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OF PITTSBURG, PA.

D_YNAMOMETER.
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(No maodel.y

- To all whom it may concern:

Be 1t known that we, GRORGE WESTING-
HOUSE, Jr., and FRANK MOORE, both- residing

~at Pittsburg, in the county of- Allegheny zmd

10

N

State of Pennsylvania, and both citizens of

‘the United States, have jointly invented or dis-

covered certain new and useful Improvements

mn Dynamometers, of which improvements the
following is a specification.

In the accompanying drawings, which make
part of this specification, I‘lgure 1 18 a side
view, in elevation, of a dynamometel embody

ing cmr mventwn a portion of the rim of the

measuring-pulley bemn' broken away to show
the construction more clemly, Fig.: 2, a plan
view, partly in section, of the same, Fig. 8,
an end view 1n elemtwn as seen from the

- right; Fig. 4, a longlbudnnl central section,

20

25

30

35

onan enlar ged scale, through the sleeve which
carries the measuring-pulley and its aceesso-

ries; I'ig. 5, a similar section through the head-

of the 1)1%011 chamber and its supply and dis-
charge passages; Fig.

elevation, of the gearing of the speed-regis-
tering meohamsm, as seen from the right;
IFig. §, a side view,.and Fig. 9 a plan or t0p
wew of the same,

The object of our 1_1wention 1s to provide an
efficient and reliable dynamometer of the ro-
tary and hydrostatic type which will afford a
continuous indication and register the meas-
ure of power transmitted from a prime mover

~without involving the necessity of adjustment

under varying condltlons of load. .
To this end our mventmn consists in cer-

tain novel devices and combinations whereby

40

the degree of power applied in the rotation
of a pulley from which such power is trans-
mitted to a resistance to be overcome is meas-
ured by establishing a constant equilibrinm

 between the applied power and a fluid-press-

45

ure resistance acting in reverse direction
thereto.
The improvements c]almed are helelmfter
fully set forth. | -

The measurement of power under our in-
vention is effected by applying it to the rota-
tion of a pulley fixed upon one end ot a shaft,

50 on the opposite end of which a measuring-

mllley is ﬁtted f1eely on & sleeve secured up- l throughthesametothe measuring pulley The

' on' the shaft.

measuring-pulleysleeve.

6, -a similar section
through the piston; Fig‘ 7, an end view, in

pressure being indicated upon the gage.

Power is transmitted from the
main shaft to the measuring-puliey to eifect

the rotation of the latter through a bell-crank

or lever shaft journaled in the measuring-pul-
ley sleeve at right angles to the main shafc.
An arm on the Dell- cmul{ shaft abuts against

the stem of a piston working in a fluid-press-
ure eylinder located at the outer end of the

sleeve in line with its axis, said piston actuat-
ing a valve governing __the discharge of fluid

under pressure, which is continuously admit-
ted to the cylinder from a supply-pipe pro-
vided with a regulating-valve and leading to.
a pressure-gage.
a pulley-arm at right angles to its piston-arm,
the pulley-arm abutbmg ammst a bearing con-
nected to the inner surface of the rim of the
measuring-pulley and effecting the rotation

The bell-crank shaft carries

of the latter in unison with the main shaft and
Thepressure due to
the applied power which is exerted through

the pulley-arm upon the measuring-pulley 1S
transmitted through the piston-arm to the
piston, and, acting in opposition to the press-
ure ou the opposite side thereof, maintains a

constant balance between the pressure of the

power and that of the fluid in the pressure-
‘cylinder, the regulation of the latter in corre-
spondencewith variationsof applied power be-

ing effected by the greater or less degree of

the movements of the piston, and the varia-

tions of pressure being indicated upon the

oage. Increase of power will be balanced by

| -COI‘leSpODle}ﬂ‘ increase of fluid-pressure ex-

erted in the cylinder and indicated on the
gage, and, proportionately to decrease of pow-
er, fluid will be permitted to escape from the

_cylmder by the automatic adjustment ot the

dlsclmrge valve until the equilibrinm of forces
is established, a correspondingly - reduced
A
determined pressure in excess of the pressure
exerted by the power is maintained in the

fluid-supply pipe up to the regulating-valve
1 which controls its admission to the pressure-

cylinder, and between the pressure-cylinder
and gage the pressure varies, as before stated,

proportionately to v 111%1310113 in the power ap-
plied to the pulley -shaft and transmitted

55
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area of discharge from the pressure-cylinder

18 8o large relatively to the supply that no

pressure can accumulate in the pressure-cyl-

inder unless the discharge-valve is held to its

5 seat.

In the computation of horse-power exerted

the ascertainment of the distance traversed in

a given period by the point of application of ;
the power to the measuring-pulley beconies a
10 necessary element, for which purpose we pro-
vide a speed- 1en'lste11ng apparatus consisting
of a series of dials actuated through gearing
from the main shaft and moving relatively to
- fixed indexes, the apparatus enabling the
15 speed of the main shaft to be ascertained at
any time by taking the number of revolutions
1n a4 given period, and serving both as a rev-

olution-counter and a revolution-register.

Inthe practice of our inventiona main shaft,
20 1, on the opposite ends of which are secured,
respectively, a driving - pulley, 2, which re-
celves & belt through which power to be meas-
ured is tlammltted to the shaft, and a sleeve
or cylindrical extension, 3, 1S mounted to ro-
25 tate freely in bearings 4 on the upper ends of
standards 5, fixed upon a substantial base or
bed plate, 6. A mneasuring-pulley, 7, havinga
rim adapted to receive a belt through which
the applied power is transmitted to the re-
30 sistance to overcome which its action is ex-
erted, 1s mounted freely on the sleeve 3, so
as, except as presently to be deseribed, to be
free to rotate thereon. The sleeve 3 1S pro-
vided with a pair of long lateral bearings, 8§,
35 located below and ab right angles to its axis,
sald bearings supporting a bell-crank or lever
shaft, 9, having formed or fixed upon it at its
center a piston-arm, 10, which projects up-
wardly, and is provided with a bearing, 11,
40 which 1s preferably in the form of a knife-
edge at its upper end, said bearing extend-
ing transversely to the axial line of the main
shatt on the side of the arm 10 nearest the
outer end of the sleeve 3. A pulley-arm,
45 12, 1s fixed upon either or upon both of the
ends of the bell-crank shaft, (the latter case
being illustrated, ) according as it may be de-
sired that the apparatus may have the ca-
pacity of operation in one or in both direc-
50 tions of rotation of the main shaft, said arms
being located substantially at right angles
to the piston-arm 10 and extending in the
direction of the inner end of the sleeve 3.
The pulley-arms 12 are notched or recessed
55 ontheir lower sides adjacent to their free ends,
as also at intermediate points if different lev-
erages are desired to be provided for, to re-
celve bearings on the lower ends of links 13,
which are suspended with the capacity of end
60 movement in lugs or brackets 14, secured to
the inside of the rim of the measuring-pulley
7, the links 13 passing freely through the
brackets 14, and having adjustable heads or
stops 15, adapted to bear against the same. It
65 will be seen that upon the rotation of the main |

shaft and Sleeve in either direction one of the |

349,130

I pulley-arms 12 will bear against the adjacent

link 13, and through the same and its bear-
ing-lug 14 eftect the coincident rotation of the
pulley, the resistance of the load of which

will tend to move outwardly the upper end of

the piston-arm 10. It will be obvious that,in
lieu of carrying a fixed pulley for the recep-
tion of power, the shaft 1 may be connected to
the end of the driving-shaft of a motor, or may
form part thereof. A fluid-pressure cylinder,
16, 1s secured to the outer cnd of the sleeve .3,
in line axially therewith, the outer end of the
cylinder being closed by a removable head,
17. The cylinder 16 1s fitted with a piston,
18, having a central stem or rod, 19, which
projects through the inner end of the cylinder
into the sleeve 3, and i1s provided with a hard-
ened end face or bearing, 20, which abuts
against the bearing 11 of the piston-arm 10.
Fluid under pressure is admitted continuously
to the cylinder 16, in the operation of the ap-
paratus, through a supply-pipe, 21, ]eading
ifrom a steam - ﬂ'enemtm alr - campmssm
other source or reservoir of pressure, and gov-
erned by a suitable regulating valve or coch,
22. Communication between the fluid-supply
pipe 21 and cylinder 16 1s maintained and
proper provision for the free rotation of the
cylinder afforded by a trunnion-pipe, 23, lead-
ing out of the supply-pipe 21 in line axially
with the ceylinder and main shaft 1, and hav-
ing an end collar, 24, which fits between a
central face in the cylinder-head 17 and the
adjacent end face of a socket, 25, fitting truly
around the trunnion-pipe 23, and serewed in-
to the eylinder-head concentrically therewith.
A port or passage, 26, 1n the cylinder-head is
continuously open to the trunnion-pipe, and
leads therefrom to the space within the ¢ylin-
der on the adjacent side of its piston 18. ‘T'he
fluid - supply pipe 21 is continued past the
opening of the trunnion-pipe to a connection
with a pressure-gage, 27, which may, 1t de-
sired, be provided with an automatic regis-
tering mechanism of any preferred construc-
tion. The relief of fluid-pressure in the cyl-
inder 16 1s effected by a cylindrical discharge-
valve, 28, which is secured centrally in the
piston 18 by a screw-plug, 29, by which the
head 30 of the valve 1s clamped within a re-
cess in the piston and stem. The valve 28 fifs
and moves longitudinally in the inner end of
a discharge port or passage, 31, leading from

the inside of the eylinder-head 17 to a circu-

lar groove, 32, in the outer face of the central
portion of the head, from which groove one or
more passages, 39, extend into a chamber, 34,

fixed upon the trunnion- -pipe 23 and ﬁttmu
freely around the socket 25. A waste-pipe,

35, leads from the chamber 34 to any con-
venient point of discharge. A lateral recess,
36, is formed on one side of the discharge-
valve 28, between the faee of which and the
adjacent surface of the port 31 fluid finds exit
from the eylinder 16 when the piston 18 has
| been moved sufticiently far in the direetion of
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the arm 10 to withdraw to a greater or less. | 49 below. the table 42. A bevel- gear, 50, on

degree the recess 36 of the valve from the
port 31. -

In operation, power being applled to the
driving-pulley 2, and through the main shaft
1 and itsfixed -sleeve 3 to the bell-crank shaft 9,
one of the pulley-arms 12 of the latter, acting
upon theadjacent link 13, will impart rotation

to the measuring-pulley 7, throngh which the

driving-poweris transmitted to the resistance
to be overcome or work performed. Such re-

sistance tends to move the piston 18, through

~ the bearing of the piston-arm 10 on the stem

1g

- 20

25

 the gage 27.

thereof, to the right,or in contrary direction to

the fluid-pressure exerted upon it through the

supply and trunnion pipes 21 23 and supply-
port 26, such movement correspondingly clos-
ing the discharge-port 31 by the valve 28.
Pressure will thereupon inecrease in the cyl-
inder 16 to a degree sufficient to move the pis-
ton in the opposite direction and open the dis-
charge-port sufficiently far to permit-such and
only such escape of fluid as will establish an
equilibrium of pressure.on the two sides of
the piston, such pressure being indicated on
- The traverse of the point of ap-
plication of the driving-power to the measur-

~ing-pulley being lsnown, and the speed of the

| 30

latter being ascertained, these factors, together

with the pressure on the piston 18 as 1ndi-

~cated, afford the necessary data for the caleu-

]atlon of the power applied to the dIlVll]ﬂ‘

- pulley.

35

To effect the ascertainment of the QPBE(]. of
the main shaft and measuring-pulley, we pro-
vide an indicating mechanism actuated by
said shaft and adapted to serve both as a rev-
olution-counter and a revolution-register, the
construction of which 1s as follows: A worm,

7, fixed upon the main shaft 1, engages a
worm-wheel, 38, which is-fitted by means of a

‘key and spline upon a vertical shatt, 39, so as

~to be moved out of engagement with the

45

bo

o5

worm 37 when it is desired to discontinue the
operation of the speed-indicating mechanism.
The worm-wheel-38 abuts against a stop, 40,
on the shaft 39 when eng aged with the worm
37. A primary or hundleds dial, 41, 18 fixed

upon the upper end of the shaft 39 and ro-.

tates therewith above a table, 42, supported
by posts 43 on the frame- stendards D. The
ratio of the worm 37 and worni-wheel 38 is
such that the shaft 39 and dial 41 make one
revolution to one hundred revolutions of the
main shaft 1, and the indications are afforded
by the pOSlthll of the graduations on the dial
41 relatively to an index, 61, fixed upon the
table 42. The second dial, 44, a single revolu-
tion of which indicates any desired and deter-
mined fraction of the number of revolutions
made by the primary dial 41, as, say, one of the
former to one hundred of the latter, is fixed
upon a shaft, 45, which is rotated from the
primary shaft 39 through a worm, 46, secured
thereon and engaging a worm- wheel 47, on

a horizontal shaft, 48 journaled 1n be‘ulngs thereto, and having an arm adapted to

the shaft 48 engages a similar gear,

ing gear, 54, on the shatt 45 of the second

dial, 44. The ratio of gearing is such as to

effect the required reductlen of speed-of the

shaft of the second dial, 44, relatively to that

of the primary dial 41 as one fo one hundred,
being a proportion best adapted to facilitate
caleulation. The revolutions of the dial 44

are indicated by means of an index, 55, fixed

to the table in proper relation to the dial. A
third dial, 56, is secured npon a vertical shaft,

57, carrying a worni-wheel, 58, which engages

a worm, 59, on the herl/ental shaft 48. The

ratio ef gearing 1s such as to caunse one revo-

lution et'-- the third.diel to be madein onehun-
dred revolutions of the second dial, 44, and ¢
the indieations of the third dial are read by

means of a fixed index, 60. The worm-wheel

38, through which the speed-indicating mech-
anism is primarily actuated by the mainshatt,

being, as before stated, movable into and out
of gear with 1fs drwmg worm 37, the 1ndi-

'efttmﬂ‘ mechanism may be held out of opera-

tion until the main shaft has attained its nor-
mal rate of speed, upon which, by engaging
the worm-wheel with the worm, the mechan-
ism may be put into action to mdlmte the en-

tire number of revolutions of the main shaft
during a power-test.
shaft may be taken at any time by obser Vmg

The speed of the main

the number of revolutions in a given period..
We do not limit ourselves to the 8peelﬁe

speed-indicating mechanism herein described

and shown, as any other suitable apparatus
actuated bv the main shaft and having the
capacity of indicating and registering the
number of revolutions made l)v said shaft
during any desired period of its rotation may
be substituted ther efor without departing from
the structural or opmatlve principle of onr
Invention. |

‘We claim herein as our invention—

1. The combination, in a dynamometer, of
a shaft, a loose pulley mounted thereon, and
a pressure-transmitting device ]emnaled o
and rotating with the shaft, and bearing in
opposite directions, reepeetwely, elrcumfel-
entially on the loose pulley and in the direc-
tion of the axial line of the shaft thereof on
a movable abutment sabject to fluid- pressure,
substantially as set torth. |

2. The combination, In a dynamometer; of a
main shaft, a driving- pulley fixed thereon for
the reception of power to be measured, a meas-
uring-pulley mounted freely thereon, a fluid-
pressure cylinder located in line mually with

the shaft, a fluid-supply pipe communicating
with Said cylinder and with a pressure-gage,

apiston fitting said cylinderand provided with

a valve controlling the discharge of fluid there-

from, and a bell-crank shaft journaled trans-
versely to the main shaft in bearings fixed
abut

01 of
equal diameter on a vertical shafb 52 whleh
carries a spur-gear, 53, engaging a corr espond-
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O

‘against the piston and an arm adapted to trans-
mit pressare to a: bearing on the rim of the
measuring-pulley, substantially as:set forth.
3. 'I'he combination, in o dynamometer, of a
ooy fludd - pressure eylinder, a
0 brolled by aregulating-valve andicommunicat-
o Ing with said eylinder) o pressure:gage €om-
SEREERERES mmnmtmﬁ* with the supply-pipe and eylinder,:
v f piston: 11t'0111ﬂ* the eylinder and carrying a
S valve contr (}UI;IIU’ a discharge-passage leading |
.+ therefrom, ﬂifd}iimim j()h'fn"rleﬂ on a shatt and

supply-pipe

oo transmitting the pressare exerted by power:

~arm provided with a bearinginora

. applied in the rotation thereof to the piston in;
1 opposite direetion to:the fluid- pxe%me 11 the;

oylmder substantially as set forth.

. 'T'he cmmmmtmn? 1n a dynmnomelex ofa 5
nmm shatt,: a [ast and a loose pulley mounted |
‘thereon; a pressure-transmitting device Jjour-:
naled m} and rotati ng with the main shaft, and
120! ,hfemmrr:m opposite ,(hre(,t;mns on theloose pul-
ey &ml on: & movable  abutment: subject to:

oo Dlatd-pressare, and a speed-indicating mech-:

oo amsm actuated by gearing  driven 'ﬁ'om the:
oo matn shaft, sul}stanbmllv as set forth: o
SEEEEE Y

hl"

04 'The cmn_bnnlsmu of 2 main shaft nmuntedé
EERRE m ébt‘;:'al‘iﬂ;gs on asupporting baseor bed plate;
o adriving-pulley fixed: thereon for
0 tion of power to bé measured; a sleeve or ¢y-.
1 lindrieal extension fixed upon one end of the
L300
exterior to:.the axial line thereof and at 1]{1*11‘3;,
angles bhemte, a measuring-pulley fitting free- |
Jy on said sleeve, a Dbell cmnk shaft jour m,l.{,,ds
In vhe bearvings of the sleeve; and having: an:!
arm on one or both of 1ts ends In. position to:

main shaft and provided witl Iateral bearings

oo transmit pressure. to o a bearing conneeted to]

i - i the rim of the Ill&d%!.llllw:ﬂ-plﬂle'}, and acentral i}
W’}Llwsse.a
J. SNOWDLEN BELT,

boutin line

axially with the main S]l‘lft, a fluid-pressure

4o cylinder concentric with and adjoining the

CON-

the recep-: |

349,130

ke

tral arm of the bell-cranlk shaft; ' and a valve:

charge port or passage leading: out (}[’ the cy]
111(1(,1‘,: substantially as set: fori h. EEREE

-

'f‘
| between the socket and head,; and a discharge-
| valve connected to the piston and controlling

| sub.stfmtmll} as set forth.

le ]mnd%
(rl () \V" ] STIJ
FRANK MOORE:

R.

H. WHITTLESEY.,

| .ounter end of the sleeve fixed on the mainshaft,
asupply-pipe communicating with said eylin- 0 10
der and with a pressure-gage, a piston ﬁtbiugs
sald eylinder and having:astem projectinginto . - -
the sleeve 1n posifion to abut.against the cen- 45

conneeted to the piston and -eantml-ling:a-dis‘-i . ? Z S

5. The combination, with fthe main: Sh{tfb of 5{:::? EERERE
a sleeve fitting theluzm and  having: lateral =
E bmrmgs exterior and :é_lt: zl;l_ght: angleb to its g
axis, and a fluid-pressure ecylinder secured '
to the outer end of the sleeve emmentuca]lyéé i
1| therewith, substantially as set forth. EEREE
7. The combination of a main shatt, a ﬂmd .
pmssnre cylinder connected emcenbrm&lly to:
a sleeve on one end thereof, a piston fitting in
said eylinder and having 1Ls sten - abutting
againstia Ll_ansmlttnw_dm ice, thrmwh which :
the pressuare of power applied in: 1‘0tezmbiéug% the:
shatt 1s exerted against the piston, ahead clos-
1ng the outerend of the eylinder and provided
wnh %npply and discharge passages, 'a trun<
nion-pipe communieating “with a fluid- -supply
pipe and pressure-gage and with the supply- 1 1
passageiof the eylinder-head, a socket fixedto 0
the head and fitting freely around the tram-: 10
nion-pipe and against an end  collar thereon '

Lhe discharge-passage  in the cylmder heftd

n teshmmny wlmree[’ we hav hewm]m SLIJ
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