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The Calibration of a Transmission Dynamometer,

and Tests with same on Engine Lathe.
by

C. S. Dearborn.
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A trensmission dynamometer is an instrument by means of which
the power 1in a rotating shaft may be measured during its transmig-

sion through a belt or other connection to another shaft, without

being absorbed.

The dynamometer in question is of the Brigg's belt type, and
was built by the Mechanical Engincering Department of the Kansas
State Agricultural College, from drawings made by the author in 1902.
Preliminary trials showed a stiffness in the action of the weighing
mechanism that precluded reliable results, and changes in the con-
struction were accordingly made for the purpcse of doing away with
this defect,

‘Its essentisl features consist of two pulleys over which runs

a belt transmitting the power to be measured, and a weighing mechan-

ism by means of which the difference between the tension in the tight
o the belt and that i #he slack portion
portionAmay bhe determined.

The two pulleys A and C, Fig. 1, are keyed on parallel hori-
zontal shafts running in brass boxes, which are supported by stand-
ards mounted on the rigid bed. The belt B travels in the direction
indicated, C being the driven pulley, and the lower portion of the
belt the tight side. Two triangle—shaped castings, one on each side,
are pivoted on the ball bearings on the standards at E, and are

rigidly connected at F and G by two hardened shafts on which the two
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guide pulleys rotate.‘ Any movement of this rocking frame is there-
fore in a vertical plane, and is transmitted through the links H and
J to the scale beam. A lever K vbgofixed te a shaft-supporteq in
ball bearings, connécts‘ﬁith these links and carries the balance
weights L and the dash—pot'rod M. The weights may be moved toward
or from the fulcrum; and are thus made to balance the weight of the

links, guide pulleys, rocking frame and belt. The dash-pot consists
of a cylinder cbntaining 0oil, in which works a loose-fitting piston
past which the o0il may flow more or less freely. Its purpose is to
lessen the amplitude of vibration of the scale beam.

The design is such that when the scale beam is horizontal, the
balance lever also is horizontal, the two guide pulleys are equi=-
distant from the center-line of belt pulleys, the one directly above
the other, and each of the four portions of belt between pulleys

makes an angle of 75°- 31! with the perpendicular.

Let the balance weights be so adjusted that when the dynamometdr

is not running the scale-beam balances, reading zero pounds; then
clearly at all points in the belt B the total tension is sensibly
the same., But when a belt transmits power by its frictional resist-

ance against the face of a pulley over which it passes, there must

necessarily exist a difference in tension in the belt at its two

points of tangency, equal to the turning force exerted upon the pul-

ley.,

Let the belt run in the direction indicated by the arrow, and
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exert a turning force P on the driven pulley C. Also let the scale-

beam be kept in balance by means of the poise or by hanging known
weights on the long arm of the scale-beam.

Let Tl = total tension in belt at point 1.

and Let T
2

i

total tension in belt at point 2.

Then P=T - T
2 *
The two guide pulleys are fitted with case-hardened bushings
which run on hardened shafts; also, that component of the belt ten-

sion producing pressure between guide pulley and shaft is compara-

tively small; hence it may be assumed that that the frictional resist

ance in these two bearings is negligible, from which it follows that

every point in the tight side of the belt between the points of

tangency with the pulleys A and C has the tension T2, and every point

in the slack side the tension Tl.
In Fig. 2, using the same notation, the vertical component of
the belt tension Tg and the equal resistance Tz, is seen to be

R = 2T cos (75" - 31t) = Ty
2 2

et et

2
‘P
Likewise,Rl = 2T1 cos (75°~31t) =_1
2
The resultant of these two components is a force Rz - Rl act-

ing vertically downward. Since the forces acting on the weighing

mechanism are in equilibrium this downward force is opposed by an

equal force W acting vertically upward at the knife-edge in the

short arm of the scale-beam., The ratio of the arms of the scale-
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beam being known, W is determined from the known weights on the long

arm. The weights used and the graduation of the beam are such that

the readings give W direct, in pounds.
B = F

Then W= R = R_ = 2 Iz P

2 1 o o

P=2W

Then the horsepower delivered by the belt is

HP, = Force (lbs.) x distance (feet per minute)
33000
= 2W x7’D__x R.P.M.(driven pulley)
33000
where D is the diameter of driven pulley plus the thickness of belt,

on the assumption that the neutral axis of the belt lies midway be-

tween the two surfaces.

27D
35000

Since is constant

HP. = K x W x R.P.M.

In using the dynamcmeter it is more accurate as well as more
convenient to balance the weighing mechanism by means of weights L
while the belt is running at constant spped either without external
load or with any constant load. Any increase in the load is then
shown on the scale-beam, and th: necessity of subtracting the power
required to overcome the internal friction of the dynamometer itgelf,

as well as the given load is thereby avoided.




Calibration of the Dynamcmeter.

The purpose of the work of calibration was to find the law
according to which the results as calculated from the data given
by the dynamometer vary from the truth, and to determine that con-
stant or that factor by which the calculated results must be af-
fected in order to make correction for the error due to such vari-
ation,

Because of its simplicity as well as its accuracy, the Prony
brake method was adopted as the best by which the power delivered
by the belt could be measured. The calibration, then; consists in
a comparison of results calculated from dynamometer data with re-
sults calculated from brake data.

The apparatus used, (see Figs. 1 and 3) included the dyna-

mometer, a Prony brake,a Fairbank's platform scale reading to
quarter-ounces, a brake-pulley cooling device and a Starrett rev-
olution counter.

Thé Prony brake is of hard maple constructed as shown and
fitted to the crowned pulley N, which is keyed to the shaft driven
by beit pulley C. The two clamp wheels, with the springs, provide

means for adjusting the lower brake shoe so that any desired amount

of pressure between brake and pulley may be attained. The knife-

edge O resting on the scale platform, has its upper edge placed in

a shallow groove cut across a steel plate screwed to the brake;
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which prevents any change in length of brake arm.

In order to prevent excessive heating of brake, pulley, shaft
and bearing, it was found necessary toc provide means for cooling
the brake pulley. Figure 3 shows the device used., Cold water under
a head of a few inches flows through the supply tube into the en-
closed space S inside the brake pulley rim, and after taking up more
or less of the heat generated by the friction, passes out through
the exit tube. The open casing Q, which is stationsry, extends
over the exit tube a sufficient distance to retain the issuing water,
which then flows off through the drain tube. The sleeve which acts
as a bearing for the end of the supply tube extends into the casing
Q so that in case the supply of water is too great the surplus is
emptied inside Q. By adjusting the supply head and fixing the exit
at the proper distance from tye central opening, any desired quanti-
ty of water may be brought in contact with the pulley rim, and a
uniform low temperature maintained. This tends to prevent the
thinning of the grease on the brake-shoes and its consequent loss,
as well as any undesirable increase of friction between pulley and

brake after the brake-load has been balanced.
The method of operation was as follows. The dynamometer was

beltedlto an electric motor running at practically constant speed,
"and leveled., The platform scale was also leveled in position as
shown, and balanced at zero pounds with the knife-edge in place on
the platform.

After the dynamometer had been running Long enough to attain

constant working conditions, the brake was placed on the pulley,
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the rubbing surfaces being well lubricated with machine oil. The
lower shoe hanging clear of the pulley the brake was balanced, by
means of weights suspended from its shortrarm, in such a way that
its slight contact with the knife-edge 0 did not materially affect
the equilibrium of the brake scale-beam., The dynamometer scale was
then balanced at zero pounds by adjusting the weights L, oil being
continuously applied to the pulley face while balancing to reduce

the friction load to a minimum. While rurning under these condi-

tions the number of revolutions of the driven shaft during a period |

of five minutes was taken.

The brake scale was then arranged to indicate one pound weight
on the knife-edge 0, and thes brake clamp‘wheels were tightened until
the scale balanced. While the brake scale was thus balanced the
dynamometer scale was brought to balance by means of known weights
and the sliding poise. A run of five minutes was then made under
these constantlconditions and the total reveolutions taken as before.
In case the brake friction increased, thus throwing both scales out
of balance, the clamp wheels were adjusted to maintain the balanced
condition.

In a similar manner the readings of both scales, the duration
of the run and the total revolutions of the driven shaft during the
run were obtained as given in Calibration Log. Two series of
readings at different driving speeds were made, the object being to
have the scale readings of each series serve as a check on those of

the other,
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The power absorbed by the brake is obviously equal to that
delivered by the belﬁ:%o the driven shaft, due allowance for the
friction at zZero load having been made by balancing the dynamometer
at that load, 1t being assumed that any chaﬁge in this friction
under greater loads is so slight as to be negligible in practice.

The formula for the power absorbed by a Prony brake is

W_ x 2TTL x R.P.M

HPS e b B = K_x W. x R.P.M
B 33000 Bw B B
where WB = brake scale reading in pounds,

L = length of brake arm in feet,

R.P.M_= revolutions per minute, of brake pulley,

B
27 L
KB = brake constant =___

33000

By this formula the values given in column "Brake horsepower,¥

Calibration Log, were calculated. The corresponding values in col-
umn "Dynamometer horsepower! were calculated from the formula pre-

viously deduced,

HP. = K x W x R.P.M
| b

where the subscripts refer to dynamometer.,

From a comparison of corresponding values in these two col-

umns, it is seen that in no instance:are they equal; but from the

accompanying "Calibration Curves # it appears that, within the limits

W
of error in observation, the ratio D 4is constant. Hence

HP. . E =W WB .
D (= D D ) is constant, and a factor introduced into the

HP K x W
B B B
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formula for the horsepower will therefore make proper correction

for the dynamometer error. This calibration factor is obviously

HPB Its value for each reading is shown in Calibration Log,

L e}

1i:
H D the average for each series being practically the same, i.e.

1.013, with a probable error in the third decimal place.
The formula then for computing the power transmitted by this

dynamometer in its present condition is HP = 1.01 x K x W X R.P.M.

A point that should be noted is in regard to the sudden increase in

belt slip at reading 17, both series., The belt was new, with glued

joints and in perfect condition. It had bee n well stretched before

being joined and although no means for measuring the exact tension
were at hand, it was apparently under a tension usual in practice.
The section was 0."18 x 2'75, and at the given speed the belt should
have a capacity of five‘horsepower, whereas it slipped at less than
half this amount. A belt dressing was tried, but with no effect,
since the belt was new. It is possible that the capacity of the
dynamometer could be safely increased to that for which it was de-
signed by shortening the belt., Since shortening the belt will not
of itself affect any of the factors in the Borsepower formula, and
the decrease in thickness due to strain may be neglected, such a
procedure will not materially affect the calibration factor for any
powers within the limits reached. It is also to be considered pro-
bable that this factor will have the same value for the higher

powers up: to the maximum capacity of the dynamometer.
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Tests on Engine Lathe.

A paft of the lathe equipment of the College Shops consists
of ten engine lathes of 14 inches swing. All are belt driven from
countershafts in the ordinary way, these being driven from a line
shaft which runs fhe entire equipment, a ten horsepower motor sup-

plying the power.

The object of the tests was to determine, approximately, the

gross power necessary to operate one of these lathes at its maxi-
mum capacity under the ordinary conditions of shop practice. The
lathe chosen for the test was one of four built at the shops several
years before, and although not in first class condition, represented
fairly well the others of its size.

The dynamometer was driven in the same direction as when cali-
brated,by a three inch belt from the line shaft., After having been
leveled, its scale-beam was brought to a balance by adjusting the
welights L., The countershaft driving belt was then put in place on
the small (brake) pulley of the dynamometer. (The diameters of the
pulleys were such as to give the countershaft approximately the same
speed that it had when belted direct to line shaft).

The lathe spindle and geared feed were then put in operation,

with the work on centers. The scale was balanced and the readihg
noted, together with the revolutions per minute of the dynamometer
pulley C, as given in Log of Machine Tool Test. From this data,

the dynamometer constant and the calibration factor being known,

the power required to drive the lathe running idle was calculated
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by the formula

HP, = 1.01 x 0.0002556 x W x R.P.M.
as given in log.

The stock being turned true, its diameter was taken with cali-
pers8 and scale, A cut was then taken, the tool being fed automati-
cally by the screw-cutting mechanism. During this operation the
scale-beam was balanced, and the revolutions per ﬁinute of lathe
spindle and dynamometer were noted. The final diameter of stock was
then found as before. These values, with the scale reading, are

entered in their respective columns in the log.

In this manner the data given in the several log sheets was
obtained, the different materials, cast iron, ﬁrought iron and
machinery steel being used for comparative purposes. The total
horsepower is calculated as before, while the horsepower per cubic

inch of metal removed per minute, which is the basis of comparison

of the power required for different materials, as well as for differ;
ent areas of cut, is obtained by dividing the computed horsepower
for any given run by the cubic inches of metal removed in one min-
ute during that run., The latter was calculated from the area of cut,

mean diameter of cut and the revoluticns per minute of stock. That
orig. dia+final dla’x?TxR

_ ; %
The +tool used in the tests was of self-hardening (Rex) steel,

is, cubic inches per minute = cut x feed X » P oI,
a diamond-nose with slightly rounded point, ground to angles ap-
proved by the shop foreman., For all the materials, the front clear-

was about 10 degrees, the cutting edge being level with the centers
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and at an angle of about 60 degrees with the axis of the work. For
the cast iron the cutting angle included betwsen the two plane sur-
faces intersecting in the cutting edge was approximately 70 degrees.
For the wrought iron this angle was reduced to a2bout 65 degrees, and
for two runs with the steel was reduced to 60 degrees. Care was
taken to keep the tool sharp,and lard oil was applied freely when
cutting wrought iron and steel.

The majority of the runs were made at that speed of lathe

spindle that the cone pulley belt would maintain without excessive
slipping. This belt was slack enough to shift readily by hand,and

the speed was found to be considerebly lower than has been found
possible with self-hardening steels. The highest surface speeds for

the different materisls used were as follows:

Hard cast iron - 15 feet per minute.
Sof't cast iron - 38 feet per minute.
Wrought iron - 27 feet per minute.
Machingry Steel - Sl » e

The number of times the tool requireé sharpening, even at these com-
paratively low speedswould seem to indicate that this particular
tool was but‘little better than an ordinary water-hardened tool.

The resultsof the tests with the different materials, cuts
and feeds are plotted as "Power Curves" with horsspower per cubic
inch of metal removed per minute as ordinates, and depth of cut as
abscissae. The curves are drawn so as to make an approximate allow-
ance for the condition of the cutting edge of the tool. From these
it will be seen that the gross power required varies with the matﬁ

erial operated upon, the least being required for the gsoft cast
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iron,and more for the hard cast iron, wrought iron and machinery
steel, in order., It is to be noted that the two heavy cuts in the
machinery steel required less power than is indicated by the curve fg
a similar cut in wrought iron. This is undoubtedly due to the use
of a2 more ascute cutting angle of the tool for these two cuts, the
effect of which is to lessen the power required,as long as the tool
remains sharp.

These results agree substantially with those found by the
Bickford Drill and Tool Company from tests (Amer. Mach. Jan. 14-21-19
of power required in drilling these materials. This was to be ex-
pected, since there is no essential difference in the operations of
drilling and turning as far as such tests are concerned.

A more important deduction from the results of these tests is
that the heavier cuts are the more economical of gross power. This
is to be expected, for the waste work is a much larger proportion of
‘the whole work at light than at heavy cuts. Whether this law of
greater efficiency at the heavier cuts holds true in regard to the

net power, - the power delivered at the tool,- can not be satisfact-

orily determined from these tests, for the reason that the power lost

in belt slip can not be determined from the data obtained.

From a consideration of the comparatively low cutting speeds
which the excessive slip of the cone pulley belt made necessary, it
is plain that the capacity of the lathe could be increased by the
use of a tighter belt, and the efficiency also would be greater

because of the reduced loss of power which would result from reduced

r

04)
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slip.

It appears, then, from the log that the maximum power used by
the lathe i1s approximately 0.8 HP. This value was reached in the
test with wrought iron, surface speed 28 feet per minute, area of
.cut g%i XE%: " It 13 te be hoted that at this point (see Power
Curves) the efficiency is the least for this series with the except-

ion of one instance, in which the cut was made without oil, and

which is therefore properly excluded from the comparison.
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