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ABSTRACT

Product manufacturing from welding process with different material are used increasingly in
many manufacturing industries but it is difficult because of a different materials have possessed
different properties. The friction stir welding (FSW) for welding AA6063 aluminum and AISI 430
stainless steel has been set up for studying mechanical properties and microstructure.

This evaluation was FSW with various geometries of stirrer including cylinder, screw
cylinder (right-left), cone and screw cone (right-left) that welding with vertical milling machine.
The evaluation parameters were rotating speed of 250 - 750 rpm and welding speed of 25 - 175
mm./min. The aluminum was overlapped the stainless steel by 30 mm. and the depth of stirrer end
that plunged into stainless steel was 0.2 mm. with 2 inclined degrees of stirrer.

The summarized results are as following; The welding, which is used right-screw cylindrical
stirrer , has the maximum value of shear strength at rotated speed 500 rpm., welding speed of 175
mm/min has 13.750 kN of shear strength. After inspected the microstructure found that stainless
steel insert into aluminum like a branch at side area of structure. The interface area of this joint
found that both materials were bonded almost completely. When inspected chemical components it
found FeAl at welding interface and tearing area it found aluminum adhered on stainless steel
surface at welding joint after testing the tensile strength. This evidence implied that overlapped joint

welding by FSW has the strength consistent with shear strength.

Keywords : Aluminum, Stainless steel, Friction stir welding, Overlapped joint
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17 2.6 811ENLEZYBI SEM [18]
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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 ductiity. 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
lening, 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.
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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%x10 at = 9.8692x107 atm = 7.6006=107" torr = 145.04x107°

etc.
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mmgmmaaummusﬁmmu Vickers hardness test

INTERNATIONAL STANDARD I1ISO 6507-1:2005(E)

-Metallic materials — Vickers hardness test —

Part 1:
Test method

1 Scope

This part of SO 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, F * .
N Hardness symbol Designation
F > 49,03 >HVS Vickers hardness test
1,961 < F < 48,03 HVO02to<HVS 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

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

© IS0 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) 358-3142 (BO0) B72-9329
P.O. Box 261 Owings Mills, MD 21117 USA
6119 Qakleaf Avenue Baltimaore, MD 21215 LISA

Hardness Conversion Chart -

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

By Scler P
o seae | Scsle B Eqalonts Hardnees | Rodkwell | Scale
HV30 Number HV30
iD\'a.
15%5% Caride | Standard ¢ ns/in2 | 100018/in? |kgimm? {NTT;;Q}
Ball
67.7 900 9% |858| 677 900
67.0 880 o5 |8s0| 670 880
66.3 850 93 |847| 683 860
65.5 840 92 |s4z| 655 820
646 820 90 |s38| 648 820
540 800 88 |83.4| 640 500
53.3 780 87 |830| 633 780
525 760 8 |826| 825 760
61.7 740 84 |ozz| 817 740
60 725 sa4 | 630 - - - - ; 82 |818| 610 725
50.5 710 245 | 627 - - - , - - |s15| 605 710
50.0 598 250 | 601 - 132 295 | 208 | 2039 81 |812| 600 598
58.9 670 255 | 578 - 127 284 | 200 | 1981 78 |eos| 589 670
571 530 260 | 555 - 122 273 | 192 | 1@se 75 |796] 57.1 630
56.1 509 285 | 534 - 117 262 184 | 1807 73 |79.0] 61 508
54.4 572 270 | 514 - 112 250 | 176 | 1723 | 71 |782| B4 572
519 532 275 | 495 495 108 241 170 | 1e68 88 |75.9] 519 532
50.7 517 280 | 4r7 477 105 | 235 | 185 | 1621 66  |76.3] 507 517
49.5 497 285 | 461 4681 101 226 | 160 | 1568 64 |755| 495 497
475 470 290 | 444 444 08 218 | 155 | 1513 62 |742| a5 470
46.0 452 295 | 429 429 95 212 150 | 1467 50 |73.5] 45.0 452
448 437 300 | 415 | 415 92 206 145 | 1420 55 |73.0| 448 437
437 422 3.05 | 401 401 a8 197 | 139 | 1389 56  |725| 437 422
424 408 310 | 288 388 85 190 | 134 | 1312 54 |71.5| 424 208
413 395 315 | a5 375 a2 183 129 | 1266 52 |710] 413 395
399 381 320 | 383 363 80 176 | 126 | 1235 51 |70.3| 399 381
38.8 370 325 | 352 352 77 172 | 121 | 11es 49 |eos| 388 370
377 359 330 | 341 3 75 168 118 | 1158 48 [e92| 377 359
36.7 349 335 | 331 331 73 163 | 114 | 1127 46 |c88| 357 348
35.0 337 340 | 321 321 71 159 | 111 | 1096 45 |eso| 380 337
34.0 327 345 | 311 311 58 152 107 | 1050 43 |675| 340 327
33.0 318 360 | 302 302 56 147 104 | 1019 42 |es8| 330 318
520 308 355 | 293 203 64 a3 | 101 | ees a1 |esz| 320 308
0.9 300 360 | 285 285 53 141 9 | 973 20 |es7| 300 300
29.8 292 365 | 277 277 51 136 9% | 9az 38 |652| 298 202
290 284 370 | 259 269 59 132 93 | o1 a7 |s45] 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 35 636| 266 269
252 261 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 62.0] 23.0 247
220 241 4.00 229 229 50 112 79 772 31 616] 220 241
20.8 234 4.05 223 223 49 110 77 756 30 60.7| 20.8 234
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 7 695 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
i 7§ 143 5.10 137 137 30 67 48 463 21 - 77 143
75 137 5.20 131 131 295 66 47 455 20.5 - 75 137
72.5 132 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:

2F sin(a)
e A

HY =0.102x —

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 _ﬂ
oF F
OHV _ HV
0 2tan(q)
2
OHV HV
._._=._2x_
ad d

Important note: the first two equations suggest that the sensitivity coefficients for force and indenter
auglc ai€ pusilive - i.e. an increase in 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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Vliilane Angrle
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Geometrical considerations allow the sensitivity coefficients for tip radius and length of line of junction to
be determined:

3
OHV _ o3 L)
HV d
Y =15 ﬁ)
HV d

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
80 6507-1 specifies that, for forces of 49.03 N @HV'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 s to 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 Value1 | Value2 | Value3 | Value4

HV 10 | 98.07 N | Application time 2s 4s 6s 8s
' Force duration 10s 135 15s N/A

HV 30 [294.2N | Application time 2s 4s 6s 8s
Force duration 10 s 13s 15's 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 155 13.08 N-s™!
45 1.0s 78.46 N-s™ 3.0s 6.538 N-s™!
6s 1.5s 5230 N-s”' 455 4.359 N-s~
8s 20s 39.23 N-s™ 6.0s 3.269 N5
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 1569 N's” 45s 13.08 N-s™'
8s 2.0s 117.7 N-s” 6.0 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 | 29420 N 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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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 98.07N 99.54 N
HV 30 | 287.79N | 29420 N 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.

149



Force

Sensitivity
HV10/N

0 200 400 600 800
Hardness / HV 10

0.0 e
-0.5
4.0 -

Sensitivity 1>

HV30/N

-3.5 %

700 750 800 850 900 950
Hardness / HV 30

150



COMPARATIVE MEASUREMENTS OF HARDNESS SCALES FOR ESTABLISHING MG§
THE HARDNESS STANDARD OF SLOVENIA | E

Anton Stibler, ZAG Ljubliana, SLOVENIA  Konrad Herrmann, PTB Braunschweig, GERMANY.
Thomas Polzin, MPA-NRW Darimund, GERMANY e Alessandro Germak, IMGC Torino, ITALY

PR A BN

MOTIVATION T — .
P~ RRIRE.

DIRECT CALIBRATION METHOD

relative errors (%)

force mainfainance
Procedure Force N applied  repeatability of force
: 9 b d

HV 30 294,2 0,32 0,25 1,73
HBW 2,5/31,25 306,5 0,04 0,43 1,25
HBW2,5/625 6129 004 0,09 0,32
HBV 2,5/187,5 1839 0,06 0,08 0,09

F =98,07 1,29 0,48
HRC Fal471 002 001 003

F' =98,07 1,05 0,28

INDIRECT CALIBRATION METHOD

PLAN OF COMPARISON

CONCLUSION
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Abstract

This research aims to friction stir weld a lap joint between AA6063 aluminum and AlSI430 stainless steel by
various stirrer geometries such as a cylindrical stirrer, a cone stirrer, a screw cylindrical stirrer and a screw cone
stirrer. The welding parameters were a rotating speed of 250-750 rpm, a welding speed of 25-175 mm/min, an
aluminum plate was overlapped a stainless steel plate by 30 mm and the depth of the stirrer end that plunged
into steel plate was 0.2 mm. The welded joint was prepared for shear strength testing and microstructure
examination. The summarized results are as following. The maximum shear strength of 13.5 kN was achieved
when the joint was welded by a rotating speed of 500 rpm, a welding speed of 75 mm/min and a screw
cylindrical stirrer. This result was due to aluminum and steel could combine and bond completely and affected

directly to increase the shear strength.

Keywords: Aluminum, Stainless steel, Friction stir welding, Stirrers
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