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Structural Characteristics on Drilling Center Column made of Epoxy-granite Material

ST. Won , JH. Kim, Y.I Park , HW. Lee , HY. Maeng

Epoxy-Granite Material (Sl ZA|-28ve]EA}), Drilling Center Column (=88 AlEe} #7)
Design and manufacture (“dAl9} A3}, Structural Characteristic (725 4)

Key Words :

ABSTRACT: A new fungible materal named Epoxy-Granite composite is applied to the column
structure of drilling center in order to investigate the advanced dynamic chatateristics comparing
with a conventional cast iron material. The dimensions of new column structure are adjusted to
keep the same stiffness (El value) and the manufacturing conditions are formulated based on the

preceeding research experience about the development of Epoxy-Granite structural material.

The two kinds of experiments are set up, one of which is for the measurement of natural mode

and frequency using experimental modal analysis, and the other one is for the measurement of
vibration amplitude during idling operation of a machine tool.

The comparison of maximum accelerance values at each natural frequency of bending mode
shows a Epoxy-Granite column have larger modal damping ratios(over 2times) than a cast iron
column. The vibration amplitude of Epoxy-Granite column measued on the bed, motor base, and top
of column are also much smaller (up to 12%) than
confirmed that a Epoxy-Granite materal exhibits a good anti-vibrational property even if it is used
under the actual operational environments of machine tool as a practical structural element.
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Table 1 Properties of Epoxy-granite materials

s 20N e & 2 ¥ 4 3 554
Ay
Haae |l AF Y7 = 9rs *d“éz Yl B Br&in &
a2 A L S A4l g
Keals | 10-0/
kg /an? [kgr/mo? | Hs ah’ C °C (%} Hz [4
5-1 | EF-FFI-RI0-3| 14.2 | 3.8 | 45-87 | 1.20 | 18.87 [ 2.36 | 0.06 | 35.0 | 0.058

5-2 EF-FF1-R12-3| 13.8 3.6 44-97 1.15 14.63 | 2.40 | 0.09 | 33.8 | 0.060

5-3 EC-FF1-R10-3| 13.7 3.7

46-100| 1.11 21.63 | 2,36 | 0.10 ] 32,5 { 0.069

5-4 |EC-FFIA-RIQ-3| 14.2 | 4.1

48-100| 1.45 16.35 | 2.33 | 0.04 | 32,55{ 0.07t

5-5 EC-FFI-RI2-3] 14.8 3.9

45-103} 1.14 14,08 | 2.39 0.10 § 32.5 { 0.068

5-6 [EC-FF1A-Ri2-3{ 13.9 3.9

45-105] 1.14 18.54 | 2.36 | 0.10 | 33.8 | 0.061

5-7 EC-FF1-R8-3] 12.0 43 45-90 1.08 24.87 222 0,08 | 33.82{ 0.067

$-8 |EC-PMIA-RI0-3| 12,6 3.3 40-85 1.31 23.96 | 2.28 0,06 | 33.86} 0.065

5-9 |EG-PMiB-RI0-3] 9.6 3.4

42-100] 1.31 16.45 | 2.43 | 0.08 | 37.56] 0,057

5-10 (EG-FN1B-R10-3 9.4 3.5

35-100 1,37 17.42 | 2.49 0.09 [ 35.0 | 0.052

5-11 [EG-FOIB-R10-3| 10.9 3.5

44-106| 1.4 16.76 | 2.53 0.11 | 35.0 | 0.059

5-12 |EG-FPIB-RI0-3| 8.2 3.9 45-103( 1.43 18.31 | 2.56 | 0.04 | 35.06] 0.057

$-13 | EG-FOIB-RG-3 8.7 31 44-83 1.37 25.97 | 2,54 0.10 | 35.0 | 0.067

5-14 | EG-FRIB-RS-3 8.5 3.3 44-87 1.40 27.27 | 2.54 0.10 | 31.3 | 0.069

5-15 { EG-FS1B-R4-3 8.6 31 44-80 1.81 30.77 | 2.49 0.10 | 35.02| 0,058

5-16 |EC-PMIA-R10-3 9.4 3.6 40-95 112 uar | aar ©.67 | 33.8 | 0.058
5-17 |EG-FNIA-R10-3 9.0 4.0 44-96 1.31 14.93 1 2.34 0.11 | 32.5 | 0.062
5-18 |EG-FO1A-R10-3| 11.7 3.9 40-97 1.88 16.24 | 2,30 0.10 | 33.8 | 0.056
5-19 [EG-FPIA-RIQ-3| 10.8 1.8 41-100| 1,40 16.05 | 2.29 0.04 | 33.8 | 0.06%
5-20 o 3 12.2 31 50-55 1.05 12-17 | 2.54 0.10 | 45.0 [ 0.051
5-21 F A A 60.5 38 37-40 46 10.92 { 7.30 0.0 [ 29.1{0.034
5-22 2 | 20.7 4.2 95-10 4.7 10.87 | 2.94 42.7 1 0.053
5-23 |EC42| nwia) 9.3 8.1 74-77 0.29 | 137.78 | 1.21 001430116

5-24 |EE42] Zaia 8.2 9.4 63-83 0.30 { 133,93 | 1.20 0.0 1425|0105

5-25 |EF4:2] 1&ia 8.6 8.6 70-84 0.30 1 129.15 | 1.20 00§ 400 | 0.123

5-26 |EGo2] Zieday 7.3 8.3 62-80 0.29 1138.78 | 1.20 0.0 | 41,3} 0.122
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Fig. 1 Structure of Drilling Center
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Fig. 2 Design of Epoxy-Granite Column

(4) ok ZAl X2t gyel WE

ol ZF A =2 (o]Zzm MY HAF AF)e FAQ}
AztAe FAUE 1030 HEE o FdsA &Y
HEE S¥ol4 Wy g Table 29 ¥l wig =
A w20l 529t B (filler)S W FAIZTH

Table 2 Condition of filler size and weight ratio

mh | Mover | 0=t | w8 | =12 | 412430 | 303100 100 bedon
sze |10 176 \ 28 168 05 Qe |09
(n) 2 0] el 23] s AP | bdow
weight 32 2 12 8 2 6 9
rabo(*%)

—~160—

(5) 1 & 2% 2 AS)(gel coating) N
Py 7]Fo] fE ARE AFEAL &7
A 7He YR £ westd = 2™l A
o 12k A ZE FYL #100 oske YAVE AHE
stel wal : £A9 BA vgol 21 12 HES St
g 7elH 283 W@ANFE o 3~5mm FAR =
Bsqrl, 23 ZEe A ZEEY W3 FAIY
o] ¥ HFTYHETE YA XS FHEHTL
HEE &gt & JAREE £12~30 ¢ #30~100 ¢
210003 = 12 : 6 : 97} HEE stm, deiel FA
9| [Hl% 5: 10 HEE YAl Bty HFAZ
I:}-_ 10]

L
A

(6) 2=z F¢ ¥ B M(compaction)

Table 29 " AE FHlsln FFddl A3 +3
gk 15 ¢ 12 wgsld FYsta, rpAHez g9 3
We 23 4 FEAS Ee ng g BT
Z Fe#rEA E9 O0E2L Sk

X
T
=l

(O 7oid o HES oj@RY

Ao A 347 FARE F o1¥A AFL Figd
cold) AY FEE FAE FEAS HA
AMEZ T3t o 580kgol HATH

R

Fig. 3 Photo of manufactured Epoxy-granite Column

8 =8 % U= HA

E dpdA AFE oZA-aeivelEA HELE
A ANED A FIH P TLT FPR WS
A HEHReH, drld ARHE LMddE §d
Eza $Y A ## zyHRS 2YE 2
Az e e FARA KS FHdE 7lAd B8 &
Prg 30 Pl2E o, ¥4 FYEE 50 v|2& oW
2 FAsT deu, A4A FENA wolAdE T4
5 ol2g ollz ARsHAM 2T ot TV £
Azt 2Pd ol ZA-velEX AP FHA
A9 AHNEE 24 A Fig. 49 2ol 34 2
FolldE 3 nag, dFA-advelEA HIFAAME
39 mjzEY A7 AT



4
7 ye—r— Boll T T -
108 & 4 2 3 4 6 suollii' o8 &5 420 246810
{micron] [micron}

(a) Cas| fron {b) Epoxy-Granile

Fig. 4 Linearity errors of LM guide on the column

4. FEo 1=s8y N
41 IARVESTA USHERY-AUEHYYA X

MeE CEFA-aveolEX HHEH FAHA HFEY
AR AFEAHE vinstr] A3 e 1§ AFgse
AFYL 23Ut B dFoME FF7HAd o3
B g ARl o2 AAE FE2EY o8 XNFY e
A& Fan 493 E$=3 4 (Experimental
model analysis)ol @l RFAFS5e AFHE 723G
th o7l AGgEsE FEY YYL YYolu 2L
7tExold o3 Hteo HETSE Inertance T
Accelerancegt 3 3o},

Fig. 59 ol 27714 93 nRAEss L AE
e ZHFAE F2B FAHE 7en a1 F4¥g
Z43l= A (Impulse hammer; PCB Ab), 3]
o8 FxEe ¥HE FAsE & EA (Accelerome-
ter; B&K Type 4379), 7FE XA 9 A HoA 29
B AANEE FEslo AZ7le ALt dslFE7)
(Charge amplifier; B&K Type 2635)2 74 stdx,
Zglo) W (Fourier Transform)oll &3 Adgrs +
g 2e= #4gE Y4 Zz2aPe FYPATe
FET. 4714 292 A AlAF(ZONICAF Ach)ol
A= )

AY T2 AFYL 3xeHoln BE AFEE
AU YA B dFd e 7teddsdd £2 3%
£ miAls dEYTY AFHH Ay AFyL
F2 #43ly] fsiA ol & a4 BaAA v
l= Y& st ARGy SHAEE L
Aty Hsf Y TFE FHe 15709 gAFe
FetAa FHewskXuahAeYE F8lv) 9lstd
Holl 539 ElAH L Azt M) olm 2} BMAY
Aol A= 53le] BHAR 2 G WEslo o|g HIEH
2oc &4 Zzagog BAMsYTt

N o
Ed o

= Ae

b

i

J

1 : Charge amp.
ccelerometer F.E.T.

lmﬁul se l
anrer Pre amp. [mnterj

SBE—00

(& &)
Fig. 5 Experimental setup for the measurement
of natural freguencies and their mode
of the machine structure

42 HE82| UESEHY HF-HHYY U Hx

ZtHEFolE RElE XYY AR 3%y ®
T AN ot F2E FFo| WA o] AF
& 7434 hEEAEC HAF Ago] maA grp

.: 0

y for the measurement of

vibration level of the machine structure

i - - N !
Fig. 6 Experimental setu;

dunng the idling operation

—161—



2 d7oME EHYG ST AR EHE Y
og AFo] FAVIAY F2E AdEsE %L
ofst7] f1ste] Fig. 63 Zo]l d@AE T4
HEA TEEY 2k BooAM AFANZE £ wnst
A AEgHe FHRARE 7139 FL=ol AH
e J¥E viAE =do] nAHHE H=RE T
g0l 1T HEREA & 4y an AEy
g4do] s ZHRPEA e, Yy AEHEE o

-
)

obsl7) 9fsh WU HAY 1hL 5 & 4 AWE A
gaidom RE SWSE S000mmAA BAHOD A
FA7EA ol 4 Belldel 4T 2AST =
1% i sk

5. M8l @2 ¥ a3
51 AKVES U NSW BY¥AR Y 1%

Fig. 7& A2%d4 £3 8 9lste] dAd 49 43
5 ABFAAM Ve FHsHY d@ Azl st
o] §FAEY BAE JYeld Aot} o] A3 e =
Aol dEyel Whste oEA-adtolER HYL F
A "o nstd BHe 2719 tex (G 50%
ojzh& Holxn Ut F FHA | v|stA o F A~
LolEA "ol el tidl Rwol vy} 3ol 3
d AL AT US4 Yl

Fig. 8& A3 geYywehs 39 ax(Xer)o 3
ol e dEdrE 44 Yebd ageln Axzo
2 ARHETY Avle FEA NZA-ad ol E )
of wlgtd 7|7t A8 FHA BPME BENEY
(Local mode)o] WA= o] of EAl-1ejito]l Eo] n)a)
W& Peak7} #&E 1 glEdl ol Salied] Anf'stx
2 dAste di4deln

Fig. 9 53 48 A% 94Y% 9 F94% A%
LHAFTE AFYE Ho4FD YT Table 3& 23}
5% 7tA9 3{FAFFAMY Accelerancegte] ¥ @
olch. 2¥3} RollA B AP AZYo] ) oA
e 29 13 29 A% 2% 3¢ Aed) Ay
e JEF AEYo) AN LA Yk o=
Heel Mol 9% %ol AN (Couple)so] Y
AN FHE FH2 wudy. = dy7zE
S el ged] nPHo Yot Wz REY A4
ol Hef3ld AT Ao 2FEA Eam
Ae Aoz A 53] 948 158 A9
= 4704 WFYol HHYHY 14 FY 1YL Yz
Ao AFAFROGE W= 2ewer Frr) Hekge
W gk daz A

23 12 FY ABYAME FAANBRG EA-2
HolEx HHY ZRAFSFI I ge ez
AL 228 FF AFFolME FAYRG o E -1
UelEx A TRHAESFI 2 38 Yeldg o
AAds FEA BHY FATE oF 310kgo) T A ZA)-1

—162—

TIME
2z 0EQ
; #1
0.
]
-2 0€0 . r N -
1. 0UOE-1 <. ONOE~1
SEC
3.0£0
2
¥ y
5. %%,"Xig.%;;%%w\/-v\/\/\/\J
-3, CED
0. 1. Ba0E- 1 N S Lo0E- |
(a) Cast Iron SEC
TINMNE
2 nEQ
1
g, 4
-2.080 4 . : . ; — ¥
0 t.000E~1L S nnQE-]
TIME SEC
3.PEG
1 -
2
0. - f}ibﬂ\“.;‘\«"w'\.'\.’w\_w
-1
-3.060 . . § .
0. 1.00QE~1 5. 0A0E-]
' SEC

(b) Epoxy-Granite

Fig. 7 Comparsion of measured viration signals
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Table 3 Comparsion of maximum accelerance
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