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Using Mobile Computing Technology to
Facilitate Instant Job Matching

Jonathan Jiin-Tian Chyou, Bill Yu-Fan Cheng

Abstract

As web services become more diverse, it is often through job matching websites that
people look for jobs or hire talents. For non-urgent employment demands, these websites
can usually adequately provide matching services, but for those instances of matching
urgent employment demand similar to ” Urgent Temporary Babysitter Demand for
Unexpected Situations,” it is beyond the capability and reach of these websites. In this
paper, we propose web services to satisfy the requirements of urgent manpower demand
matching, including by providing a Smartphone application that can let temporary job
seekers regularly report their current location and availability, establishing a rating
mechanism which can ensure a certain level of temporary manpower service quality, and
modifying the three core aspects of the website, being the talent database, manpower
registration web interface and manpower search web interface. The proposed job matching
website, with its urgent employment demand matching capability will generate massive job
opportunity postings for hiring urgent manpower, and can satisfy the majority of temporary
job seekers. This paper discusses these ideas, and is provided to job matching websites as a

guideline for future development.
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Chinese Leadership Model works in the

high-tech business in Taiwan.

Y1-Chun Chen

Abstract

The research is multi-purposed. First of all, it was to examine how efficiently the
“Chinese Leadership Model” works in the high- tech business in Taiwan. Second, this
research targets at understanding how differently it is between the managerial behaviors in
reality and how the behaviors are ideally expected by the employees. On the basis of the
above-mentioned analysis and information, this research, ultimately, expects to detect the
most effective leadership behavior model. The theories that are applied onto this research
are Kang, Tze-Li’ s. The “Chinese Behaviors Module” , which built its concept on three
important roles in terms of leadership - “The role of parent” , “The role of mentor” ,
and “the role of monarchy” is established by Kang, Tze-Li (1997)
The samples of questionnaire survey, which includes 2300 employees from 46 firms, were
based on randomly stratified samplings, with 1039 available questionnaires to be used in
this research. After the analysis on the statistics, the important conclusions have been drawn
as follows: (a) The largest gap between how the leadership behaviors are expected and are
truly felt and perceived falls on the variable of “the role of parent” , (b) The more
frequently it is for the leadership behaviors model to be worked out according to the
above-mentioned sequence, the higher the leadership efficiency it is,

(¢) Employee’ s perception of leadership behavior was the most crucial variable to
predicting the leadership effectiveness, (d) While leaders in high-tech business perform
low-degree of “the role of monarchy” , “the role of mentor” , but high-degree of “the
role of parent” , the employees’ perception reacts best to the leadership module.

Keywords: Chinese leadership, leadership effectiveness, high technology firms and
business (high-tech business ) .

Yi-Chun Chen, Assistant Professor, Department of Information Management, HUST.
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Discrete-Time Delay System with Stability
and Stabilizability

Kun-Feng Chen

Abstract

In the paper, we make an attempt to analyze the problems of output feedback controller
design problem for discrete-time systems with delay in the state. We proposed new theory
with LMI condition, can be easily found the gain parameters of controller using numerical
software such that closed-loop time-delay system with output feedback controller is stable.

It adopted expanding matrix method and chosen standard Lyapunov function.

Keywords: Discrete-time delay system, LMI, Output feedback control.

Kun-Feng Chen, Chung-Shan Institute of Science & Technology.
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Localization of an Indoor Wheeled Mobile
Robot Using Color CCD Camera
- An Extend Kalman Filtering Approach

Hung-Hsing Lin, Po-Hsiung Lin

Abstract

This paper develops a color landmark-based global localization method for an indoor
wheeled mobile robot using color CCD camera and dead-reckoning measurements. Based
on the triangulation approach, the initial and global pose of the robot in any flat
environment is uniquely determined using a color CCD camera along with at least three
given colorful landmarks. An Extend Kalman Filtering (EKF) algorithm is employed to
merge both visual and odometric measurements for improving the pose tracking accuracy of
the robot while traveling over its working space. Experimental results are provided to verify

the feasibility and effectiveness of the proposed localization methods.

Keywords : Extended Kalman Filter, Triangulation method, Vision, Localization,

Sensor.
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A EAN SR G 8 4 AT Y R iR
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HHIE RO & 2R A A S AT
REETEPTIE R - B hd fRis Seaiohh > JARC
SN RCHIES > Bl - EARET -
s~ ADOMNR ~ UREREE - PEIRER ~ BT
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D : distance between the CCD Camera and the

landmark that to fill with the 320x240 pixels display
Landmark

d : the focal distance of CCD Camera

1. CCDHRBAMAT— (%2 LM T Y
AERE

6,(LM3)=tan" (
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Initialization

Prediction

Measurement

Estimation

B3 R SR #EEA (EKF)
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SERD ¢ HERE B k B r B X (0 iyl anG
By X(k/ k) > HEaRE 9 A S
B Pkl k) > fit (23~ 24) 3t
BRSO E W E B
X(k+1/k) » iz RUEH

P(k+1/k) -
X(k+1/k)= f(X(k/k)) (23)
P(k+1/k)=F(X(k/k))-
(24)
P(k/k)-F(X(k/k)" +0O(k)
=
(X (k) 00
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BRI N BIAE ZRE (1
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X(k+1)= f(X (k) +W (k) (27)
%
x,(k+1)] [x,(k)+AdcosOk)| [w,.(k)
y (k+ 1)} = { y, (k) + Ad sin 9(1«)} + {wy (k)
Ok +1) O(k)+ A0 w, (k)
Hr

x(k)+ Ad cos H(k)]

FX(K)) =| v(k)+Ad sin O(k)
0(k)+ A0

b

w, (k)
Wk)=|w,(k)
w, (k)

AG=AT-w,, Ad=AT-v,
Sl w, (k) Fil w, (k) B (08 7 e 53
AL ERRZE © w, (k) Fortim AP EE
FEE 5 v.() B L YR A
w,(¢) EEs NV AERE - AT ZHUEREF
[ RNEIGTE K (k+1) | REHEH
=87 (zero-mean white Gaussian ) FE T

R 72 4k g HOPEfE O ( Model Error

Covariance Matrix ) Jz|
O(k) = diag o, .0, 0, } ACHIE « &l
EKFIRRENHGHE % - o] UGS Eas AT
(R B BT ARG ETE - (5E
BIEATIF AT Y B R SR s A - At
e \HVZRED R

] SER2

WEEL  EWERE k = 08 LB 4 HI
(£ X(0/0) - 372 88 5 72 4 i
( Error covariance matrix )F#/J{E
Fs P(0/0) -
TR « B i Roky 2 i ELAHIE Ry
X(k/k) » HinzesmaaplE B
P(k/k) » EH=X (28-30) =3t
SR EETEMIE B X (k+1/k) -
Hep S BRI 5 P(k+1/k) °
X(k+1/k)= f(X(k/k)) (28)

P(k+1/k)y=F(X(k/k))- 29)
29
P(k/k)-F(X(k/ k)" +0(k)
=
: _ I (X(K)
F(X(k|k))= X

X (klk)

1 0 —-Adsin@
=10 1 Adcos@
00 1
(30)
B3 L AR Bk 18 > 24K UREICCD
B2 A % T 40 1 2 09 2 0B Ok
Z(k+1) > FIH (31-32) HETHE
5 o OF o oM f5 0 E
X(k+1/k+1) - Hanzege s

bR P(k+1/k+1) -
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X(k+1/k+1) =
Xk+1/k)+K(k+1)- (31)
[Z(k+1)—h(f((k+1/k),M)}
Plk+1/k+1)= ()

[I-K(k+1),-H,]-P(k+1/k)
Hf-RHSEREENS K (k+1)
K(k+1)=P(k+1/k)-

HI[H,-Blk+1/k)-H! +R(k+D)]
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W Fraa i B ERASE SR WHOK FTE st es
NFERFIEAIRS B (5 R 2 A M RE -

5.1 EEpEfEsRH

fil 472 B Bt P (50 FH o im = 25 A B
F o tEs AMREE EHCCDREVHIT & 247
— G AR S23 28 1B 1% - — 5 CCDR g%
TEAR SR S BT A ~ ik ASCEL(E5R
23 (DSP) H#Hl—& TZEMHPC

( Personal Computer ) F&FTaHY - F 1%
A B 5 375 28 SR SR RS232 B i A A Bt 2
BER KA LAY E 7 B2 7 AT EHUE.  [EIBHE
s N B S SRS Eily N S mTE s
SHRCHI T AT HEREE » $R AL RERIRIAIR
B PiREIER R E - B2z
s N AR EE > Hop##iiltCCD
JRCHINGR A 22450 Tk Ry 4R CCDERU G2 14%
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DSP controller

Driver
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[El6. ity A

8. #mrlikEs AR EE BN EE

FIR > i USRI R AR A -

EPP FaV SR YNENSWape =i e AL =]
ELE G TR B2 & EAEEC S RTaEsETHY
s AERES (8 =B = I8 U7 AR E 1

as NIVERE - BB AEARRS23 2851 - 7]
LIS EI RS A AYE fir BT i A s 1 7
i FE S A BRI s N H B HYZERRBEE A
FHEAHIRL SRR, - AR A B2 e
FIAE BRI AT E A > TS H AR 38 FAE
ZREEHITIR Bhikes \AV1T NG 251
EOREEEE l R R YN LY wet A
PR > HIS L AR A SO AE — SR
- RS A\ BIE A P sE FH RIS 2K
TEEHELNT -
5.2 FFREWIEESR

B Bl 1T Es A\ HYRS 1L ZEREHT)
ISR - Rk AR (x, 0 BN E
HIFVERES - 73 AHEO(E A BRI B R
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© HLEHAE 097 Al Ry 0°, 307457, 90°,
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EHEY o BB E AR T BRI =4H AL
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G 20 G 3 (5 2 =
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RE(EHD > B8 E A\ ses NERREID ~E
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RO RAERILE - ER1AVER
SERAERETH - (I EAVAEREE ZE/DAE2.3 cm
PRI BB P FE R 2/ DA 2.4° DA
K1, Has AMMEA FEEIHAERFRERE
PR S
(a) HEPHMAAEAE 0%, 307 F1 457 ZRE

True Positions

(x.y.) cm (105,70) (90,25 (30,35
True Orientations
0 20 45
& (degree)
Estimmated Positions
(.5 em (106.83,68.32)4 (88.21,26.77)4 (B1.62,33.76)4
Estimated Crientations
P @ ) 1.827. 32257 46 967
egree
®-axls Errors
1%, - x| 183cm 1.79 cme 162 cm
Y-axis errors
15, - 3| 168 cm 177 cme 1.24 cm
Orientation errors
1.82° 2.25° 1.96°

|8-2]

(a)
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a0 1357 270"
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o (13327 585204 (151,76, 78714137 22,78 25)
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o 23.06° 137.12° 27233
& (degree)
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|7 — x|
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|7 = el
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1.94% 2120 233
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i P Es A\ — & %2 (L CCDHEAH
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=
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]
=
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I I
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o
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using Color CCD Camera data |
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80
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A Novel Low-Power Dual Edge-Triggered
Flip-Flop Design

C. -C. Yu, K. -T. Chen

Abstract

The dual edge-triggered flip-flops ( DETFFs) use both clock edges and can provide a
data rate that is twice that of single edge-triggered flip-flops for the same clock frequency.
In the research of low-power VLSI circuits design, the use of DETFF has gained more
attention. In this paper, we present a novel low-power DETFF design and compare four
previously published DETFFs with our proposed design for their power dissipation and
power-delay product (PDP ) , at different voltage and frequency.

HSPICE simulation results employing TSMC 180nm CMOS technology indicate the
proposed flip-flop can reduce effectively power dissipation up to 53.8% as compared to

other DETFFs. Moreover, the improvement in power-delay product is enhanced up to 70%.

Keywords: low-power, dual edge-triggered flip-flop, data rate.
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Technology.

Received 1 August 2011; accepted 21 November 2011



AR RERIGAGREREERET « REW  BREE 61

k

—

= =[]

B - HIE Y 35 R SR T » i R
FEREEERS (Very Large Scale Integrated
Circuit; VLSI) HYLIZIEFERG =4F84 1Y
i E—HE HEAMTE TR EREREN
B - BEE BB B YRR R DR AT U i
HYZEFNH R & T R e n U iy
S FH R FF I D248 #E (power
dissipation ) HYRHREEARKAZ FIEA - {F
— (BN St o FEFITHF (storage
element ) fFEEFE 40 473 EIE T B2
HIFA T R e B R BT R RS 4
HYER R RIS R DB FE (1] » 1T IE S &5

(flip-flop; FF ) RISZ AR 2478 o AV
Foel - B R RIBREN T AR
R TAFERRR ~ BRAF T DLR /D I ik R
B 5 MEONMRZE T AR AT DL B[R]
RIFEA HAY (B2 RIS
T REEMERERYEITE » A Fe M R 1
A] LL[F] R 2 2 (R DR IR A A PR (R
AERVERET = -

B &M% IE K g ( Single
Edge-Triggered Flip-Flop; SETFF ) 45{f 4
AP SSE R T R (R 4 ey — (&) 25 (3
BGAWORE T - AR [EHEGEHEE
[ g5 BFAREY — (BB G 2 2 ERrY -
Ry TR DA B D480 T K i
% figy 9% 1F &2 28 ( Dual Edge-Triggered

|

Flip-Flop; DETFF )y T—E 2 EIRHE
R GRS E R as (0 THFAR(E 950 b
I N2 4% - EAH EIVIFARIAAR T »
B ES E R aRre AR N B &
filg 3% IE S BsVERHE R (data rate) -

taiEs iR G MEE E N e AR EEHE
s IE I as— PRy TAEASS mu o] DU
FIMHFERYE RS - R - & E %
1E &8 o] LA R AR TR IE4E -

S. H. Unger{F1981FfgH T 25 —7d
R EN ER[2] - BIHAT A 1l - KR
25 B R G i 5% TE S 28 KT 2 FH R {E
SEATHES Y BR 38 45 2 B o DA K FH DA 2E
R (S SR — Lo S i AH Y < (B 15
—IRAE B G A E N SR AR
P B HIBG IS E N ZsHIRI S - AT 2K
HIRZEFH MR R EE G E L
PRV TE RIEAM R - E—FBEFR
ICE%ETEE/ N Y AR AR D% 2~ I E
LRE N BB REIETB . BTH
IR IIZRIEFE - A L E R AV IE R 28
Er&h 2 B AS  E A EEE RS

(pass transistor ) AU (& RS AT A
fY{EEG RS ( Transmission Gate; TG) > DA
VD e BA(E 8, (transistor count) DLRZ
[ (EDIAARAE[4]-[6] - 241 » (HEEE G
#EE (pass transistor logic; PTL) Ay L
doA G AE B /D BRI full swing )
B HR{E5RREENVERS  WR A EEH 2




62

BYEwR -0 RE-O—F=A

g o A IR EFRR D RIEFE (static
o 8 E b 5L & BR
( threshold voltage ) PN > 22 (&[T E
o IELEE  ASORGE BAIGERES » $2H
— B RIRIERE 2 iR G E R s
EHPURRS S pi] 2 B 5 i 58 1E S A EE k% §1
B R BEE M) R EE K
( Power-Delay Product; PDP )57 E2ER
By o
WIS 5 D WA= TR - T A (295
CMOSE P& TE S - 55 =EiAIE 1 4H
e e HA B A 2 IR & i R
[ 2R R RS AERE - SEPUET S M A A S TR
Z IR G S TE N as VB ER 2R DL T
TR - 55 T ERS T E FR P AR Ay R R B
BEEIP AT AREY S E R E BRI —5E
BRI AT LA - S NET R A 2 46

2 A
g ©

5 + {EThER CMOS E #8525

IR RS B 2 H AR B
FIHIBHFE SIS - BB B e RO T Y& )
Wik R EHYE SRS RIS > Th3iE
FERVF B A8 TP B 2 - ARET R E amA B
{EIRCMOS B FE VRS T ©

DhEPEFE Y £ 2R R S & E R
VPR (switching activity; o ) ~ BEJR
BEER (supply voltage; V,, ) ~ ZHi%:
(ERERRENE (voltage swing; V) ~ %8

power dissipation )

E

BhEEHVES (C, ) FMEFARER (clock
frequency; f,, ) ° %X —{ECMOSE I
M5 @ A PRI EE R EIRET R
$E#% ( dynamic power dissipation; F,, ) -
b & Ih R $8 #£  ( short-circuit power
CRBRYRIBRE
(leakage-current power dissipation; P, )
DL K % B8 T R B #E
dissipation; P, ) SEVU{EHEL ST Fr4HAK @ I8
IR

dissipation; P, )

sc

( static power

Bog=Fy + P+ B +F,

(1
S+ BYREDIRIRRER

P, = aCVi, f. (2)
B TRIARE

Po=1Vy, )
TR AR -

Be= LoV "
SFREDIRIRFE R

Py =LV s

CMOSHy— il X HNEEZEEA
FERMERHYAFREDZRIERE - 281 » R 2
EEbE £V (switching) BjfF - CMOS
EpS P EEH I RIERE - —fRME 0 A
CMOSEEFE - IS TIZAEFE( RGN
EFEFTEE90% [7] « A0 (2) FrgEss
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B B AT P S 8 AT LU
BIRELR A G B SRR FE AR (K - T
AT LUZ A (R TSR AR
{Eb=S SNBSS BT Sa L LR SN

SKAEAEE I NI iEA 2 (EEEA L -

B RENRE D) RIBREAY T AR D
HEEE - AEEETIA - BIRRIPRIEM
AT R S NNE N = B RS- L= o R
J& - 35 ] LA R ey RT3 % - B
G/ NEIE (w) ~ BERE (1) 8L
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B R BB ] DA (RENRR DRI (H
e H B E R -

— {4 Y BT R 2 7R AL AE &Y
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AT DERECRET TR RE R B R N IR 1 18
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2 - EnEEEBRIERRIE
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AR 400 R S S e i B
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(TG1 ~ TG2 ~ TG3 ~ TG4) ~ ={E}z#H

% (1~ 142 15) DURRI4H BB A8

(clocked inverter ) 2 #e$HesAraHEk - 40
[ 1R8] « Forp - DU (g R A i Fs B
REEE A H -

il FHM. Pedram%: A fft$ig 2 B &
DETpedram;g: FH VU1 (Fi R TG1-TG2
TG3 ~ TG4) DL WAHFFRAYIE SHES FT4H
fil > AIE2FT7R[9] » BRI s e Y (&
BEEE W AEIEDHY N —IREH T E
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IZRIEHE -
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DE Tiuono BB 72 1 Strollo e A Fire
HYEE R G 5% E 28 > A3 AT7R[10]
IHt 2 5 i % T S B F DO e o 2
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i e AR O A2l B R

VDD
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Nonlinear stability characterization of thin
Newtonian liquid films flowing down a

cylinder moving in a vertical direction

Hung Ming Sung, Zong-Yi Lee, Chung-Ting Hsu

Abstract

This study presents a nonlinear stability analysis of thin Newtonian liquid films
flowing down a cylinder moving in a vertical direction. The long-wave perturbation method
is employed to derive the generalized kinematic equations for a free film interface. The
current thin liquid film stability analysis provides a valuable input to investigations into the
influence of the style of motion of the vertical cylinder on the stability behavior of the thin
film flow. The modeling results indicate that both subcritical instability and supercritical
stability conditions are possibly to occur in the film flow system. The movement of vertical
cylinder significantly affects the stability behaviors of thin film flow. These behaviors can

be quantitatively characterized in details by using the proposed approach.
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1. Introduction

The nonlinear stability
characterization of film flows traveling
down along a vertical cylinder is of great
importance to the quality control of many
industrial products. Thus, the research
effort made toward improvement on this
matter has been emerged as a subject of
great interest to numerous worldwide

researchers in past decades. Typical

application examples can be found across

different industrial sectors including
mechanical, chemical and nuclear
engineering. It is well known that the

stability controls are generally required in
precision finishing processes of coating,
laser Since

cutting, and casting.

macroscopic  instability = can  cause
disastrous conditions to film flows and thus
very detrimental to the needed quality of
final products, it is highly desirable to
develop suitable working conditions for
homogeneous film growth to adapt to
various flow configurations and associated
time-dependent properties.

Detailed reviews on linear stability

theories for various film flows has formally

presented by Lin [1] and Chandrasekhar [2].

The Landau equation was re-derived in
1956 by Stuart [3] using the disturbed
energy balance equation and Reynolds
and Yih [5]

stresses. Benjamin [4]

formulated the perturbed wave equation for
free surface flows. The stability behaviors
of flows having long disturbed wave were
fully studied in this paper and some
significant observations on film flows over
an inclined plane are obtained. These

observations include (1) the flow that is

disturbed by a longer wave is less stable
than that of the flow disturbed by a shorter
wave; (2) the film flow becomes less
stable as the inclined angle increases; (3)

the film flow traveling down along a
vertical plate becomes unstable as the
critical Reynolds number becomes nearly

zero; (4) the film flow becomes somehow

stabilized as the surface tension of the film

increases; (5) velocity of the unstable

long disturbed wave is approximately twice
of the wave velocity on the free surface.
The effect of surface tension was found by
many researchers [6-8] as one of the
necessary conditions that lead to the
stability in
analyzing this type of problems. The effect

solution of supercritical
of surface tension on flow stability was
considered significant by Lin [6], Nakaya
[7], and Krishna et al. [8]. Renardy et al. [9]
and Tsai et al. [10] presented the work of
both linear and nonlinear stability analysis
for a film flow traveling down along an
inclined or a vertical plate. Detailed flow

analysis was found of great importance in
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the development of stability theory for
characterizing the behaviors of various film
flows. Lai et al. [11] study both of the
linear and nonlinear stability theories for
the characterization of thin Newtonian film
flows traveling down on a vertical moving
plate. The modeling results indicate that the
movement of vertical plates significantly
affects the stability behaviors of thin film
flows.

After careful literature review on the
papers, it was found that the stability of
thin Newtonian film flows moving along
vertical cylinder appeared to be very
important in various coating, painting,
surface drawing and lubrication processes.
This type of stability problems has not yet
been fully explored so far in the literature.
The types of stability problems are indeed
of great importance for many industrial
applications. In  this  paper, the
finite-amplitude nonlinear stability of a thin
Newtonian film flow traveling down along
a vertical

quiescent, up-moving, and

down-moving cylinder is thoroughly
investigated. The influence of the cylinder
moving styles on the equilibrium finite
amplitude is studied and characterized.
Several numerical examples are presented
to verify the computational results and also
of the

to illustrate the effectiveness

proposed modeling approach.

2. Generalized Kinematic
Equation

Fig.1 shows the configuration of a thin
Newtonian film flow traveling down along
a vertically moving cylinder. The

governing equations can be expressed in

terms of cylindrical coordinates (¥ , Z )

as

=0
oz (1)

1oy, o'
r or

- rooor o 00 (2)

10(r'r..) Or..
=iy
o e % (3)

Individual stress components can be

expressed in terms of velocity gradient and

flow pressure as

*

. Ou
T.+=7D +2ﬂ0? (4)
. ow'
Tz*z* = _p + 2/”0 g ( 5 )
T =7 = (a_M}k + a_\/V*)
fara N ,UO az* 87"* ( 6 )
_ * ) M*
Te*g*——p + /U()r—* (7>
where «° and w  are velocity
components in »° and z directions,

respectively. p is the flow pressure, P
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is the film density, and 4o is the dynamic
viscosity. The boundary conditions for
the film flow system at the cylinder surface
Of ]/'* _ R*
u =0 (8)

w =V, (9)

can be expressed as

where 7, is the moving velocity of the

vertical  cylinder. The  boundary

conditions for the film flow at free surface
ofr =R " +h"
results given by Edwards et al. [12]. The

are derived based on the

shear stress for film flow at free surface is

given as

a—h*)z]" (rr*r* —7..)

on"
—*1+
. [1+(

+[1—( )][1+( )]‘

(10)
The normal stress for film flow at free

surface is given as

[1+<%)2]“[2r R
rz Oz o
. O
— 1
zz a *Z [
+(‘;i*)2]*” [1+( ) aG
iz
=Pa". ( 11 )

The kinematic condition that the flow
velocity normal to a free surface is naught

can be given as

* *

WA
o oz (12)
where P, is the ambient pressure, S” is

the surface tension, %" is the local film

thickness. The variable associated with a
superscript “ * “ stands for a dimensional
quantity. By introducing the stream
function @ , the dimensional velocity
components can now be expressed as

._10 . 10

T af v r@% (13)
In order to minimize the flow variables and

to simplify the analysis procedure, it is

customary to define dimensionless
variables as
az’ r au:;t*
Z=— Fr=— I[=—
0 - hO s hO D
h* ¢)* p* _ p*
h = * = * * = * ‘
hy v ”0h02 , P p”o2
*h* S*3
Re = Uyn, S = ( — )1/3
vo o, 2'pvye
27k, R
o= 7Z'h0 R = _
/1 9 hO ( 14 )
The moving velocity of the vertical
cylinder can then be expressed as
V,=Nu, (15)

where N is a specific constant ratio of the

cylinder velocity to the free stream velocity.

The reference velocity can then be
expressed as
=1+ N) 4y F (16)
and
I'=[2(1+R)*In ( ) (1+2R)]"
(17)
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Since the modes of long-wavelength
that gives the smallest wave number are
most likely to induce flow instability for
the film flow [4,5], the dimensionless wave
number of the long-wavelength mode, « ,
chosen as the

is then perturbation

parameter for variable expansion. By so
doing the stream function and flow
pressure can be perturbed and represented

as
(P=¢0+a(ﬂ1+0(0€2) (18)

(19)

In practice, the non-dimensional surface

p=p,tap +O(a2)

tension S is a large value. The term S
can be treated as a quantity of zero-th order
[10]. The generalized nonlinear kinematic
equation can be obtained as

h,+ A(h)h, + B(h)h_ + C(h)h__

+D(h)h + E(h)h.h_. =0 (20)
where

A(h) = L[2F(R2 -q>+2¢°InQ)

I+ N

+ N|
(21)

B(h) = %aS Re??@2r)"1+N)""

4R*> R*
__3)
9 q

(4gInQ—-3g +

aRel” (13 b\ 1 psgrco
(1+N) 48" 16

+

1
+281 +—q°[59
nQ) 25 [
~120(In 0)* +96(1n 0)*]
1 2 4
+—R —-15-681
TR [ nQ

+40(In0)*]}
(22)

C(h) = %ofS Re>’(20)"*(1+N) ">

R4
(4R’q+4¢’In0-3¢’ ——)
q
(23)
D(h) = %aS Re?’@2D) "1+ N)™"?

4 2
@no+ X _pyy @Rel
q (1+N)

13R* 5 413
L 4+ [—-5In
{48 . q[48 0

—%(ln 0)* +14(In 0)*]
I 21
+Rg(—+=—mQ)+R*¢’
q(1 s 2 nQ)+Rq
143 65 25
2 2P0+ 22 (In QY
[ 6 4 nQ 2(IlQ) ¥
(24)
E(h)y=a’SRe?? (2" (1+ N)"”
(R*~q’+2¢"n Q) (25)
In order to characterize more precisely the
effect of vertical cylinder motion on the

stability behaviors of a down-traveling thin
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film flow, a detailed numerical

investigation on flow stability is carried out.

Three different kinds of cylinder-moving

styles, 1i.e. stationary, up-moving, and

down-moving movements, for various

speeds are used to characterize the
behaviors of stable thin film flows traveling
down along the moving cylinder. The
flow rate of the film flow is assumed to be

constant.
3. Stability Analysis

The dimensionless film thickness
when expressed in perturbed state can be
given as

h(x,t) =1+n(x,t) (26)

where 7 is a perturbed quantity of
stationary film thickness. By inserting
equation (26) into equation (20) and
collecting all terms up to the order of 7°,
the evolution equation of 7 becomes
n,+An, +Bn,, +Cn,, +Dn + En,,

A . B
= —[(A77+7772)77X +(Bf7+7772)77ﬂ

. C’ .
+(Cn+ 7772 Mwee + (D + D)1}

+(E+Ennn,,1+00")
(27)

where all the values of A, B, C, D, E and
their derivatives are evaluated at the

dimensionless film height of the film
h=1.

3.1.Linear stability analysis

To characterize the linear behaviors of
the film flow, the nonlinear terms in
equation (27) are assumed insignificant
and can be neglected to obtain the

linearized equation
Mo+ AN 4B +CNe =0 (28)

The normal mode analysis [13] can be
performed by assuming that

n=aexpli(x—dt)]+c.c. (29)

where a is the perturbed wave
amplitude, and c.c. is the associated

complex conjugate counterpart. The
complex wave celerity, d, can be
expressed as

d=d, +id, = A+i(B-C) (30)

where d, is the linear wave speed, and
d; is the linear growth rate of the wave

amplitudes. The flow is linearly
unstable supercritical if d, >0, and is

linearly stable sub-critical if d; <0.
3.2. Nonlinear stability analysis

In order to characterize the nonlinear
behaviors of thin film flows, the method of
multiple scales is employed here and the
resulting Ginzburg-Landau equation [15]
can be derived as

oa o*a 3

+D

4D S —eda+(E+iF)ala=0
8t2 laxlz i ( 1 1)

(31)
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Where i 4 Ne,=&’b=d +d (1
e=e +ie =—— TR E, (40)
16C-4B 16C—-4B
(32)  On the other hand, the condition for the
flow behavior of sub-critical instability in
D, =B-6C (33)

E, =(-5B +17C + 4D —-10E)e,

—Ae, —EB" +§C” +D -E
2 2 (34)

F, =(-5B +17C" +4D—10E)e,

+Ae, + Ly
2 (35)
In the above expressions, the overhead
bar denotes the complex conjugate
counterpart of the underlying variables.
Eq. (31) can be used to characterize the
weak nonlinear behaviors of the traveling
film flow. The solution of the exponential
form is assumed and given as
a=a, exp[_ib(tz)tz] (36)
By substituting the above expression into
Eq. (31) , one can obtain

0
o _ (5_2di _Elag)a()

& (37)
ab(z,)t, ] —F gl
Gtz (38)

The condition for a supercritical stable
region to exist in the linearly unstable
region (d;, >0) is E, >0. Thus, the

associated wave amplitude &, becomes

E, (39)

The nonlinear wave speed is now derived
and given as

the linearly stable region (d, <0) is
E, <0. The threshold amplitude of the

wave is denoted as €4,. The sub-critical
stable region can only be found for the
condition of E, > 0. The neutral stability

curve can be derived and plotted for
thecondition of E,=0. Based on the

above discussion, it is obvious that the
Ginzburg-Landau equation can be used to
characterize various flow states. The
results are summarized and presented in
Table 1.

4. Numerical Illustrations
and Discussions

A numerical example is presented
here to illustrate the effectiveness of the
proposed  modeling  approach  for
characterizing the thin Newtonian film
flow traveling down along a vertically
moving cylinder. In order to reliably verify
the results of theoretic derivation, a finite
amplitude perturbation apparatus is used to
numerically generate the needed
perturbation parameters for linear stability
analyses. It is obvious from the nonlinear
kinematic equation that the stability of a
thin-film flow is closely related and can be
characterized by several flow variables
including Reynolds number, Re, velocity

ratio of the cylinder to free stream, N, and
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dimensionless perturbation wave number,

a . Some important features appeared in

modeling results are carefully extracted and
used to compare with some conclusive
results given in the literature.

Fig. 1 shows the schematic diagram of
a thin Newtonian film flow traveling down
along a vertically-moving upright cylinder.
Physical parameters that are selected for

study include (1) Reynolds numbers

ranging from 0 to 15, (2 ) the
dimensionless perturbation wave numbers
ranging from 0 to 0.12, (3 ) the

dimensionless radius of the cylinder is
given as 20, and (4 ) the velocity ratios N
for use in this study include —0.28, -0.166,
0, 0.246, 0.615. A constant dimensionless
surface tension value S 1is selected as
6173.5 [12].
for study mainly for comparing the final

This value is selected here

result with data given in the literature. It
is found that the results obtained by using
the proposed method for the thin
Newtonian film flow traveling down along
(i.e. N=0)
agree well with those data given by Cheng
etal. [13].

As the perturbed wave grows to finite

a stationary vertical cylinder

amplitude, the linear stability theory is no
longer valid for accurate prediction of flow
behaviors. The nonlinear stability analysis

will have to be used to study the effect of

finite amplitude disturbances on the
stability behaviors of the flow in the
linearly stable region. In other words, the
nonlinear, instead of linear, flow stability
theory will have to be used to characterize
the behavior of sub-critical instability in the
linearly stable region. By using the
nonlinear flow stability theory, one can
characterize two different possible flow

behaviors including (1 )  subsequent

nonlinear evolution of disturbances in the

linearly  unstable region may be
redeveloped to become a new equilibrium

state of finite amplitudes (i.e. supercritical
stability ) ,or (2) the flow may become

unstable eventually. The flow instability
in the linearly stable region, as named
sub-critical can be

instability, easily

realized by setting the variable £, in Eq.

(37) to a negative value. In other

words, if £, in Eq. (37) is a negative
value, the amplitude of disturbed waves in
the linearly stable region is possibly to
develop into a unstable state. This is
completely different from that of the
prediction obtained by the linear stability
analysis that gives the result of strict
stability. The flow stability in the linearly
unstable region, as named supercritical

stability, can be easily realized by setting
the variable £, in Eq. (37) to a positive
value. In other words, if £, in Eq. (37)
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is a positive value, the amplitude of
disturbed wave in the linearly unstable
region may be redeveloped to a new
equilibrium state of finite amplitudes. The
nonlinear neutral stability curves can be
obtained by simultaneously setting @; =0
inEq. (30) andE, =0 inEq. (37).

Figure 2 (a) shows the nonlinear
neutral stability curves of the film flow
traveling down along a stationary (i.e.
N=0 )

neutral stability curves of the film flow

vertical cylinder. The nonlinear

traveling down on a down-moving cylinder
with velocity ratio of N = 0.615 is
computed and presented in Fig. 2 (b) . The

results indicate that when the down-moving
cylinder velocity increases, the region of

sub-critical ~ stability ~ (d; <0, E;>0)

gradually increases and the region of

supercritical ~ stability  (d; >0, E;>0)

presents no obvious change. It also

deserves  noting  that when  the

down-moving cylinder velocity increases,
the  hatched region of

(d; >0, E <0)

explosive

supercritical instability
decreases gradually, and the region of

sub-critical instability (4; <0, E; <0)

increases gradually. The nonlinear neutral
stability curves of the film flow traveling
down along a up-moving cylinder with

velocity ratio of N= -0.28 is computed and

presented in Fig. 2( ¢ ). The results indicate

that when the up-moving cylinder velocity

increases, both the sub-critical stability

region  (d;<0, E >0) and  the
sub-critical instability region
(d; <0, E; <0) are obviously
decreased. It is also found that the region of
explosive supercritical instability
(d;>0, E <0) increases gradually,
however, the region of supercritical
stability (d;>0, E; >0) presents no

obvious change as the up-moving cylinder
velocity increases.

Figure 3 shows the nonlinear
threshold amplitude curves of the perturbed
wave in the sub-critical unstable region for
numbers  at

various perturbed wave

different vertical-moving cylinder velocity

ratios and Re =5. It is found that the
threshold values of the wave amplitude
curves in the sub-critical unstable region
increase as the down-moving cylinder
velocity increases. In other words, the
film flow system becomes more stable as
the down-moving cylinder velocity
becomes larger. It is also found from Fig. 3
that the threshold values of the wave
amplitude curves in the sub-critical
unstable region decreases as the up-moving
cylinder velocity increases. In other words,
the film flow system becomes more

unstable as the up-moving cylinder velocity
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increases. Figure 4 shows the nonlinear
threshold amplitude of the perturbed wave
in the supercritical stable region for various
different
vertical-moving cylinder velocity ratios and
Re =5.

threshold
supercritical stable region decreases as the

perturbed wave numbers at

It is found that the values of the
wave amplitude in the
down-moving cylinder velocity increases.
In other words, when the down-moving
cylinder velocity increases, the flow
becomes more stable. It is also found from
Fig. 4 that the values of the threshold wave
amplitude in the supercritical stable region
increases as the up-moving cylinder
velocity increases. In other words, as the
up-moving cylinder velocity increases, the
flow becomes relatively more unstable.
Fig. 5 shows the nonlinear wave
speeds in the supercritical stable region
under various perturbed wave numbers at

different vertical-moving cylinder velocity

It is found that the

nonlinear wave speed in the supercritical

ratios and Re = 5.

stability  region decreases as the
down-moving cylinder velocity increases.
In other words, the film flow system
becomes more stable as the down-moving
cylinder velocity increases. It is also found
from Fig. 5 that the nonlinear wave speed
in the supercritical

stability region

increases as the up-moving cylinder

increases. In other words, the film flow

system becomes more unstable as the

up-moving cylinder velocity increases.
5. Conclusion

The stability of a thin Newtonian film
flow traveling down along a vertical
cylinder under three different cylinder
moving conditions is investigated by using
the method of long-wave perturbation. The
generalized nonlinear kinematic equations
of the film flow at the interface of free
surface is derived and numerically
estimated to characterize the behaviors of
flow stability. Based on the results of
numerical modeling, the conclusions can be
drawn as follows:

In nonlinear stability analysis, the
existence of the supercritical stability in a
linearly unstable region is clearly detected.
In this particular region, an infinitesimal
disturbance can re-develop into a new
equilibrium of finite amplitude. Similarly,
one can also detect the existence of a
sub-critical instability region in the linearly
stable domain. In that particular domain, an
infinitesimal disturbance can grow to be
The results of

nonlinear modeling analyses indicate that

infinite as time goes.

when the down-moving cylinder velocity
increases, the areas for both regions of the
sub-critical stability and the sub-critical
instability increase gradually, the area for

the region of the explosive supercritical
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NOMENCLATURE

d

complex wave celerity = d, +id,

g gravitational acceleration

h film thickness

hq local base flow film thickness

N constant ratio of the cylinder velocity to
the free stream velocity

p fluid pressure

p : pressure of the atmosphere

R radius of cylinder

Re Reynolds number for flow traveling
down on a moving vertical cylinder

Re Reynolds number for flow traveling
down on a static vertical cylinder

z coordinates transverse and along to the
cylinder surface

S surface tension of the fluid

t time

”; free-surface flow velocity for the
vertically moving cylinder in equilibrium
state

s

uo free-surface flow velocity for the static
cylinder in equilibrium state

V:’ moving velocity of the cylinder in
vertical direction

WW  velocities along r- and z-directions,
respectively

Greek Symbols

a

dimensionless wave number accounted
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for

R

for

Hy

the case of the moving cylinder

dimensionless wave number accounted
the case of the static cylinder
infinitesimal parameter

dimensionless perturbed film thickness
perturbed wave length

limiting dynamic viscosity at small rates
of shear

limiting kinematic viscosity at small
rates of shear
density of the fluid

stream function of the fluid Superscripts

dimensional quantities

differentiation ~with respect to h
Subscripts
partial differentiation with respect to

the subscript

- expansion order of the long wave

Table 1 Various states of the Landau
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Fig. 1 Schematic diagram of a thin Newtonian

film flow traveling down

vertically moving upright cylinder

along a
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Experimental investigation on the design of
tool-bar combined the plastic layered
laminates for vibration reduction in the

precision turning process

Chih-Chung Chou, Ko-Ta Chiang, Yan-Ching Liao

Abstract

The objective of this paper is to present the mathematical models to model and analyze
the design of turning tool-bar combined the plastic layered laminates for minimizing the
vibration amplitude of tool-tip in the precision turning process. The selected plastic
materials are polyethylene (PE) and polyurethane (PU ). Machining parameters including
the spindle speed, feed rate and cutting depth were chosen as numerical factor, and the
status of plastic layered laminates was regarded as the categorical factor. The status of
plastic layered laminates set up three categories including the solid tool ( without plastic
layered laminates ) , tool with PE plastic layered laminates and tool with PU plastic layered
laminates. An experimental plan of a four-factor’ s ( three numerical plus one categorical )
D-optimal design based on the response surface methodology (RSM) was employed to
carry out the experimental study. Results show that the design of turning tool-bar combined
the plastic layered laminates is proven to minimize the vibration amplitude of tool-tip,
which leads to the results of the best machined surface. Using the tool with PE and the tool
with PU in the same cutting conditions, the overall values of surface roughness represent
the reduction of 4.32 and 14.34%, respectively, compared to the status of solid tool.
According the experimental results, the design of turning tool-bar combined the PU plastic
layered laminates have great improvement of the vibration-reduction.

Keywords: Vibration, Plastic, Roughness, Turning, Response surface methodology.
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1. Introduction

In the metal cutting operations, the
vibration conditions, occurring among the
chuck and
workpiece, play an important role in the

instrument, cutting  tool,
machining performance characteristics of
machined parts. Especially, the vibrations
of cutting tool cause poor machined surface
roughness, poor dimensional accuracy of
the workpiece and abnormal tool wear or
tool breakage, which lowers down the
productivity and increases the cost of
production. The appearance of vibrations of
cutting tool is mainly subjected to the
cutting dynamics process under various
cutting conditions. The dynamic
phenomena of cutting tool induced by the
interaction of elastic system in the cutting
process cause the relative displacement
which

generates the vibration of cutting tool [1, 2].

between tool and workpiece,
Moreover, the major detrimental effect of
vibration for the workpiece further worsens
the quality of machined surface. Surface
roughness is widely used in the index of a
machined surface quality since a
reasonably good surface finish is good for
improving the tribological properties,
fatigue strength, corrosion resistance and
aesthetic appeal of the machined product [3,
4]. Excessive vibration can also interfere

with the feed rate, cutting speed, and

cutting depth.

In the past efforts, most researches
reported in the literature focused on using
virtual vibration signals to analyze the
effects of cutting tool vibrations on the
surface,

machined and proposed the

predicted vibrations model which are
determined by the
[5-10]. The amplitude and

natural frequency of cutting tool vibrations

cutting  process

dynamics

under the resonance during cutting process
are related to the dynamic cutting force and
the chip-thickness variation acting on the
cutting tool. The variation of cutting tool
vibrations in the finish cutting process is
observed through the monitor of surface
roughness growth on the machined surface.
Mer and Diniz [5]

experiments for correlating the variation of

carried out the

the tool vibration, tool wear, tool life and
surface roughness in the finish turning with
the coated carbide tools. Thomas et al. [6]
investigated the effect of cutting tool
vibrations on surface roughness during
lathe dry turning of mild carbon steel under
different cutting parameters including the
cutting speed, feed rate, cutting depth, tool
nose radius, tool overhang and workpiece
length. Jang et al. [7] proposed a measuring
technique of online real-time roughness,
which is a monitoring algorithm dealing
with the relative cutting vibrations between

tool and workpiece, so as to study the
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correlation between surface roughness and
cutting vibration in hard turning process.
Abouelatta and Madl [8] proposed the
mathematical prediction model of surface
roughness based on cutting parameters and
tool vibrations in turning operations. Dimla
[9] described a tool-wear monitoring
procedure in a metal turning operation
using vibration features. The monitoring
procedure revealed that the vibration
signals’ features are related to the wear
qualification of cutting tool-wear. Risbood
et al. [10] utilized the fitted network for
finish and

dimensional deviation by measuring cutting

predicting the surface
forces and vibrations in the turning process.
Consequently, the cutting tool vibrations
had been reported to be much more
significant than other monitoring signals
[5-10] in predicting surface roughness.
Regarding with the control method of
cutting tool vibrations, reported in the
literature, basically involve either proper
[11] or

stabilization of the relative displacement

setup of cutting parameters

between tool and workpiece [12]. Tewani
et al. [13] utilized the help of an active
dynamic absorber to improve the cutting
process stability of a boring bar for
achieving the vibration control. Lee et al.
[14] proposed the design of a dynamic
vibration absorber to suppress vibrations in

turning operations. Choudhury and Mathew

[15] improved the location of inserts to
promote the cutting process stability in the
case of a milling operation.

In this study, an attempt had been
made to minimize vibration amplitude of
tool-tip using the plastic layered laminates,
which provided in between the tool holder
and turning tool-bar. The construction of
turning tool-bar is designed to combine the
plastic layered laminates for testing the
effect of
vibration-reduction. The selected plastic
(PE) and

damping on the

materials are polyethylene
polyurethane (PU ) . A micro-cutting test
with the diamond cutting tool is conducted
to visualize the effect of tool-tip vibration
on the performance of surface roughness.
Diamond cutting tool is well known as a
preferred tool for precision machining. The
features of tool-tip vibration are extracted

(SSA)

-processed vibration signals [16]. In this

form the singular spectrum analysis

study, the spindle speed, feed rate and
cutting depth were chosen as the numerical
factor, and the selected plastic material was
regarded as the categorical factor. A

four-factor  ( three numerical plus one

categorical ) D-optimal design based on

the response surface methodology (RSM )

is employed to determine the experimental
runs for the operating conditions of cutting
[17, 18].

process The evaluation of
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machinability performances adopts the
identify  the

estimation of

surface  roughness to

quantitative tool-tip
vibrations under the status of plastic

layered laminates. In this paper, a
mathematical model based on the RSM was
proposed for modeling and analyzing the
damping characteristics of plastic layered
laminates on the surface roughness in the
precision turning process using a diamond

cutting tool.

2. Experimental design and
procedure

2.1 Cutting too,l workpiece material
and equipment

In this study, a series of micro-turning
experiments using the diamond cutting tool
were proposed to visualize the effect of
tool-tip vibration on the performance of
TNMN160408
polycrystalline diamond ( PCD ) tool

surface roughness.

inserts made by Diku Inc. were employed
in the experiments. The cutting tool inserts
was clamped onto a tool holder, type
MTJINRL-2020K16; its major geometry is
the working rake angle of 5°, the working
side cutting edge angle of 60°, the tool
flank angle of 6°, and the edge radius of
0.05 mm. The PCD tool inserts posses the
characteristics of high thermal conductivity

( 700 W/mK ) ,
( 6,500~8,000 HV ) , lower thermal

high hardness

expansion (1.45x107° 1/°C ), and lower
friction coefficient (0.1~0.3) .

Although the diamond cutting tools
reveal severe wear in the machining
process of ferrous metals, the diamond
cutting tools are widely used for the
machining of various hardened non-ferrous
materials in the manufacturing industry.
Here, the workpiece material used in this
study is the A6061-T6 aluminum alloy

(ASTM B211 grade ) with the following

chemical compositions in mass%: 0.40 to
0.8 Si, 0.7 Fe max, 0.15 to 0.40Cu, 0.15
Mn max, 0.8 to 1.2 Mg, 0.04 to 0.35Cr,
0.25 Zn max, 0.15 Ti max and bal. Al. T6
temper 6061
ultimate tensile strength of at least 290
MPa and yield strength of at least 241 MPa.

Before cutting, the workpiece material was

aluminum alloy has an

made into cylindrical bars with 40mm
diameter and 100mm length. The metal
cutting process was designed and machined
by using Solidworks CAD/CAM software.
The completion and positioning of cutting
process were machined and controlled by
using CNC software.

All the micro-turning experiments
were conducted without any coolant in a
Vcenter-55/70 CNC ultra-precision lathe,

which have a maximum spindle speed of
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4500 rpm, maximum turning diameter

260mm and a maximum power of 35 kW.
2.2 Plastic layered laminates

For the purpose of comparison and
identification of damping effect induced by
laminates, the

the plastic layered

polyethylene (PE) and polyurethane (PU )

are selected as the material of plastic
layered laminates. These materials usually
used in the applications of vibration
absorption such as the cushion of shock
absorption in the structure. The samples of
plastic layered laminates used in the
of the

following dimensions: 50mm x 20mm x

experiments were cut sheets
Imm. The construction of turning tool-bar
is designed to combine the plastic layered

laminates, as shown in Fig. 1.
2.3 Experimental design

Figure 2 is a schematic diagram of the
experimental setup. The monitoring system
of cutting condition is composed of data
acquisition system. The data acquisition
system consists of two signal measurement

sensors (accelerometer) and a singular

spectrum analysis ( SSA ) device. In order

to detect the vibration condition in the
turning process, the vibration signals were
353B16 ICP

accelerometers that was placed close to the

measured using  two

tool and sensed the wvibration in the

transverse ( x-axis ) and longitudinal

( z-axis )  direction, respectively. The
vibration signals along the cutting speed

direction (transverse direction ) was found

to be highly sensitive to the performance of
roughness on the machined surface. The
sensitivity of the accelerometer was 10

mV/g (£15% ), and its measurement range

was 0.7~20 kHz. These sensed vibration
signals collected in the time domain were
then sent to the SSA device for the

calculation of root mean square (RMS)

value of vibration signal for each
experiment. The RMS value of vibration
signal represents the square root of the
average of the squared value of the
Therefore, the

vibration signals acquired through the

vibration  amplitude.
accelerometer were processed by the SSA
device for the analysis of frequency domain.
SAA is a non-parametric technique of time
series analysis based on principles of
multivariate statistics. The procedure of
SSA decomposes a given time series into a
set of independent additive time series [16].
The main function of singular spectrum
analyzer is to represent the spectrum
characteristics of a given time series signal
in the frequency domain. When the cutting
operation 1is 1in process, the sensors
dynamically collect the raw vibration

signals. These vibration signals obtained in
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time domain are transformed to frequency
domain by the Fast Fourier Transform
( FFT ) . The power spectrum density

(PSD) analysis is performed according
to the output of FFT. The vibration signals
called spectrum in the frequency domain
different
processes. In the experimental setup, the

were analyzed for cutting
singular spectrum analyzer is a real-time

spectrum analyzer (4 channel real time

analyzer, G-Tech Instrument Inc.) which

displays the singular amplitude of

frequency domain immediately. The
measured signal bandwidth was set within
3k Hz.

In the cutting process, the cutting
length and diameter was kept the same so
that no further vibrations are induced by
the deflection of workpiece. The cutting
length and diameter were fixed at 80 and
40 mm in the experimental design,
respectively. In order to visualize the effect
surface

of tool-tip vibrations on the

roughness, a micro-cutting test is
conducted as follows. The spindle speed
was varied from 2000 to 3000 rpm, the
feed rates were changed between 0.02 and
0.10 mm/revolution, and the cutting depth
was set from 0.04 to 0.12 mm. Table 1
shows the setting of experimental
parameters and instrument under cutting
A6061-T6 aluminum alloy in the precision

turning process. According to the previous

analysis in the real cutting process, the

spindle speed ( X, ), the feed rate ( X, )

and the depth of cut ( X3) were actually

chosen as the three numerical factors for

investigation. The status of rubber layered
(X4)

including the solid tool

laminates set up three categories

( without rubber
layered laminates ) , tool with PE plastic

layered laminate and tool with PU plastic
layered laminate during the cutting process.
The status of plastic layered laminates was
regard as the categorical factor. Table 2
shows the controllable parameters and their
levels in the coded and actual values.

In the present study, the frequency and
amplitude of vibration signals were
considered as the criterion and would affect
the machinability evaluation in the
precision turning process. The value of
surface roughness here was adopted as the
machinability evaluation of A6061-T6
machined in the precision turning process.
The measurements of the surface roughness
for the machined surface were performed
by using a Mitutoyo SurfTest-402 with a
cut-off length of 80mm and sampling
length of 60mm. The maximum surface

roughness (Rmax ) was used to evaluate
the surface roughness of the machined
surface. The frequency and amplitude in
the power spectrum density plots of the

vibration signals were recorded to identify
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the quantitative estimation of cutting tool
vibrations under various cutting conditions.
The amplitude of vibration signals is
conducted through collecting the “overall”
vibration and plotting the vibration data in
the time domain. The “overall” value can
be quantified to record the total energy
content of all vibration sources at all
frequencies. In the precision turning
process, the lower both amplitude of
vibration signals and surface roughness

(Rmax ) are, the better the indication of

the response characteristics. Those desired
responses are regard as the
smaller-the-better ~ characteristics  and

influence each other relatively.

3. D-optimal design of the
response surface
methodology

A response surface-based D-optimal

design was used to determine the

experimental run for the operating
conditions of cutting process. The
procedures of D-optimal design consist of
the defining level, selection of the fitting
model and the chosen design points. The
design points chosen from the set of
candidate points depend on the selected
model [17, 18]. As presented in Table 2,
three numerical factors are varied over five
levels, while one categorical factor is at
study, the

three categories. In this

quantitative form of relationship between
the desired response and independent input
variables can be represented in the
following:

Y:F(X15X29X35X4) (1>

where Y is the desired response and
Fis the response function (or response

surface ) . In this particular case, the

approximation of Y was proposed by
using the fitted second order polynomial
regression model which is called the
quadratic model. The quadratic model was
exactly suitable for studying carefully the
interactive effects of combinative factors

on the performance evaluations. The

quadratic model of Y can be written as
follows:

Y =q, +Z4:al.Xi +Z4:aiiXi2 +Z4:al..X‘
i=1 i=1 ! (2)

i<j

where 4 is constant, 4;, %; and

4 represent the coefficients of linear,

quadratic and cross product terms,

respectively. This model using the
quadratic model of ¥ in this study not
only aims to investigate the response over
the entire factor space, but also to locate
the region of desired target where the
response approaches to its optimum or near
optimal value. In general, the quadratic

model of desired response (Y ) can be

expressed as follows by matrix from as:
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Y=Xa+¢ (3) fixture-tool-work  ( MFTW )  system
where X is a matrix of model terms dynamic parameters such as system

evaluated at the data points, & is an error
vector. The unbiased estimator & of the
regression coefficient vector a is
estimated by using the least-squares error

method as follows.

a=X"X)"'X"Y (4)

where is X' the transpose of the
matrix X.

The algorithm of D-optimal design for
choosing design points is to select the set of
design points by the selected quadratic
model, which results in 18 minimum model
points, and 5 points of them are used to
estimate the lack-of-fit and replicates as
well. The 28 experimental runs based on
D-optimal design were performed to
provide the suitable framework for this
cutting experimentation, as shown in Table
3. It also displays the run numbers and the
Each

experiment was carried out two times at

observed  responses. cutting

different time under the same conditions to
ensure that the experimental data were

repeatable.

4. Results and discussion

4.1 Identification of cutting tool
vibration

In order to identify the machine-

damping and stiffness in stand still under

various cutting conditions, the power
spectrum plots and the vibration amplitudes
in the longitudinal and transverse direction
of the cutting tool under the no cutting
condition were collected. These sensed
vibration signals collected in the time and
frequency domain were regarded as the
basic reference to compare the quantitative
estimation of cutting tool vibrations under
various cutting conditions. Time domain
signal analysis is essential to understand
the overall vibration level generated in
cutting process.

vibration

Figure 3 reveals the

amplitudes in the longitudinal and
transverse direction of the cutting tool
under the no cutting and dry -cutting
conditions. The dry cutting condition
employs the cutting parameter setup of
spindle speed of 2000 rpm, feed rate of
0.10 mm/rev and cutting depth of 0.12 mm.
The vibration raw signals of longitudinal
and transverse direction on the cutting tool
were recorded within 150 ms. It shows that
the amplitude of vibration signals under the
cutting process is generally larger than
When the

material of workpiece was cut,

under no cutting process.
large
amplitude vibrations induced by cutting

force were generated on the cutting tool,
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especially in the transverse direction. The
power spectrum plots of other vibration
signals in the frequency domain under the
no cutting and dry cutting conditions are
in Fig. 4. The
bandwidth of vibration raw signals sets
within 4 kHz. It is observed that the

characteristics of the peaks appear at the

presented frequency

frequency bandwidth within O~1 kHz under
the no cutting and dry cutting conditions. It
was caused by the interaction between the
tool-tip and the elastic recovery induced by
the feed force of cutting tool. The vibration
amplitudes of these peaks are found to be
reinforced under the cutting conditions.
These peaks present the status of the
relative movement between cutting tool
and workpiece, and are regarded as
dominant factors affecting the surface
roughness. But, the vibration amplitudes of
at the high
frequency bandwidth are found to be not
very
conditions.

the characteristic peaks

sensitive to the various cutting

4.2 The damping effects of plastic
layered laminates

In order to understand the main
features of the vibration raw signals using
the cutting tool without/with the plastic
layered laminates under the dry cutting
conditions, the vibration amplitudes of

longitudinal and transverse direction as

and 5 (b) ,

respectively, are display in the time-domain.

described in Fig. 5 (a)

The status of plastic layered laminates
combined the turning tool-bar in this study
set up three categories including the solid
tool (without plastic layered laminate ) ,
tool with PE plastic layered laminate and
tool with PU plastic layered laminate.

From Fig. 5 (a) , it shows that the
in the

longitudinal direction using the tool with

amplitude of vibration signals

plastic layered laminates is generally
smaller than with the solid tool. But in Fig.

5 (b) , the value of transverse vibration

amplitude is shown to greatly decrease

using the tool with plastic layered
laminates. This result has been attributed to
the damping position of plastic layered
laminates at the tip of cutting tool, which
presents more and larger damping effects in
the transverse direction. From the
visualized time domain vibration data, the
amplitude of vibration signals using the
tool with PE and the tool with PU represent
the reduction of 21.68 and 36.49%,
respectively, compared to the solid tool in
the transverse direction.

Figure 6 (a) and 6 (b)

power spectrum plots of vibration signals

show the

using the cutting tool without/with the
plastic layered laminates in the frequency
domain. From Fig. 6(a ), it is observed that
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the vibration amplitude of the characteristic
peaks appeared at the frequency within 0~2
kHz has not distinct variation in the
longitudinal  direction. The vibration
amplitude of the characteristic peaks at the
high frequency band is found to be not very
sensitive to the status of plastic layered
laminates. In addition, the difference of
damping effect between the tool with PE
and the tool with PU is not obvious in the
longitudinal direction of cutting tool. From

Fig. 6 (b) , it shows that the vibration

amplitude of the characteristic peaks
appeared at the frequency within 0~1 kHz

under the status of plastic layered laminates

1s smaller than under the status of solid tool.

It also can be apparently seen that the
vibration amplitude of the characteristic
peaks are obviously minimized using the
tool with plastic layered laminates.
Consequently, the cutting tool with the
plastic layered laminates can improve the
damping forces of the turning tool-bar, and
benefits to minimize the vibration
amplitude, especially in the transverse

direction.
4.3 Mathematical model of the

surface roughness

of the
surface roughness based on the RSM was

The mathematical model

proposed for analyzing the damping

characteristics of plastic layered laminates

in the precision turning process with the
diamond cutting tool. In order to ensure the
goodness of fit of the mathematical model
study, the
significance of the regression model, the

obtained in this test for
test for significance on individual model
coefficients and the test for lack-of-fit need
to be performed [17, 18] as shown Table 4.
These tests are performed as analysis of
( ANOVA )
calculating the “F-value”, the “Prob. > F”,
(R2) ,
adjusted R-squared (R2 Adjusted) and

variance procedure by

the determination coefficients

the adequate precision (AP ) . From the

results of ANOVA, the values obtained
were as follows: R2=0.9761, R2 Adjusted

=0.9354 and AP = 13.6122 for the surface
roughness ( Y, ) . Consequently, the
obtained quadratic mathematical models

()

regarded as significant effect for fitting and

for the surface roughness can be

predicting the experimental results and
meantime the test of lack-of-fit also
displays to be insignificant. Since each
combination of categorical levels has a
mathematical equation that predicts the
response, three quadratic mathematical
equations are presented for each status of
plastic layered laminates. Using the results
obtained in Table 4, it presents the final
quadratic mathematical model of response

equation in terms of actual factors as
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follows: Notice that the residuals generally fall on a

For the solid tool ( without plastic

layered laminate )

Rmax = -0.5049 + 0.0006 NV
+3.0345 —4.6684 %>
_ 2
1.5x107 N? 160711 S (5)
2
+12.8810%F —0.00071 N J

+0.0011 N 92314 @»
For the tool with PE plastic layered

laminate

Rmax = —0.7254 + 0.00076 N
+2.8169/ —4.2338%»
_ 2
_15 x107 N* {62711 /7 (6)
2
+12.8810% —0.00071 N /

+0.0011N @r_92314 >
For the tool with PU plastic layered

laminate

Rmax = —0.5898 + 0.00068 NV
+3.3190 —4.2891 %»

_ 2
_1.5x107 N? 1160711/

2 7
+12.8810%F —0.00071 N J (7)
+0.0011 N @%r_92314) @p
Figure 7 displays the normal

probability plot of the residuals for the

values of surface roughness ( Rmax, 4m ).

straight line implying that the errors are
normally distributed. Furthermore, this
supports adequacy of the least squares fit. It
proves that the predicted values of surface
roughness ( Rmax, 4#m ) are close to those
readings recorded in the experiment with a

95% confidence interval.

4.4 The effect of the plastic layered

laminates on the surface

roughness

In the cutting process, the more
stability of overall vibration in the tip of
cutting tool leads to the results of the best
machined surface and the continuous chip.
According to the above developed
mathematical model, the effect of plastic
layered laminates on the surface roughness
in the precision turning process had been
analyzed. Figure 8 (a),8 (b) and 8 (¢)
show the response surface and contour plot

for the surface roughness Rmax in relation

to the spindle speed ( X, ) and feed rate
( X,) with the cutting depth ( X3)

maintained at the middle levels under the
status of plastic layered laminates. The
values of surface roughness Rmax keep
within 0.15~0.40, 0.14~0.39 and 0.10~0.37
Hm | respectively, under the status of the
solid tool, tool with PE plastic layered

laminate, and tool with PU plastic layered
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laminate. The results of the analysis
displayed in Fig. 8 clearly show that the
value of surface roughness is shown
decrease using the tool with plastic layered
laminates. The overall values of surface
roughness using the tool with PE and the
tool with PU represent the reduction of
4.32 and 14.34%, respectively, compared
to the status of solid tool in the same
cutting conditions. This result has been
attributed to the damping effects of plastic
layered laminates at the tip of cutting tool,
which presents the result of best machined
surface.

The damping effect of plastic layered
laminates on the surface roughness and
vibration amplitude under the cutting
conditions of level 1, level 3, and level 5,
respectively, are displayed in Fig. 9 (a) -

(¢) . As can be seen from these figures,

the values of surface roughness are shown
to decrease using the tool with plastic
layered laminates. The damping effect of
plastic layered laminates on the values of

surface roughness presented in Fig. 9 (a) -
(c) shows that the change of surface

roughness is identical to the results of Fig.
8. It also shows that this damping effect is
able to reduce all the values of vibration
amplitude in the longitudinal and
transverse direction of the cutting tool. This
event has been attributed to weaken the

overall vibration, which causes the more

stability of cutting process, and exhibits the
result of best machined surface. The overall
in the

longitudinal direction using the tool with

values of vibration amplitude
PE and the tool with PU approximately
display the reduction of 2.17 and 3.15%,
respectively, compared to the status of
solid tool in the same cutting conditions.
For the overall values of transverse
vibration amplitude using the tool with PE
and the tool with PE, the reduction presents
5.10 and 10.56%,

Consequently, the

respectively.
design of turning
tool-bar combined the plastic layered
laminates is beneficial to minimize the
vibration amplitude in the longitudinal and
transverse direction of the cutting tool.
Therefore, the best surface roughness is
achieved using the tool with plastic layered
laminates as expected. The design of
turning tool-bar combined the PU plastic
layered laminates proved to have great

improvement of the vibration-reduction.
5. Conclusions

This paper developed and analyzed
the design of tool-bar combined the plastic
layered laminates for vibration reduction in
the precision turning process. D-optimal
design based on the RSM was employed to
carry out the experimental study.
According to the developed mathematical

model, the damping characteristics of
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plastic layered laminates on the surface vibration-reduction.

roughness in the precision turning process
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conclusions: [1] Cowley A ( 1970 )  Structural
(1) The results of ANOVA and

comparisons of experimental data
represent that the mathematical model
of the value of surface roughness
proposed in this study is fairly well
fitted with the experimental values
with a 95% confidence interval.

(2) Using the tool with PE and the tool
with PU in the

the overall values of

same cutting
conditions,
surface represent  the
reduction of 4.32 14.34%,
respectively, compared to the status
of solid tool.

(3) The

combined the

roughness

and

design of turning tool-bar

plastic  layered

laminates is proven to minimize the

vibration amplitude of tool-tip. For

the overall values of transverse
vibration amplitude using the tool
with PE and the tool with PE, the
reduction presents 5.10 and 10.56%,
respectively.

(4) Compare the PE and the PU on the
vibration-reduction, and the design of
turning tool-bar combined the PU
plastic layered laminates proved to

of the

have great improvement

analysis. Machine tool structures.
Pergamon, Oxford.

Marinescu I, Ispas C, Boboc D
(2002 ) Handbook of machine tool

analysis. Deckker M, New York
Dimla Sr DE (2004 ) The impact of

cutting conditions on cutting forces
and vibration signals in turning with
plane face geometry inserts. J Mat
Proc Tech 155-156:1708-1715
Rashid A, Nicolescu CM (2006 )

Active vibration control in palletised
work holding system for milling. Int
J  Mach Tools Manuf 46

(12-13) :1626-1636
Mer A, Diniz AE

Correlating tool wear,

( 1994 )
tool life,

surface roughness and tool vibration
in finish turning with coated carbide
tools. Wear 173:137-144

Thomas M, Beauchamp Y, Youssef
AY, Masounave J, (1996 ) Effect of

tool vibration on surface roughness
during lathe dry turning process.
Comput Ind Eng 31 (3-4) :637-644
Jang DY, Choi YG, Kim HG, Hsiao
A (1996 ) Study of the correlation




Experimental investigation on the design of tool-bar combined the plastic layered laminates for vibration
reduction in the precision turning process: Chih-Chung Chou, Ko-Ta Chiang, Yan-Ching Liao 99

between surface roughness and
cutting vibration to develop an
online roughness measuring
technique in hard turning. Int J Mach

Tools Manuf 36 (4) :453-464
[8] Abouelatta OB, Madl J (2001 )

Surface Roughness prediction based
on cutting parameters and tool
vibrations in turning operations. J
Mater Technol 118
269-277

[9] Dimla DE (2002) The correlation

of vibration signal features to cutting

Process

tool wear in a metal turning
operation. Int J Adv Manuf Technol
19:705-713

[10] Risbood KA,

Sahasrabudhe AD

Dixit US,
( 2003 )
Prediction of surface roughness and
dimensional deviation by measuring
cutting forces and vibrations in
turning. J Mater Process Technol 132
(1-3) :203-214

[11]Lin, SC, Hu, MR (1992) Low
vibration control system in turning.
Int J Mach Tools Manuf 32: 629

[12] Choudhury, SK, Sharath, MS (1995)

On-line control of machine tool
vibration during turning. J Mater
Process Technol 47: 251

[13] Tewani, SG., Rouch, KE, Walcott,

BL (1995) A study of cutting

process stability of a boring bar with
active dynamic absorber. Int J] Mach
Tools Manuf 35: 91.
[14] Lee, EC, Nian, CY, Tarng, YS
( 2001 )
vibration absorber against vibrations
in turning operations, J Mater
Process Technol 108: 278-285
[15] Choudhury, SK, Mathew, J (1995)
of the effect of

non-uniform insert pitch on vibration

Design of a dynamic

Investigations

during face milling. Int J Mach Tools
Manuf 35 (10) : 1435-1444

[16] Golyandina N, Nekrutkin 'V,
Zhigljavsky A (2001 ) Analysis of
Time Series Structure—SSA and
Related Techniques, Chapman &
Hall/CRC, Boca Raton, Florida,
2001, pp. 13-78

[17] Myers RH, Montgomery DC (1995 )

Response  surface  methodology:
process and product optimization
using designed experiments. John
Wiley and Sons, New York

[18] Khuri AI, Cornell JA ( 1996 )

Response surfaces, designs and

analyses. Marcel Dekker, New York




100 B85 E_+E BRE—O—F=8

Transvers R
Vibration

S

Realtime specm'lm\analyzer 4
Fig. 2 Schematic diagram of the

experimental setup.

|
| N — L it TR
% [ i l (] ’H
;% I v ) 1 fl |
ﬁ ! | NW‘ %W o '
(a)
irethane (PU)
®E)
e
(o) n by
N AL AR 11 0 I AL (B B
Fig. 1 The design of turning tool-bar: (a) i
the CAD’s sketch, (b) the tool = = b ot | | i L
with plastic layered laminates, and il SR R A ‘
(¢) the components. e R S L S e T e e

(b)




Experimental investigation on the design of tool-bar combined the plastic layered laminates for vibration
reduction in the precision turning process: Chih-Chung Chou, Ko-Ta Chiang, Yan-Ching Liao 101

Fig. 3 The vibration amplitude of (a) Fig. 4 The power spectrum of (a)
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Fig.5 The vibration amplitude of (a)

Magritude, Linear [Ge]

Magnitude, Linear [Gs]

longitudinal direction and (b )
transverse direction on the cutting
tool  without/with the rubber
layered laminates under the dry
cutting conditions. ( Yellow : Solid
tool, Green : Tool with PE, Brown :
Tool with PU)
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longitudinal direction on the
cutting tool without/with the
plastic layered laminates under
the dry cutting conditions.
( Yellow : Solid tool, Green :

Tool with PE, Brown : Tool with
PU)
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Fig. 7 The Normal probability plot of

residuals for the surface
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(b) tool with PE
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laminate.
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level 1, (b) level 3, and (c)
level 5.
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Table 1 Experimental parameters and instrument

Working conditions Unit Description
Lathe Vceenter-55/70 CNC
Workpiece A6061-T6
Holder type MTJNRL-01
TNMN160408 polycrystalline diamond
Insert type (PCD)
Cutting length mm 80
Cutting diameter mm 40
Spindle speed rpm 2000 - 3000
Feed rates mm/rev 0.02 - 0.10
Cutting depth mm 0.04 - 0.12
Rubber layered laminates Polyethylene (PE) , Polyurethane (PU)
Accelerometers 353B16 ICP
Data acquisition Real-time spectrum analyzer

Table 2 Design schema of machining parameters and their levels

Levels
Parameters Code . : ’ > : >
Numerical -2 -1 0 +1 2
Categorical 1 2 3
Spindle speed (rpm) X, 2000 2250 2500 2750 3000
Feed rate (mm/rev) X, 0.02 0.04 0.06 0.08 0.10
Cutting depth  (mm) X, 0.04 0.06 008 0.10 0.12
Plastic layered Tool Tool

) Solid tool ] '
laminates with PE with PU

<
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Table 3 Design layout and experimental results

Numerical Categorical

factor factor Responses

) Feed ) .
Spindle rate Cutting Plastic

Run speed ( mm/re depth layered Roughness  Vibration amplitude
( rpm) V) (mm)  laminates

Rmax (Y, ,Longitudinal Transverse

XXX X, m 1) ( YimGs ) (Y,,mGs)
I 2000 0.1 0.12 PE 0.32 40.79 41.47
2 2500 0.02 0.12 PU 0.18 18.54 37.23
3 3000 0.1 0.12 Solid tool 0.34 37.99 37.60
4 2000 0.02 0.12 Solid tool 0.16 18.56 21.67
5 2000 0.1 0.12 PE 0.35 41.61 43.39
6 3000 0.02 0.08 Solid tool 0.14 15.55 22.63
7 2000 0.1 0.08 Solid tool 0.38 42.55 43.06
8 2500 0.06 0.08 PE 0.26 30.94 38.63
9 2000 0.02 0.08 PE 0.14 18.50 20.42
10 3000 0.02 0.04 PE 0.17 24.61 23.95
11 2000 0.1 0.08 Solid tool 0.39 45.82 51.31
12 2500 0.04 0.06 Solid tool 0.26 26.57 34.63
13 2750 0.04 0.08 PU 0.18 25.76 34.50
14 2000 0.02 0.08 PE 0.15 23.04 25.03
15 2000 0.02 0.04 Solid tool 0.19 28.12 32.50
16 3000 0.02 0.04 PE 0.21 21.66 27.75
17 3000 0.1 0.08 PE 0.38 40.98 45.35
18 3000 0.06 0.12 PU 0.2 26.68 22.86
19 3000 0.1 0.04 Solid tool 0.34 43.23 43.52
20 3000 0.1 0.08 PE 0.37 40.47 42.97
21 3000 0.06 0.04 PU 0.19 19.88 21.18
22 2500 0.1 0.12 PU 0.4 40.90 51.27
23 2000 0.06 0.12 PU 0.22 22.74 37.10
24 2000 0.02 0.04 PU 0.14 22.68 22.10
25 2000 0.1 0.04 PE 0.42 53.04 59.42




Experimental investigation on the design of tool-bar combined the plastic layered laminates for vibration
reduction in the precision turning process: Chih-Chung Chou, Ko-Ta Chiang, Yan-Ching Liao 107

26 2500 0.1 0.04 PU 0.38 51.88 58.07
27 3000 0.02 0.12 PE 0.3 38.04 38.58
28 2250 0.06 0.06 PU 0.23 30.93 33.93
Table 4 Results of the ANOVA
Source Sum of Degrees of Mean F-Value Prob. > F
Squares freedom Square
Model 0.2889 17 0.0142 24.0284 < 0.0001 significant
Residual 0.0059 10 5.9182E-4
Lack of Fit  0.0045 5 9.0364E-4 32272 01122 . "
significant
Pure Error 0.0014 5 0.00028
Cor. Total 0.2476 27

Standard. Deviation= 0.0243
Mean= 0.2639
Coefficient of variation=9.2174

Predicted residual error of sum of
squares (PRESS) =0.1573

R>=0.9761
R* Adjusted=0.9354
Predicted R?*= 0.3647

Adequate precision (AP) =13.6122
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