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APE Hydraulics

Understanding some basic hydraulic
knowledge and providing examples when
working with APE equipment is the goal of

this training program.
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As You Go Through This
Course

Do not simply look at the pictures, but
study them, for each picture tells you
something about hydraulics. Read the

notes with each picture carefully.

o At the end of this course we will ask some
guestions to see If you have increased
your understanding of hydraulics.
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In The Beginning...

In the 17" century Pascal developed the law of confined fluids.

Pascal’s Law, simply stated, says:
“Pressure applied on a confined fluid is transmitted

undiminished in all directions, and acts with equal force on
equal areas, and at right angles to them”.
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Pascal’'s Law

The bottle is filled

with a liquid, which

Is not compressible, '

for example, 4. If the bottom has an

hydraulic oil. area of 20 square
inches and each

A 10 Ib. force

square inch is
pushed on by the 10
Ib. of force, the
entire bottom
receives a 200 Ib.

applied to a stopper
with a surface area
of one square inch.

Results in 10 Ib. of

force on every push.

square inch

(pressure) of the 3 ~

container wall. 10 Ibs. x 20 sq. in.= 200

“Pressure applied on a confined fluid is transmitted undiminished in all
directions, and acts with equal force on equal areas, and at right angles to
them?”.
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Chapter 1

Introduction To Hydraulics



Pascal’s Law: A Closer Look

3. This pressure will

support a 100 1b, weight if

this 15 a ll =g, in, piston,

1, An input force of 10 1b, on a

one sguare inch piston,.,

2 develops a pressure of 10
pounds per square inch (psi)

throughout the container,

input 4, The forces are proportional to the output

piston areas,

10 1, 100 1k,
1 =q, in, 10 =q, in,
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Pascal’s Law Explained

3

Using A Fulcrum

1, Ten pounds here,,

10 1b,

=

2. will balance 100 1b, ‘

here,,,

T~

100 1b,

/

3, 1f this armi1s 10 times as

lang as...

~/

4, this arm,



Explaining Piston
Displacement

1, mowing the small piston 10 11,
displaces 10 cu, 1n, of liguid,

(1 =g 1in, = 1011, =10 cu, 11,)

210 cu, in of hquid will mowve
the larger piston only 1 in, 100 16
(10 =g, in, x 1 i1n, = 10 cu, in,)

\\ 10 =q. in,
lin, —

T

10 ik,
n ]
N N

3. The engery transfer here 4, The engery transfer here also

equals 10 1b, = 10 in, or 100 in, 1b, is 100 in, b,
(1 1n, » 100 1b, = 100 in, 1b,)
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Force

Force. The relationship of force, pressure, and area Is as
follows:
F=PA
where-

F = force, in pounds
P = pressure, in psi P
A = area, in square inches S~ 100541

Figure 1-6. Force, pressure, and area

Example:

Figure 1-6 shows a pressure of 50 psi being applied to an
area of 100 square inches. The total force on the area is-
F=PA

F =50 x 100 = 5,000 pounds
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Solving For Pressure

F = PA solves for Force. Shifting the same equation will

allow you to solve for Force or Pressure.

-

P = — Solves for Pressure

A

F = Force
P = Pressure

A = Area in sq. inches

F = PA Solves Force
P = F/A Solves Pressure
A= F/P Solves Area

Cylinder

1, If the piston area
1= 10 =g, in,

lapprox, 3-12 in,
dia,)...

8000 lb.

¥

2. the pressure
required to lift the
load equals the load
divided by the

piston area:

P = —F= M:EﬂﬂpSi

A 10

i

piston
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How Many Cubic Inches Of Oll Is In
One Gallon?

231 cubic Inches



How Hydraulics Performs Work
Using A Linear Actuator
(Cylinder)

2, Lines carry the liguid to actuators
which are pushed to cause a mechanical

output to mowe a load,
l, The pump pushes the /
hydraulic liquid 1nto

the lines,

— load

3, some actuators operate in a
straight line (linear actuators),

They are called cylinders or rams,

They are used to lift weight, exert

-I-' arce | C '| cam I:l | = -t C . Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



How Hydraulics Works
To Rotate A Motor

l, Rotary actuators or motors give the
system rotating output, They can be
connected to pulleys, gears,

rack-and-pinion, conveyors, etc,

Motor is turned by oil from pump.

Pump is turned by diesel engine.

Once oil has turned motor, it returns to the
reservoir via the return line.

rotary drive shaft,
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Understanding Gallons Per
Minute (GPM)

2, and this volume 1s 10 gallons,.,
2, the piston will move this far

in one minute,

1, If the pump

constantly delivers 10

gallons per minute

(gpml,..
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How Flow Restriction
Effects Speed Or Distance

5, but awvalue restricts
the flow,..

4, [f pump
delivers 10 gpm,.,

/. BExcess 3 gpmis

diverted ouver

relief value,

B, the actuator

receives only 3 gal,

and travels only half
as far in one minute,
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How A Directional Valve
Works

l, In this position the

directianal valve,,,
2, pump delivery is directed to

the cap end of the cylinder,

2. The piston rod extends

\

relief

value

directional

yaluwe

4, Exhaust oil 1s pushed

odt of the rod end and
directed to the tank,

Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



The Directional Valve Switches The
OIl Direction

Red color
3. EXHAUST OIL FROM THE ROD
means pressure END IS RETURMED TO RESERVIOR
8000 LE. | THROUGH THE DIRECTIONAL UALUE.
2 IN THIS POSITION, THE

DIRECTIOMAL WALVE PORTS OIL
UMDER THE PISTOM TO RAISE IT.

1. THE RELIEF UALVE FROTECTS THE
SYSTEHM FROM QOUERLOADS BY DIVERTIMG
FUMP DELIUERY TO RESERVIOR LIHEM
FRESSURE REACHES ITS SETTIMG.

4. IN AMOTHER POSITIOHN, THE
OIRECTIOHAL WALLE REUERSES
THE FLOW TO LOWER THE
FISTOM.

THE ROD EHD HOW IS
COMHECTED TO THE FUMP AHD
THE CAF EHD TO TAME.

FROM PUMP AP END

TO TAME
ROO EHO ) o , )
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What A Relief Valve Does

8. The relief valve protects the 6. Exhaust oil from the cap end is

system by momentarily diverting flow directed to tank,
to tank during reversing, and when
piston is stalled ar stops at end of

stroke,

relief valuve

7, the piston rod

retracts,

3, In another position, oil is
directed to the rod end of
the cylinder,,,
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A Pump Doing Work

g000 16,

| the force is 5000 n:,/

arnd .,

/2. the area is 10 sq, in,

AN

3. The pressure equals force
/" area equals 8000 16 10
=0Q. ih, = 800 p=i,
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Work Even When

Seals Leak Slightly

4, If 9-1-2 gpm are lost
through a leak..

g000 1k,

3, the oil not lost must

=till raise the piston,

6, Thus there still is
arn 8000 16, force an
the oil and pressure
1= mairntained,
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Calculating Speed Per
Minute Based On Flow Per
I\/“nute {, If a cylinder with a 2ft,

stroke holds 1 gallon.,.,

: 2ft. ]
2. A1 gpm pump will cause the piston to
tmove 2 ft. in ane minute, a rate of 2ft./min

bl seconds
g# American Piledriving Equipment Inc.
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Calculating Speed

4, the piston will travel the
distance in one-half minute, a

\I’"CI'tE af 4ft.. min,

3. If pump delivery to 2f ¢
the same cylinder is ‘ \

increased to 2 gpm...

20 seconds
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Understanding Unrestricted
Flow And Why There Is No
Pressure Build Up

1. Llhen the faucet is wide

open, all flow goes thraugh

urrestricted,

2, There is no pressure in

this conditiomn,

This is like our drive manifold when the vibro is not running. The oil goes through
the valve and dumps right back to the tank without building..any: QLESSMEE wmert e airgs resenes



Understanding Pressure And
Where It Comes From

3. Hs flow 1= restricted by

closing the faucet..,

4, pressure builds up,




Reading The Relief
Valve Setting

3, Uhen the relief
valve is bypassing all . 1000 psi 6, the pressure gauge reads
the relief valve setting,

or part of the flow,,
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OIll Goes To The Path Of
| east Resistance

2, It first chooses valve H 1, The oil can

because only 100 ps1 1= choose three

required, H pressure paths,

gauge at the pump will Ball Check

read 100 psi, with spring

S

100 psi opens value H

/ Stronger
C o000 Spring

( 4
00 00
B
200 psi opens valve B
O 00 O (e Strongest
c 00 00 Spnng

3 D D p E 1 D p E H 5 'Vbﬂ)}hdl& E16 American Piledriving Equipment Inc. All Rights Reserved



Path Of Least Resistance

3. If flow i= blocked beyond

walue A,
(e 0 B T v I & [JI
2, Gauge reads 000 OO
00pst, —— o H
Q 100 ps1 opens value H

200 psi opens valve B

o G0 040

DDDDO| \\rf

4, o1l will flow through value B when C

pressure at the pump reaches 200 200 p=1 opens valve C

psi
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Understanding
What Your Are
Reading On The
Pressure Gauge

7 With a 200 psi

backpressure here,,

8, and a 300 psi spring

here,,

l, There is no resistance to flow

N/ |'I|EI"‘E_, So...

2, this gauge reads zero,

2. At this point, flow is

tesisted by a spring

equivalent to 100 psi,

4, Therefore, this gauge

teads 100 psi,

2, Here, flow is resisted by
a 200 psi spring plus a 100

psi backpressure frrom

value H,

6, The two pressures add

and this gauge reads 300 psy,

4, there is 600 p=i

prressure at the pump,
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Understanding
Atmospheric Pressure

1, 0n its intake stroke, the pump

piston mowves out expanding the

pumping chamber space 2, H partial vacuum or void 1s

created here,

to actuator

pump 2. Htmospheric pressure

here pushes oil into the
pumping chamber to fill
the woid,
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Oil Has Weight

l, H cubic foot of oil weighs 2, If this weight 1= divided ouer
about 35-38 b, the 144 =q, in, of bottom, the
force on each square 1nch 1s
0.4 b, Thus the pressure at the
bottom i1s 0.4 psi1,

4. Htwo foot column weighs twice as
much, thus the pressure at the

b ] t t oam 1s D f B p S1, Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



Weight of Fluid

I, H foot-sgquare sectian l cubic foot

of water 10 ft, high R —

contains 10 cu, £+, If
edach cubic foot weighs — 0,433 psi

52.4 1b...,

10 ft,
— 2,160 psi

2 the total weight here
is 624 1b,

The pressure due to the
weight is 624 . 144 =q,
in, or 4,33 p=i

— 4,33 psi
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Weight of Air

1l =g, 1n,
1. A column of air one

square inch in
cross—section and as high

as the atmosphere..,

2, weighs 14,7 1b, at sea lewvel,
Thus atmospheric pressure

is 14,7 psi,
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Using The Weight Of OIl To Help
Feed A Pump

1, If the oil level is 10 f1, abowve
the pump inlet,.,

2, the pressure here is

10 x 0,4 psi or 4 psi, The
pump is charged with a

positive pressure,

10 ft,

outlet
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10

Tt

Lifting Ol

2. If the oil lewel
i= 10 ft below the

pump inlet,.,

4, there must be a vacuum
equivalent to 4 psi here
just to lift the oil, The
pump mechanism creats
the lower pressure

conditiomn,
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Alr Intake From Loose Connections

I, If the oil level is 10 f1, above
the pump inlet...

2, the pressure here is
10 » 0,4 psi ar 4 psi, The
pump is charged with a

positive pressure,

Charged from oil above

ft.

3, If the oil level
is 10 ft, below the

pump inlet,,,

outlet

4, there must be a vacuum
equivalent to 4 psi here
just to lift the oil, The

pump mechanism creats
the lower pressure

condition,

Vacuum required to feed pump

The drawing on the left provides some charged pressure, while the drawing on
the right requires vacuum. In either case, if there is any leaks on the suction
hose leading to the pump, the leak could draw air into the system. Air in the
system can cause pump failure due to cavitation (air in system).
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When There Is NoO
Movement Of Oil Then The
Pressure Is The Same

2,15 equal to the pressure here,,

L. If the pressure here.., /

j orifice \k

3, there is no flow here,




How Pressure Is Lost
Through An Orifice

6, The pressure drop is S00

4. An increase in psi to 100 psi or 400 psi,

pressure here,,

100 psi

orifice L

3, causes oil to flow

through the orifice,
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Larger Orifices Steal
Less Pressure Or
Work

7, Here, the pressure drop is only 10 psi,

so the flow is much less,

100 psi

l orifice I|




Flow Blocked,
Pressure Equalized!

9, Pressure equalizes on both

j orifice k

8, If flow 1= blocked beyon the

side of the orifice, orifice, flow ceases.

/\\
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A Review Of Flow

1, It takes two feet of the 2, but anly one foot of
small pipe to hold one gallan of the large pipe.
ail,,,
1 ft, =
—
1 gal,
2ft=
1 gal, g

1 gpm

2, lith a constant

flow rate of ane

2, but must travel
4, the oil must only one fpm in
gpm... travel two fpm in this pipe,
this pipe..,
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Fast Moving Oil May
Become Turbulent

2, 50 does an

I, The flow may start abrupt change in

out streamlined, direction,

2, Hh abrupt change
i cross—section

makes it turbulent,

4, Monparalle paths of
particles increase
tresistance to flow

(friction),
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Slow Moving Ol

1, Low velocity flow in a straight

pipe is streamlined. The fluid 3. nor does a

particles move parallel to flow gradual change

i direction,

flow direction,

2, A gradual change in
cross-section does not upset
the streamline flow,,,
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Chapter 2

Basic Symbols of Hydraulics



Basic Symbols: Lines

-continuous line - flow line

————— -dashed line - pilot, drain

-long chain thin Enclosure of two or more
functions contained in one unit.
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Circle, Semi-Circle

O -circle - energy conversion units (pump, compressor, motor)
(O  -circle - Measuring instruments

D -semi-circle - rotary actuator
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Sqguare, Rectangle, Diamond

Square, Rectangle

squares - control components

Diamond

diamond — Condition apparatus (filter,
separator, lubricator, heat exchanger
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Miscellaneous
Symbols

ASAAAAA SPrINg
Restriction

Restriction

v
M
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Pump Symbols

Fixed Displacement Hydraulic
Pump-unIdIFECtlonaJ (pumps only when

rotated in one direction. Will not pump if turned backwards)

Variable Displacement
Hydraulic Pump-bidirectional
(pumps when rotated in both forward and reverse rotation)
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Motors-Fixed
Displacement

Unidirectional

(rotates only one direction)

Bidirectional (rotates in both directions)



Reading Lines

4. A drain line

3, H pilot line operates a treturns
value or other control, leakage oil to 4. The pressure
the reservoir line is a working

i line,
™ — y

s
|
I
? |
I
L | I
L1 Ll
l. Pump inlet
line 1= a 2, Return lines
working line, are warking

lines,
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Reading Symbols For
Pumps And Motors

1, The energy
traingle points
out, showing
the pump as a

SQUrCe,

Fump

2, Two traingles
indicate that
the pump can
operate in

Feverse,

Hewversible Pump

3. The traingle points in,

The motor receives energuy,

Motor

uni-directional

4, Two triangles
denote
reversibility

Feversible Motor
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Reading Symbols For
Cylinders

|, Denotes a piston rod,

2, 0enotes a

piston,

Single-acting 7 Port Oouble-acting
cylinder (EDHHECtiDHS, cylinder
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Symbols For Pilot
Operated Relief Valves

1, Envelope is

basic symbol. 2, Pilot line denotes

operation by pressure,

' \ 3, Arrow shows flow

path and direction

ouT

4, Hrrow indicates of flow,

ad justable,

Relief Ualve (infinite

positioning)
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Understanding Valves

1, Three envelapes
mean the valve has 2, Port connections are

three positions drawn to center or neutral

position,

. . 3. Arrows show flow
Directional valve _ _

o - paths and direction of
(finite positioning)

"F l| I:I LLl . Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



Understanding
Valves

l,. Horizonatal

bars indicate

infinite

positioning

ability,

UDirectional valve

(infinite positioning)
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Understanding
Reservoir Lines And
Symbols

|7 relief
pHmp L valye

D% directional
<_> value

(- ||

A
™,
|
I
L

I, The reserwvoir may be ) _ _
2, Hline which terminates
drawn as many times as , )
below the fluid level is

eeded,
drrawn to the bottom of the

symbol,
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Spool Valve Positions-
Finite & Transition

O Each block represents

i a finite spool position

mIBIEHD

o in/out Stop Reverse Directions

FINITE POSITIONS

Hand Operated

(could be electric solenoid or even air operated)

TRANSITION POSITIONS
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Chapter 3

Hydraulic Fluids



APE Hydraulic Fluids

* All APE units use biodegradable hydraulic
fluids, and it is friendly to the environment
when spills do occur.
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Function Of Hydraulic Oll

l. I high performance
"B 100

equipment,

clearances are

decredsed,
2, The fluid film is ot

thick enough to
prevent the tips of
surface imperfections
from touching as the

parits move against

each other,

\ 2, The oil must hawe superiar

S — lubricating ability or the

asperities (rough pointsl will

seize and tear causing wear,
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How Hydraulic Oil Works To
Lubricate Moving Parts

1, Microscopic > 100

imperfections of the
mating parts are

separated,,,

2. by a film of
fluid,,,

e

—

2, where clearance betwen the parts is caused by

dynamic forces and fluid viscosity,

Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



How Hydraulic Oll
Effects A Spool Valve

2, 1nside the valuve body..,
3. o0on athin film of
hydraulic fluid
(shown greatly

1. A typical sliding exaggerated),
vwalue spoaol maves

back and forth,..

\

N\

4, It this passage 15 under
pressure, the fluid film
seals 1t from adjacent

passages,
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What Happens When Water Gets
Into The Ol

Rust caused by moisture in the oil,



Corrosion From Bad Oll

Carrosion Mew part



Chapter 4

Hydraulic Fluid Conductors And Seals



Pipe Fitting

2. SCREWS INTO THE FEMALE THRERD INH
THE FITTIMG OR HYDRAULIC COMPOMENT.
1 THE TAPERED MALE THIS ALS0 IS TAPERED.

THREARD OM THE
SECTIOM OF FIFE..

/

3. A% THE JOINT IS TIGHTEMED, AM IMTERFEREHCE
QOCCURS BETHEEM THE THRERDS, SEALIMG THE
JOIMTS.
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Explanation Of Thread
Types

4. IM STANDARD PIFE THREARDS
(HMPT» THE FLAMKS COME IN
COMTACT FIRST.

2. THERE CHH EBE A SPIRAL
CLEARAMCE SROUND THE
THRERLD:E,

£. IM DRMSEAL <MPTF2 THRERDS,
THE ROOTS AMND CRESTS ENGRGE
FIRST, ELIMIMATIMG SFIRAL
CLERRAHCE.
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Hydraulic Hose
Components

oOIL AMD LEATHER OIL RESISTAMT
RESISTAMT COUER SYMTHETIC FRUEBEER

SAE RIOORZA

WIRE REIMFORCEMEMT
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Hose Specifications 100R1 and
100R2

SAE 100R1
Type A — This hose shall consist of &n Innar tuba of oil resistant synthotic rubbor, a single wire braid reinforcement, and an oil &m

and widiher resistan syninetle rubbar sovar. A ply or brald of suilable matarial may bo used cver the innes lube andlor over tha
wirg rainforcoment 10 anchor the synthatic rubber 1o the wire,

Type AT = This hase ehall ba of the sama cansiruction as Type A, excep! having a cover deslgnad 10 assembla with fifings which
do not require ramoval of the cover or a portion thanaol.

SAE 100R2

The hosa shall conalst of an Innar tube of all resistant synthetic ebber, steed wire reinfercamont acconding to hose type as detailed
balow, and an all and waather rasistent synihatlc rubber cover. A ply or brald of suilable matarial may b used ovar i innes iuba
andfor owar the wirg reinforcemant b0 anchor [he synihatlc rubbar 1o the wire.

Typa A — This hese shall have twe braids of wire reénforcament,
Type B — This hoaa shall have two spirel pliea and one braid of wire reinforcemant,

Typo AT — This hoso shall ba of Ihe sumo construclion as Type A, axcept having a cover dasigned 10 assamble with filtings which
@4 not require remaval of tha covar or a porfion tharoof,

Type BT — Thiz hose shall be of tha same construction as Type B except having a cover dasigned 1o assemble with filings which
da nol reguirg roMmeval of the cowr or 8 porlkon thaseal,
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100R3, 100R4, 100R5, 100R6

SAE 100R3

The_l hosé shall consist of an Inner jubé of ¢il resisiant synthatic rubber, two braids of suitable textils varm, and an il and weather
ragistan synihatic rubbar ¢over,

SAE 100R4

The hose shall consist of an inner tuba of ol resistant synthalic rubber, & rainforcament conglsting of a ply or pliea of wovan or
braided texile fibers with a sultebla spiral of body wirs, and an oil and waalher resistan? synthelic rubber cover.

SAE 100RS

The hose shall consist of an inner tuba of oil resistant synthetic rubber and two textile braids soparated by a high tenslla stesl wire
braid. All braids are to ba impregnatad with an oil and mildew reslstant synihetic rubbar compound.

SAE 100R8

Tha hesa shall consist of an inner tube of oil resistant symhatlc rubbaer, ane braided ply of suitable 1axtlla yarn, and an ol and weathar
resislant synthelic rubber covar,
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100R9, 100R10, 100R11, 100R12

SAE 100RD

Typa A — This hose shall conssst ol an Innar wbe of il ragiptan synihelic mubber, S.30iral plsga of wire wrapped in allarnating dires-
tlone, and an il and wealhos eoziaton synthollc rubbar cover, A ply or braid of suitable matarinl may bo used ovar the Innor lubo
anefor ovor 1he wird sesndorcament 10 anahar o aynihatlo rubbor 1o the wire.

Typa AT — This hoso shall bo of the sama canatruction an Typo A, oxcep! having a cover doalgnad o nogembie wilh filings which
da nol roquiro romoval of tho ¢avar of a porlien thorool.

SAE 100R10

Typo A = This hosas 2hall consist of an laner tube of oil rasistan! synmhetic ubbe, S-spiral plles of hoavy wire wrappod in alipmating
directionn, &nd an oil and weathar rasistan! gynthellc rubbar cover. A ply or beeld of suitable materiel may bo usod ovor thd inner
lube andior ovar the wae reintorcomont 10 anchor tho syniholic rubbar t tho wire,

Type AT — This hoso shall ba of the sama canstructlon an Typo A, oxcapl having & cover dosignod 1o asgamble wilh itings which
do ntl requiro romoval of the covar or a portion thoreol.

SAE 100RN

This hoao shall consist of an inner Wwbo of all reslslant synthotic rubbed, -spical plgs of heavy wirs wrapped in alternaling diroctions
and an oll and woathes resistant synihotle cubbor covaz A ply of beald of suable materlal may be used over tho Inner tubo andlos
ovor tho wiro relnisccemont ta anchor tho syntholia fublbior fo the wino.

8SAE 100M12

This hone ahnll consist of &n innar fubo of oll realstant oynihotle rubbar, 4-spiral plos of heavy wire wrappad [n allarnating dirottions,
and nn oll and waalhes rasistanl synthalle rubbor covor A ply or brakd of suitable matodal moy bo wunad avor or within tho Innos
Wwho andior ovar hé wire roinforcamant o anchor the oynihatlo rubbor 1o tha wire.
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Understanding Speed Of
Hydraulic Oil Through Hoses
And Why Diameter Matters

2, If the velocity through this

pipe is 3 feet per second (fps),,.,
\ 4, the same gpm will hawve to

go through this pipe 4 times
as fast or 20 fps,

| -

=g
e,
e e

2 in. 1 in.
Even if flosy in simaller line remains straight, frictional loss will be

{

e
EEm———

¢
V

16 times more than it is in the larger line.

Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



Understanding Resistance
Through Hoses And Why
Diameter Is Key To Reducing
Back Pressure

2, [t would take four pipes this

l, This pipe is twice the diameter size to equal the

of the smaller pipe, cross—-sectional area ot the

.‘1.11 large pipe,

N\

) :},« \\\ l /1 \ l/—\ﬁ
“‘ o ]
| 4 R‘\\‘»

I s~

_n'
r \ .--"'II
;".==j
s

/
~

.'II. .-f "'.. ) 1"'._ 1
S 'l |

R .
-
—

.

,
\\ 1 il Y g
Ny 1 $
"\-\.\_\_\_H- r
- =L e ——— =
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The longer the hose, the more
resistance or friction which means
less avallable pressure to do work.

The longer the hose bundle, the more pressure drop you will have. This is why
we do not want to run our vibros or drills or hydraulic impact hammers with more
than 150 feet of hose. You can have so much hose that there is no available
pressure left to do the work of turning the eccentrics or drill. Vibros and drills
work better with larger hoses or shorter lengths.



Check Your Pressure With The Oil Flow
By-Passing the Vibro.

| - - AN Vibro temporarily disconnected.
1300 psi
D
> Qps_| Pressure hose 0000
rive Gauge
Power Unit with engine \ .
i at full rpm.
| | Return Coupler fitting to by-pass vibro for flushing oil

During new production of vibros and drills, we always flush the hose bundle by putting a coupler at the end
of the hose bundle. This allows the oil to pass through the drive line hose an go back to the power unit
through the return line. We put a in-line filter on the return line to catch the dirt.

This should be done each time a new hose section on. New hoses are dirty from the work of cutting them
and installing fittings. Next time you flush the hoses please take a look at the drive pressure gauge and
read the drive pressure. You can then see how much pressure it takes just to push the oil through the
hoses.

Note also that this pressure is higher when the oil is cold. Super high back pressure could mean that you
have a restriction, like a faulty quick disconnect that is blocking the free flow of the oil. Experiences APE

employees know the approximate pressure it takes to push oil through the hoses and can see a problem

fast.

One can calculate the friction of oil going through the hoses by reading a chaft.ad. dQing.SOME. MALR < s resene



* Pressure drop in psi (pounds per square inch)/gpm (gallons
per minute) for 10 feet of hose (smooth bore) withoul

Pressure Drop Through

Hydraulic Hoses.

fitings. Fluid specification: Specific gravity = .85
Viscosity = v = 20 centistokes (C.5.), (20 C.5. =97 5.5.1.).
Hose Dash Size — 04 -05 -08 -08 -10 -12 -18 -20 -24 -32 40 -48
Hose 1D, (inches) | .19 | 25| .25|.31 | 31| .28 | .41 | .50 .50 | .63 |.63 .75 |.88 | 1.00 [1.13|1.25|1.38 |1.50 |1.81 |2.00|2.38 |3.00
25|10 |31 |34
Se|19) 6|6 |27|2T
1 |40 |12|12|55|55(24
2 |95 |24 |24 |10|10|48]35
3 185|486 |as |17 17| 7 | 5 |22]|22
4 78|78 |20 20128 |3 |3 [12]|12
5 120|120] 24 |44 [ 18 | 12 |45 |45 |16 (16|72
a 95 |95 |39 |26 | 10 | 10 |36 (36 [1.4].60
10 |59 4015 |15 [57[57 2 | 1 | 88
12 g0 (52|20 |20 |72|72|26|15].75 | 43
15 75|20 |30 |10 |10 |42|22]| 12 |67 | .98
18 107]40 |40 |15 |15 83| 3 |15 |70 | 55 .35
g 20 49 (48 |19 |19 | B |34 2 |11 | 85| 43 |27
£ 25 72(72|26 |26 |58 3 |18 ) 1 | B4 |40 |07
3 30 |34 |3a|1a| 7 |38 |22|13]| 80 |52 |22 ] 14
@ 35 47 (47 |19 |as| 5 |2 |17 |11 |70 |27 | 18
g 40 ogl12 |65 |34 |22 |14 |90 |38 | .24
! S0 3|17 o |53 s3] 2 |13 |54 ] 35| .15
g G0 50 | 23 12 |75 |44 |28 (18 |.75 | .45 | .20
70 3 |17 (93| 6 |38 |24 |1 | 65| 30
80 3|21 |12|71|46 |3 12| 76| 34|01
90 a9 |27 |15 | 9 |59 |38 |15 1 |45 |3
100 az |19 |12 7 |47 1913|5518
150 60 |36 |22 |13 |as |34 |22] 1 | .39
200 a6 |23 |15 |6 |29 |17 |58
250 54 | 23 |22 |g5|53|[25 |75
300 45 |20 |12 |75] 4 |1
400 51 |21 | 14 |85 |22
500 32 20|10 | 3
BOO 18 | 5
1000 10

*Prossure drop values listed are typical of many potraleurn basad Fydraulic oils a1 approsimately + 100°F (+38°C), Dilerences
iny Puichs, fluid femperature and viscosity can increase of decrease actual pressure dop compared 10 the values lsbed.

To conmvert

U.S. gallons into impernial galions multiphy L.S. galions by 0.83267. Imperial gakons inte U.5. gallons rmulliply Impenal ga-
Ions by 120095, LS, galions 1o litres multiply by 3.785. Litres to U.S. gakions. multipty by 0.2642.
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Tubing Is Quoted In Outside
Diameter. Hydraulic Hose Is Not!

Therefore, when calculating tubing flow restrictions keep in mind
that hoses called the same size will actually be less restrictive.

2, To find inside
diameter,,,

1, The tubing

size quoted is

the outside —_—
diagmeter, \

2, double the wall
thickness and

subtract from the

¥ quoted size,

Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



How O-Ring Seals Work

1. THE 0O-RING IS IMSTALLED

IH AH AHHULAR GROOWVE AND MOTE: CLEARAMCES ARE
COMFRESSED AT EBOTH GREATLY EXAGGERATED FOR
OIAMETERS. EXPLAMATION.

—®
@

?. WHEM FRESSURE IS AFPFLIED, THE
O0-RIMG IS FORCED AGAIHST A THIRD
SURFACE CREARTIMG A FOSITIUVE SEAL.
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The Need For Back-Up Rings

HOTE: CLEARAHCES ARE
GREATLY EXAGGERATED
FOR EXFLAMATION.

1. IMCREASED PRESSURE
FORCES THE O-RIMG TO
EXTRUDE.

2. A BACK-UF RING FREVEMTS
EXTRUSION
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T-Seals With Back-Up Rings On
Piston

HHHHHHHHHHH




How A Seal Works On a Rotating
Shaft

THE LIF IS FORMED OF A
SYMTHETIC OR LEATHER.

IT IS IMSTALLED TOWARD THE
PRESSURE SOURCE.

A STAMPED HOUSIMG GIME THE
SEAL REGIDITY AMOD
FACILITATES ALIGHMEMT AT
IMNSTALLATION.

N

SPRING HELFS SEALING PRESSURE FORCES THE LIP
HHEM THERE IS MO TIGHTER AROUMD THE SHAFT
PRESSURE. TO AID SEALIMG.
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How Clip Seals Work

CUP SEALS ARE
PRESSURE
ACTUATED

/\

CYLINDER ERRREL
BACKIMG FLATE AMD

RETAIMERS CLAMP CUPS
TIGHTLY IM FLACE
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How Piston Rings Work

FISTON PISTOM RING

/

0-RIMG

CYLIMDER
BRRREL
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How Packing Seals Work

THREE HMETHODS OF
AOJUSTHEMT ARE:

MALE SUPFORTIMNG
RIMGS

FARCEINGS FEMALE
SUPFPORTING RIMG

THRERDED
FOLLOWER FLANGED

FOLLOWER

SPRIMG
LORDED

;'J GLAMD FOLLOWER

SHIM RIMG E_EL

| HOMIMAL 1O,
STACK
HEIGHT |
’17 HOMINAL 0.0,
FI HEEL CLEARRANCE

INTERFEREMNCE
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Chapter 5

Reservoirs



APE Reservoirs

 APE reservoirs are specially designed to
separate dirt, water and any contamination from
entering the hydraulic system.

 We actually use the oll tank as a trap for filtering
out this contamination.

e That is why we ask you to open your olil tanks
and clean them out once a year.
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Hydraulic Tank
Function

from hydraulic system

1, Hs the hydraulic

fluid circulates

to hydraulic system

through lines,.,

2, and the reserwvoir,,,

2, heat generated
in the system is
given off into the

atomsphere,
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How Reservoirs Work

2. TURBULEMCE IS AVOIDED BY FORCIMG
THE FLUID TO TAKE AM IMDIRECT PATH
TO PUMP IMLET.

TO FUMP RETURM LIME

1. RETURN FLOMW IS
BAFFLE DIRECTED OUTHARD TO
2. 0IL IS COOLED ANMD AIR PLATE TAME MHALL
SEFARATED OUT EY THE

TIME IT REACHES IMLET.
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Chapter 6

Contamination Control



Particles In Hydraulic Oll

WEAR SURFACES ABRASIVE WEAR

FLOW

Particles, same size or slightly smaller than the clearance between moving surfaces, will interact
with both surfaces to cause wear. Very large particles (right) do not normally get into critical
clearance areas and thus cause little or no wear. Very small particles (less than one micrometer)
usually flow through without abrading either surface.
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Contaminant Types And Causes

CONTAMINANT-GENERATING

MECHANISMS

Type Primary Cause

* Abrasion * Particles grinding between moving
surfaces

« Erosion * High velocity particles striking surfaces

¢ Adhasion * Metal-to-metal contact

* Fatigue * Repeated stressing of a surface

» Cavitation * Hestricted flow to pump inlet

= Corrosion * Foreign substances In fluid (water or
chemical}

¢ Asration * (Gas bubbles in fluid



Abrasion Classes

SURFACE

ABHASION CLASSES

" PARTICLE

FLUID

One Body

Contact between surface and the surrounding fluid.

Two Body

» Abrasive particle embedded in a surface making
contact with second solld surface,

= Hard asperity of the one surface contacting
another softer surface,

g LT E N e

|Loose abrasive particle making contact with two
surfaces,
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Particles Bigger Than Oil Film

MECHANISM OF SLIDING WEAR WITH PARTICLES

MILD

|/~ sTRESS
/ AISERS

A A

'FUHFICI

FAULTS
LTS

Ploughs over substantial area
of component surface,

Accelerated Fatigue

T

Mechanism of sliding wear with particles greater than tHe film fAIcKHESE

GREATER THAN THE FILM THICKNESS

-

ABRASIVE /
PARTICLE /

CUTTING

EDGE

SEYERE

PARTICLES
', GEMERATED

Rapld cutting away of
compoenent materlal.

ment Inc. All Rights Reserved



Trouble Shooting

Contaminates

COMTAMIMAT CHARACTER: SOURCE AMD REMARKS
EREAKDOWH OF OIL. MAY ALS0 ARISE FROM WATER
ACIDIC EY CORREOEINE COMTAMIMATION OF FHOSFHATE-ESTER FLUIDS.
FRODUCTS
SLUDGE ELOCKEING EREAKDOWH OF OIL
ALREADY IM FLUID OR IMTRODUCED EY SYSTEM FAULT OR
HATER EMUISION EREAKDOWH OF OXIDATIOM-IMHIEITORS .
EFFECT CAM EE COMTROLLED EY AMTI-FOAM
AIR SOLUELE ADDITIVES . EXCESS AIR DUE TO IMFROFER
ELEEDING, FOOR S%STEM DESIGH OR AIR LERKS.
IMSOLUELE

OTHER OQOIL=

MISCIELE EUT

MAY EEACT

U= OF HKHREORMG FLUID FOR TOFFIMG UF, ETC.

GREEASE

HMAY OR HMAY
HOT EE
MISCIELE

FEOM LUERICATION FOIRNTE.
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Troubleshoot Contaminates

SOURCE AMD REMAREKE

COMTAMIMAT CHARACTER
SCALE IMSOLUELE FROM FIFES HMOT FROFERLY CLEAMED EEFORE
ASSEMELY .
METELLTC aﬁiaLUBLE MAY EE CAUSED EBY WATER COMTAMIMATION,
FARTICALS AT I COMTROLLAELE WITH AMTI-RUST ADDITIVES.
ACTION
FAINT OM IMSIDE OF TANK OLD OR HOT
IMNSOLUELE
FAINT FLAKES COMPATIELE WITH FLUID.
ELOCKING
AIREORME FARTICALS (REMOVE WITH AIR

AERASIVE AMD

HERA=IVE
FARTICALE= ELOCKEIRNG FILTERY.
ELAETOMERIC ELOCKIMNG ZEAL EREAEDOWMH . CHECE FLUID, COMFATIEILITY OF
FARTICALS SEAL DEEIGH.
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Pump And Motor Clearances That Fall

When Oll Is Contaminated

Clearance between teeth and housing varies according to position
in rotation, allowing small backflow of pressurized fluid.

LOW PRESSURE
INLET PORT

MINIMUM
CLEARANCE

HIGH PRESSURE
OUTLET PORT

MAXIMUM
CLEARANCE
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Wear-In Points

CYLINDER

=

GEAR PUMP




Where Piston Pumps And Motors Fail When
Oil Is Bad

SHOE FISTON

3\

N N |
VALWVE
// FLATE
CYLINDER BLOCK
SWASHPLATE \\\




Contaminates From Manufacturing

TRASH ACCUMULATED DURIMG FABRICATIOMN

£

RESERLIOIR

View Of Hydraulic Reservoir
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Main Sources Of
Contamination

DRUM OF CLEAN OIL

CYLINDER

1.5 BILLION PARTICLES

A I"I‘IHICII' source of
ingested dirt.

A. OIL STORAGE DRUM B. CYLINDER ROD
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More Sources Of Contamination

PRESEL
INGRESE AE
FRCHM

LIKE FILTER
CYLINDER
AOD SEALS
QIRECTIONAL r
CONTROL VALVE
PUMP IMLET
LINE FILTER
RETURM
LiHE FILTER
PlNE TENDS TO
GAIND EXISTIMG
DHAT AND GEMERATE
FOFE A5 & AESULT
INGAESS
HMGRESS FAOM FROM AlR
QL FILLIMNG BREATHER

BoyTight © 2016 American Piledriving Equipment Inc. All Rights Reserved



Filters

VISUAL INDICATOR MEMORY RESET KNOB
|

INLET
PORT

! OUTLET
PORT

4

T =1 CLEARANCE FOR
* | ELEMENT REMOWAL

B

B. BOWL-TYPE

INLET PORT

S~—

OPTIONAL
GAGE

Ly

4{; l-

-

‘H‘ — = -
CLEARANCE REQUIRED FDFI:I

REMOVAL OF CARTRIDGE
C. CARTRIDGE-TYPE
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Chapter 7

Hydraulic Actuators



Cylinder Actuator

LOAD ‘ LOAD
K i

EXTEND RETRACT

aYMBOL

FROM PUMP TO TANK

A




Telescopic Cylinder

FROM PUMP EXHAUST TO TANK

EXTEND RETRACT
Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



Cylinder

®

LOAD A

EXHAUST
TO TANK

J

A

“) FROM PUMP

EXTEND CYLINDER

EXHAUST
TO TANK

J

FROM
PUMP

RETRACT CYLINDER
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Cylinder With Two Equal Power
Strokes

HMNULHRE HEEHS

ARE EQUAL
%

P

CYLINDER HAS TWO EQUAL FPOLER
STROKES




Cylinder Components

R A CUSHION COLLAR
ROD END PORT
ROD BEARING OPTIONAL AIR VENTS -
(FOR BLEEDING AIR PISTON S
FROM CYLINDER)
CAP END HEAD
CAP END PORT
TIE ROD _ " :
N i ..

=3

/

PISTON ROD

ROD SEAL PISTON
ROD WIPER

CUSHION PLUNGER
STATIC SEAL
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Understanding What Pressure,
GPM, And Displacement Means

EFFECT ON OUTPUT FORCE

CHANGE SPEED OPERATING PRESSURE AVAILABLE
INCREASE PRESSURE SETTING NO EFFECT NO EFFECT IMCREASES
DECREASE PRESSURE SETTING MO EFFECT NO EFFECT DECREASES
INCREASE GPM INCREASES MO EFFECT NO EFFECT
DECREASE GPM DECREASES NO EFFECT NO EFFECT
INCREASE CYLINDER DIAMETER DECREASES DECREASES INCREASES
DECREASE CYLINDER DIAMETER | INCREASES INCREASES DECREASES

ABOVE TABLE ASSUMES A CONSTANT WORK LOAD.
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Fluld Velooity
@ 15 Ft.fSec.
HYDRAULIC WORKING PRESSURE p.s.l.
Cyl. | Piston Fluid Required | PR

Bore Rod Waork PerIn. mqmmh, Size Fiston

Dla. Dia. Are Dia. Flow Val,
Inch Inch 5qg. in. S00 T50 1000 1500 2000 3000 Gal. Cu. In. Inch GPM | InfSes.

- 1. 767 BE3 1325 1767 2651 A534 5301 L0TEE 1.767 24.0

1V n 1.460 Faa 1095 14&0 2180 2820 4380 00532 1.460 i 11.0 280

1 282 491 T35 fgz 1473 1964 20a6 .004az2s .aaz 43.1

- 3141 1571 2356 141 4711 G2H3 D453 1380 EREY 13.5

2 1 2386 | 117E 1767 2356 3534 4712 TaBE LGA0g0 2356 1k 1.0 18.0

1440 1.656 B2E 1242 1656 2484 b e 4868 a7y 1.6508 256

- 4008 | 2454 Jaa2 44805 FAES 9818 | 14727 02125 4,900 &6

1 4,124 | 2082 3043 4124 G188 B24B | 12372 7RG 4,124 10,3

21 13 3424 1712 2568 24 5136 Ga48 10272 482 3.424 1 11.0 12.4

13n 2,504 1253 1876 2504 2756 S00E 7512 01034 2.504 16.9

- 8206 4148 Ga2z HZEE 12444 166582 | 24888 0388 B.240& 9.4

1% G811 3405 5108 Ga11 10216 13622 | 20433 0295 B.A11 1.5

3 13 5.891 2545 4418 5891 BE3E 11782 17673 0255 R.BMN £ 0.5 13,3

2 B84 | 2577 JBES 5154 Frich | 10308 15462 L2a23 5,164 152

- 12566 | 6283 9425 12566 | 18849 | 25132 | 37693 OEdd 12,566 6.2

134 10161 SO0 Te21 10161 15241 20322 | 30483 040 100181 77

4 2 9424 4712 OS5 9434 14136 18848 28272 0408 9.424 T 20,3 8.3

214 7.657 | 3B2A a7a3 TEST | 11485 | 15314 | 22971 033 7.BST 10.2
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How A Vane Motor Works

CAM RING

Displacement—Maximum volume of
chamber x number
of chambers

QUTLET

IMLET
PORT ROTATION

Pressure higher than
system pressure or
springs, hold vanes
against cam ring.
Sometimes both
methods are used.
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Understanding Torque

TORQUE = 25 LB. IN. TORQUE = 15 LB. IN.

o% S8
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Chapter 8

Hydraulic Pumps / Motors



APE Gear Pumps

 The next slide shows a gear pump and how it
works. This type of pump is used on all APE
power units to provide flow to run vibros,
hammers and drills.

 There are several of these pumps mounted on
the engine rear to provide the flow required for
APE units.
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How A Gear Pump Works

4. THESE THO TEETH HAVE OMLY TAME LIME FRESSURE OPPOSIMG THEHM.

3. PRESSURE BETWEEM TEETH IM THIS
SEGMEMT PUSHES BOTH WAYS AMD DOES
MOT AFFECT TOROUE AS 0OIL IS CARRIED
AROUMDO TO OUTLET.

2. PRESSURE BETHEEM TEETH IM THIS
SEGHMEMT PUSHES BOTH HWAYS AMD OOES
MOT AFFECT TOROQUE AS 0OIL IS CARRIED
AROUAMD TO QUTLET.

2. SEGHMEMTS 0OF THO MESHIMG TEETH TERD
TO OFFOSE ROTATIOM MAKIMG MET TOROUE
AVAILIABLE A FUMCTIOM 0OF ONE TOOTH.

1. THESE THO TEETH ARE SUBJECT TO HIGH
FRESSURE AMD TEMD TO ROTATE GEARS IN

DIRECTIOM OF ARROWS
Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



APE Piston Pumps

 APE units may use a piston pump (usually for

clamp flow) and the next slide shows how they
work.

 They are different in design but still produce

flow only, the same as a gear pump shown
earlier.
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How A
Piston
Pump
Works

5. As the pision pesses the
Inket, 1t Beglns 1o mdurm
Inte Itz hare because of

the swmsh plata angle.
Exhaust fuld 1s pushed 4, Tha pistons, shoe plate,
into the owtiet port. and ttﬁ:llnﬂ;l_:' md:;::am#hl:
togathar. The gha
is splined to the cylinder block. > [Pt IRt
angled awash plate
caksing miation.
PISTON SLB-
ASSEMBLY

QUTLET PORET

DRIVE SHAFT

IMLET PORT

SHOE RETAIMER PLATE

1. Oil under
presaurs alinket. . .

2. Exeris a force
on pislons, forcing
them out of the
cylinder hlock.
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APE Vibro Motor

* The next slide shows what a vibro
hydraulic motor looks like. It simply
takes fluid pressure and converts it to
rotational torque to turn the vibro
eccentrics in the vibro.

 When the eccentrics turn you get the up
and down motion required to vibrate the
pile into the ground.
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How A
Piston

Motor
Works

4. Qil is carried in piston 3. Universal link maintains

bore to outlet and forced alignment so shaft and
out as piston is pushed cylinder block always
back In by shaft flange. turn together.

SHAFT

TO IMLET

2. Plston thrust an
drive shaft flange
results In torque
on shaft,

CYLINDER
BLOCK

5. Piston displacement and

tormque capability depend
TO OUTLET on angle
1. Fluld prassurne at inlat
causes a thrust on pistons.
"
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What Motors Turn In The APE
Vibro

APE eccentric used in vibros turned by hydraulic
motor.




Gear Pump

Seal

Suction Port

Drive Gear

Case Seal | Drive Shaft
A Gallon
Has 231 Mounting Flange
Cubic
Inches \ Pressure Port

Bushings
Idler Gear

The above pump is very simple. Rotating the drive shaft causes the gears to rotate
and move oil. The faster the shaft rotates, the more oil it displaces. Output is
measured by counting the amount of oil it pumps in one revolution. Gears come in
different widths so a wider gear set will move or pump more oil per revolution.
Pump output is measured in cubic inches.
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Gear Pump Output:
Cubic Inches X RPM

Seal

Suction Port

Drive Gear

Case Seal " Drive Shaft
A Gallon
Has 231
Cubic ,
Mounting Flange
Inches 9 g

\ Pressure Port

Bushings
Idler Gear

Gear sets are sized in accordance to their cubic inch of output (displacement) per
revolution. Therefore, these gears could be size 3.6 which would mean 3.6 cubic
inches of displacement per revolution. Total output is measured by calculating total

cubic inches per minute so you would multiply 3.6 times the rotational speed per
minute tO get the total Output. Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



How To Calculate Gallons Per Minute (GPM)

Seal

Suction Port

Drive Gear

Case Seal > | Drive Shaft

A Gallon Mounting Flange
Has 231

Cubic \ Pressure Port
Inches

Bushings
Idler Gear

If the gears In this pump are size 3.6 then it displaces 3.6 cubic inches of oil per revolution.
To find total gallons per minute (GPM) just multiply the cubic inches of displacement of the
gears by the total speed the shaft turns in one minute. Example: Lets say the shaft turns
2100 rpm. The math would look like this: 3.6 X 2100 = 7,560 cubic inches.

There are 231 cubic inches in one gallon so divide 231 into 7,560 as follows:

7,560/231= 32.72 gallons per minute. (theoretical only)
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Pump Drives Are Not Always 1:1

When calculating the
flow of a gear pump
you must consider the
ratio of the pump
drive. APE pump
drives are suppose to
be 1:1 with the engine
crank shaft. Some
pump drives may turn
the pump faster (or
slower) than the
engine is turning. For
example, the J&M
(ICE) 1412 power unit
pump drive ratio was
actually a reduction.
The engine turned
faster than the
pumps.

Gear pumps

Pump drive Engine

Do not always assume that the pump drive is turning at
the same rpm as the engine. Ratios are stamped on the

pump drive.
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How To Calculate Gallons Per Minute (GPM)

Seal

Suction Port

Drive Gear

Case Seal .\ Drive Shaft

Mounting Flange

A Gallon

Has 231 '

Cubic \ Pressure Port
Inches Bushings

Idler Gear

If the gears In this pump are 4.5 cubic inch then it pumps 4.5 cubic inches per revolution.
To find total gallons per minute (GPM) just multiply the cubic inches of the gears by the
total speed the shaft turns in one minute. Example: Lets say the shaft turns 2100 rpm.
The math would look like this: 4.5 X 2100 = 9450 cubic inches.

There are 231 cubic inches in one gallon so divide 231 into 9,450 as follows:

9.450/213= 40.90 gallons per minute. (theoretical only)
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Nature Of A Fixed Pump

Seal

Suction Port

Drive Gear

Case Seal p . Drive Shaft

Mounting Flange

\ Pressure Port

Bushings
Idler Gear

What does “fixed pump” mean? It means the pump displaces a fixed amount of oil per
revolution. Much like a squirt gun. Squeeze the trigger and it pumps the same amount
every time. This pump displaces the same amount every time it rotates. It pumps the
moment the shaft turns and keeps pumping until the shaft stops. The faster you turn it,
the more oil it displaces. You can slow down the output by slowing down the shaft

speed. (turning down the rpm of the engine)

Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



Call A Pump A Pump And
A Motor A Motor. Know The
Difference!

Seal

Outlet
Suction Port

Drive Gear e
AN
Case Seal Drive Shaft

' Mounting Flange

\ Pressure Port

IIet

Bushings
Idler Gear \ /

Gear Pump (This Turns That) Gear Motor

Pumps get turned by engines, motors
get turned by pump displacement.



Squirt Gun Hydraulics

Squeezing the
trigger moves the
hydraulic piston
inward which
forces the
compressed water
to squirt out the
barrel check valve.

When the trigger
Is released, the
spring moves the
piston out, creating
a vacuum that
opens the tank
check valve,
sucking new water
in the cylinder for
the next shot.

Notice the check
valves are the key
to making
hydraulics work.

(Piston Pump)

Barrel Check Valve
/

T\

k Gun Housing
Check Valve
Pull trigger Water
Hydraulic Piston Tank or
P :
(Pump) Reservolr
Cylinder

This is a simple check valve type hydraulic system just like our fuel pump on the diesel
hammers; check valves that stop one direction and open in another. The injector on the diesel
is really a check valve that works just like the check valve in the barr&P8T IS SGUTPEGURT " ' Home feseree



Squirt Guns With larger
Pistons Can Squirt More
Water Per Stroke

)

Pull trigger

Changing piston diameter will increase volume of area. In this case, more water will be
trapped in the cylinder on the gun to the right so it will spray more water per stroke.

However, it will take more finger muscle to squeeze the one on the right, just as it takes
more horsepower to increase pump output. Gear pumps increase with gear size, piston

pumps increase with piston size or length of stroke or by adding more pistons.
Copyright © 2016 American Piledriving Equipment Inc. All Right:
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Delivery, gpm

Horsepower Input

at 1800 rpm at 1800 rpm

0 500 1000 0 500 1000
psi psi psi psi psi psi

1.8 1.5 1.1 .20 0.9 1.5
2.7 2.4 2.0 .25 1.2 2.2
3.7 3.4 3.0 25 1.4 2.6
5.3 5.0 4.7 .30 1.9 3.6
8.2 7.9 7.5 .35 2.8 5.2
11.5 11.0 10.6 40 3.7 7.0

Figure 17-1. Typical performance table,
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4. Outlet pressure against 3. and forced out
teeth causes heavy side- )

rt as
Iuadlng on shafts as ?;e':ﬁgzul::cpl:ntu
indicated by arrows. QUTLET mesh.

AN

DRIVE GEAR

2, Qil is carried around INLET 1. Vacuum is created here as
housing in chambers teeth unmesh. Qil enters
formed between teeth, from reservoir.

housing and side piates. Figure 17-4. External gear pump operation.

Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



CHRAIHG SEALS

RE&R COVER
HIGH PRESSURE —
SEAL PATE o et
CRIVE GEAR
WAIN DEARINGS T
EOGKET HEAD ;
AP SCAEY SHAFET SEAL
DRWVEH GEAR
DEFLECTAELE 5 — o
®AESSUAE FLATE CENE
COWEL FIN
SINGLE PUMP
CENTER SECTHIN
IMLET SECTIOHN :-EIHI"."EH GEAR COUFLING
A L T T o
| E_____._.-—- FROMT COVER
— E%HHH‘SH-'-FI' SEAL
I|.||
AEAR COAER
T
DOWEL mn/ BEAL FACK K“ OCAVEL PIN
DOUBLE FUME
TRIPLE PUME CUSDAUPLE PUKME

STANDARD GRAFHICAL SYMBEOLS FOR FLUID FO'WER DIAGRAMS
Fiigure 17-5. Matipie verslons of the exlarnal gear pamp,
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2 .and are forced
back in at outlet.

VALVE PLATE SLOT

PISTON SUB-ASSEMBLY

& G DRIVE SHAFT
OUTLET
PORT
INLET
PORT

SWASH PLATE

SHOE PLATE
(RETRACTOR RING)

CYLINDER BLOCK BORE
1. Pistons withdraw
from bore at inlet. ..

Figure 17-24. Swash plate causes pistons to reciprocate.
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Chapter 9

Directional Valves



Spool Valves

Each block represents
a finite spool position

FINITE POSITIONS

TRANSITION POSITIONS
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Spool Valves

Land on Groove between
valve spool lands completes
blocks passage A B flow passage between A B

two ports

T P T T P T
PRESSURE TO “B" PRESSURE TO “A"
“A" BLOCKED A B “B" BLOCKED
1 1
Sliding spool to
left changes flow
GRAPHICAL SYMBOL 1 T path
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Spool Valves

A B A B

T P P T

PRESSURE TO “'B” PRESSURE TO “A”
“A’” TO TANK A B ‘B’ TO TANK
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Hand Operated Spool Valves

T (TANK) PASSAGE

“B" PASSAGE

P (FRESSURE) PASSAGE

“A" GAUGE PORT
“B" GAUGE PORT



How Hand
Operated
Spool
Valve
Works

H
<

- He

TWD POSITION

1. External control
actuates spoal.

2.When spoal iz
acluated, one
cenleting apring
|3 compressed by
washer

% Dpposite washes
bs atatic and butls:
agalnat valve body.

4. WWhan canirad =
Palaasad, Sprlnas
lorea washers ogalnst
bady and the apaal
cenbers betwesn IBet.

THREE POSITION
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When detent
poppet isin
notch spool
is held in
position.

"

DETENTED

Detented Hand Operated Spool Valve



Spool
Types

11
IT

OPEN
TYFE

CLOSED
TYPE

FLOAT
TYPE

TANDEM
TYPE
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Spool Types

HZARS
RIEIAS

RIS
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Solenoid Operated Spool Valves

1. When coil is 2. Armature is
energized pulled against
solenoid pin

ARMATURE SOLENOID PIN

A

3. Solenoid pin
moves spool

m

| Rights Reserved



1. This pilot stage
I — spool controls the
- @ pilot pressure which. . .

EXTERNAL PILOT 1
DRAIN PORT

Manual override

to shift pilot stage
mechanically when
troubleshooting.

---------

INTERMAL PILOT
DRAIMN PORT

2. can be directed
to elther end of

the main stage
spool.

Pilot Operated Spool
Valves
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Pilot Operated Spool Valves

2. Pilot pressure
from “P'' port,

CHECK VALVE

1. Pilot pressure here

e Is routed thru passages
P” FORT to pilot valve.



Check Valves

SEAT BALL (OR POPPET)

[

ouT

G SIMPLE (BALL AND SEAT)
FFIEE FLOW ALLGWED
AS BALL UNSEATS

 m— <—
FREE FLOW NO FLOW

FLII:IJ'."'nIr BLDCI(ED AS
VALVE SEATS
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n Line Check Valves

POPPET SPRING

s g L

NO FLOW
BODY

ouT

FREE FLOW
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Spool
And

Check
Valves

| T T
WAYA AYA}
> ><*1

Lij;j

2, Peaidiirg T& psl oheok vahm
oeallonke b oreoles pressan
plint e

whesieanr pamp s
running. May k&
locaiod In dimclcast
valvp Body.

PRESEURE LINE METHRD

4 4
L L
VAA VAN
B <

. F T 75 pal chitck
2, Pmgdizrn ling bt
b e walve CHUT R T DT
enn by inesde o 1 oonglont back
wolie body. ArESEL N
FROM PLIKIF
RETUAM LINE METHQR
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Electric Symbols | | | [

CONDUCTORS, CONNECTED CENMGIUCTORS, HOT COMNNECTED

Shown On T
Hydraulic T 7 | e

EATTERY, DAY CELL &R DG SCURGE AC SCURCE A POAREAR PLUG FUSE
Schematics eer - |

SWITCH EWRTH
LAMF AIMOLE POLE—SINGLE THACW |SINGLE POLE—DOUALE THAOW |  CARAGITOR
I —
—AAANMN— W et r‘:rcrrm']
SOLENOID COIL,
FEEISTOR, FIKED RESISTER, TARPED RESISTOR, WARAELE IRGH COAE
COMBON
calhpds  sinodo
'-."-: M.C. PR !
= | A \ » /
PRIMARY BECCHOARTY]
——
4 (Fe3 N
g
—
REL&Y AELy COMTACTS TEERHEFORYER, IACH CORE DODE
| |
CHAZEE
AMKIETER VOLTMETER OHMMETER E#ATH GROUND GAOUND
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Electrical
Symbols

HYDRAULIG

ELESTRICAL
E=IiA PaflR
AN ——— —
T
RESISTCHR RESTRIZTION
EENERAIDOR OR FOAVER SUFPLY FLUMP
1 '
GRAUND TANK
- e — PN IAN—
1
DAUELESPAING
CHFSGITOR LOADED FETON
—
— ==
-—
SWITCH ARECTIONAL WALV E
CURRENT FLOY FLUID FLOW
-_——— —_—
- H * {Q
QIRE GHEGH WALYE
% E —_
TRANSFORMER INTENSFERCEINTENSIFIER
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Chapter 10

Pressure Controls



Relief
Valves

1. Spring holds
piston seated.

IMLET

(FROK PUMF)
5. When valva setting
Is mached, pump flow
2. When pressure hers is directed lo tank.
Is less Than valve
setting, valve remains
closad.
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Pressure-Control Valves

Pressure-Control Valves

A pressure-control valve may limit or regulate pressure, create a particular pressure condition required for
control, or cause actuators to operate in a specific order. All pure pressure-control valves operate in a
condition approaching hydraulic balance. Usually the balance is very simple: pressure is effective on one side
or end of a ball, poppet, or spool and is opposed by a spring. In operation, a valve takes a position where
hydraulic pressure balances a spring force. Since spring force varies with compression, distance and pressure
also can vary. Pressure-control valves are said to be infinite positioning. This means that they can take a
position anywhere between two finite flow conditions, which changes a large volume of flow to a small volume,
or pass no flow.

Most pressure-control valves are classified as normally closed. This means that flow to a valve's inlet port is
blocked from an outlet port until there is enough pressure to cause an unbalanced operation. In normally open
valves, free flow occurs through the valves until they begin to operate in balance. Flow is partially restricted or
cut off. Pressure override is a characteristic of normally closed-pressure controls when they are operating in
balance. Because the force of a compression spring increases as it lowers, pressure when the valves first
crack is less than when they are passing a large volume or full flow. The difference between a full flow and
cracking pressure is called override.

Relief Valves. Relief valves are the most common type of pressure-control valves. The relief valves' function
may vary, depending on a system's needs. They can provide overload protection for circuit components or limit
the force or torque exerted by a linear actuator or rotary motor.

The internal design of all relief valves is basically similar. The valves consist of two sections: a body section
containing a piston that is retained on its seat by a spring's), depending on the model, and a cover or pilot-
valve section that hydraulically controls a body piston's movement. The adjusting screw adjusts this control
within the range of the valves.

Valves that provide emergency overload protection do not operate as often since other valve types are used to
load and unload a pump. However, relief valves should be cleaned regularly by reducing their pressure
adjustments to flush out any possible sludge deposits that may accumulate. Operating under reduced
pressure will clean out sludge deposits and ensure that the valves operate properly after the pressure is
adjusted to its prescribed Setting_ Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



Relief Valve, Simple Type

(1) Simple Type. Figure shows a simple-type
relief valve. This valve is installed so that one
port is connected to the pressure line or the
inlet and the other port to the reservoir. The
ball is held on its seat by thrust of the spring,
which can be changed by turning the adjusting
screw. When pressure at the valve's inlet is
insufficient to overcome spring force, the ball
remains on its seat and the valve is closed,
preventing flow through it. When pressure at
the valve's inlet exceeds the adjusted spring
force, the ball is forced off its seat and the
valve is opened. Liquid flows from the pressure
line through the valve to the reservoir. This
diversion of flow prevents further pressure
increase in the pressure line. When pressure
decreases below the valve's setting, the spring

reseats the ball and the valve is again closed.

Spring

T pn sk
)

?}"

by

o~ Eall Legend
- Operating or systern pressure

- Exhawst flow
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Pilot Operated Relief Valve

POPPET

==

i ;L,/,)};);
PILOT STAGE )
5P

BALANCED
PISTON

Pilot operated relief valve.



Soges Of =
A Relief e
Valve As It * phtes clasaa
Opens ‘&

T, Vent eonnootian
pormita unleoding
pump threugh
rellal walve.

2. [ genged abovr 4. Whan thia
pizlah and at plict d. pision moves ug ta prEssure 15 20 ps|
valve thraugh divert pusmp aulpul higher than In
arlilce In piston. directly 1o tank. uppar chembar...
A, CLOSED B. CRACKED C, HELIEVING
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Compound Type Relief Valve

(2) Compound Type. Figure shows a
compound-type relief valve. Passage C is
used to keep the piston in hydraulic balance
when the valve's inlet pressure is less than
its setting (diagram A). The valve setting is
determined by an adjusted thrust of spring 3
against poppet 4. When pressure at the
valve's inlet reaches the valve's setting,
pressure in passage D also rises to
overcome the thrust of spring 3. When flow
through passage C creates a sufficient
pressure drop to overcome the thrust of
spring 2, the piston is raised off its seat
(diagram B). This allows flow to pass
through the discharge port to the reservoir
and prevents further rise in pressure.

Inlet

Adjusting N ;
j={ad | =P
) ’ /‘ Adjusting
Saat
LIHWIH AL
. b # L’// ;
fk.—-—" %
c 1 Ny
Ctlet Inket Outlet
Closad Opensd
A B
Legend
- Operati ng or system pressure
- Irtake or drain

Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved




Venting A Relief Valve

1. When this
valve vents the
relief valve...

FROM PUMP

2. 20 psi pressure here
overcomes light
spring and
pump unloads

to tank. O TANK

u&nti ng the ml iEf va I\FEppyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



Chapter 11

Flow Controls



Flow Controls

FLOW CONTROL SYMBOL
NON-COMPENSATED

)‘( Meter-in Circuit
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LOAD

e

Meter-In Circuits Do Not Control Runaway Loads
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Colors based on piston extending and flow rate

‘ I controlled by the first valve

Locations for Meter-In Applications
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Meter-Out Circuit
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Colors based on piston extending and flow rate
controlled by the rod-end valve

Locations for Meter-Out Applications
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1000 psi

-4

|_~.J’/

2 gpm

k

| I

= 2000 Ib. 2000 Ib.
@ FORCE FORCE
S R R—
_T 8gpm AL 2000
\ psi
2 in(ﬂ/ 1in.2
10
gpm
X7 | 4gpm
LA LN |

Pressure Intensification in Meter-Out Circuits
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Bleed-Of Circuit
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LOCATIONS FOR ELEED-OFF AFPFLICATIOMS

Copyright © 2016 American Piledriving Equipment Inc. All Rights Reserved



Chapter 12

Accessories



GAS CHAMBER
GAS VALVE FLUID CHAMBER

PORT

PISTON SEAL

PISTON

Figure 18-3. Piston accumulator is gas-charged.
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GAS VALVE

BLADDER

POPPET TO
PREVENT

EXTRUSION OF

BLADDER

Bladder-type accumulator uses rubber separator between gas and liquid.
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Tube tends to

straighten under
pressure causing
pointer to rotate.

BOURDON TUBE

FPRESSURE INLET

Figure 18-8. The Bourdon Tube gauge.
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Figure 18-11. Gauge installed with shutoff valve and snubber.
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Flow through tube
causes indicator to
rise in tube,

Flow rate in gpm is
read directly on
scale at this edge
of indicator,

Figure 18-14. Typical flow meter.
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o

o e

e
=

e e e e e e e e e

e e e

For good isolation, use
one ol these two
combinations.

ALL
FLEXIBLE
HOSE

ONE
FLEX HOSE
SECTION

EEE st

TWO
FLEX HOSE

SECTIONS Figure 18-19. Isolation using hose.
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Chapter 13

Hydraulic Circuits



How the Hydraulic Circuits Work

 The next few slides will explain how the APE
clamp and drive hydraulic circuits and why.

* The reading of hydraulic schematics is not
optional, but required to adjust or troubleshoot
any hydraulic system.
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APE drive manifold circuit showing all the working
components.

Item #33 is the main directional valve spool, and item
#31 is the pilot valve that controls the main drive spool.
We use item #32 to sense pressure in forward or reverse
lines and send a signal to item #28 the relief valve. We
can energize item #31 to either forward or reverse and
send pump flow out the main directional control valve
item #33.

When item #31 is de-energized the vibro will costto a
stop. All flow in returned through item #33 back to tank.
During this de-energizing we sense the line pressure in
forward or reverse depending which way we selected
item #31, and make the relief valve item #28 dump the
pump flow back to tank, which provides a smooth stop of
the pump flows. The pump flows now can go to tank
both through item #33 and item #28, which reduces
hydraulic shock. Item #30 is a needle valve and controls
how fast or slow item #28 gets the signal from item #32
shuttle valve. Sometime item #30 requires adjustment,
to reduce hydraulic shock when shifting item #33. Either
adjust it in or out just a little, you will know when it is set
correctly when item #33 can be shifted without hearing
any bang or shock.

Item #28, main relief valve controls the maximum
hydraulic system pressure, which is set to 4500 psi.
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APE Clamp manifold circuit shown to the
left.

The new APE clamp manifold circuit is
designed to run (shift) a two speed drill
whether one is used or not. The pump
flow enters at (CP) and part of the pump
flow is, about 2-gpm is sent to item #2 for
drill two speed shifting. This flow is
limited to 375-400 psi maximum by item
#7. There is no adjustment on item #1, it
is pre-set at 2-gpm. Item #7 is normally
pre-set at 375-400 psi and can be
adjusted in the field if needed. Item #7
should never be adjusted above 400 psi
regardless.

The remaining pup flow (8-12 gpm) is
sent to item #4 the clamp open or close
directional control valve. Item #3 limits
the maximum clamp pressure to 4800 psi
maximum and can be adjusted in the
field.

Go to the next slide and we will continue.
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Item #5 is a pilot check valve used to
trap hydraulic pressure on the closed
side of the vibro clamp. There is also
another one located right on the vibro
clamp as well. If item #4 is in the center

position directing pump flow back to tank.

o g R position, pump flow back to tank, then
¥ — — — — 1 item #5 will trap any hydraulic pressure in
| SYE ] ser | 2| the clamp close line to assure clamp
O ]| veae-a 300 :\ o | o ce remains closed.
| 1 4 L — 3¢ — —e — Item #6 is an h [ [ [

; ydraulic pressure switch, it
il [Kla] . .
| - P — L Ten ] | 1747 does two things. 1.) when hydraulic
| g | o2 WKa pressure in the clamp close line reaches
| (:5)/ ¢ 4500 psi (rising pressure) it will turn the
| ™ clamp close light to green. 2.) it will also
|
|
|

| |
| |
\ ' | de-energize item #4 to the center
| |
| |
| |

o B E [a]
s [ >< ol —(@)  Atwhich time item #5 closes and traps
min m pressure in the clamp close line.
-] F T oos
=== === = Should the trapped pressure in the clamp
[ close line fall below about 4400 psi, then
P g A the pressure switch will sense this and
Ti0a [SET @ turn the clamp close light off and re-

| |
| |
| 12-0PN |72 400 PE] | . . .
| ®_ Eipass @ B | energize item #4 to direct flow back to
| Toh ) ( = ;. o | the clamp close line. In simple terms,
|
|
|
|

1 4200 the pressure switch keeps clamp
| Lt ressure on the vibro clamp close line
=N |1 =l P . P .
e an . between 4500 psi and 4400 psi as long
. | @’ = as the clamp close switch is in the clamp
| R close position.
e e
P RETURN

#12
FREZEURE
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Typical circuit drawing
of APE power unit
hydraulic circuit.

Should you request a
hydraulic circuit, this
is what you will get.
All your
troubleshooting is
done from this
drawings, if you
cannot read this
circuit, you need to
study this power point
program until you
can.

Each field service
person is required to
have a book
containing all the
hydraulic circuits APE
use’s in their products
be able to read and
understand them.

| 2 7
| . ot |
:I ] H i - _—w@ Q | (b 1|
:' | o O |
i TR T T —; @’ o= o & E
i g L_+__J|___Gf.__J i
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Drive manifold

/ Electrical Solenoids
/ Pilot valve w/spool
Shuttle valve block

——

Snubber

Main pilot operated
spool body w/spool

Manifold body
Relief valve
Relief valve unloader

Relief valve setting
RO : adjuster
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Pressure Switches. Pressure switches are
used in various applications that require an
adjustable, pressure-actuated electrical switch
to make or break an electrical circuit at a
predetermined pressure.

The APE clamp pressure switch is designed to
turn off the clamp solenoid that is pushing the
valve to send oil to the clamp. Once the clamp
is closed the valve does not need to send any
more oil to the clamp so the pressure switch
cuts the power to the solenoid so the valve can
go to center. At the exact same time, the
same switch tells the green light to come on at
the pendant. The green light stays on if the
pressure does not drop below the pressure
switch setting. If the pressure does drop, the
switch will turn on the solenoid, sending more
oil to the clamp and during this process, the
green light will be turned off. The switch also
serves as a safety warning device to tell the

user that something is leaking or wrong.

A flashing green light on the pendant means
the switch is going on and off due to leakage
from a hose, seal, or quick disconnect.

Pressure
Switch

WING
&% &
d:_\‘(
% APE
%

Sy o

0

"fl.-'gw s




Clamp Manifold
Clamp relief valve
Pressure switch

Adjusting screw
for setting clamp
pressure.

Solenoid Valve
SO Cord

- 4800 psi
L.
Set this valve
by reading
“Clamp Open”

Set all valves with
no disconnects
connected.

When setting

. clamp pressure,

this pressure
switch must be set
300 psi below the
relief valve. You
must first set the
main relief valve
to 4800 psi and
then set the
pressure switch.

Clamp manifold (other than bulkhead mounted)....c..



A Few Review Questions To Answer

We have a few review questions to answer after studying this course. An Excel
spreadsheet of the questions can be downloaded from the web page site and
you can enter your answers to the questions.

You then can Email this spreadsheet with your name, location and return Email
address to info@americanpiledriving.com, we will review your answers and
send back to you the results via Email.

This is not optional, it is required. We will maintain in your personnel file
completion of this program. You may send in your test answers as many times
as you wish, this will not count against you. APE will have more programs in
the near future for you to review, and from time to time a question review will be
sent to you for completion.

Should you have any suggestions, submit them to the Email address above,
and we will consider them.
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