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SCARCITY i Track labor efficiency must of | should not be the same. Some men are born leaders,
OF TRACK necessity receive more attention | and they are endowed with the-ability of obtaining the
LABOR in this year’s construction and | maximum amount of work out of a force of any size.

maintenance programs than ever | It is apparent, therefore, that a careful study of the
before. The colossal struggle in Europe has depleted | qualifications of the men in charge of construction

the ranks of the American army of common laborers,
and since these losses cannot be replaced entirely, in so
far as cheap track labor is concerned, greater efficiency
and an increased number of labor-saving tools appear to
afford the only solution of the problem. Added to these
difficulties is the fact that the wages paid for ordinary
labor in this country have been greatly increased, par-
ticularly for that class of labor capable of assisting in
the manufacture of munitions and other war materials.
This has had a demoralizing effect on other industries
to say the least, and when construction work opens this
spring the indications are that the labor situation will
be as critical as the delivery of some classes of ma-
terials. While this is a very satisfactory condition for
labor, it presents a prospect for those requiring labor
which will be difficult to surmount. Not only will in-
creased efficiency and a reliance on more labor-saving
tools be necessary, but it will be difficult to hold the la-
bor obtained if competition is keen. Under these condi-
tions it is perhaps fortunate that the policy of retrench-
ment, particularly in track construction and main-
tenance, effective during the past few years has forced
the way departments to increase their efficiency and
look with greater favor upon labor-saving tools.

1 I It t i
| ORGANIZATION n zi.{n :h ort. 0 pl;silhconstructlon
OF TRACK work, the sizes o‘ e gangs are
GANGS too frequently increased to a
point where it is practically im-

possible to obtain a day’s work from every man. A
careful study of construction organization, with par-
ticular reference to the sizes of the various units going
to make it up and the amount of supervision they re-
quire, is certain to produce good results. The trite say-
ing that ‘“too many cooks spoil the broth” applies to
track work as well as it does to culinary operations.
Greater efficiency may generally be had with small gangs
than with large ones, due largely to the fact that they
have better supervision. But if the same attention
should be given to supervising a large force, there is
absolutely no reason why the amount of work per unit

forces'is of utmost importance. In this day and age
it is not the “driver” who is needed, but the leader who
can maintain the proper esprit de corps within his or-
ganization. If the greater use of machinery this
year means a larger outlay for tools than has been neces-
sary heretofore, it is well then to become reconciled to
the fact immediately. Otherwise, those who fail to
recognize existing conditions will doubtless be delayed
in supplanting a shortage of labor with labor-saving
equipment, because prompt deliveries will be out of the
question in the height of the construction season.

In many respects the Detroit

25’11\"[;(1)315 tunnel electrification, whose main-
MAINTENANCE tenance practices are described

elsewhere in this issue, is a re-

markable installation. Its success has been notable,
notwithstanding its handicap of small size and the
extraordinary severity of the operating conditions in-
volved by the transfer service making up its traffic. An
operating record of 26,000 miles per locomotive failure
is an evidence of that fact, and this very satisfactory
figure is accompanied by a maintenance cost that is
regularly close to 5 cents per locomotive mile in spite
of the low mileage of individual engines, only about 50
miles per day. The most prominent feature of the
repair method, perhaps, is that the engines are never
overhauled. It is true that they are given what is
locally known as an overhauling about once each year,
but this is really nothing more than a glorified inspec-
tion, since none of the engines has ever been completely
dismantled. This practice, which is the same as that
followed on the eminently successful New York Central
electrification, may possibly be called the radical feature
of difference between the maintenance of steam and
electric locomotives., Of its soundness there can be no
question, because after five years of operation the char-
acteristic that is most in evidence about the Detroit
installation is the lack of necessity for special per-
formance records of the various parts of the equipment,
maintenance of the control, for example, involving the
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replacement of only six contact tips and six arc chutes
during the five years’ life of the installation. “Happy
is the nation that has no history.”

Cost of Urban Transportation

HE monograph on the “Cost of Urban Transporta-

tion Service,” compiled under the direction of F. W.
Doolittle by the Bureau of Fare Research and just now
issued by the American Electric Railway Association,
constitutes the best authority in book form dealing with
the economics of electric railway transportation. In
about a year and a half of assiduous effort the bureau
has completed a work that covers broadly yet concretely
the entire subject of the relation between the elements
of cost and the elements of service in electric railway
transportation.
tained therein will not be new to electric railway oper-
ators, but the ensemble is new and as such should be of
inestimable value to both railways and the public.
railway operators the book will serve as an encyclopedic
summary of data, practices and theories that have here-
tofore existed in a very scattered form, while to the
public, and to semi-public bodies like public service
commissions, it will be an invaluable source of cost and
service information, and one which cannot fail, if prop-
erly studied, to do much toward clearing up popular
misunderstandings in regard to the financial results of
electric railway operation under present conditions.

The book is too comprehensive in its scope to admit
of any general digest by this journal, but we recom-
mend that the officials of each member company thor-
oughly study the copy to be sent by the association. In
the last decade, with ever-increasing force, electric rail-
way operators have been confronted with the fact that
their companies are failing in the selling price of their
commodity to meet the cost of production, this failure be-
ing due largely to causes beyond their control, chief
among which is the inadequacy of the rate of fare, fixed
by legal restraints or by custom, to pay for the service
rendered. The public, suspicious of corporate financing
and operation, has belittled individual pleas for relief
from this condition, but the time has come when public
authorities must be made fully to understand this pres-
ent fundamental tendency in utility operation if the
electric railways are to receive their due share in the
general prosperity of the country.

It has not been so long since the early days of the
industry that the popular mind has been thoroughly
disabused of the idea that electric railways are bonan-
zas. As a matter of fact, with an increasing invest-
ment per dollar of gross earnings upon which to pay an
attractive return, the charge for service has remained
practically the same, with the purchasing power of
money depreciating, transfer privileges being made
more liberal and service standards becoming more
severe. Mr. Doolittle has ably compiled all available
information on these points. It is now the duty and
the privilege of the association and all its members per-
sistently to spread the information in an intelligible and
attractive form before the public.

A great deal of the detailed data con--

Toi

Autogenous Welding in the Shop

HE importance of the relatively new practice of

autogenous welding in electric railway repair shops
can hardly be overestimated. The major reason for
this is, of course, the fact that much of repair-shop
work consists in the restoration of broken parts, which
in many cases can be replaced only after much dis-
mantling i3 done and generally involve enough machine
work to give each piece considerable value. For such
work autogenous welding appears at its best, in some
cases even permitting the welding together of broken
parts without their removal from the car. Of late, also,
there appears to be a tendency to use it for building
up metal upon worn parts, and here the welding process
is a realization of the “putting-on tool” for which green
apprentice boys were sent when they had spoiled a piece
of machine work by making too deep a cut.

On another page of this issue appears an article de- °
scriptive of a number of more or less unusual jobs done
by oxy-acetylene welding, and the list indicates the
extraordinary variety of uses to-which this process may
be put. It may seem strange that oxy-acetylene appa-
ratus should find a place in an electric railway repair

 shop where direct current for an electric arc is always

available at a comparatively low price. Yet there are
definite reasons for this paradox. The primary one
appears to be the delicacy that is an inherent feature of

. the oxy-acetylene flame, which can be made to work in

places where the rather bulky electrode of the arc-
welding process would cover the whole job and prevent
any possibility of the operator’s seeing how the work
was progressing. However, for heavy work, the arc
welder is very popular, and, as a matter of fact, many
electric railways use both the arc and the oxy-acetylene
flame in their repair shops, dividing the work between
the two in accordance with their individual advantages.

Of course, heavy work can be done with oxy-acetylene
if desired, so that the basis for comparison between the
two seems to come down to the question of cost. Since
the electric-arc welder uses current only when an arc
is actually struck, the draft of current for an arc such
as is used for light work, which is of the order of 100
amp., does not last continuously. Instead the average
draft of current over any extended period of time is
more likely to be about 50 amp., which at 14 cent per
kilowatt-hour would involve a cost of about 15 cents per
liour for current. For the oxy-acetylene flame, the
cost per hour is of the order of, say, 40 cents with the
smaller tips used in light work, and although this is
nearly three times the expense involved with electric
light the actual expenditure is really immaterial in view
of the amount of work that may be accomplished.

For heavy work, however, the large sizes of tips for
the oxy-acetylene process must be used, and with these
the cost per hour appears to run to, say, $1. With the
electric arc, even on the heavier jobs, the average draft
of current seems to be seldom beyond 100 amp., and
the cost per hour should hardly exceed 30 cents. Here *
the matter of cost difference is an appreciable one and,
besides, in the large jobs the matter of rapidity with
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which the work can be done is of real importance. Here
the electric arc seems to have somewhat the best of it,
just as the oxy-acetylene flame is superior for small
work.

In repair shops, of course, the electric arc is not
really a portable outfit, and it must be used in a space
that is partitioned off from the rest of the shop, not
only because of the danger to the eyes of those who may
look at the flame, but also because of the fact that it
can be used only in those parts of the shop where over-
head wires give a supply of current or where special
wiring with the proper. receptacles is installed. On the
other hand, the oxy-acetylene apparatus is completely
self-contained and lends itself readily to use as a port-
able tool, one especially handy scheme being that used
in the shops of the New York Railways, where a sheet-
iron cabinet 24 in. square and 5 ft. high has been
equipped with wheels and handles so that one man can
move it from place to place, a backward list provided
in the mounting eliminating any tendency for the tanks
to fall out when the door is opened. Such an equipment
enables the apparatus to be used anywhere, and this,
of course, is one of the most important of the factors
which make all forms of autogenous welding so greatly
superior to the old methods of the blacksmith shop.

Planning and Effieiency in Shop Work

N interesting experiment in the way of adopting

the principles of scientific management to routine
car overhauling and special repair-shop work is de-
seribed in an article by F. P. Maize in this issue. As
the results have amply justified the effort and as the
plan has been in operation for two years with increas-
ingly satisfactory results, the description is well worth
while. It is especially appropriate in our annual main-
tenance issue.

At first sight it would not appear that the electric
railway maintenance shop affords a fertile field for a
planning system. Much of the work is special, and the
average layout is more that of a repair shop than a
manufacturing establishment. However, overhauling
is being done more and more systematically, and such
work lends itself well to careful planning. As Mr:
Maize shows, even irregular repair work can be taken
care of by the plan which he has worked out. The
crux of the situation consists in the existence or ab-
sence of lost motion in the shop processes. If there
is much of it, a systematic planning system will re-
duce it. The Portland scheme is one such; the same
fundamental principles can be applied generally.

As the article in question is read carefully, several
points are like to impress the reader. One is that losses
in labor and material of considerable magnitude may be
exempt from detection by ordinary means. Comparison
of detailed maintenance costs with respective costs on
other properties are helpful but only in a general way.
Analysis of local conditions is necessary also. A sec-
ond point is that the scientific spirit which produces
results in the laboratory is also applicable in prosaic
shop work. The root of this spirit is analysis, and its

crown is application. Both of these results are illus-
trated in the present instance.

The advocates of more elaborate schemes of scientific
management will probably consider the Portland plan
unnecessarily simple and tentative. It appears, how-
ever, to be founded on correct principles. Each suc-
cessive step has been taken as it became necessary, and
the results, the conclusion by which every premise and
process must be tested, are plainly evident on the credit
side of the ledger.

American Association to Conduct Exhibits

HE letter which is being sent by the executive com-

mittee of the American Electric Railway Manufac-
turers’ Association to its members this week and which
is published under “Association News” elsewhere in this
issue, announces a very important change in the pur-
poses and future of that association. It explains that
the American Electric Railway Association has decided
to take charge of the arrangements for the convention
exhibits, entertainments, etc., for the 1916 convention
and will appoint a committee for that purpose composed
of representatives from railway companies and from
manufacturing companies which have joined the parent
association under the revised by-laws. Under these cir-
cumstances, the Manufacturers’ Association, as it ex-
ists to-day, has little work to perform, and it is pro-
posed to move the headquarters on May 1 to less ex-
pensive quarters and that there will be no necessity for
the collection of the usual yearly dues.

We have already positively expressed our opinion that
the changes in the constitution of the American Electric
Railway Association, adopted at Chicago last month,
were desirable and in the interests of the entire indus-
try. They not only eliminate the waste of duplication
necessitated by the conduct of two organizations when
one will answer the purpose, but they enable the manu-
facturing companies to act, side by side, with the rail-
way men, in the American Electric Railway Association
and participate in its work as well as in its councils.
No one will deny that the Manufacturers’ Association,
as an association, has been of great assistance to the
industry in the past, but the time has come for a single
association, and for one which can more closely knit
together all of the various interests, than was possible
under the old plan of organization.

We hope that the plan laid down by the executive
committee of the American Electric Railway Manufac-
turers’ Association in its letter to its members will re-
ceive general indorsement. It recommends unified en-
deavor in all branches of the industry and that the
members of the Manufacturers’ Association should
show their willingness to co-operate in the purposes of
the American Electric Railway Association by becoming
“member companies” in that association. The time for
divided councils has passed. There is now only one
association representing the interests of the industry,
and it should receive the cordial support of all of those
manufacturing companies which have previously been
members of the Manufacturers’ Association.
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Maintenance on the Detroit Tunnel
Electric Zone

Five Years’ Operation of Ten Electric Locomotives and Some 20 Miles of Third-Rail Have
Shown Remarkably Successful Results, and an Outline Is Given of the Work and
the Methods Involved in the Upkeep of the Installation

N October, 1910, the Michigan Central Railroad placed
l in operation the now well-hnown tunnel between the

cities of Detroit, Mich., and Windsor, Canada, for
the purpose of eliminating the delays and expenses
incident to the operation ot car ferries over the Detroit
River, and since that date the operations of the electric
tractive equipment which was installed have been so
remarkably successful that an account of the company’s
maintenance practices should be of interest. The elec-
trification covers a zone of about 4.5 miles in length,
including all of the track between the passenger stations
in Detroit and Windsor, these buildings being located
near the summits of the tunnel approach grades at
either side of the river. Extensions of the electrified
track are made beyond these points to provide yard
trackage upon which trains may be set out and picked
up by the electric locomotives after being made up in
the near-by steam-operated classification yards.

All classes of traffic are handled electrically through
the tunnel, and the annual tonnage in both directions
approximates 17,000,000, the maximum west-bound
freight trains being 2000 tons and the maximum east-
bound 2500 tons. The grades for the approach tunnels
are 1.5 per cent east-bound and 2 per cent west-bound,
three freight engines ordinarily being used on the
heaviest freight trains, one at the head end and two
behind. Passenger trains are hauled 2.3 miles for each
trip and freight trains about 3.6 miles. A certain
amount of switching is done, in both classes of service—
in part by the locomotives that haul the trains through
the tunnel—and in consequence the mileage records of
the tunnel locomotives are made up with a constructive

4 miles added to the actual mileage made each day.
Mileage records for the regular switch engines are
Lased upon the customary rate of 6 m.p.h. All loco-
motives are so assigned that they are practically pooled,
and during the course of a year they operate indiscrimi-
nately in the different services. On the above basis the
average annual mileage of each locomotive approximates
close to 18,500, or somewhat more than 1500 miles per
month.

All of the locomotives are of the four-axle, double-
truck type with all weight on drivers, and they are de-
signed to use 600-volt direct current collected from an
under-running third-rail. Each is equipped with four
General Electric motors of 280 hp., and these are geared
direct to 48-in. driving wheels with a 4.37 ratio, there
being two gears to each axle and a pinion on each end
of the armature shaft. The motors have box frames,
commutating poles and forced ventilation, which is ap-
plied at all times when the engine is in motion. The
control is of the Sprague-General Electric multiple-unit
cvpe, with two master controllers in the main cab and
the contactors in the auxiliary cabs, or housings, at each
end of the locomotive. Three running positions for the
controller are provided—series, series parallel or parallel.

At the present time ten engines are in service. Six
of these are of the 100-ton type described in the ELEC-
TRIC RAILWAY JOURNAL for June 19, 1909, and four are
of a similar design but with slightly different details
of motor and control construction, and with consider-
ably more ballast, which brings the total weight to 120
tons. This equipment is somewhat more than enough
to handle the existing traffic through the tunnel, there
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DETROIT TUNNEL MAINTENANCE—SIGNAL TOWER AND EMER-
GENCY 1INSPECTION SHED 1IN WINDSOR YARDS

being regularly in operation five double-crewed engines
that work twenty-four hours a day and two that are
operated only for one shift daily. Of the remaining
engines one serves as a spare to take the place of
whichever road locomotive is turned in for regular in-
spection, and the other two are stand-by machines that
can be used during periods of abnormally heavy traffic.

INSPECTION FACILITIES FOR LOCOMOTIVES

For the inspections, which are given to each engine
at ten-day intervals, there is provided a small steel and
concrete building in the yard at the Detroit end of the
tunnel. This is approximately 140 ft. x 32 ft. in dimen-
sions and it will hold three locomotives comfortably.
It has a single longitudinal track along one side. A pit
is provided for the whole length of the track, and this,
it may be said, was very successfully built upon a gravel
fill, which was introduced because suitable foundation
material existed only at some distance below the level
of the pit bottom. There is no transverse drop pit for
wheels, all dismantling work being done from above
with the aid of a 25-ton traveling electric crane which
has a single trolley. This, it may be said, is capable
of lifting the heaviest single piece that has to be han-
dled in stripping the engine, but it is, of course, not
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capable of lifting the cab off its frame. The latter op-
eration, however, has not yet been required, and when
it is the engine will be hauled to one of the steam loco-
motive repair shops elsewhere on the system.

Along the side of the building opposite the track are
work benches and space for storing heavy spare parts,
and at one corner of the building is an office and store-
room, the other corner being occupied by another room
that contains a small steam plant to heat the shop.
An oil storage room is housed in a small addition. No
machine tools are installed, as the small amount of ma-
chine work that is occasionally required is done in one
of the steam locomotive repair shops at another point
on the railroad. Neither the third-rail nor any over-
head contact structure is extended inside of the inspec-
tion building, and engines are moved as required by
means of a long, flexible, insulated cable and a contact
piece that may be held on the third-rail shoe of a loco-
motive, this rig being made live by cutting in a hand-
throw switch on a slate panel on the wall.

This covers the only facilities that are provided for
inspection and repairs, except for a small shed on the
Canadian side which is intended only for emergency
use and which holds but one engine. It is provided
with a pit so that locomotive running gear can be ex-
amined or a brakeshoe applied, but it is normally un-
occupied. A live rail supported on an overhead struec-
ture permits engines to be moved in and out of the
building under their own power through contact with
either of the two small pantographs which are mounted
on either side of the cab roof of each locomotive. It
might be said here that the locomotives had originally
2 single pantograph in the center, but because of the
adoption of train sheds at the new passenger station
in Detroit which had ventilating openings along the
center line of the track the double pantograph arrange-
ment was introduced.

The entire shop force for electric locomotive main-
tenance is located in the Detroit inspection building and
consists of five men. This number includes a machinist-
foreman, an electrician, an air-brake specialist and two

DETROIT TUNNEL MAINTENANCE—FREIGHT TRAIN IN WINDSOR YARD
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DETROIT TUNNEL MAINTENANCE—PLAN OF INSPECTION SHED AT DETROIT

wipers. No work is done at night, the surplus of equip- are the reports of the motorman that last ran the engine

ment permitting overhauling to be carried on in the
intervals between the regular ten-day inspections.
Overhaulings are made dependent largely upon tire
wear, the removal of tires being the heaviest routine
job in connection with the locomotive maintenance.
They come at intervals of from eight to ten months,
and hold the engine for ten or twelve days. The in-
spections require about ten hours, and the engines are
held for this purpose in regular order, being inspected
first-in, first-out. After an inspection the engine is
assigned to the crew of the next engine due for inspec-
tion, and this crew stays on it until its next inspection
falls due.

MAINTENANCE PRACTICE AND RESULTS

From a maintenance standpoint the installation pre-
sents a record that is truly remarkable in view of the
small number of locomotives, the grilling service and
the low annual mileage per locomotive that is inevitable
on account of the short route. The expenditures for
locomotive maintenance remain very close to 5 cents
per locomotive mile, the change from year to year being
practically negligible. Figures for the year 1914 are
given in Table 1.

TABLE I—EXPENDITURES IN CENTS PER KENGINE-MILE FOR REPAIRS
AND SUPPLIES, DETROIT TUNNEL lL.OCOMOTIVES
Repairs to locomotives:
IDRIBGIR  0p0 6 00 26 oot 0.0 0 50 0.0 S 70 R NEHeon 8N Ao, 5.0 0.0 0 ST
Material
TTOLAL 55 555w 5 5 5 2 m e on e o oint e o0 @ e o w6 e @ o T e e g e o el
Engine-house expenses:
Labor
Material ...
Total s
Lubrication
Other supplies

The costs shown under the heading “Repairs to loco-
motives” in Table I include all labor and material re-
quired to turn the engines out in good condition after
inspections and overhaulings, and also the charges that
are made against the electric locomotives for work done
for them at the steam locomotive repair shops at other
points. The costs appearing in the table under the
heading “Engine-house expenses” cover the incidental
supplies and the labor involved in the actual inspections.

At these inspections the locomotive is examined thor-
oughly and such work as is needed is done on the spot
by the man who is doing the inspection. Separate in-
spectors who do no repair work are not employed, nor

depended on for a complete statement of the locomo-
tive’s condition. However, the motormen turn in work
cards in accordance with the form shown in an accom-
panying illustration, calling attention to any defects
that have been found, and these, of course, receive due
consideration by the repair force.

At the overhaulings, which, as before mentioned, are
given to the engine whenever it becomes necessary to
turn or change its tires, the cab frame is lifted off the
trucks and the latter are stripped. All mechanical wear
about the running gear is taken up and the motors and
control are thoroughly overhauled, the engine being
turned out in a condition that is as good as new. As
no facilities are provided at Detroit for turning driving
wheel tires, the tires, after they are removed from the
wheel centers, are sent to the nearest steam locomotive
repair shop.

The changing of a set of tires, exclusive of any other
overhauling work, holds an engine for about four days,
the procedure being somewhat slow on account of the
fact that only a single overhead crane is provided. For
tire work one end of the cab frame is blocked and the
other end is raised while the trucks are run out from
underneath. The raised end is then lowered onto blocks
and the crane is released for the work of dismantling
the trucks, the wheels being removed and set up on the
floor so that the tires can be taken off the centers and
replaced with new ones.

ELECTRICAL REPAIRS

The regular attention that has been devoted to the
locomotives has resulted in keeping the details of the
equipment in astonishingly good shape, this being espe-
cially applicable in the case of the motors, which are
taken off the trucks at each overhauling, stripped of
their armatures, blown out and thoroughly examined.
Before being replaced in service the armatures and
fields are painted all over with Sterling black varnish.

At the present time the commutators are in perfect
condition and none of them has yet required turning or
slotting, the mica having been cut down when the
motors were built. Self-lubricating General Electric
brushes are used and the life averages about eighteen
months, some lasting for two years. They are almost
invariably renewed only on account of wear, such break-
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DETROIT TUNNEL MAINTENANCE—SIDE VIEW OF ASSEMBLED TRUCKS AND MOTORS FOR LOCOMOTIVE

age as occurs happening only in cold weather. Only
two armatures have given out during the five years that
the engines have been in service. One of these got an
interior short-circuit which burned out three coils and
a4 pair of core bands. On the other, two armature coils
were burnt out and had to be replaced.

Aside from these failures, practically nothing has had
to be done on the armatures since they were placed in
service. At the end opposite to the commutator the
canvas hoods have frayed off in some cases, and where
this has occurred the frayed canvas has been trimmed
off and bound down by means of heavy cotton cord, six
or eight turns being wound on between the edge of the
first band and the edge of the bell. On this winding
there are applied three coats of Sterling varnish, and
this seems to hold the cover permanently in place, as no
troubles have developed from such repair jobs.

The field windings also have given excellent satisfac-
tion, only one field coil having had to be renewed be-
cause of an actual failure in the windings. In addition,
one compensating field lead broke down at such a point
as to require the renewal of the field coil. A negligible
number of flash-overs have been experienced. These
have taken place between the commutator and the end-
bell, and in most cases the arc has carried over to the
motor frame. But in every instance the results of the
flash have been easily repaired by the local force at De-
troit by filing up the burnt spots and painting over the
creepage space.

However, for the sake of protecting the locomotives

against the effect of emergencies, two complete spare
motors and two extra armatures are kept in storage in
the inspection building at all times. One spare con-
troller is also kept on hand, but this has never been
used, and it should be said that the control equipment
appears to be in a remarkable state of preservation.

Only six arc-chutes have been replaced, and only six
pairs of contact tips renewed, during the five years’ serv-
ice of time on the six older locomotives. On the original
engines the contactors were of the GE-166 type, and
these have given exceptional service. On the newer en-
gines No. 266 contactors were installed, and these have
not shown quite perfect results, although under ordinary
circumstances their action would be considered thor-
oughly satisfactory. Drafts of current of the order of
500 amp. per motor are frequent on the tunnel approach
grades and the engines are run on sand with the idea
of getting the train up the grade regardless of the load
on the motors. Consequently, when trains beyond the
locomotive rating are inadvertently delivered at the
tunnel the above-mentioned amperage is greatly ex-
ceeded, and cases have been encountered where the con-
tactors have been unable to break the heavy current,
the consequent arc burning them out. No circuit-
breakers are installed on the engines, the motors being
protected by 600-amp. fuses.

It is the practice to paint the inside of the arc chutes
with shellac at each overhauling, as this is considered
to be an aid in reducing the burning caused by the arcs
that are thrown from the contactors. Whenever this
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painting is undertaken the burnt composition on the
sides of the chute and on the contactors themselves is
first scraped off with an old hacksaw blade so as to leave
a smooth surface for the paint. On the master con-
troller the segments are wiped off with oil once every
ten days, removing only just what the oil takes off. The
results have been thoroughly satisfactory, because the
only wear apparent at present is at full running posi-
tion, where the vibration has produced a shallow notch
but not enough to be noticeable. No burning is in evi-
dence anywhere about the master controller.

With regard to the motor bearings, it may be said
that axle bearings are renewed when they are % in.
large. They are only just now beginning to require
changing, having lasted about five years. Quite a little
side play, however, has been found to develop in all of
these bearings, and at intervals liners have had
to be riveted onto the collar at the end of the brass to
take this up. During the period of about a year this
side play increases up to approximately 1% in., and it is
then reduced by attaching a soft brass liner with
countersunk brass rivets, the thickness being sufficient
to reduce the side play to about 1/16 in. The axle-cap
studs gave a certain amount of trouble in the beginning,

DETROIT TUNNEL MAINTENANCE—FRONT VIEW OF LOCOMOTIVE
CHASS1S

as they were made of steel and had a strong tendency
to become brittle and break. Later on wrought-iron
studs were substituted for the original ones, and this
has obviated the difficulty. Armature-bearing brasses
are renewed after they get 1/32 in. large, or during the
course of about three years’ service. Some trouble has
been experienced with these, three or four of them run-
ning hot in the course of every year.

MECHANICAL REPAIRS

Practically no trouble has been experienced with the
mechanical features of the locomotive. Repairs, aside
from normal wear, have been confined to small details,
such as that the equalizer pins at the centers and ends
of some of the equalizers have shown a tendency to roll
and shear off the keys. This is ascribed to extreme
hardness of the metal of which the pins were made,
which permitted them to work out of place and cut off
the keys, since soft-metal pins installed on some of the
engines do not display the tendency. Occasionally, also,
equalizer hangers have broken, but in the newer engines
these were made considerably heavier than on the older
machines, the thickness having been increased to the
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depth of the boss throughout the whole length of the
hanger.

At only one end of the cab frame is there the usual
center casting and kingpin, the other end having a
sliding support to permit the swivelling of the articu-
lated truck frames, and this center casting is fastened
to the cab frame with eight 1-in. bolts. These bolts
have been found to shear off when one engine hits an-
other a moderately hard blow, the primary cause being
the extreme rigidity of the heavy engine frame, which
prevents any ‘“give” to reduce the force of the impact.

Very little difficulty has been experienced with the
third-rail shoes. Normally these run for three or four
months, and have to be replaced then only because of
mechanical damage and not because of excessive burn-
ing or wear. However, when the engines are operated
on the grades in the tunnel against the normal direction
of the traffic (a practice sometimes necessitated by con-
gestion of freight at one side of the river) the shoes
burn off very rapidly. It has been the case, in fact, that
shoes have lasted only for twelve hours’ service under
such conditions. This appears to be caused by corrosion
on surface of rail from brine dripping from refrigerator
cars. A high-resistance scale is formed, often 1/16 in.
thick.

Side play for the driving wheels does not appear to
be a serious matter on these locomotives. Engines are
turned out after an overhauling with about l4-in. side
play in the driving boxes, and they stay in service
until the movement reaches as much as 1 in. Nor-
mally, of course, the speed is low, but occasionally the
locomotives are reported to reach a speed of 50 m.p.h.
for short distances. Even with the maximum side play,
however, no. especially hard-riding qualities are devel-
oped nor is any damage done to the track. The side
play at the driving wheels is taken up with hub collars,
which were originally made of cast iron but later were
changed to soft brass, as this metal was found to run
better against the cast-steel boxes. The hub collars
run loose in the recess at the inside of the driving wheel
hub, and it is stated that they never cut the surface of
the hub because of grit getting in between the two
surfaces. -

As before mentioned, double pinions and gears are
used for each miotor. These were originally applied
with great care at the manufacturers’ plant, and they
were checked for alignment of the teeth on opposite
ends of the shaft with a surface gage reading to 0.003
in. During the five years of service the wear has been
small, the material in both gears and pinions being
heat-treated, General Electric grade D, and for this
reason the problem of applying new pinions and main-
taining the original alignment of teeth has not yet
arisen. However, during the life of the locomotives,
the circumstance has been brought up whereby one of
the motors originally installed upon a locomotive has
been replaced with another, and in this case the pinions
on the new armature shaft have always meshed per-
fectly with the old gears. Pinions are also removed
from the armature shaft quite frequently owing to the
fact that the motors are of the box-frame type, and at
overhaulings it is necessary to remove one pinion before
the motor can be dismantled. In this case the pinion
is replaced upon the old key, being warmed in boiling
water and tapped into place with a light sledge ham-
mer, while being forced home by serewing up the pinion
nut. The gear center on each side is in one piece with
the driving wheel, the gear teeth being cut on a rim
that is shrunk onto the gear center and keyed in place.

None of these rims has ever been taken off, owing

to the small amount of wear on the gear teeth.
A noticeable feature of the engines in operation is

Y
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the spotless condition of the cabs, the brass work, even
to the Pyrene fire extinguishers, being polished to a
looking-glass finish, and the miscellaneous equipment
neatly stowed away. Among the latter is a droplight
on a long flexible cord, which when not in use is kept
in a specially arranged sheet-iron receptacle. For the
cleanly cabs the assistant motormen who are assigned
to each engine are responsible. The motormen are
charged with the duty of seeing that the engines are
in good operating condition while they are in service,
bearings that run hot or controllers that act badly hav-
ing to be promptly reported to the maintenance force.
In this connection it may be noted that three men ride
with each engine: a motorman, an assistant motorman
and a conductor, who handles train orders, makes coup-
lings and is generally responsible for the movements
of the locomotive, especially in the case of its running
light.
THIRD-RAIL MAINTENANCE

The electrical department of the Michigan Central
Railroad, which is under J. C. Mack, signal-electrical
engineer, and C. G. Winslow, assistant electrical engi-
neer, and which has charge of the electric locomotive
maintenance as above outlined, also is responsible for

the upkeep of the third-rail contact system that is in--

stalled in the electric zone. The latter division of the
electrical work is handled by a force of repair men sep-
arate from that employed on the locomotives. This
force is headed by an electrical supervisor and a general
foreman, and reporting to them, are three men classed
especially as third-rail maintainers. However, because
of the fact that all electrical work involved in the sup-
ply of electric power, the operation of telephones, sig-
nals and interlocking plants, the lighting and industrial
power in the Detroit passenger station and the like is
also handled by this department, there are a number of
other employees who help out on third-rail maintenance
in cases of emergency. In the same manner the third-
rail maintainers devote a part of their time to outside
work, no rigid line being drawn between the duties™of
the different classes of workmen. For the past two
years a considerable amount of construction work has
been done, so that the actual cost of third-rail main-
tenance cannot be definitely determined during this
period. However, in the year 1913, the cost was $135
per mile, on the 19 miles of third-rail then existing,
and this will give an idea of the cost under normal con-
ditions. For the year 1915 the recorded cost of power

distribution was $210 per mile of third-rail, this figure

including, however, maintenance of power-distributing
underground cables of all voltages.

Generally speaking, the most prolific causes of ex-
penditure in the maintenance of the third-rail are de-
railments and the salt-water drip from refrigerator
cars, of which a great number are handled over the elec-
trie zone. This drip falls upon the third rail and causes
creepage across the insulators from the third-rail to
the brackets that support it, setting up carbonization
that eventually provides a sufficiently free path for
current to burn out the insulator. The drip from the
refrigerator cars also displays a tendency to run to
the under side of the third-rail, and, as before men-
tioned, the consequent rusting, together with the salt
deposit, forms an insulating medium on the contact sur-
face that causes a certain amount of burning and also
produces cracks in the contact shoes of the locomotives.

During dry weather it is very unusual for any in-
sulators to break down. However, whenever fog or
rain comes creepage is accelerated, and frequently as
many as twenty-five or thirty insulators have been lost
within a short time after damp weather sets in. There
are 1000 insulators for each mile of third-rail, the insu-
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lators being installed in pairs, two to each supporting
bracket. Under normal conditions many more insu-
lators are lost by burning than by breaking, an example
of which may be seen in the record for 1913, when 1200
insulators were burnt out and only 360 broken. Of
these burned insulators, it may be said, 375 were on
the tunnel tracks, and all but five of these were lost on
the east-bound track, which serves the majority of
loaded cars, as the west-bound traffic is composed
largely of empties. From June, 1912, to June, 1913,
approximately 700 insulators out of a total of 19,000
installed were lost by burning and approximately 200
by breaking, but between June, 1913, and June, 1914,
when a large amount of construction work began, the
number of burned insulators was increased to 1336
and the broken ones to 1017. This increase in insulator
failures was largely traceable to the construction of the
new passenger station at Detroit and the lack of ad-
justment of new and untried construction.

A certain amount of work has to be regularly done
in adjusting the position of the third-rail to provide
for wear in the running rail and ties. Recently brackets
have been supplied that are 1 in. shorter than the stand-
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ard, so that as the running rail cuts into the ties, the
third-rail can be lowered correspondingly by using the
short brackets with the proper number of shims
under the base to bring the third-rail to the correct
height above the top of the running rail. Previous
to the introduction of the short brackets it was neces-
sary to remove the brackets and cut away the extended
ties on which they rested whenever it was desired to
lower the third-rail.

The wear on the third-rail to date has been very
small, and there is nothing about the construction that
regularly requires repairs or replacement, except the
insulators. However, on account of occasional derail-
ments that take place, with a consequent breaking down
of the third-rail, the department keeps at hand in stor-
age half a mile of material for third-rail construction,
in addition to the supply of extra insulators required
to replace those which are lost by burning or mechan-
ical breakage. At the present time the third-rail mile-
age approximates 23, the increase from the previously
mentioned figure of nineteen being due to additional
construction in connection with the large new passenger
station at Detroit.

The West Penn Railways Company of Pittsburgh,
Pa., has substituted 1%-in. x 4-in. grooved maple floor-
ing for the yellow pine flooring formerly used for its
car bodies and vestibules. Experience has demon-
strated that the maple flooring lasts twice as long as
the yellow pine, which was also purchased with 14-in.
grooves at 21%-in. centers.
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Overhead Construction—Tools,
Specifications and Tests

The= Relative Merits of Tower Cars and Automobile Emergency Wagons Are Discussed—Valuable
Hints Are Also Given on Reel Cars, Pole-Setting Equipment, Small Tools, etc.,
and the Precautions to Be Taken to Secure Satisfactory Overhead Material

By CHARLES R. HARTE

Construction Engineer The Connecticut Company, New Haven, Conn.

head construction and maintenance is the tower,
which has been changed very little from its earliest
form. This apparently is due to two quite unrelated
causes: first, an appreciation and fulfillment at the
outset of the real requirements, and, second, failure on
the part of overhead men to realize the cost of the line
gangs’ effective time. Whether it shall be mounted on
a car or on a wagon depends on the service. For lines
on private right-of-way the car is a necessity, and its
ability to carry a full equipment of tools and material
makes it exceedingly valuable whenever it can be
brought to the point involved and kept there. For city
work, however, the mutual interference between tower
and trolley and street traffic restricts its use to other
than rush hours, compelling the use in addition of a
wagon which can short cut to the work, dodging inter-
ference, and make quick temporary repairs.
At least one large company employs almost no towers
at all, practically all work being done from extension
ladders used in pairs to

THE really fundamental piece of apparatus of over-

lar repair work, goes out on fire alarms. In many in-
stances by the use of drop harnesses and horses the
apparatus is rushed to the ground with the first appara-
tus. However, in spite of the marked advantages of the
automobile chassis—instant readiness, high speed, un-
limited operating radius, and ability to carry a heavy
equipment, often obviating the necessity for a car—
there are surprisingly few used, and practically none of
these makes use of the engine for anything but pro-
pulsion.

RAISING AND LOWERING THE TOWERS

The lighter towers can be raised by hand with com-
paratively little loss of time, although the engine could

do it far better; but although the big car towers require -

far too much costly time and effort, and that when it is
most needed for other purposes, the large majority de-
pend upon hand winches and human muscle. The sim-
plest power application connects the hand winch with
an electric motor, but this, as well as the more compact
and efficient motor winch,

form “A’s.” To pass a car
the men come down and
stand the ladders in a ver-
tical position. This brings
them just outside the clear-
ance. When the car has
passed, the “A” is again
formed and the men go
back, all in less time than
it takes to describe the pro-
cedure.

Time being the main
essence of the situation,
particularly if the trouble
arises from a fire, many of
the urban companies main-
tain an emergency service
which, in addition to regu-

OVERHEAD CONSTRUCTION—TUNITED RAILROADS OF SAN
FRANCISCO TOWER AND RUNNING OUT CAR

OVERHEAD CONSTRUCTION—COMBINED TOWER AND REEL
CAR; PLATFORM SLIDES INTO EXTENSION POSITION

is high in first cost. Air
devices are less costly. In
one instance an air motor
has been connected through
the worm gearing to the
winch.

A less expensive but more
complicated installation
consists of an air hoist
with, if necessary, a sys-
tem of sheaves for multi-
plying the stroke to give
the required lift. This, as
well as the plan of carry-
ing the platform on the
plungers of vertical air
cylinders, is objectionable
on account of the elasticity

OVERHEAD CONSTRUCTION—CONNECTICUT COMPANY TOWER
CAR; PLATFORM RAISED ABOUT 1 FT.

d
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OVERHEAD CONSTRUCTION—INTERIOR OF CONNECTICUT COM-
PANY TOWER CAR; BENCH END

of the air, which causes the platform to dance. On the
other hand, a liquid system requires a special pump as
contrasted with the well standardized compressors used
with the air lift, and leakage is not readily compensated
for. -

A scheme devised by Mr. Thomas, master mechanic
in the Waterbury shops of The Connecticut Company,
and now standard on the system, cleverly utilizes the
good points of both air and liquid. In this a supply
pipe is taken from the air-brake tank through an engi-
neer’s valve to the top of a pressure tank which is partly
filled with oil. From the bottom of this tank an oil pipe
passes, through a control valve, to the bottoms of four
ram cylinders, which are simply sections of 314-in.
brass pipe. With the control valve open, applying pres-
sure on the oil lifts the platform, which is carried on the
plungers. Releasing the air lowers it, and it can be
locked in any position by simply closing the control
valve. It was found that while the maintenance of per-
fectly tight plungers was very costly they could be kept
reasonably tight with little trouble, the leakage oil being
led to an overflow tank from which it is returned to the
pressure tank. The first installation lacked proper in-
sulation between plungers and platforms, and in wet
weather the latter were too “hot” for comfort, while
the heavy oil employed stiffened up so in cold weather
that it literally “gummed the game.” These troubles
were easily remedied, however, and the cars have been
exceedingly satisfactory ever since.

EQuiIPMENT OF THE TOWER CAR OR WAGON

Whether or not the platform shall be of the overhang
type depends upon the nature of the service. An over-
hung platform allows work to be done with wagon or
car clear of the track involved, and causes the least dis-
turbance to traffic, particularly if rotated by power. It
adds greatly to the weight, however, for it must have
far more rigid and substantial support. For work in
large cities the best combination is usually found to
be a square-platform emergency wagon working di-
rectly beneath “the trouble,” and an overhung platform
car, which, however, also works under the trouble if
practicable.
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OVERHEAD CONSTRUCTION—INTERIOR OF CONNECTICUT COM-
PANY TOWER CAR; OPPOSITE END TO BENCH

Tower equipment ranges from a light extension lad-
der, a pair of heavy bolt cutters for strand and trolley
wire, a few small coils of strand and trolley, and a
chest carrying some hand tools, ears, hangers and insu-
lators, this being pretty close to the irreducible mini-
mum of a light emergency wagon, up to a car installa-
tion that is a cross between a general store and a
machine shop—and for the high-pressure repair and
renewal work of the larger cities there is none too much.
For example a recent medium-sized car has the follow-
ing normal equipment:

Pole-framing tools: Axes, draw-knives, plane, chisels,
saws, braces and bits, etc.

Pole-setting tools: Picks, shovels, bars, pike-poles, chains,
blocks and falls, ete.

Overhead tcols: Sampson grips, monkey and Stilson
wrenches, heavy bolt-cutters, hammers, soldering pot, etec.

Overhead material: Ears, hangers, pull-overs, strain in-
sulators, splices, anchor sets, section insulator runs, brackets,
trolley wire, strand, clamps, bolts, washers, tape, S-hooks,
cross-arm braces, lag screws, ete., sufficient for about 1 mile
of single track, with extra supplies of parts most subject to
wear.

Telephone and signal material: Cross-arms, insulators, in-
sulator pins, choke coils, % mile of No. 10 wire, side brack-
ets, signal lamps, keyless sockets, ete., for about % mile of
line, with extra parts.

Telephone test set; telephone set with pole connector.

Signal lamps, signal lanterns, fusees, flags, “stop” and
“slow” signals.

Fire extinguishers, metal pails, brooms, ete.

Work bench with 10-in. bench vise.

30-ft. extension ladder.

APPARATUS FOR RUNNING OuT WIRE

For running out feeder or trolley wire a reel car is of-
ten used as a tender, a common form being a flat car with
triangular frames a little more than reel width apart
with reel bearings on long screws on the inclines. Still
simpler, for use in connection with a wagon, is the reel
gig, a reel-carrying frame which is an extension of the
tongue projecting enough behind the axle, to which it is
pivoted, to hold the reel clear of the ground when the
tongue is level, while by raising the latter the bearings
are lowered and the reel rests on its rims. This same
device with slight modifications can also be used as a
pole gig, such as was described by S. L. Foster of the
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United Railroads of San Francisco in a recent number
of the JOURNAL. Mr. Foster, by the way, has the best
reel gig the writer has seen.

Often, however, the reel is carried on the tower car.
If mounted to feed out on the center line, as it should
be, the reel requires some handling device, such as a
small crane or trolley hoist, and on one car the stand-
ards can be rotated 90 deg. and the reel rolled into
place. Commonly, plain cheek plates are bolted to the
reel sides, an arbor a trifle smaller than the holes is
slipped through them and the bearings of the adjusta-
ble supports, and the desired tension is maintained by
means of a piece of scantling—or pretty much anything
else that is handy—used as a brake against the rim,
or not infrequently against the wire itself. In a much
better plan a band brake forms part of the standards,
lugs or similar devices on the cheek plate, engaging with
the brake drum. This is always on the job, gives per-
feet control, and the empty reel can be returned for
credit without causing a riot when it reaches the maker.

Although the writer knows of no case where the reel
stand is also fitted for power drive, such an arrange-
ment would seem very desirable when picking up wire
if a special motor was not necessary. At least one of
the larger companies, the United Railways of San Fran-
cisco, has found an independent wagon with motor-
driven reel and winch head a profitable investment.

SMALL TooLs FOR OVERHEAD WORK

The overhead smaller tools were largely standardized
by the telegraph and lighting industries before the elec-
tric railway entered the field. The requirements of the
latter have differed in the main only in requiring
strength to handle the heavier material. In a few cases
changes in type were required, the cam and similar
short-grip come-alongs, for example, when enlarged to
handle the heavy copper wire developing a tendency to
deform as well as to securely grip it. The tools, of
whatever kind, should be of the best, for cheap tools are
costly wherever used, and nowhere more so than in

—_—
4 F ik

e

ELECTRIC RAILWAY JOURNAL

[VoL. XLVII, No. 12

overhead work, where a failure at a critical moment
may have most serious consequences.

Pliers and cutters of the smaller sizes are usually
worn as personal armament in the belt, often in com-
pany with a peen hammer, screw driver, and small mon-
key wrench, but the tower should carry extra ones for
emergencies. A very useful tool for installing round-
top hangers is the “wrench” which holds the hanger so
that one lug can be hooked on the span and the round
top can then-.be twisted until the other lug can be ad-
justed. Special local devices often require special tools
for their best installation. For example, S. L. Foster,
previously referred to, uses on turns a feeder clamp
consisting of two lugs which grip the feeder and hold it
to the insulator when the single bolt is tightened. The
feeder is bent to the proper angle by a “jim-crow”
similar to a diminutive rail bender.

TooLs FOR POLE SETTING

Spoons, digging-bars, pikes, cant-hooks, jenneys and
the rest of the pole-setting equipment are in the main
no different from that of pre-trolley times. A device
long in use, but only recently on the market in a form
designed to meet the heavy eccentric load, is the pole
jack. It is indispensable in city work, and nearly so in
the open, its use being economical because it is a time
saver, and, with wood supports, a pole saver. Another
“once-used-never-without” device, which has been very
slowly developed, is the pole setter, almost an absolute
necessity in modern city work, and a money saver even
on small lines, particularly if wisely combined with the
tower or tool wagon. In its simplest form it is a gin
pole, but it may be found in varying degrees of com-
plexity and efficiency. In the open, where guys can be
run out, a gin pole, shears or wagon derrick, if fitted
with a good winch, is usually quite satisfactory. In
some cases a snap rig permits easy use of the team, in
which case, of course, provision must be made to pre-
vent pulling the setter out of place. For city work,

however, where heavy poles must be handled among a

OVERHEAD CONSTRUCTION—HOME-MADE YET VERY EFFICIENT POLE SETTER; NOTE ANCHOR GRIP ON RAIL OPPOSITE POLE BE-

TWEEN WHEELS.

POLE ERECTION BY HAND
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maximum of light, power and communication wires with
a minimum of clearance, and traffic conditions restrict
if they do not entirely prevent guying, the device must
be very carefully worked out or the results will be dis-
astrous.

A pole-setting device of comparatively recent develop-
ment, which is very effective in its limited field, that is
where many poles are to be set on low grades and in
soil free from large stones, is the power auger. On the
transcontinental telephone lines this machine proved
exceedingly satisfactory. In the South and West, par-
ticularly if built as an attachment to other apparatus
and not as an independent unit, it might well prove
economical on extensive work.

OTHER DEVICES FOR OVERHEAD WORK

Speaking of attachments, a mounted, “able-bodied”
motor or gasoline engine can often be used to great ad-
vantage on a small system if arranged to serve a number
of devices hooked up to it as needed, and requiring
little space or interest allowance when idle. Many of
the field devices find good use in the store yard. The
cable-puller winch is worth several men if heavy mate-
rial is to be handled, while if it is equipped with a
rereeling device, as it should be, with its aid usable old
wire can readily be put in shape for re-employment. It
is well to use a uniform diameter for such coils, or
possibly two diameters, so that one size can be hung
inside the larger. If strand is kept tied up in coils of
a size easily handled, and of a length lending itself to
the requirements of the system, the cars can be re-
stocked in a few minutes and there is not the waste of
wire or time which results when a full reel is kept “on
tap” and the men help themselves.

Requiring little power work, but sometimes helped
out thereby if it is available, is the overhead work which
can be done in advance in the yard. How much can be
so treated is always a local question which requires a
balancing of the gain in time against the loss in mate-
rial. Anchor logs can be prepared, brackets made up,
and similar work done in advance without waste.
Spans can also be made up if for uniform distance be-
tween poles, otherwise the margin allowed in length for
safety eats up an astonishing amount of strand.
Goose-egg and other open-groove porcelain strains, now
used to a considerable extent, do not lend themselves to
advance make up, the desire on the part of workmen to
close the strand so tightly that the “egg” cannot drop
out resulting in much injury and breakage, particu-
larly with high-grade strand. 1In San Francisco
‘wrought-iron loops are used, these being so shaped that
the eggs can be slipped in at one end and slid down to
a snug fit at the other.

As stated earlier, however, the whole question of
tools and practice is tied up with local conditions, and
each property has to determine for itself whether the
saving at one point warrants the probable added cost
at another.

SPECIFICATIONS

Although telegraph construction, long standardized,
has furnished the groundwork for trolley overhead prac-
tice, until recently there were almost no specifications
for the latter. The few which had been written were
far from complete, and differed widely in what they
prescribed. This was doubtless due to the fact that by
far the greater part of our trolley mileage has been built
in independent units, too small or too uncertain in out-
come to warrant the expense of special research work.
The absence of any standard specification resulted in
each constructor becoming a law to himself.

Sometimes service or other requirements- were set
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forth, sometimes not. In at least one instance *
miles of overhead put up” covered the field broadly if
not specifically, and at least as sensibly as a recent
specification which prescribed a minimum weight for
certain devices under bending stress only, without the
slightest restriction as to the section to be used. In
the same class was another specification, which fixed a
minimum weight for a hanger, where every unneces-
sary ounce is an economic crime of high degree, not
merely wasting material, but accelerating wear on car
and trolley. This minimum being greater than the
standard weight of a well-known make, the manufac-
turer had the patterns vigorously rattled in preparing
the molds, giving a much thicker and heavier shell,
which was accepted as entirely satisfactory.

In 1906 R. E. Wade and the writer, with the generous
assistance of many “overhead men,” engineers, con-
structors and operators, to whom drafts were sent for
criticism and suggestion, prepared quite a complete
specification for material and construction for the New
York, New Haven & Hartford Railroad trolley lines.
Recognizing the importance of the production side of
the situation, this specification was also submitted to
the leading manufacturers with the request that they,
too, freely criticise and suggest from their point of
view, and advise just what stock material would most
nearly meet the requirements as written, and also as
they would modify them. Many of the suggestions
were most helpful, and were embodied in the text, and
from the material submitted limits were established
which would admit all the commercial designs meeting
the requirements of the final draft. Drawings were
then made up showing only the important dimensions,
leaving as much as possible unrestricted except by the
requirement that every article comply with good com-
mercial practice. It is interesting to note that with
one exception every device specified was standard with
at least one manufacturer, by no means always the same
maker, however. The feed-in yoke, of which no marked
type had fingers of desired length, was readily modified.

The importance of adjusting technical demands to
commercial conditions is too often overlooked. A spe-
cial design, considered by itself, is often more efficient
than the market types, but this is only part of the story.
The higher cost, and the difficulties and delays involved
in securing deliveries, not infrequently give a net result
decidedly in favor of the stock article. It is doubtful
if there has been more flagrant disregard of this fact,
however, than in “overhead,” and the shelves of the
makers are full of patterns differing just enough from
each other to be different, and each acceptable only to
its special advocate. That such special designs are more
expensive is pretty well understood. That the extra
cost of development, care of patterns, loss of room, etc.,
is paid for by just and unjust alike, as an “overhead”
prorated over the output, is not always realized by the
purchaser of the usual devices. Obviously the imposi-
tion of such charges is the only way in which the maker
can protect himself, while the money locked up in stock
of this character means just so much less standard
material, and consequent greater likelihood of delay in
filling orders. In the developing A. E. R. E. A. speci-
fications, recognition of these facts, and acceptance of
material already standard with other overhead interests
wherever it is applicable, should materially improve
market conditions.

TESTS AND TESTING

Whether or not the material obtained complies with
the requirements is, of course, best determined in a
well-equipped testing laboratory. Many of the larger
companies either have such facilities, or employ the
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services of one of the private laboratories, of which
there are a number. Where financial conditions do not
seem to warrant the expenditure necessary under either
of these plans, much can be done with home methods
if used with that breed of sense called ‘“common” be-
cause of its rarity.

The sole purpose of any test should be the determina-
tion of the fitness, or otherwise, of the device under
observation for the service to which it is to be sub-
jected. In some cases it becomes desirable, in order to
produce a breakdown and to observe just what happens,
to employ loads or conditions unlikely of realization in
service. However, as a rule, service loads multiplied by
a factor of safety ranging from two, for wire and
similar specialized and dependable products, up to six
for rough wood, to cover manufacturing and material
contingencies, are entirely sufficient and proper. Armed
with chemicals and testing machines a laboratory en-
thusiast can produce all sorts of results and, if a com-
pany can afford it, some good can often be had from
investigations apparently quite afield from ordinary
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use. For the less fortunate property, however, this is
neither necessary nor desirable.

For almost every material the general appearance is
a good index, especially if the inspector is reasonably
familiar with the processes of production.

TESTING Wo00D CROSS-ARMS AND STRAINS

Wood requires some little acquaintance and experi-
ence. High-grade or very poor stock is unmistakable,
but there are intermediate grades in almost all
varieties that keep the young inspector continually in
hot water. Cross-arms are particularly subject to
doubtful appearances. By holding one end of a cross-
arm in a vise and subjecting it to a twisting stress by
means of a bar slipped through the opposite end pin-
hole, it ean usually be readily determined if the “de-
fect” is an open crack of some kind or merely a seratch
or a mark. This test must be made with discretion,
however, for a perfectly good cross-arm can be split
with surprising ease if the twist is sharply applied.
Loose knots can often be “jumped” by a sharp blow
on the adjacent wood, while cracks and shells can often
be detected by the sound on tapping the suspected stick
sharply. Poles do not show defects as clearly as fin-
ished material, but many troubles are obvious. A scor-
ing tool is convenient to determine if the wood under
the surface is “live,” and a miniature pick will usually
reveal soft but undisturbed knots, usually a sign of
inside rot.

Wood “strains” usually fail either from defective
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ends or cross-grain. A crude but effective testing ma-
chine can be made from a heavy beam with a water tank
for the weight. Knowing the relative positions of ful-
crum, test point and tank, the weight of the beam and
the cross-section of the tank, the latter can be marked
for the desired loads which can be applied uniformly
and as rapidly as desired up to the delivery capacity of
the filling hose. While perhaps not as good as an
Emery, an Olsen or a Riehlé, such a testing machine can,
with a few fittings easily made by a good mechanic, be
of great use. Cross-grain is usually quite apparent
with the modern natural-finish strains. For the older
black-painted ones, and in testing for dead wood in the
natural finish, the strain, held by one end, is struck
smartly across the edge of an anvil or the head of a
rail, letting the free end extend beyond the object struck.

TESTING METAL PIECES

On inspection protective coats on metal usually show
blisters if there is lack of adhesion. If the object will
permit bending, a few bends furnish an admirable test
for the attachment of the coat. As to its thickness, the
well-known Preece test, with its modification for sher-
ardizing, is easily made and is the standard. As many
know, sherardizing often “blooms” with a fine red coat,
apparently a heavy rust, which presently disappears
with no appreciable ill effect. Apparent service failures
of this treatment are usually of this class. There has,
however, been some irresponsible and wretched sher-
ardizing, the “bloom” of which was real corrosion.

The chief shortcoming of malleable and forged mate-
rial is brittleness, due to burning or crystallization, and
one test is the same as for cross-grain in wood, a smart
blow across a sharp edge. Eyebolts, anchor rods and
the like can also be treated for protection, adherence and
brittleness at the same time by gripping one end in a
well-anchored bench vise, and bending sharply a few
times. Such a bending test, continued to destruction, is
a good rough-and-ready check on the toughness of ears,
strand, wire and the like, particularly in connection
with the appearance of the fracture. Strand and wire
from the better makers, however, runs very uniformly,
and tests other than behavior in making up are hardly
needed.

MECHANICAL INSULATION TESTS

Hangers rarely give trouble by the softness of the
insulation, but there have been instances where they
have done so. There should be no observable softening
or loss of strength at a continued temperature of 150
deg. Fahr. The chief weakness is at the junction of
lugs and body, readily detected by a smart blow on an
anvil. The general strength can be checked by hanging
by the lugs and loading the stud, through a bar screwed
to it, with 600 1b. It has been gravely required that the
stud should support 8000 lb., but how senseless such a
requirement really is appears from a consideration of
the corresponding consistent test for the span. With
the standard inclination of 1 ft. in 10 of half spans, 1-
1b. load at the car gives 10-1b. pull at the pole. To cor-
respond, then, to the 8000-lb. hanger test, the span
strand should be tested at 40 tons.

Whether the company must use these rough tests or
whether it can support a full-fledged testing department,
and the net cost of the latter if wisely administered is
by no means high, it is most important that the in-
spectors have a reasonably clear knowledge of the manu-
facturing details of the materials to be tested. Such
knowledge, on the one hand, prevents the ridiculous mis-
takes often made by sincere but ignorant inspectors,
and, on the other, permits prompt and effective ‘“nailing
of the fairy tales” with which ingenious supply men
sometimes endeavor to meet unexpected contingencies.
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Planning and Efficiency System in
Portland (Ore.) Shops

An Adaptation of the Taylor System to Electric Railway Repair Shops Has Been in Use in
Portland for Two Years with Satisfactory Results—By Centralizing the Planning
and Other Clerical Work the Effectiveness of the Shop
Force Has Been Increased

By F. P. MAIZE
Master Mechanic Portland Railway, Light & Power Company

pany, after having been impressed with the work-

mgs of the Taylor efficiency methods in some of the
Eastern manufacturing plants, decided to introduce the
system in the electric railway repair shops in Port-
land, we endeavored without success to obtain printed
matter describing the application of the system to elec-
tric railway shops.- Investigations showed that plan-
ning and efficiency systems, sometimes misnamed
“scientific management,” were being tried out by sev-
eral roads, but only in a small way and in only parts
of their shops. Now that the system has been success-
fully started in Portland, it may be of assistance to
other companies to have the benefit of our experience
in order that they may avoid at least some of our mis-
takes and have something of a foundation to work upon.
The following statements have, therefore, been set
down, giving the facts just as they occurred.

The master mechanic who adopts the planning sys-
tem will find that he has undertaken a difficult task, but
a study of our experience may encourage him in accom-
plishing it. He is advised, however, not to attempt it
unless he starts with the determination to stick to it
and push it through, no matter what occurs. There
will be plenty of hard work, and many ups and downs
before success is achieved.

The planning and efficiency system now in operation
in the shops of the Portland Railway, Light & Power
Company is founded entirely upon the principles and
methods made famous by the late Frederick W. Taylor.
With all due respect to the “experts in scientific man-

SOME time ago when the management of this com-

PLANNING SYSTEM—F1G. 1, WORKMAN CALLING 1IN TO START

JOB. TIME SL1P CABINET AT RIGHT, BOX FOR TIME

AND INSTRUCTION CARDS BELOW

ful adoption of planning and efficiency systems are
greater when the methods are developed and introduced
by the local organizations without the aid of so-called
experts.

Enthusiasm in the possibilities of the Taylor method
is the first requisite. The writer confesses to the posses-
sion at.first of the usual prejudices against such meth-
ods, believing that they meant only additional red tape
and that the savings which might be secured in the
shops would be offset by correspondingly increased ex-
penses in the office. However, in his apprenticeship
and workman days he had had the customary unsatis-
factory experiences with piecework methods, and later,
when entrusted with the handling of workmen and
direction of work, had learned to appreciate the impor-
tance and desirability of good pay for the workmen and
stability in the schedules of wages. This experience
made it relatively easy for him to become interested in,
and to take up the principles of scientific planning and
efficiency and to apply them to the local electric railway
repair-shop conditions.

EARLIER REPAIR-SHOP PRACTICE OF THE COMPANY

The conditions on the property at the time of the in-
troduction of the planning system were as follows:

The railway operated from 400 to 500 cars, making a
mileage of about 14,000,000 per year. Due to the large
area covered by the city, the railway had one large shop
and four carhouses well scattered. As the carhouses
were some distance from the shop, and it would cost

“more to transfer the cars to and from the shop than to
agement,” we are satisfied that the chances for success- ~

do the light work on the spot, each carhouse was
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equipped with wheel grinder, car hoist, crane, drill
press, emery wheel, grindstone and small forge. The
carhouse forces were allowed to grind wheels on the
cars, change wheels, change armatures on the split-type
motors, and replace complete motors of the box type,
but they were not allowed to do any general overhauling
or heavy repairing.

All parts, such as controllers, armatures, motors, air
compressors, circuit breakers, etc., were sent to the
carhouses ready to be put on the cars, and if any parts
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were defective these were replaced and the defective
parts were sent to the shop for repairs. A delivery car
visited each carhouse every other day to deliver and
pick up material. By this plan equipment was kept in
good shape, and the patchwork which is liable to be
done at carhouses because of lack of facilities and time
to do good work was avoided.

The cars received general overhauling at the shop
on a mileage basis. This consisted in taking the motors
and trucks,apart, repairing all worn pieces, cleaning
and painting the motors, overhauling the wiring, elec-
tric parts, air valves, etc., as well as the car body. All
parts had been standardized, making them interchange-
able in the different equipments where possible in order
to minimize the variety of parts. All individual parts
were made exactly alike, so that if any gave out they
could be replaced at the carhouse without fitting.

THE PLANNING AND EFFICIENCY SYSTEM AS ADAPTED
TO PORTLAND SHOP CONDITIONS

The Taylor system as applied in industrial plants is
so well known that it will suffice here to state that for
our purposes the elements consisted in the following
elements: (1) The organization and instruction of an
office force for planning and routeing work, following
its progress and keeping all necessary records; (2) the
transferring of all clerical work to this office; (3) the
securing of data as to the capabilities of men and ma-
chines, and (4) the fixing of such time allowances for
jobs as would conduce to economy in production. How
this was done will develop as the story progresses.

MAKING A START

After deciding to adopt a planning and efficiency
system the first question was how to start. It was
decided that the best way would be to adopt a small
part of the system all over the plant at one time rather
than to try it in a part of the plant only. The latter
procedure might have resulted in interference between
the two systems. The chief clerk was first set to plan-
ning the office part, and the general foreman to sys-
tematizing the work in the shops so there would be no
hitch when we were ready to begin. Previously cars
had been ordered in by the chief clerk under instruc-
tions of the general foreman, but now this was entirely
turned over to the chief clerk whose duty it would be
to keep the shop supplied with work.

The foremen were first approached on the subject, and
as nearly all of them took kindly to the plan we next
discussed it with the workmen. Rumors had circulated
in the shops to the effect that scientific management
was to be introduced, and that it would make the men
work harder. For this reason the name “Planning Sys-
tem” was adopted, appropriately, as we had decided to
take up the planning part first. The attention of the
men was directed to the fact that they would not be
required to make out time cards, and that material
would be delivered to them, thus saving them the
trouble of going for it. They soon began to take an
interest in the system, some of the good men asking
how soon it was to be inaugurated, as they thought it
a good thing.

We had in the shop office a large blackboard on which
was a chart for keeping track of cars in the shop. This
chart is shown in Fig. 8. We decided to continue the
use of this board, and made also a large route board
of the complete shops as shown in Fig. 4. This was laid
out to scale, and numbers were used to indicate spaces
for material with letters for the respective shops. For
example, “A1” designated space No. 1 in the armature
room, “B” designated the blacksmith shop, etc. On the
board rectangles representing the machines were num-
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bered and lettered also. Thus, “E1” was used for
emery wheel No. 1, “BM2” for boring mill No. 2, etc.
Corresponding with the lettering on the route board,
signs were hung over each machine and space on square
boards painted white and lettered in black. These sign
boards were not fastened tight, but were attached in
such a way that they could be moved in case a re-
arrangement of the space was found more convenient.

GETTING THE OFFICE WORK STARTED

As each department had a telephone, we decided to
put one calculagraph in the office, to keep the time cards
in the office, giving the workmen paper duplicates, and
to have the workmen telephone to the office for orders,
the time clerk stamping their cards in the office. Small
cabinets were made
to hold these time
cards near the tele-
phone in each depart-
ment. The design of
the cabinets is shown
in Fig. 5. The cabi-
nets were made with
left-hand and right-
hand sections, the
left-hand one for the
slips representing
jobs on which the men
were working, and
the right-hand one
containing the slips
showing the jobs next
to be started upon. A large cabinet for the use of the
time clerk was placed in the office, divided into main
sections to correspond with the shop cabinets.

When a workman had finished a job, he telephoned
in to the time clerk, who stamped his card out on the
calculagraph. The workman would then take up the
next time card, which stated that he was starting on
a new job, and the time clerk would correspondingly
stamp the starting time on the card in the office.

Previous to starting the planning system, the office
force consisted of seven men: a chief clerk, a statistical
clerk, a mileage clerk, a record clerk, a cost clerk, a
time clerk and a stenographer. There was also one
clerk in the overhauling department to make out requisi-
tions, and one in the carpenter shop, making a total
clerical force of nine. In introducing the new system
we found it necessary to move the outside clerks into
the office, and to increase the office force by one clerk
and one office boy, making a total of eleven. In order
to systematize the work of these clerks, the schedules
of duties shown in Table I on page 542 were prepared.

PLANNING SYSTEM—F1G. 5, CABINET
FOR TIME CARDS

SHOP PREPARATION FOR THE TRANSITION

In putting the new plan into operation, no changes
were to be made in the shop foremanships but each
foreman was instructed on the following points:

A “moving gang” was to be provided, and these men
were to move all material. No work was to be done
without an order from the office, and if the men had
nothing to do they were to wait until they got orders
from that source. When work came in that required
the taking apart of equipment, an order for such work
would be secured, after a list of what was to be done
had been made out and reported to the office on an in-
struction sheet.

When all the plans for keeping records had been com-
pleted and the necessary forms printed, it was decided
to inaugurate the new plan on the date of the beginning
of the next ensuing payroll. On the previous day all
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of the foremen were instructed to close up all of the
jobs on which work was being done, and to send to the
office a list of the unfinished jobs and a list of the names
of men who would work on these jobs. Each workman
had been given a number, and the foremen had fur-
nished the chief clerk with a statement of the various
classes of work which the respective men could do prop-
erly and the machines which they were competent to
operate.

The night before the new plan was inaugurated, the
daily time cards were taken out of the clock racks, and
semi-monthly cards like those shown in Fig. 6 were put
in for each man. This was done as the men were to be
paid twice a month. The office force made out the in-
dividual time cards for all of the jobs left over, and for
any new ones which were on hand. The jobs were
assigned to the men, and the cards were distributed to
the several cabinets ready for the men when they ar-
rived in the morning. The foremen were instructed to
be near the telephones in the morning, and to instruct
the men if necessary. Everything started out with but
little delay, such delay as did occur being caused by the
necessity for assigning a job to each workman on the
first morning.

THE FIRST DIFFICULTY AND How IT WAS OVERCOME

The first trouble started because the workmen ran
out of work and had nothing signed up for them to do.
As the office force was not acquainted with the work,
the foremen turned in to assist them and, although
they had to work nearly every night for a while, little
time was lost by the men. It was soon found that
work was being done so much more rapidly under the
new system that the men were running out of work.

Slip No.
DEFECT SLIP

Diviston ~ Car No. Date

The exact nature of defect must be reported. Tf defect cannot be readily located
give particulars which will assist in locating trouble.

Insperted by

Foreman

Day-Night

PLANNING SYSTEM—FIG. 7, DEFECT SL1P



542

Duties of Chief Clerk—Production
Clerk

1. Receive all approved orders. As-
sign shop order numbers. Make out in-
struction sheet and cost record.

2. Designate order of work and
sequence- of operations. Approve mate-
rial lists. Give instruction sheet to
route clerk and material lists to mate-
rial clerk.

3. Receive reports of variation from
schedule. Investigate and notify proper
departments of delays.

4. Issue tracer for material not re-
ceived promptly.

5. Receive instruction sheet and cost
record from cost clerk when completed.
g&lake record of operations. Index and

e.

6. Supervise all office work.

7. Receive and open mail, and send
to proper desks.

8. Order in disabled cars.
ord of cars in shop.

9. Keep record of all cars overhauled
and painted, with dates next due. Or-
der cars to shop when due.

10. Keep record of all work per-
formed in department.

11. Make up all work orders and
estimates.

12. Make out requisitions
material to be purchased.

13. Make receipts for all material re-
ceived on purchase orders.

14. Check all orders and invoices.

15. Check and approve all requisi-
tions for material drawn from store-
room.

16. Keep record of cars owned.

17. Keep record of all changes af-
fecting cars.

18. Make up monthly statement of
cars owned.

19. Make up monthly report of work
performed in department.

20. Keep record of free transporta-
tion of all forms used in department.

21. Keep list of all employees in de-
partment, with addresses, etc.

22. Make up office payroll.

23. Check and approve shop and car-
house payrolls.

24. Check report of distribution of
shop labor and material. Add per-
centages and send to auditor.

25. Keep record of locker keys in pos-
session of employees.

26. Check and approve monthly esti-
mate for stationery.

27. Make out credit memoranda for
all secrap material shipped.

28. Make up monthly statement of
oil and grease consumed.

29. Keep ledger account of manufac-
turing, work-order and shop expense.

30. Keep record of number of men
employed at different rates in each de-
partment and keep total of the monthly
payrolls.

31. Keep efficiency record of office
employees and inspectors.

32. Keep record of all company tools.

33. File catalogs and periodicals.

34. Supervise fire drill organizations
at shops and carhouses.

35. Attend and report on all fires
occurring on or near company propertv,
excepting buildings under supervision
of light and power department.

36. Inspect fire alarm system at
shops daily.

Keep rec-

for all

Duties of Route Clerk

1. Receive instruction sheet and cost
record.
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Table I-—Duties of Office Clerks

2. Fill in operations and estimated
time.
3. Enter work on route sheet.
Put tag on planning board.
Make out order of work sheet.
Make out instruction cards.
. Give instruction sheet to cost clerk.
. 8. Receive duplicate time cards and
instruction cards for work completed.
9. Check completed jobs on route
sheet and plan board.
10. Notify cost clerk when jobs are
completed.
11. Report variations from schedule
to production clerk.
12. Take shift on time desk.
13. Take production clerk’s
when he is absent.

PRSTEe

place

Duties of Assistant.Route Clerk

1. Receive instruction card from
route clerk.

2. Make out time cards in duplicate
for each operation. Send duplicate with
instruction card to department fore-
man. Give original to time clerk.

3. Receive duplicate time cards for
completed jobs. Sort by shop-order
number and give to route clerk.

4. Receive time cards and work re-
ports from rip track. Put charges on
time cards and give to assistant time
clerk. Keep record of work.

5. Assist cost clerk in making out
cost cards on cars overhauled and
painted.

6. Take material clerk’s place when
he is absent. :

Duties of Time Clerk

1. Receive original time cards from
assistant route eclerk. Distribute in
right-hand pigeonholes.

2. At 7 a. m. stamp all cards in left-
hand pigeonholes with calculagraph.

3. When workman telephones giving
his number and the number of the job
he has just completed, take correspond-
ing card from left-hand pigeonhole,
stamp in calculagraph, verify number
of job the workman is about to take
up, take corresponding card from right-
hand pigeonhole and stamp in calcula-
graph, replacing in left-hand pigeon-
hole.

4. At 4.45 p. m. stamp all cards in
left-hand pigeonhole in calculagraph.
Copy these cards for the next day’s
work.

5. At 8.30 a. m. send the office boy
to collect “ring-in” cards.

6. Check calculagraph cards for
previous day, extend hours and
amounts, check total with payroll.

Give cards to cost clerk.

7. On the 13th and 28th of each
month, close payrolls, extend time and
amounts, balance and copy for new
payroll. Give to chief clerk.

8. Make out time certificates for all
employees leaving service.

Duties of Material Clerk

1. Receive material lists from pro-
duction clerk. Write all requisitions in
triplicate. Forward original and dupli-
cate to storeroom. Send triplicate with
move order to moving gang.

2. Receive triplicate requisitions from
moving gang when material has been
delayed and give them to cost clerk.

3. Take shift on time desk.

4. Assist cost clerk in preparing
month'y statement.
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Duties of Cost Clerk

1. Receive instruction sheet and cost
record from route clerk and file in cur-
rent file.

2. Receive calculagraph cards from
time clerk. Enter on proper cost rec-
ord sheets.

3. Receive duplicate requisitions from
auditing department, sort and check
with triplicates. Enter on proper cost
record sheets.

4. When notified by route clerk that
a job is completed, close shop order.
Total up labor and material. Enter on
recapitulation sheet. .

5. Enter totals for manufacturing
shop orders on special cost record.

6. Enter totals for overhauling and
painting on special cost record.

7. Submit special cost records to
master mechanic.

8. Report cost of manufactured ar-
ticles to auditor.

9. On the 28th of each month, total
up all charges for labor and material,
and enter on recapitulation sheet un-
der proper distribution. Total up re-
capitulation sheet and give to chief
clerk.

10. Take shift on time desk.

Duties of Office Boy

1. Every half hour make rounds of
shop, taking out time cards and instrue-
tion cards, and collecting completed
cards.

2. Sort time cards.

3. Perform other duties as designated
by chief clerk.

Duties of Statistical Clerk

A

1. Arrive at 7 a. m.

2. Receive telephone reports of
crippled cars, etc., from carhouse fore-
man. Tabulate-and give copies to mas-
ter mechanie, chief clerk, general fore-
man, general manager, and file.

3. Receive written pull-in reports
from carhouse foreman, and tabulate
on morning report.

4. Tabulate weekly pull-in record.

5. Tabulate monthly pull-in record.

6. Keep record of all changes in
equipment and report to general man-
ager, superintendent of transportation
and claim department, and file.

7. Keep record of car assignments.

8. Keep record of principal items
drawn from storerooms.

9. Keep record of cars inspected.

10. Keep record of armatures, fields,
wheels, etec., changed. .

11. Keep record of cost of changing
armatures, wheels, etc., and grinding
wheels.

12. Tabulate monthly report of oper-
ating expenses.

Duties of Car Record Clerk

1. Receive reports from carhouse and
shop foremen of all work performed
and equipment changed.

2. Record all data on
cards.

3. Receive Sellwood carhouse time
cards. Put on charges and give to as-
sistant time clerk.

4. Receive daily mileage report from
auditor and record on mileage cards.

5. Number all parts of equipment.

6. Make special reports of changes
of test equipment, broken axles, ete.

car record
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Duties of Mileage Clerk

1. Receive reports from carhouse
foremen of all renewals of equipment
ordered.

2. Enter on record sheets. Obtain
mileage from mileage cards and enter
on record sheets.

3. Make up monthly statement of
mileage made by equipment.

4. Ship all scrapped wheels.
special report of wheel mileage.

Make ence.

ELECTRIC RAILWAY JOURNAL

5. Make up graphic charts showing
mileage made by parts.

6. Put tabs on mileage cards of cars
due for overhauling.

Duties of Stenogmpher and Assistant
Time Clerk

1. Change dial in recorder daily.
2. Take dictation.

3. File correspondence.

543

4. Extend and code carhouse time
cards.

5. Enter on payrolls.

6. On the 12th and 28th of each
thirty-one-day month, and the 12th and
27th of each thirty-day month, close
carhouse and rip-track payrolls, extend
time and amounts, balance and give to
chief clerk. Copy payrolls for next
month.

7. Check up stationery stock and
make up monthly estimate.

Type correspond-

At this time, several men resigned on account of get-
ting better positions elsewhere or leaving town, and we
did not hold their places. In fact, we were pleased not
to be required to find work for them, as we were
getting out more work than was scheduled for each day.
There was no dissatisfaction among the men, but we
found that some of the foremen were becoming dissatis-
fied because the office force, through lack of familiarity
with the system, was putting some of the office work
on the foremen. The foremen, also, were trying to
keep up the old system. To overcome this difficulty,
we gave the foreman in each department one work-
man to work on the old system, and any- little odd
. jobs that had to

Form 568 be done were
MECH. DEPT. | tyrned  over to
Move Order this workman.
This expedient

Date

saved the fore-
men the work of
getting orders for
the small jobs
that were over-
looked by the of-
fice, which had
To all it could do to
handle the large
jobs. It also
showed the fore-
men that they did
not need to keep
up the old sys-
tem, and we in-
structed them how they could simplify the making out
of the sheets by having the workmen give them the lists
of items. We also explained that after the sheets had
been made out for the work already in the shops, it
would not be so difficult to maintain the system.

After working on the new scheme for two weeks the
office force had a good line on the work, and was able
to keep up with its end without working overtime. The
work of the foremen had also slackened, so that they
were satisfied. To show how the system was working,
the following detailed illustration has been selected.

MOVE

From

Wanted by O’clock M. 191

Shop Order No.

PLANNING SYSTEM-—FIG. 8, MOVE ORDER
FORM

ROUTINE FOR OVERHAULING AND VARNISHING A CAR

A good illustration of the operation of the system is
furnished by the procedure in the case of overhauling
and varnishing a car. The car is first called in by the
chief clerk for overhauling and varnishing. It is sent,
some time during the night, from one of the carhouses
to the shop with a slip like that shown in Fig. 7. The
car is left in the yard and the slip is put into the mail
box for the foreman of the “moving gang.” In the
morning this man notifies the route clerk, who makes
the appropriate entry on the blackboard shown in Fig.
1, and also fills in a move order on the blank shown in
Fig. 8. The car is then put upon the assigned track
in the motor shop. Two time cards, like the one
shown in Fig. 9 are made out, one with instructions to
raise the car and take out the trucks, and the other

TIME WORKED

Form 567

(e b P.R.L.& P.Co. Mech. Dept.
R - TIME CARD
i ’ A Employee No, ;ﬁi o
O Dept. No. .Z o
o1 % S Shop Order No. / T/4F
o & ? K o Date 2ol ZH IF/H
FER. 24,1914 || Workcode
Dt AT
Car No. é ﬂﬂ Operation
Amount

Estimated Time { Hours { Rate f

PLANNING SYSTEM—FIG. 9, TIME CARD

with instructions to dismantle the equipment. One
card goes to the time clerk, and the other to the cabi-
net in the motor shop. A sheet like that shown in
Fig. 10 is furnished to the foreman, and is filled out
when the trucks are dismantled. For example, the items
might be as follows:

Quantity Article

Radius bars, straightened, plugged and drilled.
Radius bar brackets, straightened, plugged and drilled.
Live levers, plugged and drilled.

Dead levers, plugged and drilled.

Turnbuckles to be repaired.

Brake connecting levers, plugged and drilled.
Pedestal gibs, straightened, plugged and drilled.
Release springs repaired.

Brakeheads spot-welded and ground.

Motor suspension bracket spot-welded and ground.
Brake-hanger castings refitted.

Brakeheads refitted.

M o DO P e U1 00w OO 00 W DD

The instruction sheet, for which the form is shown
in Fig. 11, is sent in to the route clerk who routes the
material to the first shop that has work to do on the
car, issuing a time card for the work and also an order
for material if any is needed. In the meantime, all

Mechanical Department
MATERIAL TO BE REPAIRED
Sheet No.
For ShoptOrder No.
“Distribution

QUANTITY ARTICLES

Foreman

PLANNING SYSTEM—F1G. 10, FORM FOR MATERIAL TO BE
REPAIRED
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PLANNING SYSTEM—F1G. 11, INSTRUCTION SHEET FORM

parts have been left on the shop floor under the sign-
board designating the assigned track. When the piece
is finished in one department, the route clerk orders
it to the next shop and so on until it is finished, when
he orders it returned to the assigned track.

A material list, on a form like that shown in Fig.
12, is also given to the foreman, who fills in entries
for new material needed and turns the list over to
the production clerk. The latter has with him a ma-
terial clerk who makes out a requisition on the stores
department on the form shown in Fig. 13. This ma-
terial is moved by the moving gang to the assigned
track. After all new material is delivered, and all
parts repaired and returned, time cards are made out
for assembly. A requisition for each article is made
out on a separate form, and if one of the articles is
not received, a tracer, see Fig 14, is sent for it.

When the work on the trucks has been completed, in-
struction sheets are made out for the overhauling of the
electrical equipment, motor equipment and air equip-
ment, and when the car is finished in the motor shop,
a move order is given to transfer it to the carpenter
shop, and time cards are made out for each operation

Form 571

Mechanical Department

MATERIAL LIST

For Shop Order No. ...

Distribution

QUANTITY ARTICLES

PLANNING SYSTEM—FI1G. 12, FORM FOR MATERIAL L1ST

FORM 8t 6

REQUISITION ON STORES DEPARTMENT o 'é'i";;?"g

TO, BSTOREKEEPERS NO.
DELIVER TO MECHANICAL DEPARTMENT

BAL ON HANO | APPOR. | sTORE Tas | AL oF sT. [ cost acc.
CAR NO DISTRIBUTION
DEPT.ND |s. 0. M0, | WORK CDDE. |oATE.
LOT. NO. QUANTITY MULTIPLIER CDST PER TOTAL

[

MAT. CODE NO.
SIGNED

DESCRIPTION

RECEIVED ARTICLES AS ABDVE

PLANNING SYSTEM~—F1G. 13, FORM FOR REQUISITION ON STORES
DEPARTMENT
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as before. When these operations are all finished, the
work being assigned by the office and time kept on
the time cards as when the car was in the motor shop,
the car is ordered moved to the paint shop, where a
similar instruction card is prepared. When the car
is finished it is moved out into the yard, and the chief
clerk notifies the carhouse foreman to have it taken
away and to bring in another car.

It may be of interest to note the items which might
appear on the six instruction sheets, to which reference
has just been made. Such a list is given below.

INSTRUCTION SHEET NO. 1.—OVERHAUL CAR No. 600—TRUCKS.

remove 5. Assemble trucks.
6. Replace motors.

and

-

. Jack up car
trucks.

2. Remove motors. 7. Replace trucks and let car
3. Dismantle trucks. down.
4. Repair truck irons — Weld
brakehead.
INSTRUCTION SHEET NO. 2.—OVERHAUL CAR NO. 600—ELECTRICAL
EQUIPMENT.

1. Inspect cables, leads, circuit- 2. Clean and oil controllers.
breakers, fuse boxes, con- 3. Inspect light and bell circuits.
tactors and reverse, and re-
sistance.

INSTRUCTION SHEET NO. 3.—OVERHAUL CAR No. 600—DMOTORS

5. Assemble.
6. Test.

Clean outside.
Remove armatures and fields.
Repair armatures and fields. 7. Clean and repair gear and
Clean and paint inside. motor cases.

INSTRUCTION SHEET NO. 4.—OVERHAUL CAR No. 600—AIR EqQuIp-
MENT

1. Remove compressor, governor 4. Repair hand brakes.
gages, valves, brake levers 5. Overhaul compressors.
and rods. 6. Clean and repair valves.

. Repair levers and rods. 7. Repair air fenders.

. Replace equipment.

INSTRUCTION SHEET NoO. 5.—OVERHAUL CAR No. 600—BobpY

oo Lo

Wit

1. Adjust sash curtains and 4. Repair overhead signs.
doors. 5. Tighten up under car body.
2. Repair steps and put on safety 6. Repair seats.
treads. 7. General body repairs.

3. Repair roof. 8. Repair body irons.
INSTRUCTION SHEET NO. 6.—VARNISH CAR No. 600

1. Wash. 10. Touch up second coit, stripe-
2. Strip. and letter.
3. Body repairs. 11. Varnish, first coat.
4. Sand body and prime. 12. Varnish, second coat.
5. Remove varnish from sash 13. Trim.
and doors. 14. Paint roof and deck.
6. Putty bhody, sand, touch up 15. Paint floor.
first coat. 16. Clean and paint trucks and'
7. Sand, stain, varnish inside. fenders.
8. Paint and varnish sash doors 17. Stripe trucks.
and trimmings. 18. Varnish.
9. Sand sash and doors. 19. Clean glass.

It will be noticed from the instruction sheets that
we were obliged to bunch the work considerably, which
was necessary on account of having to teach all the
office and shop force the new system. In four months
we were able to make most of the instruction sheets
in the office, as all types of cars had nearly the same:
work. At this time, we also had sheets of nearly all
material manufactured in the shops. While the sys-
tem at this time was crude, it was working very nicely,
and we came to the conclusion that it was time to take:
the next stop.

THE EFFICIENCY FOREMAN

The foreman of the machine shop was a bright young
man who had taken a great interest in the new sys-
tem. It was decided to give him the title “efficiency
foreman” in addition to his title as foreman of the
machine shop. He was also given an assistant whose:
function was gradually to relieve him of the machine-
shop work. The efficiency foreman was furnished with
a stop watch, and he started to make time studies.
in the machine shop as well as to make instruction
cards for each job in that shop. The first instruction
cards which had been turned in were not satisfactory;
as the time seemed too long. Although we had what we-
considered then a model shop with all conveniences, we
believed that conditions in the shop would have to be
Lbettered in order to shorten the time. The difficulty
was that we had not studied the small details, and
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when we did so we found that there were many which
could be improved.

The efficiency foreman was started in to watch each
job, following up one at a time. He made a test and
determined the proper tools to be used and the best
way in which the job could be done. At the end of
his study, he
‘ Form 569 made out an in-
MECH. DEPT. | gtruction  sheet.
He also made a
study, with the
Date help of reference
| To books, of the best
| shapes of tools
and cutting
speeds, determin-
ing experimental-
' ly which gave the
‘ - | best results. He

has not been reeeived, and work on | found that it was
necessary to

Tracer

Material ordered on Req'n. No.

| Dated Calling for

Shop Order No. for the

——
Dept. is thereby delayed. Kindly advise when this |

change the speeds
material was ordered and when we may expect to | of most of the
receive it. |

| machines, and in
some cases to put
on larger belts.
The efficiency
foreman, after making a close study of the men, re-
ported that too much time was lost when they were
obliged to think about what they should do next. He
was, therefore, instructed to get out instruction cards,
on the forms like that shown in Fig. 11, of which the
foilowing is a sample.

PLANNING SYSTEM—TFI1G. 14, TRACER
FORM

INSTRUCTION CARDS FOR STANDARD PoNY AXLEs, C. R. STEEL, 33 IN.

ELECTRIC RAILWAY JOURNAL

. Adjust lathe, machine L-2.
. Fut on dog No. 18.
. Put in lathe.
. Set tool No. 6

Cut to 31 in., 13% in. long,
speed 74, cut 14 m feed 161,

U\VBWIOH

9. Cut to 27% in., 814 in. long,
speed 370, cut 1/64, feed 65.
10. Set roller No. 4.
11. Roll finish on
speed 300, feed 40.
12. Set tool No. 7.

Journal,

545

[ TABLE 11——81 EED AND KFEED FOR BELT-DRIVEN LLATHE No. Lé
Core No's 1_ - 21' 3 « | 5 |
Open belt 80 B 71;577 A/KIT(: & 260 | 400

L Baek gear 8 - 7”12 7 18 :;5— 42

FEEDS
| (j‘f{"" 1 ‘ (Tt;n;: 2 7L'une 3—
i 10 60 | 80 ‘

was not getting along fast enough. We explained to
him that it took time to study everything thoroughly,
that haste would necessitate repetition, and that now,
being relieved of the machine-shop work, he had an
opportunity to note the details of all operations that
were being performed incorrectly. He then started
to straighten things out by getting out the instruction
cards and having the men use them. The result was
surprising, and our force was reduced so much in this
depariment that if one man stayed away a day, it threw
the work back for the other departments.

EFFICIENCY STUDIES IN THE PAINT SHOP

As the foreman of the paint shop was to be off for
several months, we next determined that we would
have the efficiency foreman lay out the work in that
shop. He decided to take one of the standard series of
cars going through the shop at that time, and get out
the appropriate instruction cards. As the cars were
washed before being given a general repairing, he
arranged to follow them through the carpenter and
paint shops.

We first made out two general instruction cards, one
for the carpenter shop, and one for the paint shop, divid-
ing the work in the two departments into twenty-four
general items. Thege are given below.

6. Cut to 2- 29/32 in.,, 8% in.
llong, speed 60, cut 19/64 in., feed

64
7. Set tool No. 1.

13. Cut slot for check plate,
speed 300, cut %, hand feed.

14. Change ends and repeat
operations Nos. 4 to 13.

8. Cut to 3-15/32 in., 584 in. 15. Take out of lathe.
long, speed 370, cut 1/64 in., Tools required: One tool No.
feed 65. 1, one tool No. 6, one tool No. 7,

one roller No. 4, one lathe-dog
No. 18

The efficiency foreman was to get out these cards,
paying no attention to the time, with the idea of making
time studies later. He found it necessary at first to
make tables of speed and feed for different machines,
as is shown in Tables II and
I1I, and a gage for setting
tools, like that illustrated in
Fig. 15. This necessitated
that all tools be ground at a
certain angle, and for this
purpose we took one of our
whet tool grinders and put
on an angle plate. The table
was provided with two indi-
cators so as to show the cor-
rect angle for various types
§ of tools and diameters of
wheels. The foreman also
found that different tensions
in belts produced different
results, so that we purchased a wire-belt-lacing ma-
chine, and made a pair of clamps with spring balances
in order to keep the proper tensions.

All of the above was taking a great deal of time, and
the efficiency foreman had opportunity to watch the
men and note the small mistakes which they were mak-
ing. He became discouraged in that he thought he

PLANNING SYSTEM—FIG. 15,
GAGE FOR SETTING TOOLS

INSTRUCTION CARDS FOR VARNISHING CLAass No. 500 P. A, Y.

1. Strip car, one man.

2. Wash car, three men.

3. General body repairs, four
men.

4. Scrape and repair roof, two
men.

5. Repair steps, one man.

6. Sand body and prime, two
men.

7. Scrape sash and doors, two
men.

8. Putty body, two men.

9. Sand and touch up first
coat, two men.

10 Sand, stain and varnish
inside, two men.

11. Sand sash and doors, one
man.

We next made out detail

E. Car

12. Paint and varnish sash
and doors, one man.
13. Touch up body,
coat, two men.
14, Stripe and letter, two men.
15. Varnish outside, first coat,
two men.
16. Varnish
coat, two men.
17. 'Frim car, one man.
18. Paint roof and deck, twao

second

outside, second

19. Paint floor, two men,
20. Clean trucks, one man.
21. Paint trucks, one man.
22. Stripe trucks, one man.
23. Varnish trucks, one man.
24. Clean glass, three men.

instruction cards for each

general item, classifying the operation of each item as

A, B, C, etc. The following i

s a list of the items covered

by the general instruction sheets.

DETAIL INSTRUCTION CARD FOR STRIPPING No. 500 CLass P, A. Y. E.
CAR FOR VARNISHING

1A. Remove all sash, entrance
doors and two exit doors, one
man.

1B. Remove
one man.

door curtains,

1C. Number window stops, one
man.

1D. Mark curtains, one man.

TapLE 11I-—HicH-sPEED DRILL PREss No. D4

FOR DRILLI\IG

Cone No.

1

g 3% to §

t 13 1§

MiLD STI: EL

135 Feed
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PLANNING SYSTEM—FIG. 16, COST CLERK’S SHEET

DETAIL INSTRUCTION CARD FOR WASHING CLass No. 500 P. A, Y. K.
CAR FOR VARNISHING

(Three men assigned to wash 2D. Clean sand boxes.
car and clean glass.) 2E. Wash roof.

2A. Remove seats. 2F. Wash inside of car.

2B. Remove signs. 2G. Wash outside of car.

2C. Clean under seats. 2H. Clean glass.

DETAIL 1INSTRUCTION CAPD FOR Bopy REPAIRS NoO. 500 CrLass
1 A

. CAR FOR VARNISHING

3. General body repairs, four 5. Repair steps, one man.

men. 7. Scrape and repair sash and
4. Scrape and repair roof, two doors, two men.

men. 17. Trim car, one man.

DEeTAIL INSTRUCTION CARD FOR FKINISHING SASH AND Doors No.

500 CrLass P. A. Y.

11. Sand sash and doors, one
man.

E. CAR FOR VARNISHING

12C. Paint first coat.
12D Paint second coat.

12. Paint and wvarnish sash 12E. Stipple.
and doors, one man. 12F. Varnish first coat.
12A. Prime. 12G. Varnish second coat.
12B. Putty.
DETAIL INSTRUCTION CARD FOR VARVISHI\IG OuTsipE No. 500 CLASS
P. A, . Car

6. Sand body and prime, two
men. 15.

8. Putty body, two men.

9. Sand and touch up,
coat, two men.

13. Touch up, second coat, two

Varnish
two men.

body,

first
two men.

mer.
DETAIL INSTRUCTION C'ARD FOR VARNISHING INSIDE No. 500 CLASS
P. A; X¥. E, Cap
10. Sand, stain and varnish 10C. Paint brake-staff, pipes,
inside, two men. ete.
10A. Sand inside. 10D. Varnish inside.
10B. Stain inside.

14. Stripe and letter, two men.
first coat,

16. Varnish body, second coat,

DEeTAIL INSTRUCTION CARD FOR PAINTING RoOF AND FLOOR oF No.
500 Crass I’. A, Y. E. Car

18. Paint roof and deck, two 19. Paint floor, two men.

mer.
DETAIL INSTRUCTION CARD FOR PAINTING TRUCKS No. 500 CLass
P. A. Y. E. Car
20. Clean trucks, one man. 22. Scrape trucks, one man.

21. Paint trucks, one man. 23. Varnish trucks, one man.

The above set of instruction-card items shows that
we were now going into more detail, but not giving
any time allowance, and we decided that we would not
make any time studies until we had all of our instruc-
tion sheets made out in full, and then we could devote
the necessary time to them.

The savings which we were able to make by the new
system are illustrated by reference to the savings on
one article. GE-57 axle brasses cost $6.86 in 1912,
$6.40 of which was for material. In 1914 the cost was
$5.006, of which $4.60 was for material. The weight
of each pair of brasses was 32 lb. in 1912 and 23 Ib.
in 1914.

The costs are recorded on the cost clerk’s sheet
shown in Fig. 16. A sheet like this was made out
for every article manufactured, and the costs were
compared with manufacturers’ prices, in order to show
if it was costing us too much. After eight months’
trial, although we had not had time to go into small
details of time studies, nor to take up the bonus sys-

PLANNING SYSTEM—FI1G. 17, MONTHLY PULL-IN REPORT

tem, we had been able to stop a lot of leaks and to
» MECHANICAL DEPARTMENT / reduce the cost of maintenance of equipment, at the
ﬂﬂk—!ﬁe”“@ﬂ —MM@Q’—M— same time keeping the equipment in better shape. The
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PLANNING SYSTEM—F1G. 19, ROUTEING CHART

A. Route clerk makes out in-
struction sheet in duplicate, giv-
ing original to cost clerk and
retaining duplicate.

B. Efficiency foreman and
route clerk in conference assign
workmen and estimate time al-
lowance for each operation, this
to be obtained from previous
records when possible. Cost
clerk files original sheet in cost
ledger.

C. Route clerk computes time
when each operation will begin
makes out routeing cards and
files under proper date and hour
in route case. He gives dupli-
cate instruction sheet to assist-
ant route clerk.

D. Assistant route clerk
makes out instruction cards with
duplicate time cards for each
operation and returns same to
route clerk.

E. Route clerk files instruc-
tion sheets numerically, files
time cards numerically, files in-
struction cards in the order in
which the work is to be done.
He twice daily removes instruc-
tion cards for work to be done
during the mnext period, and
sends them to the department
foreman with order-of-work
sheets.

F. Department foreman makes
out list of material required for
each job, notifies route clerk of
any absentees affecting assign-
ments to work, and sends mate-
rial list to route clerk.

G. Route clerk notes on in-
struction sheet that material has
been ordered and gives mate-
rial list to material clerk.

H. Material clerk writes requi-
sitions for material in tripli-
cate, and sends original and
duplicate to store keeper, and
triplicate to moving gang to be
used as a move order.

[. Moving gang receives ma-
terial fromm storekeeper, delivers
material to the designated place
and returns move order to route
clerk.

J. One hour before work is
scheduled to begin, route clerk
ascertains if material has been
delivered, or if there is any
other reason for delay. If not,
he sends the duplicate time card
to department foreman, and the
original to time clerk, and gives
triplicate requisition to cost
clerk.

. Department foreman puts
time card in workman’s pigeon-
hole in card rack in the sequence
occupied by order-of-work sheet
and gives instruction card to
workman just before he finishes
preceding job. Time clerk puts
time card in rack, cost «clerk
files trip.

L. Workman notifies time-
keeperr when he is starting the

job, performs operation and
notifies timekeeper when fin-
ished.

3. Time clerk stamps both

old and new cards in calcula-
graph, gives both to route clerk
and notifies route clerk if there
are no more cards in the rack
for that particular workman.

N. Route clerk checks time
cards with route cards, issues a
move order to moving gang to
move completed material to its
next destination. If the work is
not started or finished on
schedule he ascertains reasons,
rearranges schedule, notifies all
concerned of delay and gives
card back to time clerk.

O. Time clerk puts new cards
in time rack, extends old cards,
and gives them to cost clerk.
Moving gang returns move or-
ders to route clerk.

With the new system, the office was not always promptly

notified regarding material sent in for repairs, and it
would not be repaired until the foreman complained
of not getting it back, thus making a delay. To over-
come ‘this difficulty an inventory was made of all the
material at the carhouses, and also a list of what each
carhouse was allowed to carry in stock. When the car-
houses were short their stocks were filled, and when
they were overstocked the surplus was returned. As we
delivered every other day to the carhouses, the list was
cut very close so that they would run short if they did
not watch their materials closely.

The foremen were notified that they would have to
return piece for piece, as nothing would be sent out on
the old orders, but must be entered on a ‘“material
returned” slip like that illustrated in Fig. 18. A list
of materials on which there were no returns was fur-
nished them ; for example, tape, nails, screws, ete. These
they were to write on the bottom of the list. In case
pieces were .lost from the car, the foremen were to
write notes to the master mechanic, giving the car
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PLANNING SYSTEM—F1G. 20, CABINET FOR SLIPS FOR
FOLLOWING JOBS

number and the items of material lost and these pieces
would be replaced. This kept the office in close touch
with everything that was lost from the car, and if
the foremen were becoming careless, which would be
indicated by their letters. We had very little difficulty
in starting this return system and it has worked
out nicely. Besides overcoming the difficulty at the
shop, we were able to save in material, as all material
was watched closely and all that could be repaired
was repaired, cutting down the leak in that direction.

ROUTEING CHART

After some time we noticed that the office was begin-
ning to put out the time cards ahead of time, some
of the men having a number of cards in their box.
The foremen would then tell them what jobs to do
next. As this was going backward a routeing chart
like that shown in Fig. 19 was made out, and the men
were instructed to follow it. On the first day that this
order went into effect, we had several men out of a
job in ten minutes, but it showed the office force
where they were ‘“falling down” in routeing the work.
While the office force was perfecting the routeing, the
efficiency foreman made some time studies on the work
in the machine shop.

The first job was 330 Brill-22 special truck spring-
post bushings, and the shortest time taken for one
piece by stop watch was one minute, eleven seconds.
The total time was seven and one-half hours, making
the time taken for one piece average one minute,
twenty-two seconds. This was considered a good record
as no time was lost for the workman to get a drink,
move materials, etc. The record was that of a very
good man. We then took the time of a young man
on the turret lathe, a man with whom he had had
trouble because of his habit of leaving his work and
running around. The result of the record was as
follows :

Operation, turning trolley wheels. Shortest time
taken by stop watch, one minute, five seconds. Average
time taken on five hundred wheels, two minutes,
twenty-nine seconds.

Operation, making radius-bar roller bolts. Stop watch
time, turning and threading, four minutes, forty-nine
seconds. Average time taken on fifty pieces, ten min-
utes, forty-one seconds.

This test, as well as an incident that occurred in the
blacksmith shop, brought very forcibly to our attention
the fact that the time studies were very essential. The
incident was this: Some time before the hour for quit-
ting, the blacksmith at work on the forging machine
had to stop work because he was tired out. He was
making a very difficult forging, which necessitated
using the hammer as well as the forging machine, and
required a lot of walking. He had always had two pieces
of iron in the fire at a time, and the largest number
made in one day was ninety pieces. On this day, he
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TABLE IV—TIME TAKEN FOR TRUCK AND MOTOR REPAIRS

Truck Operations Motor Operations

Date 1 2 3 5 6 7 Total Emp. 1 2 4 5 Total Emp.
22515 1.2 1.6 9.2 16.8 7.2 1.4 37.4 78-83 3.1 3.6 4.3 6.9 17.3 85
2-27-15 1 1.2 82 18.2 6.2 1.4 36.2 81-84 2.5 3.8 6 7.1 19.4 85
3-15-15 1 1.2 9.3 18 5.6 1.8 36.9 881—%44 2.2 3.4 3.8 45 13.9 85

1
3-20-15 1.2 1.6 10 19.4 6 1 39.2 78-83 3 3.2 2.8 3.1 12.1 85

had three pieces in at one time, which made him work
harder than he could stand, to keep them from burning.
This raised his output to 110 pieces for that day. He
was told not to repeat this procedure, but he said that
he could do more than the two pieces. He was, there-
fore, instructed to put in three pieces for a while, and
then to put in two until he rested up. He was thus
able to get as many out and not be overtired by the
end of the day.

THE SYSTEM AFTER A YEAR’S EXPERIENCE

After the planning and efficiency system had been
running for a little more than a year, we had been able
to dispense with men in each department, and had been
able to go farther and farther into details. This put
more work on the office, but as the increase was not
enough to require an additional clerk, the work was
cut down by having two instruction cards made out for
all of the regular work, one for the office, and one for
the shop. The shop copy was shellacked and varnished
so that the dirt would wipe off. Files were also pre-
pared for these cards, and instead of making out an
instruction sheet for each job, the number of the sheet
was put on the time card, and the standard instruction
card was used. As there were very few jobs that were
not regular, this procedure greatly reduced the amount
of work.

The route clerk was having trouble in keeping track
of the material routed through the shop, so that work
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TABLE V—TIME TAKEN FOR REWINDING ARMATURES

Date 1 2 3 4 5 Total E
3-12-15 9.5
3-12-15 11.2
3-24-15 11.5
3-27-15 11.8
5-23-156 15.2
5-28-15 14.5
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was not signed up in one shop before it was finished in
another. He also had difficulty in keeping the work
moving when finished, and a delay tied up the work all
along the route. The source of this difficulty lay in the
fact that we had no time limits on the different jobs. A
cabinet, like that shown in Fig. 20, was therefore pre-
pared, to permit the following up of the work. By es-
timating the time required, which by means of old rec-
ords could be done very closely, putting this on the slip
with the job number, and following the slip in the cabi-
net, some improvement was made. The clerk was not
accustomed to the work, however, and found it diffi-
cult to look after so many slips. The main trouble was
to watch the general overhauling, because there was
so much material to route through the shop, and if this
was delayed there would be nothing for the pitmen to
do, while if they started on the job before all the ma-
terial was returned, they would waste time.

To simplify this work, route sheets like that shown in
Fig. 21 were made. One of these was used for each
car that was in for general overhauling, and the time
when it should be finished was put on the sheet at the
end of the line covering each operation. As each job
was signed out, the route clerk would indicate this by
means of a red line at the proper place on the chart.
When the operation was finished he would add another
red line, and when the card was returned to the car he
would put a red circle at the end. These sheets he
kept before him, so that he could see at a glance what
work should be followed up. This overcame the trouble,
but it was introduced merely for the purpose of train-
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PLANNING SYSTEM—FIG. 21, GENERAL REPAIR CHART
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PLANNING SYSTEM—FIG. 22, FACE OF FORM FOR ASSEMBLING
INSTRUCTIONS AND COSTS, DETAIL OF LABOR AND
MATERIAL ON BACK

ing the route clerk as we consider the use of the slip
box shown in Fig. 20 to be much better.

SOME RESULTS OF THE PLANNING AND EFFICIENCY
SYSTEM

Some idea of the saving secured from this system
can be obtained from the following examples. Before
starting the system, the average time taken to over-
haul motors and trucks on one of our standard prepay-
ment cars, equipped with Brill maximum traction
trucks, with two motors, was eighty-two hours. After
starting in a crude way, this was reduced to fifty-nine
and one-half hours, and after going farther into detail,
and making a study of each operation, we were able to
reduce the average to fifty-three and one-quarter hours.

Table IV shows a record and comparison of different
operations on trucks. In this table, operation No. 4
is omitted, this operation being the repair of parts in
the blacksmith and machine shops, which is subdivided
and kept track of according to the number of parts to
be repaired. Also in motors, operation No. 3 is omit-
ted, this being for necessary repairs to armatures and
fields, also subdivided according to the work to be done.

In winding a standard armature, the time taken ran
from twelve to eighteen and one-fifth hours, the aver-
age being fourteen hours. This was divided into op-
erations as follows:

INSTRUCTION CARD FOR WINDING ARMATURES

. Inspect.

Strip.

Clean core.

Clean commutator.

5. Wind, connect, put on heads,
and test.
6. Band and paint.

[ttt

After the work was divided up, as above, we were
able to get records like those shown in Table V. Some
variation in time will occur in operation No. 3 in case
the armature has been damaged by rubbing. This will
also be true of operation No. 4 because commutators
may be grounded, and may have to be taken off. In
cases of this kind, to be fair to the workman, a reason-
able time must be allowed.

Where more than one employee works on a job, dif-
ferent colored ink is used for each, the same colors be-
ing used in writing a man’s number which is used in
reporting the operation that he has done. In the truck
gang two men work together—one pitman and one
helper; in the motor gang, each man works alone.

OPERATION OF THE STANDARD INSTRUCTION SHEET

The standard instruction sheets are working out
nicely for all regular work, relieving the foremen as
well as the office force of the task of preparing any in-
struction sheets except those for irregular work. The
following is an example of the way in which such work
is taken care of.

PLANNING SYSTEM—FIG. 23, CARD FOR ASSEMBLING DATA ON
OVERHAULING COSTS

We had a car damaged very badly by collision with
an automobile truck. This ear was ordered to the shop
by the chief clerk, and was sent out in the regular way.
Each foreman was given an instruction sheet to fill out,
and these were turned over to the chief clerk who made
out the various instruction sheets and turned them over
to the route clerk.

The sheets made out by the several foremen con-
tained the following items:

Electric and Pit Shops:
Remove truck No. 1 end, cir-
cuit breakers, main switch,
air switch, two light switches
and controller, disconnect

two center timbers, one
corner post, two center posts,
vestibule framework and new
platform. Estimated cost:

wires and turn back clear of
vestibule. Repair one con-
troller and spring posts.
New parts: Two Brill 22
spring post bushings, and one
pair of wheels. Estimated
cost: Labor, $5.58; material,
$30.68.

Carpenter Shop: Remove
all damaged parts, and take
off dash irons, bumper irons,
platform floor, vestibule sash,
two center posts, two corner
posts, upper vestibule rim,
end platform timbers, vesti-
bule framework, draw head
and slide. Repair bumper
irons, straighten dash vesti-
bule panels, two inside
panels, one entrance door,
entrance step and straighten

Labor, $97; material, $15.

Air Shop: Remove all
damaged parts. Remove fen-
der, brackets, cylinder and

connection, motorman’s valve

and piping. Repair two
fender screens, one fender
trip  shaft, one fender

bracket, two trip levers, two
adjusting rods, and one trip
rod connecting with valve.
New parts: One chain to
air cylinder on fender. Esti-
mated cost: Labor, $5; ma-
terial, $3.

Paint Shop: Paint all new
work as standard instruc-
tion. Vestibule floor, two
coats of floor paint after new
work is finished, vestibule to
receive one coat of varnish..

angle-iron knees.

Estimated cost: Labor, $5;
New parts: Two side and

material, $2.

When receiving the instruction sheet from the chief
clerk, the route clerk had time cards made out, and
routed them through in the regular way. The chief
clerk also made out an estimate of the cost of repairs.

We have recently started to make time studies of
each operation, filling in the time on the instruction
cards that we have in the office. 'We shall thus have an
idea of how long it will take to perform each operation,
and by comparing the men’s time with the instruction
cards, we shall be able to note the efficiency of each
man. This will take care of the production part of the
shop, but not of the wages. At present, the rate of pay
of the men is being advanced according to the per-
centage of efficiency, although this is a very ecrude
method. We expect to work out a bonus system, but
this will take some time as we wish to have all of the
time allowances filled out on the instruction cards be-
fore starting the system.

In closing, it should be urged that care be taken not
to push the planning and efficiency system too fast, as
it must be worked out very thoroughly and systemat-
ically to be successful.
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Repair-Shop Applications of
Oxy-Acetylene

An Extraordinary Variety of Repairs by This Form of Autogenous Welding Is Now Made in
Shops of Every Size, the Process Being Especially Convenient in Heavy Truck Repairs,
Even Permitting Broken Parts to Be Restored without Removal from the Car

equipment has been supplied by the oxy-acety-

lene welder and cutter. Perhaps no other tool
introduced into electric railway repair shops dur-
ing recent years has made possible greater economies,
since its ability to reclaim worn or broken parts has
effected large savings in material without increase in
the payroll and has made it unnecessary to purchase and
carry in stock many of the most expensive of repair
parts. In fact, in many instances, storerooms have
even been replenished from the scrap heap. Descrip-
tions of the more common of these methods have ap-
peared in various issues of the ELECTRIC RAILWAY JOUR-
NAL for the past three years, but owing to the con-
stantly increasing scope of the work that may be ac-
complished by this process many novel applications have
recently been developed, and outlines of a number of
these are presented in the following paragraphs.

! PANACEA for innumerable ills of electric railway

ARMATURE AND AXLE BEARING HOUSINGS RECLAIMED

It has been the experience on the Terre Haute, In-
dianapolis & Eastern Traction Company, of which M.
F. Flatley is master mechanic, that armature bearing
housings and frame heads can be successfully welded,
and that in many cases even more satisfactory results
can be obtained than if new parts are purchased. The
reason for this is that the repaired casting can be over-
built to compensate for the wear in the frame head,
thus insuring a close fit when the parts are assembled.
Since the wear is caused by movement between the

frame and the housing, if a new housing is installed the
difficulty is only partially remedied, because the new
housing cannot be held tightly in place in the worn
frame. In this case the bearing housings have their
worn surfaces restored by building on new metal, after
which the housings are turned in the lathe to about
0.01 in. larger than a new housing to fit the old frame.
A cast-steel rod is used in the welding operation so that
cast steel is built on cast steel, hence no difficulty is
experienced in turning the housing in the lathe. The
average cost of thus welding and machining a housing
is $2.82,, whereas the cost new is $8.60.

Reference has been made in previous issues to the
building up of worn axle seats for motors, but the Terre
Haute, Indianapolis & Eastern Railway is going one
step further by reclaiming worn axle caps from the
scrap pile. This has been accomplished in many in-
stances by filling up the dowel-pin holes and redrilling
them at a relatively small cost. Previously some of
these axle caps had been reclaimed by bushing the worn
holes and providing new dowel pins, but the bushings
frequently worked loose and wore into the axle cap in
the same way as the dowel did before the bushing was
inserted. The dowel-pin hole would finally become so-
badly worn that it would be impossible to insert a bush-
ing large enough to fill the hole completely and thus.
prevent movement. When this occurred the service life
of the axle cap was ended, and in cases of this kind,
autogenous welding was the only possible means of
reclamation. ‘

OXY-ACETYLENE REPAIRS—RESTORING PINION SEAT ON OLD ARMATURE SHAFT
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The average cost of renewing the two dowel-pin holes
with the oxy-acetylene welder is 70 cents as compared
with a cost of $10.03 for a new axle cap. This repre-
sents a saving of $9.33, neglecting scrap value, and the
finished job should increase the life 100 per cent, be-
cause the welded metal is cast steel of the same quality
as that in the axle cap. As a precaution against the
dowel-pin wear in reclaimed axle caps, the caps are
bolted in place, the caps and motor housings numbered
in pairs, and each bearing is calipered for size. The
cap is then planed off to reduce the bore so that when
the bolts are drawn up the bearing will be clamped
tightly in the housing, and thus the dowels are relieved
of the work of holding the bearing secure. In one of
the accompanying illustrations an axle cap is shown
ready for welding and another is shown fully restored
and ready for service.

Old armature bearings are also repaired very suc-
cessfully by welding. If the collar is worn down it is
built up with Tobin bronze and turned in a lathe to the
standard size. If the bearing is cracked, a V-shaped
groove is cut along the crack, and this is filled with
bronze by the welder. Experience has demonstrated
that bearings repaired and reclaimed in this manner
are as good as new, and the average cost of repairing
them, for both the pinion and the commutator ends of
an armature, is $1.20. A new commutator-end bearing
costs $4.19 and a new pinion-end bearing costs $7.78.
The total average saving made by reclaiming a bearing
‘of the type used by this company is thus $10.57 and
the wear life is increased practically 100 per cent.

PINION SEATS AND KEYWAYS RESTORED

The restoration of worn pinion seats and keyways by
welding is probably quite commonly known, but such
success has been attained by this company in this prac-
tice that a description of its methods should be of in-
terest, especially to those companies having many of
the older types of motor involving the dismantling of
the armature and its reassembly when a new shaft has
to be installed. To obviate this difficulty and reduce the
cost, the oxy-acetylene welder is employed.

ELECTRIC RAILWAY JOURNAL
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Preparatory to welding, the pinion end of the arma-
ture shaft is first thoroughly cleaned to remove all
grease and dirt. Fire clay is then packed into the core
head to prevent unnecessary heating of the armature
core, which might affect the winding. The bearing seat
of the shaft is also incased in fire clay and wrapped
with asbestos paper to protect the surface from the in-
tense heat which must be applied to the pinion seat dur-
ing the welding operation. As a protection for the op-
erator a fire-brick oven is built around the end of the
shaft. After these preparations have been completed
the shaft is brought to a white heat with a kerosene
torch, in which condition the entire surface that forms
the pinion and nut seats is built up by welding on vana-
dium steel and the old keyways are filled in. When the
welded shaft has cooled, the armature is placed in a
lathe where the pinion seat is turned to the standard
size. After a new keyway has been cut the operation
is complete. The total cost of the operation is approxi-
mately $7.60, while the cost of a new shaft for the par-
ticular armature shown in the illustration on page 550
would have been $58. The time devoted to this en-
tire operation was approximately twenty-four hours,
and it may be said here that the promptness with which
a repair of this nature can be made also reduces to a
minimum the number of extra armatures necessary to
meet emergencies.

COUPLER KNUCKLES LENGTHENED

A very unusual application of welding that has been
made by this company is found in its plan of lengthen-
ing coupler knuckles. Abnormal track surface condi-
tions, truck-spring deflections and wheel wear had
caused cars to uncouple, in a number of instances, indi-
cating that the 11-in. face of the knuckles in the M. C. B.
radial car couplers was too short. The difficulty became
especially noticeable with interurban cars in train
service at sharp changes in grades, particularly at ap-
proaches to bridges and in the city streets. Although
the couplers and car heights were carefully examined
and corrected to eliminate coupler failures, the mechani-
cal department was unable entirely to overcome the

{ . OXY-ACETYLENE REPAIRS—RESTORING FLANGES ON THE WORN BEARINGS
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OXY-ACETYLENE REPAIRS-—THREE STAGES OF LENGTHENING COUPLER KNUCKLE

trouble. After trying various remedies to no avail, it
was decided to increase the length of the knuckle face
from 11 in. to 13 in.,, and to safeguard the service it
was considered desirable to make the change promptly.
An investigation of the time required to obtain new
knuckles indicated that about the only way to do so
would be to make new patterns and have the knuckles
cast at a local foundry. Such a move, however, entailed
scrapping the old knuckles in addition to paying for the
special knuckles. As an experiment one of the standard
11-in. knuckles was lengthened by welding on pieces
with oxy-acetylene, and this proved so successful that
it was decided to lengthen all the knuckles with the
welder, the work being done at an average cost of $2.26
per knuckle.

The following procedure was adopted: A templet
was first cut from a piece of sheet steel to the exact
shape of the top of one of the standard knuckles, and
from this templet pieces were cut from 1-in. x 3-in. steel
bars with the oxy-acetylene cutting torch. These pieces
were afterwards forged to fit the ends of the knuckle,
to insure perfect contact, about 1 in. of the small end
of the forging being beveled as shown in one of the ac-
companying illustrations, simply to improve the appear-
ance of the finished knuckle. Auxiliary knuckle-pin
holes were then drilled through both of the forgings,
and they were pinned to the casting as shown in the view
of the assembled knuckle and forgings. As an extra
precaution against any chance of failure and to rein-
force the weld, an additional hole 14 in. in diameter
was drilled through each forging and into the knuckle
for about 114 in., a small pin being driven tightly into
the hole. This held the piece firmly in position during
the welding operation, and assisted in strengthening
the weld.

After the knuckle and forgings had been assembled,
the entire casting was placed in a blacksmith’s forge,
and one end was brought to a white heat. In this con-
dition the forging on that end was rapidly welded to
the casting, the cast-steel rod being melted as far down
in the joint as possible, and the metal being gradually
carried up to the working face of the knuckle. When
the weld was completed on one end the knuckle was
again placed in the forge where the other end was
beated and subsequently welded in a like manner. This
preheating of the knuckles is considered to be a very
important part of the operation, because when it is
properly done the amount of gas necessary to make
the weld is reduced about 50 per cent.

After the welded casting became cooled, all metal
projections were chipped off with a chisel and hammer,
and the face of the knuckle was finished with a file or
portable emery wheel. The need for finishing, however,
could be practically eliminated by the skillful use of
the torch during the welding operation. An examina-

tion of a number of knuckles lengthened in this manner
showed little or no evidence of how the work was done,
as there was no line of demarcation indicating where
The distribution of the cost

the weld had been made.
of the work follows:

Blacksmith labor
Helper's: 10T ou s - o 55 o0 5@ 5505 0 5 40 5105 5 55 6 eiig 4 101 560 S oot
Machinist's labor
Welder’s labor
10 1b. of 1-in. x 3-in. steel
1 1b. of filling rod

18 ¢ ft. of acetylene E.’,‘d‘s :36
94 el Tt OF OXVEOTIS 08 o 40 556 515§ 5451800 0 8250 e 15 e et e e AR .36
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The original cost of the 11-in. knuckle was $4.50, and
if the mechanical department had decided to buy special
knuckles the cost would have been considerably more
than this. In addition there would have been the de-
lay necessary to prepare the special pattern and to ob-
tain the steel castings which are scarce and high-priced
owing to the present conditions in the steel industry.

STEEL-CAR REPAIRS ON MICHIGAN RAILWAY

In the shops of the Michigan Railway at Albion,
Mich., of which R. C. Taylor is master mechanic, the
oxy-acetylene welding and cutting outfit has become in-
dispensable in connection with steel-car repairs, the
cutting torch being particularly useful in both con-
struction and repairs to the all-steel car bodies. While
the welding torch is used occasionally in this work it
has been found more useful in reclaiming and repair-
ing equipment and truck parts. In the oxy-acetylenc
welding and cutting department there is provided a
complete stock of rods of all the different kinds of metal
used in equipment parts which may become damaged or
broken. While cutting is done by several of the work-
men engaged in repairing steel car bodies, welding has
been found to require the services of an expert, and ac-
cordingly it is done by one man. When the welding out-
fit was purchased this man received instruction in the
various kinds of welding operations, and after about a
year’s experience he has become very skillful.

Innumerable repair jobs which, under ordinary con-
ditions, would have been difficult, have become quite
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easy when the oxy-acetylene cutting and welding torches
were brought into play. When this outfic was pur-
chased, there were included several tips for cutting dif-
ferent thicknesses of metal and a special rivet-cutting
torch. The latter has been found especially useful in
removing and renewing damaged members in the steel
cars, as rivet heads may be cut at the rate of three per
minute.

In one instance a T7-in., 13%%-lb., channel intermedi-
ate sill in an all-steel express car was badly twisted in
a wreck. This channel was bent at right angles and
the needle beam that was framed into it was also badly
distorted. Under ordinary conditions it would have re-
quired two or three days to cut out this bent sill and
needle beam with a hack-saw and chisel. Moreover, two
sets of splice plates would have been necessary to re-
place the damaged section of the intermediate sill in
the car-body underframe. With the oxy-acetylene cut-
ting torch, however, the damaged section of the channel
was quickly cut at two places and removed. The bent
sill and needle beam were taken to the forge shop and
straightened, and in a very short time they were ready
to be replaced in the underframe. Instead of using
splice plates where the bent section of the intermediate
sill joined the sections from which it had been cut, an
oxy-acetylene weld was made in twenty minutes, about
50 cents’ worth of gas being used in the operation. Only
about ten minutes were required to cut off the rivets
and to cut through this channel in two places when it
was removed from the underframe. Experience has
shown that it costs about $1 an hour for the gas used
in various welding operations, the quantity depending
upon the size of the tip employed.

Innumerable other small cutting operations are
necessary in steel cars in both construction and repair
work. For instance, instead of suspending the con-
duits beneath the cross-bearers in the underframe, slots
are cut through the.- webs of these members and the
conduits passed through them. Damaged side plates
are quickly removed by using the rivet cutter, which
cuts the head of a rivet without damaging the plate.
After the plates have been straightened in *he hlack-
smith shop they are restored to their original position

OXY-ACETYLENE REPAIRS—BUILDING UP MOTOR END-HOUSING
WITH CAST STEEL
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and welded in place. Similarly, many forging opera-
tions have been superseded merely by cutting out the
parts from metal of the required thickness. For in-
stance, body brake-levers, which were formerly made
from 1%-in. steel bars by forging them to the proper
dimensions, are now cut from 1Y;-in. plates. By this
method the cost of manufacturing the levers is greatly
reduced, since all that is required after the levers have
been cut to a templet is to drill the necessary holes.

WORN JOURNAL BoxES RECLAIMED

Prior to the advent of the oxy-acetylene welder worn
journal boxes had to be scrapped and replaced with new
ones. This waste of high-priced metal has been ob-
viated by the Michigan Railway by providing new %4-in.
sheet-steel chafing plates and welding them in the
pedestal ways. In one of the accompanying illustra-
tions are shown two 6-in. x 11-in. malleable-iron jour-
nal boxes, one of them being worn and the other having
been repaired with the oxy-acetylene welder. As it
has been found very difficult to weld malleable iron
with malleable iron, Tobin bronze is employed to cheapen
this operation, and the metal produces satisfactory re-
sults. The first cost of one of the journal boxes shown
in the accompanying illustration is $6.25, while the cost
of welding on new chafing plates is only 50 cents. Al-
though the chafing plates have been riveted on success-
fully in some instances it has been found very difficult
to make them oiltight, whereas when the plate is welded
in place this requirement is readily met.

MISCELLANEOUS APPLICATIONS

The heaviest weld that has been successfully made
in the shop of the Michigan Railway has been on the
cracked shanks of old Sharon type and Tomlinson radial
tvpe M.C.B. couplers. The approximate first cost of
one of these coupler shanks is $12.50, and the cost to
weld it is $2. Welds in simpler form are frequently
made to obviate delays in the receipt of material, thus
making it unnecessary to carry a large stock of spare
parts in the storeroom. For instance, GE-239, 2400-
volt, brush-holder receptacles that have been burnt in
service are readily put in condition for operation. In

P

OXY-ACETYLENE REPAIRS—WORN AND RECLAIMED AXLE CAPS
AND JOURNAL BOX
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one of the accompanying illustrations, one of these
brush-holder receptacles in need of repairs is illustrated,
together with one that has been restored. For this
work a scrap brush is fastened to the receptacle during
the welding operation to serve as a mold for the inner
surface of the brush-holder receptacle. The cost new
of one of these holders is $2.50, and the welding cost,
including labor, material and gas, is about 25 cents. A
similar case occurred in connection with a broken base
on one of the Michigan Railway’s pneumatic trolley
bases. As shown in one of the accompanying illustra-
tions, the base, which is made of cast iron, was cracked
across one side, and to weld it cast-iron metal was
poured into the crack. The cost new of one of these
bases is approximately $25, but the cost of material,

OXY-ACETYLENE REPAIRS—WORN JOURNAL BOX REPAIRED WITH
TOBIN BRONZE PEDESTAL WAYS

labor and gas for welding was about $1. In addition to
the saving made by reclaiming the casting, it was im-
portant that the base be restored to service in a short
time, and the welder readily met this condition.
Again, a casting which was used in connection with
the third-rail shoe mechanism, and which was broken
in service, was practically impossible to replace prompt-
ly because of slow deliveries on steel castings. To re-
store the casting to service three welds were required,
two across the end of the yoke formed by the casting
and one where this yoke connects with the main cast-
ing. In the instance cited the piece broken out of the
end of the yoke was lost along the roadway. It was
necessary to prepare a short section of cast steel to
take its place and weld it to the two sides of the yoke.
The labor, materials and gas used in completing this job
cost 50 cents. On another occasion a coil from a Peter
Smith hot-water heater had burned out or burst by
freezing and the oxy-acetylene welder was employed to

OXY-ACETYLENE REPAIRS—VIEWS OF BROKEN AND RESTORED
AXLE CAP
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restore it to service. At the time the repair was made
the possibility of saving was not as important as the
prompt provision of heat for the car. Still, the cost new
of one of these coils was approximately $75, and the
cost of welding was only $3. This work was very suc-
cessfully accomplished, and the welded coil has been in
service for several months. The saving made in this
case was $72, and it was unnecessary to deduct any-
thing from this figure for scrap value because the.old
tube was practically worthless as scrap.

QUICK REPAIRS IN CHATTANOOGA

An example of quick repair work done in the shop
of the Chattanooga Railway & Light Company is shown
in one of the accompanying illustrations. In this

OXY-ACETYLENE REPAIRS—VIEWS OF DAMAGED AND RESTORED
2400-vOLT BRUSH-HOLDER

case the repairs were made to a sandbox which had
been broken near the bottom at the spout. As sand-
boxes rarely break, and extra ones are not kept on hand,
the broken spout, under old conditions, would have
meant either running the car without sand or else keep-
ing it out of service for four or five weeks, because at
present it is difficult to obtain electric railway material
promptly after it is ordered and the cost of patching
the break would have been all out of proportion to the
value of the casting. With the oxy-acetylene welder,
however, these difficulties disappeared. One of the il-
lustrations shows the broken sandbox and another
shows a shop man repairing it. Still another shows
the finished job fifteen minutes after the work was be-
gun, the total cost of labor and material for the work
‘amounting to only 75 cents. In this case the car was
ready for service about twenty minutes after the work
was begun.

The acetylene welding outfit is used very generally

OXY-ACETYLENE REPAIRS—BROKEN TRUCK FRAME WELDED
IN PLACE
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by this company for repairing heavy broken parts, such
as truck frames, drawheads, brake hangers and body
bolsters, and it is frequently used even for such odd
jobs as repairing broken stoker castings. Recently one
of the company’s cars had a broken brake hanger car-
rier of 73-in. x 4-in. steel which was restored without
taking the truck from under the car and even without
taking the brake hanger off the truck. Its removal and
welding in the
blacksmith shop
would have cost
approxi-
mately $3,
whereas the ac-
tual expendi-
ture was 50
cents. Several
broken truck
frames have
been repaired at
a cost that aver-
ages between
$1.50 and $3,
the replacement
of such pieces
under ordinary
methods involv-
ing a cost that
ranged between

OXY-ACETYLENE REPAIRS — BROKEN AND

$40 and $50-_ RECLAIMED THIRD-RAIL SHOE-CASTING
The heav1e§t AND WELDED TROLLEY BASE
work that is

done at Chattanooga with the oxy-acetylene welding ap-
paratus consists in repairs to body bolsters which are
constructed of 7s-in. steel plate 9 in. wide. These plates
are bent at right angles at each end to form the sup-
port for the side sills, and it has been found that they
display a tendency to break at the inside of the bends.
To repair them originally cost $10, but with the oxy-
acetylene flame the operation of repairing the break
costs approximately $2.50.

W. S. Henry, master mechanic Chattanooga Railway
& Light Company, states that the best way to train an
operator appears to be merely to turn him loose with
the machine after he has learned to regulate the flame.
At Chattanooga originally a point was made of having
the operator make one or more practice welds each day
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for some weeks so that his experience would be regu-
larly developed without waiting for the occurrence of
emergency jobs which form ihe greater part of the
work that is done with the apparatus.

In The Milwaukee Electric Railway & Light Com-
pany’s shops a novel application of the oxy-acetylene
flame has been developed in the burning of lead to
make lining material for storage-battery boxes. In
connection with this work, as well as the regular weld-
ing operations that are carried on with the apparatus
it has been found that the cost of work depends largely
upon the element of time. H. A. Mullett, superintend-
ent of rolling stock, states that the operating cost per
hour ranges from 40 cents, when a No. 2 tip is used, up
to $1.17 when a No. 7 tip is used.

On the Chicago Elevated Railways, H. A. Johnson,
master mechanic, states that the uses to which it can be
put to advantage have been continually extending, and
in cases of emergency the value of the apparatus is
considered to be not measurable in dollars and cents.
Some of the work which is being done is as follows:

.Building up worn pinion fits, keyways, stripped threads

on armature shafts and worn motor housings, welding
broken motor shells, building up worn brush-holders,
worn nose suspensions and many other jobs of a similar
nature. The company has tried also the filling up of
flat spots on steel wheels when the flat spots did not
come close to the flange. Out of several operations of
this kind one was found where the metal sloughed off,
but as a whole the experience is considered to be satis-
factory. It is considered that in many cases the actual
cost of doing a welding job is not the most vital feature.
In many cases time is the determining factor, especially
in cases of broken machinery, where the replacement of
a part would necessitate a long delay in the receipt of
new castings. In Chicago the question of breaking in
operators has not been a serious matter, as a shop em-
ployee may be sent to the establishment of one of the
manufacturers of oxy-acetylene apparatus where repair
work is handled, and he can work for three or four days
beside an experienced operator, picking up in this way
more knowledge than he could in the railway company’s
shops in a considerably longer time. For the welding
operators, a knowledge of the welding and working of
metals is considered to be a material help in the proper
handling of the welding apparatus, and for this reason
the company is using blacksmiths to do the gas welding.

OXY-ACETYLENE REPAIRS—WELDING BROKEN

SAND BOX 1IN FIFTEEN MINUTES
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New Type of

One-Man Car

The Prominent Characteristic of the Latest Ultra Light-Weight Car, Recently Built for Stone
& Webster in Accordance with the Birney Design, Is the Retention of Standard
Forms of Construction, the Weight Complete Being 10,000 Lb., and
the Seating Capacity Twenty-Nine

ITH the increase in popularity of one-man

\K/ operation much attention has been devoted to

the development of a design of car that would
be best suited to this method of handling traffic, and a
number of different types have been proposed. A few
of them have been built and placed in service, and the
latest addition to the list is the Birney one-man car
which is about to be introduced on the Stone & Webster
properties in the Puget Sound district. This car, which
is described in the accompanying paragraphs, is the
result of an extended study by its designer, C. O. Birney
of Stone & Webster, Boston, Mass., of the factors gov-
erning the cost of handling traffic on systems of various
sizes.

The study has included consideration of the increas-
ing demands by the public for improvements in service
and in conveniences, the increased cost of labor and
material, the tendencies toward track extension and
longer hauls, and the operation of automobiles, both
private and jitney. Some of these elements have a
tendency to reduce the purchasing power of the fare
unit, and others incline toward reducing the earning
power of the property. Yet recent analyses have indi-
cated that the average load of a modern electric car for
fifteen hours of each day ranges from seven to twenty
passengers, the cars having capacity loads only in the
rush-hour periods. In general, the present service is
rendered by cars weighing from 24,000 lb. to 56,000 lb.,
with seating capacities ranging from thirty-two to sixty
passengers. The cost of hauling such cars in addition

to the wages of the platform men