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11 Claims.

This invention relates to a motion transmit-
ting mechanism including a - Auid- ~pressure re-
sponsive, angulariy adjustable shaft coupling de-
vice. In particular, though not exclusively, such
mechanism may be used for driving - auxiliary
apparatus, such as fuel injection pumps, ignition
apparatus, valve gear and the like, cooperating
with internal combustion engines, the fluid-pres-
sure responsive, angularly adjustable shaft cot-
pling device then serving for varying. the timing

.of the operation of such auxiliary apparatus in

reiation to the working cycle of the internal com-
bustion engine.

One of the objects of my invention is to provide
a simplé and compact arrangement of the said
mechanism, in which no linkage rods or levers
are required for adjusting the said shaft coupllng
device.

‘Another object of the invention is to arrange
the parts sc as to diminish the possibilities of
leakage of the pressure-fuid supplied for adjust-
ing the said shaft coupling device.

The invention further has for its purpcse to

provide a construction in which the said fluid-

bressure is supplied to the angularly adjustable
shaft coupling device through means Well pro-
tected from accidental damage.

Further objects and advantages of my inven-
tien will appear from the following description
of embodiments thereof with reference to the ac-
companying drawings, and it will be understood

that while T have described what may be consid=

ered as preferable embkodiments of my invention,
I do not limit myself to the precise conditions or
proportions hersin set forth, as they may be
varied by those skilled in the art in accordance
with the particular purposes for which théy are

~intended, and the conditions under which they
_are to be utilized.

In the said drawings,

Fig. 1 is a longitudinal section through a fuel
injection pump for internal combustion engines,
and through its injection timing device embody-
ing the invention, : :

Pig. 2 is a cross-section on the line A—A of
Fig. 1.

Fig. 3 shows, also in longitudinal section, an

“gdjustable shaff coupling suitable for replacing
that included in the apparatus shown in Fig. 1,

without departing from the scope of the inven-
tion. The parts not shown in Fig. '3 may be

- exactly similar to the corresponding parts shown

: in Fig. 1.

CoD

Fig. 4 is a longitudinal section through a fuel
injection pump and injection timing device, in

(CL 64—25)-

which the invention is embodied still in another

way.

Pig, 5 is a horlzontal section on the Ime B—B

of Fig. 4.

In the embodiment shown in Figs. 1 and 2, the 5
reference number 188 indicates generally the fuel
injection pump of a three-cylinder internal ¢om-
bustion engine; 4 is the housing of the said pump,
and 3 is the cam shaft supported in the ball bear-

ings | and 2 lodged in the

thereon and each actuating
injection pump through a

: housing 4. " 'The cam
shaft 3 has three cams (61,

102 and 103 formed
one piston of the feul

pusher (04, 195, i06 .

carrying a loose roller such as 187 on a journal .
{08, and guided in the housing 4. Springs 109,
{18 and {11 are provided for pressing the pushers
184, 105 and 108 home onto their actuatihg cams
184, 182 and 103. - As the fuel injection pump 108
may operate on. any suitable principle and does

not form a part of the present invention, its c¢yl- o

inders, pistons, valves and similar parts have not
been shown in the drawing and need not be de-

scribed; they are concealed in the upper portion

of the housing 4, from which injection conduits

“Fi2, 13 and 1i4 lead to the cylinders of the in-

ternal combustion engine, which are not shown.

% is a housing fixed to

the pump housing 4

and enclosing the adjustable coupling device. A
Turther ball bearing & lodged in the housing 5
supports the driving member 7, to which a cover
piece § is secured by screws 8a. The cover piece

8 is rotatably supported on

the cam shaft & next

to the bearing §." The driving member 1 is keyed
to a shaft 9§ driven from the internal combustion

éngine in a way not shown and has a cylindric s

recess 19 in which the axially dlsplaceable piston

Il is a tight working ft.
coaxial tubular extension {2

The piston {1 has a’
2 which on its inside

is provided with parallel splines i3 engaging cor-
responding ‘slots. {4 in the end portion of the
cari shaft 3. On its outside, the piston exten-
sion {2 has a quick pitch thread {5 engaging a
corresponding ‘female thread in a boss of the
cover piece 8§, thus angularly coupling the latter

to the piston extension 12.

A coil spring {6 in-~

terposed between the flange of the cover piece
& and the piston 1f presses the latter into the -

cylindric recess 0.

At the other end of the injection pump, where

its carm shaft is supported
casing 19 of a gear pump

by the bearing 2, the
is fixed to the injec-~

tion pump housing 4. Said pump comprises a
gearwheel 20 which is keyed to the cam shaft 3

and which meshes with a
Jjournalled on the pin 21.

second gearwheel 22

‘Both said gearwheels
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tightly fit the gear pump casing {8 on their faces
and on a considerable portion of their circum-
ference, so that when driven as iridicated by the
arrow they displaceliquid from the supply cham-
ber 23 to the delivery chamber 28, The supply
chamber 23 is connected to a reservoir (not
shown) by a supply pipe 24. From the delivery
chamber 25 a duct 26 leads to a restricted pas-
sage 27 whose cross-section may be adjusted by
means of the adjusting screw 28, and -a conduit
29 is connected after said passage 27 for carrying
the liquid away. In the conduit 29, the liquid
pressure will suitably be kept substantially con-
stant by a pressure regulating device which may
comprise a spring-loaded piston valve acted upon
by the liquid pressure in the conduit 28 and con-
trclling a release passage.

The liguid supplied to the described system

from the reservoir may be lubricating oil, glyc-

erine, fuel oil or the like. Tf the fuel oil used
is suitable for being injected into the cylinders
of the internal combustion engine, it will prei-
erably be fed to the suction chamber of the
injection pump through the conduit 29.
Through the duct 38, the delivery chamber 25
coramunicates with a longitudinal bore or pas-
sage 31 provided in the cam shaft 3, through

which bore the pressure of the liquid is frans--

mitted from the gear pump to the pressure-re-
sponsive adjustable coupling at the other end of
the injection pump. The duct 38 issues in the
plane inner face 32 of the gear pump casing 19,
opposite the end face of the cam shaft 3. A

short fanged -tube 33 communicating with the

bore 34 of ‘the cam shaft 3 has on its flange a
plane end face tightly fitting the face 32 of the

«casing 19 and pressed thereto by a spring. 34.
The latter abuts the flange of another short tube

35 in which the tube 33 is a slidable tight flt, and

40

presses -said tube 35 against a ring 86 having a

spherical face fitting a corresponding recess in
the -end face of the cam shaft 3. The connec-

- tion thus established between the duct 38 and

45

50

55

the bore 31 allows for free movement of the cam
shaft-3. On account of the spherical fitting sur-

faces of the ring 86 with the cam .shaft 3 and
because the fange of the tube 33 can slide along

the casing face 32, the cam shaft may both ro-
tate and suffer some deflection without the tight-
ness of the connection between the duct 30 and
the bore 31 being impaired.

At the cpposite end of the cam shaft 3 the
longitudinal bore 31 communicates with the re-
cess 10 through a connection pensetrating through
the piston I{. The said connection comprises
the tube 37 which is held in tight confact with

" the piston i though angularly movable with re-

60

65

1ation to the axis of the latter, as the said tube 37
hag a spherical head 38 which is confined by the
cup 39 forced into a recess of the piston {1. " The
tube 27 is guided in a bore of the ball 48, which

is retained in a spherical recess of the cam shaft’

3. by a cup 44 forced into . said recess.

When the internal combustion engine is rum-
ning, the driving shaft 8, the driving member 1,
and the cover piece 8 rotate together. The tubu-

Jar extension 12 being angularly coupled to the

Iatter by the quick pitch thread, the piston tf
follows the rotating movement, and the splines {3
which engage the slots {4 of the cam shaft cause
the latter to rotate and to actuate the fuel in-

jection pump. The cam shaft 3 also drives the -

gear pump 28,22, which displaces from the sup-
ply - chamber 23 to the delivery chamber 25 3
quantity -of liquid .increasing according fo the

sense of rotation of the said cam shaft.

in Pig. 3.

2,190,900

number of revolutions of the cam shaft 3. From
the delivery chamber 25, the liquid flows . off
through the duct 26 and the restricted passage
21, and thence through the conduit 28. Becauss
of the throttling effect in the restricted passage
27 the liquid pressure in the duct 26 increases
approximately according to the square of the an-
gular speed of the cam shaft 3. This liquid pres-
sure is transmitted to. the cylindric recess {0
through the duct 38, the tube 33, the bore 31 of
the cam shaft 2, and the tube 37. As the angu-
lar speed of the cam shaft 3 increases, the in-
creasing liquid pressure in the recess {0 displaces
the piston {1 against the force of the spring 6.
As the said piston and its extension 12 are guided
by the quick pitch thread {5 engaging the cover
piece 8 carried by the driving member T, they
are angularly displaced relatively to the latter
while proceeding under the effect of the liquid
pressure, and -as the splines {8 are in engage-
ment with the slots. (4 of the cam shaft 3, the
latter must  follow  this angular displacement.
The quick pitch thread 15 is directed in such a
way that when the pressure in the recess 10 in-
creases the angular displacement of the shaft 3
relatively to the member 7 takes place in the
Thus
the fuel injection by the injection pump is ad-
vanced when the internal conbustion engine runs
faster, and delayed when it runs slower. Such
a variation of the injection timing is known to
have a good influence on the steady running of
the internal combustion engine at all speeds:

In the embodiment shown in Fig. 3 a cylinder
53 is carried by the end of shaft 3, to which it
is angularly coupled by a pin 5{ and fixed by
the nut 52. The piston 54 is a tight fit in the
eylinder 53 and bounds therein a working cham-
ber £3 which is in open communication with the
bore 31 of the shaft 3.  The piston 54 is provided
with svlines 57 engaging slots 58 in the cylinder
body 53. The said piston 58 has alsoc a female
guick piteh thread in engagement with a corre-
sponding male thread 58 provided on the driving
shaft 9 which, in a way not shown in the draw-
ings,'is coupled to the crank-shaft of the inter-
nal combustion engine. The driving shaft 9 is
supported in a hall-bearing 6 lodged in the hous-
ing §. As already mentioned, the device shown
in Fig. 3 is intended to replace the correspondin
device in the apparatus shown in Fig. 1, so that
the fuel injection pump 1069, the gear pump fitted

[\
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thereto in the housing 9, and the means con- , -

necting the delivery chamber in the latter to the
bore 31 of the cam shaft 3, may be constructed

exactly as shown in Fig. 1 and have therefore

not'been represented again in Fig. 3.

When the driving shaft 9 is rotated by the in-
ternal combustion engine, its quick-pitch screw-
thread 55 causes the piston 54 to revolve also,
thus driving, by means of the splines §7, the cyl-
inder body 53 and the cam shaft 3, which actuates
the injection pump and the gear pump not shown
As described with reference to Fig. 1,
a liquid pressure increasing with engine speed
is set up in the bore 81. Because of the open
communication between" the.said bore and the
working chamber 88, this pressure is also effective
in the latter. When the engine speed increases,
the pressure overcomes the force of the spring
58 and displaces the piston %4 to the right. Ow=
ing to.the high-pitch thread 35, the said piston
is also angularly displaced relatively to the shaft

8. The cylinder body 53 and the cam shaft 3

follow this angular displacement, thus advancing

55
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the time of injection relatively to the working
cycle of the internal combustion engine.

In the embodiment shown in Figs. 4 and 5, the
injection pump 108 is of similar desigh as shown
in ®ig. 1. Its cam shaft 3 is connected to the
drive shaft 9 by means of an angularly adjust-
able coupling comprising a drive member T keyed
to the shaft 9, a cover piece 8 rotatably mounted
on shaft 3 and secured to the member T by screws
8a and provided with 1nterna1 quick pitch thread
61. The end portion of shaft 3 has parallel slots
{4. The piston 11 also is prov1ded with a tubular
extension 12 having on its outside a quick pitch
thread (6 engaging thread 6! of the cover piece
8 and infernal splines 13 engaging the slots {4
of shaft 3, and it is axially displaceable in a cy-
lindric recess 10 of the drive member 7, in which
it defines a working chamber 62.  The parts and
their features as thus far described are similar
to the corresponding ones in Fig. 1. However,
the piston {1 has a cylindric axial hole 62 tightly
fitted by the tube 84, which latter is secured to
the housing 65, at the other end of the injection

. pump 109, and extends through the whole length

of the axial passage 68 provided in the cam shaft
3. Adjacent to its ball bearing .2, the latter car-
ries a bevel gear wheel 6T keyed thereto and se-

cured by a nut 8. In the bottom portion of the

housing 65 and readily accessible by dismantling
a cover 69, there are two spur wheels 18 and 71
in mesh with each other. The wheel 70 is made
integral with a shaft 72, to which is keyed a sec-
ond bevel gear wheel 13 meshing with the afore-
said wheel 67 on the shaft 3. The shaft 12 is
rotatably supported both in the bottom of hous-
ing 65 and in the cover 69, and a thrust bearing

-is . provided between wheel’' 78 and the housing

§5. The other spur wheel T is journalled on the
pin 74, which also is supported in the said hous-
ing 65 and cover 69. : ‘

Both wheels 10 and 71 tightly fit a recess of
the housing 65, but a supply chamber 15 and a
delivery chamber 76 are provided adjacent to the
vlace where their teeth are in engagement. Lu-
bricant or fuel oil is supplied from some source
to the supply chamber 75 through the conduit 77
and carried to the delivery chamber 16 when the

gear wheels 10 and 71 are revolving in their nor-

mal sense of rotation indicated by the arrows.
From the delivery chamber 716, the oil is carried
away through the duct 78 and the conduit 79. In
the duct 18, a restricted passage 89 is provided,
whose cross-section may be adjusted by the screw
pin 81.

The tube 64 has a portion &2 of greater diame-
ter which fits a corresponding opening in the

 wall of housing 65, and an abutment 83 between

70

which and the housing wall a packing 84 is in-
terposed. On the cther side of -the said wall, a
nut 85 tightened on another packing 86 cooper-

ates with the abutment 83 to hold the tube 84 in

position and in tight fit with the hdéusing wall.
In the'said wall, there is & duct 87 communicat-
ing with the aforesaid duect .18, ahead of the re-
stricted passage 88, and with an annular groove
28 on the portion 82 of tube 64, which grocve
is connected, through 2 hole 88, to the inside of
the said tube, and through thelatter, to the work-
ing chamber 62 of the shaft coupling device.
After what has been explained with reference

. to Fig.'1, It will readily be seen that, owing to the

throttling effect in the passage 89, the oil sup-
plied to the delivery chamber 76 by the cooper-
ating gear wheels 18 and 71 is under a pressure
increasing with the speed of rotation of said

3

wheels, 1. e., with the speed of the internal com- .

bustion engine. This pressure is transmitted to
the working chamber 62; through the ducts 18
and 87, the groove 88, the hole 89, and through
the tube 64. In the chamber 62, the said pressure
becomes effective on piston i, displacing the
latter to the left against the resistance of spring
16, as engine speed 1ncreases The said piston
simultaneously effects an angular displacement
due to the quick pitch threads i5 and 61 and
thus advances the time of injection with refer-
ence to the angular position of shaft § and the
working cycle of the internal combustion en-
gine,

What T claim is:

1. The combination of a rotatable shaft having
an axial passage formed therein; a rotatable
member axially sligned with said shaft: a cylin-
der and an axially shiftable piston enclesing to-
gether a variable working space; a spline con-
nection between said piston and said rotatable
member and a.spline connection between said
piston and said shaft, at least one of said spline
connecticns being helicoidal and the spline con-
nections so arranged that axial displacement of
the piston entails relative angular displacement
of said rotatable member and said shaft; a hous~
ing enclosing ‘a fluid-containing space, means
adapted for maintaining a controlled fluid-pres-
sure-in said fluid-containing space; means con-
necting said variable working space through said
passage in said shaft to said fluid-containing
space; and yielding means opposing axial dis-

10
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30

piacement of said piston by the fluid pressure in

sald variable working space. _

© 2. The combination of a rotatable shaft hav-
ing an axial passage formed therein,; a rotatable
member axially aligned with said shaft and hav-

'ing a cylindric recess formeéd therein; a piston
axially shiftable in said cylindric recess and ¢
‘bounding therein “a “variable working space; a

spline connection between said piston and said
rotatable member and a spline connection be-
tween said piston and said shaft, at least one
of said spline connections being helicoidal and
the  spline  connections so arranged that axial
displacement of 'the piston entails relative an-

'35

45

gular displacement of said rotatable member and -

" said shaft; a housing enclosing a fluid-containing

space; means adapted for maintaining a con-
trolled fluid-pressure in said fluid-containing
space; means connecting said variable working
space through said passage in said shaft to said
fluid-containing space; and yielding means op-
posing axial displacement of said piston by the
fluid pressure in said variable working space.

3. The combination of a rotatable shaft having
an axial passage formed therein: a rotatable
member axially aligned with said shaft; a cylin-
der carried by said shaft and an axially shift-
able piston, which cylinder and piston enclose
together a variable working space; a spline con-
nection between said piston and said rotatable
member and a spline connection between said
piston ‘and said cylinder, at least one of said
spline connections being helicoidal and the spline
connections so arranged that axial displacement
of the piston entails relative angular displace-
ment of said rotatable member and said shaft;
a, housing enclosing a fuid-containing space;
means - adapted for maintaining a controlled
fiuid-pressure in said fluid-containing space;
means cennecting - said variable working space
through said passage in said shaft to said fuid-
containing’ space; and yielding means opposing

50
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4
axial displacement of :said piston by the fluid-
pressure in said: variable working chamber.

4. The combination of a rotatable shaft hav-
ing an axial passage formed therein; a rotatable
mermber axially sligned with said shaft; a cylin-
der: a piston provided with an opening and
sxially shiftable in said cylinder, said cylinder
and piston enclosing together a variable working
space: 3 spline connection between said piston
and said rotatable member and a spline con-
nection between said piston and said shaft, at
lesst one of said spline connections being heli-
cridal and the spline connections so arranged
that axial displacement of the piston entails
relative angular displacement of said rotatable
member and said shaft; a housing enclosing a
finid-containing space; means adapted for main-
taining a controlled fluid-pressure in said fluid-
containing space; means connecting said variable
working space to -said fiuid-containing space,
threough said opening in said piston and through
said passage in said shaft.

5. The combination of a rotatab]e shaft having
an. axial passage formed therein; a rotatable
member axially aligned with said shaft; a cylin-
der and an axially shiftable piston enclosing to-
gether a variable working space; said piston be-

" ing splined to said rotatable member and to said

shaft, in such a way that axial displacement of
the.piston entails relative angular displacement
of said rotatable member and said shaft; a hous-
ing enclosing a fluid-containing space; means
adapted for maintaining a controlled fluid-pres-
sure ‘in said fluid-containing space; tubular
‘means guided on said shaft and on said housing
so as-to allow for motion of the shaft relatively
to the housing whilst forming a fAnid-tight con-
nection between said fluid-containing space and
said passage in the shaft; means forming a fluid-
tight connection between said passage in the
shaft and said variable working space; and yield~
ing means opposing axial displacement of said

piston by the fluid pressure in sald variable

working space.

5. The combination of a -u*"x*abm shaft hav-
ing an axial passage formed therein; a t‘Ut’Lb-
able member axially aligned with said shaift;
cylinder; a piston provided with an .opening ard
axially shiftabie in ssid cyiinder, said ¢ylin
and piston enclosing fogethsr a variable working
space, said pision being splined 0 said rotatable
membar and to said shaft in such a way that

wial displacement of the piston entails relative
angul.ar displacement of said rotatable member
and said shaft; a housing enclesing a fiuvid-
containing space; means adapted for maintzin-
ing a controlled fluid pressure in’ said  Auld
contsining space; tubular means guided on sald
shaft and on ssid housing so as to allow for
moticn of said shaft relatively to. said housing
whilst forming a fluid-tight connection botwesn
said fuid-containing space and said passage in
the shaft; tubular means guided on said shaft
and in the opening of said piston so as o form
o fuid-tight connection between said passage
in the shaft and the said variable working chami-
her while allewing for relative moticn of sald
shafi and piston; and yielding means cpposing
axial displacement of said piston by the fluid
pressure in sald variable working space. i

7. The combination of a rotatable shafi hav-
ing an axial passage fovmed therein; a rotat-
able member axially aligned with said: shaft; a
cylinder carried by said shait and. an axially
shiftable piston enclosing together &  variable

"said passage in the shaft;

“and axially aligned with sa

2,190,200

working space in-open cemmunication with said
passage in the shaft, sald piston being splined
to said rotatakle member and to said shaft, in
such - a way that axial displacement of the pisten
entails relative angular cuspxacement of said ro-
tatabie member- on- said shafi; a housing en-
closing & fluid-containing space; means sdapted
for mainteining & controlied fuid pressure in
said  fluid- contmmng space; tubular @ means
guided on said shatt and on-said housing so as
te allow: for- motion of said shaft relatively to
said housing whiist forming a fuid-tight con-
nection between said fiuid-containing space and
and yielding means
opposing axial displacement of said piston by
the fluid pressure in said variable working space.

8. The combination of a rotatable shalt hav-
ing an aXial passage forined.therein; a rotai-
able member axially aligned with said shaft; a
cylinder; a piston provided ‘with an opening and
axiglly shiftakle in said cylinder, sald cylinder
and piston enclosing together s variable work-
ing space; said piston being splined to said ro-
tatable member and to said shaft in such a way
that axial displacement of the piston entails
relative angular displacement of said rovatsble

member and said shaft; a. ho*asing encicsing &
ﬁuld -containing space; meszns adapted for main-
taining & controlled fluid pr 2 in said fluld-
containing space;

sage in said
shaft and guided in said opening oi said pisic
s0 as to form a fuid-tight -connection. between

said fAuld-containing space in the housing arvd
5'116 variable working space while allow
motion of said piston relatively to said bhous-
ing; and yvielding means oppesing axial displace-
ment of said piston by the fAuid press
variable working space.

9, The combination of a substantislly closed
housing; a driven shaft mounted te votate in
said housing and having both ends enclosed
thereby; a driving shaft entering said housing
and axially aligned with said driven shaft; a cyl-
inder turning with and forming an extension of
one ¢f said shafts within said houting: o nisten
axially shiftable in s8id cylinder, internosed b°—
tween the ends of said shafis and having torqus
transmitting spline ccnnections with each of said
shafts, at least one of seid spline connections
being heliccidal; a fluid fransmitting connection
for conducting pressure fluid fo said cylinder
to act against said pisten, said connection lead-
ing axially through the driven shaft from the
end thereof rernoté from said piston; means for
delivering fiuid under controlled prezsure to said
connection; -and yielding means resisting move-
ment of said piston under such fluid pressure.

10. The combination of & substantially closed
housing; a driven shait mounted to rotaie in
said housing and having both ends enclosed
thereby; -2 driving  shaft cm‘ervng said housing

driven shaft; a
cylinder turning with and farmmg an - extensicn
of one of sald shafts within said housing; a
piston axislly shiftable in said cylinder, inter-
posed between the ends of said shaits and hav-
ing torque transmitting spline .connections with
each of said shafts; at least one of said spline
connections being helicoidal; a fluld {ransmit-
ting connection for conducting pressure fiuid {o
said cylinder to act against said piston, said
connection leading axially through the driven

‘shaft from -the end. thereof remote Irom -said

tubular means secured te said
“housing, extending through said pass

ure in said-
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xﬁiston; ‘means comprising a pump driven by said
driven ‘'shaft, enclosed within said housing, and

arranged to deliver fluid under controlled pres-

sure to said axial connection for developing fiuid
pressure in said cylinder; and yielding means
resisting movement of said piston under such
fluid pressure. S ‘

11. The combination of a substantially closed
housing; »a  driven shaft. mounted to rotate in
said housing and having both ends enclosed
thereby: a driving shaft entering said housing
and axially aligned with said driven shaft; a
cylinder turning with and forming an extension
of said driving shaft within said housing; a pis-

Jon axially shiftable in said cylinder, interposed

between the ends of said shafts and having torgue

transmitting spline connections with each of said

shafts, at least.one of said spline ‘connections -

being helicoidal; a fluid. transmitting connection
for conducting pressure fluid to said cylinder
to act against said piston, said. connsction lead-
ing axially through the driven shaft from the

5

end thereof remete from said piston, and ineclud- . .

ing a leak-resisting slip connection with the pis-
ton, leading through the piston and. adapted to
permit  functional movements of the piston;
means for delivering fluid under controlled pres-
sure -to said conunection; and yielding: means
resisting movement of said piston under. such
fluid pressure. ‘

HESPER voN TAVEL.
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