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Thesis Title Effect of GMAW Parameters on Butt Joint of SUS 304 Stainless

Steel and SCW 410 Cast Steel

Name - Surname Mr.Konkrai Nakowong
Program Manufacturing Engineering
Thesis Advisor Assistant Professor Kittipong Kimapong, Ph.D.
Academic Year 2013
ABSTRACT

Decreasing of the processing cost is one of an effective method to increase a productivity of
an automobile industry. For decreasing the process cost, some cheaper materials that show the same
properties are introduced to an automobile industry. A muffle part of the recent automobile is one of
the parts that is produced using a new combination of materials using cast steel to replace stainless
steel. However, a study of welding parameter optimization that produced a sound joint should be
investigated. Therefore, this research work aims to introduce the SCW 410 cast steel to replace SUS
304 stainless steel for producing a muffler part or car structure and to investigate the effect of
welding parameters that affect to joint properties.

Materials used in this experiment were SUS 304 austenitic stainless steel and SCW 410 cast
steel that had a dimension of 10 millimeters in thickness, 50 millimeters in width and 150
millimeters in length. The plates were set to be a butt joint and to weld the joint using various gas
metal are welding parameters such as welding current of 140-220 A, a traveling speed of 200-400
mm/min and gas flow rate of 10-20 1/min. The butt joints that were produced by a given welding
parameter were an investigation of mechanical test and metallographic examination.

The summarized experimental results are as follows. Increasing of a welding current and a
travelling speed affected to produce a sound joint and to decrease a width of a weld bead and a
penetration of a weld. The optimized welding parameters that showed the impact strength of 297 J
were a welding current of 180 A, a traveling speed 200 mm/min and a gas flow rate of 101/min.
The hardness of the heat affected zone and the welded metal of the joint was higher than that of the
base metal. The microstructure of the heat affected zone of cast steel side showed a regular grain
shape. The middle of the welded metal showed a fine dendrite structure. The microstructure of the

stainless steel heat affected zone showed a regular grain that was finer than that of the base metals.

Keywords : dissimilar materials joint, stainless steel, cast steel, impact strength
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Density (g/cm3) 8.0
Elastic modulus (GPa) 193
Thermal conductivity @ 1000 °C (W/m.k) 16.2
@ 5000 °C (W/m.k) 21.5
Mean coefficient of themal expansion from 0 °C —538 °C (Wm/m.°C) 18.4
Specific heat (J/kg.k) 500
Electrical resistivity (nQ,m) 720
Magnetic permeability (b) 1.02
Melting range (°C) 1400-1450
Rockwell hardness (Scale B) (HR,) 81
Yield Strength , 0.2% offset (ksi) 35
Ultimate Tensile Strength (ksi) 85
Elongation (2.0 inch.) (%) 60
Reduction of area (%) 70
Charpy V-notch Impact Strength )] >325
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FIG. 1 Vickers Hardness Test (see Table 1)

TABLE 1 Symbols and Designations Associated with Fig. 1

Number Symbol Designation
1 Angle at the vertex of the pyramidal in-
denter (136°)
2 P Test force in kilograms-force
3 d Arithmetic mean of the two diagonals d '
and d?

TABLE 2 Vickers Hardness Numbers
{Diamond, 136° Face Angle, force of 1 kgf)

Diagonal of Vickers Hard Number for Di I'M i to 0.0001 mm
on,
rmm 0.0000 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0009
0.005 74170 71 290 68 580 66 020 63 590 61300 59130 57080 56 120 53270
0.006 51510 49 840 48 240 46 720 45 270 43 890 42570 41310 40 100 38 950
0.007 37 840 36 790 35770 34 800 33 860 32970 32100 31280 30 480 29710
0.008 28970 28 260 27580 26920 26 280 25670 25070 24 500 23 950 23410
0.009 22 890 22 390 21910 21440 20 990 20550 20120 18710 19310 18 920
0.010 18 540 18 180 17 820 17 480 17 140 16 820 16500 16 200 15 900 15610
0.011 15330 15 050 14 780 14520 14 270 14 020 13780 13 550 13 320 13 090
0.012 12 880 12 670 12 460 12 260 12 060 11 870 11680 11 500 11 320 11 140
0.013 10870 10810 10 640 10 480 10 330 10170 10 030 9880 9737 9598
0.014 9461 9327 9196 9068 8943 8820 8699 8581 8 466 8353
0.015 8242 8133 8026 7922 7819 7718 7620 7623 7428 7335
0.016 7244 7154 7 066 6979 6 895 6811 6729 6 649 6570 6493
0.017 6416 6 342 6268 6196 6125 6 055 5986 5919 5853 5787
0.018 5723 5 660 5598 5537 5477 5418 5360 5303 5247 5191
0.019 5137 5083 5030 4978 4927 4877 4827 4778 4730 4683
0.020 4636 4590 4545 4500 4 456 4413 4370 4328 4286 4245
0.021 4205 4165 4126 4087 4049 4012 3975 3938 3902 3866
0.022 3831 3797 3763 3729 3 696 3663 3631 3599 3567 3536
0.023 3505 3475 3445 3416 3387 3358 3329 3301 3274 3246
0.024 3219 3193 3166 3140 3115 3089 3064 3039 3015 2991
0.025 2967 2943 2920 2897 2874 2852 2830 2 808 2786 2764
0.026 2743 2722 2701 2681 2661 2641 2621 2601 2582 2563
0.027 2544 2525 2 506 2488 2 470 2452 2434 2417 2399 2382
0.028 2365 2348 2332 2315 2299 2283 2267 2251 2236 2220
0.029 2205 2190 2175 2160 2145 2131 2116 2102 2088 2074
0.030 2060 2047 2033 2020 2007 1993 1980 1968 1955 1942
0.031 1930 1917 1905 1893 1881 18869 1857 1845 1834 1822
0.032 1811 1800 1788 1777 1766 1756 1745 1734 1724 1713
0.033 1703 1693 1682 1672 1662 1652 1643 1633 1623 1614
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TABLE 4 Grain Size Relationships Computed for Uniform, Randomly Oriented, Equiaxed Grains

Grain Size No. N Grains/Unit Area A Average Grain Area “d Average Diameter T Mean Intercept N,
g No.in? at 100X  No./mm? at 1X mm? pm? mm um mm um No./mm
00 0.25 3.88 0.2581 258064 0.5080 508.0 0.4525 452.5 221
0 0.50 7.75 0.1280 129032 0.3592 3582 0.3200 320.0 312
05 0.71 10.96 0.0912 91239 0.3021 3021 0.2691 269.1 3.72
10 1.00 15.50 0.0645 64516 0.2540 2540 0.2263 226.3 442
15 1.41 2192 0.0456 45620 0.2136 2136 0.1903 190.3 5.26
20 2.00 31.00 0.0323 32258 0.1796 1796 0.1600 160.0 6.25
25 2.83 43.84 0.0228 22810 0.1510 151.0 0.1345 1345 743
3.0 4.00 62.00 0.0161 16129 0.1270 127.0 0.1131 131 8.84
35 5.66 87.68 0.0114 11405 0.1068 106.8 0.0951 95.1 10.51
4.0 8.00 124.00 0.00806 8065 0.0898 89.8 0.0800 80.0 12.50
45 11.31 175.36 0.00570 5703 0.0755 755 0.0673 67.3 14.87
5.0 16.00 248.00 0.00403 4032 0.0635 635 0.0566 56.6 17.68
55 22,63 350.73 0.00285 2851 0.0534 53.4 0.0476 476 21.02
6.0 32,00 496.00 0.00202 2016 0.0449 449 0.0400 40.0 25.00
6.5 4525 701.45 0.00143 1426 0.0378 378 0.0336 336 29.73
7.0 64.00 992.00 0.00101 1008 0.0318 318 0.0283 28.3 35.36
75 90.51 1402.9 0.00071 713 0.0267 26.7 0.0238 238 42.04
8.0 128.00 1984.0 0.00050 504 0.0225 225 0.0200 20.0 50.00
85 181.02 2805.8 0.00036 356 0.0189 189 0.0168 16.8 59.46
9.0 256.00 3968.0 0.00025 252 0.0159 159 0.0141 14.1 70.71
95 362.04 5611.6 0.00018 178 0.0133 133 0.0119 1.9 84.09
10.0 512.00 7936.0 0.00013 126 0.0112 1.2 0.0100 10.0 100.0
105 724.08 112232 0.000089 89.1 0.0094 94 0.0084 84 118.9
1.0 1024.00 15872.0 0.000063 63.0 0.0079 79 0.0071 74 1414
115 1448.15 22446.4 0.000045 446 0.0067 6.7 0.0060 59 168.2
12.0 2048.00 317441 0.000032 315 0.0056 56 0.0050 5.0 200.0
125 2896.31 448929 0.000022 223 0.0047 4.7 0.0042 42 2378
13.0 4096.00 63488.1 0.000016 15.8 0.0040 40 0.0035 35 2828
135 5792.62 89785.8 0.000011 141 0.0033 33 0.0030 3.0 3364
14.0 8192.00 126976.3 0.000008 79 0.0028 28 0.0025 25 400.0

TABLE 5 Relationship Between Magnification Used and Jeffries’
Multiplier, £, for an Area of 5000 mm? (a Circle of 79.8-mm
Diameter) (f = 0.0002 M?)

Magnification Used, M Jeffries” Multiplier, f, to Obtain Grains/mm?

1 0.0002
10 0.02
25 0.125
50 05
757 1.125

100 20
150 45
200 80
250 125
300 180
500 50.0
750 125
1000 2000

A At 75 diameters magnification, Jeffries' multiplier, f, becomes unity if the area
used is 5625 mm? (a circle of 84.5-mm diameter).

where f'is the Jeffrics’ multiplicr (see Table 5). Nyiq. 1S the
number of grains completely inside the test circle and
Intercepted 1 the number of grains that intercept the test circle.
The average grain area, /1. is the reciprocal of N, . that is. 1/ .V,
. while the mean grain diameter, d, as listed on Plate III (see
10.2.3), is the squarc root of A. This grain diamcter has no
physical significance because it represents the side of a square
grain of area 4, and grain cross sections are not square.

11.2 To obtain an accuratc count of thc number of grains
completely within the test circle and the number of grains
intersecting the circle, it is nccessary to mark off the grains on
the template, for example, with a grease pencil or [elt tip pen.
The precision of the planimetric method is a function of the
number of grains counted (scc Section 19). The number of

grains within the test circle, however. should not exceed about
100 as counting becomces tedious and inaccurate. Expericnce
suggests that a magnification (hat produces about 50 grains
within the test circle is about optimum as to counting accuracy
per field. Becausc of the need to mark off the grains to obtain
an accurate count, the planimetric method is less efficient than
the intercept method (see Section 12).

11.3 Fields should be chosen at random, without bias, as
described in 5.2. Do not attempt to choose fields that appear to
be typical. Choose the ficlds blindly and select them from
different locations on the plane of polish.

11.4 By original definition, a microscopically-determined
grain size of No. 1 has 1.000 grains/in.* at 100X, hence 13.500
grains/mm”* at 1X. For arcas other than the standard circle,
determine the actual number of grains per square millimetre, N
4. and find the nearest size from Table 4. The ASTM grain size
number, G. can be calculated from N, (number of grains per
mm’ at 1X) using (Eq 1) in Table 6.

12. General Intercept Procedures

12.1 Intercept procedures are more convenient (o use than
the planimetric procedure. These procedurcs arc amenable to
use with various types of machine aids. It is strongly recom-
mended that at least a manual tally counter be used with all
intereept procedurcs in order to prevent normal crrors in
counting and to eliminate bias which may occur when counts
appear to be running higher or lower than anticipated.

12.2 Intercept procedures are recommended particularly for
all structures that depart from the uniform equiaxed form. For
anisotropic structurcs, procedures are available cither to make
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Saturate a large wad of cotton held in stainless steel or nickel
tongs with the etchant and sweep over the surface of the
specimen. An cffort should be made to wet the cntire surfacc as
soon as possible. After the initial wetting, keep the swab
saturated with solution and frequently sweep over the surface
of the specimen to renew the solution. When the structure has
been suitably developed. rinsc the specimen, cither with a swab
saturated with water. or better still, by pouring water over the
specimen. After rinsing with hot watcr, blow the specimen dry
with compressed air. Details of the procedure not discussed
here are covered in (he sections for the various metals and their
alloys.

7.3 The times given in individual tabulations arc only
intended as guides. In fact, the progress of etching should be
closely watched and etching stopped when the preferred
structural details have been revealed. Specimens should be
elched to develop structure. Generally, a light etch is better
than a heavy etch; overetching can often Icad to misinterpre-
tation. The actual time to develop a structure properly may be
quite different from the one suggested.

8. Specific Preparation Procedures and Recommended
Solutions

8.1 Aluminum:

8.1.1 The specimens can be cut using common cufting tools,
hack saws, band saws, shears, abrasive cutoff wheels, ctc. All
these methods will cause cold work at the surface and will
generate heat. The temperature rise can be cnough to cause
changes in structure. For these reasons sharp tools and gener-
ous lubrication are necessary for sectioning.

8.1.2 The cold-worked surface should be removed by ma-
chining the surface. Again sharp tools and copious lubrication
arc required. If fine detail is required. the machined surface
should be ground using silicon carbide paper lubricated with
waler or kerosine.

8.1.3 Scveral of the solutions used in macroctching react
vigorously with the metal and can overheat the specimen. In
these cascs the specimen is periodically removed from the
solution, cooled in running water, and reimmersed in the
etchant. This procedure is repeated until the desired degree of
etching is obtained.

8.1.4 Macroetchants for Aluminum and Aluminum Alloys-

(Table 1).
8.2 Bervllium:

8.2.1 While beryllium in the massive form is not dangerous,
beryllium and its compounds in the finely divided slate are
extremely poisonous. (Warning—Before starting any work
involving beryllium, a review of hazards and plans for han-
dling should be made. A number of references on beryllium are
available. Particular mention may be made of* Toxicity of
Beryllium™ ASD-TR-62-7-667, prepared by the Kettering
Laboratory for the Air Force.)

8.2.1.1 Generally speaking, beryllium and its alloys have
given difficulty in obtaining good macroctched specimens.
First, beryllium is a rather brittle metal and scctioning can be
difficult. Cut-off wheels with the designation C46FR70 have
been the most successful. Secondly, beryllium does not grind
easily; hence, specimens should be as small as possible to
minimize grinding time. Grinding has been most successful
with the entire sequence of wet silicon carbide papers.

8.2.1.2 The ctching of finc graincd metal may not always be
entircly successful. and further preparation will be required.
Rough polishing with 15 pm Al, O suspended in water is
performed on a low-nap cloth. Light pressure and frequent
change of cutting direction produce the best results. If [urther
polishing is required, 1-um green Cr, O; in tap water on
synthetic sucde works best.

8.2.2 Macroetchants for Beryllium and Beryllium Alloys—
(Table 2).

TABLE 1 Macroetchants for Aluminum and Aluminum Alloys

Alloy Composition Procedure Comments
All NaOH 10g Immerse sample 5 to 15 min in solution heated to 60 Good general-purpose etchant, can be
H.0 100 mL to 70°C (140 to 160°F). Rinse in water, and remove used on almost all aluminum alloys.

smut in strong HNO; solution. Rinse and repeat
etching if necessary.

3XXX HCI (concentrated) 75 mL

4XXX HNOj(concentrated) 25 mL

5XXX HF (48 %) 5mL

BXXX dry.
High Si castings

High purity A1 HCI (concentrated) 45 mL

1XXX HNO3(concentrated) 15 mL

3XXX HF (48 %) 15 mL

4XXX H,0 25 mL

SXXX

BXXX

All except high Si HCI (concentrated) 15 mL Same as above.

castings HNOs(concentrated) 5mL
HF (48 %) 5mL
H,0 75 mL
2XXX HCI (concentrated) 15 mL
High Cu alloys HF (48 %) 10 mL
H,0 90 mL

Mix fresh before using. Use at room temperature. May
be used as immersion etch or swabbed over
specimen surface. Rinse specimen in warm water and

Immerse specimen at room temperature until desired
contrast is developed. Rinse in warm water and dry.

May be used as an immersion etch or swabbed over
the specimen surface. When desired contrast is
obtained, rinse in water and remove deposits with

Does not require fine grinding.

Used to develop grain structure. May be
diluted with 25 % water to slow down
etching. Does not require fine grinding.

Tucker's etch. General purpose etch for
revealing microstructure of both cast and
wrought aluminum. Does not require fine
grinding.

1+ 2 Tucker's. Same as above, but
slower acting.

Flick's reagent. Best results are obtained
with a ground surface. 180 grit will
suffice.

concentrated HNO;. Rinse in warm water and dry.
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mixing, and disposing of each chemical, as well as any
combinations of those chemicals.

6.1.3 Table 2 includes specific safety precautions for the
mixing or use of some etchants. The user should observe each
of these specific precautions.

6.2 Some basic suggestions for the handling and disposing
of etchants and their ingredients are as follows:

6.2.1 When pouring, mixing, or etching, always use the
proper protective equipment (glasses, gloves, apron, etc.).

6.2.2 Use proper devices (glass or plastic) for weighing,
mixing, containing, and storage of solutions.

6.2.3 When mixing etchants, always add reagents to the

solvent unless specific instructions indicate otherwise.

6.2.4 When etching, always avoid direct physical contact
with the etchant and specimen; use devices such as tongs to
hold the specimen (and tufts of cotton, if used).

6.2.5 In general, it is good practice to work under a properly
designed chemical fume hood, and it is imperative with those
etchants that give off noxious odors or toxic vapors.

6.2.6 Methanol is a cumulative poison hazard. Where etha-
nol or methanol are listed as alternates, ethanol is the preferred
solvent. Methanol should be used in a properly designed
chemical fume hood.

TABLE1 Etchants for Metals

Nore 1—Electrolytic etchants are italicized.

Metal Etchants
Aluminum Base:
Pure Al 12,2, 3
45
1b
1000 series 1a, 3, 2
45
6,7
2000 series 3,2 1a
8a, 6 7
3000 series 3 1a
45
8a, 6, 7
4000 series 3 1a
5000 series 3 1a, 2 6,8a
45
6000 series 3, 1a, 2, 6, 8a, 222
45
1a,2,7,6, 8a
7000 series 3 1a,2
45
3,6
Berylfium Base:
Pure Be 9 10
Be alloys 1
Chromium Base: 12, 13¢
Cobalt Base:
Pure Co 14, 15,16, 17
Hard-facing and tool metals 18, 19, 20
High-temperature alloys 20, 18, 16, 21, 22b, 24, 25
19

Columbium Base (see niobium base)

Uses

general structure
grain structure under polarized light
grain boundaries and slip lines

general structure
grain structure under polarized light
phase identifications

general structure
phase identifications

general structure
grain structure under polarized light
phase identifications

general structure

general structure
grain structure under polarized light

general structure
grain structure under polarized light
phase identifications

general structure

grain structure under polarized light
phase identifications

general structure via polarized light
general structure
general structure
general structure
general structure

general structure
phase identification

general structure
chemical polish and etch
general structure
general structure

general structure
general structure

Copper Base:
Pure Cu 26, 27, 28, 29, 30, 31d, 32, 33, 34b, 35,
36, 37, 38, 39, 40, 41, 42, 8b, 210, 215
43,28

Cu-Al (aluminum bronze) 44, 31d, 34b, 35, 36, 37, 38, 39, 40,
45, 215

Cu-Be 46,41, 45

Cu-Cr 4

Cu-Mn 4

Cu-Ni 34, 47, 48, 40, 49, 50

general structure
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TABLE 1 Continued

Metal Etchants Uses
188 removes stain
72 chemical polish and etch
Ti-5Al2,5 Sn 189 reveals hydrides
Ti-6 Al-6 V-2 Sn 190 Stains alpha and transformed beta, retained beta re
mains white
Ti-A-Zr 191 general structure
Ti-8Mn 192 general structure
Ti-13 V=11 Cr-3 Al (aged) 192 general structure
Ti-Si 193 general structure
Ti alloys 186, 187, 192, 194, 158, 132b, 1¢, 67, general structure
68, 69 3a, 218
1, 1c reveals alpha case
72,192,178 chemical polish and etch
170a outlines and darkens hydrides in some alloys
188 removes stain
Tungsten Base:
Pure W 98¢, 131 general structure
As cast 132a chemical polish prior to etching
W-Th 209 general structure
Uranium Base:
Pure U 67, 69 195, 196 general structure
U+Zr 68 general structure
U beryliides 170a general structure
U alloys 67, 69, 195, 96 general structure
27 carbides
Vanadium Base:
Pure V 170b, 165b general structure
197,198 grain boundaries
V alloys 199, 198 general structure
Zinc Base:
Pure Zn 200a general structure
Zn-Co 177 general structure
Zn-Cu 201 general structure
203 distinguishes gamma (y) and epsilon (¢
In-Fe T4a structure of galvanized sheet
Die castings 202 general structure
Zirconium Base: 66, 67, 204, 68, 69, 205 general structure
2086 electrolytic polish and etch
il grain structure under polarized light
72 chemical polish and etch
TABLE 2 Numerical List of Etchants
Etchant Composition Procedure
1 1 mLHF () Swab with cotton for 15 s.
200 mL water {b) Alternately immerse and polish several minutes.
{c) Immerse 3-5s.
{d) Immerse 10-120's.
2 3mLHF {a) Swab 10 s to reveal general structure.
100 mL water {b) Immerse 15 min, wash 10 min in water to form film with hatching which varies with
grain orientation.
3 2mLHF {a) Immerse 10-20 s Wash in stream of warm water. Reveals general structure.
3mLHCI {b) Dilute with 4 parts water-colors constituents—mix fresh.
5 mL HNO,
190 mL water
4 24 mL H;PO, Electrolytic: Use carbon cathode raising d-c voltage from 0-30 V in 30 s. Total etching time
3 min
50 mL Carbitol (diethylene glycol thyl  with agitation. Wash and cool. Repeat if necessary.
ether)
4 g boric acid
2 g oxalic acid
10 mL HF
32 mL water
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TABLE 2 Grain Size Relationships Computed for Uniform, Randomly Oriented, Equiaxed Grains

Na A N_or |
P
Grain (mm™")
Size 2 2
No. S Hegre (mn) ) (mm) (m)
©)

00 0.25 3.88 0.2581 258100 2.210 0.4525 452.5
0 0.50 1.75 0.1290 129000 3.125 0.3200 3200
0.5 0.71 10.96 0.0912 91200 3.716 0.2691 269.1
1.0 1.00 15.50 0.0645 64500 4.419 0.2263 226.3
1:5 141 21.92 0.0456 45600 5.256 0.1903 190.3
2.0 2.00 31.00 0.0323 32300 6.250 0.1600 160.0
25 2.83 43.84 0.0228 22800 7.433 0.1345 1345
3.0 4.00 62.00 0.0161 16100 8.839 0.1131 131
35 5.66 87.68 0.0114 11400 10511 0.09514 95.1
4.0 8.00 124.00 0.00806 8060 12.500 0.08000 80.0
4.5 131 175.36 0.00570 5700 14.865 0.06727 67.3
5.0 16.00 248.00 0.00403 4030 17.678 0.05657 56.6
5.5 22,63 350.73 0.00285 2850 21.023 0.04757 476
6.0 32.00 496.00 0.00202 2020 25.000 0.04000 40.0
6.5 45.25 701.45 0.00143 1430 29.730 0.03364 336
7.0 64.00 992.00 0.00101 1010 35.356 0.02828 283
7.5 90.51 1402.90 0.000713 713 42.045 0.02378 238
8.0 128.00 1984.00 0.000504 504 $50.000 0.02000 20.0
85 181.02 2805.81 0.000356 356 59.461 0.01682 16.8
9.0 256.00 3968.01 0.000252 252 70711 0.01414 141
9.5 362.04 5611.61 0.000178 178 84.090 0.01189 1.9

10.0 512.00 7936.02 0.000126 126 100.001 0.01000 10.0

10.5 724.08 11223.22 0.0000891 89.1 118.922 0.008409 8.4

11.0 1024.00 15872.03 0.0000630 63.0 141.423 0.007071 71

1.5 144815 22446.44 0.0000446 446 168.181 0.005946 59

12.0 2048.00 31744.06 0.0000315 35 200.002 0.005000 50

12.5 2896.31 44892.89 0.0000223 223 237.844 0.004204 42

13.0 4096.00 63488.13 0.0000158 15.8 282.845 0.003536 35

13.5 5792.62 89785.77 0.0000111 114 336.362 0.002973 30

14.0 8192.00 126976.25 0.0000079 79 400.004 0.002500 25

Note 1— N, is the number of grains per unit area.

Note 2 A is the average grain arca.

Nore 3— A is the number of grains intercepled per unit length.

Note 4— P, is the number of grain boundary intersections per unit length.

Nore 5 7is the mean lincal infercept distance.

Note 6 N, = P, lor asingle phase grain structure.

Nore 7—The above table was calculated based upon the grain size definitions in Test Methods E 112

TABLE 3 Grain Size Equations Relating Measured Parameters to TABLE 4 85 % Confidence Interval Multipliers, t (Eq 13 and Eq

the ASTM Grain Size, G 14)
Determine the ASTM Grain Size, G, using the following equations: No. of Fields, t No. of Fields, t
- - multiplier s Muttiplier
Equation Units

1. G = (3.321928 Log N, in mm2 2 il 2 2l
& 6 2571 20 2.093
=295 — \ 7 2447 21 2086
2. G = (6.643856 Log N,) - 3.288 N, inmm™’ 8 2‘365 2 2.080
3. G- (6.643856 Log P,) - 3.288 A, inmm’ g 2ihe 5 557
4. G = (-6.643856 Log h-3.283 Jin mm 10 2-262 2% 2.069

5. G- (-3.3223 Log A) - 2.955 Ain mm? ; :
- = - 1" 2228 25 2.064
12 2.201 26 2.060
Note 1—Equations 2 and 3 are for single phase grain structures. 13 2179 27 2,056
Nore 2 To converl micrometres 1o millimetres, divide by 1000. 14 2.160 28 2,052
Nore 3—To convert square micrometres to square millimetres, divide 15 2.145 29 2048
by 106 16 2131 30 2.045
'No'ruv 4 A caleulated G value of — 1 corresponds to ASTM G = 00 s 2420 40 2020
: COCESRUIICS . 18 2110 60 2.000
© 1.960

14.7 For a duplex grain size distribution, the analysis is
conducted as described in Appendix X2 of Test Methods
E 1181.

A or, number of grains, N.

designation or trade name. customer or data requester. date of

15. Test Report analysis, heat treatment or processing history. specimen loca-

15.1 The report should document the identifying informa-  tionand orientation, etchant and etch method, analysis method,
tion regarding the specimen. its composition, specification  and so forth. as required.
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SwsnaduUsnsdenarinlansufanquilinasoanuudusinssunnuassessiovy
wiannanlsadu SUS 304 uaziwannaivas SCW 410
Effect of GMAW Parameters on Impact Strength of SUS 304 Stainless Steel and
SCW 410 Cast Steel

1% o 2a a ¢ a 3
nalns wilAwd 381 Useauned” Aadne Augned

13 o a - ¢ a o o

MATYTIMNTINYNAINNNT ANEIMINTIUANENT unInedewaluladsvusnasayys
2 a a a Y q a =
A1 IYNIAINTINAAMNG ANEATANANSRNANYNTIN UnTInendemnalulagsvseeaalssaunll audanssays

E-mail:  kon_na2526@hotmail.com
o 1
UNAnea

v

unanuiliigpuszasAluns@nwdvinadulsnisidensiinlansufanguillinadeadisesovy
sguinamannanldatu SUS 304 Aumanndmae SCW 410 wazfnwilAseasnegan1nuedsesse NanIs
ynaaadasaguiided madeuensnlavufarquaninsavifauuadouiifinnuauysald arundufiuuun
doudifsdudmavhlienundusinszunnvesiuadionanas ulidmaternuudwedansideuidoulng
Snanslvavesuiaiiunndne Snsmslvaiigdulimauuszvedansdefistu fulsnsndoudl
mmuf]ummzwnqnqm 295 J/cm” Ao nazualiliden 180 A AnaniufuLLaLden 200 mm/min wagdng

nslvavasuiiaunagu 10 L/min

o ' a

Adfey : seusatansnsuiia mdnnailialy wdnndmde aruudusinszun
Abstract

This article aimed to study the effect of gas metal arc welding parameters on SUS 304
stainless steel and SCW 410 cast steel butt joint properties in addition to investigating the
microstructure of joints. The results are summarized as follows. Gas metal arc welding produces
sound welds of SUS 304 stainless steel and SCW 410 cast steel. Increase in the welding speed
resulted in a decrease in weld impact strength but did not change the hardness of the welds
produced by different gas flow rates. Increase in gas flow rate increased weld brittleness. This study
found the optimal welding parameters produced impact strength of 295 J/em’. These parameters

were a welding current of 180 A, a welding speed of 200 mm/min and a gas flow rate of 10 L/min.

Andn uiy, . dissimilar materials joint, stainless steel, cast steel, impact strength
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Tutagiugnamnssugugudinisuidduniswinunisnaineg19gs uTEngnanudiusneuRdsiaadl
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N15USuLUaBuIENSA19 Lieanduyulunsnandudn lnelidaansenuseauninvesdudi wu Ingau

q

o w

3o tangunsniflilunisudn (Hudu vielodefiuiududdylulassassnsudidanusndulunisan
fununsuan Taemsidsuuvastagithunlflunisuan dsfaniuezidumanndlfais Tuefniiiumn
wanndlfaduiiianldlunsudavieleides iWumanndn13aduesamuddn (Austenitic Stainless Steel)
domnauiirunansusznns aunsaldldiiluanzgungiduarenmaias fauanusalunisden
Andmdnaangeialy wanndl¥aduvdneeamuiifinannsaimadouldiedgn  wazideuldlagl
sududedinuioutouinnsiden vielvimnufeunendsnmsvinden uwidsidesszTe fe navesnw
SoufigaAuluilinsuneiuiar limusiousanszunn venanigamnfgwilitunudendmdeld (1]
FTnsideurevieladoarldnssuiunadeulni nszuiunmsdoudelni (Arc Welding Process)
Hunszvrumanilsiinlflanevaeuavaneduideifisrtu lnvorduanudeuiiiAnainnisersanslaidin
serhstunilaveuaraaniden lumsgpamnssudemianldlunisdetan WesnanansadeuseTag i
Tavefleglunduindnuazusnnguman nszuiunsidenluliniifenldfe n1sidenerinlansufangy
(Gas Metal Arc Welding; GMAW) Duwmaluladnisidenvinluml ﬁgﬂﬂmﬂ%l,muﬂiiﬁ%‘ﬂm%auﬁwam
Houriumng 1asan
ansovhmadenldnnduazdeiies ssndanatlumsianuazenidesanlifawanunaguuuaiion
2] Badunszurumadenlwihiliandenduesidnsundummndusu (Solid Wire) svinniseriadiu
Tanzdua anudeuiiinanmsorsnihmevastesasmaidonuadlavsturudnduidodotu waeld
uianquuinailavevasuararsvesudon etestulilieendiaunnussemadluviufazendulone

waeNazaty nsienillagniinldlugnamnssunisudnegiwnsvate [3]

A9 1. drulsenauvvialawde
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o a [

awudfn 304 1WuingAundnlunisndndsldnaniuiuditneiu egndlsinunisléinanndnliaduesanu
dfn 304 duiiferde fo Sseilgailvaildaslumandaiutu femndanmssufuionsanssiag
Az founruisnnantudunansoouduioildddanuiuiuiulunisindumismslumsand-ldane
nsudavielodeiu Ineflauufigiuntsandilddnefio drlddrglumandnanauarauninvessossioe
winfuviegsninsesseiliey u Jaqtu angidedstiuuanlunisiasuianiildimihulauanminndd
Yatuooamuiin 304 :Gumdnndmde SCW 410 Famdnndnde SCW 410 Huwmdniidlessadanudy
oamiluvindendstulassaivesamuluiluvdnndlfatueeamuidn 304 Famninandinisnienini
adefuazilildlansideniifinuamlndidsstuld (4] dsfuifieandunulunsudevieloidesnsud
AnuzitTaauouundnlunismaumutuduminndlfatueoanuiiin 304 lussuuvislodevessasudsne
winndmda SCW 410 uazvhmaibeulavgisaeadndeiudeiinindenensnlavsufiangu (Gas Metal
Arc Welding; GMAW) iilefnuniuusnsideniifinarenuninsesiion wariinadeantfinisnauas
Tassa¥raganinvessesiden Savnnannsalduuadenifguamiveniuld azannsafuuumislunns
Fonltfannaunuiileandunulunisuan

inguseasA

1. lefinwdviwasuusnsdeneninlansuianquilinadomfsessevussninandnndldady  SUS

304 fumdnndvas SCW 410

2. Wefnwlasiasieganinvesseyse

gunsaluazIsns

Tumsnaassldmsideuainlaveufanqulumaifousessevuseniavanndnladu sus 304 fu
wanndmae SCW 410 fudslunisvaassUszneudenszudliden Ao 180 A anmiuAuuuadon fe
200 300 &z 400 mm/min §ns1n1sinavesufiaunagu 10 15 uag 20 L/min uiaunagu fe 8151nTa 64
Faniildlunisfnuildlony 2 vila Ae wdnndl3aduseamnudin SUS 304 uazmdnndwae SCW 410
A 10 . e fagitaessdamndaldldtununasouiifivuinwihiu fe 50 x 150 x 10 mm’ ¥
NSUINMNNUTIILUTIN 60 B3N

amndeuilflunisiden fe avalendmiumdnndladu AWSA5.9 308LS: MIG wunadusitu

Y

Audnans 0.9 mm dnsn1sleuatanldlunisnaassdiAviniy 7 m/min uazszezveslatevietiaing
Uangadiniden 10 mm Funugnivgaliuduiiggunsaiduiaduandunini 2 udwhnsideuiuwg
Funumewaiansduandeniuuiiaueud Funuildnnnsleniidulsniadeusiag gnialuviing

VAAOUALTUAVNNG fiD AIUAIUNIULIINTTUNNLUUTISTNTNIINAADUE98 990119551 ASTM E23 [5]
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AU LﬁammﬁmﬁuumL%'auLﬁuﬁuﬁﬂﬁmmmgmaaLLmL%'auﬁmLﬁu%u warAunweIUdousi
anas MIAATOBUIIaULY (Undercut) TAnuuinuadeufinnnundufuuuaidous 8 200 mm/min
ey msmﬁ'ammaagﬂiwu,azsumWumumﬁauﬁé’uﬁuﬁ‘ﬁuauﬂ“mmqmm%aumaqmsl,%aui@ama i
wansldin Anuifuuudeuidafiutudmarliianudeuluiuidenidnanas Arnudouitanani
TnsuknszeanudeulUuinalasseureudouiiaites  warilflansrasuwadldaunsanszany

ponlUusAUTEle LuATeaNFalANNYLgNIuAzATNN TR LILTRNTIANINNT [6]

126



350

350
—/\~ 180-200-10 —/\— 180-300-10
00 —O— 180-200-15 200 —O- 180-300-15
-~ 180-200-20 é\\ -~ 180-300-20
~
~
~
~
—~ 250 —~ 250 Q\\\ S~
e I e S
Q ~3I3xg 5] e Tm=2 s
L <33 4 —-——
= 200 \\% L Sso
° o T=~ By
=
g g Rl SNl
= = ~ = IS
5 1501 5 150 Sso s
3 154 SS IS
g 3 N
= 100 4 = 100 ~ \{}
50 4 50
0 0

T T T T T T
Haz - SUS 304 Weld Haz - SCW 410 Haz - SUS 304 Weld Haz - SCW 410

ANUSIAY (NKUATBY 200 mm/min (@)AMWSAAULLIGDU 300 mm/min

—/\~ 180-400-10
—O- 180-400-15
-~ 180-400-20

250 A
Bl
S
200 <2 Ssa
~ GG >SS

ST ~ <
\\\\\
\\\\\ \\
150 4 ~— TN T~
X~
\\\
\\

100 4 é
I~
\%
50 A

0

Impact load (J/Cm?)

T T T
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A# 5. ALLTILSINTELNNVBITR TN BNA I8 AU AAUL LT DUATS

Funuilldnmadensenssualiiden 180 A Shrmislnavesufaunagy 10-20 L/min a1anda
Auuuadion 200-400 mm/min- gniiavhmswssdurunasouaTsusnszunnkuuB Ao
awausalunisgedundsnuuessesselduansvaaeusaugnuniwd 5

mnuudaussnszunavieainisgadundanuessesioudsuansainiumies (Toughness) 3o
Wi (Brittle) vouilolany wud1 aruudusinszunngaanvassessoyn snanslnavesifaunaay ua
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ﬂ’J’mLL%QLLidﬂiBLmﬂQQEj@ﬁlﬁﬁnﬂﬂﬁiL%EJlJWUﬁ’]ﬁﬁ’]Wi’]ﬁU 295 J/cm’ finszualidon 180 A Sasnslva
vauhaunAay 10 L/min wasAILEAAULLEE 200 mm/min

AN 6 wansAAuLTwessessoivinsTalus it snansaunu ey waziifiunys
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Anlanglunisnnasanagosvie

(Rockwell - HRB) (Rockwell - HRB)
140 140 1
120 120 1
SUS 304 SUS 304 SCW 410

SCW 410

40 1 —-4— 180-200-20 01 —-A— 180-300-20
180-300-15
20 4 ® - N0y 20 - ; 180-300-10
—&— 180-200-10
3 2 1 wed 1 2 3
-3 -2 -1 weld 1 2 3
(n) mwm%uﬁuumﬁau 200 mm/min () mwm%mﬁuuuu%u 300 mm/min

(Rockwell - HRB)

140 A

120 A

40 4 —-A— 180-400-20
4 180-400-15
—e— 180-400-10

-3 -2 -1 weld 1 2 3

Q) AMLLSARULUILTRN 400 mm/min

P I3 ] a A 1 = & a ~ ]
AINN 6. ﬂ’J’]lILL‘UQ?@EJG]?J?IHV]L?J’PJEJ@’JS?\?BLL&IWL‘Uall 180 A LLaeAINULIIAULUILTINANE)
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Aauudsdunalduedeaauudusinazunn ndnde vinufiufinssnudousumdnndils
aflu SUS 300 fenaruudsgean dewSsuidisuivlavsdon wariiufinssnufousumdnndvde SCw
410 Adrshan shsnslvavesnfaunaquuuaidouiinanssiudufunanisnaass mavaasuaudad
wandlunmdls (n) wag (@) Smsmslvavesufaunnauiifidgadenarilirnaruudwedavs Souuaritui
nsvnueuidesnursudouiiangedy mmnuulwedansidouiideuiianudufuiuadon 200 uay
300 mm/min a”csmmﬂwa%am,l,ﬁ”aﬂﬂﬂqmﬁ”’uwi 10 fia 20 L/min uansenanuudefiumnsnsfuuszanados
Az 9 Uay 4 AUAIIY ﬁhmmLLsﬁqﬁLﬁ'w‘ﬁummﬂ%mmmuﬁw‘ﬁummLLﬁaUﬂﬂqmﬂumquﬁLLmL%amm%’é'm']
’L‘Via‘uaﬂLLﬁaUﬂﬂquqqﬁuﬁmmmswLﬁusﬁuuazdwaﬁﬂﬁmmL‘UiﬂmaﬂamL%auﬁml,ﬁu%u agalsfinn
sarmslvaveufaunaquitimnsndlidsmasioranuudailernusifunuadoniiangs fie 400 mm/min
fauandlunindls () fuansir aranuudwedansdon viofiufinssnuouinnuuandrstutiossin

A 7 uanslassaiaganiavessessefiidousenssualnidon 180 A mnuFufunuaden 200
mm/min LLazé’mﬂmﬂMaﬁJmLLﬁ"aiJﬂﬂq:J 10 L/min fikansnnuudausenszunn 295 Jem” lassainegania
vosfiuiinsenufoudiusessoduminndmae SCW 410 wanslunwil7 (n) insufinrunauuuuazdy
sufsunnnnindiainsuvedlanvdn scw 410 Wansuiisuiaumasaunseiadlndlunnisvasuivan
vodlanzieuduansiegnasdum WinnsuasddnuusBnsnifamadigueiuiiveomnas niaifaida
insufisniifemadigaaiuiivaoninainindisluen iesninisdemaufeuiinnivedans

e lulavziousengussenia

awdl 7. Tessasaganiavessessefidensionszualilidon 180 A anunSufuwwiLday 200 mm/min waz

gnnsivavesufiaunagy 10 L/min
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YULNAUT 1L VBBFUIANTABMAY AN UNYadlaneipuNusenaumemulasnuadlansitoun
fianuazdenuinndi wasiaulasniifiamadigiainasveauiioniiinnudeminuuaans dwansdunin
71 7 (0) wagAudevesnInit 7 (p) ndanvuzresaulainaziBuanlianisainnsisesiadighnaiaann
1lgrevedlansifion durnvetunnITtasmalvedlaneliouduansfisgnasavaliainsuves
wiannanlsatiy sUS 304 nsiseeainduseiiouwsdinnsuvadanglildianunanuutazauunnsinilou
v A a g A o < Y ' & ' | o ]
feintunuinsgnuiouvesnannamas SCW 410 uanantiulinugaunnsadlag vuseslouiingivaey
nmsnsvaeulassaisganiailewuinlinsumeanaiivinuiuinssnuiouveananndiliadu SUS 304
& A % < % ] a a' ~ A < W
NuUNNSENUSBUVDLTANNAIMED SCW 410 kazusalanetiouIilAIANULTILTINTLUNNLANF19TY
agdlsinuiiennuidnlangnssdieahnisfinwilasaisganiadalunasely Wefiausaseuiisy

AL DUBAZ AIUBANFA1IVBILATIAS AT AL LTI U

dsduazanusena

MATelshnsideusessorussinandnndliaiu SUS 304 fumannainas SCW 410 #an1s
\Bouorinlanzufangy InovhnsAnwdvEnadudsmaideniivsznouse nsvualiden anasufuun
Fou wazdnIINsivaveuiaunagy fifnasenundusinszunn mamﬁwmaaﬂmawﬁﬁﬁ

1) Aruaiunudeniifisfudmavildanuudusinssunnuesuuiiienanas

2) AruEdunuadeniifiutudamarilieuudsusinssunnvesuaionanas uslidwmasionin
LL%amaQIamfz‘j'auﬁLs?iauimaﬁmﬁmﬁl‘waﬁuaqLLﬁaUﬂﬂquﬁLmﬂmq

3) $n9nslvavowufaunaquitgetuilidausevesavsdeufintu
GT';LLﬂﬁﬂwiL%auﬁiﬁmmLLGﬁqLLﬁqmzLLmqaqm 295 J/cm’ e nszualwidon 180 A anudaiuwuniey 200

mm/min kazdnsn1straveuiaunagu 10 L/min
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