Sept. 29, 1953 N.B TVEDEN 2,653,756

PLUNGER PUMP

&w;; = /

\\\\.J

b
\\ o

//////////

i — L ]

Filed July 11, 1947 . _,.-. o Sheets—sheef .
/"/g 7. _ _ ' ' _
-u.. = - EZ |‘F 126 458 Frg 4‘
SN 2907, 3
- ‘ff\ /ﬂ “ | .l..n .
l.[ //f/,;,m\\\* = ,_u
IE ;II 3 *I'"' : - | 732 "\
51 N RR -
N sg P . &
R ? "'Elﬂ 3z
I //‘/// /47. e |

- oy ey wpl

/// '

/8 &0

"YU ANERNA RSN

\\
AN

' - » "." \
> . _ AX :

p7 7777777
/'—/_93 \"/\\\ é 48

2 ..‘” 2
.v///\/é

e

Cittorneyy



Sept. 29, 1953 N. B. TVEDEN 2,653,756
' PLUNGER PUMP i
Filed July 11, 1947 | . 2 Sheets-Sheet 2

f'g7

Fg 6

240
_ e
243 gl é P\:
o 5 \LLIN _\\\\\\\ 41 ?/;m\\'
/%I \i \\'.l//r,/» - ////ﬁ///
. ///; I’ s
| 'ﬁ\\\\\\ NN P N
Z / g 240
V243
37, 372 376
380- ;7?\\\\\..\\?___,.
/=|i
368 "//’//ﬂil N
f "/‘ H% —
X £z|§= r _Qﬁr
330 ﬁ/g 364 _
//| 356
?/I /
gl-
A
362 /\\\\\\\\\\\\\\\W\\\\\\\/ '360

J58

)

.362350 30~ 348\ (360

‘\\\\\\\\“ZD '

SN AN PABDNNANN NN AN .366 .376

T

F/g 1

356

3nnentor

NN 772222 7222 22202 XA % ﬁ //Vlﬂéﬁ

/ 364
m&\\\\\\%p = /%/MW%

I8 374 372 3% Qttorney .




Patented Sept. 29, 1953

UNITED STATES PATENT OFFICE

2,653,756
PLUNGER PUMP

Niels Bgrge Tveden, Copenhagen, Denmark as-
signor to Dacola Maskinfabrik A/S, Copen-
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4 Claims.

1

'This invention relates to high-speed, single or
multi-cylinder plunger pumps of the kind in
which the crank imparts to each cylinder an os-
cillating movement which is utilized for com-
pulsory control of the admission and discharge
of the working medium by co-operation between
orifices in g lateral surface of the cylinder and
in a countersurface, against which the first-men-
tioned surface is held in abutment.

The main object of the invention is to provide
a pump of this kind, capable of producing a com-
paratively high pressure, and which can be op-
erated at very high speeds. Another object of the
invention is to adapt the pump in such a manner
that the higher the pressure produced by the
pump, the greater the tightness of the valve gear.
A further object of the invention is to adapt the
pump in such a manner as to avoid that the
working medium in the latter pump design flows
through that part of the pump casing in which
the shaft of the pump and the crank or eranks
are located. Finally, the invention has for its ob-
ject to provide a pump of the kind in question
which is simple in construction, easily assem-
bled and disassembled and moreover very re-
liable in operation. Still further objects of the
invention will be disclosed by the following de-
scription with reference to the drawmgs in
which

PFigure 1 ig a vertical axial section of an em-
bodiment for a twin-cylinder two-stage pump
for use as a compressor in a refrigerating plant.

Figure 2 is an end view of same, the cover of
the pump casing being removed, certain parts
being shown in sectmn on the llne II----II in Fig-
ure 1.

Figure 3 is a partial sectmn on the line III--III
of Figure 1.

Figure 4 is anhother embodiment W1th a smgle
cylinder, in vertical axial section.

Pigure 5 is an end view of same, the cover of
the casing being removed and certain parts shown
in section on the line V—V in Figure 4.

Figure 6 is the top part of the casing for thls
pump as seen irom the interior, with the cover
removed.

Figure 7 is a third embodiment, likewise with
a single cylinder, in vertical axial section,

Figure 8 is a section on the line VIII—VIII in
Figure 7. | |

Figure 9 is the top part of the casing of this
pump as seen from fthe interior, with the cover
removed.

Figure 10 is g fourth embodiment with two cyl-—
inders, for use as a two-stage compressor, in ver-
tical axial section.
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‘Figure 11 is a section on the line XI—XI in
F1gure 10, |

The pump shown in Figures 1-3 con51sts of a
casing 10, one end of which is closed by a cover
{2 secured by means of screws 13. The opposite
end of the casing is provided with a bored neck
(4 forming a bearing for a crankshaft 16 with an
enlarcement 18 constituting the journal of the
shaft 16 in the bearing and accommodating a
stuffing box, of which no further description is
given, since it is outside the scope of the inven-
tion. The shaft 16 is passed through the neck
{4 and may outside the latter be coupled directly
to ‘a driving motor. The shaft is provided with
two cranks 22 and 24 and a gudgeon 26 co-axial
with the enlargement (8 and resting in 2 stud
28 on the inner side of the cover 12.

The pump has two cylinders, worked out dla-
metrlcally in substantially disc~shaped bhodies 30
and 32 which are placed in g bore 33 at the top
of the casing {0 parallel to the crankshaft 6.
The said bore 33 is moreover provided with a ma-
chined plane surface 34 forming a support for
one lateral surface of the body 30. The body 32

5 is supported against the opposite side of the body

30, and in the bore 33 on the other side of the
body 32 is inserted a disc 36 which is secured
against turning and held in abutment against the
said body by means of a coil spring 38. The cyl-
inder bores of the bodies 30 and 32 accommodate
plungers 40 and 42, respectively, having two-piece
bearings 44 and 46 co-operating with the cranks
22 and 24, respectively.  The plunger 40, which
acts as a low pressure piston, is of a larger cross-~
sectional area than the plunger 42, which acts as
a high pressure piston, and the cranks 22 and
24 are offset by 180° in relation to each other,
the two plungers thus working in push-pull.

The face 34 of the casing 10 against which the
b_ody 30 abuts, is provided with an opening 48,
see Figure 3, which forms the inlet opening of
the pump. The top end of the cylinder in the
body 30 is provided with a cross-passage 50 con-
stituting both the 1nlet and the dlscharge chan-
nel for this cylinder. Similarly, the body 32 has
a passage 52 constltutmg the inlet and discharge
channel of the cylinder in that body. Finally, an
opening 54 in the disc 36 constltutes the dis-
charge opening of the pump.

In the opening 48 is screwed a p1pe branch 56,
to which the supply pipe of the pump can be con-
nected, and in the cover (2 is inserted a nipple
38 for connection to the discharge pipe. A cup-
shaped diaphragm 60, which, for example, may
be of copper, is soldered along its edge to the
disc 36, whereas the nipple 58 is passed through
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the diaphragm bottom, keeping the diaphragm In
position between a collar on the nipple and the

cover 12.

When the compressor is turned clockwise from
the position shown in PFigure 2, the upper part
of the body 30 will by its oscillation be moved up-
wards as in Figure 3, and the upper part of the
body 32 will be moved downwards. After g slight

movement the cylinder of the body 30 will reg-
ister with the inlet opening 48 and the cylinder

10

in the body 32 similarly register with the dis-

charge opening 54. The working medium will be
drawn into the first-mentioned cylinder, and the

pre-compressed medium in the last-mentioned

cylinder will be forced out. During these opera-
tions there will be no inter-communication be-
tween the two cylinders. When the crank 22 has
passed its lower dead centre and the crank 24
has passed its upper dead centre, inter-com-
munication will be established between the pas-
sages 90 and 92 owing to the oscillating move-
ment of the cylinders, whereas the said passages
will be cut off from the openings 48 and %4, re-
spectively. Thus, the charge in the cylinder of
the hody 30 will be transferred to the cylinder of
the body 32 which involves a pre-compression of
the medium, since the first-mentioned cylinder is
bigger than the last-mentioned one.

The medium leaving the compressor will flow
to the space formed between the disc 36 and
the diaphragm 60 and consequently exert a pres-
sure against the said disc, which, again, be-
cause of the diaphragm being slightly resilient,
will exert a pressure on the body 32, forcing it
against the body 30 ang further pressing the lat-
ter against the surface 34 of the casing (6. The
pressure between the abutting surfaces of the
said parts will therefore be substantially pro-
portional to the pressure produced by the pump
on the working medium, which is very purport-
able with a view to maintaining constant tight-
ness between the co-operating sliding surfaces
of the said parts. The spring 38 may be com-
paratively light aor may, for example, be dis-
pensed with altogether, the diaphragm 60 be-
ing capable of exerting the slight pressure nec-
@ssary on the disc 36 until a pressure on the
working medium has been established.

"As plainly indicated in Figure 1, the bodies 30
and 32 are only contacting the corresponding
counter surfaces at the edge of their lateral sur-
faces. This will ensure an even wear of the
sliding surfaces, so that the tightness between
same at the inlet and outlet openings, which are
eompulsorily controlled by means of the oscil-
lating movement of the bodies 30 and 32, is
maintained even after operation over a long pe-
riod. The said bodies may be provided with
recesses 62, as in Figure 2, in order to reduce
weight.

Owing to the bodies 30 and 32 being placed in
direet contact with each other, the dead space
existing between the stages of the compressor
may be materially reduced.

Referring to Figures 4-6, the reference num-
bers 16, 12 13, 14, etc., and 22 denote the same
parts as the corresponding reference numbers in
Pigures 1-3. The pump shown here has a single
cylinder provided diametrically in a substantial-
Iy disc-shaped body (24 which, as in the former
ease, is journalled in a bore 126. The body (24
rests with one of its lateral surfaces against a
maehined surface {28. At the opposite lateral
‘surface of the said body is provided an annular
'pmjection 130 enclosed by a coil sprmg 132
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forcing the body (24 against the surface [28.
The cylinder bore of the said body accommodates
a plunger 134 with a bearing (36 co-operating
with the crank 22.

The surface (28 is provided with an opening
138, see Figure 6, constituting the inlet opening of
the pump. The discharge opening consists in the
case of this embodiment of a recess (40 sur-

rounded by the surface 128, as will appear from

the following. At the top the cvlinder bhody (24
has an opening 142 forming the inlet and out-

let passage for the cylinder.

The supply pipe of the pump can be connected
to a pipe branch {44 screwed into the opening
838. In the cover {2 there is inserted a nipple
{46 for connection to the discharge pipe, the

- said nipple being co-axial with the axis of o0s-

cillation of the cylinder body 124. The opening
of this nipple is closed inwardly by means of a
ball 148 forming a support for a cone disc {50, the
edge of which serves as a support for the spring
32, At its inner end the nipple (46 is provided
with three radial bores (52 opening downwards
and laterally, whereas there is no corresponding
bore facing upwards. The said bores form com-
munication hetween the space of the casing 10
and the nipple (46, moreover, there is a slot 147
between the edge of the disc 150 and the interior
side surface of the cover 12.

When the shaft 16 is turned, the cylinder body
(24 will perform an oscillating movement. With
the plunger {34 in its top position as indicated in
Figure 4, the opening 142 will he covered by that
part 54 of the suriace (28 which 1s immediately
to the right of the opening (38, see Figure 6.
When the shaft 16 is turned in the direction
of the arrow shown in Figure 5, the opening
{42 will register with the opening {38 during the
downward stroke of the plunger. This communi-
cation will again be cut off at the lower dead
centre of the crank 22, and during the further
movement the opening 142 will get into come
munication with the recess 140. In operation of
the pump a suction from the branch pipe (44
will thus alternate with an exhaust to the recess
[40. From the lastmentioned recess the worke-
ing medium can flow through passages 158 in
the body 124 to the space of the casing {0 proper,
from which it may escape through the slot 141,
previously referred to, at the edge of the dise 160,
and through the bores 182 to the discharge nipple
146,

When the pump is in operation, the pressure
on the working medium will be present in the
casing 10, and as the cylinder body (24 has a
larger free area on its left side, see Figure 4,
than on its right side, this pressure will con-
tribute towards maintaining abutment between
the cylinder bhody and the surface 128. The spring
132 need only exert a comparatively light pres-
sure against the hody (24, as its object only is
to produce the necessary contact pressure in
case of insufficient pressure on the working me-
dium.

The lubrication oil is fed to the hottom of the
casing 10, being thrown about by the movement
cf the crank 22 and supplied to all surfaces re-
quiring lubrication, an annular passage 88 be-
ing provided so as also to secure lubrication of
the circumferential surface of the hody 124. The
space in the pump casing serves as an oil sep-
arator, because the rate of flow of the working
medium through this space is very slow. The
disc 150 protects the nipple 146 from oil splashes.

The embodiment shown in Figures 7-9 is
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mainly distinguished from that referred to in
Figures 4-6 thereby that the working medium
does not pass the entire space of the pump cas-
ing, but only part of it, serving as an oil sep-
arator, the working medium thus being not ad-
mitted to that part of the pump casmg accom-
modating the erank.

Referring to Figures 7-9, the cylinder body is
denoted by 224, In the passages 256 of fthe
said body there are partitions 257, so that the
recess 240 in the pump casing will have an op-
posite recess 241 in the cylinder body 224. The
inlet opening 238 of the pump is located as in
the former case, whereas the discharge opening
243 is located in the side wall of the pump cas-
ing at the recess 240. The exhaust from the
pump on leaving the space 240, 24! will there-
fore pass directly to the discharge opening 243.
A further description of the construction of this
embodiment seems superfluous.

When the compressor is put into operation,
the pressure established on the working medium
will initially be present in the space 240, 241.
The spring 232 acting on the cylinder body 224
is, however, so powerful that the abutment pres-
sure between the said body and the opposite
surface 228 will not be relieved. The pressure
in the said space will gradually be diffused to
the entire space of the pump casing, and in
case of equivalent pressures in both spaces, the
pressure of the working medium will, as in the
former case, contribute towards keeping the cyl-
inder body in abutment. This effect, however,
is not required in the embodiment described, the
spring 232 alone being capable of providing the
necessary abutment pressure.

It is immaterial that the opening 238 serves
as inlet and the opening 243 as discharge, it
being also possible to design the machine in such
a. way that the working medium flows in the
oprosite direction.

The two-stage compressor shown in Pigures
10 and 11 has two cylinder bodies 348 and 350
actuated by separate cranks 352 and 354 on the
crank shaft 356. The pump casing 358 is pro-
vided with two covers 360 and 362, both with
bearines for the crankshaft 356 and each con-
stituting an endwall of the casing, and one of
which has a neck 364 for a stuffing box.

Tach of the cylinder bodies 348 and 350 abuts
against its own cover 360 and 362, and the spaces
thus formed, 366 and 368 respectively, are inter-
connected through passages 3710 in the cylinder
bodies, see Figure 11. The cylinder bodies are
~ disposed at a certain distance from each other
in axial direction, and between the said bodies
there is provided a space 314, limited by an an-
nular element 372, through which space the said
communication passes, being separated from
that part of the pump casing accommodating
the cranks 352 and 358. Between the cylinder
hodies is provided a spring 3716 forcing the said
bodies away from each other towards their re-
spective counter surfaces.

When the pump is in operation, the working
medium is drawn in through an opening 378 in
the cover 360 and conveyed to the space 366 by
the reciprocating movement of the plunger in
the cylinder body 348. The spaces 366 and 368
and the passages 370 in the cylinder bodies,
which latter passages provide communication be-
tween the said spaces, form, together with the
space 374 in the element 312, a receiver for ad-
mission of the pre-compressed working medium,
The secondary compression is effected by means
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6
of the plunger working in theé ¢ylinder body 350,
the said plunger taking off the pre-compressed
medium from the receiver and forcing it to the
outlet opening 380 of the pump provided in the
cover 362.

A further descrlptlon of the mode of operatmn
of this pump is considered unnecessary in view
of the detailed description given of the embodi-
ments previously mentioned.

- 'The invention is more partlcularly mtended
for use in compressors of small refrigerating
plants, for example, for household purposes. In
such plants the compressor has hitherto been
driven through a speed reducer, the spring-
loaded valves used for ordinary compressors not
being capable of working at the speed corre-
sponding to that of the motor in the case of
direct coupling with the motor. A compressor
according to the present invention, however, can
he coupled directly to a high-speed motor, be-
cause the inlet and the outlet openings of the
compressor are subject to compulsory control.

If it is preferred not to use any stuffing box
in the compressor at all, the compressor casing
may be designed so as to enclose the driving
motor too, for example an electromotor, thus
practically eliminating any possibility of leakage.

Having thus fully described my invention I
claim as hew and desire to secure by Letters
Patent:

1. A plunger pump having at least two cylin-
ders, of the type in which an oscillatory move-
ment is imparted to the cylinders, consisting of
a pump casing having a bore, two disc shaped
cylinder bodies, each with a circumferential sur-
face of rotation surrounding the corresponding
cylinder and journalled oscillatory in said bore,
esch of the said cylinder bodies having one end
surface in abutment against a surface at the
inner side of the pump casing at one of the
ends of said bore, each of said last named sur-
faces being provided with a recess which together
with the corresponding cylinder body forms a
space, said spaces being interconnected by pas-
sages in the cylinder bodies and forming together
with said passages a part of a receiver, arranged
inside the pump casing, for the working medium
of the pump.

2. A plunger pump as claimed in claim 1, in
which the two cylinder bodies are disposed at
a distance from each other in the direction of
their axes, an annular element restricting the
space between the two bodies and constituting
another part of the receiver, a spring bheing
mounted in said annular element to force the
bodies away from each other against the sur-
faces at the inner side of the pump casing.

3. A plunger pump, comprising a pump casing
having a bore, and inlet and outlet openings
and at least one cylinder body having a cylinder
therein and a surface of rotation surrounding
said cylinder, said body being journalled oscil-
latory in said bore in said pump casing, a plane
substantially annular counter surface inside said
pump casing, said body abutting with a lateral
surface azainst said plane substantially annular
counter surface inside the pump casing, sald
Iateral surface being provided with a passage
leadine to the cylinder, said counter surface
being provided with an orifice connected to one
of said openings in the pump casing, a recess,
facing towards the cylinder body, in the pump
casing and being encircled by the counter sur-

face, oscillatory movement of the cylinder body
alternately connecting said passage to said ori-
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fice and said recess, so that the working medium References Cited in the file of this patent
of the pump will flow :through said recess :-on UNITED STATES PATENTS
Ats way from the inlet to the outlet in the pump : - | -
casing. Number Name Date

4. A plunger pump as claimed in claim 3, in 3 441,093 Case Nov. 18, 1890
which communication is established between 1,416,314  Atkins . ___________ May 16, 1922
said recess and the space .of the pump .casing 1,701,003 Harr et al. Feb. 5, 1929
at the other side of said.cylinder body, said inlet 1,703,108  Hvid - ________ Feb. 26, 1929
and outlet openings in ‘the pump casing being 1,839,085 Carrey .oe_________ Dec. 29, 1931
arranged on opposite sides of the cylinder body. 3o 1,905,933 b3 ourness ... Apr. 25, 1933

1,944,198 Smith ___ ____ _ . ____ Jan. 23, 1934

NIELS BORGE TVEDEN. 1,977,740 omith . _ Oct. 23, 1934
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