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the proper functioning of the engine is dependent
upon proper functioning of the governor and that
the spring design, correlated with the shape of
the cam, constitutes the essence of the govern-
ing design.

An explanation will now be given of the con-
struction of the controlier 5 of Figure 1, which is
shown more particularly in Figures 26 to 33 in-
clusive.

The functions of the controller are:

1. To set the reversing cylinder 81 of the gov-
erning and reversing mechanism 22 for the de-
sired direction cf rotation;

2. To operate the unloading devices on the air
compre:sor in proper scquence and in such a
manner as to obtain the desired torque and speed
from the air engine;

3. To cnange the functioning of the engine
from motoring to brakinz when desired;

4. To so contro! the tlow of air through a by-
pass between the nigh pressure main and the Jow
pressure main as vo obtain the desired braking
torque and speed {rom the engine.

The control of all of these functions is centered
in a single lever, the position of which determines
the function to be performed and the values of
speed and torque that the engine will develop.
The controller 15 includes a base 250 upon which
the various parts are mounted to constitute a
unitary assembly. A pair of brackets 25(—251
(Figs. 26, 27 and 30) carry a shaft 252 that is jour-
nalled in bearings in the brackets so that it is ro-
tatable and also longitudinally movable. A hand
operating lever 253 is keyed to the shaft and ex-

tends upwardly therefrom through a slotted arcui-

ate plate 254 that is bolted or otherwise :ae-
cured in position to and extends betwzen the two
brackets 251—2381. The plate 254 is of a shape

such as is shown more particularly in Figures 0.

and 32 and has a U-shaped slot therein
sisting of two parallel longitudinal slots 265--213
Joined by a cross slot 251, The movement of tie
lever 283 is guided by the slots 255, 256 and 251.
The lever 253 may be moved in either of the slots
255—256 to produce a corresponding oscillation
of the shaft 262, or it may be moved from cne
of the slots to the other, through the cross s!ot
2517, producing a corresponding longitudinal or
axial movement of the shaft 252. A gear 2640 is
keyed to the shaft 252 and is in mesh with and
drives an elongated pinion 261 keyed on a rotat-
able cam shaft 262, journalled in brac
263—-253 mounted on the base i2. The s
252 is mechanically connected to a piston rod
that carries two pistons 2§5—255 in a cylin:
287, of a direction controlling pilot valve 283, as
may be seen {rom Figure 27. A tube or conduit
269 connects the cylinder 257 to the high pressure
main belween the pistons 265—258. Tubes 23
and 24 on oppu.ite sides of the tube 289 extend,
respectively, to the forward and reverse cylinder
outlets of the reversing device 22, in accordance
with the connections {llustrated in Figures 1| ant
21, When the pistons 265—286 are in the post-
tions illustrated in Figure 27 communication is
established from the high pressure main by voy
of the tube 269 to the reverse dircction contrel-
ling tuke 24, At the same time the forward di-
rection controliing tube 23 is open to atmospheare
at the cylinder 267, If the piston rod 264 is moved
to the right from the position illustrated .n Figure
27 the tube 24 will be opened to atmosphere at the
cyiinder 2617 and the tube 23 will in turn be cou-
nected tu the high pressure main via the tube
239, Movement of the piston red L3¢ %0 toe rigiid
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from the position {llustrated in Figure 27 is ef-
fected by manually shifting the hand operated
lever 273 crosswise through the cross slot 287, thus
movin, the shaft 232 to the right and with {t the
pistons 265—2686.

The cam shaft 262 has keyed thereto a plurality
of cums, in this instance six tn number, indicated
at 271 to 276 inclusive, so that rotation of the cam
shaft results in rotation of all six of the cams.
The cam 276 is {llustrated in Figure 31. Thiscam
controls a bell crank lever 218 pivoted at 219
and carrying at one end a cam roller 280 in en-
gagement with the cam 216, and at its opposit
end through a link 28! controlling the positio
of a piston 282 in the cylinder of a pilot valve
283, which piston in one position, that illustrsn.ted
in Figure 31, establishes communication between
a manifold 284 that is connected to the low pres-
sure main, and a flexible metal tube |6 that ex-
tends to the unloader of the tnlet valve of one
ol the cylinders 2 of the compressor. A manually
operable three-way valve 285 is interposed be-
tween the tube 167 and the cylinder 283 for a pur-
pose to be more fully set forth as this description
proceeds. At the present it is sufficient merely
to point out that a valve 285 is provided in only
one of the si~ unloader controlling tubes {6 lead-
ing trom the controller {5 to the unloaders on
the cyiinders 2, as may be seen from Figures 1
and 26. The piston 282 in its alternate position
in the cylind.r 283 (Fig. 31) cleses off communi-
cation between the tube {6 and the Jow pressure
manifoid 284 and opens the tube {6 to atmos-
pheric pressure, thereby disabling the corre-
sponding urlcader and allowing the correspond-
ing comgrressor valve controiled by the tube §
to operate in its normal manner. Each one of
the cams 271-276 operates a similar bell crank

218 to actuate a pilot valve 233 to conitrul difer-

. tnt unloaders through pressure applied from the
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low pressure main to the ceorresponding tube {4
The cams 271-276 are so arranged as to give the
proper sequence of opening and closing of the un-
loader valves of the compressor cylinders 2.
When the controller handle 293 is in the neutral
position {llustrated in Pigure 27, all of the 2
211-27§ control their resp e pilot valves 273
to appiy pressure to the respective unloading da-
vices so that the respective intake valves of the

y compressor cylinders 2 are all held open  The

handie 253 has fourteen operative positions to one
side of its neutral positicn in each of the =:
285--1253.

A sequence diagram for the operation of ‘o
cams 27)-275 is illustrated in Pigure 33. In 5o
sition 1 cam 216 releases its unloading device,
In positions 2, 3 and 4 cams 215, 214 and 273 suc-
cessively release their unloading devices. In posi-
ticn 5 cam 272 releases its urdoading device ]
cams 273 to 216 again operate their unloading
vices. In positions 6,7,.8 and 9, respectively, cams
276 to 713, respectively, successively release their
unloading devices. In position 10 cam 211 re-
leases its unicading device and cams 213 to 276
actuste their unloadine des s. In positions
11 to 14 inclusive, cams 275 to 273 successively rz-
lease their unloading devices. ‘The full lines .
in Figure 33 indicate the positions at which the
unloading devices controlled by the respective
cams are released, which correspond to the posi-
tions of the controller during which the corre-
sponding air compressor cylinders of the air cors-
pressor are functioning.

As previously stated. the air driven compressor
unit § consists of oiziit sesarate cylinders
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Pour of the cylinders are shown in Figure 1, the
other four heing located immediately below the
four cylinders shown in Figure 1. In the pre-
ferred arrangement four of the cylinders are ot
uniform size and are small cylinders. The other
four cylinders are of uniform size and are large
cylinders. Each of the large cylinders is prefer-
ably of a diameter which is 1.58 times the diam-
eter of a small cylinder or a cross sectional area
2.5 times the cross sectional area of a small cyl-
inder. Cams 213, 214, 218 and 2716 each control
the unloader of one smalil cylinder. Cam 214 con-
trols the unloaders of two large cylinders simul-
taneously. Cam 212 controls the unl!oaders of
the remaining two large cylinders simultane-
ously. If the output of a small cylinder, per
revolution of the engine drive shaft §, is taken
as unity, then the outputs of each large com-
pressor cylinder per revolution of the engine drive
shatt 6 is 214, and the output for each pair of
large cylinders, per revolution of the shaft 8, is 5.

The controller I§ also includes a brake control
cylinder 290 that has pistons 291—28!‘ therein
that control the establishment of communication
between the high pressure main and the low pres-
sure main through conduits 292-—293 that lead
respectively to the high pressure main and the
low pressure main. The pistons 291-—29)" are
connected to a piston rod 28%4. The piston rod

294 is connected throuch a link 2%5 and pin 236 5

tc a pair of spaced parallel bell crank levers 281
that are pivoted at 238 to the brackets 25{ and
carry at their opposite end a roller 289 that is
engaged by the hand operated lever 253, if the
lever s moved back from the neutral! position of
Figure 30. As that lever 253 is moved back from
the neutral position, that is, to the left from the
position illustrated in Pigure 30, it €njages the
roller 299 and swings the bell crank 28; counter-
clockwise to force the piston 291 progressi
downward to progressively uncover more ..
more of the port areas in the cylinder 290 comn-
mugjcating with the conduit 293, thus progres-
sively establishing a greater and greater flow of
air from the high pressure main to the low pres-
sure main.

An explanation of the operation of tlie system
thus far described will now be given. Assume
tnut the engine driving the compressors 2 is
driven at a constant speed. Assume that the
coniroller is in its neutral position. All of tie
unleader devices of the six compresscrs 2 .:o
energized and therefcre hold the automatic il
valves of the compressor continuously oL,
Therefore no air is being forced from the iow
pressure moin to the high pressure main. The
auxifiary compressor is maintaining the pressure
in ike low pressure main constant at 100 pounds
per square inch absolutc The controller han<ile
is then moved to its first position. This relea
the nressure on the unloading device of one .
the compressor cylinders 2. That cylinder wili
commzmence to move air from the low pressure
mainto the high pressure main. delivering the air
to the high pressure main st a constint ravo.
The pressure in the high pressure main will there
fore build up. The compressed alr engine 22
conmences to operate. It will operate at a spead
cetermined by the torque of its load and *he pres-
sure in the high pressure main. For each revo-
Jutiva of the compressed air engine a fixed quan-
tity of air will be withdrawn from the h'zh pres-
sure main and returned to the low pressure main.
As long as the rate of rotation of tho engine %y
is such that the rate of withdrawal of =iy from
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the high pressure main by the engine is iess than
the rate of delivery of air thereto by the com-
pressor, the pre .sure will continue to rise in the
high pressure main. As the pressure continues
to rise the engine 28 accelerates until ultimately
it reaches a speed at which the rate of uir with-
drawal from the high pressure main ty te engine
29 exactly equals the rate of input of air into the
high pressure main by the compressor. The en-
gine 20 will then continue to operate at that
speed. Air thus circulates in a closed system
{rom the low pressure main to the compressor,
thence to the high pressure main, then to the
compressed air engine and back to the low pres-
sure main. At that tinmre the auxillary air com-
pressor 10 merely serves to supply the low pres-
sure main with an amount of air necessary to
compensate for leakage. Should it be desired to
increase the speed of th: engine 28 it is merely
necessary to increase the rate of air delivery to
the nigh pressure main by the compressor. This
is done by moving the controlicr to its second
position thereby releasing the nnloader device for
ancther small compressor cylinder. The rate of
air delivery into the high pressure main is thus
doubled, and the pressure commences to rise.
This causes the compressed air engine to accel-
erate thereby increasing the rate of withdrawal
of alr from the high pressure main. When the
engine reaches such a speed that its rate of &ir
withdrawal frcm the high pressure inain again
cquals the rate at which air is delivered to the
high pressure main by the compressor, equilib-
rium is established, and the engine will continue
to operate at its new constant speed. To further
increase the speed of oyperation of the engine it
1$ necessary to release another unloader valve to
Lring another small compresser cylinder into op
eration. ‘The controiler in positions 1.2, 3 and 4
brings into operaticn first one, then two, then
three, and then four of the small cylinders. In
position 5 the controller relesses the unloading
devices of two large cylinders and operates the
unloading devices of the four smali cylinders.
The two large cylinders have a combined air out-
put cf five times the output of one small cyvlinder.
As previously stated. the speed of operation of
the engine is determined by the rate of air de-
livered by the compressor into the high pressure
main. The pressure in the high pressure main,
at which the compressed air engine is operating,
is determined by the torque of the load. It is de-
sired that the pressure in the high pressure main
should not rise above 600 pounds pet square inch
absolute. If the torque of the load i5 such as to
require more than 600 pounds per square inch in
order to move it, the load will rot move, and as
the pressure in the high pressure main rises above
the 600 pound value due to the continued deliv-
ery of air to the high pressure main by the com-
pressor without a corresopnding withdrawal of air
by the engine, the safety valve 13 will operate (0
by-pass air from the high pressure main divectly
to the low pressure main. If the compressor is
driven by a constant speed internal combustion
engline Laving a definite maximum horse power,
that will limit the maximum horse power of the
compressed air engine. Since the number of com-
pressor cylinders in service determines the speed
of the compressed air engine 20, it follows that
with a constant horse power driving engine for
the compressors 2 the maximum torgue that can
be developed by the engine 23 will vary inversely
with its speed and therefore {nversely witl, the
number of compressor cylinders ¢ that are In ser-
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vice. The maximum possible torque for the com-
pressed air engine will therefore increase as the
number of compressor cylinders in service is de-
creased. At 600 pounds high pressure and 100
pounds low pressure the mean effective pressure
is 203 pound. which develops the maximum
torque possible for the engine 20. If the torque
of the load requires a mean eflective pressure
over 203 pounds (above the 100 pounds absolute
pressure of the low pressure main) the load will
not start, and the pressure in the high pressure
main will tend to rise, but such rise is prevented
by the safety valve. The arrangement is such
that at a speed of the compressed alr engine 20
equal to that attained when three small compres-
sor cylinders are in service and at a maximum
torque obtainable with a high pressure of 600
pounds per square inch, the horse power output
of the combpressed air engine 20 is equal to the

maximum horse power output of the internal .

combustion engine driving the compressors 2.
This means that at the .wo lower speeds of the
compressed air engine 20 obtailned when one or
two small compressor cylinders are in service, no

larger torque can be carried by the compressed :

alr engine and the internal combustion engine
that drives the compressors therefore operates
at below {ts maximum horse power.

From the above description it is apparent that
the engine 20 permits a rise in pressure in the
high pressure main to such a value and operates
at such a speed that the torque developed by the
englne exactly balances the torque of the load.
If the torque of the load goes down (as in the case
of a locomotive arriving at a decline in the road)
the engine will tend to accelerate only momen-
tarily, thereby withdrawing an additional amount
of alr from the high pressure main and thus re-
ducing the pressure therein and elimlnating the
tendency to accelerate.

In the systery of Figure 1 the compressed air
engine 20 may also be used as a brake for the load.
Assume that a load, such as a train of railroad
cars, is driven by the engine 20 and it Is desired

to brake the speed of the train. The controller =

handle 253 is moved to its extreme back position,
at the cross slot 251. The unloaders of the com-
pressors 2 are energized, thereby stopping the
delivery of air to the high rpressure main.
The pressure in the high pressure main
immediately drops due to the withdrawal of
alr therefrom by the engine 20 and due to the oi-
tablishment of a by-pass from the high pressure
maln to the low pressure main at the brake con-

trol cylinder 290 as the handle 253 is moved to the

left of the position illustrated in Figure 30. The
controller handle 253 while in this position is
shifted through the cross slot 257 thereby actu-
ating the pistons in the reversing pilot cylinder
268. This disconnects the high pressure plpe 233
(Fig. 21) from the tube 23 and connects it to the
tube 23. The tubes 23 and 24 lead to the govern-
ing and reversing device, as previously explained.
By reference to Figure 21 it may be seen that the
changing of the application of alr prressure from
the tube 24 to the tube 23 results in tha appli-
cation of pressure by way of the tube 23, to th.
part of the cvlinder on the right hand side of the
piston 183 and the passageway (96’ to the part of
the reversing cylinder on the right hand side of
the piston 84, thereby moving the reversing
cylinder 181 to the right from the posltion illus-
trated In Figures 20 and 21 to the positlon illus-
trated in Figure 22, thus aztuatiog the Jear 133
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and the differential 150 to set the cams (25 and
126 of the eccentrics that control the mechanlcal
valves . the engine 20 for reverse direction of
operation. The locomotive now drives the engine
20 as a compressor taking air from the low pres-
sure main and delivering it to the high pressure
main. At this time the automatic valves 58 and
58° of the engine of Figure 2 will open before the
mechanically operated valves open, and close
after the mechanically operated valves close.
The automatic valves therefore become primary
valves while the mechsanically operated valves
serve no useful function.

As the engine 20, now operating as a compres-
sor, delivers air into the high pressure main the
pressure in that main tends to rise. A rise in
pressure is, however, prevented due to the dis-
charge of air from the high pressure main to the
low pressure main through the brake control cyl-
inder 280 because the brake controller handle
253 is in its extreme left hand position. If the
handie is moved tc the position illustrated in
Figure 30, thereby completely shutting off the
by-pass between the two mains at the braking
cylinder 290, the pressure will rise to its maxi-
mum value, As the engine continues to move the
additional air forced thereby into the high pres-
sure main {5 discharged into the low pressure
main through the safety valve 13. The pressure
therefore remains at 600 pounds and the loco-
motive receives the maximum braking effect until
it comes to rest. If it is desired to reduce the
braking effect it is merely necessary to move the
controller back to the left of the position illus-
trated in Figure 30. As the hand operated lever
253 is moved back it acts on the roller 299 and
bell crank 287 to force the piston rod 294 of the
brake control piston 233 to move downwardly
and thus establish an additional by-pass from the
tube 282 that is connected to the high pressura
inain to the tube 283 that is connected to the v
pressure main. This reduces the pressure in the
high pressure main thereby reducing the braking
effort. The amount of reduction of the braking
effort is controlled by the amount of downw: rd
movement of the braking piston 231 by leftw. ..\
movement of the handle 253. As the locomuotive
speed decreases, the rate at which alr Is forced
into the high pressure main by the engine 20
operating as a compressor also decreases, and
when the handle 253 maintains the braking con-
tro! piston 291 uncovering the ports leading to &
low pressure conduit 7393 the pressure in the hizh
pressure main graduzlly drops to the pressure (i
the low pressure meain, thus gradually reducing
the braking effect.

An explanation will now be given of the appli-
cation of the power system of Pigure 1 to the draw
works of an oil well drilling rig, for which refar-
ence may be had to Figure 34. The air com-
pressor unit { of Fizure 1 is shown as located
near the usual type of drilling rig 310. The drill
pipe to tiie bottom of which the drill is connected
is indicated at 311, said pipe being arranged to be
rotated In the usvel manner through a geor
mechanism within » box 342 driven in any de-
sired manner, as Uy a beit 313 leading to an
engine. The engine may, optionally, be the same
engine that drives the compressor 2, the belt 313
being shiftable from an idler pulley to a driving
pulley on the shaft of that engine to start the
drilling. A connection is provided at 315 for cir-
culating mud through the bore to carry away th-
rock and other malzrial loosened by the dilll,
all in & manner Zpsn o the ort
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The weight of the drill pipe 311 is supported
in & novel muanner in order to permit the air
engine to carry any desired fractional part of the
weight, thereby controlling the remaining wveight
or pressure exerted by the drill bit at the bottoin
of tric bore. To that effect 8 weighing device 220,
shown more particularly in Figure 35, is inter-
posed betwecn the driil pipe 311 and the travelling
block 324 that supports the drill pipe. The weigh-
ing device consists of a plate 322 which is sus-
pended at 323 from the pulley block 321, The
plate 322 has a pair of links 325—325 suspended
therefrom, which links in turn support a bowed
leaf spring assernbly 326. A yoke 327 is supported
at the center cf tie spring 326 and in turn sup-
ports thie driil pipe 311. The puil of the drill pipe
on the plate 322 determines the amount of de-
fiection of the spring 326. The deflection of the
spring moves a pointer 328 pivoted at 329 to the
yoke 321 and at 330 to =1 extension of the plate
322. The pointer 323 moves over a calibrated
scale 331 so thut the position of the pointer on the
scale 331 indicates the amount of downward pull
of the drill pipe 34i on the plate 322 or, con-

versely, the upward pull of the plate 322 on the ..-

driil pipe through the puiley arrangement. The
cabie 335 of tie block and tackle, which includes
the block 321, extends to a reel or drum 336 driven
by the air engine 2C of Figure 1 that receives its
air from the compressor unit t of Figure 1
thirough a controller such as shown at 15 of Fig-
ure 1. The drum 336 is driven by the engine to
raise or jower the pipe 311 in the manner known
in the art. The speed of the drumn is controlled

by the controller §5 in the manner previously de- .

scribed. During the actual drilling operations
there is no hoisting.

If an unloader of one of the small compressor
cylinders 2 is released that compressor will start
to build up a pressure in the high pressure main
s0 that the pistons of the engine 20 will appiy a
torque tending to turn the drum 33§ and raoise
the block 32!, As this torque increases it pro-
gressively exerts a greater and greater upward
pull on the pipe 31! through the plate 322, thus
progressively rcducing the weight or pressure of
the botton: of the drill bit in the bore drilled
thereby.  Sirce the total length of the dri!l pipe
i1 is knewn the weight thereof is also known.
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Thie pressure of the drill is, therefore, the differ- . .

erce between the known weight of the drill pive
and the upward pull exerted thereon by the .'r
engine. as indicated by the pointer 228 on the
scule 231, If it is desired to maintain constant

the weinlit of the arili bit in the bore it is merely ...

necessary to maintain the pointer 328 in a con-
stant position over the scale 331, this being main-
tained by maint2ining a constant pull on the
cable 735 by the eir enzine.  The constant pull is
meaintained by maintaining a constant pressiure
in the high precsure main. When the pressure
in the higzh pressure main reaches the desired
canstant valie, as indicated by the pointer 228
re. ching its desired position on the scale 331, the
un'oader of the compressor cylinder that was
opcrating must be actuatsd, to stop 2 further rise
in pressure in the high pressure main. A relay
is provided for automatically accomplishing this
result, and for recemninencing the operation of the
cor:presscr if the pressure talls belcw the set
value.

The constant press-ire regulating relay is shown
in Flgures 38 and 39, the connections of that
rel.y belng shown in Plgure 1. This relay is con-
nected to the first tuktz 13 2t the controller by
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turning the three-way valve 288 through 90- in a
clockwise direction from the position illustrated
in Pigures 1 and 26. The relay consists of a
cylinZor 340 which is connected to the high pres-
sure main and balances the pressure of the high
aressure main on one side of the piston 341
Jain.t a compression spring 342 whose tension
is adjustable by a cap screw 343 threuded into
the cylinder 340. The piston 341 actuates a piston
rod 344 that carries three pistons 345, 346 and
347 in a cylinder 348. The space in the cylinder
348 between the pistons 346 and 3471 receives
air from the low pressure mein via & tube 350
that is adapted to discharge throuch a tube 381
under control of the piston 341, 1! the pressure
in the high pressure main become: too low, as
due to leakage of air, the spring 342 forces the
piston 341 upwardly thereby opening the tube
351 to atmosphere at the cylinder 348. This at-
mospheric pressure is cenveyed via tiie tube 35!,
the three-way valve 285 (Fizs. 1 and 260 and the
tube 16 that leads to tne unloader valve of one
of the small compressor cylinders. This releases
the unloader valve of that particular encine cylin-
der by removine the pressure from that unloader.
That cylinder therefore commences to force air
into the high pressure main to build up the pres-
sure therein, As the pressure builds up. the piston
341 moves downwardly. When the pressure
reaches tne deszired value the piston 341 has
moved downwardly an amount just sufiicient to
apply low pressure from the low pressure lne 352
throuch the cylinder 348 to the tube 351, thence
throuph the valve 285 to the right hand end line
15 of Mf~ures 1 and 26, thereby energizing the
pa-ticulm unloader mhe and slowm’nu a further

n‘am Sho‘ud ﬁ)*c pressure in ““L hich »re
main become cxcessive then the piston 34§
move downwardly azalnst the action of the sprig
342 with the result that the piston 345 will w-
cover th2 opening to a iine 355 which establisbes
communication between a line 356 leading from
the high pressure main and a hine 355 that jendls
to the low pressure main. This will bleed oll
excess pressire from the hich pressure
Thus the relay of Filgure 38 will constan
regulete to maintain a pressure in the hizh pros
sure main necestary to maintain the piston 341
balanced against the spring 342 as zet by the
screw 343, The pressure of the drill bit in the
bore {s thus maintained constant

As the length of pipe lHne 311 is inereased 1t i
necessary to increase the pressure in the hi
pressure main in order that the remaining pres
sure of the drill bit shall rem~in constant. To
increuse the pre Y Dressure masn
it 1s merely nece: sevew 34 1o
increase the compression of thy nrring 332, :
momentariiy causes tre niston 3'( to rize u:(i,
throuch the piston rod 344 tn closs off the
plication of pressure {rom tie lo : v}»c' Teomain
33C to the tube 351 wnd exno:s bt tube to
atomspheric pressure thus relensine th: vnloader
of the compressor controlied thon b/ o that Lho
pressiire commences to build up an<d s then nmw
talned ot a new value regired tw r"t.
piston 341 in the position iMlustrated in F
when balanced against the hicher sp: 'mf_', ;‘.:‘Q\F\H‘E .

When it is desired to raise the p"”( 31 it is
nacessary to slip the belt 313 to the 1dler pulley
on the shaft and thus discontinue the rotation
of the pipe 311, Thereafter the Pand overated
valve controlling the aprlication of pressure to
the relay 33 is closed and the three-way vaive
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285 1is set to the position llustrated in Figure 26.
This closes off the connection between the first
tube 18 and the tube 351 leading to the constant
pressure relay and instead connects the first tube
‘16 to the controller 15 so that the unloader of
the particular cylinder connected to the first tuhe
18 is now controlled by the controller 18. The
controller may then be used in a manner pre-
viously described to hoist the load at the de-
sired speed.

When the hand lever is at the neutral position
or to the left thereof none of the compressor
cylinders 2-—2 are delivering air to the high pres-
sure main because all of the compressor unloaders
are actuated. Also, when the lever is to the
left of the neutral position the brake control
cylinder permits air flow from the high pressure
main to the low pressure main. This mode of
operation s utilized for braking.

When it is desired to lower the pipe line the
air engine 27 may be uzed as a brake to brake
the descent of the line. This {s accomplished
in the following manner: The hand operated
lever 253 is shifted in the cross slot 257 to set
the engine valves for the corresponding direc-
tion of rotation. Shifting of the hand lever 283
in the slot 257 is of no eflect on the operation
of the unloaders because the gear sector 289
merely slides lengthwise on the pinton 26f, This
shifting of the lever, however, <hifts the pistons
265—266 of the direction pilot valve 268 to the
right from the position illustrated in Figure 27
end applies the pressure from the high pres-
sure main to the tube 23, thus positioning the
reversing cylinder 181 of Figure 20 in the man-
ner previously described, to set the eccentrics
that control the inechanical valves of the engine
20 for the proper direction of rotation. “he
load now commences to drive the engine 29 as a
compressor. The controller handle s shillisd
to the position illustrated in Figure 39. Tha «n-
gine 20 bullds up pressure {n the high pressure
main until the pressure in the high pressure main
hecomes sufficlient to counterbalance the torque
of the load, at which time the load comes to
rest. In the position of the controller hanile
illustrated In Figure 30, the maximum braking
cffect is obtained. If it i{s desired to obtain a
smalier amount of braking effect the handle 253
{s moved bhack, that is, to the left from the po-
sition fllustrated in Pigure 30. This immedi-
ately causes the piston 294 to move downwa
and cxtablish communication between the 1
292 whi~h iz connected to the high pressure mal:
and the line 293 which is connected to the low
pressure main.  Air immediately commences to
flow from the hizh pressure main to the low
pressure main, thus tending to relieve the pres-
sure in the high pressure main and permitting a
further descent of the load. The rate of «ir
flow from the high pressure air maln to the i~
pressure air main will determine the rats at
which the compressed air engine 20, now oper-
ating as a compressor, will rotate, and thus wi'l
determine the rate of descent of the load.
the hand lever 253 is moved further and fur g
to the left. from the position illustrated in 7=
ure 30, it uncovers progressively larger port arens
in the cylinder 290 communicating with the line
293, thu, progressively increasing the rate of air
transfer from the high pressure main to the
low pressure inaln and thereby permitting greater
descending specds of the load or, stated in cther
words, reducing the braking effect.
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Movement of the controller to the rignt of
the braking position, either in the slot 285 or
the slot 286, pro .uces a progressively faster driv-
ing cffect. Thus during hoisting operations, if
the controller handle is moved from the hoisting
ros:tion to the position illustrated, the load will
coine to rest due to the gravitational decelerating
effect and then, without shifing of the lever in
the slot 257, it would tend to reverse its direc-
tion of rotation. As soon as the direction of
rotation changes the hoisting engine commences
to operate as a compressor, builds up pressure
in the high pressure main and brings the load
to rest when the pressure in the high pressure
main has reached a value equal to the torque of
the load. It is possible to control the decelera-
tion of the load at will by controlling the lever
253, either by moving the lever toward the slot
257, or across the slot to set the engine valve
cams for reverse direction, or in one or the
other of the two slots 255—256 to cause the en-
sine driven compressor to bulld up pressure in
the high pressure malin to drive the load in the
opposite direction.

In the case of a load, such as a train of cars
running on a level track, the retarding force is
not a constant like the force of gravity bu. de-
creases as the speed decreases until it finally
reaches zero at zero train speed and then does
not reverse its direction of travel as in the case
of a weight being hoisted. Because of these con-
ditions, the braking action ln the case of a loco-
motive Is obtained by reversing the valve gecar
of the air engine, thereby changing the functions
of the air engine to an air compressor. In the
case of a hoisting load the mere change of the
direction of travel of the load, due to the action
of yravity, causes the engine 29 tu couuner . W
operate as a compressor,

T principles of the present invention ¢ @ ¥
applicd to a power system which affords r. - -
erative braking. Such a system is illustrated in
Figure 40. In this figure a low pressure main is
indlcated at 360. The pressure in this mazin is
maintained at a constant value of, say, 100 pot s
per square inch absolute by an auxiliary ceoo-
pressor 3§§. A constant speed electric m«'er
362 drlves a compressor unit 383 that receives
air from the low pressure main 360 and dis-
charges into & high pressure main 364. A poer
unit 20, of the same construction as the un!* 7
of Fizure 1, recelves air from the high pres.
main and discharges into the low pressure niv:'n
said unit 10 operating in the same manne: #:
does the unit 20 of Figure . and including a g-
erning and reversing device 22 which rece!
air from the high pressure ma'n through a &i-
rection controlling pilot valve 268, of the sz as
construction as the pilot valve 188 of Tigure 27.
The shaft 252 of the direction controlling niol
valve 233 is manually operated by a hand le or
366 independent of the controller handle. The
engine unit 383 is of a construction substantially
identical with that of the unit 29, differing the. .
from onaly in thal pneumatically contrelled -
loader valves and pneumatically controlled av. -«
flary valves are provided for a purpose to be
more fully set forth as this description procee.s.
It Is sufficient here to state that when the load
is beine driven the unit 363 operates as a co:i-
pressor driven by the electric motor 352 to sup: 1y
pressure to the high pressure main 3%8 and that
during regenerative braking the unit 333 acts as
a moiur, driven by pressure In the high pressure
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main to arive the dynamo electric machine 332
as a generator to supply electric energy to the
electric line connected to the machine 362,

The unit 363 always rotates In the same direc-

tion but is provided with a valve gear reversing
device 22 of exactly the same construction as
that of the unit 20 which, when set {n one direc-
tion, causes the unit 383 to operate as a motor,
and when set in the other direction causes it
to operate as a compressor. The governing and
reversing device 22 is controlled by a dlrection
ontrolling pilot valve 268’ like the direction con-
rolling pllot valve 268 of Plgure 27. The direc-
tion controlling piston rod shaft 282 of this pilot
valve s controlled by a hand operated lever
368",

The system of Pigure 40 includes also a con-
troller I8’ similar to the controller 15 of Figure
27. The controller has a neutral position {rom

which it i3 movable in cne direction to actuate

the brake cylinder 290 in a manner lustrated
in Figure 30, and i{s movable in the opposite
direction to progressively release pressure from
fourteen pilot valves 283 similar to the pllot

valves 283 of the controller of Plgure 26. When

the pressure is applied to the pllot valves 283 it
{s transmitted through the respective tubes {%a
to unloaders and pneumatic valves of the engina
363.

The pneumatically controlled valves of the en-
gine 363 are {llustrated In Pigures 41, 42 and 43.
In Pigure 41 the high pressure header is indi-
cated at 44 and the low pressure header &t
48, said headers belng connected respectively
through pipes 43 and 43 to the high pressure
valve head 4! and the low pressure valve head
42 of ono of the engine cylinders in the same
manner as in the englne 20, as {liustrated in
Figures 2, 5 and 6, except that a pneumatically
operated valve 310 i3 interposed between the hizh
pressure header 44 and the pige 43, The vaive
310, illustrated more fully in Pgure 42, is main-
tained normally open by a compression spring 371
and is adapted to be moved to a closed position
by the application of pressure to a cvlinder 312,
which pressure acts on a pisten 373 to close the
valyve. Once the pressure is released in the cyl-
inder 312 the valve automatically opens under
action of the spring 37i. Pressure {s applied to
the cylinder 372 by way of a tube 314 which
connects to the tube {6a. Vhen the pressure in
the tube i6a that leads to the cylinder illustra’. 1
In Figures 41 and 42 Is reduced to atmospheris
pressure, the spring 371! opens the valve 3717 2:.d
permits direct communication or air flow frcrm
the header 44 to the pipe 43.

Each working cylinder of this engine is pro-
vided with mechanically operated high pressure
and low pressure valves and with automatically
operated high pressure and low pressure valves
the same as the engine of Pigure 2, and operated
in the same manner. In additlon the automsati-
cally operated low pressure valve of the engine
cylinder 3t is provided with an unloader 375
which may be of any desired construction as, for
instance, one such a3 shown 11 Xarys' Mechoi-
cal Engineers Handbool, third edition, page 1377,
As previously stated, the automatic valve coij-
sists ¢! one or more rings or discs seated by a
light spring and arranged to upen when the
pressure in the cylinder 3! drops slightly belcw
the pressure In the low pressure maln or low
pressure valve head. Th2 unlosditng device is
arranged to maintaln the automatic valve open
mechanically, and conzlsis of a plsion 3773 pressed
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upwardly by a spring 317 to its inoperative posi-
"on and moved downwardly by pressure as ap-
plied through a tuhe 3719, When the pressure
moves the pistcn downweardly against the action
of the spring 3171 the piston moves a prong or
group of prongs into engagement with the spring
seated automatic valve and holds it in its open
position,

The tube 319 {s connected to the tube (8a, as
shown in Figure 41, that leads from the particu-
lar cylinder of the engine, to the controller 13,
Thus when the controller 15° Is set so that at-
mospheric pressure is apnlied to a particular tube
16a the valve 310 of the corresponding engine
cylinder is maintained open by its spring 37!
and the unloader 315 on the low pressure side
of that cylinder is maintained inoperative 2y
spring 311. That cylinder of the engine then
operates as a compressor cylinder. If it is de-
sired to disable that cylinder the controller 13’
is moved to a position to apply pressure to a cor-
responding tube (68a. This pressure automati-
cally causes the valve 310 to close, thereby clos--
ing off communication between the correspond-
ing cylinder 31 and the high pressure header
44. At the same time the unloader valve 373
holds open the automatic valve controlling com-
munication between the Jow pressure main nnd
the cylinder 3§ so that the cylinder 3t merely
idles.

A description will now be given of the mode ¢f
operation of the system of Figure 40. The elzo-
tric motor 362 is operating at a constant spec.:.
Assume that It is desired to operate the unit "7

5 as a motor. The controller handle 253 is mov.d

to progressively release the pressure on the dif-
ferent pilot valves 283 thereby progressively i@
leasing pressure liuv successive tubes 1§62
releasing the unloaders 373 of the cylinders.
permits the automatic valves on the low press
slde of those cylinders to function. At the sz
time the release of pressure from the line tia
causes the valve 370 of the corresponding cylin-
der to open and remain open, The cylinder ti:n
operates as a compressor under the action of t.e
automatic valves and takes air from the low pros
sure main 360 and delivers it to the high 1
sure main 364, At that time the opening and
shutting of the mechanical valves of the unit 353
as controlled by the governor 22 {s of no effect be-
cause the automatic valves of that unit open "
advance of the mechanical valves. The unit o
thus acts as a compressor dellvering air to ¢
high pressure main to operate the unit 20. I is
thus apparent that during normal operatic:s,
while the engine 20 is driving the load, the opera-
tion is the same as that of the system of Figure
1. the controller (5 determining the number
cylinders of the unit 323 that are in service, {r-::
determining the rate of alr delivery to the h
pressure maln, which in turn determines >
speed of operation of the engine 20. The hand
lever 366 controls the reversing pilot valve 258
to determine the direction of rotation of the er.-

5 glne 20. Therefore it {s not necessary to have 1.

two slots 253233 of Flgure 32.

Tor non-regenerative braking action the coro -
troller i{s brought to the neuiral position whicl.
wil] give the maximum braking effect and may
then be moved backward from that position to
control the braking cvlinder 280 in the manncor
previously descrited, to produce a diminishing
braking action. To efrect this braking action th
hand lever 383 mavy or may not be moved to ra-
yerse the velve gear of the engine 20, depending
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upon the type of load involved, as in the system
of Figure 1 as previously described.
An explanation will now be given of the man
..ner of operation of the system of Figure 40 for
regenerative braking. This braking may be of
axther of two .types, naniely, the regenerative
. braking necessary.to prevent or eontrol accelera-
tion of a load as, for instance, a train.of cars
- on a decline, or to effect a deceleration of a load
as, -for instance, a train of cars on leve} ground.
During regenerative braking the unit 363 must
pperate in the same direotion as before, but now
i3 must- drive the machine 362 as a generator in-
stead of being driven by that machine as a motor.
The unit 3§3 must therefore act as a motor dur-
+1ing regenerative braking:whereas previously. it
~acted as a compressor. To permit the unit to act
‘a8 a motorit-is necessary to reverse the valve gear
thereof. This is done by actuating the reversing
pilot valve 268’ by the handle 386°. The unit 553
may now act as a motor. The reversing valve
handle 368 \hat controls the unit 20 is then set
ta cause that unit to act as a compressor; rather
than as a'motor. The handles 366 and 366’ are
actuated while the controller {5’ {s temporarily
moved -to ‘{ts fully brake released position. The
controller {5’ is then brought back to a position
corresponding tothe position of the then speed of
the load. As the load accelerates, or tends to ac-
celerate, it forces more and more air into.the
high pressure main, which.air-is taken from the
main by the uniti3%3 operating as a motor. If
the train should accelerate notwithstanding this
braking action, ons of two things will happen.
Either the pressure will build up to the maximum
value as determined by the safety valve. 13.and
ther: bleed from the high pressure main to the
low pressure main through the safety valve or, as
the pressure buillds up and the braking effect in-
creases the train will docelarais to a new zoecd
as determined by the permisted rate of air -at
flow through the unit $33. " If the pressure builis
up to more than 600 pounds per square inch ab-
solute, which is the assumea setting of the safety
valve, {t is desirable-to:cet'the controlier to ve-
lease more of the unloaders of the ‘unit 333 to
take more air from the high pressure:main thus
increasing the regenerattve action and-avolding
wastage of energy by the transfer of eir through
the safety valve. More cylinders of the unit 363
can be brought into actisn by shifting the r- 01
lever of the controller 157 to actuhte more of *re
pilot valves 282 to release more of the unlou.er
valves 278 Tfthe vate of ®ir consumption by tne
unit 363 as determinsd-by the number of its re-
leased unloader valves is greater than ‘the rate
of air delivery by‘the unit 28 to the high pressure
main, the pressure in'that main will tend to drop,
pennitting: an accelerntion of the train to in
cronca OHn mén hw' Hw rla’?vvevm—v *n OHn ‘—vhrh
sure main unti] en Lthoriu'n point is reaciic?
which will then determine the amount of regoii-
erative braking present. On the other hand, if
the rate of air corsumption by the unit 363-is less
than’'the rate 6f air Jdeiivery to the high pres :
main by the unit 23, pressure will tend to rice
which will automstletlly increase the regent
tive braking #ffor> and docelernte the tmin (o
mew speed, at'whiclr'the rate of air delivery by
‘the unit' 20 to' the high pressure maln- exactly
equals the rate bf air consumption by the high
pressire main.
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“Assume now- tinb. a load. such as a train, 1:

ceerating nt a-levsl trzek and it {s destred to

theregemertitiva.brakiag to Comlernte orstop Hie

157

882
‘36

. train. . The handle of the controller 15 is teri-
porarily moved to the. end position where ihe
brake release piston. 291 is fully depressed.
reversing cylinders 268-—268° are reversed, a:
then the controller is brought back to a position
the same. as the position it previously occupied.
In that position of the controller the slighpcst
.deceleration of the train will cause its engine
20 to deliver less air to the unit 363 and thus the

_braking. effect would be less. The controller i3

then moved back.one step to reduce the numbr.
of cylinders of the engine 383 in service. s
causes the unit 363 to take less air than is d%
livered .to the high pressure main by the engin#
20, with.a result that the pressure in the main
362 tends to rise and therefore this pressur:
drives the unit 363 as a motor to drive the maotor
362 as a generator for regenerative braking.
this regenerative braking continues the train
celerates until ultimately it reaches a speed eq: i
. to tha s»eed set for it by the controller 18, A%
this time all of the. air supplied by the unit 2
flows to the unit 363 to operate it for regenerati
braking. As the traindecelerates further and d. -
creases .the rate of air supplied to the main 358,
wijthout.a corresponding decrease in the rate
air consumption by the unit 363, the pressure !
the main 350 commences to drop thus reduc
the braking effort. The controller 15" iIs then
moved back one step to.decrease the number of
cylinders of the unit 383 . taking air from ‘ﬁl‘“;i:
muin. 360, which again causes the pressure i:
the main 360 to rise. This action -is continus,
the controller 15° being progressively moved bach
~torards the neutral pesition as the train ¢
tinues to decelerate. i
From the above description it is apparent thxn¥
thi. system of Figure 40 may uwsed for regern: -
tiv: braking of other types of loads such as,
Inv ance, a holst,

I the power systems thus far described -
me o imum: and minimum design pressure liuuts
care 50 chosen that the maximum temperatures
are lUmited. - With an ini{tial outside air temy:
tur: of 60° F..and a precsure range from
poroads per square inch aboolute to 600 pounds
squire inch absolute the temperature
uncer. adiabatic conditions, will be from 60" I
to 410° P. If desired the system may be designed
to operate at a pressure cycle from 300 pou"(}r;
por sguare Inch absolute fo the low pressure o
te 200 pounds per-zguara inch absolute m
hiz’y prassure main. With such a pressure rai -
the Yemperature range during adiabatic compr .-
sio;: and during adiabatic expunsion, assurmti:
an initial ailr temperature of 100° F., will be
bet