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Development of the First Domestic “sustina” Car
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As a pioneer of stainless steel vehicle manufacturing, we have developed many stainless steel vehicles. As a new

stainless steel vehicle which is superior to an aluminum vehicle in added value and functions, we have recently com-
pleted the first domestic “sustina” car using new technology to improve carbody weight reduction, exterior appear-
ance, carbody watertightness and interior equipment work. This “sustina” car has been delivered to Tokyu

Corporation and has started to run in commercial operation.
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Development of Laser Lap Welding for the “sustina” Stainless Steel Car Body Shell has secured Water-tightness
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We have developed a new laser welding technology for the “sustina”. Our light stainless steel car body shell
consists of various members assembled with the electric resistance spot welding method. Up to now, to secure
water-tightness required for the car body shell, the resin sealing agent has been used. However, the sealing agent
has a deterioration problem caused by long-term use. To solve this problem, we applied laser lap welding to
secure water-tightness of the joint between the frame of the window and door, and outer panel. We investigated
the mechanical properties of the welded part processed with laser lap welding method, and concluded that the
method was suitable for production of railroad vehicles. This document reports detail of our investigation and
conclusion.
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Reduction of the Work in the Vehicle and Development of the Module Structure of Interior Equipment
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During stainless steel railcar manufacturing, tapping work of interior equipment is done for installation to the car-
body structure. If metal chips remain after the tapping work, there is the possibility for electric equipment failure, and
much time is necessary for cleaning work. With “sustina” technology, the center ceiling, side ceiling, ends and seats
have been modulized with interior equipment and wiring, so that mounting work in the vehicle has been reduced.
These modules are installed by floating-nuts and bolts to carbody shell upper channels, therefore tapping and adjust-
ing work in the vehicle has been discontinued to improve the quality and reduce work time. In this paper, the summa-
ry of these improvements is reported.
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The Application of Smart RSW for “sustina” Car Body Shell
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Condition Monitoring for Friction Stir Welding System by Using

Vibration Waveform Analysis and MT system
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Friction stir welding (FSW) is a solid phase process which can produce high-quality and defect-free alu-

minum jointsusing a frictional heat generated by the welding tool rotation. The FSW system has a configuration

similar to a machine tool. Therefore, the quality of the FSW should be controlled using a welding condition

monitoring and welding joint inspection. In this study, a monitoring system was constructed, based on the

Taguchi method and in-process measurement of vibration during the FSW. As a result, it was possible to moni-

tor the system by detecting the change in FSW conditions for an aluminum alloy.
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A, B, COZNZTNOEEFMITHEE L7zl ok
MAEERS, RUTRT.

9, BUHEARBH O AR, AR &
BEED7D, BT, 55 L L REINEBIIRIFCH 5.
BIZ A ME A28, ABDIRAD U DOIRE
Thb. ZOkD, = FRIREILTED, HEVPAE
EThHhDHIENMERTES., CIIEAMENIRELTEH
0, Y= ILHT — 2 1SR L TR WIREET S 5.
D728, E— FOIREE R TE Y — L OFMIRI AT
BTN EDHEGRTE B,

®1 REEHBREG EHERHELTXNOFSWEREZER)

EEEH
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EREL Y HAN(ER) +5V
MERE S EhE 18 (ETAM)
TR T T ERER 10kHz

2013128



%3 6NO1DFSW4IE

R oS

mefsE (56 Tm)

EesE (5 5m)

A (IE®)

B (E&RERE)

B ml Smn . B

C (%EHEERR)

R4 BOIRHBRER (B - BIESHE - 5IRHR)

A (IE%)

B (REEREER)

C HAWMEERR)

B (7 EER
(BB THIT)

uﬂﬁ”

il

Hh (5%
(5 58lT)

T

W E L EE

5| 3REABRAER

48.56N/mm?

79.45N/mm?

REaEmMMEILE £25

®



WIS, TNThOEEFRMFC L > TER SN ZFSW
MEF-ORHIT & U THERBR A 1772 > 72 R A2 RUTR
¥

B R BEAEI L U2 AORKF I RRER, s,
R R (LUT, Sl &8, #EAXRME
ZAUTHEIK U 728K M id380 6 hy, ERITRIFTH
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DELWEKFIZOAEN S TWE, AWM ERE THAL
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5.

N6 3&MOBEEHIE & N IREINHRE 7 — 4 %
fRMTL, IRREE RO Y MR 217175 5.

4. 1 FERBBREMTEOHEAEHEICEL DIRREER

9, FEXRIEOIREIIIEE I T D P & 2 L 7=
X303 5 A S A~ CORFLIEERIY & A TEIR L 725 R
ThHbH. VT IHPI0kHZTH 728, HEHTIZE
FAMERLIZ< W, XI4UEIX3 % 355 5 36sD RN HK
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Dissimilar Friction Stir Welding of Aluminum Alloys for Railway Vehicle

18 7 {2 T Kenji HASHIMOTO
o] F & 45 Naoki KAWADA

A Il E Takeshi ISHIKAWA
% H & {8 Hidetoshi FUIII

AL A TIE T ICAGNOIAE L ATNOIAEA VW 6 h T s, AGN0IEEIE, AIGE DT
T, BIFaiitis2a32Z 06, BROMAMEARICH S 2IROMHM A 5. —F, ATNOIAE:
FAIBEOHRTEIRE TH D, »OVEREBH RN & 0 BRI < £ ChliE$ 5720, FEENERSH
ZEMICHME LTS 5. AHTIE, IRHE (ABNOLIASE) &M (ATNOIA<E) DORERKESIZHT 5
FSWitFH % H46 L, A6NO1/A7NOLIKT-oORLAH & BEmkit Rt 2 4 U 25 R 2 iS5 5.

A6NO1 and A7NO1 aluminum alloys are often used in several railway car bodies as structural materials.

A6NO1 has a medium strength and good formability as an aluminum alloy, so it is applied as an extruded alloy

of various shapes on the side or roof panels. On the other hand, A7NO1, which is a high strength aluminum

alloy, is used as the underframe that requires a high reliability. However, in the dissimilar welding between

AG6NO1 and A7NO1, the mechanical properties of the joints have not been clarified although necessary for

understanding the effect of FSW on them. In this investigation, as a feasibility study, we evaluated the

microstructure and mechanical properties of dissimilar AGNO1/A7NO1 joints.

Bl ==

PEZ %S (Friction Stir Welding : FSW) &,
1991412 = [E O TWI (The Welding Institute) THH¥E &
NTHh 6, ITHE TICPERT, iz - Tk, BE)
BB EOBEIE S h T & /2. FSWIZ, BEEE%
FIH LTSS AEMEESETH D, 7— ke g
LCEEMO—UTTH b L, K4, #Hhi
ENRRAELIZK Wi EOR#HAE D, K22 M T, »D
AT O S S EhE sk ik 42 58§ 2 1T,
FSWidHHAE/RETH D, AIREY Mg e % &
DOFHEEIRIZB L COWFEIR 2 RS S h 0 s,

AVA S BLE A1, F12A6000;2DA6NO1E
& (Al-Mg-Si) &, A7000-RDA7TNOIA4E (Al-Zn-Mg)
BHVSRS. ANOIAEITMHIZER, AlREOHh
THREOMIE 2H 5720, B - MR hZe
MR S NS, —J, ATNOIAEII SIS THh 572
B, BRI RD 51 5 BRI 2GS T 3.
A (ABNOIEE) &Hate (ATNOLA<E) ORHARLS
IZFSWOEH %% 2 728554,  A6NO1/ATNOLHET ik
EREIRFE AR L TR 82 H 5. AWTIE. £
NoAHEEL AR A2 WSS 5.

REEMWNIERIR $25

ey b

MUZEA T EORAXEZ/RT. FSWIE, Ju—-7¢&
IR 2 St SIS D db B FEIRD Y — )L % [Blfis & 7
M6, PEAM L EmE -, MR e OEEEEEEFRIF L C
AT AMENEAETH S, YV —id, BBOKREWY 3
AL Z DI BT a—TEr R I NS, %
AT e =T OREHZIIL AN S h, BEAETNE
EAVBMICH->THEIT 5. 2ol %, PEathidy
THUCHIR S, [EIROIRREAMERF L 2036, v —ILic
K BYEMERENC & > THEATB Z hbh b,

MR, HFE3mmDA6NO1-T5% L UFATNOL-T5A 4
FIHEM % 07z, M O2ER Y 2 R NIRRT,
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Welding direction
{// Extrusion direction)
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x1 #HEMOEZERS

SREEMAT7 IV I =T LEEDEMERIBHES

Type Chemical composition in mass %
Si Fe | Cu | Mn | Mg | Cr | Zn Ti Zr | Al
A6NOL | 0.53 | 0.07 | 0.10 | 0.07 | 0.68 | 0.06 | 0.01 | 0.01 Bal.
ATNO1 | 0.08 | 020 | 0.16 | 036 | 1.3 | 0.09 | 44 | 0.02 | 0.20 | Bal.
x2 EEZRH
Tool tilt Rotation speed Welding speed Welding length
©) (rpm) (mm/min.) (mm)
3 1500 600 400

Y —)uid, SKDLHG#D > 3 )L #1£20mm, 70—
TEM6E L, fERIETATHEG eI ko7 S
FHIR20 B T, EATTANIMEAM O T &
SEATAAE Lz, LIS L72& 91, &Y —rolH
B e EE AN —33 5% FiE Ml (Advancing
Side, AS), XAt EFINTW S % ZAEM (Retreating
Side, RS) &MES. FSWiE, ASERSTAAIERFROE
PEREIBIRAEC, F7=arhOREIEREH 2§
LZENHIONTNS., L5 T, KFEETIZASE
RSIZA6NOLA < & ATNOLA B & Z MBI L 72358
IZDOWTHET 2B Z > 72, ASIZAGNOIA G 2 FlE L
7%k % A6NO1/A7TNO1 (AS/RS), ASIZATNOIA<:%
Bl U 72354 % ATNO1/A6NO1 (AS/RS) &it#iid 5.
F 7z, RO =OIZ[AFES ST SR L 72,
Pt iR oMIRRIZ, i L s m A B e LT,
NP AEE s K OUE A 1 SRR 2 TRl L 7=
EEWIZIE, 77— Kk (O #&20ml+ AF#20ml 4 Jh ik
5ml+ZEH/K20ml) % FV 7z BEbE s K OSRFIRET O
AT, MO & 72 I3RS I & R e 1 A A
& LT, EBSD (electron back-scatter diffraction pat-
tern analysis) ZFIWTCEMIEL 72, £ 7=, HEMAEEIZ
Bawk, il - KXPTLr HOBERRR)Z i L 71T
DYy H — 2 & G fs K O RRERIC & 0 il L 72,
il X GABRIE, A mE EE A2 WER & LT, HE

X2 #MFOME~ Y OMEE :
(d) A7NO1/A6NO1 (AS/RS) .

(a) A6NO1/A6NO1,

®

frEE1.96N, faf BEPRIFIFI10sD S FClllE L 7z, HlERL
B IARIE R DER (center& GR#K 9 %) AR LT 6
0.2mmDNiE (27 ZHtop, bottom& ALY ) & L7
R IZIR G, #BETmEEET Y0 L 72
JIS 7 3121 1A 538l & U 7=,

ERRME S LU

3. 1 WEEs

X 20 [lfd & ik T & S A SAk T O Wi~ 2 o kil
Y. BETOHATBIZ BT, RIS I Eg: X
N7z BEEEBIZIIFSWHA ORI CH 24 =%
V) v s (ROPROBHRED Z & T, AW PIT
WBZENHZHHINDG) BEERSh, SkFTZD
EIRBEALL Tz, Zhug, Y —uh—ldsd B[
A PEEE DO F DMLY 7 (BEEEE /Y — L nliR)
DBE—THE16TH5. £72, K2 (0 @) 1TRT&
I, FEMESSETOHFHERIZA6NOI A< & ATNOLA S
DREIREDE->TELT, MF—ailfs 2L To
7o, ZHhUE, FSWIET — 2D & 5 IS O ER %
b3, FERIRETHEAEER SN2 6Th 5.
X312 B Fs & O AR S Ak TR OEBSD~ v 7
Y. ZOvy E, ETRERS L TS R0l
84— (BMRRETRENS) IS/ S G A
DL DTH Y, AR UGS E U cHfim

2mm

(b) A7NO1/A7NO1, (c) A6NO1/A7NO1 (AS/RS) ,
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N5, HBonMESNT — 225, HORECRETE
flize &, ARG IR C &, SII3kF oS
AL 7= ORIt 2152 Z &8 TE 5. K3 ()
IR T ABNOIA GRS, YIRS 250 m T d
D, FEEFNIZ001) GRE) AEHEN L 4 2 AR
DR EINTNBZ Ebrb. ZHIZFSWAEd &
(X3 (c)], FSWHUZEIMFASEEAE L, RSaRiA%18
pmE THMIL Sz, BSOS, TEEETE OO R
MREFNTH H011} (W) &, FAMZEREE D
111} (Fa) HAFHRSFEAEL Tl D, FSWHIZH#ME
BT ECTOB Z e Rk Ehs. £72, X3 b)

(2)A6NO1 BM

IRT & 912, ATNOLE SR E e mFEE DR L 7=
HEHERGRCH O, 1001}&{112) ($RE) 2B 5
AR XN T BT b2 5. ZHIZFSW
e & (X3 (d)], AHIEHI5 2 mO SR & & 0,
F 7RI e N AR T B, 2 OFEIA
FNE(111 & 001D 2REFHD E S AL HIZBIh 5 & DT
H0, TR ANEIECEREI OB TE L 7
EEZONDD, FHHEAHTH S, ZTho DRERIVR
FTOIE, A6NOIAE R L UATNOIAEIEA - At ERE
Dkk4 T BDT, FSWHIZI T 5 fEak D20l
RN EOVAVE D, AERINICSEESRIC KD BIR RS

(b)ATNO1 BM

e

X3 BHbLURESSMTFEHENOEBSDY v 7 !

(d) A7NO1/A7NO1.
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REGHIIZBORIE SR A 5 L0 T L Th 5.

X4 (a) IZA6NO1/A7NO1 (AS/RS) TFEAEHETH
R OSEMIG AR, 3 \WaY 5 X TRERD
DOHBAINOIEE, BT Y b5 2 FHAGNOIAEITH G
5. ZOfRR»5 Y, BEASESKT ORI, AS
ERSICHLE L MBI VISR E D &DT, ANk
Mk CTd % Z &R TE 2. SEMIROFRHLAEIK D
EBSD~ v 7%[X4 (b) IZ/8F. A6NOIEE B LV
ATNOIEEI IS 2 FHIROfESRHT 2 N2 NEfES
SHRTHIEBO L DO LRI TH 72, Thbb, BiES
ST OFHETAGERL,  [FREA SR O BB TR
KENTWBEFAS.

3. 2 HMFOEMEVIFHE

X5 (a) (b) 1ZA6N0O1/A6NOL, A7NO1/A7TNOIDY -
71— AW X 58T, ABNOLIA4E: & ATNOLA S DR
i X132 NFN103Hy, 126HvTH -7=. A6N0O1/A6NO1
¥ K FATNOL/ATNOLI DG ERIT REARE & A S HRk{t L T
B0, WALSOM X132 269 Hv,108 Hva /R L 7=,

180
- (a)
10} Rs AS
1:‘”/ 140 | AGNO1 AB6NO1
17 |
g |
S 120 |
o [
» 100 |
o} [ ]
ﬁ 80 [ { —~top
> [ -=-center
60 ’ ~+bottom
40 7\1\\I\\\\\\\\\I\\‘\\\\\\I\\‘\
-30 -20 -10 0 10 20 30
Distance from weld center, X/mm
180
- (c)
101 Rs AS
% 140 | A7NO1 AB6NO1
17 |
8 |
S 120 |
_f:“ [
» 100
S 80 2 > top
> -=center
60 I ~*bottom
40 >\\|\\\\\\I\\l\\l\\\\\\l\\l\\\
-30 -20 -10 0 10 20 30

Distance from weld center, X/mm
K5 Evh—REZHM : (a) AGBNO1/A6NOT,
(d) A7NO1/A6NO1 (AS/RS) .

(b) A7NO1/A7NOA1,

D

SREEMA 7 IV I = LEEDRMERBRES

Z 2T, A6NOIAET K UATNOLA SRR I & D
I A BT S AMEIIAETH D, TRLD & 5 IS
s IR Y R B 2 N g,

ABNOLIA4:

SSS—GPV'— v —B"fH—p"H—>p MgSi) #H
ATNO1&4:

SSS—GP (1) V'—V—GP (1) V'— v —"EZEfd »°
— e 7 MgZno), F7-13, TH—T{Mg: (ALZn) «/H
K3 TR L7z &k 512, METFHEPPEB OSSR X B PG
12K D BERE & PR U TR 25 > T, — S, RS
Kt L s (AfX) (2B L Ci3Hall-PetchHIIASK 0 375,
FERREAVNE K B B EEIT L5 Z N K<HIS
NTED, AFERTIIWOBHEHIEE TS, 2Ok
{tid, A6NO1A4: & ATNOIA G D5 % hdd % Litod
TG 25, FSWH O ABUC & - TR I FETA
THEDIZECBEDTHS. 72, K5 (o) () 1R
F&HC, BEASMTOM X 00, FERAESkTED

180 r
- (b)
101 Rs AS
% 140 | A7NO1 A7NO1
o |
Clc) |
5 120 |
° i
» 100 |
o] i
f} 80 [ ~*top
> i -=center
60 ’ ~+bottom
40 7||||l||||11|||l ||||||||| el
-30 -20 -10 0 10 20 30
Distance from weld center, x/mm
180 r
- (d)
3:160 . RS AS
L AGNO1 A7NO1
=140 |
on |
(lc) |
5 120 |
° i
» 100 |
o] i
§ 80 [ ~*top
> i -=center
60 i ~bottom
40 7\\\\\|\\|\\|\\\\\l\\l\\\\\\l
-30 -20 -10 0 10 20 30

Distance from weld center, Xx/mm

(c) A6NO1/A7NO1 (AS/RS) ,
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. BUTS OEl.

400 |
300 |
200 |

100 |

Ultimate tensile strength, o;;;s/MPa

15

Elongation, 6 (%)

X6 Bi#fsLUFSWHFOGIREE

B S A TR SN TR D, RIKILEOIE X IZA6NOLA
FITB T BMALIROB X 1TRd 5. £z, AL
(x=0mm) ¥ TIE, W EEB (top) 5 Fi (bottom)
2T, ANEY—B AR L T30, ZHUIR
JE AR EREN R 2 5 2 5 T L ITREI L TS,

X612 BFf 3 & O FSWHkT-0 5 [ 5RaABAS R & 7R
A6NO1/A6NOLD 5|5 1S 12204MPaT & 1), kTR
(REMA 8IS 12k 2 kT 508 O #IA) 1374%Tdh - 7=
—77, ATNO1/ATNO10D5 [iR5RE13365MPa, MkTF3his
85%Td »7-. A6NO1/A7N0O1 (AS/RS) & A7N01/
A6N01 (AS/RS) D5liRsE 3% 12 1 215MPa, 210
MPaTa® 1), A6N01/A6NO1D5|RHRE & 1FIF M % D
Th -7 BEEASHTO5 RERE OlriE L, X
5 () (d) 1Z/R L7z ABNOIA<EDOWALIRI IS 3 5 irik
LIKTH 2 ZLnb, FFEESSHETFOS R TR
WO X I idEhs " L5 ZENTES. 22T,
FSWIED AR DU JERE A RN R L 728 D% X712
N, RS (The) 2[EAWRE  (Solid solution
temp.) TLEFHI2 X7 (@] Z&T, TR
R ICHIEA L, PS94 5. Las-T,
WFrREE D EAK 5121, K7 (b) 18T & 91 Tax
ZREEEELFICMA S Z ENEETH 5. Frigaard b
12k 3 &, FSWHRHIMPBHIRA S 38 0 (W) 13
RTEFTZENTE S,

0 =§ 7T1UPNR® ()

REEMWNIERIR $25

ZIZT, po BEMRE, P HESOE)N (N/m’), N:
v — LAl (s7), R: ¥ a &k (m) TH5. (1)
A5, T [EEIRELL FIZT 21203, HSIPEY —
LIHERN, ¥ a LA ERE/NE S U, IKABGRHE TR
BEBIEIZEMEMTHS. - B, BHY -

(a) Tmax

Temperature, T/K

Time, t/s

(b)

Solid solution temp.

Temperature, T/K

Time, t/s

X7 FSWEFDGE B



SREEMAT7 IV I =T LEEDEMERIBHES

NEBBEEEVGEDETLTH SO THEEHEVD =844

BEEA 0D, VAKEL T3 L THIRABTOREA
WufREL 5.

(2 B3

- PR Stk T D B BAAR 3 FIRE A St T O SRR

RS
A PEA
Beffrt (eatdhit > 2 —)

i

MBI O REATRE DL Mg 5 Z E A EETH 5.

|

BB GEaddhivy 4 —) BE

it
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Defect Detection Technology of Different Thickness Stainless Steel Sheets Laser Butt Welding

= = IF & Masaaki YOSHIZAWA
8] B & 8 Naoki KAWADA
G Il F Takeshi ISHIKAWA

WEDFIL B 2T VL ZFRO L —FRERBERISH T, BEREOHNMIEICED 74— 7 4 LRMAR
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In different thickness stainless steel sheets laser butt welding, laser beam position causes the welding defect
such as underfill and incomplete fusion. However, a complicated system is necessary to revise the position of
the laser beam position during welding. Developed defect detection technology judged defect of weld joint from
laser beam position after welding. In order to detect laser beam position, this technology quantify behavior of
light induced by laser with arranged two photo diodes on both side of weld line. This paper reports defect detec-

tion technology of different thickness stainless steel sheets laser butt welding.
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