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Improvement of the Lathe Tool-post for the Suppression of Chatter.

Joon-Ki Chung

Abstract

High speed and heavy cutting performed for improving the surface quality and productivity,
are often prevented due to chatter phenomena. Chatter is a violent relative vibration between
workpiece and tool in machining of metals, and is an ifnportant limiting factor of production
rate and surface quality, and reduces the tool life and the dynamic performance of machine
tool itself.

In this study, in order to suppress the chatter, a modified tool-post combined with the spring
and damper was designd and used in the actual cutting test.

The results of this study are summerized as follows; The spring and damper adopted in the
modified tool-post have the suppressing effects of chatter, and there exists an optimum combination
between spring constant and damping ratio.

Key Words : dynamic cutting process (53 82t77) regenerative effect (W& 7}) over-
lap factor (58-#4*) specific cutting resistance (1]&HA}*38}) dynamic performance (%3
48%8)  limit width of cut (3+A| HAME)
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&% 4774 (dynamic cutting process) & A3
H 4y e (steady state cutting) o] Fig. 13} 2o
W7t AR E de FHEM, BRG] &
A<l H4 ol (instantaneous uncut chip-
thickness) u(t)& ©+-9] 43} o] FHY 4 I}
u(t) =u,+duft)

4714 s BAEANA Y FAZlolo) L du(t)e
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du(t) = -x(t) +x(t-T)

22 BEYT A7) Te 33Ze] 13Hs=
g Zee Altelm, x(-T) & 134 He Maxn
oA BAG AF BY2 M, Fig.2olxst o
oF-B ZE# o) (outer modulation) 8] FFHZ 1}
Be, x(t) € JY ZE# o)A (inner modulation)
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c. VIBRATIONS IN CUTTING SPEED DIRECTION

Fig.1 Variations from steady state orthogonal
cutting.
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VARIATION

Fig. 2 Undeformed chip thickness variation with
regenerative effect.
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o1, aq+v 34K #)4¥ 2 (quadrature recepta - § m
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g &7 7] (viscoelastic absorber) & o] &%
ZALde & dHo] glon® Ao EAL AMdte
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A A HpRe HeERE Uy YehiE,

7v Aok wepa Fabrol tidt Ky +me? 2=
AM kg Y 78 5 den, Ko/ Kp+me?)
HEAME & AP T8 F Uk o] e
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Fig.3 Idealized model of machine-tool v ibration.
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Gils) = cmls)
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a) Closed loop
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Fig.4 Block diagrams of self-excited chatter.
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Fig.5 Stable limit of the regenerative chatter.
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3.1 A¥3A

3.1.1. =& FF9 (modified tool-post)

FTFd e SR T2 48 ¢Vl A
A&AF 4 s Fig 63 Zo] 1 AF- Aol
2413 mdz A7 st @ 2EFo] 4304
F3 FrY TR et IRE AZAA FU
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FTde ZA4E At AE 4 dx, e AFA
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HEA Ad2r ¥4 2% (synthetic rubber) 9}
& A& (polyurethane) 8] 2FF& AHS-shch
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Fig.6 Configuration of the modified tool- post.

3120 A¥9FA

a)3FZ449Y (impulse test)

37 49 4 37Ae 4 2% U 53
/4 A (dynamic property) 8& €71 #3td 8 3%
o £33 duAE d¥og 3, HHE &80
o} HEetolAd: HAEUFE T/ Fo] o7]oA
43 7’3 (equivalant stiffness), &-& (loss factor)
2 3f WFETFS 4% % (equivalant mass)E
T3k 34 oA e 223 v (impulse hammer)-
2 Fv, dee 3790 Fd B2E A 229
7} = A (piezo type accelerometer) ol ol#) ZA g
AZE HEAE 3o 33 49 Nig
FFT £471¢] g43t AS¥4§ F3+x2, 2de]
Agdre AR agze XY 712 A (XY rec-
order) & 7)12 319t}

b) H4} A¥ (cutting test)

FTTHE 7T Sle edn Ty 7 =9
ol X Hat ¥ HIUAM H Fo AH AL
BFs A FH5 9 @A daEg FIHHch

273 70mm, AXdo] 240mme] €$EF A¥L
E¢dol 120mm 2 Ao E21A G " Jd¥e
stsick Alge] AL SM4SCold], FFE M7y
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g v}o]E (throw-away tip bit) & AH&-3Qck &
B+ HertelAlo] A1E PTFNR2525P22X o] 1, TNMG
220404, P10 A A9 oz, A4¥7AL 0.4mme]th.

FFY Fo) Bagl rlEEANA g AEs
ZZ7] (amplifier) & F3to Ho|X wojE 7|5A
(tape data recorder)dll A3t ¥, ol& FFT ¥4
710 st 2HEFE FEENY, AMEH Fog
g 78k, 71EA4 NEHe 2N AEHATE 8F
sl A HAEE Tk H A FA
3 AAHQ A Fig, 79 Zov], 2E 49
o AA8E ZIAEDL &F VITEY HAEE table
12 #o

Wo rkp:nco

b
4]

Digl gage

FFT
analyzer

Oscilloscops

Fig.7 Experimental set-up for cutting test.

Table.1 Specifications of the experimental
equipments.

Classification
Lathe

Specification
DAEWOO Model :DST 20
(Swing over bed 520mm
Max. dist. between
centers 1000mm)

Ono Sokki  NP-501S
Ono Sokki  PS-021

Accelerometer

Accelerometer amp
power supply
Impulse hammer

PCB 086B03 (2. 3mV/g)
(Tip medium :
Mod No.084B 04)

FFT Analyzer Scientific-Atlanta
SD 375 Dynamic
Analyzer [[
Digital storage HITACHI VC-6015
Oscilloscope
Tape data recorder | KYOWA RTP-500A
X-Y recorder San-ei 8U16

Multi- recorder YOKOGAWA TYPE 3061
-63(6 CHANNEL)

San-ei 6M-47

Strain amp.
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3.2 A¥Ewy

3.2.1. =249 (mpulse test)

Aubol| A Be) F+ (original tool-post) & &
¥ F 2 YA =% FT (modified toolpost) &
ZYsicth @ 2= 574 56,78 9mme] &A
B ¥s}t A7, 2F BEL 44 @ 2Ty F
Al tdte] 4 1F, ELLdE AR %S
TAsY, AR %‘vr%"a zd 3k

4 2 A% 24 48 2% £4 F7dg
—’FSIH‘— SEE A 54 92 £3 7

A& Bt NEEAZ €S 21, FF7]
2 —o‘%/\]i’_ % FFT ¥47]2 olJ¥l X (inertance;
(a/F))& T3tdth

3.2.2. E2r H¥(cutting test)

1A 259 34 Ago] E4F, I %9
FHE 22 FAsT 9 e A¥E s
AE RAFe T wiEge] g 1Y 22
ey kel Fe A&t Mg

A (chuck) & dutFH oz Fol| 2ol 32 AF
# (3-jaw universal chuck) S A}&3tgod, T3S
IA EQAE 1300kef- mm 2 A A stTh
T Hp) S ¥ HAAEFE N2 gom Zo}
719 F7 wE, F4 AT 715 dFEEe] Hx
7} HA ok FREY ZFAE dLsA F48
7] Ystqd Ao g2 BE Afe 7A€ A7} 120mm
HA FRAES 1AL, FHE GEE 0.1lmm
A2 Fofl Har 48 W3F T AAE-S 0. lmm
W F7HAA A HAE Bty AlE S
dojube e A HaFom HIAoh

HahE g AEs LRx7] g3t Ayt W=
ol Aol E AX3t] FEY o o|FHE &F
8 R=

ol&& (. 07mm/rev. 2.2 T A 3ldn, F& 3
A £EE B0rpmo 2 3Pom, £33 FF AL
%E 650rpm, 1400rpmo 2 WHEIA|A Halg oz
ANET o Jgx ARSIt £ Zpzhe] A4
Z7e) di3te, B FAREN H e s
o A8 T glo] H ¥ e A4 ANER
T4
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29 274 ANE Fig 9ol B33 k. 2
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g A% A3 o= AR 22F Y
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L& ¢F ST E A H5 2gE &2
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ad. Fig. 10& 2= 8mms} FEILFE AHE-3)
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gt AEIQlo] et T ¢ e A IHFL
TetEed, I duel o} HAH 2¢E YA
o E3 2 FTUE HA dystq de g4
HAE L 3.3mmyed, o] ge &4 F7UY &
Z3elM @ Ao} ¥wEA. Fig. 11, 12 4
227 FANAM E4& ] Wt fF FA F4F
o] ¥glg Yelhd Reg, Fig l1le Fdsde o
., Fig. 12& ¥4 157 i Aold, 2+ 24
A xHEe 2d FTde 84 F4EE BAE R
oltt. L AxFYo thste], T 1F-o FH7}
27] WEel A dAEx A Yehdd. 1F§
Y&l wet A HAFo] ARAR, o= 4FH
FE 28 &2 ¥ dre AAL FE L ol
A FA "apEo] Hopg A o] AL
S F4 AFoA 42 ZAaet dATH. A
HaEo| 7} & Feo 2HE Y 2o B
o, o] & &ZH A 8mmolN, =3 JF
6387kgf/mm, £424& 0.34524 FE54 AN
A2 et ARttt o] =FolAe A A
AHE L 5.8mmEA, B FTUHE Hit sAde A
$-o A HatE 3.3mmol| ¥lstd oF 1.8 Wi F7}
duse ¢ F Ak

Fig.13& % 3A &x¢ A AaZo] i
4Y 232 229 77 8mmet 44 AFE AHE
83, FF IA=E 650,950, 1400rpm e 2 HstA]
e we ZAseld.

% AR £} SUhg o} §A "o

40
— 12
2 9 A 2
=
3
_I‘O 1 1 L
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Frequency (Hz)
®
®

k=864.4 kg mu
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Fig.8 Variation of resonance curve of the modi-
fied tool-post. (t=—5mm, polyurethane)
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a) polyurethane

Fig.9 Inertance of the modified tool- post. (t=8mm)
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n=0.282 P =0.345

Fig.10 Compliance transfer function of modified
tool-post. (t—8mm, synthetic rubber)
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b) synthetic rubber

a) polyurethane, b)synthetic rubber

Critical width of cul b [mm)
N L ~
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Fig. 11

The relation between the critical width

of cut and loss factor. (polyurethane)
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sl ®lsz 9 mm
Otsz § mm
Wtz 7 mm »e
E - &Lty 6 mm
E st Qts= S mm
F=3
3
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£
ERl
o
2 5f /
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2
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Al 4
1 ) L L L L L
0 005 0.10 0.5 020 0.25 0.30 035
Loss factor m
Fig.12 The relation between the critical width

of cut and loss factor. (sythetic rubber)
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Al /—-A
A 650 rpm

0950 rpm
0 1400 rpm

Critical width of cut b{mm)

L

0 0.05

L

035

6% 0m 0B 030
Loss foclor m

Fig. 13 Effect of the cutting speed on the erit-

ical width of cut. (t=8mm, synthetic ru-

bber)
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