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End Milling of Aluminum Alloy Using Electrolyzed Reduced Water

Unkai SATO*, Toshikazu TAKENOUCH],
Hiroshi HARA and Shin-ichi WAKABAYASHI

* Faculty of Education, Shinshu University.
6 Nishinagano. Nagano-shi, Nagano. 380-8544 Japan

This paper describes the development of a process for end milling of aluminum alloy, using
electrolyzed reduced water of dilute sodium chloride solution instead of the dry cutting. Dry process
cutting is applied to the process of precision instruments where great surface cleanliness is essential.
However, when using dry process cutting, it comes into question how to prevent the cutting tempera-
ture from rising, and the tool from wearing promptly. There is every possibility that electrolyzed
reduced water is adaptable to the processing of the precision instrument, because it does not contain
oils and fats, and excels in the cooling operation. First, we experimented in dry cutting, cutting using
electrolyzed reduced water or cutting fluid. Next, we evaluated the cut surface cleanliness, surface
roughness of cutting surface, the cutting temperature, and the tool wear. By this study, the following
matters became clear. (1) The cutting surface layer which is done with electrolyzed reduced water
is clearer than the one which is done by dry process cutting surface. And passivity layer was formed
on the cutting surface which is done with electrolyzed reduced water. (2) If using electrolyzed
reduced water, we can prevent the tool point of a blade from agglutinating. (3) The cutting
temperature which is caused by the cutting using electrolyzed reduced water is low. (4) When the
material is small, the surface roughness value of the cut surface which is done with electrolyzed
reduced water is bigger than the one which is done by dry process cutting.

Key Words: Cutting Fliud, Cutting Temperature, Tool Wear, Affected Layer. Electrolyzed
Reduced Water, Cleanliness, End Milling
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HIFFCE 5. £Z°C, AWBETIL, & NaCl R
TKERNT, 7A=Y LE5@0UEINTIZoWNWT
BEEITo7. £9, X, AHLEIENRKEER Lk
WA, BX UM NaCl BEETAK, AWBEHEGIH
F & FABHEGHINRZ ANT, TAI=0 L8480
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TV, KRB LOREEOEFE, {LFHHEKROE (bE
oMU, F, MIEORTH S X, YIEHREE
BLOTRERICOWTHIMEZ T 7. EfEETK
W2 K AUHIE OESRENRERDE LD bEWRED
EREB-OTHRETS.
2. RBREERSURRSE

2-1 EBREE

EREBOT R IV, YHEROBHE S 2
T LB L OYHIRERERDORE Y Y, RERFEL
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(Electrolyzed Reduced water)& EO water (Electrolyzed
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Table 1  Specific value of electrolyzed water
ER water EO water
pH . 11.98 2.07
ORP(mV) -880 1198
EC(S/m) 0.306 0.380
CIC(ppm) 120 3462
SIC(ppm) 305.0 12.0

Processing side The hole for temperature measurement
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Fig.1 The outside and size of sample
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ML EOREIERE & 3H0 3 5B OREH BT
DEEFREIRY A G, MIEORBOE I 10
mm 2723 & 5 IZKFREHNT S\ T ENENOYIALE

EHo—0MITE) ¢y FINVMIE3IEKTH Z

LT Uiz F£, UHIARZ S izmy FIAE—AE
AL, YhALE 0.5 mm OFRED 2.5 mm OFREFE T
DONEET 2 [\ of 10 BOREZMI L. 2k,
MIgOREEE 7 b ThiE L, MIERE L=
M7 P EBRE L. Ty KL LKL ORIERIE,
BIOTEHLOBE#EGERR 2 (TR”T. 37205,
Ty R, ETEAMENORBHCT 7r—F L,
ML CTHLEEINTE LA 5 ¢ 14mm
OBBIEICAS. HEIZ, ¢ 14mm OBBHEGEIZH
o C—EBE) Leh HYEIIMLTAEIT S . K& ¢4mm
OBEWGEICA Y OIEIINT 2 —BT, —Eo= K
IVINTEKTT5.

2 - 3 - 3 MIEOFHE

(1) MIEEOHEGE

MTEOEREE & OREE OTFEFREIC OV CEM,

Table2 Experimental condition

Cutting fluid Without cutting fluid
Electrolyzed reduced water
NC-22EK-6 and UB75

Flow of cutting fluid 1.5 L/min

Material of samples Al-Mg-Si alloy (A6061B)

Revolution speed of | 5000 rpm \

tool

Feed speed of tool 300 mm/min

Cutting time 100 s/(1 sample)

Depth of cut 0.5 mm, 1.0 mm, 1.5 mm,
20 mm, 25 mm

End milt (¢ 8mm)

Moving direction of tool

Moving orbit of tool

Work piece (¢ 20mm) (@ 14mm and ¢ 4mm)

Fig2 The relation between woke piece and tool
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Fig.3 Content of the main elements on cutting surface
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(a) Without cutting fluid
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Fig4 The results of auger depth profile analysis
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(@IZHIT D C TERBEEDE < 2o TV B DI, BIEIH
RlOMAZ: EBUHIEICHEBR L =7 Th D, Tz,
ARTEMEGIHIAI NC-22EK-6 & i, AAKEAPEEIE T
FIUB75 (2 X 2YIHIE D C TRIBEN T 2> TWD
DI, GIHAIORERE Y & EIERREE BT 2 ERIC
EERLTWS.
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UHElEIT b - L b R&E <, EXTHIES LV
NC-22EK-6 iZ & 2GIHIEI X EIERIERD L~V T, BfR
BIKIZ X AUHIEOKRTHY, bobb/hE&<ko
TWBDIXUBTS IC L AUHIE TH D, BERERTKIZ
K 2EHIE D O TEFREN R < Ie > TV DD, B4
1 & EAHRTTK & DIEFERUSIC K- T, BRI RS
RERB(ALO) A TER LT - Th 5 9. $i, XY
il & ek L, ERETKIC X 29IHIE O O JuReaE
23 10000C/s LATF UK L= D13 3 4o, &I
BEHT D LK 20mm (SiO, BEMEM) ThHD. ZoR
EORE S OMLEBIIN TmOoOREMHE I HEY 5
ZIRWE YT L7, UBT5 (2 & AUIHIED O THRIME
MEL 2o TNB D1, YIHIMANZBLEERI: &4 H

120 T T ——

80

60 1

40

Diffusion depth of carbon nm

20 1

0 [ ]

Without fluid ER water NC-EK22-8 uB75
Kind of cutting fluid

Fig.5 The relation between diffusion depth of carbon and
cutting fluid
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FeAKIZ & HUIHIEE 3 4, #RF LU NC-22EK-6 (T
S BUHEIEITE bIZ 4 55 L7 -oTBH, UBTS IZK
HEHIEL 22 SO HMET 35 F Tk Lieho
7o, C TROMEREE L VRO C TROILRIRS

(SiO, FE ) 13 51" Y. C eBOWBIRE )
5, EEETKIC X AUHIEOREREIZRT HiEE
EIEIEImAIR X OEXOYHIE L D B2 & 234
5.

=TT TRTIT A IIVSHTRER LY, EfRE
FTAET NI =0 AEEOUNIEKE LTERTS
Ba, YHRORERE IR ABIPESEWIE, 4]
HIE OREIZ O REHERE (ALO;) 2T HZ &
NTEDHZ LA TX, BAERETKILBREISE
EREIN TV AEERSOEIMTIOSHTES L
Ex5.

3-1-2 mImoEEHSEHLIUIH OKER

MIFEDOFRES S E Rz IOV TORIER-ELK 6
1R T, Ra IXRIBRDBIAIC 72 > TV B O TR Z A
15, hAKEA 0.5mm, 1.0mm T/h&EWE &, EE
BT & 5 B0l & & EHImE A RIRRE Th 503,
YHAAEN 1.5mm LA L2723 &, BfRETKIZE 5Y)
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Fig.6 The result of measurement of the surface roughness
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The direction of the cut

500.00 250.00 0.00 £m

() Without cutting fluid

The direction of the cut

500.00 250.00 0.00 £m

(b) ER water

The direction of the cut

250.00

500.00

(¢) UB75
Fig.7 Micro shape on cutting surface

HlimEiZ s - & bREL, 200X KB HEGHIMEA
NC-22EK-6 3 X UEAGIEITH Y, AR
UB75 IZ L ATEIEIZE - & H/hE L o TS,

YD 2 7 aRTARICHOW T ORIER R 2R 7
SR FR@), O), ©FFNFhEREEIER, &
fER AR L UTFAKTAPEEIRIMA] UBTS (2 & 2 HHAA
& 2.0mm OYIHIEIZEET 5 b D Th Y, AFEMEGIH M
#| NC-22EK-6 Z & 5 GIH|mi X EMHE K & Rk
BHZZ2 > TWBDTERET 5.

MIEO I 7 afy2RBIEDORERPHLRDO Z &
MBEZD. EHEL08HImZBWYTS, BFIFmIzE
WTH 350 pm 225 400 u m DOFEICMMATAE LT
W5, (7, ERB LU UBTS X 290HIE & e,
BRERTAKIC L APHIEOB S OREENKE A2
STW5. T R IVORMSHET X OER» D, M
TEORSIZRT AEHORBEEIN 5200Hz H5H
6000Hz 72> TCW\WHIZ L #HEHTE 5. MMOEK
¥Eo, GHGRICKT 28I OEENT, BHIE~D
YHARZRIT B OO K I AFEONMBEIC L
550TIEARL, MIVATFLAOBRERENCE S5 HO
THDHLHNTE 5. BEUKE A, EXUHIE
(BT DB EDEEI/NE L 25T B0, SIERR
E (32 YERBEORIERAIICR~S) (TEEL T
B EEZTND, BBETK & U DR
E<, BHMORFEOESDEEER LT < 2 bl
b, ML AT LOEEIRENT L DHHI O -
BAVNSL 2B, TV AT ARG RENC X 55
MOBHERIIEBH A EDL S - RE LY
HE L0357, MLEmoOmE HFRIZISIT 250
REGCEEE 52, YiARRIOEHFRRE, T7b
LMTEIZRT HMMORAERR L85, 72, LT
B DM & FRNZBIT 2 B T EEIM OB ER &I
HBILKE SR B0, BIBETTK & gt
ERED/N S OWERGIAIEIZ BT 5 M0 & S EE)
18, SVRINIRIHE X OER/PMEL< 25, UBT5
W X HUEIEE, YIHRRELSEV D 2, ERERBTE
BB, BEOEMBENNEL RoTWVWHLEEX
TW5, ZHUIREH D SOREERE B LTS,

ZDZE LY, MIMENNENE &, BERTK
WX 2EHEoRED b XEHKE 72 D FREMD
HHEEZD.

3-2 YHBEOMERR

X 8 (ZGIHIIN TREDIRE Y ORI 2R~
FX@), ®), EEFNTIER, BERTKBIOR
KEEMEGIE I UBTS (2 & YR TOREE(LTH
3. FKEEHEGIHNE NC-22EK-6 DOYIHNEE I EMR
FK STk O TERT 5. #IHIZITO L&
DOYHEREEIT D - & b&E<, FOOETIRAEEHEIN
M| UB75, YIHNREED S - & HIKL Ao TWH DI
BB TKTHD. ZOFEBRER L EFRTTKITE
NIBHWERRHH L S 2D

3.3 TREA%DER

TV RINARD<A 7 nAa—TEE¥FIITR
7. F@), OiEEnehE gl L UERRTTK
X AN ER Lz R ThD. HIEEH
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" FC LA EEMTICAW - RI VD REITER
» A BIKDES LIBEF RO TERT 5. FHEICE-
o 70 /“ JAN TWBELIZ = KI A0 Em» S Ri-TnF 0
. ® ﬁ@a‘ 7 %‘”* FH, FHbbIy RINOT L FETHS. 77,
f e ~ ™~ HEOWE, T2bbYERHF B RITNFADT
£ n BT BT K OIS T
il ORICIIAE RER BN 70T, RTkEHT5.
; . . . . GIMIBRANEL Ve td, FUEDBERERICOVTIE, B

©ooom e R R g S K OMERRRIEK, SN NC-22EK-6, UBTS
LMD CIRA X RERN ST LAL,

(a) Without cutting fluid [FIX(a) & ()2 B L TH S &, BAGHNIAW-TE
FETIIEEEPREL, BELEZ > TW5A, EF

. IR OGMIMN TIZ AV TRO RS 1115
o LD ol EhD. SV iul, BEET
© 60 AKIZUIHEIR & Rz, TARNGICRT AEE0RE

., 50 AMADIENTEDLE RS,
f z IO LD, BREBITAET LI AEEDY)
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Fig.8 Results of measurement about cutting temperature
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Fig.9 The microscope image of the blade
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