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Machine Tool Identification Under Actual Cutting Process
by DDS Analysis

Seung Wan Byun and Chong Won Lee

Abstract

Machine tool dynamics is investigated under actual working conditions. Experimental evaluation of cutting
dynamics in a lathe is made with cutting conditions and cutting positions varied. The thrust force and the
toolpost and tailstock accelerations during turning process are modelled and analyzed by employing Dynamic

Data System methodology.

It is found that two acceleration signals are good encugh to replace the thrust force,

when used for

machine tool identification under cutting process and for chatter detection.
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Table 1 Cutting condition.

Spindle Feed Depth Cutting Cutting
Variable EXPz :g;el:d in/rev l of cut \;rell/c;%iéy ponslirtrilon
1| a0 | oo | Lo | w0 | 09
Feed 22 | a0 | Loz | no | o.om |
3 | a0 | o163 | Lo | .00 |
4« | 200 | oz | 1o | Loer |
Spindle speed 22 | a0 | o0 | vo | .o |
5 | 400 | o0 | 10 | 127 |
6 | s | Loz o5 | Lo |
Depth of cut 22 | om0 | oo | 1o | o5 |
7| s0 | o120 |15 | .10 | #
o 21 | a0 | Loz | 1o | o5 | =50
Cutting position
23 | a0 | o0 | om0 | oo | A=50
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Fig. 2 Tool dynamometer and accelerometer set-up.

Fig. 3 Cutting experiments.
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Fig. 4 Typical example of signals.
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Table 2 Thrust force characteristics.

i ‘ Mode(natural frequency, damping ratio)

EXP£ |[USAM(m,n)
1 2 3 4 5
1 | (&7 | 187Hz 0.176 | 487Hz, 0.043 | 751Hz, 0.038
2-2 (87) | 173Hz, 0.040 | 446Hz, 0.134 | 698Hz, 0.267
3 (10,8) | 232Hz, 0.165 | 505Hz, 0.244 | 552Hz, 0.062 | 924Hz, 0.045
4 (87) | 264Hz, 0.059 | 445Hz, 0.070 | 797Hz, 0.026
5 . (10,8 | 189Hz, 0.009 | 412Hz, 0.366 | 490Hz, 0.024 | 741Hz, 0.014
6 (87) | 405Hz 0.193 | 640Hz, 0.027 | 982Hz, 0.043
7* (10,8) | 181Hz, 0.003 | 362Hz, 0.002 | 514Hz, 0.247 | 745Hz, 0.027
2-1 (87 | 180Hz 0.394 | 524Hz, 0.070 | 837Hz, 0.063
2-3 (08 | 214Hz 0.760 | 443Hz, 0.130 | 886Hz, 0.075

* Mild Chatter observed.

Table 3 Tail stock acceleration characteristics.

‘ Mode(natural frequency, damping ratio)

EXPz \‘USAM(m,n)
| 1 \ 2 3 4 5

| (87 | 200Hz 0.092| 377Hz, 0.141| 679Hz, 0.175 | 801Hz, 0.096
2-2 (10,8) | 203Hz, 0.114 | 356Hz, 0.199 | 604Hz, 0.024 | 820Hz, 0.030
‘ (10,7) | 183Hz, 0.170 | 207Hz, 0.188 | 466Hz, 0.048 | 735Hz, 0,196 | 806Hz, 0.014
(87 | 191Hz 0.041 | 351Hz, 0.157 | 624Hz, 0.045 | 814Hz, 0.037
5* (10,9) | 184Hz, 0.002 | 366Hz, 0.026 | 5350Hz, 0.131 | 760Hz, 0.089 | 832Hz, 0.012
1 (10.8) | 216Hz, 0.122 ! 375Hz, 0.150 | 606Hz, 0.032 | 797Hz, 0.041
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7* 10,8) , 18tHz, 0.006 387Hz,
2-1 (87 | 18¢Hz, 0.297 358Hz,
2-3 10,7 182Hz, 0.170

L

0.102
0.188

297Hz, 0.188

g0 34

526Hz, 0.079
666Hz, 0.057

708Hz, 0.099 l 838Hz, 0.113
466Hz, 0.048 |

735Hz, 0.196 i 806Hz, 0,014

* Mild Chatter observed.

Table 4 Tool post acceleraticn characteristics.

EXP% |USAM(m.n) Mode (natural frequency, damping ratio) |
1 2 3 4 \ 5
1 8D 273Hz, 0.233 | 464Hz, 0.068 772Hz, 0.036
2-2 8,7 324Hz, 0.112 460Hz, 0.052 781Hz, 0.071
3 (9,8 205Hz, 0.216 | 416Hz, 0.108 623Hz, 0.085 | 836Hz, 0.046
4 (87 182Hz, 0.052 | 431Hz, 0.018 460Hz, 0.722 753Hz, 0.197
5% (8,7 186Hz, 0.003 | 438Hz, 0.297 565Hz, 0.006 734Hz, 0.053 '
6 (10,9 191Hz, 0.130 | 471Hz, 0.036 545Hz, 0.014 581Hz, 0.672 &83Hz, 0.163
7* (10, 8) 182Hz, 0.022 295Hz, 0.090 362Hz, 0.034 70¢Hz, 0.006 | &57Hz, 0.061
2-1 87 263Hz, 0.375 | 484Hz, 0.049 791Hz, 0.057
2-3 10,7 286Hz, 0.108 451Hz, 0.066 527Hz, 0.233 ‘ 76¢Hz, 0.051 !
* Mild Chatter observed.
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Table 5 Effect of feed rate to fundamental modal parameters.

o Measurement
EXP& Feed in/rev. T
ail stock | Tool post
Thrust force acceleration ! acceleration
0. 0080 187Hz, 0.176 200Hz, 0.092 J 273Hz, 0.233
2-2 0.0120 173Hz, 0. 040 203Hz, 0.114 324Hz, 0.112
3 0.0163 232Hz, 0.165 194Hz, 0.078 205Hz, 0.216
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Table 6 Effect of cutting position to fundamental modal parameters,

Exp c Measurement
XP# utting position -
Tail stock Tool post
Thrust force acceleration acceleraticn
2-1 Tail stock side 180Hz, 0. 394 189Hz, 0. 297 263Hz, 0.375
2-2 Center 173Hz, 0.040 203Hz, 0.114 324Hz, 0.112
2-3 Spindle side 214Hz, 0.760 183Hz, 0.170 { 286Hz, 0.108

5 2 B

DDSutyjoz A4 2edty 34 1A F54L 4
Hgozd ohgst 2 AR 44

DAL aEd, 379 9 A L2 A5e
4 276 =t 2AE7HE DA (10,8) x4
USAM(n,m) =& AM(n,m)o ze] 433 =3
37t Fhsdket

2) o] 2¥ ¢ d43] 2yoe Aygoes 4
A A4 dedetil e A4 sy g Ay Fz9
FEAE TR 4 AF 2= a4 AT
T 3 FH £ 243 PSD sl ezye FA4A
F4 A A& Fa 248 FRA4L FAY £ Y
tt.

3D AL AL AT A4 23 F A4 HHg o

ol wE FANA A FEAE A4 w2y,
F7d g Ask SR ATrYe gy 4+
9l on] Chatter W 5 o 2% 4 Qv},

4) FT-FFAEY A 1Y 24 = FT $94
o] A7t goldlx %L A A = FT
W st AFs A4 544 TP o¢
2 5 gt

Reference

1. Burney, F.A., Pandit, S.M., and Wu, S.M.
“A Stochastic Approach to Characterizaticn of
Machine Tocl System Dynamics Under Actnal
Working Conditions,” Journal of Engineering
for Industry, ASME., Trans., May 1976,
pp. 614-618.



10.

. Byun, Seung-Wan,

. Wu, SM,,

. Burney, F.A., Pandit, S.M. and Wy,

. Subramanian, T.L. and Devries, M.F.,

DDS u}4] e

. Ehmann, C.J., “Machine Tocl System Identi-

fication and Forecasting Control of Chatter,”
Ph.D. Thesis, Mech. Eng. Dept.,
Wisc., Madison, 1979.

“Identification of Cutting

Univ. of

Dynamics under Actual Working Conditions
Using DDS Methodology,” M.S. Thesis, KAI-
ST, 1981.

“Dynamic Data System: A New
Mocdeling Apprcach,” Journal of Engineering
for Industry, Trans. ASME, August 1977, pp.
708-713.

. Tobias, S.A., Machine Tocl Vibraticn, Wiley

New York, 1965, pp.146-180.

S.M.,
“A New Approach to the Analysis of Mach-
ine-Tool System Stability Under Working
Condition,” Journal of Engineering for Indus-
try, Trans. ASME., August 1977, pp. 585-589.
“An
Investigation of Computer Ccntrol of Machi-
ning Chatter,” Journal of Engineering for Ind-

ustry, Trans. ASME., November 1976, pp.
1209-1214.

Pandit, S.M., Subramanian, T.L. and Wy,
S.M., “Stability of Randcm Vibraticns with

Special Reference to Machine Tool Chatter,”
Journal of Engineering for Industry, Trans.
ASME., Feb. 1975, pp.216-219.
Pandit, S.M., Subramanian, T.L. and Wu.
M., “Modeling Machine Tool Chatter by Ti-
me Series,” Journal of Engineering for Indus-
try, Trans., ASME, Feb. 1975, pp.211-215.
Pandit, S.M. and Wu, S.M., Time Series and
System Analysis: Modeling, Forecasting and

Coentrol, to be published.

A% FHAAA A4 K4

311

11, Box, G.P.and Jenkins, G.M., Time Series An-
alysis: Forecasting and Centrol, Holden-Day,
1970.

12, Pandit, S.M. and Wu, S.M.,

ates of the Parameters of A Continuous Stat-

“Unique Estim-

ionary Stcchastic Process,” Bicmetrika 1975.

_;I_ E(IO)
4 (e 54 WA
-;qs,w:o (A-1)
ol o] 4 WA L Az D1 i A

gE K89 {4 149 )
Ebdiet. o] w] i3} 34| AF morze W af A
B Sk FAE L
1 [L(Aid*) ]2 NEEDERYE
Iri= 27:/:‘/ 4 J{COS <2¢7w>J
Cim J 7. A 2 (A-2)
' )72 af AR
(1.2 +4[cos <Z/TT_>]
2 A5 oq744 4, -'*“E i3} A5 E5=o &

Fate F F4Foln Ax AEE L%(samplmg
interval)o] ©},
A (D] 54 A4
p"-}—j:fla,._j,zz"":o (A-3)
o]z A(A-3)8] T w8} A(A-DE 2 28 A=
Ai=erit i=1,2,n (A-9)

@23 A USAM>n,m) 28] A4 4,0,
23e] PSD g5()E d& 34 &
B

. }1“)_,0.&9 J2kzfa

2

S(f)=2 7 (A-5)
7o ‘1_3-“‘(}5‘9 m..fk‘
Qd o] Aol A r X2 B4, & AEFo|v)



