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A Development of Robot Ultrasonic Burnishing Tool for Free-form Finishing
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Abstract

This research presents the design and development of robot ultrasonic burnishing tool
for free-form surface finishing. The objective is to study using ultrasonic wave in burnishing
process. Designed by burnishing stainless steel ball combines with the ultrasonic system at
frequency 40 kHz, that is a hybrid process. After that made prototype and installing to the six-
axis robot arm. Under the principle of design of the experimental process (DOE), the interested
target is an average of surface roughness (Ra) of aluminum workpiece. There have 3 factors that

effect on target including ultrasonic wave, depth of cut and feed rate. The research using
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factorial design at 95% of confident level, replicate = 3, result found that using ultrasonic wave

is a main factor effect the target and make the burnishing process better when compare with

non-ultrasonic wave.

Keywords: Ultrasonic, Burnishing, Robot, Finishing, Roughness
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Fausedy (Horns) A9gui 1

>

230V 1Ph 20/ 30/ 35/ 40/ 70 Khz
50 Hz

JAWA! NNANAN
=

Converter

Booster

Ultrasonic Generator

Horn /
Sonotrode

JU 1 seuvaaniloia (Ultrasonic system)
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IAUBKAIA AR
2.2 N1350AK3974 (Burnishing)
iunssuaunisuilesvaanisinfiadueruuuy
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3.1 gunsal
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2) lusunsu Solid works 2013

3) Iusunsu Minitap Ver. 16
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A Ultrasonic
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VEGEY
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ﬁazlﬁama'fif'w"lun7saaymwu (CAM) T 3agidu S sdenEusan ity | Sendu p
ian wazvinisnadaulleedy [7] an
3) hgunsalduuvuluannanuyueudindoui Ysjgnenau -1
Basy 6 unu KUKA KR150 #4zUii 8 svuslunasin | 200 um p
(Depth of cut)
100 um -1
A11ut52 un154n | 1,800 mm/ min 1
(Feed rate)
600 mm/ min -1

*svia 19a195ulUsunsy Minitaps
1 sisnegdssiuids High
-1 WNIGAIAUAUS Low
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4. aan1snnasdlazanUsIema
Wn1snaaeiiiesUfuinisvesusvnuudy
wo3 uluiSsu 9190 Ineliviueusiindouiisas:
6 unu iausianadudunssvudaaruduuuaga

lngliszgzvirauaaszuuavny 0.1 mm aulawui

YUY 10X10 mm dauansluzuii 9 9nduriints
SaAra11ungrudalngldiaseeTauvysiaain
INSPEX IPX-103 ﬁ;"(agilﬁ 10

U7 10 SA1AIWNEIWAITUIIUNATOUA Y
1A39957 INSPEX IPX-103

¢ a 3
Feaanuuunisnnasadeunnnaseauvy 2
Ingnnaade 3 A3 a2lANINU 24 N1SNAABY KA

YINITNARDIUUUGY TINAYBINTTIAAIAIIUNEIU
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B = aaukFalun5iduiann Feed Rate

iy Low Feed Rate (-1) High Feed Rate (+1)

factors C = Depth of Cut C = Depth of Cut

Low Depth (1) |High Depth (+1) | Low Depth (-1) |High Depth (+1)

A sy
y 137(1.24 (1582471299 | 261 |1.36 | 1.45 | 1.47 | 2.59 | 2.83 | 2.86
Ay (-1)

A 78Ry

(+1)

0.520.5210.56 |0.66 {0.62|0.63 [0.50 |0.44 | 0.49 {0.60 |0.66 | 0.66

4.1 AFITOUAIINGNADIVDIA MUY
Win153tAsIzvinani1snnaad lngld
TUsunsun19a86 Minitaps version 16 &4
Montgomery (2005) [3] n&a1231 Aauiivsi
Yoaguannisiiasizinuudsusiululdesdod
N15A5I9FIUAIIUTEINDYINT1TNAADINIE
v li§enou InewaSasdionldlunisasiadauisa
n153iAsIehdauAnA19 (Residual Analysis) @4
Usznaunag
4.1.1 N15ATIIFIUNITNTLVIYAIMUYUNA
(Normal Distribution) vasAraauana1e Faldlu
n1sundaaunIsanuasuyyUng lnewarsannsin
9I3U7 11 wu31 Araauandrdinisnszaredaniu

uYAAFUNTI 119Uz r0dlad1AdunnA198n 15

Nsz8UVUUNA
Normal Probability Plot
99
90
t
o 50
[T}
o
10
14 ! f f .
-0.8 -0.4 0.0 0.4 0.8
Residual

JUN 11 n31WUanIn15uanuaUnivednl

Residuals Ra
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(Independent) Ya3a1a3unnA19IngNI1504790
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Versus Order
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5 025 m
3
o
@ 000
o
-0.25
e e
2 4 6 8 10 12 14 16 18 20 22 24
Observation Order

UM 12 n51WUdAINI15N5E91861Y89A1

Residuals t#l8uAy Observation Order

4.1.3015057980UAIINLANITYDI o>
(Variance Stability) lagila15ai191nn 513U
13 Wud1 o vasardiuanae darlnatheenyly
urazAMILS UazlsinugUuuun1IN LY 1YaN
1 1 v = o I~ v 1 1
ArdauanaNdanwazsdusulduuaagale uand

lisiudrdoyayaidaaiuatesvainauudsusi

Versus Fits
0.501 ¢
! -
— 0.25-
é L
w000 u
o )
-0.251 [
t .
-0.50- . : _* . :
0.5 1.0 1.5 2.0 2.5
Fitted Value

UM 13 n51WUaAINITNTEII8HIYBIA
Residuals i1gunu Fitted Value

AsURINgU 11 89 13 WUdIn15ATIZIAT

dauanA19iilaaindayalunisnaaesyailiinaiu
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gndasuazyndeda arursaurdayananaraly
Sinsresianuudsusauludunausaluly
4.2 Fias1zvinuudsusay
ludunounisiasiziuasasunanis
nnaaaiionIgn1Ieiinuzay Tneldlusunsumnie
d07 Minitaps Version 16 419%10153LAS1£%A
VINNANITNAABY NI1TAATIZHAIAIUUTUTIY
(ANOVA) ¥94A1A314%e&1UA7 (Ra) 4147158
UAAIHANTTATILYIAIINUYTUTINYBITDY AL T
unnneSsauvuaasszay ieAnudaseanun
Tnedmunseaunarandasiuil 95% (0=0.05) I¢

A9M15799 3

A15199 3 A5 NIUATILAIIUKUTUTIY (ANOVA)
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Analysis of Variance for Ra
Source DF | SeqSS | AdjSS | AdjMS F P
Ultrasonic | 1 | 13.4401 | 13.4401 | 13.4401 | 113.80 | 0.000
Feed 1 0.0008 0.0008 0.0008 0.01 0.935
Depth 1 3.1393 3.1393 3.1393 26.58 | 0.000
Error 20 | 23620 2.3620 0.1181
Total 23 | 18.9422
5=0.34366 R-Sq = 87.53% R-Sq(adj) = 85.66%

NN 3 HANITIATISAIAIIURETY
79 Ra lneldTusunsunsadinudn n1susaensy
gani1lwila (Ultrasonic Wave) uazszezlunisan
Fuarw ( Depth of Cut) Juasian1A1URg1UA7
(Ra) agiviliea1Agy lagwo1sai199nA7 P-Value
vaatlasenanetlasenisusagasusaniiluia
uaztlaseszezlunisiafa Guvibiy 0.000 < o
(Fagfaseldamunld a = 0.05) Feufiasauyiigi
nan
uazifanorsanus U US Y9 IBNENANAN
(Main Effect) 910 3 tasesaguil 14 wud1 tase
n1sUssensusaniledndansasidunsmduas

= = v o ' A o P P
FavurgnuIndelaviinisuasgnausansilyila
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lunszuaunisnaaey ssainaliainarusevis
(Ra) anavageildes1Ay daunisiarsanitase
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Main Effects Plot for Ra

Data Means

Ultrasonic Feed

._.
[=]
H/

Mean
-

Depth

154 /
1.0 /

0.5

T
=L 1

FUA 14 nsmipruduniusianvausasave

IngUN 15 wudrddadendarrudunus
saufiy (Interaction) A Aa135aTun 158U A

(Feed Rate) uazszezlunisaniia (Depth of Cut)

Interaction Plot for Ra

Data Means

Uhtrasonkc -

Feed -

FUI 15 nsmlpnuduniussiuvasunaslave

4.3 JAs1ehseAuTave i NIcau

IN1536A5129%n152a U098 uNIZaY

=

ngavasuiazUadeninaliainriuneudadoe

ﬁzg@ (Ra) lag/ldwarivy Response Optimizer Tu
a 54 a 3 o 254

nsiATIzvidaya lnewarsameaiudodelanagy

ii 16
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B Ultrason Feed Depth
i 'Eigh [1.0] [11'001 [11'00]
ur -1 %
089792 |ow -1.0 -1.0 -1.0
 —— ‘\
yd - T~
Composite // \\‘-\
B —~
Desirability e
0.89792 /
-
Ve
\\
Ra AN
Minimum \\
y = 0.2042 —
d = 0.89792 N //
N -
,,,,,,,,,,,,, L ,,,4{,,,,,,,,,,

sUN 16 ns1nuansnanavavasadegn

v

§7r b Y

21AN1534A51¢Y Response Optimizer WuU71
§rdaan15lilda1aaume1uAa (Ra) frge das
Fanldseauilasy adusanirluiia 1 fa Usaeasy
sanirloidn, Aarusalun1sAndusy (Feed Rate)
-1 A9 600mm/min, szegzanlun1sinila (Depth
of Cut) -1 Aaszee 100 um

5. a5Unan1539e

wani1sivelunisdinseuaunisin
ﬁﬁ)"?yuxi')ué'wgnnﬁyafawz (Burnishing Surface)
wauunslFasusaniledn uazilunaasin
Aafuaru wudmanisnaasuivluniuauuigi
Ao n1sldndusansrluida arursavilinasia
Arduarudaesgnniediaiinarumeruiaiiosunide
iigununaslildndusanirluia JeagUaa
nszuaunsiinrutulylgiesiluidalsess

6. Yalaualie
n1snaaesiidunisnaassiienina1y
WulUlgidoedu uazuanalsdisiudinszuaunisid
wavi1liAInIuvieAa (Ra) anaaldaenean 4
Judaldudrarursoirluldvselovilaase ua
agdlsAnun1sunaseilsslsiieae Tusrsusaly
doelinisnagavuinndrd iy ludrunisdne
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