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CHAPTER I

THE DESIGN OF BEARINGS*

The design of journals, pins, and bearings of all kinds is one of the
most important problems connected with machine construction. It is
a subject upon which we have a large amount of data, but, unfor-
tunately, they are very conflicting. The results obtained from the rules
given by different mechanical writers will be found to differ by 60
per cent or more. Many of our best modern engines have been designed
in defilance of the generally accepted rules on this subject, and many
other engines, when provided with what were thought to be very liberal
bearing surfaces have proved unsatisfactory. This confusion has
largely been the result of a misconception of the actual running con-

ditions of a bearing.
Friction of Journals

A journal should be designed of such a size and form that it will run
cool, and with practically no wear. The question both of heating and
wear is one of friction, and in order for us to understand the princi-
ples upon which the design of beari.ngs sbould +2:) ba;#d. we must first
understand the underlying pr?ﬁuples of> frhudn Friction is defined
as that forcet acting between’ two bo&ies at thelr surface of contact,
when they are pressed together, whiéh ’ends o' prevent their sliding
one upon the other. The energy ubed’® tn’ovefebmlng this force of
triction, appears at the rubbing’ surfaze¥ ad héa'é “and s ordinarily
dissipated by conduction through tbe ta'd Bcﬂiés‘ .Tue force of friction,
and hence the amount of heat generated under any given circumstances,
can be greatly reduced by the introduction of an oily or greasy sub-
stance between the rubbing surfaces. The oil or grease seems to act
in the same way that a great number of minute balls would, reducing
the friction and wear, and thus preventing the overheating and conse-
quent destruction of the parts. On this account, bearings of all kinds
are always lubricated. Thus the question of journal friction involves
the further question of lubrication. Iy

For the purpose of understanding as far as possible what goes on
in a bearing, and the amount and nature of the forces acting under
different conditions, several machines have been designed to investi-
gate the matter. In general they are so arranged that a journal may
be rotated at any desired speed, with a known load upon the boxes.
Sultable means are provided for measuring the force of friction, and
also the temperature of the bearing. Provided with such an apparatus,
we find that the laws of friction of lubricated journals ciffer very
materially from those commonly stated in the text-books as the laws
of friction. A comparison of the two will prove interesting.

‘mcmxnr. December, 1908 ; January and February, 1907.

t Fri ¢ "¢ s Resistance to motion due to the contact of surfaces.—
Standard D{o“mry—l"orce e ® * Any cause that produces, stops, changes,
©r tends to produce, stop, or change the motion of a body.—Standard Dictionary.
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Frictional Resistance in Lubricated and Unlubricated Bearings

It 18 generally stated in the text-books that the force of friction is
proportional to the force with which the rubbing surfaces are pressed
together, doubling, or trebling, as the case may be, with the normal
pressure. This law is perfectly true for all cases of unlubricated
bearings, or for bearings lubricated with solid substances, such as
graphite, soapstone, tallow, etc. When, however, the bearing is prop-
erly lubricated with any fluid, it is found that doubling the pressure
does not by any means double the friction, and when the lubricant
is supplied in large quantities by means of an oil bath or a force
pump, the friction will scarcely increase at all, even when the pressure
i8 greatly increased. From the experiments of Prof. Thurston, and
also of Mr. Tower, it appears that the friction of a journal per square
inch of bearing surface, for any given speed, i8 equal to

J=kp® 1)
where f is the force of friction acting on every square inch of bearing
surface, p is the normal pressure in pounds per square inch on that
surface, and k is a constant. The exponent n depends on the manner
of oiling, and varies from 1 in the case of dry surfaces, to 0.50 in the
case of drop-feed lubrication, 0.40 or thereabouts in the case of ring-
and chain-oilers and pad lubricatlon and becomes zero in case the oil
is forced into uxé,t.elﬂng umyier guﬁclént pressure to float the shaft.

The second Jaw otﬁ-l&ion-aﬁ @eRérally stated, is that the force of
friction is 1ndependeqt of mz mlty of rubbing. This law also is
true for unlubricatedg’ gurfm p.n(i for gurfaces lubricated by solids.
In the case of bgqﬂnps, lubricaged :by oil we find that the friction
increases with the'Bpedd’.of .ﬂx{ﬂiig,.but not at the same rate. If we
express the law as an equation, we have

f=kvm (2)
where f is the force of friction at the rubbing surfaces in pounds per
square inch, k¥ is a constant, v is the velocity of rubbing in feet per
second, and the exponent m varies from zero in the case of dry surfaces
to 0.20 in the case of drop-feed, and 0.50 in the case of an oil bath.

The third law of friction, as it generally appears in the text-books,
is that the friction depends, among other things, on the composition of
the surfaces rubbed together. This, again, while true for unlubricated
surfaces, is not true for other conditions. It matters nothing whether
the surfaces be steel, brass, babbitt, or cast iron, so long as they are
perfectly smooth and true, they will have the same friction when
thoroughly lubricated. The friction will depend upon the oil used, not
on the materials of journal or boxes, when the other conditions of
speed and pressure remain constant. Many people think that babbitt
has less friction than iron or brass, under the same circumstances,
but this is not true. The reason for the great success of babbitt as an
“anti-friction” metal depends upon an entirely different property, as
will appear later.

Combining into one equation the different laws of the friction of
lubricated surfaces, as we actually find them to be, we have

J=kpovm (8)



DESIGN OF BEARINGS 5

where f 18 the force of friction a‘t the rubbing surface in pounds per
square inch, k¥ is a constant which varies with the excellence of the
lubricant from 0.02 to 0.04, and the other quantities are as before.
From this expression, we see that the friction increases with the load
on the bearing, and also with the velocity of rubbing, although much
more slowly than either.

Genersation of Heat in Bearings

The quantity of heat generated per square inch of bearing area,
per second, is equal to the force of friction, times the velocity of rub-
bing. All of this heat must be conducted away through the boxes as
fast as it i8 generated, in order that the bearing shall not attain a
temperature high enough to destroy the lubricating qualities of the oil.
The hotter the boxes become, the more heat they will radiate in a
given time. When the bearing is running under ordinary working
conditions, it will warm up until the heat radiated equals the heat
generated, and the temperature so attained will remain constant as
long as the conditions of lubrication, load, and speed do not change.
This rise in temperature above that of the surrounding air varies from
less than 10 to nearly 100 degrees Fahrenheit, and is commonly about
30 degrees. We must keep either the force of friction or the velocity
of rubbing, or both, down to that point where the temperature shall not
attain dangerous values. As has been shown in the preceding para-
graph, it was formerly believed that the force of friction was equal
to a constant times the bearing pressure, and therefore, that the work
of friction was equal to this constant times the pressure, times the
velocity of rubbing. Now, since it is the work of friction that we are
obliged to limit to a certain deflnite value per square inch of bearing
area, it was concluded that a bearing would not reach a dangerous
temperature if the product of the bearing pressure per square inch and
the velocity of rubbing did not exceed a certain value. Accordingly,
we find Prof. Thurston’s formula for bearings to be

pv=0C. (4)
where p is the bearing pressure in pounds per square inch, v is the
velocity of rubbing in feet per second, and ¢ has values varying from
800 foot-pounds per second in the case of iron shafts to 2,600 in the
case of steel crank-pins. This has long been the standard formula for
designing bearings, and while it is not satisfactory In extreme cases,
it 18 very satisfactory for bearings running at ordinary speeds.

Turning our attention again to the results obtained from the ma-
chines for testing bearings, we find that while the results are very
even and regular for ordinary pressures and temperatures, when we
begin to increase either of these to & high point, the friction and wear
of our bearing suddenly increases enormously. The reason is that the
oil has been squeezed out of the bearing by the great pressure. This
squeezing out of the ofl, and consequent great increase in the friction,
has three effects. The absence of the lubricant causes the parts to
scratch or score each other, thus rapidly destroying themselves, the
great increase in friction results in a sudden very high temperature,
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in itself destructive to the materials of the bearing, and the heating
is generally so rapid as to cause the pin and the interior parts of the
" box to expand more rapidly than the exterior parts, thus causing the
box to grip the pin with enormous pressure. When the oll has been
squeezed out in this manner, the bearing is said to seize.

Materials for Bearings

It i8 evidently of advantage to make the bearing of such material
that the injury resulting from geizing shall be a minimum. If the
shaft and box are of nearly equal hardness, each will tend to scratch
the other when seizing occurs, and the scoring is rapid and destructive,
This action will be especially noticed in case the shaft has hard spots
in it, while the rest is comparatively soft, as is the case in the poorer
grades of wrought iron. If, however, the shaft is made of a hard
and homogeneous material, like the better grades of medium steel, and
the bearing is made of some soft material, like babbitt, the bearing
will not roughen the journal, and so the journal cannot cut the bearing.
This is the first reason why babbitt bearings are so successful.

A second reason for the success of babbitt bearings lies in the fact
that they cannot be heated sufficiently to make the bearing grip the
journal. They will rather soften and flow under the pressure without
actually melting away, just as iron and steel soften at a welding heat.
The harder bearing metals, such as brass and bronze, do not have these
advantages, and have been almost entirely replaced by babbitt in bear-
ings for heavy duty, especially when thorough lubrication is difficult.

Babbitt is a successful bearing metal for still a third reason. The
unit pressure on any bearing is not the same at all points. The shaft
is invariably made somewhat smaller in diameter tham the box. If
there is a high spot on the surface of the box, that spot will have a
very large proportion of the total pressure acting on it, and as a result
the film of lubricant will be broken down at that point, and local
heating and consequent damage result. In the case of babbitt bearings,
before the damage can become serfous the metal is caused to flow
away from that point under the combined influence of the heat and
pressure, the oil fllm is again established, and normal conditions
restored.

Influence of Quality of Oil

The unit pressure which any bearing will stand without seizing
depends upon its temperature and the kind of ofls used. The lower
the temperature of the bearings, the greater the allowable unit pres-
gure. The reason for this is that oils become thinner and more free-
flowing at the higher temperatures, consequently they are more easily
squeezed out of the bearing, and it is more likely to seize. On this
account, the higher the velocity of rubbing, the less the unit pressure
that can be carried, but it does not follow that the ‘allowable unit
pressure varies inversely as the speed of rubbing, as was formerly
thought.

The thicker and less free-flowing am oil is, the greater the unit
pressure it will stand in a bearing without squeezing out. A watch
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oil, or a very light spindle oil, will only run under a very small unit
pressure; sometimes they are squeezed out of the bLearing when the
pressure does not exceed 50 pounds per square inch. On the other hand,
a cylinder oil of good body will stand a pressure of over 2000 pounds
to the square inch in the same bearing. There is a certain quality of
oil which is best adapted to every bearing, and if possible it should be
the one used.

A third cause influencing the pressure which may be oarried is
adhesiveness between the ofl and the rubbing surfaces. Some oils are
more certain to wet metal surfaces than are others, and in the same
way some metals are more readily wet by oil than are others. 1t is
evident that when the surfaces repel, rather than attract, the oil, the
film will be readily broken down, and when the opposite is the case
the film is easily preserved.

Oil Grooving

The mechanical arrangement of the box and journal may tend either
to preserve or destroy the lubricating film. Both should be perfectly
round and smooth, the box a trifle larger in diameter than the journal.
The allowance commonly made for the “running fit” of the box anad
shaft is about 0.0005 (D + 1) inches, where D is the nominal diameter
of the shaft in inches. Some manufacturers of fast-running machinery
make the diameter of the box exceed that of the shaft by nearly twice
this amount. The oil should be introduced at that point where the
forces acting tend to separate the shaft and box. At this point grooves
must be cut in the surface of the box, so as to distribute the lubricant
evenly over the entire length of the journal. Having been so intro-
duced and distributed, the oil will adhere to the journal, and be carried
around by it as it revolves to the point where it is pressed against the
box with the greatest force, thus forming the lubricating film which
separates the rubbing surfaces. The supply of lubricant thus con-
tinually furnished, and swept up to the spot where it is needed, must
not be diverted from its course in any way. A sharp edge at the
division point of the box will wipe it off the journal as fast as it is
distributed, or a wrongly placed oil groove will drain it out before it
has entirely accomplished its purpose.

An important matter in the design of bearings is the cutting of these
ol grooves. They are a necessary evil, and should be treated as such,
by using as few of them as possible. They serve, first, to distribute
the lubricant uniformly over the surface of the journal, and, second,
to colleet. the oil, which would otherwise run out at the ends of the
bearing, and return it to some point where it may again be of use. As
generally cut, oil grooves have two faults; first, they are so numerous
as to cut down to a serious extent the area of the bearing, and, second,
they are so located as to allow the oil to drain out of the bearing.
Let us take an ordinary two-part cap bearing such as the outboard
bearing of a Corliss engine, and see how it is best to cut the grooves.

One of these bearings, as commonly made by good builders, is shown
in Fig. 1. The ofl is supplied, drop by drop, through a hole in the
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cap. 1f there were no oil grooves, only a narrow band of the shaft
revolving immediately under this hole would be reached by the oil.
If now, we cut a shallow groove in the cap, lengthwise of the bearing,
and reaching almost, but not quite, to the edges, the oil will be enabled
{0 reach every part of the revolving surface. To this groove we some-
times add two, as shown by the dotted lines in Fig. 2, which show the
inner surface of the cap as being unrolled, and lying flat on the paper.
No series of grooves can be cut in the box which will distribute the
oil as well or as thoroughly as thosa shown, and they should always
be used in the caps of such bearings in preference to any others.

Having distributed the oil over the revolving surface, our next care
must be to see that it is not wiped off before it reaches the point for
which it was intended. Accordingly, we should counterbore the box
at the joint in such a way as to make a recess in which the surplus oil
may gather, and which will further assist when necessary in dis-
tributing the lubricant. This counterbore should extend to within 14
or 1% inch of the ends of the bearing, as shown in Fig. 1.

‘When the oil is supplied through the cap, grooves for the distribution

Fig. 1. Bection of Outboard Bearing, showin
Oounterbored Recess

of the oil should not be cut in the bottom half of the bearing, since
they will only serve to drain the bearing of the film of oil formed
there. The old film is under great pressure at this point, and naturally
tends to flow away when any opportunity is offered. If left to its own
devices, part of it will squeeze out at the ends of the bearing and be
lost. In order to save this oil, shallow grooves, parallel to the ends
of the bearing, may be cut in the lower box, as shown in Figs. 1 and 3.
Their office is to intercept the oil which would flow out at the ends,
and divert it to the counterbored recesses, where it can again be made
of use. These are the only grooves that should ever be used in the
lower half of a two-part bearing, and they should only be used in the
larger sizes.

Two classes of bearings which may well be made without oil grooves
are, first, the cross-head slippers of engines, and, second, crank-pin
boxes. The cross-head slipper should have a recess cut at each end,
in the same way as the counterboring of the two-part box, as shown in
Fig. 4. To this is sometimes added the semli-circular groove shown in
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dotted lines, which does no harm, although it is unnecessary. The best
way to oil a crank-pin is through the pin itself. In the case of over-
hung pins, a hole is drilled lengthwise of the pin to its center. A
second hole is drilled from the surface of the pin to meet the first one.
A shallow groove should now be cut in the surface of the pin, parallel
to its axis, and reaching almost to the ends of the bearing, as shown

Maskinery, N.}

. 2. t of Cap, sh: on a
Fg. Dcvdopmc%“p. owing Grooving an

in Fig. 5. No grooves should be cut in the boxes, but the edges where
they come together should be counterbored.

As much care and attention should be given to the oil grooving as
to the size of a bearing, yet it is a matter often left to the fancy of
the mechanic who fits it. The purpose of the grooves, to distribute the
oil evenly, should ever be kept in mind, and no groove should be cut
which does not accomplish this purpose, except it be to return waste

Mactdnery, N. Y.
Fig. 8. Development of Lower Half of Outboard Bearing

oil to a place where it may again be of use. Most commonly, bearings
have too many grooves. So far from helping the lubricants, they
generally drain the oil from where it 18 most needed. Use them
sparingly.
Calculating the Dimensions

The durability of the lubricating film is affected in great measure
by the character of the load that the bearing carries. When the load
is unvarying in amount and direction, as in the case of a shaft carry-
ing a heavy fly-wheel, the film 18 easily ruptured. In those cases
where the pressure is variable in amount and direction, as in railway
journals and crank-pins, the film is much more durable. When the
journal only rotates through a small are, as with the wrist-pin of a
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steam engine, the circumstances are most favorable. It has been
found that when all other circumstances are exactly similar, a car
journal, where the force varies continually in amount and direction,
will stand about twice the unit pressure that a fly-wheel journal will,
where the load is steady in amount and direction. A crank-pin, since
the load completely reverses every revolution, will stand three times,
and a wrist-pin, where the load only reverses, but does not make a
complete revolution, will stand four times the unit pressure that the
fly-wheel journal will.

The amount of pressure that commercial oils will endure at low
speeds without breaking down varies from 500 to 1000 pounds per
square inch, where the load is steady. It is not safe, however, to
load a bearing to this extent, since it is only under favorable circum-
stances that the fillm will stand this pressure without rupturing. On
this account, journal bearings should not be required to stand more
than two-thirds of this pressure at slow speeds, and the pressure

— _—
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Fig. 4. Face of Oross-head Blipper

ghould be reduced when the speed increases. The approximate unit
pressure which a bearing will endure without seizing is as follows:
PK
P =— (5)

DN+K
where p is the allowable pressure in pounds per square inch of pro-
jected area, D is the diameter of the bearing in inches, N is the num-
ber of revolutions of the journal per minute, and P and K depend upon
the kind of oil, manner of lubrication, etc.

The quantity P i{s the maximum safe unit pressure for the given
circumstances, at a very slow speed. In ordinary cases the value of
this number will be 200 for collar thrust bearings, 400 for shaft bear-
ings, 800 for car journals, 1200 for cank-pins, and 1600 for wristpins.
In exceptional circumstances, these values may be increased by as
much as 50 per cent, but only when the workmanship is of the best,
the care the most skillful, the bearing readily accessible, and the oil
of the best quality and unusually viscous. It is only in the case of
very large machinery, which will have the most expert supervision,
that such values can be safely adopted. In the case of the great units
built for the Subway power plant in New York by the Allis-Chalmers
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Co. the value of P in the formula given on page 10 for the crank-pins
was 2,000—as high a value as it is ever safe to use.

The factor K depends upon the method of oiling, the rapidity of
cooling, and the care which the journal is likely to get. It will be
found to have about the following values: Ordinary work, drop-feed
lubrication, 700; firstclass care, drop-feed lubrication, 1,000; force-
feed lubrication or ring-oiling, 1,200 to 1,600; extreme limit for perfect
lubrication and air-cooled bearings, 2,000. The value 2,000 is seldom
used, except in locomotive work where the rapid circulation of the
air cools the journals. Higher values than this may only be used in
the case of water-cooled bearings.

Formula No. 6 is in a convenient form for calculating journals.
In case the bearing is some form of a sliding shoe, the quantity 240 ¥
should be substituted for the quantity D N in the equation, V being
the velocity of rubbing in feet per second. There are few cases
where a unit pressure sufficient to break down the oil film is allow-

Yy

//

/////////// e

able. Such cases are the pins of punching and shearing machines,
pivots of swing bridges, and so on. The motion is so slow that heat-
ing cannot well result, and the effects of scoring cannot be serious.
Sometimes bearing pressures up to the safe working stress of the
material are used, but better practice is to use pressures not in excess
of 4,000 pounds per square inch.

In general, the diameter of a shaft or pin is fixed from considera-
tions of strength or stiffness. Having obtained the proper diameter,
we must next make the bearing long enough so that the unit pressure
shall not exceed the required value. This length may be found
directly by means of the equation:

w K
L=—(N+—) (®)
PK D
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where L is the length of the bearing in inches, W the load upon it in
pounds, and P, K, N, and D are as before.

A bearing may give poor satisfaction because it is too long, as well
as because it is too short. Almost every bearing is in the condition
of a loaded beam, and therefore it has some deflection. Let us take
the case of an overhung crank-pin, in order to examine the phenomena
occurring in a bearing under these circumstances. When the engine
is first run, both the pin and box are, or should be, truly round and
cylindrical. As the pin deflects under the action of the load, the
pressure becomes greater on the side toward the crank throw, break-
ing down the oil film at that point, and causing heat. After a while
the box becomes worn to & slightly larger diameter at the side toward
the crank, in the manner shown in Fig. 6, which is a section showing
an exaggerated view of the condition of affairs in the crank-pin box
when under load.

It has already been noted that the box must be a trifle larger in
diameter than the journal, and for successful working this difference
is very strictly defined, and can vary only within narrow limits.
Should the pin be too large, the oil film will be too thin, and easily
ruptured. On the other hand, should the pin be too small the bearing
surface becomes concentrated at a line, and the greater unit pressure
at that point ruptures the fllm. This is exactly what happens when
the pin is too long. The box rapidly wears large at the inner end,
and the pressure becomes concentrated along a line as a consequence.
The lubricating film then breaks down, and the pin heats and scores.
The remedy is not to make the pin longer, 8o as to reduce the unit
pressure, but to decrease its length and to increase its diameter, caus-
ing the pressure to be evenly distributed over the entire bearing
surface.

The same principles apply to the design of shafts and center crank-
pins. They must not be made so long that they will allow the load
to concentrate at any point. A very good rule for the length of a
journal is to make the ratio of the length to the diameter about equal
to one-eighth of the square root of the number of revolutions per
minute. This quantity may be diminished by from 10 to 20 per cent
in the case of crank-pins, and increased in the same proportion in the
case of shaft bearings, but it is not wise to depart too far from it
In the case of an engine making 100 revolutions per minute, the bear-
ings would be by this rule from one and a quarter to one and a half
dlameters in length. In the case of & motor running at 1000 revolu-
tions per minute, the bearings would be about four diameters long.
‘While the above i8 not a hard and fast rule which must be adhered
to on all occasions, it will be found to be an excellent guide in all
cases of doubt.

The diameter of a shaft or pin must be such that it will be strong
and stiff enough to do its work properly. In order to design it for
strength and stiffness it is first necessary to know its length. This
may be assumed from the following equation:
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PK
where all the quantities are the same as in the preceding equations.
Having found the approximate length by the use of the above equa-
tion, the diameter of the shaft or pin may be found by any of the
standard equations given in the different works on machine design.
It is next in order to recompute the length from formula No. 6, taking
this new value if it does not differ materially from the one first as-
sumed. If it does, and especially if it is greater than the assumed
length, take the mean value of the assumed and computed lengths and
try again.
Bxamples of Calculating Dimensions for Bearings

A few examples will serve to make plain the methods of designing
bearings by means of these principles. Let us take as the first case
the collar thrust bearings on a 10-inch propeller shaft, running at 150
revolutions per minute, and with a thrust of 60,000 pounds. Assuming
that the thrust rings will be 2 inches wide, their mean diameter will
be 12 inches. From equation No. 6 we will have for the allowable

200 X 700
bearing pressure ———————————, or 66 pounds per square inch. This
12 X 150 + 700

will require a bearing of 60,000 < 56, or 1070 square inches area.
Since each ring has an area of 0.7854 (14*— 10®), or about 75 square
inches, the number of rings needed will be 1070 = 75, or 14. In case it
was desirable to keep down the size of this bearing, the constant K
might have had values as high as 1000 instead of 700.

Next, we will take the main bearing of a horizontal engine. We
will assume that the diameter of the shaft is 15 inches, that the weight
of the shaft, fly-wheel, crank-pin, one half the connecting-rod, and any
other moving parts that may be supported by the bearings, is 120,000
pounds, and that two-thirds of this weight comes on the main bearing,
the remainder coming on the outboard bearing. The engine runs at
100 revolutions per minute. In this case, W = 80,000 pounds, P = 400
pounds per square inch, and K depends upon the care and method of
lubrication. Assuming that the bearing will be flushed with ofl by
some gravity system, and that, since the engine is large, the care will
be excellent, we will let £ — 1500. This gives us for the length of
the bearing from formula No. 6:

80,000 1500
L=—(100 +———-)=261,§ inches (about).
400 X 1500 15
It is to be noted that, in computing the length of this bearing, the
pressure of the steam on the piston does not enter in, since it is not
a steady pressure, like the weight of the moving parts. The only
matter to be noted in connection with the steam load is that the pro-
jected area of the main bearing of an engine shall be in excess of
the projected area of the crank-pin.
For another example we will take the case of the bearings of a
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100,000-pound hopper car, weighing 40,000 pounds, and with eight 33-
inch wheels. The journals are 514 inches diameter, and the car is to
run at 30 miles per hour. The wheels will make 307 revolutions per
minute when running at this speed, and the load on each journal will
be 140,000 =8, or 17,500 pounds. Although the journal will be well
lubricated by means of an ofl pad, it will receive but indifferent care,
s0 the value of K will be taken &8 1,200. The length of the journal
will then be
17,600 1,200
L=————— 3074+ —— }=19% inches (about).
800 X 1,200 ( 5.5 )

As a last example, we will take the case of the crank-pin of an
engine with a 20-inch steam cylinder, running at 80 revolutions per
minute, and having a maximum unbalanced steam pressure of 100
pounds per square inch. The maximum, and not the mean steam press-
ure should be taken in the case of crank- and wrist-pins. The total
steam load on the piston is 31,400 pounds. P will be taken as 1,200,
and K as 1,000. We will therefore obtain for our trial length:

20 X 31,400 X1/80
L= =4.7, or, say, 4% inches.
1,200 X 1,000

In order that the deflection of the pin shall not be sufficient to de-

stroy the lubricating film we have

D=0.09 )y WL*
which limits the deflection to 0.003 inch. Substituting in this equa-
tion, we have for the diameter 3.85, or say 37 inches. With this diam-
eter we will obtain the length of the bearing, by using formula No.
6, and find

————— 80 4 —— ) =8.85, say 9 inches.
1,200 X 1,000 3%

The mean of this value, and the one obtained before is about 7
inches. Substituting this in the equation for the diameter, we get
614 Inches. Substituting this new diameter in equation No. 6 we have
31,400 1,000
——(80 +—)=7.1, say 7 inches.
1,200 X 1,000 514

Probably most good designers would prefer to take about half an
inch off the length of this pin, and add it to the diameter, making
it 5% X 614 inches, and this will be found to bring the ratio of the
length to the diameter nearer to one-eighth of the square root of the
number of revolutions.

31,400 1,000
L= (

L=



CHAPTER 11

CAUSHES OF HOT BBARINGS*

In our modern high-speed steam and gas engines, turbines and the
like, hot bearings are of more frequent occurrence than is generally
supposed. Very often a new plant, just put into service, has to be shut
down on this account. It not infrequently happens that the engine
which has run “hot” {8 ome of several, identical in design and con-
struction, the bearings in the others having operated without trouble.
Apparently there is no cause for this particular engine to give trouble,
but in order to remove the difficulty, various makes of babbitt metals
and bronzes are tried, sometimes with good results, sometimes without.
Again, it occurs that a machine or engine operates at the beginning
with perfect satisfaction, but after a time one or more of the bearings

¥ig. 7. One-plece Bearing' Babbitt just Poured. Both SBhell and Babbitt
as the 8Bolidifying Temperature

begin to run “warm,” and finally “hot,” so that relining becomes neces-
sary. As a general rule it is then simply accepted as a fact that the
bearings “ran hot”; seldom does anyone think it worth while to seek
out the fundamental causes for the trouble. That there is always the
element of doubt in regard to bearings, is evidenced by the fact that
our modern engine builders usually deliver an extra set of bearings
with the engine, so that, in the event of trouble, a new set is at hand.
The following may be of some assistance towards discovering and

*MACHINERY, November, 1907. .
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eliminating, in a scientific manner, and along technical and metal
lurgical lines, the real causes of hot bearings.

Investigation will show that the main reasons for hot bearings are:

1.—Shrinkage or contraction of the babbitt.

2.—Shrinkage strains set up in the babbitt metal liner by the un-
equal distribution of the babbitt metal over the shell.

3.—A lack of contact between the babbitt metal liner and the cast
iron or cast steel shell.

4.—The lubricant becomes partially deflected into the wrong place.

Shrinkage or Contraction of the Babbitt

a. Shrinkage in a diametral direction. As an illustration of this
point, one may take the simple example of an iron ball and ring. If
this ball, when cold, will just pass through an iron ring, it will not

O %=Contraction of Iron

o= " 4 Babbit
Maehinery, N.F.
Fig. 8. Same Bearing as shown in Fig. 7 Cooled Down to Normal

Temperature

do so when somewhat heated and expanded. After cooling down, how-
ever, it will again pass through the ring. A similar action takes place
in a bearing. .

In Fig. 7 of the accompanying illustrations the babbitt liner may
be considered to have been just poured in, and the metal to be still
liquid. At the exact solidifying point the babbitt will have filled all
the interstices and be in good contact with the cast iron or cast steel
shell, provided the babbitt itself has sufficient fluidity to enable it to
penerate the smallest spaces. From this solidifying point on, the
babbitt will contract according to its coefficient of contraction. Now,
if the coefficient of contraction of the babbitt were the same as that of
the material out of which the shell is made (usually cast iron or cast
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steel), and provided that the shell had acquired the same temperature

as the babbitt, the shell and the babbitt liner would then contract

equally, and a fairly good contact would result, and there would be

nothing to set up counter strains during shrinkage. But, as the co-

eficient of contraction of almost all babbitt metals is approximately

two or three times higher than that of cast fron or cast steel, a shrink-
wiaible shrinkage

magnified
1

| ==original length of Babbis

| minus contraction

?i%\*j\\\\

“chlur,. NI

Fig. 0. Babbitt Bmt Dove-tailed Grooves or other
g Device

I
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age or loosening of the babbitt liner from the shell must absolutely
take place after the solidfying point of the babbitt is reached. Fig. 8
shows this contraction as it would appear if magnified. The fact that
most bearings are “split” does not, of course, change this result. If
the babbitt is secured in the shell by means of dove-tailed grooves, or
other anchoring devices, so that the actual visible contraction from the

Flg. 10. Bame Bocrlnc as -hown in Hc 9 bm wlth Dovo-hued Groovo..
Visible Shrink Prev

shell is lessened or mlnimlzed, then an unavoidable consequence of
these grooves or other devices is shrinkage strains, set up while the
babbitt cools down, as explained further on.

b. Bhrinkage in an axial direction. With regard to shrinkage in the
axial direction, it may be obscrved that the same results take place.
Fig. 9 {llustrates how the babbitt metal shrinks in a cast iron or cast
steel shell in the axial direction, when there is no anchoring device
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employed. In Fig. 10 may be seen the old-fashioned dove-tailed groove
construction, prohibiting an actual visible shrinkage, but causing
shrinkage strains.

Shrinkage Strains Produced by an Unequal Distribution of
Babbitt Metal Liner

By referring to Fig. 11, it will be observed that the babbitt metal at
aa is about twice as thick as at db. The consequence is that, as the
solidifying time of the greater mass aa is longer than that of the
smaller mass bb, shrinkage strains are set up throughout ‘the babbitt
liner, which loosen it from the shell and have the tendency, in com-
bination with the regular working pressures and shocks, to produce
minute cracks in the liner.

Lack of Contact between Liner and Shell

In a bearing shell some parts of the liner are in close contact with
the shell, as a result of careful pouring and the use of a properly made
babbitt metal, while other parts of the liner will not be in good con-
tact with the shell, by reason of shrinkage and the formation of air

| l i Machinery, N.T.

Fig. 1. I tion of Shrinkage Strains Produced by Unequal Distribution
of Babbitt Metal

bubbles and oxide gases, which latter are especially liable to be formed
in babbitts containing copper. With the idea of filling up the hollow
spaces betwe :n liner and shell, it is a quite general American practice,
and an English one also, to peen or hammer the babbitt liner. The
advisability of this treatment is, however, very questionable. By the
peening process the air will simply be driven from one point to an-
other, and be forced into places where at first a good contact existed,
thus destroying it. To secure a permanent and intimate contact be-
tween liner and shell by peening is impossible, on account of the elas-
ticity of the liner material. When the hammer strikes the metal, a
contact may be formed, but as soon as the force of the blow is gone,
the metal will spring away more or less by reason of its elasticity.
e babbitt metal becomes more brittle by peening, and
ninished; this has been proved beyond doubt by a
3. Peening, unless performed with the utmost pre-
oduces minute cracks in the structure of the babbitt,
tantly be enlarged by the regular working pressures.
a8, European continental practice has now practically
eening of babbitt metal liners. Summing up, in spite of
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good pouring, or peening, or dove-tailed grooves and other similar
anchoring devices, the liners are in a greater or less degree loose in
the shells.

The Lubricant Penetrating the Hollow Spaces

When these loose bearings are in service, the hollow spaces between
the liner and shell gradually become impregnated with an oil film
from the lubricant employed, as shown in Fig. 12. Now, the coefi-
clent of heat-conductivity of oil is only about 1/200 of that of an
ordinary babbitt metal, or of cast iron. Therefore, the heat created
in the liner by the working friction will not be conducted away to the
shell, and thence to the engine frame, as quickly as though an inti-
mate contact existed between shell and liner. The result is that the

Lubricant from Feeder

Fig. 12. Penetration of Oll between Shell and Liner

bearing readily becomes hot, because the babbitt metal liner retains,
instead of throwing off, the heat. The regular working pressure also
sets up a4 hydraulic pressure in the oil film, between the shell and
the liner, which tends to produce breakages and cracks in the liner, as
may sometimes be observed when removing bearings from gas en-
gines, pumping engines and the like, subject to high pressures and
shocks. A consequence of shocks is also that a liner which is some-
what loose will become distorted and “work”; this “working” pro-
duces additional friction and increased temperatures. All the facts
mentioned above tend toward the one result, viz., the increasing of -
the temperature in the bearings, even to the extent of melting down
the babbitt liner.

From various tests which have been made, the results of one may be
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given here. A bearing with a perfect contact between liner and shell
was tested under a constant lcad of 400 pouads per square inch and a
constant sliding speed of 480 feet per minute. The same bearing was
again tested under the same conditions, but with the liner not in inti.
mate contact with the shell. As the tests were necessarily made under
a slightly varying atmospheric temperature, the difference between the
actual bearing temperature and the room temperature was taken as
the basis of each, and in the former case the result was 60 degrees
F, while in the latter 85 degrees F. When such differences are ob-
tained in a testing machine, under the best operating conditions, how
much worse must be the influence of the slightest lack of contact
under usual working conditions, such as we have them in steam en-
gines, air compressors, pumps, gas engines, etc.!

Summing up the foregoing we may say that in most cases the direct
causes of hot bearings are: A lack of contact between liner and shell,
caused, first, by shrinkage and careless treatment of the babbitt, and
second, by shrinkage strains produced by an unequal distribution of
the liner masses over the shell; the formation of an isolating oil film,
together with its consequences; cracks or breakages in tlie liner pro-
duced as explained. The means of avoiding these troubles, and the
principles of a good and safe bearing construction, must consequently
be an absolutely intimate and homogeneous contact between liner and
shell; an equal distribution of the liner over the shell; and a strength-
ening of the liner against the shocks and working pressures. If
these conditions are faithfully carried out, many troubles and much
expense may be avoided.



CHAPTER III

THRUST BEARINGS

Thrust bearings are, in general, of two kinds: step bearings and col-
lar bearings. In the former the thrust is taken by the end of the sup-
porting shaft, in the latter by projections or shoulders at some distance
from the end of the shaft. The simplest kind of a thrust bearing is the
pivot bearing, exemplified by the bearings for watch pinions and by a
lathe center taking the end thrust of a cut on a piece held between the
centers in a lathe. In general, however, the end thrust is taken by

4 7 6 5 4 3 2 1 p1l1 2 8 4 6 6 7 ¥

-;' Machinery,N.Y.
PFig. 18. O of the Schiele Curve

a large flat or nearly flat surface. When this is the case several con-
siderations present themselves which must be given due attention by
the machine designer.

Assume that the fiat end of a vertical cylindrical shaft carrying a
weight or otherwise subjected to pressure is supported by a flat sur-
face. Then, if the shaft rotates, the velocities of points on its end
surface at differént radial distances from its axis, will vary. The
velocities of the points near the outside will be, in comparison, very
high, while the velocity of a point near the center will be low. On
account of this variation in velocity, the wear on the end surface of the
shaft and the thrust surface of the bearing will be considerably un-
even. 'If the parts are well fitted together when new, 8o that a uni-
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form pressure is produced all over the end of the shaft and bearing,
then the outer parts of the bearing surfaces will wear away most
rapidly. This again increases the pressure at the center, which some-
times may become 80 intense as to exceed the ultimate crushing strength
of the material. The unequal wear of the surfaces of thrust bearings
is one of the most difficult problems meeting the designer of machinery
of which such bearings form a part.

Experiments carried out by Schiele show that the wear is theo-
retically along a curve called the tractriz, the construction of which
will immediately be referred to. If an end thrust bearing is made of
a form corresponding to the Schiele curve, then the wear in the direc-
tion of the axis of the thrust shaft will be uniform at all points; but
while this curved form would be theoretically correct, it has been
shown in practice that nothing is to be gained by the use of bearings
having this complicated shape.

The tractrix or Schiele curve may be constructed as follows. In

Figs. 14 and 15. 8imple Desi of Btep ng

Fig. 13 draw the lines A B and C D, the first representing the extreme
diameter of the shaft or spindle and the latter its axis. Set off on A B
a number of equal spaces, 1, 2, 3, 4, b, etc,, and on C D other equal
spaces numbered to correspond and to suit the desired length of the
bearing. Then join these spaces by the lines 1-1, 2-2, 3-3, etc. The in-
tersections E will be in the path of the curve to be constructed.

Simple Step Bearings for Light Duty

For light duty simple step bearings of the types shown in Figs. 14
requirements well. The Intense pressure at the

sequent unequal wear are partly avoided in the bear-

cutting away the metal at the center of the shaft,

an annular ring which takes the thrust. This pro-

+ in all step bearings. Another difficulty met with in

ype is the question of lubrication. If the speed of

he centrifugal force tends to throw the oil out from

1 provisions must then be made for again returning

r, as otherwise the bearing would wear down rapidly,
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become heated, etc. In Fig. 14 a simple method is shown for auto-
matically returning the oil to the bearing surfaces. An oil-passage is
made from the chamber A, formed around the shaft, to the center of
the shaft at the bottom. When the channel and chamber are once
filled with oil, this oil will continue to circulate automatically; it
will be drawn in at the bottom, be thrown outward by the centrifugal
force, find its way into the chamber A, and finally, through the chan-
nel, return to the center of the bearing.

When a bearing for heavier duty is required, the design shown in
Fig. 15 is quite commonly adopted. Here a number of disks or washers
are placed between the end of the thrust shaft and the supporting
bearing. The object of this is to introduce a number of wearing sur-
faces, instead of having the end of the shaft and the box take all the
wear. Due to the fact that the series of washers introduced permits
of a lower speed between each pair of washers, the wear is quite ma-
terially reduced. Should the pressure cause any two washers to heat

Figs 16 and 17. Improved Designs of Btep Bearings
and bind, the frictional resistance between them ceases, as one washer
is free to follow the motion of the other, and the oil will have an
opportunity to get between the surfaces and cool them off.

A hole may be, and generally is, drilled through the centers of the
washers, as shown in Fig. 15, and the same method for continual
lubrication, as shown in Fig. 14, may be used to advantage. Every
alternate washer is commonly made of hardened tool steel or case-
hardened machine steel, while the others are made of bronze. This com-
bination provides for good wearing qualities. If the thrust shaft is
made of soft machine steel, and the box of cast iron, the top washer
18 often secured to the shaft, and the bottom washer to the box, so that
all the wear may be concentrated upon the washers, which can easily
be replaced.

In Fig. 16 is shown an improvement on the bearing in Fig. 15. This
construction i8 recommended, in particular, in cases where the shaft
and its bearing box cannot be properly aligned with one another. The
washers have spherical faces, being alternately convex and concave.
They are slightly smeller in diameter than the bearing box into which
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they are inserted, so that they may have an opportunity to adjust
themselves to a perfect bearing on each other, and thereby make up
for the differences in the alignment of the thrust shaft and bearing box.

Another type of thrust bearing for loads which are not excessive is
shown in Fig. 17. It is a well-established principle that it is better to
take the thrust of a bearing as near the center of the shaft as the
load to be carried will allow. The farther away from the center the
support is, the greater is the motion and the greater is the retarding
effect of the friction. The thin convex washers used are of tool steel,
hardened, and although the bearing between them is very small, their
strength and hardness is such that they are capable of standing a con-
giderable pressure, though not as great a one, probably, as the other
forms shown in Figs. 14, 16 and 16. In this bearing, also, there is no

Fig. 18, Oollar Thrust Bearing

difficulty in keeping the surfaces well oiled, since all that is necessary
{8 to keep the chamber well flooded with ofl.

Collar Thrust Bearings

When a considerable thrust is to be taken care of, or when the
thrust is taken on the shaft at a distance from its end, collar thrust
bearings are used. They are usually of the form shown in Fig. 18. In
a well made bearing each of the collar surfaces takes its proportionate
part of the load, and it is thus possible, without using excessive diam-
eters, to properly distribute a very great thrust on a number of collars
formed solidly with the shaft by cutting a number of grooves in the
latter. One advantage of the collar bearing is that the difference be-
tween the outer and inner diameters of the bearing surface is not very
great, and hence the velocities at the outer and inner edges do not
vary appreciably; this, again, eliminates unequal wear on the thrust
collar surfaces.



CHAPTER 1V

FRICTION AND LUBRICATION*

Probably the most important and complete series of experiments on
the friction of journals and pivot bearings yet undertaken was carried
out by the late Mr. Beauchamp Tower for a Research Committee of
the British Institution of Mechanical Engineers. In carrying out the
experiments, as the result of an accidental discovery, an attempt was
made to measure the pressure at different points of the bearing. A
hole had been drilled through the cap and brass for an ordinary lubri-
cator, when, on restarting the machine, oil was found to rise through
the hole, flowing over the top of the cap. The hole was then stopped
with a wooden plug, but this was gradually forced out on account of
the great pressure to which the ofl was subjected, and which on screw.
ing a pressure gage into the hole was found to exceed 200 pounds
per square inch, although the mean load on the journal was only 100
pounds per square inch. Mr, Tower proved by this and subsequent
experiments that the brass was actually floating on the fllm of oil
existing between the shafting and the bearing. By drilling a number
of small holes at different points in the brass, and connecting each
one of them during the test to a pressure gage, Mr. Tower was able
to obtain a diagram showing the distribution of pressure upon the
bearing. It appears that the pressure is greatest a little to the off
slde and at the middle of the length of the bearing, gradually falling
te zero at each edge. The total upward pressure was found to be prac-
tically the same as the total load on the bearing, again showing that
the whole of the weight was borne by the film of oil. Any arrangement
which would permit the film to escape was found to result in undue
heating, and the bearing would finally seize at a very moderate load.
The oil bath lubrication was found to be the most perfect system of
lubrication possible. In the table below the results obtained by Mr.
Tower are specified for three different methods of oiling.

Actual Load in
Pounds per Coefficient Relative
Square Inch of Friction Friction
Oil bath ..... Ceeeeees 263 0.00139 1.00
Syphon lubricator ... 252 0.00980 7.06
Pad under journal.... 272 0.00900 6.48

With the needle lubricator and a straight groove in the middle of
the brass for distributing the oil, the bearing would not run cool when
loaded with only 100 pounds per square inch, and no oil would pass
down from the lubricator. The groove, in fact, was found to be a
most effective method of collecting and removing the film of oil. In
the next place, the arrangement of grooves usual in locomotive axle
boxes was adopted, the ofl being introduced through two holes, one
near each end and each communicating with a curved groove. This

¢ MACHINERY. March 8907, and April, 1908.
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bearing refused to take the oil, and could not be made to run cool,
and after several trials the best results which could be obtained led
to the selzure of the brass under a load of only 200 pounds per square
inch. These experiments proved clearly the futility of attempting to
introduce the lubricant at that part of the bearing. A pad placed in
a box full of ofl was therefore fixed below the journal, so as to be
always in contact with it when revolving. A pressure of 550 pounds
per square inch could then be carried without seizing, or very nearly
the same load as in the case of oil-bath lubrication.

Results of Tower's Experiments

One important result was to show that friction is nearly constant
under all loads within ordinary limits, and that it does not increase
in direct proportion to the load according to the ordinary laws of
 friction. This is indicated by the result of the experiments recorded

‘below.

Variation of Friction with Pressure—Journal, 4 inches diameter, 6
inches long. Brass, 4 inches wide. Speed, 300 revolutions — 314 feet
per minute. Temperature, 90 degrees F.

BATH OF LARD OIL

w
Preseure in pounds per square inch of bearing p=— <

X
Pressure per Coefficient of Friction Product
8q. in. =p 2Xp
520 0.0013 0.676

416 0.0016 0.664
310 0.0022 0.682

206 0.0031 0.635

163 0.0041 0.627

100 0.0067 0.670
BATH OF OLIVRE OIL W

Pressure in pounds per square inch of bearing p— <1

X
of Friction Product

» 2Xp

013 0.676

015 0.702

017 0.706

019 0.689

021 0.651

026 0.645

030 0.615

044 0.673

069 0.690

bath lubrication varfes inversely as
the friction of the bearing is alto-
re upon it; the first law of friction
ire and velocity remaining constant,
nal to the nominal pressure, and the
lependent of the load, provided this
d8 to 600 pounds per square inch.
'ork done In overcoming friction is
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independent of the load upon a machine, and that there is no appre-
ciable increase in the loss due to friction from no load to full load.
Under a load of 300 pounds per square inch and with a surface speed
of 300 feet per minute, Mr. Tower found the coefficient of friction to
be 0.0016 for oil-bath lubrication, and 0.0097 for a pad.

In the next place it was found that the coefficient of friction is in-
versely proportional to the temperature, other conditions remaining
the same, as shown below.

Yariation of Friction with Temperature.—Journal, 4 inches diameter,
6 inches long. Brass, 4 inches wide. Speed, 300 revolutions — 314
feet per minute. Load, 100 pounds per square inch of nominal area.

BATE OF LARD OIL

Temperature Coefficient of Product
Degs. F. (Dega. F.—82) =t Friction=n EX @
120 88 0.0044 0.387
110 78 0.0050 0.390
100 68 0.0058 0.394
90 68 0.0069 0.400
80 48 0.0083 0.398
70 38 0.0103 0.391
60 28 0.0130 0.364

The second law of friction should therefore be stated: Nominal
pressure and velocity remaining constant, the coeficient, and therefore
the work done against friction, is inversely proportional to the teme
perature of the bearing.

This has also been very neatly demonstrated by a recent experi-
menter, Mr. Dettmar, whose machine is electrically driven, and there-
fore the consumption of current could be very accurately measured
during a five hours’ run at constant speed and voltage. As load and
velocity remain constant throughout the test, a decrease in the loss
due to friction could only occur with a diminution in the coefficient.
The current fell off in the same ratio as the temperature increased.

The results of Tower’s experiments seem to indicate that friction
increases with the velocity, although not nearly in proportion to the
square of the velocity as observed by Dettmar. As the result of the
more exact determination possible with his machine, Dettmar found
that friction increases very nearly as the 1.6 power of the velocity.

The mean values of the coefficient of friction for different lubricants,
and with different methods of lubrication as observed by Mr. Tower,
are given in the following table:

Yariation of Friction with Different Lubricants.—Journal, 4 inches
diameter, 6 inches long. Brass, 4 inches wide. Speed, 300 revolutions
=314 feet per minute. Temperature, 90 degrees F.

Max. Safe Pressure in
Coefficient of Pounds pereq. Inch
Lubricant Friction of Nominal Area
Olive oil ..... tereaeeseans 0.00172 520
Lardofl ................. 0.00172 670
Spermoil ........... eee.. 000208 570
Mineral oil .............. 0.00176 635

Mineral grease .......... 0.00233 625
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Nicolson’s Experiments on Friction and Lubrication

The remainder of this chapter consists of an abstract of a paper
read by Dr. J. T. Nicolson before the Manchester (England) Associa-
tion of Engineers, The chief aim of the Nicolson experiments was to
give some deflnite ideas about the resistance offered to the relative
motion of lubricated surfaces, and they, in particular, related to jour-
nals and bearings as used in engineering practice. Experimental
results obtalned by Stribeck, Dettmar, Heimann, Lasche, and others
have been utilized for framing rules which indicate that some views
commonly held in regard to bearings are not correct. In particular,
the idea that the length of the bearing should increase in proportion
to the speed is shown to be erroneous.

Dry Friction

‘When one solid rubs upon another without any lubricant, the resis-
tance offered to relative motion is due either to actual abrasion or to
molecular Interference between the two surfaces. Even though a
metallic surface may appear to be perfectly smooth to the eye, its real
condition, if viewed with a powerful microscope, resembles that of a
rugged mountain system. When one surface is slid upon another,
these surfaces exercise a resisting force. The following laws may be
ccnsidered as generally covering the question of dry friction:

1. Within certain limits, the frictional resistance may be said to
be proportional to the load, and to be independent of the extent of the
gurface over which the load is distributed; but when the pressure or
load per unit area is large, the friction inceases at a greater rate
than the load, or, in other words, the coefficient of friction increases
with the pressure,

2. The coefficient of friction varies with the speed of motion. It is
greatest when the motion is slowest, and when one body is just com-
mencing to move relative to another, we have what is called frictlon
of repose. This friction has been found by experiments to be from
0.3 to 0.4 for iron upon iron; for moderate speeds the friction varies
from 0.15 to 0.25 for the same material; and for speeds from 10 to 90
feet per second, coefficlents of from 0.10 to 0.20 have been found
by experiments.

3. The friction of solids with no lubricant interposed has been
found to diminish as the temperature increases. This is due to the
fact that abrasion is easier at high temperatures.

Friction and Lubrication

‘When some lubricant is placed between moving bodies, the valleys
or the uneven surfaces are leveled up, and the intensity of the molecular
action is diminished. For the frictional work when a shaft rotates
in a well lubricated bearing, we may state the following formula, ex-
pressing the frictional work done per revolution:

rduW

Frictional work per revolution = ——————— foot-pounds,
12
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In this formula,
d=dlameter of shaft in inches,
u = coeficient of friction (0.156 on an average),

W=1oad on the bearing in pounds.

This formula holds true when there is plenty of oil, so long as tha
speed is small. If we take as an example the case of the spindle for
& 10-inch lathe, running slowly, with a weight of 3000 pounds carried
by the front bearing, which is 314 inches in diameter, then the friction
work per revolution is °

x X 3.6 X 0.15 X 3000

12
If a cut were 1/4 inch X 1/16 inch on soft steel, the cutting force
would be, say, 3500 pounds, and on a 20-inch face-plate diameter the
work spent in cutting per revolution would be

20 »
3600 X ——=18,300 foot-pounds.
12

=412 foot-pounds per revolution.

The work lost in friction by the journal is therefore 2.26 per cent
of the useful work. A similar calculation for a 48-inch lathe would
show a loss of about 10 per cent. These great frictional losses con-
stantly occur with lathe spindles or other rotating shafts, revolving
slowly, even when abundantly fed with oil, and indicate the necessity
for using measures to preserve a separating fllm of oill between the
shaft and bearing, and not to allow them to run in metallic contact.
This is more difficult to accomplish at slow than at high speeds.

Automatic Lubrication

The following rules for supplying bearings with oil will give the
best results in practice: If the oil is fed in by the ordinary cup and
syphon, or by a ring or centrifugal method of supply, it should be
made to flow onto the journal at the place where the pressure is least.
The oil should therefore be fed from a point situated in the top rear
quadrant of the bearing when the journal is loaded by gravity only,
and the point should be further back the slower the speed. This
applies, then, especially to the large lathes. If the loading of the
journal is principally due to cutting force acting upward upon it, the
feed should be placed in the bottom front quadrant, and nearer the
front, the slower the speed of rotation. This meets the case of the
smaller sized lathes.

The compromise ordinarily effected to enable the lubricant to enter,
whatever may be the direction of the loading, is the simple one of
fitting the ofl cup on the top of the bearing. This seems almost the
only thing to do in the case of automatic lubrication, but it is the
correct position only when the resultant force upon the journal, due
to gravity and cutting force, etc., acts nearly horizontally and from
front to rear.

Forced Lubrication

When the lubricant is supplied by mechanical means at a fixed rate
and at any required pressure, it must be fed in at the points of greatest
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oil pressure in the bearing. For large lathes, where gravity is more
important, the region of greatest pressure lies in the rear bottom
quadrant. For small lathes, on the other hand, in which the force on
the spindle acts upward, owing to the cutting force being relatively
greater, the maximum oil pressures occur in the front top quadrant.
To meet all contingencies, it would appear on the whole best, in the
case of forced lubrication, either to force the oil in at the back of the
bearing, well below the center, or preferably to fit three alternative
branches from the oil pressure supply pipe to the back, top, and front,
any one of which may be turned on at will to suit the conditions of
working.

Frictional Resistance Due to Viscosity

In describing the phenomena occurring when a journal rotates in
a bearing, we have, so far, not alluded to the nature or magnitude of
the frictional resistance experienced when there i{s an abundant supply
of lubricant completely separating the former from the latter, and
preventing any metal-to-metal contact. It is frequently stated that
“there is no friction without abrasion,” or, in other words, that unless
two metals rub against each other there can be no resistance due to
relative motion. This, however, i8 not the case. When a film of lubr}.
cant is interposed between two metallic surfaces there is a resistance
to relative motion of these surfaces due to the shearing or transverse
distortion of the ofl film.

This resistance does not depend on the load. It is governed only
by the area of viscous fluid to be sheared and the viscosity of the oil,
i. e.,, the kind of oill and its temperature (with which the viscosity
greatly alters), and it also gets greater the smaller the thickness of
the fillm, so that if the shaft is a close fit within its bearing the resist-
ance to motion will be greater than if the fit is an easy one.

There are very few cases in engineering practice where a journal
rotates with a uniform thickness of oil around it, and it is omly at
very high speeds that this takes place. At moderate and low speeds
the shaft moves to one side an amount depending on the speed of the
load, the eccentricity for any given load becoming less the greater the
speed. We have already said that the frictional resistance depends
on the thickness of the oil ilm. Experiments have shown, however,
that the thickening of the film on one side of the shaft is more than

) -t ‘ng of the ilm on the other, so that, in gen-
‘er when the journal becomes more eccentric.
he bearing running slowly, in which a lubri-
nplete film all around the shaft, it will have

eccentricity, and the frictional resistance
rge. As the speed increases, the eccentricity
increases with the speed, but it diminishes,
:he eccentricity. Experiments show that at
ind then an increase, so that the coefficient
imum value which depends on the circum-
h further increase in speed, the diminishing
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of friction, due to the lessening eccentricity, becomes insignificant, and
after a certain interval the simple law of friction is followed, whereby
friction increases in proportion to the velocity of rubbing.

For speeds greater than at from 20 to 80 feet per minute, the tem-
perature of the ofl film also exerts its influence. This temperature
rises above that of the bearing, and its viscosity becomes reduced.
The frictional resistance then increases less rapidly than in exact pro-
portion to the speed. The faster the journal runs, the more the tem-
perature of the ofl film rises above that of the bearing, and the thinner
or less viscous becomes the ofl. Thus, for speeds from 50 to 90 up to
about 450 feet per minute, the coefficient of friction is proportional to
the square root of the speed of rubbing. For speeds between 450 feet
and 800 feet per minute the friction increases more slowly, and varies
as the fifth root of the velocity. For speeds as high as 3,600 feet per
minute and upward, the influence of the speed disappears altogether,
and the conclusion is arrived at that for bearings of high-speed gen-
erators, for instance, driven by steam turbines, whose rubbing speeds
are nearly a mile a minute, the coefficient of friction is the same, what-
ever be the speed.

Application of Results of Experiments to the
Design of Bearings

In endeavoring to apply the tileoretlcal explanations and the experi-
mentally found formulas, the question arises: What is the proper
proportion of length to diameter, under any given condition, as to load,
speed and kind of lubrication? According to hitherto accepted rules,
the length of the bearing should increase with the load and with the
number of revolutions. The experiments and formulas arrived at by
the author indicate, however, that the heat developed in the bearing
depends only upon the rubbing velocity, and is quite independent of
the length of the journal. We cannot, therefore, hope to lower the
temperature by lengthening the bearing. The heat generated increases
as fast as the area for dissipating it increases, and, although by length-
ening the journal the bearing pressure is diminished, the frictional
resistance and the heat generated are increased. On the other hand,
we know from experience that journals must be made long for
high speeds, and the above calculations seem, at first sight, to be in
conflict with accepted practice. The explanation of this is as follows:
While it is true that the final temperature to which the bearing will
rise after a long run, under a given load, and with a given lubricant,
depends only on the diameter of the spindle and the speed of revolu-
tion, that is, only upon the rubbing velocity, and not at all upon the
length of the journal, we have to remember that if the finally attained
temperature be too high, the lubricant will be squeezed out unless the
bearing pressure is low.

Another conclusion arrived at by these experiments, contrary to the
view usually accepted, is that the length of the bearing must be
greater, the slower the speed. This, however, is clearly correct, for
the slower the speed, the greater difficulty has the shaft in dragging
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in its supply of oil to meet the required demand, in opposition to the
bearing pressure which is squeezing it out, and consequently the unit
bearing pressure should accordingly be lower in order to emable the
Journal to maintain its ofl film unbroken.

Journals for Heavy Loads at S8low Speed

One kind of bearing which presents special conditions, and which
is frequently met with and has to be dealt with in practice, is that in
which a journal has to run under a heavy load at a very slow speed.
What we have here to guard against is the entire collapse or tearing
asunder of the film of lubricant, owing to the slow speed at which the
bearing is being worked; and when once the tearing of the oil film
begins, the journal is unable to bring up a fresh supply, owing to its
small surface speed.

Calculations and experiments show that it is impossible to give the
large dimensions to the front bearing of a heavy lathe that would be
necessary to prevent the oil ilm from being broken at such slow speeds;
and, as a matter of fact, lathe spincles turning at the slow speeds
used for heavy cuts inevitably run metal-to-metal with their bearings,
glving rise to the high frictional resistance corresponding to the co-
efficlent of friction of 0.15 for greasy metals. The work thus spent
and wasted on friction and wear may, amount to from 2 per cent to 10
per cent of the total useful work expended on cutting. From 14 to 9
(according to size) horsepower is, therefore, wasted on the friction of
the front journal alone when the lathe is running at these slow rates
with a heavy job between centers. Even if the working pressure is
light, and the thrust on the front journal is due to the standard cut
only, it can be shown that 21, per cent of the useful work is spent on
friction on any size of lathe when the speeds are 8o low as to squeeze
out the oil film,

We are here face to face with a very serious loss of power, and a
correspondingly large amount of wear of the spindle and in the front
bearing, not at all due to high speeds of rotation of the spindle; and it
is owing to this that the elaborate arrangements for adjustment of
4hs =mi=die de - desv - Lo~ gtock have to be provided.

:nough area in the front bearing of a lathe
allic contact of journal and brass at the
e 1s placed upon the lubricant being carried
[ the shaft’s rotation, the supply being auto-
pump, however, and injecting a stream of
:he bearing at the place where the pressure
) raise the journal off the brass even when
iting with a fillm of oil interposed between
| in motion, be that motion as slow and the
[ metal-to-metal contact can in this way be
the ordinary methods at high speeds, there
that wear may be entirely eliminated. If
adjustments for wear are unnecessary, and
d expensive designs of front and back bear-
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ing which are now used, we may expect that a simple solid bush of
axple thickness will meet every requirement. Such a solid bush, of
hard bronze round the steel spindle, has a great deal to recommend it
from the point of view of accuracy of fit, solidity, and stiffness, as
compared with the Intricate methods of adjustments now common.

Modern Practice for Lubricating Bearings

The chief distinction between the modern and the older methods of
lubricating bearings lies in that the oil 18 no longer supplied drop by
drop, as formerly, but in an abundant stream, the ofl serving the pur-
pose not only of lubrication, but of carrying away the heat,

For high-speed bearings, the principle most often adopted is that
of the “closed circuit”; that is, the oil is used over and over again;
after dropping off the journal into a collecting reservoir it is filtered
and used anew, being automatically supplied to the journal at any
suitable point. A cooling arrangement is sometimes fitted in the reser-
voir, 80 as to remove the heat from the oil, and consequently also
from the bearings. The system of forced lubrication is also adopted
to a great extent. The oil i8 then, by means of a pump or other suitable
device, pressed in between the rubbing surfaces so that the journal
floats on the heavy film of lubricant.

Lubricating Horizontal Bearings

The most common method of lubrication for horizontal journals run-
ning at high speed is the ring-oiled bearing, in which a loose ring,
resting on the shaft, turns with it, dipping into the oil reservoir at
the lower side, and bringing up the oil to the top surfaces of the jour-
nal, from where it flows over into the ofl grooves. No ribs or other
projections should be fitted on the rings, as such arrangements produce
a resistance to their passage through the oil bath, and bring them to a
standstill. At high speeds, the centrifugal force renders the flow of
oil from the ring to the journal difficult, and scrapers are used for
diverting the oil into the oil channels, These, however, should never
touch the ring, as they will then stop its motion.

Self-ofling bearings having rings fast on the shaft are not much used.
The fast ring cannot stick, but it requires a longer design of bearing.
The ring may act as a collar where endwise motion is to be prevented;
but as such motion {s usually an advantage, the ring should ordinarily
be attached to the shaft so that it can slide on its key. For high
speeds the scraper may be used with fast rings, to overcome the cen-
trifugal force.

Forced Lubrication

By the use of a pump to force the oil drawn from the reservoir into
the bearing to the point of maximum pressure, the length of the bear-
ing can be very much diminished even for the slowest speeds, espe-
cially for journals whose load and rotation direction do not change,
For such bearings the length need, in all probability, not be more than
equal to the diameter of the shaft. With such bearings there ought
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hardly to be any wear at c£ll. The system is extensively used in high
speed steam engines and gas engines.

Grease a8 & Lubricant

Grease has certain advantages as a lubricant which make its use
advisable in many places, but it should not be expected that its lubri-
cating value i8 ever as good as that of the best oil, although it may
give better results in some places. For example, grease is particularly
valuable for bearings exposed to dust, for when it is forced into the
bearings with compression grease cups, the grease flows outward
around the journals, forming a perfect dust protector, both because it
seals the bearing and because the outward flow of the grease repels
the intrusion of dust and abrasive particles. 1n such places the best
ofl would not give nearly as good results as grease, although its
lubricating quality is generally considerably greater. On the other hand,
the use of grease for lubricating machinery of a mill would not be
advisable where the power factor {8 important in the cost of produc-
tion. For example, some tests were made several years ago in the
lubrication of the machinery of a flour mill that was run by two water
wheels of the same size, as stated by Mr. W. F. Parish, Jr, in a paper
read before the North Eastern Coast Institute of Engineers and Ship
Builders. In making the trial of grease the sectiom driven by No. 1
water wheel was fitted up first. As the grease displaced the oil it was
noticed that the speed of the mill decreased with a consequent de-
crease of production. At first no one thought that the grease was
responsible for the slowing down, but as the second part of the mill
slowly decreased in speed as the use of the grease was extended, a con-
sulting engineer was called in, who suggested that, in view of the fact
that speed had decreased with the introduction of grease, it was respon-
sible for the loss of production, Upon the resumption of the use of
ofl the speed of the machinery again rose to its original figure, proving
conclusively that the lubricating value of the grease was inferior to
that of oil and that the difference was an important factor in the
mill’s production. The relative value of different oils in the lubrication
of textile mills has long been known to be important in influencing the
cost of production.



CHAPTER V

BHARING METALS*

By conservative estimate the value of the bearing metal in actual
use in the United States exceeds $50,000,000, of which fully one-half
is used on the locomotives and rolling stock of the railroads of this
country. In view of the increase in the amount of machinery and
rolling stock steadily going on, and the constant wearing out and
replacement of bearings, the value and importance of this product
cannot be overestimated. The life of a machine is largely dependent
upon its bearings, and in view of this the fact that knowledge in regard
to bearing metals and alloys is not more general, is remarkable. Again,
the nature of the production of these alloys is such that, while In
some cases they have been patented and are manufactured under trade
names, in many others they are made up of scrap, with widely varying
proportions of the different metals incorporated in their structure; on
this account, probably no phase of engineering progress in machinery
construction and operation is the subject of more difficulty and dis-
satisfaction.

The fact that bearing metals have to be taken largely on faith or
else tested by more or less complicated processes for their chemical
constituents, and the further fact that trade conditions in this field
are such that the properties of metals are apt to vary greatly in dif-
ferent shipments, is a matter of grave import to the average machinery
manufacturer and operator. Only the largest consumers can afford to
make the necessary tests and investigations of a given consignment
in order to test its quality, and, in addition, a definite amount of spe-
cial knowledge Is requisite for this purpose, in view of the often
wide variations in properties of the alloy, with a comparatively sma.l
variation in the proportion of its conmstituents. Under these circum-
stances the average small machine shop and consumer in this fleld
accepts bearings on faith alone and Is dependent largely upon the
commercial reputation of the firm furnishing the material. That this
should not be so is a foregone conclusion, but in view of this condition
of affairs the rapid progress of the firm whose standing can be relted
upon in this fleld is readily explained.

Bearings are usually composed of alloys of copper, lead, tin, antimony
and zinc, and are known as babbitt metal (after the name of the dis-
coverer of this material), white metal, brass, phosphorous bronze, and
various other trade names. Quite a number of these are patented,
such as “plastic bronze,” etc., but many are sold merely under trade
name, and in some instances are of uncertain composition.

The principal qualities which a good bearing metal should have are
good anti-frictional properties, so as to withstand heavy loads at high
speed, without heating, and, second, sufficlent compressive strength so

*MACHINERY, August, 1909,
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as to neither be squeezed out of place under high pressure, nor crack
or break when subjected to sudden shocks. In addition to these, many
other properties must be considered in a choice of bearing metals
depending upon, the special purpose for which the material is to be
utilized. Temperature variation is often an important factor, espe-
cially in refrigerating plants, and the coefficient of expansion should
be considered to prevent unduc binding, with consequent destruction of
the bearing and the possible variation in other properties, such as
brittleness, ductility, etc,, under various temperature conditions. In
addition, many bearings must operate under conditions where they are
subject to chemical action, whether that of brine or ammonia in refrig-
erating plants, or acids, alkalies, etc., in chemical establishments, and
in dynamo and motor construction and operation, the electrical con-
ductivity must be considered as well. This statement applies equally
to all bearings incorporated in electrical machinery, where these must
serve as electrical conductors such as the bearings for the wheels in
trolley cars, etc.

The chief properties to date which have been developed to a greater
extent than others in machine design are those of friction elimination
and resistance to compressive loads. Theoretically, all metals have
the same friction, according to Thurston, and the value of the soft
white alloys for bearings lles chiefly In their ready reduction to a
smooth surface after any local impairment of the surface, such as
would result from the introduction of foreign metal between the moving
surface and the bearing. Under these circumstances the soft alloys
flow or squeeze from the pressure into the irregularity, forminga larger
area for the distribution of the pressure, thus diminishing its amount
per unit of area. Further, the larger area over which the pressure Is
extended the less becomes the liability to overheating and consequent
hinding. Under these circumstances the frictional properties of a bear-

8 ratio to their compressive resistance, and invariably
alloys, from a high speed standpoint, are unsatisfac-
on in heavy machinery. The recent introduction of
grid to form the base of the main bearing, and to be

softer bearing metals than could ordinarily be in-
e cases even graphite, is a step in the right direction
sibilities of great importance in this fleld of machine

e easily under pressure than any of the common met-
has the greatest anti-frictional properties. Of course,
118 exceed lead in this property, but their cost or some
der them unavailable. Lead is the cheapest of the
»n, and in comparison to the other metals used in the
ring alloys their relative prices are somewhat in the
er one hundred pounds: Lead, $4; zinc, $5; antimony,
and tin, $30 or more. It can thus be seen that the
i used in a given bearing, the softer it is, the less fric-
and the cheaper it can be furnished. It is, however,
'd alone, as it cannot be retained in the recesses of the



BEARING METALS 14

bearing even when used simply as a liner and run into a shell of brass,
bronze or gun-metal or some other alloy. Various other metals have
been alloyed with it, such as tin, antimony, copper, zinc, iron and a
number of non-metallic compounds, such as sodium, phosphorus, car-
bon, etc., and the effect of the different ingredients is to-day fairly
well understood.

1f antimony is added to the lead it increases its hardness and brittle-
ness, and if tin is added as well it makes a tougher alloy than lead or
antimony alone. Nearly all of the various babbitt metals on the mar-
ket are alloys of lead, tin and antimony in various proportions, with
or without other ingredients added. In such babbitts the wear in-
creases with the antimony as a general thing, and the price with the

COMPOSITION OF BEARING METALS.

Anti-. ] - Zi r Con-

Alloys Lead. | Tin. _mm:'_ %e P- | Zine. Osttt;:uecm
Babbitt 1.......... | 80.00] 80.0 |......]ccc0uufeeaen| o0 vunnnn
Babbitt 2...........[ 3.0 [21.0| 7.0 .....]eeeeucf.n.nn
Babbitt 8. .........[ 70.0110.0 [ 20.0 |..... fieeeu [ooennnn .
Babbitt 4...... eeee [ 805|106 T8 OB |......fcian.nn,
Babbitt 8...........| 0.5|68.0....,.] 1.0 |81.5|..........
Babbitt6...........| ... [20.0f......{cs....[ 80.0].........
Babbitt ... 0vnenlenen..[86.0 [10.0°] 4.0 [ceue. ] ieaiiiiii.
‘White metal .....,.[ 82.0 |...... 120 6.0 |...ccuf-cnnne
‘White Brass........ 640......] 2.00/84.0(..........
l(agnoﬂametal.... 80.00, 4.75 15.0 | trace Bi=0.25
Car brass lining ....[ 80.5 | 11.5( 7.5 0.5 ..

uxplutxobronze 80.0| 5.0]......1 65.0 |.

metal........ | 11.6 | 11,6 {......] 77.0
P. B.R.earbrass.B 15.0| 8.0(......| 77.0
8 bearing metal ....| 95(10.0 .... | 79.7
Delta metal.... 5.1 2.4{..... | 92.4|. =0.1
Ccmehsmetal..... 14.8| 48/(....../70,2[10.3 | Fe=0.5
Tempered lead .....| 98.5 .08|......] 0.11].,..../Na=1.80

Bi = bismuth ; P = phosphorus; Fe = iron; Na =-sodium.

tin. The higher antimony babbitts are used in heavy machinery, as
they are harder, while those low in antimony are used in high speed
machinery. The steady increase In speed at which various operating
units are maintained is responsible for a wide deficlency in this field
in the duty performed by the bearing metal. The chief difficulty to-
day in the operation of the modern turbine 18 undoubtedly the main-
tenance of satisfactory bearing surfaces. Soft babbitts have never
sufficient strength to sustain the weight and shock of heavy machinery
bearings and can only be used as liners. The tendency to increase in
speed as well as weight or size of machinery is limited to-day simply
by the satisfactory operation of the bearing metal itself.

Undoubtedly, in investigations in this field, sufficlent attention has
not been paid to the effect of temperature on the bearing properties
of the alloys used for these bearings. More rigid investigation in this
fleld and limitations in regard to the temperatures permiasible, with
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means for maintaining these within fairly close 1imits, will undoubtedly
result in a great increase in the possibility of improvements in speed
and weight of various types of machinery. More or less extensive
experiments along these lines are being conducted in regard to the
bearings used in turbine comstruction, since the speed here has ren-
dered the problem an acute one and is necessary for efficlent operation
of the turbine itself.

The accompanying table will doubtless prove interesting as showing
the various constituents of the more or less common bearing metals
now on the market. The original babbitt metals were very expensive
materials, on account of the proportions of the more expensive metals
found in them, and have been much modified in actual practice. A
wide deviation in the composition of babbitt is readily shown in the
first part of the table. The first babbitt is a fairly good alloy for high
speed machinery, but is not very hard. Its melting point is about 500
degrees F.; in fact, the properties of all allows or bearing metals can
be very widely deduced from their melting point. The second babbitt
is somewhat harder and melts at a higher point. Both of these are
used largely for lining purposes. The fourth babbitt is used very
widely for heavy machinery. All of the babbitts mentioned have been
fairly successful.

Babbitt 6 has good wearing properties, but cannot be used for high
speeds. Most of the other metals included in the table where copper
is not used in excess can be regarded as in the same class as babbitts.
The “white” class has a fairly good electrical conductivity, much
greater than that of ordinary babbitt, and is used in the bearings of
generators, motors, electric cars, etc. A rather interesting thing about
the alloys containing sodium is based upon the fact that sodium by
oxidation produces a material which will saponify with the oil used
in the bearing and produce soap, thus assisting lubrication. The ex-
tent and amount of such action is scarcely as yet understood, and
practically no experiments have been made with this investigation in
view. Possibilities along this line, however, are great, not only for
this particular alloy, but for many others not as yet considered.

The other alloys included in the table consist to a very great extent
of copper, tin, and lead, and usually have a thin liner of lead or some
soft babbitt, and hence wear much better than an entire bearing of
the soft babbitt. The tendency to wear decreases with increase of lead
and Increase of tin. Increase of lead, of course, affects the frictional
quantities of the alloy and hence its heating properties. A certain
amount of other metal, however, is necessary to keep the lead from
separating from the copper. A study of the table itself, with a knowl-
edge of the various properties of the metals themselves, will show
conclusively the bearing properties of the different alloys. Pure copper
is so tenacious that it is practically impossible to work it with any
tools whatever without preliminary treatment, and this same property
extends into and influences its bearing properties.

The structure and treatment has more to do with the production of
suitable bearing alloy than is generally considered. The tensile
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strength of solder and, In fact, all alloys, decreases very.greatly with
the pressure or tension at the time of solidification, and in general the
cooling process, and the influence on tempering, affect the structure
&nd consequently compressional resistance to a much greater extent
than is generally considered. The same properties which influence
the hardening and tempering of steel by heat, extend to a greater or
less degree to all metals and are much more pronounced in alloys
than in the simple elements.

Sufficient has been said to show the importance of the bearing metals
in machine design to-day, and to give a brief outline of the situation
in regard to the character and type of the metals available, with a
few of the properties of the same. The possible combinations of alloys
for this purpose are very great, Comparatively little progress has been
made along investigations covering all possible alloys of different ma-
terials in different proportions. The recent introduction and placing

COMPOSITION OF BRONZEBS

2
Bearings—Wearing Surfaces, etc.:

Copper .. Ceteseeaetenetesetrrtasetaenans 6

Tin ...... eesesiaccenttsatecteanens N 1

Zinc Cesececretecetantsenennns Cieeeenens %
Naval Brass

Copper ....... P 62.0

..... D )

/4 8 1 . 37.0
Brazing Metal:

Copper ...ccevcenes Ceeseeetetirtetetenaaaan 85.0

Zinc .......... ceessees e ereeeacaaeneans . 16.0
Anti-friction Metal:

Copper—(best refined) ..................... 3.7

Banca tin .................. eeseses PP 88.8

Regulus of antlmony ....................... 7.5

Well fluxed with borax and rosin in mixing.
Bearing Metal—(Pennsylvania Railroad):

(070313 113 PR 7.0
TID Liieiiviincnnncnanns eeeeaes Cersaeenene 8.0
Lead ...cccvvviieennicnnnnans Ceeeeceetiaees 15.0

on the market of a large number of metals, such as calcium, etc., very
common in nature, and ultimately bound to be furnished at a very low
rate, and many of them possessing very suitable properties for bear-
ing alloys, is undoubtedly bound to influence the situation; and various
engineering devices, such as the steel grid, recently developed, will
undoubtedly receive attention in the immediate future with consequent
increase in efficiency in this fleld. The development is but at its incep-
tion along this line, and standardization of the alloys at hand should
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be at once insisted upon and maintained by the various machine
manufacturers. This latter is the chief difficulty to-day in commercial
development. The scientific end will largely take care of itself. The
effect of different metals upon alloys by their presence in various pro-
portions can be foretold to-day largely from theoretical considerations;
but that the commercial situation to-day, however, is unsatisfactory, is
a foregone conclusion.

The table on the preceding page, giving the compositior of bronzes
used by the U. S. Navy Department, was contributed to MACHINERY'S
Data Sheets by Mr. F. W. Armes, and is reproduced from Data Sheet
No. 31, April, 1904.

CHAPTER VI

ALLOYS FOR BEARINGS*

In an important article, in the Journal of the Franklin Institute for
July, 1903, Mr. G. H. Clamer discussed the advantages and disadvan-
tages of various compositions and alloys for bearings, and especially
alloys for railway journal brasses. He also quoted the results of many
tests on various compositions made on an Olsen testing machine de-
signed by Prof. Carpenter of Cornell University. The present chapter
is devoted to an abstract of Mr. Clamer’'s article, and contains all the
most important features of his discussion on a subject on which not
so much is generally known as would be desirable.

Upon close examination we find that there are but few metals avail-
able for bearings. As mentioned in the previous chapter, they are
copper, tin, lead, zinc and antimony. While other metals may be intro-
duced in greater or less proportions, the five mentioned must constitute
the basis for the so-called anti-friction alloys. The combinations of
these metals now used may be grouped under the two heads of white
metal and bronze. Bronze is the term which was originally applied
to allava of conner and tin as distinguished from alloys of copper and

bronze” has become applied to nearly
only tin, but lead, zinc,-etc.,, and no
between the two.

nents of Bearing Metals

f various combinations of lead, anti-
may contain as few as two elements,
p of combinations of copper, tin, lead
- copper and one or more of the other
eristics to be considered in any alloy
ructure, friction, temperature of run-
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ning, wear on bearing, wear on journal, compressive strength, and cost.

It is utterly impossible to have one alloy reach the pinnacle of per-
fection in all of these requirements, and so it is important to study
the possible compositions and determine for what purpose each is
adapted. It has been shown that a bearing should be made up of at
least two structural elements, one hard constituent to support the load,
and one soft constituent to act as a plastic support for the harder
grains. Generally speaking, the harder the surfaces in contact, the
lower the coefficient of friction and the higher the pressure under
which “gripment” takes place. It would seem for this reason that
the harder the alloy the better; and it was with this idea in mind that
the alloys of copper and tin were so extensively used in the early days
of rallroading. A hard, unylelding alloy for successful operation must,
however, be in perfect adjustment, a state of affairs unattainable in
the operation of rolling stock. For this reason the lead-lined bearing
was introduced and the practice of lining bearings has now become
almost universal in thls country.

General Comparison between Hard and Soft
Alloys for Bearings

While the harder the metals in contact the less the friction, there
will also be the greater liability of heating, because of the lack of plas-
ticity, or ability to mold itself to conform to the shape of the journal.
A hard, unyielding metal will cause the concentration of the load upon
a few high spots, and so cause an abnormal pressure per square inch
on such areas, and produce rapid abrasion and heating.

The bronzes will, generally speaking, operate with less heat than
softer compositions, while the softer metals will wear longer than the
harder metals. In the matter of wear of journal, however, the soft
metals are more destructive. Particles of grit and steel seem to be-
come imbedded in the softer metal, causing it to act upon the harder
metal of the journal like a lap. High-priced compositions are being
used that have but little resistance to wear compared with cheaper
compositions, and low-priced alloys are in service that are not cheap
at any price. It is generally conceded that soft metal bearings cause a
marked decrease in the life of the journal, and yet they have many
marked advantages, as we shall presently see.

Alloys Containing Antimony

1. Lead and Antimony: These metals will alloy in any proportion.
‘With increase in antimony the alloy becomes harder and more brittle.
It has been determined that when it is made of 13 parts antimony
and 87 parts lead, the composition will be of homogeneous structure.
It there is a greater proportion of antimony, free crystals of antimony
appear, imbedded in the composition; and if less than 13 per cent,
there appear to be grains of the mixture itself fmbedded in the lead
as the body substance.

According to one writer, an anti-frictional alloy should consist of
hard grains, to carry the load, which are imbedded in a matrix of
plastic material, to enable it to mold itself to the journal without undue
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heating. Such a condition would be met in a lead and antimony alloy
having above 13 per cent antimony, but it is not advisable to use in
any case more than 25 per cent antimony, as the composition would be
too brittle. The same writer claims that alloys having from 15 to 25
per cent antimony are the best adapted for bearings.

Mr. Clamer, however, does not agree with this, and says that alloys
containing below 13 per cent antimony can likewise be said to consist
of hard grains consisting of the composition itself, imbedded in the
softer material, lead, as mentioned above. He says: “It has been my
experience that, although the friction may be higher in such alloys,
the wear is greatly diminished, and where pressures are light, causing
no deformation, this is a great advantage. I have seen many instances
in service where alloys between 15 per cent and 25 per cent were
greatly inferior to alloys between 8 per cent and 12 per cent, owing to
their frequent renewal due to wear. It will perhaps be interesting to
hear that the Pennsylvania Rallroad Company, at the suggestion of
Dr. Dudley, their chemist, have adopted the 13 per cent antimonial
lead alloy as a filling metal for bearings in order to obtain the best
results. In a general way my own work in the subject has conflrmed
the opinion that lead is the best wear-resisting metal known, and
that with increasing antimony, or increasing hardness and brittleness,
the wear becomes more marked. This is due to the splitting up of
the harder particles.”

The friction, as we may naturally expect, becomes less with increase
of antimony, and the temperature of running likewise diminished when
running under normal conditions; but the harder the alloy, the more
difficulty is experienced in bringing it primarily to a perfect bearing,
and the greater the liability of heating through aggravated conditions.
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adjunct. Tin imparts to the lead-antimony alloy rigidity and hard-
ness without increasing brittleness, and can produce alloys of sufficient
compressive strength for nearly all uses. The structure of a triple
alloy of this nature is quite complicated, and not yet sufficiently defined.

The cost of the alloy increases with increase of tin; but for certain
uses, where sufficlent compressive strength cannot be gotten by anti-
.mony, because of its accompanying brittleness, it is indispensable, and
will anewer in nearly every case where the tin basis babbitts are used.

3. Tin and Antimony: These are seldom used alone as bearing
alloys, but are extensively used for so-called Brittania ware, and in
equal proportions for valve seats, etc.

4. Tin, Antimony, and Copper: This combination is what i8 known
as genuine babbitt, after its inventor, Isaac Babbitt, who presumably
was the first man to conceive the idea of lining bearings with fusible
metal. The formula, which for no arbitrary reason he recommended,
is as follows:

0 A ... 89.1
ANHIMONY ....iiirrrernrnrncecncenncnasnnnanns 7.4
L7 ) ) ¢ P . 3.1

This formula is still considered the standard of excellence in the
trade, and has been adopted by many of the leading railroads, the
United States Government, and many industrial establishments. It is
used in the majority of cases where cheaper composition would do
equally as well. It is the most costly of all bearing alloys because of
the high content of tin.

6. Tin-Antimony-Lead-Copper: This quadruple combination of metals
cannot be satisfactorily described, as it would no doubt take years
of study to fathom the complicity of the metallic combinations here
represented. Suffice it to say that lead, although of itself a soft metal,
renders this alloy, when added in but small proportions, harder, stiffer,
more easily melted and superior in every way to the alloy without it,
and yet consumers will raise their hands in horror when a trifling
percentage of lead 1s found in their genuine babbitt. This is one
of the instances where cheapening of the product is beneficial.

The foregoing represents the more important combinations of alloys
of tin and lead basis. These are of far more importance in the arts
than the white metals, the main portion or basis of which is zinc.

At various times new combinations of zinc have been proposed, but,
with very few exceptions, they have not come into popular use for
two reasons: First, because of the great tendency of zinc to adhere to
iron when even slightly heated. What is technically known as gal-
vanizing the journal is effected under these conditions. Second, be-
cause of the brittleness produced under the effects of heat, such as is
produced by friction when lubrication is interfered with, and conse-
quent danger of breakage.

Brongzes

Bronze 18 the term which originally was applied to alloys of copper
and tin as distinguished from alloys of copper and zinc.
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1. Copper and Tin: This, according to our general conception of the
word, is a bronze only when the copper content exceeds that of the
tin. According to the proportions in which the metals exist, it has
widely different properties. In general, the alloy hardens when tin is
present up to proportions of 30 per cent or a little over, and when this
limit is exceeded, it takes on more and more the nature of tin until
pure tin 18 reached. From a scientific point of view this alloy is
one of the most interesting, and has attracted the attention of many
investigators, who have spent years of study on it, to learn its various
properties and explain its constitution.

The alloys which interest us most, however, are those which are so
constituted as to be adapted for bearing purposes. These would be
said to contain from 3 to 16 per cent tin, and from 856 to 97 per cent
copper. The alloy of tin containing a small percentage of copper is
often used as a babbitt metal, but this comes under the class of white
metals, which have already been discussed. Bronze containing above

COPPER AND TIN, AND COPPER, TIN, AND LEAD SERIES

Temp,
above Wear in
Copper Tin Lead Friction Room Grams
1 85.76 14.90 ceesn 13 650 .2800
2 90.67 9.45 eene 13 61 1768
3 95.01 4.95 ceees 16 52 0776
4 90.82 4.62 4.82 14 53 .0642
b 85.12 4.64 10.64 1814 66 .0380
6 81.27 5.17 14.14 1814 68 .0327
7 757 5?7 20? 1814 58 0277
8 68.71 5.24 26.67 18 58 0204
9 64.34 4.70 31.22 18 44 .0130

15 per cent of tin has been recommended at various times for bearings,
owing to its hardness, but very unwisely, for such a bearing demands
mechanical perfection and perfect lubrication. It has no plasticity of
its own, and as soon a8 the oil film is interrupted, rapid abrasion and
“gripment” take place, with hot boxes as the result. The very erro-
neous idea is still held by many, that to resist wear and run with the
least possible friction, a bearing alloy must be as hard as possible. It
is true that hard bodies in contact move with less friction than soft
ones; but the alloy which is the least liable to heat and cause trouble is
the one which will stand the greatest amount of {ll use; by this is
meant an alloy which has sufficlent plasticity to adapt itself to the
irregularities of service without undue wear.
- o - d tin were used extensively some twenty or
1 were considered the standard for railroad
The old alloy, known as “Cannon Bronze,”
and 1 part tin, is still being specified by some
| men and machinery builders.
1d: This composition is now the recognized
its advantage over the bi-compound coming
’3ad. The bronze containing lead is less liable
ate of lubrication, etc., and the rate of wear
* these reasons and the additional fact that
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lead 18 cheaper than tin, it seems desirable to produce a bearing metal
with as much lead and as little tin as possible. The metal known as
Ex. B. composition (tin 7 per cent, lead 15 per cent, copper 78 per cent)
is stated to be the best that can be devised. This alloy contains the
smallest quantity of tin that will hold the lead alloyed with the
copper. By adding a small percentage of nickel, however, to the extent
of one-half to 1 per cent, a larger proportion of lead may be used, and
successful bronzes have been made by this process, which contained
as much as 30 per cent lead. Such bronzes, containing a large amount
of lead, through the addition of nickel, are known in the trade as
“Plastic Bronzes” and are a regular commercial article. The table on
page 44 gives the results of tests on different compositions of bronzes.

CHAPTER VII

FRICTION OF ROLLER BEARINGS*

During the years 1904-05 a series of tests on roller bearings was
conducted at the Case School of Applied Science, Cleveland. A complete
report of these tests was published by Professor C. H. Benjamin in
the October, 1905, issue of MacuiNery, of which the following 1s an
abstract. An attempt was made in these experiments to compare roller
bearings with plain cast iron bearings and with babbitted bearings
under similar conditions. Four sizes of bearings were used in the
tests, measuring respectively 115-16, 23-16, 27-16 and 215-16 inches
in diameter. The lengths of journals were four times the diameters.

The bearings were in two parts and were held in a circular yoke by
setscrews. This yoke carried two vertical spindles, one above and one
below, on which were placed the weights for loading the bearings.
The friction was measured either by the deflection of the compound
pendulum thus formed, or, as in most of the experiments, by weigh-
ing its tendency to deflect by means of an attached cord running over
a pulley and carrying a scale pan, as shown in Fig. 19. The shafts
or journals used were of ordinary machinery steel, carefully turned to
size and having a smooth finish. These shafts were rotated at the
speeds shown by means of a belt and pulley. The cast-iron bearings
used for comparison were cast whole and bored to size, but the bab-
bitted ones were in halves and were held the same as the roller bear-
ings.

In beginning an experiment, a pointer on the lower end of the pen-
dulum was brought to a 2ero mark vertically beneath the center of the
shaft by adjusting the screws in the yoke. After the shaft began to

* MACHINERY, October, 1905.
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revolve the pointer was held to the zero mark by putting weights on
the scale pan. The product of the force thus applied to the pendulum
by the distance of the point of application from the center of shaft
gave the moment of friction, and dividing this by the radius of jour-
nal gave the friction at the surface of the journal. Dividing this again
by the total weight on the journal gave the coeficient of friction.

Fig. 10. A for Roller Bearings

In the first set of experiments Hyatt roller bearings were compared
with plain cast iron sleeves at a uniform speed of 480 revolutions per
minute, and under loads varying from 64 to 264 pounds. The cast
iron bearings were thoroughly and copiously oiled, the lubrication be-
ing rather better than would be the case in ordinary practice. Table
I shows the results of the test on one bearing in detail, and from this
it is seen that the value of 7, the coeficient of friction, diminishes as

[



ROLLER BEARINGS 417

the load increases, or in other words, the friction did not increase
as fast as the load. This holds true as a general rule in all the roller
bearings, but not generally in the plain bearings, either cast iron or
babbitt.

Table Il gives a summary of this series of experiments for the
different sizes of journals, the different loads being the same as in
Table I. The relatively high values of f in the 2 3/16 and 2 15/16 roller

TABLS 1.
Journal 115-16 inches in Diameter. 480 Revol per
Total Load, FRICTION. VALUES OF /.
pounds.
Hyatt Plain. Hyatt. Plain.
64.2 2.84 10.24 .086 1680
114.2 3.27 12.10 .029 .108
164.2 4.21 19.10 .026 .118
214.2 4.78 22.86 .022 .104
2064.2 5.16 26.10 .019/ .099
Average |....ccceacecfiecranacnes .026 117

bearings were due to the snugness of the fit between the journal and
the bearing, and show the advisability of as easy a fit as in ordinary
bearings.

The same Hyatt bearings were used in the second set of experiments,
but were compared with the McKeel solid roller bearings and with
plain babbitted bearings freely oiled. The McKeel bearings contained
rolls turned from solid steel and guided by spherical ends fitting re-

TABLS IT.
Values of Coeflicient of Friction £ BSpeed 480 Revolutions per minute.

Dhm: HYATT BEARING. PLAIN BEARING.
° P
Journal | par | Min. | Ave. | Max. | Mim. | Ave
14§ .086 .019 .026 .160 .099 117
2% .053 .084 .040 .129 .on .094
' .041 .023 .080 .148 .076 .104
.053 049 .051 .188 .091 104

cesses in cage rings at each end. The cage rings were joined to each
other by steel rods parallel to the rolls. The same apparatus was
used as in the former tests, but heavier loads were used and the ma-
chine was run at a slightly higher speed. Table III shows the detalled
results of experiments on one size of journal, and is similar to Table I:
The last value given for the Hyatt bearing shows distortion of the
roller due to the load and indicates the limit for this size. This is
omitted in getting the averages. There is the same indication as in
Table I of a decrease of f with increase of load, and this was noticed
in all the tests. The results for the babbitt metal are not as uni-
form as the others on account of the difficulty of balancing.
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Under a load of 358.3 pounds the solid roller bearing showed an
end thrust of about 20 pounds, which would account for the difference
in friction between that and the Hyatt. Table IV gives a summary
of the testa in this series and may be compared with Table II. The
relatively high values for the Hyatt 2 7-16 bearing must be due to a
slight cramping of the rolls due to too close a fit, as was noted in some
of the former experiments. Under a load of 470 pounds, the Hyatt

TABLE IIL
Journal 118-16 inches in Diameter. Speed of 560 Revolutions per minute.

FRICTION, VALUE OF /.
Total Load.
Hyatt. | McKeel. | Babbitt.| Hystt. | McKeel. | Babbitt.
118.8 8.64 | 8.77 8.88 | .083 .083 .074
162.8 8.77 | 4.2 8.97 | .028 .028 .035
211.8 4.04 | 5.24 8.97 | .019 .025 .043
260.3 4.8t 5.87 8.97 | .018 .021 .084
8090.8 4.57 | 6.46 | 10.13 | .015 .021 .088
858.8 4.7 6.7 | 10.75 | .018 .019 080
407.3 484 | 7.27 | 1L.98 | .012 .018 .029
456.3 8770 | 7.81 | 20.90 |........] .017 .046
Averages |........[ccceciefiennnnn. .0186 | .0225 | ,043

bearings developed an end thrust of 13.6 pounds and the McKeel one
of 11 pounds. This end thrust is due to a slight skewing of the rolls
and would vary, sometimes even reversing in direction.

The babbitt bearing is a slight improvement over the cast-iron sleeve,
but the difference is quite as apt to be due to improved lubrication.
(Notice the variation in the averages for the various sizes in Table IV).

In conclusion it may be said that the friction of the roller bearing

TABLE IV,
Values of Coefiicient of Priction £ Speed 560 Revolutions per minute.

HYATT BEARING. MCKEREL BEARING. | BABBITT BEARING.

Diameter
of Journal.

Max. | Min. | Ave. | Max. | Min | Ave. | Max. | Min. | Ave.

082 | .012 | .018 | 088 | .017 | .022 | .074 | .020].048
019 | 011 ] .014 [......[...000fer....] 088 ].078},082
.042 1 025 .082 | .028 | 015 ] .021 | .114 | .088 .09
.029 | .022 | .025 | .089 | .019 | .027 | .125 | .088.107

is shown to be from one-fifth to one-third that of a plain bearing at
moderate loads and speeds. It is also noticeable that as the load on a
roller bearing increases the coefficlent of friction decreases. It was
found by the experimenters that a slight change in the pressure due
to the adjusting nuts was sufficlent to increase the friction consider-
ably. In the McKeel bearing the rolls bore on a cast-iron sleeve and
in the Hyatt on a soft steel one. If roller bearings are properly ad-
justed and not overloaded, a saving of from 2/3 to 3/4 of the friction
may be reasonably expected.

oy
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CHAPTER 1

MACHINERY SHAFTING*

At first thought it seems as if a chapter upon this subject should
be prefaced with an apology. Undoubtedly shafting has been the sub-
ject of as much discussion as anything mechanical, and the rules laid
down for mill shafting are so well founded as to be available under all
circumstances, and so widely known as to require no discussion. When
it comes to machinery shafts, however, we have the ordinary rules for
twisting and bending moments, and for the two combined, but we
often find complicated combinations of loading needing investigation,
and we find little or nothing in the text books about the present prac-
tice followed in fitting up machinery shafting.

In discussing the subject let us first take up briefly the three general
principles governing shafting; simple twisting moments, simple bend-
ing moments, and combined twisting and bending moments.

When there is no bending moment the shaft may be designed for a
simple twisting moment, and we have:

L] 3 T
T=—d’f;d=\J (1)
16 0.196

in which T —=the twisting moment in inch-pounds,
d = the diameter of the shaft,
1 =the fiber stress in pounds per square inch.

w
Table I gives the value of — d° for different diameters of shaft, and
16

T
— = constant in table.
!

Ezample: A shaft is to sustain a twisting moment of 120,000 inch-
pounds, the fiber stress being 16,000 pounds per square inch. Required,
the diameter of the shaft.

120,000
—_—=15.
16,000
The nearest constant in the table, above 7.5 is 7.55, the diameter cor-
responding to which is 33; inches, which is the diameter of the re-
quired shaft.

A form of shafting frequently found in machinery is the stationary
shaft, upon which certain heavy parts revolve, the shaft remaining
stationary in the bearings, while the revolving pleces are usually
brass bushed. Such shafts are often called pins, and being required
to transmit no twisting moment, may be proportioned for a simple

4 MAcmNzx';, March and April, 1904. .
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bending moment. Equating the bending moment to the moment of
resistance for a round section we have,

L3 M a:
M=—ad1=0.0984df; — ==—very nearly,
32 f 10
dJ
Table II gives values of — for various diameters of shafts.
.10

Ezample: A pin is to take a bending moment of 65,000 inch-pounds
at 16,000 pounds per square inch fiber stress. Required, diameter of
the pin.

The nearest constant to 4.06 in the table is 4.06, the corresponding
diameter being 3 7/16 inches.

Table IV. Values of n for Various Values of k

4 n £ ” & ”
.1 1.03 1°1 1.37 2.1 1.64
2 1.06 1.2 1.40 2.2 1.66
.3 1.10 1.3 1.43 2.8 1.68
.4 1.13 1.4 1.46 2.4 1.1
.5 1.17 1.5 1.48 2.5 1.78
.6 1.20 1.6 1.51 2.6 1.75
q 1.24 1.7 1.54 2.7 1.77
.8 127 1.8 1.56 2.8 1.79
.9 1.30 1.9 1.59 2.9 1.81
1.0 1 34 2.0 1.61 8.0 1.83

When a revolving shaft through which power is transmitted, carries
gears, drums or other devices, it is subject to both bending and twist-
ing moments, and a calculation by either of the previous tables ignoring
the other will result in a weak shaft. We may, however, substitute
for the simple twisting moment T a greater twisting moment 7., which
will be the equivalent of the combined twisting moment 7. and bend-
ing moment M. )

This equivalent twisting moment is

Te==M+ /M + T°*

The diameter of shaft suitable for the combined moments 7T and M.
may be found by substituting 7. for T in equation (1). This formula
may be more conveniently used in the following form: Letting the
ratio

—=—k,and D=mnd,

T
where D —=—the diameter of shaft for combined moments 7 and M.
d = the diameter of shaft for simple twisting moment 7, and

n="1 k+ VB +1=11.83k + 0.83, approximately.
U‘Thls formm lTS(‘d ng th; autlm-r gives a considerably larger value to the
combined twisting and bending moments than the formulas commonly used.
It gives, in effect, a larger factor of safety,
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Table 1V gives values of n for various values of k.

Ezample: Suppose the shafts of the two previous examples are one,
that is, a shaft subjected to a twisting moment of 120,000 inch-pounds,
and a hending moment of 65,000 inch-pounds. Required, the diameter
of Lthe shaft, with the fiber stress at 16,000 pounds per square inch as

before.
65,000
k= =0.
120,000
The nearest corresponding value of n is 1.17.

The diameter d for a twisting moment of 120,000 inch-pounds found
in the first example is 33; inches.

D =3.3756 X 1.17=23.94 inches, say a 4-inch shaft.

A comparison of the three examples will show the importance of con-
sidering both the bending and twisting moments upon any shaft that
is subject to both actions.

Gears, drums and other detail parts are so distributed upon shafting

— -A- — > —_— —B-1— —
—_— e 4
Machinery,N.Y.
Fig. 1

as to cause combined strains, and the maximum fiber stress resulting
therefrom must be determined. A simple case is that of two gears
between bearings, Fig. 1, the large and small gear respectively carry-
ing loads P and p, the loads acting in the same direction. Connect P

and p by a line cutting the axis at b. .
Since the shaft must be in equilibrium, we have p X da=P X ec. and
D ec
P da
By the law of similar triangles,
ec eb
da bd
and substituting we have,
) )
P bd

and, consequently, p X bd=2P X cb.
The reaction at b is then p + P=W.

WAB
and the bending moment is M =
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The torsional moment is,
T=p X ad.

M WAB (n+P)AB

T Lxpxad LXpxad
Another case of combined strains is shown in Figs. 2 and 3, where

Fig. 2 shows an elevation, and Fig. 3, diagrammatical end views. In
P

,, I
IR B N

b Machinery,N.Y.
Fig. 2

this example a gear under load P drives two pinions each under load
p. First consider case A where all loads are in the same direction.
Draw the bending moment diagram b-b-b for load P, also the diagram

me |

\ |
/ ¥
Mp
r Machinery,N.Y.
CASE A case B
~]
Fig. 8

a-a-a-a for loads p. It is obvious, since the loads are on opposite sides
of the bearing, that the bending moments will oppose each other, and
the shaded portion of the diagram represents the algebraic sum of
the two moment diagrams. Any ordinate of the shaded portion is the
bending moment of the corresponding point of the shaft.
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pounds load; weight of gear, 250 pounds; tooth load on drum gear hori-
zontal; rope loads vertical; fiber stress to be 10,000 pounds per square
inch. Resolving all loads to the heavier loaded journal we have:

6,226 X 24
——————4,980 pounds horizontal load,

30
3,750 X 17 ’
——————— =—2,125 pounds, rope c,
30
3,750 X 4
————— =500 pounds, rope d,
30
250 X 24
T: 200 pounds, weight of gear,
500
. = 250 pounds, weight of drum,

Total = 3,075 pounds vertical load.

Fig. 6

The resultant of the horizontal and vertical loads on A is 5,852 pounds.
Then M = 5,852 X 4.6 = 26,919 inch-pounds.
M 26919
—_= =2.69
! 10,000

In Table 1I, of values from simple bending moments, the nearest
constant is 2.7 for a 3-inch shaft.

Fig. 6 shows a common arrangement of drum and gear, in which a
is the center of gravity of the rope loads P. Where there are two
ropes on the drum, the position of a is constant, while for one rope
the position of a varies along the drum, and for the latter case several
solutions should be made with varying positions of a. The load is sup-
ported upon three points, the journals A and B and the gear teeth at
C. The load P puts a downward load upon each journal A and B, and
is divided proportionally between them. In the figure a is central, so
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the loads upon A and B are equal, and are P/2; the upward load p at
C is divided proportionally between A and B; thus we have:
cm
Load at A =——
L

upward loads.
Cn

Load at B—=——
L J

P
Loads at A and B——, downward loads.
2

The algebraic sum of the two loads upon both journals gives the
amount and direction of the resultant load on the journal. Draw BC,
and produce Ca to cut AB at d. We thus represent the load P as

Fig. 6

eccentrically supported upon a beam BC, at an arm ab, and prevented
from rotating about BC as an axis by the reaction of journal A acting
at an arm bc. We thus have

) PXabd
Load at A —= ———— =— W, upward load.
be
(P+W)Bb
Loadat0 = —F«—
BC downward loads.
(P+W)CD
LoadatB—————
BC

The condition of loading at journal A is seen from the position of
point d, which, lying beyond B as in the figure, indicates an upward
load at 4, lying on B indicates no load at A. and lying between 4 and
B indicates a downward load at A, the weight of the drum and gear
being neglected.

Fig. 7 shows the same arrangement with the pinion on the opposite
slde from a. and this case is analogous to that shown in Fig. 1.
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A shaft requiring special investigation in certain classes of ma-
chines, as cranes, turntables and other revolving machines; is that
effecting the slewing or turning in a horizontal plane. Fig. 8 repre-

sents the diagram of a common slewing mechanism for a crane, in
which

A =the center pin, column or mast,

|
« .
A N
B {l __e___ _Jd.d_ A
U H
\e
e —— — M —— —e— — N ——— > Machinery,N.Y.
._—_t-_— —
Fig. 7

B =—a large circular rack, concentric with A.

C =a pinion mounted upon a vertical shaft, and meshing with the
rack B,
W = the load in pounds,

B8

DY e
l

: A\

8 Machinery,N.Y.
Fig. 8
I =the radius of the boom in feet,

r=the radius of the circle described by the slewing shaft,
a =the radius of the pinion C,

n =the number of revolutions p'er minute of the crane,
27 Rn

V =the velocity of the load W in feet per second =
60
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V=10.01 R* n?,

8 =space in feet in which full velocity is to be obtained,
F = force in pounds acquired by the load W,

F,=force in pounds on the slewing shaft,

g = acceleration —32.2.

wv
Energy = =FS8
29
Then,
wy w v
- F= = (2)
. 298 64.4 8
2xR

= 1.57 R, and substi-

Assuming § — one-quarter of a turn, —=

tuting the values of S and V* in (2) we have,
F=0.0001 R Wn?
Now
FR 0.0001 R* W n*
F,= = .
r+a r+a
The twisting moment on the slewing shaft then is
0.0001 R°Wn*a
T=F,¢=—"—"—"—7—+ )
r+a

n
Substituting in (3) the value — d*f for 7. and assuming f=10,000
16

pounds per square inch, we have

4 0.0001 R*W n*a
—_
16 r+a
0.00000005 R* W n*a
d'=
r+a
3 R*n?
d= 0.00000005 Wa
r+a
R?n?
If we assume 0.00000005 =—h, we may write the last formula
. r+a
d=p' nWa (4)
R2
Table III gives values of h for various values of the ratio
r+a

and n, assuming f=10,000 pounds per square inch. For f=—12,000,
multiply the values by 0.833, and for f=—16,000, multiply by 0.625.

The pinion C may be either overhung, or mounted between bearings,
as shown respectively in Fig. 9 and Fig. 10. The values of k are as
follows:

=
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Overhung Shaft, Fig. 9
The bending moment
0.0001 R*Wn*L
M=F,L—=—————
r+a
and the twisting moment
0.0001 R*Wn‘a

r+a

M L
k==
T a
Shaft between Bearings, Fig. 10

The bending moment
F,L 0000l RPWn*L

2 2(r+a)
~ A

-

ly o S— ¢
- f

F1 i

/ Industrial Press, N.T.
T
Fig. ® Fig. 10

and the twisting moment
0.0001 R*Wn*a

T=
r+a
and
M L
k= =—
T 2a

In taking the values of W and R, not only the load and the radius
af the boom must be considered, but also the weight and radius of
such heavy parts of the machinery as may revolve with the crane, in
each case resolving the turning moment of such parts about the center
pin or mast, to the radius R.

Erample: Fig. 11 represents a steam crane, the letters correspond-
ing to those of Fig. 8, while the dimensions and weights given are
those of a particular crane having a capacity of ten tons at a radius
of sixteen feet, the pinion C meshing into an internal spur rack in the
foundation and being driven by bevel gears as shown. Required, the
diameter of the vertical shaft, f being 12,000 pounds per square inch.
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The load at 16 feet radius = ....................ovont. 20,000 pounds
The block at 16 feet radius — ........................ 435 “
The jib weighs 3,000 pounds, its center of gravity being

at a radius of 1114 feet, resolved to a radius of 16

3,000 X 11.5
feet = ——————— = ... e 2,156
16

The boiler and extension weigh 11,855 pounds at a center
of gravity radius of 814 feet, resolved to a radius of

11,855 X 8.5
16feet = ——————— = . ... i e 6,297 “
16

The machinery and side frames weigh 21,800 pounds, at
a radius of 2 feet, resolved to a radius of 16 feet =

21,800 X 2
R N 2,725 ¢
16
Total load assumed at a radius of 16 feet —= ............ 31,613 pounds
R = 16 feet, r — 2 feet, and a = 9 inches; consequently,
R? 162
= =93.
r+e 2+ %

Opposite 90 and under n — 3 in Table 1II, 3 being the required revo-
lutions per minute of the crane in question, the value of  is 0.0000405,
.and for 93 the value of h would consequently be about 0.000042, and
since the stress per square inch is 12,000 pounds, we have

h =0.000042 X 0.833 =0.000035.
From (4) we have
d= 0.000035 X 31,613 X 9=2.15 inches diameter,

for twisting only.

The pinion being mounted between bearings, and L — 6 inches, we
have

6
k—=—=—0.33
18
Corresponding to this value of- kK we find the nearest value of n =
1.10 in Table IV. Then

d=2.15 X 1.1 =2%; inches, approximately — diameter of shaft required.

When calculating the size of shafting, the first thing of importance
to determine is the length of the journal, and once established, all
bending moments should be taken to the center of the journal. Given
the diameter, the length of the journal depends upon three conditions:
Bearing area, character of lubricant, and ability to carry off heat.
Grease has become a most widely used lubricant for heavy machinery,
possessing as it does sufficient body to enable the designer to use
higher bearing values than with other lubricants without squeezing
the lubricant from the bearing. It has been found in practice that to
limit the surface speed to 350 feet per minute, and the bearing value
to 80 pounds per square inch of projected area, produces, with grease
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as a lubricant, a very satisfactory bearing, well within the limits of
good performance as regards heating.
Let d —=the diameter of the shaft,
=the length of the journal,
a =the projected area, = d X 1,
W =—total pounds pressure on journal, -
R.P.M. =revolutions per minute of the shaft,
Then the pressure per square inch is,

w w v
—_— = 80 pounds; d=—";
a dXxl 801
The surface speed, in feet, fis,
~d X R.P.M. 12 X 350 1337
———=350; . d= =
12 = X RP.M. R.P.M.

Fig. 11

Equating these two values of d we have,

w 1337 W X R.P.M.
—_— N |l =
801 R.P.M. 106,960
and rounding off the constant to a more convenient figure, we have
W X R.P.M.
=,
100,000

Cases will arise, especially with heavily loaded slow running shafts,
in which this rule gives a bearing altogether too short for practice,
sometimes not allowing room for the stud bosses on the cap, and also
having too high a bearing value, which should. be kept below 1,000
pounds per square inch. For shafts running about 80 R.P.M. or faster,
the above rule gives excellent bearings, while for slower running
shafts an investigation of the bearing value as well as the above rule
at once determines the limiting length of the journal.
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Chart Fig. 14 will be found of great convenience in determining the
dimensions of journals. The example shown by the heavy line in the
upper portion of the chart, shows that a journal under 700 pounds total
pressure, and running 1,250 R.P.M. should he about 8 inches long. This
at once determines the length of the journal and leaves the diameter

P

7

i o
Iadustrial Press, N.Y.

1
=

Pig. 12

to be determined by calculating the bending moments to the center
of the journal. The example given in the lower part of the chart
shows that a journal 4 inches in diameter and 8 inches long under
5,220 pounds total pressure, will have a bearing value of 163 pounds
per square inch of projected area.

w

L

- Iadustrial Press, N.T.
)

20 IAS
i '//f///////
e
Fig. 13

A condition frequently met with is that of a shaft forced by pressure
into one member, amd revolving in another member, as in Fig. 12
The arm L is determined by laying off a distance ¢ such that

P —the safe crushing strength of the metal composing the sup-

oxd < porting member,
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and taking L as the distance from the load P to the center of the
strip <. It is excellent practice to provide slight shoulders wherever
practicable, against which to key the gears, thus locating gears defi
nitely for the assembling workman. Frequently a heavily loaded pin-
ion demands a smaller shaft than the foregoing rules require, in order
to leave sufficient metal over the key. This may be accomplished by
making the diameter d at the section a — b, Fig. 13, coincident with
the diameter of a paraboloid drawn as shown.

A most convenient solution of this problem is offered in Chart Fig
15, which also solves at a glance all problems regarding shaft diam-

VSE STRAIGHT LINES FOR d AND L,

Fig. 14

eters to withstand any combination of moments. The shaft shown at
the top is worked out in the chart by following the dotted lines. The
shaft is subject to a bending moment of 247,500 inch-pounds and a
twisting moment of 165,000 inch-pounds, hence k¥ =— 1.5, and f = 9,000.
Enter the chart at the left at 165,000 inch-pounds and follow dotted line
to the f — 9,000 line, thence up to the ¥ = 1.5 line, thence over to the
right, and read diameter of required shaft on the scale, 63 inches. It
is now required to find the smallest permissible diameter for the end
of the shaft according to the dimensions given. Follow the line marked:
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15 in the extreme left-hand column to first intersection with the line
for 63, inches from the scale at the bottom of the chart, thence diago-
nally to the line marked 5% at the extreme left, thence up, and read
the required diameter on the scale at the top, 4% inches.

For shafts subjected to simple bending or simple twisting moments

Fig. 16

use the lines so marked instead of the k lines. ’I‘he set of lines
inch-pounds
marked ————————— are to be used for smaller shafts by dividing all
100

readings in the column of inch-pounds by 100. This makes the range
of the chart from 30 to 400.000 inch-pounds.



CHAPTER 11

EFFICIENCY OF MECHANISM*

WITH SPECIAL REFERENCE TO HOISTING MACHINERY

When undertaking the development of any machine the designer is
promptly brought to face the question of the probable efficiency of the
mechanism he wishes to employ. If the machine belongs to a class
with which the designer has been long familiar he may be able to
judge closely from past experience as to what efficiency to assume in
his present calculations. If the designer cannot bring to his aid such
past experience, he may be told by the chief engineer to assume a
particular value for the efficiency. Failing in both past experience and
the availability of the chief engineer, the designer may attempt a wild
guess, more or less remote from actual conditions, possibly seeking
information from a handbook, where he may find something like the
following, from D. A. Low’s “Pocket-book for Engineers”:

Mechanical Eficiency of Machines

P —="force acting at the driving point,

W = force acting at the working point,
velocity of working point

r = velocity ratio of the machine =
velocity of driving point

p=value of P when W =0,
e =a coefficient, .
E — mechanical efficiency of the machine,
When friction is neglected P — W —r.
When friction is taken into account P = (1 + ¢) Wr + p.
For a particular machine the preceding equation reduces to P=mW +
k, where m and k are constants determined from experiments with the
machine. Finally,
Wr Wwr
E= —
(14+¢€¢) Wr+p mwW+k

This is exceedingly disappointing, as the inconvenience of experi-
menting with a particular machine yet unbuilt, with a view of deter-
mining constants to be used in calculations during its design, is appa-
rent. Consequently the aforesaid wild guess is too often used as a
basis from which to calculate the probable performance of the machine.

The determination of the efficiency of any elementary portion of a
machine by analysis is, however, a comparatively simple matter, and by
dividing the proposed machine into several such elementary portions,
and determining by analysis the efficiency of each element, the ap-
proximate efficiency of the whole machine may be determined. The

* MACHINERY, March and April, 1903.
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following analysis of scme simple portions of machinery may easily
be extended by the application of the same reasoning to other cases,
and the tables may form a guide for an intelligent guess which will
rome nearer the truth than a wild guess.

Efficiency Defilned

The force exerted to run any kind of machine is used in the per-
formance of two functions: To perform the intended useful work for
which the machine is designed; and to overcome the frictional resist-
ances in the several parts of the machine. If the machine could be
considered as running with absolutely no frictional resistance between
its moving parts we should have the product of force into space moved
equal to the product of load into space moved; or

Lh
Ps—=Lh; P——— (5)
s
in which P, — the theoretical force, which acting through a space s,
will move a load L a certain distance A. under the assumption that
there are no frictional resistances in the machine.

The force exerted through the space s must, however, overcome the
frictional resistances within the machine, as well as the resistance
of the lcad L through the distance h. Let W — the sum of all the
frictional resistances within the machine, and & — the sum of all the
distances through which the several frictional resistances are over-
come. Then Wi — the work done in overcoming the frictional resis-
tances of the several parts of the machine. The actual force, acting
through a space 8. besides being required to move the load a distance
h. must in addition be sufficient to overcome the frictignal resistances
within the machine itself; so the actual effort required to move the

load is,
Lh+ W
Ps=Lh+WworP=———— (6)
. s
Thus from (5) and (6) it is seen that the actual force P must be
greater than the theoretical force P,
The ratio of the theoretical to the actual force is termed the effi-
cfency of the machine; thus
P,
e=—
P
As has been seen, P is always greater than P, and it follows that the
efficiency of any machine being always less than unity, represents the
percentage of the force exerted which is actually employed in moving
the load. The use of this ratio expressing the efficiency is of the
greatest value In practical problems relating to the force required to
run any given machine; because, in practically all cases, the theoretical
force
Lnh
P=—

8
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in which the three factors L. h. and 8, are known, may be more or less
easily determined, and a knowledge of the efficiency ¢ of the particular
machine under consideration then enables the designer to determine
at once the force required for the particular case, as

Pl P!

e=—,and P—=—.

P e
The value of ¢ for any machine is easily computed when the efficiencies
of the several moving parts are known. Let ¢, ¢, e, --- e,be the
efficiencies of the several moving parts of the machine; then the effi-
ciency of the whole machine is, ’

e=e X€XeX - - - e, (7

Since the moving parts of most machinery may be reduced to a few
classes or heads, a knowledge of the average values of the efficiency
of each class will, in most cases, enable the designer to arrive at results
sufficiently accurate for practical purposes.

In the preceding discussion it has been assumed that the force P
acts in a direction to move the load forward, and that the frictional
resistances act against the force P, in the same direction as the load
L. The relation of power to load and frictional resistances is well
fllustrated in the case of a crane; and such a machine will hereafter
be used in the discussion, it being understood that what is said applies
as well to any class of machinery.

Efficilency of Backward Motion

When a crane is at rest with a load L suspended, the force P is
being exerted to maintain the load in suspension, and prevent it run-
ning down. In this case the frictional resistances within the machine
are actipg in the same direction as P, and usually the work Ww done
in overcoming them is the same for the backward as for the forward
motion; while L becomes the actuating force, and P acts as a retarding
force to prevent acceleration when lowering the load.

Thus, when the load is being lowered, we have

Lh — Ww
Lh=Ps + Ww,or P————— (8)
]
while as beforc we have
Lh
Pl - (9)
s

which clearly indicates that when lowering the load, the force P, which

must act to prevent acceleration, is less than the theoretical force P,.

By the efficiency of a machine for the backward motion is understood

the ratio of the actual force required to prevent acceleration when

lowering the load, to the theoretical force required to effect the same

result could the frictional resistances within the machine be neglected.
Thus for backward motion,

ey =
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Substituting in this equation the values of P and P, in (8) and (9)
we have,

Lh — Ww
s Lh —Ww
€p = =
Lh Lh
8

from which we see that when Ww —Lh, e, = 0, and the internal forces
of frictional resistance and L are balanced without the application of
P; also when Ww is greater than Lh. ¢, has a negative value, and an
additional force P acting in the same direction as L, must be applied
at the point of application of the power in order to lower the load.

A negative efficiency on the backward motion may therefore be taken
as an indication that the load will remain suspended upon the removal
of the motive power. This is a feature especially to be desired in all
cranes as a safety device for those operating them. It is, however,
often obtained by the sacrifice of high efficiency on the forward move-
ment. For the forward motion we had

e—=—
P
and substituting in this equation the values of P, and P from (5) and
(6) we have,
Lh

s Lh
e= -- -- - —_—
Lk 4+ Ww Lh 4+ Ww
s

which, under the assumption that the work done in overcoming the
frictional resistances within the machine is the same for both forward

and backward motion, and assuming the limiting case Ww — LA,
becomes
Lh 1
===
Lh 4+ Lh 2

Thus the efficiency for the forward motion of all elementary self-
locking machines which automatically sustain the load never exceeds
50 per cent, while for cases where ¢, is negative the efficiency is less
than 50 per cent.

This statement is true for all elements in machine design intended
to be used as power transmission elements for the forward move-
ment, while being expected, from the nature of the design, to resist
all backward impulses due to the load when the power is removed. It
is possible, however, by the introduction of devices which, being idle
during the forward movement, are called into action by the slightest
backward movement of the parts to which they are attached, and
which, being so put into action, present additional frictional resistances
acting in the direction of the force P, to design a machine of any given
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efficiency for the forward movement, which will automatically sustain
the load when the power is removed.

Rigidity of Ropes

When considering the efficiency of the different classes of mechanism
combined to form a hoisting machine it will be seen that the resistance
of ropes to bending around sheaves and drums enters largely into the
equations for the efficiency of these parts. Any rope offers resistance,
by reason of its rigidity, when wound onto a sheave or drum, while by

T Fig.16. T+T,

P

Fig. 17.

r

Industrial Press, N.Y.

Figs. 16 to 18

reason of its elasticity, little or no resistance is offered when it unwinds
and passes off the sheave or drum.

In Fig. 16 let T — the tension in the on side of the rope about to
be wound around a sheave, and T 4 T, — the tension in the off side of
the rope; then 7, — the force required to bend the rope around the

sheave while under the tension 7. Let R, — the radius of the sheave,
a
and d — the diameter of the rope, while » — the radius of the rope ;—
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Then let R, + r = R.
The lever arm of the rope axis on the off side is,
R, 4+ r=R.
Considering the on side of the rope, the fibers on the outside are
stretched, while those on the inside are compressed, and the resultant
of these two forces with the force 7T will lie to the outside of the rope
axis a distance denoted by h&.
Then the lever arm of the on side is
ab=R, +e+r+h=R+c+h.
The distance ¢ is given by DuBois as

k ER
¢ =— — for hemp rope, and ¢ — —— for wire ropes,
T T -

where k is a constant to be determined by experiment.
The condition for equilibrium is then for wire ropes
kR Th
T(R+ —+h)=(T+T)R,orT,=k + —.
T R

Experiment gives this formula the form,

0.09T
T,=—1.08 + for wire ropes,
100 +0.22T
T, =—= ————for tarred hemp rope,
4400657
T,— ———— for untarred hemp rope,
R

where T and T, are expressed in pounds and R in inches. (DuBois.)

The efficiency of the rope, neglecting the journal triction of the
sheave, is .

T
e ="

T+ T,

Erample: A one-inch wire rope under 20,000 pounds tension is
wound over a 15-inch sheave. Neglecting the journal friction of the
sheave, what force (7 + 7,) will be required to raise the load of 20,000

pounds?
Here T = 20,000.
R, =1.5.
R =38.
0.09 X 20,000
then, 7, —1.08 + _8— = 226.08 pounds,

and T 4 T,=20.226.08 ppunds.
The efficiency in this case is
T 20,000

= = =0.989.

T+ T, 20,226.08

Table V gives the efficiency of plough steel wire ropes when strained
ng capacity, and wound over sheaves or upon drums

lameter that should ever be used with each size of
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rope. It will be observed that the diameters given in this table are
much smaller than those recommended by the rope manufacturers as
the minimum to be used with each size of rope. The diameters given
here are those in constant use by many of the foremost crane builders,
it being found impracticable to use the large sheaves and drums recom-
mended in the space at the disposal of the designers.

TABLE V. EFFICIENCY OF WIRE ROPES

Min. Diam. of Efficiency

Drum or . T

Diam. Sheave c=

of Rope. under Rope T+T, .,

% 10 0.982
5% 12 0.985
% 14 0.987
% 16 0.989
1 18 0.990
114 20 0.991
114 22 0.992

Average, 0.988
The Fixed Pulley

Let Fig. 18 represent a fixed pulley or rope sheave, over which a rope
is passed, by means of which a force P is to lift a load L. The spaces
8 and h through which P and L move, respectively, are equal (s =H),
hence, neglecting all friction and lost power, we have the theoretical
force,

P,=L . (10)

The wasteful resistances to be overcome are: 1st, the stiffness of
the rope requiring the additional force 7',, which may be added to the
load, making the total force acting in the on side of the rope

Q=L+ T, and
2nd, the journal friction due to the resultant pressure, L, of P and Q.
and the weight w of the sheave.

Produce P and Q to meet at b. Lay off to any convenient scale bd, =
Q. and draw d,a parallel to Pb. Then, similarly, lay off P on Pb. Then
ab=L, and when measured to scale gives the resultant pressure on
the journal due to P and Q. Lay off on bd, the same scale as before,
be — w. the weight of the sheave. Draw ef parallel to ab, and draw bf.
Then bf =W, and when measured to scale gives the total pressure W
of the journal, due to the resultant of the forces P and Q and the
weight w of the sheave.

We now have three forces acting, P, Q. and W, of which Q and W
are acting in the same direction, opposed to P, and as the distances
throvgh which these forces move are proportional to the lever arm in
each case, we have the condition of equilibrium, letting the coefficient
of journal friction —=¢

PR=QR+Wrg¢

- QR+Wre
P (11)
R
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From (10) and (11) we have the efficiency
P, LR

==
P QR+Wre¢

In making calculations, we may at first neglect the stiffness of the
rope, in which case Q =L, and we have the efficiency with the rope
neglected,

LR
Gg=————
LR+ Wroe
Let e._,=.the efficiency of the rope from Table V. Then we have the
eficiency, including the rope,
e=¢ X €

The maximum value of L, is reached when P and Q are parallel, and
is then P 4 Q =L,; the weight w of the sheave may be neglected as
having little influence upon the efficiency; the rigidity of the rope may
be neglected at first and brought into the solution afterwards, as shown
above; then P+ Q=2L. Then under these assumptions, viz.,. W=
L, =P+ Q=2L. and Q =L, we have by substitution in (11)

LR+ 2Lr¢ .
P (12)
R
Thus from (10) and (12) we get the minimum eficiency of a flxed
sheave, neglecting the weight of the sheave, and letting the efficiency of
the rope = e¢,=as above,
e: P, e, L &R

€=

P  LR+2Lre¢ R4do

R

Table VI gives the minimum efficiency of the smallest diameter of
sheave allowable with each size of rope, assuming in each case the
load L on the rope to be the full working strength of the rope, the arc
of contact to be 180 degrees, the coefficient of journal friction 0.08, the
diameter of journal pin 4 inches, and values of ¢ taken from Table V.

TABLE VI. BFFICIENCY OF THE FIXED SHEAVE

Diam. of Diam. for le{'ope, ﬂ?r Coef. of
rope Sheave Table V Sheave Resistance, k

Yo 10 0.982 0.925 1.081

9 12 0.985 0.936 1.068

% 14 0.987 0.945 1.058

% 16 0.989 0.952 1.050

1 18 0.990 0.957 1.045

1% - 20 0.991 0.961 1.040

1% 22 0.992 0.965 1.036

Average 0.988 0.948 1.055

From (12) we have, including the efficiency of the rope e.,

R+d¢ R4de¢
P— {§ —— ) L, and letting —————— —k, we have
e.R . e: R

™,

%
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P=kL (13)
in which k is the coefficient of resistance of the sheave and rope com-
bined. From (10) and (13) we have,

In the fifth column of Table VI, the values of k are calculated under
the same conditions as are those of e, so that knowing either the
power applied, P, or the load to be lifted, L, the other may be easily
calculated with sufficient accuracy by the use of the above tabular
values in the two equations

P=kLand L=¢P.
For the backward motion when the load is descending, we have

L
L=kP, and P—=—.
k

The distance through which L acts is equal to the distance through
which P acts; hence letting s equal this distance, we have the work
performed at the point of application of each force, P and L, as P s, and

Ls
Pg——1fF
k
and the efficiency
Ps 1

e=—2=—

Ls k
Thus the efficiency of a fixed sheave is the same for the backward
as for the forward motion.

Movable Pulley or Sheave

In the case of movable pulleys or Bheaves, Fig. 17, as in pulley
blocks, the ropes are always parallel, or nearly so, and letting Q —the
tension produced in the on side of the rope by the load L, we have

P=kQ
and the condition of equilibrium is
L=P+Q=Q+kQ=0 (1+k).

To raise the load L a distance s, each end of the rope must be short-
ened by a distance equal to s, and as the end Q is fixed, this is accom-
plished by the end P moving upwards a distance equal to 2s.

The total work performed is then P X 2s, or 2kQs,
and the useful work performed is Ls, or Qs (1 + k),

while the efficlency is
Qs (1+k) 14k

e=
2kQs 2k
The efficiency of a fixed sheave was shown to be e—=1/k, and as k
is always greater than unity, we see that the efficiency of a movable
pulley is greater than that of a fixed pulley.
For the reverse motion, with the load descending. we shall have the
tension in the ends of the rope reversed, and Q — kP, while as before
L=P+ Q=P+ kP=P (1+k).
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The work performed is Ls=Ps (1 4 k), while the useful work per-
formed is 2Ps. and the efficiency is

2 Ps 2
e

Ps(14+k) 14k
for the backward movement.

Table VII gives the minimum forward efficiency under the same con-
ditions as for Table VI.

TABLE VII. EFFICIENCY OF THE MOVABLE PULLEY

Efficienc
Coef. 1 -H‘('
Diam. of Diam Resistance e=
Rope Sheave k 2k
10 1.081 0.962
3% 12 1.068 0.968
3% 14 1.058 0.972
% 16 1.050 . 0.976
1 18 1.045 0.978
114 20 1.040 0.980
1Y 22 1.036 0.982
Average 1.0545 0.974
The Tackle

Any combination of fixed and movable pulleys or sheaves whereby
power is multiplied, enabling large resistances to be overcome, is
called tackle. The most usual form of tackle is that shown in Fig. 21,
in which A represents the fixed sheaves mounted in some portion of
the machine, and B represents the movable sheaves in the block to
which the load is attached. The sheaves are usually of one diameter,
and mounted upon one pin, those in the figure being made of varying
diameters to enable the winding of the ropes to be clearly shown. By
means of the tables given for the fixed and movable pulleys we may
obtain the efficiency of any drrangement of tackle. Inasmuch as the
tackle shown represents a large majority of those in use, it is well to
investigate the efficiency of such tackle as a unit.

The eficiency is in inverse proportion to the number of sheaves in
the tackle, which is determined by the number of runs of rope to be
used, which in turn is determined (friction being neglected) by the
relation

L L
—=t,orn—-—
n
in which L = the load, n — the number of ropes, ¢ — the tension in
each rope, L and t being the known factors determining n.
Thus neglecting friction and all harmful resistances, we have
L
Py =—
n
Taking all harmful resistances into account, it will be seen that the
tensions in the several runs of rope are not equal. Thus if ¢ = the
tension in the first rope, t, =— kt — the tension in the second rope,
t,= kt, = k*t = the tension in the third rope, and t (,_;) =k ®@-0» t=
the tension in the nth rope. The power end of the rope is not in-
cJuded in the n runs of rope as it has no direct lifting power, the n
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runs including only those directly connected to the movable block.
In Fig. 21, t,=—the tension in the last run of rope, and as shown
before, t,—= kt,— k*‘t = the tension in the power end of the rope.

Industrial Prese, M. Y.

Figs. 19 to 21

In general, then for n runs of rope, the tenslon in the power end =
ke t, or
P—k~t (14)
The harmful resistances may be considered as added to the load,
which then becomes equal to the sum of the tensions in the several
ropes connected to the movable block, and we have
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Q=t+kt4Kt+ Kt - 4 k®-D¢ ( 1
t kn_
Q=t(1+k4+K+E+k - +kO—D)=—" (15)
k—1
Denoting the distance through which P moves in a unit of time by
s, the distance through which Q moves in the same time is 8/n, and
the eficiency of the tackle is
8

n Q
o Ps - npP
Substituting the values of P and Q from (14) and (15) we have
t(k»—1)
k—1 kr —1
= - - =—
nkot nk (k—1)

TABLE VIII. EFFICIENCY OF TACKLE

;|5 kn —1
& |° - Efficiency = ¢ = —— &
& |85 % nko (k—1) &
“ = b
g A é 3 Number of Runs of Rope E
2 | £ >
8 |18” > 2 8 4 5 6
15|10 | 1.081 | .888 | 856 | .828 | .798 | .767 | .825
5 | 12 | 1068 | .909 | .879 | .853 | .526 | .800 | .853
3 | 14 | 1.058 | 915 | .808 | .869 | .88 | .828 | .868
% | 16 | 1.050 | 927 | .907 | .880 | .861 | .845 | .884
1 18 | 1.045 | 985 | .915 | .897 | .875 | .860 | .806
115 | 20 | 1.040 | .941 | .925 | .898 | .880 | .871 | .903
1% ! 22 | 1086 | .948 | 933 | .909 | .897 | .888 | .912

Average | 923 | 915 | .875 | 853 | .835

Table VIII gives the efficiency of tackle under the same conditions as
were assumed for single fixed and movable pulleys.

Winding Drums

Let Fig. 19 represent a winding drum operated by two gears, of
which the pitch lines are a and b, by means of which a load L is to be
moved by the application of a force P at the pitch line of the larger
gear b. The distances through which P and L move are proportional
to the radii of the gear and drum, so that

LR
P,R,—=LR,and P, =—— (16)

1

;-l‘hc formula here given by the author does not give the strictly theoretical
efficlency. To obtaln this only the original weight Q at the hook of the tackle

should be considered. This would give ¢ — ——, Q denoting the original load
only. nknt
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The wasteful resistances to be overcome are: 1st, the stiffness of
the rope requiring an additional force 7,, which may be added to the
load L, making the total force acting in the rope

Q=L+ T, and
2d, the journal friction due to the resultant pressure of P and Q, and
to the weight W of the drum when wound full of rope or chain.

The stiffness of the rope may be neglected at first, to be brought into
the solution later, which makes Q =L, and assuming P and Q to be
parallel, the maximum value of their resultant is P 4+ Q — 2L, when
the condition of equilibrium (¢ being the coeficient of journal fric-
tion) becomes

PR=LR+2Lr¢+Wro=LR+r1¢ 2L+ W)

LR+r¢ (2L+ W)
P= 1n
R,
Letting the eficiency of the rope —=¢e, and neglecting the weight W
of the drum and rope, we get from (16) and (17) the eficiency

LR
P, R,
e=—e=-———""—¢,
P LR+2r¢L
R,
e;R e:R

e = p—
R+4+2r¢ R+de
where d equals the diameter of drum shaft.

Table IX gives the efficiency of drums for various sizes of ropes
strained to their full capacity, the drum shafts being of such assumed
diameter as to cover extreme practice, and the coefficient of journal
friction being taken as 0.08.

TABLE IX. EFFICIBNCY OF WINDING DRUMS
. Coef. of

Resistance
Min. Diam. Assumed e R 1
Diam. of of Value Diam. of e= k =—
Rope Drum of e, Shaft R 4+ do ¢
% 10 0.982 3 0.939 1.064
5 12 0.985 315 0.943 1.060
% 14 0.987 4 0.945 1.058
% 16 0.989 414 0.947 1.056
1 18 0.990 5 0.960 1.053
114 20 0.991 514 0.961 1.051
13 22 0.992 6 0.953 1.049
Average, 0.949 1.053

In the case of ‘heavy drums wound with large wire rope or heavy
chaip, it is sometimes desirable to take into account the weight W,
in which case the formula should be used.

Gearing

In Fig. 20, let P—the power applied at a radius R,, to drive a gear
of pitch radius R, having n teeth, and meshing with a gear having
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e, =the efficiency of tackle D, 4 ropes (Table No. VIII)......=0.875%
e = the efficiency of the complete machine—=e, X ¢, X ¢, X ¢,, or
e =0.934 X 0.934 X 0.949 X 0.875=0.723.

While on account of the small force available for operation, the
hand crane is usually double geared, the steam crane, being operated
by much greater force, is often single-geared. Thus, should a steam
crane be applied to the elementary crane of Fig. 22, the shaft A, pinion
a, and gear b would be omitted, and shaft B would become the engine

es is
ning

i, we
/e=

on a
long,
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the ratio of the gears a-b and b-c is 1 to 4 in each case, and the diam-
eter of the drum is 24 inches; the force or pull in the rope wound
around the drum is
120 X 16 X 4 X 4
'———————=—2,560 pounds.
12
Fig. 22 shows the crane as having four runs of rope, which gives
the load
Q@ =2,560 X 4=10,240 pounds.
The actual load L that can be raised by four men working this
crane would be, assuming the efficiency as 72 per cent,
L =—10,240 X 0.72 = 17,372 pounds, or about 314 tons.
Conversely: A load of 3% tons is to be raised by such a crane. We
have the force or pull in the rope

7,000

T=

=1,750 pounds.

Then the power P required is

1,760 X 12
P—=————=—282 pounds, nearly.
4 X 4X16

The coefficient of resistance is 1.38, and we have the actual force
required on the crank F as

P =282 X 1.38 =113 pounds, nearly,
which would be fair work for four men.
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INTRODUCTION

It is rather dificult to classify and give proper definitions of the
many varying kinds and types of dies used on the power press for
rapid production of duplicate work. While there are, of course, some
general classes into which all tools of this description may be divided,
the various types overlap, so to say, and one is sometimes in doubt
as to the proper classification of tools which combine the features of
different types. In the following, however, the distinctions between
the main types have been pointed out in general outlines, the defini-
tions being broad enough to permit of adjustment according to special
conditions.

All dies may, in the first place, be divided into two general
classes: cutting dies and shaping dies. Cutting dies include all dies
which simply cut or punch out required pleces of work from the stock
fed into the press, without changing the condition or form of the
stock in the plane in which it was located in the material from which
it is cut. Shaping dies include all dies which change the form of the
material from its original flat condition, producing objects in which
the various surfaces are not in the same plane. The last mentioned
main division often includes also the characteristics of the first; that
is, some shaping dies are, for instance, a combination of cutting and
shaping dies, the blank for the work to be shaped or formed being
first cut out to the required outline from the stock, and then shaped to
the desired form. !

The main classes of dies, as will be recognized, are based on the
use of the dies. The first of the classes mentioned, cutting dies, may,
however, be further subdivided according to the construction of the
various types of dies in this class. We then distinguish between four
distinct types, plain bdlanking dies, follow dies, gang dies, and com-
pound dies.

Plain blanking dies are the simplest of all types of dies, and are
used to cut out plain, flat pleces of stock having, in general, no per-
forations, the work being turned out complete at one stroke of the
press.

Follow dies, not infrequently also termed tandem dies, are used
for work which must be cut out from the stock to required shape, and
at the same time be provided with holes or perforations of any
kind. The principle of the follow die is that while one part of the die
punches the hole in the stock, another part punches out the work at a
place where at a former stroke a hole has already been punched, so
that a completed article results from each stroke of the press, but, in
reality, two operations have been performed on the work before com-
pletion. The follow die cannot be depended upon to turn out very
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accurate work, because it depends largely on the skill and care of the
operator for the production of duplicate work. In both the plain
blanking and the follow dies, the punch, or upper member, and the dle,
or lower member, of the complete tool, are distinct elements, the work
being cut out or perforated by the entering of the punch into the holes
provided for it in the die.

Gang dies are used when several blanks are punched out simultane-
ously from the stock. The advantage of the gang die over the plain
blanking die is the saving of time.

Compound dies differ from plain blanking and gang dies in that
the simple punch and die elements are not separated, one in the upper
and one in the lower half of the complete tool, but these elements
are combined so that both the upper and the lower part contain edch a
punch and a die. The faces of both punches, dies and strippers are
normally held at the same level, and the strippers are spring sup-
ported so as to give way when the stock is inserted between the faces,
and the press is in action. The springs are so adjusted that they are
strong enough to overcome the cutting resistance of the stock, after
which they will be compressed until the ram reaches the end of its
stroke. A compound die produces more accurate work than the three
types previously referred to, for the reason that all operations are
carried out simultaneously at one stroke, while the stock is firmly
held between the spring-supported opposing die faces. The disad-
vantage of the ordinary compound die is the difficulty encountered in
“getting up,” and the complexity of the design, which usually requires
more or less frequent repairs.

The second main division of dies, the shaping dies, cannot be sub-
divided according to the construction of the dies in the same manner
as the cutting dies. Shaping dies are usually designed more or less
on the compound principle, outlined above, but owing to the great
variety of work performed in these dies, the designs vary too greatly
for a classification on the basis of constructional features. They may,
however, be divided into sub-classes according to the general use to
which they are put. We would then distinguish these four main sub-
divisions: bending dies, forming dies, drawing dies, and curling dies.

Bending dies are used when part of the surface of a plece of work
is pushed from its original plane into a new shape in such a manner
that the bent work does not form a closed curve.

Forming dies are used when the blank is required to be formed
into a hollow shape, by being pushed into a cavity in the die.

Drawing dies are used for the same purpose as forming dies, but
the process differs in that the outer portion of the flat blank to
be formed is confined between two rigid flat surfaces, so that, when
drawn radially inward from between them, no wrinkles can form.

Curling dies are used for bending over the ends or edges of the work
fnto a circular cross section, like the turning over of the edges of
hollow objects of sheet metal, etc.

Finally, we must mention the sub-press dle, which, however, cannot
be defined as a special class of die, but merely as a principle on which
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all the different classes of dies, cutting as well as shaping dies, may
be worked. The sub-press principle is simply that the upper and
lower portion of the die, the punch and die, are combined into one
unit by guide rods fastened into the lower part of the die and extend-
ing through holes in the upper part, or by some other provision fo-
guiding. This construction permits of a high degree of accuracy
eliminates the necessity of lining up the punch and the die each time
they are set up on the press, and thus saves a great deal of time and
cost.

In the following, we shall, however, deal only with the simpler
forms of cutting dies, plain blanking and gang dies, except in Chapter
V1, where reference will also be made to some of the more complicated
types of dies.

CHAPTER 1

METHOD OF MAKING BLANKING DIES*

From a mechanical standpoint it can truthfully be said that we are
living in an age of dies. Never before has the industrial world made
use of the punch and die as it is doing to-day. And no wonder; for
this useful tool in all its different phases has proved beyond all reason-

10988
Machinery, N. Y. \’
b - 2,7

Te

Fig. 1. Dle used as Cxample in Illustrating Principles of Making Blanking Died

able doubt that it can turn out more work in less time than the com-
bined efforts of a room full of milling machines, shapers, and drill
presses. To those who are unfamiliar with the die and its work the
above may not appear feasible; but one has only to visit a modern

* MACHINERY, June, 1906.
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sheet metal factory to be convinced of the surprising rapidity with
which the power press with its punches and dies will turn out not
only work of all kinds of shapes and sizes, but accurate work as well.

Of the many different kinds of dies in use, the blanking die is prob-
ably the most widely employed. The reason for this is that almost all
work that requires the use of various other kinds of dies has its begin-

' ning with the blanking die; for it is this die that cuts the work from

.

the flat stock before it is completed by the other dies. In making the
blanking die there are a few essential points to be taken into consid-
eration, among which are the following:

1. Use good tool steel of a sufficient length, width, and thickness
to enable the die to hold its own.

2. In laying out the die, care should be taken that as little of the
stock as possible is left over, as waste, in cutting out the blanks.

3.. Be sure not only that the die has the proper amount of clear-
ance (which should be no more than two degrees and no less than one
degree) but also that the clearance is filed straight, so as to enable
the blanks to readily drop through.

Fig. 2

Fig. 3

Mackinery. N. ¥,
Figs. 2 and 3. Method of Removing Surplus Stock or ‘ Core”

4. In working out the die, machine out as much as possible; don’t
let the flle do it all.

5. In hardening the die, do not overheat it, as the cutting edge of a
die that has been overheated will not stand up to the work, and re-
quires so much sharpening in order to produce perfect blanks, that at
its best it is nothing more than a nuisance.

In laying out the blanking die, the face of the die is first polished
smooth and drawn to a blue color by heating. This gives better satis-
faction by far than using coloring acid, for it gives a clear white line
on a dark surface to work to, and is easier on the eyes, particularly
when working by artificial light as is often necessary. When the die
to be laid out is a blanking and piercing die, allowance of 3/64 inch
must be made for the “bridge,” i. ¢., the narrow strip of metal that
separates the holes in the stock from which blanks have already been
cut. Fig. 1 shows how this is done; the dotted line 4 is drawn merely
to show how the die is laid out.

After the die is laid out it is ready to be worked out. Now there
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are scveral different ways of working out the surplus stock in a dle
of this kind. One is to drill say a half-inch hole at a safe distance
from the line, and then fasten the die in a diemaker’s milling machine
and mill out the stock close to the line with a taper milling cutter,
which gives the die the necessary clearance, thereby saving consider-
able time when filing out the die.

HOLES

"
e

R
FOUR ¥,

Another method which is most commonly used, is to drill out the
surplus stock on a drill press, after the manner shown in Figs. 2 and 3,
which is done as follows: The six holes for the cormers numbered
1, 2, 3, 4,6, 6, Fig. 1, are first drilled and reamed taper, after which
the other holes are drilled. These holes are drilled an even distance
apart, and must therefore be spaced off, and then spotted with a prick
punch before they are drilled. The best way to do this is to first

Fig. 4. S8tripper Plate
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scribe an inside line at a distance from the outside line equal to one-
half the diameter of the holes to be drilled, then space off, and spot.
In spacing off, do not use dividers, but use a double prick punch.
Using a pair of dividers requires too much time, besides the points
get dull quickly enough without using them when it is unnecessary.
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Fig. 6. Gage Plates

After the centers have been lightly spotted with the double prick punch,
use an ordinary prick punch and make the spots a trifle deeper, so
that the drill will more easily take hold.

In drilling, use the method shown in Figs. 2 and 3, for in this way
the holes can be drilled closer together, thereby making it easier to
get rid of the surplus stock and saving the time of broaching out the
webs. The die blank should be slightly tipped by placing a narrow

'

'



METHOD OF MAKING DIES 9

strip of flat stock under the edge of same, as shown in Fig. 6, when
the die is being drilled. This is done to give the necessary clearance,
and does away with that time-killing operation of reaming the holes
with a taper reamer from the back after they are drilled. After the
surplus stock is gotten rid of, the die is finished by filing, using a
coarse file to begin with, and finishing with a smooth one.

B8TRIP OF STEEL

\ Machinery,N. V.
Fig. 6. Method of Obtaining Cl when Drilling out the “ Core”

Usually the die is made to fit a sample blank or a templet. This
is done by entering the templet from the back as far as it will go
after the die has been filed to the inside of the line. A lead pencil is
then used to mark those parts of the die where the templet bears.

Top of Die

é A B

i

Back of Vise ) ,

i Machinery, N.Y.
'
Fig. 7. Guarding the Corners in Filing the Die

PSP
pres—
[N

The templet is then removed, the pencil marks filed out, the templet
again entered and so on, until it is worked through the die. In filling
out a die of this kind, where there is any danger of injuring that part
of the die which has already been finished, use two strips of sheet steel,
A and B, in the manner shown in Fig. 7, the round corners which are
already finished being thus protected from the edges of the file.
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In hardening the die, heat it to a cherry red, preferably in a gas
furnace or a clean charcoal fire, and dip endwise into the solution used
for hardening. When the die is sufficiently cold so that it can be
taken hold of by the hands, withdraw it quickly and place it on the
fire until it has become so warm that it will make water sizzle when
Gropped thereon; then immerse once more until cold. This is done to
relieve the internal strains caused by hardening, and acts as a pre-
ventite to cracking. The face of the die is now polished, and the
temper drawn to a light straw color, after which the die {s allowed to
cool of its own accord in oill. When cool, the die is ground on the top
and bottom on a surface grinder, and if required it is lapped to size,
which completes the operations.

L /

END VEIW OF PUNCH BACK

[T -3

PIERCING PUNCH HOLDER

IR BRI

PIERCING PUNCH
mery, N.T.
L pior om Wockinery,

Fig. 8. Punch used with Die in Fig. 1

h is made after the manner shown in Fig. 8, and needs
explanation. The dovetail punch back shown holds the
position, and is securely held in the press by the aid of a
ilot § forms a position etop by engaging in a stud in the
annel in the ram of the press, thereby eliminating the
f again resetting the tools in case the punch requires

The blanking punch is made from a tool steel forging,
hined and sheared through the die in the usual manner.
h shank is made a good driving fit in the punch back, and
showr after the punch is driven in. The three set pins
‘e securely hold the punch in position, and prevent it from

ing punch is held in position »y tke piercing punch holder,
lven tight in the punch back. The piercing punch is lightly
\nd is made of drill rod, and can be very readily replaced
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in case it is broken. The pilot pin is also made of drill rod, and can
be very easily and quickly taken out when the punch requires sharp-
ening.

The stripper and gage plates for this die are shown in Figs. 4 and b.
They are fastened by four 7/16 cap-screws to the die bed, used for
holding the die in position when in use, and form, without doubt, not
only the best, but by far the cheapest of the various methods employed
for this purpose. While this method cannot be used on all kinds of
blanking dies, it can, however, be used with the best of results on dies
similar to the one described, and eliminates the unnecessary opera-
tion of drilling and tapping holes in the die itself to hold the stripper
and gage plates in position. Not only that, but the gage plates as
shown are used in connection with many other dies of a similar nature,
thereby doing away with the necessity of having a set of gage plates
for every die, as would otherwise be the case.

As the fllustrations speak for themselves, no more explanation seems
necessary, except perhaps that the slot B shown in Fig. 4 is to allow
for an automatic finger to act as a position stop for the metal when
it is run through.



CHAPTER II

BLANKING AND PIERCING DIES FOR WASHERS*

One of the simplest dies to make, coming under the head of blank-
ing and piercing dies; is perhaps the die for blanking and piercing
brass washers. The reason for this is that in making this die, the
file and vise are not used; the construction and shape of this die are
such as to allow it to be made by machinery. To lay out a single
washer die is a very easy matter, but to lay out a die for cutting two
or more washers at one time, so as to cut the greatest amount of
blanks from the least amount of stock, is not understood as it should
be. One of the reasons for this is that it is the custom in some shops
to have the foreman, or some one else appointed by him, lay out all
the dies before they are given to the diemaker to work out.

R

@a 540l

BRAED WASHER .7
BLANKED

Mackinery N. Y.
Fig. 9. Btock after having been run through the Die in Fig. 10, and Washer made

In laying out a washer die for blanking two or more washers at one
time, one of the main points to be remembered is that all the holes
from which the blanking and piercing are done must be laid out in
an exact relation to each other, so as to eliminate the possibility of
“running in” (i. e., cutting imperfect, or half blanks, by cutting into
that part of the metal from which blanks have already been cut).
The required amount of blanks must also be considered, for it some-
times happens that the amount wanted does not warrant the making
of a die that will cut more than one at a time.

Fig. 10 shows how a die is laid out for blanking and piercing two
washers at one time, so as to utilize as much of the metal as possible.
As shown, the 3;-inch holes marked C and D are the blanking part of
the die, while the 14-inch holes A and B are the plercing part. The
distance between the center of C and A is 51/64 inch, as is also the
distance between D and B. By referring to Fig. 9, which shows a
section of the stock after it has been run through this die, it will be
seen that there is a narrow margin of 3/64 inch of metal, known as
“the bridge,” between the holes. In laying out the die this margin
must be taken into consideration, which is done in this manner:
diameter of washer to be cut plus bridge equals distance from center

‘MAcmNi:m Oc:obcr. 1906
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to center, viz.,, 3/4 4+ 3/64 — 51/64. The dotted circle shows that the
die is laid out so that one washer is skipped in running the metal
through at the start. This is done in order to make the die a sub-
stantial and strong one. It can be very readily seen that if the circle
E were the blanking part instead of D, the die would be a frail one,
and would not be strong enough for the work for which it is intended.

Another important point in laying out a die of this kind is to lay

F T ]
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. MNuchinary N. Y.
Fig. 10. Plan View of Die for Punching Two Washers Simultaneously

out the die “central,” i. e., laying out the die so that when it is keyed
in position ready for use in the center of the die bed, it will not have
to be shifted to the right or left side in order to make it line up with
the punch. It may not be amiss to say in connection with the above
that the punch back which holds the blanking and plercing punches
in position should also be laid out “central”; this will be more fully
described later on.

0

Muctinery N ¥
Fig. 11. Btock after having been run through Die in Fig. 12

Fig. 12 shows the layout for blanking and piercing three washers at
one time, and hardly needs any explanation; the explanation given in
connection with Fig. 10 sufficiently explains Fig. 12.

Fig. 11 shows a sectlon of the stock after it has been run through
this die. It can be seen that the holes match in very close together,
and that very little stock is left. It is also seen that the three holes
punched are not in a straight line, so far as the width of the metal is
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concerned. This 18 done in order to save metal; the dotted circle F is
merely drawn to show that wider metal would have to be used if the
holes were in a straight line. .

Fig. 13 shows the plan of a die for blanking and piercing eight
washers at one time. The parts which are numbered are the blanking
parts, while the parts that are lettered are the piercing parts of the
die. This die is laid out similarly to Fig. 12, with the exception that
there {8 provision for eight blanks instead of for three. Fig. 14 shows
a section of stock after it has been run through this die. To give a
better idea as to how the blanks are punched out in the manner shown,
the sixteen holes in the metal from which blanks have been cut are
numbered and lettered the same as the die. It should be understooa
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Mackinery N.Y.
Fig. 13. Plan View ot Die for Punching Three Washers Simultaneocusly

that the metal is fed through in the usual way, which is from right to
left, and that the 14-inch holes are first pierced out, before the 3-inch
blanks are cut.

By referring again to Fig. 13, the lay-out for cutting two, three, four
five, six and seven blanks can be determined. The parts numbered
and lettered 1—4 and 5—FE are the lay-out for two blanks. For three
blanks: 1—4. 2—B. and 5—E. For four blanks: 1—A, 2—B. 5—E.
and 6—F. For five blanks: 1—4, 2—B. 3—C. 5—E. and 6—F. For
six blanks: 1—A. 2—B, 3—C. 5—E, 6—F, and 7—G. For seven blanks:
1—4. 2—B. 3—C. 4—D. 5—E. 6—F, and T—G.

The die bed used for holding the die in Fig. 13 in position when
in use should have its dovetail channel running in the direction KL.
while the dovetail channel for the dies shown in Fig. 10 and 12 should
run in the direction FG. The reason for this is that a longer bearing
surface for the dovetail is obtainable by such an arrangement.
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It should be remembered that all holes in dies of this kind are lapped
or ground to size after hardening; they should be perfectly round and
have 1 degree clearance. In some shops the holes are left straight for
1; inch, and then tapered off 2 degrees.
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Macidnary N. Y.
Fig. 13. Plan View of Die for Punching Eight Washers Simultaneously

An important point to bear in mind in making the punch is to have
a perfect “line-up.” It may not be generally known, but it is never-
theless a fact, that blanking tools that blank, or that plerce and blank
two or more blanks at one time, will run longer without sharpening,
cut cleaner blanks, and, in fact, give all around better results, if the
punches are a perfect “line-up” with the die, than if they are lined up
in the so-called “near enough” way. A perfect line-up, as referred te
in the above, is a line-up that will allow a punch that consists of two
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or more punches to enter the die the same as if the punch consisted
of just one punch. The advantage of the perfect line-up over the other
is that when in use the punches do not come in too close contact with
the edges of the die. They enter the die, but do not bear against the
edges in such a way as to dull the die, or round over the sharp cutting
edge of the punch.

A punch that is almost a perfect line-up will enter the die, but ft
requires more force to make it enter. Why? Because in entering, one
of the punches, for instance, rubs hard against the side of the die, and

Meerinery N.L.:
Flg. 14. Btock after having been run through the Die in Fig. 13

if set up in the press and allowed to run, that punch, no matter how
small, will dull the edges of the die as well as the edges of the punch
ftself. The result is that the press must stand idle while the tools
are being sharpened, and if the real cause of the trouble is not reme-
iied, it is “the same old thing” over and over again.

Just a few words in regard to making the punch. In making the
punch, care should be taken that it fits into the die not too loose,
nor too tight. The blanking punches are hardened and ground
to size. The taper shank is finished to size after hardening, so that
when the punches are driven into the punch back they will stand
straight and not lean to one side.
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In laying out the dovetail punch back, first clamp the back central
on the face of the die. This is done so that when the punches are
driven in position in the punch back, and set central in the ram of the
press, ready to be used, no shifting is required in order to make the
punch line up with the die, which is keyed in the center of the die
bed. After clamping the punch back in this position, the blanking part
of the die nearest the end is scribed on the face of the punch back.
Do not scribe all the holes and rely upon finding the center of each
circle thus scribed with a pair of dividers, and then true up these
centers on a faceplate in order to get a perfect line-up; this method
increases the chances of error, especially when there are six or eight
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° .g. 15, Punch Back, with Punches Inserted
punches to be st in position. A better way is to scribe one circle as
stated abeove, and remove the punch back from the face of the die; find
the center of the circle scribed; true up this center, and drill and bore
out the hole to fit the taper shank of the blanking punch.

Fig. 15 shows how a punch of this kind {8 made. The punch as
shown is used with the die shown in Fig. 10. After the hole is bored
to size, the already finished blanking punch is driven in tight in the
manner shown. Two narrow parallels, say 1% X 8; inch, are now laid
on the face of the punch back, and the blanking part of the die that
correspondgs with the punch driven in is slipped over the same, until
the face of the blanking die rests upon these parallels,-after which
the die is clamped tightly thereon. The next hole is now trued up
with a test indicator until the hole runs dead true. The die is then
removed, the hole for the taper shank s worked out, and the
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punch driven in. Where there are more punches to be set in, the same
method is used until they are all in position. This insures a perfect
line up, providing that ordinary care and precaution has been used
in doing the work. In boring out these holes it is best to use a bol-
ster having a dovetail channel, and to hold the punch back in position
with a key. This is better than using straps to fasten the punch back
to the faceplate, as the straps are likely to interfere with the parallels
and the die, when locating the exact position for the holes to be bored.

In locating the position for the plercing punches, it sometimes hap-
pens that the holes are so small that they cannot be bored. The holes
are then transferred by a drill that runs true and is the same size as
the holes in the piercing die, the die being used, so to speak, as a drill
jlg.

Fig. 15 shows how the piercing punches are held in position. The
punches are made of drill rod, and are prevented from pushing back
by hardened blind screws as shown. If thin, soft metal is used, the
method for holding the two pilot pins in position shown in the pre-
vious chapter may be employed. When the piercing punches are made
and held in position as shown in Fig. 15, a spring stripper is sometimes
used, and is fastened to the punch back, and the holes for the piercing
punches in this stripper are made a sliding fit, in order to prevent the
punches from springing or shearing. When the ordinary form of
stripper is used, the plercing holes are also made a good sliding fit.

CHAPTER III

MAKING BLANKING DIES TO CUT STOCK
ECONOMICALLY*

A most important point for the diemaker to bear in mind in making
blanking dies for odd shapes is to'lay them out so that the minimum
amount of metal will be converted into scrap. In fact, hardly too
much stress can be laid upon this one point alone. It is an easy mat-
ter to waste a considerable percentage of the stock by lay-outs which
may appear to be fairly economical. The diemaker should make a
careful study of the most economical relation of blanking cuts to one
another and to the stock. It is the object of the present chapter to
point out by actual examples how stock can be saved which may be
converted into scrap if the diemaker is not constantly watching out
for possible economies. As an illustration, it sometimes happens that
by laying out the dies so that the blanks are cut from the strip at an
angle of 45 degrees, as shown in Fig. 17, a considerable economy of
metal can be effected over a right-angle arrangement, that is, one in
which the dies are set so as to cut the blanks straight across the
strip. The angular location permits the use of narrower stock and

* MacHINERY, February, 1907.
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materially reduces the amount of scrap metal. Fig. 16 shows the
plan of the die, and needs little or no explanation, as the manner in
which it is laid out is obvious; the rlan of the strip shown in Fig. 17
also clearly shows how the die is laid out.

Another method that is often used to save metal is that shown in
Figs. 19 and 20. This method is used where the required amount of
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Machinery, N.¥.

Fig. 16. Example of Blanking Die

blanks does not warrant the making of a double blanking die; also
when, unavoidably, there is a considerable amount of stock between
the blanks after the strip has been run through as shown at A in Fig.
19. To save this metal the strip i{s again run through in a reverse
order after the manner shown in Fig. 20, thereby using up as much
of the metal as it is possible to do. Besides blanking and piercing

bRy

Machinery, N,

The Blank
Fig. 17. Section of Btock after having been run through Die in Fig. 16

the blank when running the metal through the first time, the holes
numbered 4, 5, and 6, Fig. 18, are also plerced. This is done for the
reason that when the metal is run through the second time it pre-
vents cutting of “half blanks” by “running in,” or, in other words, the
liability of cutting imperfect blanks by cutting into that part of the
metal from which blanks have already been cut. This guiding action
is effected by three pilot pins in the blanking punch (not shown)
which engage the three pierced holes made when the strip was
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run through the first time. The pilot pins engaging with the pierced
holes cause the second lot of blanks to be cut centrally with the
holes, and also to be accurately centered between the portions of stock
from which the blanks have already been cut. When this die is in
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Fig. 18. Another Example of Blanking Die

use, the metal is run through in the usual way from right to left
until half of the required amount of blanks is cut, after which the
piercing punches for the holes are taken out and the metal is run

through again and the other half of the required amount of blanks
is cut.

Bridge 3/ -
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Muckivery, N.¥,

Fig. 19. StocXk after having been run once through Die in Fig. 18

In laying out this die, which is done after the manner shown in Fig.
28, the line A is used as the center line for the piercing holes numbered
1 and 2 in Fig. 18, and the line B is the center line of the blanking
part of the die. The line C is the center line that shows the center
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of the next blank to be cut and is laid out 53/64 inch from the line B.
This dimension is fixed by the fact that the widest part of the blank
is 25/32 inch, and the bridge between the blanks is 3/64 inch, the sum
of which equals the distance from center to center of adjacent blanks.
The line D is the center line for the blank C, Fig. 20, which is cut
when the metal is run through the second time, and is made at 0.414
inch or one-half of 53/64 from the line C, Fig. 28, inasmuch as the
blank is cut centrally between that part of the metal from which the
blanks A and B, Fig. 20, are cut.
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Fig. 20. S8tock after having been run twice through Die in Fig. 18

Fig. 21 shows a double die for blanking and piercing brass, pro-
ducing the shape shown in the sketch at the left; it is laid out so as
to save as much of the metal as is practically possible without added
expense so far as the operation of blanking and pilercing is con-
cerned. By referring to Figs. 22 and 23 it can be seen that the strip
of metal from which the blanks are cut is run through a second time
for reasons that will be given. One reason is that wider metal can
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The Blank

Mochinery, N ¥,

Fig. 21. A Third Example of Blanking Die

be used by doing this, which in itself is a saving so far as the cost
of metal is concerned. Wide brass can be bought at a lower price per
pound than narrow brass; the other reason is that a strip of metal
1/16 inch wide and as long as the entire length of the strip is saved
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on every strip that is run through. If narrow metal were used, there
" would be waste of 14 inch of metal (i. e., 1/16 inch on each side)
of every strip run through, and on two strips from which no more
blanks could be cut than from the wider strip shown in Fig. 23, there

emmm ;
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Muckinery, N.T.

Fig. 23. Stock having twice been run
through Die in Fig. 21

,Bridge ’/“”

PD&UDUDW

Fig. 23. Stook after having been
run through Die in Fig. 21 once

would be a waste of 34 inch of metal. On the other hand, by using
wide metal the waste would be only 3/16 inch, as indicated in the cut.
Fig. 29 shows how this die is lald out, and should be sufficiently clear
to explain itself.
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Fig. 24. Blankt

The Blank .010 Metal  Meskinery, N.T.

Die for Producing Links

To fully understand the manner in which the metal is gradually

worked up after each stroke of the press, short sections are shown in
Fig. 25. At the first stroke four holes are plerced and two plain blanks
—with no holes—A A are cut out. At the second stroke there are
also four holes pierced and the two blanks B B, for which the holes were
Plerced at the previous stroke, are cut. At the third and fourth strokes

e
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the holes begin to match in with each other, as shown, so that when
the metal is run through it will look like the strip shown in Fig 22.
It should be borne in mind that four holes are pierced and two
blanks are cut at each stroke of the press; also that the metal is fed
after each stroke a distance equal to the distance from the center of A
to the center of B, as indicated in the strip marked ‘“second stroke,”
Fig. 25, and which is 25/32 inch (see Fig. 29). By way of further
explanation it may not be amiss to state that the distances trom the
center of A to B, B to C, C to D, and D to C, as shown in the strip
marked “fourth stroke” are each 25/64 inch, or half of 25/32 inch.
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Fig. 28. Layout of Die Shown in Fig. 18

YWhile the dies shown in Figs. 24 and 30 are corfmonly known, it
may not be out of place to say a few words with reference to them,
as they form an important part in the economical production of sheet
metal goods. The first, or Fig. 24, shows a die that is used to produce,
from narrow ribbon, a long blank with rounded ends and with a hole
pierced in each end. The principal feature of this style of die is
{hat there is very little waste of material in the production of the
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blanks, as will be noted from the sketch of the scrap punchings shown
at the left, and another feature is that by the aid of an adjustable

stop, not shown, almost any length of blank can be made without alter
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Fig. 29. Layout of Die 8hown in Fig. 21

ing or resetting the tools after they have been set up in the press
The working part of the die is laid out a little to the left of the center
80 as to give sufficient length for the gage plates which are fastened to

Position Stop X Thick
| Shearing Edge of Die
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The Blank. .0625 Mctal.
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Strip of Metal from
which the Blanks are Sheared.

Muchinery, N ¥

hed out from 8toc

Fig. 380. Blan]nnc Die for S8quare Washers. Shaded Portions in Die
k

the die by 14-inch cap-screws.

These gage plates are used to keep the

metal in position while it is being fed from right to left as the blanks

are cut from the strip.
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Fig. 30 is a combination piercing and shearing die and is used for
producing the 1-inch square washer shown in the cut. The principal
feature of this die is that there is no waste of metal in producing the
blank, except, of course, the 1;-inch round punching taken from the
center. The strip of metal in this case can be fed from right to left
or front to back, as preferred.

CHAPTER 1V

CONSTRUCTION OF SPLIT DIES*

A die of great importance in the production of sheet metal parts is
the split die. There are two principal reasons for using the split die.
One is that it sometimes happens that the blanks to be cut are of
such a shape that the die can be more quickly and cheaply made by
making a split die than by maxing a solid or one-piece die. The other
reason is that when the required blank must be of accurate dimen-
sions, and there is a chance of the solid die warping out of shape in
hardening, the split die is preferred because it can be much more
easily ground or lapped to shape.

Fig. 31 shows the manner in which the ordinary split die is usually
made. After the die is worked out, it is hardened and ground on the
top and bottom. The two sides A are then ground at right angles with
the bottom.

The cutting parts of the die, B, are next ground at an angle of 114
degree with the bottom, so as to give the necessary clearance in order
that the blanks may readily drop through. The key D is now set in
place, and the die is keyed in the die bed by the aid of a taper key.
The key D prevents the die from shifting endwise; the keyway should
have rounded corners as shown, which not only give added strength,
but also act as a preventive to cracking in hardening. The last
operation is to grind the two circular holes. This i{s done by first
lightly driving two pieces of brass or steel rod into the holes until they
are flush with the face of the die. The exact centers are then laid out
and spotted with a prick punch, care being taken so as to get the cen-
ters central with the sides B. The die is now fastened to the face-

rsal grinder, and the center mark is trued up with a
itil it runs exactly true. The brass rod piece is then
the hole ground to size, with 114 degree taper for
other hole is next ground out in a similar manner,
the operations so far as the die is concerned. It
ith a die of this kind that when it is placed in the
key driven in place, it will “close in.” To overcome
elieved after the manner shown at C, which does not
ent it from being securely held in place when in use.

arch, ﬁ)OT.
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Fig. 26 shows a rather novel form of split die; this die with a
slight change practically takes the place of two dies. It is used for
plercing slots in brass plates. The size of the slot for one style of
plate i3 43§ inches long by 14 inch wide; for the other plate the slot
is 4 inches long by 5/16 inch wide. The cutting part of the die, shown
in Fig. 26, is made in four sections, 4, B, C. D. The cut fully explains
ftself and therefore needs no detailed explanation. It may not be
out of place, however, to say that the soft steel bushings, as shown,
are used to allow for the contortion of the parts A and B in hardening.
It may be added that the four bushings shown in the piece A were
driven in first; then solid pieces were driven in the part B; then the
holes were drilled in these latter pieces, being transferred from the
bushings in the part A. In Fig. 26 are also shown the parts used in
connection with this die for piercing the 4 x 5/16-inch slot. These parts
are made as shown, and are hardened only at the cutting ends. Out-
side of the fact that this style of die practically takes the place of’
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Fig. 81. Example of Bplit Die
two dies, there is still another feature in connection with it that will
bear mentioning; there is no special or extra die bed required for this
dle when in use.

It may not be amiss at this time to say a few words with reference
to die beds. (In some shops this part is called bolster, die block or
die holder.) Perhaps the most commonly used and the best die bed
for general use in the press room is the style of bed shown in Fig. 32.
This die bed is principally used for the reason that the screws that
fasten the die bed to the bed of the press do not have to be screwed
entirely out, either in placing the die bed in the press or in taking
it out, as the slots C and D are made at right angles with each other
for just this reason.

The dovetail channel is planed so that when the die is keyed in
position the center of the die is central with the slot C. The side of
the die bed marked A is planed at an angle of 10 degrees, and is paral-
lel with the slot €. The side marked B is planed at an angle of 13
degrees and is at an angle of 1 degree with the center line. The rea-
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son for planing this side to an angle of 13 degrees instead of 10 is that
the increased angle causes the die to lie filat, and prevents it from
raising or tilting up in any way when the key is driven in.

In speaking of the key, it may well be added here that the taper-key
method of holding blanking dies in the die bed is the best of the vari-
ous methods which are generally used. The set-screw method is doubt-
less the poorest of all. The key as shown in Fig. 32 is driven in on
the front side of the die bed. This is optional, however, as the prac-
tice differs. In some shops the key is driven in on the front side
while in others it is driven in on the back.

Of late years there has been a tendency among large concerns to
have all their die beds for the power press made from semi-steel cast-
ings, or of machine steel for certain classes of heavy work, instead
of from gray iron as heretofore. This is being done because a gray
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Fig. 82. BExample of Die Bed

iron bed that is used day after day for holding dies for cutting heavy
metal will not stand up during long and hard usage as it should. Past
experience has proven that gray iron die beds in time become out of
square; then, again, they sometimes crack. With the semi-steel, or
the soft steel die bed, this does not happen. It has been found that
semi-steel and machine steel die beds pay for themselves many times
over.

In planing up the stock from which the blanking dies are sawed off
before they are worked out, a gage similar to the one shown in Fig.
27 should be used for planing up the different widths of dies. In this
way the dies will be of a uniform width and thickness, which makes
it possible to have them interchangeable with the respective die beds
for which they are used.



CHAPTER V

STOP-PINS FOR PRESS-WORK*

The stop-pin occuplies a position of much importance among the
accessories of the blanking die. Upon its design and adjustment de-
pend both the quality and the quantity of the output of the press.
Hence it is fitting that some attention be given to the consideration
of it. By proper selection from the types to be described it is possible
to secure a large output of blanks without recourse to more expensive
apparatus. The several forme of stop-pins enumerated in the follow-
ing list will be described in order, their proper uses being noted, to-
gether with their merits and faults: The plain fixed stop-pin; the
bridge stop-pin; the simple latch; the spring toe latch; the side swing
latch; the positive heel and toe latch; the gang starting device.

These devices are capable of giving, under the proper conditions,
the maximum output of blanks. With the exception of the first, they
can be used with either hand feed or automatic roll feed.

The ideal output of one blank for every stroke the press can make
ifn a day is never realized, with single dies. The delays which arise
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Fig. 38. A Plain Fixed Stop-pin

from so many sources have to be studied carefully and eliminated so
far as they contribute to unnecessary expense. In addition to im-
proper design and poor adjustment of the stop-pin, other causes of
small output are: Lack of skill; inconvenient arrangement of the
new stock, the blanks and the scrap; inefficient methods of oiling the
stock; and poorly made or poorly designed dies. A skillful operator,
it given a little freedom, will usually arrange the stock distribution
quite well, but the design and adjustment of the dies and the stop-
pin usually devolve upon the toolmaker.

Plain Fixed Stop-pin

The plain fixed stop-pin, which is the simplest form, is indicated
in Fig. 33. With it the operators become so expert that they are able
for several minutes at a time to utilize every stroke of a press mak-
ing 150 revolutions per minute. This stop is best suited to the use
of strip stock in simple dies, because a miss will then cause no serious
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delay. The time between finishing one strip and starting the next
affords the necessary rest for the operator. The concentration required
is very intense—especially for the novice. When but a few blanks are
made from a die at one time, and when changes of dies are frequent,
this simple stop-pin is the most economical. Of course, it would not
be feasible to use this stop-pin for coiled stock and expect the operator
to finish the coil without a rest or a miss. There is, however, one
method of using this stop which permits of a maximum output: that
is to allow no metal between the blanks. Then the stop-pin will ex-

Jlachlnery,N.Y.'
Fig. 34. Fixed Stop set close up to the Die so that there is

no 8Stock between the Blanks
tend clear up to the die and be high enough so that the stock cannot
jump it. Each blank will then part the scrap at the stop-pin and
allow the stock to be pulled along to its next position. This arrange-
ment is shown in Fig. 34, with the stock parting at the pin P. This
method is widely used on simple work where the edge of the blank
does not have to be perfectly uniform. Where the die has least to cut
it will wear away most on account of the thin pieces of stock that
¢rowd down between the punch and the die. Small drawn cups are
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Fig. 35. Example of Work to which the Stop shown in Fig. 84 is adapted

made in this way. The blank is cut by the first punch and held by it
while a second punch, within the first, draws the blank through an-
other die and forms the cup. This is shown in Fig. 35. The stock
feeds to the right and each cup, as formed, pushes the one ahead of
it through the die as indicated by the dotted lines.

Bridge Stop-pin

The bridge stop-pin, shown in Fig. 36, is perhaps the most efficient
and easiest to operate of all. It is also the simplest in design. The
stop-pin P projects downward from a bridge B that extends over the



STOP-PINS FOR PRESS-WORK 31

stock which is being fed to the left. Provision is made for the blank
(or scrap, as the case may be) to fall out under the bridge. Its use
is limited, however, to that class of work which cuts the stock clear
across and uses its edges as part of the finished blank. As here shown,
the scrap is being punched through the die, and the blank when cut
falls down the inclined surface shown. When the blanks are simpler
and have straight ends, the die may be so arranged that each stroke
finishes two blanks, one being punched through the die and the other
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Fig. 86. The Bridge Btop-pin

falling outside down the incline. Little skill is required of the opera-
tor; he simply has to be sure to push the stock up to the stop-pin at
each stroke.
The Simple Latch

The simple latch is shown in Fig. 37. It is suited for dies that have
pilot-pins. The latch is lifted by the down stroke of the punch and
is lowered again as the punch rises. Hence it is evident that, if used
with dies without pilot-pins, the punch must reach the stock and hold
it before the latch lifts. When its lifting is thus delayed it will lower
before the punch withdraws from the stock and will fall in the same
place it lifted from. The stock will then not be fed along. But if a
pilot-pin is used, it may be set so as to enter the gulde hole just before
the latch lifts. The latch may be set to lift before the punch reaches
the stock. It will then fall after the punch withdraws from the stock,
and sufficient time may be allowed for the operator to feed the stock
along. This device is best suited for use with automatic feed rollers
because the timing of the operations would be more uniform; whereas
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it the operator does not pull the stock with uniform speed the latch
is apt to drop too soon or too latc. Another manner of operating this
simple latch is to give it its motion by means of a cam or eccentric
on the press shaft. When thus driven its motion can be very care-
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Fig. 87. The Bimple Latch Form of Btop

fully timed, irrespective of pilot-pins. This style is also best suited
for automatic roll feed. New presses are often provided with this

attachment.
The Spring Toe Latch

The spring toe latch involves but little change from the simpie
latch. Fig. 38 shows it clearly with an enlarged detail of the spring
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Fig. 88. The Spring Toe Latch Stop

toe. This latch may Le used very successfully with hand feed and
there is little danger of the stock getting by it too fast. Its operation

N
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is as follcws: As the punch lowers and starts to cut the blank, an
adjustable screw on the ram or punch plate lifts the Jatch. Its spring
toe snaps forward and when the latch lowers, it rests on the scrap left
between two blanks; hence it cannot fall back into its former place.
When the operator pulls the stock along, the latch toe drops into the
next hole and brings the stock to a stop at the proper point, compress-
ing the light spring 8 as it does so. This design is simple, rigid and
effective. The spring toe here.shown is preferable to the design which
follows because it is light and requires but little tension on the stock
to bring it to a stop.
The Side S8wing Latch

The side swing latch is shown in Fig. 39 and is but a modification
of the latch shown in Fig. 38. When the punch descends, an adjust-
able screw hits lever L and lifts the latch. The whole rod R then
springs forward till collar C stops against B. When the latch lowers
it rests on the stock as did the spring toe latch. As the stock is
pulled along, the latch drops into the next hole and acts as a stop
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Fig. 89. The 8ide Swing Latch Stop

again. In this style the tension on the stock must be greater than
with the spring toe latch, because the whole rod R has to be pulled
along against the spring Q until collar D stops against E. If this de-
sign were modified, however, so that the side bearings would be used
only for allowing the latch to swing, the toe could be constructed like
the spring toe latch and would then be quite as effective as this type,
though not so rigid.
Positive Heel and Toe Latch

While the two previous automatic stop-pins rely on gravity or a
spring to bring them back in position, the heel and toe latch is posi-
tively operated. It is shown in Fig. 40, with the stripper removed.
Its distinctive feature, which recommends it for use on a large vari-
ety of work, is that it is impossible for the stock to slip by it faster
than one blank per stroke of the press. This i{s a very important
matter when combination or gang diés are being used, because the
pilot-pins so widely used require the guide holes to be punched just
ahead of them. If the stock slips too far, the guide holes pass be-
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yond the pilot-pins, and when the punch descends, the pilots punch
their own holes, throw down a heavy burr and cause a delay—if noth-
ing more serious.

Fig. 41 shows the catch in position to stop the movement of the
stock at its point A. The stock is feeding to the right. The conical-
pointed pin B is pushed by the spring S so that it engages a conical
depression C in the end of the catch. By this means the toe of the

s
—————— SN

ez VIS, L, T — -z

Y [ SN

Fig.41

l MM ]
l 1O 1
I,M 'R k| A A U ¥ A SONORINY
A— —— 5 .‘E_'ll T i X
X SO TSN dachl vy N.Y.
) Fig.42

Figs. 40, 41 and 42. Positive Heel and Toe uﬁa:hlcb prevents the Stock
from moving more than One per ke of the Press

catch is pressed against the die. As the punch descends to cuu the
next blank, an adjustable screw on the punch plate presses on the top
of the catch at D and causes the heel to lower and the pin B to dis-
engage the notch C. The position of the latch is now shown by Fig.
42. Its heel E has been lowered into the hole left by the previous
blank. It is held in this position by the pressure of the point of B.
While this is sufficient to hold the catch in its new position, it offers
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but little resistance to its return to its original position. The stock
may now be moved along. The metal K, left between two successive
blanks, engages the heel E of the latch and lifts it easily. This causes
the notch C to engage with the pin B and the catch snaps back into
its first position. The toe A falls into the new opening R, and M
comes to a stop against it. Since the metal K, between two successive
blanks, cannot pass the heel of the latch without raising it, and since
the heel E cannot rise without lowering the toe A far enough to
catch the stock, it is evident that the action is positive. Hence the
stock cannot jump ahead faster than one blank at a time. In con-
structing a stop of this kind, care must be taken to allow under the
heel E, Fig. 41, but little more height than the thickness of the stock.
The length of the catch from toe to heel should be less than the open-
ing left by one blank; then there will be no difficulty in starting the
new ends of strips or coils. If necessary, however, the catch may be
made s as to measure a little less than two or more openings in the
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Fig. 43. Btarting Device for a Gang Die

stock. In such a case the catch would have to be tripped by hand
until the first piece of stock K, between two blanks, had passed under
the heel E. This would cause delays which would amount to consid-
erable in the case of strip stock.

This style of stop-pin has been used successfully with gang dies
cutting blanks from brass 1/32 inch thick, and cold rolled steel 1/64
inch thick. In the case of the steel blanks, reels were used and the
scrap was wound on a reel as it came from the die. By keeping the
proper tension on the scrap, the stock was pulled through the die and
kept against the stop-pin. Four thousand blanks per hour were made
by this means. In view of the thin stock used and the fact that the
dies were of the combination type, this was considered very good. The
stop-pin had to be set accurately because the thin stock prevented the
pilot-pins from shifting it much in aligning it. Other precautions
taken on account of the thin stock were to make the toe broad and to
fit the stripper close to the front edge of the toe.
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The Gang Starting Device

The devices so far described serve to stop the stock when it has
passed the blanking punch. But there are many cases where two or
more operations are performed on a piece before it reaches the blank-
ing die and the usual stop-pin. The operator usually gages the proper
positions by watching the end of the stock through openings in the
stripper, but it is better to have temporary stop-pins that can be used
for that purpose. Fig. 43 shows a starting device for a gang die with
two punches. When starting a strip the button B should be pressed.
This brings into action the temporary stop S, which locates the stock
properly for the first operation. It is then released and springs back
out of the way. The stock i{s then advanced to the regular stop-pin.
As many of these side stops may be used as are necessary. Not only
do they save annoyance and time, but they add to the life of the dies
by preventing the partial cuts due to the stock entering too far at the
start.



CHAPTER VI

PRACTICAL EXAMPLES IN DIE DESIGN*

A few years ago, what is now the Providence Mfg. & Tool Co., of
Providence, R. 1., began the manufacture of a mechanical accountant,
the invention of Mr. Turck, the present superintendent of the shop.
Mr. Turck’s experience, so far as shop work and tool design is con-
cerned, had not been in the direction of die-making, so that in equip-
ping the new plant for the manufacture of the accounting machine he
was at first hampered by his lack of knowledge on this subject. The
die work required was of a high order. The construction of machines
of this type is often such that errors are cumulative. Several similar
parts are used, attached to each other in series, for instance, in such
a way that if the holes by which they are riveted to each other are
slightly wrong in their dimensions, the error will be multiplied by
the number of parts. The machine depends for {its operation quite
largely on the action of pawls upon flne ratchet teeth, and on the
meshing of fine pitched gears and toothed segments with each other.
The effect of cumulative errors in such circumstances would be to
throw these fine pitched ratchets and gears out of step, and make the
operation of the machine impossible. Long leverages are also a dis-
turbing factor. When a long, slender member is located by two rivet
holes close together, it takes careful work in punching those rivet
holes to bring the parts into alignment. In the following some very
fnteresting tools, used mainly for blanking purposes, but also for bend-
ing and other operations necessary to complete the product, are shown.

In the halftone in Fig. 44 are shown a number of press-made parts.
Some of these are interesting in themselves, while others are remark-
able principally for the methods used in producing them. Part No. 12,
for instance, is a very simple piece, but the punch and die used in
piercing the holes, while not unusual so far as surface appearances go,
will serve well to illustrate some of the original practices of this shop.
This punch and die, shown in Fig. 46, perform the simple operation
of punching the nineteen small holes in the blank, which is located
over die A by the carefully fitted aperture in jacket B. The punch
is composed of a body C, a cast-iron holding plate D in which the small
punches E are driven, a stripping plate F, held as shown, and forced
outward by the compressed rectangular ring G of rubber behind it.

The Construction of a Piercing Punch with a Novel Stripper Plate

The making of this punch and die follows, in general, the order
given below. Stripper F is first made of tool steel. The holes for the
dowels H are next drilled. Then the holes through which punches E
pass are laid out from a model or drawing, as the case may require, and
drilled to a larger diameter than the punches which are to pass through

* MACHINERY, June, 1907.
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Fig. 44. Bome Examples ot Good Press-work

j il TAPER
H T ! B PN
TER
Sy
! Mackinery N. Y.

Fig. 46. Construction of Die for Double Punching
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them. After these holes have been drilled, the plate is hardened and
ground, and the holes for the punches are filled up again by driving
into them plugs of tool steel wire, of suitable size. The location of
these holes is now laid out again on plate F, and this time very care:
fully; then they are finished to the exact size, or slightly below, if
they are to be lapped. Since the body of the plate is hard, il cannot
cave in or wear as it would if left soft. A full bearing on the stock
to be blanked is absolutely necessary if the work is to be well done.
The plugs allow the plunger holes to be located after the hardening
of plate F, thereby preventing displacement from the heat treatment.
To the stripper plate are now riveted the four dowels H, which enter
holes in the stripper rim or “collet” J, and locate the plate. Small
round-headed set-screws bear on pins H and hold F and J together.
Punch holder &, of cast iron, is machined to fit closely in collet J, and
the holes for the punches are transferred to it from stripper plate F.
The punches E, made of tool steel wire, are now driven into the holder,
headed over at the back side, and ground flush. The punches may
then be hardened in the usual manner. Before being assembled on
the punch body € with the rubber spring @, a hardened steel backing
K 18 inserted between D and C to take the thrust of the hardened
punches. ’

The rubber spring G is cut from sheel stock and may be made either
from separate strips built upon each ot the four sides of the punch, or
from rectangular rings, if that can be done without wasting the “stock.
Screws L are adjusted to bring the face of the stripper flush with the
faces of the punches, after which headless set-screws M are screwed in
to make the adjustment permanent. Screws L may then be taken
out and replaced without losing the adjustment. The punch holder D
and pad K are held to the holder by screws N and dowels O.

A Piercing Die with Inserted Tool Steel Plugs for Cutting Edges

The body A of the die is made of soft steel or cast iron. In this
body are driven standard taper plugs of tool steel of suitable size, and
so arranged as to be in position to furnish a tool steel material for
all the actual cutting surfaces of the die. In the case shown in Fig.
46, nine of these plugs are used, carrying from one to three holes
each. In making the recesses for these plugs standard tools are used.
The seats are first drilled nearly to size, and then finished with a
tapered end mill or counterbore, which is kept carefully ground to
the proper dimensions, so that when the plug is driven in until it
binds tightly on the taper, it will also seat on the bottom. These
various plugs P are prevented from turning in the holes by dowel pins
Q, in most cases, or, where the plugs run into each other (as shown
in two cases in the die here described), by the interlocking of the
flat abutting surfaces. These precautions make it possible to remove
the plugs at any time and return them accurately to their original
positions.

The die plate A having been fitted with its plugs as described, the
holes in stripper plate F are now transferred to it by any suitable
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means, all these holes being received in the tool steel plugs as ex-
plained. The plugs may now be removed, to be hardened and lapped
gseparately. The clearance holes for the scrap are drilled, and the
plugs are returned to their proper places. The jacket B, which locates
the blank on the die, may, if desired, be punched from stock of suit-
able thickness by the blanking die used for making the blank to be
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Fig. 46. A Plercing Punch and Die involving some Original Ideas

operated on in this piercing die. The edges of the opening are then
merely filed enough to allow the work to enter and be withdrawn
easily. A slanting groove, as shown at a, is cut with a round file into
the jacket at one end to permit the insertion of a pick or awl to re-
move the work.

The points of interest in this die are: The rubber-backed stripper
plate; the use of a soft stripper plate bushed in the manner described
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with hardened tool steel; and the insertion of plugs of tool steel in
a soft die block to form the cutting edges of the die.

The rubber spring has proven very satisfactory. It will last for a
number of years in dies having ordinary use, if it is not exposed to
ofl and other deteriorating influences. Being in the upper member,
there is little likelihood of its being spoiled in this way. The usc
of this stifly spring-supported stripper plate gives a punch and die
of the design shown all the advantages of a sub-press, so far as con-
cerns the ability to punch small holes in thick material and leave
thin walls of metal between open spaces in the punching. As evi-
dence of the ability to do work of this kind with a punch and dle of
the style just described, parts 7 and 10 in Fig. 44 may be particu-
larly noted. Here the holes are considerably smaller in diameter than
the thickness of the stock, and the internal spaces have been punched
80 close to the edge, in places, that the remaining section is narrower
than it is thick.

The method of bushing the stripper plate by drilling the holes large
originally, plugging them with tool steel wire after hardening, and
redrilling them to the proper size, makes it possible to harden the sur-
faces in contact with the work, without distortion of the dimensions
between the holes. Plates of large size, even, are made in this way.

The advantage claimed for the method by which the stripper plate
is made may also be claimed for the use of hardened plugs in a soft
die body, since it is possible to harden these parts individuvally with-
out changing their location with reference to each other. In aidition,
both of these schemes allow changes to be made in the diec with a
minimum of trouble and expense. If it is desired to change the loca-
tion of a hole in the die, the old plug may be removed and a new
one inserted. In the same manner, new holes may be drilled in the
stripper plate in which new tool steel wire plugs may be driven for
new gulding holes for the punches, although the change is limited
by the size of the plugs. This consideration is of considerable im-
portance if the parts manufactured are subject to improvement from
time to time. This provision reduces the expense of spoiled work as
well, since it 1S not necessary to throw away an expensive press tool
if one or two of the holes are wrongly located.

Rubber-backed vs. Sub-press Dies

It will be noted that part No. 12 in Fig. 44 (for which the punch
and die just described were designed) is made in three operations.
Under ordinary conditions, experience seems to indicate that this pro-
cedure is preferable to the use of the sub-press. The rubber spring-
supported stripper plate, as just described, gives all the advantages
of the sub-press, so far as ability to do fine work on thick stock is
concerned. Slender punches are supported by the stripper in the same
way as in the sub-press; the rubber spring holds the stripper so
firmly onto the work that the distortion of thin stock is prevented. The
sub-press certainly has the advantage of case of setting in the ma-
chine, since it is not necessary to carefully line up the punch and die,
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which are in permanent alignment. It is possible, however, that the
high initial cost of the sub-press would in many cases more than pay
for the extra wages of an experienced and careful man in setting up
tools during the lifetime of the punch and die. It must also be ad-
mitted that work cannot be done as rapidly with the three sets of tools
necessary for making the piece in the manner here described, as
would te possible if a sub-press were used. The saving in first cost,
however, and in the cost of subsequent operations, is believed to be
sufficient in the case of the Providence Mfg. & Tool Co. to show a
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Fig. 47. Die for Bringing up Drawn-down Corners

balance on the right side of the sheet for the simpler form of press
tool. It should be said in this connection that this firm freely makes
and uses the sub-press die.

The Thickening of Corners Drawn out in Blanking

An operation of particularly great interest is a coining process used
for reshaping the points of gears, ratchets, etc.—such parts, for in-
stance, as are shown in samples 4 and 6, Fig. 44. In such a plece as
No. 4, whatever the design of the die, the blank produced will be
found to have the points drawn down thinner than the stock thickness.
To bring the part back to uniform thickness with sharp points, the de-
vice shown in Fig. 47 is used. Here we have an attachment to a
hand screw press. The body A is fastened to the bed of the press.
The screw B projects through the bed and carries at its lower end a
handle C, which is adjusted to onme side or the other to bring it in
position to be swung by the foot of the operator. In a counterbore
in body A is seated the plug D and the ejector E. D and E are forced
upward by the action of screw B. At F is a die, given the shape de-
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sired for the outline of the finished part; it is slightly enlarged, how-
ever, for a short distance at its upper end. The part as it leaves the
blanking press is purposely made a little large in outline at the points
where the thinning occurs, due to the drawing out of the stock. When
the piece is inserted by the operator in the upper end of this tapering
die, the extra metal thus provided is forced inward to thicken the
points to the required amount as the punch is brought down upon
the work by the hand of the operator. When the piece has been forced
to the bottom, it is clamped between the plane surfaces of ejector E
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Pig. 48. Example of Type of Die used for Shaving

and the punch above it (not shown), and the metal is forced to flow
to that part of the blank where it is most needed. The result is a
flat ratchet with plane faces and uniform thickness. It will be under-
stood, of course, that during this coining operation ejector E and plug
D seat In the counterbore in body A, screw B being lowered out of
contact. A push of the operator’s foot on handle C brings the ejector
up again until the piece is forced out of the die. The thread of the
screw is of such a steep pitch that the screw will return again by its
own weight.

The comparative slowness of operation resulting from the use of
a hand and foot power press and hand feeding is, in a measure, char-
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acteristic of this shop. It is the bellef of the superintendent that
better results can be obtained at times by methods like that shown,
than by more “modern” ones. The aim is, through careful workman-
ship and careful inspection, to have the parts so nearly right when
assembling time comes, that no fitting will need to be done in the
assembled machines. No fitting is, in fact, allowed. Certainly the
method described for striking up the corners of these ratchets is a
much less dangerous one than would be the case if a power press were
used, so the idea has its advantages, so far as safety is concerned, at
‘east.
A Typical 8having Die

In such parts as are shown at 3 and 11 in Fig. 44, the ratchet teeth
and gear teeth are only roughed out in the blanking die, being finished
by a second cut or “shaving” process. A typical die and punch for

Fig. 40. Bending Attachment with Removable Die. Operation Completed

this operation are shown in Fig. 48. Here, as in Fig. 46, the work
is held by a rubber spring backing while the punch is at work. The
die is made of a soft. body A, in which is inserted the hardened piece
B carrying the cutting edges which are to form the ratchet teeth on
the work. This piece B has its teeth cut on it in the milling machine,
the hole it a serving to center the piece for this operation. This gives
assurance that the teeth will be properly spaced, and cut accurately
to the proper radius. A rectangular opening with carefully machined
sides is made through the die block A. Into this opening the toothed
cutting edges of piece B project. As in Fig. 46, a “jacket” C is pro-
vided for locating the work over the cutting die. The punch D is set
into a holder E, which in turn is fastened in the ram of the machine.
A projecting guiding surface, b, on the punch, enters the rectangular
opening in the die and bears against it on the back and sides. This
keeps the cutting surface of the punch up to its work against the
cutting edge of the die. As shown, the cutting edge of the punch is
beveled. This gives a slight top rake to the edge, and produces a
shearing cut as well, the outer corners coming into action before the



PRACTICAL EXAMPLES IN DIE DESIGN 45

center of the outline reaches the stock. The rubber spring backing
at F is held by screw @ between the pressure block H and the punch
holder E. It performs the same functions as the stripper plate in the
other die.

Bending Punchings to Provide Double Bearings

It will be noticed that samples 1, 5 and 8 in Fig. 44 have been made
on the principle of bending the punchings to give a double bearing at
pivotal points, the long bearing .insuring lateral steadiness of the
part without making it necessary to resort to the use of castings with
long hubs. This principle is carried out throyghout the calculating
machine which is this firm’s principal product. In some cases, espe-

Fig. 50. Bend!ng Device in Use in SBcrew Press

cially where the pivot holes are punched previous to bending, as is
the case in sample 8, very accurate work must be done in the bend-
ing to bring the part to exactly the right form. In the sample referred
to, for instance, the ratchet teeth on one side and the gear teeth on the
other must bear a definite relation to each other, and to the axis
about which the part rotates. The bending tools by which the form-
ing operation is performed for this part are shown in the halftones
In Figs. 49 and 50 and the engraving Fig. 51. Referring to Fig. 51, the
blank for part 8 (shown at No. 3 in Fig. 44 before the piercing of the
pivot holes) is laid on top of former A. where it is located by the
pins BB which enter the pivot holes. In this position the part lies
between the fixed jaw C and the movable jaw D, which are then
clamped together on the blank by bringing handle E to the position
shown, where its wedge-shaped cam surface b has entered between the
long ends of the jaws D and C, and brought the outer ends together.
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The jaws D and C and lever E are all attached to the holder F, which
is a sliding fit on three vertical posts @, fast to the base H of the fix-
ture. Slide F is held to the upper extreme of the travel against the
lock nuts and washers at the top of posts G by spiral springs J at each
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post. These parts are shown to good advantage in the halftone, Fig.
49. K is a plunger mounted in the ram of the press. It bears on fin- .
ished projections on slide F at three points as shown, while the hard-
ened part L bears on the top of lever D, directly over the work. When
T and L strike slide F and lever D in their descent, they carry with it
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the slide and its attached levers, and the work as well, against the
slight resistance of springs J. The work grasped between the levers
is. thus carried down through the opening in die A. This action
serves to bend the part to the form dcsired. Fig. 60 shows the oper-
ation completed. As shown, this work is done in a hand screw press.
This is another example of manufacturing methods which at first
sight seem rather crude, but which have proved, in the opinion of
the superintendent of this shop, to be most satisfactory, his contention
of greater accuracy and more uniform results from such methods
,applying particularly in the case of forming operations of this kind.

The piece is ejected from the tool at the completion of the bending
by lever M, which thrusts forward the ejector N. This ejector is at
its working cnd slightly less in thickness than the stock of the punch-
ing operated on, and is thus able to enter freely between the jaws

Fig. 62. Double Punching Die shown in Fig. 45

and eject the work. In this tool, members A, C and D are changed for
different parts, the rest of the structure being the same, and serving
for a number of different operations.

'

A Die for Double Punching

In the case just described, where double bearings occur, the holes
are punched before bending. This is not always the case, however.
In samples 1 and § in Fig. 44, the parts are first bent and then
punched, the operation being performed in a very interesting way.
The punch descends and makes the hole in the upper thickness of
the stock. Continuing through an intermediate die, and carrying
before it the punched-out stock, it arrives at the second or lower
thickness of stock. The continued movement of the punch then presses
the little plug of punched-out metal through the lower thickness of
stock, and this forms the second hole. Strange to say, it has been
found in practice that this second hole is generally the better one
of the two, even though it is made with a soft plug of steel instead
of with a hardened punch.

The engraving Fig. 45 and the halftone Fig. 52 show the double punch-
ing tools used in making the pivot holes in sample 1, Fig. 44. This, it
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will be seen, is a progressive operation, all the parts in the lot being -
punched for one of the holes, after which the die is altered and the
next hole in order is punched in all parts—and so on. The piece
to be operated on is located lengthwise by slipping it over a gage
pin in sliding block 4. which may be adjusted to any position on
slide B to suit the hole it is desired to punch at the time. Being lo-
cated on block A in the manner described, it is swung around until
the intermediate die C enters the channel formed by the two sides of
the work. Cam lever D is then swung to the position shown in the
engraving, where it has brought clamp lever E against the stock, hold-
ing it firmly in position for the operation. The punch F is a simple
turned piece of hardened steel, held by a taper pin in punch holder G.
It is surrounded by a stripper H which is screwed to a holder J, backed
by the usual rubber spring at K. This serves to hold the work firmly
during the operation, and strip the work from the punch when it re-
turns to its upward position. As before described, the punch in its
descent breaks through the upper thickness of stock, carries the plug
of soft metal thus formed before it until it comes in contact with the
lower thickness, where it forces the plug through, and forms the
lower hole. It will be noticed that intermediate die C, though held
firmly, so far as displacement horizontally in any direction is con-
cerned, is yet provided with a rocking face where it bears on the body
of the die L. This arrangement takes the strain of the punching from
the slender intermediate die, which is thus bent downward until it is
firmly supported by the stock of the part being worked on beneath it.
For removing the work after the operation, an ejector M is provided,
with a handle N, which operates in a way which will be easily under-
stood from an inspection of Fig. 52. It is not shown in Fig. 45, having
been added at a dateé later than that of the drawing from which this
cut was made.
Practice in Hardening Punches

Blanking punches are hardened ia this shop in a way that is orig-
inated here and not practiced elsewhere, at least not to any great ex-
tent. After the blanking punch has been cut into the female por-
tion of the die, and finished ready for hardening, it is placed in the
fire and brought to a slightly lower heat than ordinarily used for
hardening clear through. Cyanide is then deposited on the parts of
the tool to be hardened—that is, on the periphery of the cutting edge.
It is allowed to ‘“soak in,” it sometimes being necessary to apply
cyanide two or three times, depending on the size and bulk of the
punch. It is then again brought to the proper heat, which should be
a little lower than is ordinarily used for hardening clear through.
Then it is quenched in oil. With large and bulky pleces it is first
necessary to immerse the work in water as a preliminary cooling
operation. This immersion should merely be a dash into the water
and out again, after which the piece is put into the oil until cooled.
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CHAPTER I

ELEMENTARY PRINCIPLES OF CONE PULLEYS
AND BELTS*

Everyone knows that cone pulleys are usually made with regular
steps; that is, if it is one inch from one step to the next, it is also
one inch from the second to the third, etc., the reason being that
when the centers of the shafts on which the cones run are a fair dis-
ance apart, the belt will pass very nearly half way around that part of
each cone on which it is running, and the length of the belt will con-
sequently be approximately equal to twice the distance between the
shafts, added to half the circumference of the grade of one of the
cones on which it {8 running, and half the circumference of the grade
of the other cone on which it is running. As the steps are even, the
half circumference of any two grades of each cone will, when added
together, produce the same result. For example, if we had two cones,
the diameters of the several grades of which were 6, 8, 10 and 12
inches, it 18 evident that the sum of half the diameters taken anywhere
along the cones, as they would be set up for work, would in every case
be the same. If the diameters are the same, it follows that the
circumference must also be the same, and, of course, that half the
circumference must be the same, so that when the centers of the shafts
are a fair distance apart, and the difference between the largest and
smallest step of the cone not too great, the same belt will run equally
well anywhere on the cone, because it runs so near half way around
each grade of the two cones on which it i8 running, that the slight
difference is within the practical limit of the stretch of the belt.

But when the shafts are near together, and when the difference
between the largest and smallest step of the cone is considerable, the
belt is not elastic enough to make up this difference. Fig. 1 shows a
three-step cone, the grades being 4, 18, and 32 inches diameter, re-
spectively, there being a difference of 14 inches on the diameter
for each successive grade, and the step being therefore 7 inches in
each case. Of course, it is not likely that such a cone as this would
be made for practical use, but it is well to go to extremes when look-
ing for a principle. Now, it is evident that two cones, even if like the
one shown in the cut, were set up far enough apart, they would still
allow the belt to run very nearly half way around each grade of the
two cones, the angularity of the belt would be slight, and the length
of belt would therefore still be as mentioned above.

But (again taking an extreme case) by reference to Fig. 2, which is
intended to represent a belt running from the largest grade of one cone
to the smallest grade of the other cone, we see that the belt runs
three quarters of the way around the large pulley, and only one quarter

* MACHINBRY, April, 1865,
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of the way around the small one, the distance between the shafts in
this case being 193 inches.

The length of this belt will evidently be equal to three quarters of
the distance around the large pulley, plus onme quarter the distance
around the small pulley, plus the distances A and B, which we filnd to
be each 14 inches. The circumference of a 32-inch diameter pulley
fs 100% inches, and the circumference of a 4-inch diameter pulley is
1214 inches (near enough for our present purpose); three quarters of
10034 is 7584, and one quarter of 1214 is 314; the length of a belt, then,
to go around a 4-inch pulley and a 32-inch pulley, running at a dis-
tance of 193, inches apart, is 763 plus 314 plus 14 plus 14; total, 1061%
inches.

Now, let us take the middle cone, when the belt is running on two
pulleys, both 18 inches diameter (see Fig. 3), and, of course, the same

T A
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Fg. 1 Fig. 2

distance apart as before. The circumference of an 18-inch pulley is
5614 inches, and half the circumference of two 18-inch pulleys is evi-
dently the same as the whole circumference of one 18-inch pulley;
the length of belt in this case will then evidently be 561 plus 193
plus 193 ; total, 96 inches. It is therefore evident that a belt long
enough to run on a 4- and 32-inch pulley, 193 inches apart, is 10%
inches too long to run on two 18-inch pulleys 19% inches apart, and,
of course, it is therefore 1014 inches too long to run on the middle
grades of such a cone as we have under consideration.

The thing to do, then, is to make the middle grades of these cones
(or the two 18-inch pulleys) enough larger than 13 inches diameter
to just take up this 103, inches of belt, and if this were the only
case we had to deal with, it would be very easy to settle it by saying
that as half the circumference of two 18-inch pulleys is the same as
the whole circumference of one 18-inch pulley, we should make the two
18-inch pulleys enough larger in diameter to make an additional cir-
cumference of 101 inches; and as 33§ inches is nearly the diameter of
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a 10%-inch circumference pulley, by making the middle of both cones
18 plus 33 inches diameter (that is, 213§ inches diameter) our trouble
would be ended in this particular case. It is easy enough to see, by
looking at Fig. 2, that the belt being obliged to go three quarters of
the way around the large pulley, is what makes it so much too long
to go around the two middle pulleys, where, of course, it goes but half
way around each. But, of course, what we want is some way of cal-
culating the diameters to turn any pair of cones, running at any dis-
tance apart.

If we were to draw these same 32- and 4-inch pulleys twice 192
inches apart, and then three times 193, inches apart, and so on, until
we got them far enough apart so that the belt would practically run
half way around each, and should calculate the diameter of the middle
grade of the cone to fit each distance, we would probably formulate
a rule that would work for any distance apart, with this particular
cone; but as it is evident that the further apart the cones are to run,
the nearer to the nominal diameter of 18 inches must the middle of

e

—ox”
Fig. 8

——_,J Machinery,N.¥.

the cones be turned, so also must it be evident that the less difference
between the largest and smallest diameter of the cone, the less must
also be the excess over nominal diameter of the middle of the cones.

Any method, then, of calculating such problems must take both of
these things into consideration. The nominal diameter of the middle
of any cone will be equal to half the sum of the diameters of the
largest and smallest part respectively. This is almost self-evident, and
no proof of it is necessary in this connection. What we want, then, is
some way to find out how much larger than the nominal diameter to
turn any one cone or cones to fit the conditions under which they are
to run. The following formula is the result of a thorough investiga-
tion of this subject by Prof. Rankine, and has proved itself to be prac-
tically correct in the shop, as well as satisfactory to those mathemati-
cians who are competent to criticise it. This formula is:

R,+ R: (R,—R,)?
+ .

2nC
This formula translated into plain English means that the radius
of the center of a cone will be equal to the radius of the smallest
part, added to the radius of the largest part, and this sum divided by

R=
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2, and added to this the difference in radii between the largest and
smallest part squared, and then divided by twice the center distance
between the cones multiplied by 3.1416. That is, the first half of the
formula gives the radius at the center of a cone, when the largest and
smallest radii are known, and, of course, if the middle radius is equal
to the smallest radius added to the largest radius and the sum divided
by 2, it follows that the middle diameter is equal to half the sum of
the diameters of the largest and smallest part, respectively, as men-
tioned before. The second part of the formula allows us to calculate
how much larger than this nominal diameter to make the middle of a
cone, no matter what the size or center distance.

Applying this formula to the case of the cones shown in Figs. 1, 2
and 3, we find the radius of the middle of the cone to be 10 6/10 inches,
or, what is the same thing, the diameter to be 212/10 inches, which,
in view of the extreme case under consideration, is very near the first
result obtained (213%{), and shows that the formula is perfectly safe in
any case likely to occur in practice.

When this formula is reduced so as to express the numerical value
of diameters instead of radii, it takes the following form:

D+ d (D —ad)*
Diameter at center of cone =

+
2 1214C
the 1214 being the nearest value in plain and easy figures to which
the quantity containing = in the original formula can be reduced.

Applying this simplified formula to the cone which we have been
considering, it will be found that the middle diameter is 212/10, the
same as by the original Rankine formula.

If a cone has five steps instead of three, it will be practically correct
to add half as much to the nominal diameters of the second and fourth
grades as was added to the middle grade, or, if it has four grades,
add two-thirds of what is found by the calculation to the second and
third grades (as there is evidently no middle grade). If more than
four or five grades, add to each grade according to the same principle.

We have so far been considering two similar cones, but it often
happens that one cone is larger than the other. In such case the
problem becomes a little longer to work, and the length of belt neces-
sary to go around each pair of steps of the cones must be used to find
the diameters; that is, starting with one end of the cone, find the
length of belt, and then calculate how much larger or smaller (as the
case may be) than the nominal diameter it is necessary to make each
grade, in order to make the same length of belt run properly.

Prof. Rankine has worked out a formula for the length of belt also,
which, reduced to diameters, is as follows:
11D + 11d (D—2a)?

4C
That is. the length of a belt to pass around any two pulleys (and, of
course, a cone is simply a set of pulleys) is the sum of the following
quantities: First, twice the center distance of the shafts; second, 11
times the diameter of the larger pulley, plus 11 times the diameter

Length of belt=2C +
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of the smaller pulley, and this sum divided by 7. This gives the
nominal length of belt, or what would be practically correct if the
center distance was fairly great; for the excess, the last part of the
formula must be used, which is the difference between the diameters
of the larger and smaller pulleys squared, and this result divided by 4
times the center distance.

Having found the length of belt to run on one end of the cones,
and keeping this for a starter, we can easily find how much to add to,
or take from, the nominal diameter of any other part of the cone to
make the same belt run, as explained before. If, for instance, we find
that the nominal diameters of the next grades that we try to bring the
length of belt one-half inch shorter than the first calculation, we add
enough to one or both diameters to make up one-half inch of circum-
ference, which would be about 5/32 of diameter, and this could all be

. added to one pulley, or half of it could be added to each pulley, as
convenient, and this would be practically correct.

CHAPTER 11

CONE PULLEY RADII*

In the present chapter a method presented by Dr. L. Burmester in
his “Lehrbuch der Kinematik,” for the solution of the cone pulley
problem, has been extensively treated. Dr. Burmester'’s method is
entirely graphical, and is exceedingly simple in application. While it
is not theoretically exact, it is, as will be shown later, much more
accurate than practice requires.

In order to bring out more clearly the points which will come up in
the casc of open belts, let us first consider the simple case of crossed
belts. It is a well-known fact that in this case the only calculation
necessary in order to find the radii of the various steps is to make the
sum of the radil of any two corresponding steps a constant. This
may be shown in the following manner:

a =radius of step, driving cone.

A = length of belt from contact on driving cone to contact on driven

cone.

b =radius of step, driven cone.

E = distance between centers of cones.

K —the constant sum of the radii of two corresponding steps.

6 —angle shown, Figs. 4 and 5. :

Then
a,+0d K
sin ==
E E
a, + b, K
sinp—=——-=—
E E

e M‘CH;NI:I!Y.A September, 1905.
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Therefore 6, —6,—60=—a constant.
Therefore the arc of contact on each pulley — 180° 4+ 26 — a con-
stant.

A, A, A, A,
Also cot g —m——— —— — —_
a, + b, K a. + b K
A,:=A,= K cot §—=a constant.
180° + 26
But length of belt =24 + ——— X (27a,+270,)
360°
180° 4 26
=24 4+ —X 27 X (a,+ 0,)
360°

in which, as has been shown above, all the terms are constants, there-
fore length of belt is constant.

H )
/_ > S \
P ]{ - \\ ! \ .
|
\
\ | \
\ | he
\ | AN
A I \
w 1 \ | \
\ | \
oY
\\ | }‘S’
PEUTE s
. =\' Nashinery, N.F.
Y I Y
‘\J
Fig. 4 Fig. 6

Note: The subscript applied to the letters denotes that the letters
are used for the corresponding quantities in a special case; thus a,,
in Fig. 4, refers to a.

The radii of the various steps may be determined graphically by the
following diagram (Fig. 6):

Draw a horizontal line from 4, and also draw AC making an angle
of 45 degrees with it. On this line lay off AS equal to the distance
between the cone centers, using any scale most convenient, bearing
in mind, however, that the scale adopted now must be used con-
sistently throughout the diagram. At S erect the perpendicular 78T’
w0 the line ASC. From some convenient point on AC, as D, drop a
vertical equal to some known radius of the cone a, as DE, and then
~
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from E measure back on this vertical the radius of the corresponding
step on cone b, as EF, and from these points ¥ and F draw lines
parallel to ASC. From the point @G, where the line FG intersects the
line T8T’ drop a vertical. This will intersect the line EH in H.
Through H draw the horizontal MN, O being the point where this line
intersects the line 7’ST”. Then, distances on the line MO may be taken
to represent radii on cone a; and to find the corresponding radii on
cone b erect perpendiculars at the extremities of these radii, producing
them until they intersect the line T87’. These perpendiculars then
represent the desired radii. It may be shown as follows that the sum
of the two corresponding radii, as obtained from this diagram, is
always a constant, and the diagram therefore satisfles the conditions
for crossed belts. _

Let MJ represent any radius on cone a, then JI represents the corre-
sponding radius on cone b.

Machinery, N.X.,

The £ JIO = / JOI =45 degrees.

Therefore JI=JO.

Therefore MJ + JI—=MJ + JO = MO =—a constant.

Dr. Burmester’'s diagram for open belts is a modification of the
diagram just shown, the only difference being that the line 7'ST” is
replaced by a curve. This curve was determined by plotting a series
of points, and after several pages of exceedingly intricate mathematics
he arrives at the astonishing result that this curve can be replaced
by a simple circular arc without any appreciable error.

The diagram is shown in Fig. 7, and may be drawn as follows:
Proceed as in Fig. 6 until the line T'S7" is drawn, then lay off distance

1
SK equal to — AS8. Next, with the center at A, and a radius equal
2

to AK, describe the arc XY, and the diagram is ready for use.
In order to give an idea of the extreme accuracy of the diagram, let
us observe the values obtained by Dr. Burmester in his calculations.
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Let R=AK (Fig. 7).
When §—=0, R=F X 1.11815172.
9=—=15°, R=EF X 1.11806842.
9=230°, R=EFE X 1.11798671.
0=—45°, R=EFE X 1.11803397.
The value used for R in the diagram is E X 1.11803397; so the maxi-
mum error of R occurs when =0, and is equal to E X 0.00011775,

v N.L

rig. 7
which is much more accurate than the work of the most careful drafts-
man. Dr. Burmester gives values of R up to §=290°, but as it is evi-
dent from Fig. 8 that it would be practically impossible to have a value
of @ greater than 45°, the writer has omitted the other values.

Fig. 8

In order to make the use of the diagram perfectly clear, let us solve

the following problems:
Problem 1. Fig. 9
Given:

Distance between centers of cones =3’ 4”.
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Diameters of driving cone, 4”7, 8”7, 14, 20”.
Diameters of driven cone, X, X, 14”, X.
Required:
All diameters of driven cone.
Lay out the diagram and determine the point M as previously
directed. Now the radii of driving cone may be laid off as abscissas or
ordinates, whichever happens to be the more convenient, as the results

Fig. 8. 8olution of Cone Pulley Problem when Diameters of One Pulley and
Center Distance are Known

obtained will be exactly the same in either case. In this particular
problem it is evidently more convenient to lay them off as abscissas.
Then the ordinates erected at the ends of these abscissas will repre-
sent the corresponding radii of the driven cone. The problem is solved
in Fig. 9 and the following results obtained:
Results:
Diameters of driven cone, 2214”, 193¢”, 147, and 714”.

This problem does not bring out all of the fine points of the diagram,

80 let us solve a more complicated one, in which the different steps of
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the cone are (0 Tansmir g:ven v=iocities
Probiem 1. Pig. 10
Given:
Distance betwsen centers af cones —3" ¢".
Maximum veigeir7 of heit assuamed: 34 feet per second
R P. X of driving one — 2u).
Required:
Driven cone 0 make ¢ 24} s and 38 R P. M.
The maximum beit speed wil be armained when the belt is on the
largest step of the driving cane
Therefore

=2 2g =38~

2« B
2B, 2y}
But = D3 =117".
S5 38

Now having obtained a value %ur & aad 3.. the pcint M om the dia-
gram may be found. Nex: draw a line from ¥ as X/0. inclined so that
any horizontal projecticn. as MV. will be tc the corresponding vertical
projection. N0, as tae R P. M. of the dmver are 7o the R P. M. of the
driven; thus,

XN R P M. of d-iving ecne

¥3 R P W of d-iven come
Also from similar trianglss
XN AN
No . N

But we know that
R.P. M. of drivirg ccze rad. of driven cone

R.P. M. of driven cone rad of driving cone
Ther=fore MN" equals radizs of d-ivap cone. while N0 equals radius
of drivicg ccne, thus makicg. for this case radil of driving cone verti-
cal and of driven core horizoztal The problizm is solved in Fig. 10
and the following resulrs obraived:
Results: L4
Dia. or driving cope. 23X 7 23%T 2037 11507,
Dia. of driven come. 117(7. 137, 2037, 2835~
We have seen that the Burmester diagram is under all conditions
rauch more exact than is required in praczice: ard a more compact,
gimpler. or quicker method of finding cone pulley radii could not be
desired.  An experienced draftsman should be able to solve a prod
leta like No. 2 above in less than 10 minutes. while to obtain the same
rezuylta by an analytical method would require as many hours. Results
of auficlent arcuracy can usually be obtaiced by making the diagram
to Lalf asrale, althnugh there i3 no reason for reducing the scale. unless
the A1z ance hetween centers is inconveniently large. and in that case
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the results do not need to be so accin-ate, as the belt will stand more
stretching.

Another graphical method for laying out a pair of cone pulleys is
as follows: First draw straight line A A, Fig. 11, supposed to connect
the centers of the cones to be laid out; then set off the centers of the
cones B and C on line A A (full size is best); then bisect the distance

/|

FPig. 10. BSolution of Cone Pulley Problem when Velocity Ratios, Maximum Belt
8Speed, Center Distance, and R. P. M. of Driver are Known

between the centers of the cones and draw perpendicular line D E. Now
assume the size of the two cones—say the largest is 25 inches and the
smallest 3 Inches diameter. Then draw a line tangent to the circles,
or the line representing the inside of the belt G, which will intersect
the line D E at E, and taking the point E for a center scribe the circle
F. Then divide the circle F, commencing at the line of the belt @,
into as many parts as needed, of a length to suit the required speeds.



14 No. 14—MACHINE TOOL DESIGN

Draw the other radiating belt lines through the point E and the divi-
sions on the circle F, extending them toward the cone B, and they
will be the inside of the other belt lines. Draw circles tangent to these

\ %

Fig. 11. Simple Graphical Solution of Cone Pulley Problem

S

\Z

A

lines. We now have all the diameters of the rest of the steps of the
cone to match the first, and the belts will correctly fit all the steps.
This is, of course, only an approximation rule. This method was con-
tributed to the June, 1905, issue of MACHINERY by John Swanberg.

»



CHAPTER III

STRENGTH OF COUNTERSHAFTS*

There is scarcely a shop in existence which has not had a more or
less serious accident from a countershaft some time in its history. It
may have been caused by a heavy pulley running very much out of
balance, or the shaft may have been bent in the beginning. Possibly
the shaft was too light, or too long between hangers. The latter is
responsible for most of the trouble, and is the one with which this
discussion is principally concerned.

There are two methods in vogue for turning cones and pulleys; one
is to s2t the rough casting to run true on the inside, and the other on
the outside. This latter method makes a cheaper and an easier job,
but when turned, it Tequires an enormous amount of metal to balance
it. And here is the source of considerable trouble. We may balance
a large cone perfectly on straight edges, but that is a standing balance
only; and when the cone is put in place and speeded up to several hun-
dred revolutions per minute, it shakes, and shows that it is decidedly
out of balance. The trouble is that we have not placed the balance
weights directly opposite, or in the plane of the heavy portion of the
cone. The result is that neither weight, when rotating, has its counter-
balance pulling in the same line, and, of course, the pulley is sure to
be out of balance. All cones and all other pulleys which have a wide
face should be set to run true on the inside before turning.

A certain countershaft failed because it had been welded near the
center. The weld twisted and bent open, and some one was badly
injured by the fall. A weld in machine steel i{s so very uncertain that
it should never be trusted for such a purpose. The extra expense of a
new shaft would not warrant the hazard of such a risk.

In the calculations which follow, the spring of the shaft is limited
to 0.06 of an inch. There are plenty of countershafts which have been
running for years with about this much spring. Now, from the general
formula for the deflection of a simple beam, we have:

w L

48E1

in which W =the load at the center in pounds.
L =the length between center of hangers in inches.
E = the coeflicient of elasticity = 29,000,000.
I=the moment of inertia of the cross-section of the shaft.

For a round shaft,

The deflection, or spring —=

wdt
I=—— (1)
64

o liAcx‘;l»xl;n_;r.-Apl:l-l, -1903:
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in which d =the diameter of the shaft in inches. We then have:

WL
=0.06 (2)
48 E1
: 64 W L?
From (1) and (2), we have ———— —10.06, and
48 E w d*
\/ 0.06 X 48Exd \aj " 0.06 X 48 ¢ 29,000,000 X x d
—_— x —
64 W 64 w
Y 3
= \, 4,100,000 — (3)
w

Fig. 12 shows a countershaft which is in actual service, and which is
known to be all right. A and B are keyed to the shaft. ¢ and D are

0 ’’ 2 2
24 DIA. X 6 BELT 24 DIA. X 6 BELT

WEIGHT = 30  TOTAL WEIGHT OF B, C AND D =110
' BELT

IR
)
| T i/ o,
151 '.':. .
1 L o
i Machinery,N.¥.
L

Fig. 12

loose pulleys arranged for open and cross belts.

A welghs 30 pounds, and B, 0 and D weigh 110 pounds. The belts
run as shown in the figure. If A weighs 30 pounds, and the centers of
the hangers are 654 inches apart, then by taking the left-hand hanger as
the center of moment, we have 30 X 12=2z X 27, when z is the weight
at the center. Solving we find

30X 12
T = ———
27
In the same way, by taking the right-hand hanger for the center
moment, we find that
110 X 18
ry=—----="3
27

As to the belt pull, it is possible for a single belt to run up to 70
pounds per inch of width of belt, and a double belt can be taken at 100
pounds. As a double belt is used in this case, and as the slack side
of the belt is very loose when the tight side is pulling its maximum,
we will take the pull at the pulley A =6 X 100 =600 pounds, and get-
ting this in terms of a load at the center, we have

600 X 12

ry=——

27
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belts ran as shown at the right-hand side of Fig. 13, we would then
have: '

Weight due to pulleys (as before) = 148
Pull on 30-inch pulley = 250
Pull on 15-inch pulley = 208
Total downward pull = 606
Horizontal pull on 14-inch pulley = 417

From these two forces we find a resultant of W="736. Substitut-
ing this in (3) and solving as before, we find L =238, which i8 the
greatest safe distance between hangers for this condition of loading.

There are cases where one must have an extra long shaft in order
to work in the pulleys, cones, etc.,, as shown in Fig. 14. Here the
downward loads amount to 820 pounds, and the pull at right angles
amounts to 360 pounds. The resultant 895 pounds —=W.

’"” .
80 DIA. X 6 BELT

Machinery,N.Y.
Fig. 14

Introducing in the formula we have

BT (2.44)¢
= | 4,100,000 =55
895

This means that for this condition of loading, the center distance
should not exceed 55 inches, and since in this case it could not be made
as small as this, the pulleys should be arranged for a third hanger.

In every case, therefore, where the centers are so far apart as for-
mula (3) would indicate to be unsafe, a third hanger should be used.
It all the flimsy countershafts had a third hanger added to them there
is no doubt but that the number of accidents would be greatly dimin-
fshed. In the above calculation the weight of the countershaft has
not been considered, as it is usually very small. If the belts run at
any other angle than that shown, the construction 18 made in exactly
the same way, using the required angle instead of a right angle, the
resultant of the two forces being used as W in the formula.




CHAPTER 1V

TUMBLER GEAR DESIGN*

Of the different mechanisms that have been used in the machine
tools of the past, one—the tumbler gear—could be found in some form
or other in almost every machine. Its office, in most cases, was to
reverse the direction of the feed. Fig. 15 shows fhe usual form in
which it is found when used for this purpose. The gears A and B are
to be connected so that motion may be transmitted from one, which
runs constantly in one direction, to the other, which it is desired to

Machinery,N.Y.
Figs. 16 and 16. Examples of Tumbler Gears

run in either direction. Suppose that A is the driver and runs as
shown by the arrow. As connected, A drives B through the inter-
mediate gears D and C. B rotating in an opposite direction to A, as
shown by the arrows.

This mechanism is termed the tumbler gear, because the gears D
and C are supported in a frame which swings about the axis of either
the driving or the driven gear. In the case in hand, the intermediate
gears are carried in the frame E, which rotates about the axis of the
gear B. Some means, not shown, must be provided by which the
rocker frame may be changed from one position to the other, and
locked. Fig. 16 shows the mechanism shifted so that the motfons of
A and B are in the same direction.

The tumbler gear has been used as a reversing gear ever since pres-
ent forms of machine tools were first invented. While it has always

¢ MACRHINERY, December, 1907.
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given considerable trouble, it has shown up to disadvantage mostly
when applied to the modern machine with positive gear feed, where
great power has to be transmitted by it. It is the purpose here to
show where this gear may be used to advantage, and also to explain
the theory on which the principles of its design are based.

All of us have met with this mechanism in some form or other, and
may have formed an unfavorable opinion. The prejudice thus created
keeps us from fully appreciating the tumbler gear, even when properly
designed, and when used in the right place. It has bee: placed by
many along with the worm drive and the spiral gear as undesirable,
and to be avoided unless it is absolutely impossible to get along with-
out it. This opinfon has been responsible for the ‘adoption of many
combinations used for purposes that rightly belong in the fleld of the
tumbler gear, and many times, in order to avoid using this mechan-
fsm, much unnecessary complication has resulted.

What are the faults' of the tumbler reversing gear? That one on
So-and-So's lathe used to kick furiously when one tried to throw it
over. Then, the one used on the milling machine used to go into
mesh easily enough, but when any amount of strain was put onto
it, the teeth used to crack and growl, showing that the tendency was
to drag the gear farther into mesh, causing the teeth to bind on one
another and sometimes break. Let us look into the case represented
in Fig. 156. Fig. 17 shows the gear D just entering into mesh with A.
An examination of this figure shows that the tendency is for the teeth
of gear A, when they strike those of gear D, to cause the latter to
rotate about the axis of the rocker frame, should the gear B be locked
against turning. This tendency opposes the motion in the opposite
direction necessary to bring the gears wholly into mesh. In practice.
B s not locked, but it is necessary to overcome a certain amount of
resistance in order that it may be set in motion, and the presence ot
this resistance has the same effect as if the gear were locked. The
greater this resistance is, the greater is the effort necessary to bring
the gears into working position.

Examining the conditions in the case of Fig. 16, we see that the
effect would be just the opposite, that is, the gears would come into
mesh of their own accord as soon as a contact is produced between
the teeth of A and C. Practically no effort is necessary to bring the
gears into mesh, but, in order to withdraw the gear C from A, con-
siderable effort would be required. When the gears C and A are in
mesh and transmit power, the tendency for gear C is to crowd farther
into mesh with A, which has the effect of binding the teeth. Should
the pressure of contact be sufficient, the binding tendency would cause
the motion to cease, or would break the teeth. This is one of the
points on which many have based their verdict against the tumbler
gear, and when designed so that such results are obtained, it i8 not
to be wondered at.

Direction of Tooth Pressure in Ordinary Cut Gears

The first consideration in the design of tumbler gears in any form

is that of tooth pressure and its line of application. As all cut gears
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used in machine tools are made to the 1415-degree involute system, we
will confine ourselves to that system. In this, the force tending to
revolve the driven gear is not a tangential force, applied as a tangent
to the pitch circle, but is a force applied at an angle of 141, degrees to
the tangent of the pitch circle, this 1414-degree line being termed the
line of pressure. In case that there may be some confusion as to the
above statement regarding the tangential force and the line of pres-
sure on the teeth, the case is graphically shown in Fig. 18. The
tangential force is equal to the twisting moment divided by the radius
of the pitch circle. This force is equivalent to that which transmits
motion between two disks by friction alone, the diameters of the disks
being equal to the pitch circles of the gears. This force is, in the
case of a gear, resolved into two component forces. One component
acts perpendicular to the tangential force and tends to force the gears
apart; the other acts in the direction of the line of tooth pressure
shown in Fig. 18. The tooth pressure thus is somewhat less than the

ANGENTIAL FORCE
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Machinery,N.T.

Fig. 17. Illustrating the Tendency to Fig. 18. Illustrating the Direction ot
resist Throwing-in of Gear Line of Pressure

total twisting force, and equals the twisting or tangential force multi-
plied by the cosine of 1414 degrees.

Influence of Direction of Tooth Pressure on Tumbler Gear Design

To show what effect the line of pressure has upon the layout of the
tumbler gear, we will use the simple case shown in Fig. 19. In this
figure, A is the driving gear and B is the driven gear. These gears
are connected by means of the intermediate gear C, which is carried
in the swing frame E, which, in turn, swings about the axis of A.
This mechanism is a simple case of tumbler gear, and while it is
little used, it is useful as a means for disconnecting a train of gears
when it is desired to stop the motion of the driven section. If we con-
sider gear B locked in the position shown, and exerting a turning
effort on the gear A in the direction indicated by the arrow, this effort
is transmitted by the teeth of A and C, and a pressure is produced
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between the teeth of B and C, two of which are shown in the cut. The
direction in which this force is applied is shown by the line of pres-
sure H K, and is is exerted in the direction of H. Since every force is
opposed by an equal and opposite force when in a state of equilibrium,
we have in this instance a force or reaction opposing the force along
the line of pressure referred to. It is this reaction that causes our
troubles. In the mechanism shown in Fig. 19, the gear C and the link
E are free to rotate about the axis of A, and since the line of pressure
does not go through the center of gear A, the force acting along this
line tends to rotate the arm E about the axis of A, the direction of
rotation being dependent on which side of the center of A the line falls.
Thus in Fig. 19, the line falls in a position that produces a tendency
for the arm to force the gear C further into mesh with B. The twist-
ing moment thus set up is equal to the tooth pressure multiplied by
the normal distance from the axis of 4, or G L.

Machinery,N.Y.
Fig. 19. Objectionable Tumbler Gear Design

If now, instead of trying to turn the gear A in the direction of the
arrow, we exert a torque in the other direction, the opposite sides of
the teeth would come into contact, and the line of pressure would be
located as shown by the dotted line H’ K’. The normal distance of this
line from the axis of A is much greater than in the former case; con-
sequently the twisting moment tending to rotate the arm E about the
axis is also increased, but the direction in which the torque is applied
has changed the direction in which the reacting force along the line
of pressure acts, and, since this line falls on the same side of the
axis, the tendency of the arm {s to rotate in the opposite direction, and
to,separate the gears C and B. Had the line of pressure gone directly
through the axis of the gear A, where E is pivoted, the effect of any
force acting along it would have had no rotating influence upon the
tumbler gear arm. That this would be the ideal case needs not to be
mentioned, and it should be the aim of the designer to approach that
condition as nearly as possible.
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The tendency for the tumbler to crowd the gears into mesh might
be of some advantage were it desirable to throw them into mesh while
the gears are in motion; but in cases where any considerable amount
of power is being transmitted, a very stiff and rigid design will be
necessary for the tumbler frame and the locking device. It is also
well in such cases, when setting the locking device, to have the gears
mesh with plenty of play or backlash, so that, if there be any spring in
the frame, the gears will not be likely to bind and cramp. Should B
be the driver and run in the direction of the arrow, the line of pres-
sure would be H’ K’, and the pressure would be in the direction of H’.
The arm would then tend to carry the gear C out of mesh with B.
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mesh by having the line of pressure properly located, so that the tend-
ency is in the opposite direction. When it is desired to provide a
tumbler gear that can be run in either direction, the layout in Fig. 20
i{s recommended. The object in this case i8 to have the twisting
moment equal in either direction, and such that the gears have no
crowding tendency. The arrangement in Fig. 20 is laid out as follows:
Draw the pitch circles of the gears B and C and connect their centers
by the line D F. Through the pitch point O draw a line G H normal to
D F. Then locate the gear A at some point on G H so that its pitch
circle will be tangent with that of C.

The Single Tumbler Gear

The single tumbler gear is the basis of many of our modern rapid
change speed and feed mechanisms, and the principles treated above
apply to this as well as to the regular tumbler gear. Take the simple
case shown in Fig. 21, which shows the pitch circles of a four-gear

. AMachinery,N.Y.
Fig. 21. Bingle Tumbler Gear in a Feed Box

cone and the driver A and tumbler gear C. It is evident that only one
position of the gear C can be such that the ideal condition prevails,
that is, only when in mesh with one gear of the cone can the line of
pressure pass through the axis of the tumbler frame. Fig. 21 shows
this to be the case when C is in mesh with the gear B’. Each subse-
quent shifting of the tumbler along the cone brings the line of pres-
sure eccentric to the axis, until the position of extreme eccentricity is
reached when C is in mesh with B””. In mechanisms of this kind, it
should always be the aim of the designer to have the line of pressure
pass as close to the center of rotation of the tumbler frame as is
possible, because the locking devices used with this type of tumbler
gear are necessarily of such a design as to be quick in action, and in .
consequence are not very stiff or rigid. The line of pressure should
always be made to fall on that side of the axis where the tendency
is to separate the gears rather than to bring them closer together.
When the gear C is supported in a swinging frame which does not
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slide in a lateral direction, but the changes are made by shifting C
along an intermediate shaft, the supporting member should be located .
at the end where the line of pressure has the greatest eccentricity, as
the greatest strain comes at that end. Thus, in Fig. 21 the support
should be at the same end as B””. The dlameter of the intermediate
gear C has an important effect on the location of the line of pressure.
It will be found that it should in most cases be as large as B””, in
order that the line of pressure may come right. However, no exact
rule can be given by which the diameter of C can be calculated, as it
depends greatly on the difference in the diameters of B’ and B””, and
also on the diameter of A.

Rules for the Design of Tumbler Gears

What direct rule can be given that may be used as a guide in laying
out the tumbler gear? Referring to Fig. 19, we see that the gear C
is revolving in a direction away from the axis of the tumbler at the
point of tangency of the pitch circles of C and B, and that the reacting
force tends to crowd the gears farther into mesh. Had this line of
pressure fallen on the other side of the axis of the tumbler frame, the
tendency would have been opposite in effect. When the gear O is
revolving so that a point on the pitch circle travels away tr_om the
pivot of the tumbler, and the line of pressure falls somewhere between
the pivot point and the axis of the driven gear B. the tendency will
be to crowd. From this we therefore may formulate the following
rules:

Rule 1. When the gear about which the tumbler gear swings is the
driver, and the line of pressure falls between the axis of that gear
and that, of the driven gear, the motion of a point on the pitch circle
of the tumbler or intermediate gear, when near the contact point, must
be toward the axis of the tumbler frame. Should the direction of a
point on the pitch circle be opposite, the line of pressure must fall out-
side of that area included between the axis of the pivot gear and the
driven gear.

Referring again to Fig. 19, it is seen that should the driving gear
be B, the above rule does not apply, but may be altered to read thus:

Rule 1I. When the gear about which the tumbler gear swings is
the driven gear, and the line of pressure falls in the space between
the axis of this gear and that of the driving gear, the motion of a
point on the pitch circle of the intermediate gear at the contact point
must be away from the axis of the pivot gear; when the line of pres-
sure falls outside of this space, this motion must be reversed.

By following these two rules, more as a precaution than as a com-
pulsory condition, much better success may be expected in the results
obtained.



CHAPTER V

FAULTS OF IRON CASTINGS*
POINTS FOR THE MACHINE TOOL DESIGNER

The most useful and indispensable of all the materials with which
the designer has to do, is cast fron. Of all the metals used in the con-
struction of machinery, it is the cheapest. It is the one to which we
can the most readily give the form and proportions which we desire.
It is, of all the common materials, the most easy to machine. While
it 1s lacking in strength and ductility, its cheapness makes it pos-
sible to use it in such ample quantity as to overcome these disad-
vantages, and in many constructions it may be so shaped and propor-
tioned, or so reinforced by other materials, as to make this lack but a
slight detriment. It is therefore a matter of interest to the designer
to learn of the various faults to which this valuable material is sub-
ject, and the best ways in which they can be avoided or minimized.

Causes of Blow-holes

Probably the one fault which spoils more castings than any other,
is the result of an outrush of gas from the materials of the cores or
the mold, into the molten iron, at the instant of solidification. If the
solidification of the iron has proceeded so far that the outrushing
gas or steam cannot bubble through it, and escape through the vents
which should be provided for the purpose, it will be imprisoned in the
substance of the casting, forming one or more holes, according to the
special shape of the casting, and the quantity of the escaping gas.
These holes, which are known as blow-holes, may not be apparent on
the outside, and quite often occur in such a location that they do no
particular harm, but it i{s more often the case that they occur at some
point where they become apparent when the metal is being cleaned, or
where their presence weakens the casting greatly.

Steam from Moisture in Sand

The gases which cause blow-holes may come from three sources.
They may be, and generally are, caused by the generation of quanti-
ties of steam from the moisture contained in the molding sand, by the
heat of the iron. In the case of dry sand and loam castings, the
quantity of steam so generated is so insignificant, if the molds have
been properly heated, that it gives no trouble whatever. In the case
of green sand castings, however, the moisture present, and therefore
the steam generated, is quite large in amount, and special precautions
have to be taken to prevent blow-holes.

When the molten iron pours into a green sand mold, all the moisture
in the layer of sand immediately in contact with the iron will at once
be transformed into steam. The depth of the sand layer so affected

. M;\crlx.\'xlxv. October ahd_ November, 1907.
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depends on the thickness and extent of the flery mass to which it is
adjacent. The steam so formed must either force its way through the
molten iron in the form of a mass of bubbles, or else it must escape
through the sand. To facilitate its escape, the mold is vented. That
is, after the damp sand has been packed around the wooden pattern
by ramming it closely into place, a wire is thrust repeatedly into the
mold, making numerous passages for the escape of the steam and gas.

It is obviously impossible that one of these vent-holes should extend
to every point in the layer of sand adjacent to the casting, so it is
necessary that most of the steam and gas should force its way for
some small distance through the sand, before it can reach a vent-hole.
This it can only do when the sand is somewhat porous. If the sand is
too tightly rammed, it will lack the necessary porosity, and even though
it be unusually dry, and the venting carefully done, the casting will be
full of blow-holes. Cases have occurred where molds have been
rammed so hard that the castings were nothing better than shells, the
whole interfor being a mass of blow-holes.

Decomposition of Binder in Cores, and Entrapping of Air

The second cause of blow-holes in iron castings is the decomposition
of the material, generally flour or molasses, used as a binder in pre-
paring the cores, and its escape in the form of gas, into the iron, at
the instant of pouring. It is impossible to prepare and bake a core in
such a way that it will not give off large quantities of gas when the
fron is poured, and so means must be provided for the escape of this
gas. In order to do this, the cores are prepared with wax strips run-
ning through them. When the core is baked, the wax melts, leaving
passages, known as core vents, for the escape of these gases. If the
core is of such form, and so set in the mold, that the gases can
escape from these vents in an upward or sidewise direction, and leave
the mold without forcing theif way through the molten iron, no blow-
holes will result.

A third source of blow-holes is the entrapping of air in certain parts
of the mold, and its mixing, on expansion, with the iron. This trouble
is due to insufficient venting of the mold, and is not a fault to which
the designer need pay any particular attention.

Dry Sand or Loam Advisable for Large Complicated Castings

In the case of large and complicated castings, it is generally advis-
able to make dry sand or loam castings, in order to avoid, as far as
possible the chance of blow-holes. When the mold is very large, it is
difficult to vent it thoroughly, and when the work on it extends over
a period of three or four weeks, it is impossible to keep the vents
from filling up; hence the general use of dry sand work for large
castings. Often, however, for the sake of economy, fairly large and
complicated pieces must be undertaken in green sand, and it becomes
a matter of importance that they be so designed that the molder will
not be compelled to invite disaster by keeping his sand too wet, or
ramming it too hard, and that there be no part of the mold which may
not be thoroughly vented.
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Elements of Green Sand Molding

In order that we may understand thoroughly the effect of the design
of a casting on the probability of blow-holes, it is necessary that we
review, in a brief way, the elements of green sand molding. The sand
is sprinkled with water, and thoroughly mixed and sifted, preparatory
to packing or “ramming” it around the pattern. The object of wet-
ting the sand is of course to cause it to stick when it is packed. Up
to a certain point, the wetter it is, the better it will stick, but the
molder should not wet it any more than is necessary. In the same
way, the more tightly the sand is rammed, the better its particles will
cohere, and the more easily will the mold be handled, and the pattern
drawn. However, tight ramming and wet sand, while they make a
solid and easily handled mold, invariably produce blow holes, and are
therefore to be avoided.

It will be apparent then, that if a pattern be of complicated form,
or hard to draw, or if when it is drawn it leaves the sand in such a
form that the mold will easily fall together at a little jarring, the
molder will be compelled to wet the sand more and to ram it harder
than usual. Small, deep openings, sharp fillets, and thin walls and par-
titions of sand, are especially troublesome. Not only do they make it
difficult to draw the pattern, and handle the mold, and so make exces-
slve wetting and hard ramming imperative, but they cause spots in
the mold which the venting wire is unlikely to reach. For these
reasouns, they are to be avolded when possible, in any class of molding,
whether it be green sand, dry sand, or loam work, and on no account
should such work be permitted in the case of large green sand castings.

When designing a casting to be made in green sand, the designer
ought to know the position which it will occupy in the mold, when it
is poured. In general, the parts of a casting which lie in the bottom
of the mold will be the soundest, and those parts which must be
machined, or which require the greatest strength, should therefore
occupy the bottom of the mold, if possible, when the casting is poured.
Having decided which side will be down, the designer needs generally
to pay no particular attention to the conflguration of the lower part
of the mold, provided only that all of the pattern can be drawn, and
that there are no sand partitions which overhang, or whose extent is
large in proportion to their thickness. To insure a sound casting, the
sand in the lower parts of the mold must be comparatively dry, and
loosely rammed. This condition of affairs is not generally hard to
attain, since all the work on the sand i{s done with the pattern in
place, and that part of the mold is not generally moved or handled
after the support of the pattern has been withdrawn. In the lower
part of the mold, the sand is generally supported at all points in a
very thorough manner by the sand lying under it, and so hard ramming
or wet sand is unnecessary. If, however, the pattern must be made
with loose pieces, or with sharp fillets, or must leave thin walls or
tongues of sand when it is withdrawn, the case is changed. Then
hard ramming and wet sand are almost compulsory, and the molder
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is nt to be blamed if he does not produce sound green sand castings.
The ault is with the designer.

The upper part of the mold must of necessity be rammed harder
than the lower part, since the sand is not supported from beneath, but
hangs fiom above. This is not as great a disadvantage as it might
seem to he at first sight, since the escaping gases do not have to
make their way through the iron, as they would if they were given
off by the sand in the lower part of the mold. The venting, how-
ever, must be just as thorough, and it i1s desirable that the sand should
be as dry as possible. The whole arrangement of the upper part of
the casting should be such that the sand may be well supported from
above. Generously rounded fillets and corners, simple surfaces, plenty
of “draft,”” and an absence of depending walls and masses of sand,
make the mold easy to handle, and therefore promote freedom from
blow-holes.

When Green Sand and Dry Sand Both May Be Used

It often occurs that the larger part of a casting is of simple form,
and easy to mold. A certain part of it, however, may be of a form
exceedingly difficult to mold, and therefore likely to give a great deal
of trouble. It is not necessary that the whole casting should be made
in a dry sand mold, but a core-box may be made to take care of the
difficult part of the work, even though the work would ordinarily be
done without a core. It is just as easy, and often just as desirable to
cast the external face of a casting against a core, as the internal face.
While it may not pay to do this if only one casting is wanted, if a great
many are wanted it is often the cheapest possible way of making them,
and reduces to a minimum both the work of the molder and the chance
of a spoiled casting. Often forms may be cast in this way which could
not be attempted in any other. If it is desirable to use this method of
working, the designer has it in his power to make the construction of
the core-box much simpler and cheaper than it might otherwise be, by
giving the matter a little thought.

In arranging the coring of a mold, it i{s always better, if possible,
to support the cores at the top. The gases formed in the core, being
light, tend to rise, and if the core is supported at the bottom only,
they tend to escape into the iron, and to bubble through it. If they
can escape at the top, they will pass off without coming in contact
with the iron. When it {s impossible to support the cores at the top,
they should be so arranged that the gases can pass off at the sides,
and escape from the mold without coming in contact with the iron.

Sponginess

A second fault to which iron castings are subject is that of spongi-
ness. Sponginess is due to the formation of gas bubbles in irom, at
the instant of solidification. In all ordinary cases this is due to an
improper mixture of iron. However, if the casting is very thick at
one place, and thin at most others, it will be impossible to obtain a
mixture which will have satisfactory properties for general work, and
not be spongy at points of extraordinary thickness. It is an excellent
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rule to allow no part of a casting to be at a greater distance from
a sand surface than 215 inches. In case this rule is strictly :ihered
to, and the castings are of fairly uniform thickness no trovele will
be experienced from sponginess, except from the use of roor irom.
When, however, we are obliged to concentrate a considerable quantity
of metal at one place, and give it a greater thickness than 5 or 6
inches, either we must take care that it will be at some point where
the sponginess will do no harm, or else we must make provision to do
away with fit.

The only practical method for doing this is to place a riser immedi-
ately over the heavy spot. When the metal is poured, and the riser
is full, & rod of wrought iron is inserted and worked up and down
untll the metal has almost solidified. By so doing, the bubbles have
a better chance to escape, and the iron is left perfectly solid. Of
course, it is not possible to use a riser effectively in this manner,
unless it can be placed directly over the heavy spot. A riser at a
point a few inches distant is useless. The use of a riser in this way,
and for this purpose, i8 unnecessary when the part of the casting in
which the heavy spot occurs is subject to no particular stress, or is
not required to be tight under steam, air, or hydraulic pressure, but
nevertheless, a spongy spot is a defect in a casting, which should, if
possible, be avoided.

Shrink-holes

A third fault to which iron castings are subject is that of shrink-
holes. A shrink-hole is a cavity in a casting caused by the shrinking
away of the metal in cooling. Like sponginess, this defect is espe-
cially likely to occur in those parts of a casting which are excessively
thick. To avoid this fault, it is best to avoid sudden changes in the
thickness of a section. If the part of a casting which is unusually
thick does not have to be machined, the difficulty may be overcome
by placing in the mold at that point a piece of iron, so that the casting
will be caused to solidify at that point first, on account of the chilling
effect of the cold iron. If, however, the heavy spot in the casting has
to be machined, or if it is subject to heavy stress, this method of pre-
venting shrink-holes i{s to be avoided, since the chilling of the iron
makes it so hard as to be Impossible to cut with a tool, and at the
same time creates stresses within the metal which weaken it. In such
a case, shrink-holes are best prevented in the same manner as has
already been described for the prevention of sponginess, namely, the
use of a heavy riser, and the working of the iron with a rod when it
s cooling.

The designer must therefore avoid heavy spots in castings, when-
ever possible, for the reason that they are likely to produce two serious
faults, sponginess and shrink-holes. He must avoid them especially
in those parts of castings which are to be machined or which are sub-
ject to heavy stresses. If they cannot be avoided entirely, in such a
case, they should be so arranged that risers may be placed immedi-
ately over them, so that a rod may be inserted into the riser, and
into the heart of the spot where the metal is thickest.
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Scabbiness

A fourth fault often encountered in iron castings is that of scabbi-
ness. Although iron in the molten condition does not permeate the
sand of the mold, as water would if it were poured {a, nevertheless
on account of the great weight of the fluid, it has a CODSlderable'
erosive action on the materials of the molq, It, as it flows into the
mold, the iron eats away fillets* or partitions, or scours away patches
of sand, it is obvious that the casting will not be of the proper form
but will have its angles partly filled up, and unsightly Dl'OtUbel'ances'
upon its surfaces. Such imperfections ag these are known ag scabs
The sand so washed from its proper place may float on the iron ami
rise to the top of the mold, where it formg g dirty mixture w'hicn
when cleaned away, leaves a‘ rough depression in the surfacé of the'
casting, also known as a scab.

The remedy for this trouble is to avold as far gag possible shar
fillets, and thin tongues of sand, Projecting into the mold and to sz
gate the casting that the current of iron, as 1t enters the,mold will
spread itself out, and not concentrate itgelf in any particular ;lirec-
tion, for if it does, it will eat away the part against which ft ﬂ0ws'
just as quickly and surely as would a current of water. [pn General'
proper gating is a matter which must be attended to by the molder, but
it the designer has arranged things so that Proper gating s fncop.
venient or impossible, the castings will almost surely be scabby,

Sand-holes

The fifth fault to which iron castings are subject, namely sang.
holes, is one which {s almost Invariably associated with that of scab.
biness. If the sand wtt‘éﬁ:‘pgfa—ture, “wiroded by the entering current of

fron does ot rige . ce, the iron ma
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::nr:)t;:e? :,orthinner part was much the cooler. W’B remallln there,

in that part , ompressio.n, while the thick part is in te:e"‘f";a Ydocc‘"‘
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they form “S however, we are enabled to utilize the shrinkage s/2n
of any t tage. For Instance, when cast iron was the standard material
ing, an¢ manufacture of ordnance, guns were cast with cores through
swater was circulated, so as to cool the surface of the bore
the outer parts solidified. When a gun is fired, it is known that
mer layers of metal are stretched more than the outer ones. By
-hg the inner layers of metal first, shrinkage strains are produced
the walls of the gun, causing the outer layers of metal to com-
,ﬁe’ss the inner omes. The combined effect of the shrinkage stresses
.'ld the stresses produced by the explosion is to produce a uniform
tress throughout the walls of the guns, and so reduce the chance ot

rupture.

It is not often, however, that we are able to take advantage of
shrinkage strains in this way. More often they are troublesome, caus-
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cooled very much, and probably the advancing face will be partially
solidified. Consequently, when it meets a similar advancing face of
metal, which has been similarly cooled, there is small likelihood of
their uniting properly.

The remedy is obviously to so design the castlng that the metal
will not have to flow in thin streams for long distances. The arrange-
ment of gates and risers is often of great importance in minimizing
cold shuts, and if the casting is large, and at the same time has thin
walls, the designer must see that the gates may be so arranged that
the iron may quickly fill up the mold. While the arrangement of the
gating generally depends on the molder’s fancy, he may often be lim-
ited by the shape of the casting, and obliged to place the gate at some
point where the iron, in flowing in, must spread itself into a thin
sheet, or pass for a considerable distance through a narrow passage.
Under such circumstances, a cold shut is hardly to be avoided.

Shrinkage Strains

The eighth and last fault is that of shrinkage strain. If we have
two pleces of iron fastened end to end, as shown in Fig. 22, one piece
being notably thinner than the other, the thinner piece will solidify
first in the mold, and cool some hundreds of degrees below its freezing

Machine -y, N. X,

Fig. 22. Casting of such Shape as to be Subjected to S8evere Internal Stresses
point, before the thicker part solidifies. As a result, the thicker part,
when cooled to air temperature, will have, or rather tend to have, a
less length than the thinner part, the reason being that at the instant
of solidification of the thicker part, both pieces had the same length,
although the thinner part was much the cooler. The thin part will
then be in compression, while the thick part is in tension, and severe
stresses will exist within the piece, which make it weaker than it
would otherwise be in most cases.

Sometimes, however, we are enabled to utilize the shrinkage stresses
to advantage. For instance, when cast iron was the standard material
for the manufacture of ordnance, guns were cast with cores through
which water was circulated, so as to cool the surface of the bore
before the outer parts solidified. When a gun is fired, it is known that
the inner layers of metal are stretched more than the outer ones. By
cooling the inner layers of metal first, shrinkage strains are produced
in the walls of the gun, causing the outer layers of metal to com-
press the inner ones. The combined effect of the shrinkage stresses
and the stresses produced by the explosion is to produce a uniform
stress throughout the walls of the guns, and so reduce the chance ot
rupture.

1t is not often, however, that we are able to take advantage of
shrinkage strains in this way. More often they are troublesome, caus-
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ing work fo warp in the process of machining, or causing mysterious
cracks to develop without apparent cause. Since these strains are due
to unequal rates of cooling in the different parts of the casting, the
best way to eliminate them is to so arrange the thickness of the vari-
ous paris, that the entire casting shall solidify at the same time. The
second best way is to so arrange the parts of the casting that the
unequal contraction shall not produce dangerous stresses at any point.
In order that the entire casting shall cool at a uniform rate, it is
necessary that all parts of it shall be of approximately uniform thick-
ness, and that there shall be no sudden changes of section. In order
that unequal contraction shall not produce dangerous stresses in the
metal, it is necessary that there shall be no sharp corners, and that the
various parts shall be free to expand when necessary. For instance,
a wheel or pulley with a solid rim is likely to have severe stresses

Machinery N.F.
Fig. 23. Method of Obviating Shrinkage Strains in Large Wheels

set up within the arms by unequal cooling, but if the hub be divided
as shown in Fig. 23, by means of a thin core, and then bolted subse-
"quently, no shrinkage strains will occur, since the arms are free to
expand or contract, independently of the rim.

Shrinkage strains often become so serious that it becomes neces-
sary to make pieces in two or more parts, which it would be perfectly
possible to make, at much less expense, in one piece. Large jacketed
cylinders, for steam and gas engines, are good examples of this. When
cast in one piece, the shrinkage stresses, together with the stresses set
up by the varying temperatures incident to services, are often suffi-
cient to crack them. Were the piece shown in Fig. 22 made in two
parts, as shown in Fig. 24, there would be no shrinkage strains in
either part, althcugh the cost of machining the surfaces which are
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fitted together, and of putting in the bolts, would not always warrant
the construction.

Relative Economy of S8imple and Complicated Castings

In conclusion, it may be well to state that most of the faults
enumerated will be more likely to occur in a part of a complicated
casting, than in a similar part of a simpler casting. For instance, the
cylinder of a gas engine will be more likely to have some imperfec-
tion if it is cast integral with the frame, than if it is cast separately.

I b

2%

Mackinery N.F.

Fig. 24. Plece shown in Fig. 22, made in Two Parts
In the same way, the frame will be more likely to have an imper-
fection of some kind, than if it were cast separately. Assuming that
ten per cent of the cylinders or frames would be lost if they were
cast separately, it 18 more than likely that fifteen per cent of the cast-
ings, having cylinder and frame cast together, would be rejected for
faults in the frame, and fifteen per cent of the remainder would be re-
jected for faults in the cylinder. In other words, twenty-eight per cent
of these castings would be rejected, against ten per cent of the simpler
forms. If more than eighteen per cent of the cost of the castings is
saved in machining, or in other ways, by casting cylinder and frame
together, it is well to do so, but if the saving is not more than sufficient
to balance the loss, it is well to make several simple forms, instead of
one complicated one.



CHAPTER VI

PROPORTIONS OF MACHINES BUILT IN A
SERIES OF SIZES*

The problem of cost reduction forces itself, with increasing vivid-
ness upon the mind of every person who has to do with the manu-
facture of machinery. To the “small shop” people, and to those whose
product is unsystematized and whose ideas of methods to pursue are,
as yet, vague, this chapter may prove of some assistance.

There are three important means by which the shop product may be
systematized: By the use of formulas; by the use of tables; and by
the use of charts. As the two latter may be considered as the tabu-
lated, or graphic results of the former, we will deal only with the
formulas. In determining sizes, weights, and costs, these formulas
are generally most efficient time-savers. For convenience, formulas
in this chapter will be divided into two classes: The class used to
produce the first of a type of machine we will call fundamental; and
the class used to produce several sizes of this type of machine, empiri-
cal. Upon seeking fundamental formulas in text books and in me-
chanical engineers’ pocket-books we are confronted by a diversity of
opinions and tabulated results that are, at least to a novice, a bit con-
fusing. These formulas, it is always to be remembered, have their
anplication in the special case under consideration, and are to be used
only as guide posts in our journey of design. It is evident to most
designers that some kind of a tentative method must, sooner or later,
be resorted to in the type design, for in nearly all machines the gov-
erning conditions soon become so numerous or indefinite as to render
a subdivision of the problem a necessity. A certain amount of judg-
ment is absolutely essential in the use of most fundamental formulas,
and discrimination is always necessary.

Graphically, fundamental formulas can be represented by curves, and
will be correct for all sizes under identical conditions, while empirical
formulas rest on no such basis and hold true for but a certain series
within certain limits. This constitutes the vital difference between
fundamental and empirical formulas. A fundamental formula is one
found thirough mathematical reasoning, while an empirical formula is
made up by means of trial methods.

Suppose that we have built two or three sizes of a certain type of
engine and that they are successful; we desire to put on the market
an entire line. Our sizes of this type of engine will run from 10-inch
cylinder diameter in the smallest to 30-inch cylinder diameter in the
largest. We have built a 12-inch and a 24-inch engine and perhaps
an 18-inch. These engines were, as was imperative, tentatively de-
signed. In seeking the derivation of the empirical formula for the

* MACHINERY, November, 1902,
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length of the cross-head shoe, we find that on our 12-inch engine we
have given it an area of 5651 square inches, and on our 24 inch engine
its area is 19014 square inches. In each case the length of the shoe
was nearly twice its width, so we decide to make it so in our line
of engines; solving for the width, we have in the 24-inch engine
22* —=190.126; z =1~ 95.0625 =9.75.

making our shoe length for the 24-inch engine 19% inches, and for the
12-inch engine 10%% inches.

To any scale in Fig. 25, perpendicular to the line NL, lay off these
shoe lengths PB and P’B’—101% inches, and 191 inches, respectively—
making the distance BB’ equal to 12 inches, the difference between our
sizes 12 inches and 24 inches. Through points PP’ draw line SA inter-
secting NL at A. At B”—for our 18-inch size—erect a perpendicular
B”P”. Draw PF intersecting B”P” at F. Using the notation given in
the figure, we get the simple equations

c
exy=cud; ed=cy; e=—y;
a

c c
r—c=e; T—CcC=—yY, T=—9yY+ec
: d d

P F

3

<-I—~y——+ 1 %
§
A

| .

A : ) B B’
Machinery,N.Y.

N - —_— —— ——— —>{ l

Fig. 26

In this last formula many will recognize an old acquaintance—the
equation for a straight line. Let us now analyze this equation. From

c
the figures it is seen that r —the desired dimension and that — —the
d
rate of increase in the slope of the line. If now we measure the
distances and substitute their values for ¢ and d we may determine the

c
ratio —, which we will call f.
d

c 10.5
Then f=—=——=1%, and
d 14
z=fy+corz=%y+c
In interpreting our empirical formula z —fy + c, we have
y =a common unit to which all other sizes are to be referred,
z — desired dimensfon,
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f=a factor of g,

¢ =a constant increment to be added in each case.

The unit of value y, as generally selected, is a bolt or cylinder diam-
eter, or the capacity of the machine. Obviously, in our line of engines,
we select the cylinder diameter D as our value of y, and our unit
formula then becomes 3;D + c¢. The value of ¢ is now determined by
direct substitution in the following manner: x being the shoe length,
we substitute for it 191% inches (its length on the 24-inch cross-head);
then

3% X244+ ¢c=19%; c=19% — 18 =11,

Machinery,N.¥.
Fig. 26

Note, that while we have assigned to y and ¢ other values, we have
not altered the relations; our formula for this particular cross-head
dimension now becomes & D - 13% inches.

For convenience in charting these sizes, some point is determined
upon as a pole about which these lines (represented by our formulas)
are drawn as vectors, the ordinate length for a particular size giving
the desired dimensjon. If now in the determination of other formulas
it be found, as is likely to be the case, that these lines do not all pass
X

Machinery,N.Y.
Fig. 27

through a common point, it becomes necessary to select one. In well-
designed machines the intersection of these lines with the base line
will come close together, and an average of these intersections is
selected as a pole. Figs. 26 and 27 will serve to illustrate the purport
of this paragraph.

Experienced designers are well aware that the final test of any
dimension in a design is that of satisfying all fundamental calculable
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conditions; nevertheless, the instances where our empirical formulas
prove incorrect are very few indeed. WIith the design for our line of
engines thus systematized, let us consider what are to be the advan-
tages that will naturally result from it. In the first place, the weights
of any particular parts, or details of any size in our line of engines
may be determined prior to its design or manufacture. In the deter-
mination of weights, cubic contents, and similar processes, the use of
“differences” as applied to higher mathematics, will not only prove
an efficient time-saver, but relieve much of the drudgery attendant
upon such operations.

A brief explanation of the use of “differences” is as follows: When
we have a serfes of numbers connected by a regular, though not obvious
law, the nature of that law may be discovered by forming a new series
of differences between each two terms of the original series, and then

TABLE S8SHOWING PRINCIPLE OF THE METHOD OF DIFFERENCES

treating the new series (which we may call the series of first differ-
ences) in the same way, until we reach a series of differences, the law
of which is obvious. In the table above will be found both the arith-
metic and algebraic solutions of problems by ‘“differences.”

In column 1 of the table is given a series of numbers, which we
suspect follows some definite, though not obvious law; and which we
desire to discover. We here take the differences between each two
terms in column 1 and put them down in column 2. Having proceeded
with the two orders of differences, the law becomes apparent early in
the process of determining the values in column 3. Referring again
to the table, it is evident that the next term of column 3 must be 11,
which gives 68 (57 4+ 11) as the next term of column 2 (the series
of first differences) and 312 (244 + 68) for the original series. Note
that this series can thus be obtained indefinitely, and that ultimately,
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in any regular series, some one series of differences will become a
constant. It is on the principle of differences that calculating ma-
chines are constructed to compute logarithmic tables, etc.

In the algebraic solution of such problems as involve the determina-
tion of weights and volumes, it will be necessary to calculate these
welghts or volumes for the 1st. 2d, 3d, and 4th terms of our given
series. By substiting in the formulas in column 5 the numerical
value of W, which is the first term in our given series, we may equate
these expressions and our calculated values for the 2d, 3d, and 4th
terms, and determine, by simple algebraic processes, the values of
¢, «, ¥, and ultimately, those values which we are requiring in the
original series, column 5.

The computations concerning the cost of materiafs logically follow
the determination of volumes and weights and are made with compara-
tive ease. However, our next problem concerning the determination
of the cost of labor is a more difficult one to solve. Formulas should
express this cost in so many cents per pound of product, including all
shop charges, and be established partially by experience and partially
by methods suggested in this chapter.

In many instances it will be found both desirable and convenient to
have this cost formula embody the unit dimension. When this is the
case, the formula is, as are most cost formulas, established by the
tentative methods to which we have just alluded. As the methods
employed in the deduction of these formulas render them purely
empirical, one or another form of expression may have to be adopted.
However, formulas of this class usually assume the form of, or at least
may be solved into, the familiar type form

az* — bz + c,
where a and b are factors of the unit dimension, and ¢ 18 a constant.

For the purposes of illustration we will assume that the formula

for the cost of labor which we have established is

3
—2—D’ — 15D + 314.

In this form the formula gives the total cost of labor in dollars for
the size desired. The cost of labor C for our 18-inch engine would
then be

3
0_—_—2— (18)*—15 X 18 + 314 =530.

The computation of a final cost formula, embodying the unit dimen-
sion, is the last process in our development of shop formulas; this
formula is derived directly from those relative to the costs of material
and labor.
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CHAPTER 1

FIRST PRINCIPLES OF GEARING*

Gear wheels are such common objects about the machine shop, and
are manufactured with such rapidity and ease by the aid of the modern
automatic gear cutter, that many seldom stop to think what they
really are, why the teeth must be constructed with certain curves,
and what it is desired that they shall accomplish. In following chap-
ters we shall take up some of the practical questions, touching upon
the calculations that come up in the design, but will here deal
chiefly with a few of the theoretical points of the subject that are
seldom explained in a simple manner for the benefit of those who have
had neither the time nor the opportunity to look into matters of this
kind.

Suppose there are two wheels arranged as in Fig. 1 with their faces
in close, frictional contact, and that both are exactly the same size, so

Fig. 1

that when the crank is turned around once, wheel B will turn exactly
once also, provided, of course, there i8 no slipping between the two
wheels. It must be noticed, moreover, that if the crank be turned uni-
formly, wheel B will not only make the correct number of revolutions
relative to A, but it will revolve uniformly, as well; that is, both its
total motion and the motion from point to point will be correct.

Now there are many places in machine construction where the slip-
ping imseparable from friction wneels cannot be tolerated, and this
difficulty might be overcome by fastening small projections to one of
the wheels, as on A in Fig. 2, and cutting grooves in the other wheel,
B. Then, if the crank were turned, wheel B would always make just
the right number of turns, even if considerable power were transmit-
ted. It is probable, however, that these projections and grooves would
not fulfill the purpose of gear teeth. What is wanted of gear teeth is
that they shall give exactly the same kind of motion as corresponding
friction wheels, running without slipping. They must not only keep

* MACHINERY, June, 1898.
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the number of revolutions right, but they must give a perfectly even
and smooth motion from point to point or from tooth to tooth.

Fig. 3 will show clearly how such a result is obtained. It represents
the friction wheels with teeth fastened to them, the teeth, of course,
extending all the way around instead of part way as shown. These
teeth are set so as to be partly without and partly within the edges
of the two wheels, as obviously they will give better results thus
arranged than with all the projections on one wheel and all the grooves
or depressions on the other, as in Fig. 2.

Fig. 2

With the wheels fitted in this way it can be proved that the only
conditions which must be fulfilled in order that the teeth shall give
wheel B the same motion that it would have if it were driven by
frictional contact with wheel A is that a line drawn from the point O,
where the two wheels meet, to the point where the tooth curves touch,
shall be at right angles to both tooth curves at this point, whatever the

position of the gears. For example, in Fig. 3, two of the teeth touch
at h. If the curves are of the right shape, a line m n, drawn through
h and O, will be at right angles to both curves at point h. This is
the law of tooth curves, and it makes no difference what the shape of
the teeth is, so far as their correct action is concerned, if this law
holds true for every successive point where the teeth come in contact.

In technical language the “friction wheels” mentioned are known
as “pitch cylinders,” and they are always represented on a gear draw-
ing by a line—usually a dash and dot line—called the “pitch line.” As
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teeth are generally proportioned, this line falls nearly, but not quite,
midway between the tops and bottoms of the teeth, the inequality
being due to the space left at the bottom of the teeth for clearance.
The diameter of the pitch cylinder is called the “pitch diameter.”

Involute System

We are now ready to consider the particular forms of teeth most
often used. The one that is at present most in favor is the involute
tooth, the term “involute” being the name of a curve described by the

Fig. 4

end of a cord as it is unwound from another curve. For example, to
draw an involute, wind a cord around a circular disk of any con-
venient material, and make a loop in the outer end of the cord. Lay
the disk flat on a piece of paper, and with a pencil in the loop, unwind
the string, keeping it drawn tight, and let the point of the pencil trace
a curve, which will then be an involute,

In Fig. 4 is shown how the same principle is applied to forming
tooth curves. A and B, with centers at M and N, are two disks which
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serve the purpose of pitch cylinders. C and D are two smaller disks
fastened to the larger ones and around which a cord is stretched and
fastened at points G and H. When either disk is turned, the cord is
supposed to pull the other one around at the same speed that it would
go if moved solely by frictional contact between disks A and B. To do
this, it is simply necessary to have the disks C and D in the same
ratio as A and B. If A, for example, is half as large as B, then C
must be half as large as D.

To make room for drawing the curves, let pieces F and E be fastened
to the large and small wheels, respectively. With a pencil fixed at
point d on the cord, turn the wheels in the direction of the solid

e moving the pencil outward, and the curve dd will
ch will be a suitable tooth curve for the larger wheel,
| be proved will answer the requirements of the gen-
1g again with the pencil at a, and turning the wheels
f the dotted arrow, and moving the pencil outward, a
for the smaller wheel will be traced.

resenting the disks C and D are called ‘“base circles,”
re drawn at a distance from the pitch circle of about
e pitch diameter. This brings the angle, KOd, called
quity, in Fig. 4, about 141 degrees; and although it
ans certain that this is the best angle, it is the one
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Cycloidal System

Take a silver dollar and roll it along the edge of a ruler, holding
the point of a pencil at the rim of the dollar, 8o that as the latter rolls,
the pencil will trace a curve. This curve is a cycloid. Should the
dollar be rolled on the edge of a circular disk, however, the curve
traced would be an epi-cycloid, and should it be rolled on the inside of
a hoop, it would be called a hypo-cycloid. These curves are employed
for the teeth of the cycloidal system of gears.

In Fig. 6 it is shown how the face or the outer portion of the tooth
is rolled up by the point A on the outer rolling circle, and how the
fiank or inner portion is generated by point B on the inner rolling
circle. In this case the hypo-cycloid and flank are straight lines, the
reason for this being that, as drawn, the diameter of the rolling circle

2 PITCH
24 TEETH

CYCLOIDAL

Fig. 6

is one-half the diameter of the pitch circle of the gear, and the hypo-
cycloid generated under these conditions becomes a straight line.

Comparison of the Involute and Cycloidal Systems

The involute and cycloidal systems are the only two that are used to
any extent, and in Fig. 6 a gear tooth and rack tooth of both are
shown for comparison. The involute gear tooth has the involute curve
from point a to point b on the base circle, and from b to ¢ at the bottom
of the tooth the flank is a straight, radial line. One difficulty with the
involute system is that with the standard length of tooth the point a
will interfere when running with gears or pinifons having a small
number of teeth. To avoid this, the point is rounded off a little below
the Involute curve. In general appearance the tooth seems to have a
broad, strong base, and a continuous curve from a to ¢. A strong fea-
ture of the involute gearing is that it will run correctly even if the
distance between the centers of the wheels is not exactly right. This
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will be evident by referring to Fig. 4, where it will appear that the
relative velocities of the two wheels will be the same however far
apart they may be, and if involute teeth are used in place of the string
connection there shown, the action will be just the same. The involute
rack tooth has straight sides at an angle of 1414 degrees, with the
points rounded off.

Of the cycloidal teeth but little need be said except that they have
two distinct curves above and below the pitch line, as previously ex-
plained, and that in the rack tboth the two curves are just alike, but
reversed.

TABLE I. CUTTERS FOR INVOLUTE GEAR TEETH
No. 1 will cut wheels from 135 teeth to a rack.

“ g ¢ e« w55 “ 134 teeth.
" 3 e« . " “ 35 " [ 54 [
" 4 “ LU " " 26 ‘ " 34 “
“ 5 " .“ ‘“ “ 21 “ L 25 L]
" 6 o« " . " 17 “ " 20 o«
" 7 (] . L “ 14 LU ‘" 16 [
“ 8 “” . “" “ 12 “ L 13 .«

Whatever system is used, it is essential that all the wheels of a
given pitch should be capable of running together. To make this possi-
ble with the involute, all the wheels must have the same angle of
obliquity; and with the cycloidal system the same size rolling or de-
scribing circle must be employed for all sizes. The circle generally
chosen is one having half the diameter of a 12-tooth pinion, which
makes the flanks of this pinion radial. In Fig. 5, if the diameter of
the rolling circle had been either greater or less than half the diameter

TABLE II. CUTTERS FOR CYCLOIDAL GEAR TEETH
Letter of No. of T etter of No. of

Cutter Tecth Cutter Teeth
A 12 M 27to 29
B 13 N 30to 33
C 14 (o] 34to 37
D 16 P 38to 42
B 16 Q 43to 49
F 17 R 50 to 59
G 18 S 60to 74
H 19 T 75to 99

I 20 U 100 to 149

J 21 to 22 A\ 150 to 249
K 23 to 24 w 250 or more
L 25 to 26 X Rack

of the pitch circle, the flank of the tooth would have been curved, and
in the case of the greater circle, the curve would have fallen inside ot
the radial flank drawn in the figure, causing a weak, under-cut tooth.
‘With the smaller circle, the curve would fall outside, making a strong
tooth.
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Cutters for Involute and Cycloidal Teeth

According to the system for cutting gear teeth adopted by the Brown
& Sharpe Mfg. Co., Providence, R. 1., any gear of one pitch will mesh
with any other gear or with a rack of the same pitch. Eight cutters
are required for each pitch. These eight cutters are adapted to cut
from a pinion of twelve teeth to a rack, and are numbered, respectively,
1, 2, 3, etc. The number of teeth and the pitch for which a cutter is
adapted is always marked on each. A list of these cutters is given in
Table I.

Cutters for the cycloidal form of teeth are also made so that any
gear of one pitch will mesh into any other gear or into & rack of the
same pitch, but twenty-four cutters are required for each pitch. In
order that gears with this form of teeth shall run well together, they
must be cut accurately to the required depth; otherwise the pitch cir-
cles will not be tangent to each other. To secure a proper depth of
tooth, the cutters are made with a shoulder which determines the exact
depth that the tooth should be cut. Thus, if care is taken when turn-
ing the blanks, to obtain the correct outside diameter of the gear, no
measurements need be taken when cutting the teeth. The twenty-four
cutters are adapted to cut from a pinion of twelve teeth to a rack, and
are designated by letters A, B, C, etc. The number of teeth and the
pitch for which the cutter is adapted is always marked on each, the
same as in the case of cutters for involute teeth. A list of these cut-
ters is given in Table II.

CHAPTER 1II

FORMULAS FOR DIMENSIONS OF SPUR GEARS*

When we consider the number of gears used in machinery, and the
number of men employed in the manufacture of machines using gears,
it is rather surprising to find men who are unable to find the outside
diameter, having given the pitch diameter and pitch, or to find the
distance between centers of two gears, having given the number of
teeth and pitch, and similar problems. The object of this chapter is
to explain in as clear and practical a manner as possible the under-
lying principles of gearing, and to give concise rules or formulas for
the solution of problems which arise in our everyday work upon gears.

Pitch Diameters

Two shafts A and A’ (Fig. 7) carry rollers B and B’. By having
pressure on the shafts as indicated by the arrows, and revolving 4. the
friction of the rollers at the point of contact, X. will cause A’ to revolve,
but we can readily see that if any great amount of power is to be

¢ MACHINERY, July, August, October and November, 1897,
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transmitted, the rollers are liable to slip at the point of contact X,
which will not give a positive motion; that is, it will require more than
one revolution of the shaft A to produce one revolution of the shaft A’

Suppose, as shown in Fig. 8, that we put projections on the surface
of the roller B and cut recesses in the roller B’, making them of such
shape that the sides of the projections on roller B will slide with as
iittle friction as possible upon the sides of the projections caused by
cutting the recesses in roller B’. Then, when shaft A is revolved, shaft

g 7

A’ must also revolve. The identity of the rollers B and B’ is not lost,
for we have simply added a number of projections to one, and cut the
same number of recesses in the other, and the point of contact of the
two rollers is still at X, but in this case there is no special pressure
required to keep the rollers together as in the preceding case, nor is

Fig. 8

there any slip, and consequently shaft A’ will make one revolution-in
the same time that shaft 4 does.

In Fig. 9 we have changed Fig. 8 by adding projections between
recesses in roller B’, and by cutting recesses on roller B between pro-
Jections, and we have the regular gear tooth. We have now no visible
part of the original rollers B and B’ left, but we have in their places
imaginary rollers, the diameters of which are the pitch diameters of
the gears. Thus we might have called our original rollers pitch rollers,
and then proceeded to put on our projections and cut our recesses,



FORMULAS FOR DIMENSIONS 1

which would have given us the gear wheel. This has already been
explained in & general way in Chapter I.

Of course, in practice gears are never made in this way; the gear
blank is first turned up to the correct diameter, and then the space
between the teeth is cut. The method of finding the outside diameter
will be given later, this illustration being used simply to show the evo-
lution of the gear wheel from the friction disks or pitch rollers.

Pitch *

When we speak of the pitch of a gear, the diam»tral pitch is gen-
erally referred to. The gear really has two tritches, diametral and
circular. The diametral pitch of a gear is the number of teeth for
each inch of pitch diameter. If a gear has 20 teeth and the pitch diam-
eter is 2 inches, the diametral pitch would equal 20 = 2, or 10; or
there are 10 teeth in the gear for each inch of pitch diameter which
it contains, and we would call it a 10-pitch gear. The circular pitch
B

Machinery,N.Y.
Fig. ©

of a gear is the distance from the center of one tooth to the eenter of

the next adjacent tooth, measured on the pitch lines. It is very seldom

that circular pitch is used in describing cut gears.

It can readily be seen that the circular pitch being equal to the dis-
tance from the center of one tooth to the center of the next, must be
the result of dividing the circumference of the pitch circle by the
number of teeth in the gear. Should an occasion arise where it would
be necessary to obtain the circular pitch, having the diametral pitch
given, divide 3.1416 by the diametral pitch, and the quotient will be the
circular pitch, or, expressed in its simplest form,

3.1416

P
in which P =— diametral pitch; P’ = circular pitch.

Ezample.—If the diametral pitch of a gear is 4, and it is required to
find the circular pitch, divide 3.1416 by 4, and the quotient, 0.7854, is
the circular pitch of the gear.

If the circular pitch be given, to find the