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1. Introduction

Continual further developments in
manufacturing and material technology
are leading to greater feedrates and
cutting speeds in the field, which are
in turn giving rise to increasingly de-
manding requirements for lubrication
systems.

This brochure endeavours to answer
to these demands. In addition to an
overall look at lubricant preparation
systems in use today, special Moog
systems for high-pressure lubrication
are presented and explained.

1.1 Definition of terms

In order to guarantee not just lubrica-
tion of the tool tip but also the steady-
removal of chips, thereby protecting
the tool from temperature peaks (tool
breakage or cold fusing), a constant
flow of lubricant is required throughout
the machining period. To this aim, in
certain applications the lubricant must
be supplied to the cutting edge at in-
creased pressure. This is referred to
as high-pressure lubrication.

1.2 Areas of application
High-pressure lubrication is used for:
—Very high cutting speeds (spindle

speed > 10,000 to 24,000 rpm)
—Very high feedrates

(up to 15,000 mm/min)
—Deep-hole drilling:

Drilling depth > 20 x hole Diameter
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2. Lubricant supply and tools

In high-pressure lubrication, the
lubricant is delivered through the
spindle and tool to the tool tip at a
pressure of 20 to 200 bar and a flow
rate of 2.5 to 1,000 I/min. It then
returns to the tank together with the
chips along a special chip groove.
Different special drills are used de-
pending on the hole diameter, drilling
depth, drilling method and work
process (rough-drilling, boring, step
drilling).

A constant flow of lubricant must be
maintained throughout the entire
machining cycle. To this aim, the lubri-
cant pressure is continuously moni-
tored in order to detect any restric-
tions in or closing of the return chan-
nel which would lead to a blockage of
lubricant. If the lubricant circulation is
disturbed, the pressure rises beyond a
tolerance range. If this happens, the
work cycle must be aborted immedia-
tely in order to protect the tool from
destruction due to overheating. The
machining cycle can be continued
once the tool has been removed from
the workpiece and the drill-hole
flushed out.
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3. Lubricating fluid

In order to achieve high surface
quality, long tool life and dimensional
stability, the heat produced during cut-
ting must be removed as well as the
chips, so that tools and workpieces do
not become excessively hot. Further, it
must be ensured that there is suffi-
cient lubrication between the tool and
workpiece. For high-pressure lubrica-
tion, cutting oils and emulsions of
varying viscosity and lubricating prop-
erties are employed:

Cutting oils:

Advantages:

— Compatible with standard hydraulic
components

— Good lubricating properties

— High viscosity

Disadvantages:

— Explosion hazard through sponta-
neous ignition (safety flaps required)

— Harmful to the environment.

Emulsion:

e.g. Blasocut 4000, Rhenus

(<10 % oil in water)

Advantages:

— Good cooling properties

— Flame-retardant

— Better for the environment

Disadvantages:

— Aggressive (corrosion)

— Low viscosity

— Poor lubricating properties

— Low operating temperature
(<50 °C)

— Risk of bacterial contamination
(regular replacement necessary)

— Poor compatibility with standard
hydraulic components.

3. @&
uobooboodooboooboobuoooboooon
uobobooobobooobbooobboooboo
goboboodbobooobbuooobbooooboo
gooobooobobooobobooobbooooo
gobooboooboobooobooboonooboooon
goooodobooboooobooboooobooooon
uobooboodooboooboobuoooboooon
gooobooooboooboboon

tIEE -

goo

goooooobooogooog
goooooooo

ooono

oo
goooooooooooooooooooono
gooood

I3

0 O O Blasocut40000 RhenusO O O OO OO
iogooa

Ooo00

O0ooooooog

oooa

ooooooon

Ooo0

oo0ooooo

oooo

O0o0ooooooso0oOono
000000o0000oOobo0o0ooooooon
0000000 00o0ooooooo



Radial piston pumps / 7V EX b2 R T

4. Preparation of the lubricant
In lubricant preparation, we must
distinguish between two types of
lubricant circuit:

Low-pressure supply

For flushing and cooling the machine
table (delivered through spray
nozzles).

High-pressure supply

For removing chips and heat and
lubricating the tool tip (delivered
through the spindle and tool).

4.1 Definition of lubricant circuits
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4.2 Overview of lubricant prepa-
ration methods

Different methods of lubricant prepa-
ration are used in the field depending
on local circumstances and the
number or layout of systems:

1 Centralized low-pressure supply /
preparation

— Transfer lines

— Factory floors with several (linked)
machining centres (MC’s).

2 Decentralized low-pressure
supply/preparation
— Standalone systems.

A Centralized high-pressure

supply/preparation

— Transfer lines

— Factory floors with several (linked)
machining centres.

B Decentralized high-pressure

supply/preparation

— Transfer lines

— Factory floors with several (linked)
machining centres

— Individual systems.
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Combinations of lubricant preparation methods
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4.3 Lubricant preparation systems
Below, some examples of possible
lubricant preparation systems are
presented.

In practice, the choice of preparation
system is based on the material to be
processed (aluminium, steel, mag-
nesium, cast-iron).

Depending upon the material, different
types of chips (short, long, twisted) or
sandy machining residues are pro-
duced.

The lubricant must be cleaned con-

tinuously as appropriate for the materi-

als (shape and type) being machined.

The following methods are used for

this:

— Sedimentation basin

— Chip conveyor

— Ribbon filter (paper or metal,
partially self-cleaning)

— Centrifuges

— Streamline wire filter

— Twin switchover easy-change filter
(cartridge filter).

Moreover, the location varies depend-
ing on the number of system circuits
required.
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4.3.1 Centralized low-pressure supply (1)
Sketch showing the basic course of a centralized low-pressure supply
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4.3.2 Decentralized high-pressure preparation with centralized low-pressure supply (1 + B)

Sketch showing the basic course of decentralized high-pressure preparation
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4.3.3 Decentralized low-pressure and high-pressure preparation (2 + B)

4.3.3 DEURER U2 BISEMHE(2+B)
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Here, the low-pressure and high-
pressure preparation circuits are rig-
idly mounted to the individual system
(MC). The lubricant mixed with chips
flows through a paper filter into the
dirty side of a two-part special tank.
The clean tank (1) is connected to the
dirty side (2) in the form of an overflow
tank. The max. required flow in the
high-pressure circuit is set by a re-
strictor (3). If less lubricant is needed
(different tool or lower feedrate), and
therefore less lubricant is sucked up
by the high-pressure pump, the rest of
the lubricant — now filtered to 30 um —
runs back into the dirty oil tank. This
continuous circulation means that the
lubricant is continually cleaned and
cooled.
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If very coarse steel chips are pro-
duced during machining, a sedimenta-
tion basin with continuous conveyor is
installed in front of the dirty oil tank.
The lubricant is already roughly pre-
cleaned before it flows via an overflow
through the ribbon filter and into the
dirty oil tank.

Due to the formation of condensation,
the special oil tank must be resistant
to corrosion.

If the tank is painted, compatibility with
a possibly alkaline lubricant must be
tested.

The high proportion of water in the
lubricant means that the latter is
frequently subject to the formation of
microbes and bacterial contamination
during operation of high-pressure
lubrication systems. This putrification
of the emulsion is not only unpleasant
due to the smell of the hydrogen
sulphide which is produced, but the
dropping of the pH value also leads to
increased corrosion.

The result is that the lubricant must be
completely renewed at regular inter-
vals. This inconvenience must be
borne in mind when designing the
special oil tank by providing an easily
accessible tank interior (tank cap) and
a drain cock.

5. High-pressure supply pumps

5.1 Types of pump

Two types of pump are used in high-
pressure supply systems. The table on
the following page presents the ad-
vantages and disadvantages of these
two pump systems. This table shows
that the variable displacement pump
offers considerable advantages for
high-pressure lubrication as compared
with the constant displacement pump.
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Advantages
00

Disadvantages
oo

Constant displacement
pump

(screw pump, centrifugal
pump)
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— Relatively insensitive to dirt

ugoboooobood

— Poor efficiency (heating of
lubricant,operating
temperature more critical
than with mineral oil, max.
50 °C)

— Short life (partly < 4 months)

— Noise

— Q and p cannot be adapted
to suit different tools
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Variable displacement pump
(radial piston pump)
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— Good efficiency

— Long life when appropriate
filtering ensured

— Pressure and/or flow
compensator electrically or
mechanically adjustable

— Suitable for high pressure
up to 210 bar

— Low power loss as flow can
be adjusted to suit
requirements

gonoon

ggodoooooooood
U

gdodoogoogooood
gooogoboooooo
gooogd

gbopbzio0bogoood
ggd

gododoooooooood
gogodoooogoooo
U

— Special filters required
(filtration to min. 30 pm,
filtering surface 3-5 times
that for mineral oil, must be
HFA-compatible if emulsion
used)
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Since the flow can be adjusted to suit
different machining cycles, a con-
siderable amount of energy can be
saved and power loss can be mini-
mized. Depending on the work opera-
tion and tool, the flow which is actually
required lies far below the maximum
capacity of the pump.

If a constant displacement pump is
used, the surplus oil returns via the
pressure relief valve to the tank, where
it leads to continuous heating of the
oil. This excess heat must be eliminat-
ed from the cooling system by additio-
nal cooling measures (heat ex-
changers). This is particularly the case
because largely aqueous lubricants
are more limited in terms of tempera-
ture than mineral oil (max. 50 °C).

In addition to an increased risk of
cavitation in the pump (lower boiling
point), the rise in fluid temperature
also increases the risk of the fluid
being destroyed by the formation of
bacteria. This means that the fluid
must be replaced more frequently, not
to mention the necessary cleaning
(flushing) of tanks, lines and hydraulic
components.

Furthermore, adapting the flow in line
with the actual demand leads to a
lower filter throughput, thus enabling
filters to last much longer.
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5.2 Moog radial piston pumps for
flame- retardant fluids

For a long time now, Moog radial piston
pumps have been used as an alternative to
constant displacement pumps. Here, despite
the low viscosity (2—10 mm 2/s) and oil
concentration (< 10 % oil in water) of the
lubricant and the associated problems with
sealing and lubrication, good results were
consistently obtained with the variable
displacement pump. This, of course, always
subject to the premise that appropriate
filtering to < 30 um was ensured.

A filtration grade of < 25 microns can only be
achieved in emulsions with difficulty, because
this destroys the molecular structure of the
fluid and the water may be separated from
the oil or dditives filtered out.

The filtration grade is therefore always

a compromise between what is technically
possible and what is actually

necessary for trouble-free operation.

5.2.1 Drive mechanism

The pump version for flame-retardant fluids
has been modified especially for critical fluids
and has undergone endurance tests.

In order to increase service life even when
working with critical fluids, an additional
sliding layer has been created to supplement
the standard hydrostatic compensation of the
slipper pads. This results in reduced wear on
parts which slide against each other.

The use of hydrostatic pressure com-
pensation using ring gaps to reduce bearing
pressure has also proven to be of advantage
with regard to lowviscosity fluids.

In order to compensate forces between the
slipper pad and stroke ring or between the
control journal and cylinder block on the
delivery side, high pressure is conveyed to
the affected places via ring gaps and bore-
holes. At the same time, geometrically
optimized cross-sections ensure a greater
lubricating film on the hard functional parts
which rub against one another.
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This prevents uneven wear to sliding
surfaces and therefore premature
failure of the pump flow. Provided that
the filtration grade of the fluid is suffi-
cient, a longer life for the pump is
achieved even where there is a higher
concentration of dirt and with low-
viscosity fluids.

When installing the pump, it must be
ensured that the drive shaft is posi-
tioned horizontally.
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Slipper pads with optimized cross-sections
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Hydrostatic pressure compensation through ring gaps
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Flushing the housing:

Flushing the housing is recommended
in order to ensure the continuous re-
moval of dirt. If the housing — as often
happens in practice — is not contin-
uously flushed, then it must be en-
sured that the drain port leads into the
clean chamber of the tank (end of the
line below the minimum fluid level), in
order to prevent dirt from penetrating
the housing.
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5.2.2 Types of controller

Three types of controller are used in
the field for deep-hole drilling:

Closed-loop pressure control
(F and H controllers):

Constant lubricant pressure ad-
justable, either manually (F) or by
means of a prop. pressure control
valve (H); Q variable in accordance
with system resistance (common,
standard system).

Closed-loop pressure and flow
control (J and R controllers):

Constant lubricant flow adjustable via
proportional throttle valve (orifice).
Pressure limitation by means of pres-
sure control valve.

Servo control (C controller):

Lubricant flow adjustable. Either
manually or using a lever, but mostly
combined with electrical servo drive:
— Simple machine operation

— Closed-loop control dispensed with.

In addition to increased wear due to
the operating fluid, in high-pressure
lubrication circuits failure may also be
caused by clogging of the controller
nozzle (J 0.8 mm).
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Closed-loop pressure and flow control (J)
goooooooobooooodgon

Servo control (C)
ogooooood

Closed-loop pressure control (H)
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5.2.3 Electromechanical servo drive for pump servo control
523 9 — IR Y TREBESKHN T — RN S12 (CH)

- @0 ?
Nk
= ‘
4L A
| 7
In this drive, the control shaft of the 0000000 o00ooooooooon
spool sleeve is not actuated by a con- 0000000 0o00ooooooooon
trol lever but by an electrical servo oo oooooooa
drive (synchronous motor), which is 000O000ooOo0DooooooDoaon
attached to the control shaft via a odad
coupling.
Advantages of this type of system: AN DERM
— Simple, economical pump remote OJooodooooooooooooooo
control odad

— Infinitely adjustable oooodad
— Limit switch for stroke limitation. ddddooooooooa

Moog radial piston pumps for flame-retardant fluids (see AKY 002/3)
HWAMAEEDBAMoog ST PILE 2 /Ry 0 0 0 0 AKY002/30 0 O

Pump H controller J controller C controller

ooog HOOOOOOO Jooooooo cooobooog

RKP 19 0 514 400 239 on request on request
ooooog ooodoag

RKP 32 on request 0 514 500 399 on request

opoood oooDoo

RKP 45 0 514 600 091 on request on request
ooooog ooodoag

RKP 63 0514 700 371 0514 700 377 0514 700 591

Electromechanical servo drive /| ES#WMINH -S4

Pump/000O Servodrive /0000000
RKP 19/32/45 0813 720 201
RKP 63 0813 720 202
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6. Pressure monitoring

The high-pressure side must be
monitored irrespective of the type of
controller used.

Here, both the maximum and minimum
pressure must be monitored by pres-
sure switches. If the maximum pres-
sure is exceeded this may lead to a
bottleneck in the flow of lubricant to
the tool. The machining process must
then be aborted immediately in order
to avoid tool breakage. The tool is
retracted from the workpiece and
flushed. The machining cycle can then
be continued.

6.1 Electronic pressure switches
from Moog

Mechanical switches must not be

used when employing emulsions.

Saponification of the emulsion will

lead to the destruction of the mechani-

cal parts and failure of the pressure

switches after only a short operating

period. With electronic pressure

switches with pressure diaphragm,

this risk does not arise.

Further advantages of electronic pres-

sure switches:

— No mechanically moving parts

— Presetting via keyboard without
system pressure

— Lockout function using electr. code

— System pressure is continuously
displayed.

6. ENEZY—
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goobooooboobboooobboboood
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6.1 Moog E8FFENAA YV F
godooooooodouoooooooo
gddooooooodoooooooooo
0000000000000 00000000
0000000000000 0000oonoo
Oododooooooooooooooooon
gooooooooon
godooooooodouoooooooo
oooooood

0ooooo0oOooooo
00000000000 0000ooooo
aoo
gododoooooodooooon
gooooodod

The following variants of electronic pressure switches are available.
TROLSLBEFEN2L Y FORAITLETT.

p [bar] Plug design Mounting method
ooood ooodo
0 811 405 560 100 M12 plug Subplate
0 811 405 561 160 oooooo
0 811 405 562 250
0 811 405 563 350
0 811 405 564 100 Cubic plug DIN 43 650
0 811 405 565 160 O00oO0o ood
0 811 405 566 250 DIN 43 650
0 811 405 567 350




20 Radial piston pumps / S 7L EX b R

In addition to the high-pressure side,
the pump inlet should also be moni-
tored in decentralized high-pressure
supply systems in order to protect the
high-pressure pump from damage
caused by cavitation. For this purpose,
a flow sensor is frequently used in-
stead of a pressure switch.

6.2 Electronic flow indicator
Electronic flow indicators based on
the calorimetric principle are used in
the field to monitor the flow of
lubricant in the pump inlet. This
system functions without mechanically
moving parts and regardless of the
viscosity and direction of flow of the
fluid.

The flow sensor can be screwed
directly into the pipeline in any loca-
tion and is in direct contact with the
fluid. A heat source in the sensor
generates a local increase in tempera-
ture which is measured by a sensor.
When the fluid is flowing, the heat
source is deprived of energy. The
resulting change in temperature is a
measure of the flow and is output as a
signal “fluid flowing” when a preset
setpoint is reached.

In order to avoid measuring inaccu-
racies due to a changing fluid tem-
perature, the latter is measured sepa-
rately and taken into account when
determining the flow value.

Electronic pressure switch from Moog

MoogEFEND2A Y F

ooooobboooboooobooonoo
ooooobboooboooboboooboo
goboooobobooobooooboooboo
oooooooobooobooooobooooo
goboooobooobbooobboooooooo
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Electronic flow indicator
EINREN VI T Y
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7. Filter technology

In order to ensure easy maintenance
of the system with no interruption to
operation, twin switchover easy-
change filters and streamline wire
filters are mostly used in addition to
ribbon filters for the preparation of
lubricant.

7.1 Twin switchover easy-change filter
Twin switchover filters have an inte-
grated clogging indicator (2) which
displays the degree of contamination.
If a filter cartridge is clogged, the
machine operator can use a lever to
switch over to a second, parallel cart-
ridge. The clogged cartridge can
therefore be replaced or cleaned with-
out the system having to be shut
down.

Twin switchover filter

2RIEDVEBZ I (LI —

In this connection, we wish to point
out once more the advantages gained
by using a variable displacement
pump for high-pressure lubrication. In
addition to the lower power require-
ments and consequent lower heating
of the fluid, filters for decentralized
high-pressure preparation last con-
siderably longer when a variable dis-
placement pump is used.

7. 749 —Hil
gbooobooboobobooobooboo
gbobooobooobboooboouoboobnboo
ygoooooboboz2oboboboooogoao
gboboduoboobboobbouobooboboo
goobood

71 2R RNV BZ T 1LY —

200000000000 ooooooboobooo
gbobooobooboboobbuouobooboo
gbboooboobboobbuoobuooboo
gobobooobobooobbooobuooobooo
20000000b00bbooboooboo

gbobodobooobbooboboouoboooboo
gboboduoboobboobbouobooboboo
gbobooobooboboobbuouobooboo
gooo

Flow adjustment via variable displacement pump
IBBER VT L DRERE

Gy

qV max \ \

Av1
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gboboooooooooboooboouooooobn
gogoobooooood
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The lubricant flow rates required for
different tools lie below the maximum
capacity of the pump over much of the
machining centre's range. Since the
variable displacement pump reduces
the flow in line with these changing
demands and depending on the con-
troller setting, this leads on average to
a considerably lower flow through the
filter. The set pump delivery rate qv1 for
the tool in question corresponds to
the actual volumetric flow passing
through the filter (py1 < Qmax).

In practice, filters have lasted 3—4
times longer when operators changed
from a constant to a variable displace-
ment pump.

When selecting filter cartridges, take
care not to use filter elements with
fleece filter materials. Fibres such as
these tend to detach themselves from
the filter material and become
attached to components (clogging of
the controller nozzle). This has often
led to malfunctions or failures and
therefore to the shutting down of the
system.

7.2 Streamline wire filter
Interruption-free system operation is
also assured when a streamline wire
filter is employed. Streamline wire
filters can also be mechanically
cleaned without halting system opera-
tion. Regular replacement of filter
elements can therefore be dispensed
with.

Function:

A wire with the cross-section of a
equilateral triangle is wound smoothly
around a threaded profile (1). The
thread pitch and the dimensions of the
triangular wire (3) determine the
filtration grade. Fluid flows through the
filter element from the outside to the
inside. The dirt particles deposit them-
selves outside on the coil and can be
removed by a scraper (2) when the
cleaning device is actuated. Cleaning
may be initiated manually using a
tommy bar or ratchet, or electrically via
a geared motor (4) (automatically at
fixed intervals or when a certain pres-
sure difference is reached).

gooooooooooodoooooooon
goooooooooooooooooooo
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goooooboooooooooooooooa
gootooooooooodouoooooon
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goboobooobooooooboobooooboooooon
gobobooooobooobobuooobooooon
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The dirt collecting in the sludge tank O0o00o0o00oooooooooooOoooa
can be drained from time to time by O000000ob00o0obooobboobDbOobobo
opening the drain valve (automatically goooagd

or manually) (5). 0000000000000 DOO0O0ODDOOoDDOO
Due to the profile of the triangular wire 0o0oooooooooooooooooooon
(larger clearance angle on the clean 0ooooooooooooooooooooon
side), it is virtually impossible for the O0o00o0o00oooooooooooOoooa
gap to become clogged. gooooooooooooobooooooon
Luxury versions of the streamline wire ogooad

filter also feature an additional in-
trinsic-pressure counter-flow flush to
remove particles via a separate flush
tube.

Mechanical construction of a streamline wire filter

=BEDEI DA 1 1LY —DOHEMEIER
Direction of flow Cleaning surface
gooo goo

Triangular profile  Profile or ridge
oooood
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8. Valve technology

Standard hydraulic valves cannot be
used for high-pressure lubrication due
to the high degree of clogging and
flow rates. Besides the risk of the fluid
destroying mechanically moving parts,
at this relatively high pressure there is
also a danger of switching surges
when the fluid is switched in. In order
to avoid such decompression shocks,
which could lead to the destruction of
certain components, slow-switching
valves are used in practice. Here,
2-way ball cocks with pneumatic drive
have proven particularly beneficial. In
addition to their relative insensitivity to
dirt, their relatively wide opening travel
(90° angle) means that the entire valve
cross-section is only opened slowly
and steadily. This prevents rapid,
excessive acceleration of the fluid and
thus the occurrence of switching
surges.

2-way ball cocks are available in
various sizes, in stainless steel for
aggressive fluids.

When other types of valves (e.g.
coaxial valves) are used, sealing
problems frequently arise due to the
fluid.

8. I VIL T it
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9. Complete systems from Moog 9. Moog KF&RI 2T 4

specialist representatives do0O0OMoogU DOOOODOODODOOOOOO
In addition, complete systems in differ- ddddddooooooooda

ent sizes are available from Moog spe- gogobooobobooobbuoobobboon
cialist representatives. goooooooooooooboboobooooon
These systems are delivered to the oono

customer fully mounted, wired, Oo000oo0o0oo0oooooooooooon
lacquered and tested. ogoooad

Systems for combined high and low- 00000000 DOFMB-Blickled OO O Moog
pressure preparation are also available gooooooooooooobboobooooon
on request. 00O O Black Forest TuttlingenO O O Chiron
As an example, below is a serial-pro- Werke GmbH & Co KGO OOOOOOOOOO
duced power assembly for high-pres- doooooooooooooooooooon
sure preparation supplied by the Moog Odooooisobardd0oooonoooOO
specialist representative FMB-Blickle, dodooooooooooooooooooon
here shown in a machining centre of oooooooooboooooooooooon
Chiron Werke GmbH & Co.KG in goooooooooooooooooooon
Tuttlingen in the Black Forest. In this dooooooooooooobooobooooon
system, emulsion is supplied at an ope- aod

rating pressure of 150 bar. For hydrau-
lic remote control, a hydraulic pressure
compensator is used. This is initiated
electrically by the controller and ad-
justed by means of a setpoint retrieval
card, amplifier card and proportional
pressure control valve

Circuit diagram
SBEOBN

~O—
<

—_—

/
N

Q =6 min.
D —
o » pmax. =150 bar
/‘ < F n = 1000 /min.
P =22 KW
u =400/690V_50HZ
ED = %.
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High-pressure preparation station
BE#E2T -3y
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