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During the process of cold forging of aluminum, the high pressure which is introduced on the die
can result in high adhesion between the aluminum and the die surface. Therefore, it is necessary for
the aluminum billet to be coated with a lubricant prior to forging, to reduce adhesion and to ease the
flow of material in the die. There are several popular types of lubricant systems used in cold forging
of aluminum. For severe deformation, conversion coating in conjunction with soap lubricant are
commonly used. The conversion coatings include soap phosphates (PO,-soap), as well as soap
aluminum fluoride (AlF-soap). The effectiveness of the PO,-soap lubricant system has been proven
by many researchers. However, there are a limited number of publications examining the AlF-soap
lubricant system. Therefore, this research studied the performance of the AlF-soap system and
compared it to the conventional PO,-soap system as tested on AA6063 aluminum. Double cup
extrusion, ring compression, and ball-on-disc testing were conducted to explore friction conditions
and the thinning of the lubricant under several forming conditions. It was found that the quantity of
metal soap layer of AlF-soap used affected the friction coefficient and the adhesion of the aluminum
test piece on the surface of the die. The suitable coating weight of metal soap layer of AlF-soap for
this experiment was found to be 2 g/m2. The friction coefficient of the PO,-soap system was 16.26%
lower than the AlF-soap system. However, the amount of thinning of the AlF-soap film after cold
forming was 34.23% lower than the PO,-soap film. Finally, the amounts of adhesion between the

aluminum test piece and the die surface were similar between the two lubricant system examined.

Keywords:  Cold forging / Lubricant / Soap aluminum fluoride / Soap phosphate / Friction

coefficient / Adhesion
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MINUSA IMaUUUHEY (Forward & Backward extrusion)
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v
HAAIUUADUNI Soap phosphate coating

v
HAAYUANN)UDI Soap phosphate coating

v
HEAAVUADUIN Soap aluminum fluoride coating

v
HEANFUANUDY Soap aluminum fluoride coating

@ { 1 o @
uaasanyazmsn/asugilvesvinaduriugudnatinilundimsnaaoy

1351 Calibration curve Y84M5NATADY Ring compression test ﬁ1ﬁ§ﬂfﬁﬂﬂgﬁlﬁﬂu

N3N AA6063

A A A s
uammimuaﬂ%ﬂumimaau Double cup extrusion test
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2.28
2.29

2.30
231
2.32
2.33
2.34
3.1
3.2
3.3
3.4
3.3
3.6
3.7
3.8
3.9
3.10
3.11
4.1

4.2

43

4.4

4.5

4.6

v '
HAAIANHUZVDIFUUN 1A91ANI1TNATDY Double cup extrusion test
137 Calibration curve Y94015NATDY Double cup extrusion test ﬁ1ﬁ§ﬂ§ﬁﬂ@gﬁlﬁﬂu
INTA AA6063
ﬂﬁl{lﬂﬂWEﬁ%ﬂu‘Uleﬂ?ﬂQﬂﬂﬁﬂ‘U Ball on disc

4 @ a <]

(A3 DIIANNUNIVAMUVITLAIN (Stylus measurement head with loading system)

a { < @ 1 a 1 [
ANWAIMTN NN UAUARY 9 AUUAANUNINUAIANY
@ a ' 1
ANHUTNITUATICUUDIA Arithmetical Mean Roughness (Ra)
@ a o 1
ANHULNITIAUNTICHUDIAT Material ratio of the profile; Rmr(c)

v

11A9 Flow chart U99UUADUMIAUUUINUIVY

Y
HAPIB U UNATOU Ball on disc test

vy
HAAIB U UNATOV Ring compression test

Y
UAANF U UNAT DU Double cup extrusion test

1a o
HAAIYALNNNNNAT DU Double cup extrusion test
1a o

HAPYAUUNUNNA DY Ring compression test
LAA9AT DI Mechanical Press 31 SHF-400 41410 400 A

[ ] d

HaeNgnNUon SKH 51 ‘gumlwmmﬁ’umug{uﬂﬂma 6 mm
& . a :
IAS4 Tribometer N 19 11N15NAAOY Ball on disc test
HAAUAT DI Scaning Electron Microscope (SEM) #¥0 JEOL §"Ll JSM6490LA
HAANATDIIANNUHEIURD (Surface Roughness Measuring Device)

?:l/ 4 a I
ASINLEAIHANTNATOUFY Metal soap U949 AlF-soap 91AT04 195 Tudinesh
Normal Load 10 N tt01& Linear speed 10 cm/s

v ]
ANLEAINANMISNATOUTY Cryolite (ALBOND-A) 493 AlF-soap %'lﬂ!ﬂ%f]ﬂ

a o A

1a5Tusimesh Normal Load 10 N 142 Linear speed 10 cm/s

VoA 2 a A
NI INLAAINANITNATBUAITHADAY AlF-soap; A, 211A509 105 TUTNO5N
Normal Load 10 N i8¢ Linear speed 10 cm/s

A A a o A
AsilaaInanIsnagaUaITHADAY AlF-soap; A, mmmm"lmﬂuummw
Normal Load 10 N 1i8i¢ Linear speed 10 cm/s

A A a o
AsitaaINaNsNAdIUEITaoaY AlF-soap; A, mmﬂsm"lmiuumas‘n
Normal Load 10 N it@¢ Linear speed 10 cm/s

VA A a I
AINLERIRANISNATOUAISHADAY AlF-soap; A, mnmsm"lmiummsw

Normal Load 10 N 42 Linear speed 10 cm/s
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4.7

4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

4

N3 MLAAIHANINATOLATHADAY AlF-soap; A, vniasoslas Tudinesn
Normal Load 10 N 11a¢ Linear speed 10 cm/s
AIMLAAIHANSNARDUEITHABAY PO,-s0ap 111304 a3 TuinesTi Normal

Load 10 N t1a¢ Linear speed 10 cm/s

uamiwxmﬂumimgu Ball on disc mm‘i?u Soap (10e Metal soap
namamsiFeufivuns nadveuiie Tagi 1dnnmssians FEM sums Tnad
maﬁmwﬁ'&ma%ugﬂmmmimﬁau Double cup extrusion test

LaRIAe1an i 1d91nn1snade N IWaBAAsUUNT W Calibration curve Y99 Double
cup extrusion test 1151 TAQ0QUIHLUINTA AA6063
Llﬁﬂﬁf’hﬁ’uﬂi%aﬂ%ﬂﬁTﬁJlaUﬂﬂTuﬁVlﬁ’QTﬂ Calibration curve UDIN1TNATDUY

Double cup extrusion test

LR i 1dnnnsnaaeundenasuuns M Calibration curve Y94 Ring
compression test 111513790 QNILBUINTA AA6063
Llﬁﬂ\3Fi']i?flilﬂi%aﬂ%ﬂﬁWﬁJL%ﬂﬂﬂ'\uﬁqﬁﬂWﬂ Calibration curve Y9IN1INATDU

Ring compression test

AR MNUNHNVBITNTHADAUIMABTIA LM AR HEINMINATOU Ring compression
test Y94 PO,-soap (Coating weight of metal soap =0.73 g/mz) ﬁ"lé’mﬂm%a Scaning
Electron Microscope (SEM)

LAAIANUMIYDIS HAD AU ALTFILM9A199 HEININAADY Ring compression
test YD AlF-soap (Coating weight of metal soap =0.88 g/mz) ﬁ"lﬁ'mmﬂém Scaning
Electron Microscope (SEM)

ARV T HAD AU AUTFIINIA199 HEININAABY Ring compression
test YB3 AlF-soap (Coating weight of metal soap =2.07 g/mz) 1711{5} mﬂmd%m Scaning
Electron Microscope (SEM)

ARV AT HAD AU ABTFNI9A199 NIN1INAADY Ring compression
test Y99 AlF-soap (Coating weight of metal soap =5.92 g/mz) ﬁllﬁlﬁnmﬂ%m Scaning
Electron Microscope (SEM)

LRI UVBIAN TN A AUIR AT TIA N 919199 NEINIINATOU Double cup
extrusion test Y93 PO,-soap (Coating weight of metal soap = 0.80 g/mz) ﬁ‘lﬁl‘ﬂm

Lﬂ%@ﬂ Scaning Electron Microscope (SEM)
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4.20

4.21

4.22

4.23

4.24

4.25

4.26

4.27

4.28

4.29

4.30

431

432

o 1

HARIAMUNLIVBI IS HAD AWM ATTALMLIA199 NEIMINATOU Double cup
extrusion test UD9 AlF-soap (Coating weight of metal soap = 1.07 g/mz) ﬁ"lﬁ’ mf‘llﬂ%m
Scaning Electron Microscope (SEM)
uammmwuwaammdaﬁumé&ﬁﬁumﬂwﬁm NAIN1INATDY Double cup
extrusion test UDI AlF-soap (Coating weight of metal soap = 2.55 g/mz) ﬁllﬁlinﬂl,ﬂdi'm
Scaning Electron Microscope (SEM)
HAAIAMUNLIVBITITHADAUR AT TR LM 461199 HSIN1INATOU Double cup
extrusion test U934 AlF-soap (Coating weight of metal soap = 5.30 g/mz) ﬁ"lﬁ'mﬂm%"m
Scaning Electron Microscope (SEM)

e m%u Cryolite (ALBOND-A) 499 AlF-soap (Coating weight of metal soap = 1.07
g/mz, Coating weight of cryolite = 3.15 g/mz) Wlﬁ' mnm‘%m Scaning Electron
Microscope (SEM)

L m‘f?"u Cryolite (phosphate) Y93 PO,-soap (Coating weight of metal soap = 0.80
g/mz, Coating weight of cryolite = 1.49 g/mz) ﬂ‘lﬁ/ ﬂ"lﬂlﬂ%lm Scaning Electron
Microscope (SEM)

HAAINS 51ﬁﬂﬂﬂ1§‘f3ju§ﬂ1ﬂﬂq% Finite Element Simulation ¥84M13NA01

Ring compression test

uﬁmms%"mmmsﬁugﬂim‘l% Finite Element Simulation ¥84115NAX01

Double cup extrusion test
nsmluaaaesiSudnnuninuesmsndeauiindeunlaufioiy Surface
displacement (101¥ Normal pressure UDIN1INATDY Ring compression test
nsmluaaaes Sudnnumnvesmsvdeauiideunlaufioniy Surface
displacement 1101¥ Normal pressure YDIN1TNATDU Double cup extrusion test
nsmuaalofifudanumniin/aounlader S Coating weight of metal soap
U3 Aluminum fluoride UDIN1INATDY Double cup extrusion test LA Ring
compression test

wanulosidudnumunfinuun/asiy Normal pressure 489 Soap aluminum
fluoride NAIN1INATDY Double cup extrusion test Lif1¥ Ring compression test
wanalosidudnnumunfin/avunlasty Surface displacement U84 Soap aluminum
fluoride NAIN1INATDU Double cup extrusion test LL01¥ Ring compression test

HAAIUSIUNTIINTIAAT Material ratio curve of the profile
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433 ATWUAAIA Material ratio curve of the profile; Rmr(c) UHRIVO LU NATO 69
Double cup extrusion test

Nl msdudanusznegnueauazununuluMINATeU Ball on disc 78

N2 1AA3 Normal pressure 71 1491013 $1009m153131/40 Finite Element Simulation 80
M3INATDY Double cup extrusion test LA Ring compression test

R0 UEAINNUNIYDIMTHARAUTITLMIAG HdImMInaTey Ring compression test 123
YD PO,-soap (Coating weight of metal soap =0.73 g/mz) ‘711@%1 %’lﬂm‘%m Scaning

Electron Microscope (SEM) A5IN 1

R.2 UAAINIINNUIVBINTHABAUNAILNUIA19 NEININATOU Ring compression test 123
Y03 PO,-soap (Coating weight of metal soap =0.73 g/mz) nlannnIes Scaning

Electron Microscope (SEM) ATIN 2

2.3 uﬁmmmwuwmmswda?;uﬁﬁumﬁwhm NAINTNANOU Ring compression test 124
Y03 AlF-soap (Coating weight of metal soap =0.88 g/mz) ﬁvl@s]l iﬂﬂlﬂém Scaning
Electron Microscope (SEM) ﬂ% Qﬁ 1

n.4 uﬁmmmwuwmmswdaﬁiuﬁﬁumﬂMNﬂ NA9N1INATO Ring compression test 124
Y03 AlF-soap (Coating weight of metal soap =0.88 g/mz) ‘?l"lﬁl mmﬁ%"m Scaning
Electron Microscope (SEM) ﬂ?@ﬁ )

2.5 uﬁmmmwuwmmiwdaﬁuﬁa‘inmﬁwhaq NAINIINATOU Ring compression test 125

Y93 AlF-soap (Coating weight of metal soap =0.88 g/mz) NCERIGERR Scaning

3

'
v

Electron Microscope (SEM) A154% 3
R.6  LAAINNNNUIVOINITHABAUNAILNUIAII HAININATOU Ring compression test 125

Y03 AlF-soap (Coating weight of metal soap =2.07 g/mz) nlannAIes Scaning

v
v

Electron Microscope (SEM) A54N

e

n.7  LAAINNNNUIVEIMTHARAUNAINIA19) NAININATDU Ring compression test 126

YD AlF-soap (Coating weight of metal soap =2.07 g/mz) n1annnTeq Scaning

[

Electron Microscope (SEM) 599N

ee

P8 LUAAINNUNUIVOIATHADAUNGMHUIAI) NAINTNAADY Ring compression test 126
. . {y ¥ 4 ;
UB9 AlF-soap (Coating weight of metal soap =2.07 g/m”) nlaanns s Scaning

Electron Microscope (SEM) A3an 3



n.9

.10

.11

n.12

.13

.14

.15

n.16

n.17

.18

HEAIAIUNUIVDIAITHADAUNA UK UIAIY HAINITNATDY Ring compression test

YD AlF-soap (Coating weight of metal soap =5.92 g/mz) ldnnaseq Scaning

'
v

Electron Microscope (SEM) A3dN

3

LARINUNLIVBITITHADAUTRNA197 NEINITNATDY Ring compression test
U9 AlF-soap (Coating weight of metal soap =5.92 g/mz) ﬁllfvs]/ mﬂm’%"m Scaning
Electron Microscope (SEM) ﬂé” Q‘ﬁ 2

HAAIAMUNLIVBITITHADAUTFINIA197 NAINITNARDY Ring compression test

UD3 AlF-soap (Coating weight of metal soap =5.92 g/mz) Nldnnaseq Scaning

(34

=

Electron Microscope (SEM) A3dN

HARIANUHUIYDI T HADAURA LML HAINISNATEU Double cup extrusion
test YB3 AlF-soap (Coating weight of metal soap =1.07 g/mz) ﬁvlﬁ/ mﬂm%"m Scaning
Electron Microscope (SEM) ﬂ%ﬂﬁ 1

HARIANUNUIYDIAITHADAUNAILIMUIRII HAINITNATOU Double cup extrusion
test UD4 AlF-soap (Coating weight of metal soap =1.07 g/mz) ﬁ"lﬁ'mmﬂ'%aa Scaning
Electron Microscope (SEM) ﬂg’ \11‘7; 2

HARIANUNLVBIT HAD AU LM 997 NEININATE Double cup extrusion

test Y9 AlF-soap (Coating weight of metal soap =1.07 g/mz) NCIRRIGERN Scaning

'
=

Electron Microscope (SEM) ﬂ% N
HARINMUNLIVBIT IS HADAUTRIMISA199 NAINI5NATEY Double cup extrusion
test YB3 AlF-soap (Coating weight of metal soap =2.55 g/mz) ﬁulﬁ’ i]’lﬂm'%’e)d Scaning
Electron Microscope (SEM) ﬂg’ Q'ﬁ 1

AR NUNLIVBITITHAD AU MI9A199 NAINITNATEY Double cup extrusion

test Y9N AlF-soap (Coating weight of metal soap =2.55 g/mz) nldnnnses Scaning

=

Electron Microscope (SEM) ﬂ%ﬂ an
HAAIAMUMLIVDIAITHAD AUTFNIIA 197 HAINTNATEY Double cup extrusion
test UDY AlF-soap (Coating weight of metal soap =2.55 g/mz) ﬁ"l&g]l mﬂm‘gm Scaning
Electron Microscope (SEM) ﬂ%&ﬁ 3

uﬁmmmﬁuwamﬁwdaﬁ'uﬁﬁnmﬂwmq NAIN1INATDY Double cup extrusion
test YB3 AlF-soap (Coating weight of metal soap =5.30 g/mz) 171‘1131’ mmﬂ%l'm Scaning

v ]
Electron Microscope (SEM) A3 1
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R.19

.20

n.21
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.2

%¥.3
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HARIAIUHLIVBIAISHADAU AR89 HAININATDY Double cup extrusion
test U3 AlF-soap (Coating weight of metal soap =5.30 g/mz) ﬁ"lﬁl i]’lﬂ!,ﬂdizm Scaning
Electron Microscope (SEM) ﬂ%‘c \‘l‘ﬁ 2

HARIAUNLVBITTHAD AU AL IA197 NEININATED Double cup extrusion

test YB3 AlF-soap (Coating weight of metal soap =5.30 g/mz) ldnnnses Scaning

=

v
Electron Microscope (SEM) A3dN
HAAIANUNUIVDIATHADAUNAUNUIA1I HAINTNATOD Double cup extrusion
test YD PO,-soap (Coating weight of metal soap = 0.80 g/mz) ldnnnses Scaning
Electron Microscope (SEM)
o ] :
1t8@9 Normal pressure Y8/1111159131U93015 Double cup extrusion test 1 14910
{1 a Q( T oW
N1391999 Finite Element Simulation ﬁﬂ?ﬁﬂﬂizﬁﬂ‘ﬁﬂ'ﬂul%UﬂVl'I‘LlL‘VHﬂU 0.0555
0 2 :
1A Normal pressure mmzmmwugﬂmmms Double cup extrusion test 118910
' P
N1391999 Finite Element Simulation ﬁﬂTﬁNﬂi&ﬁﬂﬁﬂ?TNlaﬂﬂﬂ'lumTfﬂJ 0.0642
s , ;
1A Normal pressure ﬂlmzmmsﬂmgﬂmmmi Double cup extrusion test a0
' '
N1391994 Finite Element Simulation ﬁﬂ']’chlﬂﬁ%ﬁ‘ﬂﬁﬂ’ﬂﬂlﬁﬂﬂ'ﬂTﬂL'ﬂ?ﬂU 0.0799
o 3 . . {
1eA9 Normal pressure mmzmmwugﬂmmms Ring compression test 18910
1 '
113910804 Finite Element Simulation ﬁﬂ1’dllﬂi%ﬁ‘ﬂ‘ﬁﬂ'ﬂlll%ﬂﬂ“ﬂ'lﬂt‘ﬂ?ﬂﬂ 0.0752
o 2 s . i
1EA9 Normal pressure mmxmmwugﬂmmms Ring compression test 1'l891n
H 1 Y a Q‘ =) 1 o
11991994 Finite Element Simulation ﬁﬂWﬂNﬂi:ﬁﬁ'ﬂﬁﬂ?TNlﬁUﬂ'ﬂ"I‘le”lﬂﬂ 0.0770
o 13 " . { Y
LAY Normal pressure mmzmmswgﬂﬂmmi Ring compression test 18910
H '
71591094 Finite Element Simulation NAdusz@nsanudsanuming 0.0913
d' 9 v a 1ra g 5 d' 9
Llﬁﬂ\'iﬂi']‘N‘VlIlﬂ%Wﬂ']ﬂN')ﬂ]ﬂﬂlluWNWﬂﬂUﬂﬁﬂﬂﬁﬂU Double cup extrusion test “Vl"lﬂ
v E) v
AAIDITANNUHEIUA? (Surface Roughness Measuring Device) 1737 1
Ay ¥ v A 1a Lol . Ay v
Llﬁﬂﬂﬂiw\lﬂblﬂi]’lﬂ'mN’J‘UGQLLNWNWﬂGUﬂ’Iﬁ‘V\ﬂﬁﬂU Double cup extrusion test ‘Vlllﬂ
1 v 1
mﬂm?maﬂmmmmm (Surface Roughness Measuring Device) ATIN 2
P Y v a 1a o . ~ Y A
LlﬁﬂﬂﬂiTV\IVI]lﬂ%WﬂﬂﬂWDﬂJGQLLNWNW‘HﬂﬁB‘U Double cup extrusion test ‘Vlvlﬂ’ﬂ'lﬂtﬂﬁ'f]ﬂ
IANIUNEIUNT (Surface Roughness Measuring Device) Y99 Soap aluminum fluoride
v ) '
(Coating weight of metal soap = 1.07 g/mz) UMM 1 AT9N 1
A 9 v a ra o ; ~ 9 4‘1
Llﬁﬂﬂﬂi'W‘h’lVlﬂi]']ﬂ'JﬂN'J‘U’ENLLZJWNWV]ﬂﬁﬂU Double cup extrusion test ‘I/]ulﬂ%WﬂLﬂii’N
IAAMUHEIUAD (Surface Roughness Measuring Device) Y94 Soap aluminum fluoride

(Coating weight of metal soap = 1.07 g/mz) USWN 2 ATN 1
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1.5

0.6

0.7

0.8

0.9

21.10

.12

0l.13

.14

Ay v v A 1a o . Ay v A
naaIng i 149N IR Ive U AUWNATDL Double cup extrusion test 1 1A1NIAT 04
IAANMUKYIUAT (Surface Roughness Measuring Device) Y93 Soap aluminum fluoride
' Y '
(Coating weight of metal soap = 1.07 g/mz) USIUN 3 ATIN 1
Ay v v a ia o . Ay v A
Llﬁﬂ\‘lﬂi'lﬂ‘}’l'lﬂﬂWﬂ’JﬂN’JﬁJ@GLLNWMW“ﬂﬂﬁ@U Double cup extrusion test ‘Vl‘lﬂ‘lﬂﬂlﬂif)\?
IAANUHOIUAD (Surface Roughness Measuring Device) Y99 Soap aluminum fluoride
! v v
(Coating weight of metal soap = 1.07 g/mz) VSUN 1 ATIN 2
Ay v v a ta  d A Ay v A
LLﬁﬂQﬂi'l‘V‘l‘ﬂvlﬂ"l]Wﬂ’JﬂN'J‘U?NLLSJWNWT]ﬂﬁ?JU Double cup extrusion test ‘ﬂ"lﬂi]']ﬂlﬂiﬂﬂ
IANNUNYIVAT (Surface Roughness Measuring Device) ¥94 Soap aluminum fluoride
H v '
(Coating weight of metal soap = 1.07 g/mz) VINUN 2 ATIN 2
P 9 v a Ta o B Ay ¥ A
uaaans i 1dnniarIve i AUNNAa®Y Double cup extrusion test 1 1#91AAT 09
INANUAYIUA (Surface Roughness Measuring Device) Y93 Soap aluminum fluoride
H v H
(Coating weight of metal soap = 1.07 g/mz) USUN 3 ATIN 2
Ay v v a 'a o . Ay Y A
Llﬁﬂﬂﬂﬁ'lw'ﬂVlﬂ%TﬂﬁﬂNﬂﬂJﬂﬁllﬂJWNWﬂﬂﬁﬂU Double cup extrusion test ‘Vlllﬂ"l]']ﬂlﬂi'ﬂx‘i
INAMUNOIVFT (Surface Roughness Measuring Device) U3 Soap aluminum fluoride
' v '
(Coating weight of metal soap = 1.07 g/m’) U587 1 A5IN 3
Ay ¥ v a 1a o . Ay ¥ A
Llﬁﬂﬁﬂi'lw‘ﬂllﬂ"l]']ﬂ'JﬂW’JﬂJ'ENLLlJWiJW‘V]ﬂﬁi’J‘U Double cup extrusion test 'V]vlﬂfmﬂlﬂiﬂﬂ
IANNUNYIVH (Surface Roughness Measuring Device) U89 Soap aluminum fluoride
H v 1
(Coating weight of metal soap = 1.07 g/mz) USIUN 2 ATIN 3
Ay ¥ v a 1a o . Ay ¥ A
uﬁmﬂﬂWﬂ"lﬂMﬂ’JﬂN’J‘U’eNLLMWNWVIﬂﬁEm Double cup extrusion test NCORGIGERE
IANNUNYIVAT (Surface Roughness Measuring Device) U84 Soap aluminum fluoride
H v '
(Coating weight of metal soap = 1.07 g/mz) USUN 3 ATIN 3
AN ¥ v A ra 4 . Ay v A
LLﬁmﬂﬂ‘N‘Vlvlﬂ‘Mﬂ’Jﬂ WIVDILNWNUNNAT DL Double cup extrusion test RCRARIGERR
IANNUNYIUAT (Surface Roughness Measuring Device) U84 Soap aluminum fluoride
H v H
(Coating weight of metal soap = 5.50 g/mz) USUN 1 ATIN 1
Ay v v a 1a o . AN Y A
Llﬁﬂﬂﬂi'lﬂ'ﬂllﬂ%']ﬂ'mN'JﬂJﬂQLL'JJWIIWV\ﬂﬁE]U Double cup extrusion test ‘V]ulﬂ"l]’lﬂlﬂi'ﬂﬂ
IAAMUKYIUAT (Surface Roughness Measuring Device) U84 Soap aluminum fluoride
' v '
(Coating weight of metal soap = 5.50 g/mz) UINUN 2 ATIN 1
A kY v a ra o . A v A
LLETﬂ\‘]ﬂﬁTV‘l‘Vl‘lﬂ%WﬂﬁﬂNT‘Ui’)QLLN‘WﬂJWﬂﬂﬁﬂU Double cup extrusion test ‘V]"lﬂi]'lﬂLﬂ'i'EN
IAANUHYIVA? (Surface Roughness Measuring Device) U9 Soap aluminum fluoride

(Coating weight of metal soap = 5.50 g/mz) VSUN 3 ATIN 1
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.15

.16

.17

.18

0.19

0.20

.21

01.22

.23

01.24

Ay ¥ v A 1ta d . Ay v A
uaaans i 140N ARV SN RUNNATO Double cup extrusion test 7l 1AIINIATOY
JAAMUMEIUAT (Surface Roughness Measuring Device) ¥99 Soap aluminum fluoride

v v H
(Coating weight of metal soap = 5.50 g/mz) UTWN 1 AN 2

~ 9 v a ra d . ~ 9 4'4
Haadns N 1danIaRIvD AU NNNNATDY Double cup extrusion test Nldnases
FANMUNEIUA (Surface Roughness Measuring Device) U949 Soap aluminum fluoride

' Y H
(Coating weight of metal soap = 5.50 g/mz) UVINUN 2 ATIN 2

Ay ¥ o a va o . Ay v A
waaens i 1danSarve usifiuinaae Double cup extrusion test 11 1A91N1AT04
FAAMUN1UA (Surface Roughness Measuring Device) ¥99 Soap aluminum fluoride

' 9 (]
(Coating weight of metal soap = 5.50 g/mz) USHWN 3TN 2

A ¥ o a 1a o . Ay v A
Llﬁﬂ\iﬂi'l‘v‘l‘ﬂvlﬂ%Wﬂ')ﬂN'J“Uf‘NLLNWUWVIﬂ’CT@‘U Double cup extrusion test ‘Vlulﬂiﬂﬂlﬂiﬂﬂ
Jan1UMeI1UAD (Surface Roughness Measuring Device) U84 Soap aluminum fluoride

] ¥
(Coating weight of metal soap = 5.50 g/mz) 3w 15993

A Y v Aa 1a o . Ay v A
LLﬁﬂQﬂ'ﬁ'W‘l‘Vlblﬂ‘ﬂTﬂ'JﬂN'J‘UﬂQLHJWiJWVIﬂﬁf)U Double cup extrusion test ‘Vlulﬂ"lnmﬂﬁ'ﬂﬁ
FAAMUNIUA (Surface Roughness Measuring Device) Y99 Soap aluminum fluoride

v v H
(Coating weight of metal soap = 5.50 g/mz) UTNUN 2 ATIN 3

a 9 v a Ta d B a 9 A
Llﬁﬂﬁﬂﬁ']wﬂvlﬂ‘ﬂ"lﬂﬁﬂN'J‘UENLHJW?JW‘VM?(@U Double cup extrusion test ‘Vlllﬂ’ﬂ'lﬂmiﬂﬂ
JaAUNEIUAT (Surface Roughness Measuring Device) U949 Soap aluminum fluoride

v v '
(Coating weight of metal soap = 5.50 g/mz) Y3Mh 3 AN 3

Ay ¥ v A 1a d . Ay ¥ A
Llﬁﬂﬂﬂi'W‘l‘Vlllﬂ‘t]Tﬂ'JﬂN'J‘UENLLNWIJW‘VM’GTGU Double cup extrusion test ‘Vl‘lﬂi]"lmﬂiﬂﬂ
JanUNE1UAT (Surface Roughness Measuring Device) Y99 Soap phosphate

' v [l
(Coating weight of metal soap = 0.80 g/mz) USun 139N 1

a 9 v Aa ra o . ~ 9 A
Llﬁﬂ\‘iﬂi'lw“ﬂ"lﬂinﬂ'JﬂW'JﬁJ@\iuil‘WiJWﬂﬂﬁﬂ‘U Double cup extrusion test ‘Vlvlﬂ’lﬂﬂlﬂiﬂﬁ
Fan1UNU1UAT (Surface Roughness Measuring Device) Y89 Soap phosphate

H v '
(Coating weight of metal soap = 0.80 g/mz) VSwh 2 AN 1

A 9 v A ra o . A 9 A
Llﬁﬂﬁﬂi'lwﬂ‘lﬂiﬂﬂ"mN'J‘il@\illﬂJWNW‘VlﬂffﬂU Double cup extrusion test ‘Vl‘lﬂ‘lnﬂlﬂi't]\?
Janure1URI (Surface Roughness Measuring Device) Y94 Soap phosphate

' v v
(Coating weight of metal soap = 0.80 g/mz) VTN 3 ATIN 1

AN Y v a ra 4 . ~ y A
LlﬂﬂﬁﬂiTWﬂVlﬂﬂWﬂﬁﬂ HAUDILUWNNNAT DU Double cup extrusion test ‘Vlvlﬂ%"lﬂmﬁﬂﬂ
SAAMUNUIUAD (Surface Roughness Measuring Device) Y04 Soap phosphate

' 9 v
(Coating weight of metal soap = 0.80 g/mz) USIUN 1 ATIN 2
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Ay v v a 1a o . Ay v 4
wanans i 1dnniaRive Ui naaeU Double cup extrusion test 1 1A11NIAT D
INANUNYIUAT (Surface Roughness Measuring Device) Y93 Soap phosphate
H v [
(Coating weight of metal soap = 0.80 g/mz) USIUN 2 ATIN 2
a 9 v a Ta d . ~ 9 A
naaans i ldnntaRiveuifiunnaaoY Double cup extrusion test 71 1AVINIATD
IAANUNYIUAT (Surface Roughness Measuring Device) 494 Soap phosphate
H 9y i
(Coating weight of metal soap = 0.80 g/m’) V3NN 3 AN 2
Ay v v a ta . Ay v A
uaaang i 1dnndaRive iy naaey Double cup extrusion test 1 1A9INIAT D
IMANMUHYIUAT (Surface Roughness Measuring Device) U494 Soap phosphate
H v '
(Coating weight of metal soap = 0.80 g/mz) USUN 1 ATIN 3
Ay v v a 1a o . Ay v A
L!ﬁﬂ\?ﬂi'ml“ﬂVlﬂﬁ]'lﬂ')ﬂN')“UENluJWllWﬂﬂff@U Double cup extrusion test ‘Vl"lﬂ‘mmﬂiﬂi
IANMUNOIVRD (Surface Roughness Measuring Device) U939 Soap phosphate
' v '
(Coating weight of metal soap = 0.80 g/mz) USNUN 2 ATIN 3
a 9 v a ra o : =1 9 2
uﬂmﬂiwhfl"lﬂmmﬂmmmuuwuwvmaau Double cup extrusion test 'V]ulﬂ%'lﬂ!,ﬂiﬂﬂ
INANUAYIVAD (Surface Roughness Measuring Device) U89 Soap phosphate
H v H
(Coating weight of metal soap = 0.80 g/mz) USWN 3 AT 3
Ay v v a 1a o A Ay v A
LLﬁﬂ\iﬂTl‘N'Vlvlﬂ%']ﬂ'Jﬂ HWIVDILNWNNNAT DU Double cup extrusion test ‘Vlvlﬂ%'lﬂlﬂi?N
TANMUNYIUAT (Surface Roughness Measuring Device) nsal laildasvaeiu
a ot Y A
VINUN 1 ATIN 1
~ 9 v a 1a o . ~ v A
LLﬁﬂ\iﬂiTV‘l‘V]blﬂi]'lﬂ'JﬂWTUENLLIJWNW‘VIﬂﬂE]U Double cup extrusion test ‘V]"lﬂinﬂlﬂﬁfN
@ a . . 19 ¥ ' 4
$AAIUNYIUAT (Surface Roughness Measuring Device) 5 1 19a15nanan
A = Y A
UVINIUN 2 ATIN 1
~ 9 v Aa 1a 4 . ~ 9 A
waaans N 149A ARV UUNUNNATDY Double cup extrusion test NGORGIGERE
IANNUHYIUAT (Surface Roughness Measuring Device) nsti lildesnanau
A = ¥ 4
VIIUN 3 A53IN 1
Ay v v a 1a L4 . Ay v A
LLﬁ@NﬂiTVWIwlﬂ“\]']ﬂ'lﬂﬂ'ﬁ]@ﬁlmwuwwﬂﬁﬂﬂ Double cup extrusion test “V]"lﬂ%WﬂLﬂﬁ’fN
o a . . q Y ' 4
$ANUNGIAT (Surface Roughness Measuring Device) 5 1 19a15nanan
a A A
UVIIUN 1 ATIN 2
Ay v v a 1a o P AN Y A
waaani i 1aa1nIaR v WUNUHNATOY Double cup extrusion test n1dnnaTes
@ a . . q 9 ' 4
IAANNUHBIUND (Surface Roughness Measuring Device) ﬂifﬁhlucl“]iﬁﬁﬂaﬂﬁu

A = Y 4
VIIUN 2 ATIN 2
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.35

01.36

.37

01.38

Q.1
9.2
W)

= 9 v Aa ra o " a Y 2
wanans Wi 1deniaRIve usiRNNNATOU Double cup extrusion test 71 1A 1N1A3 04
AUV (Surface Roughness Measuring Device) N3 1 19asnasau
A 4 2
VI 3 AN 2
~ 9 v a Ta o . ~ 9 A
ueraens 1WA 1AvniafIve wsif U Ao Double cup extrusion test N 1A1NIAT B
AN NUNIUAD (Surface Roughness Measuring Device) asal lildesvanau
A 4 ¥a
VINUN 1 AT 3
~ 9 v a ra d . ~ 9 A
waaans i 1da1n AR IRUNNATOU Double cup extrusion test 1 149 1N1A3 04
IANNUHEIUAD (Surface Roughness Measuring Device) n5al 1 14a15viaoau
a4 2
V3w 2 AN 3
~ 9 v a 1a o . = 9 2
uaaani i IdeniaRivesuinusinaaey Double cup extrusion test 111491119504
IANNUHIIUN? (Surface Roughness Measuring Device) ﬂsﬁ"lﬁi%'awiwdaﬁu
o 4 24
VSN 3 AN 3
1a o L
HAALUUUDY Upper punch UDILUWUNNAT DY Double cup extrusion test
ra o "
HAAUUDUDI Lower punch UDILLUNUNNATDU Double cup extrusion test

1a 4 %
UEAWLYVUDY Die insert UDIUNUWNNNATDU Double cup extrusion test
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aMIauanya

a = SaTivoauRn AU

dg = Wurugudnatanelulamiunoumsnadey

d, = Wurhuguinanmelulaumiuvaimmaneu

D, = @urugudnananiolulaumau

D, = @urUUENAINEUDNLNIY

Ex = AweqaanNtangulszansma

Eva = f Young’s modulus ‘UBQ’S’T;TE]‘U’OG

| = oy Young’s modulus VO IUWUIIY

F = usenaiinsz¥ifivea

h, = mmgw'eN?;’mmfiaumsmﬁammmu

h, = mmqwm?;mmﬂﬁ'amsmﬁamum'm

H = ﬂumqwm?;mmwa‘"amﬁmﬁau Double cup extrusion test
H, = mmqwmﬁ'auﬂ"mumlm?f;'mmﬂﬁ'ams“nﬂaau Double cup extrusion test
H = ﬂ3mqwmf’fwﬁmﬁmma?ffyuﬂuwﬁamﬁmaou Double cup extrusion test
P, = anudugegaiiiald fifalutag

R = Cup height ratio

R* = Msrinny IRseansma

Ra = f1 Arithmetical Mean Roughness

Rmr(c) = fi1 Material ratio of the profile

S, = Real stroke

t = AUNU

M = mduszantanuEuanu

g, = anuaulumslnads

UV, = f11 Poisson ratio Y99Id AUBN

v, = A1 Poisson ratio YB4IUNIYY
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Adhesion = MstaRANY

AlF-soap = Soap aluminum fluoride

Breakdown = MINYAFZINAY

Calibration curve = asmldmsulFlumsiszinamdulszansnnuden
mu

Coating weight = Yhminvesasnasau

Cold forging = ﬂizmumsnuﬁugﬂxﬁu

Contact pressure = USIAU TN

Cryolite layer = Auusnlumsmasumsnaoay

Double cup extrusion test = NINAY @u?fsyummmuwa 4 (Forward and backward
extrusion)

Friction coefficient = M5y Ansanudoany

HRC = M3TanNuLdLUIoAa ana

Material flow = mi"lwaﬁ'wmu%aﬁ”ﬁ@

Metal soap = Funmevesesnaeauiinannms§iinsenia

v 9
PYUUDI Soap LASFUUDY Cryolite

Normal load = ﬁTﬁﬁ’ﬂﬂﬂ

Normal pressure = ANUAU THvZNAT O

PO,-soap = Soap phosphate

Ring compression test = mswﬂﬁammﬁm‘“;mmmmaugﬂamwau
SEM = Scaning Electron Microscope

A VoA oy P '
ﬂsgﬂ')uﬂTiLﬂﬁ@Uﬁ15Wa@auﬂ'JﬂﬂgﬂJluUllwg@@ulﬁﬂ“f'

Soap aluminum fluoride coating

Ly

Qa

Soap phosphate coating AszuuMsndouri laneaewoaa+ey

. 4. d' d’l a
Surface displacement = 52UENNIUMSIAADUNVOINUND
. 9 & o
Surface expansion = NIVYIWAIVDIUUDIN
Surface roughness = ANURYIUA?

{o o o ' 2 @ ]

4 a 4
Surface sliding = ﬂTﬁlﬂﬁﬁuﬂﬁNWWﬁixW'J'N%uﬂuﬂULLIJWNW





