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Development of High Efficiency Lignite-Fired Boiler for Commercial Use

& i 56 TANFE— - TTY NI I —TRNF VAT ALY S —FA T TUY 2y MR E
Benedikt Tressner ') Steinmiiller Engineering GmbH Project Manager Consulting

SO RE S FEBEMHOBE L LT, M RAHOILRSFRIN TS, FRICHEETRFHTH S 2
EOPREI O A MRS SN A 2 L, B X UHETE OBLE D SR KD 7 T H 1R a R L L7 &
FEBMTBOIRPFHIN TS, BitE LT, ZOBRESEEXMNIHIISAT L0, BKREEKRLT
Ay OWEL & @h =R - M X MEATWBE & 7% & TG RIE & R 12 & B 2R ORfZEZ1T> T b, 2Ok
T, -0 v XTRREE KA TERMICET 5 H A% 2 E 125 D Steinmiiller Engineering GmbH ft ( SE ) % 7
V=T &l L7z AT Ete kA 2 ERMTISE AT 72 HL 7V — T ORMAZ DV TR 5.

The utilization of low grade coal is expected to increase in the future as the main source of coal fuel for coal fired power
plants. The market for low grade coal firing power station equipment is expected to expand especially with the spread of the use
of lignite-firing due to the low fuel cost, as it is not being utilized at the moment, and because it can be produced locally for
mine-mouth power plants. [HI has a market entry strategy for lignite-fired power plants. That is why IHI is developing distinctive
technologies to establish lignite firing technology and develop high efficiency/low cost lignite-fired power plants. As part of our
strategic plan, IHI became shareholders of Steinmiiller Engineering GmbH, a German company with rich experience in lignite-

fired boilers in Europe. This paper introduces IHI’s strategy for entering the market of lignite-fired power plants.
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£3 AT S BIOES /3D CFD 5%

Fig.3 CFD results for the new PF concentrator and the vapor dampers
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Table 2 Boiler performance parameters before and after revamp
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Fig. 8 Example of CFD result for raw/pre-dried lignite mixed combustion
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Power System Stabilization by Aero-Derivative Gas Turbine and Synchronous Condenser

for Large-Scale Renewable Energy
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Supplying electricity with renewable energy has been attracting more and more attention because of the potential for CO,
reduction. The number of solar and wind power generation facilities has been increasing rapidly due to the relatively low
equipment cost. However, the power output of solar and wind power is unstable because it depends on the weather, and they do
not have frequency control ability because they generate direct current electricity. Consequently, connecting large-scale
renewable energy to the electricity grid would deteriorate the power quality. In North America, aero-derivative gas turbines and
synchronous generators are operated as synchronous condensers to stabilize the power grid system. In this report, we discuss the

contributions of synchronous condensers and how they will contribute to the grid system in Japan.
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Table 1 Aero-derivative gas turbines of the three top manufacturers
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FT8 PWPS 25 JT8D
FT4000 PWPS 60 PW4000
RB211 RR 25 ~32 RB211
Trent60 RR 53 ~ 66 Trent700/800

(#) GE : General Electric Company ( 7 A1 71 )
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RR  : Rolls-Royce Holdings ( 1 ¥1) A )
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Introduction of a New Method of Signal Converter Board Exchange Construction in LNG Plant Facilities
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We started signal converter board exchange construction in April 2015 in the Yanai Power Station of Chugoku Electric Power
Co., Inc. We ran into some problems such as too little space and inability to stop the facilities for long periods of time. Here we
introduce the construction method that we are using now and a new method of construction.
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Fig. 1 Schematic of the signal converter board
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Study on Heat Transfer and Flow Characteristics of a Bank of Tubes with Tube-to-Baffle Leakage
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This study investigated pressure drop characteristics of a bank of tubes with tube-to-baffle leakage and that of baffle-to-tube
spacing itself by conducting experiments on various orifice shape factors Z and leakage ratios R. The results show that the two
pressure drop factors depend neither on the orifice shape factor for Z =29 — 55 nor on the leakage ratio for R = 0.4 — 0.75. Also,
the pressure drop factor when the leakage flows into the bank of tubes is lower than the factor when the leakage flows out. This

result is obtained not only experimentally, but also numerically by RANS simulation.
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Development of Control Technologies of Battery for Large-Scale Photovoltaic Power Plants
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Recently, the utilization of renewable energies has been proposed for the stable supply of electricity and improvement of the
energy self-sufficiency ratio in Japan. Especially, large-scale photovoltaic power plants called “mega-solars” have been
constructed one after another, and several of them have already begun supplying electricity to the commercial power grid. The
amount of photovoltaic generation drastically fluctuates depending on weather conditions such that the sunlight is obscured by
clouds, however. This has caused concern about the negative impacts on the voltage and frequency of the commercial power grid.
In this paper, we describe control technologies of battery that we have developed for the stable supply of electricity from power
stations to the commercial power grid, and future works for the application of this research.
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Development of Boiler Technology for 700°C A-USC Plant
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For the purpose of putting 700°C Advanced-Ultra Super Critical ( A-USC ) power generation technology into practical use,
THI developed fundamental technologies for boilers from 2008 to 2013. In particular, IHI examined the welding technology and
bending technology of Ni-based alloy piping of the candidate materials. In the end, IHI established welding methods for every
candidate material, even though the welding conditions are different for each material. Regarding bending technologies including
cold bending, IHI also established the optimal machining conditions. Based on these conditions, IHI manufactured mockups of
header pipes and loop pipes and verified that construction of an actual machine was possible. 100 000 h creep rupture tests are
being conducted on welded parts to verify their long-term durability at high temperatures.
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MOBSEEFM L T& 72 A-USC ERB o 75 ~
282 RIIRT. A-USC HAfIZIE, KA TEEL LT
Ni EEEZEAT L2 &0, BN, ITHM O
SEAWEEE 2B, TNOBLERAROMEIZANT T, 2008 4
M5 2013 EF TV MHATE . 2014 EEH B, FEF

BRI 725k R] - BB X OB Efi L Tnb. F
72, FA THEOER TORKEMEBEESEZ L 25 L
M5, 2010 F2> 5 E OREEH 7 1) — TR EE ORGEE
ik L CHERM L TWAh. A-USC DikaHdfroaico
WU, BER O TS L2 B TH L.

AT, ZFEFEh e LCRRE L TE 7 Ni £AEGE80%
FRiT B L Ol T o E b % & & W3 5. PR
T, BB L OO 7 1) — THIRHREE 12OV T b iR
AR ORERZHET 5. EEEANICOWTE, TR
EDOY TRV, BREEGOMET R E- L. 2D
BRI LHECOR TR 2 S L, WERICFEREY 7
TSN Lo THEEL 7.

2. A-USC f&#EMHO%E

9, A-USC i B ORI DWTHREL, R T
MELD 100 000 h BERTHEE %88 3 BIRY. Pf4C USC
M CHEH SN TV AHEHZOWTHRY. Bk USC
FEOBMNTIE, KEEEIZ7 271 Ml (Gr9l, Gr92),
(EBVEIZ AT~ L AR ( SUPER304H, HR3C ) % T
%, INHOEmEEIL, 600CH 5 650CITEET 100 MPa
BEYRT. MEOE#ME LT 7291 MilldBEgR L~
VT A MEETTH Y, SRR Z S0 572012, fg
it - B ENH ST TW5E, COBWEIRRELES
72O, AT TR T 5 2 LD TH 5.
¥72, A—A7F 4 MAT L A4 (SUPER304H, HR3C)

[t RBR O RIE LR X 2 75 >~ MRGE

By e EE TRL ™!

O BLERA O

-t

8 <175 LT 2 — 7RIk

[ BB 100 000 h 7 1) — T REHTHR E O HEE

| Bl R A A - TR
| F o — 7B L OFEBER AT

2008 ~ 2009

1 1 1
2008 2009 2010 2011 2012

1 1 1
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(%) *1: Technology Readiness Level

F2R A-USC EHRBMTOMIET 7 ~
Fig. 2 The development plan of A-USC technology
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Fig.3 100 000 h creep rupture strength of boiler materials

1, ERVA BB 2 L 7APEECH Y, I 2 ik -
St S TEHIREELZR TS, $4bb, i
H S ERmIREE DS D NSRRI S L L TR TH 5.

—7J, A-USC EHi# £ TdH 5 Ni &4 4 (Alloy740,
Alloy263, Alloy617, HR35, HR6W ) @ 100 000 h i ¥
SREELE, 650TC 225 750TC 5T 100 MPa F2EETH 1),
T 74 MEBLOF—AT 51 MR, RA THE
ELTHERREL 100CH ESEL 2D REE 2D, &
nHOEeE, SREELEWHZEIEE LTHWSEZ L
TEVWEIBREZ S TWA Z LD CH Y, iR
EWEEIZEEBERILEMORIERI S, —KICEIER
L&, BB OITHSFNLOPHNT &, HiiiE
e LI ESE 70RO IEZ R TS5
CEDTFHEEND. ZDLH I A-USC it EHE, B
? USC MAEEBRED R LDIEE HAADT L, FEO
SIS D B b 2 e D, ZOME HICEF L)
ZCHATAZEAROOLNL. RICZ T TORLIERHS

& Tad 5 HR6W (') HR35 (7)) Alloy617, Alloy263,
Alloy740H ") 120WC, HEMEB KON A R L7z
RERE ST 5.

3. TAERXTOREL

3.1 BEEIETORE

B TERRT 2 L & DI AT 5720, )
MBI OSEEE R HNT, B TR FERL. 20
RZE 1 RIORT. MFOMRERRIL, HEEBOM
FERER BIEERER v VY —ERRABREERL F
72, BHENRFO 7 ) — THRNGRE 2 MR T 5700, K
10 000 h © 7 1) — THEkraAER A F2hE L 72, AREFIE LT,
HR6W EHARFOWIE~ 7 D EHAZS 4 BIIRT. W9
NOEEIIBNTD, Ml TR & B O B Kb 7
ENpnZ E, 37 ORI O b EHER M 2 Fl
MWW ERER LT R FilB L VARG A
(HAZ) O v VE—HEEILZ, WINOEEIIBWTH
100 J/em? EEVMERR L2 /2, FlIER@RSIEVIho
BEIIOVWTHRM EFEETH L 2 & MR-, ik
FO 7 ) — THWEREIL, # 10 000 h DFRERIZB T,
B LM% CThH D L ZER L. DLEORE, #HitfB L
OB CHES. L 7RSI 2 W LI L, RIS
A ZOBUE 2OV 2 BEE T 5.

3.2 ECEOBERIIETOMEL

T D 7 ) — THEWRE B & OB O#LEE OB R A
5, A-USC OREEBAIMEL L LT Alloy617, HR6W,
HR35 O 3 &% E L1z Tz, IMEEBEMTRE L
T Alloy617, HR6W, HR35, Alloy263, Alloy740H O
5EEEFELL. INLOEEIIOWTIRE L HW/E
Bt Tt i L7z, ZOMREE2 T LOTE 2 RITR
ER

BT, GTAW BX U SMAW TH 5. SMAW |2
LB ERE, HROW REEE O AT L 72, Alloy617

B1ER BB X OHEE OFHE R A
Table 1 List of welding tests for plates and forged pipes for A-USC boilers

I, e g ¥V ¥ — . .
o ﬁnmﬁ; ®w m womoH R | s | BREOHEE ;V( i ?ﬁ OB | -
HR6W WEL-AUTO-TIG-617 GTAW %L 100 LLE BRbE & R4 T & [ %
MM HR35 WEL-AUTO-TIG-617 GTAW %L 100 BLE B & [ % TRHF & [ %
. %gﬁ’iﬁ){és Alloy617 WEL-AUTO-TIG-617 GTAW oL 100 LAk B & 4 REM & R4
$80x20 (1) Alloy263 | NIMONIC Filler Metal 263 GTAW %L 100 BA L R &[4 B &[4
Alloy740H | NIMONIC Filler Metal 263 GTAW %L 100 bLE FE & [R5 FEb} &[R4

(7 ) GTAW : Gas Tungsten Arc Welding
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(a) | #

10 mm

5 4 HR6W KT O Wi~ 7 055
Fig. 4 Cross-section of the macrostructure of HR6W welds

KEEEFIZOWTIE, B (139F ) BEOREIZL>Tr
) — TR D L OfE b H D720 (M) 7)) — TR
FEIZKUTT B OFEIZOWT U MET L7, EEGROMT
OFHME, vV —EERER, iRER, 5 RS &
D7) — THNRER A I L 72, BT, KIS REETIC
DWW T, SR ( Stress Relieving : IS JBREBER F L ) AL
FIZOWTOBET L7z (1),

fF & LT, HR6W BE 2 oW TIAREE ORI~ 7 1
BIESHRA 8 5 RITRT.

HIEhFEER B L OV 7 ok BIE 5, B ININED S
W Alloy617 KEFEIZ DWW T O AREIREINA—ER3E L T
WBZENHOMNI RS Lo T Alloy617 KEEEIZD
W, BEEEOBEDS B B HOMEICE Y K
L7z Alloy617 % BET 5%, BRI RER M2 e T
BVEEDNH D, ZTDIEIPOREEL L O/MEEIZOWT
X, WITNOEEIIBW T LM TRERE L U083 7 aofifk
BIEHERD D L EETICEIND T L T e T & 2R
L7

7 ) — THEWEREEIZ oW T, FERE LT, HR6W
BT O 7 1) — THMrER R R A 8 6 BN
COREFIE, 3.1 BiCHER L 72 0 2 1) — TRk

(a) AEE (b) /IEE

10 mm

g5 HR6W VAT Wi~ 27 0 5L

Fig. 5 Cross-section of the macrostructure of HR6W welds

400

7 (MPa)

i

Fig. 6

700C 750C  800C
o UM T . o
B R RART . .
A CUNMEERERT A A

B 00
oo 9% TR --- -

1000
BB (h)

10 000 100 000

E6 HROW {EHE T 7 ) — T RGNS
Creep rupture strength of HR6W welds at 700, 725 and 800°C at
stresses from 50 to 180 MPa

F2R KEEDSLU/NMEE OB B & UGS O RS R
Table 2 List of welding tests for A-USC boiler pipes and tubes

# f*mm’*j i® #oom o oH R wEE | EEGOER | BIEm S | 20— UG
HR6W WEL-AUTO-TIG-617 GTAW %L FEbE & & R
HR6W WELI117 SMAW %L BB & )45 e
KEE PR -
- - - 7z v == LT
$350%40 (1) HR35 WEL-AUTO-TIG-617 GTAW % L BEREF & )45 A
Alloy617 (% B) NIMONIC Filler Metal 263 GTAW mEinEn S & [ 5 B & [ 5
Alloy617 WEL-AUTO-TIG-617 GTAW %L B & )45 U
HR6W WEL-AUTO-TIG-617 GTAW oL BERE & )5 R
HR35 WEL-AUTO-TIG-617 GTAW %L BERF & )4 e
s .
4 ;i;’ X88(?) Alloy617 WEL-AUTO-TIG-617 GTAW oL BB &[4 A
Alloy263 NIMONIC Filler Metal 740H GTAW %L BERF & )45 ECTH
Alloy740H NIMONIC Filler Metal 740H GTAW %L BAf & 745 R
(7£) SMAW : Shielded Metal Arc Welding
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REOEINTVE, FERTHMOTIE 7 ) — THErEE
W CRERT O 99% T RRERIE A7k 3 (10,

BHERRTO 2 ) — T — 713, T TR OMED
#HPHNIZ 7Ty N END, INMEEOEFEETFDY 10 000 h
K5 TR OFIgoREE & ) QKA 72BN, FaRefIC B
B /IMEERM O 7 ) — TR MR 2D TH 5.
10 000 h LLETIE, /MEEMOBEEAMFIZBNTY, £
MOFIuHE L I3 IZE CRESHON TS, BUE
10 000 h AR A HGES 5720, ERE kG Ch 5

RIZ, B TACOWT 2 ) — TR oW~ 27
OEIEHER A 7 BRIRT. i 700 ~ 800T (2B VT
300 ~ 18 000 h CHEWT L 7-5BRE R TH A, T NLOR
WATZBWTh, BERY NS 10 mm PLEEEN 758
WO LWz, $74bh, SRS L0 HAZ T
W3, BEBECRRIT L Tz, BRR O S 3Bk L2
YTNVERFENC I 7 ufigd L, HAZ Tld~A7ur oy
IBIT)—=TFRA NI wa% L TWhRWnWZ &%
WAL C\5b. Lo T, HR6W B D 7 V) — 7HilkiE
X, WINOEHIIBWTLIEESE > HAZ > fHf &
bEEZLND.

BREEOEEDS S VHTNIL, EREEIC Ally6l7 &
HWTBY, HR6W X 0 & SiREES SN 72O TH 5.
HAZ D3 &0 7)) — THEIREEE DS 20 o 72 IR D
TiE, I 7 0OENIC L > TE 8 R ) 1 IR TR

(a) 700°C, 180 MPa

(b) 700C, 160 MPa

H H HAZ )

71) — 7R ERET

o) — TR

BALH

F8E HAZ LEMIZBIT L2 — THitkD 3 7 wfHk oK
Fig. 8 Schematic illustrations showing the precipitates of HR6W welds
before and after creep

D &) IZFHITE 5.

7)) —7HERANE, R FEWTEED HAZ 2K > N
5 10 mm BENZ-BA CTOMTHIIEBIS ST, I B X
VWD RS > Tz U8 20) — TRE ORIk
B/ 2 A, HR6W O 7 ) — g% LS4 5
T —RAMAOKRE S, Kk, R E ISR Y REH
SOEEC X 5F—ETHo72. —J, HR6W Db ) —
DO TH D MyCy AL, HAZ OFEEFINSE &
ORI E DIZ, BRI BT LTz, kb

(¢) 700C, 140 MPa

g7 WbF HROW TEFEAET: 7 1) — TRENrbE o Wi~ 2 1 g4 4

Fig. 7 Cross-sections of the macrostructure of ruptured specimens in HR6W welds
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Mﬂ% FALYNZIZIZE U CH o 7225, R FEBIC EO<
ﬁﬂﬂﬂib“(b\f’ FEERLAR T, R FEH~ S
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MyiCo FALIIHZ AT L Tz, 2o k)12, il
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THLDBEEIO 7 ) — THEOKT (¥) B LU HAZ
(2 & AR O~ (3) 13 HR6W TIHE L awE PSR
5.

4. BTANTHATOMEL

KA FEGERHZE, ZROMPINTANE S5, MEE
KowfiMIF mtf BB L O )
EIND. Tz, KREEIZOWTEEMEmTEE SN
5. ZZT/MEEIZOWTIE, iS4 L LT HR6W,
HR35, Alloy617, Alloy263, Alloy740H |22\ Ti#fHl il
B L OB 2 EE L 72, RSB R CH %
HR6W, Alloy617, HR35 @ 3 &2\ T, &%
MR 2 BT L 72

EN e e =y i 4 U e A B VA e e I
THREOBIZ L o To ) — TR T § 5720, iy
MLARIZ 27 ) — TR % R S 5 B & . —75
RN L2802 n T, 7 ) — DT L v
MLETHIUIZOTIMHTHIENTES. o7,

T B X OB L 221, B A i L 7
[ZDWT 7Y — THETREE 2 MRES 5 53D 4. RN
TAZOWTIE, IR E 27 ) — THEWEREOBIFRE B & 2>
T 20BN DL, 22T, BEEMTROEGEIZOWT
HNFRRICBGIEE L 7-AE0 7 ) — THINEEEF, MR
[ZDOWTIE, WHINCHRO 7 ) — T58E % 5H L 7.

4.1 BIFINTHER

HR6W HIFIITEONBZE 9 RITIRL, KIFEB &
WMEEOMTRABGE R 28 3 RIRT. 22T}, R
FM 7% HR6W OIFHOBEEZR L TWhH, /IMEET
i, TRTOEEIZBCTEARMFE L ORI E, 7
ROBIEZAH T I LA REZR & & AR L7, H TR

(a) ZFEdT (b) AR

(¢) =AW

B9 R HR6W HIFANLIEDIHE
Fig. 9 Appearance of an HR6W bent pipe and tubes

3 FX KEEB L UONMEE OB
Table 3 List of bending tests for A-USC boiler pipes and tubes

A o B S T Al A T 5 ) — T
HR6W 180 1.7 B -
HR35 N 180 1.7 B -
— Eaifilbg
Alloy617 (5 B) 180 1.7 B F -
» Alloy263 180 1.7 B -
d‘f'ﬂ?x 8.8(1) HR6W 180 2.8 B HHANITAZ L -T2 ) — T =
HR35 180 2.8 B WL X 5Ty ) — 75z -
Alloy617 (% B) i 180 238 B F WHEIMTIC X > T2 ) — 7THREE
Alloy263 180 2.8 B F WM LORER L
Alloy740H - - - 75% T ) — TEREEACE
*ﬁixmu) HR35 9 4 B R & 4
j‘f:?to a0 () HR6W - 60 3 B O4F Fhirp
g 5 S i -
6350%40 (1) HR6W 30 4 B F FEhth
j(;%f()x 701 Alloy617 30 4 B FhHh
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TIMLT2FERL, MITHROZHEIERD X UNATERR L)
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BIOWEDPELRLEEICBWTH, MERINLTES
CEAMEGREL 7.

4.2 HR6W KZEOHTINTHEDY ) —THEHEE
W W 2 50 L 7o, BIRLLE & L 72
HR6W D7) — THiW&EE % 88 10 BIZRS. HifEo
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999% T IRFREDFFAN TH - 72, BIFE, A 100 000 h
OWGEEE MR L CEMTTH L. 20 L) IZHIFROBIL
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£ Lo
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Fig. 10 Creep rupture strength of an HR6W bent pipe following the
solution heat treatment

(a) HAUFEZE (b) BFELE

50 um
[ —

B 1 HR6W O @il o 3 7 vl
Fig. 11 SEI image of HR6W

%12 INEE BRI O 2 1) — TTREIC
Fig. 12 The effect of cold work on the creep rupture strength of A-USC
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FELALFR T %
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Alloy263

Alloy740H

B3R WHEMLICE 52 — TRl RO I 7 ooy
Fig. 13 Schematic illustrations showing the precipitates of cold worked
Ni alloys after creep

HHEENT AL 7)) —TRMER AT EEZONRTWAT:
9, MLEOHEIZ X > TrithoBmI ey, 71) -7
BRI L 72 & 2 5D, Alloy263 (22T,
WHEMLTEC L 5T, MARIWEIZ—ETHE. D72
W, 7N —=THEL—ETHo72EEZS5ND. Alloy740
WZOWTIIIILE 7.5% LT, RERO ALK E <
WA LTz ZORFRILIOART 257 1) — 758 A%
TaELEZLND ),

HTE, Alloy617 B £ U Alloy263 122\ T, MILE

B4R TRAEETEB LUHAG

30% F Thiti L /2B 05ROV CEHliR T 2 (27 (28),
Alloy263 122V T, WML Z T & b3 T
(ZHARZ ) — FREEEASEIN L 72, ZAud, RPN C S
%y HINLTEA S MR X o THEITH L 72720
Thb. 5%, ERFICBWTHREK T4 Uy
T 7 1) — 73BRC L o THEER D TV <

5. Tty o7y THER

HEIHE T, B LS O CE 2 2. L, f
THD ) — THREEE IOV THGEEL T& 72, ZhFET

HESZ L 72 T Itz 10E

L7235 E I B THERI

RS A7, EREY 77y TEEMEL. BEL
EBv o Ty, V=T, FRAEEFEB LOEEAS
EEEETHD. By Ty THHROMRR L BB X
UM T2 4k ESRITRT. T2, £y
7y TEYEREOMT 2 E 14 BITRT. v 7 7 v 712
ML 72# RS, B o—>TH A HR6W TH 5.
BTy TEMEROINBIZE 15 BRUIRT. JEMIET
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(a) BEFTHEOEE

(b) RETEDBE

BUUBR Ty o7y TREROKT
Fig. 14 Preparing for the mock up trial

HEFEEY 7Ty TR Ok SR T

Table 4 The mock up materials and welding method used for SH and RH header
% L NI -3
wom| X EF B R w0 E OB
(mm) (mm )
HR6W @558 x 138 (1) WEL-AUTO-TIG-617 GTAW ¢508x11.5(¢)
HRo6W G 635x72(¢1) WEL-AUTO-TIG-617 GTAW 9 63.5x11.5(1)

() SH: Superheat
RH: Reheat

BsxR V- 7E IERIEEFEBIUHAGEETEE Y 27 v TR O L TS
Table 5 The mock up materials and bending conditions used for SH and RH header and loop
woH | w7y | P R e e ot
HR6W =T /J‘f:’ig ClLs(ry | Fmy 180 17, 24, 29
HR6W | TARGEE /stis K115 (1) WM | 30, 60, 80, 90, 100 2.5
HROW | s *ﬁfjxnju) ST | 30, 60, 80, 90, 100 24

88

(7 ) SH: Superheat
RH: Reheat
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Fig. 15 Appearance of the mockups
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Fig. 16 Cross-section of the macrostructure of HR6W circumferential
welds
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