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Characteristics Evaluation of Spindle Thermal Displacement
with kinds of Lubrication Oil

Soon-Joon Kang*, Kab-Jo Lee’, Jong-Kwan Kim"™"

JL Abstract }

High speed precision machines have been introduced to the CNC industry in order to improve productivity, shorten the
appointed date of delivery and reduce the prime cost. High speed machines have more functions then general machines,
and they were proved in performance. The production and sales of the high speed machines have been increased not only
in domestic market but also all over the world. Accordingly, machines are faster, there arc lots of problems to be solved.
One of the most difficult problems is the thermal displacement on the main spindle due to generated heat while the spindle
is rotated in high speed. Since the thermal displacement directly effects the quality of the machined parts, utmost efforts
to minimize the thermal displacement have to be given from the beginning of designing machines. In practice, variety
of methods are attempted and practiced to minimize the thermal displacement such as design of symmetrical frame, adoption
of high speed bearings, application of compensation system using non-contact sensor and use of forced circulating lubrication
systemn with oil cooler. Even if these variable methods have been practically used in the industrial field, generated heat
has not been perfectly prevented. Hence, in this paper, the characteristics of thermal displacement were investigated when
several kinds of oil were tested for a high speed machine with forced circulating lubrication system within the same atmosphere
and under the same conditions.
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Table 1 Specifications of test machine

Description I Specifications
Machine model SIRIUS-ULG
Max. spindle speed 20,000rpm
Min. movement unit 0.001mm
Feed rate 10,000mm/min,
NC system Fanuc 18iM
Spindle taper BT40
Cooling system Oil Jet
Spindle motor 25HP(Built In)
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Fig. 1 Experimental set up

Fig. 2 Experimental set up(computer)
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Table 2 Specifications of lubrication oil for spindle

Description|  Unit . DO“{ Mlddk .ngl}
viscosity | viscosity | viscosity
Density |15C, glen?| 0747 | 0805 | 0832
Pour point T -125 475 -30
40T,
1. . .
Kinematic | mm/s(cSt) 58 2.10 223
viscosity 100°C,
ls(cSt) 0.79 1.0 1.02
Hue ASTM L0.5 L0.5 L0.5
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Fig. 3 Variation of thermal displacements according
to time

51

WE 73 WSl SHHS AZ L 2% Pol o 25 WY
o) Wskg AU A7 Fig 4% Zool, AL e
2.

() F4%F 8.0 4 /ming o 7|A7Hs-E A&stA 1987
A W7t FH8HA F7rste] AR HATFY 85%¢<] 24
m7HA SN & 4 itk W9lE 2088E A
o] 5087t vl AEHA S7+& whEstga, Ad 93y
ol 47827219] F WY FE Smol e 4molEE H
9] oFA3} A|7He 20~478H o], HYEE 24 ~28m
o]t}

FHF 9.0 ¢/min.g o A7HSE AlZste] 2087t
A 97t FAA F7rete] A H ] 90%3] 24
m7t A S-S & 4l WE 2185 g
o] S1E7HA] u|MsHAl $7HE dHESA T, M B33
ol 392749 & HYFL 5imolH 3molEE ¥
9] kA3l AJ7HS 21 ~39F 0w, WOITEL 24~27m
o]},
Foe 1050 /mind W 7| A7NES A)AsHA 24827
A W97t FHsHA Frhete AA AT 87% 23
m7tA] SVEE & 4 Qlth WYl 25EREH Y
o] 558 74A] n|AetA 7 whEs g w, o) w3
ol 54871219 & HYFL 5molRl 3ymo] g MY
QHE3} AJZRE 25~54%o|w, HYFLE 23~26(mo
2] w9 obys} Azhe B FRl uhel & W3t
7b glod 9 ¢ /ming o) vud AHSE &

o, M9jgre B gl ot 2wt givke A
& A9Za & 4 9t

2

~

€)]

2 0
9o

—8—8Liter —#~-0GLiter —¥=—105Liter )

um
n
a

Displacement(un)

a N

0 5 10 15 20 25 30 35 40 45 50 55 60
Time{min)

\. J/

Fig. 4 Variation of thermal displacements according
to time



Az - olgx - 25
4.3 13 RERF YN A 2 - —E— 8L Iter ——#—OLiter —¥—105Liter W
EH= A$ 2.23 oSt 28F dst 5 FaEd
uE 7E HY A AT 2 5 dof oS ZF W
o MstE AE3 A3 Fig. 59 Zod, A¥yES 23t

2.

a0
ERi

) 8.0 ¢ /min.d @ 7|A/FES ARt 1387}
A W7 F A F7ketod A H 2] 87%¢<1 20
m7HA] F71eE & 4=tk MY 14EREH gFH
o] 44877 n|A8A| S-& HHESI T, Ad 53y
l 2587129 F HFS 5pmolhel 3ymol22 ¥
91 QHE3k A)ZhE 14~258 0|, HEE 20~23um
olth.

292 90 ¢ /min.g 4 7)A/MES A=t 2287}
A W7t g8 F7Fste] A4 HAFY 88%¢<l 22
A 74 & £ Qlch Wle 23ERE ¢
o] 538714 vjAletA FE WESP I, o 133
ol 4587149 F HARFL SmolWdl 3molBE W
9 Qg3E AIThE 23 ~458 010, HUAFL 22~25um
ojt}.

FRF 105 ¢ /ming o 7|A7EE AFste 17871
A A7 FE A Frrete] A HAH] 85%< 25
w7t 718 & 4= glck W9 18R EH GAH
o] 48877 | AstA $-E WSk, Ad g2
o 28779 F HAFL Sum o] BE HY HYB} A]
HE 18~482 0|0, HYFL 25~30meEA £
Feeo] 71 AL 8.0 £ /min.o| A B9 SHAFL A7k
9 AL vuy hHES AEEAS 4+ sl

@

3

4.4 ZHN NBEY Y DY
Fig 62 ALg 9849} ¥ F930l U 229 2

]

o}
;g
=2
=
BC
I
o
i
s
L.
2
)
1
Ho
]
Jo
Rl

woldlol wet 193} o] Wel7h A%
A Aol 325 HolAe 20

oz
H1
A

2

52

Displacement{um)

0 5 10 15 20 25 30 35 40 45 50 55 60
Time{(min)

L /

Fig. S Variation of thermal displacements according

to time

(- | ——low —8—middle —&—high )
5
240
=35t
£330}
St
s15 }
210 ¢
2 5 b
[ 0 —_— 2
8 9 105
Supply oil volume(#)
\. J

Fig. 6 A stability time of z-axis according to volume of
lubrication oil

(. \—+—low —#— middle —&—high _ w
30

25 b

20 f

15 }

8 9
Supply oil volume(4)
\_ _/
Fig. 7 Variation of thermal displacements according to
volume of lubrication oil

Stability time of Z-axis(min)
P

105




R DA A8 =2F] Vol.13 No.2 2004. 4.

& HSAA AYT A oe 22 48 E9lth

(1) FHE%E A57 158 cSt.9d AT JE/Y g/l
105 2 /min.d o Z% <3t A{7ke] 7H4k Zotom,
A7 M AdSE gletgct

(2) 2.10 cSt. o) d W9 Z% AT AT F A
69 F480] 9.0 ¢ /min., 21HE &
of 8.0 /min.Y of 714 Fokom, WY = FHE
TRFY Sl Z Ao} gl 1P =S Hee=
fol 8.0 L /mind wf 7PF A EE At

(3) 2% b3} AZhE 28R TR0l 9.0 ¢/min., GHH
F2 8.0 ¢/min.gd W AMG SEFY HEA e 2
A 43 2AEE 4945 FUss

H1

o

Ho
e

il

(1) Ha, D. D., Kang, M. C., Kim, J. S., Kim, K. H., and
Kang, H. Y., 2001, “Machinability evaluation ac-
cording to variation of tool shape in high speed
machining”, Proceedings of KSMTE, Spring Con-
ference, pp. 346~351.

(2) Kim, J. Y., and Yoon, S. U., 2001, “Thermo-

53

analysis of machining center main-axis thermo-
displacement for infrared rays thermo-image camera”,
Proceedings of KSMTE, Spring Conference, pp. 125
~130.

(3) Lim, Y. C., and Kim, J. K., 2002, “A study on the
thermal specific of operational spindle system of
machine tool”, Proceedings of KSMTE, Fall Con-
ference, pp. 498 ~503.

(4) Kim, H. S,, Ko, T. J,, Kim, S. H., Kim, H. S., and
Jung, J. U, 2002, “Research on the thermal
deformation modeling using by regression analysis”,
Proceedings of KSMTE, Fall Conference, pp. 47~
52.

(5) Lee, 1. J., Choi, Y. H., and Chung, W. J., 2000, “A
study on the compensation of the thermal errors for
machine tool”, Trans. of KSMTE, Vol. 9, No. 4, pp.
117~122.

(6) Kim, S. I, Kim, K. S., Kim, K. T, and Na, S. P.,
2001, “Thermal characteristics analysis of a high-
speed HMC spindle system”, Proceedings of
KSMTE, Spring Conference, pp. 441 ~446.



