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Section I - INTRODUCTION

A. PURPOSE OF MANUAL

This manual has been prepared to assist the users
of Vickers balanced vane type hydraulic single pumps
inproperly installing, maintaining and repairing their
units. In the sections which follow, the single pumps
are deseribed in detail, their theory of operation is
discussed and instructions are given for their proper
installation, maintenance and overhaul.

The general series of models coveredare V10, v20,
VI10F, V10P, V20F, and V20P. The information given
applies to the latest design configurations listed in
Table 1. Earlier designs are covered only insofar as
they are similar to the present equipment,

B. GENERAL INFORMATION

1. Related Publications - Service parts informa-
tion and installation dimensions are not contained in
this rmanual. The parts catalogs and installation draw-
ings listed in Table 1 are available from any Vickers

QUTLET PORT

PRESSURE
PLATE

Application Engineering office, or from:

Vickers, Incorporated
1401 Crooks Road
Troy, MI 48084

2. Model Codes - There are many variations within
each basic model series, which are covered by vari-
ables in the model code. Table 2 is a complete break-
down of the code covering these units. Service in-
quiries should always include the complete unit model
number, which is stamped on the pump cover.

TABLE 1.

PARTS CATALOGS AND INSTALLATION DRAWINGS
MODEL| PARTS |INSTALLATION
SERIES | DRAWING DRAWING

V10
VIOF | M-2005-S MB-53
V10P
vao
V20F | M-2004-8 MB-53
va0p
HYDRAULIC OIL| INDUSTRIAL MOBILE

RECOMMEN- |APPLICATIONS{APPLICATIONS

DATIONS 1-236-5 M-3050-5
ﬁg;gn PUMPING
oG | CARTRIDGE
INLET PORT

BEARING

2 Figure 1



MODEL CODE BREAKDOWN
vio-@)*>**-*

VANE PUMP}

SERIES |
10 OR 20|

F - FLOW CONTROL COVER
P - PRIORITY VALVE COVER
OMITTED - STD. COVER

-y

JT T

T

*(*)-(*) 20-* * *L
1207 7

_HFOR LEFT HAND ROTATION
VIEWED FROM SHAFT END

——| SPECTAL FEATURE SUFFIX

DESIGN & MODIFICATION
——-{ v10-10 V20(F)-11
V10(F)-20  V20P-11/12

PRESSURE SETTING
A-250 PSI
MOUNTING B-500 PSI
1-2 BOLT FLANGE (SAE "A" SIZE) C-750 PSI
2-FOOT BRACKET AT 12 O'CLOCK D-1000 PSI
(VIEWED FRCOM THE SHAFT END) E-1250 P8I
23-FOOT BRACKET AT 3 O'CLOCK F-1500 PSI
26-FOOT BRACKET AT 6 O'CLOCK G-1750 PSI
29-FOOT BRACKET AT 9 O'CLOCK H-2000 PSI
J-2250 PSI
INLET PORT K-2500 PSI
CODE|[MODEL SIZE
E | yg0 [l-0Dia -2BOLTFLG. FLOW RATE THROUGH
F 1.156'Dia. 2 BOLT FLG. ORIFICE IN COVER
H 17 0.D. TUBE CONN. 2-2 GPM
K | vio [1.3125'-12 UN2BTHD, |t | 3-3 GPM (VIOF ONLY)
1"N.P.T.F 4-4 GPM
P 2
WL 5-5 GPM (V10F ONLY)
g ] V3 NPT F 6-6 GPM
o V10 |[i.3125"-12 STR. THD, 7-7 GPM (VI0F ONLY)
V20 |1.625°-12 UN2B THD. 8-8 GPM (V20F ONLY)
T V10 ]1,1875"-12 STR, THD, PRESSURE PORT POSITIONS
VIEW FROM COVER END
A-OPPOSITE INLET
RING CAPACITY -1200 RPM-100PSI CONNECTION.
(V10) (vao) B- 90° COUNTERCLOCKWISE
1 -1 USGPM 6 -6 USGPM FROM INLET CONNECTION
2 -2USGPM 7 -7 USGPM C-INLINE WITH INLET
3-3USGPM 8 -8 USGPM D-90°CLOCKWISE FROM INLET
4 - 4 USGPM 9 -9 USGPM CONNECTION
5-5USGPM 11 - 11 USGPM
6 - 6 USGPM 12 - 12 USGPM
7 -7 USGPM 13 - 13 USGPM SHAFTS
1-STR. KEYED
OUTLET PORT CONNECTIONS 3 _THD.
FLOW CONTROL COVER PRIORITY VALVE COVER 4-THD.
STANDARD PRIMARY[SECONDARY 6-STR. STUB -KE YED
CODE{ COVER [PRESSURE{ TANK QUTLET{ OUTLET TANK 11-SPLINE -9 TCOTH
5/16-18 3/4-16 9/16-18 12 -SPLINE -13 TOOTH
K - ST. THD.| ST. THD. | ST. THD. 15-SPLINE -13 TOOTH
(V1OP) (V10P) (V10P) 27-TANG
1/21IN. | 3/4-16 1/21N, 34-THD.
NPT THD.|ST. THD. |NPT THD. _ 38-SPLINE-11 TOOTH
P [(V10ONLY)
3/4 1IN, |V10F AND|VIOF AND
NPT THD.| V20F V20F -
(V200ONLY)
3/3-16
ST. THD, —
S [11/16-12 | 3/4-16 |1 1/16-12
ST. THD. |ST. THD. |ST. THD.
(V20ONLY)| (V20F) (V20F)
3/4-186 3/2-16 3/4-16 7/8-14 3/3-16
T — |ST. THD. |ST. THD. |ST. THD.| ST. THD. | ST. THD.
(V1OF) (VI1OF) (V20P) (V20P) (V20P)




Section 1 - DESCRIPTION

A. GENERAL

Pumps in this series areusedto develop hydraulic
fluid flow for the operation of Mobile and Industrial
equipment. The positive displacement pumping car-
tridges are the rotary vane type with shaft side loads
hydraulically balanced. The flow rate depends on the
pump size and the speed at which it is driven.

All units are designed so that the direction of
rotation, pumping capacity and port positions can
be readily changed to suit particular applications.

B. ASSEMBLY AND CONSTRUCTION

The V10 series pump illustrated in the cut-a-way
of Figure 1is representative of all single pumps in this
series, The unit consists principally of a ported body,
a ported cover and a pumping cartridge. Components
of the pumping cartridge are an elliptical cam ring, a
slotted rotor splined to fit the drive shaft and twelve
vanes fitted to the rotor slots.

The pumping cartridge eam ring is sandwiched be-
tween the body and cover. A ball bearing and bushing
located in the body and pressure plate respectively sup-
port each end of the drive shaft and center the rotor
withinthe cam ring, Asthedrive shaft is driven by the
prime mover, the rotor and vanes generate flow by car-
rying fluid around the elliptical cam ring contour. Fluid
enters the cartridge through the inlet port in the body
and is discharged through the pressure plate into the
outlet port of the cover.

C. FLOW CONTROL AND RELIEF VALVE

V10 and V20 pumps are available with an integral
Flow Control and Relief Valve in the pump cover. This
limits the fluid flow in the system to a maximum pre-
scribed rate and prevents excessive pressure build-
up. Fluid not required in the system is recirculated
to tank.

D. PRICRITY VALVE

V10 and V20 pumps are also available with a pri-
ority valve located in the pump cover. The priority
valve maintains nearly a constant flow toa primary
circuit and diverts the remaining flow to a secondary
circuit. Flow going to the secondary circuit is deter-
mined by pump delivery. Theprimary circuit is pro-
tected by an integral relief valvebut an external relief
valve must be provided for the secondary circuit.

E. APPLICATION

Pump ratings in GPM as shown in the model coding
are at 1200 RPM and 100 PSI. For ratings at other
speeds, methods of installation and other application
information, Vickers Application Engineering person-
nel should be consulted,

Section III - PRINCIPLES of OPERATION

A, PUMPING CARTRIDGE

As mentioned in Section II, fluid flow is developed
by the pumping cartridge. The action of the cartridge
is illustrated in Figure 2. The rotor isdriven within
the cam ring by the driveshaft, which iscoupledtoa
power source. As the rotor turns, centrifugalforce
causes the vanes to follow the elliptical inner surface
of the cam ring.

Radial movement of the vanes and turning of the
rotor cause the chamber volume between the vanesto
increase as the vanes pass the inlet sections of the
cam ring., This results in a low pressure condition
which allows atmospheric pressure to force fluid into
the chambers., ({(Fluid outside the inlet is at atmospher-
ic pressure or higher.)

This fluid is trapped between the vanes and carried

OUTLET

g

DRIVE SHAFT J

INLET

et OUTLET

OUTLET

Figure 2



past the large diameter or dwell section of the cam
ring. As the outlet section is approached, the cam
ring diameter decreases andthe fluid is forced out into
the system. System pressure is fed under the vanes,
assuring their sealing contact against the cam ring
during normal operation.

B. HYDRAULIC BALANCE

The pump cam ring is shaped so that the two pump-
ing chambers are formed diametrically opposed. Thus,
hydraulic forces which would impose side loads on the
shaft are cancelled,

C. PRESSURE PLATE

The pressure plate seals the pumping chamber as
shown in Figure 3, A light spring holds the plate
against the cartridge until pressure builds up in the
system. Systempressure iseffective against the area
at the back of the plate, which is larger than the area
exposed to the pumping cartridge. Thus, an unbal-
anced force holds the plate against the cartridge, seal-
ing the cartridge and providing the proper running
clearance for the rotor and vanes.

D. FLOW CONTROL AND RELIEF VALVE

1. Maximum flow to the operating circuit and
maximum system pressure are determined by the in-
tegral flow control and relief valve in a special outlet
coverusedon some V10 and V20 pumps. This feature
is illustrated pictorially in Figure 4. An crifice in
the cover limits maximum flow. A pilot-operated
type relief valve shifts to divert excess fluid delivery
to tank, thus limiting the system pressure to a pre-
determined maximum.

2. Figure 4A shows the condition when the total
pump delivery can be passed through the orifice.

This condition usually occurs only at low drive
speeds. The large spring chamber is connected to the
pressure port through an orifice. Pressure plus spring
load in this chamber slightly exceeds pressure atthe

DISCHARGEL

. 3
RING

VANE

ROTOR

BACK PRESSUHE
IN SYSTEM
FEFFECTIVE HERE

"\SHAFT

SPRING

COVER

PRESSURE IN

PRFSSURE PLATE ; - CARTRIDGE

Figure 3

other end of the relief valve spool and the spool re-
mains closed, Pump delivery isblocked from the tank
port by the spool land.

3. When pump delivery is more than the flow rate
determined by the orifice plug, pressure buildsup
across the orifice and forces the spool openagainst
the light spring. Excess fluid is throttled past the
spool to the tank port as shown in Figure 4B.

4. If pressure in the systembuilds up to the relief
valve setting (Figure 4C), the pilot poppet is forced off
its seat. Fluid in the large spring chamberf{lows
through the spool and out to tank. This flowthrough
the small sensing orifice, causes a pressure drop and
prevents pressure in the large spring area from in-
creasing beyond the relief valve setting, As pressure
against the right end of the spool starts to exceedthe
relief valve setting, the pressure differential forces
the spool to the left, against the light spring, porting
the full pump flow to tank.

LIGHT SPRING
HOLDS RELIEF PILOT
VALVE CLOSED POPPLT
WHEN PRESSURE
IS EQUAL ON

SPOOL BLOCKS
TANK PORT OFF

RELIEF VALVE

TO TANK SPRING

EXCESS FLUID PRESSURE IN
THROTTLED SPRING CHAMBER
PAST VALVE LOWER THAN
TO TANK SYSTEM DUE TO
TO TANK PRESSURE DROP TO TANK

ACROSS

BOTH ENDS

DELIVERY
FROM

SYSTEM PRESSURE PUMPING

SENSED IN PRESSURE CARTRIDGE PRESSURE RELIEF VALVE PRESSURE
SPRING CHAMBER PORT ORIFICE PORT SETTING 1S PORT
THROUGH ORIFICE DETERMINES REACHED
1A FLOW RATE 40
SENSING
1.OW DRIVE SPEED - ALL PUMP 4B ORIFICE EXCESSIVE PRESSURE BUILD-UP
DELIVERY TQO SYSTEM NORMAL OPERATION IN SYSTEM

SENSING ORIFICE

POPPET FORCED
OFF SEAT AS

Figure 4



E. PRIORITY VALVE OPERATION

Referring to the V20P Cover Schematic, Figure 5,
pressure is sensed in cavities "A", "B" and “C".
Primary flow into cavity "A'" isrestricted by the con-
trolled flow orifice "Q", Secondary flow will be zero
until the pump flow rate through orifice "O" develops
a pressure differential across the control spool.

When pump delivery is increased, pressure builds
up in cavities "B and "C" because of the resistance
to flow through orifice "Q". This causes the spool to
shift toward cavity "A" against the spring, The amount
of spool shift is proportional to the pressure differ-
ential between cavities ""A" and "C",

Flow from the primary port is held to an almost
constant volume, as determined by orifice "O", and
the metering action of the control spool at area "D".
Flowto the secondary port varies with pump delivery.
Metering area "E" diverts excess flow to the second-

ary port.

This single spool design cannot give precisely
controlled flow to the primary eircuit because of the
effects of varying conditions of flows and pressures.
For example: If the primary circuit is operating at
1000 PSI andthe secondary at 100 PSI, the spool must
be metering at "E'. However, if primary pressure
is 100 PSI and secondary is 1000 PSI, the spool must

be metering at "D". As the two systems approach
the same pressure, the probability of flow fluctuation
increases because the spool may shift between these
two metering points. C

CAUTION .
The .pump has a built-in relief valve in the primary

circuit. However, an external relief valve mustbe
provided for the secondary circuit to protect the pump.

"E" METERING AREA SECONDARY OUTLET PORT
CONTROL SPOOL — [
CAVITY "B"
PUMP AVITY "C™
DISCHARGE | cavt ¢
ORIFICE "Q"'—]
CAVITY nAN—' e
METERING—T
AREA "D" [
RELIEF VALVE
FOR PRIMARY
— CIRCUIT
PRIMARY OUTLET PORT \-TANK PORT

Figure 5

Section IV
INSTALLATION and OPERATING INSTRUCTIONS

A. INSTALLATION DRAWINGS

The installation drawings listed in Table 1 show
the correct installation dimensions and port locations.

B. DRIVE CONNECTIONS
CAUTION

Pump shafts are designed to be installed in couplings,
pulleys, etc., withaslipfit or very light tap. Pound-
ing can injure the bearings. Shaft tolerances are
shown on the pump installation drawings. (See Table 1.)

1. Direct Mounting - A pilot on the pump mount-
ing flange (Figure 6) assures correct mounting and
shaft alignment. Make sure the pilot is firmly seated
inthe accessorypad of the power source. Careshould

be exercised in tightening the mounting screws to pre-
vent misalignment.

If gaskets are used, they should be installed care-
fully and should lay flat. Shaft keys and couplings
must be properly seated to avoid slipping and possible
shearing.

2. Indirect Drive - Chain, spur gear or v-belt
pulley drives may also be used with these pumps.
Flat belt drives are not recommended because of the
possibility of slipping.

Toprevent excessive side loads on pump bearings,
it is important to check for correct alignment and
guard against excessive belt or chain tension.

For best results on indirect drive applications,
use the largest permissible pully diameter at the pump
and position it close as possible to the pump mounting
face. For specific indirect drive application data,
contact your Vickers Application Engineer.

C. SHAFT ROTATION

Pumps are normally assembled for right-hand
(clockwise) rotation as viewed from the shaft end. A
pump made for left-hand rotation is identified by an
"L" in the model code (See Table 2).

NOTE

These pumps must be driven in the direction of the
arrows cast onthe pump ring. Ifit is desired to change
the direction of drive rotation, it is necessary to re-
verse the ring. (See Section VI-B-D and Figure 10.}



CAUTION

Never drive 2 pump in the wrong direction of rotation.
Seizure may result, necessitating expensive repairs.

D. PIPING AND TUBING

1. All pipes and tubing must be thoroughly clean-
ed before installation, Recommended methods of
cleaning are sand blasting, wire brushing and pickling.

NOTE

For instructions on pickling refer to instruction sheet
1221-3.

2, Tominimize flow resistance and the possibility
of leakage, only as many fittings and connections as
are necessary for proper installation should be used.

3. Thenumberofbends in tubing should be kept to
a minimum to prevent excessive turbulence and friction
of oil flow, Tubing must not be bent too sharply. The
recommended radius for bends is three times the in-
side diameter of the tube.

E. HYDRAULIC FLUID RECOMMENDATIONS
GENERAL DATA

0Oil in ahydraulic system performs the dual function
of lubrication and transmission of power. It constitutes
a vital factor in a hydraulic system, and careful se-
lection of it should be made with the assistanceof a
reputable supplier. Proper selection of oil assures
satisfactory life and operation of system components
with particular emphasis on hydraulic pumps. Any oil
selected for use with pumps is acceptable for use with
valves or motors.

Data sheets for oil selection are available from
Vickers,Inc. Technical Publications, Troy, MI. 48084.

For Industrial Applications order data sheet 1-286-5.
For Mobile Applications order M-2950-8.

The oil recommendations notedin the data sheets
arebased on our experience in industry as ahydraulic
component manufacturer,

Where special considerations indicate a need to de-
part from the recommended oils or operating condi-
tions, see your Vickers representative,

CLEANLINESS

Thorough precautions should always be observed
to insure the hydraulic system is clean:

A. Clean (flush) entire new system to remove
paint, metal chips, welding shot, etc.

B. Filtereach change of oil to prevent introduc-
tion of contaminants into the system.

C. Provide continuous o¢il filtration to remove
sludge and products of wear and corrosion generated
during the life of the system.

D. Provide continuous protection of system from
entry of airborne contamination, by sealing the system
and/or by proper filtration of the air.

E. During usage, proper oil filling and servicing
of filters, breathers, reservoirs, etc., cannot be over
emphasized.

F. Thorough precautions shouldbe taken, by prop-
er system and reservoir design, to insure that aera-
tion of the ¢il will be kept to a minimum,

SOUND LEVEL

Noise is only indirectly affected by the fluid selec-
tion, but the condition of the fluid is of paramount im-
portance in obtaining optimum reduction of system
sound levels,

Some of the major factors affecting the fluid con-
ditions that caunse the loudest noises in a hydraulic
system are:

1. Veryhigh viscosities at start-up temperatures
can cause pump noises due to cavitation.

2. Running with a moderately high viscosity fluid
will impede the release of entrained air. The fluid
will not be completely purged of such air in thetime
it remains in the reservoir before recycling through
the system.

3. Aerated fluid can be caused by ingestion of air
through the pipe joints of inlet lines, high velocity
discharge lines, cylinder rod packings, or by fluid
discharging above the fluid level in the reservoir.
Air in the fluid causes a noise similar to cavitation.

4. Contaminated fluids can cause excessive wear
of internal pump parts which may result in increased
sound levels,

F. OVERLOAD PROTECTION

A relief valve must be installed in the system, un-
less it is an integral part of the pump. The relief
valve limits pressure in the system to aprescribed
maximum and protects the components from exces-
sivepressure. The setting of the relief valve depends
on the work requirements of the system components.

G. PORT POSITIONS

The pump cover can be assembled in four posi-
tions with respect to the body, A letter in the model

A - OPPOSITE INLET

B - 90° CCW FROM INLET
C - INLINE/INLET

D - 90°CW FROM INLET

(REF.) (NLET)
(TYPICAL) (REF.)
Figure 7



code (Table 2) identifies the cover position as showm
in Figure 1.

Disassembly and assembly procedures are in Sec-
tion VI-B and D.
H. START-UP

With a minimum drive speed of 600 RPM, a pump

should prime almost immediately, if provision is
made to initially purge the air from the system. Fail-
ure to prime within a reasonable length of time may
result in damage due to lack of lubrication. Inlet lines
must be tight and free from air leaks, However, it
may be necessary to crack a fitting on the outlet side
of the pump to purge entrapped air,

Section V
SERVICE, INSPECTION AND MAINTENANCE

A. SERVICE TOOLS

No special tools are required to service these
pumps.

B, INSPECTION

Periodic inspection of the fluid condition andtube
or piping connections can save time-consuming break-
dowms and unnecessary parts replacement. The fol-
lowing should be checked regularly.

1. All hydraulic connections musi be kept tight.
A loose connection in a pressure line will permit the
fluidto leak out, If the fluid level becomes so low as
touncoverthe inlet pipe opening in the reservoir, ex-
tensive damage to the pump can result. In suction or
returnlines, loose connections permit air to be drawn
into the system, resulting in noisy and/or erratic
operation.

2. Cleanfluid is the best insurance for long ser-
vice life, Therefore, the reservoir should be checked
periodically for dirt or other contaminants.

1f the fluid becomes contaminated the system
should be thoroughly drained and the reservoir clean-
ed before new fluid is added,

3. Filter elements also should be checked and re-
placed periodically. A clogged filter element results
in a higher pressure drop. This can force particles
through the filter which would ordinarily be trapped,
or can cause the by-pass to open, resulting in a par-
tial or complete loss of filtration.

4. A pump which is running excessively hot  or
noisy is a potential failure, Should a pump become
noisy or overheated, the machine should be shut down
immediately and the cause of improper operation cor-
rected.

C. ADDING FLUID TO THE SYSTEM

When hydraulic fluid is added to replenish the sys -
tem, it should always be poured through a fine wire
screen (200 mesh or finer).

It is important that the fluid be clean and free of
any substance which could cause improper operation
or wear of the pump or other hydraulic units. There -
fore, the use of cloth to strain the fluid should be
avoided to prevent lint getting into the system.

D. ADJUSTMENTS

No periodic adjustments are required; other than
to maintain proper shaft alignment with the driving
medium,

E. LUBRICATION

internal lubrication is provided by the fluid in the
system. Lubrication of the shaft couplings should be
as specified by their manufacturers.

F. REPLACEMENT PARTS

Reliable operation throughout the specified oper -
ating range is assured only if genuine Vickers parts
are used. Sophisticateddesignprocessesand material
are used inthe manufacture of our parts. Substitutions
may result in early failure. Part numbers are shown
in the parts catalogs listed in Table 1.

G. TROUBLE-SHOOTING

Table § lists the common difficulties experienced
with vane pumps and hydraulic systems. It also indi-
cates the probable causes and remedies for each of the
troubles listed.

It should always be remembered that many appar-
ent pump failures are actually the failures of other
parts of the system. The cause of improper operation
is best diagnosed with adequate testing equipment and
a thorough understanding of the completehydraulic
system,

Section VI - OVERHAUL

WARNING
Before breaking a circuit connection, make
certain that power is off and system pres-
sure has been released, Lower all vertical
cylinders, discharge accumulators and block
any load whose movement could generate
pressure.

A. GENERAL

Plug all removed units and cap all lines toprevent
the entry of dirt into the system. During disassembly,
pay particular attention to identification of the parts,
especially the cartridges, for correct assembly,

8

Pump bearings are pressed in the bodies or on the
shafts and should not be removed unless defective.
Figure 8 is an exploded view which shows the proper
relationship of the parts for disassembly and assem-
bly. Refer to Figure 1 and Figure 8 for the correct
assembled relationship of the parts,

B. DISASSEMBLY
1. Disassembly of Basic Pump-See Figure 8. If

a foot bracket is used, remove before dismantling
the pump. Clamp the pump body in a vise (not too



TABLE 6 - TROUBLE SHOOTING CHART

TROUBLE

PROBABLE CAUSE

REMEDY

PUMP NOT DELIVERING
FLUID

DRIVEN IN THE WRONG
DIRECTION OF ROTATION

The drive direction must be changed
immediately to prevent seizure. Fig-
ure 10 shows the correct ring position
for each direction of rotation.

COUPLING OR SHAFT
SHEARED OR DISENGAGED

Disassemble the pump and check the
shaft and cartridge for damage. {See
Section VI.) Replace the necessary
parts,

FLUID INTAKE PIPE IN RE-
SERVOIR RESTRICTED

Check all strainers and filters for dirt
and sludge. Clean if necessary.

FLUID VISCOSITY TOO HEAVY
TO PICK UP PRIME

Completely drain the system. Add new
filtered fluid of the proper viscosity.

AIR LEAKS AT THE INTAKE,
PUMP NOT PRIMING

Check the inlet connections to deter -
mine where air is being drawn in.
Tighten any loose connections. See
that the fluid in the reservoir is above
the intake pipe opening. Check the
minimum drive speed which may be too
slow to prime the pump,

RELIEF VALVE STUCK OPEN,
(MODELS WITH INTEGRAL RE-
LIEF VALVE ONLY)

Disassemble the pump and wash the
valve in clean solvent. Return the
valve to its bore and check for any
stickiness. A gritty feeling on the
valve periphery can be polished with
crocus cloth, Do not remove excess
material, round off the edges of the
lands or attempt to polish the bore.
Wash all parts and reassemble the
pump.

VANE(S) STUCK IN THE RO-
TOR SLOT(S)

Disassemble the pump., Check for
dirt or metal chips. Clean the parts
thoroughly and replace any damaged
pieces. If necessary flush the system
and refill it with clean fluid.

INSUFFICIENT PRESSURE
BUILD-UP

SYSTEM RELIEF VALVE SET
TOO LOW

Use apressure gage to correctly ad-
just the relief valve.

COMPLETE LOSS OF FLOW
FROM PUMP.

-A valve is stuck open permitting free
flow to tank.

-Broken inlet or pressure line,
-Actuator bypassing the full flow.
{Motor valve plate lift)

PUMP MAKING NGIRDE

PUMP INTAKE PARTIALLY
BLOCKED

Service the intake strainers. Check
the fluid condition and, if necessary,
drain and flush the system. Refill with
clean fluid.

AIR LEAKS AT THE INTAKE
OR SHAFT SEAL. (OIL IN
RESERVOIR WOULD PROBABLY
BE FOAMY)

Check the inlet connections and seal to
determine where air is being drawnin.
Tighten any loose connections and re-
place the seal if necessary. See that
the fluid in the reservoir is above the
intake pipe opening.

PUMP DRIVE SPEED TOO SLOW
OR TOO FAST

Operate the pump at the recommended
speed.

COUPLING MISALIGNMENT

Check if the shaft sealbearing orother
parts have been damaged. Replace any
damanged parts. Realign the coupled
shafts.




tightly), cover end up, and remove the four cover
screws. Note the position of the cover port withre-
spect to the body port before lifting off the cover and
"Or' ring. (See paragraph 2 for disassembly of flow
control covers and paragraph 3 for disassembly of the
priority valve covers).

Remove the pressure plate and spring. Note the
position of the ring for correct reassembly. Lift off
the ring and remove the locating pins. Separatethe
vanes from the rotor and remove the rotor from the
shait.

Turn the pump body over then remove the shaft key
and the snap ring which retains the bearing, Tap with
a soft hammer on the splined end of the shaft to force
the shaft out of the body. Remove the small snap ring,
located on the shaft, behind the bearing. Support the
bearing inner race and press the shaft out of the bear-
ing. Pull the shaft seal out of the body with a suitable
hooked tool,

CAUTION
Do not disassemble the relief valve S/A removed in the
following step. The unit is factory set and could mal-
function if disassembled.

2, Disassembly of Flow Control and Relief Valve
Covers - See Figure 8. Remove the plug (and "O''ring
latest design V10 models) from the snap ring side of
the cover. Then remove the plug (and "O"ring latest
design V10 models), that releasesthe spring and relief
valve S/A. Insert a suitable tool from the snap ring
end of the bore. Slide the relief valve S/A from the
cover. Remove the snap ring with care - DO NOT
scratch the bore.

3. Disassembly ofthe Priority Valve Cover - See
Figure 8, Removetheplug (and '"O''ring latest design
V10/V20 models)and spring from one end of the priority
valve bore, and the plug (and "O"ring latest design
V10/V20 models) from the other end of the bore. Insert
a suitable tool into the snap ring end of the bore (Snap
ring used with pipe thread plugs only) and slide the
priority valve spool from the cover, If the snap ring
exists, remove it from the cover. Disassemble the
relief valve by removing the plug spring poppet and
shims. Onlaterdesigns, aspring guide is used. See
Figure 8, DO NOT remove the seat unless inspection
of the poppet contact area reveals a problem in the
seatarea. H removal of the seat is required, thread
the seat with a suitable tap approximately 3/8 inch into
the seat. Threada long bolt into the seat and pull the
bolt and seat fromthe bore with a small gear puller.

C. INSPECTION AND REPAIR

CLEANING, All parts must be throughly cleaned
and kept clean during inspection and assembly. The
close tolerance of the parts makes this requirement
more stringent than usual. Clean all removed parts,
using a commercial solvent that is compatible with the
system fluid, Compressed air may be used in clean-
ing, but it must be filtered to remove water and con-
tamination, Clean compressedairis particularly use-
ful in cleaning spools, orifices, and cover passages.

1. Discard the used shaft seal and all "O" rings.
Wash the metal parts in a solvent, blow them dry with
filtered compressed air and place them on a clean sur-
face for inspection.

2. Check the wearing surfaces of the body, pres-
sure plate, ring and rotor for scoring and excessive
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wear. Remove light score marks by lapping. Re-
place any heavily 8cored or badly worn parts.

3. Inspect the vanes for burrs, wear and exces-
sive play in the rotor slots, Replace the vanes and
rotor if the slots are worn.

4. Check the bearings for wear and looseness.
Rotate the bearings while applying pressure to check
for pitted or cracked races.

5. Inspectthe oil seal mating surface -on the shaft
for scoring or wear. If marks on the shaft cannot be
removed by light polishing, replace the shaft.

6. Flow Control Cover: Check the relief valve
sub-assembly for free movement in the cover bore.
Remove burrs from the valve by polishing, but DO
NOT round off the corners of the lands. Do not at-
tempt to rework the valve bore. If the bore is dam-
aged, replace the cover.

7. Priority Valve Cover: Inspect the priority
valve spool and bore for burrs. Remove burrs from
the spool by light polishing with crocus or # 500grit
paper. DO NOT round off sharp corners of the lands.
Inspect the cover bore for scratches, wear and/ora
pitted surface. DO NOT attempt to rework thebore.
1f the bore is damaged, replace the cover. Thepri-
ority valve spool must fit and move within the bore
without evidence of bind, Rotate the spool through
360 Owhile inspecting for bind, Inspect the snap ring
for damage. (V20 units only). If worn or bent, re-
place with a new snap ring. If the snap ring isbent,
inspect the snap ring groeve in the cover for suffi-
cient depth and rounded edges of the snap ring groove.
If the groove is defective, replace the cover.

Integral Relief Valve: Inspect the spring. The
spring ends must be paralled to prevent cocking of the
poppet. Thepoppet requires a close inspection in the
seat contact area. A slight wear pattern should exist
around the poppet at the area of seat contact. If the
wear pattern is broken, a possible leakage pathexists
between the poppet and seat, Inspect the seat for pos-
sible errosion or other defects. Refer to the seat re-
moval procedure if the seat is defective. (Paragraph
Vi. B. 3)

D. ASSEMBLY
Coat all parts with hydraulic fluid to facilitate as-
embly and provide initial lubrication. Use small
amounts of petroleum jelly to hold "O" rings in place
during assembly.
IMPORTANT

During handling and shipping of the precision machined
cartridge parts, it is possible to raise burrs on the
sharp edges. All sharp edges on the parts of a new
cartridge kit should be stoned prior to installation.

1. Assembly of Flow Control Cover - See Figure
8. Assemble the snap ring in place within the bore,
{(earlydesignonly) seat firmly in the groove . Insert
the valve inthe bore, smallland first. Then installthe
spring and both plugs. Use new "O''rings if straight
thread plugs are used.

2. Assembly of priority valve cover- See Figure
8. 1If the relief valve seat was removed, a newseat
must be pressed into the body. Lubricate andinsert
the new seat chamfered end first into the cover open-
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ing. Align square and press into place. Use ashort
length of brass rod as a pressing tool, to prevent seat
damage. Clean the relief valve bore to remove chips
and filings, Insert the poppet into the bore, align
square and lightly tap the stem of the poppet to mate
the poppet and seai. Install the spring, shims, and
plug into the cover. (later design uses a spring guide
and straight thread plug with "O''rings) Be sure to
checkthe pressure setting of the relief valve against the
model code. Ifthe settingis out of tolerance, readjust
by removing or adding shims. (Removing shimsreduces
pressure while adding shims increases pressure, )

Priority valve - Install the snap ring within the
priority valve cover bore, {early V20seriesonly);make
sure the gnap ring is seated within its groove. Insert
the priority valve spool, small land first, into the
bore. Installplugs ateach end of the bore and secure.
Refer to Figure 8 for spool orientation.

3. Assembly of Pump - See Figure 8. Beginas-
sembly by pressing the shaft into the front bearing
while supporting the bearing inner race. Install the
small snap ring on the shaft,

NOTE

Before assembling the shaft seal, determine the cor-

rect position ofthe sealing lip. (See Figure 9.) Seals
are assembled withthe garter spring toward the pump-
ing cartridge, Press the seal firmly in place and lu-
bricate the lip with petroleum jelly or other grease
compatible with the system fluid. Slide the drive shaft
into the body until the bearing is seated. Tap lightly
on the end of the shaft if necessary. Install the snap
ring,

Install new "O" rings in the body and cover. In-
sert the ring locating pins in the body and assemble
the ring so that the arrow on the perimeter pointsin
the direction of rotation, Check the assembly against
Figure 10, Install the rotor on the shaft and insert
the vanes in the rotor slots., Be certain the radius
edges of the vanes are toward the cam ring.

Place the pressure plate on the locating pins and
flat against the ring. Place the spring overthe pres -
sure plate, and then install the cover with the outlet
port in the correct position. Tighten the cover serews
to the torque shown in Figure 8. Rotate the shaft by
hand to insure that there is no internal binding. . In-
stall the shaft key.

1f a foot mounting is used, assemble the pump to
its foot mounting, If a gasket is used, be certain itis
flat to avoid misalignment of the shaft.

Section VII - TESTING

If atest stand is available, the pump should be tested
at the recommended speeds and pressures shown on the
installation drawing, (See Table 1),

GARTER SPRING

SHAFT SEAL
{Assemble with spring toward
cover end of pump)

VIEW FROM COVER END

RIGHT HAND ROTATION LEFT HAND ROTATION

Figure 9
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Introduction

Hydraulics And Industry

Vickers is committed te drying up
leaks because leakage has been a
stumbling block to complete
acceptance of hydraulics by industry.
We have launched a three--pronged
attack on leakage.

First, we are busy improving the leakage
resistance of our products.

Second, we are expanding our
knowledge of sealing technology
through research.

Third, we are working to assist you in
reducing leakage from your plant
hydraulic system.

Hydraulics And You

This booklet, a part of our third
approach, is for people who build,
install, or maintain hydraulic
machinery. Right now, you can do
more to stop leakage than anyone
else in the industry. No new
technology is needed. Leakage
comes from many individual points,
usually where some small detail has
been overlooked. Unless the sealing
technology at each point is
understood, it is hard to correct
details. So the details of how sealing
elements work, what makes them fail,
and how to correct failures are
collected in this booklet for your study,
reference, and application.
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Must A Hydraulic System
Leak?

Absolutely not! The aircraft industry has
virtually eliminated leaks in their
hydraulic systems.

The mobile equipment industry has
significantly reduced leakage in their
machines and systems.

How has this been accomplished? One
of the factors contributing to aircraft
industry success was a switch to better
fittings. The mobile equipment industry
improved some of their designs by
shifting from pipe thread to either
straight thread or flange fittings. The
most importart factor, however, was

DETERMINATION. Once committed.
these industries followed through.

The Need To Stop Leaks

It has been estimated ovér a hundred
million gallons of oil could be saved
each year if external leaks from
hydraulic machines and systems were
eliminated. Add to this the cost of the
labor for spill clean-up, re-filling of
reservoirs, eic., and the total savings
potential of no-leak systems could be
tens of millions of dollars per year.

The HFI Yardstick

Is there a yardstick for checking a
plant’s hydraulic oil use? Mobile Qil

Preventive Maintenance

Corporation has developed the
Hydraulic Fluid Index (HF1}. comparing
oil consumption to machine capacity.
They discovered that each year the
average plant used four times more
hydrautic il {HF1=4) than its machines
actually hold. Ideally, the fiuid should
last almost indefinitely. and the HFI
should be less than one. In practice,
fluid is lost through leakage, line breaks
and fluid changes. Any plant can cut its
HFI {oil consumption) in half by
developing skilied hydraulic
maintenance people who can stop leaks
before they occur, and control fiuid
contamination.

Betore getting down to the specifics of
finding and fixing leaks {corrective
maintenance), let's consider another
important part of leakage contral —
preventive maintenance.

Handling Repairs

Hydraulic components are precision
devices. Careless handling of them or
other parts of the system can result in
malfunction or failure. To avoid creating
problems when installing or repairing
hydraulic compeonents, tollow these tips:

1. Clean away the dirt in and around
equipment before taking apart lines
and removing parts.

2. Cap off all disconnected lines and
open ports.

3. Protect the overhaul area from
grinding dust, machining chips, and
wing driven dirt.

4. Work only on metal or hard finished
bench tops, easy to keep clean.

5. Handie pans carefully to avoid nicks

and burrs.

6. Use lint-free cloths to wipe parts.

7. Use smooth burr-less tools,

especially when working with
O-rings.

B. Lubricate all sliding parts during

assembly,

9. Cover sharp grooves and threads

with thimble or shim stock when
installing O-rings and other seals.

10. Discard all used O-rings lo avoid
re-use.

11. Make certain that seals are of the
right size and material.

12. Use only recommended
replacement parts.

13. Examine all prematurely worn or
malfunctioned parts for clues as to
the cause of failure.

14. Test the overhauled device before
reinstalling it, if possible. it's
embarrassing as well as costly to
remount a repaired component in
the system, only to find that it leaks
or doesn't work propertly.



Fluid Temperature

Petroleumn oils are used in most
hydraulic applications to lubricate pans
as well as transmit power. As oil
temperature increases, however, the
lubricating film thins out. The resultis
rubbing parts supported by the oil film
move closer together; friction and wear
increases; seal malerials age more
quickly, become stiff and hard, and may
readily permit leakage.

To avoid trouble, industrial bulk oil
temperature measured at the reservoir
should be kept in the 100° to 130° F.
range. Why? Localized hot spots — such
as the one at the shaft seal ~ may be
100° hotter than bulk oil temperature.
As bulk oil temperature rises, hot spot
temperatures rise an equal amount.

A thermometer on the end of a wire and
placed in the reservoir fill pipe will
measure fluid temperature. Temperature
stickers are available for attachment to
the side of a reservoir (or suspected hot
spot). Spots on the sticker permanently
change color to indicate the maximum
temperature.

If oil temperature in your operation
exceeds 150° F,, determine from your
oil supplier whether you are using the
correct grade and quality of oil. A higher
viscosity oil with anti-wear and
anti-oxidation additives may be
recommended.

A quick test! WARNING: APPRCACH
THIS TEST CAREFULLY, BECAUSE A
SEVERE BURN IS POSSIBLE. If you
can't hold the palm of your hand on the
pump inlet side of the reservoir when
the system is running, the oil
temperature is probably toc hot.

The general rule for maximum reservoir
temperature in mobile applications is
ambient temperature plus 80° F (27° C).
On a hot day, for example, of 90° F (32°
C.), bulk oil temperatures could go to 170°
F (90 + 80} (76° C). Only premium oi
loaded with additives is satisfactory here.

Nitrile {Buna N) seals can last almost
indefinitely in 200°F (93° C) oil, but life is
cut in half for every 25°F tfemperature rise,

Fiuid Temperature  Life — Hours

°F:225 °C:107 2000
250 121 1000
275 135 500

Fire resistant fluids with a water base
require low temperature {130° F or 54°
C maximurn) 1o prevent excessive
evaporation of water.

Fluid Contamina_tion

“Keep it cool and keep it clean” is the
secret of long fluid life. Contamination
may be in the form of gas, liquid or solid;
it may be chemically active or inert.

Commeon centaminants in hydraulic oil are:
Gas - air
Liquid — water and cutting oils
Solid — rust, chips and grit

It is usually easier to keep contaminants
out of a system rather than remove
them after they are in the system.

Bulk handling and the re-use of oil
containers almost guarantee “new” oil
will be dirty. Unless it comes from
sealed quart containers, filter all “new”
oil before adding it to your system.

Control sclid particle contamination
through filtration. Make is a practice to
change all filters on a regular basis
before they become clogged.

Fire resistant hydraulic fluids, whether
water-based or non water-based,
require a high standard of filtration within
the circuit to maintain system reliability.

Seal Wear

In long life applications, a major cause
of dynamic seal leakage is wear. Wear

can also be the cause of slatic seal
leakage. Shock, pressure surge and
vibration cause static sealing surfaces to
slide an separate in small amounts,
where movement is measures in
thousandths of an inch. Seal wear
occurs and the seal eventually leaks.
The rougher the sealing surface, the
heavier the wear, and the sooner the
leak occurs,

Measuring Surface
Roughness

Inspectors use an electronic instrument
called a profilometer to measure surface
roughness and report the roughness
height value in microinches (millionth of
an inch). The smoother the surface, the
smaller the reported value.

For static sealing, where surfaces to be
seals do not move relative to each other,
commercial practice is to specify a 32
to 63 microinch (abbreviated L in.). As
long as surface separation or seal
movement does not occur, satisfactory
sealing is possible on surtaces with light
circular tool marks up to 100. But no
matter how smooth the overall surface,
a nick, gouge, longitudinal scratch or
spiral tool mark provides a leak path.

For dynamic sealing, the surface moving
relative to the seal requires a nominal
16 microinch finish.

As a guide, the surface roughness
produced by common production
methods is:

Production Roughness
Height

Milling 32-250

Die Casting 32— 83

Boring, Turning 8-250

Grinding 4—- 63

Polishing 4- 16




Cut Through The Jungle Of
Fluid Lines

If your system is a jungle of fluid lines
and connections with components
almost inaccessible, the odds of
controlling leakage are against you.

Simplify the tydraulic system whenever
possible. The fewer the connections, the
tewer the possible sources of ieaks.
Consider back-mounting your valves,
with all plumbing connections made
permanently 1o a mounting plate. Even

better is the use of manifolds, which
provide interconnections between valves
and eliminate a lot of external plumbing.

Tubing Clamps

Shock, pressure surge, and vibration will
flex metal tubing. This flexing will tatigue
the tubing, particularty around line fittings.
The consequences are cracked fluid lines.
A well designed fluid power system will
include tubing clamps to rinimize shock
and vibration. All tubes should be

Corrective Maintenance

clamped on both sides of a bend, as
close to the bend radius as possible.

Manufacturers generally recommend
spacing between clamps as shown:

Tubing Diameter  Distance Btw.
oD Clamps
in. (MM) Feet (m)
36V (4.8-9.5) 3.9
Yo7ig (12.7 — 22.2) 5(1.5)
1-1Y4(25.4 - 31.8) 7(2.1)

Finding The Leak

At first this discussion might seem absurd.

After ali, isn't a leak cbvious? Certainly
the effects of the leak are obvious...oil on
machine, fioors and product.

Remember that we must know the exact
location of a leak before we can
eliminate it. Anyone would be hard
pressed to point immediately to the
source of a leak on a machine which
has oil over the top, sides and dropping
oMo the floor. In fact, there might not
even be a leak. The real cause might be
an over—filled reservoir or a spill.

The firsts step then in locating leakage
sources is 1o clean the area and watch.

Focus on the four general areas where
leaks can occur;

1. Fittings

2. Hoses

3. Dynamic seals
4. Static seals

Most leaks oceur at fittings, but, too
often, finding the fittings that is leaking is
difficult because the fluid runs along the
line and drips off at some other point.
Always suspect the inaccessible
connection; they are often instalied
carelessly because they are so hard to
get to. Leaks in high pressure lines
sometimes are difficult to pin—point
because the fluid comes out as a mist.

(Use Caution: High pressure leaks
can cause personal injury).

Determine Cause Of Leak

Once you find the location of a leak, the
specific cause has to be determined
before it can be correcled. A scratch in a
fitting seat or a cut in a seal lip that is
big enough to ieak excessively can still
be too small to find with the naked eye.
A four power magnitying glass, used
frequently to search for defects, will cut
down on repeat repairs. What do you
look for? The detailed information in the
following sections will help you decide
that. It will also help to correct leakage
and prevent its reoccurrence.



Threaded Fittings

Types Of Threads

There are two basic types of threaded
joints. One has tapered thread that
produces a metal-to-metal seal by
wedging surfaces together as the pipe is
screwed in. The other has straight
threads and no wedging aclion, but has a
rubber like element that does the sealing.

Tapered threads have the advantage
that an additional fraction of a turn
usually will cure a slight leak. Their
sealing ability, however, depends o how
perfectly they are formed. In practice,
threads are often carelessly machined
and won't seal regardiess of how much
they are tightened. In such cases
excessive torques are applied, and
yielding or cracking results. Because of
the frequency of such leaks there is a
trend to quit using 1apered pipe threads.
Some companies limit their use to low
pressure (beiow 500 psi) lines.

USA Standard (Symbol
NPT)

The USA Standard pipe thread is tapered
and shaped to engage mating threads on
their flanks as shown in Figure 1. The
leaves a small groove along their tips that
must be closed with a sealer (dope). The
sealer also lubricates the threads and
prevents galling.

Spiral Clearance

internal

Externai
Figure 1. Wrench Tight NPT Thread

USA Standard Dryseal
(Symbol NPTF) (SAE J476)

These are very similar to NPT pipe
threads, except they are shaped to
make first contact at their roots and
crests as shown in Figure 2. When the
joint is pulled up tight with a wrench the

thread crests are crushed until the
thread flanks make full contact as
shown in Figure 3. They don't have the
buiit-in leakage path of the National
thread but they can still leak due to
machining imperfections. Dope should
still be used on these threads for a
lubricant, but dope can't be expected to
seal a poorly cut thread.

Internal -
"~ Thread
.~ Root -

e ~ \\_
N SR . - \
SN External - N

~ Thread Grest ~ ™~ ~

Figure 2. Hand Tight Dryseal NPTF

. .7 oInternal ~ .
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£ External -\ -
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Figure 3. Wrench Tight Dryseal NPTF

Sealing Tapered Thread

A large number of sealants are available
for hydraulic fittings. Choice may
depend on a particular application. We
have found Loctite 92, for example, an
effective sealer on pressure plugs which
require removal after extensive service.

The sealant should always be applied 1o
the male thread, never the female. Avoid
the first two male threads from the end
to keep sealer out of the system.
TFE—fluorocarbon tape is not
recommended for use on hydrauic
fittings because pieces may get into the
system and jam close-fitting parts.

Sealants generally are lubricants, so
don't depend on a mechanic’s feel for
tightening pipe fittings. There is a
general rule of thumb to get maximum
sealing without distorting or cracking
steel parts.

Engage tapered pipe thread hand
tighten, then 3 turns with a wrench

NOTE: This "rule” may vary with
materials, temperature or wall thickness.

Some tips for troubleshoeting tapered
threads leakage are given in Table 1.

Possible Sources
of Trouble

Suggested
Remedy

1. Fitting is under-
torqued

Tighten using
“General rule of
thumb” in text.

2. Female par

expanded from
heat

Retighten while
hot.

3. Vibration has

loosened fitling

Retighten if
fitting is not
cracked. Use
clamps with
vibration
dampeners for
support.

4. Hydraulic shock

Retighten fitting
if not cracked.
Recharge accu-
mulators. Check
use of low shock
control valves,
deceleration and
decompression
components.

5. Female threads

in part are over-
size

Inspect. Replace
if oversize.

6. Male threads are

undersize on
pipe

Inspect. Replace
if undersize.

7. Straight male

thread put into
tapered thread
port

Inspect. Replace
with tapered
Dryseal thread
fitting.

8. Threads gailed,
dirty or damaged

before assembly

Rework, if pos-
sible, with sharp
taps and dies or
replace fauity
parts.

9. Check for

cracks. Replace
damage paris

Check for
cracks. Replace
damage parts.

Analysis

Table |. Tapered Thread Leakage



Straight Thread Fitting
(SAE J514)

The SAE straight thread fitting does not

depend on thread surfaces for sealing
because an O-ring is the seal. Straight
thread fittings may be classified as
fixed-hex, Figure 4, or adjustable nut,
Figure 5.

Installation torque values recommended

are listed in Table Il for both fixed nut
and adjustable nut fittings.

_2
Figure 4. Adapter (Fixed Nut)

. ¥
—_— |
Figure 5. Elbow Connector
(Adjustable Nut)

{

If the fitting leaks, either the seal was

damaged during assembly, the seal lost

its fiexibly from use or the machined
boss may be defective. Make certain the
size and material are correct for the
system fluid and operating temperature.

A fixed procedure should be used to
avoid cutting or trapping the O-ring
during assembly of the adjustable
straight thread fittings, as follows:

1. Lubricate the O-ring with the fluid to
be sealed or a light grease such as
petroleum. Use a plastic or metal
thimbile over the threads when
replacing the O-ring to aveid a nick
or cut from the threads. Slide the
Q-ring over thimble and onto
undercut section of fitting and against
the back-up washer, Figure 6.

Thimble

2

2. Screw adjustable nut fittings by hand
into the SAE straight thread boss
until the back—up washer bottoms
on the boss face, with the O-ring

Figure 6. Installed O-Ring

squeezed into the boss cavity.
Figure 7.

Figure 7. Bottomed Washer

3. Next, position the fitting to meet the

joining tube by unscrewing out as
far as necessary, up 1o a maximum
of one full turn. Tighten the locknut
with a wrench so the back-up
washer contacts the boss face
{Figure 8) using torque values in
Table Il

Table Ill gives some straight thread
leakage troubleshooting hints.

(g

Figure 8. Positioned Elbow

Nominal

Tube 4 6 8 10 16 20 24
Size

Fixed or Min 160 215 430 630 820 1340 1750 1850
Adijustable ' {18) (25} {49} (72) (94) (153) (200) (211)
Hex/Lock Max 175 245 470 700 1470 1930 2040
Nut ; (20} (28) (54) (80} (103) (168) (220) (233)

Table Il. Straight Thread Fitting Boss Installation Torque, in.lb. {Nm)



Possible Sources of Trouble

Suggested Remedy

1. O-ring cul

Replace O-ring lubricating with petrolatum or fiuid to be
sealed. Use thimble, Figure 6, to protect sing. Inspect for burr.

Inspect roughness of port sealing surface. Repair or replace

2. O-ring pinched on assembly into port

part i finish exceeds 100 micro. Lubricate O-ring before as-

sembly.

3. Sealing surfaces of port or fitting are scratched or gouged

Hepair if possible, otherwise replace.

4. Sealing surfaces of port or fitting are dirty

Clean and lubricate before reassembly of parts.

5. Port spotface is too small. Nut or washer hangs up on spot-

tace shoulder

part.

Enlarge spotface so fitting can seat properly, or replace faulty

6. O-ring edges nibbled because pressure is lifting fitting

on fitting.

Check pressure relief valve setting. Increase seating torque

Table lIl. Straight Thread Leakage Analysis

Tube Fittings

Three Broad Groups

A wide variety of fube fitlings is found in
hydraulic installations. They all fall into
three broad groups: flared, flareless,
and welded or brazed. None is a
universal fitting. Each is designed to do
a specific job. In making a choice of
fittings, eflectiveness for the job is
measured against cost.

Flared fittings are generaliy less
expensive and more readily available in
a wider variety of sizes and materials
than any other type. Some bite-type
flareless are recommended over flared
fittings where vibration fatigue failures
have been a problem. But flareless are
very sensitive to proper assembly
torque. They are prone to leak if over or
under torqued. In normal service, both
flared and flareless are equally effective.
Welded fittings meet the most severe
requirements of high pressures,
temperature and severe mechanical
load, and cost the most.

Flared Fittings

A typical three—piece flared fitting -
body, nut and sleeve — is shown in
Figure 9. The metato-melal seal
occurs when the softer tubing is pressed
against the hardened, conical seat area
of the connector body. As the nut is
tightened, the sleeve is pushed against
the tube. The sleeve absorbs the
twisting friction of the nut, transferring
only axial forces against the flared tube.
This eliminates tube twisting found with
two-piece fittings.

Body Conical
Connector Seat Area
Sleeve

Nut
Figure 9. Three-Piece Flared Fitting

The 37° Flare (SAE J514)

The standard flange angle for hydraulic
tubing is 37° from the center line, Figure
10. Most tube end flares are made by
hand or power tools which swage the
tube end over a split die. Flares made in
this manner tend to have a ridge of
metal extruded from the outer surface at
the parting line of the die. This ridge will
provide a leak path uniess cleaned up.
Common fabrication errors are to make
the flare too broad to too narrow. See
Figures 10 and 11.



inside and along one edge of the 37°
flared tube, the card wilt bottom out on
the outside lip, Figure 12. The card
placed inside a 45° flare will fit perfectly,
Figure 13.

37°41p° 37541y
Y
Recqmmendeil/

Correct Flare Angle
And Diameter

Figure 10.
37¢ Tube 37
Tube | Max
..M'_‘_«‘, Flare
Flare /
Sleeve
E
Tubg——»
Min And Max
Tube Flare
Figure 11.

Refer to SAE J533 for recommended
fiare diameter.

A tube flared too narrow may be
squeezed this because only a small area
of the tube is clamped. It may also leak,

break at the fiare, or pull out under strain,

A tube fared toc broad may jam on
threads of the nut when assembiing
the joint.

The 45° Flare

Another common flare angle, used
mainly in low pressure automotive and
refrigeration applications, is 45° from
the center line. Don't mix 45° with 37°
fittings. A simple method to teil a 37°
from a 45° flare fitting is to use the edge
of a salesperson’s calling card. If placed

Calling Card Test

Figure 12. 37° Flared Tube

Figure 13. 45° Flared Tube

When The Joint Leaks

Most leaks on the flared tubing type of
fitting are caused by poor tubing flare,
irregularity in connector body seat
surface, or lack of joint tightening. The
only cure for a poorly flared tube is a
well flared tube. Several companies
make small truncated cones of ductile
metal for a quick fix when irregularities
in conical seats provide a leak path.
Placed between seat and flare, the thin
ductile washers tend to fill in
non-uniformities in body seat and tubing
flare when the joint is tightened up.

Proper Joint Torque

You can't tell by looks alone whether the
joint has been tightened. If the nut is
mare than finger tight, you can’t tell by
observation how much. If many joints

are made up at one lime, the user must
depend on his memory to know if he has
tightened all the joints.

An excellent method by which anyone
can tell whether a flare joint has been
tightened and how much it has been
tightened is the alignment-mark method.

Flare Joint Torque By
Alignment-Mark Method

1. Tighten nut finger tight until it
bottoms on the seat.

2. Mark a line lengthwise on the nut
and extend it onto the connector
body. Use a feit pen or marker,
Figure 14.

Mark Line
Before Torquing

Figure 14.

3. Using a wrench, rotate the nut to
tighten, Figure 15.

Misalignment Shows How
Much Nut Was Tightened
Figure 15.

4. The recommendations of Aeroquip
Corporation are listed in Table IV for
nut rotation and torque for different
sizes of SAE 37° flare fittings for
best sealing. Aeroquip recommends
the nut rotation method. If torque
values are used, Aeroquip suggests
that the lower value apply to
machined seals, and the higher
value to be used in conjunction with
flare tubing.



Nominal Torgue

Tube Size Fitting Rotate No.

Inch {MM) Size of Hex Flats In. Lb. Nm
174 (6.4) 4 2, 135-145 15-17
3/g (9.5) 6 2 260-290 28-33
s (12.7) 8 2 430-470 49-54
5/5 (15.9) 10 1152 680-750 78-86
34 (19.1) 12 1 850-1050 109-120
1(25.4) 16 g .1 1300-1360 148-155
174 (31.8) 20 a1 1520-1600 174-183
117, (38.1) 24 (PR 1900-2000 217-229

Table IV. Nut Rotation and Torque Recommendations

Flareless Fittings

Flareiess fittings were developed for
heavy wall tubing not suitable for flaring.

How They Seal

A typical bite style flareless tube fitting is
shown in Figure 16.

Tube

Connector Ferrule

Figure 16. Bite-Type Three-Piece
Fitting

The wedging action of the ferrule when
drawn down by the nut forms a seal
between ferrule and connector body. At
the same time, the cutting edge of the
ferrule bites into the tube wall forming
another positive seal completely around
the circurnference of the tube. The keys
to refiable operation of the bite style
flareless fitting are presetting of the
ferrule and inspecting for good preset.
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Where it is desirable to use heavy wall
tubing along with the 37° connectors, a
flareless tube fitting is available from
Aeroquip Corporation under the
tradename Versil-Flare™ Flareless. No
special preparation or presetting tools
are needed with these fittings.

(Figure 17}

Ferrule

Connector

Figure 17. Versil-Flare™ Flareless
Tube Fitting

Avoid Thin Wall Tubing

Bite-type fittings are not recommended
for thin wali tubing because the ferrule
can collapse the tube wall before an
adequate bite is achieved.

Caution On Assembly

While the flareless fitting is less prone to
poor workmanship than the 37° flare, it
is more sensitive to torque or tightening.

It will leak if under-tightened, nothing
can be done. It must be replaced with
new tube and ferrule. The nut and body
can be salvaged. As with the flared
fitting, follow the manufacturer's
recommended assembiy procedures
very closely. Tightening after preset is
usually 1/6 to 1/3 of a turn from finger
right (one to two flats).

Welded Fittings

High pressure and/or high temperature
systems that do NOT require frequent
disassembly may use welded or brazed
fittings. A typical welded fitting is shown
in Figure 18 where tubing is inserted into
a fitting bedy, positioned and welded.

Weld Body

TN

Figure 18. Welded Fitting




Stress Relieve

Low carbon stee! welds are sometimes
porous or cracked. In each case, the
porous or cracked section must be
ground out and the joint again welded.
Then, as with all welded joints, STRESS
RELIEVE the welded area. Use a torch
and heat the weld area up 1o a dull red,
then air cool.

Caution

Rigid pipe and tubing require proper
alignment before final attachment o
avoid high stress and ultimate line
failure. Never attempt to pull a line into
place using clamps, bolts, or tube nuts
to hold it in position. !f a particular
connection is a difficult one, use the
proper strength flexible hose.

Hose and Hose Fittings

Hose Construction

Whenever a conngction between
moving parts is necessary, a flexible
hose is usually the answer. They are
also used in some hydraulic systems o
reduce the effects of vibration and
hydraulic shock. The typical industrial
hose consists of (1) an inner tube for
conducting the fluid, (2)-a reinforcement
for the inner tube, and (3) a cover layer
10 protect the reinforcement. All three
are bonded together, see Figure 19.

Cover

Inner Tube

Reinforcement

Figure 19. Hose Section

Both elastometic {rubber-like} and plastic
hoses are available to cover a variety of
fluids and operating conditions.

Hose Fittings Types

The hose fittings may be either formed
or reusable. The formed type, Figure 20,
may be crimped or swaged onto the
hose at the factory or in the field.
Special equipment is required for the
crimping or swaging. The entire
assembly is thrown away when the hose
is replaced.

The reusable type hose fitting, Figure 21,
has a definite advantage today with many
items in short supply. Only the hose is
discarded, while the fittings are saved.

Figure 20. Non-Reusable Swaged or
Crimped Hose Fitting

I SRR

Figure 21. Reusable, Screw Together
Hose Fitting

Maximum Hose Life

Hose leakage or failure many times
occurs where the end fitting grips the
hose. It may be that the hose
manufacturer’s instructions were not
followed on proper crimp or swage of
the hose fitting. Check the system for
pressure spikes or surge. Make sure
operating pressures do not exceed 25
percent of hose rated minimum burst
pressure. |f bulges or bubbles occur on
a flexible hose, a leak is taking place
within the inner layers. The hose should
be replaced.

11



High oil temperatures (over 200°F,
93°C) quickly harden or stiffen a ribber
inner tube. When pressure pulses flex a
hardened hose, it fails by cracking.
Every increase of 25°F (14°C) cuts
hose life in half. Use a hose rated for
actual fluid temperatures. Keep a log of
hose use so replacement can be made
betore failure occurs.

Sometimes on negative/low pressure
lines, the hose is clamped with fittings
like those found on auto radiator hoses.
While there may be no apparent fluid
leakage out past the clamp, there rmay
be considerable air leakage into the
system, especially on pump inlet lines.
As a result, the system gets spongy.
Actuator response may be slow and the
pumgp may cavitate with the sealing
surfaces being eroded. Tighten clamps!
Double clamp if necessary or revise the
system to eliminate hose clamps.

Hose Installation

Under pressure, a hose may change in
length. The range is generally from —4%
10 +2%. Always provide some slack in the
hose to allow for this contraction or
elongation. The foliowing drawings
illustrate wrong and right hose installation.

Wrong
W

{lustration courtesy
of Aeroguip Corp.

At bends, provide enough hose for a
wide radius curve. Too tight a bend
pinches the hose and restricts the flow.
The line could even kink and close
entirely. In many cases, use of the right
fittings or adapters can eliminate bends
or kinks.
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Wrong

Right

Mustration courtesy
of Aeroquip Corp.

It a hose is installed with a twist in it, high
operating pressures tend to force it

straight. This can loosen the fitting nut or
even burst the hose at the point of strain.

fitustration courtesy
of Aeroguip Corp.

When hose lines pass near a hot surface,
they should be insulated by a
heat-resistant boot or a metal baffle. In
any application, brackets and clamps
keep hoses in place and reduce abrasion.

Hlustration courtesy
of Aeroquip Corp.

In applications where there is
considerable vibration or flexing, allow
additional hose length. The metal hose
fittings, of course, are not flexible, and
proper installation protects metal parts
from undue stress and avoids kinks in
the hose.

filustration courtesy
of Aeroquip Corp.

When 90° adapters were used, this
assembly became neater locking and
easier to inspect and maintain. It uses
less hose, too!

Hiustration courtesy
of Aeroquip Corp.




Dynamic Seals

Seal Life

Dynamic seals prevent or control
leakage between surfaces that move
past each other. Since these seals
contact moving surfaces, they will
eventually wear out or fail. Periodic
replacement of the seal is required.
With proper instaliation and
mainienance, however, dynamic seals
may last several hundred to several
thousand hours. High pressure,
temperature, speed and surface
roughness work to reduce seal life.

Where The Action Is

Typical locations for dynamic seals are
pump and hydraulic motor drive shafis,
pintles on variable displacement pumps
and motors, directional valve push pins
and actuator rods. In brief, dynamic
seals prevent leaks where the action is
taking place.

Three types of dynamic seals are lip
seals, face seals, and packings.

Radial Lip Seals

Radial lip seals, commonty called cil seals
or shaft seals, are used to retain fluids in
or keep dirt out of equipment with
reciprocating or rotating shafts. The
simplest type, the single lip seal, Figure 22,
is used only for low speeds and low
pressures.

Atmospheric
Pressure

AR

b4

Low internal
Pressure

Figure 22. Simple Lip Sea!

Seal Dynamics

Sealing is normally a result of an
interference fit between the fiexible
sealing lip and a shaft. However, as
seals age and temperatures change, the
interference fit or lip pressure falls off. To
maintain a more constant load on the
shatt, a garter or finger spring is used,
Figure 23. This permits operation at
higher speeds and moderate pressures.
It should be noted, the seal lip does NOT
act like a squeegee to wipe the shaft dry.
The lip must ride on a thin film of
lubricant to be successful. If the film gets
too thick, the seal leaks. I it gets too thin,
the seal lip wears and gets hard. The
harder the seal, the more difficulty the lip
has in following the shaft movement.

Low Pressure

YV

Garter Spring

Metal

Housing Retainer

[ 444

High Pressure

Figure 23. Lip Seal with Garter Spring

Surface Finish

Tests have shown maximum seal life is
obtained when the shaft sealing surface
is 8 to 20 microinches. If the shaft is too
smooth, it won't support a film. If too
rough, it wears the seal lip. In either
case, premature seal failure may occur.
Finish marks should be circumferential
rather than axial to retain the fluid. A
spiral tool mark will pump oil out or air in
past a seal, depending on shaft rotation.

Lip Seal Installation

1. Lip seals must be instalied correctly
to operate successfully. But you
must start with a good product.
Examine the seal to be sure it is the
correct part. has not been damaged,
nor lost its spring.

2. A press should be used for installing

the oil seal into the bore. The press
ram or driving iool should not be
more than .010" smaller in O.D. than
the bore diameter and should have a
flat face to contact the back of the
metal case on the seal. If installing
the seal in a reverse position, be
sure that ram pressure is applied
only to the rollover bead around the
outer diameter of the seal face and
not to the inside face or filler ring
inside the metal outer case.

This corner must
15/30deg/ e burr free
J—-] 100 max
M .06/.09
\ I M
%

Figure 24. Optimum Seal Bore
Dimensioning

3. Poalish shaft to remove burrs, sharp
or rough edges that touch seal lip
during assembly. Use mounting
thimble or a sheet of shim stock as
in Figure 25, to protect the seal. The
thimble wall should be as thin as
possible (.012 in. 3mm max.) to
avoid seal lip distortion during
assembly. We recommend
lubricating the shaft and oil seal lip
before mounting the seal over shaft.

Figure 25. Shaft In Place
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4. If a press cannot be used, the seal Misalignment plus runout is called 4. Adhesive or

Clean with crocus

may be seated with a driving plug or  eccentricity. For a given eccentricity, the paint on cloth. Mask shaft
tool, Figure 26. This tool is placed probability of shaft seal leakage sealing during seal
into position and tapped with a increases as shaft speed increases. The surface assembly into
rnallet. When large seals are being recommended maximum eccentricity bou_'e or painting of
seated, or in an emergency, a block which should exist in the standard lip unit.
of wood resting squarely on the seal  seal application is shown in Figure 29. 5. Seal cocked Use proper driv-
may be used instead ot a driving in bore ing tool. Install
tool. Never hit the seal directly! 51 (.020 seal at right angle
Y (020) \\\ Rld' II L'l g ]T to shaft surface.
i 46 {.018) adial Lip Seal | -
Installation Tool N\ | ] 6. Seallip Check stock seal
A1 (.018) N = reversed whether it has
| ‘ AN Leaking double lip before
' 36 (.014}) N | ] replacement.
300012 Spring Some seals have
L012) '~ Load |— double lips. One
.25 (.010) \ T lip faces inward to
N+ No g ving T — retain fluid, one
20 (.008) ( Loadp 9. faces outward to
.15 (.006) o exclude dirt.
Figure 26. No Shaft 10 (004) Sealing ™ | 7. Seal lip cut Replace seal.
5 ‘ T = or tom Lubricate seal/
5. Check shaft-to-bore misalignment 05(.002) 0 1000 2000 3000 4000 shaft, Use thimble

to carry lip over
keyways, splines
and sharp edges.
Be sure lip .D. is
not stretched over
035in. (.9 mm).

and dynamic runout. Misalignment
is the distance that the shaft is off
center with respect to the bore,
Figure 27. Runout is the amount by
which the shaft, at the sealing

Figure 29. Shaft Speed (RPM)

To reduce misalignment, it is necessary to

remove the cause: shait bearings, housing,

surface, does not rotate around its ! 8. Seallipworn  Check for hot oil,
true center, Figure 28. or shafl side load. To lower runout, replace giazed or high case pres-
o the shaft. Table V offers scme suggestions hardened sure, and correct
X" = Shatft to bore : e ’ T
e in reducing lip seal leakage. shaft OK seal size. Is seal
misalignment .
. lubricant good?
Shaft ¢ Possibte Source Suggested -
o Y Of Trouble Remedy 9. Seal spring Replace seal
Bore ¢ damaged avoiding exces-
1. Worn shaft Check shaft sive spreading of
sealing surface sealing lip and
hardness— spring. Check for
Shaft Rockwell C 30 proper storage
minimum and handling of
2wy necessary. seals.
Replace seal.

Use wear sleeve

10. Excessive

Align shaf,

: . on shaft if avail- eccentricity eliminate shaft
Figure 27. Shaft-To-Bore Misalignment e o i or misalign- side load, or Use
,aepfécetsﬁg\;lse ment-seal lip  a better flexible
Lubricate paﬁs can't folliow coupling.
Y : shaf
Shaft € of shaft 2. Rough finish Finish shatt sur- movement
on shaft face t0 8-20 p in. 11. "Built-in” seal  Replace seal.
3. Damaged Replace shaft. flaw such as
shaft Protect sealing contamination,
surfaces during poor rubber
handling and bond to metal
assembly. or flash on
seal lip

Figure 28. Dynamic Runout
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Face Seals

The mechanical face seal is one of the
most effective devices in preventing
leakage along a rotating shaft which
passes in or out of an area of pressur-
ized oil. Two ultra-flat sealing faces are
mounted perpendicular to the shaft. The
seal seat is attached to and rotates with
the shaft, while the spring loaded seai
head is stationary, Figure 30.

Shaft
Housing Spring
“O" Ring
Seal Head
" Hard
High 7 Low Carbon
Pres.—m Pressure Insen

fHustration courtesy of
Battelie Research

Figure 30. Face Seal With Stationary
Head And Rotating Seat

The usual seal face materials in
hydraulic applications are bronze or
hard carbon for the seal head, and steel
or cast iron for the seal seat. The two
are separated by an oil film. With an
excelient matching of sealing forces and
seal flatness, oil surface tension can
complete the seal and there is no
leakage. Elevated pressures can induce
seal wear, but with proper balancing,
pressure induced sealing forces can be
kept low.

Repair Of Worn Parts

Only a properly trained person shouid
attempt to repair the sealing surfaces of
face seals. The condition of the seal
surfaces is so critical that cne company
provides 40 hours of training to its
personnel on lace seal operation, repair
and installation.

Handle With Care

With the new, correct replacement parts,
don't touch the sealing surfaces with
fingers or an old wiping rag. Make sure
the seal seat is perpendicular to the
shatft within .001 inch {.025 mm) TIR,
Figure 31. Lubricate the sealing
surfaces well with the fiuid to be sealed
before installation.

TIR is the total change in Indicator
Reading during one complete rotation of
the shaft.

I F

— Ir
It
1}

Dial Indicator Mounied On
The Shaft Makes Alignment
Of The Stationary Seal
Seat To 0.001 Inch TIR
Easy

Figure 31.

Froubleshoot

Examine the old parts for telltale signs.
Abrasive wear of the sealing faces
means contaminated oil. Burned faces
indicate dry running of the seal. Heavy
wear may mean either excessive
operating pressure or a hung-up spring.
A cracked carbon ring leaks badly. Worn
bearings should be replaced if end play
exceeds .002 inch (.05 mm) or radial
looseness is greater than .004 inch (.10
mm). Replace the shaft with a new one
if runout exceeds .002 inch (.05 mm)
TIR. Polish the new shaft to remove
burrs or scratches that might damage
static seals.

Test Assembly

To insure against goofs, test the
mechanical seal assembly with low
pressure filtered air {5 to 20 psi, .3-1.4
bar) before installing the component
on a machine. For example, an
externally drained piston pump
housing is easily pressurized through
the drain port connection.

Packings

A packing is a material, deformed so as to
throttle leakage between a moving or
rotating part and a stationary one. With
rapid motion, there must be enough
leakage to lubricate and cool the packing.
On some large applications using
compressed packings, the desired leakage
rate may be as high as 10 drops per
minute. On some small O-ring applications
with rapid motion, the leakage rate may be
as low as one drop per every other hour.
Where there is relatively little motion,
packings can seal without fluid leakage.
Three basic types are: compression, lip
and squeeze packings.

Compression Packing

Compression packing used in chemical
processing is rarely found in industrial
hydraulic service. The packing is made
of twisted, woven, or braided cotton, flax
or asbestos fiber. Metal foil or wire is
somelimes added for reinforcerment
along with solid lubricants such as
graphite, mica or PTFE.

Characiteristics

The packing is sufficiently pliable when
axially compressed to provide radial
sealing for a moving shaft or rod.

It will not scratch or corrode the moving
shaft or rod.

It requires frequent adjustment to
compensate for packing wear.
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|
Compression T-Ring

U-Ring X-Ring

Figure 32. Rod Application With
V-Ring And O-Ring

Moided Lip Type Packing:

Lip type packing is molded from
rubberized fabric, Nitrile, polyurethane,
or PTFE. Two common shapes are
U-ring and V-ring.

Characteristics

Distortion of the packing lips from an
interference fit on assembly creates a
counter sealing force adequate for low
pressure.

With packing lips facing fluid pressure,
any rise in pressure flattens the lips
against wall surfaces and raises the
sealing force.

Lip type packing has lower jeakage, less

friction, and longer life than compressed
packing.
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The U-ring is an effective seal when Probable Source Suggested
used singly. A ring support or pedestal of Failure Remedy

with cross drilled holes assures equal

pressure loading on both seal lips. 1. Shaft or rod Replace shaft.

worn For contaminated

The V-ring needs a stack of three rings. :l—l;'f aitl:-:;ange fiter.

along with male and female adapters to atmosphere,

contain low pressure fluid. Five or more install protective

rings are needed in the stack for high shield or boot.

pressure, Check shaft
hardness:
Rockwell C 30

Molded Squeeze Packing min

Squeeze packing is molded from 2. Sealing surfaces Use proper

synthetic rubber, polyurethane or PTFE. are scratched. assembly and dis-

Common shapes are the O-ring, T-ring Seals damaged assembly tools on

and X-ring. overhaul. Replace
damaged parts.

Characteristics 3. Dynamic runout  Inspect bearings,

of shaft or replace if too

Distortion of the squeeze packing from eccentric motion  loose. Check side

an interference fit on assembly generates is excessive loads on shaft or

an internal sealing force within the rod. Seals are not
packing to contain low pressure. 1o be used as
_ bearings.

High pressure puts an additional 4. Rapid wear out Seal compressed

squeeze on the packing, raising the of seal too much. Loosen

internal sealing force to counter the if adjustment is
pressure force. This action tends to available Other-
extrude the packing through any wise check to be
clearance gap. Anti-extrusion rings are certain of correct
shown with the T-ring in Figure 32. seal size.

5. Glazed or Check for high oil

Squeeze packings have less friction hardened temperaiure.

than either compression or lip type Correct if seal

packing and also seal in both directions. lubrication is
inadequate.

On assembly the O-ring should be 6. Seal edges are Check parts for

squeezed about 10 percent, the T-ring extruded too much

about 5 percent and the X-ring as low as clearance.

1 percent. Replace faulty
parts. Use
anti-extrusion
rings on low
pressure side of
seal.

Table V1. Packing Failures



Static Seals

Installation Activated Seals

Static seals prevent leakage between
stationary surfaces. To contain pressure,
the seal and its mating parts must be in
contact at a pressure level higher than
the pressure to be sealed. This pressure
level may be obtained by parts
installation alone, as with the crush
washer, or jam packing, Figure 33.

Jam Packing

Figure 33.

Pressure Activated Seals

In other applications, such as with the
O-ring, V-ring, and X-ring, Figure 34, the
initial sealing pressure from installation
alone is sufficient to contain only low
pressure oil. High pressure deforms or
changes the seal shape and increases
the sealing pressure level to complete
the seal.

Pressure Pressure

Figure 34. V-Ring and X-Ring

Gaskets

A gasket is an instaliation activated seal
made of relatively soft material. it must
be deformed or compressed to fill
surface irregularities and close the
gasket structure to fluid leakage.

The O-ring is replacing the gasket in
many of the new hydraulic designs
because of its greater reliability and
ease of application.

in general, the more compressible
({softer) materials are used for low
pressure gasket applications. Common
materials are asbestos, cork, paper,
plastic, rubber or a combination of
these materials.

The majorily of gasket applications can
be represented by two basic flange
designs: the flat face, Figure 35, and the
grooved face, Figure 36.

)

Figure 34. V-Ring and X-Ring

For a given gasket cross section, each
material has a minimum clamping load
necessary 1o close its structure to fluid
leakage and fiil surface irregularities to a
maximum of 250pin. Higher internal

pressures reguire higher clamping
loads. The fotces acting on a gasketed
joint are shown in Figure 37.

Hydrostatic
End Force

Bolt Load
_l

mm

L
27777« Blowout
AN Pressure

l >~ Gasket

Figure 35. How Internal Pressure
Acts On A Gasket Joint

Most gasket materials relax and creep
after being clamped. A loss in loading
occurs, most of it within 18 hours. For
critical applications, wait a day after
initial assembly and retighten to the
original lcading, preferably at system
operating temperalure but with no
internal pressure.

As pressures rise and operating
conditions become maore severe, metal
or metal-with-soft-core gaskets are
necessary. The required clamping force
and surface finish to obtain a good seal
vary widely, depending on the type of
gasket. Follow the manutacturer’s
recommendations.

O-Ring Static Seais

One of the most common static seals in
the O-ring. It has found increasing use
as a high pressure seal. Recommended
surface roughness is 32 to 63 microinch.

With high pressure, the sealing surfaces
may either slide or separate. Sliding
causes seal wear. The rougher the
surface, the greater the rate of seal wear.
If sliding can't be prevented, surface
roughness of 16 microinch may be
necessary 1o obtain satisfactory seal life.
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Separation of the sealing surfaces due
to manufacturing tolerances or pressure
loading permits the O-ring seal to be
extruded into the clearance gap, Figure
38a. With pressure pulsations, the
extruded edges will be nibbled away.
Eventually, the seal will leak.

Seal Extrusion

It has been found that as O-ring
hardness (called durometer) increases,
its resistance to extrusion damage also
increases. For example, in lab tests of a
rod seal without back-up rings (Figure
38a) with 160°F {71°C) cil, 100,000
pressure pulses at 1500 psi (103 bar)
caused significant O-ring extrusion
damage when the diametral extrusion
gap was greater than:

{a) .004 inches (.10 mm) with 70
durometer seals

{b} .008 inches (.20 mm} with 80
durometer seals

(c) .014 inches (.36 mm) with 90
durometer seals

Caution: Deon't jump at the first chance
to put in high durometer O-rings! As
pressure levels rise, they do resist
extrusion better than softer seals, but
they leak more readily against rougher
surfaces. Back-up rings (Figure 38b)
can minimize extrusion on rod seals and
are required where pressures exceed
1500 psi (103 bar).

Extrusion Gap
Flange/Cover/Cylinder 1

Fluid
Pressure
Nibbled
Seal
Figure 38a.

Fluid N
Pressure Rod
Back-Up
Ring
Figure 38b.

Remember: If two surfaces slide or
separaie, seal wear will always be a
probiem. Troy holding the surfaces
together. Use a higher class of bolt so
bolt torque may be increased.
Coordinate this action with the parts
supplier to avoid product failure, such as
stripped threads.

In all work with O-rings, they should be
protected:

(a) Lubricate with light grease or
fluid to be sealed.

{b}) Avoid use cf sharp tools during
assembly or parts removal.

(c} Use brass, paper or plastic cone
to pass O-ting over threads.

SAE Split Flange Fitting
(SAE J518)

The SAE split flange adapter fitting may
be joined to either pipe, tube, or hose. It
makes an excellent, easily removed,
high pressure static seal. There are two
pressure series: code 61, sometimes
referred to as “Standard Series " (500 to
5000 psi) and code 62, the "High
Pressure Series” (6000 psi). Special
note is made of this design because of
difficulties that may be encountered
during assembly of the joint.

Figure 39. SAE 4-Bolt Spiit Flange

The split flange fitting seals on its face.
The shoulder which contains the seal
must be squarely against the mating
surface and held there with even tension
on all bolts. The shoulder sticks out past
the flange halves by .010 t0.030 inches
to insure contact with the mating
accessory surface before the flange
halves do, Figure 40.

~
™" Face Seal
In Shoulder

Hilustration courtesy of Aeroquip Corp.

Figure 40. Cutaway View Split Flange
Connection

Surface Finish

Before bolting parts together, examine
the sealing surfaces. The seal will leak
with gouged or scratched surfaces.
They shou'd be smooth. The seal will
wear with rough surfaces—-32 microinch
is recommended but 64 is acceptable.
The seal will extrude if the surfaces are
not flat (Figure 38a)-all points over the
surface should be within .0005 inches
(.013 mm} of flatness.



The Problem

This connection is sensitive toc human
error. When bolts are lightened on one
end, the flanges tend to tip up a
seesaw fashion. The O-ring may get
pinched, Figure 41. Use a new O-ring
of correct size to match the flange and
of correct material to match the fluid.
Apply a light grease to the O-ring
before assembly to hold it in place. Be
sure all surfaces are clean. Finger
tightening will help to get the flanges
and shoulder started squarely.

O-Ring
Pinched

ustration courtesy of Aeroquip Corp.

Figure 41. Tipped Flange and Shoulder

When excessive torque is applied to the
bolts, the flanges often bend down untif
they bottom on the port face and bolts
bend outward, Figure 42. Bending of
flanges and bolts tends to lift the flange
off the shoulder in the center area
between the long spacing of the bolis.
Much ot the high torque on ail bolts,
which must be Grade 5 or better, is lost
in overcoming the bending of the
flanges and the bolts.

R

Figure 42. Bent Flanges Cause
Bent Bolts

The Solution

As a solution, torque all bolts evenly. Do
not tighten one bolt fully before going to
the next bolt. Don't use air wrenches
because they tend to cause flange
tipping. All bolts are not alike. The
higher the bolt grade, the stronger the
bolt. Always use graded bolts, with the
head identified as in Figure 42, and
torque to the values recommended in
Table VII. Socket head bolis may be
used in place of hex head since they are
grade 8 or better.

Figure 43. Grade ldentification

SAE O-Ring Face Seal
Fitting (SAE J1453)

Another face seal fitting, similar to SAE
split flanges, is also available. This
fitling provides a resilient seal and is
capable of high pressures, similar to
split langes. The SAE O-ring face seal
fitting uses a swivel nut to hold the
flange head in lieu of split clamps, and
the O-ring in on the port adapter in lieu
of the flange head, Figure 44.

Standard
90 Durometer

Metal Seal

Machined Steel

Close Tolerance
Nut

G-Ring Groove

lilustration courtesy of Aeroguip Corp.

Figure 44.

The Aeroquip ORS connection has an
o-ring groove machined into its flat male
face. This flat face and o-ring mate with
the connection's other close tolerance
machined face to form a virtually
leak-free seal.

As in all face type fittings, it is important
that sealing surfaces be paralle! as well
as clean and free trom burrs. Clamping
forces may not be able to correct for
nonparallel faces.

In a properly fabricated assembly,
bottorming of the faces will have a solid
feel, thus making this fitting less prone
to error and less torque-sensitive than
37¢ flare or bite-type fittings. Table IV
provides recommended torque values
for Aeroquip Corporation's ORS™ brand
SAE O-ring fittings.
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Nominal Torque
Tube O.D. | Connection In. Lb. {Nm)

Inches (mm) Size Code 61 Code 62
s (12.7) -8+ | 175-225 (20-25) 175-225 {20-25)
3, (19.9) -12 250-350 (28-40) 300-400 {34-45)
1(25.4) -16 325-425 (37-48) 500-600 (56-68)
1174 (31.8) -20 425-550 (48-62) | 750-900 (85-102)
11/5(38.1) -24 550-700 (62-79) | 1400-1600 (158-181)
2(50.8) -32 650-800 (73-90) | 2400-2600 {271-294)

Table VII. SAE 4-Bolt Flange Torgue

Static seal leakage problems and solutions are in Table VIN.

Possible Source Suggested
Of Trouble Remedy
1. Seal has extruded or been | Replace seal and check the following:
nibbled to death a, Sealing surfaces must be fiat within .0005 inches

{.013 mm}, replace part if out of limits,

b. Initial bolt torque may have been too low. Check
manual for proper torque.

¢. Pressure pulses may be 100 high. Check for
proper relief valve setting.

d. If normal operating pressures exceed 1500 psi
(103 bar), back-up rings are required.

2. Seal is badly worn Replace seal and check the following:

a. Sealing surface too rough, polish to 16 p in. it

" possible or replace part.

b. Undertorqued bolts permit movement. Check
manual for correct setling.

€. Seal material or durometer may be wrong. Check
manual if in doubt.

3. Seal is hard or has taken ! Replace seal and check the following:
excessive permanent set a3 Determine what normal operating temperature is.
Check system temperature.

b. Check manual fo determine that correct seal
material is being used.

4. Sealing surfaces are Replace taulty parts if marks cannot be
scratched, gouged or polished out.
have spiral tool marks l ’I[I(E'Rs
5. Seal has been pinched Use petrolatum to hold seal in place with biind
or cut on assembly assembly. Use protective shim if seal must pass
over sharp threads. Vickers, incorporated
6. Seal leaks for no apparent | Check seal size and parts size. Get correct 5445 Corporate Drive
reason replacement paris. P.O. Box 302
Table Vill. Static Seal Leakage Analysis I;%yc,ﬂh_flggggan
USA

394 5/94 Printed in U.S.A,
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INTRODUCTION

Although a cerlain amount of nolse
control is required in hydraulic systems
just to conform to government
regulations, a conscientious noise
control program actually provides a
competitive edge. The combination of a
quiet pump, well-engineered vibration
and pulsation controis, and good,
economical installation practices will
result in a product with a distinct
advantage in the marketplace.

The Vickers publication “More Sound
Advice,” issued in tha 1970's, illustrated
a variety of machine noise control
methods. Because of the nearly infinite
variety of hydraulic applications, it's not
possible here to discuss the individual
features of particular systems. There
are, however, a number of installation
technigues that can be applied to
almost all hydraulic systems. When
used correctly, these technigues can
yield significant reductions in noise.

This publication describes the
following:

1. Noise generation and noise control
technigques.

2. Noise terms, definition and the use of
the decibel.

3. Noise measurement procedures.

SYSTEM NOISE CONTROL

Quiet Hydraulics - A Team
Effort

A successful noise control program
requires a team effort by individuals in
several areas of expertise. A quiet
hydraulic pump does not guarantee a
quiet system. The choice of a quiet
pump should be only one part of a
multifaceted program that calis upon
the talents of the system designer,
fabricator, installer, and maintenance
technicians. And if any member of the
team fails 10 do their job, it can mean
failure of the entire noise control
program.

The pump and system designers play a
key role in achieving successful noise
control. They must evaluate every noise
control technique available from the
standpoints of both cost and
practicality. Three of the basic
approaches used in quieting hydraulic
power systems are:

A) Internal and external pump pulsation
control

B} Pump and structure isolation

C) Damping and/or stiffening

Noise Transmission and
Generation

Noise is defined as the unwanted
by-product of fluctuating forces in a
component or system. In a hydraulic
system, this noise can be transmitted in
three ways: through the air, through the
fluid, and through the system's physical
structure. We generally think of noise as
travelling only through the medium of
the air, going diractly from its source o
some recelver (our ear). This is called
airborne noise. That airborne noise,
however, must have a source within
some component of the hydraulic
system. That component is normally
the pump. Whether it's a piston, vane,
or gear pump, the internal pumping
and porting design can never be
perfect. As a result, uneven flow
characteristics and pressure waves are
created and transmitted through the
fluid. This is known as fluidborne noise.
The pressure wave fluctuations of
fluidborne noise in turn create
corresponding force fluctuations. These
result in vibration, also known as
structureborne noise. This
structureborne noise is transmitted not
only through the pump body, but
through attached structures as well.
These structures then emit an audible
sound.

The surrounding structures and surface
areas in a hydraulic system tend to be
much larger than the pump itself, and
therefore radiate noise more efficiently.
For this reason, while the pump design
should minimize internal pulsations, It's
also important to use proper isolation
techniques to keep the remaining
vibrations from reaching adjoining
structures.

Noise Control in Hydraulic Systems

Design for Low Noise

An intelligent program of noise control
should stant at the source: the pump. A
quiet pump is the responsibility of the
pump manufacturer. The problem for
the designer is that although a
hydraulic pump i required 10 perform
over a wide range of speeds and
pressures, noise control can only be
optimized for a relatively narmow portion
of that range. The most common
strategy is to use porting design to limit
the pressure pulsations at the pump’s
rated speed and pressure. The
pulsations are reduced as much as
possible withaut creating a large
amount of noise at lower speeds and
pressures. Piston, vane, and gear
pumps are similar in that their total
output flow is the sum of the flows from
the individual pumping etements or
chambers. Fluid fills the chambers at
the pump inlet, is compressed
mechanically and/or hydraulically
through orifices, and is then combined
into a singie discharge flow. Each
pumping element in & piston pump
delivers its fluid to the discharge port in
a half-sine profile. The pump discharge
is the total of the equally spaced
half-sines added in phase. The result is
an inherent fiow ripple, as shown in
Figure 1 for a nineg-piston pump. This
ripple is independent of any fluid
compression, either through piston
motion or any type of internal hydraulic
metering. Vane pump flow ripple is
more controllable. Cam contours can
be designed to reduce mechanical
comprassion effects. This is done by
making pressure transitions in the dwell
section, where there is controlled
change in vane chamber volume. For
this reason, vane pumps will normally
generate less noise over a wider range
of speeds and pressures than piston
pumps.
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Figure 1. inherent Piston Pump Discharge Ripple

Noise Frequencies

Pump noise energies are generated in
several ways. Vibrational energy is
created by an imbalance in the pump,
drive motor, or couplings. It can also be
praduced by some undesired
interaction in the assembly, but it’s rare
for any significant audible noise to be
generated by these interactions.
Nonetheless, care should be taken to
rminimize its effects on pump or motor

life. Figure 2 shows the frequency
spectrum of a ten-vane pump
operating at 1800 rpm with shaft
rotation frequency of 30 Hz. Any
misalignments in the power train will
produce noise components at twice
and four times this frequency.

The strongest energy components
cceur at pumping frequency. This
frequency equals the number of
pumping chambers times the shaft

frequency (300 Hz in Figure 2). Nolse
energy is 2lso produced at multiples, or
harmonics, of this frequency. 600 Hz
and 900 Hz are the second and third
harmonics seen in Figure 2. These
harmonics have enough amplitude to
produce significant noise. This noise
comes not only from the pump itself,
but from attached structures which are
often more efficient at radiating the
noise transmitted from the pump.
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Figure 2. Structureborne or Fluidborne Spectrum ldentifying Shaft and Pumping Frequency and Harmonics

Vibration Noise Control

Vibration control is used to prevent
pulsation energy from the pump from
being transmitted to machine
structures. Most pump and drive motor
assembilies are attached through a
flexible coupling and mounted on a
common base 10 maintain alignment.
The common base is resiliently
mounted to the support structure, as

seen in Figure 3. An isolator should be
selected that has a natural frequency
approximately '/, or less the pump's
rotational frequency. For example, an
isolator with a natural frequency of 10
Hz or less would be appropriate for a
pump with & rotational or forcing
frequency of 20 Hz at 1200 rpm, and
would work even better for a purnp with
a frequency of 30 Hz at 1800 rpm. The

higher the ratio between the forcing
frequency and the natural frequency of
the isolator system, the greater the
amount of isolation (see Figure 4). A
typica!l commercial isolator {which
costs about $15 in moderate quantities)
can reduce fransmitted vibration energy
by 10 dB at 1200 rpm and 15 dB at
1800 rpm {Figure 5).
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Figure 3. Pump and Motor on Subpliate, Isolated from Stiff Foundation
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isolators are classified by their load
carrying capacity and related natural
frequency. When pump, motor, and
subplate assembly weights are known,
the amount of evenly distributed weight
on each of the isolators can be
calculated. Isolators should be selected
that will not be loaded above 60% to
70% of their capacity. This will allow a

sufficient safety margin in the event of
shock locading.

The same type of isolators can also be
used on power units with overhead
reservoirs. Eight isolators can be
installed either under the reservoir feet
{Figure 6), or under the upright leg
structures supporting the reservoir. The
isolators shown would be very effective

because the ratio of forcing frequency
to natural frequency is very high. For
example, a nine-piston pump operating
at 1200 rpm would have a pumping
frequency of 9 x 20 rev/sec or 180 Hz. If
a 10 Hz isolator system were used,
there would be a very low level of
vibration transmission, because the
ratio between the two frequencies
would be 18:1.

T

Figure 6. Reservoir Foot On Isolator

The chart on the right lists load ratings
of typical isolators with carrying
capacities of 60 10 4400 Ibs. per
isolator.

Max. Static

Load Isolator Load Per
Series | Number | Isolator (Ibs.)
Light L1 60

L2 100

L3 130

L4 200

L5 260
Medium| M1 300

M2 450

M3 550

M4 700
Heavy | H1 700

H2 1000

H3 1500
Extra EH1 1500
Heavy EH2 2000

EH3 3000

EH4 4400

Table 1 on the following page provides
two examples of proper isclator
selection:
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B) BReservoir weight

TOTAL

A) Pump, motor, and subplate weight
Load on each of 6 isolators
Maximum static load when loaded to 60 to 70% of capacity

Selection: # L4 (from chart on page 4)

Attached accessories weight

100 gallong oil weight {7 bs./gal.)

Load on each of 4 isolators
Maximum static load when loaded to 60 to 70% of capacity

Selection: # M3 (from chart on page 4)

= 800 Ibs.
= 133 1lbs.
= 19010222 lbs.

= 550Ibs,
= 150 Ibs.
= 7001bs.
= 1400 lbs.
= 350 lbos.

= 50010 583 Ibs.

Isolation With Hose

Rubber hose must be used to maintain
the vibration isolation afforded when
the pump and motor assembly are
mounted on isolators. The isolation
capabilities of hose will reduce the
amount of vibration energy entering the
system. Unfortunately, improper use of

Table 1. Isolator Selection

hose is probably the main cause of
noise in many systems.

Although structureborne noise can be
reduced by using long lengths of hose,
the pressure putsations from the pump
will cause the hose to undergo cyclic
radial expansion, One of the drawbacks

of hose is that it acts as an efficient
radiator in the frequency range where
most of the energy is generated: the
first few harmenics. Because of these
two factors, iong lines of hose are less
effective for noise reduction than the
use hose at either end of a solid line
(Figure 7).

ALL
STEEL

ALL
FLEXIBLE
HOSE

ONE
FLEX HOSE
SECTION

TWO
FLEX HOSE
SECTIONS

Figure 7. Long Hydraulic Line Configurations

BAD

WORSE

BETTER

BEST

Figure 8. Preferred Short
Hydraulic Line
Configurations

Two other shortcomings of hose are
that its length changes with pressure,
and that when it’s bent through a radius
it acts like a Bourdon tube, trying to
straighten out with increasing pressure.

Both produce forces that act on
connecting structures. The best way to
maintain ngise control while making
bends with hose is to use a solid elbow
with a hose section on each end. This

eliminates problems caused by the
Bourdon tube effect. Any change in the
length of one hose is accommoedated
by bending in the other hose. Figure 8
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illustrates the preferred configurations
for 90° and 180 ° bends.

Fluidborne Noise Control

Fluidborne noise control begins with a
pump’s intemal design. The ports
should be configured so that the lowest
practical pressure pulsations are
generated. Additional external controls
can be added to prevent as much
pulsation energy as possible from
being communicated to the system,

This is usually done by adding
expansion volume at the outlet of the
pump. These acoustic filters, as they
are called, can take many forms. The
two most common are gas charged
side branch accumulators and
flow-through type pulsation filters.
Each has its advantages and
disadvantages. The side branch type is
cheaper, but limited to attenuating
pulsations in only a narrow range of
frequencies. As a result, it isn't totally
effective throughout the first four pump

harmonics (where most of the pulsation
energy is generated), The flow-through
device, although generally larger and
more expensive, has a distinct
performance advantage: pulsations
throughout the spectrum are reduced,
including those at the most significant
harmonics. The filters (shown in Figure
9) have optimum effectiveness when
gas chargad to /3 the maximum
operating pressure of the hydraulic
system.
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Figure 9. Acoustic Filters

Application of Techniques

Experimental evaluations were made

on a typical automotive application: a
power unit with a 150 gallon overhead
reservoir supplying oil to a piston

pump. The pump delivered 40 gpm at
1200 rpm at a pressure of 750 psi. The
noise level, as received, was 88 dB(A).
{Standard accepted noise
measurement procedures are explained
in the subsection entitled System Noise

Evaluation.) Four different noise
reduction technigues were applied ta
the system, starting with those that
would have the greatest effect on noise
levels. The results are shown in Table 2.
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ITEM

DESCRIPTION

Changed radiused pressure hose
to two pieces, separated by right
angle fitting.

tem 1, plus structure isolators
under reservoir and upright
supports {8 additional isolators).

ltems 1 and 2, plus valve plate
designed for 1000 psi rather than
3600 psi. (Pulsations reduced

from 200 psi to 140 psi.)

4 ltems 1, 2, and 3, plus flow-through
pulsation filter, (Pulsations reduced
from 140 psi to 35 psi.)

RESULTING  CHANGE IN
NOISE LEVEL NOISE LEVEL
83 dB(A) -5 dB{A)

79 dB{A} -4 dB(A)

76 dB(A) -3 dB(A)

74 dB(A) -2 dB(A)

It’s important 1o note that if the changes
outlined above had been made in some
other sequence, the amount of noise
reduction at each step would have
been different frorm that shown -
particularly if items 3 and 4 had been
evaluated before items 1 and 2. The
final noise level of 74 dB(A) would be
the same, but the first item tried
wouldnt have yielded such a
significant reduction. In the example
shown, the areas of highest noise
radiation were addressed first. This is
essential because no appreciable noise
reduction can be achieved unless the
most significant noise source is
identified and its level reduced first.

NOISE TERMINOLOGY

Noise Terms and Equations

Sound at a particular point in air is
defined as the rapid variation in air
pressure around a steady state value.

Table 2. Noise Reduction Techniques

Sound pressure is measured in the
same units as atmospheric pressure.
Since it's an alternating quantity, the
term “sound pressure” Is usually
referred to by its root mean square
(rms) value. At a frequency of 1000 Hz,
a sound with an rms pressure of 2 x
104 microbars (ubar), or about 2 x
10-1° atmospheres, is just below the
hearing threshold of someone with
good ears. Expressed in more familiar
terms, that level of sound prassure
would be 2.9 x 1079 psi. The fact that
slightly greater pressures become
audible shows the amazing sensitivity
of the human ear. It can detect
variations in atmospheric pressure as
small as a few parts in 20,000,000,000.

In addition to this sensitivity, the human
ear has an enormous dynamic range.
Not only can it delect sounds as small
as 2x10~* ubar, it can accommodate
sound pressures as high as 2000 ubar
without being overloaded, i.e. causing
pain. That’s a dynamic range ratio from
threshold to pain of 10,000,000:1
(Figure 10). Because this range is so

large, it's more convenient O exprass
ratios in powers of 10 (hence the use of
the iog scale). Sound pressure above
the reference value of 2x10~4 ubar is
referred to as sound pressure leve!
(SPL) and expressed in decibels {dB),

SPL = 20 log -

OR

SPL = 10 log (?";)2

Where SPL = Sound pressure
level {dB}
P = Sound pressure (bar)
P, = Reference pressure
(-0002 ubar)

From this equation, a pressure ratio of
10,000,000 (107) would result in the
following noise level:

SPL = 20 log 107
= 7 (20} log 10
7 (20} {1)
= 140 dB (i.e., painful)

I
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SOUND PRESSURE
SOUND PRESSURE | IN POUNDS PER COMMON
IN DECIBELS {dB) [ SQUARE INCH {ps]) SOUNDS

160 —1 3x 107

._|

Medium jet engine

140 — 3x 102 Ajr raid siren
Riveting and chipping
120 — 3 x 10-? Discotheque

Punch press

—
_— -4 Canning plant
100743 %107 avy city traffic
— Subway
80— 3x 105 Busy office

60 -—-J 3x10-®%  Normal speech

Private office

40 —| 3x 107  Quiet residential
neighborhood
20 —{3x 10  Whisper

0 —4ax10-¢ Threshold of hearing

Large propelier aircraft

\

100,000
PRESSURE
RANGE

y

Figure 10. Dynamic Range of the Human Ear

Pressure ratios can also be calculated
based on the changes in socund
pressure levels (ASPL). For example,
what is the pressure ratio (Rp) if the
noise lavel changes by 3 dB?

Rp = 19ASPLJ’2O

Where Rp = pressure ratio
10%/20

= 1.4

1l

There are two imporiant conclusions to
note here: If the noise level increases
from 82 1o 85 dB, there’s actually a
41% increase in noise; if the noise level
decreases from 85 1o 82 dB, there's a
20% decrease in noise {1/ 41 or 71% of
the original level).

Table 3 lists the pressure ratios for
changes in SPL from +10to -10dB
with the previous example in bold:

Change Press.| Change Press.
In SPL  Ratio | In SPL Ratio
1 1.12 -1 .89
2 1.26 | -2 79
3 141 | -3 71

4 159 | -4 63
5 178 | -5 .56
6 2 -6 .5

7 224 | -7 45
8 251 -8 .40
9 2.82 | -9 35
10 3.i6 | -10 32

Table 3. Pressure Ratios

(A chart of typicai noise levels is
shown in Figure 10.}

Human Response to Noise
- The “A” Scale

A microphone measures actual sound
pressures emitted from a noise source,
but the human ear doesn't treat equal
levels with equal tolerance over the
audible frequency range of up to
12,000 Hz. The ear is more sensitive to
noise abeve 1000 Hz. This sensitivity is
simulated by using the “A” scale
filtering systam in the signal processing
of measured noise. This internationally
standardized system gauges the ear’s
response 1o noise through the use of a
passive frequency related filter placed
between the microphone and output
{(Figure 11). The resulting energy, when
sumimed i the respective weighted
frequency bands, is then expressed in
“A” scale, "A” weighted, or dB(A) levels.
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Figure 11. Response Characteristics of Standard A Filter

Sound Power

Sound pressure levels, in dB({A), are
one measure of the noise of a source,
but sound can also be expressed in
terms of sound power leve! (PWL), also
in dB{A). Sound powsr is the actual
acoustic radiation (though not
measurable), expressed in watts. This
sound power remains constant,
whereas sound pressure decays as the
distance from the source inCreases. A
good analogy would be light butbs,
which are classified in terms of watts
(power) - not illumination level, which
falls off with increasing distance.

Sound power levels can be calculated
with the following formula:

PWL = 10109%

o

Where PWL = sound power level
indB or dB{A)
W = acoustic radiation
of source in watts
W, = reference radiation
in watts (1071)

As in the expression of pressure ievels,
the power leve! is a logarithmic
expression of ratio. Applying the same
3 dB change in power leve! as was
previously calculated for pressure level
results in:

APWL/0
Ry = 10 ol

Where Ry

power ratio
103.’10
2.0

In this example, if the power level
increases from 82 to 85 dB, the power
increases by a factor of 2.0; if the power
level decreases from 85 to 82 dB,
there's a 50% decrease in power (*/; or
50% of the original level).

Table 4 lists the power ratios for
changes in PWL from + 10 to -10 dB
with the above example in bold:

Change Power| Change Power
In PWL Ratio in PWL Ratio
1 1.26 -1 79
2 1.59 -2 63
3 2 -3 -5

4 2.51 -4 40
5 3.186 -5 32
6 4 -6 25
7 5 -7 2

8 6.31 -8 16
9 7.94 -9 J3
10 10 -10 A

Table 4. Power Ratios

Relationship Between
Sound Pressure and Sound
Power

The correlation between sound
pressure and sound power can be seen
by comparing the two ratio tables
shown above. For an equal change in

decibel level the ratios are different. For
example:

Change Pressure Power
In Db Ratio Ratio
3 1.41 2.0

The relationship is such that power is
proportional to the pressure
squared.

Effect of Distance on Noise
Levels

in an environment where noise is
radiated from a source into a
reflection-frea space, called a free fieid,
the sound pressure level will vary
according to the foliowing formula:

d

A SPL = 20 log—
dz

OR

di\2
A SPL = 10 Iog(il—)
2

Where d, = initial distance from
sound source (noise
standards specify either
3 feet or 1 meter)

d, = distance of observer
(greater than d,)

This forms the basis for the inverse
square law. If the distance of observer
is doubled, the noise level is decreased
by 6 dB.
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For example:
d1 = 3feet
dz = 6 feet
then
ASPL = 20log .5
=-6dB
OR

ASPL = 10 log (.5)2
= -6dB

Noise Addition

Noises can only be added or
subtracted on the basis of acoustic
power - not pressure. Noise sources of
equal sound pressure levels are
combined as follows:

SPL, = BPLy + 10log X

SPL, = noise level of all sources

SPL, = noise level of 1 source
X = number of sources

For example:
SPL, = 80
X = 3sources
SPL, = 80 + 10log 3
=80 + 4.8
= 84.8dB

A chart showing this relationship
appears in Figure 12.

10
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Figure 12. Addition of Equal Sounds
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Unequal sound pressure levels can
also be added. (See Figure 13.) The
difference in the pressure levels of two
sounds is used to determine how much
their combined level will exceed the
higher of the two. To add a third level,
use the same process to combine it
with the fotal from the first two levels.

The following example shows the two
sleps needed 10 find the total noise
from sources of 70, 74, and 77 dB;

A) 74 - 70 = 4 dB (X Axis)
dBto add to larger = 1.5 (Y Axis)
TOTAL = 75.5dB
B) 77 -75.5 = 1.5dB (X Axis)
dB to add 1o larger = 2.3 {Y Axis)
TOTAL = 77 + 2.3
= 79.3dB

10

The total can also be calculated from
the equation:

SPL = 10 log 3 10SPL10
10 log (1074 + 1070 + 1077)

79.3dB

I

NOISE MEASUREMENTS

Component Evaluation and
Rating

To assist machine too! builders in their
selection of components on the basis of
noise, the National Fluid Power
Association (NFPA) developed a
standard that assures uniformity in the
measurement and reporting of sound
levels. This standard, T3.9.12, contains
guidelines for obtaining standardized
sound ratings. It is concerned only with
the radiated noise of components,
primarily pumps.
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Figure 13. Addition of Unequal Sounds
The rating is usually expressed in dB(A)  the centroid of equal areas of the where PWL = sound power level
at a dislance three feet in a free fieid hemisphere surface. The rule of thumb SPL = average sound
above a reflecting plane {(semi is to use one microphone for each pressure level of
anechoic). This is a computed figure square meter of area. With the area of 6 microphones
derived from a mathematical model. the hemisphere at 2mr2, and r equal 1o r = radius in meters
This model assumes that all the sound approximately 1 meter, six microphones (3 feet = .914 meters)
power from a pump is radiated from a are sufticient.
single point located in the center of a o g Therefore:
theti i i ower is defined as follows: —_—
hypothetical test hemisphere (Flggre PWL = SPL + 101og 21 +
14). The standard allows for masking all F=PxA 20 log 914
pans of the circuit that might contribute _ =9
to noise. This includes wrapping where F = power - Sﬂ' +8-.8
hydraulic tines and enclosing any load P = sound pressure =SPL +7.2
valves. All radiated noise must be A = area acted on by P (2713) (for 3 fest)

attributable to the pump, with no
corrections for background.

Microphones are positioned on spatial
coordinates, each of which is located at

In terms of decibels:

PWL = 3PL + 10 log 2mr?

OR

PWL = SPL + 8.0
{for 1 meter)

11
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Figure 14. Microphone Positions for Measuring Pump Noise

System Noise Evaluation the National Machine Tool Builders important that these distf':mces be
Association’s (NMTBA) “Noise measured accurately. This insures
The procedure for measuring system Measurement Techniques” booklet. uniformity of measurement and
noise is different from the one used for Mi h tioned 1 met comparison, and compliance to
components, Power Unit Systems are icrop ones.are posiioned T meter customer nolise level specifications. A
normally located in areas where from the perimeter of the machine 4-Inch position error at a nominat 1
background acoustics cannot be ar':d 1.5 n‘;_e'ater S ?g OI:',e ﬂ;or le\.lrel 85 meter distance can result ina 1 dB
controlled. Guidelines for measurement  © 0v'n 11 Figure 15. s exiremely rror in measurement accuracy.

in such environments are included in

1 METER

SIDE VIEW

1.5 METERS

Figure 15. Microphone Positions for Measuring System Noise
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At the very least, measurements should

be taken on all four sides of the
machine. It may also be necessary to
measure at other locations around the
envelope if highly directional noise
levels are evident in other spots.
Documentation of conditions is aiso
needed to Create some reference for
comparison 1o other installations,

acoustic environments, or pump types.

The following conditions should be
recorded:

= motor/pump speed

* pump type

® pump delivery

» operating pressure

o fluid type and temperature
o load valve location (if used)

Correction for
Background Noise

Accurate system noise measurement
may involve correcting for the noise of
the surrcunding area. When ambient
sound levels are within 10 dB(A) of the
levels when the machine is operating,

correction factors may be applied. This
is done in accordance with Table 5,
derived from the NMTBA book!et.

Increase In
Sound Level
Due To Correction Factor
Machine To Be Subtracted
Operation From Measured
{(dB{A) above |Sound Level
ambient) (dB(A))

3 or less 3

306 2

6109 1

10 or more 0

Table 5. Background
Correction Factors

One advantage of this chart is that it
allows the use of whole numbers for
dB(A). It's actually a “rounding off” of
the curve shown in Figure 16 for the
subtraction of sound levels. The
example shown in the figure can also
be expressed as:

NOise Lonutol iN Ayarawic Sysiems

machine
noise = 10 log [10%9-105%] dB

59dB

Documentation of nolse measurements
made using four microphone positions
might look like that shown in Tabie 6.

Noise level should be expressed as the
maximum level measured {in this

example, 78 dB in position 3) or

possibly as the average of the four

levels:

SFL = 10log {107-4 + 1070 + 1078 + 107-5]

4
= 75 dB(A}
Measuring Position |1 2 3 4
dB(A)
Total noise 76 73 79 75
Background
noise 71 70 70 65
Background
correction -2 -3 -1 0
Machine noise 74 70 78 75

Table 6. Noise Measurement
Documentation

Example (dark arrows):
1. Total noise = 60 dB

2. Background noise = 53 dB

ALy dB 3. Difference = 7 dB
4. Correction (from chart) = 1 dB
5. Noise of Machine = 60 - 1 = 59 dB

Figure 16. Subtracting Sound Levels

Ls+N = machine noise level
+ background noise level

Ln = background noise level
ALN = level to be subtracted from

LS +N to obtain corrected
machine noise level

9(Ls+N -Ly) dB

13
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