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Thesis Title Effects of Tempering on the Friction Welding of AISI 1045 Steel

Name — Surname Mr. Anikorn Lowpoungsak
Program Manufacturing Engineering
Thesis Advisor Assistant Professor Sirichai Torsakul, D.Ing.
AcademicYear 2015
ABSTRACT

Friction Stir Welding has been widely used in many industries because of many
advantages such as no filler metal required, no smoke, good uniform-welding surface quality, no
porosity, and short welding time. However, due to very high heat generated during the welding
process, microstructure change occurs around the welding area and this directly affects the

mechanical properties of the welding materials.

This research aimed to study the effects of the heat treatment process on the mechanical
properties of AISI 1045, a medium carbon steel, after the Friction Stir Welding process. Before
conducting the experiments, the AISI 1045 specimens with 10 mm in diameter did not undergo any heat
treatment, except full annealing, and tempering processes. After that, the specimens were welded under
20, 30, and 40 bars with 2, 3, and 4 seconds of compression times. The welding revolution speed was
1,800 rpm. After the welding, the specimens’ mechanical properties were tested by conducting tensile

test, hardness test and examined their macro and microstructures at the welding lines.

The results indicated that the heat treatment process had great effects on hardness and
tensile strength of the materials. The tensile strength of the specimens that had been fully annealed
prior to the welding process was lessen. However, their hardness was higher than that of the
specimens that did not undergo the heat treatment process. The tensile strength and the hardness at
the welding line increased if the specimens had undergone the tempering process. The tempering
specimens which have been welded under 20 bars and 2 seconds of compression time provided the
best mechanical properties — tensile strength at 525.6 MPa, and hardness at 487.85 HV. For the
microstructure, the result showed that the grains of the specimens that have been tempered were

finer than those fully annealed and those without the heat treatment, and this resulted in the higher

)



hardness of the structure.

Keywords: friction welding, fully annealing, tempering
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Relative Axle Upset
Base Material Dia(mm)  Rotation Pressure (mm)
Speed Heating  Forging
(rpm) Kg/mm? Kg/mm?
Similar material
Low carbon steel 20 1500 5 12 5
Medium carbon steel 10 3000 4 10 3
Chromium steel 10 1500 12 30 3
Dissimilar material
High carbon to Low 15 1500 12 30 6

carbon steel

4 a J 4 4
A15197 2.2 @niNW”I'ﬁllm@iﬂ']'iL“Idf@3JSSIJ’JEJLLﬁ\‘]Lﬁﬂﬂﬂ?‘ulmﬂﬂﬁﬁ%‘lulmﬂLlﬁﬂﬁdl’ﬂﬂ (4]

Peripheral Min. Weld Axial
Base material Speed (m/s) Energy pressure
(Kg/mm?) for
25 mm
(Kg/mm?)
Similar material
Low carbon steel 2.5t05.0 6.6 11.2
Medium carbon steel 2.5t05.0 7.7 12.8
Chromium steel 3.0to 4.5 8.2 13.8
Dissimilar material
High carbon to Low carbon 3.0t0 4.0 3.2 13.8
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Zugprobe DIN 50125-B14770
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d,: metrisches ISO-Gewinde

h: Kopfhéhe

L.: Anfagsmesslange (L,=5d,)
L.: Versuchsléange (L >L_+d,)

L. Gesamtlange
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51 3.22 ndesdidnAToUILLADINNA(Scanning Electron Microscope : SEM)
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iy 3018 2016 2708 2579 2441 2404 259.5 2900 298.1 3063 307.6
a ' < A S v =
MINN Y 2.6 AIANUUTIVOINIFDUIHANAAT AISI 1045 AdeANuFeanIu LNy
(Horizontal) HAW&U 30 115121 3 Tunfnagannzguugiilng
339 mm Annundia HY
ASIN
-5 4 -3 2 - 0 1 2 3 4 5
1 289.0 3028 3005 281.9 2519 2402 249.8 280.1 290.1 290.1 298.2
2 2992 296.1 289.2 280.5 2503 240.0 248.1 280.5 288.8 296.1 299.2
3 299.2 2957 2888 278.8 252.8 241.0 250.1 278.8 280.8 2957 307.6
mAY 2958 2982 2928 280.4 251.7 2404 2493 279.8 2863 2940 301.7
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4 1 < 4y <
ﬂ]’i]\‘iﬁ 2.7 ﬂ'lﬂ']'liJl,LelN”UfNﬂ']ﬁL%@Nlﬁaﬂﬂé}'l AISI 1045 ﬁ?ﬂﬂ?WNLﬁﬂﬂﬂWUiullu’Ju@u

{ @ 4 a a a
(Horizontal)ﬁmmﬂu 30 U1san 4 ?;mﬁuammazqmw{]uﬂﬂﬁ

Qv - \ d
J¥YL mm. AUV HV

-5 -4 -3 -2 -1 0 1 2 3 4 5

1 286.1 276.1 271.7 2653 249.2 2341 229.7 239.1 276.7 2772 2853

2 2859 2772 276.7 265.0 250.0 235.6 234.1 2409 2703 275.0 286.1

3 285.5 2750 2703 2643 250.0 2386 2356 241.1 275.0 276.7 2859

nay 285.8 276.1 2729 2649 249.7 236.1 233.1 2404 2740 2763 285.8

4 ' < 4 <]
ﬂ]i]\?ﬁ 2.8 ﬂ']ﬂ'l']llLL‘]JQﬂJﬂQﬂ']ﬁLGdIfﬂiJlﬁﬁﬂﬂéH AIST 1045 ﬁlaﬂﬂmmﬁﬂﬂmuimma

{ [ J a a a
1o (Horizontal) NAINAY 40 V151981 29uazan1izgungiilng

welw 1 I
7282 mm AU HV

-5 -4 -3 -2 -1 0 1 2 3 4 5

1 323.1 3173 3024 298.0 277.8 248.7 267.5 289.7 296.0 307.7 312.7

2 320.1 320.1 300.1 2852 276.8 250.1 274.8 290.2 295.1 3024 3104

3 319.5 3183 305.1 2944 2756 251.1 271.2 293.1 297.1 300.1 315.8

naY 3209 3186 3025 2925 276.7 250.0 271.2 291.0 296.1 3034 313.0
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4 ' < g <
ﬂ]’i]\‘iﬁ V2.9 mmmw’uwmmit%umaﬂﬂéﬁ AIST 1045 ﬁaﬂﬂmmﬁﬂﬂmuimma

{ @ 4 a a a
1Y (Horizontal) NNNWAY 40 1151981 3 3u1ﬁuammazqmwguﬂﬂﬁ

IzgTmm AMANUUTI HY
Asan
-5 -4 -3 -2 -1 0 1 2 3 4 5
1 310.0 300.1 296.2 288.8 245.1 2624 3003 297.2 2982 310.0 320.1
2 315.8 310.2 295.1 295.1 2409 260.0 297.2 296.2 300.1 310.0 315.0
3 317.7 300.0 2943 2943 240.1 260.6 298.2 295.1 310.2 315.8 319.0
m;a'ﬂ 314.5 3034 2952 2927 242.0 261 298.5 296.16 302.8 3119 318.0
M U 210 MANNUIUDINIIFDUHANNAT AISI 1045 dreanudsaniulumud
ueU (Horizontal) NAWA 40 1151a1 4 Jufazannzgungiilnd
3TYT mm. AMANUUYI HY
AsIN
-5 -4 -3 -2 -1 0 1 2 3 4 5
1 319.3 319.7 3283 300.1 2854 284.0 273.7 2948 311.5 326.6 301.6
2 319.7 320.8 294.8 300.0 289.0 280.9 275.7 300.0 3109 319.3 3193
3 320.8 310.8 300.0 300.0 284.0 281.1 2789 300.1 309.8 300.0 319.7
Lﬂéﬂ 319.9 317.1 2789 300.3 286.1 282 276.1 2983 310.7 3153 3135
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4 1 < 4y <
ﬂ]’i]\‘iﬁ v 2.11 ﬂ'lﬂ']'liJl,LelN”UfNﬂ']ﬁL%@Nlﬁaﬂﬂé}'l AISI 104Sﬁjaﬂﬂ31mﬁﬂmfnu“luuua

{ 9 o a A
UOU(Horizontal) NAMUAU 20 V151901 23UNLALAINNTINITNITO UYL

Full annealing

38U mm. ANV HY
AsIN
-5 -4 -3 -2 -1 0 1 2 3 4 5
1 269.1 263.8 276.2 248.6 2824 2858 269.1 2723 268.6 2634 251.6
) 267.2 270.7 2759 2449 285.6 287.7 2789 2714 266.8 267.1 251.8
3 267.2 272.1 275.6 2482 2824 2838 279.6 269.7 2679 2658 2494
ma'ﬂ 267.8 268.1 2758 276.2 2834 2857 2758 271.1 267.8 2654 2509
~ ' < A 3 Y v =
M3199 ¥ 2.12 MANULTIVBINISIFOMHANNA1 AIST 1045828A1dean1u 1 uu?
uaU(Horizontal) HAAU 20 1151181 3 TnfiazaunssuiTmsous
Full annealing
IYYYmm. AU HY
AsIN
-5 -4 -3 -2 -1 0 1 2 3 4 5
1 2343 2448 256.1 258.8 259.5 2624 260.1 261.3 251.1 2459 231.1
) 235.8 2457 255 258.5 2603 259.5 2582 2572 2522 2474 2313
3 2343 247.1 2522 2587 2584 263.1 259.2 2563 2513 2459 229.2
mﬁa 234.8 2458 254.1 258.6 2594 261.6 259.1 2583 251.5 246.4 230.5
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Y ' < g <
ﬂ]’i]\‘iﬁ V2.13 mmmw’uwmmit%umaﬂﬂéﬁ AISI 1045%36?]')1“1%8@7]11!1“&1!3

{ 9 o a A
UDU(Horizonta) NANUAY 20 V1511014INNUASAUATIVITNTOUYY

Full annealing

ITgTmm. ANV HY
AsIN
-5 -4 -3 -2 -1 0 1 2 3 4 5
1 229.3 233.8 233.2 248.6 259.5 2654 260.1 2484 237.1 2214 221.6
) 2282 230.7 235.1 2449 2573 267.7 2589 2454 2328 2234 2214
3 2273 229.1 2342 2482 2584 263.8 259.6 246.7 2357 2222 2202
m‘ﬁ'a 2282 231.2 234.1 2472 2584 265.6 259.5 246.8 2352 2223 221
~ ' < A 3 Y Y =
5199 ¥ 2.14 MANNLVIVBINIT TN ANNA AIST 1045A38ANNFeaNTW 11U
ueU(Horizontal) AANMAY  30115na2 mAnazauns syt Mo
Full annealing
IZgEmm AMANUUYI HY
AsIN
-5 -4 -3 -2 -1 0 1 2 3 4 5
| 252.8 2562 2644 270.2 2722 2748 2699 2679 267.1 2574 252.6
) 254.8 254.1 267.6 269.2 2728 276.8 272.1 2703 263.8 258.2 255.1
3 2534 257.5 268.5 270.1 273.5 2758 2734 269.8 263.9 2582 256.2
ma’ﬂ 253.6 2559 266.8 269.8 2728 2758 271.8 269.3 2649 2579 254.6
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4 ' < g <
ﬂ]’i]\‘iﬁ ¥ 2..15 mmmw’uwmmit%umaﬂﬂéﬁ AISI 1045%36?]')1“1%8@7]11!1“&1!3

{ 9 o a A
UDU(Horizonta) NANWAY 301151701 3UNNUASMUATIVITNTOUYY

Full annealing

3383 mm. AR HY
ASIN
-5 4 3 2 - 0 1 2 3 4 5
. 233.8 243.8 2462 255.6 2622 2658 261.1 2529 2486 2474 239.8
5 2347 2457 2482 2548 2651 2678 262.1 2528 250.8 249.1 241.1
; 234.6 247.1 2492 253.9 2624 2658 262.6 254.1 2479 2481 240
iy 2343 2455 2476 2547 2632 2664 2619 2533 249.1 2482 2403
a ' < A 3 v v =
M99 Y 2.16 AANUUTIVOINIFDUNANNAT AIST 104507801 TEANTU T
ueU(Horizontal) NAWAU 30 V151A1 43fiazamunIsuimsousyy
Full annealing
ISgzmm. Annundia HY
ASIN
-5 4 3 2 - 0 1 2 3 4 5
| 226.8 240.8 2544 265.6 2782 2845 2781 2679 258.1 2574 2232
5 228.8 240.1 257.6 267.8 278.1 282.5 278.1 2658 2592 252.8 225.1
; 2269 2425 2545 2689 279.1 2828 279.4 2668 2609 2542 224.2
iy 2275 2411 2555 2674 2784 2832 2785 2668 2594 2548 224.1
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H 1 <3 4 <
19199 U 2.17 AANUUIIVBINIFDUINANNAT AISI 1045a28A1uFeaN U U
{ 9 o a A
UoU(Horizontal) NANVAY 40 V151781 23UNUALAINNTTVITNTOUYL

Full annealing

welw 1 <3
J¥YTmm. AUV HV

-5 -4 -3 -2 -1 0 1 2 3 4 5

2633 268.2 2709 270.2 2722 2759 2714 2712 266.8 263.1 2584

—

2652 267.1 267.8 269.2 2732 2767 2735 269.2 265.7 267.2 258.8

2
3 264.1 266.5 2694 2712 271.8 277.8 2723 270 267.2 2652 2598
!ﬁlalfj 2642 2672 2694 2702 2724 2769 2724 270.1 266.6 2651 259

H 1 < 4 <
ﬂ]‘iNﬁ Y218 ﬂ?ﬂ’NiJLHN‘lJ@Qﬂ”l'i!,‘ldfﬂmﬁﬁﬂﬂéﬁ AISI 1045%’38@’31%@8@%1“11&143
A @ J a ~ ax
UOU(Horizontal) NANNAU 40 U1TIAN 3IUNMUATATUNTIVITNITOUYD

Full annealing

welw 1 <
7282 mm. ATNIULLVY HV

-5 -4 -3 -2 -1 0 1 2 3 4 5

253.8 256.8 2589 259.2 2632 2688 2609 266.5 259.8 2579 256.6

2542 259.1 260.6 261.2 263.8 2665 262.1 2627 2587 2582 2574

2
3 2547 256.5 259.8 260.4 266.5 2694 2634 2632 2599 258.6 2582
Lﬂa‘ﬂ 2542 2574 259.7 260.2 264.5 2682 262.1 264.1 2594 2582 2574
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4 ' < g <
ﬂ]’i]\‘iﬁ ¥ 2.19 mmmw’uwmmit%umaﬂﬂéﬁ AISI 1045%36?]')1“1%8@7]11!1“&1!3

{ (% L4 a A
UoU(Horizontal NANUAU 401151981 42UNUALAINNTINITNITO UYL

Full annealing

328 mm ANV HY
ATIN
-5 -4 3 -2 -1 0 1 2 3 4 5
. 2338 256.8 2709 2722 2782 2888 2809 2765 271.8 259.1 248.6
5 2352 259.1 267.1 269.9 276.8 286.8 278.8 2727 268.7 2582 247.4
; 2349 2565 2694 2712 2768 286 2779 273.6 2689 2582 2498
iy 2346 2574 26901 2711 2772 2872 2793 2742 269.8 2585 2486

4 ' < 4 <]
ﬂ]i1\‘lﬁ U 2.20 ‘ﬂ']ﬂ'JTJJLL‘]NﬂJﬂQﬂ']ﬁLGdH’ﬂiJlﬁﬁﬂﬂé}'] AISI 1045%38?1'31%!&8@‘1/““1“&”3

ueU(Horizontal)  NAMWAU 2011501 23WuazaunssuATMIoUL
Tempering
J9ggmm Annunis HY
GRS
-5 4 3 2 - 0 1 2 3 4 5
| 501.6 489.4 472.8 4759 4712 482.1 479.6 4782 498.6 4926 5152
5 494.8 4942 4842 4762 4672 4812 4692 499.4 4988 491.6 5132
; 504.4 5022 490.4 482.6 469.8 4804 4756 4748 489.6 501.8 502.2
iy 5002 4952 4824 4782 4694 4812 4748 484 4956 4953 510.1
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4 1 < 4 <
ﬂ]’i]\‘iﬁ v 2.21 ﬂ'lﬂ']'liJl,LelN”UfNﬂ']ﬁL%@Nlﬁaﬂﬂé}'l AISI 104Sﬁjaﬂﬂ31mﬁﬂmfnu“luuua

{ 9 o a A
UOU (Horizontal) NANWAU 201151781 33U1NUALAINNTTVITNTOUYL

Tempering
ITYTmm. ANV HY
AsIN
-5 -4 -3 -2 -1 0 1 2 3 4 5
1 502.2 4894 4728 4849 461.2 4824 469.6 4782 4982 485.6 486.2
) 490.8 4942 4842 4804 459.2 489.8 467.8 4994 501.8 481.6 489.2
3 4924 5022 4904 481.6 457.8 4834 4642 4748 489.6 482.8 4922
m-,a'ﬂ 495 4952 4824 4823 4594 4852 4672 482 4844 4832 489.2
d' 1 < A 3 9y 9 =
M5 U 2.22 AMANNLVIVDINTEFBUIMANNAT AIST 1045028A 13 FeAN 1M 11417
U (Horizontal) AWMU 20 1nF1na1 43uuasaunssuIsmseusy
Tempering
3zgTmm ANV HY
AFIN
-5 -4 -3 -2 -1 0 1 2 3 4 5
1 495.8 4894 472.8 4782 4772 4824 480.6 4782 498.2 495.6 511.2
) 500.8 4942 484.2 4824 4572 4798 477.8 4994 501.8 504.6 507.2
3 504.4 5022 4904 4742 471.8 481.4 464.8 474.8 489.6 4858 512.2
m?ia 500.2 4952 4824 478.2 469.4 481.2 474.8 484 495.6 4953 510.1
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H ' < 4 3
M99 ¥ 2.23 AANUUIIUBINIFONANNAT AIST 1045@28A 10 Fean U 1 uu)

{ o L4 a A
UoU(Horizontal) NAMUAY 301131981 22U NLALAINATINITNITOUYY

Tempering
ITYImm. AN HV
RN
-5 -4 -3 -2 -1 0 1 2 3 4 5
| 494.6 4894 478.6 4642 4482 4797 458.6 4692 4872 496.6 5082
5 494.8 4912 4762 4642 454.8 462.5 456.8 466.6 487.6 493.6 5142
; 496.6 4902 480.2 4742 4552 464.4 4582 4658 4932 4958 5102
iy 4953 4902 4783 467.5 4527 468.8 457.8 4672 489.3 4952 5107
a ' < & 3 9 v =
M99 U 2.24 AIANULAIVOINTIFDURANNAT AISI 1045828AToAN U TULUD
U (Horizontal) NAMWKU 301151021 33u1finagaunssuATMIoUYL
Tempering
I28¢ mm, AANuLie HV
RN
-5 -4 -3 -2 -1 0 1 2 3 4 5
. 504.6 4924 487.8 4852 4722 479.7 462.6 4822 4802 496.6 5082
5 4942 4942 4842 4842 469.8 4828 4568 499.4 481.1 499.6 4962
; 4972 5022 4902 4872 4762 480.4 4622 4754 4858 4958 5102
iy 4987 4962 4873 4853 4727 4809 460.5 4857 4823 4972 5047
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4 1 < 4y <
ﬂ]’i]\‘iﬁ Y 2.25 ﬂ'lﬂ']'liJl,LelN”UfNﬂ']ﬁL%@Nlﬁaﬂﬂé}'l AISI 104Sﬁjaﬂﬂ31mﬁﬂmfnu“luuua

@ 4 a a
1O (Horizontal) ANNAU 301131301 4')1“ﬁLLﬁ$§]13Jﬂ3'53J'J%ﬂ15ﬂ‘UG]§‘U

Tempering
3TYTmm ANV HY
59
-5 -4 -3 -2 -1 0 1 2 3 4 5
1 505.6 4894 4728 4759 4712 479.1 452.6 462.2 4802 492.6 497.2
) 504.2 4942 484.8 476.8 4672 4722 456.2 4594 480.8 490.6 493.2
3 504.2 5022 4904 463.6 466.2 4754 4542 4624 477.8 485.8 496.2
ma'ﬂ 504.6 4922 487.6 472.1 4682 476.1 4543 461.3 4789 488.9 495.5
~ ' < A 3 Y v =
M3199 ¥ 2.26 MANULVIVBINITIFOMHANNAT AIST 1045828A1dean1u 1uu)
ueU(Horizontal)1AWAU 401151021 23miitazauns syt Mo
Tempering
ITyTmm AMANUUYI HY
A543
-5 -4 -3 -2 -1 0 1 2 3 4 5
| 505.6 485.4 475.6 463.8 448.2 460.2 450.6 476.8 488.2 487.6 512.2
) 5064 488.4 470.6 468.6 4464 456.5 446.4 478.6 484.6 493.8 509.2
3 510.6 4894 483.2 4733 451.6 458.8 4492 479.8 4834 496.8 516.2
m?;a 507.5 487.7 4764 4689 448.7 458.5 4487 478.4 4854 4927 512.5
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4 ' < g <
ﬂ]’i]\‘iﬁ v 2.27 mmmw’uwmmit%umaﬂﬂéﬁ AISI 104Sﬁjaﬂﬂ31mﬁﬂmfnu“luuua

{ [ 4 a A
DU (Horizonta)NAUAY 401151781370 NLASMUNTIVITNTOUYY

Tempering
IYYYmm. AANULT HY
59
-5 -4 -3 -2 -1 0 1 2 3 4 5
| 484.6 4804 466.6 4562 4382 4702 452.6 459.6 4572 467.6 4942
, 4848 4844 4602 4582 4422 4625 4568 4566 4576 4936 4842
5 486.4 4822 4672 4646 4462 4644 4522 4558 4932 4652 4802
iy 4852 4823 4676 459.6 4422 4656 4538 4573 4627 4755 4862
A ' < A < ] v =2
M990 ¥ 2.28  AIANULIIVOINITEFONHANNAT AISI 1045038AMTEANIU 11417
U (Horizontal)1AUAU 40115 10a1 43uiiuazauns syt msevagy
Tempering
ITyTmm AMANUUYI HY
A543
-5 -4 -3 -2 -1 0 1 2 3 4 5
| 474.6 464.4 465.6 4572 4482 4652 432.6 452.6 460.2 462.6 468.2
) 476.4 474.6 467.6 458.6 446.6 456.2 4414 453.6 462.6 463.6 479.2
3 472.6 462.8 4632 4623 451.2 460.2 4422 450.8 473.4 460.8 470.2
m?;ﬂ 474.5 4673 4654 459.3 448.7 460.5 438.7 4523 4654 4623 472.5

121



NANUIN A

FIUNFNMIANVRUTIanna1 AISI 1045



, B%iiglﬂg.éﬁggg

123

)
[\ et Y Pl |
B
= A.nT.
- e %
| ] -
sssss v | s | v o
oo | xvm [ xvne | o [xvm faoen | S =afemml o | ww | an | oo | wves
aaaaaaaa i PRAEH B e [l
Pt o 0T X o -!8-!‘.«!
PR R AR 1) sk F S an
i;ﬁ._.u_s_a\r e_ 8._ MR
S0 S e
o TIE MO0 TWIEIVA
lllllllllllllllll
T ORI ) T D O
lllll A Am Y =&
i SRR T WEEROW | yowm
. mosun ! ™ |sawdsm
W e ]
U W AT SR M E 8 38




NANUIN 3

NIA3§1H ASTM



r—-— A —— |
P |
|: o "—J—] N
iy CHET S DY U | —————E— (R — ::_’{ e
( B rir '?J 1) L/
{6 ——
Dimensions
Standara Specimen Smal-Size Specimens Proportional to Standard
in. n. in. n. in.

Nominal Diameter 0.500 0350 0.250 0.160 0113
G—Gage length 2000 + 0005 1.400 = 0.005 1.000 + 0.005 0.640 = 0.008 0450 + 0.005
D—Diameter (Note 1) 0.500 + 0.010 0.350 = 0.007 0.250 + 0.00S 0.160 = 0.003 0.113 + 0.002
R—Radius of fliet, min ¥ Ya ¥ %2 Y
A—Length of reduced section, min (Note 2) 2% 1% 1% % %

Note 1—The reduced section may have a gradual taper from the ends toward the center, with the ends not more than 1 % larger in dizmeter than the
center (controlling dimension).

Nore 2—If destred. the length of the reduced section may be increased to accommodate an extensometer of any convenient gage length Reference
marks for the measurement of elongation should. nevertheless, be spaced at the indicated gage length.

Note 3—The gage length and fillets may be as shown, but the ends may be of any form to fit the holders of the testing machine in such 3 way that
the load shall be axizl (see Fig. 9). If the ends are to be beld in wedge grips it is desirable, if possible, to make the length of the grip section great enough
to allow the specimen to extend into the grips a distance equal to two thirds or more of the length of the grips.

Note 4—On the round specimens in Figs. 8 and 9, the gage lengths are equal to four times the nominal diameter In some product specifications other
specimens may be provided for, but unless the 4-to-1 ratio is mamntzined within dimensional tolerances, the elongation values may not be comparable
with those obtained from the standard test specimen.

Note 5—The use of specimens smaller than 0.230-in. diameter shall be restncted to cases when the matenial to be tested is of msufficient size to obtain
larger specimens or when all parties agree to their use for acceptance testing. Smaller specimens require suitable equipment and greater skill in both

Note 6—Five sizes of specimens often used have diameters of approximately 0.503, 0.357, 0.252, 0.160, and 0.113 in., the reason being to permit easy
calculations of stress from loads. since the comesponding cross-sactional areas are equal or close to 0.200, 0.100, 0.0500, 0.0200, and 0.0100 in”,
respectively. Thus, when the actual diameters agree with these values, the stresses (or strengths) may be computed using the simple nmltiplying factors
5, 10,20, 50, and 100, respectively. (The metric equivalents of these five diameters do not result in correspondingly convenient cross-sectional areas and
multplying factors.)

FIG. 8 Standard 0.500-in. Round Tension Test Specimen with 2-in. Gage Length and Examples of Small-Size Specimens Proportional to

the Standard Specimen

6.5.1 For matenal with a nominal thickness of 0.0003-
0.1875 in.. use the sheet-type specimen described 1n 6.3.

6.5.2 For material with a nomunal thickness of 0.1873-
0.500 in, use either the sheet-type specimen of 6.3 or the
plate-type specimen of 6.2.

6.5.3 For matenal with a nommal thickness of 0.500-0.750
1., use either the sheet-type specimen of 6.3, the plate-type
specimen of 6.2, or the largest practical s1ze of round specimen
described n 6.4.

6.54 For matenal with a nominal thickness of 0.750 1n.. or
greater, use the plate-type specimen of paragraph 6.2 or the
largest practical size of round specimen described in 6.4.

6.54.1 If the product specifications permit. matenal of a
thickness of 0.750 .. or greater may be tested using a
modified sheet-type specimen conforming to the configuration
shown by Fig. 2. The thickness of this modified specimen must
be machined to 0.400 +/- 0.020 m.. and must be uniform within
0.004 in. throughout the reduced section. In the event of
disagreement. a round specimen shall be uszed as the referee
specimen.

6.6 Specimens for Wire, Rod, and Bar:

6.6.1 Forround wire, rod. and bar, test specimens having the
full cross-zectional area of the wire, rod, or bar shall be used
wherever practicable. The gage length for the measurement of
elongation of wire less than Y4 in. in diameter hall be as

prescribed in product specifications. In testing wire, rod, or bar
that has 2 '3-mn. or larger diameter, unless otherwise specified,
a gage length equal to four times the diameter shall be used.
The totzl length of the specimens shall be at least equal to the
gage length plus the length of matenal required for the full use
of the gnips employed.

6.6.2 For wire of oftagonal, hexagonal, or square cross
section, for rod or bar of round cross zection where the
spectmen required in 6.6.1 1s not practicable, and for rod or bar
of octagonal, hexagonal. or square cross section. one of the
following types of specimens shall be used:

6.6.2.1 Full Cross Section (Note 10)}—It 15 permissible to
reduce the test section slightly with abrasive cloth or paper, or
machine 1t sufficiently to ensure fracture within the zage
marks. For matenal not exceeding (.188 in. 1n diameter or
distance between flats, the cross-sectional area may be reduced
to not less than 90 % of the onginal area without changing the
shape of the cross section. For material over 0.188 m. m
diameter or distance between flats. the diameter or distance
between flatz may be reduced by not more than 0.010 m.
without changmg the shape of the cross section. Square,
hexagonal, or octagonal wire or rod not exceeding 0.188 1.
between flats may be turned to a round having a cross-sectional
area not smaller than 90 % of the area of the maximum
inseribed circle. Fillets, preferably with a radius of ¥ m., but
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b € 9282 2002

FIO, 1 Vihers Hardiess Test (see Table 1)

TABLE 1 Syt sl Dewiguatins Axsoxiated il Fig, 1
Nurker Syminl Desiyraton
| ‘ Argh a1 e rles of h pyrarsed b
AT (1)
2 » Toad fores n Mhogr seraefecoy
3 ¢ th}mummmu‘
nd d
TABLE 2 Vickers Hardness Numbers

{Damond, 136° Face Angle, force of 1 kgf)

DIIWII{I u VIkers Hisness NUniber 107 Digonal Méasured 1 0.0001 min
"o 00000 0,000 00002 0.0003 0.0004 00008 0.0006 0.0M7 00008 00006
0.006 T 71290 68 630 66020 €3 6650 61300 30130 67080 65120 53270
0,008 51510 @9 840 @ @720 45270 43600 42510 41310 40100 30850
0.007 gL B0 BN 34800 33 580 PN 3210 311280 30 430 B
0.006 870 267260 750 B oy %EM 1\ 1NN 13850 a0
0.008 2800 2% 21010 21440 20980 2050 0120 10710 19310 10920
0.010 18540 18180 1780 17480 1M 16820 16506 6200 15 %60 8
0o 16330 15050 14750 4820 14270 450 21 125850 1L E0 129
0012 12860 12670 1240 12260 12 060 11870 11680 11500 11320 11140
0013 10070 10810 1066 10480 0 320 10170 10030 980 LRE 9508
0,014 #4061 g 913 e 854 5820 L] am 5456 Ban
0,015 8242 LAEN] L1 92 180 Tne 1620 1823 Tas 133
0,016 7284 7184 70% 69% 6866 6811 6726 6540 6570 6402
0017 6418 L LYol 9196 Y1 LLE 9950 q91¥ 5% CXLIS
0,018 s 5650 5608 Be21 Bent B4 S0 sw 47 549
0018 §137 5083 5030 4978 4927 4977 4821 LRI( ) 4730 4683
0.020 46% 450 4585 4500 4458 49 4310 458 4285 4245
0021 4205 4186 11% 407 4040 400 0% . 1 1966
0022 8 an ERL) 3N 1666 308 18 159 3587 1836
0023 3505 3475 348 3418 3381 3388 339 33 3 3248
0,024 219 Y 3198 3140 Ins 9069 3064 100 3015 9
0.025 2967 2843 280 2897 2874 2892 2830 2808 2786 2764
0028 2743 2722 2m 2681 2661 2641 a8 m 2682 1562
o 2684 262 2006 2488 240 van 2434 a4 250 2082
0.028 2368 2348 23 28 1%0 18 2261 2151 18 228
0028 2205 2190 211 2160 2148 m e 2102 2088 01
0.030 2090 207 U 200 20/ 19 1880 1898 189 1992
0631 1030 1047 1036 108 18 168 85} Ve el 18
0.032 1811 1620 1738 177 1766 1756 1745 173 1724 1712
0,033 1703 1 683 1632 1672 1662 1662 1643 1633 1623 1614
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TABLE 2 MS&RMWMMMM.WW

Ny A N or
A
Grain (mor)
Sze
N brid g e () () (mm) ()
©
00 025 ass 0.2581 258100 221 04525 4525
0 050 175 0.1280 129000 3126 0.3200 3200
0s o 10.96 0.0912 91200 kXAl 0.2691 268.1
10 100 15.50 0.0645 84500 4419 0.2263 263
15 141 21 0.0456 45600 525 0.1903 1903
20 200 31.00 0.0323 32300 6250 0.1600 1600
25 28 4384 00228 22800 743 0.1345 1345
0 400 62.00 0.0161 18100 8539 01131 131
a5 566 8768 0.0114 1400 10511 0.08514 95.1
40 800 124.00 0.00806 8060 12500 0.08000 800
45 13 175.38 0.00570 5700 14885 0.06727 673
50 1800 24800 0.00403 4030 17678 0.05657 566
55 prd <] 350.73 0.00285 2% 21023 0.04757 478
60 20 496.00 0.00202 2020 25.000 0.04000 400
65 4525 701.45 0.00143 1430 270 0.03364 336
70 6400 992.00 0.00101 1010 35356 0.02828 283
5 9051 140290 0.000713 MM 42045 0.02378 238
-14] 128.00 1984.00 0.000504 504 50.000 0.02000 200
3] 18102 280581 0.000356 36 55461 0.01682 168
80 25600 3068.01 0.000252 22 70711 001414 141
85 38204 5611.61 0.000178 178 84,090 0.01189 1"
100 51200 T936.02 0.000126 126 100,001 0.01000 100
105 T24.08 nasa 0.0000891 8.1 18622 0.008409 84
10 1024.00 15872.03 0.0000630 630 LR ) 0.007071 71
1ns 1448.15 2244644 0.0000445 “ue 163.181 0.005546 59
120 204800 31744.08 0.0000315 ns 200.002 0.005000 50
125 280631 4480289 0.0000223 23 287844 0.004204 42
130 4096.00 63488.13 00000153 158 282845 0003536 3s
135 510262 8978517 0.0000111 11 336.362 0.002973 30
4o 8192.00 126976.25 0.0000079 79 400.004 0.002500 25

Nore !—.\Lislhcnunbaofpimpauilm
Norte 2— 4 is the average grain area.
Note 3— N, is the number of grains intercepted per unit leagth.

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

Nore S— [is the mean lineal intercept distance,
Note 6N, = P, for a single pbase grain structure.

Note 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 95 % Confidence Interval Muitipliers, t (Eq 13 and Eq

the ASTM Graln Size, G 14)

Detarming the ASTM Grain Sze, G, using the following equatons: No. of Fieics, t No. of Fields, t
p— T " muttpler " Multipher

= . 1
,7‘,6 (2.321928 Log Na i roen 2 7 . e
= 7 2447 21 2086

2. G= (8.643856 Log N,) - 3.288 N, in mm!

3. G= (6.643886 Log P,) - 3288 P, in o™ . oo 2 S
4. G- (-6543856 Log A - 3.288 Linmm 10 2262 % 2,069
5. G= (-3.3223 Log A) - 2955 Aln mov? 9 2228 o 2064
] 12 2201 % 2060
Note 1—Equations 2 and 3 are for single phase grain structures. 13 2179 g 2056
Note 2—To convert micrometres 1o millimetres, divide by 1000, " 2.180 = 2082
Nore 3—To convert square micrometres fo square millimetres, divide 15 2145 2 2048
o ! 2 f B
Note 4—A caleulated G value of - 1 corresponds to ASTM G = 00. 18 2110 ® 2000
x 1.960

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

15. Test Report
15.1 The report should document the identifying informa-
tion regarding the specimen, its composition, specification

A or, number of grains, N.

designation or trade name, customer or data requester, date of
analysis, heat treatment or processing history, specimen loca-
tion and orientation, etchant and etch method, analysis method,
and so forth, as required.
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Standard Test Method for

Sharp-Notch Tension Testing with Cylindrical Specimens’

Ths slmded v mued urder the fiasd dengrmticzn B 502 ke menber immsdaldy (lowing de dapmvtm mkosla ke ver of
angiral skeon or, o e o ol sonmen, (ke pewr of o sevier. & by in poerhesa smdoala tie year of lisl sapprol. &

wipencil quion () mekorla o abiond dunge ene 1k o evienn = segreeel
ﬁu:wurﬂnm.'innw-wu'rbu.hw.hufm Baparmmear of Dajeue

L. Scope

1.1 This tast mathed covars tha determi=asion ef & compars-
tve meremre of the msitancs of thick-seccon mmatarials to
frachm mdar plazs-smaiz condificns oniginacng from 2 vary
sharp smess-cozcentrator or crack (Kot 1) The quantry
determized 15 e shapmetck simogtt of 2 specimen of
particular dimszsions, and this valne -:‘ﬂpnu.ds upan thass
dimemsions 25 wall 25 the characsenistics of the matarial The
skarp-notch stength-to-vield emengh o is 2lic detemzined.

Mere 1 —Dires ol ol The gl trian [ratens teugh
iy be made noaccenlanc: wilk Tesl Mehal B399 Cimpanive
e of sesiitiece Lo Eachure for sheet and thes plaie miy be cliaisal
i accofdanee with Tett Meleed B 338

1.2 This test method i restricted fo shezp machine-notched
spacimens (zofch fip radil less than or equal to 0018 mm
(00007 im]), aud applies coly to thess matenals (for exazapl,
alupeinue 2=d magnesim allays) = which such sharp notches
2z e raproduzibly machized

1.3 This tast mathed i restricted to cylindrical specimens of
rwo diamatems 25 shown in Fig. 1. The 27.0-mm -I. el
diamatar spacimen extends the razgs of application of this test
matzod o Righer tongheess lev s than cowld ba pocomme-
dated by the 12.7-mm (0.5, demater spacizase.

1.4 This st mmh.ed is rastricted to mamrials egual o or
greataz than 127 mem (0.3 in) tm thickmess. 3imce tke motch
sirangih depends on the specimen dizzetes 2nd, within certen
Limizs, on the langth, comparises of vanious mazetal conditions
ezt be based oz tasts of specimens having the sarss nopnal
diamzatar 2= @ test section leogt sufficient to prevazt siguifi-
cazt imtaraction batwesn s stress Sald of the specizen heads
and that of the sherp notek (faa Fig. 1)

1.5 Tes sharp-zoich smength may depszd stozzly wpon
femperature witkin a castain range depsnding upos the cher-
actaristics of the peaverial This test method is sxitable for tess
at amy appropriate tmpesature. Howevss, comparisems of
various materal condittons must be bawd oz tests conducted =t
the S TMpErAre

| Ties et ] tn onwder [ pomtstion ol ASTM Coamaraber B8 on Ftine
ezl Prackne wrel 1 the e reqemuiaty 20 Soberameres B0 D2 on Shrslanls
= Temroodegy
Curenl ek approvad g 03, 190 Publishal Ododer 1560, Cognalis
mithished w0 infonration ol Hr:r:r:ll-:r 194 Laal previoun ekdm
fr - (e

et/
L
1 i -
% ..:.___.,.__% )
l I
! |
Lga
o e
| P =

Mom | —Disessions are in millireeses ind (ke
Mo 21— d sl be conossir with D withes 0033 e (0000 =)

4}
Meni=el S d L, M=o
W [P NE] L RN ] 254
|5z O (R jodiz DR £n ey
Tda 2y =013 [ETEEN IR
| 1080 = O [ R WOH)| ey

FIG. 1 3%ancard Teet Seotions

1.6 Tks valnes stated in 50 (metric) uoits ars te be regarded
zi the sizndard

Meome 1—Futer informilios on burkgrousd and need N th gype of
ledt i ven &= the Founh Repat of ASTM Comeiles E-24 (1) an
Fracture Tesling, s well as oty compeimes decuments (2, 3, 4)

1.7 Thiz stamdard dops mat purport fo address ail of the
sty concerns, I amp asmoclated with i wee Jt 5 the
responnibiiny of the wser af this standerd to establish appro-
priate safety and Reaith procrices and deferming the applicg-
Bility af repulmory Dmitations prior is use

2. Eeferenced Documents

1.1 ASTAA Sramdands:

5 537 Test Matzods of Tenszon Testing Wrewght and Cast
Alusiones- and Magresizm-Alley Products®

E 4 Practices for Force Varifizaton of Testing Machimas?
& Tast Mashods for Tunsion Testing of Matallic Masssials!
137 Practice for Conductizg Il'np Craap-Rupmurs, e=d

Sirans- -Foupture Tasts of Metallic Materials®

1 The boldivos ruarbes o paronl ke el B G bl of refermso appenderd 1o
Lo medbodd

1 el Bood of ASTM Siamderdr, Vol 5302

i vl Bocsk of ASTA Siamdoreds, Vol 8300
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ik £ 502

E33F Test Method for Sharp-MNetch Temsicz Tasting of
High-Stmangth Shest Blaterials®

E 3BE Tast Mathod for Spectral Bandwidth and Wevelength
Accaracy of Fleorsscance Specromutes”

E 399 Tast Medhod for Plaze-Strain Fracture Tozghness of
Masallic Baterials®

E 502 Tast Mothod for Sharp Motck Tasting with Cylindri-
cal Specinzess”

E&16 Terminolegy Ralatizg to Fractore Tastng®

3. Terminology

31 Duffminons:

311 crack strempth, o, [FL™? }—the maximusn value of the
mozinal (pat-secticz) stress that 2 cracked specimem is capahbla
ef sustaimng

3101 Direwssiom—5Sen defizitios of nomizal stress in
Tarmimolegy E 616.

3112 Desowssiom—Crack strezgth i calculated om the
basis of the maximm load a=d the originzl mimmwem cross-
sactiozel area (pet cross secton or ligament). Theas, it takes id0
mocouzt the original wize of the crack, ket tzpors e=y crack
wxtnsion which mey oocur during tee oast.

3103 Discwrsior—Creck stemgt: is emalogous to the
ultinzabe fezuile strangth, 2 it i5 based co the ratio of the
eaximun: load to the mizimum coss-sectonal arsa of the
spacinmen at the start of the et

312 nomimal (net-section) strers, oy, [FL7 —in frochoe
tering, a memars of the stress oz the met cross secton
cakezleted = 3 simpliSed paapzar and without tking i=to
mocouzt srass gradicsts produced by geometric discontimitios
such 25 holes, groowa, fillets, ebc.

3121 Direwssior—In tensiom specimems (tension omly),
the average stress 5 used: o, = Pld, whare 4 = B (W - 4]
for mectengulars, e=d A = (=a®)'4 for circulars.

3127 Dircwrsior—Iz band specimsszs [teoding only), a
Eber strass be weed:

w R
e -£|.r-a;.’ o

3123 Discwrsion—Iz compact specimezs (temston and

bandi=g),
2FIF + a)

T @

3124 Direwssior—In C-shepad specimans (isosion and
bandi=g).
(I + IF + &)

BIF— af &

ay -

(=Y

121te3124:

dizmeter of nofched sectiom of 2 circunsfarestially-
potchad spacimez, m forin),

load, W (or Tbi),

spacinez tickness, m {or m.),

spacinzez width, m (or in.),

o AR

129

a = crack size (lzgth of notch or notch plus precrack) m
for m.},

Y = leadizg bole offtet, m (or in.), and

M = bendizg momso:, Nm (in-Jbf), and e resuls, oy, is

grvan mm Pa (or pst). Ses Tast Mathed E 320 for Forther
sxplanatiozs of symbols.

313 sharpencich srength, o, [FL™ [—tts maxizue
nominal (oet-section) stracs teat 2 sharply notched specimen is
capakls of sustaizing.

3.1.3.1 Duscusrion—Ses definttion of nomizal {net-secton)
TGS

3131 Duscurrion—Valzes of sharp-potck stremgt: may
depe=d on mosck 22d specimen confgaration as thess aec: the
net czoss section 2=d the elastc stress cozcenizatiom.

3.1.33 Discussion—TEs tsosdle specimens wsed in Test
Mutheds E 3BB a=d E 802 kave notch root radis shat appreach
the ltmit of machiming capabilsty. For thess spacinens, the
radins & balioved to be small soongh that any s=oaller radizs
that 35 chfainzble by standard mackini=g metkods wrezld net
produce cEanges, in otk strezgth, that are signiScant fom an
SDFinenng Viewpoimt.

4. Sigmificance and Usze

4.1 Tks sharp potck-to-vield stremgth ratio provides 2 com-
parative mezmrs of resistancs to pline-strain factare osiginat-
ing Zrom cracks or crack-liks discostimsites. Howwver, a2
sufficiently high valnes, the notch-to-vield stength rato pro-
grassivaly Joses semsitivity to changes in plane-sirain fracture
tozghness. Avatdable datz izdicats that wseful senstdviny &5
maiztzingd =p to 2 walue of abemt 1.3, Ar a gimen level of
towzghmess the notch-stungth matio decreases with 2= mrmwase @
ncich specimez stze. Theswfors, wheo the =zotch-te-yld
stungts rafio of the 127-mm (0.3-in] diameter specimen
exzaeds 13, the 27 0-mm (1 Yiemm) dizmeier specimsn is
recommanded. The sharp notch-to-vicld strezgth ratio &= et
intezdsd to provide an absoluts mesars of rexistance to crack
propagatios wiick yighs be zsed in calculations of e strangth
of structures. Howsver, it cen sarve the Sollowing parposes:

4.1.1 In research and devalopment of matenals, to smdy the
effscts of the varzbles of compositon. processing, beat-
CeLTment, #ic.

4.1.2 In servics eveluation, to comupare the musisiznce fo
plane-strain fractemw of a oumber of materiads that are cibes-
wiss squally szitmbls for an applicetion. or to slinvinaie
matarials when an arbitrary minmmu= accsptable sharp-zetch
stungt: can ba sstablished oo the bazis of service parfomzazca
comalaton, o some other adequate bass.

4.1.3 Fer speciScations of acceptance and mamfichaizg
quality cootrol whee e is 2 sound basds for ssteblisking a
mumipem accepizhle shapepotch strezgth or mio of skarp-
notch soengr: fo tensile vield strength Detailed discussion of
the basis for seitng minmmun: valses in & partcular case is
beyond the scope of this matkod.

4.2 Tke sharp-potch strempt: may vary with tempesature.
The temparature of the specimem during sach test shall,
tharsfore, be conizolled and mecorded. Tests shall be conducisd
througkout the rnge of sxpected sErvice tecaperitores T

aerartyin tha ralabion harraen =adrh strasmeth and fammearwirs
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Effect of Tempering to the friction welding of AISI 1045 steel

eilr adwrend

#3d moanz

URFREE

Anfennruusadoriu .']Lr".=1.1'm'111i‘£'..*1m:.|*1r.i‘n‘..ﬁ‘raﬂmia’.ﬁ'.ﬁu‘!’nq F1auila
fulmelifod e emaruursidatunnforion n'r's..ﬁ.'.'.«:u?nr:.na.ﬂnuﬁ:.'nﬂ:qu"t.:.."w
Eamusniuiniraueslifawgy widosnsar o fanssiougduntonmeadosdnmare
nrrfeusedlerieiiseninaonndnsss neandddsnse siur Turudeifloe saadife
Arednwusaofiasnitgamnvoamdnndserfuoudunans 4511045 Adunszriunisouyy
rwteu  aemrsdesauvaradoriu ﬁuﬂmmnmr.m‘ﬂnn'u'.'ur?LFL:."l:IuaTnma 13 mim.
d1usu 720 Sumelideylormmfesde mamduluaada 2 3 ues 4 MPa ETuAsdR I 3 ues 4
s raivsey 1820 pm wéfuralidnnfossuussnisanunglddeuls W sy
rrai wiaf wesosiUmnoulmssr e sarn vt sossusdon santmeeseawUE
Fuyrufiunmouiufs iu“uﬂri'm’:"s.F“n"uui-:ﬂ.'::ﬂ':’{' TR TR TS U ORI RS U R T

sarerafdlemmdnnddhinuendenss fonrirturufiunisyulaud

Frdidy : nrrrufaads, arsoududs, amoudou

135



Abstract

The friction welding is the process that can weld the szme material or dferent
matarisls without merger and wsing le=sc tima 0 welding. Thare ctrength ot the hest efect
zone are high because the piece combining full sectional-cross & =nd non porous. While the
welding heats up . The arc of the weld can affect chanees to the structure of the steel and
the mechanical property of thet pisce . The purpose of thic receanch iz to chudy the micm
structure of the medium carbon stesl A5 1045 that pagsed heat trestment proceds, and
friction welding. The experimental 720 pizces had of 10 mm diameter. The conditions for
thiz esperiment were comprescon presowre of 2, 3 and 4 MPe, comprescion time of 2.3 and
4 g, & roteting cpeed of 1300 rpm. 'Welded the pieces by friction welding and pesced fo the
tagt of hardnege, tengils, and the slemant of the micre ctructure 8t the hast offect zone.
The recults are ez follows. The tempering piecac had higher tencile study then the full
ann=aling and hardening pieces. The micro structure of the t=mperne pieces for hed thet

the graing of cteel 8t the welding area fine than the full snnealing and herdening pisces

Keywords: Hardening, Tempering, Annealing

136



U

s dousetnivens i desavuus sfeanudun e dstlE sumanudasmniuem
ERaTATTNATIHEREY graTnTTduA e grernreeUnseiEEnnsodnduazinih
Fuasdugud 1

U7 1 Eusrusneuid fousvuasisany

Werwruus dendmssdwsrsos fosdiea i smrma s foridied sandae e adoy
Faeiftueundenisiaunanduirdluoeduenuld sfesdesfeinesdszauassaiadiunig
Houvoran r‘ﬂqruﬂu'l."l‘q E4ATR Lﬂ'auﬂ'-il'ﬁu:‘h-ffulﬂun!"ﬁmn'l.uﬂﬁ.ﬂnu rsfleun s fear
Dunssrsunmeesiadnmeleusedunuias el mussneihues ol
grdDumasfinaulsludessurarndoary Tumsfnwmimnefussnimasen o
atsmanilpmnanwuiulEluenmny Vil Tylecote, 1962) AR daUsidasonmuaminindox
prmd taravntawy foy wazrrmeds (Mumin, Erol, 2003 1 1EPnaidradsiomeaufluare
rrrmad tasanetaua dou et i duus s v (Mitelea, Cracivmessu 20100 LEfnwa
FAeafudagdsfius e anlunseusunnfonaouasafoey Tuveian praatlafu (Mo, £
Sundarssen. 1933) 1AARsaniasf s audidun s fesuu s Ao usewdnseugs REMS
Fumdnnsrrfuoud N an ASIL045 (Sabmmai, Palandumar 2004} lEfnw s dmediluese
Famai s R ses fes 511035 (Mumin, Erel, 2007) 1Efnwmaandfi@mave e
ArmsvunsafeamulREnTTRRI0Y WIIR WHATTRYA ATHAT MR PITHLEY

nifedaaUszerflunitAre e nTevuagans eufuds e den nf enuuuusafaamiu
wEAnE ULl TuAAT A5 1045 Trenfneluaruse e nssnuaalunsds eeduluniséa
Tsenrmseediiasdinrmereuussda sazeiuuis #qqﬁqnﬂ*ﬁﬁuﬂmwamuamaauumﬂ'ﬂm#t
wisermudmeaundonsrrnrsnsreseylnranirmente (Macrostructure) Insanizagenie

(Microstructure) LESRTIODEUURALIATY (Crain cida) '.ﬁuruuun-'t"ﬂu

137



FEmsase

1. Tarounal

Sori i lurrmeresdrrs e frewdunat 219 1045 Jowiltsnourae s rremell
'g.'l.n:"'l..‘-'lHFE-Iﬂll‘J'lHlﬁLf-l']l!Lﬂ.nF"ﬂ 10 mrm. 817 100 mm. TRenmetilurmeon G 3 Au T

lurssrsunisguiudariounmm douuussadesy

F1aeR 1 aadlezneuraaadl Chemical composition of base metals AIS] 1045

'i’EIF1| R&C B&Si %hlron, Fe hE FBhin Ly

AEl 1045 047  0.z8 98.53 0045 0.56 0.031

2. ATEUTUATOUR IR TR TR
furdiunisnerurunmurnsiouluduneunisey wanseud 20m Taeshiniseugou
swyseiflgungd £70 °C 6o 3 ilusueroundld L2 SlvmEmndfuvddosldarndudilumld
merserom 5.7 Elua E'J'ﬂ 7 [ ﬁL-ﬂﬁ.ﬁ'un'u:m:quﬂ’..iﬂﬂanqﬂ g0 oC Teaan 3 dalue waz
suusls 12 dalus wdaernduvaesliusmududsludnty 200 ¢ o o 2 om Burrutrsoudy
Frfgorend] 00 °C Waa 1 Fl wreUdeaWiiudluetme 5°C smin (2fa alsluan. 2543
e fe T Tan R gnasuruATE AT el 3 furou ol rrrdomuuuuss

AeevrrudoeTondudursaoummaueslesnimademsInelukdereld

i
iniiy

e Jmidia 48 TR LEL
1ok A
L | Fashral |.'||ri1r.|/‘f

A ek bman 3 CoarE
LY

e L 4 " I |

e e ———————
-

L TR L 2 T R T ]

138



pErila
Ui
{2111}
LI LS — LU
W i il | I
. I I3 : diedihainb 1 © il
i ! A 1 1 h
o ko v
i i i i i
1 1 | H
) i i H |
|IllI 1 | i H
- i PN : I\
ik 1 i 1 |
1 | | H |
L[] ] L H
If - !-1|- 2z .! [T
u. arRgumnlrmsguiud
i i
(L]
aar Hardesing
L e b Rt gre
. ;;:y—}
| prew w0 | :',I )
b A P Pl il 1o i
T | | 1 I ||I,-""
I i 1
L - - |- i il AN
" i i E i ! !‘l{"l"‘ﬂ"“ il
L] izm i i iu i a1 .! I I I pre

m. Feonenndlatreuful

l
EIJ'H 2 mmun’nmwnﬁiu

el 2 Eelmoanndossiruusafearu

Busumaaeus 10 mem, L2100 mm.

rrellflurmsdat (o) 34
arudulun1Tla p (MPa) 23,4
rillflunsdosny & 4
matudulun o (MPa) 14
mandlunrauguiuey rem) 1200

139



U 3 ideadenavusa dosm

3 3Ensfne
Arvran T estussafzavrudatumasuindnf s radnmuusfuane
vinnssiion mesed s fes msnBsuisulmaicanmenslnsan i
3.1 HERTRTTAREUNTEA
ﬂﬂﬁuﬂumﬁmmﬁﬁuﬁﬂmmﬁqﬂi‘ 4 uE AT AN U SR AR TTNRREUUT R

somon e dnndrrfueudiunan st urmerrunTs Full Annesting

U 4 nrTveRguaTaRs A [ DM 50125 )

704 & wemenmisucdsee s feusdoadimmmnlrndsvaalunda 2
s wazmuduluntsts 2 MPs TR wE R maered ws s agn e eufieudy
matsessrduiy Surmuidumseudut errmrsesfnelumsis 26 wassrwdslunia
2 Mos axliserandusdnaned 2256 vee Surufiunsguiedfiaalunadn 2 ¢ wes
erudulunteds 2 v Tkl u'.r-zﬂ-:qaqn'ﬂ 4920 MPa dﬂu&mi':hwmm:iunuqﬁ
wetlurels 2 o prmdulunnsdn 2 MPa TiSerwadausafgign 200 MP2 REeRAITRRRES
woiEmraedamnerenf oodorrudilumsdaiundy 2, Juas 4 WP dmrsed oo
svndendsorndenuouws s Aomndawliaanas (dead LALLIE-RE S E Ausedilend 2353
metunrnfesmrudnaseeuednsnrndosneandn  am 1015 Adousvuessiaawu

s rereeand wou. 33 atdl 29

140



BE ey rraalay e soeay

z
i | S — T e A
o= - o Ve e drasfis
J. T 5 | weet——
i = —I= .

m: -1

" 1 y ¥ s Wnd

-l
UR 5 uinﬂitﬁumiuun'ﬂuuiw:-:ﬂq-:qﬂu—nulwnmlum

FRRTTERE T U T

;
/

e — ———

& Sdvenis aufed
- '_ weltnila
- -

warmd el e

[ i E & Wi

'_n}ﬁ & HHFI"I'SI.'I.H'BUlﬂﬂuuﬂﬂii}li!ﬁ#umml‘lﬂﬂﬂﬂﬁd‘ﬁ

szitulddiatlunssda 2 Jund Tidesmedesfagagandiaeilunisa 3, 33ud
iy |.|.-i:rrm1mnnmﬁ’-!ﬂu‘:"u':m'l.uFrﬁﬁm‘ﬁuq-:&n:iﬂlﬁnmuﬁ-:uﬂiﬂﬂﬁiﬂm rm!'d'ﬂ
& wuield deullurmasemis Lﬂnrml.rﬁ'u'l.'um:ﬁma:uﬂﬂ"u'lun11ﬁnt'ﬁugﬂum1uui‘:uﬂ
immuu'ﬂmﬂuu"a'[ﬁumqMLwrm'1Frm'1ui'mmqumLdﬂﬂﬁﬂtﬁuy#um:lﬂaﬁ'ﬁ'lﬁﬁuﬁﬂ
gampdde e aundond Aimswdrurussdsies Dlverovinauusifen Tugud 7 ans
Wirufsudneasiasei o fadinsvuien Heat sffect zone (HAZ) eefurzmiuus

woauradoudely

141



- 3 .
W 7 madfeudeunrstunslumsdaduaronnsaosuadon

3.2 upnrrTisaovevsedmoaidon
. = 3 “é‘ -
nemaraeuseradlotmnaustnafnarun@eussdmnantunueenty
Fusz § 98 MENINTETY ASTMAE 92 sinthusveinraudififAensinutudflstusancemy
nkus Fud

- .
FUR 8 Famisnracacuaiisude

snnymeroun i@ ounuuinafvanty

%00
8% |
00 - (P B T
T o g n"‘h"ll‘ & TaTY AT
§ o x g ke 205
55
3 0 = <
g am | bﬁ._’,—( )».‘\*_ o ~f-Herdmog el Lol srwiuh
ek 2 NPy
w0 |
200 |} g Ful naraviog i heele 2 %ol i
1 | Arata 2 ivbe
a
7 9 4321011234586

-
AL sorteammareunuuiiosdunudesaruusaeary
Tummanoveruundonienaussuisafinarafunueeniufiues € 98 muNIRaE
ASTME32 wintwamsliennimimssdimaiuifialucansnueniacs dugudl o uanee

Mwnaeunnu\siwoﬁunumndouu.u'u wradsaniu ﬂu’.nm3@%1\-umtéwu’.nmmqaam=

142



b

waeeurrmuds fumilinnmruiad hlnardednafodtranmeadiiuanda
At deudeg aftieaninlansg Ty furitunmeuRudniti e et s souned
srzaanr i ioat s uasdiaruwdendsdunsudmaa i uiaad srandlneads
TnflRsslanegy Turnditurseuteulmaifidee dumedlafdene Fulnuflisza
Drrafruiifasnecsdlunsdadnillewlane daurrfinaet b ol sl oo seanud
rrmudmanioy oneenvRseuiufuiaimusaaslim il it unseeiouds

AR T HATEIA T T T TN L ER T

3.3 wansrTieeeUirnaingan e imse T e Rmeo Loy

mnsanITrTRreUiaTnigRn mee i onsuuk s lsariu wuslnsseiugan e
furumoneiandwriueiliunans A5 1045 'ﬂr-i'l'Jﬂ'I.F‘Jl'i".l‘l'l-TlF:’M'1l-ll.l.'lf~:.Hl-’l-lfiﬂﬂ A%8 IR
vt 2 Tl wazssndvluresga 2 MPs dotfandievinseiveeudonfuinufvsa
Tewzgu wezvdomnsenuiou  coedvsmrmudnrmosenden 21990 11 wandinsaning
aarmrudnn 3 uriuinrsvudousoun @ endnadtefuouttunans A5 1045 fkuans
euogduanysel wutladuanftssauasleuandaafnonendreesnrstouainninden
niudpns e d@nunuud riaunseneiouasaes 2ngUdl 12 Tasaiusenteuton B
med nadmrduewliunata A8 1045 fiumrmmuiads wutessadaezane: wodwdonladi
vrzaezdeeilanzvunalngdudnAranastruss snfrunamafoarudsa liutaw
rzruieurrmudnidnusanritie® arngud 13 lesafragennadion Eodnndeafuouty
nena AIEL 1045 Fdrunisovdud edafiiunted Temperng UResanzrniuefesludolausl:
suzdsrfues funuedeunnmdazanas woininaiuflndfeanesdaeilansd
seifertudafrenundrurenuiouenmafsaniusas e i ad nonserufousses

-l »w
LRFJOE

ul ' =
JU 10 desimsaauinsaaina

143



R 11 lazntrmoandnndierfuouiunana A1 1045 Finrseveduanysal farelu
n1da 2 Tumuezmiudulunisda 2 1Pa

Ui 12 Tasaefrivoundnndeniuewiunens A1 1045 Ariumseuiiuds Fenatiunicda 2
aruezmuduiuniida 2 MPa

3UR 13 lesandreecandandmiuoutiunana Al 1025 Frunevuda dssaeluninds 2
usrmamduiuniada 2 MPa

4. avdneninases
snmzdneidonmdesvuusadvanndiddor o siuidumatinnizuruncoy
sumsfeuldun micvesunnysal msoufuda Wuniudvanwlesaiuliflansasaadnnar

wnrflermadeaatineimiondulasdiedann &

144



L wunidlsufesefsnend Sy mnmsar e seeaoveTei dursfsoonaindy
azoguontfiauTesdoy

7 dFwlrsetunrsdfreazaraduluns s ovur et o s fenlzant ndls
metlunmfasesmanudiluansdaeed el msnonus doueans

3 'I-'.qm'ﬂ-:-:‘-;mnum.1.1.ﬂnuu.rr'rd*‘rL_fm'm:.Etmn'ﬁE‘Jﬂwﬂ'im-:ﬁ'u;ﬂn'mﬂn':"l.

enrpdurzmTsnfunTadtlina

nemnTslTEmA
g " =
ruiteivovounmmnz InTueeed awrivengaoasluladeesanedygul maduvdrinem

gramans TiermeysssisiedosUnsoinasdnenrameranlunniide

UTTTUN T

wgadl ALt was wee dusadndrd. (25531 rsAre@nueeeaetlunn@essudlne e e
sirarrvereedmenndn a9 1050 fifeudzousnfoann. seestenieidsaTey
HIAmEOy, 32

il afivSues. (25431 TearemeatsouTIEn. (Ravedad ZLATAEH | IETEARTREM TR EE.

Dobrowvidow. AL (19751 Selecton of optimum condition for the friction welding of high-
spmed gtesl 45 Weld, Prod, 22 03, I2-26

Mumin Shin. (2007L Characterzstion of miechsnicsl properiies in 451 1040 part welding oy
friction, ‘Welding materslc chamcterization, 58, 1033-1038

Murmin Sahin, & Erol Akets H, (20031 Joining with friction welding of plasticelly deformied
Steel. Joumel of Matersls Processing Technology, 142, 239-2d4

Selvamani 5T, & Palanidournar K, (20021 Optimizing the friction welding parameten to atizin
mesimwm tensile strength in AS1 1025 grade carbon Eteel Rods.  Jounal of Materails
Proceising Technology, I132, 1E9Z2-1B95.

NALWA, (19262L  Friction Welding of Metels, New york

145



sz Iagiaen

] J

‘]’?ﬂ-ﬁflﬁ WIWYDUNT HATNINANA

LY A Y a

M 1heu Yia 7 NINgIAN 2509

H ] o o [ v 4

‘ﬁi’)ij 228 ¥iy 6 AU A1NYI BUND AIAYTI WWNIA UATAITIA 60150
= o & = a v A

NIIANHI AUINITANHIIAINTITUAITATUUNG

AVIVIAINTIUYATINAT
Y = a 4
an1tiuma TuTags 1suana Mg UYANIAL
d o o @ o
Uszaumsanisinau dniniannaussauzAIazYAAINTITIANE
4

1 =K o o/
Aqua W.a. 2540 dailagiiu

w3 INIANm 084-1287100

d
GBI Anikorn_Siam@hotmail.com

146



	1 ปกนอก
	2 ปกในไทย
	3 ปกในอังกฤษ
	หน้าอนุมัติอนิกร
	บทคัดย่อ
	4 กิตติกรรมประกาศ
	5สารบัญใหม่
	6 สารบัญตาราง
	7สารบัญรูป
	8 คำอธิบายสัญลักษณ์และคำย่อ (12)
	บทที่-1
	บทที่-2
	บทที่-3
	บทที่-4
	บทที่-5
	รายการอ้างอิง
	ภาคผนวก-ก.pre-test-docx-ปรับปรุง-7-4-2015-เวลา-12.00-น.Mos
	ภาคผนวก ข
	ภาคผนวก ค
	ภาคผนวก ง
	ภาคผนวก-จ-ผลงานตีพิมพ์
	11 ประวัติผู้เขียน

