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Nghién ciru cong nghé han thép hop kim P91 biang phwong phap han hd

quang tay va han ho quang bang dién cue khong néng chay trong méi
truwong khi bao vé

Research of Welding P91 steel with Shielded Metal Arc Welding (SMAW) and Gas Tungsten Arc

Welding (GTAW) processes
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Tom tat

Thép P91 (9Cr-1Mo-V-Nb-N) duoc phat trién ttr gitka nhitng ndm 1970 bdéi phong thi nghiém quéc gia Oak
Ridge (ORNL) dudi sw bao trg cta chinh phi Hoa Ky (US). Thach thirc gap phai khi han thép hop kim nay
dé Ia co tinh cda Ving énh hudéng nhiét (VAHN) cao. Piéu nay sé dnh hudng t6i kha néng lam viéc clia két
céu & diéu kién nhiét do cao va ap suét cao. Bai bdo nay sé dua ra nhiing nghién ctru vé ly thuyét va thuc
nghiém dé khac phuc hién tuong nay, thong qua viéc tim ra ché dé han va xt ly nhiét hop ly dé cai thién
tinh déo dai & VAHN ciing nhw bdo dam dworc chét lwong mdi han.

T khéa: Thép hop kim P91, Thép 9Cr-1Mo-V-Nb-N, Thép P(T) 91, thép Cr-Mo-V.
Abstract

P91 steel (9Cr-1Mo-V-Nb-N) was developed from the mid-1970s by the Oak Ridge National Laboratory
(ORNL) under the auspices of the USA government. The challenges encountered when welding this steel
alloys such as mechanical properties of heat affected zone (HAZ) is high. This will affect the ability of the
structure to work in conditions of high temperature and high pressure. This article will focus on the study of
theory and experiment in order to overcome this phenomenon, through the search for welding parameter

ranges and reasonable heat treatment to improve toughness in HAZ well as quality assurance of weld.

Keywords: welding of P91 steel, T91 steel, 9Cr-1Mo-V-Nb-N steel, Chromium-molybdenum steel.

1. Mé dau

Mac du dugc phat hién rat sém tir nhiing nam
1970, nhung hai thap nién gan day, thép P91 va T91
duoc dua vao ap dung rong rai trong nganh nhiét dién
vi nhiing uu diém vuot troi ciia nd. Thép P91 dugc
xep vao nhom thép Crom-Molypden, va c6 dac tinh
giong véi mot sb thép khong gi Ferit c6 d bén rdo tbt
khi lam viéc & nhiét d0 cao (Creep Strength-
Enhanced Ferritic steel — CSEF). Khi han thép P91,
¢6 mot tinh chat dic trung la: Mdi han va ving anh
hudng nhiét thuong cd co tinh cao sau khi han, tuy
nhién tinh déo ciia kim loai mbi han va ving anh
hudng nhiét (HAZ) co thé duoc cai thién dang ké khi
lam viéc ¢ nhiét d§ cao thong qua xtr ly nhiét sau khi
han (PWHT).

Mot trong nhitng wu diém cua thép P91 so vdi
cac loai thép trudc do nhu P22 d6 la: ndé co6 do bén
rdo t6t khi lam viéc & nhiét d6 cao. Tuy nhién qua
trinh chuyén bién pha khi han, ciing nhu qua trinh két
tinh khi ngudi c6 anh huong déng ké dén kha ning
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lam viéc cua két cau. Vi vay, viéc tuan thu quy trinh
nung so bo, duy tri nhiét d¢ gitta cac duong han va
ché @6 xu 1y nhiét sau han cin phai thuc hién rat
nghiém ngat dé tranh nhitng pha hiy nghiém trong
sau khi han. Qua nhiéu thi nghiém, da ching to viée
b6 sung thém cac nguyén té Nb, V, Si va N vao trong
kim loai mdi han s& gitp cai thién do bén rdo cua thép
& nhiét d6 cao [7]. Thanh phdn héa hoc cén bang s€
can tr¢ viéc hinh thanh pha Delta Ferit dé tao thanh td
chirc hoan toan Mactenxit gop phdn tao ra dwoc ca do
déo va do bén rdo toi wu nhat. Tuy nhién, nhiét do
nung ciia td chirc pha Mactenxit anh hudng 16m t6i do
dai va dap cua thép. Vi vdy, viéc lya chon ché do
nung (nhiét do nung va thoi gian nung) s& rit quan
trong, va anh huong truc tiép dén co tinh va kha ning
lam viéc ctia két cdu.

Bai bdo s& dua ra nhimg phén tich ly thuyet va
két qua thuc nghiém dé chi ra rang viée kiém soat
nhiét khi han thép P91 la mot viée rit quan trong de
c6 thé dua két cdu dat dugc két qua nhu mong mudn
va kha nang 1am viéc tdt nhat. Viéc kiém soat nhiét &
day duoc chimg minh truc tiép thong qua kiém soat
thong s6 ché d6 han va xir Iy nhiét sau han. Két qua
s& dugc kierm chimg thong qua viéc kiém tra chup
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anh birc xa, udn kéo lién két han va thir d6 cimg cua
lién két han.
2. Nghién ctru Iy thuyét

Theo céc tiéu chuan vé vat liéu cia AWS c6
khuyén cdo, PWHT cho thép P91 trong dai tir 745 —
770 °C trong 2 gid. Theo cac tiéu chuan cua BS EN
ISO thi khuyén cdo nén PWHT trong dai 750 — 770
°C trong tir 2-3 gio. Mot diéu rat quan trong trong qua
trinh thuc hién PWHT d6 1a khong can phai nung moi
han téi nhiét d6 qué cao, vi né s& dan dén chuyén
bién pha Austenit, hinh thanh nén t6 chirc pha
martensit khong hoan toan anh huong dén @6 bén, do
déo dai mong mudn.

2.1. Chon qud trinh han

So v6i cdc loai thép khac nhu P22/ P21, PS5, P7,
P9...Ngoai thanh phan chinh 1a Cr-Mo, Thep PI1
dugc bd sung thém ham lugng nho cua mét s6 céc
nguyén t6 nhu Vanadi, Niobi va Ni-to véi muc dich
cai thién co tinh va kha nang chiu mai mon khi lam
viéc & nhiét d6 cao, nhung tinh han van giéng vai cac
nhom thép hgp kim Cr-Mo trudce do.

Lién quan dén van dé cong nghé han thép P91, viéc
lya chon loai qué trinh han cling cé 4nh huong dang
ké dén 6 dai va dap cua kim loai méi han vi tac dong
ctia thuéc han va khi bao vé. Luong oxi xuit hién
trong khi han néu ¢6 ham lugng 16n sé lam giam déng
ké d6 dai cua mbi han. Véi phuong phép han TIG,
bao v¢ bdi argon s€ cho mdi han c6 d6 dai va dap lon
nhit vi ham luong oxy cé trong kim loai mdi han
(khoang 100-200 ppm) chi bang % so ham lugng oxy
sinh ra trong thudc han cia céc phuong phip han
SMAW, FCAW va SAW (khoang 400-800 ppm).
Déi véi phuong phap han MIG bang day 16i ddc cho
d6 dai va dap thdp nhat. Hinh 1 thé hién sy anh
hudng ciia ham lugng oxy trong kim loai mdi han dén
d6 dai va dap theo timg phuong phap han cu thé. Can
clr vao dit liéu nay, ta c¢6 thé chon so b duoc loai qua
trinh han c¢6 ham luong oxy cho phép trong mdi han
thdp nhit dé c6 duoc do dai va dap yéu cau.
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Hinh 1. Anh huéng cua ham luong oxy trong mdi
han dén d¢ dai va dap [7]

Hién nay khi han thép P91 nguodi ta thudng
ding két hop 2 phuong phip GTAW+SMAW. Trong
d6 qua trinh han ho quang bang dién cuc khong nong
chay trong méi trudong khi tro (GTAW) st dung cho
cac duong han 16t (noi va yéu cau cao vé chat luong)
va qua trinh han hd quang tay (SMAW) dugc dung dé
han cho 16p phu. Tuy nhién, phuong an nay c6 nhugc
diém la nang sudt khong cao do han bang tay. Béi
vdy, xu thé méi s& phai thay thé boi phuong an khac
dé lam tang nang sudt ddp ma van bao dam chét
luong ciia lién két. Vi nhimng chi tiét va lién két cho
phép han co gidi hoa, thi phuong phap han dudi 16p
thuoc (SAW) thuong duge sir dung vi n6 cho nang
sudt cao. Tuy nhién, ddi voi cac trudng hop yéu cau
han ¢ tu thé phic tap nhu 6G thi mot phwong phap
dugc dé cap dén nhu mot Iya chon tét d6 14 han bang
day 16i thudc (FCAW). Phuong phap han FCAW da
duogc thyc hién thanh cong cho céac vat liéu nhu P11
(1CrMo) hay P22 (2CrMo), nhung né van 1a mét qua
trinh méi véi thép P91 va can phai nghién ciu sdu
hon nra. Trong pham vi bai b4o nay, tdc gia di vao
nghién clu céng nghé cho qua trinh han
GTAW+SMAW.

2.2. Chon vat liéu han

Hién c6 rat nhiéu tiéu chuan qudc gia dé cap dén
viéc ché tao vat liéu han cho thép P91 cho céc
phuong phap han SMAW, Day han TIG/MIG/SAW
hoac diy FCAW. Cu thé, d6i véi qua trinh han
GTAW+SMAW, ching ta s€ st dung que han
ER90S-B9 cho han GTAWva que han E9015-B9.
Véi cac phuong phap han khac, xem chi tiét cach
chon loai vat liéu han va thanh phén hoa hoc dua ra
trong bang 1.

2.3. Nung so by va xur ly nhiét khi han

Trudc khi han thép P91, can phai tién hanh nung
néng so bo loai bo hét tap chat va hoi nudc, ngan
ngura nit do hydro. Nhiét nung noéng thuong la 200 °C
cho moi dai chiéu day cua chi tiét ngoai trir truong
hop han TIG. Khi han TIG, ham lugng hydro rat thap,
va né c6 thé duoc giai phong hét & dai 100 — 150 °C.
Nhiét d¢ gifra cac duong han thudng duy tri khong
dugc phép qua 300 °C d bao dam mdi dudng han
déu dugc chuyén bién hoan toan sang Martensite
true khi duong han tiép theo dugc dép 1én. Thudng
thi mdi duong han sé mot phan nio dé ram cho
duong han sau do.

Sau khi han hoan thién va truée khi tién hanh xur
ly nhiét, méi han cin dwoc dé ngudi xudng dudi 100
°C dé loai bo hoan toan cac to chirc khong chuyén
bién pha austenite, boi vi Hydro 13n ¢ bén trong ciia
td churc austenite c6 thé khuéch tan cham hon khi né
& trong t& chtrc martensite.
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Bang 1. Thong tin cac loai vat liéu han st dung cho han thép P91

Kiéu Ky hiéu tidu chuén ¢ Mn Si s P
Kim loai co ban/ Type 91 0.08-0.12 = 0.30-0.60 | 0.20-0.50 | 0.010 | 0.020
uelfiEn AWS A5.5:2006 y
Q e 0.08-0.3  1.20 030 | 0.01 | 0.01
i Lo AWS A5.23:2007
Day/thudc han £B9Y 007013 125 050 | 0.010 | 0.010
SAW Bo® 0.080.13 1.20° 0.80 | 0.010 | 0.010
= g s AWS A5,28:2005 .
Day han dic s 0.07-0.13 | 1.20 0.15-0.50 | 0.010 | 0.010
DaylBithuge | APAILBEITL 09013 120t 050 0015 0020

a: Gid tri dom trong bang I3 gid trj 1én nhdt; C Tign t8 W=TIG, G-MIG

b: Thinh phin héa hoc yéu cu d& mai han khéng bi chay loéing

Hinh 2 thé hién su chuyén bién pha cho thép P91. Ta
nhan thdy dai nhiét d6 chuyén bién Martensite trong
dai tir 120 — 380 °C. Boi vy, trudc khi tién hanh
PWHT, can lam nguéi lién két xudng téi khoang 100
°C hozc thap hon dé bao dam chuyén bién Martensite
xay ra hoan toan.
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Hinh 2. Chuyén bién pha ddi véi thép P91

Khi lua chon nhiét @ PWHT cin phai luu vy,
nhiét d6 nung can phai cao hon nhiét d6 ma tiéu
chuan hoic céc tai liéu k§ thuat yéu cdu. Theo phan
tich trong ¢ trén, két hop véi ASME VIII nhiét do
nung khi PWHT phai trén 730 °C, va nhiét d§ nung
16n nhat phu thudc vao thanh phén hoéa hoc cua kim
loai mbi han, cu thé 1a khong dugc vuot qué nhiét
d6 cua duong AC, cua vat liéu co ban (~810 °C). Tuy
nhién, v6i nhitng mdi han ¢ chira ham lugng Ni+Mn
cao hon 1,5% thi lai c6 nhiét cua duong AC, thép
hon. Khi nhiét d6 nung PWHT qué gin vé6i dudng
AC; thi s& dan dén viéc mot phén kim loai s& bi
chuyén bién pha austenite, dan dén viéc khong
chuyén bién hoan toan thanh Martensite khi ngudi.
Béi vay, khi nung PWHT, nén luu y chon nhiét do
cao nhét nho hon tdi thiéu 15 °C so véi nhiét do cua
duong AC;. (Vi du: dung que 9IMV-N va 9CrMo-N

d: Thanh phin héa hoc yéu cau ciia déy han
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[eg Ni Mo Nb w | A 4 N
8.0-9.5 0.40 0.85-1.05 = 0.06-0.10 - 0.02 | 0.18-0.25 0.03-0.07
8.0-10.5 0.8 0.85-1.20 = 0.02-0.10 | 0.25 | 0.04 | 0.15-0.30 0.02-0.07
8.50-10.50|  1.00 0.85-1.15  0.02-0.10 | 0.10 | 0.04 | 0.15-0.25 0.03-0.07
8.0-10.5 | 080° | 0.85-1.20  0.02-0.10 025 | 0.04 = 0.150.25 0.02-0.07
fOOgU 0.80° | 085120  0.02-0.10 020 | 0.04 | 0.15-0.30 0.03-0.07
8.0-10.5 = 0.80° | 0.851.20 0.02-0.10 & 0.25 | 0.04 = 0.15-0.30 0.02-0.07

e: Mn + Ni = 1.50% maximum;
f: Ti & Zr0.01% maximum.

thi nén dung cao nhit & 765 °C, trong khi dung que
Cromet 9-B9 chtta Mn+Ni < 1% thi c6 thé nung &
774 °C) 1,

Pé danh gia ché d6 PWHT, nguoi ta kiém
chimg qua hé s6 nung P (tempering Parameter) ctia
Hollomon Jaffe. Qua nhiéu thuc nghiém da chang
minh rang, ché d6 nung pht hop véi thép P91 1a P >
21, [7] trong do:

a) P =°K.(Logt + 20)x10-3 (Cong thic Hollomon—

Jaffe).

b) °K: Nhiét d6 PWHT.
c¢) t: Thoi gian gilt nhiét (gio).

Theo d6, mot ché d6 nhiét phu hop thi hodc 1a
nung ¢ nhiét do théip hon nhiét d6 t6i thiéu trong thoi
gian dai hodc nguoc lai. Vi du: nung PWHT ¢ 755 °C
trong 3 gio hodc nung & 760 °C trong 2 gid' cho két
qua nhu nhau (P~ 28,4). Déi khi, néu can duy tri &
nhiét do thap hon, c6 thé sir dung ché d6 nung & 730
°C trong 8 gi0, hoac duy tri ¢ nhiét do cao, trong thoi
gian ngan thi ¢ thé sit dung ché d6 nung 774 °C
trong 1 gio (nhung luu y ham lugng Ni+Mn < 1%
trong vat liéu han).

3. Thuc nghiém
3.1. Di¥ ligu diu vao

Bai toan thuc nghiém duogc trién khai thuc hién
han quy trinh han cho: thép dng SA355 (P91), Chiéu
day 30 mm; dudng kinh @ 323.9 mm. St dung trong
hé théng ong din hoi, bao hoi ciia nha may nhiét
dién.

3.2. Ché ap thuwe nghigm

Kiém ching cdc dir liéu phén tich tir muc 2. Téac
gia tien hanh chay thir 01 quy trinh han véi thong so
ché d9 nhu dudi day.

San phém sau khi dat ngoai dang, dugc xu ly

nhiét theo so gé sau, trudc khi pho kiém tra chup buc
xa (RT) va kiém tra pha huy: udn, kéo, thir d6 cung.
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Bang 2. Tong hop cac thong sé ché do thuc nghiém

Bang 4. Két qua chup film (RT):

nhu sau:
Théng sb Lép Lot Lép phi
Qua trinh han GTAW/TIG SMAW/MMA
A AL 1A AWS AS5.28 —
Vat liéu han ER90S-B9 AWS A5.5 -E9015-B9
Butng kinh 2.4 (2%Thori) 2.6,3.2;4.0
que/day
Khi x6ng mat sau (9§r9g9091(1) %)
. 0 A A A
Luu luong khi 415 Khong yéu cau
bdo vé (lit/phit)
P Argon
Khi bdo vé (99.999%) s
- Khong yéu cau
Luu lugng khi 825
bao vé (lit/phit)
Nhiét nung so b Téi thidu 200
W)
Nhiét d¢ gitta cac £
dudng han (°C) Toi da 300
PWHT a) Lam ngudi dudi 100 °C trude khi
thuc hién PWHT
b) Qéi nhiét d6 nung: 730 — 774 °C, gilt
t0i thiéu 02 gi¢
c) Toc df nung: 100 — 150 °C/gio
d) Téc dd ngudi: 100 — 150 °C/gidy

Bang 3. Thong s6 ché do han:

PQR No. 175 ‘ Pagelof 1
Procedure No. EMETC-NDT-06 Material Type: SA335P91+5SA335P91 Technique:
Acceptance standard: ASME IX-2007 Welding Process: GTAW+SMAW DWSI
Source: Gama Focal spot size | Film Q1 Sensitivity | Density | FFD [ Exp.
type type | (%) (mm) | Time
Source strength: 50 25x3.0mm Fuji 50 | 1B- 2.0% 2.0-4.0( 3239 | 50min
Ci ASTM
Processing: manual Date off Radiogrhaphy: 26-Mar-2013
No. | Welder Size/ | Thick/ | Film Defect | Defect Location | Acc/ | Remark
Identification/ | Dia. Sch location | type Dimension Rej
line No.
1 Nguyen Van 3239 | 300 A-B P 20 Random | ACC | After
Thang- 6G SF PWHT
ID: 142512337 C-D Cp 10.0 B-60 ACC
P 20 Random
Note:
ACC: Accpeted RET: Rejected
Defect types:
P: Polosity CP: Cluster Porosity SF: Surface

Cin ctr két qua trong bang, méi han sau khi xt
ly nhiet c6 két qua dat theo yéu cau ciia ASME IX-
2007.
Bang 5. Két qua thir udn kéo:

Két qua thir kéo (QW-150)
Tham khéo sé bdo cdo: DNV/SL/R20081487

. | Chidu | Chitu | pign | T8I | DobEn |
Mau A 5 p trong | kéo toi | Vitri
% rong day tich A2 >
i) (mm) (mm) (mm?) toi da da héng

(kN) | (MPa)
TSI | 19.02 | 29.60 | 562.99 | 2950 | 524.0 If()‘;l
TS2 | 19.01 | 2971 | 56479 | 3000 | 5310 | ©©
ban

. Ning lrgng
Vit li¢u han Dang dién Dign ap Taoe 4§ han
Qui dwimg
Lip
trinh Duwimg
him Mie vit Cye
han Kinh A v mm/min ki/mm
ligu tinh
(mm)
Lit | GIAW | ER90S-BY 24 DC- | 70 - 160 | 10 - 14|40 - 60 | 070 - 336
Néng | GTAW | ER90S-BY 24 DC- | 70 - 160 | 10 - 14|40 - 70 | 060 - 336
Pha/ | SMAW | ES015-B9 26 DC+ | 70 - 10020 - 28|50 - 90 | 093 - 336
dién | SMAW | E9015-B9 32 DC+ | 80 . 12020 - 28 |60 - 100 | 096 - 336
diy | SMAW | ES015-B9 40 DC+ | 100 - 150 |20 - 28 |60 - 110| 109 - 420

Ché d6 xir Iy nhiét theo nhur trong bang 2 trén co
so tra ciru theo ASME B31.1 (Bang 132), ASME
VIII, Div.l bang UCS-56 va bang 6.8 cua ASME
VIII Div.2. So d6 xir Iy nhiét duoc thé hién nhu sau:

PWHT
730 -774 oC/ min 2h

Nhigt d8 (oC)

Nhigt dé giira céc
dwérng han

nung so bd

250°C typical
(200-300°C)

200°C min. /—\

Lam ngudi sau khi han
e xudng dwdi 100 oC

Théi gian (h)
Hinh 3. So d6 xtr 1y nhiét cho mdi han sau khi han
hoan thién thép P91

3.3. Két qua thue nghiém

Mau han sau khi dugc han theo céc théng sé ché
d6 nhu trén, da dugc dem thir chup phim, thir uon kéo
va kiém tra d§ cung. Két qua cu thé nhu sau:

Két qua thir udn (QW-160)
Tham khao sé bdo cdo: DNV/SL/R20081487

MAu s6 | Chidu day x chiéu réng (mm) Két qua
SB1 9.96 x 28.37 bat
SB2 9.88 x 28.08 bat
SB3 9.91 x 27.86 bat
SB4 9.95x 28.57 bat

Két qua thir kéo cho thdy mdi han dut & phan
kim loai co ban, do bén kéo t6i da 1a 531 MPa la cao
hon so véi d6 bén cua kim loai co ban. Két qua thi
udn khong xuat hién khuyét tat khong cho phép. Nhu
vay, mdi han ¢6 két qua tot vdi thong sé ché do dua
ra trong bang 2 & trén.

Két qua tht d§ cing tai ba vi tri cat: 6 gio, 9
gi0, 12 gid, Cac gia tri 16n nhét trong ca ba vi tri cét
thir ca & KLCB, KLMH va VAHN déu cho két qua
nhé hon d6 ctng cho phép 290 HVE. Vay két qua do
cling ndm trong giGi han cho phép.
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Bang 6. Két qua thir d6 cimg:
Két qua thir 46 cimg tai vi tri cit 6 gio trén dng

HARDNESS TEST RESULT

Hardness Vicker Date : 27" harch 2013
Load A0 kg Sample Marking : MH-1 (6 O°Clock)
Identation 1 2 3 4 3 [ T
HAZA 209 207 190 173 155
HAZB 232 224 203 183 195
HAZC 204 207 203 203 211
HAZD 281 270 272 270 259
WeldE 192 193 195 197 209 2197 PEN N
Weld F 234 228 2157 2207
Base metal G 143 143 143
Base metal H 216 214 213
Base metal T 130 147 140
Base metal T 195 158 203

= closest Srom fusion line i FAZ and InSemrations 2ra 0. SmE Spart

Tote: 0 1 15 closest Fom Fusk
"E6.E7.F3, F4: From fusion line, lmum 2part (P21 side)
T

3

. - 3
3 Al 0] ] w ¥
AN Ge.711 $0205 Ge. P2
=1 cyefe L t
-

Két qua thir d6 cung tai vi tri cét 12 gio trén dng

HARDNESS TEST RESULT

Hardness ‘Wicker Date : 27" March 2013
Load 10 kg Sample Marking : MEL-3 (12 O'Clock)
Tdentation 1 ) 3 E? E & T
HAZ A 216 218 217 210 179
HAZEB 273 235 223 202 198
HAZC 192 200 133 194 182
HAZD 264 261 251 235 225
Weld E 195 185 150 153 209 | 218 | 2227
WeldF 237 139 2307 2287
Base metal G 145 135 141
Base metal £ 214 213 211
Base metal T 144 153 158
Base metal J 157 203 206
Fiote: [ndeciation 6o | & closest Form Fosion Ligs @ FHAZ and Indentations are 0. ST Zpat
'E6.E7.F3, F4- From fusion line, lmns apare (B21 side)
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4. Két luan

Két qua thuc nghiém cho thiy, sau khi thuc hién
han theo dung ché d6 dugc dua ra trong phin nghién
ctru ly thuyét, mdi han da dat dugc co tinh theo yéu
cau. Cu thé: Do bén kéo tdi thiéu 1a 524 MPa 16n hon
d6 bén clia kim loai co ban (mbi han bi dat tai ving
kim loai co ban). Ngoai ra, phép thir chup phim RT
va uén mdi han cho thdy bén trong mdi han khong
ton tai khuyét tat qua mirc cho phép. Két qua thir do
ctng mdi han chi ra rang, ché d¢ nhiét khi han (nung
so bo, ché do han, xur ly nhiét sau han PWHT) la phu
hop, mbi han khong bi bién cing, d6 cing t6i da khi
thir 03 mau cét tai cac vi tri khac nhau la 272 HV
(xuit hién ¢ ving anh hudéng nhiét HAZ cia mdi
han), d6 cting nady nhoé hon d¢ cing cho phép la 290
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Két qua thtr 4§ clng tai vi tri cat 9 gio trén 6ng

HARDNESS TEST RESULT

Hardness “Wicker Date 27" March 2013
Load 10 kg Sample Marking  : MH-2 (8 O Clock)
Tdentation 1 2 3 4 3 [ T
HAZA 271 243 211 213 198
HAZEB 21 218 216 206 207
HAZC 168 264 260 232 237
HAZD 1835 189 181 183 181
WeldE 124 pIEY 212 198 203 108 180
WeldF 221 225 246 248
Base metal G 214 214 210
Base metal H 145 142 1435
Base metal [ 202 155 195
Base metal T 140 144 156

[ Totz: Inderttion Bo 1 15 closest from Fasior Line in FLAZ and subs=quent INGeNmamons 212 0 Sme 2paTt |

"E§.E7.F3. F4 From fusion line. lnus apam (P21 side)
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HV (theo tiéu chuén thiét ké d6i véi két ciu bao hoi
cua nha may nhiét dién.

Nhu vdy, viéc duy tri ché d6 nhiét khi han thép

P91 1a yéu t6 quyét dinh tdi co tinh va tinh chat mdi
han sau nay.
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