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ABSTRACT

The friction stir welding (FSW) could weld successfully the joint between aluminum alloy
and stainless steel. The temperature at the fusion was below the melting point of material. For this
process, the heat was produced by the friction of the rotating surface pin tool with material. The
materials become plastic and at the same time the pin tool stir the material and fused together. The
objective of research is to study the FSW weld the butt joint between AA6063 aluminum alloy and
AISI 430 stainless steel and also testing of the tensile strength of the butt joint by using various
stirrer shape to compare with microstructure examination.

Experiment of this welding parameter have pin shapes that are :cylindrical stirrer ,screw
cylindrical stirrer, cone stirrer, and screw cone stirrer at rotational speed of 250-750 rpm, and in
feed of traverse speed of the welding head pin at 50-175 mm/min. The specimens were taken in
tensile strength of the welds macrostructure and microstructure examinations, respectively.

Experimental results show that the screw cone stirrer shape gave the best welds with
smooth surface without defects and indicated the maximum tensile strength of 126.33 MPa at the
rotational speed of 500 rpm ,and welding speed of 125 mm/min. The macrostructure examination
has tears of weld joint in zigzag line into aluminum. The microstructure grain of stainless steel and
penetrated into aluminum in root of welds. The chemical composition shows that the FeAl semi-
metallic compound was penetrated into interface zone of aluminum grain onto welding speed

increased in corresponding and affected to increase the best of tensile strength of the weld joint.

Keywords: Friction Stir Welding, Aluminum, Stainless Steel, Stirrer
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9y <] Y Ny -a Jaa
2) mslsnumannd 1Saiumlessan 430
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sqilsznevlulay nlosidud
Tasidien (Cr) 17.00
Hina (Ni) 0.75
uuamie (Mn) 1.00
M3vou (C) 0.12
Woaveia (P) 0.04
Fales (S) 0.03
Fanou (Si) 1.00

A A 3 9 Y A Jaa
ATNWN 2.2 ﬁﬂJ‘]J@WINﬂﬁL‘WﬁﬂﬂﬁTul'iﬁl!llW\lﬂﬁﬁﬁﬂ 430 [7]

auiamana WavYRIANIANING
Tensile Strength (MPa) 450
Proof Strees 0.2% (MPa) 205
Elongation A5 (%) 22
Hardness (HB) 160

A A <3 9 9y a daa
MINN 2.3 fﬁJ‘]J@W]Nﬂ']fJﬂ”IWL‘Hﬁﬂﬂﬁ”luliﬁullml’ﬂiiﬁﬂ 430 [7]

FUUAMIMEANN NAVDITHLANIINEMNN
Density 7.75 g/cm3
Melting Point 1425 -1510°C
Modulus of Elasticity 200 GPa
Electrical Resistivity 0.060 x 10° Q.m
Thermal Conductivity 23.9 W/m.K at 100°C
Thermal Expansion 10.4x10° /K at 100°C
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2.6 0zgiititgn (Aluminum) [8]
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5) AuRauNIATIvOIDL Qi

MINAN 2.5 dIUNaNMAATVOIDZgIIHENNAY 6063 [11]

sniszneululans nlosidud
pzqiition (Al) 98.5
NoILAY (Cu) 0.1
1Man (Fe) 0.3
UNNNIFN (Mg) 0.45- 0.9
Fanou (Si) 0.2-0.6
UM e (Mn) 0.1
Tasiiion (Cr) 0.1

6) antiananaveIozgiiiion

M3 2.6 AUTANIINVDIBLYUILBUHEY 6063 [11]

aNdANIena WaVRIANIANING
Tensile Strength (1000,psi) 35 (T6)
Modulus of Elasticity in Tension(1000,psi) 10.0x 10°
Proof Strees 0.2% (1000,psi) 31 (T6)
Elongation (in 2in.),% 12 (T6)
Hardness (HB) 73 (T6)

7) auan1ImenInveas giitiey

M137199 2.7 aulianamenmuedosgiieunan 6063 [11]

ANVANIMENIN HAVBIANTANIINIYMN
Density ,Ib/cu in. 0.098
Melting Temp Range,F 1,140-1,205
Modulus of Elasticity 200 GPa

Electrical Resistivity

0.060x 10° Q.m

Thermal Conductivity

126 Btu/hr/sq ft/°F/ft

Coef of Ther Exp, per °F

13.0x10° (68-212 F)
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t Lo

(2.2)

. L-L
%elongation = (L—O) x100% (2.3)
0

%R.A. = % x100% (2.4)

E=— (2.5)
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A = = 4° S
p-—— I l<
Fixed crosshead
~O _ ¢ T Y
Column ——»= —4— —— Test specimen
F

I< Moving crosshead

l [ |+ Tavle
F F == ~-——|— Base and
— actuator
1) ) P e TIITTITIITITY 77

®) ) @)

d' = Y IQS’ qy d‘
gﬂﬁn 2.5 MINATDULIIAN: (D) 5 LT LAFUIY (V) FUNAADUY (A) LATOINATDU [13]

o ] 4 1 o Y] Y] 4 1
ﬂ'ﬂllﬁﬂJWuﬁi$W313ﬂ31ﬂlﬁuﬂﬂﬂ'}'mm?ﬂﬂ Glummﬁﬂqmmﬁuwumwawmmzﬁ’u
~ a4 Y ¥y s9 Y = £ yy = .
LUAZANULATYA °lu°nm51%%Lmﬂmmmmummm3ﬂﬂ Glfﬁulﬂ{ﬂ"lﬂﬂ1iﬂﬂﬁﬂﬂllﬁﬂﬂﬂ (Tensile

< @ [ 1 9 3 1 = [ ~
test) Wunan IﬂfJ%$Wﬂ@ﬁﬂ'lell’f'Jx‘lﬂ’JUJLﬂuGlullﬂuﬁ\‘ll!ﬁ%ﬂ']ﬂ'J']iJLﬂ‘ifJﬂGluLLﬂuuf]uﬂﬁz1J°I/I 2.6

A
Maximum load
IS P
— Fracture
‘T‘T Y v )
E Plastic region
2
o
%)
%]
o
n
Elastic region
|
I —>
—»{}«— 0.2% Offset

Strain, e

v o 9

7N 2.6 aAnuduiusaNuAuUANUATA [14]
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d‘ [ A 1 a
M13199 2.8 Tugaamstarguued lanzuayia [13]

Tany Tugdamsaangy (MPa)
pziitiounaz oz glilouHey 69 x 10°
IMANYaD 138 x 10°
NOUIAILAZNOIUAINTY 110 x 10°

I 3
Man 209 x 10
ATN? 21x 10°
wunEew 48x 10°
Hnna 209 x 10°

<3 kY 3
Mannan 209 x 10

=~ Y - Y = A A = 2 ] 2
i]1ﬂﬂ15ﬁﬂ]&|1!ﬁuIﬂQﬂ31ulﬂuﬂ31NlﬂiﬂﬂﬁTW‘U:nlll’E]Liﬁlﬁilﬂﬂﬂfumﬂﬁﬂl]@ﬂ’]ﬂ%’]q PYU

U = = £ (] dydl A [ o o 1 Y
NATDUITABYNYADDNIUNIYA ‘Vi‘LNbl‘LlG]f’N‘Ll‘VIﬁ]%ﬂi"I‘1/\|3Jﬂ7]”|llﬁi\lwu‘ﬁigﬁ’JNﬂ’J"mmu

& o { I 3 o
ﬂ?WN!ﬂ%ﬂﬂLﬂuﬁﬂﬁ’Juﬂﬂﬁ ﬂiTWLﬂulguﬁiﬂﬁ1NﬂQﬂlﬂQQﬂ (Hook's laW) ﬁammgﬁ’mﬂuﬁﬂam

Y
TagasenunuAIon iSona1ganinadadau (Proportional limit) tagneldnnadadiuilaqee

a

[ Y
HEAAINDANTIUMIANFULUUTAIAAN (Elastic behavior) Avilolassusinszirunagousz

@ 1 9y

nav lUTvinamuay uaziies unusenseiiae lU8nvunuinadadudunsivlizases 1A
Y [V a @ a A Y 3 Y =3
ponnduasIng il Taguareriaazdinwudanganssumsaugllasnianifosauiagas

4 o ~ 1 Ao =t ] . = g <3| o 1 Y =
HUIUU 1TINTIYANNANITYANYU (Elastic limit) Glmnimm]znqu@ﬂmumwmmmuqmﬂmz

4
a % Y \

] ] Y
Ty Iinamsulasunlasgiled19n15 (Permanent deformation) fuiaguuuaiorugaiill

q

B Tagziinsldsugled1an125(Plastic deformation) tagyainansuldsuglununaiadn

P

l E4 i

= = ' . . 1 Y A dyd 1 Y .
N9ail580719AA510 (Yield point) HAZAIYOIANVAUNYATITENIT ANWAUIAATIN (Yield
d! 1 dyd o A I~ [ 1 a A [ a
stress)3aA11 0152 TesiiuAansun mazdugauisssnianganssumsaugaunganssy

< ' < { P " a
msaegl uazlunsdiveslanzazfumanuuiussgegaiagldlss Toanilalag lumanis
=S Y] a 1 = [l [} % 1 ddadd‘
deove lutaaraneatiamu ozgiition nowas vz linaasgansnededanu uasIniinsnog
mldlaesuannunsean 020 % udranduviusunigrusn ldsudaduIdves

! Yy A o A ] ' Y, v Yy 4 A & o '
nslaanuauigadaiiaziinldunumanuduganiinld anuduiyaiivasuioni

Y A 4 1% A 1 @ A 1 A [
ANMAUNGI (Proof stress) A9 2.6A1 Tugaan13oarguud Tans U RFIAAS AT

[ a o : o w
ﬂ5']ﬂLLa3ﬂ'J']llLlelxuﬁﬁﬁ;ﬂq@]ﬁllﬂﬂiawgﬂ'mc]fuﬂ Llﬁﬂﬁvl%ﬂﬂﬁ'ﬁ"lﬁﬁ 2.8 18 2.9 auaau [13]
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H d d a
A1519% 2.9 ﬂ’ﬂiJLLGIN!,l,iﬂﬂi1ﬂl,l,agﬂ’ﬂilllell\i!Liﬂgﬁﬁﬂ%ﬂﬂiaﬁgﬂ'lﬂ%uﬂ [14]

Tanig (Yield Strength , MPa) (Tensile Strength , MPa)
R IRTIALEY 175 350
manva 275 275
NOULAIHT L 205 410
HUNTLBIUND LA 175 275

o < = ' Qy A 1 1 A 1 1
Iﬂﬁl'ﬂ')llﬂsluﬂTi‘V]ﬂﬁ’E]‘]Jﬂ’JHJLL"lNLLiQﬂQ E“]JENGIJ@QGD’H\HHTIVIJJ?J?] NUABDIUD 1T T IO

o Y a @ kY Qy A ] ° a Y 2 da/ A [ A
UIN “I/Iﬂ‘l’imﬂﬂ']ﬁﬂi$ﬁ]1EJ@'I’JGUfJ\iﬂ’J'liJ!ﬂuGlu‘lfuﬂuﬂlliJﬁiﬂlﬁiJ@ mnm“lﬂammwum"lmamm

osj S 1 Y 1 9 1 9 d‘ d‘ a dy d'd' 1 1T a' [
HuzumMANAU (G ) ﬂaquﬁmwmmmumafwmmmwumwwNmﬂmm"lmmumm

max
A a 9 9 =) = F) A 0911 ] =
?j‘ﬂ‘l/l 2.7 UINUATUYNUDIZNNAWLALFING mﬂ"hmgmmmumﬂﬁzmamaﬂmuwmzn
1 a Y [ 9 dy A Y o v A 1 [] J 9 Ldy 1 9y 9
AURAYNIDULIITIUAIINUNUUIAAUDILUILTIAINNATINTUUINDUU UIU ATANUUVNUUUBN
9 ! Y ' J Y Y Y = .
f"l’ﬂll!ﬂ‘ll“l’i1?’11]1@]1@EJﬂ"ITI’i”IﬂTi’Nﬂ']J53ﬂ’ﬂ°]_|ﬂ'JT?JL"IJNﬁ]uﬂlﬂﬂﬂ’ﬂﬂlﬂuﬂﬁﬂﬂya (Theoretical stress
Y { % g P A A @ 1 ' [ 1
concentra-tion factor : K) A4arumsf 2.6 FuiluainesuiedasidiuszninanuAugeganumm
9 aa o 1 dy ~ Y o a t:y [ [ [ @ 14 v 1 tgl
ANUAULNANNTZMADNUNHTNIAADTIVDIF U aﬂymzﬁzﬂummauwuﬁizm"mgﬂﬁwu

o v Aa [ A Ay a 1 J Yy 9 14 =2
\ﬂu@n’ﬂfJTQT]?Jﬂ'JT?JHliJGIBLu@Qﬂl@QWHN’J taeA199AlsEnouANNITNT UV IANLA UNNNHYY

1931l 2.8
O-max
K, =—"2 (2.6)
Gnominal
A s Y 9 Y 2
o Kt = aaﬂﬂizﬂa1Jﬂ’;mmmummmmmummqyg

9 d' a 421 9 d‘d ([N ] d’
mmmuqeqwmﬂmuﬂlﬂai}.wmmwM”lmmum

max
Y v

9 a a aA ' A
anunudndlusuauninnuaosiie

nominal

A 1Y k4 A =~
?J‘]J‘V] 2.7 D1INTLIYAIVDIANUAULIUDINN (D) JNNAY U (v) NI [15]

20



5 34
x 8
“\‘ _2_93.0
/ A
w §8
d o h
§ 22 S
? 48 C
0 02 04 06 08 1.0
d/w
(n)
38 I
3 s
p / §3».4 \/, 4
. 830 \
i : 26\ A1 =/
w ) 27NN
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=28
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522 v _
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$20 \v)<
i g’-a * =110
5 3 \ \ 7=
g6
514 .
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1.2 —
1.0
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(A) r/n

A ¢ v v v 28 o A v
Eﬂ‘iﬂ 2.8 @Qﬂﬂ53ﬂ@llﬂ'J'llllfUll"U‘Ll"]]ﬁNﬂ'J'IllLﬂuWTQV]QHQﬁTWiU%UQ1u§‘ﬂ51Q@1\1"] [15]

k4 k4
2.8 fﬂ‘iﬂilﬂﬁﬂﬂiﬂi\‘iﬁi]\‘lu?‘iﬂ1ﬂl!agiﬂ‘iﬁﬁi1ﬂ§ﬁﬂ1ﬂ

=

Msas@eu¥onlanzalenisasrndou Inseadurniauaz Inseadeganiadl
J o dy A 4 A o qa: A a Aa
9a1szaan @9l v N15QANNAVYIAVOILUNTOY IIUIUFUVDILUNFON VT IUN
HANTZNUNIAINSOU (Heat affected zone : HAZ) duanilelumsdinanvesuniyon uazgwgu
) Y Y
VDINUIFIUMTIATIUTUNATOUNNAIA (Macro specimen) 1agMsHanRILaINaaIeT LAl
ANUMINZAY 1BINTIVABVABAENT (Visual test) 130 1¥R189081861031 10 191 1919528013
1 ' v
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Y Y
Funuuseusulanselu [12]
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A5 luATA (Ferric
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lupsnuazeziwdn
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TasiAeuuale
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ninlalasnanin
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Hanans
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(Sodium hydroxide)

NIADLIFAN

acetic acid)

(NaOH) 1 #agans wey
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AU 100 Yadans

NIADLIFAN 2-5

Y
Uaaans Waui 100

A A
HUNULFIURNTY

Z’ U A \ d‘ 4
WENNa aIUNTN Tawiziinsivaeu m3lFau
A3I9a0U
a a 1 A 3
n3a luasn n3a lua3n (HNO) 10 | noduaduay UKo
Y
addns waudui1 90 | neuwded WM 10 -30 T
uaaans
) J ) J 1 < o
essnnae lsauaz | lesinaaelsd (FeCly) | nouasway WriedagAled1a
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9
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a a a 1 <
nsalalasigeasn | nialalasdgoein s | ezglifiouway | quwierie
Y
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— As fabricated. Applies to the products of shaping processes-in which no special control over thermal conditions or strain-hardening is employed.
— Strain-hardened (wrought products only). Applies to products which have their strength increased by strain-hardening, with or without supplementary thermal
ents of produce some reduction in strength.
— Strain-hardened only. Applies to products which are strain-hardened to obtain the desired strength without supplementary thermal treatments. The number
ing this designation indicates the degree of strain-hardening.
— Strain-hardened and partially annealed. Applies to products which are strain-hardened more than the desired final amount, and then reduced in strength
desired level by partial annealing. For alloys that age-soften at room temperature, the H2 tempers have the same minimum tensile strength as the corresponding
tempers. For other alloys, the H2 tempers have the same minimum tensile strength as the corresponding H1 tempers and slightly higher elongation. The number
ing this designation indicates the degree of strain-hardening remaining after the product has been partially annealed.
H3 — Strain-hardened and stabilized. Applies to products which are strain-hardened and whose mechanical properties are stabilized by a low temperature thermal
ent which results in slightly lowered tensile strength and improved ductity. This designation is applicable only to those alloys which, unless stabilized, gradually
soften at room temperature. The number following this designation indicates the degree of strain-hardening before the stabilization treatment.
0 — Annealed (wrought products only). Applies to wrought products fully annealed to obtain the lowest strength.
T — Thermally treated to produce stable tempers other than F Q, or H. Applies to products which are thermally treated, with or without supplementary stram
ning, to produce stable tempers.
— Cooled from an elevated temperature shaping process, and naturally aged to a substantially stable condition. Applies to products for which the rate
cooling from an elevated temperature shaping process, such as casting or extrusion, is such the their strength is increased by room temperature aging.
T1 — Annealed (cast products only). Applies to cast products which are annealed to improve ductility and dimensional stability.
T3 — Solution heat treated and then cold worked. Applies to products which are cold worked to improve strength, or in which the effect of cold work is recognized
machanical property limits.
T4 — Solution heat treated and naturally aged to a substantially stable condition. Applies to products which are not cold worked after solution heat treatment,
in which the effect of cold work may not be recognized in machanical property limits.
T5 — Cooled from an elevated temperature shaping process and then artificailly aged. Applies to products which are colled from an elevated temperature
ing process, such as casting or extrusion, and then artificially aged to improve mechanical properties or dimensional stability or both.
T6 — Solution heat treated and then artificially aged. Applies to products which are not cold worked after solution heat treatment, or in which the effect of
work may not be recognized in mechanical property limits.
T7 — Solution heat treated and then stabilized. Applies to products which are stabilized to carry them beyond the point of maximum strength to provide control
some special characteristics.
T8 — Solution heat treated, cold worked, and then artificially aged. Applies to products which are cold worked to improve strength, or in which the effect of
work is recognized in mechanical property limits.
T9 — Solution heat treated, artificially aged, and then cold worked. Applies to products which are cold worked to improve strenght.
T10 — Cooled from an elevated temperature shaping process artificially aged and then cold worked. Applies to products which are artificially aged after
ling from an elvated temperature shaping process, such as casting or extrusion, and cold worked to improve strength.
W — Solution heat treated. An unstable temper applicable only to alloys which spontaneously are at room temperature after solution heat treatment. This
designation is specific only when the period of natural aging is indicated; for example, W ¥z hr.

Source: Aluminum Assn.

ma1audasriniag

Pressure units

Technical Pound-force per
Pascal Bar atmosphere Atmosphere Torr square inch
(Pa) (bar) (at) (atm) (Torr) (psi)
1Pa =1 Nim? 107% 1.0197=1072 9.8692x107" 7.5006x107 145.04x 1072
1 bar 100,000 = 10° dyn/cm® 1.0197 0.98692 750.06 14.5037744
1at 98.066.5 0.980665 = 1 kgflem? 0.96784 735.56 14.223
1 atm 101.325 1.01325 1.0332 =1 atm 780 14.696
1 torr 133.322 1.3332%107 1.3595%107 1.3158%107 = 1Tor, 19.337%107
= 1 mmHg
1 psi 6.894x10° 65.948x107° 70.307x107° 68.046x107" 51.715 = 1 Ibffin®

Example reading: 1 Pa =1 N/m® =107 bar = 10.197%<10 at = 9.8692x107 atm = 7.5006=107% torr = 145.04x10™°

etc.
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mmgmmaaummusﬁmmu Vickers hardness test

INTERNATIONAL STANDARD ISO 6507-1:2005(E)

Metallic materials — Vickers hardness test —

Part 1:
Test method

1 Scope

This part of 1ISO 6507 specifies the Vickers hardness test method, for the three different ranges of test force
for metallic materials (see Table 1).

Table 1 — Ranges of test force

Ranges of test force, I’ * .
N Hardness symbol Designation
F>49,03 > HV5 Vickers hardness test
1,961 < F < 49,03 HV 0,2to <HV 5 Low-force Vickers hardness test
0,098 07 < F < 1,961 HV 0,01 to <HV 0,2 Vickers microhardness test

The Vickers hardness test is specified in this part of ISO 6507 for lengths of indentation diagonals between
0,020 mm and 1,400 mm.

NOTE 1 For indentation diagonals less than 0,020 mm, the increase of the uncertainty has to be considered.

NOTE 2  In general, decreasing the test force increases the scatter of results of the measurements. This is particularly
true for low-force Vickers hardness tests and Vickers microhardness tests, where the principal limitation will arise in the
measurement of the diagonals of the indentation. For Vickers microhardness, the accuracy of determination of the mean
diagonal length is unlikely to be better than + 0,001 mm (see Bibliography [2]-[5]).

For specific materials and/or products, particular International Standards exist.

2 Normative references

The following referenced documents are indispensable for the application of this. document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 6507-2:2005, Metallic materials — Vickers hardness test — Part 2: Verification and calibration of testing
machines

1SO 6507-4, Metallic materials — Vickers hardness test — Part 4: Tables of hardness values

® ISO 2005 - All rights reserved 1
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Hardness Conversion Chart 3 Page 1 of 3

MARYLAND METRICS
phones: (410) 358-3130 (B00) 638-1830
faxes: (410) 35B-3142 (800) 872-9329
P.O. Box 2681 Owings Mills, MD 21117 US4
6119 Oakleaf Avenue Baltimore, MD 21215 USA

Hardness Conversion Chart -

Comparison of Hardness Scales approx.~ and Tensile Stress
Equivalents approx. (maximum value) in imperial and metric units.

e S
CSeme | Scale Brine! vty Hardness | Rookwell | Seale
V50 Number HV30
iD\'a.
mp. .
1 of??m Gaiblde | Standard |1 o nsfin| 10001b/in2 | kgimm? {Nm_:z,
Ball
67.7 900 9%  |856] 67.7 900
67.0 880 95 |850| 670 880
663 860 93 |847| 663 860
655 840 92 |e42| 655 840
648 520 50 |[838] 648 520
64.0 800 88 |834] 640 800
633 780 57 |s30| 633 780
62.5 760 86 |826| 625 780
517 740 84 |s22] 617 740
5.0 726 | <44 | 630 - - - - - 82 |818] 6io0 725
50.5 710 | 245 | 627 - - - : - - [s15] eo0s 710
50.0 698 | 250 | 60 - 132 | 295 | 208 | 2039 81 |s12] 600 598
58.9 670 | 2.55 | 578 - 127 | 284 | 200 | 1961 76 |s0s| 589 570
57.1 630 | 260 | 555 - 122 | 273 | 192 | 1884 75 798| 7.1 630
56.1 609 | 265 | 534 - 117 | 262 | 184 | 1807 73 [79.0] ss1 609
544 572 | 270 | 514 - 112 | 250 | 178 | 1729 | 71 |782| 44 572
519 532 | 275 | 495 | 295 | 108 | 241 | 170 | 166 58 |769] 519 532
507 517 | 280 | ar7 | 477 | 105 | 235 | 165 | 1621 66  |763] 507 517
495 497 | 285 | 461 | 461 101 | 225 | 160 | 1559 64 |755] 495 497
4758 470 | 290 | 444 | 444 98 219 | 155 | 1513 62 |742| 475 470
46.0 452 | 295 | 429 | 429 95 212 | 150 | 1467 60 |735] 460 452
44.8 437 | 300 | 415 | a5 92 206 | 145 | 1420 58 |73.0] 448 437
137 422 | 305 | 401 | ao1 88 197 | 139 | 1359 56 |725| 437 422
424 408 | 310 | 388 | 388 85 190 | 134 | 1312 54 |715] 424 408
413 395 | 315 | ars | a7s 82 183 | 129 | 1266 52 |710] 413 395
39.9 381 320 | 383 | 363 80 179 | 126 | 1235 51 |703] 399 381
38.8 370 | 3.25 | 352 | 382 77 172 | 121 | 1189 45 |6s8| 388 370
377 359 | 330 | 341 | 341 75 168 | 118 | 1158 28 |ee2| 377 359
367 349 | 338 | 331 331 73 163 | 114 | 1127 46 |688| 367 349
35.0 337 | 340 | 321 321 71 155 | 111 | 1098 45 |es0| 350 337
34.0 327 | 345 | 31 311 58 152 | 107 | 1050 43 |e7.5| 340 327
33.0 318 | 350 | a0z | a0z 66 147 | 104 | 1018 42 |66.8] 33.0 318
32.0 308 | 355 | 293 | 293 64 123 | 101 | 9ss 41 |ee2| 320 308
309 300 | 360 | 285 | 285 63 141 95 | 973 40 |s57| 309 300
29.8 202 | 3685 | 277 | 277 61 136 | 9% | sa2 38 [s52] 298 292
29.0 284 | 370 | 269 | 28¢ 59 132 93 | oi1 37 |s46| 290 284
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Hardness Conversion Chart 3 Page 2 of 3

27.5 275 3.75 262 262 58 130 91 895 36 640 275 275
26.6 269 3.80 255 255 56 125 89 865 35 63.6| 266 269
25.2 261 | 3.85 248 248 55 123 87 849 34 629] 252 261
243 255 3.90 241 241 53 118 84 818 33 626| 243 255
23.0 247 3.95 235 235 51 114 81 787 32 62.0y 23.0 247
22.0 241 4.00 229 229 50 112 79 772 31 61.6] 220 241
20.8 234 4.05 223 223 49 110 77 756 30 60.7| 208 234
228 4.10 217 217 48 107 76 741 - - - 228
Hardness Hardness
‘B' Scale '‘B' Scale
98 222 4.15 212 212 46 103 73 710 29 - 98 222
97 218 4.20 207 207 45 101 71 695 28 - 97 218
96 212 4.30 197 197 43 97 68 664 27 - 96 212
93 196 4.40 187 187 41 92 65 632 25 - 93 196
91 188 4.50 179 179 39 88 62 602 - - 91 188
88.5 178 4.60 170 170 36 81 57 556 24 - 88.5 178
86 171 4.70 163 163 35 78 55 540 - - 86 171
84.2 163 4.80 156 156 34 76 54 525 23 - 84.2 163
82 156 4.90 149 149 32 72 51 494 - - 82 156
80 150 5.00 143 143 3t 69 49 479 22 - 80 150
77 143 5.10 137 137 30 67 48 463 21 - 77 143
75 137 5.20 131 131 29.5 66 47 455 20.5 - 75 137
725 132 5.30 126 126 29 65 46 448 20 - 725 132
70 127 5.40 121 121 28 63 44 432 - - 70 127
67 122 5.50 116 116 26 58 42 401 15 - 67 122
*These charts were prepared using information contained in B.S.860/1967. This standard differs significantly from the superseded
standard B.S. 860/1939, and differs slightly from the conversion scales adopted by SAE and ASTM sources.
** Where hardness acceptance values are specified and a conversion from one scale to another is necessary the source of the
conversion data should be stated and understood by the parties involved.

Hardness

Hardness is the property of a material that enables it to resist plastic deformation, penetration, indentation, and
scratching. Therefore, hardness is important from an engineering standpoint because resistance to wear by
either friction or erosion by steam, oil, and water generally increases with hardness.

Hardness tests serve an important need in industry even though they do not measure a unique quality that can
be termed hardness. The tests are empirical, based on experiments and observation, rather than fundamental
theory. Its chief value is as an inspection device, able to detect certain differences in material when they arise
even though these differences may be undefinable. For example, two lots of material that have the same
hardness may or may not be alike, but if their hardness is different, the materials certainly are not alike.

Several methods have been developed for hardness testing. Those most often used are Brinell, Rockwell,
Vickers, Tukon, Sclerscope, and the files test. The first four are based on indentation tests and the fifth on the
rebound height of a diamond-tipped metallic hammer. The file test establishes the characteristics of how well a
file takes a bite on the material.

As a result of many tests, comparisons have been prepared using formulas, tables, and graphs that show the
relationships between the results of various hardness tests of specific alloys. There is, however, no exact
mathematical relation between any two of the methods. For this reason, the result of one type of hardness test
converted to readings of another type should carry the notation " converted from " (for example "352
Brinell converted from Rockwell C-38").

Another convenient conversion is that of Brinell hardness to ultimate tensile strength. For quenched and
tempered steel, the tensile strength (psi) is about 500 times the Brinell hardness number (provided the strength
is not over 200,000 psi).

Phones: (800) 638-1830 or (410) 358-3130 are available Monday-Friday 8:30 AM to 5:30 PM Eastern time
Faxes: (800) 872-9329 or (410) 358-3142 & E-mail are available anytime.
Warehouse & showroom hours are Monday-Friday 10 AM to 5:30 PM.
[ To: Maryland Metrics home page ] [ To: Maryland Metrics Product Guide ] [ e-mail to Maryland Metrics ]
Please note that all Trademarks and Tradenames are the property of their respective owners.

http://mdmetric.com/tech/hardnessconversion.html 21/8/2553
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Vickers Hardness Sensitivity Coefficients
ISO 6507-1 defines the Vickers hardness value, HV, as:

2Fsin(‘;)
H o), 100 i 5L

dZ

where: F = force (in N)
a = plane angle of the indenter (136°)
d = mean indentation diagonal length (in mm)

Partial derivatives allow the sensitivity coefficients for force, indenter angle, and indentation diagonal
length to be determined:

oHV _HV
oF F
OHV  HV
oa 2tan(a)
2
oHV HV
_.__=_2x_
od d

Important note: the first two equations suggest that the sensitivity coefficients for force and indenter
augic aic posilive - 1Le. an increase n force or indenter angle will increase the hardness vaiue. 1his 1s only
the case if the resulting indentation diagonal length does not also increase — in practice, it always will, to
give a similar hardness value. As the hardness value is actually calculated from the nominal force and
indenter angle values, together with the measured indentation diagonal length, the sensitivity coefficient
values for force and indenter angle should be treated as negative - an increase in the parameter value will
lead to a decrease in the calculated hardness - and they are plotted as such in the following graphs:
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Geometrical considerations allow the sensitivity coefficients for tip radius and length of line of junction to
be determined:

3
ﬂz_oj(’)
HV

where: r = tip radius (in mm)
¢ = length of line of junction (in mm)

The assumption made in both cases is that the volume of the indentation remains the same, for varying

values of r and c, as would be the case with an indenter of perfect geometry. Graphs showing values of
these two parameters are given below:
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Practical experiments were carried out, for the HV 10 and HV 30 ranges, to determine the sensitivity
coefficients for loading time and test force duration. In addition, the sensitivities to force value were also
determined, to see how well they agreed with the theoretical values.

Sensitivity to application time and force duration
180 6507-1 specifies that, for forces of 49.03 N HIV'5) and above, “the time from the initial application
of the force until the full test force is reached shall not be less than 2 s nor greater than 8 s” and that “the

duration of the test force shall be 10 sto 15 s”.

For both ranges, five hardness tests were carried out on each of three blocks of different nominal
hardnesses, at different values of the input parameter:
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Range Force Parameter Value 1 | Value2 | Value3 | Value 4

HV 10 | 98.07 N | Application time 258 4s 6s 8s
' Force duration 10s 13s 15s| N/A

HV 30 | 2942 N | Application time 2s 4s 6s 8s
Force duration 10 s 13 s 15s N/A

The forces were not applied in a single linear profile, but in two linear sections - 80 % of the force in
25 % of the time followed by the final 20 % of the force in the remaining 75 % of the time:

Range | Application Part 1 Part 2
time Force Time Rate Force Time Rate
HV 10 2s 7846N | 05s 156.9 N-s™! 19.61 N 15s 13.08 N-s
45 1.0s 78.46 N's™ 3.0s 6.538 N's™'
6s 1.5s 5230 N's” 4.5s 4359 N's™
8s 2.0s 39.23 Ns” 6.0s 3.269 N-s'
HV 30 2s 2354 N 0.5s 470.7 N's” 58.8N 155 39.23 N-s'
45 1.0s 2354 N-s” 3.0s 19.61 N-s™
6s 15s 156.9 N's™ 45s 13.08 N-s™'
8s 2.05s 117.7 N-s™' 6.0s 9.807 N-s”

For each of the three hardness blocks, the mean measured hardness was plotted against the input
parameter (application time or force duration) and a linear least squares fit was applied to the data. The
gradient of this line (the sensitivity of hardness to the input parameter) was plotted against hardness for
the three blocks, and these values are shown in the following graphs. The error bars relate to the linearity
of the fit of hardness against input parameter at each of the hardness values — each error bar is +2 x the
standard error associated with the estimate of the gradient (sensitivity coefficient).
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Sensitivity to force value

ISO 6507-2 specifies that, for forces of 1.961 N (HV 0.2) and above, each of three force verification
measurements in the machine (made by an ISO 376 Class 1 proving device) shall agree with the nominal
force to within a tolerance of 1.0 %.

For both ranges, five hardness tests were carried out on each of three blocks of different nominal
nardnesses, at different values of force:

Range Force

Run 1 Run 2 Run 3
HV 10 96.60 N 98.07 N 99.54 N
HV 30 | 287.79N | 29420N 298.61 N

For each of the three hardness blocks, the mean measured hardness (calculated using the nominal force)
was plotted against applied force and a linear least squares fit was applied to the data. The gradient of this
line (the sensitivity of hardness to force) was plotted against hardness for the three blocks, and these
values are shown in the following graphs. The error bars relate to the linearity of the fit of hardness
against force at each of the hardness values — each error bar is +2 x the standard error associated with the
estimate of the gradient (sensitivity coefficient). The red lines are plots of the sensitivity coefficients
obtained from taking a partial derivative of the hardness equation — they are plotted as negative values,
rather than positive ones (as the equation suggests), because the hardness values are calculated from the
nominal force and the actual indentations, rather than from the actual force and the indentation size at
nominal force.

134



Sensitivity
HV10/N

0 200 400 600 800
Hardness / HV 10

Sensitivity ~1°

HV30/N

2.5 -

-3.0 -

~3

700 750 800 850 900 950
Hardness / HV 30

135



Force Duration

2.0 -
15+
1.0

0.5=

0.0 — S— . e e
Sensitivity -0.5 - /?_\%
HV30/s

-1.0 -
<1:5 -
-2.0

2.5 -
-3.0 - -

-3.5
700 750 800 850 900 950

Hardness / HV 30

Sensitivity to force value

ISO 6507-2 specifies that, for forces of 1.961 N (HV 0.2) and above, each of three force verification
measurements in the machine (made by an ISO 376 Class 1 proving device) shall agree with the nominal
force to within a tolerance of 1.0 %.

For both ranges, five hardness tests were carried out on each of three blocks of different nominal
nardnesses, at different values of force:

Range Force

Run 1 Run 2 Run 3
HV 10 96.60 N 98.07 N 99.54 N
HV 30 | 287.79N | 29420N 298.61 N

For each of the three hardness blocks, the mean measured hardness (calculated using the nominal force)
was plotted against applied force and a linear least squares fit was applied to the data. The gradient of this
line (the sensitivity of hardness to force) was plotted against hardness for the three blocks, and these
values are shown in the following graphs. The error bars relate to the linearity of the fit of hardness
against force at each of the hardness values — each error bar is +2 x the standard error associated with the
estimate of the gradient (sensitivity coefficient). The red lines are plots of the sensitivity coefficients
obtained from taking a partial derivative of the hardness equation — they are plotted as negative values,
rather than positive ones (as the equation suggests), because the hardness values are calculated from the
nominal force and the actual indentations, rather than from the actual force and the indentation size at
nominal force.
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COMPARATIVE MEASUREMENTS OF HARDNESS SCALES FOR ESTABLISHING
THE HARDNESS STANDARD OF SLOVENIA

Anton Stibler, ZAG Ljubliana, SLOVENIA ® Konrad Herrmann, PTB Braunschweig, GERMANY
Thomas Polzin, MPA-NRW Dortmund, GERMANY. @ Alessandro Germak, IMGC Torino; ITALY

MOTIVATION
DIRECT CALIBRATION METHOD
rglmive errors (%)
force maintainance
Procedure Force N applied  repeatability of force
BT : 9 b d
HV 30 2942 0,32 0,25 1,73
HBW 2,5/31,25 306,5 0,04 0,43 1,25
HBW25/625 6129 004 009 032
HBV 2,5/187,5 1839 0,06 0,08 0,09
F =98,07 1,29 0,48
HRC F=l471 002 001 0,03
F =98,07 1,05 0,28
INDIRECT CALIBRATION METHOD
PLAN OF COMPARISON

v

CONCLUSION
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Abstract

This paper aims to apply Friction Stir Welding using a non
screw cylindrical stirrer and a non screw cone stirrer for
producing the AAB063 aluminum alloy and AISI430 stainless
steel joint. The paper also studied the variation of welding
parameters such as stirrer shapes, rotational speed and

traverse speed that affected the tensile strength of the joint.
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The results are as follows. A non screw cylindrical stirrer
shape and a non screw cone stirrer shape could apply to
produce the butt joint between AAB063 aluminum alloy and
AIS| 430 stainless steel but the shapes had an effect on joint
quality. A non screw cylindrical stirrer shape gave the sound
joints without the defect and indicated the maximum tensile
strength of 114 MPa at the traverse speed of 75 mm/min and

the rotational speed. of 500 rpm. A non screw cone stirrer

~ shape could produce the sound joint at the high rotational

speed but the tensile strength of the joint was difference
along the joint.

Keywords: friction stir welding; steel; aluminum,; stirrer;
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