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It is proposed to show in this paper the most salient points which
affect the economy of the electric drive in the shop, and also, in a
genehr_al way, the proper relation between the motor and the driven
machine,

2 When the electric motor was first used in the shop, Bractlca_ll
no other claim was made for it than that it saved power by obviat-
ing the losses in line and countershafts. Exaggerated statements
were made of savings to be effected:; an_d_though it was proved later
that many of these claims should be divided Dy a large factor, and
that some should even be provided with the ‘negative sign, these
statements did a great deal of good by calling attention to the fact
that great losses existed. ,

3 “The writer knows of no way to determine the exact amount of
these losses, but wishes to call attention to the fact that a method
which has been employed %une frequently is entirely misleading.
The method referred t0 is, to. measure electrically or by indicator
card the amount of power required to run all or a part of a shop with
and without machine load.  The difference between the two readings
Is supposed to be the loss. That this is wrong becomes_ obvious as
soon as one considers that the frictional load of everY bearing changes
with the amount of the load, and that the belt pull sets up bending
and torsional strains in long lengths of shafting, which may cause
losses much greater than the losses by journal friction.

4 The method of taking, separate” measurements of the. work
done by each machine individually, and totaling the result, is also
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138 ECONOMY OF ELECTRIC DRIVE IN MACHINE SHOP

wrong, as all machines do not require the maximum amount of power
at the_same time.  To multiply the total by some fractional coeffi-
cient is merely a refined wa%/ of guessmP. Statements have from
time to time appeared, as to the amount of saving effected by the sub-
stitution of motor drives for lineshaft drives, but never'with the
positive statement that at the same time other changes were not
made which might have some effect on the situation. ~This absence
of reliable data’is apparent all over the field of this subject, and it
will therefore be impossible to say heforehand with anyfair degree
of certainty how much, if anything, can be gained by thie conversion
of a shop from shaft to mofor drive. It will be possible, however,
to indicate points which should be kept in mind, and which are the
controlling factors. o ,

5 Economy is the art of obtaining the greatest output with the
smallest outla}/. To strike a balance between these two elements
outlay and output, is the work of the industrial en%lneer_. Ina ?rea{
many cases, perhaps in the majority, there are not sufficient data to
enable him to do this; his work then becomes hazardous and is on a
level with that of the prospector, Many reputations are based on
a stroke of luck and many have been lost by a single wrong Iguess.
On the other hand, many hundreds of thousands, or more likely,
millions of dollars have been lost to shop owners b% listening to the
lure of the enthusiastic engineer with more faith than data.

POINTS TO BE CONSIDERED

6 In considering the economical features, when converting a sho
from shaft to motor drive, the following points should be kept in mind:

a The nature of the shop. _

b The possible economies which may be effected by the instal-
lation of electric drive.. _

¢ The first cost of such an installation.

d The cost of its queep.

e The cost per unit of power.

_Thou?h these are the main points to be considered in a preliminary
investigation, they are by no means the only ones. They are sPe-
cially mentioned "here because their contem?latlon will “naturally
lead to the consideration of other points as well. _ _

7 As the electric drive for the machine shop alone will be consid-
ered here, it may seem that the nature of the Shop might have been
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left out of consideration. In the great majority of cases, however,
a machine shop is of a dual nature.” A fou,ndrr or blacksmith shop,
or perhaps a plating shop is connected with the establishment; or
warehouse and yard service. may form a considerable portion of the
operations.. The yard service of a plant may be of an elaborate
nature, while the ‘machining operations are of a simple nature. It
may be that the machine-shop operations cannot be |m[oroved enou%h
by ‘the change to electric drive to warrant its installation, yet the
gains to be made by converting yard cranes and other similar appa-
ratus to electrically-driven apparatus maybe so great as to make it
advisable to change the mode of driving” of the entire plant.

8 Asto the possible economies which may be effected by a change
of drive, this involves so many considerations that nothm_?I but an
exhaustive study of the entire plant_in all its aspects will clearly
show what may be accomplished. Though at one time the only
economy considered was the saving of power, it is now well recog-
nized that this is by no means the only or the most important econ-
omy resulting from a conversion to electric drive, and that such a
coriversion may even be hlghly economical, though there be an
actual loss in power consume _ _
9 Toillustrate: practically all of the work done in a machine shop,
or.which power is used, is the removal of ch Ps._ The writer has In
mind a shop where an average of 9 tons of metal is daily fed through
the shop, to be made up into _|%h-gra_de machinery. - This metal is for
the greater part cast iron, with a'minority of stéel and a small per-
centage of bronze and other metals, gust as in most machine shops.
The fotal of cths_ removed amounts to less than 15 per cent or
2700 Ib. of metal in a nine-hour day, making 300 Ib. per hr., or 5
b. per min. This shop uses an average of 225 h.p., which is 45
h.p. per min. for each pound of chips femoved. Figuring that all
the chips are steel, this would mean that the shop requires about
12 h.p. per cu. in. of steel removed. It should be nofed that.this
ShOP 1510 a Iarge extent electrically driven, and otherwise as well or
better equipped than the majority of maching shops. The power
costs about $40 per h.p. per year, or a total of $9000, which includes
steam for he_atmgn, however, _

10 Figuring that all of this amount is spent for power, and that
half of it could be saved bg some other mode of driving, then the
total possible galn would be $4500 per year. This shop employs
about five hundred men, so that the gain would be $9 per man per
year. An establishment of this kind ‘and size delivers a product of
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about $2000 per man per year. If the installation of a new mode of
driving could increase this output onlzf 5 per cent, then the gain per
man per year would be $40, or more than four times the gain which
can be made bly cutting, the power consumptlon intwo. Obviously
then, the problem is to Increase the amount of chips made in a given
shop, and not to diminish the amount of horse,i)ower for a given
amount of chips.  This phase of the subject will be treated more
extensively later. _ _ _

11 Asto the first cost of installation, though it maY be beyond
doubt that a change in the mode of driving might effect economies,
yet it remains to be shown that these economies will give a?ood retum
on the investment, and further, that this same inveStment could not
be used in another direction to better advanta?e. What is true
when a shop is to be converted from one drive to another, is also
true when a new fpIant iIs to be built. Directors of industrial
undertakings have frequently been criticised for apparent lack of
progress, when a close anal%sm ml%ht have shown other mare crying
needs forthe investment of the capital at command. Though the shop
of an Industrial undertaking may be the onl_y{ place where Tts product
is made, it maynot be the onlyplace where its money is made. ~ And
even should the shop be beyond doubt the best place to invest the
money on hand, it remains o be shown that the proPosed chanlqe of
drive ‘will bring better returns than |mProvements along other [ines.
This question will also be dealt with later. o

12 " The probable cost of upkeep must also be thoroughly investi-
gated, especially as it is likely to be under-estimated™ unless one
goes fully'into details. I considering the probable economies, this
cost of queep has to be estimated ‘and deducted from_the gross
gains; but the same_item appears again in the form of disturbance
of operation, when it is much harder to estimate it.  This must be
done as well as possible, however, before reaching a final conclusion.
These disturbances make themselves felt, especially the first few
years after making the chan%e. _

13 1t is further true that radical chanqes are usually made at a
time when there is a heavy demand on the shop, either because
it Is thought that the outpdt can be increased by the contemplated
changes, or because the size of the power plant has not kept step
withthe growth of the rest of the plant, or because at such times
of business prosperity, money can be easily obtained for such changes.
Whatever the reasons, the “fact has been fairly well established;
and a change at such a time must be doubly hazardous, not only
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because it ma?/ fail to accomplish the desired increase of output,
but because it may actually prove to he a source of disturbance,
and reduce the output instead of increasing it. . o

14 The cost per unit of power should énter into the Prellmmary
considerations, as it will determine to a large extent the kind of
current to be used, and this may have a decided effect on the final
economy of the system as applied to theshop.  Attention will again
be directed to thé foregoing Items later in the paper.

SAVINGS EFFECTED BY ELECTRIC DRIVE--INCREASED OUTPUT

15 The savings effected by driving the shop electrically may be
classed under two heads:increased output and less expense. “Whether
savings can be effected by increasing the output depends on so many
and such varied items that it seems best to show them first in an
elementary way, by considering a single machine under a set of
assumed conditions. _ o
16 Let us take for example a 12-ft. boring and turning mill, used
in a shop devoted to the manufacture of a sm%lle line "of product
and having enough machines of each kind to allow each machine
to be devoted to a_very limited line of operations. Suppose. the
machine under consideration to do nothing but turn up large rings
ranging in diameter from 12 ft. to 8 ft.: and further, that a gréat
number of rings of each size are to be turned u‘p In each lot, so that
the amount of time lost in setting the machine tor the different kinds
of work becomes negll_?lble. Let it be further supposed that the
machine is provided with a number of speeds in geometrical progres-
sion, with steps of 25 per cent, and that there is one speed which
happens to correspond to the 1pr,op_er speed for the material used
and for a diameter of 12 ft.  This'is supposing a set of conditions
as 1g700d s can be expected in the ordinary commercial machine.

17 Under these conditions, the low speed must be used for all
rings from 12 ft. down to 9.6 ft., and the next higher sPeed for all
rings ranging from 9.6 ft. down to 8 ft. _SuPposmg that the number
of all rings of the same size is the same, it Tollows that the machine
runs jiy of the Yea,r on the lower speed, and  of the year on the
higherone. Al ome \ of the total time for chucking work, remov-
ing it, changing tools, etc., there remains f of the year spent in
removing chips. The machine removes chips, thereforé, at the lower
speed during ™ (T of f) of the year, and (% of f) of the year
at the higher speed. This higherspeed might be called 12, and the



142 ECONOMY OF ELECTRIC DRIVE IN MACHINE SHOP

lower speed 9.6. A measure for the amount of chips removed, and,
therefore, for the number of pieces turned up, would then be the
amount of time multiplied by the lingar speed of the tool. This
Is not exactly correct, but near enough for a mere illustration.

18 So far, however, an expression has been found only for the
number of revolutions of the machine. In order to reduce this to
linear speed, we must consider the fact that the higher speed is the
proper speed for a diameter of 9.6 ft., and the lower speed for a
diameter of 12J:t. If the machine were to run all the time at the
speed corresponding to the diameter to be turned up, the total output
for the year could De expressed by the time the machine is actually
removing chips, which is f. _

19 When runan at the lower speed, however, the machine has

the ?roper speed only when the diameter to be turned up is exactly
12 ft. At all other diameters, the speed is too low. The effect is
the same as if the machine were running all the time at the lower
speed, and all the work were of a diameter of the mean hetween
12 and 9.6, or 10.8, Therefore, when running on the low speed, the
output runs down from  to v Similarly; the output of the ma-
chine, when running at the higher speed, has been reduced from
to tstj, and the total from f t0  or a reduction of nearly 10 per
cent. ~ Now if thjs machine were driven by a variable-speed motor,
it would be possible to find a proper speed for every size of rmg to
be turned up, and the production might be increaed from 136 to
150, or a gain of nearly 11 per cent. = _
0 Merely t_o_sa?/ that there is a gain in production of 11 per cent
IS perhaps sufficient to prove that under certain conditions a change
from belt to motor drive may be profitable, but it is in no way a
measure of the amount of Proflt. If, for instance, the machiné is
capable_ of taking care of all the work in the shop, then the only
gain is in the wa?es of the_operator; if, on the other hand; there is
more work than the machine can take care of, then the Increased
Productlon of the machine may mean a corresponding, increase in
he”production of the entire ‘shop, improved deliveries, and the
avoidance of a great deal of confusion, of which the money value
maZy be many times greater than the mere saving in wages.

1 In the foregoing examBIe, the advantage Qained s entirely
due to the fact that a variable-speed motor was attached to the
machine.  This is by no means, however, the only reason why the
change to electric drive ma¥ increase the efficiericy of a_machine.
The electric drive may enabile one to place the machine in a more
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convenient position, or bring it under a crane; or it may be the
means of giving the maching more power than it could have with
a belt drive; or again, it may be the means of doing away with some
harmful conditions which have diminished the machine’s efficiency.
Amon? sych circumstances may be mentioned the variation in length
of belts due to weather conditions, or to varying loads on an upper
floor, makmg the belts from pulleys attachéd to the under-side of
this floor either oo loose, ha\_/m? been adgusted at.a time when the
load on the upper floor was light; or too fight, owing to adjustment
at a time when the load on the upper floor'was heavy. Then there
is the convenience of altering speed if a machine has a motor or a
convenient gear drive, when the operator might forget that there
IS such athmﬁ_as a change of speed for varying conditions of work,
If he had to shift a belt. “An almost unlimited number of considera-
tions affect the result to be obtained from the application of a motor
to a machine tool; so that it is almost impossible to forecast the
economy which will result from such a change, thou?,h_lt may be
pe{fe%tly possible to say that the change will"be beneficial to some
extent.
22 The fact that the change from one style of drive to another
Is practically always accompanied by some gther changes, either in
addition to, or as & result of the change of drive, makes it impossible
to show by data how much gain is the result of this change. ~ Under
very definite conditions, such as were supposed in the example given,
it may be possible to calculate these gains beforehand, and even to
verify the calculations by the actual résults, but in the vast majority
of cases neither calculation nor verification is possible. For this
reason, this paper is confined to pointing out in which respects and
under which' conditions profits may be expected. _Such profits will
appear either in increased output ‘or in the curtailing of expenses.
23 We will now consider more in detail the economic advantages
mentioned in, the foregoing paragraphs. Fig. 1 shows the main
points in which an increase in output may be expected from the
substitution of electric drive for shaft drive. The electric drive
will show its effect on individual machines (provided they are indi-
wduallY motor-driven), on the handling of the work in"the shop,
on the light and cleanliness of the place, on the possibility of makm%
changes In the arrangement of the shop when needed, and last, bu
not [east, on the individual effort of the operator.
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EFFECTS OF ELECTRIC DRIVE ON INDIVIDUAL MACHINES

24— More "power. Thegreateroutputoflnd|V|du_aIIYmot_or-drlven
machine tools Is due to a number of items, shown in the dla(%ram.
The first item, more power, IS especially prominent in heavy Tools.

The power of cone-driven machines is limited by the belt speed, and
by the width possible, co_n5|der|n? that the bélt has to be shifted.
It might|befsaid that a single-pulley drive has no such limitations;

but on the other hand the smgle-'oul_ley drive does not lend itself to
fine gradations of speed, especially in"heavy machinery.  Further,
sucha drive would take up a great deal of space, would be very castly,
and would be extremely awkward to handle unless auxiliary mechan-
ism were provided to do the shlftlnP of the heavy %ears, which is
a further source of expense. The electric drive, on the other hand,

would allow of a motor with a certain amount of variation of speed,
which, combined with a few gears, would give all the variation
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obtainable with the cone pulley, and by much finer gradations.
This is so well recognized at the present fime, that very Tew heavy
machines are built to order with a cone drive. , _

25 High-speed steels made an increase of power imperative for
some of the heavy machines, and for some of the lighter ones as well.
In a number of Cases, it was found that the frame of the machine,
as well as most of its mechanism, was strong enough to stand this
increase of power, but that it was practically impossible to substitute
larger cone pulleys without rebuilding the entire machine; in all such
cases, the electric motor has proved to be the solution of the problem.

26, Overload capacity. The electric motor not only makes it
possible to give more power to the machine, but it gives'it a reserve
capacity that a belt-driven machine cannot have.” For instance, a
casting has to be turned up: it has a swelling where the seam of the
Partlng_ is, and the amount of metal at this one paint is too much
or a Single cut; the machine stalls. If the machine were motor-
driven the overload capacity of the motor would carry the cut past
this point, without harming the motor. In other words, a motor
acts on a machine tool somewhat as a flywheel acts on an engine,
Before electric drives were known, the power of the machine tool
was almost always its weak point; after electric motors were applied
to existing mactiines, it was the frame of the machine which had to
be treated with consideration. o _

21 Freedom from belt troubles, The elimination of belt troubles is

one, of the strongest Pomts in favor of the electric drive. . During
an investigation of a large Western railroad shop by the writer, this
point was Shown with exceptional clearness. Practically all machine
operators “nursed” their ;]obs because they had to wait too long
for the chief millwright, who thou?ht he was the only man capable
of puttln?, on or coirecting a belt in the proper manner. Out of
consideration for the machine tools, this man would put on belts
from £ In. to 1in. too narrow. The combination of these fwo
Pleces of foolishness reduced the output of the belt-driven machines
ully 50 per cent where heavy cuts had to be taken, and reduced the
output of the entire machine department at least 10 per cent. |t
mlght be said that the management should have corrected this evil,
and so it did, but only after’the evil had existed for a great many
years. Conditions such as these are the outcome of growth, and
are Eenerally not found out until the shop becomes too small for the
work to he”done and the management begins to cast around for
means to increase the output.
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. 28 Belt troubles are caused by so many conditions that a shop
is rarely free from them. It was observed at the shops of a machine-
tool concern in the Middle West, that the output of their milling
machines was increased 25 per cent by drlvm% them by electriC
motors, though no further changes were made. This instance
deserves attention, because while some of the machines were changed
to electric drive, other similar machines were left with belt drive, and
there is a clear chance for comparison. The main reason for the
increased output was supposed to be the avoidance of belt trouble,
These milling machines were located on the first floor. - The second
floor was_ alSo used for a machine shop, and was at times heavily
loaded with finished and unfinished stock: this variation in loading
causing a variation in the deflection of the upper floor that made
It necessary to keep the helt very slaik, for fear it might g_e.too
tight wherf the upper floor was “not loaced. Weather “conditions
have a similar effect; especially where there are rapid changes in
humidity. The effect is'to lower the capacity of the maching by a
large percentage.

9 Fine gradations of speed. Another reason for the greater
economy of motor-driven machines is that finer gradations are ob-
tainable with a motor drive. ~ Of course, this_benéfit is derived only
from a variable-speed motor. When attention was called to this
feature earlier in the paper, nothing was taken into consideration
except the fact that it would be possible with the variable-speed
motor to obtain a speed in accordance with the material to be cut,
and with the diameter of the work or of the cutter, However, there
is more than this to be considered. A lot of castings are, seldom or
never of uniform hardness. This being the case, it'is quite natural
for the operator to set his machine for the hardest piece in the lot,
and it may well happen that he strikes the hardest piece first. Where
he has simple means for varying his speed, he will begovernedentirely
by the hardness of the Plece on which he is doing work. _
"30 No shifting of belts.  The fact that no belts have to be shifted
Is another cause of increased efficiency. The machine operator
who shifts belts for_PI_easure has yet to be found. Besides, where
the cellln? IS high, it js not easily possible to shift a belt W|th?ut
the aid of a long stick; and this”stick is generally somewhere else.
The amount of time lost in hunting for the Stick, anid in the operation
of shifting the belt, may be (zune considerable in itself, esPemaIIy
in shops Where small lofs are the rule and where it does not pay to
perform only one operation at a time, so that a single piece must
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r?cc_?lve all the operations of a certain machine before it is taken out
of it.

31 But worse than the loss of time in shifting belts is the fact that
this shifting is generally entirely neglected, and all the various opera-
tions are carried on dt the speed of the slowest. There are cases
where the gain due to this feature of the motor drive maybe negllqlble
and there are other cases where this gain may be a large percentage.

2 Increase in power with increase in speed. Anather point’in
favor of the motor drive, is the fact tha it_Is possible to speed up a
machine with a proportional increase in its power. This problem
aPpears whenever a change is made from carbon to high-speed
steels; and though most shaps at the present time are provided with
hlgh-sR_eed cutting tools, this is by no means true to such an extent
that this point may be overlooked. There are few, if any shops
Where some operations are not done with carbon-steel tools, some-
times because high-speed steel has been overlooked, but more often
because no benefits would be derived from it, asthe machine could
not be run at a higher speed without cutting down the depth of cut
or feed. In some cases, this can be_corrected by puiting a larger
Pulley on the lineshaft; but in the majority of cases which have come
0 the attention of the writer, this could not be done without more
elaborate chan?es. L , _

Generally speaking, it is a small thln_? to increase the speed of
a motor-driven tool without cuttln(i down its torque.. Not long ago
a number of cases came to the attention of the writer, which put
this matter to him in a verY clear light. Some horing machines,
used for boring holes out of the solid in_steel bars, and using twist
drills for this purpose, were supplied with hlgh-speed drills; but it
was found that the feed could not be increased, as the machine was
run to the limit of its capacity. It was further found impossible
to shift the belt to a Iar?er_ stepof the cong, thus giving more torque,
as it was not practical {0 increase the speed of the machine without
makln? extensive chanﬂes in the arrangement of the lineshaft,
A motor drive would have solved the problem and would have
increased the feed from £ in, to 18 in- per minute.  Such instances are
by no means rare. It is this feature of the motor drive which makes
it possible, in many cases, to get the full benefit of high-speed steels
with old machines.
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HANDLING OF THE WORK

34 Electric cranes. Electric current in a shop n_ot_on(ljy makes it
possible to get more production from machines individually, but
admits of a number of improvements in the handling of work: The
electr_lc_travelln? crane has become such a common aid in the shop
that it is almost difficult to realize that it is only twenty years since
it was new. It is also hard to realize that it is orie ofthe possibilities
of the electric drive.  The effect of the electric crane on the economy
of the shop_cannot well be over-estimated; though it is difficult t0
express in figures the amount of this economy.”™ So much can be
said, that only a few shops are over-supplied with cranes, while
in a great number more cranes could be placed to good advanta%e.
The installation of electric cranes or hoists in a shop is somewhat
similar to the installation of comPr,essed air. It is generally difficult
to estimate beforehand with certainty the amount of savings to be
effected, or to realize the various uses to which the apparatus will
be put, but once a compressor is installed its capacity is soon exceeded;
similarly, the electric crane is soon overworked. _

.35 The proper choice and installation of electric cranes and hoists
IS a separate branch of industrial en%meerm%, though not generally
considered as such.. The best effects can De had”only when the
apparatus is taken into consideration with the placing of the tools
in the shop, and the Iaylng ouf of the shop buildings. Instances
where the exact amount oi savmqs effected was known even after
the new apparatus had been installed for some time, are also rare,
though not quite to the same extent as data about machine tools.
The installation of a yard crane in a flask yard reduced the number
of laborers from nine men to two and the crane tender. The instal-
|ation of a small electric hoist, on a small traveler worked by hand,
increased the output of a milling machine, besides doing awaywith
the help of a laborer.. It should be remarked here that the weight
of the piece to be milled was too much to be lifted by hand, and
that the time used for the o(Joeratlon proper was small.  Instances
of this kind are not rare and have come under the observation of
almost e_ve,w engmeer connf_cted with indystrial establlihments.

30 Liftirig magnets. In fine with electric cranes are lifting mag-
nets, which are t0 be considered as an adjunct to the crane. ~ They
can often be used to good advantage for lif mH plates, for Ioadm?_ and
unloading pig-iron and scrap, for hauling small castings in quantities,
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and even larger castings, provided their shape and the distribution
of metal makes them adapted to this mode of handling, for lifting
drop weights, and for a number of other purposes. Though no in-
stances are at hand, it seems to the writer that a small lifting magnet
could_be used to good advantage for collecting chips at thé various
machine tools in & shop. _

31 Magnetic separators. Magnetic separators, thou%h more com-
monly used in the fqundr¥, are"used also in the machine shop for
the complete separation of the chips of various metals. However,
the3y seem to be more of _a luxury than of a necessity. .

8 Magne_tlc chucks. This cannot be said of magnetic chucks,
which make it possible to do 3U|ckly, conve_mentl_¥ and accurately
a _(ireat many jobs which would be very difficult, if not impossiblé
without this piece of aPparatus. Magnetic chucks are of SR_ema
merit in combination with small planers, shapers, milling machines,
lathes and %nnders. Their economical value may range from that
of a mere aid to the operator, to the means of doing'a job” which could
not_ otherwise be done at all. [t is generally edsy to estimate the
saV|nﬁs to be effected, as the time for ordinary chucking methods
is well known, and the time for chucking by means of the magnetic
chuck is practically negligible; further, the amount of power used
for the chucks.does not'need to be taken into consideration. They
have their limitations and are not adapted to all or even to a great
number of operations; but where they are applicable at all, they are
of great value, _ _

) Magnetic clutches. Magnetic clutches seemed at one time
destined to play a great partin shop economy. So far, however,
they have been"a disappointment. This seems to be F[])artly due to
inherent weaknesses of the ma?netlc clutch, but perhaps ‘more to
faulty construction, and especially to the fact that those who desuI;ned
and Qeveloped the ma%netlc clutch did not quite clearly understand
the _reguwements of the machine tools to which theY were to be
applied, and further, that those who had to_apply the clutch to
machine tools did not understand the Pecullarltles of a magnet.
There never wa3 the hearty cooperation that would make the mag-
netic clutch a success, . _

0 It would not be surprising to_see the magnetic clutch come
to the foreground once more and"claim its own. “There seems to be
a field forthis kind of apparatus in controlling mechanism of all
kinds, as well as for braking the movement of & machine or a part
thereof. Its peculiar value in this respect would be to give the
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operator the means for controlling his machine by merely touchlng
a button or turning a small switch, The magnetic'brake. i§ employe
now, especially in"cranes, indicating that thiere is nothing inherent
in the magnetic clutch which makes it unfit for application.

41 Attention might be called here to the possibilities of the
aﬁpllcatlon of the magnet in its various forms to operations in the
shop, and to the performance of certain functions in'a machine tool.
Magnets now are employed for holding small portable tools in position,
and”might be used for”vises and other handling devices. ~Further
attention should be called to the possibility of using the motor itself
as _atbrake, by short circuiting the armature on a given amount of
resistance.

42 - Stopping and starting devices. In the previous paragraphs,
mention was made of the passibility of applying the electric maglnet
for the purpose of controlling a machine.” This might be called
control from a distance, thouF_, in the applications Hinted at, the
distance would be ve_rY small in most cases. There is no reason,
however, why this distance could not be increased at will. As a
matter of fact, a number of installations are in existence where
electric devices (though no< necessarily electro-magnets) are in use
for this verY purpose. They will bé found esfpemally, in rolling
mills, and other plants where given amounts of matefial have t0
be handled continuously. These devices enable the engineer to
minimize manual labor, besides making the plant safer “and the
action more continuous. o o

43 Electric signals. . Electric swinal service in shops was well
known before the electric drive was thought of, but it can be greatly
improved where electric power is at_hand, as lamps of ditferent
colors, placed in the shop, will transmit intelligence better and with
less confusion than electric bells. The telephone would come under
the head of electric signals, but it is not dependent on the use of
current in the shop.

OTHER BENEFITS FROM ELECTRIC DRIVE

_ 44 Lighting. One of the greatest blessings of the electric current
in the shop is electric lighting, This is so ge_neraIIY acknowledged
and so universally employed; however, thaf it would be a waste of
space to go furthér into this matter here. _

45 Elasticity of shop arrangement.  Another great benefit of the
electric drive i$ elasticity of arrangement. Growing establishments
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have had to be satisfied with arranqements of machinery which had
no other point in their favor than that they were the only possible
ones. It was often necessary to place departments where they should
not be, s,_lmRIy because it was not possible to drive the machinery
in them if they were placed elsewhere, The electric drive makes it
P,ossmle to change the arrangement of the machinery, and the rela-
ive location and size of the different departments, according to
the changing needs of the shop.  This principle of changing the $hop
according to the work to be done, is carried to its logical limit in
the systém of floor plates and, portable tools.
46" Besides making alterations in an emstmg arrangement pos-
sible, the electric drive also allows departments to bé placed far
enough from each other so that each may be extended separatel?/,
without interfering with the other departments. This was generally
not possible with belt drive, as the distances became entirely tod
Iargle: It was fgenerally found necessary for large plants to have a
multiplicity  of enginés, A number of the Dest known modern
shops are_Witnesses to the advantage of electric drive in the matter
of arranging bqumqs and departments. It is hardly necessary to
mention"that the established ideas in regard to shop arran_%ement
had to be largely revised and that there is even now considerable
uncertainty as t0 what is the best possible arrangement, but it is
safe to say that there is little divergence of opinion as to what kind
of drive will give the greatest possible elasticity, if elasticity is
required or deemed advisable. _ _
[ Effect on operatives, 1t was mentioned before that the vari-
able-speed motor, apRhed to a machine tool, induces the operator
to experiment with the best possible s?eeds. There 1S, however,
another way in which the electric drive affects the efforts of the men,
It is nowadays well recognized that favorable conditions in regard
to Ilﬁht, heaf, sanitary conditions, etc., have their immediate effect
on the output of the ‘shop. _ These conditions cannot be ideal with
a_confusion of belts obstructing light and atherlnﬂ and distributing
dirt.  Though in most electrically-driven shops belts are not entirely
absent, they are so few that their evil effects are reduced to a mini-
mum.

RELATION OF FIRST COST TO DECREASED EXPENSES

48 Whether savings are effected b){ lessening expenses depends €n
the nature of the old installation and that of the new one.
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49 The writer was at one time connected with a large. manufac-
turing plant, spread over a large tract of ground, which in its general
layout and operations is fairly representative of a great number of
existing manufacturmq plants. [t was at that time steam-driven,
as the”motor had not heen sufficiently developed for a complete
electrical drive to be considered. Howgver, the management being
progressive, partial conversion to electric drive was congidered even
at that time. The plant included two multiple-story huildings used
as machine_and erecting shops, a forging shog a building used for
some machine operations, for dropping malleable castings and for a
warehouse, a wood-working shop and_ warehouse, another warehouse
and a malieable and a grey_iron casting foundry. There were in all
five engines driving these different shops, with the necessary trans-
missions from one building to another. In a few cases, quite elab-
orate systems of shafting” were installed to drive a single piece of
machin@ry; such, for instance, as the elevator in the warehiouse. The
engines ranged from 150to 500 h.p. |t was not possible at that time
to “determine accurately the aﬁgregate_ of power consumed in that
plant, but it was estimated that a smgle 1500-h.p. engine would
carry the entire load. In the light of later developments, this
amount now seems excessive, as a number of shops have since found
that the amount of loss by friction in the transmission is greater than
was estimated at that time, namely 30 per cent. The Single engine
could have been run condensing, as plenty of-water was at hand.
The several smaller en%mes did not Ray, of Course. o

50 The following items would have decreased expenses, if this
plant had been driven electrically:

Lower first cost of enFmes.
Lower first cost of hoilers.
Lower cost of piping.
Lower cost of power houses.

Lower cost of stacks. ,

The omission of all transmission machinery. _
Greater economy of the engine in its steam” consumption
Economy in oil and waste.

Economy In repairs. _ ,

Reduction in the number of engineers required.
Reduction in the number of firemen required.

Saving in the handling of coal and ashes.

b 3 {o lan il s e W op I e pf « )

—_———
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m A probable more even load during the day, as the greater
number of machines on a single engine has a tendéncy to
equalize the load.

51 A number of these points are of value when a power plant is
newly built, but are of no value where an established power plant is to
b% c a(ljnged. To offset the above items the following must be con-
Sidered:

a  Greater first cost due to the generators.
b Greater first cost due to the wiring,
¢ Greater first cost due to the motors.

.52 Besides, there are a great number of other factors to be con-

sidered.  In this plant there were no duplicate enrqme_s, s0 that it
would not be fair to figure in the first cost of the electrical installa-
tion of a reserve unit; though, of course, good present-day engineer-
ing would consider this an absolute necesSity. It is true that where
there are a number of engines, the breaking down of a single engine
does not throw the entire plant out of action; but it isalso true thatin
the Plant under consideration the stoppa e of a single department
would soon have closed the entire plant.  Considerations of this kind
cannot be generalized, but must be taken up in detail in every specific
Case,

53 Another point to be kept in mind is, that coPper wire largely
takes the place of transmission machinery, and that such wire is an
asset with practically no depreciation except that due to fluctuation
inprice (and this may be up as well as downward). On the contrary,
transmission machlner?/ should be considered as an expense, as In
most cases it has no value except as scrap iron when no longer in use.

COST OF UPKEEP

54 Still another point, and one. which should have most careful
consideration, is the value of the time of the plant, and the relative
chances of a breakdown. In some plants the  process is continuous:
that is, the product goes from ong machine to another without
interruption, and the breakdown of a single machine would cause
the stoppage of the entire plant. In such cases the breakdown
should be charged with the amount of the productive capacity of the
entire plant during all of the time lost. [n other plants the various
machines balance each other only roughly and often there is a small
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surplus of almost all kinds of machines in use, while some of the ma-
chinery is used only gart of the time.. Where these conditions pre-
vail, the loss due to a breakdown of a single machine may be 5|mﬁly
the cost of repairing the ap?aratus. Ina megorlty of cases, neither
of these two extremes is the true condition, and the engineer consider-
ing the kind of drive to be used must make some estimate of the loss
due to a breakdown in any part of the installation. It should be kept
In mind that the correctiess of his estimate can never be established
by positive proof; for, no matter which course he takes, it is impossible
tto sa¥hp03|t|vely what would have been the result if he had pursued

e other.

55 Thou%h all of the points mentioned ahove affect the ultimate
economy of e_P_ower installation, their relative importance chan%es
with local conditions. = For example, while the saving in the coal bill
may be of the greatest importance where coal is high-priced and where
the’expenses for power are a Iarge_Portlon of the total expenses, this
saving may be a vanishing quantity where coal is cheap, and where
tr%ethexpelnsets for power form but a small fraction of the total expenses
of the plant.

56 RNhlIe In the example cited there was a decided saving in the
number of en?meers required there may still have been a loss on this
score, due to the fact that in some small plants a high-grace engineer
must be employed for an electrical installation, whereas a_combina-
tion en%!neer and fireman would be quod,enough for the engine-driven
proposition. And so on all along the line: what is a saving in one
case may be a loss in another.

COST OF UNIT POWER

57 In practically all cases which have come to the notice of the
writer, the cost of power per unit has gone down after conversion to
electric drive, but in no case was it possible to point out in what way
the saving was effected, as in addition to the substitution of electric
drive for Shaft transmission there were always other changes which
might affect the cost of the power. _ Such changes were, more efficient
engines, better hoilers, new auxiliary devices, etc. Also_in all
thése cases, the amount_ of power required after the conversion was
greater than before; this was not proof that the new installation
was less effective than the old one, however, the probable cause
in all these cases being that the output of the shop Increased much
more than the amount’of power saved would have taken care of, It
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is almost to be regretted that high-speed steels made their entrance
Into the shop almast simultaneously with the electric drive.  Though
both are Pood, they have obscured each other to such an extent
that it is almost impossible to trace the effects of each item separately.

CHOICE OF THE ELECTRIC SYSTEM

58 If, after considering all these paints in a.general way, the engi-
neer comesto the conclusionthat the electric drive will decrease expén-
ses, then the next step will be to_select the nature of the drive. The
dlas%ram In Fig. 2 shows the main points to be considered. . .

Whether a central Feneratmg station or a multiplicity of
smaller plants is preferable, depends again on local conditions.
Certain conditions might make a number of ?eneratlng lants F?,re-
ferable, as, for example, in a plant which consists mainly ot a machine
shop requiring considerable power, with a smaller wood-working shop
located at a considerable distance from the rest of the plant. ~ In this
case, the outlay for_copper to supply the wood-working shop with
power would be considerable; whereas™ by Placmg an individual gener-
ating plant near the wood-working shop, the shavings might bé used
instéad of coal. _ _

60 Another case would be where a portion of the shop requires a
%reat amount of power, but only for a short time each_day, or P_er-

aps at long intervals, thus necessitating a large outlay in generating
machinery ‘and copper. _ By separating this part of the plant, the
outlay for copper IS avoided and a cheaper class of generating ma-
chingry may be used. . ,

(61 "The writer has in mind a plant devoted to the makmq of elec-
tric generators and motors. By far the greater part of its output isin

Fig.2 Diagram Showing the Divisions of Electric Drive

smaller units, but a certain small percentage is in larger generatin
units.  The power required for testing these large genérators exceeds
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all the power required for the operation of the entire plant.  This plant
gets its current from a central station nearb)(, butthe amount of copPer
required for the Iarﬁe testing currents would be more than the cost of
installation of a cheap gas engine and generator. Here agialn the
engineer must consider conditions as he finds them and must not be
governed by general principles only.

ALTERNATING OR DIRECT CURRENT

62 The question whether alternating or direct current should be
used is especially difficult of solution, and there is a wide difference of
opinion among engineers as to which jsbest. 1t may be that too many
en(};mee_rs looK at this Froposnlon onl¥ from a power standpoint, with-
ou glva due attention to the ou Rut of the plant.  Commercial
reasons also have figured largely in the past, the representatives of
companies manufacturing both Kinds of apparatus naturally advocat-
mq_the alternating variety, as by so doing they eliminated Some com-
petition. Now that more electrical companies manufacture alternat-
|n%apparatus, this phase of the matterhas,almostentlrelf;]/dlsappe_a_red.

b3 " Alternating current, 1t may be said that, all other conditions
being the same, alternating currént offers an advantage when the
distances over which the current must be transmitted are considerable.
The fact that current can be [qenerated_at high voltage diminishes the
amount of copper needed for fransmission, but here again the problem
IS not simple.  Attention must be paid to the expenses incurred in
steP-up and steP-down transformers and auxiliary apparatus; and also
to the fact that money invested in copper conductors;is lost only in
part, while money invested in auxiliary apparatus is lost almost
entirely in case of'a change. There are a number of cases where the
installation of alternating current would be the only practical solu-
tion, cén account of the long distances and the heavy currents to be
carried.,

64 The advantages of alternating current, as well as its disadvan-
tages, are well understood, and it is unnecessary to call attention to
these points. 1t may be well, however, to point out instances where
it Is easy to make a choice. Given a plant covering a Iar(t;_e area and
using Iarge amounts of current, of which anly a small portion is used
for variable-speed machinery, and of sufficient size to permit of the
use of a separate unit for lighting current, alternating current
would be the logical solution. On the other hand, given a compact
plant, using a large portion of the power for variable-speed machinery,
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direct-driven by motors, and of which the lighting load is small in the
daytime, it would be natural to select direct Current. As a rule,
hoiwever, conditions are not so simple, and it is qenerall very difficult
to prophesy which sP{stem W|Ilg?|vethebest results. ~ Of late the prob-
lem has béen complicated b){ he fact that a great man){ machine
tools may be had with single-pulley drive, to which an alternating-
current or a direct-current motor is equally applicable.

65 The points in favor of the alternating-current motor are then:

a High breakdown point; that is, the motor goes on with
no material change in speed under very heavy overload.

b Freedom from commutator trouble. ~ This “is especially
valuable where fine chips are made, or where compressed
air is used in connection with the machine, It isnot Such
a weighty point as it used to be, as the better makes of
d]!rtect-gijrrent motors are now equally free from this kind
of trouble.

¢ Most cities are now lighted by aIternath current, sothat city
current can be used in"smaller. plants, provided the
machine tools are arranged for this kind of motor.

66 Direct current. The points in favor of the direct-current motor
are:

a Wider air-gap, allowing a greater amount of wear in the
bearings | efore the motorhas to be repaired.

b The, possibility of Rower and lighting-loads, on the same
circuits without the poor regulation due to inductive load,

¢ The possibility of using variable-speed motors. This is,
perhaps, the greatest argument in favor of the direct-
current motor.  Though™it is possible to run a great
many machine tools by a motor, yet one of the rqreatest
advantages of such a drive is ngt available unless the
motor is of the variable-speed variety.

67 Alternating voltage. When a decision has been reached as to
the nature of the Gurrent to be employed, the next step will be to
decide as to the voItaqe_. A high_volfage |s_I_|keI¥ to be in favor if
distance was a_controlling factor in the“decision to use alternating
current; for it is this possibility of using high voltage, which makes
alternating current desirable under those conditions. Where the dis-
tances are relatively small, it becomes simply a matter of computa-
tion whether low copper cost plus the expenses for transformers, etc.,
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will give greater or less economy than high copper cost, without aux-
iliary apparatus. In a great nimber of Cases, current is bought from
some power company, and in such cases there is no choice. ~ In any
case, however, it remains to be decided to what voIta?e the currernt
shall be transformed. Few engineers nowadays adoR the 440-volt
current, on account of the greater danger, and for the same reason
500-volt direct current is very little used. 1t should be kept in mind
that alternating current is more dangerous than direct current of the
same voltage.

68 Frequency and phase. Frequency depends on the use to be
made of the alternating current.  In late'years a compromise has been
reached, which fills practically all wants of the shop by one single
frquuency, namely 60 cycles. ~ - _

69 Though there is still some difference of opinion, the question of
the number of phases is now falrl,¥ well settled in favor of the three-
phase current. It would be ditficult, however, to point out the
advantage of this system over the two-phase System, or vice versa,
as far as use in shops is concerned. 0 _

70 Direct voltage. The choice of voltage is easier when direct cur-
rentisused. There was a time when the multiple voltage seemed to
take a strong hold on engineers for use in machine _shoPs, and the
writer must confess that he had strong faith in the ultimate success of
this system. However, the developnent of the variable-speed motor
has made the system somewhat Superfluous and it has not been
installed in any fiew shops of late. 1t might be said that, for all prac-
tical purﬂoses, the system is dead, , _

1" There 1S, however, a kind of multiple-voltage System in use
which deserves even at the present da){ the serious consideration of the
englneer. This Is the three-wire s%/s em, which allows of the use of
110 and 220 volts in the same shop. The 110-volt system alone
would require a Iar?_e amount of copper for power purposes, while
the 220-volt installation leads to some difficulties in regard to lighting.
However, there are manP/ installations where the 220-volt System
IS used throughout, both for power and lighting, while the number of
shogs where @ 110-volt system is used for hoth purposes is very small.

72 There are a few shops using 500 volts, but the number’is ver
small as compared with the other Voltages; and it is generall %ossm g
to trace the reason for such an installation to the fact thaf the 500-
volt current is available because used for some other purposes, as, for
instance, in the case of a repair shop for astreetrailway system. This
system is not to be recommended for a shop (though 1t is economical
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in the use of copper), for the_reason that it is danqe_rous and where
there are a large number of circuits and much metal in buildings and
machinery great care must be taken to avoid grounds. _

73 Combined alternating-current direct-current systems. There is
finally the_combination of alternating and direct current to be con-
sidered.  This combination has its advantages, especially where it is
possible to purchase current from some large power company, which
as a rule delivers its Rroduct as alternating current. Transformers
reduce the voltage to the proper point at the entrance to the shop, and
the low-voltage alternating current can be used for all pu_rFoses except
for driving variable-speed motors, and perhaps some auxiliary appara-
tus such as magnetic clutches, lifting magnets, etc. As thie cost of
installation is rqenerally_ low in'such & case, and the price per unit of
power usually fess thani it could be made for, such an arrangement is so
Inviting that a number of objectionable features ma¥ be overlooked.
The most serious objection, perhaps, to this method o drlvmtg a shop,
Is that the shop has absolutely no_control over the supBI of current,
and there is nothing, to be done in the case of a breakdown hut sit
down and wait. ~ This is especially serious, as power delivered in this
manner is generally transmitted over a long distance whichincreases
the chance of a break in the wires, especially in bad weather.

METHODS OF APPLYING MOTORS TO MACHINE TOOLS

_ T4 The mode of application of a motor to a machingtool, the selec-
tion of the motor, and the lines ann[q which economical results may
be ex%ected, are falrIY well defined at'the present time.  The follow-
mgita ulation shows the present state of the art.

5 Bench lathes: To be driven from a countershaft, attached to
the wall or bench and driven in its turn by a motor. Any kind of
motor, except a series-wound or heavily "compounded motor, will
do. _The object of the motor drive is to get the machine in the best
nossible location without, regard to the location of the Imes_haftmﬁ.
A number of these machines may be driven by a common lineshaft,
driven by a motor. _

76 Speed lathes: To be driven from a countershaft, located under
the lathe, orby a direct-connected motor.  Inthe latter case, a varia-
ble-speed motor is to be preferred, if direct currentisavailable.  Motor
drive is recommended when the machine is used in the assemblin
department,asthemachmema¥then beplaced whereitismostneeded,
and the assembling department being generally of greater height than
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other departments crane service would inerfere with countershafts.
There will be no material gain, if the machine is to be used for ordi-
nar); shop operations. . _

71 Engine lathes: Various modes of motor-driving are in use.
Some makers furnish motor-driven engll_ne_lathes as standard appara-
tus.  Some have a headstock with alimited number of speeds and
deﬁend ona varlable-sPeed motor to fill out the speeds ofthe lathe.
Others apply a constant-speed motor, or one with a limited amount of
variation, to an all-geared headstock. In ?eneral the use of this class
of machines in the shop wo'uld naturally Tead to group drive. The
advantages of the individual motor drivé lie in the POSSIbIlIty of com-
pleting & job in one setting. There is no material advantage, if the
machinesare used for regular manufacturing operations, exceptwhere
the location demands the motor drive. _ _

78 Heavy engine lathes, forge lathes, etc.: To be driven by a direct-
connected motor, The motor should be_ direct-current, as these
machines are too heavy to permit a convenient all-gear drive. Ifno
direct current is available and there is only one machine of its class in
the shop, and this is used for an occasional job only, an alternatlnq-
current motor could be used, leaving a widé gap in the speeds. Tf
these machines are used for manufacturing pquoses, however, it will
pay to install a small synchronous connector.  The speed range in the
motor does not need fo exceed two_to one, though a wider range is
better if obtainable without complications or large expenses. “The
position of the motor should be low, as the vibrations in the motor-
supf)ort have a decided influence on the caﬁacn of the machine, as
well as on the repair bill.  The output of this class of machine may
easily be increased from 20 per cent to 25 per cent by motor drive.

19 Further ad_van_ta(l]es of the motor drive are, the possibility of
placing the machine in the line of the routing of heavy work, and of
placing it immediately under the traveling crane. This latter object
may be reached witha belt-driven machine b placm%th_e headstock
under the gallery, if the construction of the shop lends itself to this
arrangement, but the same convenience as that of the motor drive
cannot be obtained. . _

80 Axle lathes, wheel lathes and driving wheel lathes; It is of
the greatest importance that this class of machinery should have the
highiest possible efficiency, and the most convenient location.  These
machines are mostly used in railroad repair shops, where time 'saved
does not mean merély the saving of some wag{es, but each day gained
means an added day in the earning capacity of the engine.” It is



A. L. DE LEEUW 161

therefore important that these machines be motor-driven whenever
installed in a railroad repair shop, though this does not mean that
the)( should not be so driven if used for manufacturing. ~Direct cur-
rent should be used.  The economy of the motor drive should not be
figured in increased output, but in reduction intime requiredto repair *

an engine.

81 ! Chucking lathes:  Generally %Peakmg, there is little reason why
a chucking lathe should be motor-driven.”™ Most chucking lathes are
Prowded with the necessary mechanism to shift speeds quickly. A
ew types ha_ndlln% large work may be motor-driven to advantage,
though practically the only advantage lies in the fact that small gradu-
ations in speed can be thus obtained.”  Suchmachinestherefore require
avariable-speed motor. _ _

82 Automatic screw machines: Small machines of this class are
generally group-driven. Large machines may be motor-driven to
(ood advantage. The larger sizeshave general y one or two speeds for
one piece of ‘work, though these sPee s maybe varied when the
machine is reset for a new piece of work. The speed given to the
machine must naturally be proportional to the largest diameter to be
turned, or in other words, to the size of stock used. = This will reduce
the speed for some of the operations, such as drilling and reaming,
far below the economical speed. The amount of time saved by the
application of the variable-speed motor may be considerable. Where
the construction of the machine permits, two motors, one for feed and
one for speed, would give still better results. In all cases variable-
speed motors should be used. o

83 Sensitive drills: The onI%/ reason why a sensitive drill should
be individually motor-driven 1s, that it is oftén used in the assembling
dePartment, Where height of ceiling and crane service would make a
belt drive awkward or impossiblé. Most sensitive drills have in
themselves all the speeds required for their work, so that any tY_pe
of motor will be adaptable. The motor may either be directly applied
to the machine or drive a countershaft on a stand, or it” may be
placed onthe floor by the side of the machine in case the machine car-
ries its own set of cones or other variable-speed device.

84 Drill presses: -~ Generally speaking, the upright drill is used for
manufacturing operations and" does nof require frequent changes of
speed. _ There are, however, many exceptions, for instance, where up-
rlfgh_t_ drills are used to perform all'the operations on a piece by means
ofajig. Inthlscasefrequentchangieso tools, and therefore of speeds

are required, and an individual motor drive, whether direct-conrﬁ)ected
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to the machine or operating on the countershaft, is of the %reatest
benefit. . No great benefit can be derived from a constant-speed motor
with this type of machine. Radial drlll_s_ma)( be considered the
same, as ulorlght drills. - There is an additional reason why radial
drills should be motor-driven—they are often used in the néighbor-
hood of the assembling floor. _ _ o

85 Boring machines: Where boring machines are specialized,
performing only one operation, there isno good reason why the motor
drive shquld be preferred to. belt drives. Where, however, the
machine is used for a multiplicity of operations, such as drilling, bor-
ing, reaming and facing, a motor drive is beneficial if a variable-speed
motor is used.  The range of speed of the motor should be as wide as
possible, that no gears may have to be shifted for the entire set of
operations on a single holé. Especially where a boring machine is
used for facing, this variable speed will be found highly economical.

86 Grinders:  Grinders in gfeneral require so many various move-

ments driven from countershafts that it ishardly possible to apply a
single motor directly to the machine. The best'that can be done is
to attach the countérshaft to the maching, and drive the former from
a motor standing on the floor or on a bracket attached to the machine.
In isolated cases it would be well to have one or more motors, each
controlling a single operation, attached directly to the machine.
_ 87 Planers: “Planers in general are not benefited by the applica-
tion of a motor, as the motor only complicates the difficulties of a
planer drive. However, large planers which must be Placed under a
crane give better results when motor-driven on account of the facility
of handling the work. Another possible advantage when usm? a
variable-speed motor and controlling the speed of the motor at the
end of the stroke, is that much higher return speeds can be obtained
in connection with any desired cutting speed. _

88 Shapers, slotters etc..  What 1s true of planers is alsotrue of
these classes of machines. Local conditions may make it advisable
to drive them |nd|V|duaII%/_ by motor, but generally speaking, there
IS no great benefit from this drive.

89 "Milling machines: The larger sizes of knee-and-column type
machings, if motor-driven, will (]JIVG the best results if the motor is of
the variable-speed type, especially where these machines are used for
gang work. This is due to the fact that the speed of the mills is

ePendent on the largest cutter in the gangi while the feed is depend-
ent on the smallest Cutter, not counting he limitations que to the
nature ofthe work. It istherefore important that the speed should be
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as close to, the permissible limit as Rossmle. When applied to this
type of milling machine the motor should be as low down as possible
?ﬁ v%br_aHons in the machine have a marked effect on the quality of

e finish.

90 Planer-type milling machines: In practically all cases ma-
chines of this type should be motor-driven in order that they may be
located under a crane. It is not so very material, however, whether
the motor is of the constant-speed or the variable-speed type.

91 Punches, be,ndmg rolls, shears, efc.:  This class of,m_achmer}é,
used largely for boiler, bridge, structural iron and ship-building work,
IS %en_erally placed in high'shops and under cranes, and in locations
and directions most convenient for the routmgI of the work. The
shops in which they are placed are generally large and contain a
relatively small amount of machinery, so that the ‘amount of trans-
mission “gearing required is large in proportion to the amount of
machinery. It is for this reason advisable in almost all cases to
drive this class of machinery by an electric motor, which, of course,
does not need to be of the variahle-speed t)g)e._ o

2 1t was not the intention to go into detail on the application of
the motor to the machine tool, and'the above should be considered as
merely an enumeration of some of the important points for the most
constantly used machines. It is in no way a treatise on motor drive
applied t0 machine tools.



