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An analysis of cutting process with ultrasonic vibration by ARMA wodel
In-Hyu Choi*, Jeong-Du Kim**

ABSTRACT

The cutting mechanism of ultrasonic vibration machining is characterized as two phases,
that is, an impact at the cutting edge and a reduction of cutting force due to non-contact
interval between tool and workpiece. In this paper, in order to identify cutting dynamics
of a system with ultrasonically vibrated cutiing tool, an ARMA modelling is performed on
experimental cutting force signals which have a dominant effect on cutting dynamics. The
aim of this study is, through Dynamic Data System methodology, to find the inherent
characteristics of an ultrasonic vibration cutting process by considering natural frequency and
damping coefficient. Surface roughness and stability of cutting process under ultrasonic vibralion
are also considered

Key Words - Ultrasonic vibration (223 %%), Autoregressive-Moving average model (AFE Z)#-o]%
Wy 2%), Dynamic data($4 #8), Cutting force (@A), Time series(AAE),
Identification of cuiting dynamics(Z4r8] 33 A% 779), Control parameter (& o]H =)
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Fig.2 Experimental apparatus of Ultrasonic
vibration cutting
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Table 1 Specification of experimental equipments
Device Spec,
Lathe TIPL~4 (§9)
Polycristal diamond insert :
S-type
Insert »

upper rake' angle -5 dgree
relief angle 5 degree

Ultrasonic vib. device

Ultrasonic generator W-1400(3<2
Step horn : Amplitude 1542 pum

Z57)

Freguency 20+0.5 kHz

Workpiece

CFRP (Dia.

90mm)

Tool dynamometer

Sambo electronic MFG Co.

AST type

Strain amplifier

Kyowa electronic instruments.

Co

Roughness tester

Mitutoyo Surftest~402

A/D converter

LAB-V(Nano Tech Co.)
resolution : 12bit
conversion rate : 200 kHz max.

Fpenmenml data X, =12, ..
(n m)

,N‘l

X =g
oy

Nomalization of data @ X

fy * mean value, Jy ! standard deviation

Fit AR(n-m)modet

T
by
linear least square

Invert AR(n-mmodel to ARMA(n,m)
Check the invertbility &
make 1t invertable

[

l Tnitial ARMA(n,m)model pammecerﬂ
i

Nonlinear least squares routine ]———\

ljmal ARMA(nm)model parameters

Solve sirmul-
tAneous eqs.

Solve  simul-
taneous eqs. &
polynominal egs.

L U - M- At

& j=12 ...m

Fig.3 Flow chart of ARMA (n,
procedure

m) modeling
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Fig. 6 Cutting force signal for varying feedrate with ultrasonic vibration
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Table 2 Experimental condition & estimated paramenters of ARMA(2, 1) models
" Cutting Feed Depth of Parameters
" speed (m/min) (mm/rev) cut {(mm) & &2 0,
1 19 0.1 0.2 1.3744 ~. 0298 L2719
2 35 0.1 0.2 1.3844 -. 9428 . 1178
3 57 0.1 0.2 1.3926 -. 9399 . 3289
4 119 0.1 0.2 1. 2989 -. 7945 . 4565
5 199 0.1 0.2 1.1993 -. 5823 . 5093
6 57 0.1 0.2 % * *
7 57 0.2 0.2 1. 3341 -. 7126 . 4573
8 57 0.3 0.2 1. 2645 -. 5674 . 1738
9 57 0.4 0.2 1.3313 -, 7047 . 1847
10 57 0.1 0.05 1. 1548 -. 5802 . 5347
11 57 0.1 0.1 * * %
12 57 0.1 0.2 1.2877 -. 7263 . 4699
13 57 0.1 0.3 1. 3878 -. 7458 . 5061
14 19 0.1 0.2 1.2108 -, 5409 . 3661
15 35 0.1 0.2 1.2718 -. 6481 . 2344
16 57 0.1 0.2 * * *
17 119 0.1 0.2 1. 2446 - 7242 . 3086
18 199 0.1 0.2 1. 0900—. 4542 . 3081
15
olHe 237 ZYY A4S dehiz, AF #l4~ o T
#18& 223 A5L 77 g AYNY By 4= S sl
Ve e okg ARMA Zdo A4E uvehdth o e
71M, % FAE ZEIW $YPF LnZZe ,:.‘5 0.0+
(overflow) 7} S43lel 2g 2€ 4 HATh Fig. 83 5
9= T2)m 10€ B4 2E ol$% 2 B4 o] o
9] il wWA A" ARMA A HIFE e} —rot
itk Fig.8& &2 AFHTel ©€ ARMA A+E |
i Lo wetA depd Zolth FTe 22F “Fo0 4000 80.00 12000 160.00 200.00
22 7189S W BAEY ARMA A% ¢y, ¢, 69 - vV (m/min)

Fogd A7 1.3299, ~0.8379, 0.33690]1,
ATE A % e 12043

ot %3} ATATH wald o|E Adgho] o2
Btk Re &8 7o) of »@4 F24l
L wAtE RE guidcth Fig. 99 10& olF%F
34 Zolo] w2 ARMA A4 #ES uvehd Heo
2 f e O B 24D 9T FEE KAVE

7-2;1}
-0.5919, 0.3043
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——— With ulirasonic vibration
— — — ~ Without ultrasonic vibration

f= 0.1 mirev

d= 0.2mm

Fig.8 Variation of ARMA (2, 1) parameters with
cutting speed in a fixed feed & depth of
cut

Cutting condition
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Table 3 Dynamic characteristics of ARMA (2,

gy
o
4

7.3 = &1
1.0~ »
- 0“:1- &
§ 0.0 -
e
—
e
—1.0 =
-1.3
.00 0.05 .10 0.453 0.20 0.25 0.30 0.335
d (mm)
cutting condition : V = 57 m/min

f =01 mm/rev

of ARMA@, 1) parame{ers with
cut in a fixed cutting speed and
under ultrasonic vibration

Fig. 10 Variation
depth of
feedrate

o] #Folxl e 7lglsty, AUFLE EOAHA D
QA oA BFAE T AHE fAL
Uk 383, AEGEF @ AFAN I FHE
< BHE ) PolFoE EWREs FIHHS
T F YUtk Table 48] A% #6-#0c o|FH F7}
o mal 2HAFFIT ghs ] BEE HeS
Hae FHEAL7 = o)y 3 ok o
AFA Pk Table 59 4@ #10-#130AE =4
o7 Z4agsg Tt FVEtE, A EE
e HdErh Tt 39 Adre gEsidoh
Table 69 AF #14-#182 2502 7l8lx g2 4
Hold nRAFFe 718 mEch w1 e =4
eldd Bei&ch, ARMA REERE T4 54 3

49 s2onty Nadd DRAFFE P Aol

s

2

e
_'L.T|'|_

1) model with cutting speed under ultrasonic vibration

# Characteristic roots Naturei:il (f}r;;;luency Drzz?; mgg [ Al Ra (pm)
1 0.6872+j 0. 6764 247.75 0. 0468 0.9642 3.2
2 0. 69221] 0. 6809 247.56 0. 0379 0.9710 3.4
3 0. 6963+j 0. 6764 245.16 0. 0402 0. 9707 3.7
4 0. 6495%j 0. 6105 242.92 0. 1507 0. 8914 4.5
5 0.5997+j 0. 4719 229.00 0. 3758 0.7631 5.6

92



gAY FSEA] AMl1E ALE (1994.49)
4 (Tolt. o7l fnd S9F4Ae 2 Ad 24 _u
Wge ¢ % A% 2T f.2 ARMA A%d ) 25
@tk a2y 24y 459 BFE4 randomness) -
& VY, AHAFTE A WeA gon, 7 5 &
AW 231+16Hz8) T AEFE /W1, AAA8R) -
Qg W 211£8H2Y LHAFSE AR F &2 3
3 Flzdo] o 20HARY nRAESE AT HuA G
#rh
AAFHCE B 2839 AF5HA ALoA 2o
o) ARMA(, 1)®99) A4= 7 go] du 2xe Fig. 11 Cutting force signal estimated by the
WAE 2 AL B 4 A% & AL 1.3330.150] numerical model
Table 4 Dynamic characteristics of ARMA(2, 1) model with feedrate under ultrasonic vibration
# Characteristic roots Naturaftll (f;;luency Drzlt?f mé-g [ 4 Ra ()
6 * * % * 4.2
7 0.6671%j 0. 5273 216. 77 0. 2488 0. 8503 5.0
8 0.6323%j 0. 4095 203.95 0. 4421 0.7533 7.0
9 0. 6657+ 0.5115 215. 85 0. 2580 0. 8395 11.2

Table 5 Dynamic characteristics of ARMA (2,

1) model with depth of cut under ultrasonic vibration

" -
# Characteristic roots Na ur?ll(flg(;;luency ]?,:i?é)mé.g A Ra(pm)
10 0. 57747 Q. 4968 242.19 0.3577 0. 7617 3.9
11 % * % * 4.2
12 0. 6439+j 0. 5584 233.02 0.2183 0. 8523 4.0
13 0. 6939¢j 0. 5141 208.27 0. 2241 (. 8636 4.5

Table 6 Dynamic characteristics of ARMA(2, 1) model with cutting speed under no vibration

Natural f D i
# Characteristic roots aur?nl(gz?uency rzglg)mgg [ Al Ral{pm)
14 0. 6054+j 0. 4176 215. 66 0. 4535 0.7355 4.8
15 0. 6359+j (. 4937 221.19 0.3121 0. 8051 4.7
16 % * * * 5.2
17 0. 6223%] 0. 5805 244. 40 0.2101 0. 8510 4.7
18 0. 5450%] 0. 3965 236. 34 0. 5314 0. 6740 5.5
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