J. R. THOMAS 2,712,867

VARIABLE SPEED HYDRAULIC CLUTCHES

July 12, 1955

4 Sheets—Sheet 1

Filed Sept. 3, 1954

Az 3
1_//4 Sm.w mM
_ _ mwnw N .\“W _M WM _
\\m m/ ANANNNRARNNANNNYY w
,,:{...M-J..m ),?Nm.w - @
7 o 00¢ SARANNNNANNNNNY
\ yEoe
R
[ Q“
P
0L/

ﬁﬂzry}’



J. R. THOMAS 2,712,867

VARIABLE SPEED HYDRAULIC CLUTCHES

July 12, 1955

4 Sheets—Sheet 2

A

INVENTOR.

r— e —————m ey
i

b i) kY gog \
L] ooc

h -5t

Filed Sept. 3, 1954

g 01‘/{6}/

174



July 12, 1955 J. R. THOMAS 2,712,867
VARIABLE SPEED HYDRAULIC CLUTCHES
Filed Sept. 3, 1954 ‘ 4 Sheets-Sheet 3

4.
/‘:7' /4



July 12, 1955

Filed Sept. 3, 1954

J. R. THOMAS

2,712,867

VARIABLE SPEED HYDRAULIC CLUTCHES

S
i)

4 Sheets—Sheet 4

Fig 13
.J—ZZ"’ of;"(ef
gl - e N
L0000 m‘ﬂ?‘ o s o234
00585 : . < R o284
01755 : ezl
08118 / .
05104 <4 102
e
o g@
11308 -
. e
S"f,W

INVENTOR
R. Thomae

BY
d{%‘m&
87%rn

4



United States Patent Office

2,712,867
VARIABLE SPEED HYDRAULIC CLUTCUES

Jobn R. Thomas, Wichita, Kans., assignor fo Thomas
Hydranlic Speed Contrals, Inc., Wichita, Xans., a cor-
poration of Kansas

Application September 3, 1954, Serial No. 454,155
13 Ciaims, (CL 192—861)

This invention is particulariy directed to improving
the operation and efficiency of a variable speed hydraulic
clutch of the type and character disclosed in my Patent
No. 2,658.595 issued Novemnber 10, 1953, to which
reference is made herein for purposes of complete dis-
closure of the present invention.

An object of the present invention is to provide a new
and improved hydraulic ciutch transmission incorporating
a porting of novel design and arrangement.

Another cbject of the present invention resides in the
provision of a novel porting and discharge valve design
and arrangement whereby a greater range and smooth-
ness of controllability is attained.

Still another object of the present invention is found
in providing a hydraulic clutch of the type disclesed in
my prior
outlet cpenings for the fluid circuits therein and co-
ordinating the movements of the intake and discharge
control valves with respect to the improved inlet and
ocutlet openings through the single fluid flow control
instrumentality. i

A further object of the present invention resides in
the provision of an improved fluid discharge control
valve for particularly rostricting comtrol of fluid flow
from ‘the outlet openings of the fluid circuits through
the novel narrow annular slot in the cuter peripheral
portion of the body of the valve.

The various features of novelty whereby the present
invention is characterized wiil hereinafter be pointed
out with particularity in the appended ciaims, however,

for a full understanding of the invention and of its ob- ¢

jects and advantages, reference may be had to Patent
No. 2,658,595 together with the following description
taken in connection with the accompanying drawings, ex-
emplifying a preferred embodiment of the invention,
wherein:

Fig. 1 is a longitudinal section through a hydraulic
clutch embodying my present invention; the section cor-
responding to that shown in Fig. 1 of said prior patent;

Fig. 2 is a vertical section of a modified form of one
of the combined air and oil intake control valves ilius-
trated in Fig. 8 of said pricr patent but showing my
improved discharge control valve;

Fig. 3 is a top plan view of one of the intake control
valves;

Fig. 4 is a plan view of one of the fluid circuit inlet
openings;

Fig. 5 is a plan view of one of the fluid circnit out-
let openings;

Fig, 6 shows an outside elevation of the pump mani-
fold;

Fig. 7 is an enlarged cross-section taken on line 7—7
of Fig. 6 showing one of the discharge ports of the mani-
fold and a corresponding portion of the pump body and
one of its discharge ports communicating with the mani-
fold discharge port together with a portion of the novel
discharge control valve;

Fig. 8 is a cross-section taken on line 8—8 of Fig. 6

Patent No. 2,658,595 with improved inlet and &
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showing one of the air and oil inlet openings in the pump
manifold valve seat;

Fig. 9 shows an end elevation of the novel discharge
control valve in the same enlarged scale as shown in
Fig. 7;

Fig. 10 is a cross-section of the discharge control valve
taken on line 18—18 of Fig. 9;

fizg. 11 is a chart showing comparative curves of a
progressively increaszd oil intake area of an inlst opening
and the corresponding uniform and progressively restricted
discharge area of an outlet opsning of a fluid circnit
during the full range of movemsnt of the flow control
insirumentality from neutral to high position; the curves
g of the new improved porting;

12 shows comparative curves of the open areas
the inlet and cutlet cpenings of porting disclosed in
Patent No. 2,658,555 during full range of movement of

F
the flow coatrol insirumentality from neutral to high

position

Fig. 13 is a chart showing the comparative torque
curves of a clutch constructed in accordance with said
prior patent and when provided with the improved port-
ing and discharge control valve disclosed herein; and

Fig. 14 is a chart showing diagrammatically several
progressive positions of a portion of the rim of an in-
take control vaive as compared to corresponding posi-
tions of the outlet control slot of the discharge control
valve together with the corresponding progressively in-
creased cpen areas of the inlet opening and the corre-
sponding unifornt and progressively decreased open
areas of the outlet opening during the full range of
movement of the flow controi instrumentality from
neutral to high position.

The preferred configurations and dimensions of the
inlet and outlet openings shown in Figs. 4 and 5 are
illustrative of the principles of the invention and, in the
present instance, the dimensions of the inlet and outlet
openings are those applicable to a clutch of the type
disclosed in said patent capable of transmitiing 44 horse-
power at 150G R. P. M.

Only certain pertinent principal elements of the clutch
disclosed in said patent are designated herein by identical
reference numerals employed for such elements in said
patent; the elements shown but not designated by refer-
ence numerals are the same elements as employed in
said patent.

All new elements disclosed in the drawings are desig-
nated by reference numerals with three digits beginning
with numeral 166.

The numerals of the figures disclosed in the attached
new drawings which are similar to those disclosed in
said patent show in parentheses the numeral of the cor-
responding figure in said patent.

Among the new improved features of the present
clutch are the following:

New fluid intake port inlet openings 189 shown in
Figs. 4, 8 and 13 have been substituted for the inlet
openings 45* shown in Fig. 6 of said prior patent;

The discharge contro! valve 386 may preferably be
formed separately from the body 43¢ herein shown in
Figs. 1, 2 and 7 operatively connected to the body 43¢
by a suitable snap ring;

New flnid outlet openings 286 shown in Figs. 5, 7
and 13 are provided in the cylindrical seat 424 in the
manifold 42 under the conirol of the discharge valve
386; and

The discharge control valve 369 has been complete-
ly redesigned as herein shown in Figs. 1, 2, 7, 9 and
10; these discharge valve improvements have therefore
substantially modified the old openings 46 and 432 in
the manifold 42 and valve 43 respectively and have
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eliminated entirely the stabilizing port 42¢ as more clear-
ly shown herein in Fig. 7.

It should be moted that in the following exemplary
disclosure of the intake control valves 47, the intake
port inlet openings 169, and the discharge port outlet
openings 200, all dimensions shown ‘are applicable to
a clutch of the character described transmitting 44
horsepower at 1500 R. P. M.

The intake valves

The intake control valves 47 empolyed herein are
the same as disclosed -in said patent; the effective out-
side diameter of the rim being 134¢ of an inch as shown
in Fig. 3 herein.

The intake port inlet opening

As disclosed herein in Figs. 4, 8 and 13, each in-
take port inlet opening 100 may be described as con-
sisting of a comparatively. narrow open portion of 15
of an inch width extending cutwardly axially from a
semicircular edge of g of an inch radius for a lengih
of ¥ of an inch whereat this marrow open portion
merges into an open portion of increased width of T4»
of an inch which extends outwardly axially for a length
of 3 of an inch. In other words, the length of the
narrow portion of the opening is equal to substantially
24 of the total length of the entire opening; the width
of the narrow portion is equal to substantially 4 of
the width of the wider portion of the opening; and the
width of the wider portion is equal to substantially
74, of the entire length of the inlet opening.

The discharge port outlet opening

As disclosed herein in Figs. 5, 6, 7 and 13, each dis-
charge port- outlet opening 200 may be described as
consisting of an initial 3% of an inch square opening
extended outwardly ‘axially into an isosceles- triangu-
lar form- of opening’ whose altitude -may-be % of an
inch but preferably is 1342 of an inch. In other words,
.the altitude of the isosceles portion of the opening is
not axially less in length than the -axial length of the
square portion -of outlet opening, and, still in other
words, the base of the isosceles portion is equal in length
to the axial length of the square portion of the outlet
opening.

Figs. 4 and 5 show respectively preferred improved
configurations of the intake circuit inlet openings 190
and. the discharge circuit outlet openings 200 which
have been employed in successful coaction to produce

the smooth progressively increased range of torque con- .

trollability shown in Fig. 13 wherein is also charted
the comparative torque curve of a clutch constructed
with. inlet and outlet port openings in accord with said
prior patent.

" In the clutch herein disclosed, the pump manifold -

"plate 42 is provided with a plurality of fluid intake ex-
tensions- 42 each containing an intake port 45 having
an inlet' opening 160 as more clearly shown herein in
Fig. 8.

The fluid discharge control valve

The fluid discharge control valve, generally -desig-
nated by numeral 300, consists of a cylindrical hollow
body 301 annularly recessed at its outer end; as at 302,
for positioning within the triangularly shaped body 43¢
and. is - also provided with an apnular groove 303
adapted to receive therein a snap ring 3032 that op-
eratively ties the valve to the body 43¢ for concurrent
movement therewith. . This valve is also provided with
a comparatively very narrow annular fluid discharge
slot 304, which in actnal practice has been -only 3is
of an inch in width and which extends radially inward-
ly from the outer periphery of the valve body only
partially into the body. Three preferably slightly in-
wardly: converging discharge ports 305, circumferential-
ly equally spaced, extend radially outwardly from their
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open discharge ends within the inmer cylindrical face
of the body 301 into communication with the slot 304;
the ports 305 being preferably wider axially of the
valve than the slot 304. The discharge control valve
300 is axially movable -upon the centrally disposed
valve seat 4249 of the manifold 42.

Operation

The general operation of the herein disclosed vari-
able speed hydraulic clutch is described in said prior
patent. As herein disclosed the combined intake and
discharge valve control instrumentality includes the air
intake passages 48 and their operatively associated air
and oil intake control valves 47 together with the im-
proved single fluid & discharge control valve -300. In
Figs. 1 and 7, the combined valve control instrumen-
tality is .shown in neutral position wherein only air
is circulating through the gear pump. . '

As the valve control instrumentality is moved from
neutral position outwardly, toward the left as viewed
in Fig. 1, the intake control valves 47 will: be moved -
to uncover progressively increased open areas of the
intake inlet openings 199 throughout the full range of
their movements. This is graphically illustrated by the

; suction curve shown on the chart in Fig. 11 and also

the chart in Fig. 14. During this full range of move-
ment there are being admitted into the pump circuits
fluid mixtures of a progressively increased volume of
oil and a progressively decreased volume of air. Dur-
ing such outward movements, the inlet control valves
47 first traverse the elongated narrow portions 101 of
the inlet openings 160 and then traverse the wider por-
tions 102 thus every advanced outward movement has
the additive effect of uncovering progressively in-
creased areas of inlet openings until the -inlet open-
ings are finally fully open to the. inflow of only oil.
Concurrently with the outward movements ‘of the in-
take control valves 47, as above described, the discharge
control valve 380 is moved outwardly. from its neutral
position shown in Figs. 1 and 7 whereupon its flow con-~
trol slot 384 is caused first to traverse the rectangular
outlet areas 201 of the discharge outlet openings 260
and finally the progressively decreased triangular areas
202 of the outlet openings. This is graphically illus-
trated by the discharge curve shown on the chart in Fig.

.11 and also the chart in Fig. 14. It will now be evident

that during such progressive outward movement, the dis-
charge control valve 388 constantly maintains predeter- -
mined uniform. areas of -uncovered outlet openings for
and during pine increments of its initial movement where-
upon the outlet openings progressively decrease in open
areas until fluid discharge is completely arrested at which
time the intake inlet openings 108 will have become fully
open to the inflow of oil. C )
Tt will now be apparent that the fluid flow controlling

_elements of the concurrently movable intake and dis-

4]

charge valves are the outer circumferences 47% of the

rims of the intake control valves 47 together with the slot
304 of the discharge control valve 300. The comparative
graphic illustration of the concurrent movements of the
inlet and outlet controlling valves, shown in increments
of 342 of an inch, is found in Fig. 14.

In Figs. 3, 4 and 5 1 have resorted to an exemplary
use of dimensiohs that may be employed in clutches built
to transmit 44 horsspower at 1500 R. P. M. Obviously,

‘in relatively smaller or larger clutches these. dimensions

would accordingly be subiect to variations without de-
parting from the basic relative configurations of the
fluid circuit inlet and outlet openings which I have found
function in their coaction to produce the desired greater
range and smoothness of controliability.

I claim: - 7

1. In a ciutch of the character described having a plus
rality of fluid intake circuits and a plurality of fiuid dis-
charge circuits each having respectively an inlet opening
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aad an outlet opening, including an axially movable fluid
flow control instrumentality provided with a plurality of
intake control valves for said inlet openings and a single
discharge conircel valve for said outlet openings, said
valves being concurrently movable during axial move-
ment of the instrumentality and said inlet and ocutlet
openings being of such configurations and so arranged
axially of the clutch that in the progressive axial move-
ment of the instrumentality each intake control valve is
progressively movable to uncover a progressively in-
creased open area of its corresponding inlet cpening
throughout its entire range of movement while simul-
taneously said discharge control valve traverses uniform
open areas of said outlet openings during a predetermined
initial portion of its range of movement and thereaficr
iraverses progressively decreased areas of said outlet
openings during the remaining portion of its range of
movement until fluid discharge therefrom is completely
arrested whereupon the intake circuit inlet openings are
fully open to the inflow of oil.

2. In a clutch of the character described as set forth in
claim 1 wherein said discharge control valve traverses
said uniform open areas of said outlet openings during
substantiaily one-half of its range of movement.

3. In a cluich of the character described as set forth in
claim 1 wherein said discharge control valve traverses
said uniform open areas of said outlet openings during
an initial portion of not less than three-eights of its en-
tire range of movement.

4. In a clutch of the character described as set forth in
claim 1 wherein each of said inlet openings consists of
a comparatively narrow open portion that is initially tra-
versed by its corresponding intake control valve and that
merges into a wider open portion, the length of said nar-
row portion being equal to substantially two-fifths of the
total length of the entire inlet opening.

5. In a clutch as set forth in claim 4 wherein the width
of said narrow portion of each inlet opening is equal to
substantially four-sevenths of the width of said wider
portion of the inlet opening.

6. In a clutch as set forth in claim 5 wherein the width
of said wider portion of each inlet opening is equal to
substantially seven-twentieths of the entire length of the
inlet opening.

7. In a clutch of the character described having a plu-
rality of fiuid intake circuits and a plurality of fluid dis-
charge circuits each having respectively an inlet opening
and an outlet opening, including an axially movable fluid
flow control instrumentality provided with a plurality of
intake control valves for said inlet openings and a single
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cylindrical discharge control valve for said cutlet open-
ings, said valves being concurrently movable during axial
movement of the instrumentality whereby each intake con-
trol valve is progressively movable to uncover a progres-
sively increased open area of its corresponding inlet open-
ing throughout its entire range of movement while simul-
taneously said discharge control valve progressively trav-
erses the plurality of outlet openings, each outiet opening
consisting of an open initially traversed portion of uni-
form width extended axially outwardly of the manifold in
an isosceles-triangular-shaped open terminal portion.

8. In a clutch as set forth in claim 7 wherein said
isosceles-triangular-shaped terminal portion of each out-
let opening is not axially less in length than the axial
length of said poriion of uriform width.

9. In a clutch as set forth in claim 8 wherein the base
of said isosceles portion of each outlet opening is equal
in length to the axial length of said portion of uniform
width.

10. In a cluich as set forth in claim © wherein said
discharge coatrol valve consists of a cylindrical hollow
body provided with a narrow annular fluid discharge slot
extending radially inwardly from the cuter periphery of
said valve bedy only partially into said body, a plurality
of discharge ports, circumferentially equally spaced, ex-
tending radially inwardly from said slot to their respective
discharge openings within the inner cylindrical face of
said body.

11. In a clutch as set forth in claim 10 wherein said
circumferentially equally spaced ports are wider axially
of the valve than said annular discharge slot.

12. In a clutch of the character described as set forth
in claim 1 wherein said discharge control valve consists
of a tubular body provided with a narrow peripheral fluid
discharge slot extending inwardly from the outer pe-
riphery of said body only partially into said body, and a
plurality of circularly equally spaced discharge ports ex-
tending inwardly from said slot to their respective dis-
charge openings within the inner face of said tubular body.

13. In a clutch of the character described as set forth
in claim 7 wherein said discharge control valve consists
of a cylindrical hollow body provided with a narrow an-
nular fluid discharge slot extending radially inwardly from
the outer periphery of said valve body only partially into
said body, a plurality of discharge ports, circumferential-
ly equally spaced, extending radially inwardly from said
slot to their respective discharge openings within the inner
cylindrical face of said body.

No references cited.



