaustive series of experirnients to determine the
lars governing the art of cuttiig netals performed by Messrs.,
Taylor, Gantt, “hite, Barth, etec.:
(2) An accurate or very epproximate determination of the
labou¥ unit on all kinds of work performed in the plant;
(3) The assignment every day, to each man in the shop, of a
clearly definel task so large =s to tax the powers even of g

first class workman in order to effect its acconplishmernt

'within the compass of a working day;
(4) The establishment of such conditions that the daily task
cer. =zlweys be asccorrplished; and

(5) A differential pilece rate systewm, whercby an urusually
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high daily wage is pzid on successful completion of the task
in the sllotted time -~ and only a comparatively low wzge in
the event of feilwure,

The possibilities of the system are dependent mainly
uron the enormous difference between the amount of work done
by the average man under ordirary circumstances, and the
quantity —hich 2 first class man can perform, granted
favourable conditions, without over exertion; and also upon
the fact thet first class men are not only willing but glad
to rork at their maximum reasonable speed if paid from 30 to
100% more thgn the average vszes of their fellow tradesmnen.

On a superfieial examinstion of the system, the last condition
may apposr the most striking and novel of all five - yet it is
perhays the least essential to the system of all the elements.
Without (1), (8) and (4), conditions (3) and (5) would e both
impracticable and ridiculous, These three, may consequently
be regarded as the foundation of the system, for, without them,
the wholie intricate superstructure would be so rmuch serap.

I »»opese,therefore, to devote somerhat dstailed attention to
conditions (1), (2, and (4), bvefore proceeding to describe the
system in sctusl operstion, or to discover its more noticesble
defects,

(1) In his paper "On the Art of Cutting Metals,(Trans.
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A. 5. M. E, Vol, XXVIIL)#LTaylar describes a classical series
of some 30,000 experiments, undertaken almost solely for the
purpose of obtaining sufficient reliable data for the establish-
ment of the system upon a solid foundation. His ultimate
object was to discover what changes to make in order to operate
the Midvale B2 Steel Co.'s machine shop at mexinmum efficiency -~
i. e. to determine how best to 2lter the countershaft speeds,
what qualities of tool steel and what tool shapes to employ,
and, above all, finally to construct =2 slide rule with which
and the help of records of time studies it would be possible to
discover semi-autometically how quickly any given job could be
performed on any machine, The first step was to make a
scientific investigation of the individual effect upon cutting

speed of each of the following variables:-

¢ Y
#Z The bulk of the material for this chapter has been‘lifted‘

from the following sources as well as from this paper:-

PAYLOR ~ "A PIECE RATE SYSTEM Trans, A.S.M.E. Vol XVI.
i ~ USHOP MAN AGEMENT™ " " Vol .XXIV
GANTT =~ "TRAINING "WORKLEN" n ] Vol.XXIX
u —~ "A GRAPHICAL DAILY BALANCE
IN MANUFACTURE 1 " Vol . XXIV
u ~ ULODLFYING SYSTEMS OF
MANACEMENTY " " Vol . XXV
BARTH - Vol.XXV

and a number of magazine artiecles by Taylor and his former

associates.
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( a) OQuality of metz2l to be cut,

(b) Diameter of work,

(c) Depth of cut,

(3.) Th ickness of shaving,

(e) Elasticity of work and tool,

(£) shape of cutting edge of tool, clearance and lir angles,
() Chemical composition and heat treatment of tool,

(h) Presence or absence of a copious strear of water, or
other medium poured on tool,

(1) Duration of cut (without regrinding tool),

(3) Pressure of chip on tool,

(k) Possivle changes of feed and speed,

(1) Pulling and feeding rower of the lathe,

The method finally adopted by:Taylor in the course of
this preliminary investigation was to isolate one variable at
a time, and thoroughlr study its relation to the cutting speed

by keeping the remaining veriables, as far =s possible,

comstant. His procedure, under each selected set of conditions

|

mas to determine very closely that cutting speed which would
completely ruin a tool in 20C minutes. This eriterion of
complete ruination was adopted as ths personal equation was
found to enter so largely into a determination of the time at
which any other phenomenon, such as the necessity for

reerinding the tool, took plaz2; ani 20 minutss 713 T iat 1o be

the shortest possible period for the purpose consistent with




relisble results,

By adopting these standards, Taylor succeeded in obtaining

a set of formulae sugh as the folloving, connecting the

cutting speed with the different variables:-—

V:___:_‘"_Q_S._&___ e e ¢« © o ®» 8 8 0 6 6 8 8 0 00 ¢ 0 0 0 "B ovooooo-(l)
42/3

Where V — speed in ft/min. vhich ruined toocl in 20 minutes,
|

‘a':.d 1 =
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where V

and T

thickness of shaving (depth of cut) in inrches;

i

i1

i

I

I
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V:_j;g 22 ® 2 060 00000 ® 6 5 5 0 05 85 0 00 00980800 e e = (2)
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depth of cut in inehes,;

3/4

14/151 P e (3)

P=CD
ressure on tool

depth of cut (inches)

«( " )

a constant, depending oii hardness of metal.

fee

(O

(This formla is only applicabﬂguto czst iron)

speed in ft/minute
durcstion of cut;

et cetera,.



- 84 -
The above and similar formiize were all deduced by
rletting the experimental results upen a time base, and the
various formulae were finally cornected by Carl Barth in a
series of groups such zs the following for a 1/2" tool whose

cutting edge has a radius of 3/32":-

_— c_x 0.87
- 0.665 , 48 . .,.2373 o .4
" I ) B ———
- ( 5 D) + 15 48 D
Where V = standard cutting speed (feet/min.),
F — thickness of feed,
D = depth of cut,

and C 1s & constant, depending upon the chemicsl cornrosition
and vhysical propverties of the metal and tool.

As a descripticen of this investigation is nct essential,
T shzll merely state that it was marked by some of the most
important discoveries that have effected recernt industrial
developement (by none so much as that of the so-called
PTaylor-vhite heat treatment for tool-steel, resulting in the
nroduction ¢f & tool which would remove metal from 2 to 4 times
as fast as any other tool then extant) and that it finally
enabled Barth, with the assistance of mathemetics dexterously
kpplied, to evolve the longed for slide-rule.

The followirng were the landirarks in the series of

experiments:-




i
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1881 -

1881 -

1883 ~

1883 ~

- 35 =~
Discovery that a round nosed tocl could be run at 2
rmuch higher speed then the old disnmond pointed tool;
Discovery that coarse feeds with necesserily slow
cutting speeds would do more vork thaorn fire feeds and
the higher speeds which were possible at those feeds;
Discovery thet z heavy stream of wster poured on the
steel chip at the point of frecture ircrezsed the
amount of —orik doune by 3C - 407, (water was
supersatugated vith magcog to prevent rusting, and
machines set in pans to collect water.)

Determination of the effect of speed on duration of
cut. Tormulation of laws relzating cutting speed,
deprth of cut, feed, and life of tool,

Yeasurement of the power required to feed z tool vith
garying depth erd thickiiess of out,andﬂiscoverv that a
dull tool require«d zs ramch pressure tc feed it as to
drive the cut,

Design of an suterstic grirder.

1885-1889 ~ Experiments on the effect of allotting definite

tasks to mechanics, r-sultirg in a grezatly inereased
output.

Proved thet the thickness of chip removed by the tool
has & greztor effect on speed then any other element.
This resulted in the successful installgtion of broad

nosed tocls with high speed and coarse feed.
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1894 - Discovery of the tremendous gain attainable ty the use
of self hardening tools, varying from 907 rfor soft
metals to 45? for hard.
11825 ~ Discovery that z hozvv streaz. of water thrown on the
shaving at nose of tool produced a gain iIn cutting
! speed of 334, in the case of self hardeninge tools.
1838 - '00 - Taylor - Thite discovery that cChromium - Tungsten

toolszgeated to the melting pcint when being dressed,

mauld d0 2 - 4 times as much work as any other tool.

1399 - 1902 - Developement of slide rules.

1906 - Discovery that there is a 187 inerease in cutting

E speed for cast iron if a heavy stream of woter be
th»o~n on the chip at point oi;fracture.

1908 - Discovery of the effect of a small percerntage of
Vanadium in the tool steel, (increase of red hardness,

endurance and therefore of cutting speed).

’ 0f a lerge muiver of other inderendent investigators who
have entered this field during the last 20 years, the most
extensive as well as the most authoritatlive experinents were
rerforned

(1) At Berlin in 1901 under the auspices of the Verein

Deutscher Ingenieure; and

. (2) At the Manchester Municipal School of Technology, 1902,

The former cousisted of 250 trials - the lstter of about

i

'1000. At Berlin the only elernents given complete scientifiec
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consideratior wer: the cuttiir srecd, area of cut (depth of
cut x thickness of feed) and the cuality of metal beins cut;

and frox the resuits a ecwrve was drawn for each quality of

‘metal being cut. The tool steels were used as supprlied vy
ithree Germarn firms, and the trials were of widely va-vinc
durations, the onlr bases of ccmrparison of results beling ®with
one or two exceptions" that the tool should last at least an
hour “vithout requiring regrinding®. Neither tool angles nor
quslity of tool steel aprears to hsve beern cozsidered, and thg%%”
‘duration of cut’ was more or less meaningless.

The Marnchester experinents, thourh more extensive wers
rnot gprrecliably more scientific thzn those =t Berlin, svart
from thet portion of them in which the vertieal, traversing
and surfacing pressures of the work on the tool were studied
‘with the help of 2 wost ingenious lathe dynamometer inveinted by
Dr., Nicolson, This portion, however, was of little practical
value ir elucldatinzy the mysteries of the art of cuttire

metals (beyond shedding a little light on the phenomenon of

chattering), and is now more charitably credited —ith having

been undertzken with a2 entirely different object. But
rhether or not Nicelson's princiral purnose was then to design
.a lathe which should combine the advantages of minimum first
cost with rmaximum riglidity and a2daptability for rapid work, he
'was soon tempted by deductions fréii his results to enter into a

controversy, somerhat at cross-purposes, with Tayior: - and



- 3838 =
' this launched hixn into still further investigations 1in order
%to Prove that the formulae of his oppronent were inordinstely
28 well as hideously corrlex, Nicolson ha? himself derived =z

relation of the foru

-
V:—*—-fl!’—)

a
“There V = cuttine speed in ft/min,
and a — aree of cut i sq. in.,
which he regarded as givirg & cuttine speed in close enough
agreement with current prectice to be sccurzte. It is strange
that his opronents made so little caprital of Nicolson's

contiruzal tendency to chec: each deductiorn at which he grrived,

mith the erririeczl rules of current practice - thus iicurring
the somewhat undigrified suspicion. for a scientist, of
regarding existent mamifacturers a2s the ultinmate and infallible
arbiters of techniezl controversy, and their methods as the
mathematical limit to industrial progress,

Nicolson then atteipted to reconcile his results with

those of Taylor by deducing a new relation of the form

V - K

a + Bcn

where V = cutting speed (ft/min,)

8 = area of cut (sg. in.)
¢ -~ CQarben in forging, and
the constantd K dependson the tool steel, and B and n upon the

other chemical constituents of the bar, without reference to
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ithickness of shaving or depth of cuty. - For this formula he
anticipated a grezter practical usefulness as involving eight
Tewer constants thz:r those of Taylor. This formula gives

cutting speeds within 54 of Taylor's for cuts above 1/8" in

depth, ang Nicolso? disposes somewhat cirily of lighte~ cu%s

by stigmatising them as relatively unimportent, and, in any
'event, not amenable to the discipline of any conceivable
mnmathemzticzl rules. Taylor seems to have succeede? in proving
that they are so anernable, and Nicolson's compromnise formula is
apparently subject to the follcwing further defects:-

(a) Taylor has proved abundantly # that a variation in the
thickness of feed produces an effect on the cutting speed which
is three times as rreat as a proportional variation in the

| depth of cut. Therefore the area of cut cannot be regarded

a2s 2 single variable;

(b) Taylor had previcusly considered a similar formula, ang
discarded it as unsuitable for use on slide rules;

(c) As machinists on small lathes are paid about the same
wage as those on the more spectacular machines, it is extremely
important to curtail unnecessary expenditure of tiiie on the
former 28 well as on the latter, Furthermore, as it is on
work requiring light cuts and feeds that the average machine

of every country 1is engaged for the greater part of the time,

# "PHE ART OF CUTTING METALS*® §§ 292 - 308,
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it 1s more than desirzvle to take precautions to effect such
curtailment.

The evidence adduced during the controversy, the
immezasurably greater experience of Taylor than of his opponents,
and the successes of his system of management, which lzs
would be unthirkable but for the accuracy of his fundamental
Pormulae, must involve a2 corrlete vingicaticrn of their truth
and applicavility to all eutting corbinations.

The first mathematical solutions for the best cutting
combinations on a given machine werc obtained by overlying a
number of curves ol ordinary cross-section paper, with which a
set of tables was laboriously worked out for each 1achine -
covering most of the conditions of ordinary work. An
;mprovement was instituted by Gantt, in the shape of laying out

the curves on logarithmic paper, and using an elaborate cross

'slide embodying some of the formulae, thus enabling a much
Ereadie.r sclutiocn to be made. The next developement, bringing
;the idezl within messurable distance, was the construction by

sBarth of an extremely -omplicated slide-rule embodying all the
»

variables except the rigidity of the work (Fig. 5). As is

|

|shown, there were two slides in the mpper and three in the
lower part of the rule, which together solved the problem of
determining that speed combination which will st the same time
most nearly utilise all the pulling power of the lathe, snd the
full cutting capabilities of the tool -~ when values are
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‘are assigned to the other nine variables. This saved a large
amount of labour, as to solve two simultaneous equations vy
any other means necessarily irvolves a number of tentative
solutions - while thies method is quite direct.

Since the gppearance of the first Barth slide-rule, the
Einstrument has been sirplified almost beyond recognition, An
exact fac—simile of the type nor in use at the Angus shors is

shown on Fig. 6, and the method of utilising it will be

indicated under (4).

(2) It is not onlv practicavle, but cooparatively easy,
through a systematic and scientific time study, to obtain exact
informstion as to how much of any given work a first class man
can do in a day.

In the Angus shops of the Canadian Pacific Railway, all

sultable standard work is being transferred as rapidly as is

'consistent with thoroughness frowm day to pilece work. ¥ or the
purpose of making time studies there are three extremely
intelligent, and more or less experienced "demonstrators", as
they are called on accountfof one of their other functions; and,
after it has been decided to convert a certzin operation to
piece work, a demonstrator is told off to set a price upon it.
The procedure is then as follows:-

He first obtains from a blue print room conveniently situated

to the office in charge of pliece work, a drawing of the finished
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ipart, which he examires in detail. Ir rost cases, standard
orerations have, for some time, been porforred each on the same
most suitable machine, If, hewever, the oreration in question
should te & rew ore, cr if no regular machine has been assigred
ito it, the first furcticn of the demonstrator will be to decide
or. which machine it shall &lways be rerformed, considerirg, of
course, the proportion of standarc work to 2ll work slready

rerformed on that ma:hine, a1:d the frequency with which the new

oreratiorn vill have to be performed. Thus, if all the work

alrezdy performed on the most suitable machire (haviny rerard to

its sire, ¢ =pacity, rigidity arnd other conditions affseciing

accuracy and speed of performance), is standard, it msy be
Echeaper to rut the new standard work on the second best machine
!

than to disleocczte the routine of the former. However the new
icperation may have to te rerformed so often or in such large
guantities and some of the older ones so rarely that the loss
lirvolved in moving them will bte smeller than the saving effected
by rerforming the new one on the most suitable machine. In
such a shor as Angus, rew standards zre constantly being adopted,
rut the 0ld ones are ncti entirely superseded, as the parts

made btefore the adoption of the new standards will probably be
repéired or replaced several tines before the engines embodying
them are scrapped.

However, this is rather an indicaticn of the proceiure in

decidings on what machine to perform new standsrd rork, than of
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ithe method of obtzining a time study. The allottment of work
!to mzchines falls, at present, rather within the province of
ithe foreman, though zlready the demonstrators are far better
acquainted than the foremen with the czpabilities of the various
machines,

The demonstrator then proceeds to construct a programme
of elements in the performance of the job., For the simple
operation of turning this medium steel pin from 4 3/4" stock,
the following typical programme of elementary opggationS'was

-
constructed, considerably curtailed ;\ L \

by the use of customary symbols and — —

abbrevistions: -

(1) Prepare machine for first piece, and get necessary tools,
(2) Lift to Chuck, True and Clamp.

(3) set Left Hand Side cutting Tool,

(4) Tace end, and remove tool,

(5) Set Drill in Tailstock, and drili hole 1n cenire of work.
(6) Reverse work in Chuck; True and Clamp.

;(7) set Left Hand side cutting Tool,

(8) out off end to length and remove tool.

(9) Drill hole in centre,

(10) Remove Chuck and Drill and set up work on lathe centres,
(11) sSet Roughing Tool.

(12) Rough Turn B and C to 4" (8 cuts),

(13) Rough Turn shoulder C.

(14) Reverse work in centres.
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(15) Rough Turn shoulder A (3 cuts).

‘ (18) substitute serzping tool for roughing tool.

) (17 ) 7inish Turn A and B.

5 (18 ) substitute Left Hand side cutting tool for scrapving tool.
' (12) square shoulder A B. ‘

; (20) Reverse work in centres.

| (21) Squsre other shoulder and end.

(22) Substitute scraping tool for side cuttiing tool.

(23) Finish Turn C.

(24) Remove work and tool.

Where there ar»e 2 nmumber of such parts to be made at a
time, it will probably be found simpler to centre gll first -~
then to remove the chuck, and complete the operations; as,
for stock of the given proportions, it will be guicker to remove
each piece when centred and 1lift a new piece to the chuck

than to remove the chuck after centering each p iece and replace

it pefore commenciry the next. Attention must be paid to
these considerations, and where there are two best metheds of
performing the job according as there are more pieces than
one to b‘e made or only one, there must also be two standard
times.

Having constructed the programme, then, the demonstrator
proceeds to observe the time taken by a first class machinist
to perform the job — element by element. With his special

knowledge of the capabilities of the particular machine, the




idemonstrator decides in every case what combination of depth of
icut, thickuess of feed and cuttir~ speed shall be employved,
‘and subtracts from the total time spent on each element all
time that, in his opinion, has been wasted. If, for any
reason, he deems the figures obtained in his observation of the
;job unsatisfactory, he may repeat his readings any nunber of
times according to the relative importance of further accuracy -
i. e. the nurber of times which the job will probably have to
te performed per yesr; the fact that the material supplied for
the job will not always be of exactly the same grade or
uniformity as that on vhich the study is being made; and the
fact that a certain more or less arbitrarily determined
percentage of the total minimum time required for the job

must always be allowed for unavoidsble delays and necessary

rest.

Thus the method of recording the stop wateh observations
depends largely upon the character ari importance of the work
being performed. If the job consist:simply of the same
operation repeated over and over again, the time of one may be

set down, or, if that 56 very small, of ten or more, Thus,

'at the Angus shops, it has been found practicable and very
uniformly falr, to remunerate the semi-skilled lgbour on a

nurber of standard turret lathe operations, on a basis of 5 £

per hundred movements,




- 96 -
J There the operation consists of a series of elements, the
itime for each element should bpe recorded opposite the name of
that elemnent on a simple standard form.
The study of an operation by small elements, though longer,
is far more certain to be successful than that of a2 number of
smz2ll elements combinéd. The greater the length of time
involved in a single time study, the greater will be the risk
of having the results invalidated by accident or other
interruption. It therefore becomes profitable to subdivide
sorme operations into a mumber of elements so small that 1t
seems lmpossible to obtain the exact time required for the
rerformance of each, by means of an ordinary stopwatch. In
such a case, however, the difficulty may be easily surmountead
by taking observations of the elements successively in sets.
Thus, let us suppose that an operation is divisible into five
small elements, requiring respectively a, b, ¢, 4, and e
seconds. Then, taking observations in sets of three, we are

able to determine very aprroximnately A, B, ¢, D, and E where

at+b+t+ec=A (1)
b+c+d=2B (2)
c+d+e=¢C (3)
d+e+a=D (4)
e+a+b=E (5)

Let A+B+C+D+E= S=3(a+b+ec+d+e)
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then a = A + D ¢-1/2
=3B +E %1/3

¢ =C + A %w1lfs

d =D+ B +1/3

N «u » n wn

and e = E + C #-1/3
thus giving the time for each element.

It is well to note before applying this method, that the
equations similar to El)—-—-(s)] are only possible of solution

wheli the number of successive elements observed is prime to

the total number of elements in the eyele # - i. e. the number

of elefients in a set must contain no factor which is common

2lso to the total number of elements, Thus if there were

| elght elements, and two, four or six in each set, the equations

would be lncepable of solution; but if each set consisted of
three, five or seven, elements, the solution would be simple,
Having obtained these elementary tines, it is easy to
construct formulae for obtaining the elements. Taylor glves ##
a formula for obtalning the time required for picking, losding
on wheelbarrows, and wheeling any given kind of earth to any
given distance, when the wheeler loads his own barrow. The

formula is typical and is obtailned as follows:-

# BARTH
## n3sHOP MANAGEMENT" - Trans. A. S. M. E. Vol, XXIV.
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time to fill barrow with giveli material

Let a =

b~ of preparing to wheel

c = " * wheeling full barrow 100 ft.

d = * ® dumping load and turning

e - " ' returning 100ft with empty barrow

f- " ¥ Jropring barrow and starting to shovel

D - K " loosening 1 cu. yd. of earth with pick

P = Percentage of day required for rest and to allow

for necessary delays.

L - diocad of barrow in cu., ft.

B = Time 1 cu. yd. picking, losding, wheeling, etc,
then
Bz{p+(a+b+a+f+m—£~£§—_gom‘ﬂeﬁ_rﬂ)_§%.}(l+m

The formula is then simplified by swbstituting the

average values of the constants:-

giving
B - {P + [a + .18 + .17 + ,16 + dis, ( .22 + .26‘9—311 1.27
100 L

or B = {p + (a + .61 + .0048 x dis. )—%7—-} 1.27

which is zpplilcable to any kind of earth and any distance for
men working at the recorded speeds. Thus, 1if the material
were sand, and the haul 50 feet,

we would get by cormplete substitut ion for the constants,

\

B - 29.4 minutes per cubic yard.
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Thus, the study of the constituent elements in one case of
plcking, shovelling and vheeling dirt enables one, with the
deternination of a few subsidiary constants for different
kinds of eerth, to determine the exact time required for each
of sn indefinite number of complete similar jobs. Such a
determination as this 1s of tremendous importznce as an assis-
tance to enlightened bvidding or tenders, and the Aberthaw
construction Co. of Boston is szid to secure practiczlly every
contract on which they bpid, thanks to a comparatively simple
sinilar systen for the determination of unit costs on
reinforced concrete constriyiction work.

The extent to which it will be profitable to subdivide
any job before commencing the time study, 1s a problen vwhose
solution implies the exertion of considerable judgment, Where
the job is to be repetitive - 1,e. performed in large quantities
at a time - the subdivision into rudimerntary elanents should be
far more exhaustive then in the case of ordinary standard
operations, such as making duplicate repair parts for
equipment when it is not desired to keep capital lying idle or
t0 occupy a lsrge space by making and storing spare parts
in large quantities.

Consider, in this connection, the simple unskilled work

of loading pig iron on cars,upon which Taylor inaugurated his
time study work at Bethlehem. The operations involved in

,this work are

|
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(1) Picking up pig from ground or pile;
(2) Walking with it on the level:;

(3) Talziny »with it uwp an ineline to car:
(4) Layine it on pile;

(6) Walking back empty handed.

Almost gny of these elements is capabie of further
subdivision; for example, the first operation consists of (a)
Stooping to reach pig (b) CGrasping pig (c¢) picking »ig up and
(d) turning eround.

‘'Now, the total ;ime in which-a good man could pick up a
rig would be zbout one second, while that required for walking
to the car and returning (the distance was gbout 50 fect)
would gpproach half a minute. No matter how far the operation
of picking up a prig might be subdivided, the waste or loss of
' time which would become apparent through the assignation to
each element of a reasonable minimum time, could not, by any
flight of faney, exceed one-fifth of a second if - as was
postulated - the original observations were carefully mad;:;
large nurber of times on a first class man working at his
maxirum reasonable speed and picking up pigs from various
heights as the plle diminished. Obviously, the;“the maxirmm

saving attainrable by the most exhaustive subgivision would be

orly one fifteen hundredth of the total time, and therefore

not worth striving for.
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A perusal of the schedule of elements in turning the pin
| (pages 93, 94) shows that many of the elements are common to a
large number of operations, Such elements are - preparing
jmachine for work and getting necessary tools; drilling centres;
changing tools; cleaning machine, etc. Others which will be
practically constant for pieces of approximately the same
welight and shape would be lifting worXk to chuck, truing and
clanping; reversing vorXk in chuck, or in iathe centres; and
removing work, One of the most inportant functions of the
time study depzaritment will be to collect data regarding the
times required for these elementary orerations on various
machines, With welizrigizgiately avellable records as to
these, the work of the time student is greatly simplified, and
his responsibility reduced to seeing that the actuzl machine
wmork 1s done as rapldly as is counsistent with only reasonable
depreciation of the machines, As regards supervision of
cutting speeds, his work is stil. further simplified if he is
able to manipulate the latest form of a Barth 3lide Rule
(Plate VI) - which shows with two settings the best combination
of cut, feed and speed for any machline in good condition.
Such a demonstrator, if he be intimately acquainted with the
capaﬁilities and condition of each machine under his charge,
¢z very often set a perfectly fair time allowance without the

assistance of a time study at all, The mininum time in which s
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first class man can perform any gziven operaticn urnder mevailing
shop conditions is therefore very exactly determinable in any
prlant and on any kind o¢f work.

The time students or demonstrators generally set time
subject to approvel of the head of the department, upon the
work which he hzs been observing, The latter official must
be voth able and experienced on account of the moral effect
broduced on the men by an error in fixing a rate. Thus it is
only in a plant sufficilently large to keep such 2 man
continuously employed, or sufficiently small for the whole work
to be included within the province of the superintendent that
this plan will appeal to the owners. There is, however, a
{1arge margin of intervening plants in vhich it is still
@rofitable to anprloy such a man to establish the system upon a
;firm basis.
| The most difflculit element upon which to decide is the
percentage of a day which even the best workman should be
allowed for rest and for unavoidable delays; and as to this
practically all technical papers bearing upon the subject are

silent. In the Angus shops, recourse is always had to0 a series

of curves (Plates VIT and VIII) which purport to show what is
‘the fair and proper zllowance on various kinds of machine work
according to the nunber of operations performed per howur on
each particular standard job. They were drawn, according to

accumulated experience, by Messrs. Hood and Spidy of the
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C. P. R, Plece Work Department, and though cousiderable uystery

surrounds the figures upon which the curves are based, the
piece rates obtained with their help seen to give every

satisfaetion.

The only difficulties witih which a time student is likely

to be confronted, arise directly from the extent to which the

attitude of the men towards his work is adverse, Fron past
experience, the workers in most plants have considerable
justification for a conviction that 1o change which the
management are anxious to institute can be to the men's

advantage: and few things sre bvetter calculated to irritate a

workman than the consclousness of a minion of the management

standing over hixn with a stop watch, and timing his every

‘movement. If the men are not tazken into the confidence of the

management , the natural and logical deduction which they are

alrmost certain to draw from the pheromenon will be thzt the

‘latter are collecting information for the purpose of foreing
them to work still harder without any corresponding increment
of wages. When the men are in this frame of ming, it is
obviously a matter of extreme difficulty to derive any useful
iinformation from a study of the times which they take to

‘perform operations. Many "unavoidable" mishaps are lisble to

occur on the machine which is being observed. Perhaps the
tool steel is inferior; or the work may be a succéssion of hard

spots; or perheps the belt is too loose for an application to
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the work of the most economical combination of cut, feed and
cuttirng speed. If the time student should be so unfortunate
38 10 Know less of the capabilities and properties of machines,
tool-steel, belting, etec., than the workmen, even where he is

#ure that the work could be done more rapildly, he is unable to
éonfute any of the zbove plausible excuses for slow work, and
*he records of his observaticns are so much waste paper.

There, however, the time student is a skilled mechanie,
not necessarily first class, but promoted to the position on
account of his intelligelice and reliability, the disability
under which the management labours is greatly diminished.
Certainly, such z man must be paid ore than the clerk above,
but as the records obtained by the clerk are admittedly
worthless when the men are opposed to the inrovation, the
efficiency of his salary is zero, and is therefore ilncomparable
with that of the intelligent mechanic, An additional advantage
of employing a man of the lstter type for time studying, is
that he can be used also 238 a demonstirator, to show the men
how best to earn s maximum daily wage as the piece rates on
their work zre set, and thus to inspire confidence in the new
system. Such & man, when observing men's times on standard
jobs, should be given a linited executive power, enabling him

to insist on having the various operations constituting the

job performed in whatever sequence he considers most suitable,

and to enforce what he deems to be the best combinations of
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depth of cut, feed and cutting speed on machine ork.
| It is only by the greatest tact, which amounts to taking
éthe man whom he is studying into the confidence of the firn,
thet he can enforce his views regarding the time and method in
which the performance of hand operations - such as lifting work
to bed, truing and clamping work, setting and changing tools,
calipering, removine work, cleaning machine etc. - should be
performed. And zlthouch the time which such a man will decide
upron as essentigl, unrder existing conditions, for the vroper
verformance of the work will be lmmeasurably more exact and
more urifornly fair than if fixed by the clerk, it will not bve
gquite so acecurate, nor nearly so liable to be accepted without
questioﬁz;f the men's sympathy and co-operation had been won in
the first instance. On the other hand, the extent to which a
tactless time student endowed with even this minimun of
lexecutive guthority could irritate the workers, might easily be
the last straw in precipitating a strike; and would, to a certain
extent, excuse the dislike of the average manufacturer to this
method of instituting the piece work systen.

It is generslly rossible to persusde one or other of the

first clzass workmen in each shop to work at his best speed for

the purrose of observing his times and methods - partly by

' paying him an increased rate while the studies are being magde,

j

'and thus rendering him sufficiently jeslous of the position to

gvoid risk of losing it through incurring suspicion of not
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morkine at his best speed; and pexrtly by prroving to him that
the object of the time study is not merely to facilitate a
further exploitation of the workers, but also to enable the
best workmer: to earn =2 much hicher wage,

WThere rublic opinion thrcoughout the shop has been so
btrong and sc¢ unanimously opposed to piece work as to defeat
ihis rlan, some firms have gone to the extreme of making secret
time studies, either by means of stop watches concealed in
books or by hiring a skilled worker from outside, and observing
his operations on a machine lodged in a separate roon. This

rocedure has been known to end satisfactorily; but its primary
ffect can only be to intensify the feeling of the men against
cliece work or whatever else it may seein to portend.

In cases vhere the opposition to piece work is so bitter
Lr distrust of the management so deep-rooted that no headway
can be made in the machine shop, it is often diplomatic to
tommence by winning over the unskilled labour, wheres the

rganisation is generslly rudimentary, and the market for

hich, to &ll ixtents and purposes, inexhaustible., It was here
hat Taylor comrmenced his classical reorganisstion of the
ethlehem 3teel Works, - on the extremely sinple work of
loading pig iron on cars.
(3) This dailly assignment to each worker of a maximum
reasonable daily task is really the ideal fS%Zattainment of
which Taylor originally began his life's work - and the

laborigus researches essential for the compilation of suffiecient
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data to be regarded as 2 satisfactory solution of probvlems
(1) and (2) were just as incidental to the attainment of

this supreme end as was the comparatively minor subsequent

problem of induecing men to turn out the desired quantity and

' quality of work per day.

(3) and (4) It would unquesticnably be the height of folly,
and has aglready been the cause of strikes where attenpts have
been made by inexperienced innovators, to introduce (3), the
crux of the system, without having first taken care to make
the accompiishment of the daily tasks uniformly possible.

As explained under (2), it is impossible for any inan,
except on repetitive work involving only a short cycle of
simple movements, to perform any job in the predetermined
minimen time obtained by simple addition of the elemental
times. There must always be an z2llowance for necessary rest
and uwnavoidable delays, and this allowance must be, as far
as possible, unifornly fzir, and zlwsys fixed upon the same

regulsr plan, vhich will take into comsideration the quality

and quantity of each class of labour available, and the shop

conditions generally. Thus, in a great industrial centre

such as 0lgham, sheffield, Philadelphia or Detroit, where
the community contains a very falr sprinkling of highly
skilled workers, the individual daily task might be made so

large that even a first class man could net accomplish it

. until he had been kKeyed up almost to his maximum reasonable
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lefficiency. As will afterwards be explained, in such a plant
it is only necessary to manipulate the payment system wisely
éto have the works, after confidence has been established,
literslly besieged by first class workmen eager Tor a chance
to ezrn what they are rezlly vorth, so that the labour problen,
under proper handline of the system, need present no difficulty.

On the other hand, in Vancouver and many industrial
towns in the Southern gStates it would be a farce to set so high
a taesk, as the highly skilled workers are in an almost
insignificant minority. consequently, any task set, if it 1s
ever to be accomplished by the average worker, mst be a
compromise between what I have called the labour unit, and
the prevailing average individwazl daily output.

Since consideration of the shop condltions is essential
to the setting of a uniformly fair daily task to each worker,
the standardisation of shop conditions and methods, éppliances,
tools and fixtures, has become a sine qua non of the Taylor
system of shop management. The reason for this, briefly, is
that the tiie required for the performance of each operation,
as determined by time studies, presupposes ideal appliances in
perfect working order. consider the elementary operation of
clamping work between centres on a lathe., The standard time
allowed for its performance is based on the assumption that the
machinist will run the clamping screw of the dog down to the

work with his fingers, and apply a wrench only during the last
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quarter turn to tighten it. suppose thet the thread of the
iScrew has become dazmaged, or the screw bent,as they are apt to
'do under the prevailing extravagant neglect of appliances. The
;workman mast then run the work all the way down with a wrench,
and will consequently be in danger of failing, through no

fault of his own, to complete his task in standard time.

Therefore standard times would be unthinkable, if bereft of

standard appliances.

THE STANDARDISATION OF APPLIANCFES.

@eem, In order to ensure that all such appliances shall
te maintained in good order, it is essential that they be kept
in a tool room in charge of a person competent to inspect and
repair them, or to issue instructions for their repair should
it be necessary to do this work in the shop. Under most
systems only the finest and rost expensive tools suech as grills,
taps, reamers, gauges, etc. are kept in the tool-room; cutting
tools at .the machines on which they are used; and blocks,
holding down bvolts, etc. wherever they happren to have been
left. Thus, considerable time is lost every day by esch
machinist in seeking the tools and clamps which he requires:
and still more through the damaged condition in which he often
finds the latter; in grinding his cutting tools to whatever
angles he happens for the moment to be affecting; in wailting
his turn at the emery wheel; and in having to regrind his tools

much more frequently than if all were ground before being set



- 110 -

'up to the correct ancles, as actually determined by Taylor and
specified in his aforemerntioned paper.

Not one of these time wastes but is obviated under the
Taylor system. All tools, appiiances, jigs and fixtures are
kept in the tool-room when not in actual use. When any are
wanted, they are caused to be delivered to the man who requires
them just before he starts on thg\job for which thev are needed;
and returned to the tool-roon when finished with. Each man 1is
supplied with z number of smell brass checks bearing his clock
number, and one of these 1s suspended on a hook in the tool-roomn
corresponding with each tool or appliance in his rossession,

This not only enables the ready location of small equipment,

éand involves insurance agzinst loss; but it also facilitates the
maintenance of simple records for assigning the responsibility
for unnecessary damzage to tools, and thus discoursges preventable
rough usage of them, Tools are repaired or replaced as is
considered advisable, and maintained very close to a general
‘standagaﬁg%téggellence; and the work of tool grinding is taken
out of the hands of machinists, and performed by a man, who does
little or nothing else, on an automatic grinder. In this way
the tools are ground in large lois to the same standard cutting
angles for various kinds of work which Taylor discovered to be
}most efficient, and without injury by overheating - a comron

pherorienon when each machinist grinds his own tools, A shop

working under the Taylor system therefore requires a larger tool
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- equipment than it would have under any other system; but this
lis more than compensated for by the large increase in efficiency
iand life of each tocol. The tools themselves are of standard
type and grade of steel for each purpose, or, where possible

" without appreciable loss, for all purroses. For such tools
as drills, reamers, taps and dies one grade of tool steel 1is
generally sufficient, regardless of the composition of metal
upon which they are to operate. But for lathes, planers,
slotters, milling machines, etc., there must generslly be two
or even three sets of tools if the hardness of metals which
they are required to work varies considerably = one set for
wrought iron and soft steel, another for medium steels, and a
third for cast iron and hard steel; but there should not be
more than ithree grades of tool steel,

Milling tool shapes are now belng very well standardised
by the makers, Lathe, planer and boring tools are the ones
most affected by the Taylor standards - and those for slotters
in a lesser degree.

standard cutting tools necessarily represent a compromise
in order to fulfil the best economical combination of the
following desirable but conflicting conditions:-

(a) to leave the work with a true and smooth surface,
(b) to remove the metal in minimum time,
(c) to do a maximum of work with minimum cost of grinding,

forging and of tool steel,
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{a) to be adaptable to a large variety of work.

| saxeflstandard tool shapes % shown on Plate X, The

forging and dressing of such tools are expensive; but a single

heat treatment suffices for thrice or more times as many

grindings as any other standard shape, without redressing; and

such tools can be ground more cheaply than thelr forerunners.
The yrineipal desideratum in 1ayingput or reorganising a

tool-rocom is the provision of storage accommodations which

(1) will occupy a minimum of space, (2) permit of rearrangement

ior extension as the tool-room grows zand (3) are arranged for

minimum interference with light. There must be just one
definite place in the tool-room for each tool, and zll tools
shall be s0 classified that there shall be no difficulty, and
e minimum of time loss in delivering any that are desired.

The systen of tool classification, which serves ghnother and
equally important purpose, to be described later, is as follows
at the Angus shops:-

Table I,

— e

Clagsification of Toels.

A Miscellaneous tools - not elsewhere classifiled;
B Bending tools - all tocls for producing changes in

shape by bending, folding, spinning, etec.:

Clamps and Holding Devices of 3ll kinds, including

I

bolts and screws,
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Drilline ang Boring tools - tools that remove

metal from the interior, such as driils, boring bars,
cutters, and 211 appliances relating to them:

Edge tools - for working wood snd plastic materials -
clay, moulding sand, putty, sete.;

Heating 1tools - 21l kinds of tools used for heating,

lighting, melting and moulding; oil tempering, annealing,
dryine and cooking, etec.:

Hammers - and all tools that work by striking or
being struck, such as sledges, tups, chisels, sets,
flatters, ete.:

Transportation tools -~ all tools used in moving

materials from one rlace to anocther, such as buckets,
boxes, trucks, shovels, wheelbarrows, bogies, rigger's
tools, slings, chains, etc.:

Measuring tools - all instruments of precision,

weights, geuges, measures, electrical instruments, ete.:

Paring tools -~ gll tools that remove metal from the

surface, by cutting, except slotter and milling tools -

(lathe boring tools under D);

Milline tools - all tools for milling or sawing metal;

Slicing tools - all parting tools and slotter tools:;
Templete - and zall instruments for duplicating work,

ineluding jigs and fixtures;
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A'A Abrading tools - all tools used for rubving, scraping,

filing, grinding, shearing, punching, breaking, etc.:

w Wrenches - and 2ll tools used for causing rotation;
X Painting tools - all tools used for coveriug a
surface with an adhesive foreign materizl, and zny for
removing same. '
Each of these groups is then further subdivided, as A :
SUB-CLASS
Drilling and Boring Bar - A ) ( Parting = o]
Boring Lathe Boring Tcols - B% 5 Round = R
Tools Cutters - C 3 E Sgquare = S
TP % Side — U
§ V shape = V4
( Flat - D
Drills D E Fluted = E
g Twisted = F
( Parallel - L
Reamers ¥ (
( Taper = M
Rosebits R Spiral = N
Taps T

Special — Z
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Sub ~ Cigss Shape of Nose Bend
Parting = C Sharp = S Straight = A
Paring
Round =R Blunt = B # Right = B
Tools
Square =S Broad = W " Teft = c
u P 1]
side =U Bevelled = A 30°Right = D
V shape = V ¥ Left -~ E
45°Right = jo
" Left gl |
60°Right = g
" Left = 3
90°Right - K
* Left

H
e

and similarly for the other groups.

A blunt, left hand, round-nosed lathe tool would be
specified PRBC; and the size of the tool, as represented by
the width of bar stock from vhich it is forged, is shown by a
number prefixed to the zbove letters. Thus a 1" parting tool
with a cutting edee inclined at 30° to the right of the normal
position would be stored under 1 PCSD, which symbol is also
starmped upon the shank of the tool to prevent loss of time in

restoring it to its alletted place on being returned to the

tool-room,
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INSTRUCTION CARD LIST NO.
Drawing No. 56 L 3.
Name PISTON HEAD.
CLass ALL CLASSES OF THIS TYPE.
=6 Scuebute No. 56 L 76, 108. lssue A
(57 AE OremaTion  TURN FACE AND EDGE,TURN
T T — —
& i GROOVES AND REGESS.
oie 2 S Ly
(Tp]
T OrperaTion No. 1b MaTERIAL (0%
3 f_ pehEg Mackine  NILES VERTICAL BORING MILL No. 38
ol il U O TooL SteeL HIGH SPEED.
%{"" |,| .| No. ofF PiEcEs 1 e
T h s TiME 1.4 Man-Hours Per Piece
b farm ) >
' No. oF Men 1 DaTE 4-13-10
U ArkkegHre =
2 PAY EQUIVALENT FOR
FIRST PIECE. 2.05 HRS.
' EACH ADDITIONAL PIECE.  1.75 HRS.
OTE:- DIMENSIONS ON SKETCH MUST B
] NOT BE USED IN MACHINING. SEE CARD 1 a FOR 1st. OPERATION
USE STANDARD DRAWINGS.




ETAILED INSTRUCTIONS

ISTON AND SET TOOLS.
TURN FACE.

H TURN EDGE.

IGE TOOL AND CALIPER.

H TURN EDGE.

E AND SET TOOLS.

iH TURN GROOVES.

SH TURN GROOVES.

GE TOOLS.

OP AND BOTTOM EDGES.
CLAMP AND CHANGE TOOL.

VER RECESS.

NGUS SHOPS. C. P. R.

—

Tool
Used

MACHINE ETC. FOR 2nd. OPERATION, 1st. PIE

1-4 PRSC

1-4 PRBC

PSWAZ

PSWAZ

11-4PZ

-4 PRSC

Depth Feed
0t Cut In
In Inches Inches

tCE ONLY.

1-8 1-8
3-8 1-16
1-32 1-8
13-16 | 1-32
1-32 1-32
1-4 1-16
5-16 1-16
3-16 1-16

Spindle
R.P.M.

Speed
In Feet
Per Min.

33
44

44

22

22

44

10
10

TOTAL MINUTES
TOTAL HOURS PER PIECE

10

—

o B NP =2 W0y P o©

18.
.0

oo o wnooowoob 0O

Minutes
Allowed

(0]

o

i
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THE STANDARDISATION OF MACIHINES.

Having thus centralised the control and maintenance of
cyutting tools, it nowebecomes necessary to standardise the
machines, The equirment of the Locomotive Department of the
Angus Shors consists almost vwholly of two groups of machines,
one grour purchased about 1204, and the other in the viecinity
of 1909. Now, other things being equal, it is hardly likely
thet any mechanic working on a machine, A, of the first group
will produce as much per dey as if he were operating a similar
rmachine, B, in the second, on zccount partly of the five years
extra depreciation of the older machine, and partly of the
five years extra knowledge and experience that went intoc the
desigrn and counstruetion of the ner, Therefore, if the two
men who actually run the machines, A and B, each produce the
same daily outrut, the former is manifestly deserving of a
higher wage per riece, or per day, than the latter. But,
unless this difference in remuneration were actually based upon
a determination of the individual czpabilities of the several
machines, such diserimination would immediately be vilified by
a not over satisfied working force zs favouritism, Therefore
the firm must have sufficient data about every machine in the
shop to krow the reasonable maximum amount of work which it is

capable of doing per day when handled bty a firsticlass man,



In light of this knowledge, and other conditions such as belt
tensions being equal, the actual daily output of each machine
glves g ready measure of the efficiency of its operator,

and thus affords a basis for the fair payment of wages - by
the piece or otherwise.

The theoretically ideal methed of obtaining this
information, is to make a number of time studies on each
machine, of the performance by a first class man of each
operation that is usually done upon it. In the average
machine shop, however, where each machine is required to turn
out a‘number of parts, all of which are subject to change, such
an investigation would be not only interminable and expensive,
but unnecessarlly exhaustive, and all desirable infornztion
cz2nl be compiled from a study of a few of the more typical
operations, Such information could all be tabulated on a
form only slightly more elaborate than that shown on Plate IX
representative of the tvpe adopted st the Angus shops -~
where a number of these, one for each standardised machine in
the shops, are tound together in a "Machine Capacity Book",

It will be noticed that these provide space for
information as to maximum size of work which the machine can
handle, height which work will have to be lifted in setting
up, spindle speeds, and rossible combinations of feed ang

speed, but the oniy inforrmation bearing upon the pulling ang

feeding power is imbedded in the adjective "Good", "rFair",
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"Bad", or "Very bad" under "Conditich of Machine'. It is
the intention of the authorities at the Angus shops to extend
'the usefulness of the machine capacity book by embodying in
each form more definite information upon the pulling and
feeding power of the corresponding machine.

The drawings on these forms are quite empirical: but
gerve to show the ityie of machine, and are especizllv useful
to a reailroad company operating a large number of widely
separated shops, as z basis for compsring their several
efflciencies of producing the same srticle. At present the
only place where the Angus rachines are thoroughly starndardisead

is in the heads of the Demonstrators.

Aniongst other shep conditions vhich rmust be thoroughly
%standardised as a Yrelude to speeding up the shop to its
maximum egpaclity, one of the most important is the belting,
which is frequently far too locse to stand the cuts of which
the tools and machines are really capable. Wery few
Machirists or even foremen know how best to tighten 2 belt.
The eamount tc te taken out is puessed at, and much mszchine
time is lost both in waiting until the belt is laced and later
in having to run at something less than the best economiezl
speed through the belt not having been tightened to the
right tension. However, the use of proper belt clamps and

a spring balance in tightening, and consignment of care and

| maintenance of belting to 2 specizl staff, - which will do
!

fmost of its work outside shop hours, but will do it properly -
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goes far towards elininating belt troubles, and enables each
riechanle to operate his machine at maximum efficiency - subject

only to the limitations of his own intelligence.

THE STANDARDISATION OF METHODS—

This involves the creaticon of a new department, to

' relieve the workmen of the necessity of plarning the actual

methods of carrying out their work. While effecting this
change, the Taylor system takes advantage of the oprortunity

to elirminate at the same time the weakest lirk in the industrial
chain - i, e, the foremzn - by distributine his multifarious
functions to various members of the new department.

The limitations of the crdinary foremanship system may be
surmised from the following typiczl case deseribed in "Ingqustrisl
Engineering and the Engineering Digest" March 1211, of a machine
shop equipped with lathes, planers, drills, etec., run by about
30 men under the supervision of a single foreman,

*Among these men are hzalf a dozen, lMorgan, Brooks, Smith,
Johnson, sSweet and Flannery. The foreman is at Johnson's lathe,
supervising the production of s rather difficult and important
piece of work, vhich has to be made very accurately, and on which
the foreman must see that no mistakes are made, While he is

so engaged, Brooks approaches him, and informs him that he has

' finished the job he was on, and that he wants arnother. The

foreman, being much engaged with Johnson, tells Brooks that he
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will see to him in a minute or iwo, and contirumes what he is
doing. Brocks stands around or goes over and talks to Sweet
until the foreman firishes with Johnson. The foreman then
examines the orders which have been assigned to him by the
office for the rrocduction of work, and gives a job to Brooks.
It is a rather complicated job, and requires some exrlanation,
While explaining the work, and discussing the best method of
doing it with Brooks, Smith comes up and demands a job.
With 2 hurried "Well, you see how it is to be done", the
foremaY leaves Brooks, to get a job for sSmith. Brooks is not
altOgether sure thst he does see, but, rather than say so and
further detain his boss, proceeds on his own responsibility,
makes a mistake and spoils the piece, It is not evident to
him, horever, and he continues to work; and the foreman, being
concernes with smith and worried over the fine job in Johnuson's
dathe, does nct ret to Brooks for a long time. consequently
Brooks' work is not insrected and the error is not discovered
until a lot of time and money hzve been wasted, which would
have been saved h=J the foreman not been so busy.

"Meanwhile the foreman has found & job for Smith, It is
the machining of half a dozen large castings, and the office
hzs indicated that it expects these to be done on plece work,
It is a new job in the shop, and the foreman and Smith haggle
a while over what is a fair rate. ©Neither one Knows just how
long it should tske to finish one casting and & considerable

' disecussion ensues, but finally a compromise is reached,
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although each thinks he has been "stuneo", The foreman then
tells smith thzt Flannery had Trought the first casting in the
day before and put it 2t the big planer where it was to be
machined; and goes back to Johnson, smith fails to find the
cgsting, and once more goes t o the bvoss, He assures himself
thet the casting is not at the planer, and, not seeing ¥Flannery
around, the two spend a lot of time in huntine, until they find
the casting at one of the milling rzschines where Flannery had
rut it by mistake.®

This example, though unusual, serves 1o indicate the
liritetions of the ordinary foremanship systen; and sinilar
extravagarce of expensive labour may be seen on a busy day in
hundredsga?ﬁlants. Stich a slovenly system car only result in
unnecessarily high costs of produvction, not only orn account of
the unproductive nature of weges paid tc idle machinists, but
still more through the distribution of the overhead expenses
over an unrecesserily small volume of product. At last,
however, the foreman is being found out - not through any other
fault of his own then that of failing to possess a superhuman
combinztion of desireble qualities.

Taylor specifies possession of the following qualities
as essential to perfect foremenship:- "Brains, Fducation,
Special or Techniczl Knowledge, Manual Dexterity or Strength,
Tact, Energy, Grit, Honesty, Cormmon Sense and Good Health!,

and one might almost be justified in adding "Ubiquity*, The
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duties of gang boss could only be thoroughly fulfiiled by an
almost similar combination of man and qualities, and, were such
men ottainable, any company woulsd find it extremely rrofitable
to employ them ih much higher positions than that of forenmgn.

As plenty of mer. rossess three, four or even five of these
gualities, it is a simple matter and a profitable, because
efficient one, to extend the sphere of the foreman, and at the
same time to subdivide his duties and =sllot them in suitable
rarcels to a2 number of trained speclalists. This involves the
sutstitution in the shop of functional management for the
militery type of organisatiorn,

Furctional menagement consists in so dividing the work of

management that each man from the Assistant Superintendent down
shzll have 2s few functions as possible to perform; and the
Taylor ideal is, where practicabie, to confine the work of
each offieial ic the performance of a single executive funetion.
Where the shop is sufficiently large, Taylor recommends that
the foremen be replaced by a corps of eight kinds of functional
foremen who are called (1) Geng Bosses, (2) Speed Bosses,
(3) Inspectors, (4) Repair Bosses, (5) Route Clerks, (6)
Instruection card Men or Deronstrators, (7) Time and Cost Clerks,
(8) Shop Disciplinarians.

Their respective funetions arc z2s follows:-

PHE QANG BOSS, beinz supplied with full information as to what

work is to be performed upon the machines under his supervision,
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snd the order in which it is to be machired, sees that each
man's next job is delivered beside his machine tefore completlon
of the last, He further sees that all tools, jigs, templets,
fixtures and drewings required for the next job, and sling

éhains for heisting work to the machine, ete., are realy at

3hand tefore they will be wanted,

He must also see that loss of machine time while the work
jis beirg set is reduced to 2 minimum, either by helping the
machinist or showing him how to hoist and set the work with

‘the utmost desratech,

THE SPEED BOSS must see that the work is machined with maxirum

rapidity consistent with asccurate workmanshily and only reasonable

depreciation of machines, according to instructions supplied
mith each job. He must sce that these instructions are being
rigidly followed in every detall, as to cutting 1o00l, speed
an? feed comkiration, deprth of cut, and sequence of operations,

He must z2lso be prepared to demonstrate that any job czn be

dore in the time laid down on the instructilen card, if the man
vho 1is actually doing the work should f=il repeatedly, and

raise a question as to the possibility of its performance.

THE INSPECTOR:- a very important official under all systems

involving a piece rate. This man must carefully examine zll

rmork to discover how nearly it has been made to specifications,

ard no entry is made on a workman's pay roll for any job until




| - 124 -
that job has received the approval of the Luspector. This
lean, therefore, must be impartial, and possessed of sufficient
Sudgment to discriminate between jobs that are distinectly
ﬁ.nferior, and those thet are imperfect but quite good enough
for their purvose.

Both workmar and speed boss must see that all work

is finished according to his wishes.

!lgHE. REPAIR B0SS:—~ This officigl is onlv indirectly concerned

Fith rroduction, but raximum prodquction is unattainable
without fulfilment by somebody of his functions. He must see
%that the men keep their machines clean and free from rust,

énd thet 2ll standards established for the care and mainterance
of equirment (care of belts and shifters, orderly piling of

mork, etec.) are rigidiy maintained.

HE ROUTE CLERK 1is the first officlal to influence the career

of work in the shop; but, while he must be intimately acquaint-
ed with the topography of the shop, all the work connected
&rith his particular function is performed in the "planning®
office. Having ascertained that all materials required for

a job are available, and knowing the date on which the
ffinished product 1is to be delivered, he examines the drawings
"and bill of materials and then makes out a list of the

;Enachine orerations which will have to be performed upon the

verions rarts such as planing, boring, and drilling, He then
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decides in what sequence’the varicus operaticns orn each part
will be performed, and; ’\¢’on vhat machine or growup of
similar machines this will be done.

He must therefore have had sufficient experience of
machine vork to know from the drawing whether = certain surface
had better be milled or planed, or whether a2 boring mill or
lathe 1s more suitable for a given boring operation.

Having decided upon z route by which the work will pass
as nearly as possible in a straight line through the shop, he
‘7ill write instructions for the various gang bosses showing the
exact order in which work is to be done by each group of
mechines in the shop. In so doing he will make extensive
use of data regarding times requirsd for the verious operations
and will pay contiruous attention to the date at which ezch
part will ¢ required in the erecting shop, in order thst the

machineimay be finished in time for delivery on the stipulated

date,

THE INSTRUCTICN CARD MAN or DEMONSTRATOR is more particularly

occupled in devising methods for performing all new operations,
that are at once quick, accurete and economical. He must
therefore ot only te a highly skilled meechanic, but must be
able to handle accurately some form of Barth slide rule, ang
must further hzve st his disposal profuse data regarding such

elementary hand operations as lifting work of various weights
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and shapes to the mechine, setting tools, starting machines,
changing feed or speed, changineg tools, cleaning machines, etec.
With these, and his knowledge of the carabilities of each
machine in the shop, it is a simple matter to lay out a si=m
rrograrme of operations for each job in that sequence which
best lends itself to the most rapid completion of the task.
Oprposite each operation, ir special colummns, on the standard
instruction card, he writes 211 necessary information as to the
detail methods upon vhose use the time allotted for ezch
elementary operation is based, Plate X shows the form of
card adopted at the Angus Shops for conveying information, simple
complete and free from ambiguity, as to the best known means of
performling the operation of turning the face, edge, grooves
anc recess of a locomotive piston head on Boring Mill Mo. 38,
fror the planning department to the shop, This, as will be
seen gives fairly complete information es to what is done in
each operation, whet tool is used (symbols ending in Z refer
to special tools, wvhich ere rezdily identified by the other
letters), Depth of cut, Feed (ir inches per revolution),
gspindle R. P. M., cuttirg speed, and Time allowed. The total
time in whizh the first piece can bve com@leted is 1.7 hours,
ané subsequent ones 1,4 hours. Turning to the front, we see
printed the words "Pay Equivalent for

Tirst Pilece 2.05 hrs.

Each Additigna#Piece 1.75 hrs."
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implying an ellowance of a little over 20% for rest, unavoidable
delays, and incentive. The object &f stating the piece price
in time equivalent is thzat each worker in shops throughout the
C. P. R, system is paid s fixed hourly rate, whether his piece
wWOTrk earnings fall short of this or not (vide contract gystem,
Ch. IV. pr.&3 ), and the same grade of labour is more heavily

remunerated in Tinnipeg than at Angus; and better again in

Vencouver than at wirmipeg. Therefore the statement of an
abtual piece price on the back of the card would limit its
usefulness to one shop only. This, however, is a digression,
as the C. P. R. does not operaste its Shops wholly under the

Taylor systemn. In plants which gre so operated, one of these

fcards is delivered to every machine with the tools required for
:each Jjob that is performed upon it, and is returned io the

tool-room or plamning department on completion of the job.

THE TIME AND COST CLERK receives direct from the men by means

of 2 job order, or other form, =11 the information that he

needs for the men's pay rolls, znd for his cost accounts,

A suitable form for the conveyance of this information

1
i

;hrom the shop is shown on Plate XIV, and briefly descrived

in chspter VIII.

THE SHOP DISCIPLINARIAN deals with workmen or bosses in all
fcases of insubordination, impudence, repeated failure on work,

lateness or unexcused absence; and applies in each case what he
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considers to be the proper remedy. He keeps as complete a
record &s rossible of incidents that shed light on each man's
reliability and deficiencies; and he should invariably oo
cornsulted vher wages are being readjusted or prouwotions made.
An important function requiring tact znd zood termer is that of
peacemaker between his fellow foremen and their men,

In the case of a first offender, the dlsciplinarian should
speak to him in 2 friendly manner, As some men misteke this
policy for tiriidity the misdemeanours may continue, and they
should be met with increased severity of words until "the desired
result is attained, or the possibilities of the English language
exhausted".

To discharge cz rer 1is effective so far as that particular
ingividual is concerned, and may result happily as a deterrent
to other prospective malingerers, but several expedients should
be interposed between the extremes of verbal remonstration and
dismissal, The rore cormon intermediate measures are

(1) Lowerirg the man's wages, |
(2) Laying him off for a period,
(3) Fining him,
(4) Giving him bad marks for various offences, and, when
these reach a certain total, apply (1), (2) or (3).
The first and second remedies arc too drastic for most offences,

and the latter may punish the employer even more than the offender,.

The fourth will have the deleterious effect of almost encouraging
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carelessness until the criticel number of marks is nearly
reached. Therefore Taylor prefers the fining system if
properly zdministered. Its success 1s derendent upon
(1) the impartiality and judgment with which it is aprlied, aud
(2) the fate of the money so received by the employer. IT
this money, or any part of it, is retained by the employer,
the men are easily persuaded to regard the motive for the

infliction of the fine as rartly one of cupidity, and the

consequent dissatisfaction more than counterbalances the

moral effect of the fine, If all fines pe immediately
returned to the ~hole employés. in some form or other, the

men guickly recognise it as purely a system of discipline, and,
as such, it is soon strengthened by the apprbval of the more
competent workmen.

Tor this purrose Taylor recormmends the creation of some
form of rutual benefit asso.ciation to which all the men, &s
well as the employer, contribute - and regards an accident
insurance association as less liable to abuse than any other
form. When practicable, this associaticn should be forumed
and managed wholly by the employés, ard 211 fines can be handed
to their treasurer.weekly., This, however, is a little aside
from the zctual functions of the disciplinarian,

One of the advantages of having a specizal official for
disciplinary purpeses is almost self evident, The only

funct ional foremen with whom the workman is likely to quarrel
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seriously are the genr boss and speed boss - whose special

furction 1t 1s to show him how to produce a maximum amount of
work., The enforcement of discipline by one of these would
quite probably engender hard feelings betweer the workman and
himself, and the result could only be a reduction in overall
efficiency of the pair.

As the speclal knowledge which each of the above eight
men nust possess or zequire forms only a fraction of those
without which no ordinary foreman can rroperly fulfil all his
duties, a good funectional foremsn is much nmore essy to fing
and more easily trained than an efficient srecimen of the
tyre he supersedes, Taylor states that an intelligent

workran can be converted into a good funetional foreman in

' from 6 to 18 months; so that even a new company ecan be equipped

rith competent shop-officiais in & comparatively short time ~
a human impossibility under the old régime.

As an instance of the manner in vhich the quzlities
requisite for efficient foremanship are subdivided into not
uncomon groups, the possession of any one of which will
qualify a man for one of the functional offices, - the gang
boss requires executive abillity, foresight and a certain amount
of manual dexterity: the speed boss need only be a careful and

expert mechanic; the disciplinarian, besides being a keen judge

of human rature, nust be flrm and eloquent, yet tactful ang
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j?gocd natured; the repair vposs should be conselentious and
neat; the demonstrator should be ingenious, and thoroughly

Iiversed in his trade, but need not ‘necessarily have executive

gability, and so on,
’ The nmumber of each kind of foremen required depends upon
‘the magnitude of the plant, and on the character and variety
of the work - not at all upon the number of any other type.
}“fhere there are many functional foremen of any one type, it is
;often desirable that they should have & foreman over them; and
f'bhe principal functions of the speed foreman, head gang boss,
it':h:i.ef insyector, ete., will be

(1) To teach subordinates the nature of their duties, and to
encourage them to insist upon the instruction cards veing
followed;

(2) To prevent conflicts of authority with other kinds of

funetional foremen.

The menbers of the Planning Department (Route Clerks,
Deronstrators, and Time and Cost Clerks) should be housed
together in an office near the centre of the shop. The ideal is
to have the shop managed by the planning department; bput its
foffice should be close to those of the manager, superintendent
and his assistant, and, if possible, to the drafting room also.

In addition to the foregolng functions, Taylor considers

f

thzt the following also should develve upon the planning

department:-
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(1) The analysis of sll orders recelved by the company.
This indicates what designing and drafting will be necessary:
and supplies all dzta required by the stock clerk znd
purchasing agent. When the drawings are received from the
drafting room, and informstion as to date of delivery from
the general office, the individual operaticns can be analysed,

and the routes planned,

(2) The fixing of piece rates from time study data and

extensive use of 2 slide rule,

(3) The maintenance of a balance of raw materials,
stores and finished parts, and of work gshead for each class
of machines and workmen,

This last is not only of extreme importance in
stimulating the production from each shop of the exact,
instead of the approximate output reaquired, but is applicable
under 2ll systems of shopr ransgement, Ganti recommends the
use of a form for each production order similar to that shown
on Plate XI, which is macde up daily, and therefore reflects
the alrost instantaneous efficiency of each depariment,

The form selected relates to the passage of a group
of locorotive frames through a machine shop, and the progress
of work is compared at each step with the progrzmme originally
made out by the route clerk, TFor this purpose each column

is crossed by two heavy horizontal lines oprosite the dates
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'at which the work should be begun and ccurleted; and the position
- of the entries show to what extent the shop is maintaining

the scheduie. The balance thus becomes an extremely helpful

instrument in locating inefficiency or deficiengy of labour or
equiprment.

When accompanied by cards of the tyre shown on Plate
XIV, but little clerical labour is necessary for the daily
%compilation of the balance, and the results amply justify the
employment, if necessary, of such extrsz labour. The plan has
been rroved conspicuously successful at Angus; and its employ-
ment is stated ¥ to have increased the output from the foundry
of the American Locorotive Co. at Schenectady by 600%, in e
single year.

with the help of this balance and that dealing with the
stock of finished verts a daily or weekly report should be
made to the manager and sales department to enable them to
Lvoid embarrzssing the harmony of production with s ceéngestion

or scarcity of work.

(1) Analysis of all enquiries for new work, and promises

gs to date of delivery.

This is a simple matter thanks to the abundance of

time data and exact knowledge of the amount of work ahead for

# A GRAPHICAL DATILY BALANCE IN MANUFACTURE"

Trans. A. 8., M. E, Vol, XXIV - Discussion,
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the varicus machines and departiments.

(5) The construction ard aprlicstion of a mnemonic
symbol system for the identification of orders, parts and
operations; and for the filing of information relating thereto.
The clerical work and chances of ambiguity in records are
thereby greatly reduced.

At the Anzus Shops, the basis of the mueronic system

is the classification and subclassification of drawings as

foilows:-
Classification of Drawings
c Cers,
D Power Plants,
E Electrical,
r Tross, Switches and Track Work,
H . Buildings, Water Tanks etc.,
K Furnaces and Forges,
L Locorotives and Tenders,
R Cranes, Hoists and Traversers,
T Machines,

O0ffice Purniture.

I



11

13

16
17
18

19

20
21

23
24
26
27
28
29

30
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Divisions of “"L".

Ash Pan
Axle
Crank Pin
éoiler
Boiler Detzils
Boiler Attachments
Box, Drivins
Box - Engine PTruck
" Tender "
Brackets, Stands
Ornaments
Brake - Engine
" Tender
u Equipment
Cab
Cocks and Valves
Crosshead
cylinder
*  Attachments
" , Coupd. *®
" , By-Pass

Relief Valve

31
32
33

34

35
37
38
39
40
41
42

43

45

46

47

Draw Gear (Engine)
" " Tender
Eccentric Strap
Engine Truck
Leading and Trailing
Erecting
Exhaust and sSteam Pipe
Expansion Bracket
Firebox FPitfings
Fastenings
Frame
Framne Detzil
Fuel 0il Burners
Front End - Rear End
Gauges, Templets, Dies,
Jigs, ete.
Guide Bar and Attachments
Grate
Hand Rall and Foot Step
(Engine and Tender)
Injector and Feed Water

Attachments
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50 Lagging €4 Steam Chest and Attachments
51 Link iotion 65  Superheater
52  Lubrication 66 Signal Equipment, Lamps, etec.
53 Hiscellaneous 87 Smoke Box
54  Preliiiizry Design 68 Springs
55 Piston 69 Sprirng Gear
57 Packing 70 Tools (Engine and Tender)
53 Pipe ang Fittings 71 Tark gnd Coal Bunker
59 Reverse Lever 72 Tender Frame
50 Rocker 73 Tender Truck
81 Running Board and Wheel 74 Throttle and Dry Pipe
covers 756 Tool Box snd Cab Seat

62 Rods (Connecting etec.) 76  Wheels
53 Steam Cauge, Safety Valve 77 Wash Out

Steam Heat, Reducing 78 Whistle

Valves, Special Fittings, etc.

Group Subdivisions

44 51
Arrangement A¥rangement
Details Details
Buffer Beam Link

" " Angles Link Lifter
Foot Plate Transmission Bar
Pilot " " Hanger
Pilot Details " t " Bracket
Pilot Knee
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Pllot Stay
Engine Plows
Bumper Knee
Flangers

Smoke Box Stay etc.

To each extiecle is assigned a list number, by
extending the number of the drawing for that tyve. Thus
211 valve motion lirk drawing numbers begin 51L3, and each
1irk has a list number such as 511336, which readily serves
to identify the information already compiled regarding any
job which has to be rereated.

u
(8) The planning department shold thereby acquire

' econsiderable importance zs an inforiztion bureau. The
| responsibility for indexing all information should be centred

in one man.

(7) Maintenance of the system and plant., A time table
should be drafted showing whern and where each report is dque.
' Ag a mechaniczl 2id to the man who has to see that revorts
are corpiled when due, Tayler recomuends the use of some
form of "Tickler", such as a portfolio with a rockeil for
each dey in the year. ©Notices for inspection ete., are then
placed in the tickler in advance, aund the deterioration of

equipment can then be attacked eand remedied before it becomes
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%so serious as to necessitate a suspensior of productian,

By ihe adoption of standards, the use of a tickler, and
of instruction caras for overhauling machinery, Taylor reduced

the repair force at the Midvale Steel Works by two thirds.

(8) Organisation of the messenger system, providing for
regular collections and distribution of routinqﬁeports, recoras

and messages that are in no especial hurry}

(2) The selection of new employés. This duty generally

devolves uron the shop Disciplingrian.

(10) Performance of whatever clerical labour is necessary in

connection with the mutual accident insurance associstion.

(11) Provision for rushing specizl work through the shop.

(12) Improvement of existing methods and equipment,

Unquestionably the cost of rroduction is lowered by
segregating the brain work and the function of planning into a

separate organisation, The most cormon criticism levellea

against the Taylor system is the extravagant tendency to
jinarease beyond aili reason the rroportion of non-vroducers to
fproaucers, Taylor, however, states that comparison of a number
of successful plants with a similar number of mediocre ones of
about the same size will immediately betray the fallacy of the

assumption that this is necessarily an evil; and further declares
1

!
i
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that almost 511 shops zre under-officered. In his opinion,
a company doing an extensive engineering and miscellaneous
rmachine constructior business should employ one non-producer to
every six or severn producers (the term non-producer here
inclvding generzl officers, clerks, watchmen, messengers and
salesmen as well as superintendent, foremer and gang bosses).
No ore now questions the econony of the cdrafting office, and
before lomg the plannirg department wilﬂbe considered

equally indispensable.

(5) THE DIFPFERENTIAL PIECE RATE:-

As has already heen stated it were futile to set each
men in a plant a rmaximum reasonable dzily task without teking
means to secwre its accoriplishnient. I have zalreacy discussed
the measures prescribed for making the completion of each task
vossible, z:i.d the corps of instructors created for the purrvose
of helping znd encouraging every workman to fulfil his task,
But it is rot vet apparent what means are to bve taken to secure
the co-operation of the employés - for it will certainly not bve
won by provision of the above faecilities alone, and without it
maximum production is unattaingble,

while the ordinary riece work system, if fair and reason-
ably libveral, goes far towards stimulating a large inerease of

production, it is not automatic in securing the daily coupletion

of 2 maximum reasonable task. Men will not do an extraordinary
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dey's work for an ordinary day's pay, and any ettempt to induce
them to do s0 1s foredoomed to failure. The fear of being
discharged is totally irnadequate for producing maximum output,
as men find that they can take many liverties,before the
management will aprly the extreme penalty. Under Taylor, the
zutomatic element is introduced by the setting on each
stendard job of two piece rstes - one so large that, by success-
fullr conpleting his task each day, a workman is permanently
assured an urususzlly high wage, relatively to the average
earnings of his. fellow tradesmen in surrounding plants - and the
isecond, on which basis he is paid in the event of failure, so
low that, evern if he just fails to coxplete his task, his qaily
earnings will bte no higher than the average of his trade.

Thus each man is continuously stimulated to maximum
rroduction by the suddern automatic inerezse in his piece rate
the moment that standard outrut is reached. Employment of
such a system, therefore, must rapidly single out the first
class men in the plant; and, while it will discourage the less
efficient ones, the fact that good workmen are permitted to
ezrn o unusuzlly high wage in this particular plant soon
becomes corron knowledee in the trade, and the owner becomes
imundeted with applications for employment from first class
tradesmen anxious to better their position.

7There work 1s done on large and expensive machines, and

' the quantit of output depends upon severe manual labour as
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well as on the skill of the mechinist (while a large rroportlon
of the cost of production is overhead expense) it is often
advantageous to establish three or four differential rates as
maxinun output is approached. In addition Taylor advocztes
graduation of the incentive to maximun effort according to the
class of work on vhich the effort is being expended. Tor work
demanding neither excepticnzl inteilirence, close zrpliesztion,
skill nor extra hexd work, he recommends a wage 30% greater

than the average. There great physical strength is required

éwithout skill or brains, the incentive 1s 50 - 60%; for delieate
'machine wvork, requiring unusual skill, brains and closc
application, but not severe bodily exertion - 70 - 807, and,
for a combination of all four, 80 - 100%. more than the average.
FTor the gbove percentzres, plenty of 200d men ean be found who
are willing to do thelir best, especially when they become
convinced thet the high wage is not only a transient bait to
lure the unwary workman into demonstratindhis capabilities,

and betraying himself with his class to further exploitation.

| The stimulus to exertion should ve a daily one, involving
rerid, but complete insvection, and immediate returns to
apprise every workman each day of the resulis of yesterday!s

work., Much of the moral effect is lost even by a short

postponemernt.
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OTHER FTEATURES OF THE SYSTEM.

Of these, perhaps the most important is the fact that it
cocntemplates so sprortioning the work, that each job 1is perforue
by the cheapest gra‘e of labour capable of accomplishine it.
Alrost any repetitive work, requiring however x-eat skill ana
dexterity, which is being done contiruocusly, should be given
to a trained labourer, and not to a mechanic. The average
labourer can be taught to perform the most delicate work if it
is repeated often enough, and his lower mental calibre enables
hir. better than an intelligent mechanic to bear the monotony
of revetition. Such a workman should be paid more tharn a
:labourer, but not necessarily as much as = mechanic. This
lideal pPerhaps attains a more congenisl aspect when restated as
"each workman should be given the highest class of labour for
whieh his brzins and physique fit himt, In this form it is at
once seern to offer to every man in the plant s prospect of
rising above his class, and sc constitutes an adcitional
incentive to maximum effort.

At Bethlehem, Taylor applied this principle to such an

extent that, when he left, 95% of the men performing roughing

machine work, and 257 of those on Ffiner work were trained

“lzbourers.

| During the expert investigation of machines and work, a

number of hitherto unsuspected defects in the design. of both
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generally declare themselves, and point the way to luprovements
zwhose introduction will effect a tangible and immediate increase
iin efficlency of production. It is therefore advantageous to
ilocate the drafting office in clese proximity to the plarning
departtment .

In any works vhere the Taylor syster has been adopted in
its entirety, it is a simple inatter to determine verv approxi-
mately the time and cost of manufacturing each standard product.
The selling organisation is thus ensbled, not only to contract
with perfect confidence for the delivery on the stated day of
each article sold, but, further, to concentrate on selling those
products upon which there is the greatest margin of profit,.

The consequent enhanced reputation of‘ the firm for reliability
in the fulfilment of contracts, and the increased demand for
the most profitable lines must militate very perceptibly

e P

towsrds raising the annuzal turnover of the company to a maximum,

when the irntroduction of the systenm is couplete, and all
the workers zre habitually completing their tasks, we have all

the conditions Wﬁich viece TOrkK was expected, but falled to

fulfil, Fven then, however, it is advisabvle to retain the
differenticl element, or procduction vwill surely decline.
| In illustrating this point, Taylor relates the history

of the operation of turning a standard forging at Midvale before,
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during and after the era in thst rlant of the Taylor system.
In the first period the standard daily output, under piece
work, was 5 per “2y at 50 cents each, In the second, a
reriod of ten years, 10 pieces were Produced per day with
unfeiling regulsrity, - the prices being 35 and 25 cents for
standard and less than standard output respectively. The
folloring table shows the comparative costs of rroduction per

lathe rer day in the first tvo periods,

Piece Work Differentisl Rate
Man's wages %2.50 $3.00
Machine cost 3.37 3.37
Total cost/day 5 .87 6.87
Pieces produced 5 10
cost/riece %1.17 1/2 $0.89

At the end of the second pericd, the Taylor system was
superseded by niece nrk, z:ud the outrut at once fell to 3 - 8
pieces per day, vhere 1t remained. The value of the
differentizl rate as an automatic stimuliant to reximum

c -
efficienty st therefore not be lightly rerarded.
n

Preczutions to Le Adopted in Introducing the System:-—-

Although Tseylor himself hzs never had to contend with a
strike in attemptinzg to introduce his systen, many others less

conversant than himself with ite neculigrities have been
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consideratly less fwrtunate. The czuse to which most of these
failures are directly atiributable is iipztience or cupidity -
generally the former. To the uninitisted, the onlv vital
features of the Taylor syster are the differential piece rate
and functional foremarnship; and =nv rlagiarism of the system
so superfilicial as to omit the standardisation of machines and
zprliances 1s practicgllir predestined to ignominious and
disruptive failure,

Uniformity of standards throv-hout the shop is essential;
and it 1s better that they should be urniformly second ciass
thar mainly first, part second and part third, owing to the
naturzl terdency of =z number of men or the same kind of wvork to
adopt the pace of the slowest. The selection of the most
suitable standz>c in each case neasd not be a very protracted
nrocess, and its installation should be conmenced at once, but
should net be unduly hurried. The econcmies attainsble

‘ o
through the adoption of uniform standards’}z/almost ineredibvle,
and Taylor states that the standerdisation =zt the Midvale 3Iteel
rforks more than paid the cxpenses of the whole reorganisation.
Thile the chosen starnder<c are beine introdueced, the men

most suitable for employment as functional foramern should be

s2lected, and thelr trzinins commenced. Taylor recomniends that

the full numnber be picked at once, as two out of every three
either prove unsuitable or leave to take up a more lucrative.

kosition. In any event, more bosses will be required during
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the Yransition reriod while the weorwmen ars adjustins themselves
to the new conditions than after the introduction is conmplete.

A3 the process of traininzg the future foremen is now the
most important element of the incipient reorganisation, it
should be actively superintended for & considerable time by the
expert in chzrge of the regeneration, Copious time studies
are made, at flrst by the expert, and afterwards by prospective
demonstraicrs under nhis supervision., of the performsnce by
futuwre speed tosses of standard nmachine operations, according
to instructions. One of the first lessons which the speed
bosses must be taught is the advantsge of rigidly following
instruction cards - at first made out by the expert, and, zs
soon as practicable, by the future demonstrators.

This pericd, wiith its interiiinsbdble time stuvdies is so
laborious that there is ciways a temptation to curtail it, ang
to proceed to some rore tangible change in the management, As
the syster. is inpossible without the existence of ample time
study information, properly classified tabulated and indexed,
the policy of unduly hastening the time study work can only
result in the collection of a mass of data that is either
insufficient, uwreliable or not easlily available, and such
policy is therefore suicidal,

Having got the training of functisnal foremen well under

weigh, the expert may now relegate its supervision to an assistant

arnd turn his sttention to the following tasks:-
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(1) The standardisation of machines, by analysing their speed
and feed combinations and pulliing power,- for the purpose of
makine slide rules;
(2) The design of suitable time cards whereby all desired
information will ultimately be conveyed from the shop to the
planning roon;
(3) Investigation of methods of recording issues and receipts
of stores, to establish a complete running balance of materials;
(4) Devising and having rrinted a suitable and sufficient
set of blanks for cshop returns and regorts, instructicn cards,
expense sheets, cost sheets, stock cards, maintenance of
standerds and of plant, etec.;
(5) Rearrangemnent of equipment vhere conslderations of routing
the work render it expedient; and
(8) starting such functions of the planning department as

do rnot affect the men,

As soon as the selected shop standards have become
generally established, the men chosen as inspectors, iIf there
are none already, appear in the shop, aund rellieve the foremen
of one of their most distracting dquties, When, and only when,
the mern have been given to understand just what degree of
aceuracy will in future be demanded of them, the speed bosses
and gang bosses also appear in one or two depariments; and each
job on which mork 1s done in those departments 1s acconpanied

by an instruction card. As far as the workmen themselves are
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concerned, this is the only sudden ster in the whole rrocess
of rehabilitating the »lant.

Than the averzge workman, perhaps no one stands to
galn more or lose less by an altcration in the present method
of regulating society - esveecilally by an advance towards
industrial co-operation - yet nc one could possibly be more
suspicious of chenge,. Therefore the number of radical steps
in the reorganisation to be made at any one time should
zlvzys be a minimum, Eacnh worker should have become aware
that changes are going on, through his being relieved of
responsibility for his belt, and of the necessity of grinding
his tools, before any step is tzken which will have =z nmarked
. personzal effect upon a numbcr of workers,

This sudden simultaneous a»rnearsasnce of speed boss, gang
poss and instruection card is such a radical step, that, were
elther the instruction card or tinc studies defective, or the
training of elther of the two new bosses imperfect, the
system would 2t once become discredited. The functions of
the gang and speed boss consist, at first, in seeing that an
extrenely linited number of men follow the instruction cards
as to cutting speed and feed etc., thus proving to them that
the machine operations, at any rate, can be performed in the
apparently insufficient allotted times. The standard time
allowed for each whole operation is already printed on the

cords, and the men are soon given to understand that they
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must eventually be prevared to ¢o the job in that time if

they hope to retain their positions.

ner the men have come to realise that the gang and speed
bosses are a help rather than a hindrance te them,the Differen—
ti21 Piece Rate system may be started with one man, preferably
in the least efficient department of the plant, so that the
moral effect produced in the other shops by success of the
systen in this one, may be favourable to its extension. The
most promising man in the department. and rot necessarily the
one vho is best psid, should be selected for this purpose.

He has already cultivated the habit of following instructions,

and knows that the mschine operations can be performed as stated,

iwithcui trouble to himself. He must now be subjected to the
concentrated attention of both gang and speed bosses Tho will
at once help hin to simplify his movements, and stinmulate him
to perform the manual operztions in standard time, by envy of
their ability to do so.

After a fer days, when this man has begun to earn the
hizh piece rate regularly, the batile 1is practically won; and
attention to hin mzy be relaxed in favour of one of his fellow
vorkmen. It may well be imagined that the other workers in
the shop are far from dlsinterested spectators of these
proceedings; and once these are convinced that the inerease in

speed is permanently possible, and that the remuneFation of

success is also real. public opinion in the shop soon becomes
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favourable to the innovation,

A typical descrirtion of the problems encountered during
this Thase of the introduction is that of Taylor's classical
conversion of the yard labour at Bethlehem. AS SOGL &8s &
careful study ha? been msde of the elementary onerations
involved in loading pig iron on cars, a single first class
worXmen was selected, and started on differential piece work,
Hitherto the men haid been tzid 31,10 per day, and the piloneer

wns8 now offered zr inerease to 31.85 if he would perform each

Ly]

ey en zmourt of work from 3 1l/g to 4 times as great as the

Rl
-

[$

;previous daily =sverage, The man regarded the task as a fair
one, and ezarned the high rate from the start.

A3 ususl, the senticent throughout the plant wss
strongly oprosed to piece work, and the town of Bethlehem
gerierzlly was by this time on the side of the men - méinly
throurh a conviction that 1f piece work succeeded, the larger

individusl output would enable the firm to reduce their staff,
thus involving a set back to local trade and prosperity. Tor

these consideratiocns enormous concerted pressure was brougnt
t0 besr upon the first few piece workers with the object of
discouraging or intimidating them from continuing to do their
best, severzl were lured away by the offer of still more
lucrative positions; but others took thelr »laces, and earned
the high rate regularly, so that oppositlon suddenly crumbled
awey after ten weeks. The only difficulty then was to make

tire studles fast enough to suit the men,
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Throughout the conversion only one man was vut on each new
standard job, and no other was vermitted to attempt it until the
first had shown by his success in earning the high rate that the
task was a fair one, Throughout the period of conversion, the
day and piece workers were under separate management, and were
never allowed to work together.

Two inmortant elements in the conversion were
(1) The distribution every morning to each worker of a slip
stating the amount of work done and amount earned the day before-—
thus enabling him to measure performance against earnings while
the details were fresh-in his mind; and

(2) Measuring each man's work by itself wherever vracticable.

Only on very few occasions were more than two men allowed to
work in a gang, as gang work almost invariably creates a drop

%in individual efficiency.

The following figures sumrarise the justifiability of
the conversion, as regards the yard labour of loading and
unloading cars on their arrival at or departure from the works:—

DIFFERENTIAL PIECE WORK DAY WORK

mons handled in 1901 (2240#) 924 ,040,13

Total cost $ z0,797.78

Former cost of same tonnage $67 ,215.49
Saving $ 36,417.69

Cost/ton $ .033 .072
Farnings /day /man $ 1.88 1.15

Tons handled / day / man 57 16



Thus the effect of the conversion was to inerease wages
by 63 1/2% and to decrease labour cost by more than a half;

’
and instead of mitually antagonising employers and employes,

it revolutionised their previous attitude. All that now
‘concerned the workers was to present a satisfactory and
!convincing answer to the simple qguestion "Are you a first class
worker?" . As regards the yard labour , each newcomer was given
to understand that if he could not earn $1.85 per day, he
1would have to make room for some sne who could. If they
succeeded , their industry wes well rewarded by a sudden increase
by 607 of their wages; and they were well content to remain —
while if they falled, they left without hard feelings against
the management - and there was always a sufficiency of first
Elass men willing to leave other jobs, and try their hand at
Bethlehem piece work. Consequently , the men at Bethlehem
became so0 vrosverous as to have no need to strike in order to
etter the wages of their class, and finally they left their
nions voluntarily rather than be implicated in a strike

|
#hich could not possibly ameliorate their own conditions.
|

| Surmary.

In a plant operating under the Taylor system, we have
seen that high wages are successfully combined with low labour
cost; that the production of a plant approaches the maximum;

that every official is forced to help his subordinates; and
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that each man is given an opprortunity to rise to the highest
vosition for which his intelligence and vhysigue fit him, -
thus affording ample scope for ambition, and providing all the
elements of real industrial co-operation.

As it so vastly increases the profits of the mamufacturer
and the earnings of the superior workers, while making possible
a reduction in the price to the consumer, there chould apparently
be a strong public opinion in favour of its adoption into
every large plant in sll manufacturing countries. And yet,
of all the American plants into which the system has been
introduced, only two, the Link Belt Mfg. Co. and the Tabor
Mfg. Co. of Philadelvhia, have adhered to it. The systen,
therefore, is not inherently seif-perpetuating; and it may fail

for any of the following causes#:—

(1) By a change of management, replacing men trained under it
by men not so trained - this was the princi%}d'oause of its
downfall at the Bethlehem Steel Works; ﬁ

(2) The eupidity of the management — cutting rates or
inereasing the tasks. At Midvale, the princivle of the system
was falsified by a cut in the piece rates;

(3) The cupidity of the workers. This is a highly improbable

cause, unless the piece rates or tasks have first been tampered

# GANTT - "WORK, WAGES and PROFITS".
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with by the management;
(4) A general industrial depression may ruin a firm operating
a plant under scientific management, but such a plant would
unguesticnably hold out mueh longer than if it were not so
highly organised.
0f these, the first is by far the most likely cause of
failure, as a system which forces every servant of a company,
from the manager down, to work continuously at maximum human
efficienicy is always jikely to be destructively neddled with
when death or other cause necessitates a change of management.
The Taylor system is vprobably the best for any one of a
large nmumber of plants, but its introduction is often only
effected after overcoming the most bitter and protraeted
oprosition from a number of men who were considered indispensable
under the o0ld regime. As these men usually have obtained their
vositions by the possession of an unusual force of character,
inconsistent with submission especlally to what they are prone
to regard as a bumptious outsider, their opposition generally

ends in the severance of their connection with the firm. Thus

each introduction of the Taylor system casts adrift a number of
admittedly capable men who cannot or will not work under it.

‘ That this jettisoning operation cannot be performed in

a large proportion of a country's factories, let alone through-
out a comrmnity , is obvious. Therefore there would seem to be

scope for the modificagion of the Taylor system in the direction
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of greater flexibility - ereating s similar system which will
have some regard to the limitstions of the average worker (while
keeping the ideal in mind), and which will pay greater attention
to the personal eguation, the problem of solving which Taylor
circumvents by eliriinating those persons who have equations,
The outstanding features of such a system will be

|
indicated as coneisely as vossible in the next chapter.
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SUSSELULIIT DEVELOPLIZNTS OF THE TAYLOR SYSTELL

The recent trend of evolution of the Taylor system,
esrecially since the retirement of its progenitor; has been
all in the directions of greater flexibility, and of gpplica-
bility to an increasing number of plants. No system of shop
management can be a permanent success which does not render
the proper operation of a shop independent of any particular
zman, and apparently the Taylor system proper is extremely
susceptible to sudden collapse when bereft of the genius of
its introduction. The two FPhiladelphia plants, which are
conducted under the Taylor system, are still managed by the
gentlemen - llessrs. Dodge and Hathaway - who re-orgenized them,
so that the system cannot yet be said to have perpetuated

itself even here.

The expert upon whom Taylor's mantle would seem to have

fallen is ir. H.L.Gantt, whose system is essentially that of

Tevlor, but with the addition of certain devices which meke
for flexibility and permenence. The Gantt systen, lize that

of Taylor, is based upon analysis of operations, time studies,

Eslide rules, and the assignment to each productive worker of a

fdefinite daily task. The principal distinction, as regards

|
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3 flexibility, hinges upon the payment to each worker of a fair

daily wage in the event of failure to complete his task; and
the addition of a bonus if he succeed. The system, therefore,
becomes piece worik as soon as the workers have been induced
to earn their bonuses, and constitutes the best known method
of converting a plent without labour troubles from day to
equitable piece work.

There is no issue upon which the workers can raise any
valid objection. They are offered & certain bonus over and

rale
above their daily pﬁ% if they accomplish a fixed reasonable

- task,~ and they are at liberty to refuse the offer or accept

it. An instruction card accompanies each piece of work, but
the bulk of the workers may please themselves whether they
follow it or not. Anyone anxious to try for the bonus heas
at his diﬁposal the exrert advice of fugiional foremen, who
are stimulated to give all the assistence in their power by

the offer of a bonus for each workman under their charge who

shall complete his task, and a substantially greater bonus

' per man when all succeed. This offer immediately changes

the foremen from drivers into teachers, and when successful
it liberates the management {o concentrate upon effecting
some other improvement. lLioreover, it helps to generate the

spirit of co-operation in the shop, as ordinarily a foreman
-9 -
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is extremely cautious about imparting useful information to a
subordinatg)who may thus learn 21l that he knows and then be
selected to replace him.

The funci‘onal foremen may not at first insist that
the ambitious workman, who likely prides himself upon his
intelligence and mastery of his trade, shall rigidly follow
the instruction cards. A little pat‘ence and a few object
. lessons, such &s failure to earn the bonus in any other wey,
soon convinces him as to the advantage of doing so. Having
learned that the times allotted for machine operations are
uniformly fair, the men are easily stimulated by the chance
; of gaining a bonus to curtail the time of manual operations
2lso. The battle is then over, and the continued success of
one man dn earning the bonus, as in differential piece work,
soon inculcates throughout the shop a sentiment favourable to

task work. The Gantt system, however, allows the inefficient

A
worker a fair djly wage while he is learning to become effi-

~ cient.

Adoption of this system in any plant infallibly isolates
the weaklings of the organization, and paves the way for their
reform or dismissal; but it is neither so forceful nor so

. drastic &s to engender any irreparable breach between the firm

' and those of its important officials whose services are really

-3 -
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invaluable. So far as I am aware, the introduction of a
modification of this system, embodying many of its essential
features, into the Angus Shops caused no such quarrel.
Certainly the foremen were initially unanimous in resenting
the new methods 2s an unwarrantable encroachment upon their
traditional prerogatives,- academically ideal, perhaps, but
prdctically ridiculous and, conseguently, foredoomed to
ignominious failure.

For some time the bulletins of the Schedule Department

(see page lﬂa;)were not teken seriously even by the clerks
who compiled and issued them. ZEven now the foremen are not
overfond of it on account of its relentless faculty of publish-
ing daily to the whole shop & record of the previous day's
failures in each department; but they have learned that the
department can be extremely useful to them, and its value is
- being shown, if in no other way, by the frequency with which
the foremen and gang bosses aprrly to it for information.
Undoubtedly the adoption of the whole Gantt system would have
; accelerated the growth of this negative appreciation, but the

entente is now certainly real.

A feature of the Gantt system which must strongly mili-

| tate towards permanence is the extension of the offer of s

-l .
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bonus to & number of persons having little aprarent comnection
with the work, for whose satisfactory performance it is
offered. A typical example, taken from "Work, Wages and
Profits", will suffice to illustrate this point.

It relates to the work of inspecting, which included
mending slight defects and trimming ends of the pieces of cloth
rroduced in & textile mill which Gantt was reorganizing. A
definite task of so many pieces per day had been set for this
oreration, high grade work, and high quality output being
exigible for payment of the bonus to inspectors. The girls
doing this work were supplied with cloth and helped in hand-
ling it by three men, of whom each was offered 2 cents for
each inspector who received a bonus. It soon developed that
the girls were considerably hampered in negotiating their
tasks by variations in the finish of the cloth with which they
were supplied, mainly through the simultaneoqg speeding up of
production in the weaving room. It was then decided to offer
the foreman weaver & bonus for each inspector who earned one,
and the immediate result was an improvement in the quality of
cloth turned out from the weaving room. Moreover, the fore-
man weaver soon acquired the habit of paying frequent visiuts
to the inspecting room, where the girls were only too glad to

point out defects whose correction would simplify their own
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work, and enable the foremen weaver as well as them%?v es to
earn more. The.result was an appreciébfilcontinuous improve-
ment in the quality of the output. |

Ve have thus 2 remarkebly close approximation to effi-
cient as well as practical co-operation, where it is not only
profitable for each worker to assist his fellows, but which
gives him a tangible interest in improving the quality of the
finished product. Under ordinary day work it is & rare and
beautiful sight to see one workmen asking another to hurry,
thet he himself might go on with his work. They seldom com-
plain to the foreman that they are being interfered with,
unless actually caught while waiting for the interference to
cease. Under this system, however, the failure of one person
to do his duty involves a distinet loss to a large number of
others, who may be relied upon to meke the way of the trans-
gressor sufficiently hard to rrevent a recurrence of the
failure. It is the duty as well as the privilege of each
workman to report any condition which prevents him from earning
his bonus, and repeated losses soon educate him to do this.
Each case is investigated, and each possible delinquent is glad
to help in disclosing and removing obstacles to efficient
operation, in order to clear himself of blame for the failure.

Thus censure cen almost always be applied to the person who

-6 -
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merits it, and the morale of the productive force is inevi-

tably enhanced.

The system, therefore, has most of the advantages of
differential piece-work, and the extension of the bonus prin-
ciple makes it to the strong financial interest of every
worker to support its perpetuation. At the Bethlehem Steel
Works, where the Gantt system was introduced into the machine
shop, the monthly output was doubled in six months, and the
wages bill considerably reduced. Eventually, however, the
company committed the fatal error of discontinuing the bonus
to the foreman, and the return to drive methods produced labour
troubles which culminated in a serious strike. Thus the
system is not essentially indestructible, but the temptation
to tamper with it is much leses insistent than in the case of
the Taylor system.

One of the peculiar advantages of this and the Taylor
systems is that certain features of them may very profitably
be introduced into any plant without necessarily involving an
introduction of the whole system. As regards the inauguration
of certain of its elements into the Angus shops by Mr. Gantt,
I have slready discussed the Piece Vork Department, and its

esgential functions. Of other innovations, the most important



is the Schedule Department.

o a numimum
While it is desireble to reduce,the time lost by e&ach

N

engine undergoing repairs in the shop, the repairs must be =o
well executed as to make the intefvening intervals on the
road & maximum. As each locomotive has to be rebuilt in a
certain not over-elastic order, the delay of any one’part
from the boiler shop, madhine shop, blacksmith's shop,foundry
or stores may nullify the effect of general efficiency,and
delay the engine flor an unnecessarily protracted period.
Therefore, one of the first messures to be taken in attempting
to increase the efficiency of the shop would to be arrange
that each part is delivered to the engine just when it is
wanted.

To this end, the following procedure has been adopted.-
Each engine is inspected before being despatched to the shop,
and a list of necessary repairs is forwarded to the chief
schedule clerk. 4s soon g8 the engine enters the shop,
except where firebox repairs are necessary, it is "put on
gchedule™; that is, the earliest day on which the locomotive
cen be turned out, without the work being unduly rushed to the
detriment of other engines, is at once fixed. At present

there sre three schedules for ordinary repairs (No.l, No.2

and No. 3) according to the quantity of work to be done; and
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the times allowed for the first two are, respectively, 18 and
14 days. No. 3 repairs are specisl, such as aplit frames,
cracked cylinders or other slight specific injuries, and each
necessarily has an individual schedunle.

The date of completion being settled, the schedule
department then works back from this, knowing how long before
an engine is completely rebuilt each part will be wanted.
Thus, in the case of a No. 2 Repair engine, the Guide Bars &and
Valve Motion will be required on the 9th day after arrival
of engine in the shop, Springs and Spring Gear on the 10th.,
Main Rods and Brake Gear on the 11th., and so on. From &
knowledge of the time required for the performance of each
operation, the schedule clerks are then able to draw up a
programme of operations, and to arrange ahout what foreman
shall be responsible for the delivery of each part at the
right time.

Eaeh schedule clerk has charge of one Shop, so that
someone in the Department always knows where each piece is,
when it went there, and when it will reach the erecting shop.
Each day & report, similar to that on PlateXIl, is issued for
the information of the superintendent and foremen. 1In addition

to showing what work should be done for each engine during the

day of issue, it states what operations scheduled for previous
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days have not yet been delivered to the erecting shop. Oppo-
site each of the latter operations is a cross for each day that
has passed since the work was due, with a brief explanation of
the delay - "Waiting on Castings", "East Machine Shop Late",
ete.

The fact that each failure to adhere to the operation
sheet will certainly be recorded in the late report of the
morrow has & tremendpus moral effect in securing adhesion to

the schedule. The men at fault naturally dislikes publicity;

and the greater his fault, the greater is the publicity. It

further precludes the visitation of censure for delays upon

the wrong man.

The entire scheme is dependent for success upon the
accuracy with which the times of redelivering locomotives to
the road are predetermined. As I have said, it has proved of
great assistance to the foremen, and has served to even up the
efficiencies of the several departments to that of the most
efficient, besides practically eliminating interdepartmental
friction,- hithkerto & prolific cause of inefficiency. The
combined cost of the Piece Work and Schedule departments is

something under $1000 per month, and the estIWM=tsd saving in

ok

time of locomotives on the road alone is estimated a$4$65,000.

?per year. The diminution in cost of production, assuming
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CANADIAN PACTFIC RATILWAY COMPANY
ANGUS SEOPS SCHEDULE OFFICE

February 23rd,1911,

Messrs ,Osborne, Meedie and Kendell,

Please note material late in delivery to Erecting Shop 2/23/11,

659 1 Spring

m—

L
*

Eng,
No, Material Remarks Promised
AAO Wedges XX Bast Machine shop late 2/23
4 Bcc ,Straps X Castings received late 2/23
1100 Wheels X Widths received 27423 a . m, 2/23
O Rev,lever feet XXX Not received from Steel works ?
Bell Stand etc. X Waiting for Bell from Brass shop 2/23
Dry Pipe and Elbow XX Dry Pipe not received ?

490 Runboard Brackets XX Not received from Steel works ?
Sheaves and Straps X West Machine shop late 2/23

X Robbed for 1670 2/23

Material due 2/23/11

Repairs

1490 Wheels
Motion and Valves
Pillars asnd Fillers

Al0 Wheels
Motion and Valves
Pillers and Fillers
Cab Support Plates

1659 Pistons
Engine Truck
Side Rods
Breke Gear

569 Brake gear
Firedoor
Number Plate
Glags Plates
Pinlifter
Pilot and Diag.Stays
Cab Handrails
Lampboard

1100 Springs and Gear jz;
Ash deflector



overhead expense distributed on a scientific basis, must be
considerable, as will be ssen from Plateiﬁﬁ%ﬁush,shows the
Progressive reduction in time spent vy the average engine
undergoing each class of repairs during = rumber of periods
frem June 1902, wvhen the Schedule Departrmernt conmenced

operations, to January 1911,

Thus the Taylor system in its rost modern form is
appliczkle, vholly or in rart, to practically any plant.
Ther. i full operation it combines the advanteges of low labour
cost and high wages, though nelther reaches the high extrene
obtainable with ai extrazordinarily able staff'under the early
form of differentizl piece work. But the Gantt system, belng
gso much more 2dzrptable, represents for the average rlant of zany
country the best zavailable method of attaining maxiiar:
efficiency. mile not essentially inecapable of irprovement,
it would seenr row to be arrroaching its final form. However
thet may be, it has beelnl, and is now belng introduced with
consricuous success into 2 large number of plants of slmost all

sizes and trades in the United states.

A number of other systems, most notably the Emerson system,
pased upon that of Taylor have been recently proposed and put
into effect. The Emerson system is based entirely upon the

Taylor standard sppliances and methods, and its only
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distinguishing feature is a payment system which is z mean
between those of Taylor and Halsey. This, horever, was designed
to meet the special conditions which prevailed in the shops of
the Atchisor, Topeks zid ganta'Fé Reilroz¢d, when Emerson
cormmenced ic reorganise them (about 1824), The men refused
Tlatly to counterance anything which savoured of piece work or
the daily task, so they were paid a deily rate for each job
unless they completed it within z time corresponding to the
Halsey base. At this point the amount paid for the job became
a voint on z parsbola, gy shown in the figure, so constructed
thet for e small saving or the basic time the rewsrd over the
tire rate would be small, but, for a lerge improvement, much

more than proportionately great. Thus,1f the basic timed were

10 hours, the parzbolic line merges H&f
into the time line at the 10 hour f-‘
ordinate,
> ?gaoﬂ
This system is said to have { anf ﬂl
proved ronzrkatrly successful ;n the gm
~anta Té shops, and is claimed to ;g
- )
have saved the road 35,000,000, | TS

ince its inception. Thile gbove
reprozch in the santa Te shops,
however, it would have the disadvantage that it does not

svtomaticalliy stimulate maximum reasonable production
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arpreciably more thean an output a little under maxirum.

Moreover, it becomes difficult under such a system for the

indiviqual workman to ealeulzte his esrnings day by dazy -

provision of facility for doing this is a great psychological

asset of the Teylor znd Centt systems - and there may

consequently be considerable dissprointment on pay day.

The bu

1X of the materiazl for this chspter has been

drawvn from the followire sources:-

H, L. Gantt

4

i

]

Emerson

"rrork, Wages and Profits",
"A Borus Systeil of Rerarding Labour".
Transg Ao S . L{‘ E. VOI .mII

"Praining Workmen® " 00 e Vol, XXX.

Iron Trade Review July 23, 1308,



VII
THE ATTITUDE OF ORGANIZED LABOUR
10 INDUSTRIAL EFFICIENCY,

Even among people who continually have to do with
members of trade unions in the conduct of their business,
there is a great diversity of opinion as to the present mis-
sion of organized labour, Gantt in propounding the dictum*
that "the unions today admittedly constitute the most serious
menace to industrisl stability™ crystallises prevailing |
American opinion, while Shadwell confesses** to a conviction
- "that on the whole they are a source of industrial strength
to England at the present time, and constitute a decided ad-
vantage to her over her competitors™, The fact is that,
although the attitude of organized labour to industrial effi-
ciency is practically the same the world over, the power of
e particular union to dictate terms to employers varies con~
siderebly with the trade and locality, Although several
American unions are now more powerful than the strongest in
Englend, the latter probably more nearly represents the ulti-
mate type into which all other unions will eventually merge,
Therefore, in order to limit a chapter whose scope is practi-
cally unbounded, I propose to confine myself to sketching in
brief the origingand development of trade unionism in England;
to an exposition of its present ideals, and to a necessarily

superficial discussion of the theory and practice of labour

%
** TNDUSTRIAL EFFICIENCY Vol, II p,330,
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legislation as a factor in industrial efficiency,

THE ORIGIN AND DEVELOPMENT OF TRADE UNIONISM,

About the year 1760 industrial England became convulsed
by a revolution involving a complete dislocation of the pre-
vailing regulations and customs, which, with occasional minor
changes and amplifications, had ruled and defined the relations
between master, journeymen and apprentices from the reign of
Edward I, As the obsolescent small shop developed first into

a large one and finally into a factory, its owner, who had pre~-

‘ viously performed the multifarious functions of mansger, foreman,

skllled Journeymen and personal supervisor of apprentices, if
enterprising and shrewd, soon found himself, by the pressure of
widening iﬁﬁerests and responsibilities, compelled to relin~
quish these duties one by one, Eventually, as the owner be-
came more completely immersed in the management of his commer-
cial interests, even the supervision and confrol of shop methods
and processes was relegated to a superintendent, The sudden
cessation of daily contact between the owner and his employees;
of the tactful handling, timely praise and good example with
which he had erstwhile stimulated them to maximum endeavour,
not only gave a very real meaning to the terms Capital and
Labour, but served to accentuate the line which separates them,
The subgstitution of driving for the older method of manage~
ment brought its own punishment in alienating from the employer
the sympathy of his men; and the subsequent transference of

ownership from a definite, visible and possibly sympathetiec
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owvner to a mysterious and intangible body of stockholders, con-
cerned only to secure a maximum return on thelr investnment,
has in no wise tended to bridge the gap. The palpable dis-
tinction between employer and employee has thus become a pro-
1ific source of mutual distrust, resulting only too frequently
in strikes and lock-outs, disastrous not only to the two con-
flicting parties, but to the community as a whole,

This sketch typifies the development not only of
those plants which had greatness thrust upon them during the

industrial revolution, but of practically all which came into

existence before 1870, and of many still more recent ones,
| In the infancy of the factory system, employers were
naturally not averse to profiting by the regulations regarding
freedom of contract which had existed in some form or other
since the year 1425, and which were now strengthened by the
sanction of the classical economists and their disciples - an
influential group of men, solicitous rather for the wealth

of the nation than for its health or happiness, Moreover, the
combination of workmen Br the purpose of forcing up wages or
otherwise altering the terms of their service had long been
considered contrary to public policy, and was expressly forbid-
den by more than thirty acts passed between the years 1425 and
1800, A statute of the latter year summarised and reaffirmed

these acts, and made the promotion of such combinations an

offence punishable by three months' imprisonment in a common

gaol,




=l A.

The employers of labour had, by now, in meny indus-
tries, a monopoly of the means of production, and tradesmen were
| becoming so dependent upon them for the right to live as to
be compelled to accept their conditions of employment or
starve, The enactment of so unfair a law naturally promoted
secret combinations, and provoked acts of violence, It was
repealed in 1824, but the sct of repeal was amended beyond all
recognition in the following year, before the workers had had
an opportunity to arrive at even a semblance of unanimity.

The state of unrest was then prolonged until 1855, when workmen
at allied trades were permitted by Act of Parliament to incor-
porate themselves into Mutual Benefity or Friendly Societies,
It was still illegal, until the passage of later acts in 1871
and 1875 for the members to employ thege associations as a

lever for raising wages,

The vogue of political economy which occupied intel~
lectual and pseudo-intellectual England for many years after

the publication of "The Wealth of Nations™, exercised an almost
incalculable influence upon every phase of the development of
trades unions, The freedom of contract theory passed almost un-
questioned until the appearance, in 1843, of Carlyle's "Past and
Present™ ~ and the general acceptance of such a doctrine by the

class which then ruled the country must inevitably have kept in

abeyance any plan whose adoption would disturb by one iota the

 existing conditions, The classical conception of wages, as

ﬁractions of a nebulous fixed fund, was not refuted until much

‘later in the century, when General Walker advanced the opinion
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that wages are paid out of the product of labour, Until then
it was widely believed, in all good faith, that any increment
in wages which one group of workmen might wring from their
employer must necessarily and autometically involve a corres-
ponding loss to some other group, Naturally no one who be~
lieved this would deliberately connive at the granting to cer-
tain favored groups of workmen of the power so to despoil some
less fortunate group.

Simultaneously, however, the teachings of Ricardo,
MarXk and other real pioneers of modern socialism were giving
a belated stimulus to the inevitable reaction against the
over~ripe teachings of the "laisser faire™ school, and served
to erystallise the prevalenﬁ discontent, The subsequeht poliecy
of all Friendly Societies, and of the Trade Unions which suc-
ceeded them, has ever been influenced by the Marxisn dogms that
"labour produces all wealth", and the majority of them, in
certain stages of their devélopment, by the logical deduction
that the worker will never receive his fair share of the pro~
duct of his labour until he obtains it all,

The development of English trade unions since their
limited legalisation in 1871 has been progressive in the ex-
treme, Prectice of their privilege of striking, whenever
circumstances seemed propitious has frequently won for them bet-~
ter pay, shorter hours, and better conditions generslly, Un-
411 the election succeeding the recent Osborne judgment, many
combinations of workers were even actively represented in that

parlisment which had o effectively vetoed the existence of
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their orgsnization and afterwards hindered its growth,

Fromlthe present status of the more important organ-
izations, it would appear that the union, though inaugurated
for purposes of industrial warfare, tends towards practical
co—-operation and industrial stability, Thus, at a Trade Union
Congress in 1905, "acquiescence in a resolution in favour of
the eight hour day was expressly refused on behalf of the Lah—
cashire cotton workers on the ground that they could not afford
to shorten hours until they were reduced in other countries"*
This, however, is a stage which has only been reached at the
cost of much strife and tribulation, and few unions promise
to become so broad minded in their own interests except by way
of bitter experience, In this indutry, however, as in many
others, the workers are now reaping a fair reward for past
sacrifices, and the end is considered to have Jjustified the
‘means,

Although the power of striking has been and still is
apart from the vote, the only weapon of the unions by which
| they have succeeded in wresting any appreciable concession from
the employers, the treatment is so drastic for all parties
that its use is frequently delayed until the conditions become
2 scandal, Thus a protrected general strike by the Lancashiig
textile workers would not only suspend the wages to labour,
and dividends to the employers, but would of necessity involve
a diversion of trade, which might never return, In 1909 prac-
tically all of the best steam coal used in the Southern Pacifiec

Ocean came from Newcastle, N,S.W, The demand for it far ex-
*SHADWELL #* INDUSTRIAL EFFICIENCY. VOL,II p,107,
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ceeded the supply, and the miners, considering the moment aus-
picious for the assertion of their authority, suddenly struck
work, No complaint was made to the employers until a week
after the commencement of the strike, when a list of trifling
grievances and unreasonable demands was forwarded to them,

| The men were convinced that coal had to be mined, and could
see only one possible conclusion to the strike - unqualified
vietory for themselves, The strike endured for eighteen

| weeks, the Southern Pacific ship owners decided to depend

no longer upon so unreliable a source of fuel; new mines
were opened up in other parts of Australia for the needs of

the railways - so that when the miners fimally surrendered,

ionly a fraction of them was able to secure re-employment,
% To obviate the necessity of striking, and the possi-
|bility it would involve of so disastrous a conclusion, several
‘of the strongest English unions have contrived during the

past decade to set up tribunals for the settlement of indus-

trial disputes before these have reached an acute stage, Thus
%almost all incipient quarrels in the lLancashire textile trade
Iare settled out of hand by two secretakries ~ one of the union,
and the other of the employers' association,

If their decision be unacceptable to one side, the

case is referred to a district joint committee, and, failing

that, to a central joint committee. Should the mill-owner
Econcerned be so 11l advised as not to fulfil the terms of the

1award, he is subjected to the combined pressure of his own work-

ers, who are threatening to strike, and of his fellow employers,
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who fear a general strike, If each employer were to deposit

a bond with the association, the machinery for preventing dis-
organization of the industry by a strike, would be almost per-
fect, The decisions of the central joint committee are al~
most certain to be both sound and impartial, and the workers
will seldom risk a strike ~ even where success would bring them
a handsome gain -~ in the face of an adverse public opinion,

FPew issues ever reach this final tribunal, however, the majority
of the difficulties being rectified by a conference of the two
secretaties, and many with still greater dispatch and direct-
ness by mutual agreement between the union secretary and the
%ill—owner concerned,

! We therefore see that there is cong8iderable justifi-
cation for the following statements, and, consequently, for the

faith of the English workmen in his union:-

"Why do men in one trade get 30 s, or 40 s, a week, whilst

in another, apparently in all respects similar, they get only
15 s, or 20 s, ¥ It is the Trade Union that makes the differ-
ENC8....cc.a.ee If a man keeps asking for more wages, he

gets the sack, and there is an end of it, A men who belongs to
5, Union has no need to ask for a rise of wages, His Union
does that business for him, and & Union Secretary, paid by the
men to menage their affairs, is not afraid of an employer,
because his living does not depend upon any mester except his

fellow workmen,"

"Men in a Hnion act together; and their Union often makes

%hem stronger than any one master, and sometimes almost as strong
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:as all the masters put together, An employer may sack one
men for a mere whim, It is nothing to him, But he will
often give up half his profits sooner than drive & big Union
into a strike "

"Men who want good wages and think they will get them with-
out the help of a Trade Union are fools,"

"What is true about wages is true sbout hours. A strong
union géts men good wages for short hours; long hours and low
pay fall to the men who d0 Nnot UNite...cceeecascccccceees NO

trade gets short hours unless it has a strong union,™

"Remember one thing! It is the Trade Union in a trade
Which“keeps ﬁp wages aﬁdhkeeps down hours; which makes the
master respect his men and trest them like fellow-creatures,
Unions are paid for by the members, Any man who does not be-
long to the Union when there is one in his trade, is sponging
on his mates, He benefits by the better wages and shorter
hours which the Union has obtained, but he refuses~to pay his
share towards the cost of getting them, ™

The foregoing extracts are selected from an unusually

terse tract distributed in 1900 by the Fabian Society -~ the

Panest and soundest of all Socialistic organizations - and illus-
%rate what must be the attitude of every thinking English union-
gst to his union, and to non-unionists generally, Without
meking a single misstatement (in the light of history), it af-
fords a complete explanation of the phenomenon that workmen seem

ever willing to make present sacrifices to the union, in the

form of cash contributions and sympathetic strikes, on the fre-
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quently illusory chance of future gain. They have become
convinced, and with reason, that it is futile to look elsewhere
than to their unions for the means of ameliorating their lot,
and most futile of 8ll to seek réal co~operation with their
employers,

It will doubtless be observed that the above extract
is silent as to the quantity and quality of work that employers
contrive to exact from non-unionist Workers, and to what extent
the organization of labour has succeeded in restricting these -
and this brings us to one of the most prolific causes of Eng—
land's relative industrial decadence in the past generation,
The ﬁnglish and most other trade unionists are widely suspected
of fostering a "conspiracy, whereby a given quantity of work
can be distributed to as large a number of hands as possible™,
and "everyone who has ever employed a plumber.knows what making
work means".¥*

ﬁowever, the causes underlying this phenomenon must,
in fairness, be traced wuci Turther back than the inauguration
of the first trede union, As has been shoﬁn, the workmen's
sympathy with their employers had, in most plants, alreadyﬂbeen
alienated, and thelr individual ambition almost stifled by a
payment system which herded men into classes, without regard
to perSonal diligence or honesty. The employers attached a
reasonably great importance to the attainment of the minimum
labowr cost ideal, but made no pretence of testing the quality
of the labour which they were purchasing,

*DIBBLEE - ECONOMIC JOURNAL - VOL,XII,
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Those admirable as well as industrially invaluable
attributes -~ diligence and honesty,.becoming apparently of no
profit to their possessors, were naturally suffered to fall
into a deplorable desuetude, The men ceased to take pride
in their work, and rapidly lost whatever compunction had once
restrained them from idling - an insidious evil, which in-
creases in going, and which ultimately unfits its victims for
the performance of a good day's work, The commonest form in
which this éfsﬁem of atrophy getrays itself is a preternatural
disposition to spare no effort to avoid the necessity of work-
ing at meximum efficiency, Combine with this tendency the
fear of unemployment or of reduction in wages, which inevitably
accompanies the convietion - still permeating 21l classes of
labour, whether organized or not - that there is only a certain
amount of work to be done (i,e, that the demand for any com-
modity is independent of its cost of production) and you have
the principai causes of deliberately restricted output. Ano~-
ther factor perhaps unduly emphasised by Taylor is the desire
of workmen in plants conducted under ordinary systems of manage-
ment, to prevent the msnager from discovering how much work
s man actuselly can perform in a day, lest he use the knowledge
to compel his men to work at maximum power factor without any
increase of pay. This fear is far from groundless, as the
history of almost any plant operating under the ordinary piece

work system will prove,

A still further cause, not accorded sufficient atten-~

tion is the influence of surroundings and tradition., Shadwell
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Foster Fraser, and many other observers have been struck by
the almost incredible development which succeeds the emigra-
tion of English skilled workers to America. To Shadwell,
several admitted that had they been asked to work half as

hard in England, they would most emphatically have struck work
without a moment's consideration, They were unable to account
for the transforﬁation; and change of enviromment, with liber-
ation from the influence of restrictég;tradition would appear
to constitute the only feasible explanation,

Where unions are relatively strong, and their product
protected by a tariff or other partial monopoly, they are able
to restrict output - and often do so - far more deliberately
and effectively than would be possible without organization,

THEIR IDEALS

Whatever the cause may be, there is beyond doubt in-~

grained in every workman, in greater or less degree, an innate

tendency to restrict his productivity; and his neturasl inclin
ation must not be disregarded by analysis of the attitude of
organized labour towards industrial efficiency if the results
are to be of value, Restriction of output, therefore, must
be considered as one of the ideals of organized labour,

As might be expected, workers who cherish this ideal
are also opposed to piece work, Phe injustice which has fre-
'quently characterised the administration of piece work alome
constitutes an excellent justification of this opposition;

and yet, the two strongest unions in England ~ the textile work-

ers and the Amalgamated Society of Engineers - have been com-
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Prelled by the pressure of economic forces to countenance it,

or to forswear the restriction of output, which is equivalent,
However, the circumstances of these two unions are peculiar,

as the members of both depend for existence largely upon their
ability to menufacture a product which will compete successful-
1y in protected countries against the corresponding articles

of local production, The workers had thus to choose between
ceasing to restrict output, and starvation, In the ordinary
plant, with a sufficient home market at its door, there is

no such necessity, and practically all unions so situated (in-
cluding the Machinists' Union of the United States) prohibit

j their members from working on any other plan than day work,

; The other ideals, which are of less direct import
then the foregoing in connection with industrial efficiency,
are the recognition and enforcement of a minimum wage; the
prohibition of overtime; +the imposition of limitations on the
proportion of apprentices to journeymen in any plant; and
prohibition of the employment of women, boys or of non-unionists
on work that falls within the province of the union., Most un-
ions undoubtedly long for shorter working hours, but are not
unanimous as to the exact number of Hours that constitute an
ideal working day. As many trades demand grester intensity
of application, or more sustained physical effort than others,
there is no reason, apart from the advantage of uniformity,
why the ideal should be the same for all trades. However,

the eight hour day is the one about which most is heard,
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The extent to which any given union cherishes these
various ideals depends largely upon such circumstances as local-
ity, existing systems of management, and whether the union
Possesses a complete or only partisl monopoly in its trade, On
the Pacific coast, for instance, each union insists successfully
upon payment by the day of a minimum wage, which tends to
become standerd throughout the trade, but carpenters have con-
trived to secure a higher minimum wage than the mechanics; and
overtime is not only countenanced, but welcomed -~ for a consider-
ation,

The method by which orgenized labour gains its ends is,
of course, by striking, or threatening to strike -n for the lat-
ter is generally sufficient -~ or by influencing legislation,

,THE QUESTION OF GOVERNMENTAL REGULATION OF INDUSTRY.

It is the custom of the most influential section of
the Canadian press to anathematise all industrial legislation as
necessarily unsound, and as constituting an unwarrantable inter-
ference with the sacred rightd of the individueal, Whenever any
such legislation is proposed, such as Mr,Studholme's recent
Eight Hours Bill in Ontario, we are treated %o, an& presumably
influenced by'a faithful reproduction of every argument standard-
ised in England upwards of eighty years ago, to justify the mein-
tenance of & condition of industriasl snarchy that was not only
damnable, but suicidal to the working pupulation, At this time,
menufacturing profits in Lancashire were being reckoned in hin-

dreds per cent; and, simultaneously, through complete absence

of restriction on the employment of child and female labour, the
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proletariat existed, not lived, in a condition whose horrors
far exceeded those of the colonial and foreign slaves, whose
condition aroused the respectable captains of industry to
righteous indignation,

The textile mills of the north were operated night
and day without intermission, and children, who were housed in
pent~-up buildings adjoining the factories, worked twelve hours
rer day - so that their beds were said never to become cold,
"Epidemic fevers were rife in consequence, Medical inspectors
repcrted the rapid spread of malformation of the bones, curva-
ture Qf the spine, heart diseases, rupture, stunted growth,
asthma, and premature old age among children and young persons?™™
Conditions in the mines were, if anything, more appalling.,
Quoting again from the same article, which comprises an authori-
tative summary of facts brought to light by various commissions,
M eeeeasccssoChildren of both sexes worked together, half naked,
often for sixteen hours a day. In the foetid passages, children
of seven, six and even four years of age were found at work,
Women were employed underground, many of them even while pregnant
at the most exhausting labour......... In some places women
stood all day knee deep in water, and subject to an intense heat
ceceeses domen and young children of six years old drew coal
along the passages of the mines, crawling on all fours with a
girdle passing around their waists harnessed by a chain between
their legs to the cart........"
Hod the policy of non-interference been persisted in,
there cannot be the slightest doubt that England would long ago
* WILLIAM CLARKE ~ THE INDUSTRIAL BASIS OF SOCIALISM

L )
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| have become industrially moribund; and the fact that permanent
industrial progress cannot be built upon the physical exhsustion
of women and children make restrictive legislation expedient
in almost every state. Industrial efficiency is a national
asset which it should be one of the first duties of any govern-
ment to guard,

Hitherto, the principsl directions im which restrict-
ive measures have been enacted are those of increasing the mini~

childran,

mum age at Whicynmay be employed, and limiting the working
hours especially of women, young persons and children ~ these
being the ideals to which organized labour has succeeded in at-
tracting the greatest amount of public sympathy.
The ground upon which objections to the shortening of
hours are based, is fairly reasonable, In any given plant
the overhead charge per day is practically independent of the
number of hours during which the plant is operated, Let us
agsume that the overhead charge is half the factory cost in a
plant which works eight hours per day, and which competes with
another concern groaning under an equivalent overhead burden
($x per day), but working ten hours per day.
) Then if the number of articles produced per hour in each
b% y, the manufacturing cost per piece in each is § x , and
the overhead cost is, in the former § x , and in the gatter $ x

y 10y
~«% the total factory costs per article alte respectively

2x and x + X i.e,, X and _Ox
8y 8y 10y Iy 40y
' Thus, in the plant with the shorter working day it costs one

ninth or over 11% more than its competitor to produce esch
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article of product.

Although every one admits the desirability of cur-
tailing the working day,h§§;7peop1e are gulled by this argu-
meﬁt, which involves the unwarrantable assumption that a work-
man works just as rapidly and efficiently throughout a ten
hour day as he would if the hours were not so long,

At an investigation in 191} into the hours of labour
by the United States Industrial Commission, several employers
of labour testified™® that a reduction in the working hours
of their plants from ten to nine was directly productive, under
piece work, of a slightly larger daily output, so that the reduc-
tion was profitable, In Australia where piece work is except-
ional, statistics are quoted to prave that the workmen do more in
8n eight hour day than in other countries where the hours are
longer, The report of the above commission showed that the
bituminous coal miner of Pennsylvania does as much work in an
eight hour shift as he used to do in one of twelve hours, The

reason is of course that the intensity is more than proportion-
ately greater in an eight hour working day than in one of
longer duration ~ evidently fatigue does not vary as the simple
product of speed, or intensity, and the number of working
hours,

The reasons assigned to this increase, apart from the
greater intensity of application and industry, ame the cresation
of a better spirit in the men, who go more promptly to work and
continue until the close of the day,; an increase in the atten~

* BULLETIN, U,S,BUREAU OF LABOUR - JULY 1907,



~B1 ~
8,

tion paid to machinery, resulting in fewer breakages, and a
better product; and that the increased cost of labour per

hour gives a new stimulus to the invention and application of
labour saving machinery, thus enabling the employer to economise
in labour, and to improve its quality by better selection, A
particular advantage of short hours, affecting the industrial
efficiency of the nation as a whole, is that it affords the
working classes an opportunity of becoming better educated, and
of indulging in healthful outdoor exercise, thus obviating the
tendency of industrial_populations to mental mediocrity and
physical deterioration,

Since it is apparently so profitable to reduce the
length of the working day, it might.he.wellfgsked why individual
employers do not, of their own accord, qake the reduction,

Apart from the short-sightedness and inertia which characterisef
the average employer of labour ~ as all other classes - it is

8 fact that in those trades where the workers are poorly organ~
ized, or where home-work prevails, sweating still "pays well
enough to be contagious",* and the tendency of mos+t employers
is in the opposite direétion. Furthermore, there is obviously
a practical 1limit beyond which a further reduction in the hours
of labour must involve a decrease in the daily output per man,
under whatever system of management, and the average employer
naturally has a conservative motion as to the location of this
limit, A plant working long hours with cheap and inefficient
labour may make much larger profits than & competing ﬁlant work-

* SHADWELL -~ INDUSTRIAL EFFICIENCY -~ VOL.II p.0b,
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ing under ideal conditions, but the former is doomed,

Thus the extent to which industrial legislation
has been carried in the various states of the American Union
varies according to expediency and the degree to Which‘each
legislature is the creature of capitalistic influence, Con-
sequently the progress of state regulation in Massachusetts
~and Rhode Island has had to be deferred until competing plants
 in North Carolina, Alabama, etc., are placed under some greater
restrictibn than that provided by their present travesty of an
industrial code, This condition accentuates one of the most
gerious defects in the American Constitution, but the publiec
are certain eventually to demand interference with a practice
which is alréady proving deleterious to an important section
of the community,

Regtrictions as to the employment of women, young
persons and children need no present enlargement, being based |
upon the impossibility of industrial prosperity without a
strong and healthy working force, Other 1egislatioﬁ inspired
mainly by organized labour in various countries includes regu—'
lations as to the proportion of apprentices to journeymen in any
trade; overcrowding and ventilation; fencing of machinery;
0ld age pensions; insurance against unemployment; arbitration
and cohciliation (to prevent strikes); and (in Australis and
New Zealand) wages., |

Of these the most revolutionary are the last fwo, anifi

e return to the regulation of wages will practically complete the

cycle which commenced in 1760,
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The principal object of the trade unions in agitating
Tor legislation to prevent strikes was mainly to ensure for them-
selves a continuity of employment and the rermneration thereof,
But a still stronger reason for the passage of such statutes is
that it is a function and duty of the State to make it impossible
for any group of people to act in a way which must entail suffer-
ing to the community at 1arge. "This is the foundation of all
law, and the only logical alternative is anarchy."*

The theory of arbitration varies considérably in di~
verse countries, In England, where the employers' association
fails to agree with that of the workmen, the Presi&ent of the
Board of Trade often succeeds by his good offices in persuading
both sides to appoint independent arbitrat%gg by whose decision
they agree to abide, In Canada the continuity of operation of
public utilities and mines is protected by the excellent Lemieux
Act, whose principal defect is that it does not necessarily ex-
tend to other enterprises, About this law is nothing compulsory
except the holding of an investigation, whose verdict will serve
to guide public opinion - invariably the ultimete arbiter of in-
dustrial disputes., In Australia and New Zealand, either side
may appeal to a court whose rulings are made applicable to simi-
lar industries within a limited range, and are therefore tanka-
mount to state regulation of wages and conditions of labour,
Beyond doubt, any legislation which would succeed in permanently
obviating strikes without "so interfering with the process of

production and exchange as to disarrahge the functions of the

* SHADWELL - IBID.
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aun
business organism"™*, would be,incalculable gain to the

N
community which enacted it; but no existent arbitration law
has enjoyed more than partial success, and all are, more OT

less, in a state of experimental transition.

* BULLETIN U.S,BUREAU OF LABOUR - MAY 1908.
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| The attitude of organized labour is therefore inextricably
icommingled'with the history and environment, and its policy
ftends irrestibly towards the progressive destruction of une
%trammelled individualistiec control of the means and methods of
{pro&uotion. Every decade brings us perceptibly closer to the
era of complete state regulation of industry; amd, in that day,
Tcnly those plants that are fit, insofar as their operation is
 beneficial to the whole community - can hope to survive. Even
§apart from the lucrative nature of instituting scientific
management in his plant, it therefore behoves every employer of
labour to forestall factory legislation, by setting his house

‘In order before being compelled to do so by a combination of

 competition and state solicitude for the indmstrial proletariat.
[Inevitably the passage of time and the systematisation of com~
ipeting plants will render subsistence increasingly difficumlt
’for those employers who are content to introduce no improvement
‘until driven to it by lew - and every postponement will probably
;1n701ve a further redunction in the ability of his plant to bear
the strain of transition.

THE ATTITUDE OF LABOUR TO SCIENTIFIC MANAGEMENT:

,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,

As truly scientific management implies unrestricted prode
uctivity, piece work and the employment of unskilled labour
upon such skilled or semi-skilled work as it is capable of per-
forming, the unions are practically one in hating and fearing
it. In 1909 a committee appointed by the Engineering and
Shipbuilding Trades! Federation of Great Britain was unanimous

in condemming it, mainly upon the ground that wthe system was
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an adaptation of the most pernicious and degrading condition
of employment in modern industrial history, the task system
and created jJealousy and 111 feelingV

Of all human inconsistencies, perhaps the most curious
is the usnal result of the compound psychological process of
setting up an 1deal and devising a means for its attainment.
The enthronement of the idesl is, as a rule, effected sub-
consciously, and demands but little thought. Contrivance of
the means, on the other hand, necessitates much subjective
concentration. The relative values of the two when complete
are then apt to be measured in terms of the conscious effort
required for their consummation, and in proportion as the
amount of ingenuity requisite in excogitating the means, so
the 1deal mergedinto relative insignificance.

Than Marx,Liebknecht and Bebel, no one could have been
more sSincerely solicitous for the welfare of the German
labouring classes; and all were convinced that the proletariat
could win its way to happiness only by way of a revolution.
To this end, they at first encouraged the formation of trade
unions, as & movement which appeared certain to end in
industrial warfare.

About the year 1872, however, they became alarmed at the
success of unionism in reconciling the workers with existing
conditions, and so in promising te attain for them the right
ideal by the wrong means - so they suddenly changed front, and
thenceforward actively opposed the movement.

So with many union leaders. Being convinced that there
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is no hope for labour save in its complete organization into
unions, they are naturally predisposed to discredit any
innovation which might result in the disintegration of exist-
ent organizations,- even though it promised to do more for
the workers than the union ever could.

Fortunately few good workmen are gullible by so trifling
and irrelevenézgigument a8 that with which the above committee
denounced scientific management; and the unions have been
singularly unsuccessfull in prosecribing the Taylor system.
Practically all workmen are not only willing but anxious to
work harder if, by so doing they are assured a large permanent
increase in wages, so that the unanimity of each union is
undermined by individusal ambition.

The question as to whether or not the union will counten-
ance and support the new system then becomes simply & matter
of terms.

After Mr.Gilbreth had completed his investigation*into
the art of laying bricks, his natural course of action was to
put his theory into practices. AL the time he was erecting
s building in Boston ** where the bricklayers'! union, as in
other cities, had & recognized maxirmum dally performance.
Gilbreth then interviewed the union leaders and offered to
pay his men $6.50 instead of $4.50 per day to waive their
mexirum and follow his instructione - incidentally promising
not to overwork them. Finally the union agreed. The walls
of the building in question were twelve inches thiok, with two

* See Chap.l
** e Century® March,191le
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- kinds of brick and drawn Joints, and the previous record for
that class of work had been 120 bricks per hour per man,
On this particular job, Gilbreth's gang, working under
demonstrators of the new method, succeeded in averaging 350
bricks per hour per man. The gain to all parties concerned
- 18 obvious,
When introducing the Taylor system into a shop where
many or all of the workers are members of @ strong union*,
E (1) One mmst be sure beyond the smellest doubt that every
task is jJust and can surely be accomplished;
(2) Particular care must be taken to make the instructions
exact and explieit;
(3) Concentrate upon a single workman, &nd make no attempt
;to institute changes upon a large scale until complete success
has been attained in his case. It would not require the
diabolical ingenuity with which the average union leader is
~oredited, to construe an order to double output into a demand
that the men shall work twice as hard and the commonest mistake
in dealing with union workers, is to issue an order affecting
8 number of workmen simultaneously, and over-empha%%ng the
gincrease of output required, rather than the necessity of
following instructions. The point must be reached step by
step, and man by man; for only thus can the workers be per-
suaded that the increased output is due to improved methods
and appliances quite as much as to any inerement in their own

%X Taylor - Sth Mgemnt Tr&nB.A.S.M.E.VOIoXIIVo
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productivitye.
Considerable judgment must be exercised in selecting for

~ the first object lesson, work of such & character that definite

instructions can be given for its performance. However, much
it would like to do so, no union dare interfere with production
to the extent of dictating what depth of cut a certain lathe

~ 8hall be allowed to take, or on which cone step its belt shall

be run. Feailure to complete the task will then constitute
direct disobedience of a simple reasonable order, and means

can be taken to discourage repetition of the failure.

(%) In case the workmen should raise & question as to the

 possibility of completing the task, the management must be

prepared to deﬁ?hstrate that it is not unreasonsble.

Then, after one man, has been convinced by four functional
foreman and an inflated pay roll, that he will prosper better
under the new system than heretofore, the operation can be
repeated upon the next man, and so on until public opinion
throughout the department has become friendly to the new system.

Scientific management then is bitterly opposed by the
unions in theory, but welcomed in practice (on closer acquaint-
snce) by those of their individuel members who expect to
thrive under it - generally the most influential men in any

}union. Where the union rules are 8o inflexible as to prevent

its members from working under any other system than that of
day work, many of the members will sever their connection with
it, as they no longer require its protection. It is therefore

not improbable that, with the widening application of the
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Principles of scientific management, the unions will find
themselves compelled in self-defence to revise their attitude
towards it, and to relax their rules accordingly.
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V111l.

COST AND OTHER ACCOUNTING.

This chapter must of necessity be extremely generel, and
can hardly comprise more than a bare exposition of the funda-
mental principles of accounting which must apply to all shops,
and an indication of the methods by which enlightened account-

ing may be enlisted among the forces inimical to inefficiency.

Ever since man has purchased the labour of his fellows,
cost accounting has doubtless existed in some more or less
rude form. Until the end of the eighteenth century, however,
an employer needed have no concern, in fixing his selling
prices, for any elements other thaqhaterial cost and lsbour
expense on each Jjob. With the industrial revolution, however,
and the phenomenal development of the factory system, a new
element ~ i.e. overhead expense -~ immediately obtruded itself
into the sphere of cost accounting. At this date, as we have
seen, the small shop ceased to be the type, and rapidly became
an anachronism; and the necessity of purchasing boilers, and of
embodying the numerous new inventions in the equipment soon
raised the investment charges on new factories to a price that
would previously have been regarded as prohibitive. The result
of this is, of course, that a charge has to be made on the

earnings of the plant every year, in order to cover interest on
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first cost of real estate, buildings, and equipment;deépre-
ciation and maintensnce of all three; insurence, taxes,
light, heat and ventklation, and, moreover, the cost of
non~productive labour, whose employment has developed with
the growth of overhead charges.

Now, the importence of knowing very closely the totel
cost of manufacturing each standard product has aslready
been hinted at. It is of parsmount importunce in the
framing of estimates - whiche. by being low and reliable,
obtain more contracts than could be secured without the
kno.ledge of costs, and thus tend to increase the produc-
tivity of the plant. By indiceting what lines are being
manufactured at & loss it enables the menagement to elimi-
nate or regenerate these and to concentrate upon the
menufaeture and sale of the more profitable ones; and it
futher helps to show upon what lines it may be possible
to increase business by a judicious reduction in priées.
In the average engineering plant, the overhead charges are
from 40 to 120 % of the direct labour cost. Therefore
a fair distribution of the overhead charges over the whole
volume of product is essential to an accurate determination
of the manufacturing cost of even one line.

This postulate being established, it must be admitted
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that probably no plant exists in Wﬁich the ultimate assign-
men} to each piece of product of its exact proper share
in the overhead burden is either ecomomically or humanly
possible. There are some in which it is not even attempted-
plants, for the most part, that have been developed by the
industry, inventive genius or enterprise of their owners,
and such plants are a menace to all well regulsated com-
petitors as well as to themselves.

0f 811 manufactures, one would expect the producers of
machine tools to know theircosts- yet the report of a board
of enquiry appointed by the National “achine Tool Builders
Association showed that many of its members had been, in
ignorance, frequently, selling at a loss - a proceeding
which bade fair to demoralise the tradef’K

This explains the remarkeble variations frequently
found in bids on the same work by & number of firms appa-
rently equelly favoured as to equipmgnt and location. In
the same article Evens cites & number of tenders on a large

naval repair Jjob, with detailed specifications, varying

from $4265,000 to %517,000; and others on a contract for a

large number of smell cast iron cylinders, from 6§ to 21¢

per pound.
The result of the Tool Builders' report was the appoint-

| ” 124
*H.A.EVAus " Tue IMPorTANCE OF F]ccunm’a Cos‘rs
Bri. Macuinist  Nov.io - 1910
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appointment of a specisl committee to devise s uniform
cost accounting system adaptable to all nlants manufsacw-
turing machine tools.

But few trades are so well organized ot so enligh-
tened as the todl builders; and, in many of them, the
competition most to be feared by a well conducted establish-
ment is that of a firm which does not know its costs. It
is small satisfaction to the former that the latter will
soon become bankrupt, as there are always others Just as
ignorant willing to replace it.

Therefore it would seem that efficiént production snd
accurate cost-keeping are inseparable. "It is curious
that nearly all managers believe that they have very sa-
tisfactory cost systems, and the worst are ususlly des~
cribed as sim ple and effective.” Certain it is that
many firms with defective systems are making money; dbut
so are many others with antiquated equipment or poor
organisation, although neither is capable of meeting and
surviving determined competition.

The accurate determination of costs presupposes the
solution of but one serious problem. The materisl cost of
any job, generally, is simply a matter of weight. The

labour cost is easily ‘determinable, even under day work,



by any of the ordinary job order systems, whether the
time of starting and finishing is stamped on the order
in an office or simply filled in - by the individual workmen,
under some more or less complete supervision. At the
Angus shops each man is provided with & form whem pun%ching
clock number at 7 A.M. On completion of each job during
the day, he fills in on this form the store order number
of the job, the number of pieces made, and the time of
starting and finishing. While this method has not the
automatic precision of that under which the job orders
are stamped in an office, the error is not comparable with
these consecuent upon their system of distributing the
overhead charges - the reai problem of all cost accounting.
The ideal system of accounting effects "the distribution
of the indirect costs in such a way that each production
order receives charges which closely approximated to the
proportional benefits it receives from the various elements
of indirect costs.” X There has been, and still is,
considerable diversity of opinion as to the best means of
atteining this ideal; but, prior to examining them, it

might be well first to analyse the burden itself.

X. H. A. Evans - The Distribution of Indirect Costs.
Am. Machinist, Dec. 22nd,1910.



Briefly its principsl elerenmts are:- i

(1) Interest on first cost of land and buildings - also insurance

taxes, maintenance and depreciation thereof;~ from the shzre of
thege borne by each building in the prlant, divided by the total
floor area in that building, is derived a figure termed the
"floor rate", by which all meclines and men in the shop may be
charged rent on the basis of the amount of floor space allotted

them.

(2) Cost of power (determined by floor rate of power house,

interest on first cost and installstion of eguipment, nower
house, supervision, labour, fuel and supplies):

(3) Light,heat end ventilation oh a similar basis, and

chergeable to each building or shop in proportion to the
cubical contents, floor area, or number of employéé, ete.

(4) Equipment:- Interest on Tirst cost, including installation‘

of each'machine, and insurance, maintenance and depreciation
thereof. By adding to this the rent of the floor srace occupiéd
by the machine and its operator, and the cost of power used by
the machine, a "machine rate" is derivable, by which all work
done on any machine may be charged its share of all the fore-
going portion of the overhead expense as & species of machine

rent. Where a tool is used on one machine only, its first

cost,vinterest and maintenance may be fairly added to the

# (Principally) O0.E.Perrigo - The Iron Trade Review
08t.3,1907 - Oct. 1.1908
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wechine expense, end only the specisl tools - taps, dies,
reamers,etc. considered as part of the gmmeral exrense. Under
the Taylor system, the cost of tool room and tools would have
to be treated as part of the general expense, and distributed
over the total product. Special tools, jigs, gauges and
fixtures can be charged direct to production orders.

(5) Shop Transportaetion, including interest, devreciation

and maintenance of transport eguipment, cost of power for
elevetors and cranes, and cost of labour on elevators, cranes
and shop cars. This is an item of generzl expense in each
department, and should be distributed over the whole product.
Similarly for the cost of yard labour, of transporting castings
or forgings from one department to another - which cost shonlad
be ecually divided between the two departments concerned.

(6) Non-productive labour includes cost of supervision,

planning department (if eny) end all lsbour not directly

chargeable to production orders. This is an item of general

expense of any one department.

(7) General Office:- comprises interest on first cost of real

estate and building; insurance and maihtenance of building
and furniture; salaries of officisls and staff; light, heat,
supplies, travelling, legal, telegraph, telephone, postage,

express and other charges. In some plants the drafting office
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micht also be included, but generally the drafting expenses
can be charged directly to production orders.

(8) The Ssales Department dis essessed with exrvenses similar to

those of the Feneral office, and also with the cost of advert-
ising, commissions and allowances for collections, preliminary
drawings and estimates. leny of these charges can be directly
applied to the product sold.

(9) Storehouse:- this bears the usual expenses of a depart-

ment or e separate building, besides the cost of insurence,
depreciation and waste of stock, and the cost of labour em-—
ployed to receive, store, reissue and account for it. These
charges may be distributel over the material issued by the
store, for production orders, and thus become an element in
the cost of material.

(10) Other Items of General Expense - the operation and main-

tenance of genersl transportation facilities, railvey tracks,
vaerd cranes, yard labour, stables,etec.

e have already'seen that several of the indirect costs
are adarpted for apflioation to a certaein group of products,
while others must be shared'by the whole output. The following
baées for this distribution, either departmental or total,
have been suggestéd, and ere in actusl operation (a) the man-

hours expended on the job, (b) the direct labour cost of the
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job, (e¢) the ﬁachine rate and men rote, by which the overheed
burden on each derartient is epplied directly to the machines
and men in that department in the form of rent for the space

which they occupy.

(2) The total shoy costs for & e riod ere divided by the
number of man-hours of direct lsbour employed curing that
reriod. The result is an hourly rate of overhead exﬁense
Per man-hour, and can be directly added to the labour cost
as soon as the times of starting and finishing the job are
known.

 This method has the disadvantages that it fails to
discriminate between different grades of labour, and takes
no account of the machine on which work is done. Thus, to
take an extreme case, a’piston ring made by & raw apprentice
on a small; simplellathé may be made to bear the same indirect
cost as a locomotive driving wheel tyre, which is turned,
bored and faced on a large multiple boring mill. Such a method
would therefore he altogether inapplicable to a shop in which
the operations performed and the grades of labour émployed
varied over a2 wide range. In a purely ﬁanufacturing concern,
however, end especially if the output per man is approximately

constant throughout each shop, this system is quite as good

as any other and simpber than most.
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(b) Under this system the overhead charge on each department
for a certain period is divided by the total direct labour
cost for that period, giving so many cents of overhead expense
for every dollar expended on direct 1abour, Then, by multi-
plying this rate by the total dollars spent on direct lebour
on any Job, and adding the labour and material cost, we get
the total cost of filling the corresponding production
order. This method, though meking no pretence at uniformity,
is the one most generally used. Like (a) it is admirably
adapted to a strictly manufacturing concern employing =
uniform grade of labour - but so is almost any other conceiv-
able rational system - and its disadvantages soon become
aprerent in such & plant as the Angus shops, where a rather
slovenly modification of it is in operation.

In many plants'employing this system, what parts of the
indirect costs are assignable to the various departments are
so assigned, and the remaindér is then subdivided and dis-
tributed among the departments according to somé recognized
principle - such as proportionately to floor space. It is then
not mnearly so difficult to apportion fairly the indirect costs
of each department to 1ts product,as if an attempt had been
made to 4o so without this preliminery subdivision of the total

charges. Yet this latter is the procedure adopted in the
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Angus Shops. The accounting department, having discovered
by simple Subtraction that the indirect costs equal about
40% of the totel direct labour cost, parcels out 4OF of the
o#erhead charges to all jobs on which a dollar's worth of
direct labour has been employed. Thus the work done by &
rainter, who is generally on a locomotive while working,
and therefore occupying no floor space beyond a fraction of
the small storage shop allotted his gang, bears the same
share of the overhead expense &s that of a mechanic receiving
the'same‘wage, albeit his work be done on & 1érge, expensive
semi-automatic machine. Furthermore the painter uses no
power, only a sm&ll share of the erecting shop light, heat
and ventilation, and mekes little use of the shop transport-
ation facilities. This is only a typipal case which proves
that method (b), as usually applied, does not represent the
conditions, and that it therefore fails to be an accounting
system at all.

Incidentally, many of the exrenses attached to a rlant
are in no wise dependent upon the expenditure on direct labour.

The fixed charges continue throughout the working hours

whether labour is employed or nbt, and this method of arpor-
tioning the burden takes no account of two men employed on

the seme kind of work, one working twice as fast and paid
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twice as much as the second. It makes no provision for
displaying automatically the difference in efficiency of
the two men's wages. It therefore does not necessarily
assist the manager in isoleting and taking measures to

elirminate extravagrance and inefficiency.

(¢) This plan at once attracts as being spparently the only
sciéntific means of transforming indirect into pseudo-direct
costs. And vet it has made but 1little headway in practice
through the difficulty of applying it to the average shop.

In 2 strietly menufacturing plent, a simpler system is amply
accurate; in such a plant as the Angus Shops, the probable
inaccuracies in sever@l elements of the machine rate would be
sufficiently great to counteract its beneficent effects.

Of these elements in which soientific exactitude is
unattainable; none lends itself better to purposes of
illustration than the cost of power. In a plent where allv
power is electric, extended observations might afford a
knowledge of the amount of power required for each machine,
but even then this cuantity, and consequently the machine
rate, will vary according to the work which is being done. In
many large shops, however, there are electricity, steam,

compressed air and water for power, and the power expense
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cennot be even approximately distributed in proportion to
the power actually used by any machine.

As lighting oircuits are generally taken from power mains,
end the boilers that supply the steam for heating supply it
also for steam hammers, steam engines and other rurposes,
it is impossible to distribute light and heating oostsvany
more accurately than the cost of power.

Yoreover, if the cost figures obtained are being used, as
they should be, to stimulate the foremen to reduce the costs
of work performed in their departments, the latter will rapid-
1y acquire a habit of leaving large expensive machines idle
rather than have operations performed on them which could be
done on & smaller machine, although the latter may already'be
overcrowded. This defect would be particularly insistent in

a jobbing or repair shop, and will ever constitute a difficult

problemn.

Conclusions:- It would therefore seem that no one

method is equally desirable for all types and sizes of plant,
but that the best system for any one plant which does other

than strictly manufacturing work, would be a compromise

between (b) and (c).

Each shop or department should have a separate expense
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account, divided into a sufficient number of sub-cccounts to
enable the manager to know for whet purrose each exrenditure
was male. This affords a check on extravagance, and displays
the benefits derived from each éXpenditure. The common
method of having only one expense accqunt for the whole shop
is unsatisfactory end makes an analysis of expenditures
impossible; therefore each shop should carry its proper
share of fixed charges, apportioned on a bésis of proportionate
investment.

The Power House expense where rossible should be at least
distributed among the various shops. Thg quantity of electric
power supplied to each shop could be determined from individual
meter readings. The amount of other powér must be estimated
from 2 consideration of the number of machines, proportion
of the time that these are working, power required by men
working outside the shop and the quantity of work being done
in each shop. ?hus the reint shop employs many man, but little
ﬁower; while the stecr hammer work enploys %kreat deal of
power in proportion to labour.  An enlightened estimate would
allow Ffor this and would result therefore in a much more
equitable distribution then if power were charged to general
expense, anl parcelled out in proportion to direct 1abour cost.

The principal disadvantage of the second system might be
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largely eliminated by charging all machine work for the
use of each machine in proportion to the time required for
the performance of each operation, i.e. time X machine rate.
The smount thus debited the work is deducted from the general
expense for the department, and the remainder distributed
proportionately to direct labour cost.

Incidentally, the charge for idle machines, and excess
of machine cost of small work done on large machines over its
cost on small ones should be kept as & species of inefficiency
account in each department‘. fhis, being sn item equivalent to
general expense, and not sssignable in the latter case to the
work done on the large machines any more than to the other work
which erowded it out of the small ones, should be distributed
over the total product of the shop on the same besis as other
indirect expense. If the small work i1s being repeatedly done
on en unnecessarily expensive machine, the work is shown to be
too costly, and a charge of equipment maey be economical as well
as desirable. This is a question, however, which must be
decided upon its mebits for each special case.

Records of repasirs and spoiled work should be kept, &and
their cost spresd over & number of months. as with cost of in-

gurance. The cost of repairs on each machine can th‘is be trans-

formed into an element of the machine rate, which is not
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necessarily invariable over & long period for any one machine,
especially when the machine 1s still running satisfactorily
efter the elose of the +time upon which its rate for derreclat-
ion was based.
The cost system of any plant therefore represents a com~

promise between science and rule of thumb, the exact blend
being decided by the manager or engineer, rather than an account-
ant, who 1s prone to worship figures for their own sake, smd to
arrange them with scrupulous precision on 2 plan entirely unsuit-~
ed to the business. The manager is not interested iIn costs
solely as costs, but largely also as & means to the ehd of obtain~
ing more efficient production. The expert sccountant, being
unacquainted with manufacturing methods snd conditions, is
necessarily incapable of devising a system thch'will effect
this purpose, and may teke measures, at the cost of interfering
with production, to obtain records which serve mo useful pur-
pose in increasing efficiency when they are securedes

It 1s equally futile to attempt to transplant a successful
cost éystem from another fastory by simply purloining or other=
wise securing a2 set of the blank forms employed there.

Phe efficiency of production should be continually watched

as eclosely as possible, and, to facilitate frequent comparisen

with corresponding periods in previous years it is strongly
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advisable to make up the general expense accounts and disgt-
ribute the indirect expense, at most, monthly.

The costs should be so recorded that the manager can
readily determine all excessive expenditéres, whether direct
or elements of the expense burden. To economise on printing
stationery amd clerical labour, it is desirable in planning a
aystem of accounting to devise cards or blanks which will serve
as meny purposes as possible, though plans for economy should
not have priority over the necessity for reasonable aceuracye

The design of such blanks is greatly simplified where some
gsystem of mnemonic symbols for the identification of parts and
operations is in use. Thus, cards such as that shown on Plate
XIV will contain all the information necessary for compiling
each man's pay roll (from all cards bearing his number); the
cost of production (from all cerds bearing the Order Number);
and the progress of the order (from all those which have the
same operation Number)e¢, This last is partieularly important
under any system which comprehends the use of a graphical daily
balance.

Bach card then has all the prestige of an original entry,
end the final records are far less subject to error than if the

figures had to be copied more than once, or from a greater

nunber of cardse



The procedure of the Canadian Pacific Railway Roundhouses
in ordering locomotive parts from the various shops is an ex~
treme case of the employment of a number of forms where one would
be ample. The requisition from the roundhouse comes first to
the storekeeper, who copies it on & similar form, of different
colour, which he forwards to the office of the Assistant Super=-
intendent of Motive Power, who is also Superintendent of the
Angus Shops. After the order has been approved by this official
it 18 recopied in his office, and the storekeeper's form retained
for reference, while the new form is sent to the éuperintendent
of the Locomotive Department, and, through him, to the foreman
in whose shop the order will be filled, in the form of a product-
ion order.

Naturally ell this takes time, and, about two weeks after
the receipt of the first order, & requisition for material is
sent by the foremen to the stores. It being a laudable ambition
of the storekeeper to have as little capitsl, in the form of
material, 1\€ing idle a8s is absolutely essential, the materisl
ig not immediately availsble, and still more time is wasted while
the purchasing agent is obtaining it. Meanwhile, perheps, &
locomotive has lain crippled for seversl days ina roundhouse. Of
course, & palliative for this prolific source of ineffiency lies

in the adoption of & gingle form, to be parfly filled in by the

roundhouse foremen, and providing accommodation for whatever
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additional informetion must be added at the various halting
Places, and by the delegation to the storekeeper of executive
power to utilise his intellect amd order material for the time
when it will undoubtedly be wanted.

As regerds accounting for stores, the most modern
practice is for the storekeeper, after issuing materisl, to for-
ward the requisition to é%? stock clerk. The latter then enters
the depletion of stock upon & specisl stock record (reproduced
Plate XV)for that particular grade, shape and size of materisl.
'As will be seen, each type of stock has a particular symbol or
number, and the card, thus identified embodies further inform-
ation as to low limit of stock (at which point & new supply must
be ordered) standard order, and certain physical data for the
determination of material coste. Such & etock record mekes the
ordering of stendard meterial autometic, and obviates the
necesgary for periodic inventories of the stocke

The forms on which requisitions for material are made
need generally provide for no further informetion than shop re=—
quiring meterial, job order number, stock number, quantity of
stock required, date and foremsn's signature.

By msintaining a Material Specification (Plate XVI)

Card for each standard order, 2 form of production order similer

to that shown on Plate XVII may be profitably employed. This is
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filled from the material specificetion sheets, and gives each
foreman 81l informetion necessary for performing his part of the
operations involved in the order. These orders are typewritten
in triplicate, one copy being retained in the general office
for costing, another going to the foremen concerned, and the
third to the storekeeper, so that he may have the necessary
meterisl on hsand wheéfﬁé§§§§33f It is, however, of questionable
profit to reproduce any set of blanks, as the form which these
teke in any one plant is so completely a function of the local

conditionse



IX.

I'ITSCELLANEOUS.
APPRENTICES: -~ | o

Apong the features without which no system of
management can be self-perpetuating, perhaps thed most important
is the provision for & supply of skilled labour sufficiently
large %o replace immediately and without disturbing production,
all workmen whose services have been\disPensed with, whether
- voluntarily or involuntarily. The attainment of this end
necessarily involves the regeneration, in some form, of the old
apprenticeship system.

The decline of the o0ld system was the inevitable result of
over development of industry. Until the last half of the 1&th
century, most shops were conducted by a master-workman, two or
three Jjourneymen and one or two apprenticeqN, These latter were
the especial care of the master-workman, who was doubly
stimulated to give them the full benefit of his instruction and
accumulated experience. As is the case with ﬁodern factory
owners on a large scale, he had to insure himself against inabil-
ity to secure a sufficient staff of skilled journeymen; and it
was to his less tangible but very real interest to mske certain
that those of his apprentices who afterwards left him instead of
serving as his Jjourneymen should do him credit wherever they
worked.

One of the first of the phenomena which marked the indust-
rial reyolution was the economically enforced surrender by the
master-workman of the task of instructing ahd supervising his

aprrentices. At first generally, the duty was relegated to the
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owner's deputy - the superintendent - who also soon became
too busy to fulfil it. And so the condition - still obtain-
ing in meny plants - was drifted into, of placing the apprent-
ices under the various foremen; which means, finally, that
each apvorentice works as helper to a journeyman, to whom he
must look for all his technical training. The Journeymsan,
however, has no inducement, either financial or moral, to con-
vert his apprentice into an efficient tradesman who will then
become his own competitor. The apprentice thus occupies an
unsatisfactory as well as anomalous position. The foreman
employs him as an ervand boy, and the journeyman delegates to
him such work as chipping, filing or sandpapering patterns
long after e has ceased to derive tangible benefit therefrom.
Morever, if the Doy be inefficient at one class of work, the
foreman may leave him there to master it% but when he has
mastered it, the foreman will leave him at it and exploit his
acquired dexterity, rather than afford him an opportunity to
gain new experience. This is but natural. The foreman, apart
from anxiety to reduce unnecessary costs, will rather keep two
boys at work which they perform satisfactorily then interchange
them, and complicate his already multifarious functions with
the duty of instructing and supervising the operations of two
more inefficient workers.

That the old system has run its course is apparently in-
controvertible. Only in the original form and primitive

surroundings could it ever have proved successful. Many employees
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noticing the deterioration in quality of labour, which is the
inevitable result of employing the charred rermains of the old
system, have for several years been groping for salvation, and
now almost every large plant, has a system of its own. At the
Angus Shops, all apprentices are vlaced under the charge of a
special Supervisor, who arranges for their instruection in
mathematics and mechanical drawing. Otherwise, the apprentices
spend all their time as helpers to the journeymen in various
shops. The course lasts five years, and the remuneration rises
from 9 cents ver hour in the first year to 19 in the last.

The American General Electric Company at Lynn,Mess.has
established # an avprenticeship system on more a&&anced lines,
Which, however, would be impossible in a plant of the average
vproportions. This Company offers to boys of sixteeh years,
possessing & grammar school education an opportunify to learn a
trade, and makes such attractive conditions that it can afford
to discriminate between the applicants for vermission to take
the course. The duration of the indenture is four years, but
terminable at any time by the company for good cause - although
the company recognizes its moral obligation to reform or develop
the apprentice whenever humanly possible. The wages of the
boys range from $4#.50 per week in the first six months to $9.25
in the fourth year; and a bonus of $100. is paid at the end of
the course. The trade instruction is supplemented during six
hours per week with lectures of a very practical nature on
mathematics, physiceX and technology; and instruetion in
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mechanical draviing.

Here a special department occunying 1C,000 sq.ft. of
floor space and equipped with 105 representative machines, is
devoted exclusively to the preliminary practical training of
the aporentices. Some of the machines are modern, and others
but one degree removed from the scrap heap; and it is on the
latter that the youngest avpprentices commence woriz. This plan
prevents injury, through ignorance, to the new machines and
gives the boys an opportunity of learning what troubles to
expect from machines, and how to set a2bout repairing them.

The whole devartment is under the control of an overseer
with two assistants, but most of the instruetion is done by the
apprentices themselves. Before a boy i& moved from a job which
he has thoroughly learned, he is requirecd to initiate his
successor, and thus a faculty of imparting knowledge is early
developed. After about two r7ears in the training room the boys
are fransferred to the factory, where they snend the remainder
of their fterm. They are allowed also Lo spend several weeks
in the stores, tool room, shipping department and on shop clerical
work, in order to acquire an understanding of the harmonious whole
The system appears to give every satisfaction to the General
Electric Company, and represehts a distinct advance upon the
ordinary plan.

Under the Taylor system,however, it is claimed that = still
greater advance takes place; and the Taylor method is apnlicable

wherever the essentlal features of his system are in operation.

he plan adopted here is to bring the young apprentice into touch
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with actual menufacturing conditions from the very Tirst. The
boy, being constantly surrounded by men Working at their
highest speed, is more likely to catch the spirit of the Taylor
system and to acquire the qualities of industry, manual dexter-
ity and ambition in a higher degree than if he had first spent
two years in the less intensely industrial atmosphere of the
training room.

Mr.Hathaway, General Manager of the Tabor Manufactur-
ing Company, strongly supports the Taylor method, having found
as far as the machine shop is concerned, that it takes only two
years, on an average, 1o coﬁvert a raw but intelligent apwrentice
into a skilled mechanic, capable of overating any machine in
his shope. He starts the boys on a drill press or turret lathe
and states that a period of three to eight weeks suffices to
mske them efficient here - efficiency being measured by the
Taylor steandard, which is no respector of persons or operations.
The youth is then promoted to & milling mschine or planer, and
later to engine lathes and boring mills. Hathaway states that
this system produces a more competent and more efficient trades-
man in two years than any other system does in four.

I have said that almost every large plant has an apvrentice-
ship system of its own - for some there are that train apprentices
in only one or two aepartmentsvwhile others have no regular syst-
em at all. Spch plants are dependent for a supply of skilled
labour on their ability to attract graduate avprentices from

other works. Thus some concerns expend a great deal of money in
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PTOVi&ing'builaings, equipment and instructors to train boys
who will afterwards work for competing firms.

There is nothing immoral in offering a tradesman betier
pay or better conditions than he could obtain in the plant where
he served his time, but the l@ss of such men.on a large scale to
rival concerns is a distinet disadvantage to the firm that
trainedtheém. Therefore measures should be instituted by every
management to enéouragqéll suitable graduates to remain with
the firm.

In the discussion on the aforementioned paper # the case
was Cited of a plant near Philadelphia employing 4000 men, where
the conditions were so unattractive that 15% of the working staff
left every month. This is almost equivalent to changing the
whole staff twice per annum, and there was therefore no return
for the time'ané money'expendea in instructing new recruits, as
these woull migrate on becoming gualified for employment in more
congenial surroundings. Yet this migration was completely
eradicated by a change in thc organization.

Conclusions:-—-

The apprenticeship system must be designed accord-
ing to the proportions of the plant. The plan of devoting a
-gseparate manufacturing deparfment, while better than the surviv-
al of the o0ld system, is far Yoo expensive for at least ninety
percent of the piants in any country. The.Taylor‘system of shop
monagement is adapted to all plants employing more than 120 men
# so that his method of training apprentices has a much wider

4 1. T.Alexander . Trans. A.S.M.E. Vol,XXVIII.

#43.11. Dodge. Trons. A«S.M.E. Vol XXVII Didcussion
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sphere of usefulness; but the latter is not applicable until
the essential features of the system hove been adopted 21s0.

Therefore the mancgement of the average plant has an
opﬁiOnAfor present purposes between
(1) Ermploying the remnant of the old system.

(2) the méthod emvloyed at Angus (which is generally chosen)

(3) meking conditions in the plant so congenial as to attract
graduate apprentices Trom élsewhere (liable to be expensive,
unless accompanied by some form of the Taylor system) and

(4) co-operating with other firms and trade schools to make the
gréﬁuates of the latter efficient and intelligent tradesmen.

When conditions in competing plants become more nearly
equal, the 4th will »robably become the prevailing method. It has
already proved éxtremely successful in several vlaces, especially
in some of the textile towns in Northern England, but its time is

not yet.

The Committee System:

o ]Thiérhésbﬁéeﬁ’féry succesul in eliminating inter-
departmental friction, and in correcting glaring differences
of efficiency between the operations of the various shops in some
plants. It simply involves the formation of a committee consist-
ing of the principal foremen and the heads of the drafting office
anqéales department, with the superintendent as chairman, which
meets periodically for the diseussion of questions of interest,
such as #

(1) Plans to standardize product, and ncw methods of design:
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(2) Actual progress made on new ideas ~lready introduced into
the factory - to counteract the tendency of new ideas to become
starved in infancy:
(3) Reports upon economies already ordered into effect, and plans
for further ones;
(%) Progress upon stock and contract work, in orcer to fix
responsibility for delays:

Such committees are only advisory in character, but
every man should have full rights to the floer, and should, more-
over be considered as responsible for sins of omission in fail-
ing to tell all he knows upon the subject under discussion, as
for sins of cormission in the shop. They are therefore of
tremendous value in acquainhting the superintendent with all
deleterious conditions existing in the shop, and indicating un-
suspected possibilities for the further reduction of inefficiency.
Carpenter recommends an extension downwards of the committee
system, involving the creation of subsidiary committees (1) of
general foremen, and (2) of gang bosses, at whose meetings the
superintendent or another member of the general factory commitiee
should preside. These auxiliary committees need not meet quite
so frequently as the first, but they are important as a means
of enlightening the minor executive as to the general policy of
the management, and so gaining their support for innovations
which could not otherwice succeed. By providing the foremen and
gang bosses with an opvortunity to prowve their worth, such o |

system in the average plant would undoubtedly stimulate esprit

de corps begides curtailing inefficiency.
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ENCOURAGEEENT FOR SUGGESTIONS:~-

............

Uhtil comparatively recently, few firms gave real as well

as apparent encouragement for suggestions made by the workmen,
that might be of value in reducing costs. In Germany, to this
day, such provisions are practically unknown #, and in many
English and American plants, the workmen with ideas are not en-
coursged to impart them to anyone but their own foreman, who is
only human and not ever disposed to assist a possible rival to
promotiones The foremen are liable to be predisposed by Jealousy
against acceptance of ideas from their men; and, should they be
so far convineced as to recommend to the superintendent that the
idea be adopted, it is seldom that the originator is given full
or much more than grudging credit.

The practical method of obtaining suggestions for imppove-
ment from the men consists, not only in the offer of a prize, or
& share in the saving effected, but in making the heads of the
company more accessible, so that the suggestion may pass in a
more favorable channel than through the foremen. This is a
simple matter to arrange in any one plant - in a small plant the
superintendent may attend to the matter himself - in & large one
it may even be possible to employ & special official who will
also investigate the economies effected by the various suggest-
ions when put into practice.

THE EFFICIENT PURCHASE OF MATERIALS:-

¢¢¢¢¢¢

The purchase of material for an industrial plant is
generally supervised by a special agent, or corps of agents,
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The purchasing agent should be thoroughly acquainted with his
market, and also with the economies of freight tramsportation.
The principal points to be considered are,

(1) The necessity of ordering materials early enough to ensure
their delivery when wanted -~ often contracts have failed,
resulting in expensive and protracted litigation, through the
failure of a purchasing agent to take this precaution;

(2) That the cost of material, as well as the cost of delivering
it to the plant is generally much less if it be ordered in
comparatively large quantities than in small, so that, in a
sense,it usually pays to purchase a larger quantity of each
material than is actually wanted at once; and

(3) That all material in the storehouse represents a certain
amount of unproductive capital,sand should therefore be maintained
as small as possible.

Thus the economy of purchasing materisl in large
quantities must always be balanced against the loss of interest on
cost of the surplus which is not immediately used. Then, consider.
ing the rate at which each kind of stock is issued to the shop,
and the time which must elapse between issue of the order for
and delivery of a fresh supply, it is possible to compromise
upon & best economical standard order for that article. These
considerations also facilitate a determination of the most
suitable low limit, at which a fresh supply is ordered, for each
standard kind of stock. The sum of this and the amount of the

standard order gives a ready measure of the space required for
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j each type of stock, and thus simplifies a redesign of the store

if such should ever prove to be advisable.
The purchasing agent, to revert, should pay attention
to, and be empowered to forestall or take advantage of fluctust-

ioms in the raw material market; and he should continuslly keep

in touch with the plant, to ensure that the materials purchased
by him are of the right grade.

- THE GENRERAL OFFICE:

rrrr »

Most manégers pride themselves on keeping in touch with
every detail of their respective plants, and meny think te do so
by baving their tables continually littered with letters and

reports waiting to be signed or overlooked.

In order to cope with this obvious example of mis-
panagement, and free the manager for the consideration of broad
lines of policy, of suggested innovations and for studying the
character and the suitability for promotion of his more import-
ant subordinates - the proper funetions of a man qualified for
the position of maneger - Taylor advocates # what he terms the
"Exception Principle". Under this system, all documents are
perused by an assistant, who saves the manager from being
troubled by letters which may be considered standard. These and
other letters and reports he summarises, noting exceptions to
previous standards, and then, with the manager, goes through
the whole in a fraction of the time which the manager alomne
would require under the preveiling systen,

...........................
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As & fact, the exception principle is gradually coming
into general application, but i8s scope is not necessarily
limited to the mansgert!s office. The general employment of it
practically forces each important executive officer to train,
if not his successor, at least some one who could very ably £ill
his place during short absences.

"PATERNALISMY : -

zhe'éstablishment of better conditions of work, such as

improvement in lighting or ventilating a plant, fencing in

moving machinery, the removal of obstructions to free movement,
and the provision of comfortable dining roops is often so stig-
matised by unprogressive manufacturers and their jourmalist
friends, but such innovations are generally excellent business,.
It truly seems that the average manufacturer will never discover
theeconomy of practical solicitude for the health and comfort of
his workmen, whom the additional consideration and the removal
of restrictions must meke more contented, and ergo more product-
ive- met at any rate until they are forced by public opinion
and legislation to institute such improvements, and the compul-
gory element then halves the moral effect.

The workmen should therefore be encouraged to discuss
their troubles, whether experienced in or mout of the works,
with those &bove them. Under the Taylor system the disciplinar-
ian is naturally fitted for this post of confessor; and, if he
be tactful and honest with the men, there need never be any
fear of labor troubles.

It is when this so-called pate¥nalism extends to the
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‘provision of lecture halls and free lectures, music,etc., free
night schools, kindergartems for the workmen's children,
athletic grounds, gymnasia and model dwellings (possibly for
advertising purposes) that the reproach of paternalism becomes
applicable. Anything whicqsavours of charity is seldom great-
1y appreciated by the men. The same end might be indirectly
attained at the same nett cost to the company if a mutual

benefit society were formed by the men at the instigation of the
menagement. An increase of wages throughout the plant, would
.enable the staff to contribute the increment without loss, to
‘the new society, and still feel thatnthey have earned the

library, athletic equipment,etc., which the society as a whole
declided to purchase. Improvements of this nature should come

in all isolated plants, but should not be allowed to engross
‘executive attention to the detriment of duties more directly
concerned with production, unless their inauguration should
!prove vital to economical operation of the plant. This condition
Iis not inconceivable, as there is always difficulty in sedueing

skilled labor from urben centres to a rural plant.
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Having analysed more or less exhaustively the various
methods of management which.diversﬁ'manufacturers have adopted
in the hope of thereby employing their plant to maximum pecun-
iary advantage, we see that only those systems comprehending &
Imowledge of the labour unit, & large dailyjtask, and a bonus
for its suoccessful accomplishment, are compatible with maximum
efficlency. By directly producing a large increase in menuw-
facturing profits, the employment of such a system, obviates
the temptation to employers to combine for the purpose of keep—-
ing wages down, or - what 1s an insidious equivalent - ¢f keep~-
ing prices up. And it is not only the employers who prosper
under scientific menagement, but the employees &lso, through the
supersession by practical co-operation of the open or implied
antagonism thaet now prevails.

The amount of accumplated wealth in the world is by no
means & fixed quantity; and the rate at which the average stand-
ard of human comfort improves 1s essentially a function of the
rapidity of production of new wealth. Whether or not this
standard is to advance, stagnate or retrogress therefore depends
principally upon the success of the average employer in increas-
ing the productivity of his working force -~ either by the
application of new inventions, labour saving devices, by educat-
ing his employees, or by actually indueing them to work harder.

It is an observed fact that the average worker accomplishes

most when set a definite large daily task, if provided with
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ample instructions as to the best means of attacking it, and
an alluring incentive to complete the wm task. The precise
method of remunerating labour is immaterial, provided only
that it embody the principle of rewarding efficiency and not
penalising it. In other words, the only effective stimulus
to most rapid production of new wealth is an equitable method
of distributing it amongst all the individuals who are co~
operating to create it; and, since inecreased efficiency is so
greatly to the manufacturers! interest, he should be not only
willing but thenkful to pay high wages to all who can earn
them,

Po introduce either of these utopian systems into any
plant is a laborious and intricate process. Efficémnt organ-
izations cannot be built up in a day, and are not to be
gecured for the price of an imeompetent one. In few plants
however, i8 ik more profitable to introduce the whole of the
Taylor system than certain elements of it. The Ga&tt system
has the advantage of greater susceptibility to compromise at
the precise point where the saving effected dy further ime
provements or exactitude would Just fail to reimburse the firm
for the cost of instituting them.

Perhaps the principsal objection to the Gditt system is
the fact that the necessity of standardizing machines, applian-
ces and methods; of training functional foremen and making
time studies, presents a task of such gigantie proportions as
to render & proper establishment of the system consistent only
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with the employment for a time of several experts. It is so
far applied in only a comparatively few isolated plants -
though with conspicuous success in each.

; Where a combined objeotion to having his methods subjected
gto the scrutiny of an outsider, suspicion of imnovations,
‘inertia and pressure of business prevents a manager both from
himself introducing scientific mansgement into his plant, and
ifrom having it introduced, it were well to adopt the Halsey
isystam. The results obtainable under it are not comparabdle
with those which accompany the Ga¥tt or Taylor systems, but it
gan be instituted without fear of opposition, and drifts slowly
towards maximum efficiency.

As day work is the only practicable system for such work
as pattern making; and as piece work is without disadvantage
;for such operations as putting labels on bottles, packing sosgp,
etc., it is obvious that every system of management has its
:espeoial sphere of superiority over all others. It is not
only possible, but often profitable to employ 1l at once in the

same plant,

e *

a diagnosis of the nature and tendency of a

To atteﬁit
process of evolution which is golng on before our very eyes
'ever constitutes a diffioult problem, through lack of the proper
perspective. As regards the present trend of induatrial
development, however, there are palpasble strawa to guide us in
discovering its direction. At the recent freight rate investige.

ation in Washington, & number of representative railroad magnates
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testified that they have exhausted every known means of
eliminating inefficiency. After thelk followed, for the
other side, a succession of industrial engineers, who were
unanimous in flatly contradicting the above assertion. Ome
of them, perhaps more optimistic than the rest, stated his
firm conviction, that the application of the principles of
scientific management throughout the railroads of the United
States would effect a saving to them of a million dollars per
day. Be this as it may, the defeat of the railroads at this
investigation indicates, if nothing else, that the apotheosis
of the financler is approaching obsoclescence, and that the
engineer 18 to6-be his legitimate successor & mCaptain of
industryt,

It is only compargtively recently that industrial engine
eering has acquired an acknowledged astanding, but the popular-
isation, subsequent to the above investigation, of the gospel
of efficiency proclaims the fact that industrial history is
in the making. This propagandism, however, is not an unmixed
blessing, as the incomplete and incompetent systematiser is
certain soon to be abroad in the land. Caution is therefore
expedient at this stage or never, lest by two ready general
application of its superficilelly essential features only, the
underlying principles of scientific menagement be neglected,
and the whole doctrine diseredited by the consequent failure,
If, however, its accepiance do not become too suddenly general

all should be well. "With equity as a basis" says Gajtt *
*Address to the National Civie Pederation,¥ew York.Jan.12,1911
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ngfficiency grows apasce, and together - each inducing the
other = they will usher in & period of continuous prosperity

and harmony, such as the world has never geen'e
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