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My invention relates, generally, to- hydraulic
motors, and particularly to reciprocating hydrau-
lic motors operated by an incompressible fluid
under. pressure.

In certain pumping operations such as the
pumping of mud through the bore while drilling
an oil well to remove the material displaced by

the drill; the pumps are actuated by reciprocating

steam driven pistons or by electric motors con-
nected thereto by means of reduction gearing.

The object of my invention, generally, is to pro-
vide a pressure fluid operated reciprocating motor
which shzall be simple and compact, efficient in
operation -and inexpensive to manufacture and
install.

A more specific object. of my invention is to
provide for controlling the flow of pressure fluid
“in a pressure fluid operated reciprocating motor
by means of a sleeve valve positioned within the
cylinder member of the motor.

Another object of my invention is to pxovxde

a system for driving reciprocating pumps which-

will have certain of the advantages of a steam
piston driven pump and at the same time have
the advantage of deriving its primary power from

an electric motor driven pump actuating system.

A further object of the invention is-to provide
a hydraulic system for transm1tt1ng the power
output of a rotating electric motor to a recip-
rocating energy translating device.

These and other objects and advantages of the
invention will be apparent from the following de-
tailed description taken in connection with the
accompanying drawings:

Figure 1 is an end elevation view of the hy—
draulic motor embodying the principal features of
my invention;

Fig. 2 is a sectional view taken along lme II—II
of Fig. 1;

Fig. 3'is a-sectional view taken along line III——-
TII of Fig. 2;

Fig: 4 is a sectional view taken along 11ne IV—
IV of Fig. 2;

Fig. 5is a plan view, partly in section, of a pair
of the motor units of my invention connected to
drive g dual cylinder mud pump and showing the
interconnection of the valve actuating means of
‘the motor units;.

Fig. 6 is a view in side elevation of the pump-
ing unit of Fig. 5; and

- Fig.Tisa view in eleva,tlon of the pumping umt '

of Figs. 5 and 6 as viewed from the hydrauhc
motor end of the unit."

In practicing my invention, I provide a cylinder
and a cooperating double acting piston with valve

(CL 121—114)

means -for automatlcally admitting duid under
pressure to the cylinder alternately on one side
and then the other side of the piston to produce
a reciprocating movement of the piston. Inlet
and outlet ports for the cylinder chamber on
each side of the piston, cooperating with:. & sleeve
valve in the cylinder, govern the flow of fluid
from a source of fluid pressure to the cylinder
chambers and the return of the fluid from the
cylinder chambers to the fluid pressure generat-
ing device. . The valve. ports are of sufficient area
to Handle a non-compressible fluid without shock:
Shock chambers provide an air cushion to pre-
vent excessive stresses due-to inertia hammer.and
to compensate for irregularities of valve and pis-
ton . operation and timing. In. practice, these
units are used in pairs and the piston of each
governs the valve of the other similar to. duplex
valve operation with steam pistons.

Referring to Figs. 1, 2, 3 and 4 of the drawings,
a cylinder body 2 has an’'inner cylindrical wall 4.
The cylindrical wall 4 is provided with a series
of inlet ports. 6 and &', respectively, adjacent each
end and also with a series of outlet ports 8 and 8-,
respectively, spaced inwardly from the inlet ports
as-shown in Fig, 2. These series of ports extend
circumferentially about the cylinder wall. The
cylinder body is so formed as to provide an en-
velope member i0 containing fluid passages i

and 13 and extending about the cylinder bore :

and conneeting respectively with all of each series
of outlet and inlet ports. A pipe member {8 hav-

[
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20

ing two inlets is connected to conduct fluid into

the fluid passages !l from a source of fluid pres-

sure and a pipé member {8 having two outlets is. :

connected ‘to the fluid passages 13 to conduct
discharge fluid away from the cylinder.

The ends of cylinder body 2 are closed by the
cylinder heads 18 and 28 which may be secured
to the cylinder body by a plurality of stud bolts
22. The cylinder head !8 comprises a plate
member 24 having chambers 26 and 28 formed
integrally therewith, the chambers 26 and 28 be-

.ing separated by a web portion 30 which ‘is so

positioned as to form the chamber 28 above

40

chamber 26 and to provide that the chamber 28

shall have a smaller volume than chamber 26 as
shown best in Fig. 1. An opening or passage 32
is provided in the inner plate 24 of the cylinder

-head to provide fluid communication between

lower chamber 26 and the cylinder chamber, and
the. fluid flow through the opening 32 is con-,
trolled by a valve unit 34.

The valve unit 34 comprises a valve sea,t 36

formed in the plate 24 and a valve member 38
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cooperating therewith. The valve member 28
may be moved by the valve stem 48 which is
controlled by the handle 42. The valve stem 48
has a shoulder 44 fitted behind shoulder member
45-of the valve member 38 so that there may be
longitudinal movement of the valve member 38
with respect to the valve stem 48. A spring mem-
ber 48 bears against a shoulder member 58 fized
on the valve stem 43 and on the shoulder mem-
bers 46 of the valve member 88 to bias the valve
member 38 toward the valve seat 386.

An opening 52 is provided in the web 28 to
provide fluid connection hetween the chambers
2§ and 28 and this opening is controlled by a
valve unit 54 which is similar to the valve unit
34 described in the preceding paragraph, except
that zno spring connection hetween the valve
and valve stem is provided.

The cylincer head 28 closing the opposite end
of the cylinder body 2 is substantially identical
with the cylinder head {8 and has valve units
34’ and 84’ governing the fluid flow into cham-
bers 26’ and 28’, respectively, corresponding to
the chambers 28 and 28 of the cylinder head (8.

Chambers 28, 26’, 28 and 28’ are filled with
a compressible fluid such as air.

A main valve is provided for conducting fluid
to and from the cylinder chamber and comprises
a2 cylindrical sleeve member 55 fitted into the
cylinder bore 4 and slidable longitudinally there-
in having two series of ports 58 and 86. The
length of the sleeve member 58 of the main valve
and the spacing of the two series of ports 58 and
68 is such as to provide fluid connection with the
series of inlet ports § on one end of the cylinder
and with the series of outlet ports 8’ on the other
end of the cylinder, while closing off the inlet
ports 6’ and cutlet ports 8 while in one extreme
position of its sliding movement and to reverse
this fluid connection when in the other extreme
position of its sliding movement. The main valve
sleeve 56 is operated by a stem 62 which extends
through the cylinder head 28 and is bolted onto
the web members 84 which are atbtached to the
sleeve 58. The stem for the valve sleeve 5% may
be extended through the cther cylinder head {8
offset from and parallel tc the piston rod 68
if such construction is desired.

A working piston 6§86 is disposed within the valve
; sleeve 56 and is connected to a piston rod 68 which

extends through the cylinder head i3. Suitable
packing is provided between the valve stem 62

and the piston rod 68 and the cylinder heads 20

and ‘18, respectively, through which they extend.

In order that any of the compressible fluid
contained in the chambers 28, 28, 28’ and 28’ that
may be absorbed in the non-compressible working
fluid or may in any cother way be depleted, and
thus allow the working fluid to fill these cham-
bers may be replaced, purging valves 24 and 2§°
are provided. Air or any compressible fluid may
ke inserted info or taken from the chambers 28
and 28’ through the purging valves 21 and 21’;
respectively, by any suitable pump means which
can be connected to the threaded portion of the
valves so that a sufficient volume of compres-
sible fluid may be maintained in these chambers
to properly perform the function of ahsorbing
the shocks in the system. ‘

In the operation of the motor unit, which is
best understood by reference to Fig. 2, the inlet
pipe {4 will be connected with the source of pres-
sure fluid which may be oil, water or any similar

non~-compressible liquid. This source of pressure.

fluid may be any suitable means for supplying

2,200,071

fluid under pressure such as a pump driven by
an electric motcor or any other suitable source of
power.

hand end of the cylinder are uncovered and the
series of outlet ports § on the same end are cov-
ered by the sleeve 56 and Auid pressure is being
applied to the piston §§ which is moving in the
direction shown by the srrows adjacent the pis-
ton. At the same time the series of ports 58

in the sleeve 58 are in cooperative relationship

with the series of outlet ports 8’ on the left hand
end of the cylinder so that the fluid is flowing

frem- the cylinder chamber on the left of the

piston 86 threough the fluid passage 13, provided
in the envelope member (%, t0 the discharge pipe
{8, At the same time the left hand end of the
valve sleeve 55 is covering the series of inlet
ports € on the left hand end of the cylinder.

Under these conditions the piston will be moved

to the lefi to its extreme position which is shown
in the upper motor unit of Fig. 5 later to be re-
ferred to. If now the valve stem 62 is actuated
to- move the valve sleeve 58 to its extreme right

-~ With the valve sleeve 58 in the positioﬁ shown -
in Fig. 2, the series of inlet ports § on the right -

L")

10

25

band position, the left hand series of inlet ports

€’ will be uncovered to.permit fluid flow into the

cylinder chamber to the left of the piston 66

and at the same time the left hand end of the
sleeve 58 will cover the left hand series of out-
let ports & and the.right end of. the sleeve: 56

will ccver the right hand series of -inlet ports §,

and the series .of ocutiet ports 69 of the sleeve 56
wil cooperate with the right hand series of out-

let ports 8 in the cylinder 4 to permit discharge g5

of fluid frem the cylinder chamber t6 the right
of the pistcn 88, which actuates it in the -oppo-

.30

site direction.. Thus the piston. 68 is caused to.

reciprocate and thereby drive the piston rod 88
by the proper manipulation of the main valve
sleeve BS by the valve stem 62.

40

To relieve the shock and to thus avoid exces-

sive stresses that might be set up in the motor
due to inertia’ hammer and to irregularities: of
valve and piston operation and timing, the shock
chambers 2§, 28, 26’ and 28’, which are normally
filled with air or some other compressible fluid,
have their valves s¢ adjusted as to permit liguid
flow from the cylinder into the shock chambers
28 and 28 and to permit flow of the compres-
sible fluid between the shock chambérs 26 and 28,
and hetween the chambers 28’ and 22’. . The
valve member 38 will be normally spaced from its
valve seat 2% an amount determined by test,
which will give the best operation of the device
and the valve unit 54 may be adjusted similarly.

The web 39 is positioned considerably above

the valve 82 so that the pressure.fiuid -which
operates the fluid motor and some of which flows
into and out of the shock chamber 28, may not

flow into the shock chamber 28. Thus the valve .

84 functions to regulate the flow of air or what-
ever compressible fluid is employed in the shock
chambers, while the valve 34 regulates the flow
of pressure fluid only. .

For the best operation of the motor, the spac-
ing of the valve mémber 38 from the. valve seat
86 will vary with the pressure of the fluid used
in operating the motor and this spacing may be
adjusted as required for the best operation by the

- valve operating handle 42. The spring restrained

motion of the valve member 88 on the stem 40

%
50
55 '
60 
65

o

againgt the compression of spring 48 is. provided

to permit larger valve opening should any irregu-.

larity of motion be impar',ted:to the pistqn so that’ 75
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quicker relief for the pressure in the cylinder
chamber may be provided than could be pro-
vided by the normal rigid valve setting. The
valve members 34’ and 54’ operate in substan-
tially the same manner as the valve members 34
and 54.

The main valve is constructed in the form of
a sleeve valve so that it may handle a non-com-
pressible working fluid, such as oil or water, with-
out shock. With such a sleeve valve the total
area of the ports in each series of inlet and out-
let ports may be made equal to 1% the piston
area or even greater. This large valve portion
area makes for good efficiency and operation..

~While the motor described in connection with
Pigs. 1, 2, 3 and 4 may be put to any use where
a reciprocating movement is desired, it has been
designed primarily for driving mud pumps which
are in common use for pumping mud through the
bore while drilling an oil well to remove the ma-
terial displaced by the drill. In Figs. 5, 6 and
7 a pair of the hydraulic motors of the present
invention are shown connected to drive a pair of
such mud pumps. Referring to Figs. 5, 6 and 7,
a hydraulic motor 70 has its piston rod 68 con-
nected to drive a mud pump 12 and a motor 70’
has its piston rod 68’ connected to drive a mud
pump 12°. When used in this manner, the move-
ment of the sleeve valves of each of the two co-
operating resistors may be controlled in accord~
ance with the movement of the piston of the
other motor. The valve stem 62 of the motor
10 is connected through a linkage comprising a
rocker arm T4, a rod 18, a crank 80, a rotatable
shaft 82, and a crank 84 to an actuating crank
86 which has a pin and slot connection 88 with
the piston rod 68’ of the motor 70’. There is &
lost motion connection between the cranks 84

and 86 provided by a slot 90 in the crank 86 into

which an offset portion 92 of the crank 84 extends,
and a set screw 94 is provided for adjusting the
amount of this lost motion. By this lost motion
connection the valve of one motor is moved from
its one extreme position to its other. extreme po-
sition by the piston rod of the other motor only
during -a portion of the movement of the piston
rod as the piston rod is approaching the 11m1t
of its travel.

A similar drive is provided for the main valve
sleeve 56’ of the motor 70’ where the valve stem
62’ is connected by a linkage comprising a rocker
arm 14’, a rod 18’ which carries a pin 9§ en-
gaging a slot 98 in an arcuate member 100 mount-
ed in fixed relation on a shaft 184 which, in turn,
is connected to an actuating crank (02 which
has pin and slot lost motion connection with
the piston rod 68 of the motor 10. The pin and
slot lost motion connection between the arcuate
member 100 and the rod 18’ provide lost motion
between the valve sleeve 56’ and its driving piston
rod 68 similar to that deseribed in connection
with the operation of the valve sleeve 5§ by the
piston rod 68’.

With the piston rods 68 and 68’ and the main
valve sleeves 56 and 56’ in the positions shown
in PFig. 5, the piston 86 has just reached its ex-
treme limit of movement to the left and has
moved the valve sleeve 56’ to the left to open the
inlet port to the right of the piston 56’ and the
outlet ports to the left of piston 66’ to thus
cause movement of piston 68’ to the left. Near
the end of the movement of piston 66’ to the
left, the actuating mechanism connected there-
with for operating valve sleeve 56 will move it to
the right to open the inlet ports to the left of

3

piston 66 and the outlet ports to the right of
piston 66, closing the left hand outlet ports and
the right. hand inlet ports and causing the pis-
ton 66 to be moved. to the right under the in-
filuence of the pressure fluid. In this manner
one of the pistons 56 and 66’ is always in motion,
each piston beginning its stroke just as the other
piston is finishing its stroke.

‘When operated together in this manner, the
two motors may be mounted on a common base
plate 186 so that their corresponding inlet and
outlet pipes may be connected together as shown
in Fig. 7,  and the source of pressure fluid and
the fluid: discharge connected to the other end
of the inlet and outlet pipes of the motors, the
unused ends of the outlet and inlet pipes being
sealed off by suitable cover members 108 and (10.
Since the pumps T2 and 72’ driven by the motors
70 and 78’ are of well known construction and
are not a part of the present invention, it has been
deemed unnecessary to illustrate or describe them
in detail. o

It will be seen that I have provided a compact

10

156

20

and efficient hydraulic motor adapted to be op- .

erated by a non-compressible. fluid under pres-
sure and which may be successfully and advan-
tageously used to operate reciprocating pumps
instead of the direct acting duplex steam cylin-
ders commonly employed. for that purpose. - Pro-
vision is made for adjusting the motor for opera-
tion at different pressures, speeds and loads with-
out shock.

In compliance with the requirements of the
patent statutes, I have shown and described here-
in the preferred embodiment of my invention.
It is understood, however, that the invention is
not limited to the precise construction shown and
described, but is capable of modifications by one
skilled in the art, the embodiments herein shown
being merely illustrative of the principles of
my invention.

I claim as my invention:

i. In s hydraulic motor, a closed chamber
member, a piston slidable within said chamber
member, inlet port means in said chamber on
each side of said piston, outlet port means in said
chamber on each side of said piston, and valve
means for alternately on the one hand opening
the inlet port means and closing the outlet port

25

30

85

45

means on one side of said piston while closing @0

the inlet port means and opening the outlet port
means on the other side of said piston, and on
the other hand closing the inlet port means and
opening the cutlet port means on the said one

side of said piston while opening the inlet port 455

means and closing the outlet port means on the
said other side of said piston, and a shock cham-
ber containing a compressible fluid connected
with each end of said chamber members, said
shock chambers each comprising a main and an
auxiliary chamber connected by an opening and
valve means for controlling the flow of fluid
through the opening between said main and aux-
iliary chambers.

2. In a hydraulic motor, a worklng piston, a
closed cylinder member, said piston being slid-
ably supported in said cylinder member, said cyl-
inder member having a series of circumferen-
tially spaced inlet ports and a series of circum-

ferentially spaced outlet ports for the cylinder 7

chamber on each side of said piston, an envelope
member interconnecting said inlet ports and en-
closing both of said series of inlet ports for con-
ducting liquid under pressure thereto, an en-
velope member interconnecting said outlet ports

60
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4
and enclosing both of said series of ocutlet ports
for conducting liquid therefrom, valve means s0
positioned with respect to said inlet and outlet
ports as to govern the flow of liquid to and from
the cylinder chambers on each side of said pis-
ton, and means for so controlling the positioning
of said valve means as to cause said piston to
reciprocate.

3. In a hydraulic motor, a working piston, a
closed cylinder member, said piston being slid-
ably supported in said eylinder member, said cyl-
inder member having a series of circumferentially
spaced inlet ports and a series of circumferen-
tially spaced outlet ports for the cylinder cham-
ber on each side of said piston, an envelope mem-
ber interconnecting said inlet ports and enclos-
ing both of said series of inlet ports for conduct-
ing liquid under pressure thereto, an envelope
member interconnecting said outlet ports and en-
closing both of said series of outlet ports for con-
ducting liquid therefrom, valve means so posi-
tioned with respect to said inlet and outlet ports
as to control the flow of liquid to and from the
cylinder chambers on each side of said piston, and
means for so controlling the positioning of said
valve means as to cause said piston to recipro-
cate, said valve means comprising a sleeve mem-
ber fitted to and reciprocable in said cylinder
member and having porting means positioned to
cooperate with said inlet and outlet port means.

4. In a hydraulic motor, a working piston, a
closed cylinder member, said piston being slid-
ably supported in said cylinder member, said
cylinder member having a series of circumferen-
tially spaced inlet ports and a series of circum-
ferentizlly spaced outlet ports for the cylinder
chamber on each side of said piston, an envelope
member interconnecting said inlet ports and en-
closing both of said series of inlet ports for con-
ducting liquid under pressure thereto, an en-
velope member interconnecting said outlet ports
and enclosing both of said series of outlet ports
for conducting liquid therefrom, valve means so
positioned with respect to said inlet and outlet
ports as to govern the flow of liquid to and from
the cylinder chambers on each side of said pis-
ton, means for so controlling the positioning of
said valve means as to cause said piston to recip-
rocate, a cylinder head on each end of said cyl-
inder and shock chambers formed inftegral with
said cylinder heads and connected to the re-
spective ends of the cylinder, said shock cham-
bers containing a compressible fluid.

5. In a hydraulic motor, a working piston, a
closed cylinder member slidably supporting said
piston, said cylinder member having a series of
circumferentially spaced inlet ports and a series
of circumferentially spaced outlet ports for the
cylinder chamber on each side of said piston, an
envelope member interconnecting said inlet ports
and enclosing both of said series of inlet ports
for conducting liquid under pressure thereto, an
envelope member interconnecting said outlet
ports and enclosing both of said series of outlet
ports for conducting liquid therefrom, valve
means so positioned with respect to said inlet
and outlet ports as to govern the flow of liquid
to and from the cylinder chambers on each side
of said piston, and means for so controiling the
positioning of said valve means as to cause said
piston to reciprocate, said envelope members be-
ing formed integral with said cylinder member.

6. In a hydraulic motor, a cylinder member,
a valve comprising a sleeve member fitted into
and reciprocable longitudinally of said cylinder

2,200,071

member, a work piston fitted into and recipro-
cable longitudinally of said sleeve member, inlet
and outlet port means in said cylinder body on
each side of said piston. controiled by said valve,
cylinder heads closing the ends of the cylinder
member, and two shock chambers formed’ inte-
gral with the cylinder head, said cylinder head
having a fluid passage into one of said chambers
and there being a fluid passage between said ohe
chamber and the other of said chambers.

7. In o hydraulic motor in which a piston is
reciprocated in a cylinder by a substantially in-
compressible fluid, a cylinder head for the cyl-
inder comprising ‘a plate member, two shock
chambers formed integral with said plate mem-
ber, a Auid passage through said plate member
into one of said chambers and a fluid passage
between said one chamber and said other cham-
ber. -
8. In & hydraulic motor in which a piston is
reciprocated in a cylinder by a substantially
incompressible pressure fluid, a cylinder head:for
the cylinder comprising a. plate member, . two
sheck chambers formed integral with said plate
member, said plate member having a fluid pas-
sage therethrough into one of said chambers,
there being a fluid passage between said one
chamber and said other chamber, and valve
reans for each of said passages for regulating the
fluid Bow through said passages. ‘

9. In a hydraulic motor in which a piston is
reciprocated in a cylinder by a substantially in-
compressible pressure fluid, a cylinder head for
the cylinder comprising a- plate member, ftwo
shock chambers formed integral with said plate
member and containing a compressible fluid, said
plate member having a fluid passage there-
through disposed to permit flow of the pressure
fluid between the cylinder and one of said shock
chambers, there being a fluid passage between
said one chamber and said other chamber so
disposed as to permit flow of the compressmle
fluid between said two chambers.

10. In a hydraulic motor in which a piston is

reciprocated in & cylinder by a substantially in-

compressible pressure ‘fiuid, a cylinder head for

the cylinder comprising a plate member, two’
shock chambers formed integral with said plate:

member and containing a. compressible fluid, said
plate member having a fluid passage there-
through disposed to permit flow of the pressure
fluid between the cylinder and one of said shock
chambers, there being a fiuid passage between
said one chamber and said other chamber so

disposed as to permit flow of the compressible *

fluid between said two chambers, adjustable valve
means for the passage between the shock cham-

10

5

25

35

40
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bers for controiling the rate of flow of com- .

pressible fluid therethrough, and adjustable valve
means in the passage between the cylinder and
the one shock chamber, said last-named valve
means including a relief valve whereby excessive
shock in the cylinder may be relieved by in-

creased fluid flow from the cyhnder and the one

shock chamber.

60

11, In a hydraulic motor having a piston recip--

rocated in a cylinder by a substantially incom-
pressible fluid, two shock chambers one of which
is normally filled with a compressible fluid the

other being normally partly filled with the in- 7

compressible fiuid, the second of said chambers
being connected by a fluid passage to the cylinder
chamber, the first of said chambers being con-

nected by a fluid passage to the second chamber, -

the end of the passage between said second cham-

b
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ber and the cylinder chamber being relatively
near the lower portion of the second chamber,
and the end of the passage between the first and
second chambers, in the second chamber, being
above the lower portion of the second chamber.
12. In a hydraulic motor, a cylinder member,
a piston reciprocable in said cylinder, valve
means in said cylinder for controlling the flow
of working fluid to and from said cylinder, a cyl-
inder head on each end of said cylinder, a shock
chamber formed integral with each of said cyl-
inder heads, a piston stem extending through one
of said cylinder heads and its associated shock
chamber and an operating stem for said valve
means extending through the other of the cyl-
inder heads and its associated shock chamber.
13. In a hydraulic power translating device
having a substantially non-compressible fluid as
a working medium and having a piston recipro-
cated in a cylinder occupied by the non-com-
pressible medium, a plate member fitted to close
the end of the cylinder, shock chambers formed
on the plate member, one wall of each of which
comprises said plate member, said shock cham-
bers being interconnected by fluid passages, cer-

‘tain of said chambers being connected by a fluid

passage through said plate member with the cyl-

" inder, and purging valve means connected to

certain of said chambers.
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14. In a hydraulic motor, a closed cylinder
member, a sleeve valve slidably disposed within
said cylinder, a piston slidably disposed within
said sleeve valve, a first series of ports in- the
wall of said cylinder . circumferentially spaced
about the cylinder adjacent each of the ends of
the cylinder, a second series of ports in the wall
of said cylinder circumferentially spaced about

‘the cylinder and spaced inwardly from said first

series of ports, means connecting one of said
series of ports to a source of fluid pressure, said
valve being so constructed and arranged as to al-
ternately, on the one hand, close the first series
of ports in one end of the cylinder, open the first
series of ports in the other end of the cylinder,

open the second series of ports in the said one,

end of the cylinder and close the second series

&1
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of ports in the other end of the cylinder and, -

on the other hand, open the first series of ports

in the one end of the cylinder, close the first :

series of ports in the other end of the cylinder,
close the second series of ports in the one end of
the eylinder and open the second series of ports
in the other end of the cylinder, when the valve
is reciprocated in the cylinder, and means for
reciprocating said valve in said cylinder.

EDWIN E. ARNOLD.

25



