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Static and Dynamic Characteristics of the Spindle Bearing System with
a Gear Located on the Bearing Span
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Abstract

Since the spindle bearing system is the main source of the total cutting point compliance of
machine tool structures, in this work, the static and dynamic characteristics of the spindle bearing
system driven by the gear located on the bearing span were investigated using analytical and
finite element methods to improve the performance of the spindle bearing system. Based on the
theoretical results, a specially designed prototype spindle bearing system was manufactured.
Using the manufactured spindle bearing system. Based on the theoretical results, a specially
designed prototype spindle bearing system was manufactured. Using the manufactured spindle
bearing system, the static and dynamic characteristics were measured. From the comparison of
the experimental results with the theoretical results, it was found that the finite element method
predicted well the static and dynamic characteristics of the spindle bearing system.

L T Al o] sl ash Zobatel ubel rlg

‘ | g
LM 2 A 7bb sbarere] FobE A4 o] FolHi: #

A8 At b, FEelA 48, A5 5 eduka

2 Az, 7HE ool vhEaE: ek A4l L e 4]} uba gl @
st @A A mAnleg apelan glew, 4l FATIA R FAEE vbeehe A9 HAdl e
Aobe e ek Ank Aable el 2k of (Rigidity) o) 50% o) Aol FEe) Fel <l
Tob sl Addsla gk S8, SERUIAE AAse, 1 owbel A v, febelE Wl e
ol &8 by aekl e &g B A4 by Aol oel Ak ® 58, FAA 4Rs
Azkel whEel did ol Felslw ek 2w sk B oold TG Ag FEre] el
© =9 3led o SR Mol Qe ZzrE7
R TR L A B S sted elol dia eiHel dade g
shn o7l Al g ek AE Astel BAEg A A TR
g %
|

&

a4 |
ERE 7bgEe] Aol #fsted w olulxh walely)



1478 Al b

ufF-oll A 4HE (width of cut) o]t} & 2H4 15 (cutting

speed) 7} LAv)Ale] ok A &k A (stability limit) &
vlolMwl i) (Chattering) & Abe] b debel, )

E‘{ v]_ 71— 0

ShsbA A, b BT

A5 B4 ATEe EMPEE

o
Poobe s Foias] BEA
A Al els

o wE nelei !
olshul,  Aele)

machine tool dynamics) o} Eof

& Al TIA bz EaEbviAle) FHop b
(maximum width of cut) & =22 A & = 7k
(static rigidity) 2} 7t4] (damping) ¢} <ol s]e)s}
= o]g], 7He i shol 4] o) ) E o] nbale oluld
on AN BF) 2R LAl
shA xl e, 4

o)A Fxyel @A o HA 5ol e o

S odl A<l el sl eldtol 64 4s
mﬂﬁkﬁ%ﬂ@ AE el o s +aso] ghel,
SRSCIE T L KR B IS Ee e S
e,
Wardee: 34051 44 o 54 4ol i
DS Eglo] ) 1 )

SR

clifel sl i ol o

A,Ao]

i Hel FA S bR wiel g
o

gt el slgbekd oyl ffdk Ags Sl
Tlusty@i= 74 AL E-efullo] ] & ARg-5f= mio] 2

B FAed ) Syl W g

5 A sE 7+

AL Fgeieich Yang™-e wxtvAl 2042 ol
7yukgkel A kel digt m] I )
dab4-F dTsid o, oA A, Bl e}y
eI Falel ol alakel el oS A
(uncoaxialityiol] vl agali= ol el s 4 8)
ok, Aini®eE o) el W wofale) 2]
225w A7 AlE el Sabr al A 9lst
2l Al et o, o malg v]Eel af Ahv] e
FE&ol AHEskedch  StoneVe Eifuoiulel A
AT A e S Asky] glehed 1A el AlE )

37hzle} Al wlamebed o, 2lel Aabgk
& AAsly Fast Wagal o) vkl da
Aol wh3lo] =3l Matsubara®'4= -
o2 A TR FEE s Y
Aokl om, wlojel & W7ol whef chE Bl
A A& 7}11% Ay szejog sl 54
e s ol sl = AT AY FEof gk

po Q77 sasolov, Leei Fxpel A
x_g_ 1

W) o} Eol

4o wgdez dastel YUY 4 pURAE
2 71 Eel ol ulste] ATl A w o

Fstollz &prl gl AlE ZEele, il
ol sh R Hakgh J e sep EabHel
e Sletel FE el FEvlelst HEYS
(tilting axis) o] %= c} L2v)Ale] A-go] 3}
Abs|w Al ofell ik a4 v AlEe] aFEaL gl

vk

A sltell Az ofe) ol
Ve sk fleled
dir R Aledlel Ao
alrsteleh. SRl e, 7
AmoakEr Algksted wilefr] g el Sahel o,
ddel Aok vla welul g sl Alskelch e
el et a4 o
ol oo

Wb FE s AEsel eloldl

R !
wlofe) zulael o} FEHS
) A HAe) Fsted
zzkel wofelell g3

Y BE -
g, FEe o AdH oy 2H
Dokt wisngl e 2y

]
R N i A

7b gl Alubiddr el Abe ghe
dubg oy FEyo
Tikol 0.1% Nvh =boepar oteds e
B R R L e T A A el

- A Bkl e, 0

A

el Fa Ao s

o
ol drg wlH shofolgtel, - eltel 4 Aalg
o 2 A, AlEhyl el wlelw mulei s
o @ nakshoel apud ki v gEAL Al 24 0 vy
i A A Sldol b 1A AR A
I e S R A A R B R
)iz s g ehalol wlef ) itsle] elniAlo g
algk wlofule) ellghap wishi walalv] eleted 3l
g Aglokgel sl shgatoleh Table 14
ool el A A5l = sloly el sy

o]k,

Fayold gl weig e nd 5ol 2k
5 5 s FAGAS] Brodlsiel ci#el &8
B Buoiel g Agalelnh aFHE FEie 7
93 mENAE sl A Ao wlolel e
T-O MR 4ol sas doln, fiy &

ol slef e O shed (=l ed) 2 shol %314
ﬂHJL%%%<&E%ﬂ%4.TwMZ%¥r¢



ol mgiabel] 7o) 5 &S 2 AdlE wleld] 4] aElel A onl FHe 1479
Table 1 Fit tolerance and arithmetical average roughness of the spindle
Spindle diameter (mm) 80 100
Tolerance (xm) +3 -3 o
Circularity (gm) 1 -2— B 1.5
Arithmetical average 5 )5
roughness R, (xm)
Housing diameter (mm) 120 150
Tolerance (xm) Clearance fit [ +8 - Interference fit -3
Table 2 Specifications of the angular contact ball bearings (FAG, Germany)
Inner { Dynamic load Static load VL - Limit speed»( anﬁ
Bearing type diameter rating rating Grease Oil-air
(mm) (kN3 kND lubrication lubrication
B7020C 100 757* 68 7000 9500
B7016C 80 ‘ 58.5 48 o 9000 13000
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Fig. 1 Eccentric centrifugal force of the spindle with

respect to rotational speed

b} Detailed configuration
Fig. 2 Experimental setup for measuring static and
dynamic characteristics of the spindle bearing
system
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Table 3 Bearing lives and loads acted on the spindle bearings (Radial force P : 2kN)

Bearing life
(Number of revolution : 3000 rpm)

Bearing Radial load
type Fr (kN) Reliability=90% Reliability =99%
(Cycle) (Year)
B7020 2.73 640E9 93
B7016 0.74 7056E9 1029

Table 4 Bearing stiffnesses calculated by the equation (2)

Ball
Bearing | Preload | Number | Contact diarr?eter Thrust stiffness Radial stiffness
type (N) of ball angle , (Ka) (MN/m) (K:) (MN/m)
(mm)
B7020 500 22 15 15.1 55.7 133.0
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a: Shape of the spindle bearing system
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Fig. 5  Experimental setup for the stiffness of the

spindle hearing system
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Table 6 Comparison of the fundamental natural frequencies of the spindle bearing system obtained by

different methods

Method First natural Error in
0 .
¢ ® frequency calculation{%)
Arithmetic result 1404 Hz 4.9
Simple spring-mass system 1533 Hz 14.5
Same number of
. . 1311 Hz 2.0
One dimensional equivalent springs
FEM beam element One spring 1301 Hz 28
result Same number of o84 11 26 4
. . 2
Two dimensional equivalent springs ’
axisymmetric -
elementric element One spring 972 Hz 27.3
Experimental result 1338 Hz -
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