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Figure 4: Machine equipped with counter spindle and additio-
nal tool carriers for internal machining

Electronic gears, for example between the workpiece and the
gear hobbing unit or between the work spindle and the coun-
ter spindle, significantly increase the machining options. The
new quality of multi-spindle machines resulted in the almost
exclusive production of high-quality turned parts, which could
not be produced on cam-controlled machines. These turned
parts are distinguished, inter alia, by complex shapes, varied
machining operations using rotating tools (in addition to the
pure turning operation), high precision and workpieces that are
difficult to machine (Figure 2).

Many basically simple operations, which used to be only pos-
sible on multi-spindle machines or only by using complicated
additional units, can now be carried out in any desired spindle
position. They include, inter alia, internal and external profile
turning, thread chasing, cutting open and cutting off threads,
spindle stopping and indexing, and chip removal from deep
bores.

In the mass production of turned parts, such as those produ-
ced on CNC multi-spindle machines, there is an increased
demand for complete machining, resulting in the following
advantages:

Figure 5: Machine equipped with additional counter drum

e No need for additional automated machines

e No need for additional clamping units with parts orientation

e |ncreased precision due to the absence of reclamping
operations

e Shorter machining time since no handling is required

e Parts have fewer burrs since burrs can be removed, follo-
wing drilling and milling work, by repeated turning

e Shorter throughput times

For backworking of the parts, a counter or synchronous spind-
le is used, which takes over the workpiece, for example befo-
re the parting-off and then passes it on to the backworking unit
which uses up to three tools. It is often sufficient, for example,
to perform a clean turning of the workpiece face and then to
debur the bore. A more extensive machining at this point is not
allowed, since this would result in an unacceptable increase in
the machining time in this position and thus in the cycle time.
A more extensive backworking of the workpiece requires a
machine provided with a counter spindle drum. The drum
containing, for example. six work spindles, is opposite to one
containing three or six counter spindles. The counter spindles
are designed as traveling quills and can move out to pick up the
workpiece in the spindle position in question.



7 Figure 6: Structure of a
motor spindle

1 Rotor

2 Stator

3 Air inlet
4 Air outlet

5 Bar clamping device

6 Rotor position gauging unit

7 Hirth coupling for the drum

A part transferred to a counter spindle undergoes backworking
while the counter spindle drum performs one revolution. If
machining is not too extensive, three counter spindles are
sufficient. If the main drum has a 60° drum indexing, the coun-
ter spindle drum will perform a 120° revolution.

The machining by means of the counter spindles is not restric-
ted to the workpiece face, which is inaccessible before the
parting-off from the bar. Instead, all workpiece operations can
be distributed evenly over, for example, nine or twelve spind-
les, thus achieving even shorter cycle times.

The removal of the usually highly sensitive high-precision parts
from the machine is not unproblematic, since the parts must
not fall on top of each other. As CNC machines virtually always
have a synchronous spindle and a counter spindle, a gripper
will remove the finished workpiece from the stopped spindle
and place it on a conveyor belt, which will take it out of the
machine.

Positioning with Repeating Accuracy

CNC technology offers additional options with respect to work-
piece accuracy. Although the spindle drums can be positioned
with high repeating accuracy due to the Hirth coupling, there
are nevertheless unavoidable deviations of the individual spind-
le axes on the pitch circle. These systematic positioning errors
can be corrected during the startup of a machine by assigning
a correction memory to each slide that represents an X axis.
The work spindle active in each case causes an individual zero
offset of the slide. When using workpieces that require only
few tools for machining, the machines can also be operated as
so-called double three-spindle or double four-spindle machines.
For example, a workpiece is produced in spindle positions 1, 2
and 3, and a second part is produced in parallel in spindle posi-

tions 4, 5 and 6. This gives two parts for each drum indexing.
A different sequence is customary for 8-spindle machines. A
part is produced in spindle positions 1, 3, 5 and 7, and another
part is produced simultaneously in positions 2, 4, 6 and 8. In
each case, the spindle drum is rotated by 90°. When proces-
sing semi-finished parts, a machined parts is often turned
around using a handling unit and then fed again to the machi-
ne for backworking by means of the other four spindles.

If with cam machines the lot sizes had to be very high becau-
se of the enormous setup effort, CNC machines have allowed
them to be reduced significantly (fewer than 1000 parts). If, for
example, within a series of parts, the bar diameters do not
change, a few minutes are often sufficient for loading the new
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Figure 7: Cross-section of the motor spindle



control program and replacing a few pre-defined tools.

There are no longer any change gears, cam plates, cam disks,
lever transmissions and solid stops, and nor is it necessary to
find the right place for clamping the tools.

Design of CNC Multi-Spindle Automatics

As is customary with machine tools, the principle of modular
design is particularly relevant for CNC multi-spindle automatics.
The large number of spindles, drums and slides should be as
far as possible of identical design and configurable in accor-
dance with the production task at hand. Figure 3 shows the
simplest machine as front-operated lathe containing six work
spindles and twelve tool slides. As all slide components are
attached to the headstock, there is no need for a second hou-
sing that usually houses the tool slides for internal machining.
The most advanced option is the machine fitted with a counter
drum (Figure 5). Figure 6 is a
sectional view of a workspind-

Technical data
le with integrated motor. The

used as spindle motors, which have a field-weakening effect.
Starting from a certain characteristic speed, the motor power
remains approximately constant.

The advantages are: no evolution of heat in the rotor, low
motor weights, resulting in higher acceleration values and a
higher power density. The speeds obtained with spindle
motors are higher than those obtained with the mechanical
drives used previously (Table 1). The noise level produced by
the machine is also much lower.

motor shown is an air-cooled

asynchronous motor whose

stator sheets are layered to

give cooling ribs of large sur-

face area (Figure 7). The coo-

ling air is supplied at the drum

Max. bar diameter mm 22 32 52
Speed max. rpm 10000 6300 5000
Power at 100 % kw 115 4 19
Power at 25 % kw 175 8.2 29
Torque at 100 % Nm 12 15 90
Torque at 25 % Nm 19 313 138

circumference and flows
through all motors towards

the drum axis, from where it

Table 1

passes to the exterior via a tube.

This motor cooling is very effective because the end windings
of the stator and the rotor are directly cooled. This produces a
positive air pressure in the spindle drum as a secondary effect,
which prevents dirt and moisture from entering the spindle
bearings from the outside. The bearings are lubricated for life.
The spindle ends contain the rotor position gauging and work-
piece clamping units. To allow the spindle motors always to be
connected to the position gauging units and the clamping units
to cables or hydraulic lines, the spindle drum is rotating for-
ward and backward driven by a separate servo motor. After, for
example, five forward indexing steps of 60° each, the last step
to return to the starting point is effected by a 300° backward
drum rotation.

At a suitable position, the lines are wound onto or unwound
from a drum. The backward rotation can be very quick.
However, the longer time obtained is distributed over six work-
pieces, resulting in an increase of the cycle time of only 0.1 to
0.2 seconds. Recently, synchronous motors have also been

Multi-Spindle Machines Need the High Damping
Properties of Oil Films

Electro-hydraulic and electric axis drives are customary. The
first ones were used first because the size of drive amplifiers
for electric servo motors would have required huge switchge-
ar cabinets in the case of, for example, 30 and more axes.
Figure 8 shows a compound slide comprising the Z axis in the
form of a round column passing through the headstock and
the X axis in the form of a slide that is arranged at the front
face on the Z column. Electric servo motors provide the feed
movements. The motor drives the cross slide at the end of the
Z column via a play-free angular drive and the ball screw in the
lower part of the slide. The nut of the ball screw changes into
a small smooth cylindrical portion which leaves the lower part
of the slide and is connected to the slide. Figure 9 shows the
functioning of a hydraulic linear amplifier provided with an
electric pilot motor.

The lower part of the slide contains the hydraulic cylinder inclu-
ding the valve cartridge, which repsresents a four-edge servo



Figure 8: Compound slide

1 X slide

2 X ball screw

3 Angular gear
4 X servo motor
5 Z column

6 Support arm
7 Ball screw
8 Z servo motor

valve (The control edges are individually adjustable).

The round guide bushings in the headstock for accommoda-
ting the Z axis columns are designed in modern machines as
hydrostatic bushings. Four pockets in each bushing are provi-
ded with pressure oil in such a way that the column is always
"floating" contact-free on an oil film even under load.

Despite moderate production precisions, hydrostatic guide-
ways are play-free in combination with high rigidity, wear-free
and virtually friction-free.

Especially for multi-spindle machines, the high damping pro-
perty of the oil films is indispensable, as all operations take
place simultaneously. Parallel roughing and finishing, for
example on adjacent spindles, could easily lead to the trans-
mission of vibrations in the absence of damping.

The guideways used for the cross slides located directly in the
working area are still preferably robust flat guideways for

reasons of space and because of their insensitivity to soiling.
Low-friction combinations of materials and efficient lubrication
ensure the required smooth running. The round columns of
the Z slide axes (Figure 9) carry an arm whose end rests on a
support strip and secures the slide against being twisted. The
feed drive also acts on this arm.

The Y axis is perpendicular to the X and Z axes and is only
required in combination with rotating tools. In place of an addi-
tional slide guideway, the Y movement can also be substituted
by a combination producing rotating movements.

As shown by Figure 10, the work spindle (C axis) and the Z
slide column are rotated synchronously.

Figure 9: Cross slide equip-

ped with electro-hydraulic

linear amplifier

1 Electric pilot motor

2 Spindle

3 Nut
4 Valve cartridge
5 Piston

(Hartmann + Ldmmle,

Rutesheim)




The angle of rotation ¢ and a small correction movement A x
of the X slide are functions of the Y travel that can be easily
interpolated:

arc sinp=yla AX=a-axcoso

Figure 10: Principle of the Y axis

This construction makes sure that the working area remains
contact-free. It gives a very low-cost and robustY axis without
any additional slide.

For each work spindle, two compound slides, that is, two
independent tools, are provided. It should be noted that all
compound slides are of identical design. It is only by virtue of
this increased number of tools that complex workpieces can
be machined to completion.

The "quill housing" opposite to the headstock houses the com-
pound slides mainly used for the internal machining tools.
These compound slides are likewise of identical design to
those of the headstock. Depending on the production task at
hand, all or only some of the compound slides can be moun-
ted. A later upgrading is also possible.

Tool Slides and Tools Should Have a Surface As Smooth As
Possible

In cam-controlled multi-spindle machines, the relatively small
slide travels had made it necessary to move the tool holders
to the wide or long slide. In a CNC machine, it is imperative to
fasten all tool holders to the slide in a defined position with
repeating accuracy. They should be tightened using one screw
only, if possible. The stroke of the slides must be sufficiently
high to allow the cutting edges to reach each point of the
working area. Under these circumstances, all tools can be pre-
adjusted and quickly changed.

A tested and proven interface between tool holder and cross

slide is the dovetail according to VDI 3425. For drilling tools, an
additional round interface serves for a quick change.
In CNC machines, expensive forming tools are often omitted,
and the forming is done with indexable inserts and continu-
ous-path control. In addition to an improved surface finish, this
gives a reduction in tool cost of about 30 per cent.
Due to the fact that chips constitute the largest source of
interference of multi-spindle automatics, care should be taken
that tool slides and tool have a surface as smooth as possible.
This is why the cooling lubricant is passed inside the tool hol-
ders through bores to the cutting edges. The problem with
chips has made it necessary to integrate the Z slides in the
spindle housing. The cutting edge is located at the front face
of the cross slides and forms more or less the outermost
point of the unit. This gives a spacious working area, which
guarantees unrestricted chip fall and good accessibility during
setup.

Unsuitable Bar Guide Units Increase Reject Rate

Given the high manufacturing precision CNC multi-spindle
machines are capable of, the suitability of the bar guide unit is
of particular importance. It would be a virtual disaster if the bar
guide unit were to produce increased vibrations from time to
time, resulting in rejects, especially since the major consum-
ers of turned parts demand from the suppliers reject rates of
only a few parts per million. The units known from cam-con-
trolled machines are often unsatisfactory, especially when
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Figure 11: Bar stock in anti-friction bearing bushes



using higher spindle speeds of the motor spindles.

Optimum results are achieved when the workpiece bar is gui-
ded in a narrow oil-filled duct. Unfortunately, this requires mat-
ching reducing tubes in the spindles and for the bar guide unit
for each bar diameter.

For bars of larger diameters and for hexagonal bar stock, pla-
stic antifriction bearing bushings have proven suitable, which
are arranged spaced along the bars. To provide vibration dam-
ping, the antifriction bearings are incorporated in damping
rings.

Two types of bar loading magazines are available:

« Rearmounted loader: This unit slides the new bars from the
rear into the material guide tubes, as is done also manually.
This increases the length of the machines.

« Side loader: The guide channels can be folded back length-
wise, and the new bar can enter the channel from the side.

Once a part has been finished, the bar is pushed forward,
which is done either by a feed collet within the work spindle
or by a bar pusher rod behind the end of the bar (a feed collet
reduces the bar capacity).
The bar pusher head contains a spring-loaded clamping bush,
which is pushed over the end of the bar, allowing the bar rem-
nant to be removed later on toward the rear. Since the clam-
ping bush requires a larger diameter of the guide channel,
thus worsening the quality of the bar guide unit, it is recom-
mended turning the bar stock at the end to give it a cylindrical
shape.

In this case, bar and bush will have the same diameter. In CNC

machines, the bar can also be pushed forward by a gripper

from the working area with the spindle at standstill.

A wide range of designs is available for workpiece handling,

which are frequently built by the users themselves.

In the case of smooth pin-like parts, the easiest method is to

feed them from the rear through the work spindles. The finis-

hed parts are removed from inside the working area.

It is often customary to use magazine rails adapted to the

workpiece shape, which are filled via hoppers and slope

conveyors or vibroconveyors. The feeding stops at the work
spindle, which is loaded with blanks using a push-in unit.

More flexible, robot-like units can also be adapted. Figure 12

shows a universal feeding unit in which the part feeding from

the workpiece storage to the working area has been achieved

by an elegant method. A first gripper picks up a blank from a

belt and conveys it through a tunnel in the headstock to the

working area, where a second gripper takes over and moves
it into the work spindle by means of a swinging movement.

Highest flexibility offer front opened multi-spindle machines
which can adapt also free programmable 6-axis industrial
robots. The components are transferred through a rotary
attachment to a machining area integrated robot. Relativly
heavy parts with more than 100 mm OD can still be handled
with high reliability using this system (Figure 13).

Specific Control Problems of CNC Multi-Spindle
Automatics

Each work spindle is supplied by a separate CNC subunit
(channel) with a separate parts program.

A specific control problem in multi-spindle automatics is that
after each indexing of the spindle drum, the spindles along
with the stationary slide axes form a new machining system,
that is, each spindle is now connected to a different channel.
This must not have any effect on the machining program and
nor must the operator notice this.

This is referred to as "footloose" spindles, because they are
not assigned to a specific CNC subunit, as they usually are.
This means that with drum indexing all spindles of the machi-
ne are passed on synchronously and logically to the subse-
quent channels. The drum indexing time is also used for taking
the spindles to the speeds or angular positions for the subse-
quent operations.

A comparable problem is also encountered with the axes,
which in drum indexing must be assigned to a different chan-
nel. These axes are always those connected to a drum, such
as the Z axes of a vertical machine equipped with pickup
spindles, or the Z axes of the spindles in a counter drum.
Each work spindle is supplied by a separate CNC subunit
(channel) with a separate parts program.

A specific control problem in multi-spindle automatics is that
after each indexing of the spindle drum, the spindles along
with the stationary slide axes form a new machining system,
that is, each spindle is now connected to a different channel.
This must not have any effect on the machining program and
nor must the operator notice this.

This is referred to as "footloose" spindles, because they are
not assigned to a specific CNC subunit, as they usually are.
This means that with drum indexing all spindles of the machi-
ne are passed on synchronously and logically to the subse-
quent channels. The drum indexing time is also used for taking
the spindles to the speeds or angular positions for the subse-
quent operations.

A comparable problem is also encountered with the axes,
which in drum indexing must be assigned to a different chan-
nel. These axes are always those connected to a drum, such









