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A Study on Reconditioning Procedure and Quality
Requirements of DuraSpindle Exhaust Valve for Marine

Two-stroke Diesel Engine

Kang, Su Mi

Department of Marine System Engineering
Graduate School of Maritime Industrial Study
Korea Maritime and Ocean University

(Supervisor : Prof. Kwon-Hae Cho)

Abstract

In this study, the DuraSpindle exhaust valve reconditioning of a
two-stroke diesel engine was studied. In the operating vessel, the
economical efficiency of the new exhaust valve spindle and the
reconditioning of the existing exhaust valve has been evaluated. The
reconditioned exhaust valve spindle has a low purchase price of 70%~80%,
and reduced delivery time half of the new nimonic exhaust valve, which
are very competitive.

In order to recondition the exhaust valve spindle, it is necessary to
initially check the condition of the exhaust valve spindle to evaluate
whether reconditioning is possible, and additional following processes of
initial machining step to remove the hardened surface, GMAW, heat
treatment. There is a need for final machining and inspection steps to

ensure that the spindle machined to exact dimensions.
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Reconditioning is only available for a company that have receiver FTA
from engine maker. Initial evaluation of availability of reconditioning during
initial inspection, machining, welding(GMAW), rolling, heat treatment, final
machining and final inspection steps are recommended.

Inconel 625 or 309L should be used as the base material for the initial
processing, and grooves of the sheet surface should be coated with Inconel
718. Both GMAW and GTAW can be applied to Inconel 625 and 718
coatings. The rolling speed should be at a speed of 130m/min, a 2 ton
increase in load every 30 seconds and a final load should be of 8~9 tons.
Heat treatment of Inconel 718 should be initially heat up 100°C per hour,
maintain 8 hours at 720°C, 6 hours at 620C and initiate air cooling at 40

0°C and finalize heat treatment.

Key Words: Two-stroke diesel engine; DuraSpindle; Exhaust valve;

Reconditioning; Nimonic spindle
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AER] FHHFO, Heavy Fuel OiDe] &35 A|gtel & # 3 A

o] AbE, tlA] oy x| ¢l 7k~9] A 5 3HAndreas Kyratatos et al., 2016), NOx i
N _

$1¢F EGR(Exhaust Gas Recirculation)®*] %2 SCR(Selective Catalyst
Reduction)@ =] 9] A& Fo] L ot & + At} (Susanne Kindt et al., 2016).

MAN Diesel & Turbo(MDT)ollA = 71& AApA|of <Azle] HAFFERJ] AT EA
o wiZ|BE 5 WAUSFS FU|FoE Jidste =¥e FXsta Sdth
TCEV(Top Controlled Exhaust Valve)2} FBIV(Fuel Booster Injection Valve)7} %
A o] R o] =JEHA M52 HCU(Hydraulic Cylinder Unit)7} F-3 ol A w}

O

Design A Design B

Integrated control valve Common control valve
Control valve  Pilot valve To control valve via high
Feedback pressure pipe

sensor

Fig. 1.1 FBIV principles
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A Az AAE GASHHA A Bt AFE Ao E 24 sk tHSusanne
Kindt et al., 2016). Fig. 1.13} Fig. 1.2 MDT7} A X=3&tal & FBIVSE TCEVol
e 71&S BEARE 2ol =3, Fig. 1.32 7]E2] MEAR S ujz]w B9}
TCEVZte] Aol -& Wlawstal it

Accumulator
Connection to FBIV

Control valve ———>
Control piston

Air spring

Fig. 1.3 Traditional ME engine exhaust concept(left)

and newly developing TCEV(right)
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Aol A mEEel FA43 FAL P =EH A= AR dHA A

(Katsumi Imanaka et al.. 2016)(N. Srinivasan et al., 1995)(Dong Kwon Kim et al., 2001).

Win-GDe] & oz XZol MA A = njr] WH HAA 3 FAHL
Andreas 5©] CIMAC(The International Council on Combustion Engines) &3t
P 1 THAndreas Kyratos et al., 2016). o]o] m=m, 712 FEFo| A A 714
Fol F= FE2 AHs a4 44 5 34 7leo] ayFHo ok It &%
?Bﬁoﬂ e d FE 7k 6H°k shal, 71 FEFFHY YA E &S Ad
2~H E(stud) S &85, FA(leakage)oll thnlstar BRE7te] 57 7 Fo] WA}

@

A FEE 2ASL AT ATodls 45 F Ao 8 A EHE T4 skl
Z1EAE 9A FEE Aok fit) w7 H ] A A WH o) H7]= X9
EHst3 gololS A%t Ta% AR FALIT. ATH R I 24
710 EAEgE oY, H2oll= AYY Holo] AWt o g WH X455 4 St
I e FAOIH ol=A, Il a7 de 4 B drHEdde T 24T
T Atk B w78 E 215 129 =EH i I AAE W7 750l
FAst webd, a2 F2o] thxstr] 9 WtemEs AFdwde ARES)
A &84S §F 24 UASTES R Veol Ao s & A

(N. Srinivasan et al., 1995).
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1983 - 1992: 1992 - 2002: 2002 - :

SNCrW "~ Nimonic Nimonic SNCIrW
Overlay Welding
. of Inconel 718
[ 4 /
T snew
Alloy 50 - Overlay Welding ‘
Stellite 8 Alloy 50 of Inconel 718 | Overlay Welding
\ \.7. \ o | of Inconel 625 -

(inconel 625 on request)

Fig. 2.1 History of exhaust valve spindle
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Table 2.1 DuraSpindle and Nimonic spindle

Bore Seat face Stem & bottom
Dura Small bore Inconel 718 SNCrw
Large bore Inconel 718 SNCrW + Inconel 625
Nimonic - Nimonic Nimonic

H Cr0s & 834171 NasSOy & VoOs7F 8 Edeolgta & 4 UTHHS.
Jeong et al., 2005). ©]2}3F 1L2&H2]-2 650C-700C &5 FItolA F2 ey
Hj 7|9 H A EqAME ~WE 3 (bottom)ol| A F= LAYH .
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SR FA ] ATk Az 7B BE L] BR4E 913 W o] FANA dFeFR 7t
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Hol 294 tAQddR A= LNGE HIZg theke Al dux e d4as
ATl Folof gttt TR HAf] ALAET 7t A8E A&AZ 4
Folle A4 FAES AAol AsHA Har, wiy] E AER AdE £
© F&E(deposit) =G 7H4E Ao R A gEHT o] wjEe WH A E(seat)o} 2
AE9] Al E(valve face) Alolo] §8&77} ZF4AE AS=E o4 5HH, o] wfFof
2AUE AER AZ2E & WAUSS EY8cr & 845 AT Folof
Eia=

et al., 2013).

1990t FHkel] o]22] MDTE #53¢HE &85 7S Azl 7‘4%?3‘}05\”:}.
Ni48Cr& 97t 1t 7FH ¥ (Hot Isostatic Processing, HIP)© 2 A %
oA 4,000 AZte GA 2AStAE, F&8] FoI AR EHAS FASIL Aw

< Felst thBihlet Uffe Ditlev et al., 2013).

HIP 42 Agtadolu LAHUolEA LEIQlE 2~ 2dol = 28] 7Hes)
<

o 3ol tg =+ Fig. 2.3 BASIAH. 55 3-U 7t Heol AFH
d, Aes AFAHE HEH. o] e HP i“‘ﬂ‘%"ﬂ*ﬂ A gstA =L, A
z27& 1,150C, 1,000 bar, 3A1Ztelth. &< HIP A2t v, A2 oF 30%

1
Zased ol FHEU AAHAR Il AANDA Pass A o
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Fig. 2.3 HIP sheet metal capsule production
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2.3 ARAzALS Hj7E s 44 " 7€

o ‘/}E‘rlﬂ At

Fig. 2.4 Rolling process of DuraSpindle

et Ee] 7|22 BAlE 60MC %l 7 AAEA = SNCrW WEZ &)
£ AR&stal ok Table 2.200= SNCrWel 7| A AQl 87215 7|<3t3 2L, Table 2.3
ot 7EHE A%, Table 24904+ 38H2 =4S A< stk

Table 2.2 Required mechanical properties for SNCrwW
Standard Temper ) ) ) ) )
Re min | Rp min | Rm min | A min | Z min
test Condition | Position | ature
[MPa] [MPa] [MPal] [%] [%]
method [C]
1506892 ,
+AT Forging 20 - 350 700 26 45
(2009)
1506892
AC+AT Casting 20 280 - 550 - -
(2009)
1506892 ,
AC+AT Casting 20 - - - 25 -
(2009)
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s5tn 240 YolA FANominaDgte B4 BE@e ovsn o

37 A~ =
drHog ux
T
-

o}

il 2

ot Qo =Y, S84 249 2t TARELS BAG 71F oF +-10%74
o
AN

SHgo] Aot = ¢lFo] Ha ¢t SNCrW= dEx8 2@ 232 (quenching)
< 53t yE-&8S $shsta, vl &(vane wheel)oll tis] A= Table 2.5 A]
=2 dAY FAS BEA AAEE BHASa gtk Table 260+ 875HE= =
g 7S5
Table 2.3 Required hardness for SNCrW
Standard test . » Temperature )
Condition Position HB min HB max
method [C]
ISO 6506-1 )
+AT Forging - 190 240
(1999)
ISO 6506-1 )
AC+AT Casting 20 150 220
(1999)
Table 2.4 Required chemical composition for SNCrW
Limits C% Si% Mn% P% S% Cr% Ni% W%
Nominal 0.25 1 1 - = 20 10 2
Max 0.30 - . 0.04 0.03 - - -
Table 2.5 Heat treatment for SNCrwW
Holding time . ) o
Treatment Temperature[C ] ) Cooling media Application
min [h]
Solution heat
1,000 - Air or water Raw material
treatment
o ) Valve spindles;
Stress relieving 700-750 1 Air )
Forgings
Solution heat
1,150 2 Water Cast vane wheel
treatment
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Table 2.6 Required physical properties for SNCrW

) Mean expansion Thermal conductivity
Temperature[C ] Density [kg/m'], Nom
[107%/K], Nom [W/(m - K)], Nom
100 - - 12.5
200 7900 - -
700 - - 21
800 - 19 -

olrY ~HEL EA Nimonic 80A AAE A&83l] T xZAHE AX Ax

i 7]E
o 2WE FRFIE EISE HAE vhs} Bol, /1% R 24T} 51
F717F & Adolsiy, 60MC-CE 7=l 2 A4 11 mmoll 64,000 Al7He] &4
NZre 7o 2 9% v AU
Table 2.7 Previous spindle lifetimes
Engines Burn away Running Burn . Spindle
(mm) (hrs) away rate lifetime(hrs.)
K98ME 9 14,000 0.64 61,000
S60MC-C 11 26,000 0.43 64,000
K98MC-C 7.5 15,000 0.50 78,000
S90MC-C8 14 15,000 0.93 39,000
Burn-away rate = mm/1,000h
Normal lifetime = 100,000h including reconditioning of spindle
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AR A Fah el A o] w7 2f B e vE 7S 2] 93] )
7] Bl A &4 e e AES A Al A &4 vt 28l ¥4 =
A H 33744 Thestthe Ae Sddskith B3 Uiy Ho| Azle] A
Aol S7keklt. Table 2.8°= 7I1FRE AUl 24T 38 7 &4
(burn-away rate)= FE718tAth 60 R 70 Ho] 7]Fd A= A7l 9
mmo] T}, 80, 90 & 98 Hof Z|FANA= 22 14 mm, 17 mm, 20 m7}A = 1 A $HX]
€ sttt £4E =3 AA Bojo tis) 0.36~0.80 mn/1,000h =FCo. 2 58
2171 S = A

Table 2.8 Maximum burn-away and allowable burn-away rates

Max. burn-awa Allowable burn-away rates
Engine ‘ ¥ (/1,000 hrs)
bores Previous New Previous New
(mm) (mm) (mm) (mm)
60 9 Unchanged 0.27 0.36
70 10 Unchanged 0.30 0.40
80 11 14 0.33 0.56
90 12 17 0.36 0.68
98 13 20 0.39 0.80
ol# g MZ& 3] &XZ U3, Table 2.79] Y} 2AE 4 F7|= Ho &4
ZF 7|0 = Table 299 o] o] A& AT &+ Yt
Table 2.9 Updated spindle lifetime
. Burn-away Running Spindle
Engines (mm) (hrs.) lifetime(hrs.)
K98ME 9 14,000 124,000
S60MC-C 11 26,000 85,000
K98MC-C 7.5 15,000 160,000
S90MC-C8 14 15,000 73,000
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2.4 AAAzALY FH2DE A S8 Az}

Fig. 2.50] Fet2=AE2] A 8 AAE =

stol ek, &) Wel7t AYHH, 249
=P
2 Fol7] §13) My faz B

Byol slge Qs B o F, 7
ANGT AAE AA, A3

2o 297132

M XFEHE 93 HE /2L 35HA Ho,

Incoming base material (SNCrW)

‘

Welding (GMAW)

;

Machining

d

ol
-

e

218} stATh AA 7 B Qg
Tt s duFEHE, d FEHE Adsty] 9 27 AAF XJ?'SEE]F_, olo] 4
H e gt W 7

Az &3

Eah o

_

NEst 3
& AN,

=
a

A HF AAE YD

- Bottom & side (Inconel 625)

- Machining welding groove

4

Welding (GMAW)

(

.

Rough machining
(Rolling preparation)

Non-destructive (UT,PT)

- Seat (Inconel 718)

-l
4

‘

in

&
w

Non-destructive (UT,PT)

4
. |

‘

Heat treatment

g

Final machining

Non-destructive (PT)

d
4

!

Cutting for specimens

-

Non-destructive (UT,PT)

g

4

Finished

Final inspection

Fig. 2.5 DuraSpindle reconditioning procedure
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2.5 &3 Ado A 84

|3 A= th=9 Table 2.10] 7«3 &

2o

rok

.

Z 58 obwt

Table 2.10 Welding requirements for spindle materials

Weld metal
properties - Values

Hardness as welded

Hardness heat

Surface hardness
rolled, heat treated

base material

, [HV20] treated and finished
are guidance only o
machining [HV20]

Inconel 625 200 N/A N/A
Inconel 728 240-280 400-420 540-580
309L 200 N/A N/A

_ } Penetration/dilution of _

Welding quality Bonding Defects

Inconel 625

Max. dilution 5% on

final machined surface

No lack of bonding

allowed

No cracks allowed

Pores max. ¢1 mm

Inconel 718

Max. dilution 2% on

final machined surface

Max. dilution 25% in
1%t layer

No lack of bonding

allowed

No(heat) cracks allowed

Pores allowed if max.
@0.5 mm

309L

N/A

No lack of bonding

allowed

No cracks allowed

Pores max. @1 mm

Rolling quality

Rolling depth (mm)

Hardening depth, rolled and heat treated

Inconel 625 N/A N/A
Inconel 718 2.0-2.2 1.5 mm, min 470 HV
309L N/A N/A

Collection @ kmou




Fig. 2.601 4+ 7 3H(hardening) &g ol 2] zo](depth) 218 HAISIA T

Qutmost
rolling diameter
Rolling depth

Innermost rolling diame

Finish machined surface

Hardening-
depth
1.5 mm

Fig. 2.6 Hardening depth
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2.6 8HHAA Y FEA
AN e FZo oA, w9 Fadk 7|7 VEo] &4 7€ grolt wt
Al A Aol &4 Z‘J_X}H(Weldmg Procedure Specification, WPS)S MDT & &
= 2 T3 0 T3 Axtoltg. MDTeF & 53t WPSE <5<
2 AgolgtE o] AgEo] BAEHA HE TAlF MDTSF § <

|
P~
2
IS
Lo
%
12

v
i
)
N
N
T
>
ofo
i

£ bt WAE A%

$ 549 WPSE MDTe| $912 Sl v & AQY5elg sholok 3
qHos Q4E 4 oM, WPSE AAe Tt 244% Addt F
3}
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2.7 8339 A=

YAgzel 4L e 2] /142 st FHoIT BA, ¢ o

A& Agol ol FolAok 3H, Aein B SR AHH 84 715S Fusiy

slofjof dh. HEol, 87 ANEE B FEo EEL UEs|oksy, A4z
A

S =
| . 2L
£ FAVHES 253 VEY 5 A= B &

o gt

SRBE] AA Aol EYH) AL FA EFe| A AFo] @
A4S AYAL TN Uk Ak oldober, AN TR Fol Hug

T 7] ol
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A3 F wH=AsSY A

31 A 8 d Az AAF 2 £33 A 7|A7F8(machining)
Had A g Fd tiste] Fx 245 AASHA o, o3 ~2AE] ~H
(stem), A E(seat) B T 2==(disc) F-9] X|+E 7| F38t, I AHE EHTO=ZHN

23se A w7 A=AE B Ao

£H Aol Aol st Hx9] 7pgo] Y ojok gt} o] 7] MES Al
EXo AsldE ZAS AASI, a3 T4 & 2 LA dAE & e
RS AASE dAgta & 5 vt Fig. 3.18 AA 84 A 71 A7 @ AH

o FelamEe) A UeE

Fig. 3.1 Incoming base material and

machining prior to welding

ANER Azl THS AAS L, M2 83 1FB(groove)S A A s okyt
FAL BEF o] FEEith =3 2AUE g23aE VAl AR Eo
= #2410 m7} FREojoF A 5 T = ) o) U 8 =S Fig.
3.2 =23} Atk =&, 71A Vs T o R B2 -9-uto](blow-by) &

3] AASA EJ o, A2Hground)vt HH(milled out) A glste] 83 Al A
5 AP R HYafof dot AER Frt 5o AT &

= Atolle, 83 Ao Astd WS &3] A Aot st

o

s
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Local defect

Fig. 3.2 Requirement of the height of

the outer diameter face
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50 mm ©]¢ O W& AgE Aok gt $}ojof

2 ol = =2 &
A2 ol2d S &3] AAs el A v 84 W= EH e e
e €1 5 & A T 2axmHA don g3 =S 22 A¥e
2HT ¢ Joh FAL EW dsE 2 s 1Y e F5te] AAFel
HEE ot YA Asta 2 3R 52 2504 =4 Eu. wEA B
ol 23 AFES §F EF 2 T Fiek 22 £AE o o,

Collection @ kmou



3.2 &4
49e 95t SelGe] BastAE Yk W, &40 2571 0C & 1 o
HO

stetd, 29 E 239 L5 5 20C-25C 508 &8 L3259 A4S A
stejof gt} olEd SFF TS FEE SHAR ¥ AL & V]
o Zolth. wEbA, ZF2HUHE &85t 2 E d239 FHLEE HO 100C

N
A

2 29 SRS AANL $5 AT By} Yok BB FHLEES 27)
FolME Ar) 200C, o] Fo] FelAE Hrf 350C Z FHFL UL I
@tk §HE Theol Fig 33% 2ol RAE PR 1 RIS FHsL Atk

Cl E0], Fig. 3.4°1 4+ Fig. 3.3014 7]&3 2 ¢ A (position & FH=x3sho, 2k ¢4
H2 Q39 6254 7T188HE 3 AFYES EAISHATH

I LY
" )
)y

Fig. 3.3 Welding positions
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Base Metal (SNCr'w)

Weld Metal (INCONEL 625) |

"N\ Weld Metal (INCONEL 625) |

Base Metal (SNCrw)

Base Metal (SNCrw)

/

151 Layer

\l Weld Metal (INCONEL 625) |

Base Metal (SNCrW)

15t Layer
4lh Layor
Sth Layer
Bih Layer

2nd Layer

S ard Layor

[ Weld Metal (INCONEL 625) |

[ Weld Metal (INCONEL 718) ‘

A ZA M= &4 25229 8718 Table 3.1 #Zo] Fosta Aot 7% A&
NS Bslr] Yate] Q= 625 & 309LS AHRE AL BAE Y, U=
9 6262 BH3H7] i e Q=9 6255 HE=A] AbgSjof dth A|EWS] 1%
HE 3837 e A= 7188 AMg3diok ot

A} FAho FFE HEFE Fom, AT H 9o]o] ARFL AZPAY 8
T ARl weh Ax3 dEE BaAs ol dth AR SRS F5T A5 €
7] Azste] AL F ot
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Table 3.1 Requirements of welding consumables

Requirements for filler metal [Wt%]
309L Inconel 625 Inconel 718
Ni 13 13 Balance(=64) Balance 54
Cr 24 24 20-23 20-23 19
Fe 1.0 max. 3.0 max. 18 (balance)
Mo max. 0.3 max. 0.3 9 9 3
Nb 3.15-4.15 3.15-4.15 5
Ti 0.4 max. 1
Al 1 1 0.4 max. 1
C max. 0.03 ma(;‘é 0 0.1 max. 0.1 max. 0.8
Si 0.5 0.7 0.2 max. 0.75 max. 0.2 max.
Mn 1.8 0.9
Standard AWS A5.9|AWS A5.4|AWS A5.14 AWS A5.11 AWS A5.14
ER309L E309L ERNiCrMo-3 |ENiCrMo-3 ERNiFeCr-2
GTAW: CTAW:
Ar/30He CTAW: AT,
6-10 L/min Ar, 6-10 L/min 6-10 L/min
Shielding gas f}fgﬁe ) GMAW: } GMAW:
12CO Ar/15He Ar/15He/2H,/
116 1k 20 L/mm 0.06CO;
~18 L/mm
. GTAW, GTAW, GTAW,
Welding process GMAW SMAW GMAW SMAW GMAW
L Rebuilding Rebuilding 7> o Hardfacing in
Application base material | base material eIl Rebuilding seat area

Table 3.1°] 71&€d FAA 2 Aleke, =79 6259 <179 718 s &&ls}
o 871& JlsstAanh =349 6259 tislAlE, GTAW(Gas Tungsten Arc
Welding) ¥ GMAW(Gas Metal Arc Welding)Z 283 4 9o, o33 4L
54 A FAo &3 H8E 4 vk = 718 =3 GTAWS} GMAW =5
7Hs 3, AlERS] FHS AN §EE FE 8T B =79 7]
o] & A ZY-2 GMAWE A 83t A 2 Fast9oH, o] &4
zAle] e T tjza dRe dmd 625 AERES A7 718
-l AFettt. S FH=AEY] AAAFTAH 282 F A= &4 HA

op

2 o =

il
L
o
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3.2.1 SMAW

B 2 $-nlol(blow-by)9} 2ol =F& 5
AMEEE FAHOEA, BAY F2 &4 83 g
239 FFg fifes F3sit.

24 Ty AW, SIS AANFE Ho] 7|’ FAHo|Th EI oIS

A7t Mol 83 29 2 A#olHE dAntslior & = Ut A= AA
o] @25 mm ¥ Wt @32 mm € W 7 Ho *E(weaving2 7 mm 2 9 mm7}
Hojol gt} HI=7F UF W& Aede €18 RS F A HH, &85
FuR 2w mse) Yol vEA 2o A obae Fa Pe 7 340
A=e] Hah BN R ZAd A2 2 = JEF ol H=9] AR & F

of gt}

ek 84S AAAsHH, 1 8HAIY A5 A= FANFORZRE 20° 4F
o= 7]goA vk A AEe 0° Aof st ol &F £Y2=9 Ao B &
19 AAE &olstA &t &A= 29 B H(spattering)o] glofokstm, 34
=3k 2ol o] B Afos RE, ofart =8 A 2AY, A/ H=
atA & 749, DECP 57d°] obd 4%, A= IZ'AZ & va2 45 3

gEo.

B2 9 T3 R A3 6255, AER] Q1= 7183 ZHe 4ol
or, A F2 EAY H7] Al A dAjo|n
5 85 A-100 A, S = oA 6-10 L/min 439 7280 4
Hoh &Y =9 Travel 45 25 0°, 50% L e A0 =
Z g3 8ok g

SR E EH2AAAT a2t AHAHQA FAAYE Frfof 3,
7] W3 2 X3 dAH AGE fASY SHTAHLS HEoF dh BE JpA
9 5 FAE {5t FoE 7&Hdok st ¥V e
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S whA ok ey £ AN 9 A AT F
714

Ao Aslor Bk WA Aule Ar)He

3.2.3 GMAW/GMAW-P

Table 3.201= 2l

= 6259 1= 7189 tidk &3 deprHES

AT,

Table 3.2 Welding parameters for Inconel 625 & Inconel 718

Inconel 625

Inconel 718

Pulse current ~350 A ~125 A

RMS mean current 100 A~130 A -

Pulse time 2.5 ms~3.0 ms -

Pulse frequency ~105 Hz -

Polarity +on electrode +on electrode

Pulse voltage 9V 39V

Ground level-current 40 A -

Wire speed ~6.0 m/min ~6.0 m/min

Welding speed ~270 m/min ~140 m/min

Torch oscillation frequency ~1.0 Hz ~1.25 Hz

Torch oscillation width 8 mm~10 mm 12 mm~17 mm

Stick out 20 mm~25 mm 15 mm~20 mm

Bead overlap 25% 20%

Shielding gas flow 15~20 L/min 18 L/min
Table 3301 71%%® wie} o], 8@ofolols ¢1.2 mrt AE=H, SHEE

(welding speed)= <15

9 6259} 718 ZHzH Hth 270 2 140 mn/min S=F=0] o] ok §

i}

o} A 7F~f-&(shielding gas flow) 15-20 L/min % o] 18 L/mino] & ojof

gttt Fig. 3.5¢ Fig. 3.601= A =74
235 sHtel SHel dig 1= 625 Fig.
3 718 &F ARIE

< 7158k en, Fig 3594 =
3.6 = ANEF mH gt <l
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Table 3.3 Requirements for welding consumables

Inconel 625 Inconel 718
Wire diameter 1.2 mm 1.2 mm
Pulse current ~350 A -
RMS mean current 100 A-130 A ~125 A
Pulse-time 2.5 ms-3.0 ms -
Pulse-frequency ~105 Hz -
Polarity + on electrode + on electrode
Pulse-voltage 39V 39V
Ground level current 40 A -
Wire speed ~6.0 m/min ~6.0 m/min
Welding speed ~270 mm/min ~140 mm/min
Torch-oscillation-frequency ~1 Hz ~1.25 Hz
Torch-oscillation-width 8-10 mm 12-17 mm
Stick-out 20-25 mm 15-20 mm
Bead overlap 25% 20%
Shielding gas flow 15-20 L/min ~18 L/min
B =% Aed 34 GMAW-P(Gas Metal Arc Welding -Pulse)2 A]-&-= A

Ad) 842 SMT-6259} SM-718< Ar-&3t9th 3 EZAE A
£ Table 3.4¢] 3E7]s3H

i
W
ofo
i)
HU
O,>’
S
=
o
A
ST

Fol| ZHate] of okttt A3k ¥ (overlap)o
Aol B4 %ﬁé% Zo]7] Y3l AFoE 2HBE S AAT A& AT
AHE Aol WYL &8I GMAWE A83ta, &4 9olo] 2 HE FHE
MEEA FAE o oF dth HE FBHS golvs Fr A o2 wAsta AHEsHA
%S e &4 folojo ZUS HojA Hudfor stk - vp AH = QF

=
37§71 BTAS BASE © g Fas
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Table 3.4 Filler metal sample analysis

SMT-625 SM-178
C Specification =0.1 <0.08
Result 0.01 0.07
M Specification <0.5 <0.35
Result 0.03 0.11
Fe Specification <5.0 Rem.
Result 0.14 20.45
p Specification <0.02 <0.015
Result 0.003 0.008
S Specification <0.015 <0.015
Result 0.001 0.001
. Specification <0.5 <0.35
. Result 0.04 0.16
Specification <0.5 <0.3
cu Result 0.01 0.03
Ni Specification =58.0 50.0~55.0
Result 64.7 52.3
Al Specification <04 0.2~0.8
Result 0.1 0.41
Ti Specification <04 0.65~1.15
Result 0.19 0.92
Cr Specification 20.0~23.0 17.0~21.0
Result 22.3 17.42
Specification 3.15~4.15 4.75~3.5
Nb+Ta
Result 3.62 5.12
Mo Specification 8.0~10.0 2.8~3.3
Result 8.68 2.96
B Specification = =<0.006
Result - 0.001

Fig. 3.5914 AH&H &8HITEY ASES v 2o &3 37+ MilerAke
Invision 456MPE AF83t oM, o] FF&= 380 V Hets &ESH= Aot &R
4 BHAAR] 83 Wires @859 SMT-6258 AH&3t9or, A7 o] 1.2 m<l
wireo]th. A =7} (shield gas)= Ar/15HeE, dld2=+= HU] 66C 2 stk &3t
2E2x1o 2= A WA Z(ayenol dishiA A 106CE $&5F 02+ 217CE 3
At Fig. 3.6 =3 5Y3 &3 FT5 AR oH, ojnf &3 Wirewe 270l
1.2mm¢l d-&He] SMT-718S A&ttt Arrl~+= Ar/15He/2H5/0.06CO,Z,
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dgexss= Ao 88T E Pt & LxxAdo 2= 3 WA Z(ayenod] thsiAl
A 120CE $&£Z=025 258C 2 s+

Fig. 3.6 GMAW, Seating surface with

Inconel 718
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oj¢} e BAHAYIF, PTU UTS 22 WS T3t 84 45 dAs
A H=d B Fig. 370 A4 84 F 3 Bl 2Elest) ARl Z1dstdth

Fig. 3.7 Non-destructive test(PT,UT) after welding (Inconel 625)

R

(bottom and side)e] <124 625 &% * 4719t 22 AAE X3
sl o]Z A EWS <1374 718 €4 Mo 1FBE 71EskA ©oh Fig. 3.8¢ 1
FH 7Ly 34 ARle dERSIH.
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Fig. 3.8 Machining - The welding groove is machined

A EF tiaiA s 12 718 A sH o, oln ALgHE 83 7]+= MillerAt
9] Invision 456MPe|t}. &% &2 ATH&H | SM-7182 AH&3tA 1L, 1.2 mm 27
S M2 JE S Eo)th Ar/15He/2H/0.06CO,E 8391, Atdde= 8
8C, A WA Zol tsids Ho) 120C, o] F ol thaixEs Hh 258C 2 FA
3ttt

Fig. 3.9+ &3 IFBE 7138 olF, &8 2 PTe} UTE &8 nigsy AA

E ST AH AR A
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Fig. 3.9 PT & UT prior to rolling
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3.3 4 (rolling)

el FHL FASY) A3 Wad RAA FTEL e 2ok 53, wol

9ol Weo| B 83 FT Bt W Fadh

- AAF B4 (Claw)7t B
228 14 At Ha & 9T 25§ I5E, S5 4915 50 rpm- 400

rpm, Ha 27HE "HEHolE FEYL2 5 kWaEe F&dloF gt

.

O

2
s
rr
r
)
o
e
ftlo
gt
op
ok
2
i
z
>
=)
it
o

- 9 A9del A% ® 24, 49 4dd 2 vz PHE B9 T
KoN
=

- ZGAe] kA FRE )35k, A d(shielding) ® kA AWE FHIS ofF gt}
A

99 AA Aol B9 973 EBL Hestelof shnl, o] AFol ¢
H

29T Haas b olEl Amsl 294717 98l AF AE EHl oy
25 me] £ ol 48 Flof Bk wd, A A% taze] Yy 13E & 9
S5, g8E SAE B8 oo Fe] TS AYsor Frh. APHOE of
GANA §H AERSE U2z 55 UT 442 A9sE 958 42 3n
g+ Aok

4 34 Fol AL LEFS FAsA AL AT Wy ~9E
Uzag dejol el sl wysicl dok £F BH 2UEY IS AL
A wAH) A 2BE 29 AA ok Bk Fig 310004 e FPe)
W 2WE LR AR UXNE IYOR =8 Stk Mo EYF
To B AF0| 2T Fol s WA FFL kA m B HAZol
2% AE Heo) FASJEE 29 £ WAs] FHL AAslof Brh F

B A7) BE BT FY AWAIA] A %E HGRP-2698-1& A-§-3}
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Fig. 3.10 Position of

rolling tool

t

Fig. 3.110l= & d7-9] tide] | Axle Aiede 279 E% a7=21<s

- -

3 5 .

g tAl) S LIEE
® il Lorg
2 (110 ¢ 0828 |
3 T o8z |
r
9
~N
I i
1.\ - L ——
[

t
Fig. 3.11 Requirements of rolling on
production drawing
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Fig. 3.13 Definition of rolling diameter and rolling depth
9 THE Foto] WEAA ok 3= 8 FevlE] S Table 3500 F713k3{ck

Table 3.5 Rolling parameters

Turn table Position of grooves (¢ mm)
Number of tationX
grooves rotationa 1 9 5 4
speed(rpm)
4 130 280.0 290.5 301.0 311.5
EYIAHL 2 FTE A HA 21T B YJAAZ Fol|, IA HolEL ~¥
S A71E st oo F&te £ I £5E AlFdn A% dd &
S+ 130 m/minelth. 4 F7Y F AAE AFAT7] Al AE ¥9 A
A 27 thsl A Molycote H o] ~E FZ& FAZE AL T=xdjof dr}y, Axpzo
2 #9447 AEHT ¥ 0200 284 BAHeE 5L 27 Ad AL
BAsL Aok 4 3 HE2 Eg ZH Molycote)E A =3xS, Yol AdF 3
EF 2% 8 - 9E HWelolth

gl "ol AL HE SEe utow A 8
o, gkl 240l o3 A AE 24 ML Grooved] ZoNe Ul 718 &

220 AF B4 we GeiAA Aok wWe 24 WY =3 Aol He
golatna o) aE3e AAUYAA Ta gadA Ao HE 4D Aol

m
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Fig. 3.14 Non-destructive PT test after rolling
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Table 3.6 Heat treatment cycle for Inconel 718

Heating Holding | Intermedi Holding )
Stage 1 ) Stage 2 ) Cooling
up time ate stage time
Furnace-
Furnace-
cool as
As fast cool as
Inconel fast as
as 720C 8 hours fast as 620C 6 hours .
718 ) - possible
possible possible
to max.
to 620C
400C

Fig. 3.1601= AA] 93812 33 w9 B AAES AN O T 7|23
A i FFol 2A1E g2 F3E7] wiol, A== Fig. 3.169 A}

AAY 2WE7lolE AAE DA e AHHTE 295 faan FRAo

1) A HEY ooz 7AT Aes d&A oz WzshA] kil ok dAT 2k
£ Fo] Wste] 1 2EofA Qg ARF & fAAR H BAAA §eld 2Y2 FA
o & 4 Qe YYo=z, 2=, AlRL HEY VM ¥ete =a(F2UEiSA)2 BAISY S5
¢ 2A 3 GRS d2 4 At BLEe AT XY 4E 3 Yol gasty, S5
d R A0 o 2 EXEe d2EEer 2YRER JHER AAE BetolE HEILE A
stz 2&=(600°C~700°C7HA] B8 & WYZPAIA 12 220l F2FEAZ] & 7] & d2e
ERE N
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2 AT F Ae Az=Fe] H8o] d
ARt A9 Fojof stue, WH Y

2B E AAZ oA A8 stz Fuksit

Furnace cooling to 620°C

720°C x 8 hrs /
\ 620°C x 6 hrs

N

Heating rate max. 100°C/hr
Furnace cooling to max. 400°C
Air cooling \

Room temperature

Fig. 3.15 Heat treatment cycle

Fig. 3.16 Heat treated exhaust valve spindle
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35 A% 71% 2 AA

Hj 7] W 2~y Eo] ALted
SRS VEoE A FH S AR dF &) AFE S ‘?J_EZH M E
Aol &= =™, PT(Penetration Liquid Test) @ UT(Ultrasound Test)E 53 & A
A]El‘i— FHe HAAsta AAAE 3T Fig 3179 HF 7heol$ 3T
AAEE S ZASAT. HF 7FEolFol Fdste AAbE oA AE3 Bl

DTe| sl Fol et F450e S37] Slske] A=, 8}
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Fig. 3.19 The half-spindle disc for the
evaluation of reconditioning quality
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Fig. 3.20 Penetration test for half-spindle
disc at engine manufacturer
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