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A Study on the Dynamic Response Characteristics of Lathe Boring Bar
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Internal lathe machining with a boring bar is weak with respect to vibration because the bar is
long and slender. Therefore, it is important to study the dynamic characteristics of a boring bar.
The purpose of this study was to identify the effects of overhang and cutting conditions on the
dynamic response characteristics of a boring bar. For an efficient experiment, an Ls(3®)
orthogonal array was applied and the results were quantitatively analyzed by ANOVA. Overhang,
feed per revolution, and depth of cut were selected as independent variables. Meanwhile,
dynamic stiffness, damping ratio, damping coefficient, and acceleration were chosen as
dependent variables. The vibration signal was obtained from an accelerometer attached to the
boring bar, followed by visualization by a signal analyzer. The effect of overhang was found fto
have a significant effect on the dynamic stiffness, damping ratio, and damping coefficient, but the
other variables did not. As the length of the overhang increased, the dynamic stiffness decreased
and the damping ratio increased. In addition, the damping coefficient increased until the length of
the overhang was 4D (where D is the shank diameter), after which it remained constant. The
acceleration decreased until the overhang length was 4D, and then increased sharply when the
overhang was increased further. From these results, the behavioral trend of the damping
characteristics changed when its overhang length was 4D. Consequently, there is a critical point
that the dynamic characteristics of boring bar change.

Key Words: Boring Bar (8% H}), Dynamic Response Characteristics (EX SHEHM), Dynamic Stiffness (EZ4),
Damping (Z21), ANOVA (£ &HEAD), Design of Experiment (A &7 8l

|54y k, = equivalent stiffness of the tool

C, = equivalent damping coefficient of the tool
s, = chip thickness in steady-state condition dF ;= cutting force variation of chip thickness effect
ds = chip thickness variation in dynamic condition dF, = cutting force variation of cutting velocity effect
k., = chip thickness coefficient of regenerative effect de, = cutting force variation of friction effect
C .= coefficient of cutting velocity effect x(f) = deflection of the tool
C; = coefficient of friction effect %(t) = vibration velocity of the tool

M, = equivalent mass of the tool X(t) = acceleration of the tool
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&o = initial damping ratio of the tool

¢ = damping ratio of the tool while cutting

;= initial angular natural frequency of the tool

w,= angular natural frequency of the tool while cutting
L= overhang

Ap = depth of cut

V' = cutting velocity

D = shank diameter
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Fig. 1 Model of dynamic cutting process
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Fig. 2 Boring bar setting for experiment
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Table 1 Mechanical properties of AISI4140

Specification Value
Yeild Strength(kgymm?) >85
Tensile Strength(kgy/mm?) >100
Elongation(%) >12
Reduction of Area(%) >45
Charpy Impact Value(kgrm/cm?) >6
Hardness(HB) 285~352

Fig. 33} #o] 44 £9 U A5 7M&x
AMB&K, 4383)E AHsglen 54 AIE
FE7)(B&K, 26358 53 AT EA 7NN AZHE}
sH Tt

=

Accelerometer

Boring bar

Fig. 3 Accelerometer set-up
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Table 2 Levels of the variables in the experiment

Level 1 - 2 3
A Overhang(mm) 48 64 80
B Feed(mm/rev) 0.05 0.15 0.25
C | Depth of cut(mm) 0.3 0.65 1

Table 3 Orthogonal array table Lo(3%)

Experiment Level
No.

es]
@)

ol |lalon|vislv o=
W W W (NN ==~
W= |w o= |w |t |-
R = W= W w [N —

33 AR[VSS ¥ a4 &5F

Chun & Ko'® 281 Song 5 ¥ & BYnulE &
guo] FHAAA ondge] Zolo] WE HEAYH
S AA3GT. ol Fak¢ SR FF(FRRE W
Zerd 1 ARE A 23T EALS Hola
o} Fig 4 & FuuERe 4 st H48E
ol AZtF AN F5H Eﬂ°]‘3§ Foe 4
doz Yehuideh qA7IME dFAHA 1 ARE
Ao AxS HeolW ol FAE A[FATT(H)T

1.728 kHz ©]T}.

Zdnle] FAS YA E FZ A HHalt
power bandwidth method)’'” & &3t ZAIXE
T& & dth Az"e AHE AFIFFES
AREe s 4ne nlEel s A=
o r7iA nRAEFe ¥HEHeE af31F55
A3 FHagkel A WA A (Half-power point) o}
o siFste FHF(L) Aol HH S 2T



SESUSHSA M 27 83 pp. 62-69

August 2010 / 66

3}
< 2 1 f
i
g N
§ L Half-power line
% (0.707 Peak)
=
O alda,
0.0 18 3.2
Frequency(kHz)
Fig. 4 Acceleration response of A,B,C,
4. 21 ¥ 1F

41 Y HE

AAA & ¢ Rl Byulel FRA ¥
& A 7}2:1&%1"11 “3}3} FAHE sz
T (wprad/s)] AEFH AgGu)E @A agn
Z A 5T AFE 2{FFES59 *ﬂ“‘-‘f} ik
vl slez =49 1 l%#(f)rl AFE e
HoE 3 TR HES 4 5 RIET‘.

Table 4 ANOVA of £;? variation
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Table 5 ANOVA of damping ratio variation

Factor | DF | $§(10%) | MS(10°) F p

A 1.035 0.517 19.32 | 0.04%

B 0.002 0.001 0.03 0.972

Factor | DF SS MS F P

Etror 0.054 0.027

A 56.558 | 28.279 | 25.52 | 0.038

2
2
C 2 0.050 0.025 0.93 0.519
2
8

Total 1.140

2
B 2 1.713 | 0.8566 | 0.77 0.564
C 2 1.538 | 0.7692 | 0.69 0.590
2
8

2216 | 1.1082
62.026

Notes) DF = degree of freedom, SS = sum of squares,
= Fisher statistic, P =

Error

Total

MS = mean square, F
probability of type I error

S
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Fig. 5 Main effects plot of f; (A, overhang)
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Fig. 6 Main effects plot of damping ratio (A, overhang)
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Table 6 ANOVA of f,£, variation

Factor | DF SS MS F P
A 2 | 10125 | 506.25 | 13.78 0.068
B 2 9.5 4.75 0.13 0.886
C 2 193.5 96.75 2.63 0.275

Error | 2 73.5 36.75

Total 8 1289.0
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Fig. 7 Main effects plot of £,&, (A, overhang)
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Table 7 ANOVA of acceleration variation

Factor | DF SS MS F P
A 2 | 64434 | 322.17 | 305.16 | 0.003
B 2 | 201.62 | 100.81 | 95.49 | 0.010
C 2 | 263.35 | 131.67 | 124.72 | 0.008

Error 2 2.11 1.06

Total 8 | 1111.42

Fig. 8,9, 10 = A & e Faxs
bl ¥ o]tk Fig. 8 oA 2 o] 1o 25
o8 ZrE o XT%" A el oy &
B go] SAEFEF AL FAIAT AHue
A& 07 z7}'6}7} w &l wiuke] 3
S vEhE ZEAE GA o] RN S8
At H 2 oA 3 FEAME AF &R F
AsA F7bEE AE B '}F Stlﬂr ol a7t
A4 AHAA T

Folgt gaEY. 1
AelM e Hale] FaFo] %
o] W B4 Fg
At} olek o] ende z 0] %@rl;— 1wt

%*‘%‘%5"& S WEAlY

‘15
zm

4
Lewsl
Fig. 8 Main effects plot of accel. (A, overhang)
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Fig. 9 Main effects plot of accel. (B, feed)
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Fig. 10 Main effects plot of accel. (C, depth of cut)
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