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A Study on the Chatter Analysis &
Dynamic Stability of Drilling Machine

Park, Jong-kweon* Lee, Hu-sang**

Abstract

This study is carried out to estimate the influence of cutting speed on the dynamic
stability of a drilling machine. The theoretical stability chart is constructed by using
the measured dynamic characteristics of the drilling machine. The critical cutting
width and speed predicted from the stability chart show excellent agreements with
those measured. Therefore it is confirmed that the analysis technique used in this
study is useful for the prediction of the dynamic instability and improvement of
the dynamic characteristics of drilling machines.
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NOMENCLATURE

T D3 W F7) (sec)
L L EEAS
u(s) &7t FAEA
Uo(S) ¥ dd H2%
y(S) [ FF FFE Atolo] FuE 4 (um)
F(S) :H2A8 (kg) '
Ke : A2 A (kg/mm)
b : HAAE (mm)
Km DFREY A (kg/n)
Gm (S) : Normalized Dynamic Compliance
Wo : Z}4 % (rad/sec)
¢ : Damping ratio
fo D AF S (Hz)
v DA
n : Chatter A cycle
g((ss)) : Dynamic compliance
f . Chatter 342 (Hz)
N P FHEE (rps)
Ab D AAE W (um)
aF 1A ¥l (kg)
. M &

oA RE ezl viel ol AAIFA U
ofM g e AHsiacld xR (self-
excited vibration) oA 7121® chatter @A}olrh
538 AzlEe HAE $3¥()s 2E AA
2 slabarelel A A7t FHe Ee we
2 7]';‘1@_}“11 2 A 3] 2} 48 & (regenerative) @1 72
o MER 7= 7VEE o ZAsHE nonr-
egenerative ?} TREY FelRon 7hE
oA EAlzl = B regenerative &}
A97} we. Aol Me ANE Aol
sl o8l =2y M/Ceo chatter A4S o=
Shal, FAHAARAEE Hrishe AL At FHE

o 01“4
fr o 2 SL N og
W ot rlr o

e rlo

Uigoz sEek oldls H.E Mertt (2)9] ol
A e =Yy AAoz 2dgsie JIAE
& B I IRETY U HEFHoRlE
(dynamic compliance)& FAs2 5 7, 954
Aol M modal parameter(6)E AAE & o]}
A AR M e FHH A F (cutting Stff -
ness)& 1A (3, 4] °olEE Z¥%E harmonic
response TE TE ol2F 4A A (che-
tter frequency)& &3 £ AA Ha AFEE
53 A3 AAddTe dAEE v, HE
6}%1" o}-&8 chatter Ao #ALE IFESL

2 (7, 8) EIsted chatter IS A AT
71 H‘} wete] FAELE 3t

2. Drilling Chatter o|2
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loopg FAEEA s1Eol ®rh oW,
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A8 A A 2 do7|a o|Ae] chipFAE
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Fig. (2-1) A Closed loop representation of

Machining process.
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Fig. (2-5) 2-DOF Model of Machining System for
exciting Test
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Fig. (3-1) Schematic diagram of impulse testing and
signal processing

Fig. (3-2) Experimental ste-up for structual dynamic

test (Relative compliance) by impulse
hammer
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Fig. (3-3) Undeformed Structure of Drilling Machine
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Fig. (3-4) Experimental apparatus for cutting
test (chatter)
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Fig. (3-5) Schematic Diagram of cutting Test for
Structural Dynamic Analysis
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Fig(3-4) o] 43 AXeliA = 2.0mV/kgel Tool
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Fig. (3-6) Time signal of chatter generation
(890 RPM, D=10, d=4)
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normalized dynamic compliance® =27}|Gm|&
ol ehgsE ol 4 Udxd |Gm|AE dam
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Table(4-1) Tabulation of intersection points and critical speed (f,— 88, 9Hz)
= {/2(n+v) - (rps)
b'Ke/Kal f(Hz)}| v
n=0in=1 |n=2|n=3|{n=4 |n=5|n=6|n=7|n=8{n=29 {n=10

0.149 94.9 [ 0.764 62.1 26.9 17.174§ 12.61 9.96 8.23 7.02 6.11 5.41 4.86 4.41

91.67| 0.86! 53.24 | 24.63 | 16.02 | 11,87 9.43 7.82 6.68 - - - -
0.199

102.06( 0.653 78,15 30.87 | 19.24| 13.97 | 10.97 9.03 7.67 - - - -

91.0 | 0.889 51.18 ) 24.09§ 15.75¢ 11.70 9.31 7.73 - - - - -
0.215

103.0 | 0.639 80.60; 31.42} 19,52 14,15 | 11.10 9.13 - - - - -

90,4 | 0.917 49,291 23.58 | 15.50| 11.54 - - - - - - -
0.288

110.7 | 0.597 92.73| 34.66 | 21.32 15.39 - - - - - - -

89.9 | 0.944 47.62| 23.12 - - - - - - - - -

i

0.437

121.0 [ 0.570 | 106.23| 38.55 - - - - - - - - -
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