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Creep properties of ASTM A514 T1 after Microstructural change

due to regenerative heat treatment.

Sanhawat Namakham 55011286
Hattawat Vongpan 55011384
Dr.Panya Kansuwan,ASST.PROF. Advisor
Year 2015

ABSTRACT

A future deformation that occurs gradually with time is called Creep. Creep is
often important in engineering design, as in applications involving high temperature,
such as light bulb filaments steam-turbines in power plant, jet, rocket engines and
nuclear reactors. ASTM A514 T1 Steel has used widely in power plant, or high
temperature application. So the objective of this research is finding and comparing
creep properties of ASTM A514 T1 after Microstructural change due to regenerative

heat treatment,
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2.2 MINAFBUNISAU (Creep Testing)
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2.4.1 ﬂﬁﬁu‘lu’?ﬁqﬁlﬂuwﬁn (Creep in Crystalline Materials)
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2.Dislocation Creep 138 Power law Creep msausilatassuussniuasiiniinnudu
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13799 2.1 LAATIEaseenYed Creep mechanism

Name of Mechanism m q Description
Diffusional flow | & Vacancy diffusion through the crystal
(Nabarro—Herring creep) lattice
Diffusional flow 1 3 Vacancy diffusion along grain
{Coble creep) boundaries
Grain boundary sliding 2 Clor3 Sliding accommodated by vacancy
diffusion through the crystal lattice
(g = 2) or along grain boundaries
(q =3)
Dislocation creep Jto8 0 Distocation motion. with climb over

(Power law creep) microstructural obstacles




2.5 nsUFuU e uaudIevUIuNIINIAUTaL (Heat treatment)

MnmsUsulstunudienssuaumseuou (Heat treatment) IgitiTag ASTM A514 1V
ouTlanuvgdl 900 asriwaLiba WU 30 unil fishsmsiiiugamnd 5-10 ssrnieadeanouniinadi
Lo 91ngunw2.3 (n) Aenmehe cross-section was ASTM A514 uagnw (2) Ao nmeves
ASTM A514 as91neusuieu (Heat-treated) auiiuldiunaiiisalavildanasainidu Ssanunsn
vhwnelddnisdedunisiuiiuntivdies fiviu iesnneuaudfveadisaladty weldsuay
Sougetu wiaiisalasasiudounantumeaiiolslasd Seailelslnsdiauudeitdonniiils

s =

Tapdeguladands

5

v ] 2
[ =l

Asdunsniiliiiadlad (pearlite) doraswnumauituaziilianinsresusenisidegy

»ﬁamicsiaé'ﬂumsﬁuﬁ’uﬁmqﬁu

(M ()

SUN2.3 LaAIAINULAARINYDUNTULEIONIUAITYY Heat treatment

U

97198991n91398 : ( Microstructural changes due 1o regenerative heat-
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UM 3.6 nsiAsudinging

3. ApunsAuAulvtainniIseenuuy

4. Walsu Controller i Linking PLT-800, PLT-200

11



=1 o dl
gthn 3.7 LEAAILNIRUILATDY

5. 1By Solid State Relay Fotek SSR-50DA Latesa3dh
6. Wil LED Lﬁa@miﬁwmmaa heating coil

7. Waew Relay Omron MK2P-1 1a3piaz2ia

8. Wasuaingldh

9. @uagly

10. wWasy Thermocouple Type K 9 L&y

11. @guwiay (Calibrate)

2 gﬁIUiLm‘iﬁJLﬁﬂIﬂﬁﬁ’mu’miﬁ’lu ASTM

12
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JUR 3.8 wansnieSeadSuaaysal

3.2.3 38N1SNAEDUAINAU

msyagauAMUAY iWunTMANLEIRUSLUY time dependent sywing
strain Y99TUUARANAINTY fiuaal FeldluussAdlunuiunuguy Constant load

#58WUU Constant stress

L wiituivmihiingusmeinsuaduinugudnanaade 3 90 léun Jans 2
11Ua¥ATINA1BY gauge length Fevaiey 2 fumisluviag mm
(FUnm 3.6)

=

2. NIATUANYIUNA

U

(a) grumaininle Aogaumniliedevesiugunuiivansvi 2 94

9 u
L4 1

gauge length UaenI1 50 mm €1 gauge length > 50 mm Wity

I ingauniiBnnileye nssnansdiunu
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[

(b) m3nuANgamgdiBuay @unsavile 2 38 Tnedmusudadiu

U

WAL EaU R U ILUULEA

-Thermocouple asanandunuazldlunismunugamail va

thermocouple MUanavs 2 duwad gauge length 4ifte monitor

-Thermocouple NIUanevs 2 Muwed gauge length aldlunis
AIUANEANAITWII Fsssuunsauauinueneananii Y

thermocouple asanansdusu T4ifia monitor

(0) misldiianlunis heating Fuarusnnda 1 sy, sunseald
gaungil set point uazietasiululfiie overshooting lugna
heating time AI5AYYMNIININTT set point 5 - 20 °C fAiawuiiy

gamgil set point IugumgiineaeUTuNY
(d) Overshooting temperature Aasaglutianisammgidisans

(e) asoUBNUTiamgivndevldioont: 1 v, (ASTM139-11)
W38 16 — 24 9031, (JIS 22271) wievhliannuden nseangsviasuiy

Iaegneainaie

(f) szrinanadaufeInIUANaMNANUDITUI

15197 3.1 UangaAsg I ASTM , IS

Standard 7 lemperature range | Uncertainty

ASTM E139 <1000°C 4°C
>1000°C £33

JIS 2283 <900°C £3°C
>900°C and +4°C
<1000°C

3. ldnssusationni 10% weeussiilavanasy

(@) Jis wuzilildusedingaan soaking time \Junamaneund (4-5
U9) NeutAsEusIaan m’mfé’hmﬁumimmﬁ%mﬂiﬁﬁaﬁqmwhﬁ
vinlét iitetlaaiulalliAn shock load wazlyllviAn creep strain
Tugeusnueansvaaeu Jaun Strain 929591 Instantaneous

strain
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2s

(b) ASTM wuziluldusell nounsasenindlimnudouduey wadiss
roeldussitaztuliisangauiivildlagladlvifa shock load was

#7139 Instantaneous strain 16
4. s3niaveday 5239kl Shock load 3o load feauwuiuny

5. gnmasludlidafntuaiuddin vy nans wazans Tneldanaunuiaaly

A531R

6. ihfuanuiynimesluduilaudluussneudhivyedereadau (Hot
Coupling) Ineduilenliuiulngbissezasdaria(Hot Coupling)fuuuazii

anidlszezvinaminfiuaiug Gauge length ¥astiuauy (U 3.7)

£
s

7. inssyadesalHot Couplinglirfulaiasnagaunuiy

8. douanewelufuidariiustemadeunmidy (3Unw 3.8)

9. .Ut

10. wyulaulasfiwesiiiuyndode fiolisasvesinresunusavaaey

11. Calibratelulpsfimeslngldiiandme s anusnednd Hlalasiwaslaos

fanululday sy

12 samlusunsy iduinanusnedndduiiewnainnist advesduausu

nanfldlunisnagounng 153u1il

'
=l

13. Yiudsrmeulvsameilinuauaamgilildaunteulafisidosnis

logldunsgmuluu ASTM

Load applied
e T —

@ Setpont - 10 . : ;
'g i
£

& |

¥ LR ¥ »
90 30 10 50 Time{min}

N3 3.1 WARINITLNLO UM IMINLINTFIU ASTM



ddl =% [ y.i’ dll A:i di =2 ﬂy ¥
14. \Wedaanapply load Analvdunuedsuiiaiieofsvantiunding

Auto

15. WoBuauwaua AExport feyasonainlusunsu Tneshlusunsus

Yunnunlulng Microsoft Office Excel

16



ghilaveayanan nszesundananssi Y

a1
3.3 waulvlunisvnass

= = &
719199 3.2 Woulvlunisveassduau

3.4 Nan1InNaaag

M1319 3.3 LEARINANITVINADY

285 575 250 1448194 3_16614X.10-—6.

L s s 1.50

285 575 250 0.75 8.32640 “>< 10‘5

5 0 e e ERg 0

285 525 250 237.50 3,74355 >< 107

143869



Displacement (mm)

0 100000 200000 300000 400000

18
unil 4
A5MATIZUNANITNAAD S

4.1 A15ATILHNT Minimum creep rate Tuusasiuau
Fuawit 1 (HT)

D= 2.85 mm

A= 6.3794 mm’

Gauge length = 30.15 mm

Stress = 250 MPa

Temp = 550 degree Celsius

Result:

Rupture time = 4149755 (115.2708 hr ) (4.803 days)

Displacement = 6.205677 mm

Minimum creep rate = 1.84789 X 107 mm/s

ASINTIA.1 LEAIALE TSS9 displacement AU time @550°C HT




Displacement (mm)

Displacement (mm)

19

N9IA.2 wansnsRNALE T USTE NG displacement A time @550’C HT

0002 (
T

0.00001 |

100000 7 200000 -+ 300600

Time (s)

N5IA4.3 uanns AN eI dNius eI displacement
8.x 10719

6. x ?0“0;
|

4.x 10719

2.x 10710}

300000

200000

Time (s)

400000

400000

U time @550°C HT




Displacement (mm)

Fuewdl 2 (HT2)

D= 2.85 mm

A= 6.3794 mm’

Gauge length = 29.25 mm

Stress = 250 MPa

Temp = 575 degree Celsius

Result:

Rupture time = 52135s (14.48194 hr) (0.603414 days)
Displacement = 4.887519 mm

Minimum creep rate = 3.16614 x 10°° (1/s)

NI 4.4 uansaaEURUs I displacement iU time

107

0 10000 20000 20000 40000 50000 60000

Time (s)

20



Displacement (mm)

Displacement (mm)

21

A5G 4.5 wanansInANPILEUR LSS displacement iU time @575’C HT

0.0007
0.0006
0.0005
0.0004

0.0003 +

0.0002 |

0.0001 |

0 10000 20000 .30000///40000 50000 60000

Time (s)

397 4.6 wansiviidsdasruduiusseninsdisplacement AU time @575'C HT

6.x10°f

4.x1078}

t
2. x 10‘8i

100007 20000 30000 40000 50000 GOE)O

Time (s)



Displacement (mm)

Fuawil 3 (HT3)

D= 2.85 mm

A= 6.3794 mm”

Gauge length = 28.4 mm

Stress = 250 MPa

Temp = 525 degree Celsius

Result:

Rupture time = 595.5708 hr. 24.81 days

Displacement = 2.248027 mm

Minimum creep rate = 1.50833 X 1078 /s

NIAUT 4.7 uansmuduiussewing displacement iU time

25

0 500000 10x 108 1.5 x 108 20 %108

Time (s)

22



Displacement (mm)

Displacement (mm)

23
N34T 4.8 uanansAnAINFNRUSsEWIe displacement fu time @525'C HT

15x 1078+
1.x1078"
5 x10~7 |
0 500000 1.0 x 108 1.3x 10° 20x 108
Time (s)
N3N 4.9 wansWARIaRInLANT NS TERINdisplacement U time @525°C HT
1 [
2 x 10" '4 ¢
500 1.0xA0°8 15% 108 20x10°
2 x10-12
-4 %1012

Time (s)



Displacement (mm)

24

Fued 4 (AS)

D= 2.85 mm

A= 6.3794 mm’

Gauge length = 28.4 mm
Stress = 250 MPa

Temp = 575 degree Celsius
Result:

Rupture time = 0.75hr

Displacement = 10.5289 mm

Minimum creep rate = 8.3264 X 107 8mm/s

N3 4.10 uanAUduRuSTEIINg displacement ffu time

14 r
12;

10

0 500 1000 1500 2000 2500 3000

Time (s)



Displacement (mm)

N5IWA 4.1 uamensAnlAETLSSEring displacement AU time @575'C AS

0012 +
—_ 0010 +
£
£
1= 0 i
5 008
£
)]
S
2 oos
o
a)

0004

1000 150 | L2000 250 \30

Time (s)

N5 4.12 uansfviiaansnaudusiusseninadisplacement U time @575°C AS

0.000015

T

0.0001

5. X1O—6'j

-5 x1076 -

-0,00001

100 50 200 X0 3000

Time (s)

25



Fusudl 5 (AS)

D= 2.85 mm

A= 6.3794 mm”

Gauge length = 29.35 mm
Stress = 250 Mpa

Temp = 550 degree Celsius
Result:

Rupture time = 10.475 hr
Displacement = 8.471 mm

Minimum creep rate = 4.7769 X 107° (1/s)

NS 4.13 UanapR NS TEINe displacement AU time

Displacement (mm)

10 ¢

[o9]

I

0 10000 20000 30000 40000

Time (s)

26



Displacement (mm)

- x1078}

. Displacement (mm)

N 4.14 uamansiRvmLFLTuSTEIng displacement AU time @550°C AS

000040

0.00035

000030

000025

000020

000015

N3N 4.15 wansiinindiaoniuduiussewinadisplacement /U time @550°C AS

Time (s)

Time (s)

30000

27



Displacement (mm)

Fuauil 6 (AS)

D= 2.85 mm

A= 6.3794 mm’

Gauge length = 29.35 mm
Stress = 250 Mpa

Temp = 525 degree Celsius
Result:

Rupture time = 237.506hr
Displacement = 4.532 mm

Minimum creep rate = 1.50833 % 1078 (1/5)

NI 4.16 uamanIEITUS ST displacement U time @525’C AS

0 200000 400000 600000 80000 1x 106

Time (s)

28



Displacement (mm)

Displacement (mm)

29

n3¥ 4.17 uanansudArimuduiussewing displacement U time @525°C AS

5 %106
45 x 108

4 x1076

35 x 1078}
3 x 10"6:

25 x 1076}

ﬂ's']wi?i 4,

1. x 10~ 1}

-1 x10~ 1"

—2 %01 |

w3 10—11 i

-4 x 10~

_5 % 10‘*11 b

-6 x 10~

! ANER 3 - .A

400000

600000 800000
Time (s)

18 uansaninasdaImnduiiusszrinadisplacement fiu time @525°C AS

Time (s)



30

4.2 BVzwavasn1sAuIleIngunnd

4.2.1 TUUU AS-Receive

A o o

disdwanimaaeswndennsiiasidSoudevagldmidannsm 419 1y
ANdRuSIEUIednIduvesan (time/rupture-time) wazALATER (strain) [GERGE
WuTaguuu as-receive lugamgfifl 525 550 575 asrigaifoanmuadu asiiuli e
Qquﬁqﬁuﬁmmﬁﬂmﬁﬂmiﬁuazﬁm'jwﬁqmmﬁﬁwm'wL.Laxisaxﬁﬂﬂ'au*?i%mﬂ(rupture)

EUINATNIUNY

N319N4.19 wanin LS strain (U t/t, 999TUTULUY AS-Receive

035 1

03

A 575C

0.25

0.2

®m 550'C

0.15

7 | | —a—525C

0.05

0 02 04 06 08 1 1.2
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4.2.2 TdAWUU Heat-Treated

13 4.20 Wuanuduiusseninednsmdiuvesian (time/rupture-time) uag
AueYn (strain) laedumsisuifisusswineTanuTaquuuHeat treated lugaungiid
525 550 575 asrieaidganiuansiu auuiuladn Li‘iaqquﬁqﬁué’mmwﬂmﬁmm'ﬁﬁmsqq
rirfigamgisniuessesanouiinzanaupture) sgannninduiu Wulheaiuianuuy

As-receive

NIINN4.20 Uananudusiug strain U t/t, 909TUULUY Heat treatment

0.35

03

0.25

0.1

A 575C

¥ 550C

—=525'C
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n5NTI4.21 525 B9 waTed 250 MPA

0.12
0.1
0.08
——525'C_AS
0.06 —&=525C_AT
0.04 -

N5 4.21 WuAuduRUSsE N9 RsIdIuasLa (time/rupture-time) wag
ALASEA (strain) TasagiluntsiuSeuifloussnitedanuuu As receive uaw uuuHeat
treated  lngaziulddndaquuu as - receive  Sdwsinisiianishudigunsiniiuuy
Heat treated #idina 525 ssrmeai@ea 250 MPa Tng #1° minimum creep rate 989 Heat

treated wag As receive v 1.50833 X 1078 way 3.74355 x 107

(1/s) Muasu
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n5IN#4.22 550 aerwadea 250 MPa

03

0.25

02

0.15

#550'C_AS
B550'C_HT

0.1

0.05

0 0.2 04 06 0.8 1 19

1Nn3 M 4.22 uAuduTuSsEviednsd@Iureaaat (time/rupture-time) uay
masen (strain) Tnsagidunsiieufioussninedanuut As receive ey uuuHeat
treated  Tagasiiulddnfaguuu as receive . Hdasnnsiianisduiisuusaniauuy

Heat treated M1dn1z 550 aerwalfioa 250 MPa Llaaan minimum creep rate 994 Heat

treated uag As receive Wi1fiu 3.16614 x 10™%uax 8.32640 X 105 (1/s)

AIUAIAU
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n59ii4.23 575 ssmwadea 250 MPa

0.35
0.3
0.25
#575C_AS
02
W575C_HT
0.15
0.1 -
0.05 45
0. '. ! I. l. i 3 |
0 J-BB P\ 60\ g5 NN 7\\ 12

1NNTW 4.23 [Wuanuduiugseninsnsidiuveaaan (time/rupturetime)  uay
MNLASEN (strain) Tasagidunisieuiisuseninegdanuuy As receive WLas LuUHeat
treated  Tpgautiiulddrdaquuu as receive | fdns1nsiinnisAuiiguusinituuy

Heat treated ﬁam?s 575 peAgaged 250 MPa 1ag @1 minimum creep rate 199 Heat

treated was As receive wiifiu 3.16614 X 107% uar 8.32640 X 10-5
(1/5s) anudsiu
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4.3 Activation Energy

37424 uanIRUAUTLS minimum creep rate U reciprocal temperature

1.00E-03 ' minimum creep rate(As-recieve)
# minimum creep rate (Heat-Treatment)
——Expon. (minimum creep rate(As-recieve))

‘% 100E-04

"‘_-_- ——Expon. (minimum creep rate (Heat-Treatment))
S

()]

—-——

W

0 1.00E-05 —_— - S

Q.

8 . y = 2.08361E-+41e-98.55336905x

| - ~

O TN

£ 1.00E-06 +— \\

g \H\
£

=
= 1.00E-07 s\
\\\\\
y = 3.07611E+31e 722040635 ‘\\\
‘-\’
1.00E-08 . . - . r : . . -y
19 1.18 1.19 1.2 1.21 1.22 1.23 1.24 1.25 1.26

3

s 10
Reciprocal Temperature ™

oW1 Minimum Creep Rate (1/s) TuLog-scale uwdomiieusuen
103

T (k)
Activation Energy @il

Reciprocal Temperature Feazloldunsseony wagiiotiaudunnmen
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d 1 0 " ﬂl’ ! =
A131994.1 LaARIAT activation energy Ua9TUULARL TR

4.4 ayunan1snnass

7] 3 -1 Y e di' 2R = E 24 4:1'

atuINHan IaaesssiulanTanlialatiiunis Heat treatment fuunltiuilag
AUNIUABNISIAANISAULINATILUY  AS receive lazilszagnalnauazuaniniuIundn
aanwanalilumisny 4.2

G‘ = 1 o l. .
A11319914.2 91510058 UWBUAT minimum creep rate (1/3) Wag rupture time

swindaniriuuaz Tulsun1s Heat-treatment

Minimum é-reef:;: rate (i/s)
Heat treated :
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AMANUIN N.

NSUTUUTIAUNINT UMY

UMW N1 uaEnsTuTUnIldTuaInlsnds

FUNMW N2 waRIuURaINITAIUNAYY



sUAW N3 uaninandy
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NMANUIN V.

N15VIAVDITUNU

FUAW U1 LanaBuuinvnlugig
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