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KAMPOON PROMSUPHA : HARDFACING PROCESS TUNGSTEN
CARBIDE FOR AGRICULTURAL EARTH MOVING BY OXY
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PROCESSES. THESIS ADVISOR : JONGKOL SRITHORN, Ph.D., 151 PP.

HARDFACING/TUNGSTENCARBIDE/MICROSTRUCTUER/HARDNESS/

ABRASIVE WEAR TEST/TIG/OAW

This research presents the new optional welding repair method for earth
moving equipment. Hard facing welds were performed by Oxyacetylene gas welding
(OAW) and Tungsten inert gas welding (T1G).Carbon steel grade SS 400 was used as
a base metal and fused tungsten carbide was selected as hard facing material. The
properties of the welds will be evaluating in terms of macrostructure, microstructure,
hardness testing and abrasive wear test (ASTMG65)

The macrostructure of the welds reveals that for the single layer of the welds
performed by TIG, the tungsten carbideswere found at the bottom of the weld due to
the welding arc and high heat intensity. For the 2" and 3™ layers of the welds the
distribution of tungsten carbides was distributed on the top surface of deposit layer
due to the lower dilution of the welds. The single layer of the welds carried out by
OAW have no dilutionand carbides were found at the top surface of the weld. The
distribution of tungsten carbide in 2" and 3" layer of the welds was spread all over
the weld due to the low heat intensity of OAW. For the welds microstructure of both

processes are consisted of ferrite and pearlite with dendrite structure.



The percentage of ferrite and pearlite are different due to the cooling rate of the
welding processes. The abrasive wear testing reveals that the distribution of the

tungsten carbide has an effect on the wear resistance and the hardness of the welds.

School of Industrial Engineering Student’s Signature

Academic Year 2015 Advisor’s Signature

Co-Advisor’s Signature




o\ =)
daanssndszma

aw v Ao g ' Yy = LR o
TﬂﬁwmawnuuuﬁmmaNm"lﬂmam1ﬂm1uﬂ§mmaxammwwmmmzm

] A <3 1 = g’/ 9 a 9 o A Ao 4 =]
¥roiaouoda WQiHﬂWH?GﬁWﬂWﬁ HAZATUNITAUUUIIUIWY 1N D1V1TY AT. WWNA AIDI

P a a S Y 4 a o & Y s a a o
@'m']iﬂﬂ‘]_réﬂyﬁnﬂﬂ'luwu‘ﬁ HYIYATNTIITY AT. DATNA WIDU @1ﬂ1§ﬂﬂlﬁﬂﬂ1'}ﬂ81uwu'ﬁ
A Yo o |w v ' = o A = v 9
5'Jilﬂﬂ§m']ﬂlﬁﬂ'lllu$uT]Jfl1]TJ?\1Llﬁ,"lallell'ﬂﬂﬂWfl@\33'JiJfNL!u'JVI’Nﬂ’]iﬂ’]luuﬁ’]uﬂgﬂﬁ@\jﬂmgﬁ
o = = & ' ¥y AL
Vl'lﬂT'iﬁﬂH']ﬂ\‘lell@ﬂﬁTUma‘]JWﬁijmlﬂuafJ'NQ\iub U N

v o o da’ o < U Y 1 A 1 A
ﬂ']'flﬂﬂﬂ']\ﬂujﬂﬁ\1fnﬁﬂTJTJHﬁ']ll']ﬁﬂﬁ’]ﬁﬂﬁ]ﬁ'NulﬂﬂEﬂWﬂﬂ'J']iJGIf'JleWaﬂllagﬂ'JnJﬁ'JiﬂJ@

= o o = an an s @ 3 7
NNRIYY UIA QUTMUA 1IIGARRUAIFI WIS 1A Auliiaayysssy audlsua mys

= S A

d‘ a 1 Ly Y ] A z:gll d‘ J
wilu'he uaz qaillenua gau WnAnySyanes NeeslianusiemacuuzluGewmn o
< 3 ay o Ao < [
MNTZNAATITUMIT IATINUITE TvenT UV UNIZAMT OIS
o v Aa J a a P4
VOVDUNTLAW d1UNIAINTIUAIAAT A1V1IHIIAINTTUATINNT FUIDI1ATT
A A A A A A a o ~ A A o
IAT99UD1 DIATIATOING 2 11AZDIANIATOIND 10 WHINeIaoma Tu Tadgiu1ane e A
d‘ d‘ A d o Y] a o d‘ 9 = | 1
azadnuFoveuAI0INonazgUn Il d 1M VIIUITE AaAIUYAAININEUUAYUNTIUIIN
Y Y a o dy dy ~ o o A a o
lumslviveyaluanuive uazameaniunlumsimautivauity

a oA a a 4 S
UDUDURA WY “rgijf]\i1JQ“]JG]ﬂTiﬂ1ﬂ’J%1’Jﬁ’JﬂiiNq¢l’d1WﬂiiN 3 uazg{uamﬂiuiawau

=

11395011 01M1350U5W 11109 CB 1203 um1Inerdomna L Tadnszaounaisui

9 g 9 = Y ' A 1 Y Y < A
’(,:fﬂVI'l‘(’Ju"ll@ﬂi'lUGU’f]UWi$ﬂm@ nmummmmnﬂ‘muvmmui’mslumicl,wuay,mﬂuw
F

= J

=< o o = v ) a o
“]Jiﬂ‘bl111!fﬂi1/]11?]iﬂﬂ1uﬂﬂﬂu%ulﬁi%ﬁuﬂiﬂ!§lﬁf]@ﬁ]uﬂ1i@llﬁllﬁ$1ﬂﬂ’31um11mﬂﬂ’3ﬂﬂ

u U

v
AAy

anpazassmshnaulIteiimiveveunszamld a Aildae

EO
=

MU NINGNE



a3ley

%
YU
UM OO0 (VY0 i )
TNt O CA Y TR TaL 3 ¥ FO Y
LY LR Va1 L 22 L 3
ATV ?
SRR Y1311 ¥
3R TR 1L | TSSOSO 2l
~
UNN
LN V5 Y U 1
I o
L1 A nag A A e, 1
Y] o Aa v
12 IR T RO Y e 3
13 U AU T I e 3
1R T L T R R L 4
o"d‘ [ @ a o
1.5 UseTonina1aa0e LS UV e 5
= Aav Ay
2 NGHUOS M IUTUNE IV oo eee e eee e 6
A A 9 A
2.1 NOHRNINEIVOIVOINTEUIUMSTONTANE 7
[ 4 4] a a
2.2 waﬂmsﬁummzmumsz%ammﬁa@ﬂ%muazLwau (OAW) .............................. 8
2.3 wﬁﬂmimmmzmuﬂm%uﬁﬂ(TIG) ................................................................... 9
¥ & o v p
24 VOYANUFTIUVBUHANAAIAITUBUNTA SSA00,........ooooeeeeeeeeeeeeeee e, 10
2.5 mﬁmaammauﬂamma (Mechanical Properties Test)............coccceveeeeeeeeennn. 11
a o a
2.6 MIAATIEH IATea3 1919 TaneInen (Metallurgical Investigation)................. 13
2.7 MINAAOUMIANHIOAWIIATITIU ASTM G65,.ooooooooo 14

2.8 mInaaevuuy luviate (Non Destructive Testing) 15



131y (¢10)

%
YU
9 A
2.9 ANNTOUTUMITITON (Heat Input) o 19
2.10 ANUIVOVNVOITANE (Dilution) e, 19
201 AT TUTUDTU PLC oo 21
=3 ad o a
KRR 1 T (1L E T R R 1o R I T VL ST 25
3.0 MHUAIS AU OU U e, 26
d‘ A [ o Aa o
32 19300 YIAUALQUNTATUMITIVY, e 27
3.3 MIMUUATIVBUAZDONUUUNIINAADI 34
Y
34 VUROUNIT AU U Il e 35
a d a
4 HAMSUAZHAZONUNENAMSNAADS 42
= 9
4 TN AT AT N DI e 42
42 HANABBIMSIAVUIAVOIRITAUMT LU 46
= 9
43 AN AT T IOV e, 51
<
4.4 WAMINATOUANNUVI (Hardness Testing)....................... . 57
4.5 Nﬁ‘ﬂﬂﬁf’)‘ﬂﬂ”ﬁ%ﬂ‘ﬁﬁﬂﬂ?ﬂﬂﬁL%ﬂﬂ%@%ﬂﬂizu@uﬂﬁ
Abrasive Resistance AMUMIATTI ASTM G65. oo 64
5 agUmamS IR URIT UYL e 70
SR B bR AR T 70
S D U o 73
TN TN D0 74
NANUIN
MARUIN . wamﬁmﬂzﬁdauwﬁnﬁ’ﬁ@ SS400 LLALATNMTNAADY oo 77
Y H )
NANUIN U. %umuﬁmuﬂizmuﬂm%n TIG LAE OAW e 101
MANLIN A, TUNAMTNAROUVDINABINANTIAN 114

sz iagiveu 151



AR ITTIREAN

4 v
M35190 Hin
1.1 UNUAMSAUHUOUIG. 4
21 AuAVUANINAYBUNANNAISS400 11

1 <
22 @wuRgumaalveunanndsueu ss400 11
[ 3 < kY
23 manunddlegdssavewnswwanran 13
3.1 amwdwes luma¥ey oAwW 34
32 AR5 JuMsoN TIG 35

' < 4 Y o g
4.1 AAVLULD Y Micro Vicker Hardness ﬂl@ﬂﬂ'li!f’?f@ll TIG N OAWITUIU 2 YU 57

' < 4 Y o g
4.2 AANVLULD Y Micro Vicker Hardness "Uf]\iﬂ'liﬁf@ll TIG N OAWITUIU 3 U 58

Y <3 L @ ° g

43 VBHANITULUNLDY Rockwell Hardness Gll'ﬂ\tlﬂ'lﬁl%@ll TIG NU OAWINUIU 2 ¥U 61
Y <3 L @ ° g

4.4 VBUANITNLUUNLDY Rockwell Hardness "U@\‘lﬂ’]il%@ll TIG NU OAWITUIU 3 ¥U 62

45  YoyanadoumMsannIoNMIITeATAIINTLUIUNS Abrasive Resistance
AINNIATIIU ASTM G65 ¥09NTZVIUNTIHON TIG ag OAW 64
' Pl ' 9 '
A1 msunoramInaasalums¥ey OAW ¥ea¥uNn 1,2, 3 vessun1 79
) 9 ] Y v
A2 uaeImstiunINanInaasdlumsI¥ey OAW YU 4 vousun 1,2 81
¥ 9 ] Y v
A3 uaaemsunanamsnaasdlumsmen OAW vod¥un 5 veasun 1,2 82
1 9 1] Y 1]
A4 uaaamsiunaNanInaasalums¥en OAW Ve¥uN 6 Vo ¥uUN 1,2 83
v = A 2 A Y A
.5 HAAINTUUNNHANTNABD TUMTIAFBN OAW YDIFUN 7 VOIFUN 1,2,3 . 84
1 9 1] Y 1]
A6  uaaIMsiunaNansnaasalums¥en OAW vea¥uN 8 Y9 ¥uN 1,2,3 86
v = A 2 A Y A
A7 uaeemsiunaNansneasdlums¥en OAW Ve¥uN 9 ¥ea¥uNn 1,2,3 88
v = A 2 A Y A
.8 HAAINSIUNNHANIINAa0 l1UMTI¥oN TIG VOIFUN L,2,3%unl . 90
v = A 2 A Y A
A9  uaasmsiunnmanmsneasdlums¥en TIG vos¥un 4 ¥un 1,2 92
v = A 2 A Y A
A.10  uaasmsiunnmamsneasdlums¥en TIG veswyun s¥un 1,2 93

il 9 1 9 v
A1l uaasmstuineamsnaasaluns@en TIG YBIFUN 6 ¥UN 1, 2 94



AR ITTIREAN

=h.

MIN

v ' 9
[ %

n.12  uaaamMstufnNansnaadlumIaon TIG Ye¥uUN 7 ¥ui 1,2, 3

1 Y
A.13  uaaamsiuinransnaasdlumsi@on TIG ¥e¥uN 8 ¥uf 1,2, 3

ee
)

)

] v H v H
A.14  uaaamsiuinransnaadlumsiaon TIG ¥e¥UN 9 ¥uf 1,2, 3



W
a15vsys1
vq
51 Hin
I a
2.1 Ll,ﬁﬂﬂmiﬂﬂGU’ENﬂ15VI@]E‘T@‘]Jﬂ’J13JLL"IN!L1J1J’JﬂLﬂ@§ﬁ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 12
22 HAAIRIDIIATOINAADUMIANYTO ASTM G65 15
Y 3 = & ~
2.3 UFEANNITATIADUAWHITITUNTDSUVUNDUN 1 16
9 9 d'
24 gaaIMIasNdsuMsnIINInF IR UN 2 16
Y ¥ = & ~
2.5 HANNITATIRNADUAYUINANTHNTAFUVUSOUN 3 17
9 9 d'
26  uaAIMIaTREBUMB TN Y UTUROUN 4 18
Y ¥ = & ~
2.7 UFEANNITATIADUAWUHITNTUNIDBUVUNDUN 5 18
9 9 d'
2.8 uaaIMIaTNRdsUMsnTUNInF IR UN 6 19
2.9 HEAAIANNIDI VDI Tany (Dilution) 20
3.1 weudamseutuaw¥ey i 26
A A A X
3.2 wsousoun g lumsneans 27
o A 9 %) ant
3.3 yagilnsainszuIumayensleuneezynay 28
34 @309AA Wire Cut 28
A =
3.5 wmIinagouMI@ VS 29
d‘ QU Q’
3.6 wINvALIS Y 29
3.7 m%mﬂ‘i’ﬂﬂizmymwuuumuwu ____________________________________________________________________________ 30
3.8 ATONUARIRZANUY (AI203) 30
9y 4
3.9 OO Y AN T T 31
< 9 4
3.10 WMAanNNAATUDU INTA SSA00 31
A o o s
311 adaFaunadauas lue 32

Y
3.12 ﬂ;ﬂu"lfl"lﬁ”lilmiﬂﬁll 32



€
=
=).

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

3.25

3.26

3.27

3.28

4.1

4.2

4.3

4.4

4.5

4.6

astigil (910)

4 <
IATPINATOUANULUIVUTDANAE (Rockwell Hardness Test)

v
Fuaulumsnaaou

v ! 9
FUNUFOUTIG 1Y 1 FU

Y ! 9
%uﬂut%@llTIG UIU 2 ¥U

v ! 9
FUNUTOU TIG S1UIU 3 FU

Y ! 9
“H‘LlﬂuL%E]NOAW%TL!’Ju 1 ¥U

v ! 9
FUNUTONOAWTIUIU 2 FU

v ! 9
FUNUFONOAWTIUIU 3 U

Y 1]
ﬂlmmmzﬁumuﬂumm%mmmmﬂm%n TIG

Y
a 3 a o o d
°])"LNTL!@@Li%uﬁWWiUﬂﬂﬁﬂUIﬂ‘Nﬁ%/Nﬂqﬁfﬂﬂlmgﬂ’NiJllslN

Y
@ v o ' a <3 . .
AIDYWNAUH UL B UITUNATDUNIINLLULLUMicro Vickers Hardness

2

36

36

36

37

37

37

38

38

39

40

40

41

41

@ @ 4 P 4 o 2
ﬂ’liﬂﬁ$ﬂ’lﬂ§l’3"“ﬂﬂﬂﬂﬁl@]uﬂ’liulﬂﬂﬁw'luﬂizﬂﬂuﬂ'ﬁl%ﬂMOAW UIU 2 YU

43

43

44

44

44

45



€
=
=).

4.7

4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

astigil (910)

%
I
Q d‘ o a"
ANHUTNNNMINNVOINMTIWON TIG WIS 45
o o P P A A g
AINTLIGAIVOINITAUATS TUANHIUATLUIUMITIFOUTIG VOIUNFOU 3 ¥U 46
) Y
ANHULNINNINYDINITFON OAW W3 ¥ 46
o o o A A
AINTLIYAIVOINITAUATS TUANHIUATEUIUNT DL
) Y
OAW ¥0UuMY¥OU 3 %1 46
2w s s A
VAHNANIAAUAT LUANTZUIUMITON TIG Ay OAW_ 47
o <3 o I'd o
ATINLAAIUIUTANINAUAT lUAVDINTLUIUMS
) Y
WOUNN TIG HAXOAW WU YW 48
' ~ 3 o o s
ATNLAAIA RSV IVLNALANITAUAS TUAUD
) Y
ASTUIUMSIAON TIGHAY OAW MW 1T %9 48
o [~ [ 4 J
ATLEAIIU I AN IAAUATT lUAUBINTZUIUMT
) Y
WouUNn TIG MATOAW WM 2%y 49
1 A <3 @ 4 4
ATNLAAIA R AEUDIVNALAN IO UM TUAUD
] Y
ATTUIUMTIHON TIGUAY OAW WM 2 %0 49
o <3 o o 4
ATNLAAIUITANIAAUATT 1UAUDINTLUIUAT
) Y
WOUNN TIG Uag OAW WU 3 ¥y 50
' = 3w s s
ATINLAAIA R AEVDIVUIALANITAUAS TUAUD
] Y
ASTUIUMTIAON TIG AL OAW MWW 3 %y 50
Tnsea5199aMAUDUUNTON (Weld Metal) NH1U
) Y
ATTUIUMIIFON TIG AL OAWI WU 2 %9 51
Tnseas1agan1nue L ion (Weld Metal) AH1U
) 9
ATZUIUMIIAOY TIG AL OAW U 3 FU 52



€
=
=).

4.20

4.21

4.22

4.23

4.24

4.25

4.26

4.27

4.28

4.29

4.30

4.31

astigil (910)

Tﬂﬁﬁ%ﬁﬂiﬁnm Weld Metal, Fusion Zone, HAZ, 116 Base Zone

Y ' ! 9
VOITUNUNAIUNTELIUNMTFOUNN TIG ttag OAW 911U 2 FU

Tassa$ansna weld Metal, Fusion Zone, HAZ, Lia¢ Base Zone

Y ' ! 9
mawmm‘ﬁmuﬂixmuﬂm%um TIG ttag OAW 3 ¥U

¥

9 a o A 4 o
Tassafegamavinaigaiiuildnaaounsifon (Base Zone) NHIUNTZUIUNS

L)

) ] Y
WOULUY TIG 1Ay OAW VDU 2 FU
9 v
= =

P} A o y
Iﬂiﬁﬁﬁ"liﬁ!ﬁﬂ'lﬂ‘lJﬁl'Jm'JﬁﬂWuﬂi%ﬂ@ﬁﬂﬂﬂ’lﬂ%ﬂh (Base Zone)

L)

v ] ! Y
ﬁNTuﬂig‘U’JuﬂﬁL%fJiﬁﬂﬂ TIG g OAWEU?NLLH’JL%’E)N 3 ¥U

= < A g
ﬂﬁWHﬁEJ‘UL“VIEJ‘Uﬂ’J”IﬂJLL‘“’IN‘U’ENﬂﬁ&]J?IuﬂﬁLG]S@iJ 2 Y

6U’E]\1ﬂi3‘]J’J‘Llfﬂiil“’?iﬁlm TIG N1 OAW

= < A 2
ﬂﬁWLﬂ%EJUWIEJ’UﬂTIﬁJLL‘IN‘U@Qﬂi&”U’JHﬂTﬁLGIf’E]M 3 ¥U

Gllf]\iﬂ‘iﬁJ’Jl!ﬂTiL%’E]iJ TIG NU OAW

~ < 1 A
ﬂswhﬂ%umwmwmmszmnm:mumswau

I 9
TIG t1ag OAW LUFOUTIUIY 2 FU

=~ < A
ﬂﬁWLﬂ%EJUWIEJ’Uﬂ’J”IJJ!,L‘lell’eNﬂﬁz’]J’JuﬂﬁLG]f@M

TIG A1 OAW 91UIU 3 HU

'
v A

¥ = 2 A a <
nslugasa ez v ﬂﬂﬁ;figlﬁﬂulﬂellf]\‘]“]fu\?'lu&%@NWf]ﬂN'JL!"lN
T 1 '
PUIUN 1,288 3 %um@ﬁﬂi%ﬂﬂuﬂ’lil%@ﬂ\l TIG
%} o A = Qy A a <
ﬂi'l“l/‘lllﬁ'@\?ﬂﬁ'lllﬁ%u’l’ﬁuﬂﬂgﬂglﬁﬂqﬂ%ﬂﬂ‘]ﬂuﬂ'lul%ﬂﬂW’f]ﬂW’JL!"lN
v v '
TIWIUN 1, 2 4aE 3 FUVBINTTUIUMTAHON OAW
%} o A =) Qy A a <
ﬂi'l“l/\lLlﬂﬂﬁnﬁul'(ﬁ%1.!11’71!ﬂﬂqmulﬁﬂllﬂmﬂﬂﬂfuﬁ1ul%ﬂﬂW’f]ﬂW'JLL"lN

v Y 1]
IUIUN 1,2 U0 3 ¥ maamxmumn%n TIG Hag OAW

56

56

60

60

62

63

65

66

67



€ah
=
=).

4.32

433

4.34

n.1

9.1
9.2

9.3

.4

9.5
9.6
9.7
9.8
9.9

.10

.12
.13
V.14
V.15
V.16
.17
V.18

.19

astigil (910)

22

Y
Hin
=1 ’é v d' = %
nsnaasmsSeuionihminhgydelUnunaivesnszuiums
4 Py 4 Aa < H
03 TIG 1AL OAW VDIFUNUFONNeNR TS Ty 68
=1 ’é v d' = %
nanaasmsSeuionihminhgydelUnunaives
) Y Y
ASTUIUMTIHFONTIG LAy OAW VoI¥UU 2%% 68
=} % ?:yl (% d' %
aruaaamsnfSeufeusasniminneldsunaives
) Y
ASTUIUMTIHON TIGHAY OAW WU 3%y 69
a Jd (%
MINWAMITUATICUTAIUNTUVONIA] SS400 78
2 'y " A
UFEARSUIUNHIUNTOY Wire Cut SUN 1 YuUn 1 102
9 ' Y H Y H
HAANFUNUNAIUNITAD Wire Cut ¥UA 1 ¥yun2 102
Y H Y v Y [
HAAIFUUNNIUNTAD Wire Cut ¥U0 1 ¥un3 103
2 A o Y A Y A
UFANSUNUNFHIUNITAY Wire Cut SUN 2 YUN 1 103
2 4 | Y4 24
UEARSUNUNHIUNITAY Wire Cut ¥UN 2 U2 104
Y H Y 1 Y 1
HAAIFUNUNAIUNTAD Wire Cut ¥UN 2 $un3 104
Y H 2 1 Y v
HAAIFUNUNAIUMTAD Wire Cut ¥UN 3 ¥un 1 105
Y H Y H Y 1
HAAIFUNUNWIUNTAD Wire Cut ¥uN 3 ¥un2. 105
Y H Y 1 Y [l
UAAIFUNUNAIUNTAD Wire Cut ¥UN 3 ¥un3 106
Y H Y 1 Y v
HAAIFUNUNAIUMSTAD Wire Cut U T w01 106
Y H Y 1 Y v
UAAIFUNUNAIUMSTAD Wire Cut U 1 $un2 107
9 ] Y ] 9 1
AT UNUNAIUNITAD Wire Cut ¥UD 1 ¥wn3 107
9 ] Y ] 9 1
AT UNUNAIUNITAD Wire Cut ¥UN 2w 1 108
v - o Y42
HEAIFUNUNNIUNITAD Wire Cut ¥UN 2 ¥wn2 108
v - o Y4 24
AT UNUNNIUNITAD Wire Cut ¥UN 2 ¥wn 3 109
v - o Y42
AT UNUNAIUNITAD Wire Cut ¥UA 3 ¥wn 1 109
v - o Y42
AT UNUNAIUNITAD Wire Cut ¥UA 3 ¥un2 110
v - o Y42
HEAIFUNUNAIUNITAD Wire Cut ¥UA 3 ¥wn3 110
Y 1
HAAIFUNUNATDU PT V09M51%0N TIG 111



€
=
=).

.20
.21
V.22
9.23

V.24

astigil (910)

Y ]
UAPNFUNUNATDUNT Penetrant VBINILTON TIG

Y I
UEANTUNUNATDU T Developer YOINMIFOU TIG

Y )
LEAIFUNUNATD PT U9IN131T0M OAW

Y 1]
UEAFUNUNATDUNT Developer 6U?J\‘l'ﬂﬁléf{fflu OAW

111
112
112
113

113



L1 anuddysaziinvesifyn

@ I ]

gunsainlFlununuasnssuiuniianudagiuednvaludsema msrzaulng

g

1 [ = = ] 1 Q) A AA o 1 LY A
drulnalsznouodwnuainisy Faivilumamssaaniunumdnyaensiunaeu
2 9 Jq Y o v A a 1
wspgnaveslszme mszuenanzaieae Id Iinuasisounazgsnannmadiuluszsuy
' ] a I o o ~ I 1 9y
e Tgveaduaunasudl Siaiusela nuilszmadndle [1] vonaneziluuviasse’ld
o ' ' Y o g Y A =
wanvesauauInguesilszmauds duilugmlumsaiayaaunvuesningaa1rng sy 9
o = ~ A ] ~ d? [ a
TagiiuaoumssitimanfdeunilasiaimansenuaemanbaTNTINAVINIU NTUMTFUETY

= =2 Y 1 Y A A a A a
MSAEAT MU 2556 99 2559 llﬂ3Jﬂ1§1qlQL‘L!‘Llsl‘L!Li@Qﬂl@ﬂﬂ1iLWMﬂi$ﬁﬂ‘ﬁﬂ1Wﬂ1iNﬁmmgﬁﬂ

=X A o w

U ' o t4 13 [
aunuld lduniaga 2] luarwvesmsseuiigglnsaimanyasneiniuiideniiandan

A £y 4 A . Y = s A A ~Aq Yo Aa '
neandunulumsdeioginsaiane 18 deginsainsoslolumanuash snuauau wu
g o Ao Tq 9 A a Y &
la as1a saunsgunsalumsyamaighfivuialug Wudu delimsldaululuszeznamiia
Jd o 1 1 a = A =S ég 1 ) a d' a = (% 1
91n3alAINaMgoNINAMIANHIBNIBIFBHIBYU MIFBNINFIUTNUNAAMIITEMIBAINA
=< = o v & 1A A ' 2 B s = 1 0 4
ARl uednBanIzyIsNeIgNIs IFnuveglnsal alunsgeniingeginsal

A [ a Y Y o A a £ = £) = < ' =
NYINUIUAU %mm“lwmmmﬂmﬂuziawmm%mm‘wﬂz@1mummumusmumaﬂmﬁﬂﬂ

AA a ag 9 = v Aad ~ o Y o a I Aa 2 9
ﬁﬂlﬂﬂﬂluﬂlmziﬂfﬂu %’Q‘ﬂﬂ@U‘Llinﬁﬂﬁ'ﬂﬁ”lllﬁEWIﬂ‘Vi’JﬁﬂLﬂﬂﬂ’JHJLHJQLLSQVIN’J%‘HQ”I‘L!"M
3

a

A 1 a <
wmm%"lﬁ/uﬂ NITUIUNTTYUNILUS (Case Hardening) W%ﬂﬂﬁzﬂ')uﬂTﬁ@‘]Jij‘Ulﬂaﬂﬁ?ﬂﬂ'ﬂll

Y [ < [ 1 I o A 9 2 A
39U (Head Treatment)i‘]EJNlliﬂ@Tllﬂ§$‘]J’J‘L!ﬂ"liﬂ\iﬂaT’JL‘]JuﬂTi'VINTHTIGlGHL’Ja"ILLaSﬁﬁul‘ﬂaﬂﬂ

=\

&’ a g‘/ o a3 ~ 9 4 2L & d v [ 9
LFDINAN 5’311‘1/]\1ﬁ]"IL‘]JLl‘VIilSﬁﬂﬂﬂﬂﬂﬂimiuﬂ"ﬁﬂﬂ%u\ﬂu mqﬂﬂsmmﬂanmﬁmﬂ%m

a
9

Fmsunuainina il uvenaniu

]
[ 3 =

0 Yo & Y N Y
a@mmm%mmmzmqmuaummmmwmmsmm
a 1< U 1 o A A 2 o & = a 3 9y
NITUIUNMTYUAILUIAWY TINAADITIANITANNIIANIEIVU mumqmwmmmu"lﬂ"lﬂmﬂ
~ @ 9 a < 1 A Y = 4
“I/ILﬂ‘HG]iﬂTVI’JU],’lJﬁwGl‘]fﬂi%’U’Juﬂ1i‘lqﬁJN’JlHNiuﬂWi‘]f’JEllWllﬂ’Nll@nu“ﬂ1uﬂ1iﬁﬂﬂi@ﬂlﬂﬂf2ﬂﬂim
o ' = &£ A A a < . X @ axda
ANNATI DNNISUIUNITHINAD NISUIUNTTLIVDUNDNHNILU (Hardfacmg) GHQL‘]JU’Jﬁ“V]’L!EJiJGI,u

A 1 a Y Q" A a = = Y] A a <3 ] a
MSITOUFOUAINUIVOIFUNUNANMTANNTD FIV98 UM TIFOUNONHILUUTY FHAVDI

A a @ A o o A I £y A a [ . '
AIAULFDUFUAVDIITANUINININTLYON 1Wuau [3] MTIFONNONNILUY  (Hardfacing) Ulll
= 1 o EX =~ 1 3’, = Av A ) = Qy U A I
rwmumzm”lﬂ“l%“lumﬁmymmmmmu HNUIVBNITIMTANBITUTIUVOIATOIINT IUNIS

vagoass 11l tnay wazsudos wudu e 1155 Temi lumsnaanszua il Taomssd



v r Y [
Fwna paunnmsees I d wa I rua e uAT pIt NIINAMITNHTD AIHUMSITOUNDNAY
<3 a @ 4
19 (Hardfacing) sﬁ’mwmﬁwmmmmmmmm@ HAZANUIHNIZAUUDINTZUIUMSIFOUNON
a A ] A Y 2 1 A Y v a Y dy A a
W LWﬁwmmiawﬂzmﬂﬂﬂmqmﬂmmmawumuwGlﬁvﬂmmﬂu"lﬂmmm [4] MIIFOUNDANI
< kS Y = ' Ay Y A 2 1 % 2 A a <3 Y
nIUIzARIANEA MY Tz NO Ve Tarigi iy HINVYeIFUdIU PIBFUINUNNONAUIUIIZADIY
] [ Qy { o Qy [ <
ANHULVDINY mumuaxgﬂﬁwawmm uaz‘ﬁmﬂmﬁeé’n’unmmmmmmu%umu Hudu
A a <3 9 a A Y a ] A
[5] Tumsounendwdsaunsalimatinlumadon lanatamaiia vy nszuIumMsou
a a 4 s <
PONFOIFNAU  (Oxy Acetylene Gas Welding : OAW) ﬂizmunm%umiﬂmamuuﬂaﬂﬂﬂqm
4 s
(Tungsten Inert Gas : TIG) ﬂizmumn%ummiamﬂmq3J (Gas Metal Arc Welding : GMAW)
. . .
ﬂizﬂ’JuﬂﬁL%fJuﬁlﬁﬂ@s{’wa’J@L%@NﬁﬁWﬂﬂﬁ)N (Shield Metal Arc Welding : SMAW) Uag
y o 7 A 4 {
A3zIUM N 1ANEAS (Submerged Are Welding : SAW) Tumsidenlsisms¥euidiany
] o 9 a a A . . @ =2 =K . . .
uana U llseansnmlumsiyon (Welding Efficiency) 993103%0an (Dilution Ratio) 1A
2K 9 A . ~ 1 v KR 9 =\ A Yas A Y o
mum@unuiumimu (Welding Cost) NUsNa NN LIIADIUMI@n 1475 mavon 1vimang duny
ANHUSNU [6]

v

i g A L 2 o a3
LﬁmﬂuﬂWELﬁUEJVINLE’E]ﬂWﬁZﬂ’JﬂEN%u ﬁ?ﬂi$ﬂ$13ﬁ1ﬂ1iﬂ1ﬂu1/lﬁuad NITUIUNIT

q 9

4 a & i~ Y A ¥ Ao H & 4
wouwenAwAIuilumadenuilaiiilulyl1d Mitldaan1fduTasead iy (Structural
1o & Y I o A 1 Aa I o Y ° 1 dy
Substrate) S uuszAvuilutaanaovauesaen1syuAIGe i 1HTIA6INI1 woNAINT
A A 2 o d A o a Yo A To & Y o
ATTUIUMTIFRNNONAIMTITBTUATTUIUMINEMIToA I UMS lanuh Tusiiuazdessin
A < = B A a . .
MIPUNI00D Tarztlumaiuiy Dl IAaIAFNNDNHINYY (Hardfacing Electrode / Filler
Metal) 929 uaiionfSouiaunua199eTassmazdin g
Aa v dy I o A A 1 ° S a =
AuaseiunsinaueniuaenlunsrousougagUnisinnanIsdniso
a 4 a < @ { a a [~ 1
Tuaudau drenszuIumsiFouneninis (Hardfacing) Jaanldlumsaunenaudailungu
o s s 4
YOI IaAUA3 1UA (Fused Tungsten Carbide) 1¥ATLUINMIAON 2 ATLVIUMIAD NTLVIUNT
4 < a a 4 4 [V
WOULUNTRONFIIUBLIENAY (Oxy Acetylene gas : OAW) LATNTLUIUMTLHONDII ANIAAY
< o
ufaUnAQY (Tungsten Inert Gas : TIG) ¥NTNATOUMTANNTOAINNIATIIM ASTM G65

NATOULUY Dry Sand/Rubber Wheel (DSRW) [7] mi‘ﬂﬂaaummwfm (Hardness Test) LlaZnN13

a o
’Jmiwﬂmqa?wmamﬂ (Microstructure Analysis)



U

d a v
1.2 ﬂqﬂ‘szmﬂmmam’aw
A = @ A o g’/ A A [ Y a =2 'o
1.2.1 L‘Wﬂﬁﬂ‘]slWI’JL!“]J'J'GI,Hﬂ'lﬁl‘lf’é]ml,a3‘1]11!’31!%uﬂlﬂﬂl!u’)t%ﬂw‘ﬂ‘ﬂﬂﬁlﬂﬂﬂ'lﬁﬁﬂ‘l’i'iﬂ{m
A = =] = A 2 A a 3 A Y
1.2.2 LW@ﬂﬂHWlﬂiﬂULﬂﬂUﬂﬂ!ﬁiJ‘U@]‘VH\?ﬂa‘ll’fNGb'u\T'IULGb"fJiJWfJﬂW’JLHNVIllﬂﬁﬂﬂ
4 I a A
ATTUIUMSIFONLNETDNFUBLIFNA Y (Oxy Acetylene Gas Welding Process) UAZNTEUIUNT

4 o <
L%ueﬁﬂmﬁmuuﬂﬁﬂﬂﬂqu (Tungsten Inert Gas :TIG)

1.3 vouualuniudde

¥
= =~

o q 9d ' = ) 4
1.3.1 Jaqiu nlwdlungumannaimsveu
A4 gy = A A <
1.3.2 ﬂigﬂ')uﬂWﬂﬂf@ll‘Vliﬂfluﬂ'ﬁ‘ﬂ@aﬂ\‘lm 2 ATTUIUNTAD NTSUIUMTIFOULNT
a a 4 4 (Y
PONFIIUDZIFNAY (Oxy Acetylene Gas Welding Process) HAZNILUIUMTFOUD IS ANIT AU
]
unaUNAQY (Tungsten Inert Gas :TIG)
% Aq Y o a <] A a @ 4 J
1.3.3 'Jﬁﬁ]‘ﬂal(’]ﬁ/l'lﬂ'lﬁ‘Wf]ﬂW’)LLGUQLﬂua'ﬂﬂﬁfﬂllLL‘]J“UL@Mﬂiglﬂﬂ‘ﬂﬂﬁmuﬂ'ﬁqﬂ@ (Fused
Tungsten Carbide :Fused WC)

A a 2 2 Y A
1.34 GLHﬂTiL%@?JW@ﬂW’JLLEUQVN 2 ﬂszmumnﬂ%ﬂuﬂluﬂﬁwau

[} =) o\ W
14 HAUNIAUHUITHIVE
1.4.1  AEMsauiumsIve
= 9 a o
1) AnvveyauaziuINI UMY
(% =1 L
2) eonuUUMINAaoIazIAMIoNgUnTal luMINAaDY
o A Ay v
3) msFenaun ldeanu
4) NAFOUANTVIANNNAUAZNATOUMTTANUIOAINNIATIIU ASTM G65
NATDULUY Dry Sand/Rubber Wheel
a o o
5) WNTIEH IAT9ad9gan1n paauliAnena LagNMINAREUMITNHTOA Y
v
MATFIU ASTM G65 YDIFUIUNATOL
3 v a s Ay Y
6) NUdpyaLazINTIZHNAN IRIINNMITNABY
7) agdnaminaasaazdisenuIvy
142  asunimmsiagy
s A A A 4 =) A A a [
1) guinsedloInemaastazinalulad 81A151A399400 YHIINGIAY

maluTaggsuis



2) Ml UuAnMINIAINIMNINTINGATIMNTIN 3 uINeIaema lulad

9 =
WISIDUINAITUYT

L4 ] o I a 1%
3) gudmaluladgourzesne 013i5ousiu 1 109 CB 1203 UH1IN1H0

maTuTadnszaomnarsuls

A o A a o a = A
A1TNN 1.1 BHNUNITAUUUNUINY (U.0.57 — 1.8.58 ) 581 1 1 6 1hou

Y
YUADUNITNINIY

A
1AoU

10 | 11

12

13

14

15

16

17

18

1) Anedoyaiay

I U508

A

A\ 4

2) 99NLUUNIT
NABDILAZIALAT I

gilnsailumsnaany

v

3) M sseuaui

Tavonuuy

v

4) NagoUUANIA
NNNALAZNATDL
MIANYTO A

UIN531U ASTM G65

v

5) AR5 Iasaaa
70,0 UANTANIN
na LAZMINATDL
MIANHTOAY
WATFIU ASTM G65

Y
YNTUNUNATDY

v

<
6) inudoyaLaz
a s Ay v
Nnszvinan 1dan

N1TNAADI

v

7) agUmaniinaaes

HAZEI51891UIVY

v




1.5

dci ' Yo
ﬂﬁ%Iﬂ‘ﬂuﬂﬂ]ﬂ’Nﬂ%‘lﬂiﬂ
Y J 9 A a <) @ A ' o ~Aq Yo o a
1.5.1 llﬂfNﬂﬂ'ﬂllgGluﬂ'lﬁl“lf@NWﬂﬂW'JLLGINﬁ'IWﬁJﬂ'lﬁL“If@NG]f@NU'I?:Qﬂi“ﬁﬂﬂ@ﬂﬂﬁﬂ!\ﬂuﬂu
A g A a [ [ Y A A 9
1.5.2 LW@L“]JHLL“LJ'J“VINGI,Hﬂ'lﬁl“lf@iJ‘W’E]ﬂN'JLLGU\‘lﬁTW5Uﬂ131%ﬂ1uﬂ1ﬂlﬂ‘]ﬁﬂﬁl!a$ﬂLﬂfJ'JEUfN

A 9 A Y a A o Y v 1 o
1.5.3 weaiumadenligsnauazgaavinssulumsiazih Il ldnuauseuiig



2

=).

un

%

= a d' d' Y
TIE]H@]E!QZQ”IH’J gNINYIVON
ao A Lag 4 g 9 v & A4 9 o A A
1‘1!&114!’.! U G]\115]‘1/]ﬁ]$ﬂ‘L!ﬂ’JTWTﬂ’JTﬂng@WW]LﬂEJ’JGUENﬂUﬂigﬂ’(]uﬂﬁﬂf@mﬁl’ﬂﬂﬂ’.}uﬂlﬂ
a a [y 4 & 4 { o 4
Iﬂﬁlclﬁls)’)a’J@]milﬂfuﬂﬂilﬁm‘lllﬂﬁvlﬂﬂ G?\‘Iﬂi%ﬂﬁ]ﬂﬂﬁ!%ﬂllﬁi]%ﬂ1ﬂﬁﬁﬂ‘kﬂﬁ’0 ﬂiZU’Juﬂﬁl%ﬂM

a 4 Y 2] a
NN (Tungsten Inert Gas : TIG) HATNTLUIUMTIHONA VAT DONTOIFNAY (Oxy Acetylene

=

. ¥y 9 P o ' AA g aw <
Weldmg :OAW) 5'31]‘1/]\Tﬂuﬂﬂ?ﬂ’lﬂlflﬂﬂﬁllﬁgﬂaﬂﬂ1§@1ﬁ 9 VlLﬂfJTU@QGLU\TIU'Jﬁ]fJ LW'E’]HJU!LU'JT]’N
d' o = EY d' Y o 9 é A v Y v dy
Gluﬂ’lﬁ‘]/ﬁ]gu’lll’lﬂigﬂ@llﬂ’]ﬁﬁf‘l]sﬂi]ﬂ'ﬂiﬁ'qL‘]J’]Wiﬂfl@]’lﬂ‘]/lhlﬂﬂ'lwu@vh PIUNIVDAIU
aA A B A
2.1 WQH@]ﬂlﬂﬂjﬂl@\ﬁlﬂ\‘lﬂiz‘]J'Juﬂ’lilslf’ﬂlljaﬂg
[ 4 9 = a
22 MANMIVOINTZLIUMIF NN ADONFIUDZIENAY (Oxyacetylene Welding: OAW)
o 4 S o <
2.3 Viaﬂmiﬂlmﬂizu:}umﬂ%wEniﬂmﬁmuuﬂﬁﬂﬂﬂqu (Tungsten Inert Gas : TIG)
y X 2 v e
24 VOYANUFTUVDUHANNAINTITUDUINTA SS400
2.5 MInagoue waNIANNNG (Mechanical Properties Test)
a o
2.6 ﬂ”liﬁ!,ﬂ'iw‘lﬂﬂiﬂﬁ%}”lﬂﬂﬁmﬂ (Metallography Examination)
2.7 m’imﬂﬁaumﬁﬁﬂﬁﬁammmmgm ASTM G65
2.8 manaaaunuy luviae (Non Destructive Testing)
29  anudeulumsiien (Head Input)
A oL
2.10 ﬂ'J']ﬁJﬁ]@ﬂTQ‘U’E]QIﬁW% (Dilution)

[

a A A 9
2.11 uvgnneIved



v
aA

Ay A
2.1 °nqyg]ﬂ!ﬂﬂ’amawmﬂizn’mmiwauiaﬂz
I A o Y a Yya o I zil = [ o
Wunszurumsnim manisnaiulanz Ivaanuuazitluiiia@erny yazninis
A a ] o a A A ] A a 3 o
WourzinalevasuazalguaziimMsauiie lavzmuad lludeviaoy ianansdualne
° 9 a 3 A o A ° 9 A ' o
M lanzinannuuduss Inasnungmimnlslunssuiumsron Tare 1wy WaIUN
< o 9| [ o 14 o Ia < =1
une WaauanATzua Wi wasnuandwavass waeuanmslesanaseuiy
o = a g 9 ' A A = @ ' < A
WM Fead Wudu Tusemadssun 20 nszurumsFeniinmswan lled 1357 e
I [ Y 9 901 o Y o A Y
Wumanaunumsas Tavizaremsldvyad [8] Taguinlainmswannnszuiumsiyon il
Aa A [ o ] o 4 Aa I~
Uszansnmuazmmnzaununsinldigau wu msii 119 unssurumsdouniInA g
& ne 2 ay A 4
a9 luauIveaniaz 1¥nsz UM T B VLN T LATNTEUIUMTIAON TIG 1UNITNADDI
2.1.1  mswenwanilan [9]
A I An A Y o a = @ A 1 a [ A
masnweni lanziulsnlgiaariiafernunionusianunaouyy
] ]
AT UNUNA0INT 15U MSadeuriTane Tansnay 531500 waraan maaasunllany
< o a An o Y ) A Ao A ' o ~
pztuanyuzarnui luldvasuazaesunu Tangnumi lilmdou wu msyudnned

v
a o o v A a [
NMIYUNRU LLﬁ%ﬂTi‘ij‘Ua‘Ljﬂ Iaﬁ%Wﬁilllﬂflggﬂuuﬂlﬂa@ﬂﬂUWUQTUﬁ)ﬂﬂﬂiiﬂﬁ%fﬂin’JﬂW'JLHN

T
A o

g’/ I A A o Y gJ/ a v Aa 2 A Y o
Tudusam it langmhweniuvasuazaiefanur1ved larnzruau e ldviinswen
a £y <3 an X o ' a 3 .
Auaz lannuude nsuAsUEen1 MINeNRTN (Hardsurfacing)
o A -
212  wanMIoNwanAlan
< ° -/ B o] : Vv a 2 A )
Wumsiliinasulanenaunuogagnasauound langsuay e 14

Y 9 )
FUNUUUAINUADMTAANTOUINE1TIAY ‘1/1‘L!G]E]ﬂ?‘i’éﬂ'ﬂﬁf]ﬂ1ﬂﬂ1ilaﬂﬂﬁ“§\1f]ﬁ]mﬂiﬂﬂiﬁ“l’w

v A

Y

o a Y 1 @ <

@%}'J‘(’Jﬂu w%eiawzmmmﬂuaﬁaau @a@ﬂﬁ]uﬂuﬁ@ﬂ']il,!,g’]ﬂ%ﬁ')ﬁ%@l,l,ﬁﬂﬁﬂﬂlﬂﬂlﬁﬁﬂﬂ’gulag
< Y ' a < Yy 9 ' < ' < Y = <

MannNatngy ﬁ'JuiJ’lﬂﬁ’liJ1iﬂW@ﬂW'Jll6U\1Ulﬂ L'J‘Lll,mﬂglﬂuﬂquﬂ]@ﬁlﬁaﬂﬂﬁ13“ulﬂﬂu astyvian

~ =< A a < A 9 as v A [ =
"laﬁﬂ@ G]NGluﬂ'lil‘]f@MW’E]ﬂW'JLHNﬁ'IiJ'IiﬂL‘]f@iJVl@Wa'IEJ'J‘ﬁ U NISUIUNTLIYDULUNTDDNY
B21ENa U (Oxyacetylene Welding :OAW) N5 UIUNIT IFoUNN (Tungsten Inert Gas : TIG)

. . . .

NSLUIUNTIFOUDITAR 101 ToUNT A 15WONY W (Shielded Metal Arc Welding : SMAW)
MINUHITane (Metal Spraying) 5ZUUNWA1EN1 (Plasma Arc Welding) Automic Hydrogen Arc

Welding



A o =
22 HANMIVDINIZLIUMIFONUNADDNTIDUDZIENAY (Oxy acetylene Welding)
A < = I A a & o
MSIFONLNE HN18D 1Y UNTEUIUNSIFONLV UM ADNAL10FUAY U Inu0 1Ay
9 A a Y a3 &1 a a o Y Aa o
anusoutnannmswn Iudveunademas uazeendnu v lanzvaouazargaany lu
a [ g’/ a G Y a 9 o A 9
MIMasNazareAan Ut larz iy szay laviznseld lavizvasyazareaaniedla unah e
A 9 a 24 an A g}/ )=} A dy
lumsiweulsznevalgesnday (02) asunaosiynau (C2 H2) H30UNASUTINNI5INT
J a Aan . < X a A 9
11 09NT-021BNAY (Oxyacetylene Welding : OAW) LN TBINAINA1N150 1F IUNTEUIUMS
A < Y a A 1 (%) Aan 4 (24 I 9 I Aan A
WonuNauuTvaeyta 1wy unaezsnay una ldsmu unalalasou Hudy unaemnail
a o 9y 3 an Y A 9 A =2 =
msdeninlsun mazudaosnauss 19U5anudeungad 3,480 osrsaisod
A ~ Jya A a A = a A < a
HazaIAFeNN IHANNANE1) 90 Haawas tazinula 1.6-9.5 Jaawas sailu laveyila
@enunU Tanzunaeiims@en IumsHansyiie eongeunvesnauluoaT1d U1 9
Y a A 3 =R~ [ a [ a dy Y 9 ~ [ v o dy
vz Idwiiavoalad liyeuunadaiieg 3 ¥iia nazuaazatiatioz ldanudouniuanaesnuail
¢ A
221 wlaamiyls@s (Carburizing Flame)

1 )

I A ag 1 (24 a 9 =
L‘]JHL‘]J'ﬁ'J‘VlilE‘T’J‘L!Nﬁﬂﬂ]ﬂﬁ!tﬂﬁﬁ]ﬁLcﬁﬂﬁuiﬂﬂﬂ'ﬂuﬂﬁ@@ﬂcﬁﬁlu ﬂ'liLW'lthllﬁ]&’iJ
4] Aan A 1o & o [ A Qy ~ 9 a 14 AAa to
UNFDSLFNAUNADDYITUIUNUI (HUIEATIN T UTDUTUIIUNADINITIANANITUIUNNIFUITY
A A AN 19 1 =] 9 a ' ™y A a A
viowouTanz lulsvan Fedesnisldguugivasuazate ligain onezgiiiion

a

A A 9 1 = = =
suntiden uazldlumsuaulszaiu Jgunaglgelszana 2,800 serusaidod nadlwazll
9
¢ 3 WU
222 nanas (Neutral Flame)
< A (5% an 1% [ a o 1 Y
dhuar lWdaunauvewndezisnaunuunaesndau lusasdaumnu
Y
U I = 1%
nlar Isulwiluginsielarenn Wanwseugalszu 3,500 esrmuaadod ninziuns
o v A < = <} 1 @
innldreumanmiled ivdnvasuazaa lavy
223 1aleendla®a (Oxidizing Frame)
I 1 1 24 a 1 [ a 3’;
dhular Watiduwauvesnaezanauiveniundosndion wad Ivlaulu
< H y < a < <
wilugiUnsredatsunanuazau drldisewmanszinalsznelivsoazina linsziau
a o ¥ <3| ] o [ 4 <]
pongauvzi Inin Tanzdluves lumuzdmsvin il umsdouman msizamnnismn
Y a A . ¥ o 1 2 A o q ¥ 4
Tnifaelioondnumaosguazidn llsaudr luiunaniinasuazate i lduunsounlsiy

< o KR a v A A s
AITULLUILEIIAN muﬂu%mwwwawaqmamuazmaum



A
23 HANMIVBINIZUIUMIFOUNN (Tungsten Inert Gas : TIG)
A a = 9 A o Y g a 4
MIFoUNN (TIG) HN18DI ANNTouUNM I larzvaouaza1euUNAINNITI5A
1 1 o ad [ Qy o a PN
FEHNWMINITAUDLAN INTA (Tungsten Electrode) NUFUIU VULIASINUUTIUNNANS
4 a o A a g’; A Y [ a tg
9139z NUNT1N0Y (Inert Gas) Unaguuinauuu iedlosnusendou lulasu tazauu
luomadusiunuTanzAididivasuazale aisena1 alfnse100nHATY WUNTENI
14 Qy a o 1 a J ] o g’/
anudeunnmsensaraevazaie lanzyuanluysnadinan wmnatluleviaeuazay aaiy
4 1 a 3 a 1 < o Y 2’, Aa o VA
Weteonasuazaanavuluyinusesasla 9 nwzihliyuauiuvaouAany uaiiednn
" W ad I o 1 ] L
unansmaudian Insailuiggi luazatense luduwlaes  (Non Consumable Electrode) 94
o a 4 . ' 2’, . '
nudeudnTavizaladey (Filer Metal) 241l 1uovaonazareriudis Tuasainyinmsiyon
1o a 4 X ] o '
Tanzu1e e lusiiludoudnTavizaindeu (Filer Metal) M31%01 TIG a111TaiF0NManni
?zl/ 1 = 9 A A Y d‘ g’; =
ANUUUIAULA 0.79 mm D9 4 mm. 18 nszua Tntien 19 unszuiumsiwen TIG WUl 3 uyw
9 v A
Aenune
23.1  nszHansIvIay (Direct Current Electrode Negative; DCEN)
Z’, 1 | A o ad 9
ATEUANTINIAY MR HaFouHITenamaudian Insalensue v
A g 2 A g & o ’ 2 9
wouduviay naznszua IviyouvivamiudusvesFuau Tasdszy Wihaylvaain
o A A ad 2 o gJ/ 9 a zg vag/ a d'ay
Wadounse otanInsal)gryuau aniuanuiousznaiunFuaumn Tagnansuau
s o A Ao aa s o A AdAa X
Uszum 70 Weosidua wazinannsgmusian Insalszuin 30 1osiFua uuFouinavuLy
S o L) =1
HanHUSLAVUANUANNIN
232 NITHANTIVIVIN (Direct Current Electrode Positive; DCEP)

2 v o A A @ ad 9 9
NILUAATIVIVUIN UUIYAITNI Wﬁl%@ﬂﬁiﬂﬂﬂﬁmu@mﬂiﬂiﬂ Gl%ﬂi%l,lallww'l

Y
2 A

A 2 & o A g & o ' 2 o & ) a
l‘]f’t]iJl’]JuGU’J‘U’Jﬂ l,l,’d$ﬂi$L!ﬁﬂi‘l/‘l“l/‘hl“b'@iJGU’JﬁUL’]JHGHL!‘HHQGU’ENGHHQ1H PNUHUAITUIDUIZINAUVUN
Qy a 'ay A Ao Aad 4
PFUITHUIN Iﬂﬂlﬂ@“ﬁ‘]ﬁuﬂ1uﬂi%ﬂ1m 30% Lm%mﬂ‘ﬂ‘ﬂ\?ﬁmu@mﬂiﬂiﬂﬂi%u1ﬂ! 70% uu’m%n
= 9 <K =K 9 1 o Aaa A 9 o A dy
LUANHUSUUULASHINNITTUANUDY L!ﬂ\‘]ﬂ\‘]ﬁmu@lﬁﬂiﬂiﬂ‘ﬂﬁl%ﬂﬂﬂizL!ﬁ'ul,V\ll‘]f’EJiJlLUUu LM
T W Aaa { [
Hvalanniaaudian Insanlgnunszua liwuy DCEN uag ACHF
233 nyzuaina é’mmxszuummﬁga (Alternating Current & High Frequency;
ACHF)
v @ A o & A A s A " Aa A
nszud aduiuassuiiulunmsyonlansilioon ladindovoguinuid
£ Y a A o 1 =< a A o adc
VIV UNITU ﬂ1Wﬁmm1ﬂaummmmm"h/4aau %$W°]J’Jﬂl!ﬂﬁﬁVlcﬁlﬂallﬁﬂﬂ‘l’]\‘lﬁmu@mﬂiﬂﬁﬂ
3 g’/ PPN Qy a ~ o 14 [ a g}/
L“]J‘LJGU’J‘U’Jﬂ aaﬂ"lcmmmmawmm 55]3\T‘U3L'Jfl!‘VWI']ﬂTﬁf]Tiﬂ%ggﬂﬂlﬂﬂ@ﬂﬂqﬂQWﬂUﬁl’Jﬂ!uuiu

= a 1 @ aag < g A o adg < 1 voAa
ﬂﬁ\?ul“lflﬂﬁ@l@iﬂ“ﬂ\?ﬁl@luﬂlﬁﬂjﬂiﬂlﬂuﬂlﬂﬁ'ﬂ mmz‘nmﬁmumaﬂimmmaum UANAUINANIY



10

Y a2 a A a =) Y a ] 2 1 I
TOUUINNFUITUAITIVINIUNINANTIDITA %mﬂmﬂﬂmwaauaxma‘uu%mm TERRRERIEY

a FY s ti’ I 2 q Y ] 1 o ad @
%3ma’m’em'l%@uazmm%u %ztﬂuauauﬂuquiﬂﬂizuﬁmumﬂ NIV AU @Laﬂi‘ﬂﬁﬂllﬂﬂ\i

@

2 Y g}/ A g 1 dyd o ~ .
vam"lﬂﬁzmwu meﬂumﬁmﬂﬂtymmmu WHUDITZUUANNDGN (High Frequency) 41
] 9 4 1 A o I o 1 dy o Y
maﬂixqummnﬂumuwnmaﬂymz Hunszuaun (AC) ﬂ"lﬁ‘l/]"lL%LlLlﬁ]%Vlﬂﬁﬂi%LLﬁUlﬁa

Y

1 @ ad =Y 9 'o 1% {
@’E]ﬂ‘mﬂl!‘l”l\‘]‘l’]\‘]ﬁmuﬂlaﬂI‘ﬂﬁﬂllﬂqslfu\i'luulﬂﬁaﬂﬂl')a'lll,a5ﬁ'iJ'lLﬁ?J@ﬂﬁ&tﬁﬁa‘ﬂlla%ﬂ'ﬂuaqq
= A A a A Y =K ==X A [ . . A
(ACHF) HAAAADNTILTONDRUIUIY LWﬁ'l%iﬁﬂWﬁﬁlﬁJaﬂiuﬂWﬁlﬁfﬂNL!a%ﬂl‘ﬂﬂ Aluminum Oxide %
X A o A 2 o q ¥ =< = A 2 A | o q ¥
W‘L!W'ﬂ,uellmgﬂ'lﬂ'lﬂ“]f@ll Fﬂ\?‘]/l'lglfﬂﬂ'lfl"ﬂﬁJﬁﬂiHﬂ'lﬁL“]f@iJiJWﬁ@ Llagﬂﬁgllﬁll‘ﬂl‘l/\l'l!&h'ﬂll‘ﬂ'lﬂlﬁ
s a 2 [ AL o o A
E]E]ﬂ”lcmmﬂaaumﬁuawuﬂmmﬂaaﬂmﬂﬂumu%%mm%zazaw ﬂigllﬁvl‘i/\lﬁ'liﬂﬁflﬂ'ﬁ]ﬂﬁﬁ
Yy a ¥ A a A A~ A a vy
ﬁﬂﬂiﬂ@@ﬂvl@ﬂ?ﬂ E]ﬂ‘l/]\‘lﬁ?ll'liﬂlslfﬂll@gllLHEJiJTliJﬂ'JuJ'IJ'Nﬂi$3J'Im 1 waalyasg Iﬂﬂhllliﬂﬂﬂ
9] 4 9 1 4 a { 1 U o/
ﬂaumm%mgaﬂwmm%’aumumﬂ%au ﬂ?ﬁi%}%u@ﬂl@\?ﬂﬁﬂl’ﬁ]’h\lﬁ!L@ﬂ@'l\iﬂuflNaﬂﬂﬂ'ﬂll
9 A A g o Qy ~ [ v 9 =R QI Y v Aa = a A a 4
TOUNNAVUNUFUITUNUANA NN UAIY iNL“]J‘L!Waiﬁﬁﬂﬂmgﬂ'lﬁﬂuﬁﬂ@lﬁﬁﬂﬁmmﬂlﬂﬂﬂ’lﬁﬂ’lﬁﬂ

g 1 o A Y o ag Y ) o A 4 9
HUUANANDUATDAIU mnam%mﬁmumaﬂm@ GL‘VIL’H?J'IgﬁﬂJﬁ'IWﬁUﬂﬁgllﬁleﬁf’OiJuu €] N8

H J
2.4 YoyaNUGIHVBAHANNAINTUIUINGA SS400
= Y} 7 IS 3 A 2 A
mannamiueunia $s400 Wumaniieglumasgiu JIs G3101 Felidrunaunia
nine Weaweda () linu 0.050 oddua uaz samlod (S) laudu 0.050 wosiFud Tanuui

< a @ [ [ 2 I
szanal 116 99 152 HB wians lsaanmslsnuodraunivarslunsdseneunsevusaiilu

U

a [ 4 < 9 1 Qy [ A @ [ < [l <R d a
Nﬁ@]ﬂm"ﬂlﬁﬁﬂulﬂllﬂ FUTIULATOIININANITINEAT IIUNDNANAN sadutlumswan

Y "
FudIMT0UTIN AWAINLTIAC400 D 510 N/mm’ ANUATUITIAIYANTINAIGA 245 N/mm'’

[
9 [ v o

1 1o a A J 3 4
(fﬂﬁi‘ﬂﬂ’JTNﬁuWﬁhﬂﬂ'ﬂW%@Wﬂﬂ‘U 16 NAALNANT) %ﬂﬂﬁ%ﬂlﬂ\?ﬂ'ﬁﬁﬂ@?@?@ﬂ 21 Woesisua

@ <] e 1

(S UMANUHUNANUN UL RINNNIBNIAY 5 UAAWAT) ANUHUIAA 0.140 D4 3.200
v

9
AnLUNT lla$ﬂ31llﬂ’3}NGNLLGI 600 ﬁe 1550 yaaluag ﬂﬂﬂqﬂuﬂﬂﬁqﬁjﬁﬂllﬁﬂ’ﬂhﬂlﬂ 1.000

[ 7

Y
=® a a ~ 9 = a a 1 g}z dda! [l g
93 19.000 Yaaluas NAIUNIIN 750 D3 1550 Waaluasg ﬁaummﬂnuuﬂﬂluﬁ)gﬂuum f

<
ﬂ’NiJﬂ’S’N uazmmwmmmmaﬂﬁ"m



11

A13197 2.1 AaaNTANIINaYDURANNA1 SS400 [10]

auautanina (hidna)
AIMUNUN
Tensile Strength Tensile Strength Tensile Strength
#1N71 5 mm. 400 - 510 245 21%
5 mm. - 16 mm. 400 - 510 245 17 %
16 mm. - 40 mm. 400 - 510 235 21%
2
40 mm. yu'l1/ 400 - 510 215 23%

1 ' = I '
GﬂiNﬁ 2.2 ﬁ’J‘L!N’L’fll‘l/ﬂill,ﬂMﬂl@imﬁﬂﬂéﬁﬂﬁﬂ@u SS400

Meterial C Si Mn P S Al Ca Cr Mo Ni

SS400 | 0.152 | 0.343 | 0.788 | 0.028 | 0.009 | 0.049 | - | 0.032 | 0.002 | 0.0152

QU
2.5 mMInaaa U VUAN19NA (Mechanical Properties Test)
I wa A A o @ 9 a =< =\ = Y o
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[ 1Y) o Qy Y Y] o 9 =< 1
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] I o . " A 1
Tngaziilunmsnagoununiingly (Destructive Testing) Tun1snagauanauliananaluuaay
AuaulAauiIT luminaaeuiuana 19Ny U AoINMINIIVAUANLTAN VA TUNTULTIAS
A [
(Tensile Strength) A5 1§35 MInaaaULIIRa (Tensile Test) MINATDUAINLUY  (Hardness Test)
I
Audu
251  MSNATOUANNNYS (Hardness Test)
< A [ = [ =
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Tup1sFaanuudaariva1sds NeuPuUNINAL NTNAFBUANUUTVILVVLIIUAA (Brinell)
a 4 4 av a o
HUVANBI A (Vickers) Hazi1U59nIa8 (Rockwell) Juamidsazldmsnaaounuuinnesa

(Vickers Hardness Test)
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a 4
) MIinaaaunuuINNeIE (Vickers Hardness Test)
a 4 o @

MINAFOUUNOS A (Vickers Hardness Test) 92 19nanmsifeanumsnadoy

a J A @ <] @ A o ¥ ~ I a a o
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qﬁl‘llﬁ 2.1 LLﬁ@NﬂTﬁﬂﬂﬂl@ﬁﬂ?ﬁﬂﬂﬁ@ﬂﬂ'JTNLL%QLHJ‘U%ﬂlﬂ’E)%’ﬁ [11]
d, +d
d=—2"2 (2.1)
2
113909
HV =% 1 2.2)
WUNNITDYNA
0.102F x 2cos 22°
HV = > (2.3)
d
0.189F
d

A tﬂ‘ o Qy
Tag F A9 UsInmmsnayudIu (N)

2 D) ~
D f® TTUNUYULRAY (mm.)
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A ' < < £
ANTNWN 2.3 Fﬂﬂ’Nmﬂlﬂﬂﬂﬂﬁ%uWmﬂlﬂﬂlﬂﬁumaﬂﬂf,ﬂ

= [
PFUAVDIUNTU ﬂ'J"IiJLLGU\ﬂﬂfJﬂigiJ'lﬂ! (HV)
L‘N’e)%)ll'iﬁ' (Ferrite) 80
4

2019 1A (Austenite) 250

I'4 4
m@i”lam, Nay (Pearlite, granular) 200

I'4 4
m@i”lam, 19U (Pearlite, lamellar) 300
‘ﬂ)”f)%’ul‘]JGT(SOrbite) 350
nga Tng (Troostite) 400
~ % .
o lna (Cementite) 600 - 650

7 ¢ .

115101 laé (Martensite) 400 - 900

(44 4
2) MINATBULVIONIAA (Rockwell Hardness Test)
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a d: a
2.6  MmsianzvilassaiiamalanzInen (Metallogical Investigation)[13]
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2) maasnaevluszanInseadiegania (Micro-Scopic Examination)
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2.7 ﬂT‘iﬂﬂﬁf’)UﬂTi%ﬂ‘ﬁiﬂﬂ1NN1ﬂi§11«! ASTM G65
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massloss(g)

Volumeloss(mm?®) = - 5
density(g/cm®)

%1000 (2.5
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Hopper

Tor sand

Nozzle for
sand

Rubber
wiheel

Specimen
76x25x12,5mm

Rubber wheel
“—— Specsmen

317 2.2 udasied 1R 0INATOUMIANYTO ASTM G65 [15]

Vo
2.8 msﬂm’mmmu"lummﬂ (Non Destructive Testing : NDT)
I 1 1 ~ a 9 = A 1 A
HUnN3ATINTRUNIPAVNNITBIAIINBINUNADINNIT 1FIU FalNadoAVTUITAUD
2 @ 1 o Y o Y ] 1 4
Fuamtgiumsnaaeuuuy luihaeldagnih 1 1FluavgaamnssuediaunsvarsluiG o
[} 9 [
veanNaeany taza1uMslszAuganIni16]
28.1  M3A3IVTOUAIWAIA (Visual Inspection : VT)
Y v 13 1 o .
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. 3 aa Ao & a Y o I Aa wa
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2.82  MSASIVAOUAIBIIENTISUNIATN (Penetrant Testing : PT)
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[~1
4.4 NaNIINATDUANNUUS (Hardness Testing)
a d
4.4.1  wuvlulasdamnes (Micro Vickers)
wa 2 A < < {
AMINAAOUTNTANIINAUDIFUNUND DAL IHANNAIAIS VDU SS400 7
o <3 a 4 { 1 o
AYUAND NITNAADUANINUTYI TAINIITAUIDIANTLUIUNITIFONNUANAIINUYD
) v 1] 1] 1 9
ATZUIUNTION 2 FUTLHININTION TIG 4aLN1T1¥0N OAW NTZUIUNTIFDY 3 FU
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FEUINMIAFOY TIG 1azmMIF¥eN OAW &4 1a1insnaaoy 2 15 laun
<
1) MINATDUANULUNLLIY Micro Vickers Hardness

<
2) MINAFDUANULUNLLL Rockwell Hardness Test

{ ' < 4 @ o g
mﬁnﬁ 4.1 AIANNLUILUY Micro Vicker Hardness GUfonﬁ!G?)'@ll TIG N OAWITUIU 2 U

e e ANUIYS HV 538 538z ANWUYL HV
(mm.) (um.) TIG OAW (mm.) (um.) TIG OAW
0.15 150 583.2 839.4 3.75 3750 610.6 | 19912
0.3 300 480 1071.6 3.9 3900 632.2 629.4
0.45 450 9283 | 16953 4.05 4050 621.2 929.9
0.6 600 863 1744.1 4.2 4200 578.2
0.75 750 901.6 | 1582.5 435 4350 | 2065.9
0.9 900 975.6 | 1847.1 45 4500 | 22817
1.05 1050 932.9 735.6 4.65 4650 526.4
1.2 1200 1004 704.1 48 4800 635.6
1.35 1350 | 2472.6 | 7147 4.95 4950 533.7
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1 ] <3 . . 4 @ ° H 1
@nﬁ’lx‘]ﬁ 4.1 AANULULLY Micro Vicker Hardness SllfJQﬂ'lﬁl%ﬂiJ TIG NU OAWIUIU 2 FU (§1D)

IS I8 ﬂ'JHJLL%\‘] HV kA I3 ﬂ'ﬂll!!,élil\‘l HV
(mm.) (um.) TIG OAW (mm.) (um.) TIG OAW
1.5 1500 2105.5 1657.6 5.1 5100 535
1.65 1650 814.2 659.9 5.25 5250 663.8
1.8 1800 807.7 661.7 54 5400 554.3
1.95 1950 806.5 574.6 5.55 5550 576.7
2.1 2100 874.7 2033.6 5.7 5700 566.8
2.25 2250 854.6 2210.3
2.4 2400 1933 760
2.55 2550 753.6 1479.7
2.7 2700 800.3 1018.6
2.85 2850 2086.2 2299.3
3 3000 2398.5 1113.2
3.15 3150 748.9 804.6
33 3300 705.6 1911.5
3.45 3450 2268.6 1964.1
3.6 3600 622.2 966.7

{ < y o o y
miNﬁ 4.2 ANULVULD Y Micro Vicker Hardness BU'ENﬂ"ﬁLG?)"ﬂiJ TIG N OAWITUIU 3 BU

eELE ANUIYIHY eELE ANWUYIHV tELE ANWUYIHV

(um.) | TIG OAW (um.) | TIG OAW (um.) | TIG OAW
150 472.3 783.3 3900 | 710.9 863 4500 718 783.3
300 540.8 19653 | 4050 | 7222 | 799.1 | 4650 692 730.9
450 15354 | 14364 | 4200 | 7845 | 5072 | 4800 | 730.6 | 8329
600 606.2 1410.5 | 4350 | 629.8 | 579.7 | 4950 762 856.9
750 1464.6 | 8583 4500 718 7833 | 5100 | 6942 | 1055.3
900 1688.8 | 15123 | 4650 692 730.9 | 5250 | 753.9 | 18344
1050 | 1756.9 | 8462 | 4800 | 730.6 | 8329 | 5400 | 690.5 | 1397.8
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{ < . . 4 @ ° g J
ﬂ']ﬁW\Tﬁ 4.2 AUV Y Micro Vicker Hardness ﬂlﬂﬂﬂWﬁLE]ﬂ)’ﬂN TIG U OAWIIUIU 3 FU (§1D)

A ﬂ'JHJLL;lsNHV A ﬂ’JHJLL%QHV pEAH ﬂ’ZﬂﬁJLL%QHV
(pm.) TIG OAW (nm.) TIG OAW (um.) TIG OAW
1200 546.7 671.9 4950 762 856.9 5550 2025 989.6
1350 759.8 1514.7 5100 694.2 1055.3 5700 731.1 1564.9
1500 647.6 709.9 5250 753.9 1834.4 5850 1091.2 772
1650 534.1 732.2 5400 690.5 1397.8 6000 685.2 906
1800 537.4 1035.4 5550 2025 989.6 6150 737.3 1787.9
1950 585.1 1793 5700 731.1 1564.9 6300 677.1 1692.5
2100 535.4 1043.9 5850 1091.2 772 6450 663.1 1928.4
2250 495.4 657.2 6000 685.2 906 6600 664.7 1939.8
2400 494.8 1519.4 6150 737.3 1787.9 6750 2023.8 | 1838.6
2550 586.5 657.7 6300 677.1 1692.5 6900 746.5 880.9
2700 635.8 1204.7 6450 663.1 1928.4 7050 2045.9 780.7
2850 799.1 1001 6600 664.7 1939.8 7200 682.3 862.7
3000 1292.1 941.8 3600 812.3 1259.1 7350 631.5

3150 780.4 842 3750 855.9 1005.3 7500 645.6

3300 1158.9 831.6 3900 710.9 863 7650 625.4

3450 688.1 807.4 4050 722.2 799.1 7800 580.2

3600 812.3 1259.1 4200 784.5 507.2 7950 620.8

3750 855.9 1005.3 4350 629.8 579.7 8100 647.8




60

Micro Hardness Vickers (Fusion Line to Top Surface)
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X A A . 2 a 9 A a <3
NUNINVYDUTBULFDN (Fusion Boundary) l‘lﬂfﬂuﬂﬂW'JQTUUUGIJE)QLLH'JLGH@MW@ﬂW'JLLGIN (Top
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ﬂﬁgi]’lflﬁ'gﬂfj’lﬁﬁij'llﬁﬂﬂ
4.4.2 uUY Rockwell
Iﬂﬂﬁﬂ?ﬁﬂﬂﬁ]WﬂﬂﬁgU?uﬂ?ﬁl%@uﬁll@ﬂdWﬁﬁUﬁ@ ﬂﬁgfﬂjuﬂ'ﬁl%'ﬂu TIG ag

il v ' il
ﬂ"l'iﬁ)’@i] OAW 1UIU 2 FU uazﬂﬁzmuﬂm%u TIG Llﬁgﬂ”ﬁﬁfﬂll OAW 1UIU 3

A < y @ o g
T NN 4.3 %@Hﬁﬂ'ﬁ’lﬂllﬂl\ulﬂﬂ Rockwell Hardness ﬂlmmiﬁmu TIG U OAW 91UIU 2 BU

] <
1 A1AULUN (HRC)
amn T 2 AV, z g
PYUN 1 PYUN 1 PUN 1 PUN 1
1 53.2 58.9 59.6 59.6
2 55.2 66.9 58.4 61.4
3 55.9 63.7 60.7 62.8
4 65.9 57.4 61.8 65.4
5 67.6 62.9 64.2 63.3
6 62.7 55.9 58.9 58.7
7 60.4 66.7 62.5 57.5
8 64.6 60.8 55.2 58.4
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TIG 0AW
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Gl'li'l\iﬁ 4.4 VoUANNULUULYY Rockwell Hardness SUENmiLG']ﬂ)'E]lI TIG N OAWITUIU 3 YU
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[l I
AIANULUUY (HRC)

1@l TIG TIG
it 1 it 2 i 3 Fudi 1 Fuit 2 Fudi 3
1 60.6 61.2 45.6 54.9 59.6 54.6
2 52.4 422 54.8 56.6 64.6 59.7
3 51.7 64.8 55.6 53 58.5 59.5
4 50.4 60.1 62.3 49.6 66.6 49.9
5 52.4 59.7 553 33.2 60.5 60
6 42.6 51.7 63.3 54.8 66.6 62.9
7 31.6 59.1 58.4 47.5 64.1 56.3
8 42.1 53.1 42.6 58.6 61.5 57.7
9 54.6 56.4 61.8 52.4 50.7 46.4
10 394 45.5 62.1 58.6 57.3 52.9
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MANUNGT Rockwell Uinanilaian (HRC)
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a 1 ° a J ° ' < '
VY9IaIALAY (Filler Metal) Llu’)ul.llﬁll“ﬁll@ LﬂmﬂuTWNmmﬂ W]iﬁﬂTﬂ')"lNll‘lNﬁﬂﬁQ 154]

' 3 ' < A o Y 2o 9 3 A
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4.5 Nﬂ‘ﬂﬂﬁﬂ‘ﬂﬂ]‘i%ﬂ‘ﬁ36%1ﬂﬂ15!aﬂﬂag’lj’lﬂﬂ‘i%‘ﬂiﬁ!fﬂi Abrasive Resistance

MUNINIFIU ASTM Go65
A = 9 = = a9
ANNITNATIUINDANHIAITUATUNIUNTANHIDINNNITITYATAIINTSUIUNIG
Qy L A a 3 a, 4
(Abrasion Test)mmmmwgm ASTM G65 ‘U’t’)ﬁ%’l&xﬂl&ﬁl%ﬂuW’t’JﬂW'JLLGU\W%}'JfJ'J%ﬂ']iL%@iJ TIG

Y v H
uaz OAW TagWnisananudumunmiminvesyuauigade

{ D) Y . .
miNﬁ 4.5 "lJE]jaI‘a‘ﬂﬂ?f@cUmiﬁﬂ‘lfii’E]iﬂﬂmil,%ﬁlﬂ?‘fﬂﬁﬂﬂizﬂ’mmi Abrasive Resistance 9114

193314 ASTM G65 ﬂJE)\?ﬂiZ“]J'JHﬂﬁL%’OiJ TIGIaE OAW

. WINUN INUNHAINITNAaoU minnme 11
szian " FUN neu 10V | 20019 | 30419 | 10WI% | 20179 | 30 W
%
naaoy (g) (g) (2 (2 (g) (g)
1 91.183 | 90.976 | 90.855 | 90.791 | 0.207 | 0.328 0.392
1 2 83.863 | 83.764 | 83.708 | 83.578 | 0.099 | 0.155 0.285
3 91.028 | 90.886 | 90.799 | 90.715 | 0.142 | 0229 | 0.313

Avg. 88.691 88.542 | 88.454 | 88.361 0.149 0.237 0.330

1 144.241 | 144.194 | 144.173 | 144.087 | 0.047 0.068 0.154
2 2 155.865 | 155.829 | 155.829 | 155.705 | 0.036 0.054 0.160
GTAW
3 151.152 | 151.089 | 151.089 | 151.021 0.063 0.103 0.131
Avg. 150.419 | 150.371 | 150.371 | 150.271 | 0.049 0.075 0.148
1 211.803 | 211.770 | 211.762 | 211.702 | 0.033 0.041 0.101
3 2 235969 | 235.935 | 235.931 | 235.811 | 0.034 0.038 0.158
3 226.145 | 226.101 | 226.095 | 226.015 | 0.044 0.050 0.130
Avg. 224.639 | 224.602 | 224.596 | 224.509 | 0.037 0.043 0.130
1 93.922 93.826 | 93.772 | 93.742 0.096 0.150 0.180
1 2 95.242 95.163 | 95.122 | 95.089 0.079 0.120 0.153
3 98.002 97.931 97.879 | 97.839 0.071 0.123 0.163
Avg. 95.722 95.640 | 95.591 95.557 0.082 0.131 0.165
OWA
1 153.366 | 153.290 | 153.251 | 153.231 | 0.076 0.115 0.135
2 2 148.769 | 148.700 | 148.666 | 148.648 | 0.069 0.103 0.121
3 150.447 | 150.372 | 150.330 | 150.305 | 0.075 0.117 0.142
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7/6/2559 17:30:47

L SPECTRO

Method: Fe-10 7/6/2559 17:29:45
Comment: low alloy steel Element concentration
Sample Name:
S$8400
[ ¢ | si [ mn ] P s e [ Mo Ni
[ % % \ % | % % % % %
1 0.152 0.0403 0.802 0.0269 0.0097 0.0319 0.0025 00152
2 0.152 0.0318 0.791 0.0285 0.0082 0.0327 0.0023 0.0151
3 0.154 0.0307 0.770 0.0277 0.0091 0.0320 0.0024 0.0153
<x>(3) 0.152 0.0343 0.788 0.0280 0.0093 0.0322 0.0024 0.0152
sd 0.0012 0.0053 0.0165 0.0014 0.00030 0.00041 0.00011 0.00007
rsd 08 15.3 21 49 32 | 13 46 0.4
Al Co : Cu Nb Tl v w Pb
% % % % % % % %
1 0.0509 00049 |  0.0185 <0.00020 0.0033 0.0013 0.0042 0.00082
2 0.0491 0.0044 0.0196 <0.00020 0.0036 0.0010 0.0035 0.00081
3 0.0480 0.0055 0.0202 < 0.00020 0.0037 0.0013 0.0050 0.0011
<x>(3) 0.0493 0.0050 0.0194 < 0.00020 0.0035 0.0012 0.0042 0.00092
sd 0.0014 000056 | 0.00084 0.00000 0.00025 0.00016 0.00074 0.00018
rsd 29 13 | 43 0.0 , 7.2 134 17.7 200
[ i Sn \ zr Bi Ca Ce Sb Se Te
| % | % % % % % % %
1 0.0024 0.00035 Q.0017 0.0010 0.00081 0.0045 0.0172 <0.0010
2 00023 0.00042 0.0020 0.00074 0.00099 0.0053 0.0177 <0.0010
3 0.0025 0.00042 0.0020 0.00057 0.0012 0.0046 0.0178 <0.0010
<x>(3) 0.0024 0.00040 0.0019 0.00077 0.0010 0.0048 0.0176 <0.0010
sd 0.00013 0.00004 0.00015 0.00023 0.00014 0.00044 0.00036 0.00000
rsd 54 9.9 7.8 292 13.9 9.2 20 0.0
Ta B Ag N Fe |
% % % ; % %
1 0.0062 <0.00010 <0.00004 | 00194 98.7
2 0.005% < 0.00010 0.00007 <0.00040 %88
3 0.0054 <0.00010 0.00009 0.0260 %87
<x>(3) | 0.0058 <0.00010 0.00007 0.0153 98.7
sd 0.00040 0.00000 | 0.00003 0.0133 0.0199
rsd 6.9 0.0 [ 399 871 0.0

5101 0.1 uEAINTNNEMIIATIEHAIUNAUVDITEY SS400

Y




v ] Y H 9 H
A1519% N1 LaAINITUNANANIITNAaa UMD OAW VYOIFUN 1, 2, 3 YBIFUN 1

. Fua Taweg gungil
2 LRIt L | nIzum . » .
¥ s g uuIn 4 R nou YUY WA | ANMGEY | Maneme
WU Mo | 1n3A YA A YA B R 4
1N 10N 10N
1 GAS SS400 | 40x100x4 FTC 3.5 47 482 542 2.03 5/28/2559
2 GAS SS400 | 40x100x4 FTC 3.5 235 621 473 2.25
3 GAS SS400 | 40x100x4 FTC 3.5 227 650 485 233
1 1 4 GAS SS400 | 40x100x4 FTC 3.5 243 637 574 3.19
5 GAS | SS400 | 40x100x4 | FTC 3.5 244 601 630 3.44
6 GAS | SS400 | 40x100x4 | FTC 3.5 246 637 614 3.11
7 GAS | SS400 | 40x100x4 | FTC 3.5 248 611 598 3.08
1 GAS | SS400 | 40x100x4 | FTC 3.5 44 471 373 2.46 5/27/2559
2 GAS SS400 | 40x100x4 FTC 3.5 229 612 535 2.31
3 GAS SS400 | 40x100x4 FTC 3.5 241 660 512 3.04
2 1 4 GAS | SS400 | 40x100x4 | FTC 3.5 245 744 506 2.38
5 GAS SS400 | 40x100x4 FTC 3.5 246 570 487 2.18
6 GAS | SS400 | 40x100x4 | FTC 3.5 248 598 429 2.29
7 GAS | SS400 | 40x100x4 | FTC 3.5 224 627 709 2.29
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A1519% 0.1 HAAINTTUNANANINAaA UMTIAFDN OAW VYOIFUN 1, 2, 3 YBIFUTN 1 (9D)

. FUNY Tang QUNYI
P DRI L | nIzuaums ‘ - <
U 2 4 uuIn 4 - oy VAL Waa | ANNGY | MR
Wi LY N3N YU %iin YU 4 4 4
150 1o 150
1 GAS SS400 | 40x100x4 FTC 3.5 87 686 464 2.30 5/26/2559
2 GAS SS400 | 40x100x4 FTC 3.5 220 513 506 2.12
3 GAS SS400 | 40x100x4 FTC 3.5 249 721 508 3.08
3 1 4 GAS SS400 | 40x100x4 FTC 3.5 215 705 597 2.52
5 GAS SS400 | 40x100x4 FTC 3.5 210 701 480 2.14
6 GAS SS400 | 40x100x4 FTC 3.5 224 721 564 2.31
7 GAS SS400 | 40x100x4 .0 3.5 238 711 712 1.58
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A1519% N.2 LAAINTTUNINANINAAA UMTIAHBN OAW UYDIFUN 4 VoITUN 1,2

. Fua Taweg gaungi
2 LRIt L | nIzum . - .
¥ s g MYET 4 R nou YUY Wad | ANMGEY | Mo
WU MIyeu | I1N3A YA ¥iia YUIA B R B
1N 10N 10N
1 GAS SS400 | 40x100x4 FTC 3.5 42 598 512 1.56 5/28/2559
2 GAS SS400 | 40x100x4 FTC 3.5 242 604 465 2.10
3 GAS SS400 | 40x100x4 FTC 3.5 230 602 560 3.29
1 4 GAS SS400 | 40x100x4 | FTC 3.5 241 652 506 2.47
5 GAS SS400 | 40x100x4 | FTC 3.5 250 608 577 3.25
6 GAS SS400 | 40x100x4 | FTC 3.5 240 620 636 3.23
4 7 GAS SS400 | 40x100x4 | FTC 3.5 241 727 661 2.44
1 GAS SS400 | 40x100x4 | FTC 3.5 239 599 600 2.58
2 GAS SS400 | 40x100x4 FTC 3.5 224 632 505 2.58
3 GAS SS400 | 40x100x4 FTC B8Ry 246 640 599 2.57
’ 4 GAS SS400 | 40x100x4 FTC 3.5 241 671 630 3.48
5 GAS SS400 | 40x100x4 FTC 3.5 241 627 589 437
6 GAS SS400 | 40x100x4 | FTC 3.5 250 665 574 427
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v ] v H 9 H
A1519% 0.3 HAAINTTUNINANINAaA UMTIAHBN OAW UYBIFUN 5 VoITUN 1,2

. Fua Taweg gaungil
2 LRiTelY L | nzvIums - .
WU s g uuIn 4 R D 4 Wad | AW | Muemg
Ui 1o 130 YA A A | nouweN | vaisiyew |
10N
1 GAS SS400 | 40x100x4 FTC 3.5 65 648 598 1.30 5/26/2559
2 GAS SS400 | 40x100x4 FTC 3.5 239 578 449 1.52
3 GAS SS400 | 40x100x4 FTC 3.5 246 748 620 2.05
1 4 GAS SS400 | 40x100x4 FTC 3.5 229 665 641 2.05
5 GAS SS400 | 40x100x4 | FTC 3.5 245 642 609 1.55
6 GAS SS400 | 40x100x4 | FTC 3.5 241 646 651 2.20
5 7 GAS SS400 | 40x100x4 | FTC 3.5 243 639 648 2.19
1 GAS SS400 | 40x100x4 | FTC 3.5 239 741 670 2.44
2 GAS SS400 | 40x100x4 FTC 3.5 250 792 682 3.00
3 GAS SS400 | 40x100x4 FTC 3.5 239 733 720 2.46
’ 4 GAS SS400 | 40x100x4 FTC 3.5 243 727 714 3.03
5 GAS SS400 | 40x100x4 FTC 3.5 249 736 724 3.18
6 GAS SS400 | 40x100x4 | FTC 3.5 246 708 702 2.50

(4



v ] v H 9 H
A1519% N.4 LAAINTTUNINANINAAIIUMTIAHBN OAW UYDIFUN 6 VOITUN 1,2

2 UMY p NTTUIU Fuam Tanz GENTR )
¥ v U M = — 5 — ANUGTY | MBI
TUN MsoN | 1n3A YUIA ¥ia VWA | APWFON | VMLIFOY | viau¥eu
1 GAS SS400 | 40x100x4 FTC 3.5 70 407 386 1.25 5/26/2559
2 GAS SS400 | 40x100x4 FTC 3.5 224 615 493 1.47
3 GAS SS400 | 40x100x4 FTC 3.5 215 691 611 2.06
1 4 GAS SS400 | 40x100x4 FTC 3.5 244 527 444 2.09
5 GAS SS400 | 40x100x4 FTC 3.5 250 700 641 2.26
6 GAS SS400 | 40x100x4 FTC 3.5 238 711 592 231
6 7 GAS SS400 | 40x100x4 FTC 3.5 244 719 599 2.28
1 GAS SS400 | 40x100x4 FTC 3.5 233 744 593 2.38
2 GAS SS400 | 40x100x4 FTC 3.5 247 707 659 243
3 GAS SS400 | 40x100x4 FTC 3.5 250 782 686 2.42
’ 4 GAS SS400 | 40x100x4 FTC 5.5 248 759 744 3.03
5 GAS SS400 | 40x100x4 FTC 3.5 250 765 609 2.58
6 GAS SS400 | 40x100x4 FTC 3.5 250 830 816 2.54
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v ] v H 9 H
A1519% N.5 LAAINTTUNANANINAA UMDY OAW VYOIFUN 7 ¥eaFuh 1,2, 3

Qy U p NTTUIU Fua Taweg GENTR B

¥U L 4 UM 4 - — 5 — ANUGY | HUBIHE
¥uh MsyoN | 1n3A YUIA A VA | NOWFON | VMSITON | HAUFOU

1 GAS SS400 | 40x100x4 FTC 3.5 54 632 621 1.27 5/31/2559

2 GAS SS400 | 40x100x4 FTC 3.5 250 637 600 1.32

3 GAS SS400 | 40x100x4 FTC 3.5 249 635 653 1.54

4 GAS SS400 | 40x100x4 FTC 3.5 247 716 683 2.02

1 5 GAS SS400 | 40x100x4 FTC 3.5 250 753 795 2.10

6 GAS SS400 | 40x100x4 FTC 3.5 247 661 649 2.32

7 GAS SS400 | 40x100x4 FTC 35 248 647 903 2.42

8 GAS SS400 | 40x100x4 FTC 3.5 244 642 806 2.28

! 1 GAS SS400 | 40x100x4 FTC 35 246 675 684 2.14

2 GAS SS400 | 40x100x4 FTC 3.5 250 758 814 2.26

3 GAS SS400 | 40x100x4 FTC 3.5 250 732 723 3.05

4 GAS SS400 | 40x100x4 FTC 3.5 250 834 641 3.26

2 5 GAS SS400 | 40x100x4 FTC 3P 246 815 802 3.41

6 GAS SS400 | 40x100x4 FTC 3.5 249 863 938 3.52

7 GAS SS400 | 40x100x4 FTC 35 245 826 889 3.24

1 GAS SS400 | 40x100x4 FTC 35 248 734 774 3.38
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v ] v H 9 H
A1519% 0.5 HAAINTTUNANANITNAAA UMTIAHDN OAW VYDIFUN 7 VoaFUN 1,2, 3 (7D)

s | . L 4 p NTTUIU Fuam Tang GENTR <
¥U | NWmMFUR | uudn M = — 3 — ANWGY | MBI
MI¥ou | 1n3A YUIA A VWA | NPWFON | VaZI¥ON | WAuew
1 GAS SS400 | 40x100x4 FTC 3.5 248 734 774 3.38
2 GAS SS400 | 40x100x4 FTC 3.5 250 717 822 3.42
3 GAS SS400 | 40x100x4 FTC 3.5 249 796 823 4.43
! ’ 4 GAS SS400 | 40x100x4 FTC 3.5 250 767 818 3.24
5 GAS SS400 | 40x100x4 FTC 35 247 845 713 4.30
6 GAS SS400 | 40x100x4 FTC 3.5 248 851 809 3.39
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v ] v H 9 H
A1519% 0.6 LAAINTTUNANANIITNAAATUMTAHDN OAW VOIFUN 8 VeIFUN 1,2, 3

Qy U 4 NTTUIU Fua Tawe gungu B

U L 4 I 4 - — 5 — ANUGTY | HUBLR
¥uh MsoN | 1n3A YUIA U VIR | NOUFON | VMLIFOU | HAUTBOU

1 GAS SS400 | 40x100x4 FTC 3.5 74 460 423 1.45

2 GAS SS400 | 40x100x4 FTC 3.5 242 662 761 1.48

3 GAS SS400 | 40x100x4 FTC 3.5 247 666 616 233

4 GAS SS400 | 40x100x4 FTC 3.5 248 714 749 2.30

: 5 GAS SS400 | 40x100x4 FTC 3.5 245 813 846 2.53

6 GAS SS400 | 40x100x4 FTC 3.5 245 679 595 2.25

7 GAS SS400 | 40x100x4 FTC 35 250 757 694 3.11

8 GAS SS400 | 40x100x4 FTC 3.5 249 709 790 3.34

1 GAS SS400 | 40x100x4 FTC 35 250 717 699 4.11

8 2 GAS SS400 | 40x100x4 FTC 3.5 237 709 740 3.52

3 GAS SS400 | 40x100x4 FTC BA3 250 733 784 4.16

2 4 GAS SS400 | 40x100x4 FTC 3.5 250 796 724 3.53

5 GAS SS400 | 40x100x4 FTC 3.5 249 668 756 4.24

6 GAS SS400 | 40x100x4 FTC 3.5 246 692 616 4.15

7 GAS SS400 | 40x100x4 FTC 3.5 250 720 807 4.06

1 GAS SS400 | 40x100x4 FTC 3.5 245 776 1035 4.02

2 GAS SS400 | 40x100x4 FTC 3.5 240 722 758 4.05

’ 3 GAS SS400 | 40x100x4 FTC 3.5 250 746 937 4.05

4 GAS SS400 | 40x100x4 FTC 3.5 249 681 682 5.10
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v ] v H 9 H
A1519% 0.6 LAAINTVUNANANITNAAATUMTIAHDN OAW VYDIFUN 8 VoIFUN 1,2, 3 (7D)

2 RRMTEl p NIV U Tanz QUNYN .
Y s g HUIN 4 - — I — AW | WU
FUN MIyeN | 1n3a YA %iin VA | AOUON | YWY | MAuYOU
5 GAS SS400 40x100x4 FTC 3.5 249 715 864 4.50
8 3
6 GAS SS400 40x100x4 FTC 3.5 250 800 802 3.51
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v ] v H 9 H
A1519% 0.7 LAAINTTUNANANINAaA lUMTIABN OAW VYDIFUN 9 VeITUN 1,2, 3

g U s | nIzvIUMs Fua Tavi QUNYH B

U 3 4 wuan 4 - — ¥ —3 ANWID | WA
yuUn wou N3 A A U VWA | NOWFON | VMULIVON | HAuFOU

1 GAS SS400 40x100x4 FTC 3.5 39 833 708 2.38

2 GAS SS5400 40x100x4 FTC 3.5 248 704 632 2.47

3 GAS SS5400 40x100x4 FTC 3.5 250 695 810 2.59

4 GAS SS5400 40x100x4 FTC 3.5 232 692 766 3.15

: 5 GAS SS400 40x100x4 FTC 3.5 250 634 838 3.29

6 GAS SS400 40x100x4 FTC 3.5 249 670 609 3.14

’ 7 GAS SS400 40x100x4 FTC 3.5 250 711 672 2.50

8 GAS SS400 40x100x4 FTC k] 248 671 648 2.36

1 GAS SS5400 40x100x4 FTC 3.5 250 741 781 3.23

2 GAS SS5400 40x100x4 FTC A 245 691 672 3.51

? 3 GAS SS5400 40x100x4 FTC 3.5 250 723 885 4.12

4 GAS SS5400 40x100x4 FTC 3.5 250 773 935 4.23

6 GAS SS400 40x100x4 FTC 3.5 249 679 940 4.16

’ 7 GAS SS400 40x100x4 FTC 3.5 250 748 624 3.27

1 GAS SS400 40x100x4 FTC 3.5 244 778 770 2.51

’ 2 GAS SS400 40x100x4 FTC 3.5 250 838 837 3.07

’ 3 GAS SS5400 40x100x4 FTC 3.5 250 791 714 3.39

4 GAS SS5400 40x100x4 FTC 3.5 248 779 866 4.27
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v ] v H 9 H
A1519% 0.7 HaAIN U ANaNINAaa luM Aol OAW VYoI¥UN 9 YIFUN 1,2, 3 (AD)

2 U L | nIzvoums U Taviy QUNYI )
Y s g U 4 ~ — 3 — AW | MBI
U LY 130 YA %iin VA | AOUON | YWY | MAuYOU
5 GAS SS400 40x100x4 FTC 3.5 250 833 894 3.54
9 3
6 GAS SS400 40x100x4 FTC 3.5 244 806 797 4.05
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v X v H v H
A1519% 0.8 HAAINTTUNANANINAAA UMTABN TIG Y9IFUN 1, 2, 3 FuN 1

. e Taweg nazua o QUMY
» | T | uwd | Aszuou
|y L . B R Y 4 ., | rneu YUY TR T | Anwisn
Ui | mawew | e | vna | wila | vna | vavew | wewiuils 4 R 4
1o 1501 1o

1 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 37 211 399 14-16 118
2 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 241 342 424 14-16 1.14
3 TIG SS400 | 40x100x4 | FTC 3.5 DCEN 110 240 546 568 14-16 1.16

1 1 4 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 238 482 504 14-16 121
5 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 236 529 498 14-16 111
6 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 242 566 542 14-16 1.20
7 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 233 591 532 14-16 115
1 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 42 230 297 14-16 127
2 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 233 433 422 14-16 111
3 TIG SS400 | 40x100x4 | FTC 3.5 DCEN 110 240 520 570 14-16 1.18

2 1 4 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 249 442 407 14-16 1.21
5 TIG SS400 | 40x100x4 | FTC 3.5 DCEN 110 236 467 503 14-16 1.14
6 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 241 569 525 14-16 1.17
7 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 243 592 498 14-16 115
1 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 39 207 398 14-16 1.20
2 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 220 450 393 14-16 1.26

’ ! 3 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 208 581 472 14-16 1.39
4 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 234 519 434 14-16 135

06



v X v H v H
A1519% 0.8 uaaIMsuNaNansnaasa lums@en TIG YBIFUN 1, 2, 3 FuN 1 (A9)

. U Taweg nszud IWiden QUMY
o | T | uwd | pszuou , - . .
Y|y p 4 - 4 4 ., | nou VYR Ha Tan | AnuiEd
Ui | mawew | e | vwa | wila | vna | vavew | wewiluls 4 B 4
1o 1501 1o
5 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 249 515 442 14-16 1.48
3 1 6 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 232 513 414 14-16 1.41
7 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 229 649 460 14-16 1.42
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v X v H v H
A1519% n.9 HaAIN U ANaNINAaa luMs Aol TIG YBIFUN 4 FUN 1, 2

. Fuam Tawe nazua'liliaon QUMY
| 90U | Ul | NIEUIM
1T R B R Y 4 L] rou | wmy | wds | Taadt | anwida | e
¥uR | N[ mawew | 1nsa | wwa wia | vwa | vuvey |weniuls | 4 4
oy | 1¥eu | 1you
1 TIG SS400 | 40x100x4 FTC 3.5 DCEN 110 43 207 398 | 14-16 1.20 4/23/2559
2 TIG | SS400 | 40x100x4 | FTC 3.5 DCEN 110 243 | 332 | 422 | 1416 | L5
3 TIG | SS400 | 40x100x4 | FTC 35 DCEN 110 238 | 518 | 599 | 14-16 | 114
4 TIG | SS400 | 40x100x4 | FTC 35 DCEN 110 239 | 392 | 507 | 14-16 | LIl
1 5 TIG | SS400 | 40x100x4 | FTC 3.5 DCEN 110 226 | 419 | 509 | 14-16 | 114
6 TIG | SS400 | 40x100x4 | FTC 3.5 DCEN 110 242 | 564 | 524 | 14-16 | 1.20
7 TIG | SS400 | 40x100x4 | FTC 3.5 DCEN 110 213 | 594 | 520 | 14-16 | 116
4 8 TIG | SS400 | 40x100x4 | FTC 3.5 DCEN 110 241 | 606 | 585 | 14-16 | 1.8
1 TIG | SS400 | 40x100x4 | FTC 3.5 DCEN 110 245 | 515 | 540 | 14-16 | 121
2 TIG SS400 | 40x100x4 FTC 3.5 DCEN 110 233 507 564 | 14-16 1.10
3 TIG | SS400 | 40x100x4 | FTC 35 DCEN 110 241 | 490 | 415 | 14-16 | 110
2 4 TIG | SS400 | 40x100x4 | FTC 3.5 DCEN 110 248 | 523 | 408 | 14-16 | 1.09
5 TIG | SS400 | 40x100x4 | FTC 3.5 DCEN 110 226 | 569 | 532 | 14-16 | 110
6 TIG | SS400 | 40x100x4 | FTC 3.5 DCEN 110 233 | 446 | 559 | 14-16 | 124
7 TIG | SS400 | 40x100x4 | FTC 3.5 DCEN 110 249 | 568 | 573 | 14-16 | 114

6



v X v H v H
A1519% n.10 uaaamMstiunanansnaaodlumsiaon TIG VoI¥uUN 5 Fuh 1, 2

. Fua Taweg nazua'liliaon QNI
» | T3 | uud | nIEuIu
¥l oy 4| o4 B R s 4 L L] Aeu | wag | wds | Taant | avwisa | nuneg
Ui | | mawen | e | vua wia | vwa | vuvew | wowiuls | 4 B
oy | 1wou | weu
1 TIG SS400 | 40x100x4 FTC 3.5 DCEN 110 48 342 363 | 14-16 1.25 4/23/2559
2 TIG SS400 | 40x100x4 FTC 3.5 DCEN 110 239 580 512 | 14-16 1.26
3 TIG SS400 | 40x100x4 FTC 3.5 DCEN 110 223 602 503 | 14-16 1.16
4 TIG | SS400 | 40x100x4 | FTC | 3.5 DCEN 110 210 | 589 | 442 | 14-16 | 1.29
1 5 TIG | SS400 | 40x100x4 | FTC | 3.5 DCEN 110 239 | 657 | 498 | 14-16 | 1.32
6 TIG | SS400 | 40x100x4 | FTC | 3.5 DCEN 110 213 | 517 | 511 | 14-16 | 1.32
7 TIG | SS400 | 40x100x4 | FTC | 3.5 DCEN 110 174 | 552 | 507 | 14-16 | 1.24
5 8 TIG | SS400 | 40x100x4 | FTC | 3.5 DCEN 110 235 | 450 | 580 | 14-16 | 1.13
1 TIG SS400 | 40x100x4 FTC B DCEN 110 196 558 490 | 14-16 1.19
2 TIG | SS400 | 40x100x4 | FTC | 3.5 DCEN 110 248 | 533 | 485 | 1416 | 1.14
3 TIG | SS400 | 40x100x4 | FTC | 3.5 DCEN 110 218 | 548 | 448 | 14-16 | 1.16
2 4 TIG | SS400 | 40x100x4 | FTC | 3.5 DCEN 110 210 | 564 | 452 | 14-16 | 1.8
5 TIG | SS400 | 40x100x4 | FTC | 3.5 DCEN 110 234 | 538 | 516 | 14-16 | 1.34
6 TIG | SS400 | 40x100x4 | FTC | 3.5 DCEN 110 242 | 448 | 552 | 14-16 | 1.13
7 TIG | SS400 | 40x100x4 | FTC | 3.5 DCEN 110 228 | 558 | 567 | 14-16 | 1.11
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v X v H v H
A1519% n.11 waaamstiunananInaaodlumsidon TIG VoI¥un 6 Fuh 1, 2

. Fua Tawe nazua'lilion QUMY
s | T | uwd | AsTuIu
|y | L B R s 4 oL feu | wmez | wds | Taant | aawiEa | waneme
uyun | | mawew | wnsa | wvwa | wida | vwna | vaven | wewduld | 4 4
oy | you | 1o
1 TIG SS400 | 40x100x4 | FTC 3.5 DCEN 110 36 230 398 | 14-16 1.24 4/23/2559
2 TIG | SS400 |40x100x4 | FTC | 3.5 | DCEN 110 194 | 408 | 405 |14-16 | 125
3 TIG SS400 | 40x100x4 | FTC 3.5 DCEN 110 213 502 500 | 14-16 1.23
4 TIG | SS400 |40x100x4 | FTC | 3.5 | DCEN 110 217 | 491 | 398 | 1416 | 127
1 5 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 220 | 450 | 393 | 14-16 | 126
6 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 208 | 581 | 472 | 14-16 | 139
7 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 212 | 600 | 425 | 14-16 | 129
6 8 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 240 | 617 | 445 | 14-16 | 126
1 TIG SS400 | 40x100x4 | FTC 3.5 DCEN 110 193 509 424 | 14-16 1.09
2 TIG | SS400 |40x100x4 | FTC | 3.5 | DCEN 110 225 | 571 | 494 | 14-16 | 118
3 TIG SS400 | 40x100x4 | FTC 3.5 DCEN 110 180 554 505 | 14-16 1.32
2 4 TIG | SS400 |40x100x4 | FTC | 3.5 | DCEN 110 225 | 596 | 511 | 1416 | 127
5 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 239 | 559 | 539 | 14-16 | 134
6 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 220 | 558 | 516 | 14-16 | 1.44
7 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 227 | 598 | 556 | 14-16 | 138

v6



v X v H v H
A1519% 012 uaaamstunaNanInaaodlumsiden TIG voI¥un 7 U 1, 2, 3

. Fua Taweg nazua'lilion QUM
o | WU | uWd | AIEUIM
| oy L | L B R 4 oL feu | vz | wds | Toad | avwisa | nuneg
¥un | N | mawen | insa YA wia | vina | vavey | wowils | R 4
oy | 1o | o
1 TIG SS400 | 40x100x4 FTC 3.5 DCEN 110 42 363 289 | 14-16 1.38 4/23/2559
2 TIG | SS400 | 40x100x4 | FTC | 35 | DCEN 110 205 | 499 | 485 | 1416 | 135
3 TIG SS400 | 40x100x4 FTC 3.5 DCEN 110 225 589 428 14-16 1.33
4 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 212 | 533 | 469 | 1416 | 135
1 5 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 234 | 519 | 434 | 14-16 | 135
6 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 249 | 515 | 442 | 14-16 | 148
7 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 224 | 569 | 540 | 14-16 | 136
8 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 238 | 575 | 528 | 14-16 | 1.39
1 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 223 | 397 | 462 | 14-16 | 117
! 2 TIG SS400 | 40x100x4 FTC 3.5 DCEN 110 250 496 483 14-16 1.16
3 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 248 | 591 | 516 | 1416 | 1.28
2 4 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 226 | 551 | 506 | 1416 | 1.28
5 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 234 | 601 | 534 | 14-16 | 133
6 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 239 | 629 | 492 | 14-16 | 143
7 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 229 | 527 | 466 | 14-16 | 148
g* TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 172 | 416 | 378 | 14-16 | 117
1 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 247 | 445 | 409 | 14-16 | 1.07
’ 2 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 217 | 454 | 435 | 1416 | 116

S6



v X v H v H
A1519% n.12 uaaamsiunaNanInaaod lumsiden TIG voI¥un 7 $ui 1, 2, 3 (A9)

. U Taweg nszud IWiFen QUMY
o | Twau | uwd | nszuou . ” . .
¥ 4 R R s 4 oo feu | v | was | Toan | AN | maneme
¥ | 0| mIwen | insa YA wia | va | vuvow |woniudd | A A
oy | wou | 1weu
3 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 242 | 426 | 411 | 14-16 | 1.17 | 4/23/2559
4 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 226 | 501 | 408 | 14-16 | 140
7 3
5 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 241 | 594 | 518 | 14-16 | 2.03
6 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 245 | 554 | 449 | 14-16 | 144
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v X v H v H
A1519% n.13 uaaamMstiunanansnaasd 1Mol TIG VoIFUN 8 U 1, 2, 3

. Fuu Tan nszud Ivhyou QuTifil
o | Swou | uwa | nszuau , » . . | mune
YU | 4 p 4 - Y 4 L. neu | wmg | was | Taan | anwiEn
¥uh | 0| mawen | inia vy | wia | v | vaden | wowilmls | 4 4 149)
Wou | 1o | 1eu
1 TIG | SS400 | 40x100x4 | FTC | 35 | DCEN 110 20 | 442 | 425 | 1416 | 157 | 5/2/2559
2 TIG | SS400 | 40x100x4 | FTC | 35 | DCEN 110 237 | 669 | 489 | 1416 | 1.32
3 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 232 | 513 | 414 | 1416 | 141
4 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 229 | 649 | 460 | 14-16 | 1.42
8 1 5 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 220 | 496 | 405 | 14-16 | 1.46
6 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 146 | 610 | 536 | 14-16 | 1.41
7 TIG | SS400 | 40x100x4 | FTC | 35 | DCEN 110 174 | 490 | 466 | 1416 | 1.42
8 TIG | SS400 | 40x100x4 | FTC | 35 | DCEN 110 231 | 575 | 559 | 1416 | 1.40
o TIG | SS400 | 40x100x4 | FTC | 35 | DCEN 110 245 | 651 | 577 | 1416 | 1.37

L6



v X v H v H
A13519% 0.13 uaaamMstiunananIsnaasdlumsaon TIG VoIFUN 8 FUN 1, 2, 3 (D)

. Fua Tawg nzue lrliFou NN
o | WM | uwd | nszuau , . B
A T A A - i 4 .| nou VAU Haa Tan | A6
¥un | N | mawen | nia vna | wia | vina | awen | weniluals 4 h 4
(LY 159% 159%
1 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 220 541 540 14-16 | 1.29
2 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 244 620 547 14-16 | 127
3 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 234 521 470 14-16 | 127
2 4 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 245 548 522 14-16 | 141
5 TIG SS400 | 40x100x4 | FTC 3.5 DCEN 110 249 607 515 14-16 1.36
6 TIG SS400 | 40x100x4 | FTC 3.5 DCEN 110 248 568 515 14-16 1.43
7 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 245 580 539 14-16 | 131
" g TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 220 540 530 14-16 | 1.44
1 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 248 418 397 14-16 | 1.14
2 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 243 481 407 14-16 | 1.20
3 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 211 501 444 14-16 | 1.4
’ 4 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 201 494 431 1416 | 129
5 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 223 512 471 1416 | 130
6 TIG SS400 | 40x100x4 | FTC 35 DCEN 110 219 535 456 14-16 1.46
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v X v H v H
A1519% n.14 uaaamstiunanansnaasd 1Mol TIG YoIFUN 9 Fu 1, 2, 3

. Fua Tavig nzue lrliFou NN
o | W | uwd | ATEuIu , . . | v
CA T I 4 - 4 4 L, nou | g | was | Toan | anwiEn
N | N | mawew | nIa via | wida | v | awven | wewiwls | 4 4 149
eu | RN | 1¥ou
1 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 36 | 424 | 390 | 14-16 | 141 | 5/2/2559
2 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 190 | 675 | 402 | 14-16 | 1.38
3 TIG SS400 | 40x100x4 FTC 3.5 DCEN 110 196 477 445 14-16 1.36
4 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 185 | 547 | 441 | 1416 | 133
1 5 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 223 | 572 | 488 | 1416 | 143
6 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 197 | 494 | 440 | 14-16 | 1.49
7 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 232 | 517 | 513 | 1416 | 139
8 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 224 | 602 | 550 | 14-16 | 143
9 9% 234 | 562 | 515 | 1416 | 121
1 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 217 | 427 | 402 | 1416 | 120
2 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 244 | 526 | 513 | 1416 | 129
3 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 201 | 516 | 502 | 1416 | 1.25
2 4 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 205 | 478 | 453 | 14-16 | 135
5 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 201 | 521 | 456 | 1416 | 1.44
6 TIG SS400 | 40x100x4 | FTC 35 DCEN 110 201 556 491 14-16 1.37
7 TIG SS400 | 40x100x4 | FTC | 3.5 DCEN 110 226 | 546 | 477 | 1416 | 155
g 207 | 530 | 477 | 1416 | 142
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v X v H v H
A1519% n.14 uaaamsiunanansnaasdluMsaon TIG YoIFUN 9 U 1, 2, 3 (9D)

. P Tan nszud Ivhyou QuTifil
| S | u | nszuou , ” . . | mune
| oy 4| 4 - - oL | omeu | vag | was | Taan | anuiEn
¥uh | N | mIweu | nsa wyna | e | vna | dasoy | wenilmls | R 4 149)
Wou | wew | 1yew
1 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 218 | 394 | 381 | 14-16 | 1.05 | 5/2/2559
2 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 212 | 531 | 407 | 14-16 | 116
3 TIG SS400 | 40x100x4 | FTC 3.5 DCEN 110 209 576 433 14-16 1.20
3
4 TIG | SS400 | 40x100x4 | FTC | 35 | DCEN 110 201 | 546 | 436 | 1416 | 127
9
5 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 225 | 522 | 402 | 1416 | 133
6 TIG | SS400 | 40x100x4 | FTC | 3.5 | DCEN 110 250 | 526 | 430 | 14-16 | 134
7 216 | 568 | 449 | 14-16 | 140
8 235 | 533 | 468 | 14-16 | 1.57
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PUNUAHIUNTZVIUMSITONTN (Tungsten Arc Welding : TIG)

< 2 A o . ¥ 4 2 A
g‘ﬂi’l V.1 HAAIBUNUNNIUNITAI Wire Cut FUN 1 BUN |

4 2 4 o 2424
gﬂ‘n V.2 BAAIFUNIUNHIUNTAY Wire Cut FUN 1 YUN 2



103

= 2 A o . ¥ 4 ¥ A
g‘ﬂ‘l/'l V.3 BEANBUNUNHIUNITAI Wire Cut FUN 1 F¥UN 3

~ 2 A > . N S
g‘]J‘V] V.4 LB UNUNHIUNITAI Wire Cut FUN 2 F¥UN |
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= 2 A o . ¥ 4 ¥ A
gﬂ‘ﬂ V.5 BEANFUNUNHIUNITAI Wire Cut FUN 2 ¥UN 2

s - T

~ 2 A > . N S
qﬁl‘]J‘V] V.6 LEAAIFUNUNHIUNITAI Wire Cut ¥UN 2 ¥UN 3
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< 2 A o . ¥ 4 3 A
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< 2 A o . ¥ 4 3 A
g‘ﬂ‘ﬂ V.9 BEAANBUNUNHIUNITAI Wire Cut FUN 3 ¥UN 3

FUNUNHUNTZTUIUMSHRUNN (Oxy Acetylene gas Welding : OAW)

d

i1

A
N

v - v L4 2 g
V.10 HAAIFUNUNNIUAITAD Wire Cut FUN 1 FUN 1
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< 2 A o . 4 3 A
3‘]]‘1/] V1T BFARTUINIUNHIUNITAI Wire Cut FUN 1 FUN 2

~ 2 A o . ¥ 4 & A
gﬂ‘ﬂ V.12 UFAPRTUITUNHIUNITAI Wire Cut FUN 1 FUN 3
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= 2 A o . ¥ 4 ¥ A
gﬂ‘ﬂ V.13 HFAAIYUIIUNNIUNITAY Wire Cut TUN 2 YUN 1

~ 2 A o . ¥ 4 & A
g‘]J‘V] V.14 UFAIYUNUNNIUNITAY Wire Cut TUN 2 YUN 2
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= < A o . ¥ 4 ¥ A
g‘ﬂ‘l/] V.15 AP UNIUNNIUNITAY Wire Cut TUN 2 YUN 3
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= < A o . ¥ 4 3 A
g‘ﬂ‘l/] V.17 HAAIYUNUNNIUNITAY Wire Cut BUN 3 YUN 2

4 2 gy o 2424
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FUNURENUMINATOUAILINENANSUNTNTN (PT)
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OLYMPUS

Stream Report

Weld zone GTAW 2 u
Grain Size according to Intercept Method ASTM E112
(Summary)

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Weld zone

This sample is produced by dilatometers.
9/6/2559 12:01:20
ASTM E112
11.31 +/- 0.00
6.34
1.21
301.00
157.68

Weld zone

11.31 +/- 0.00
6.34
121
301.00
0.16
This sample is produced by dilatometers. We want
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OLYMPUS
-

Stream Report

Grain Size according to Intercept Method ASTM E112
(Image Results)

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name \fladan2 tif
Number of Intercepts

Pattern Length
Image Comment point 1

301
1908.95
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OLYMPUS
Stream Report
Cast Iron analysis
(Summary)
Standard ASTM A 247

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images
Total Sample Area
Etched Sample Area
Ferrite / Pearlite Ratio
Total Particles per mm?

1
89509.85 um?
89509.85 um?

Sample 01

9/6/2559 12:02:45
ASTM A 247

"1
89509.85 pm?
89509.85 pm?
67.6% / 32.4%
'0.000

HAZ zone GTAW 2 4
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OLYMPUS

Stream Report

Grain Size according to Intercept Method ASTM E112
(Summary)

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 11:55:00
ASTM E112
10.16 +/- 0.00
9.45
1.1
202.00
105.82

Sample 01

10.16 +/- 0.00
9.45
1.1
202.00
0.11
This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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OLYMPUS

Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name HAZ tif
Number of Intercepts 202
Pattern Length 1908.95

Image Comment point 1

Cast Iron analysis
(Summary)
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OLYMPUS
Stream Report
Standard ASTM A 247
Total Number of Images 1
Total Sample Area 89509.85 pm?

Sample Results:

aa Sample 01
Group

Sample Comment

Date 9/6/2559 11:57:55
Standard ASTM A 247
Total Number of Images 1

Total Sample Area 89509.85 ym?
Etched Sample Area 89509.85 um?
Ferrite / Pearlite Ratio 68.3% / 31.7%
Total Particles per mm? 0.000

Total nodular particles per mm? 0.000

Base zone GTAW 2 34
Grain Size according to Intercept Method ASTM E112
(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 11:47:24

ASTM E112
10.28 +/- 0.00
9.09
0.96
210.00
110.01
Sample 01
10.28 +/- 0.00
9.09
0.96
210.00
0.11

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Your Vidos, Osr Futsre

Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name BASE tif
Number of Intercepts 210
Pattern Length 1908.95

Image Comment point 1

Cast Iron analysis
(Summary)
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OLYMPUS
Stream Report
Standard ASTM A 247
Total Number of Images 1
Total Sample Area 89509.85 pm?

Sample Results:

aa Sample 01
Group

Sample Comment

Date 9/6/2559 11:49:28
Standard ASTM A 247
Total Number of Images 1

Total Sample Area 89509.85 um?
Etched Sample Area 89509.85 ym?
Ferrite / Pearlite Ratio 83.8% /16.2%
Total Particles per mm? 0.000

Total nodular particles per mm? 0.000

Weld zone GTAW 3 i
Grain Size according to Intercept Method ASTM E112
(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 12:29:57

ASTM E112
11.44 +/- 0.00
6.08
1.20
314.00
164.49
Sample 01
11.44 +/- 0.00
6.08
1.20
314.00
0.16

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Your Vidos, Osr Futsre

Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name \fiadtau 2.tif

Number of Intercepts 314
Pattern Length 1908.95
Image Comment point 1

Cast Iron analysis
(Summary)
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OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

ASTM A 247
1

89509.85 pm?
89509.85 pm?

aa Sample 01
Group
Sample Comment
Date 9/6/2559 12:31:12
Standard ASTM A 247
Total Number of Images 1
Total Sample Area 89509.85 ym?
Etched Sample Area 89509.85 ym?
Ferrite / Pearlite Ratio 69.1% / 30.9%
Total Particles per mm? 0.000
Total nodular particles per mm? 0.000

HAZ zone GTAW 3 du

Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 12:27:42

ASTM E112
11.29 +/- 0.00
6.38
1.00
299.00
156.63
Sample 01
11.29 +/- 0.00
6.38
1.00
299.00
0.16

This sample is produced by dilatometers. We wani

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name haz.tif
Number of Intercepts 299
Pattern Length 1908.95
Image Comment point 1

Cast Iron analysis
(Summary)
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OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images

Total Sample Area

Etched Sample Area

Ferrite / Pearlite Ratio

Total Particles per mm?

Total nodular particles per mm?

ASTM A 247
1

89509.85 pm?
89509.85 pm?

Sample 01

9/6/2559 12:28:31
ASTM A 247

1

89509.85 ym?
89509.85 um?
58.1% / 41.9%
0.000

0.000

Base zone GTAW 3
Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 12:24:07

ASTM E112
11.05 +/- 0.00
6.94
1.07
275.00
144.06
Sample 01
11.05 +/- 0.00
6.94
1.07
275.00
0.14

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Your Vidos, Osr Futsre

Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name base.tif
Number of Intercepts 275
Pattern Length 1908.95

Image Comment point 1

Cast Iron analysis
(Summary)
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OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images

Total Sample Area

Etched Sample Area

Ferrite / Pearlite Ratio

Total Particles per mm?

Total nodular particles per mm?

ASTM A 247
1

89509.85 ym?
89509.85 ym?

Sample 01

9/6/2559 12:25:45
ASTM A 247

1

89509.85 ym?
89509.85 ym?
72.0% 1 28.0%
0.000

0.000

Weld zone OAW 24
Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 11:06:47

ASTM E112
10.33 +/- 0.00
8.92
1.40
214.00
112.10
Sample 01
10.33 +/- 0.00
8.92
1.40
214.00
0.11

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name
Number of Intercepts 214
Pattern Length 1908.95
Image Comment point 1

< ]
&)O'“ 6\}@
Ny Ia‘wnﬂimaﬂa

weld

Cast Iron analysis
(Summary)
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OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images

Total Sample Area

Etched Sample Area

Ferrite / Pearlite Ratio

Total Particles per mm?

Total nodular particles per mm?

ASTM A 247
1

89509.85 ym?
89509.85 ym?

Wz

9/6/2559 11:12:00
ASTM A 247

1

89509.85 ym?
89509.85 ym?
44.6% 1 55.4%
0.000

0.000

HAZ zone OAW 2 i
Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 11:00:36

ASTM E112
11.24 +/- 0.00
6.51
0.94
271.00
153.55
Sample 01
11.24 +/- 0.00
6.51
0.94
271.00
0.15

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Your Vidos, Osr Futsre

Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name HAZ tif
Number of Intercepts 271
Pattern Length 1764.88

Image Comment point 1

Cast Iron analysis
(Summary)




138

OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images

Total Sample Area

Etched Sample Area

Ferrite / Pearlite Ratio

Total Particles per mm?

Total nodular particles per mm?

ASTM A 247
1

82255.45 pm?
82255.45 pm?

HAZ

9/6/2559 11:03:21
ASTM A 247

1

82255.45 ym?
82255.45 ym?
68.7% 1 31.3%
0.000

0.000

Base zone OAW 2 4
Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 10:50:22

ASTM E112
10.63 +/- 0.00
8.03
1.21
199.00
124.59
Sample 01
10.63 +/- 0.00
8.03
121
199.00
0.12

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name
Number of Intercepts
Pattern Length
Image Comment

base

point 1

Cast Iron analysis

(Summary)

199
1597.21
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OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images

Total Sample Area

Etched Sample Area

Ferrite / Pearlite Ratio

Total Particles per mm?

Total nodular particles per mm?

ASTM A 247
1

74703.65 pm?
74703.65 pm?

BASE

9/6/2559 10:53:39
ASTM A 247

1
74703.65 pm?
74703.65 um?
72.8% 1 27.2%
0.000
0.000

Weld zone OAW 3 i
Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 11:33:05

ASTM E112
11.04 +/- 0.00
6.97
1.18
274.00
143.53
Sample 01
11.04 +/- 0.00
6.97
1.18
274.00
0.14

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Your Vidos, Osr Futsre

Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name weld
Number of Intercepts 274
Pattern Length 1908.95

Image Comment point 1

Cast Iron analysis
(Summary)
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OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

ASTM A 247
1

89509.85 pm?
89509.85 pm?

aa Sample 01
Group

Sample Comment

Date 9/6/2559 11:35:18
Standard ASTM A 247
Total Number of Images 1

Total Sample Area 89509.85 ym?
Etched Sample Area 89509.85 um?
Ferrite / Pearlite Ratio 70.6% / 29.4%
Total Particles per mm? 0.000

Total nodular particles per mm? 0.000

HAZ zone OAW 3 u

Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 11:28:00

ASTM E112
11.77 +/- 0.00
5.42
0.97
352.00
184.39
Sample 01
11.77 +/- 0.00
542
0.97
352.00
0.18

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name HAZ
Number of Intercepts 352
Pattern Length 1908.95

Image Comment point 1

Cast Iron analysis
(Summary)
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OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

ASTM A 247
1

89509.85 pm?
89509.85 um?

aa Sample 01
Group

Sample Comment

Date 9/6/2559 11:29:32
Standard ASTM A 247
Total Number of Images 1

Total Sample Area 89509.85 um?
Etched Sample Area 89509.85 um?
Ferrite / Pearlite Ratio 58.7% 1 41.3%
Total Particles per mm? 0.000

Total nodular particles per mm? 0.000

Base zone OAW 3 %u

Grain Size according to Intercept Method ASTM E112

(Summary)
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OLYMPUS

Stream Report

Analysis summary:

Reference

Group

Sample Comment

Date

Standard

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]

Sample Results:

Reference

Group

ASTM Grain Size Number G

Mean Intercept Length [um]

Elongation

Average Number of Intercepts

Number of Intercepts per Unit Length [1/mm]
Sample Comment

Sample 01

This sample is produced by dilato
9/6/2559 11:15:25

ASTM E112
10.08 +/- 0.00
9.74
1.1
196.00
102.67
Sample 01
10.08 +/- 0.00
9.74
1.1
196.00
0.10

This sample is produced by dilatometers. We war

Grain Size according to Intercept Method ASTM E112
(Image Results)
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Stream Report

Sample Information:

Reference : Sample 01
Group :

Image Results:

Image Name base.tif
Number of Intercepts 196
Pattern Length 1908.95

Image Comment point 1

Cast Iron analysis
(Summary)




150

OLYMPUS

Stream Report

Standard

Total Number of Images
Total Sample Area
Etched Sample Area

Sample Results:

aa
Group

Sample Comment
Date

Standard

Total Number of Images

Total Sample Area

Etched Sample Area

Ferrite / Pearlite Ratio

Total Particles per mm?

Total nodular particles per mm?

ASTM A 247
1

89509.85 ym?
89509.85 ym?

base

9/6/2559 11:18:58
ASTM A 247

1

89509.85 ym?
89509.85 ym?
78.2% 121.8%
0.000

0.000
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