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Hugh Graham Conway, George Orloff, and Roy =
| 'Fairclough,'Gloucester, England, assigsnors to
Societe d’Inventions Aeronautiques et Mecani- -
ques S, I. A, M., Geneva, Switzerland, a corpo-
ration of Switzerland o R .,
Application November 18, 1950, Serial No.196,474
- -2 Claims, (CL 60—52) T
| . SO T
'This invention comprises - improvements in or  off load for the whole time, and not.only ‘When
relating to hydraulic power systems. It is an ~ parts are to be actuated [ UL
object of the invention to provide means where- In an alternative form of the system accord-
by excessively low temperature of the system is  ing to the present invention, the by-pass to the
- brevented whether freezing up, or such thicken- 5 main pump delivery Is provided with throttling
ing of the hydraulic liquid interferes with proper means- under thermostatic contro] with the ob-
operation of the system. While the system here-  ject of ensuring that sufficient heat is developed
in described is particularly applicable to aircraft, = to keep the liquid in the main supply tank at a

where low temperature presents an especial prob- - sultable temperature.. .- T
lem, the system is also capable of being applied 1q - Preferably, in a5 jack constructed as above de~
in other connections, = = © . scribed, in addition to the said valve there is a
According to the present invention, an hy-  fixed leakage aperture of restricted bore pro-
draulic system is provided with controlled leak- vided in series with the valve so. that when:the
age In an operated -element or elements of. the valve is opened a substantial proportion of the
system, the leakage being adequate to provide 15.'--pressur.e’_ -drop-through the leak takes place at
such heat as is necessary under normai working  this aperture. ‘The pressute drop across the re-=
conditions to prevent such excessively low tem-  stricted aperture is broportional to the square of . -
berature of the system. Wherever leakage oc-  the velocity of flow therethrouszh. . If: therefore -
- curs in an hydraulic 'system,'-heat"is'necessarily - the aperture itself should become partly frozen -
generated due to the waste of energy. It is the o5 up and so restricted further, the effect will be to
operated elements of the system which are nor- raise very substantially (more than in direct pro-.
mally liable to become frozen or put out of prac~ portion to the degree of restriction) the pressure -

tical operation by thickening of the hydraulic - on the receiving side of the_"'aperture,iassumingﬂ' -

~ medium, and by providing controlled leakage in ~ the normal type. of pump is employed- for- pro--
these elements sufficient energy is set free in of ducing the bressure, which has a substantially :
~ them to prevent trouble. The resultant flow of ~ constant rate of delivery, irrespective of pressure, -
-~ hydraulic fluid- from the pump and on return to = at a given fs’pe_.edfof'op-em;tion._. The result is:in- - o
the reservoir of the system also keeps the pipes ‘creased- power applied. at- the aperture, ang in-
clear. et e o .0 creased. evolution of heat, so ‘that- the ‘aperture -

- In-order to prevent waste of energy when the g0 18- rapidly thawed. T R A S o
Operated elements of the system are.being used, - Furthermore, preferably an additional valve = -
‘the leakage is preferably effected through a leak- 1s ‘provided in ‘series with the aperture and the - "
age channel or channels which are only open  Lift valve aforesaid, which is spring-urged against = . .

- When the operated element or elements are in a the leakage flow. -Suchf'a.Val_ve--I_nayf'bé"-call'ed a ;
-~ hormal position of rest. = For example; there may 35 -Spill-valve-and acts to ensure maximum energy .
De an operated element in the form of a jack  dissipation. - The spill-valve also automatically =
~-and theleakage channel may comprise 8 leak-- . prevents return flow - hrough the leak ‘when'the
. ~ase Pm_“"h‘f_"?eﬂfl‘l‘ @u“’ém?c%l.lyfyﬁhe -jgﬂkgpisﬁn . jack is operated in the reverse direction. - - -
‘the leakage channel is located in the piston itself 4, , -1 O-0WIg IS a description by way of ex- - -

- -_ : Skt ctom sy 40 ample” of specifié “‘constric tions in accordanice . .
and.closed by a lift-valve in the ‘piston, which " With the 'in-v%htid by bed Osmaccor dance ORI
valve is opened automatically by.tappet-action =~ v theinvention. -

- Wien the piston reaches one end of its stroke. 1D the accompanying drawings: PRI RS
- In one form of the system according to the Flgure 1 is a clagram of hydraulic connec- - A

~ Oof capacity adequate. to supply the leakage, in *° = Flgure la 15 2 detail to-an enlarged scale of a . -
- addition to the main supply-pump of the system. partof sald diagram; - - T O R
The auxiliary pump can be kept running when  Figure 2 is.a ongltudinal section through one -

Je "

- the parts are in their normal positions of rest ~ end of a jack constructed fo operate in accord-

rbcring wor ol G CRSIEY necessary to prevent ; anCe with the present invention; . Lo
- Ireezing up while thema,1npumpW111 besetin " F igure 3 is 2 :similar view: of another Jack; . -
~ Pperation when.the parts are to.be actuated, - . Figures 4 and 5 are similar views of alternative - =

. L

. This obviates using the large pump continuously, = constructions, and

 tuon Would be disadvantageous beoause either  Flgure 6 is a lonsitudinal view o an snarped

- excess energy would have to be wasted or the s Scale of a further construction showing such & = - -
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Figure 7 is a detail of a solenoid controlled maintaining the leakage necessary to prevent
leak. | freezing is quite small and if the apparatus so
Referring to Fig. 1, a main pump (I Is driven far described were the only apparatus in the

by a motor {la connected to supply wires 120
and 121 and controlled by 2 switch i22. The
pump {1 delivers through a pipe 12 to a pressure
conirolled by-pass valve 13 of known type and

then through a pipe 14 to a distributor i5 whichh

10

regulates the movements
iributor 15 will be of known type and details of
its construction are of no importance for the
purpose of the present invention. It is shown for
convenience as _
trol handle {7 and capable oi

supply pipe t4 at will by way of

connecting the
pipes 18 or 19

to either end of the jack 6. One oi the pipes

(8. 19 which is not connected to the pressure
will be by the distributor
turn pipe 28 leading to & sSump 2{. 'The pump |1
draws from the sump Zi through & pipe 22 and
the by-pass valve 13, in known manner, when
the pressure in the delivery pipe & exceeas a
predetermined amount, rewurns the outplt of the
pump if to the sump 21 through a return pipe
23. | I |
_ The jack i6 containg a piston 24 operating &
jack rod 25 and if the installation is located on
an aireraft the jack rod 2% will be connected to
any suitable device which. is to be operated, as
for example the undercarriage. frame, bomb
doors, wing flaps or the like. Aas will be readily
understood branches from the main supply pipe
{4 lead to. other distributox valves and jacks
similar to the valve t& and jack. 16 but adapted
for operating ather pieces of apparatus upon the
aireraft. . - | |
- According to the present invention inn the pis~
ton 24 of the jack (6 there is an aperture 25
which is closed by a tappet valve 27 having &
<tem 28 which projects beyomd the piston to-
wards one end of the cylinder. The tapp et.valve
is of a balaneed type or is held closed by a strong
spring, not shown, and so. will normally remain
closed during movemeiit of the jack in eithier
direction. - When, however, the jack piston 24 is

T

urged by pressure supplied through the pipe (3

s four-way valve having a con-

system the result would be that the by-pass
valve 13 would open frequently and the pump
{1 would be Kept runiing, with meést of its out-
put discharging through the valve i3 and only
a small proportion of iis time would be occu-~
pied in supplying the leak through the valve 27.
-y pbviate wasteful running of the large

pump it there is provided an auxiliary pump

36 driven by an elsctric motor 23f from a source
of electrical supply 32 through supply wires 33,

34 controlled by & swiich 35. The auxiliary

15

{5 connected fo & re-.

20

26

30

40

45

so ag to move in the. direction to ‘carry the jacx

rod 28 inwards, at the end of the stroke the tap-
pet 28 of the valve 27 comes in contact with the
end wall of the jack cylinder and is eaused to
open. If the jack: valve 21 opened fully the ef-
fect would be that the pressure ‘supplied through
the pipe. t9 would be able 10 get away through

50

the passage 26 in the piston 24 to. the pipe. I8

. which is; connected to. the. exhaust 20.  The re-

‘sult weuld be that the. pisten 24 would be 10
longer urged by pressure adeguate. to keep
place and it would tend to. return, The return
maovement would close the valve 21, the pres-
sure would no longer be able to.leak away

" throush the aperture 26.and the piston 24 would

-

~ be again pressed on with the full pressure from

it in

ad

60

the pipe 19 and urged upwardly so as to. open
" the valve 21 and release the pressure. In prac-
. tice the pistonn 24 will take up ‘a position in

‘which the valve 27 is opened- just sufficiently to
allow the pressure to leak away to a point ab
which the piston-is held in place at the end of
“its stroke. Under these conditions there wilt be
a leakage througlhr the aperture 2§ and the pres-
sure lost at the leakage
liberation of energy in the hyaraullc
- heat- the Hequid and: keep It- from

" The amount of the liquid-supply required for

will be reftected in the.
the hydraulic Hquid,

65

70

© to this source will disappear..
75

pithap 38 draws from the sump 21 through a pipe

36 -and delivers to the pipe {4 through a delivery

" pipe 31. The auXiliary pump 230 has a by-pass

valve 35 connected between the pipe 37 on the
one hand and a pipe 20 on the other which re-

turns the liquid to the sump 2t The auxrilary

nump 39 is adequate to supply the leaks through
the various valves 27 in the system without pass-
iheg large guantities of hydraulic liguid througn
the by-pass valve 38 and when the system is op-
erating, unless the jacks 1§ are aetually in use,
the pump ti is thrown out of action and re=-
lisnce placed entirely upon the auxiligry pump
The switches 35 and (22 are ganged gt 123
providing selectively operable manual means for
insuring opening of ene switeh with a simulta-
neous closing of the other switch for seléctive
operation of the pump ¢t or the auxiliary pump

It will be appréciated that the developnient
of energy which occuts in the jack 16 through
the leakageé by way of the valve 27 anhd aperture
26, ot only keeps the jack ¥6 warim but also pre=
vénts the liquid in the pipe 28 and in the sump
24 from freezing. . .. .

' The by-~pass or unloadihg valve 13 1s, as alréady
described, connected to the sump by pipe 23 and
on the end of the pipe 23 there may. be & throttle
valve 40, an enlarged view of which is:shown in
Figure le. The valvé 82 is/in the form of a box

with ah. inlet 4F from the pipe:23 and an outlet 52

to the sump: 21. . The inlet 4} is closed by 4 Ball
valve 42 supported by a spring 44 so that a certain

pressure is required to.open the ball valve and

the resuliant pressure loss ¢auses g developmertt

of heat and warms the lquid in the sump 21
which is. circulated by the ptimip Ii. It is desived
that the Heat thus supplied should be depertdernit

wpon the temiperature of the Mquid iti the sump-2§.

o this end the valve.box 30 containg a. lever #8

on.-which is. mounited 2 seating ‘tneniber 46 for

the spring 44 Theé. lever 4% is urged: upwardly
so. as to comipress the spritig 84 'by & stronger
spring 41 and it is urged dowfiwardly by & bel-
Jows 48 filled with an expansible fluid stuch- ds gir.
The. valve box #0 is eneloséd in the stnp 2{- s6
that it atiaing the same femperafiire-as the sup

.ahd theé bellows 48 willl exparid ‘or -éoftttact in |

aeeordanee with tHe témperdturé. The lower the
temperafiire the moré the 'spring 4T is aple to
push the lever 43 Upwards and compress the
sprinig’ #4 so. that a’ greater-loss: of energy will
oceur at the valve 43. - On the other hand, if

the temperature 6t fhe Haild: goes up heyond
what is desired the bellows will’expand and urge

‘the lever 45 downwardly so. fhat when a cerfain -

. ' - (I T

emiperature is reschied there will be little or no

T .- [l . " e :

_ -

pressure on the sprifig ‘44 and the heating due

-c_a:Hyf-- controlled teak: dould be arranged’'to operate
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on the by-pass from the auxilidFy pump 30 if -

desired instead of or in addition to operating on

the by-pass from the main pump (1. o

- Figures 2 to 6 show various forms of jack for
use as the jack 16 shown in Figure 1. Referring
to Figure 2 this shows a jack cylinder 18 contain-

ing a piston 24 which is connected to- a hollow

jack rod 25. The tappet system which corre-

sponds to the valve 21 and tappet 28 of Figure 1

is arranged to operate in this case when the jack

projects. - Ifi this case the bushing 51, lift valve
94, spring §5, valve lifting member 60 and spring
99 remain as in Figure 2 and operate in the same
manner. The plug 56 is, however, replaced by
a passage 10 through the jack piston rod leading

-to the body of the jack eylinder {8 and the tappet

- Imember 60, instead of being connected to a sleeve

~such as 62, is provided with a

tappet end T1 to

~engage the end of the cylinder 1§ directly. A

10

Is extended, that is to say when it reaches the |

énd corresponding to the pipe 19 of Figure 1.
In the piston 24 is an axial bore 50 which is
divided by a bushing 51 from s second axial bore
92. Through the bushing there is g passage 53
which constitutes a leakage aperture and in

which is loosely fitted a valve 54 corresponding.

to the valve 21 of Figure 1. The valve 54 ig closed

- Flgure 2, is provided in the end

15

by a light spring 55 beyond which is a -screwed

plug 5% containing a narrow leakage aperture 51.

On the other side of the bushing 5{ there is s

_ valve-lifting member 58 which engages the stem.

of the lift valve 54 and which is backed up by a
spring $8 which is stronger than the ‘spring 55,
Beyond the valve-lifting member 58 there is a
tappet member 60 which backs up the spring §9,
slides to and fro in the bore 50 and is connected

by a cross pin 61 to a tappet sleeve 62 which

surrounds the piston rod 25 and is capable of
sliding thereon due to a slot 63 in the piston rod
2% through which ‘slot the pin §i passes. .-

The valve lifting member 58 is conical at -its'

énd portion as shown at 64 and the conical end
portion of the lifting member can seat upon the

material of the valve 24 surrounding the bush-

ing §i to block the leakage aperture 53 on the
side remote from that upon which the head of

the 1lift valve 54 seats. From the space around
the conical end of the valve lifting member 58

there extends a passage 65 to the side of the -

piston 24 which is.open to the pipe 9.

If the jack, with its piston so _cans’truct_ed; has

20

~ the piston to move
25

30

- Jhe ball 15 acts as a spill-valve against the seat-

a normal position of rest in which it is extended,
that is fo say with the piston rod 25 fully pushed

~out of the jack as shown in Figure 2 of the draw-
- - Ing, the tappet sleeve 62 engages the end. of the -

Jack cylinder 1§ where it surrounds the hollow
Ppiston rod 25 and pushes the tappet member §9

- to the left as viewed in the drawing, compress-
- Ing the spring 5% and causing the valve lifting

member 58 to push the lift valve 54 off its seat

as shown. The valve 54 at first resists being

50

plug 72 containing a narrow leakage aperture 13,

and corresponding in function to the plug 56 of:
5 1 of the passage 65..
The operation is the same as Figure 2.
Referring to Figure 4, part of this corresponds:
to Figure 2 and as far as possible similar parts:
are similarly numbered in the drawing and will,
accordingly not be further described. However,

-instead of the lift valve 54 there is a ball valve

15 which floats between the two springs 55, §9.
and the valve lifting member 58 is
with. The pall valve 15 floats in

When pressure in the jack cylinder {6 is urging
irom the left hand end of

the jack towards the position shown in the draw-

ing the tappet sleeve 62 will be pressed towards:
the right hand end of the slot 63, the compression:
Of the spring 55 will be relaxed and the pressure -

in the cylinder {8, acting through the bore 51
will press the valve 75 on to the seating 17 and

prevent leakage of hydraulic liquid through the
piston. When the tappet sleeve 62 engages the
end of the cylinder and the valve 1ifting member

88 iz held from movement with the piston, the
lifting membey. §0 ‘engages: the .
-oall 13 and also compresses the spring 59 gnd

end of the valve
pushes the ball 15 of -the seat 11. After this

ing 18.

Precisely the same action takes place fiiizFigure* S

o where, however, the tappet member 60 directly
engages the end of the cylinder 16 and the parts.

‘are modified as compared with Figure 4 in the:

Same way that the parts of Figure 3 are modified

_as c_o'mparfed-_. with__Figure'z__;_-_ BT A
. Referring now to Figlire 6 this shows a con--
- Struction which in

- 5.but is modified

principle is the same as Figure
to
the jack such as is

- 1920. “As far as possible parts in Figure 6 which

bushed off its seat but the tappet 80 can engage

~ the end of the valve-lifting member 58 when the

spring 89 is compressed and will so force the

valve off its seat after which the spring 59 ex-

bd

‘bands again and pushes-the valve 54 fully open.

- 'The conical end 84 of the valve lifting member 58
- tends to seat on the bushing 5i out pressure fluid
~coming through the aperture 57 forces the conical .

end a little way off its seat and leakage. ta,kes_ﬁ:.ﬁc_’

blace in succession through the aperture 57, the -
leakage aperture 58, past the conical end 64 and
through the passage 65 to the pipe 19. The

- valve-lifting member 58 acts as a spill-valve in- '-'65
series with the leakage apertures 57, 53 and in-
creases the total pressure loss when there is g
considerable pressure drop through the aperture

57, that is to say if the viscosity of the liquid

~is high due to low temperature.

‘on the cylinder 16. The
83 for a locking piston

locking sleeve 81, is able to
- Referring to Figure 3, this shows a similar
. construction for the case when the leakage
- through the piston is to be controlled from the
~other end of the jack, that is to say the'end -
~ remote from that at which the piston rod 25

~the jack cylinde

correspond to Figure 5 are similarly -numbered

in-the drawing, with a view of obviating unneces-
Sary duplication of the.description. It is, how-
ever, to be .noted that- the piston 74 f o
crown &0 of spring locking teeth similar to. those.
~described in the aforesaid. ‘patent specification.
- No. 527,225, and that these 3. lockine
‘sleeve 81 held in the end of the cylinder {8 by

i cal‘l‘les f a.

“end pressure exerted by an end cap 82 secured - -
end cap contains a bore

kin ton 84 which is urged for- .=

-ward into locking position by a strong spring 85.

- The locking piston 8§ is ' h ;

drical bolt portion

- bressed bolt 88 constitues in effect the end of - =
1© Jack cylinder-and it is against the end of =~ -
this bolt that the tappet member 60 engages, = - =

The valve member instead of being constituted

done away
_ an enlarged
- bortion 76 of the bore 50 between seatings 11, 18.

include a locking device for =
_ _ known from British ‘patent
- 8pecification No. 527,225 of April 11, 1938, the - .
complete accepted date of which was October 4,

engage g locking =

provided with g cylin-

86 which, as shown in the

~drawing, when the crown of the locking teeth or = - o
‘claws 80 are pushed fully home through the = - = =

| 15 able to shoot forward into

7o the space within the crown of locking claws and =~
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7
by & ball 7§ is constituied by 9 double-coned
member §1 which plays between seatines 11, 18
and carries a stem 88 ta engage an intermediate
member 83 which is pressed an directly hy the
spring 59 and is operated by the tappet memier
60. The passage &% is represemted in Figure @
by flutes 90 cut ir the outside of the tappet mem-
per 60 and the restricted aperture &7 is fermed
in a plug 96 on the pressure side of the valve
member 81 instead of being formed in 2 piug
such as 12 on the exhaust side thereok. Passages
91 in the walls of the hollow piston rod 29 per-
mit access of the hydraulic fluid to the various
sages and valves. The operation is the same

3s. before.

" Referring to Figure %, this shows a jack (00
having g piston 18| which: operates a hollew jack.
rod 102. Leakage is provided for hy means of
apertyres 105§ in the jack rod which lead. 10 a
space within the jack red which is. in communi-
cation: by a. passage #04 with the leakage aper-
ture 183, The passage k04 is cantrolled by & vaive
10§ and the valve is; comnected by a valve rod 81
to- the core 188 of a solencid; 199. The selenoid 1s
qperated by electrieal conmections. LG, LIl which
pass: through the jack rod and are connecied o

in the piston censiructed and arranged to. close
the channel at all positions of the piston other
than a predetermined end positicn in the eylm-
der, means for lifting said valve when the piston
is at said predetermined end position, and. &

fixed leakage aperture in the cylinder of re-

10

1S

20

20

any syitable conirel, The leakage passage 104

remains closed, owing to the action: of a spring
143 which closes: the valve 186; until the solenoid
108 is: energised. This ean. be:arranged ta be ef-
fected either autematically when the piston it
~ reaches the end of its:stxeke or undex the conixol
of the pilot or thermostatically by a temperature-
controlled: switeh or hy a combination of such
controls-as may, bg.desired. S

In practice in some gireraft it may be desirable
to provide additional means: for heating. various:
parts of the: circuit where the bipes. pass. through

30

particularly cold parts of the aircraft. This: may:

be done. electrically -or- etherwise: as desired.

‘Weclaim:: . . |

1. In a hydrgulic. power system including a
primary. intermittently operafive circuit: for fluid
medium. having: & main circulating pump and
drive motor therefor included: therein, a sec-
ondary: cireuit for the: fiuid medium having an
auxiliary: pump: ang: drive: motor therefor in-
cluded therein, selectively-operable:manual:means:
rendering. sgid secondary cireuit inoperative:
when said, primary circuit. is. eperative: and
rendering. said: secondary circuit. operative- when.
said: primary eircuit is. inoperative, and a jack
having -3 oylinden connected: to. said means and: a
piston. slidable.in the cylinder; the provision of

means for maintaining: the-fluid medium: in said-
secondary circuit. when. operative: at a desired

45

50.

30.

working temperature; said last. means. compris--

ing a.leakage channel in: the piston, a lifY valve-

primary intermittently operative circuit for

stricted bore in series with said lift valve. |
9. In a hydraulic power system including 2
fluid
medium having a main circulating pump and
drive motor therefor included therein, a sec=
ondary circuit for the fluid medium having an
auxiliary pump. angd drive motor thereior in-
cluded therein, selectively operable manual
means rendering said secondary cireuit inopera-
tive when said primary circuit is operative and
rendering said secondary circuit operative when
said primary circuit is inoperative, and a. jack
having a cylinder connected to said means and &
pistan: slidable in the cylinder, the provision of
means for maintaining the fluid medium in said
seecondary circuit when operative at a desired
working temperatuve, said last means comprising
a3 leakage channel in the piston, a lift valve in
the piston constructed and arranged to close the
channel at all nositiens of the piston other than
a predetermined end pesition in the cylinder, &
stem projecting from said lift valve beyond said.
piston toward the end of said cylinder corre-
spending to: said end position of the piston, a
fixed leakage aperture in the cylinder of restricted
Lore in series with said: lift valve, a spill valve in
series with said. aperture, and spring means urg-
ing said spiit valve to closed pesition.
HUGH GRAHAM CONWAY.
GEORGE ORLOFTF.
ROY FAFRCLOUGH.
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