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ABSTRACT

The rotation accuracy of the main spindle that determines the accuracy of CNC machine tools is closely
related to the quality of production because it directly affects the shape error and surface roughness of the
workpiece. Therefore, the main spindle requires high rotation accuracy, rigidity, and rotation technology. This
rotation accuracy is greatly affected by the bearing, center alignment between rotating parts, assembly
tolerance, and unbalance of the rotation mass. In this study, the effects of the unbalance of the rotation mass
of the main spindle on the rotation accuracy were investigated experimentally. In particular, we tried to study
the technical reasons for improving the unbalance of the main spindle and maintaining the rotation accuracy
as we verified the correlation between the vibration characteristics of CNC machine tools due to the
specifically set unbalance amount and the surface roughness of the workpiece.

Key Words : Main Spindle(F% 2|7 #|), Rotation Accuracy(S|XA2UT) CNC Machine Tools(=X|HM0{ S=t
Z|A), Unbalance(2 &), Surface Roughness(EH 7HE!7(), Vibration(ZlS

.M B AR Z& 71A9 ALE §A7F thes] F.38th

A FE 7A1Y] Al EE = AA ] JAA

ZZ2 IAAS 7ulow = 2 J|AE 3T Ueel WAy #A o, ol FF A
7, AR, A 5 PEAE 4 Bopld g SemE AW AT TAR Lson £ £
3 9lom, E3 =3 W [T Ay 2o Ao A A A EE A= Y oA B &
o] Bopo|A= 1AW 712 EHo] QTEHE @ o A7 A FFE F7] il IAALUE
2], & 71eEe] A&KMA A7 =i ok

B - == 3 Mol = ar B7a

# Corresponding Author : chong@changwon.ac.kr 2 AFelAE F5 sldAe S Q? = ‘_”’
Tel: 055-213-3605 Fax: 055-213-2979 5 WAz A77h AR A= 99

Copyright © The Korean Society of Manufacturing Process Engineers. This is an Open-Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 License
(CC BY-NC 30 http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

- 107 —



A Add2
L A=A

slo® 728 5

e

WHEd Az dudel #F AT

8t38) 2] A1948, A9T

& AgHoE nF}IA HPor, 53 & 4
AszH Yo HAW AWAxFe| mE FH
A AF B4 BB ANEHS Y
EIELIES DO SR °©

2.1 3|TA 9 HET

SR AUEE A1 &5 A S sAH
% ¥5(5 DOF motion 5 Degree of freedom
motion)°l 7]Q1% @xke] =)ok AHAHA #AL
i)

)}

[}

W
_>|4_,
Jo
bt
Ho
off
@
g
S
g
2
3
_>,L
fr
ﬁ
i
"

o4y N
ooox N o o2t

LSz, Axral motion error),
e x y WE 5 22
} 6x & &y, Radial motion error) ]

= 9Y F 5];‘4 ?:_]‘j* Ll (Unbalance)«] Zé
As= @41'71“" ”4«] AR A

)

Fig. 1 5 DOF motion error

2.2 °“1'=134*-—I o2y &4
S A Y § AIAZY Al 313
o)

1o o
oo
& ¢
v}
c’7‘>
o
é
>

prie
rjé
ol

:‘.":’
-‘\‘i
rO
ok
&
%0
32
5

5 .
AR F2 Aol A Blow Hole®]Y Sand Trap©]
a5 Mflftl ol WE ﬂA}oi]H 3}9] 01%

SERERPEL
ore ZA st} 3 A A Z]—iﬂ“

r]
e
RS
ol
[}

3FA] pel
oA i o]f= 3 FAlo] FA AN Ho
0 9e 297k ool sgah AR HaAe W
Bgolnh AVt gaon 4 MaA 8 A 2
Aok MEUAY 2719 WASAUE FAT -
e =AQ W e W A He @l
o gEzew WReEst @ wgel dg - 3
L= (R e B R e R R G R = B [ [
=29 AL W, F2A9 20| o5 o o3t

5 T
ggloley, oleier tmael A duyx 9
Ql 9= Key ¥ Keyway, t=33k, # =}
59 A7t & F ok

E5E Bl AA d¥dxge 7HA
o AWAx FAS} v g JHEEE &

~ rpm
Fig. 2 Unbalance weight & force

— 108 —



343, WE3, Y], denl, TR, 4%, B @AV A A9, A%
W AWHAE Qs WAY3H ?;sj](%/]\jlr’,’_ﬂh F)*‘% 2] (D) Feed direction 2tation direction
3} ol UErd 5 gow, olF Bl & 4 e ~
AL Pz T e £ AF| W | b
582 1£9 F= IHA M 2 dlPs A Force of X-direc ‘ ' J
B YAHE 4Ed] & ddd dAEF WFo) Force of Y-direction K
%%% —/F %]\EHE 7)‘10]1:]— Force of Z-direction
Fig. 3 Cutting force of end mill
F=—er e )
—wer (M)Z Direction of Direction of
g 60 end mil rotation end mil rotation
— N
= 000"+
C': Feed Feed :>
0:17] /\_1 direction direction
Fea4g Fig. 4 Up cut and down cut milling
w:4ic:2”N = = o 3 9) T X
T 60 HH S ste g dah i Feo] lar i AAY)
r = Weight 9] ¢ u7 T duitd o= ¢osiAIRE J S ZEd F9
_ : 7b a9k doju &8AE Bl HHsA He
w = Unbalance Weight
I

SHerE AL
A=do] FARE WY W FABEL 4K
Fajo] ol WART. oW FFIF W A
A4 AGolga s 1 =7)e
ter At ARe Fg 39 2ol Aok By
fgsle F2e R, WobETel & WY

Fz, o4 el o4 ¥ Fy= T,

F8Y Fx ol 2ol A7 3¥ F 0Ed
Wol 4 o 8wt wehd kg wol
WS ALY, 8, 187 § ke HUES
Fesle £28 E O 29l wy

Sl
A= AgspEae] A9, AW W) HFEe
EWOE Faht A WHoEH B ol Fig 4

=]
R

o ol FATE Sl WAk Soi7l] o

AAsHA ko
A YFE

Fo] d=rd

= >~

2 4 g,
A gy o=

4 W AW $gEsa
Aoz £ ¢

2ok

i}

24 EH HAY|
9 AA7E od JkgE Wel mHel yehy
2re kA WA 23S ey Fig 59 2
o] 2 7bF IgelA JbE ot dab =4,
T So wet 2oy 97|17 924 et

rr

Waviness spacing

.. Crater
Lay direction —.

X
\
1
1
Roughness height
ma Roughness width

Fig. 5 Surface roughness of workpiece

(flaw) =

- 109 —



Eelol® 728 F5 IAA ?i‘%—l_i%i HEd AAEAgE d84d

ry
23
2
-

A A194, A9z

. ol& 7]74]7‘4‘3% 7HEE 2E 1A
o #H YA FERE FASHA Hed AE5FEEY
FAxEH] g ﬁﬂe FeE Aoz AAY
(Roughness), ¥}’ %(waviness), Z(Lay), <(Flaw) &
oF o]FofHPl

NE =l SAHE FEll R AR Ao 2 A
Fig. 67 #Zom, AR 42 Table 1o YERAR
, RHAAY] 3 AR AR 142 Table 2
& o] ‘] = A A
%4’ 7171 ﬂﬂzq”]‘ze AEA
71 fste] w=H AZ7Ie A E SAE I
gRlstHom MR 42 Table 37 o] YERSL

Fig. 6 CNC milling machine

Table 1 Main specifications of CNC milling machine

X axis length (Max feed) 570(490)mm
Y axis length (Max feed) 570(490)mm
Z axis length (Max feed) 570(200)mm
Controller MITSHBISH M700
X axis Motor HF154S
Y axis Motor HF154S
Z axis Motor HF224BS-A48

Table 2 Main specifications of surface roughness tester

Model KOSAKA SE —-3500K

Manufacturer KOSAKA(Japan)

Meas. Parameter Ra, Rmax, Rz etc.

Measuring range X 100pm, Z 600um
Meas. Resolution 0.1pm/mm
Table Size 150 X 150mm

Table 3 Main spec. of vibration analyzer

Model(Manufacturer) | A4300(ADASH)
Applicable Vib. Senor || AC, DC, ICP, VDC
Channel 3 (2CH)
RPM Sensor LASER SENSOR
FFT Resolution Min. 25 ~ Max. 25 600 lines
lgdaximugl ringe:
S Hz-25kHz
Frequency Ranges Minimum range:
0.5Hz-25Hz
Spindle
. CH1
NC r | Vibration
achine " | Meas.
an View +
CH 2"

Vibration Meas.

Fig. 7 Location of vibration asurement

Fig. 8 End mill

Table 4 Main spec. of end mill

Type 2 Blade square
Mat. Carbide
Out Diameter 8mm
Length 70mm
Shank 8mm
Torsion angel 30°
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Fig. 9 Material for experiment(SM45C)

Table 5 Material property for SM45C

Density | young’'s | Tensile | Yield | p.o .
(kg/m modulus | Strength | Strength ratio
g (GPa) | (MPa) | (MPa)

7850 203 569 343 0.27
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Table 6 Unbalance mass addition order

Test Step 1 2 3 4 5

Unbalance Mass | 0Og S5¢g 10g | 15g | 20g

1 660mm

Location of unbalance mass

Fig. 10 Unbalance mass location

Table 7 Cutting condition of end mill

Cut. Spindle Speed | Feed rate Depth
Direction (rpm) (mm/rev) (mm)
1500 150 0.5
Up Cut. 3000 300 0.5
4500 450 0.5
1500 150 0.5
Down Cut. 3000 300 0.5
4500 450 0.5

START

‘ Measurement Equipment Set Up ‘

Spindle Stand By
Initial 1500 RPM
Unbalance Mass 0 g

- Vibration
Measurement

Spindle Rotation
Change
o ]

| Workpiece Cutting H M‘i%:gr:risesnt }%

Spindle RPM
3000 RPM
4500 RPM

Change of
Unbalance Mass
5g
10g
15g
20 g

EI\;D
Fig. 11 Flow chart of measurement

Tool diameter : &8

1 SM45C

0.5

Fig. 12 Milling method
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Table 8 Results of vibration measurement

Vibration Value[mm/s]

Unbalance 1 SOOrpm 3 OOOrpm 4500rpm

Mass(g)
CH. 1|CH. 2|CH. 1|CH. 2|CH. 1|CH. 2

0.051 | 0.051 | 0.125 | 0.251 | 0.325 | 0.358

5 0.051 | 0.051 | 0.178 | 0.279 | 0.432 | 0.381

10 0.051 | 0.051 | 0.203 | 0.813 | 0.457 | 0.787

15 0.051 | 0.051 | 0.229 | 1.372 | 0.533 | 1.549

20 0.076 | 0.076 | 0.305 | 1.549 | 0.889 | 4.445

] 5 10 15 20
(c) Results of vibration at 4500 RPM
Fig. 13 Vibration trend curve
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Table 9 Roughness of down/up cut milling
RPM Unbalace Surface Roughness( «m)
Mass(g) Up Cut Down Cut
0 0.38 0.38
5 0.51 0.57
1500 10 0.45 0.62
15 0.34 0.36
20 0.53 1.21
0 0.33 0.36
5 0.53 0.94
3000 10 0.40 0.48
15 0.29 0.29
20 0.47 0.66
0.33 0.40
5 0.49 0.68
4500 10 0.38 0.38
15 0.30 0.30
20 0.48 0.51
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(b) Roughness of down cut milling

Fig. 14 Roughness trend curve of the RPM of
spindle by down/up cut milling
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Fig. 15 Roughness trend curve of down/up cut
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