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‘ This unit is the second of two units discussing basic hydraulics designed
A to cover information necessery to understand the Allison transmission,
L Coverage includes a review of hydraulic pumps and various types of

valves, with emphasis on the directional {low valve,
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 SECTION A -- REVIEWING FACTS ABOUT PUMPS

In previous units we learned there are two classifications of pumps, One

is the non-positive displacement type, the other is the pogjtive digplace-
ment type. Since only the positive displacement pump ie used in automatic

transmissions, only this tyne will be reviewed,.

A positive displacement pump produces a pulsating flow, but -- since it
provides a positive internal seal against slippage -~ its output is relatively
unaffected by system pressure variations,

If the outlet port of a positive displacement pump were hlocked to prevent
release of the developed flow, the presiure would immediately build to a
dangerous point at which the pump housing might rupture, Various
safety devices aro instalied to prevent this from happening in most cages,
Safety’ devices (valves) will be covered later in the unit.

[ The rotary gear pump, the spur type pump shown in Fiﬂre 1, is the type
used in the Allison transmissions. This pump may have two or more
rotating gears (for to different functions) within the pump housing, but
the operating principle is the same for all, These pumps start displacing
fluid as soon as the gears start retating, Oil trapped in between the gear

- teeth and the houning i8 cartried from the suction side of the pump to the
1 4 discharge side of the pump, Oil from the discharge side is prevented
\# from returning to the intake side by the clase meshing of the two gears,

g and by the small clearances present between the gears and housing,
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The maximum pressure tha,t _ »; :

can be developed mth a gear

5 : pump depends upon the design | OUTLET
% and closeness of the fit between “
i . the gears and the housing. 2

Gear pumps have a tendency to

chufn the oil. This action may
- raise the oil temperature and

produce oil "foéming’f within

the transmission. More will be

said about oil foaming, and how

1t is p”evented in later units. o _fig. 1 Rotary spur type pump
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OPERATION -- In Figure 1, the pump consists of a dmve gear (1) and
, ;. a driven gea.r (2) enclosed in a closely fitted housing. The gears rotate
! in opposite d1rection,e and mesh at a point in the housing between the
- inlet and outlet ports. As the teeth of the two gears separate, a partial
vacuum is formed whjch draws liguid through the inlet port into chamber
(A). Liquidin chamber (A) is then trapped between the teeth of the two
gears and the hoasing so that it is carried through two separate paths
| - around to chamber (B). As the teeth again mesh they produce a force
. which drives the liguid through the outlet port. The close mesh of the
: gear teeth serves to provide a geal between the inlet and outlet sides and
to minimize slippage. : ' '
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~ The operatmx;, mamtenance a.nd overhaul of the Allison transmissmn
pump will be covered in greater detail in units to follow.
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- SECTION B -- USING VALVES FOR CONTROL
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NEED FOR VALVES -- It is virtually impossible to have a hydraulic
e " system operate without valves to control it, and a transmission of the
%i Allison type is no exception.

Control equipment includes a variety of valves that regulate, direct, stop,
and start the flow of oil, relieve and regulate pressure and provide proper
transmission operation. The function of valves (n a transmission can be

’i broken down into four areas:

_ g 1. - To control the volume of flow
3 2. To controi the direction of flow

3! 3. To control the pressure at which the transmission operates
: . 4. To stop and start the flow of oil

. ’ TYPES OF VALVES -- All valves can be classed as simple, compound

or directional valves, according to their method of operation. In the
Allison transmission there are several types of valves which fall under
these classifications.
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Fig. 2 Simple check valve
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CHECK VALVE -- A check valve (simple) permits flow of fluid in only
one direction, and is opened and closed by the flow of fluid in a system,
The force of the liquid in motion opens the check valve, while it is closed
by back flow, by the action of a spring, or by gravity. Figure 2 shows a
simple check valve in the open and closed position. - '
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SIMPLE RELIEF AND SAFETY VALVES -- It often is necessary to make
sure that system pressure does not rise above a certain level, RELIEF
valves are used for this purpose. Figure 3 shows two relief valves in the
open and closed positions. These can be used for relieving system
pressure IF they are equipped with a spring adjusted to compress when
the pressure reaches a definite level. Liquid is ther bypassed out of the
gystem or back into a reserve supply. |
This valve, Figure 4, is controlled
by means of an adjustment screw

- against which the top of the spring is
seated. An inward adjustment of =
this screw increases the compression
of the spring, allowing it to resist
a higher pressure. Relief valves
usually are installed near the source
of pressure, to protect asg large a
part of the system as possible.
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RELIEF valves can be considered
true safety valves only if they are
large enough to handle the entire
discharge of the mechanism in case , - OPEN
of breakdown. SAFETY valves are
designed to open only when the system
is endangered, as for example if the
operating mechanism stalls. They

— CLOSED R -

Fig. 3 Relief valves .
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can take care of the entire load of the

system. Relief valves are intended to ADJUSTMENT
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relieve occasional excess pressures
arising during the course of normal
operations.

PILOT TYPE RELIEF VALVE =~
Pilot pistons often are used to reduce
the area exposed to pressure. The
Bettable relief pressure range for a
particular valve usually is narrow,
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Fig. &4 Controllable relief
valve

because of the limited range of spring force. Small pilot pistons adapt.
a valve to higher pressures without going beyond practical designs.
Figure 5 shows a pilot type relief valve in open and closed positions.

OPERATION -- The operation of this valve is such that flow at the primary
port is blocked from the secondary port until the pressure present in the

secondary
port

from
pump

CLOSED

Fig. 5 Pilot type relief valve
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pilot passage, and effective beneath the pilot piston, overcomes the valve
spring force of the valve setting, The spool isthen raised, allowing the
flow to pass through the secondary port freely to the tank until the pressure
at the primary port again drops below the valve setting,

»
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The relief valve automatically creates a passageway between the pressure
line and the reservoir that is large enough to divert all of the excess fluid
supplied by a pump back to the reservoir when the pressure exceeds a
chosen value.

Manufacturers usually are able to make pilot valves leakproof insofar as
internal leakage is concerned, at about 85 to 90 percent of relief pressure.
Naturally, this percentage is lowered as damage or scoring occirs on the
seating surface. To prevent this damage and the resultant leakage, we :
must make sure the oil and filters are kept clean. : A

Some valves of this type have been known to last longer than the pump

itself, But an inherent weakness is found in its failure to close immediately,
The main valve spring is the weak "link" in this valve, It sometimes takes
tenths of a second, instead of the usual hundredths, for this valve to
readjust to a sudden fluctuation inthe preésure line, Availability of space

in which to install the valve limits the size of the valve. This, in turn,
limits the size and therefore the strength of the main spring that can be
used.

To function best, particularly in lifting circuits, the valve should be
inserted between the pump and control valve,and not between the control
valve and the cylinder.

BALANCED PISTON TYPE RELIEF VALVE -- To better show the
operation and construction of this valve, look at Figure 6.
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Valve Construction -- The valve consists of a main valve and a pilot va

These two valves are connected with each other, with the main pipe lin
and with a drain line to the reservoir by a number-of passages and
chambers. '

The main valve extends down through the main line of flow of the high
pressure liquid. Flow past this port of the valve is always possible, &
it fills only a portion of the pipe. . The lower end of the main valve
terminates in a cone, the uppef part of which locates itself in a conica
shaped seat to prohibit flow to the reservoir when the main valve is
closed. Above the line of flow the main valve expands to form a pistor
Above this piston is a chamber, which is connected by a small passage
to the main line and by a larger passage to the p:lot valve. The areas
on the upper and lower surfaces of the piston are approximately equal
The main valve is equipped with a light spring.

With both valves closed, the entire assembly is divided into two press

systems. Pressure on one side of the pilot valve is normally high, si
it is determined by pressure in the main line. Pressure on the other
of the pilot valve is normally low, since it is determined by pressure

reservoir line.

Valve Operation -- Refer to Figure 6 to follow the operation descripti

(a) The main valve will remain closed so long as a
greater force acts downward than acts upward.

(b) Oil passes through passages 1 and 2 and fills

chamber 3, which forces the main valve down.

(c) The oil can be carried.off through passages 4
and 5 to the reservoir if the pressure becomes
too great on the pressure control cone in the

pilot valve.
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(d) I the pressure becomes too great in the main line,
it will force the main valve piston up and the liquid
will return to the reservoir,

(¢) When the pilot valve and the main valve have the
proper pressure and they remain closed they are
said to be in balance.

These valves may be made to operate in the conventional manner by
providing a plug at port (7). Or, by connecting a line to this port and
leading it to an additional control valve, the rzlief valve may be controlled
remotely. This additional valve may be a simple shut off valve which,
when opened, will allow oil in chamber (2) to drain to tank, thus unbalancing
pressures above and below the main piston, and causing the main piston
to be forced off its seat, Or, it may be a remote control valve as shown
in Figure 7, the operation of which is similar to that for the pilot valve
arrangement contained in the cover of the relief valve. Regardless of
what type of external valve is used, the required operation involves
development of unbalanced chamber pressures, which will result in the
epening of the main piston and the release of excessive fluid through the

return port, . .

In general, a compound type relief valve offers less pressure override

than is present with simple type reliéf valves of similar capacity. This

means that it can be operated in a narrower pressure setting range to
give more accurate operation.
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REMOTE CONTROL RELIEF
VALVE VALVE
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. Fig. 7 Remote control valve uséd to control operatidn Of Felief Valve
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'SECTION C -- TROUBLESHOOTING PROCEDURES .
ON RELIEF VALVES

PR

If a relief valve fails to Vfunct.ionz'pmpeﬂy,‘ thé ;fai,h_z:e may be éa._ﬁ_sed
-5 --by one or more of the following conditions; .

1, Dirt or air in the oil will cause a pressure fluctuation,
Air in the oil may be due to a leak in the inlet line
caused by improper piping, an insufficient amount of
oil in the reservoir, or a foaming action of the oil.
This latter will cause quite a pressure fluctuation,
Lint, pipe compound, scale or other foreign matter
in the oil can foul the relief valve and not allow the .
piston to properly seat itself, thus causing leakage
and fluctuation of pressure, While there is usually
a strainer on the intake line to the pump for removing
impurities, there may still be some within the piping
or within the valve itself.
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2. A noisy or chattering relief may be caused by too

‘ much oil passing through the valve -at high velocity.
A larger valve should be used. Other causes of
noise may be high température, scored valve piston
or valve seat, excessive tank back pressure, high
frequency shock loadings, control chamber orifice
too large for viscosity of fluid, worn pump with
-erratic pulsating delivery teo high for relief valve
ta level out, or relief valve setting too close to
the setting of another valve in‘the system.

3. I pressure fails to register on the pressure gage
| after tension is placed on the valve spring, the valve
spring may be broken or. the piston may be stuck due
.- to.some foreign substance lodging between the body
" and the piston. It is also possible that the valve -
- and.piston may be worn to:such-a point that the amount
of leakage will make the valve inactive,

If we disassemblethe relief valve for any reason, we

.shoyld exercise caution when reassembling, to make

~ sure that all of the parts ’are replaced correctly. " A--

.- mistake which can be:made easily is to.replace the.,
cover gasket sq that a port hole will be cut off, o
preventing the valve from funectioning.

. .,-When installing piping from the exhaust port of the

L ~_relief valye fﬁ“‘thépr*e:s'érvb"ir‘f“’m'a'ke' cértain‘that no- =
T Sie s piggtrictionscarerpresent:: Back pressure.can be. . |
troublesome in any hydraulic system. '
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" One of the most important types of valves in the Allison fransmission
ig the directional:control valve: This valve allows the transmission
to be-shifted irom-ohe rangeteanother. .. ~ . < .. 5o s -
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Directional valves are designed for the specific: purpose of directing the
flaw of liquids in hydraulic systems. It may be desired, for example, to
perform a work operation by driving a piston back and forth in its cylinder.
A directional valve whose movable parts change position so as tg alternately
introduce and drain off liquid from each end of the piston cylinder would
make thig possible.

)
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E Directional valves may operate hydraulically by differences of force set
: up on opposite sides of their movable parts, or they méy be positioned
by hand, by mechanical means, or by electric power, Practically all of
the Allison transmissions are manually operated. However, there has
been some work done on shifting these transmissions electrically and

L ]
SRV ATt AL LM A3 b AR

i pneumatically. More information on this subject W.iIi be covered in later
units.
f Four-way valves are directional valves with four line. connections: one

from the pressure source, a second from, or to, the reéservoir, and the

other two connected to the work cylinder, Th1s is the type of valve most
commonly used.

Directional valves are of two designs -~ spopl and rotary The spool type
is the one used in Allison transmisswns and the one: that wiil ke discussed

in thls unit,

.
W

In the spool design, a Specs,ally shaped slidmg" plston opens and closes
passages: through the valve ag it is moved back and forth in its cylinder.
.4
TWO-WAY SPOOL VALVES -~ A two-way sliding valve is shown in the
open and closed positions in F1gure 8. As the piston is moved back and
forth; it either allows liquid to pass thnpugh the valve or prevents flow.
The piston cannot move back and forth by differences in hydraulic
préssure séet up within it cylinder, since the forces there are in balance.
As indicated by the arrows against the pistonheads, the same-pressure
acts on equal areas on their ingide faces; and when the input passage is
blocked the piston blocking it is acted on all around its circumference
by:the same pressure. : B
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1 14

A number of features common to most spool Bt
valves are shown in Figure 8. The drain.
openings 3t either end of the cylinder are
needed so that back pressure will not be
built up in the cylinder to hinder movement 1" orex
of the piston. When spool valves become RESERVOIR RESERVOIR
worn they may lose balance because of T O
greater leakage on one side of a spool than - .
the other. In that case the piston would 4 .:m W

“tend to stick and wouldn't move back and 't aoss.o oo
forth. Small grooves are thepefgre “55““""“ ,; “W"
machined around the sliding surfaces of - Pio. 8 Two_wy 3”01 .
the spools, so that leaking liquid will *_~~...°. ""3"—; :_ :; . valve
encircle the spools and keep them Iubncated I :
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FOUR-WAY SPQQL VAI,-VES - Valyes. of this type connect with fou:’fjk:-‘-

: 'sspmte 11&%- TLet'glogkata typical installation of this- valve that- 7 s
. ~,‘aw0\;!d bﬁ cpmparabje tg onemhal.f of the system ona front end loader, . S
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ure. aa one line ggnneci;s the va,lve to the pump. , Anather connects
ﬂ: =wi,th the reservoir, by means of two exits from the ingide’ offtne valve. o

The cher two lines l;l,l,n to ejther end of the wqu cylindeg. ..; L ;,7- RS
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As thg pistc;n Oi fhe mur-wa,y valve s moved back and i,’cru;, each end
et c; tha worl; gynnﬁgr ia nonnected in turn ‘with the pressure line irom ,,th_?”
gump, ,wmge the gthex' end of me work cynnder is’ connected zc: ?he A
3 repepvoir, or' ﬁump, This enables the Work p;ston*’tq be;‘driven back a,nd

b
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: Icyth witl}out meeting hydrauhc resistance. R Sk ;1%.: } V ?f, -

| iKcaep Fi jure 9 in mind a8 you view Fxg_gre 10, which is a cloaer 100k a.t the
,,Iour-vyay valve ‘operation, - e i i'i AN
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, L WORK CYLINDER
AND PISTON

. POINT OF WORK — 4
)

.cylinder, liquid from the pump flows to the right end (R) of a work cylinder,

. left end of the work cylinder, while liquid from the right end is being
- returned fo the reservoir, In Flgure 10 (C), with the’ piston in the
. intermediate position, flow through the valve from the pump -i8 shut off

L DIRECTIONAL
CONTROL VALVE
AND LEVER

ISR

!
Fig. 9 Typical four-wdy spool valve imstallation.’

The posmon of the plStOll in Fxgure 10 (A) corresponds to the situation

shown in Figure 9. With the piston “of the valve to the’ far rxght in its

while liquid from the left end (L) of the work cylinder is bemg returned
to the reservoir. In Figure 10 (B), with the piston to the far-left in its
cylinder, relations are reversed, since hquid from'the pump flows to the

Ty

and both ends of the work cylinder can drain to the reservoxr, unless
other valves are called on to control flow from them o

. i
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f P & T_' ‘ 1?‘:l.g° 10 Four-way valve operation ” . B ’__;i; t - ;
};:; »Ih,e pzston of the directional valve itself can be pos1t1oned m a number \of SE
Waysn: k: anually, as for example by lever, mechamcaI}L through the f
a,qtion of a cam brought into posmon at the proper moment by the Work ‘
operatiop, mechamcell by means o gears and shaftmg, electrlcally, m o
REEEUAICR mm)ber of ways; or hydrauhca}ly through the actlon of a pllot valve. ' ?

The valve in }_ggre 9 is operated by imoving a lever.

~"‘he Yal,ves in Figure 10 aré ;- The:
: puot valve a,lternately delivers pressure to one end and then to the other ik

of th‘% Whnder of the four-way valve, in exactly the same manner as the |
reverslng valve might be used to drive a work piston; see Figure 11, ERERRES
mj’!_i‘ggxfe IQ (), for example, the pilot valve would stop delivering pressure
to the left-hand end of the piston, and would begin delivering pressure to

_the right-hand end, thus reversing the position of the valve p1ston. e
p g . . :‘:'l:} :% ,‘(
-15" , " :
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o .
R Ty
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-

SPOOL VALVE

PUMP

Fig. 11 Controlling a four-way valve by means
.of another type valve

CLOSED AND OPEN CENTER SPOOL VALVES -- In closed center valves
the piston is solid, and-all passages through the valve are blocked when

the piston is centered.in its cylinder; see Fig.}ré 12, In opén center
valves, the spools on the piston are slotted or channéled So-thdt all
passages are open to each other when the piston is ‘centered; see Figure 13,

R T A

FROM PUMP " FROM PUMP FROM PUMP
FROMO‘L T? cyL CYL. ! cYL
51,_?' ‘ 3 ﬁ” ¥ .

G Y Ao in s tarareced -

#
2

4 Z ‘ et uw&mwmm % B P
1 ' : TO RESERVOIR TO RESERVOIR - TQ-RESERVORR ., -,

v 4 #

Fig. 12 Closed center valve
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"' reservoir; see Figure 14, In valves of this kind liguid must be carried to.

-~ ‘hald’in-poaition by pressyre, and where.the power i uged to perform a
- single operation; - They also ayoid shock to the gystem when the valve

- gpool {8 moved from one podition to another, since in the intermediate
pogition pressure- istemporarily relieved by the passage of liguid from

P i, WO TN AT A L T

P P

L. s 'AM_234 .

.....

? : Fig. 13 Open center valve

In some ép.ﬁin.icegtgﬁ va,lves, pa,ssagesto the work cylinder are blocked d
when the valve is contered; while liguid from the pump is carried inbored
pagsages through ‘the piston and ¢t the other side of the valve to the L3

both ends of the piston of the diréctional valve fo keep it balanced, that is,
to. A ‘and B in Figure 14, Instead of -discharging into the reservoir when the
valve ig centered, liquid may be directed to other valves so that a set of

operations.is performed in sequence.

Open center valves are uged when the wark cylinder does not have to be

the pump dirdctly to the reservoir, Revergal action ig'therefore smooth,
Closes '¢éntérfiralima are-ysed when a single ,puimp or ap.cu#iuléﬁbr
perforims- moré than one operation;: and where there must.be no pressure
108g in shifting the direction of atroke at the point of work,

17+
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“miéter the flow of a liquid; see Figure 15. As the position of fhe core is

"the'valve. In this way, the speed with which an, operating part moves

AM 2-4

FROM PUMP
FROM fu po'cvt

‘—o‘-b

TG RESERVOIR T
FRCM PUMP L

C o ‘__,,6\_‘ >

A/ S ‘ B
_ _JF &% -
CENTERED POSITION TO RESERVOIR .

FROM PUMP
TO CYL ;FROM cytL.

AT

T 1O RESERVQIR . T s ie A amans

nayfa Hieo
3 Y

" Fig. 14 Differeﬁt type of open center: valve:. ;... :.
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SECTION E -- FLOW CONTROL VALVES

. ,3? Ao Pés

METERING VALVE -- A partially cutaway rotating cere.can-he used to

changéd, a greater or smaller quantity of liquid is allowed to. pass through

‘can be controlled, the action of a valve delayed, ' or- pistong.cushioned . 5
at the end of a work. In later units describing the Allison {ransmission,
we will see where a valve similar 1o this is used to,preyep_‘,t.,j,grking of
the vehicle as the gears of the transmission are shifted,, ' .,
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Fig. 15 Metering valve

TIME DELAY VALVE -- The action of a time delay valve is shown in
Figure 16, Liquid moving from the pump through a control valve (not
shown) at different times takes three paths: (1) around the time delay ‘
valve, past check valve (A) and on to the point where work is to be done;
(2) through the time delay valve; and (3) through check valve (B) to produce
a force on-the bottom of a piston in the time delay valve, whi¢ch is held in
pléée by a spring. As an increase in hydraulic pressure compresses the

;
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Figuire 16 shows the valve in this position.
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?ig. 16 Action of a time'delay valve
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' Qpi_riiig‘bf the pistoh', it rises to shut off flow through the time delay valve, | L
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When the position of the valve controlling flow from the pump is changed,
liquid returns from the point of work, but is blocked from passage (1)
around the time delay valve by the upper check valve, and from passage
5 . (2) through the time delay valve by the lower piston head of the valve. B
' a needle valve under the piston slowly drains liquid from chamber (C),

so that the piston can slowly descend, allowing liquid to pass over it and

on to the reservoir by the same path that liquid from the pump originally
- entered the valve. This is made possible by a different positioning of

a control valve. : :

At # 1 ¢ -
1 'MJ
> D&

-
e e

AU B0 Al

BYPASS VALVE -- In this type of valve flow runs in one passage until a
certain pressure is reached. It is then also carried along a second pass

“to é’.riot’-her. work operation; see Figures 17 and 18. . Liguid flows around

'(P‘i)*to one point of work, until a pressure is reached which raises (Pl)

-+t against the resistance-of its spring. Then liquid will also flow through

the second passage of the valve to do other work;..see Figure 17. Valve
(P,) is held open by a smaller pressure than is needed to open it, becaus

of the greater area against which this pressure can then act, When the
'; position of the contrcl valve governing the bypass valve is changed, ligu:
| returns through the bypass va‘;ﬁe from work area (A) past the bas¢ of (P

and from work area (B) past(Pz), see if‘igure 18. '
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ADJUSTMENT SCREW =

" ADJUSTMENT SCREW

? _ TO WORK AREA -8 FROM WORK AREA B

; Figure 17 F;igure 18
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This unit has cutlined some of the basie facts concerning hydpauiics
that we need to know in order to ynderstand the Allison transmission.
More ahput hydraulies will be covered in later unifs,
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DIDACTOR PLATES FOR AM 2 4D AND MM 2-18D

Q
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Plate I Simple check valve with ASA symbol

—6-

Graphic Symbol

open

Plate II Check valve operation
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Plate ITII Pilot check valve with ASA symbol
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Plate V Four position valve operation
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AM 2-4D and
TYPE EXTRENRE “OUT" POSITION CENTER POSITION EXTREAE “IN" POSITION
PRESSURE (Pl——CYL. “A¥ oyt e
CYL “B"——TAMK(T) ncﬁ.uﬁiﬂ—rgbr;s
SPRINS ‘ THERE IS HO CENTER POSITION [N SPRING
OPFSET N ///// V////k\“ Q OF FSET MODELS. \}//// 7. TN TN
o -""\\“"\!\ C-;;;'\“l-\\\\-ﬂ
AN 272V N5 @&7//,// % \a
AT 8 AT 8
OPEX CENTER ANO CLOSED CENTER TYPES OPEN CENTER AND CLOSED CENTER TYPES
PRESSURE (P}~ CYL. “A" _ PRESSURE (P), CYL, A%,
CYL. "B e TAHKAT) AND CYL, “8“—ae TANK (T
OPEN CEXTER TYPE OPEN CENTER TYPE
PRESSURE (P)—e-CYL. “A"" PRESSURE (P), CYL. “A”, PRESSURE (P)——CYL. “B"
CYL. “B"—eTANK(T) AND CYL. “B” BLOCKED CYL. “A” ——T. K (T)
p P
\\y// W\ l\\\ Y//// .i .\\\\ _\\
r‘l_]. |_|l= —— k‘l_.m
TAONNY ZA2N 7N ) % N? VAN
AT 8 A 8 A T 8
I OPEN CENTER, CLOSED CENTER
CEs:TRE'{RGED CLOSED CENTER TYPE CLOSED CENTER TYPE AND “$1"" CENTER TYPES
AND
NO SPRING PRESSURE (P) AND CYL, “"A% —em TANKAT)
PRESSURE (P)—=CYL. “A" Re R OCKED
U P L CYL. “*8" BLOCKED
&
P P
. vyt
Q= rA-—-I 5
Yoo N 2N 5 o
A T 8 AT B
51" CENTER TYPE 31" CENTER TYPE
PRESSURE (P)—e=CYL “A”
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Plate VI Hand operated valve table
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Plate VIII Pilot choke assembly with stroke adjusting

device
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Plate XI A single shuttle valve, with symbol
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Plate XII Operation of a solenoid controlled, pilot

operated four way valve

Y. % EAcay,
\'r r}

s

Ee.
b

00 PN A X Wt RN

I.I\‘»
f

’
Y

TR A RN VD RS

AL I



¢ oy e s
A pzErworren b P

AM 2-4D and

'
e o]

A"

o

ey Cow . 5678
manmdnmaniane § Sl
P

MM 2-18D
|
L
[~ ~LEyd ~Hyd -1
| I
' Two way valvel
' ny
| I
| .Pilot spool | Component
| i J enclosure
- -— ‘L._.
it T ety Attt Main
. | directional
R |}z valve
| , A T B ‘ | spool
| ' X o |
l ‘ IT T l k
- - - - Pressure

Plate XIII Pilot operation of two way valve

dog-actuated
(two planes)

f
1
[
! .
i 31 |
i
pressuregdt__ S AA/y
EIYr Y l

supply ’

tank

Plate XIV Simple hydraulic reversal system, showing use of rotary
four way directional valve
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NG vl M"“‘hf B ooh s

A1 3 —
Al
AM 2-6D and
MM 2-18D - This film Jesson is designed to aszist you to better under-
3/1/8% : stand the basic technology behind directional control valves.
We will look at the various types of valves, how they are
. nstructed, their operation, purpose, and the role each
UNDERSTANDING DIRECTIONAL CONTR ca ’ ’
) ¢ OL VALVES valve plays in typical hydraulic circuits. Be sure you
Human Engineering Institute understand each frame before going to the next frame.
Press A — A
Press A —/ Check to see that timer is OFF
1-1 1-2
3
Directional control valves are used to direct the flow of fluld . CHECK VALVES -- The simplest directional control
generated by the pump to the various fluid-actugting units. valve is the check valve shown with its JIC symbol
These valves, in themselves, are not intended to meter the in Plate I,
flow; they either block the flow complotely or channel the flow - )
to various lines where fluid power is needed to qperate a fluid This valve will permit free flow of liquid in one di-
motor or to actuate a pilot-operated control valve, rection and will prevent fluid flow in the opposite
direction. .It can be designed using various types of
Press A =3 closing devices including a swinging disk, a spring-
geating disk or ball, and a gravity or self-seating ball.
i-3
Press A - 4f 14
2 v 0 h | LA add il ‘.—' hd o Ri
T 1 4 Ilr . i "'E’?‘ T 4 =3

Of the various types of check valves, the ones most common
are the ball type (with or without a spring), ard the poppet
type. Plate II shows how fluid can be bypassed in one
direction and restricted in the other direction.

Check valves are usually held closed by a spring so that the
valve requires pressure to unseat the blocking component
in the valve, Some valves require as little as § psi,
whereas others may require 65 psi. The high pressure -
valves usually are used to maintain pilot pressure for
operation of piloted directional valves.

"Press A =47 1-5

Directional contrpl check valves are used in hydraulic circuits
to the fluid flow.

A. restrict = 7
B. meter -~ é
C. circulate — 6

No. If you said check valveg are used to meter or circulate
the flow, you are incorrect. We said a few moments ago that
the check valve is used to restrict the flow of fluid in one

" direction.

Press A - 7

7

Correct. Of the three diagrams pictured below, which one
contains a directional control check valve?

A ~9g B — 8 c. =8
. s
r .}C'-J !W"‘ /q .—j.l!
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No. Remember, we said the symbol for & dirgcupngl contral
check valve is: { ——Qr~). Try this question again.
Press A —- 7

[ 4 .~

> {2 st
FILM no;3m/er

L

Correct. The symbol for a directional control check valve
te: (=)

Another valve very similar to the simple check valve is the
pilot-operated check valve shown in Plate L. The pilot-
operated type will always permit free flow in one direction
and will allow flow in the normally blocked or opposite
direction if pilot pressure is applied at the pilot pressure
port of the valve. Pilot check valves are often used for
locking cylinders in position. ’

Press A = /¢ 1-10

&
3
3
2
b

(ot sl £400 59 3 4Ll LA

v—-n»— PReCESUR |
L

T

Oratyi b AN

D ivbtaisaton)

Correct. The fluid in the piston must have a way {0 eseape
back to the reservoir when the piston displaces it. Qtherwise,
pressure within the cylinder would render the system
inoperative.

Let's take a cleser look at how a four position valve operates
in a circuit. Look at Plate V. Notice in the picture the four
valve ports are marked (P), (T), (A) and (B), wherein (P)
is connected to a source of flow, (T) to tank,-and (A) and (B)
to the respective ports of 3 work cylinder, hydraulic motor
or some other valve in the circuit.

1-15
Press A= /5"

‘/o g - v 7 T g
In general, two way valves are strictly shut off valves, three
POSITION VALVES -- These valves are used to direct wag valves are use:% {or gtox;trom:xg :d singlg-factitga cyéi’alﬁaer
: where only one motor 8 required, and four way valves
fluid to one or more different flow lines. They do thig by arhg u%ed or contromn%o doublefqacﬁng cylinder movement.
being shifted into two or more different positions. In : Y sho ; val " bei dto d and
Plate IV shows a four wa ve being use extend an
each position of the valve, the interconngction of the exter- Fetract a cylinder. As u’{e piston of the four way valve is
: nal ports produces various combinations of flow directon, moved&cfnanhggo:it& t?cn end of thlfn zt}:g ;ytlﬁgdéﬁ;
i3 ' .connec e pressure )
4 In referring to piston (spoal) valves, the number of main $,°m1§ the other end of the gork cylinder is connected to the
. ports on the valve is designated by the terms two way, reservojr. This arrangement allowe .
' three way, four etc. The number -
: defines tZ; valve‘:aya,s being two ::;?: :‘ t;;;nition:‘m A. free flow of fluid through valve =/ &
4 etc o o, FRree pastian, B. automatic control of the valve - /3
C. no resistance from hydraulic pressure 1-12 .
H 1w11 ' \ }
: Press A ~/ / "f
g 3
% ~ o A4 20 0 A0 o Mia BB 4 2o LAAMLEFIS HAR B A T o 3 - ~ LS I 'i
3 E — "‘:7k‘ TR 7 1 EAN £ Y kA4 T ey FOL- 5 e & « — - =
/2 |,L3
b
No, Position valves such as the ore in Plate IV are either
) No. Free flow of oil through the valve takes place when~ ghifted manually or are controlled by using springs, cams,
g ever the spool bands are not covering the ports, Try this solenoids, oil or air pilot fluid pressure servos, or by
3 question agajn. Press A —// mechanical linkage. The flow of oil alone cannot control the
valve. Try this question again. PressA « /
f :
§
‘l 1-13
; 1-14
:; T =g ' g Lol anae: Laaas rw:gn . * » ’ ;
) 4 B

When the spool is in the position shown in (A), Plate V, .
rt (P) i:%pen to port (‘5, and port (B) to port{T). Ports

fX) and (B) are connected to ports of a cylinder, and flow

of fluid through ports (P) and (A) causes the piston to move to

the right

In (B) of Plate V, port (P) is open to port (B), which causes
me piston to move to the left. When the piston ig moving to
e right, return flow escapes through ports 1

and 2 . When the piston moves to the , ihe
retyin flow escapes through ports _(3) and 4 .
A (@A) @M @@ @m—rb
B. (@B @M ®@ @m-/8
c. M@ @® @® @®-,7
' 1-16
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No. It is just the opposite: when fluid flow is gaing through
(T) and (B), the piston is moving to the right; see (A) in

17
¥o. Your answer could not possibly be right because (T) 15
not open, in either instance. Lagk at Plate V clogely. H (T)
were closed, o fluid could be refurned to sunp. As we

= L. IRTTeeeny W

A L MM
~FHLMno., Ao .

! The spool in 2 manually operated four way valve ig shifted

i by operating a hand lever as shown in Plate V1. In spring
oifset models, the spool is normally inthe extreme "'out”

position and is shifted to the extreme "in" posjtion by moving

the-lever toward the valve. Spring action automatically

returns both spool and lever to normal "out" posjtiqn when the

lever is released. co

In two position, no-spi'ing models (not shoém in Plate V1), the
spool is shifted to one of two positions, where it Temaing
until.it-is-manually shifted back to its original position,

Press A — 2/

i 2«2

; iPlate V. When (A) and (T) are open to each pther, the piston: " learned earlier, fluid has to return to sump for the unit to
; 8 moving to the left. : operate. Try this question again. Pregs A —/s5™
| Y
! Try this one again. Press A — /5
;
* ’
b
1-17 1.18
o ——— S = e —
/& /9
Correct. Notice in both (A)and (B) of Plate V that'all ports” . .
are open except the bypass return line in (B). Correct. However, you have missed one or more of the
- . -questigns in this sequence of material. Before going on, :
Now let’s talk some more about how valves are operated. review this material. Read each frame carefully, and take
MANUALLY OPERATED FOUR WAY VALVES are suited for your time in answering the questjons. :
applications in which it is desirable to ¢ontrol the direction of . . 3
flow manually such as in a fork-lift truck, or in an automatic * Press A ™ 2
transmission. : . .
|
i Press A — 20 1-19 :
2-1 ; :
Xe. -9
g
. - b it %
= . ' - . . —— - I "T;:_
20 &/

In three position, no-gpring units; detents (devicés which:
lock or unlock a movement) retain the spool in‘any one of
three selected positions after lever force is released. In:
three position, spring centered models, the lever-is usedto
shift the spool tp either extreme position away-from center.
Spring action automatically returns the spool to center posi-
tion when the lever ic released. o

i

In spring offset valves, mentioned earlier, there is no center : -
. position. Thisisa statement. ’ ’

Ac me b d 2‘\3
B. false = 2 4

2+3

22

No. There is not a center position to these valves.
Remember, we said the spring returns the lever and
spool from the extreme ''in" position which was reached
by using the lever. The correct answer is that the
statement in the previous frame is true: there is no
center position on a spring offset valve,

Press A — .23
’ a* :

Correct, There is ng center position in the spring offset 2
valves, S o _ 2

Manually operated valves equipped with detents

*

stabilize the spool after lever action is released — =
assist. movement of the lever and spool under high - 24/ §
pressure ' ‘ . i

rs

are spriiig loaded valves +.24/ 4
2-5"

A.
B.

P W) S L o
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No. Jf you said detents assist movement of the jever under
high pressure, or that deterts meant the vaive was spring
loaded, you ure incorrect. The correct answer is that detents
help stibilize the spool in one position after lever astion s
released.

Press A ~ 2.5

O

Correct. A deteat is sometimes referred to as a catch,pawl, &
dog, ur a click. It stabjlizes the spool after lever action is 3
.-rizlezsed,

PILOT OPERATED FOUR WAY VALVES are used where it is
desirable to remotely control the direction of the flow through
the use of pilot pressure.

Thess are two-position units in which the spool is shifted by

application of pilot pressure at one end or either end, see o
Plate VIL
=6 - N - 2-7
Press A — 2.4 :
- i
an e g
3 ) Ly ¢4 T ey i) T T Ty f T -~ +3
126 ’ 27 {
i

In spring offset models (see Plate VII) the spaol is held in
its normal offset position by spring thrust and ghifted to .
its other position by application of pilot pressyre to the free’
end of the spool. When pilot pressure is ‘rempved, spring
thrust returns the spool to its original offset position.

In no-spring models, the spool is shifted by the application
of pilot pressure to either end of the spool. These valves
are not detent held, so pilot pressure has to be supplied -
to maintain desired spool position.

2~8
PressA — 27 '

Of the two valves discussed -~ the pjlot operated épring offset
valve, and the no-gpring valve -- which one do you think could
become inoperative more ezsily ?

PR Sy

A. The no-spring valve — 2 &
B. The spring offset valve —2.& ;

2-9 ;

P2

Mty LAPETE A S AN A M £ - N [ S I

Of course, .it is possible that both could become poperative
- through excessive dirt in the line ar valve fres,ze-up.

However, disregarding those possibilities, if \he gpring
should become weak, or bregk, in the . ,ug lovded valve
it would become inoperative because the pistan (£vo0l)
could move to only one position.

Press A — 2.9
2-10

Correct. Of course both types could become inoperative
because of valve "freeze-up", or excessive dirt in the
lines. However, if the spring in the one type should be
-unable to return the spool, it would be useless, whereas
the ""np-spring" type would not have this problem.

.PILOT CHOKES ~- A modification of the pilot operated
-unit is the pilot choke asgsembly shown in Plate VIII.
This valve also has a stroke adjusting device.

Press A ~ J0O
2-11

i

P—— Yy Y ™ Nasuunecd L RAd PASE SCaang

rl]),”"‘\‘l—‘h- LR MAEAE AN 1l M‘J;r: A

20

e ( Jmant s i oy

The pilot choke, Plate VII consists of; two needle vajves
(1) and (2), two check valves (3) and (4), and pilot passages
(X) and (¥). The agsembly provides 3 means for inde~
pendent regulation of the speed of the spool movement,

in either direction.

As the spool moves to the left, Plate VI (a), the pilot

fluid from (Y) flows through check valve (3). The dis~
charge from the qpposite end of the spool throttleq past

the needle valve (1) adjustment, which determines the speed
at which the spool shifts when moving in this ;ureptip;'l.

Press A — % 212

As the spool moves to the right, (Plate VIII (b)), the pilot
fluid from (X) flows through check valve (4). Here again,
needle valve (2) determines the speed at which the spool can {
maove to the right,

“In this valve, the stroke of the spool also can be adjusted so
that total travel is only slightly in excess of that required
to cause flow reversals. The "dead period” can be minimized
in this manner, The stroke adjusting devices are stop screws :

(5) and (6).

Press A - 7 J_ 2-13

TR,
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The purpose of the check valves (8) and (4) 1n thq pllot choke
valve pictured in Plate VIO is to '

T ™

A. prevent an excessive amount of fluld from entering _,_ :
- the valve and possibly rupturing the valve X3 -

control the amount of fluid leaving the valve housing — 34/
force the fluid leaving the housing to take another exit ~ 37

2-1%

g

PAGEno & -

No. Theqizeo!pd;dng;thbeamomto!preuuninthe

lines determine the amount of flnid flow, The check valve
opens at 8 very low pei, allowing all the flutd available to
bypass it,

DY)

Fives ¢

Try this question again. Press A ~ T2

2-15

No. The check valves do not control the amount of fluid

l“ )
AT

Correct. If the check valves were pot prcsent," ihe
purpose that (1) and (2) serve now would be Jost. The

R R TatiA7P

leaving the valve housing. They stop it completely and force guid when ;a.viug the valve, must £hust find apother exte ?

the fluid to find another exit, namely past (1) and (2). e to the check valve closing, :

‘g Press A — 35 The purpose of (1) and (2}in the v,alve-in Plate VI is to 4 :
: :A. crmte enough pressure through resjstance flow to~ 34 3

- i close the check valve

B. decregse or increasg the spool stroke distance - 2 7

2416 C. decreage or increase the spool stroke speed \ 2-17

-—*6 :

‘ 27 ]

4

o No, Youare confused with (5) and (6). The purpose 4

No. Look at Plate VIII. Notice that each check valve is ) of (V) and (2) is to Limit the spool travel speed-by- allowing z

spring loaded. No pressure is required to close them; ﬂ!ﬂd a little fluid {o escape, rather'thanall'at once. In Plate VI, :

9 L]

pressure is required only to open them. (5) and {8) control the 8trokg length of the spool E

l Tiy this question again. Press A~25 Press A~35 !
2-1 Z

2-18 ? %

4 3 ? “74 g 1 T bl R

The needle valves limit the amount of fluid leaving ’ =

Correct.
the valve housing, thus decreasing or imiting spaool fravel.

A similar valve to the one in Plate VI is shqwn in Plate X,
with its symbol. This is called a time-delay valve. Let's
see how it works. ’

This valve always allows free flow of fluid in one direction
through the valve. When flow is reversed, however, the valve
is blocked for a definite time interval, until the blocking fluid
can escape to the reservoir and allow the spring to open the

valve.
3-1

Press A~ ¢/

b

There are several different designs of deceleration valves.
They are uged to gradually a.ccflerate r decelerate the

L

piston rods of fluid cylinders at the en or F %
the stzoke, The type shown in th its symbol is
a spool type having a roller follower’ ac;tuated by a8 cam E

at the ends of the ¢ylinder stroke, ' When the cam engages
the roller, the fluid flowing through the valye is restricted,
thus forcing the fluid to flow thropgh a separate flow-control
valve which decelerates the piston. Flow in the opposite

X

iy

djrection is free to move through the valve cause of the 4
presence of a check valve in the main houa
Press A~ &//
3-2
xe. 70

4 1 I AT I Y s M ) A S ‘)
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You have missed one or more questions in the
last sequence. Before going to new material

review the last few frames very carefully. Be
sure you understand each frame of information

Another type of valve, known 28 the ghuttle valve,
permits 3 system to operate from either of two
fluld power sources. This requirement may be
necessary for safety reasons in case the main pump
is unable to power emergency devices.

This valve (see Plate XI) consists of a floating
piston which can be shuttled to one side or the other
depending on which side of the piston has the greater

before going on. Take your time in answering pressure. Generally, a spring is added on one side
the questions. Press A ~ /& of the piston to favor one of the supply sources.
Press A ~ 4/2, .
2-20 3-3
T
aa T T
Dk - Bl dkid
42 43
Suppose you wanted to adjust the time delay in & hydraulic ;ggtg!eg %estaiig:o mothcfw?g;et‘; gggnrttg;cée-ﬁmee tgr
?
circuit using the valve pictured in Plate IX. To lepgthen: that movement of the screw in either direction would gt
the time deldy, you would (1) v To shorten adjust the time, you are incorrect.
the time delay, you would @ _ . Turning the screw clockwise would decrease the opening
(orifice), which would In furn allow less fluid to escape,
A il} rotate the gcrew clockwise ~ 44 increasing the time. )
2) rotate the screw counterclockwise As the screw i8 backed out (counterclockwise) the orifice
B. il) rotate the screw counterclockwise is increased in size, reducing the Bme,
2) rotate the screw clockwise - 43
C. Neither A or B is correct to adjust the time delay,—4/ 7 Press A~ /4
3 3-5
: 5
f
Tt T - 14 NEEARMAAILE RS £ Tm b—
Y | | “
g Correct. That was a "thought question” and you did well, .
: . A detent would hold the spool in place. What is required
ELECTRICALLY OPERATED HYDRAULIC C No. A
Electrical , YD HC cmeuiTs is something to force the spool back to its position after the
ectrical control circuits combine with hydraulic syste i i
through solenoid (a coil that moves 3 pushynqd back ggd g:th) solenoid is retracted, hence a spring:
i operated vagré% Corclltrcz%x s,ignlals froaT timers, limit switches, .
) pressure g es and other electrical control elements are - —-—
; switched through relays to activate valve solenoidsx? Ttgese? Press A %
i in turn, sequence the hydraulic system. In qperation, the
) spool is shifted by energizing a solenojd located at one or
] both ends of the spool. Should there be only one solenoid
! then there would have to be a at the other
i end of the spool.
,‘
’ A. detent - 2 36 -7
B. spring -
C. Neither Aor B = 45"
Y% ' 7

Correct. Unless there is a solenoid at each end of the sppol
to move it first one way then the other, the spool must be
' spring loaded at the end withoyt the solgnoid.

SOLENOID CONTROLLED, PILOT QPERATED VALVES

Solenoids for valve operation usually provide less than 15
' pounds of force and are limited to about 35 to 40 pounds of
force. Spool valves in sizes to 1/4 inch usually ayre actuated
' directly, but solenoids for direct operation of larger valyes
] would be bulky.
3-8

Press A~ 4/7

For valves with spools over 1/4 inch, a directly actuated:

solenoid valve is combined with a pilot operated valve., The 4

solenoid valve contrels only pilot flow to the larger valve.

Thege two valves mount together and the combination is called

a solenoid controlled, pilot operated valve. A two position,

solenoid controlled valve may be combined with a two position ~ %
pilot operated valve; or they both may be three position valves. :

Let's analyze how a solenoid controlled, pilot operated valve
circuit works. Look at Plate X1

Press A — 4’8

Zz
=
B
7
z
£
£
>

3
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In Plate XII, the small solenoid controlled vaty : . . :
. m%ﬂggw?awmd&°wt : When the piloted valve is menticned in Plate XI we are
operated spool (pilo ve). The pilot valve - gif i —_—
Pind spooL. T piloted vaive kas & four Tand spant Fefeiting to the valve with ___(1) ands in the
In Plate XIT (a), the .. - spool. When referencing the pilot valve, we are referring
= : a), the pilot spool (1) is positioned to permit
‘ PUIGT o T o9 direcke fon Bory (B o (A) and thento b e e e (8) __ ant epool. Only fhe
! the (¥) ead of spool (2), shifting spool (2) to the position: ¢ ve 15 solenold opera
A (I)three (@) two  (3)pilot— ST
Return flow from the (X) end of spool (2) passes through
, port (B,) of the pilot valve and rererns o the fank Taresgh B. (Nfor  (two  (3pilot =5/
o port (DR). With pilot spool (1) in this position, the main C. (1) two (2) four  (3) piloted — 5O -
spool (2) is shified to allow flow from port (P) to port (B)
’ and from port (A) to port (T). i 3-11
Press A=/ ||
c _3-10
\ 0 ) 5/

\ @ . . Correct. Now,-look at Plate XII (b). When the pilot spool:(l)
No. You will recall we said the pilot valve ig solenoid 18 shifted to this position, a reverse flow situation occurs.
controlled. The pilot vaive,. through its action, then operates Pilot flow directed through port (P,) and (B) to the (X) end of
the piloted valve. We also said that the pilpt valve has a two spool (2) Bhifts-spool (2):to the position shown.
land spool and the piloted valve has a four land spool. ' - .

Return flow from (Y) end of spool (2) passes to tank-through Z

Press A —5/ ports (Ap) and (Dr) in the pilot valve. : 5

\ M - X

& When the pilot spool (1) is in this position, the main spool (2) Z

v i is shifted to allow flow from port (P) to port (A) and from port ;

. 17 3’1-'2 : (B) to port (T). 3-13 ;
B3 ’ - A i s Press A — 5.2

1 = ) 75 A

‘ In Plate XII, the reason for the two extra lapds in Spool_ (2) No. These two extra lands are moved into position as a ‘ %

i ) is : L result of the solenoid-moving: spool: (1), not spool {2). z

- . T However, as a result of these lands, the fluid that passes: E

) - through them actuates the main.spool (2). There must i3

‘} A. g::sli l%ngss pg;f (rzn)oved by the solenoid, wg? §1 turn moves be two, ‘because they alternate in-serving as drains, thus .

2 allowing fluid to flow in either direction at the proper time. 4

: : B. to allow flow of fluid in one direction only — s~/ 4

4 o _ E¥:

. to serve as a component which allows fluid to flow in both Press A ~55 !
‘ . directions ~55 ' &
: | ' , -1 !
i @ 3-1% . 3-15 ‘
. ' 3

: - -} 2

i ; R A . £

) L _ N §

; : - e %

| I £ 5~
’ Correct. Two of the lands in spool (2) must serve ae the

jit centrolling factors for the main spool and be capable of 1

b 1 allowing fluid to flow in either ‘direction, for drain purposes..

i i No. This does-not act like a check valve, which allowg " Plate XL Wh i b

i , i i : ' Now let's analyze the circuit in X1l en soleno x

: fluid to flow in one direction only. These must serve (A) is energized, the pilot spool T5 positioned to allow fluid

: as components capable of allowing fluid to flow in either ‘undér pressure {o .. . :

: direction at the proper time. l A. _ﬂow' ihrdii'gh the main spool valve immediately and fill _ 4 ,

: i the rod side of cylinder » _ e

z - - AT i

‘ Press A == B. flow through the pilot spool and activate the two way_ ., 4

i valve and main directional valve simultaneousaly 27T

% C. escape from the rod end of the cylinder and return to_ - .-

’ tank (T) -

3-17
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No. Fluld cannot flow through the main spool valve until
it is activated by the pilot vaive. Look at Plate XINI closely No. The plston is moving away from the rod end of the
and try this question again, Press A —s=¢— cylinder, not toward it. Look at Plate XIU closely and try
this question again. Press A — $°5
3-18 3-19
58 1%
Correct. Once the main spool valve is open, fluid flows ’
through it to the rod side of the piston, forcing it to move Na. Youare incorrect. It m% gere ar:at:vo :;hfhto
to the right. It is possible in thig circuit (Plate XII) that tank in this circuit, one through the two way vatve and the
the fluid draining from the head end of the cylinder can other through the main directional valve.
drain in two different routes into the tank. Thisis a
statement. . Press A — 60
| A. false ™ 5 9 [
: B. true — 60 3-21
3-20
] N
v n A [t n p— " A : ‘ Ak L] Ll )
£0 - . . 4l
‘; Correct. Two paths of drain to tank are possible in this
i circuit in Plate XTI :
i 1 No. There are two pressure inlets to the valve and two
) ROTARY DIRECTIONAL VALVES -- In Plate XIV there is a drains involved here. Look at Plate XIV closely; then try
‘ rotary directional valve being controlled by the cylinder this question again. Press A - £0
; movement. Let's analyze how this valve operates the spoo;
: of the four way directional control valve. When the four way
f control valve is in this position .
‘ A. fluid under pressure is continyously being applied to tge,
: spool ' eV
B. there are two pressure inlets to the valve and one
outlet flowing from the valve d'ﬁlz-/ ’ 3-23
C. an equal amount of fluid travels through both inlet un;s
: until the rotary valve changes position 3 2-'2 pA
iy ' " L bl v
62 A
Correct. Fluid under pressure has to be applied continuously ,
to the end of the 1 to keep it in this position. :
No. Fluid under pressure flows through the rotary valve tg endo &poo °p po
the spool of the four way valve only until the spapl has TROUBLESHOOTING DIRECTIONAL VALVES. There are
bottomed to the other side, then it stops. However, flujd
both external and internal conditions which may affect the
flows continuously through the yalve until the piston reaches :
: performance of directional valves in a hydraulic circuit.
well past center and changes the rotary vaive. Look at Let's see what some of th conditions are
Plate XIV and try this question again. Press A =40 see what some of These |
Press A= & &
- ’
. 3424 X¢ é / 41
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The correct answer to thc‘lnt.qneﬂion fs: a;:;;l ey '
pressufe has to be applied continuously o the #poql ewd
to maintzin its pogition.

You have miaged one or more of the questions in this last
sequence of materigl. Before golng on, go oyer this
material again, Read each {rame carefully and take your

. D

AM 2-4D.and

. FlLMno. e ®

HEAT -~ Moderate heat will often canse excessive leakage
past {he piston stem seql or cover gagket, Extreme heat will
cause the packing seals to deteriorate. When valyes are
used around furnaces, or if the ol circulating temperature
is 150 P or more, it is nacessary to use a high temperature
type packing that i3 made for temperatures up to-500 ¥,

Press A ~ 4f |

-3

No. Excessive vibration and toa much presgure in the system
could very well cause early deterioratica of the valve seals,

but the item most appropriate to what we have discussed sa

far is: using the wrong type packing; If the wrong type packing
is used in a system which carries over 15Q F oil, the packing
will deteriorate rapidly.

Press A~ 74
47 .

]

time in answering the questions. Press A = 22
3425 -2
t R v LA Aer £ *anian asdinld -r‘."'-vw’ - v
7 57
DIRT -- A dirty hydraulic system can cause damage not anly Valves canhe affectedboth __ (1) _and ___ @)
to the valves byt to other components in the syatem g8 well. by abnormal heat and dirt copditipns which can cause
This dirt conditicn can be harmful whether it is external or valve (3) . o
internal. Ly
A. (1) physically  (P)outwardly  (3) supture = 62
Externally, certain abrasives and other hard foyeign matter B, (1) internally (2) externally () leakage — 49
can score the valye stem so that it will cut the packipg and ’ ' '
cause a leak. Internally, dirt can score the valve body qr
piston and can cause internal leakage, or may cause the M
piston to stick. b
4¢3 .
i PressA = &7 :
'h — v Y T 120 2ar " ot s o D o ARSI Lt B L AL D 2 e e M R T T 2 -
ol —— " - X Uaad " ¥ [mr ¢t At aeest
(s ;'l 47
Correct, _ ‘
No. The answer to the last question is that thraugh Qne of the cqnditions that can cauge early deterioration '
excessive heat and dirt, valves can e affected both of valve seals is - .
internally and externally, Both of thege goanditions "
can cause valve leakage. Press A — 67 A. excessive vibration — 70
B. too much pressure in the line — 70O
C. using oil over 500 F — A/
D, using the wrong type packing -- /7.
4-5 4-6
 aacas y oy e MRt G It ey s ARSI M O Y 1,‘ R Aarase T v Y Ty
e v hil ag ‘. v p— haiiad SAGR S St r Tty A1 YT et - -
7 7/

No, Using oil qver 500 F would deteriorate more
components than just the packing. The point here is that
special packing must be ingerted in the valves if oil is
to be used in the system.

Press A — A 2.

4-8
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Correct. Valve packing which should be used fi tempert
atures under 150 F, but {8 used in circulating ¢il kaving a
temperature of 250 F, can deteriorate very rapidly.

BACK PRESSURE -- Back pressure due {0 2 restrictive
exhaust often will cause the spool seals to freeze against
the spool and make the valve inoperative. This is
especially true with solenoid operated valves.

Press A— /= 49

MM 2-18D
L FItM ne." s/

With & manually operated valve, the operator usually has
enough strength to push the piston from one extreme to the
other, but with a solenoid there’'is only a limited amount of
force available and a small amount of back pressure can
quickly freeze the piston. This is especially true of spring-
ofiget type solenoid valves. The solenoid usually is just
strong enough to overcome the normal spring pressure.

Press A ~ J.f
4-10

%4

INTERNAL LEAKAGE. If a valve fails to allow the full
fluid volume to go to the next component, check the valve
for internal leaks. Some of the pressure may be passing .
from the inlet port to the tank port. A “wire drawing"
action may have taken place on the piston or the valve
body may be scored.

A valve body usually wears much faster than the piston,-
because of the softer material of the valve body. In
replacing the piston, enough grinding stock should be
available on the new piston so that the piston can be
ground and then lapped into the body. A piston of stan-
dard size seldom fits into an old valve bady with the
proper clearance.

Press A~ /5" 411

Andaan SV 138 NSSE 1

-,

Back pressure in 2 hydraulic system can be caused by

A. a spool stuck in a valve — 74
B. high operating temperature — 74
C. Neither A or B above - 77

412

No. It was mentioned earlier that back pressure usually is
caused by a restrictive exhaust. A spool stuck in a valve
may be the result of a high back pressure, Press A ~7 /.

L-13

T.!"'_- Prea-cebalig
1

fi sure in a system is a

Correct. A high back pressure in a system is a result of a
;e'stricted exhaust.

'f'he type of valve that is affected most by a high back pres-

A. manually operated valve — 7&
i B. spring loaded valve -79

C. solenoid operated valve — 50 41k

e

No. A manually operated valve usually can be forced into
position by the manual force supplied by the operator. The
correct answer is that a solenoid operated valve is most
likely affected by back pressure in a circuit,

Press A — &0

4-15

! You are par@ially correct. The spring offset solenoid

# operated valve is highly affected by back pressure in a

hydraulic circuit.

Press A ~ S0

4-16
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Correct, ) ) g
Broken 3 Broken return springs will siot allow the
ring-cgnter eﬁxmpe v:.m the .pil nilh?t.rdo“ 2 No. A valve body usually wears much fa.;ter than the piston
tion valve will not ow the | (spool) because of the softer material of the valve body.
lt):ﬂ t{o its uortual pgﬁoa when reléased, Rlston
Havalvgfaihtouuowthefmﬂmdvolumetogotothe Press A - € A.
next co the valye may be leaking internally. It
is very prob;ble that some of the pressure is passing from
theinletporttothehnkport. If this is happenipg, .
A. the valve spool probably is worn — = ¢ 4.18
B. the valve body is worn — 5.7 4-17
C. Neither A or B is the cause - & /
& = T T T ‘ r
Correct. The spool in a valve is of a higher grade matarial .
: than the body. If either of the valve parts wear, it usually
| will be the valve body. No. Directional valves do not meter the flow of fluid Yon
. are confusing directional control valves with yolume control
|' Now let’s have a few review questions about directiongl valves, which will be covered in later units. Press A - 5'¢/
g valves, covering important points you should now knaw. ’
Directional valves are used in hydraulic circuits to . f
A, meter the fluid flow = 5.5 5 r
: B. direct the flow of fluig generated by the pymp ~ é’ 4
! C; Neither A or B is correct. ~ £ 2 : 4-20
L-19
F q " " B g . < 7 r'!‘ Iy T Te - T “T‘ u“ - "M Ak *.l :T "l"u—)-- - E‘;.w l« .‘-‘) "“"“"‘;‘ i
. 1R ity v Riaamna S e vy e g AR At Ll (AL ~ LR kAl L 2B LEie Tt e
So.,/ f",: .-
4
Correct.
No. If you said check valves are used for metering or
A djrectional control check valve is used in hydraulic circulating the fluid flow, you are ingorrect, Check valves
ciréults for the purpose of the fluid flow, are used to M the flow of fluid to one direction in
the circuit.
A. metering - g5 . ¢
B. circulating —-55 Press A =~
C Neither A or B is correct.— (-
.22
421
' - g v L Lad ' ] 7T ~"|‘ 4 - T
T e - T———— s B undiense ey Y v T ' y—- ——r
i 4
Correct. Check valves are used in a hydraulic cireuit to No. A detent valve dges not refer to the number of lands
restrict fluid flow to one direction. in the spool, nor the fact that it’s spring loaded, nor whether
it's solenoid operated or not, A detent valve ig one which
A detent valve is one which , 3 holds the spool in a certain position by using gpring actuated
- steel balls to resist its movement.
A. has one or more lands in the spool - -~
* B. is spring logdedat oneend ~ .- »° Press A — & -~
C. is a golenoid operated valve . .-
D. Neither A, B, ror C is correct. —~ - 423 L2l
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Correct. Npne of those answers apply to a defent vplve, -
A detent simply refers to a mechanism within the valve

that resists movement of the spool when the gpogl is in ¢

a certain position, §

Congratulations, this completes the lesgon gn directional
control valves,

am ¢-4D anad

FIEM g, 5o -

A3

7 SguaiE AN Lot AE "
P LA
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Correct, A detent valve is one that will hold the spool in -
certain desired positions.

Houhave misged one-or more c! ﬂze'qxi'eéii’ohs in the last
sedverte of materfal, Before finishifg with this lesson,
review the last {ow frames. Read each frame carefully
and trke your time in answering the questions. Press A |
. . > . ol
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INSTRUCTOR'S GUIDE

Title of Unit: AUTOMATIC TRANSMISSION - HYDRAULICS AM 2-4

(PART 1) | 3/30/67

OBJECTIVES:

1. To present Part II of a series of two hydraulic units designed to
acquaint the students with transmission operation.

2. To explain the different types of valves utilized in the Allison
Transmission.

o AR IR 5 0 e WA (AL o 3 21 0 g
V.l

2 SR s,y (XSS AY

g, y“‘?‘,mt‘ o,

LERavi

AN

LEARNING AIDS suggested:

VU CELLS: AM 2-4 (lg Pilot type relief valve)
AM 2-4 (2) (Balanced piston type relief valve)
AM 2-4 3; Two-way spool valve)
AM 2-4 (4) (Typical four-way spool valve installation)
AM 2-4 25; Four-way valve operation)
AM 2-4 (6) (Closed center valve)
AM 2-4 §7; Open center valve)
AM 2-4 (8) (Action of a time delay valve)
MODELS: Any parts of valves or the valves themselves that

can be brought into class for demonstration
purposes would be helpful.

QUESTIONS FOR DISCUSSION AND GROUP PARTICIPATION:

1. What is the difference between positive and non-positive
displacement pumps?

2.  Which of the two types mentioned in (1) above are used in the
Allison Transmission?

Q
Is it true that oil moves through the gears in a spur gear pump?
Are both gears in a spur gear pump driven?

What opens and closes a check valve in a hydraulic system?

When is a relief valve a safety .valve?

N e oo W

What is the purpose of a relief valve in a hydraulic system?
What activates this type of valve?
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Page Two
3/30/67
8. Is it correct to insert a relief valve between the control valve
and the cylinder in a hydraulic circuit?
9. What are the various methods of controlling spool valves?
Explain,
10. What is meant by open and closed center spool valves?
11, When are open center valves used in a hydraulic system?
12,  What would a flow control valve be used for in a hydraulic
system?
13. Why would some type of time delay valve be required in the
Allison Transmission?
14, Can fluid flow in only one direction through a by-pass valve?

Explain.
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