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* Requirements of spindle are

» The spindle should rotate with high degree of accuracy. The accuracy of rotation
is calculated by the axial and radial run out of the spindle nose. The radial and
axial run out of the spindle nose should not exceed certain permissible values.
These values depend upon the required machining accuracy. The rotational
accuracy is influenced mainly by the stiffness and accuracy of the spindle
bearings especially by the bearing which is located at the front end.

* The spindle unit must have high dynamic stiffness and damping.

* The spindle bearing should be selected in such a way that the initial accuracy of
the unit should be maintained during the service life of the machine tool.
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 Spindle unit should have fixture which provides quick and reliable centering and
clamping of the cutting tool or workpiece.

* The spindle unit must have high static stiffness. Maximum accuracy is influenced
by the bending, axial as well as torsional stiffness.

» The wear resistance of mating surface should be as high as possible.
» Deformation of the spindle due to heat transmitted to it by workpiece, cutting tool,

bearings etc. should be as low as possible. Otherwise it will affect the accuracy of
the machining accuracy.

¢y beoww omb—‘s.&g)g}' HI 3l cmilo (wy0— oo GJ.: ‘Sala




*

(a)

.q'.—-cﬂ"p—o—o—o—

Oy Lo oLG 10— gudgi Il iilo i yo— (Gooxo e =



Tool Interfaces

Temperature cony®
\

|
Rotary uniOn:

hydraulics,
intornel coolant
supply and
MQL
\
\l
\
|/ . . |
Cooling Air blast/face control Hybrid Hydromechanical
bearings

clamping system

Oyl oBLLG10- gudgi HIpl cpilo (wy0- gooxo Je 2




(b)

. (c)
@ y J/Gf L g . .
_,_):"‘?JP :} > DLU—‘) - 4.‘>)L& )9:9’0 9 JM_‘.

o (3 3o 31 g g JUiS! prefiomnn (59 3 J US| (Jiaglg 5J0)

¢y beoww o lSiblo— gud g 4l 3! Clo (g y0— g0 GL‘ gs’.l’




KQ‘ o 30 g Sl 9y o Jgeme tdound’ G pb 3 5 0 JQ
S ey gl Al (oo dound Ol )| i il

O S o0l 8 oolaiwl 5,50 ABBES g g8 Feee 3l S Sl

tow leo

domnd (10 Jlail Judo 4 5l sl 51 gy i U
S glawog e U

_og A ly b BUL g9y 5L 3l s dound s U

“’“"@Q’l*“élfj
p—

o o et TR e s 3h O

Oyl oBLLG10- gudgi HIpl cpilo (wy0- gooxo Je 2




Ao 53,510 31 9,5 JUi

Basically there are three types of main motion setup, as shown in Fig. 1.18. The
first is the conventional and more widely used, where the motor is connected to
the spindle by a timing belt. This rubber belt is a good vibration insulator;
besides, no special care must be taken in the assembly of the group. This
solution is possible up to a 6,000 rpm rotational speed.

The efficiency of beltdriven spindles, in terms of transmitting motor power to the
spindle is around 95%. This is a little less efficient than direct drive spindles
(nearly 100%) but

clearly better than gear-driven spindies (less than 90%) [4].

A belt-driven spindle can reach moderate speeds (15,000 rpm) and perform well
or with high torque at lower speeds (1,000 rpm), depending on the belts and the
transmission ratio. In contrast, at low speeds, gear drives transmit the torque
better and at high speeds, direct drives are better (above all in situations where
dimensional precision and surface quality requirements are high) because they
produce less vibration and noise. However, as belt drives are very versatile, they
are used for a wide variety of jobs whose requirements range between high
torque/low rotation speeds and low torque/high speeds.
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Gear-driven spindles (see Fig. 3.3) can reach high torque at low revolutions and
they characteristically have multiple speed ranges. The gears, however, may
cause vibrations which have a negative effect on the finished surface of the
workpiece. In addition, as we mentioned above, they are less efficient when it
comes to converting the nominal power of the motor into the cutting power of the
tool, due to its constructive nature. Such power is lost as heat, with all the
negative effects that this creates, such as reduced precision due to thermal
expansion. For all these reasons, gear-driven spindles are unsuitable for very
high velocity machining operations although very adequate for heavy-duty work.
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Haas EC-630 gear-driven spindle with two-speed gearbox: 610 ft-Ib of torque for heavy
machining or 6,000 rpm for finish cuts, by Haas Automation..

¢y beoww o lSiblo— gud g 4l 3! Clo (g y0— g0 GJ.: ‘Sala




S 129 Gl e I Sy o (09 Bale 9 HellS gy JWS! s g5 0 L]
G YYeoo )99 0090 g Cow! ul.‘:uu‘ u.’).Jg.o&o d..do )b:‘ ‘5& u.wul.o cS‘)" ow! u‘ ‘_glb
eawld JM‘ &9; U'.’J Jg.o.’.o )99 0090 4.0.590 3 )50 \F oo

Joal 9 )9 9o JLail 6l Sy o5

Oyl oBLLG10- gudgi HIpl cpilo (wy0- gooxo Je 2




The second type is the direct drive using a flexible coupling between motor and
spindle. Here, a more reliable and better torque transmission is achieved, 12,000
rpm and even 16,000 rpm in special cases being possible. At the same time the
flexible coupling is an effective heat insulator between motor and spindle.
Furthermore, with the correct spindle assembly to the machine structure, all its
thermal growth is derived towards the coupling and the motor, with no influence on
the tool position. For this reason this is the most widely used configuration for
precision machines.

Direct drive spindles have almost 100% efiiciency in terms of transmitting power
from the motor to the cutting tool. They can work at high rotation speeds but at
lower

torques. Since there is no transmission chain, it is not possible to increase torque
mechanically in response to reductions in motor speed. This drive system
behaves

well in terms of vibraic.io, which means high speeds can be reached and
still achieve good surface finishing.
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Depth of cut 2 4
Undeformed chip section (mm®) 0.3 0.6
Specific cutting force (N/mm°) 5,073 4,775
(+3%) (+4%)
Cutting force (N) 1,522 2,850
Torque (INm) 221 415
Power (W) 6364 11988
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Properties (units)

Conventional & Hybrid ceramic)

Young’s modulus (GPa)
Hardness (VickersRe)

Density (g/em’)

Max. usage temperature (°C)
Coefficient of expansion (107°/K)
Poisson’s ratio

Thermal conductivity (W/mK)
Chemuically Inert

Electrically conductive

Magnetic

steel bearing (S1:N4) bearing
208.00 315.00
60.00 78.00
7.80 3.20
120.00 800.00
11.50 3.20
0.30 0.26
45.00 35.00
No Yes
Yes No
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Ceramic balls run i
at lower vibration

levels with less heat build up
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In addition to being excellent electric insulators, hybrid bearings have a higher speed
capability and will provide longer service life than all-steel bearings in most

applications. /

Prevent electrical arcing ——~ M P \

When electrical current passes across bearings, a washboard pattern appears on the
raceways, along with a darkened grey appearance. Typical results include bearing
surface damage, premature aging of the lubricant. The natural insulating properties of

ceramic material eliminates this type of damage.

Lower maintenance costs
Extending the service life of a bearing without increasing maintenance cuts equipment
operating costs. The initial cost ofja hybrid bearing may be higher than a standard steel
bearing, but the difference is quiekly recovered in maintenance savings.

Increase service life
Because of the properties of ceramics, a hybrid bearing's service life can be up to 10
times that of a standard steel bearing, reducing the need for maintenance on your
machine as well as the costly interruptions in production.
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MRC hybrid bearings run cooler and can operate with thinner lubricant films
than conventional bearings. The result? Less aging of the grease, longer
relubrication intervals, and mcreased ervice life v/standard bearings in the
same operating conditions. wpl! JJ
Reduce wear from vibration -—-"WU/\'/’JFJ _/'-/U"\ )
Equipment exposed to static vibration risks false brinelling, (erosion of the
surfaces within the ball and raceway contacts), which can lead to spalling
and premature failure. Lighter weight ceramic balls and dissimilar materials
reduce the risk of false brinelling damage considerably.

Extend grease life Qﬁ“)_’)ﬂ-/éf(
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Because ceramic balls are only 40% as dense as steel balls, the
centrifugal load that they generate is less and the internal bearing friction
is lower. The lower density and friction enables cooler running under the
same operating conditions, or even higher rotational speeds.

Reduce wear from contamination =

Lower operating temperatures

Solid particle contaminants can create dents in bearing rolling surfaces
and raised edges around those dents. This condition causes noise and
premature wear as the steel balls roll over those surfaces. Harder ceramic
balls smooths the surface roughness with no material removal, thereby
reducing noise and wear while extending bearing service life.

Available in extra-large bore sizes for wind power applications
Electric current passage is the major cause of bearing damage in wind
power generator applications, often resulting in premature bearing failure,
generator breakdown and unplanned turbine down time. Now, MRC's
hybrid ceramic ball bearings are available in sizes specifically designed to
fit these turbines, reducing operating costs, the risk of costly repairs and
lost production for new and installed generators.
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Mixing
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Fluid Film Rolling Element
Bearing Bearing
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Fig. 1. Machining temperature in milling at high cutting speeds.
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Aluminum & Composites| ______Die | General Froduction

Aerospace Casting Dies Excessive Roughing
Automotive Components Forging Dies Mid to High Production
Small Computer Parts Injection Molds Excessive Rouging Ops
Medical Devices Electrodes
Thin Walled Parts Modeling & Prototyping

Finishing Hard Materials
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Conventional HSM

The contact time between tool Contact time iIs short
and work is large

Less accurate work piece More accurate work piece
T
Cutting force is large Cutting force is low
Poor surface finish Good surface finish
Material removal rate is low | Material removal rate is high
‘—\_/’ —
Cutting fluid is required Cutting fluid is not required
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Swivel head for machine tool




