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A Study on Fatigue Life Improvement of Boxing Fillet Welded Joints using
Low Transformation Temperature Welding Material

KIMURA Shunsuke*!, OKADA Koichi*?, MATSUZAKI Takuya*?,
MURAKAWA Hidekazu** MA Ninshu™*, HIRAOKA Kazuo™*,

SHIGA Chiaki*® and YAJIMA Hiroshi*®

Summary

In our previous study, it was shown that the fatigue life of the boxing fillet welded joint was
enhanced by about 10 times by applying the elongated bead welding with 40 mm bead length to the
welded joint by using low transformation temperature (L.T.T.) welding material.

In this study, the followings were discussed, (D The estimation of the residual stress distribution
of boxing fillet welded joint to which the elongated bead welding with L.T.T. welding material was
applied, @ The work load and time of elongated bead welding on site welding, @ The fatigue life
enhancing effect of two elongated bead welding joints using different L.T.T. welding materials, L.T.T.
10Cr-10Ni filler metal (LTT1) and L.T.T. 6.5Mn filler metal (LTT2), @ The fatigue life enhancing
effect by using LTT2 with and without elongated bead applied to repair welding of boxing fillet
welded joint with fatigue crack, ® The fracture toughness of weld metal with LTT1 welding

material, and so on.

Keywords : low transformation temperature welding material, boxing fillet welded joint, elongated bead, elongated

bead length, fatigue strength improvement, weld metal fracture toughness, high strength ship hull steel plate
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Photo 1 Conventional welding direction (a) and
LTT elongated bead welding direction (b)
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Fig.1 Effect of elongated bead length for residual
stress
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Fig.2 Effect of elongated bead length on stress
concentration at the toe position
(Under applied stress of 150 N/mm?)
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Fig.3 Test specimen for welding procedure test of
elongated bead length
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KRS 2,
@ B L L, & 40 mm O £ — FEENHER
Sha,
LMo T, iR E— RFEER SIE, £ 40 mm 2356
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B 5 S A AR R

3.1 SRR X UM R B

RO 40 kgf/mm? (390 N/mm?) #% (AH40, % 20 mm) -
36 kgf/mm?2 (355 N/mm?2) #% (AH36, #x/Z 20 mm* 16 mm)
MR EESMRE, R LETRBRAT OERE 2 F
TIMITHE LTz, IS0 — M X DAL S & i
M % Table 1 (Z7R7 9,

T, HHFRBET O TR E AT 7 M & OBMREREIC
il JH L 7= — A% bR 40 (Conv.Wire) MAG IEH B (7 5 v
TARNDUAY)D, A= HIEaTIZXDHEEERD
{E2ERR 5 B & B P 1 % Table 2 (27”99,

£/, LTTHE#EMEIE LT, 10Cr1ONi %Y U v R
UAYGEE LTTD &, 65Mn R 77 v 7 ANV T A Y
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Table 1 Chemical composition and mechanical
properties of steel plates

Thick. Chemical Composition Mechanical Properties
Material ¢ Si | Mn P S Y.S. TS. ElL | vEoC
(mm) | &) | ) | G | & | & | (Nmm?) [(N/mm?) | () | (J)
AH40 20 [ 012|029 | 1.34]0.008]0.002 | 486 539 25 | 333
AH36 20 | 0.14 | 023 | 1.08 | 0.014]0.006 | 446 543 21 | 235
AH36 16 [ 0.14 ] 021 | 1.10 [ 0.017]0.004| 454 511 23 | 256
Table 2 Chemical composition and mechanical

properties of deposit metal

(Conv.Wire) (From product catalog)

Chemical Composition (mass%) | 0.2%P.S. TS. El. | vE
C | S |[M| P s | (N/mm?®) | (N/mm?®) | (6 | (J)
0.06 | 0.50 | 1.40 | 0.013 | 0.009 530 590 27 98
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Fig.4 Shape and size of boxing fillet welded joint
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Table 3 Welding conditions

Shield Gas Current Voltage | Speed |Heat Input
[25 (2/min)] (A) V) (cm/min) | (kJ/cm)
Conv. Wire COo, 280 32 48 11
LTT1 Ar+20%CO, 230,220 31,29 25 17,15
Conv. Wire co, 280,340,300 | 32,31,32 | 28,3545 | 19,18,13
LTT1 Ar+20%CO, | 270,320,220 | 26,27,27 | 18,1824 | 23,29,15
LTT2 Co, 260,320,220 | 2527,27 | 18,18,24 | 22,29,15
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Photo 3 Appearance and macrostructure of boxing
fillet weld part
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Stress .
Specimen | Range Mumber of Cycles to Failure
Number T N,
(N/mm?®) (eyeles)
A-2 338%10° 1.00
A-3 353% 10 (3.46 % 10°)
Type ef F-1 150 |96 10°) 1.957.013] 566
Specimen | & j} jjj F-3 200> 10°| 2094238 6.04
G-1 937%10°| 937321] 27
[Borneleam. wirs|  LTT1 L G-3 561 10°] 561368 162
Elongated A4 1.28% 10 1.00
| Wold Baad |~ Lm | m F-2 200 [233%10°| 232686 182
G-2 304x10°[ 394001 308
—~
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= (| | | |
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Number of Gycles to Failure, N; (cycles)

Fig.5 Fatigue test results (Or—N;¢ diagram)
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Photo 4 Fracture surface after fatigue test
(Type A, 200 N/mm?, 1.28x105 cycles)
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Photo 5 Fracture surface after fatigue test
(Type F, 150 N/mm?2, 2.09x106 cycles)

Photo 6 Fracture surface after fatigue test
(Type G, 150 N/mm?2, 9.37%105 cycles)
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) Stress | N mber of Cyclas to Failure
Specimen | Range
Number 2% N,
[N/mm*) {eycles)
A-2 338 %10° 1.00
A3 353%10° (346 % 10%)
ER-1 323%10° | 3233096) 934
ER-3 150 253x10° | 2527680 7.3
A ER FR FR-1 141%10° | 1407643 408
T\rD_s af “‘——j FR-2 145%10° | 1450648 419
Specimen FR-5 215%10° | 2150282 621
FR-0 188 =10 | 1879526) 543
Wald Motal [Commv. Wire| Conv. Wire | Gonv. Wire A4 128 %10° 1.00
Flongated ER-Z 107 % 10° | 1066770 836
Weld Bead | L L ER-5 200 [761x10°| 7e0613) 595
FR-3 134 =10 | 1,342571] 1047
N’E FR-4 129%10° | 1.267.046] 10.08
300
£ [
2 |
= =
6‘200 B
; 1501 £
@« =i |
o A |
o ER
& 10012 ,
» ® [FR
g 80—= 5 L ] 6 6
5
5 1x10 2x10 5x10 1x10 2x10 4x10
w

Number of Cycles to Failure, N (cycles)

Tig.6 Fatigue test results (Or—Nr diagram)

Fig.6 "S5 B22 X 51, Or A 150 N/mm? B LW
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LTWA7dThdEBEZLND,

F7z, BIZ Figh R LTFZA T F- 247 GIiT~
T, A7 ER- %A 7 FR OGN EHMTH-Z0IF, £
B LIsEEsTEFE LCid, LTT1 £ 9 Conv.Wire D INEE
LTWa7dThdEeEXLND,

728, ¥ A 7 FR O 55N O F % Photo 7 5 LT
Photo 8 (2773, #A 7 ER- %A 7 FR Ti, HRaZIX
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FThbbl— NN AT 7 FHICHEL, AT 7O
WESZ _EiZmis- THER L7k, 2T 7 Filim O MR Es:
SBICHER L TV 5, AT 7O MR A4 B & ik
L7z 2 HOREH BT, TRENERICERL T, 0N T
AEL, SHICERLT, TROBENCE->TW5,

L7z - T, ERE AF 7 & ORBEEE M, 372
DBV — MENORATF T FRICHAE LTSRN, 2T
TN EER L2 N, B EE L5 L0
LRI D,

YR N5, Conv.Wire TR LIAE#E L71=%, LTT1 T
fEE— NRBE L2 L0k D, RIS oIS
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Photo 7 Fracture surface and pass after fatigue test
(Type FR, 150 N/mm?, 2.15x108 cycles)

Y6 8 £ 96 v F Z LIM6

Photo 8 Fracture surface and pass after fatigue test
(Type FR, 200 N/mm2, 1.34x108 cycles)

3.3.3 LTT2 BAEMEHCLZ2MEY— FBEEZEOHR
247 AL, LTT2 TR &K 40 mm OFEE—F
EEH:LI# 47 ER(LTT2) &, LTT1 T # 40 mm @
MEE— 2B L% 4 7 ER O 57 3B B 4 i
LT, Fig7loR”d, Fig7 iz, BEZLIZEZATAD
R RE bR LT,

o Stress | mber of Cycles to Failure
A ER_|ER(LTT2) Range
Type of ~ | =7 — Number 9% N,
Specimen ;LJ/ ;I:Ji[ 1 (N/mem?)|  (cycles)
1= e A-2 338%10° 100
Boxing o1 | Conv. Wire | Conv. Wire | Conv. Wire A-3 353%10° (3.46% 10%)
Elorgated ER-1 150 22X 1073233006 934
|WeldBead | — | LTT1 | LTT2 ER-3 253% 10| 2521,680] 731
ERILTT2}-5 174 10°| 1,737,345 503
o ERILTT2)-1 1.33x10°| 1320187 384
£ 300
£
2
= 200
o
©
g 150 £ o
] a A
@ ER
1004 L
@ 100F g [eriTT2) R=0]
% 80 T [
£ Tix10®  2x10® 5x10°  1x10%  2x10%  4x10°
5
w

Number of Cycles to Failure, N¢ (cycles)

Fig.7 Fatigue test results (Or—N: diagram)
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Or 7% 150 N/mm? T, # A 7 A OF¥)FHdn & KA Stress | \ber of Gyeles to Failure
Speci Ran,
T5 L, #A 7 ER(LTT2) OFEmIL, £ 3.8~5.0 5T A A | Nomber | 0 |
D , . Type of : (N/mm?) [c\rfles)
HY, A7 EROHFMIL, K 7.3~9.3FThHo7, Specimen | - | = EELLI -
fnﬁﬁ; y /]) 70 ER (LTT2) @ﬁ%ﬁ‘&%ﬁﬁ@{%i%,fﬁjé PhOtO Boxing Conv. Wire | Conv. Wire 1.60 % 10° | 160002
o § Weld Metal AILTTZ)S 150 342x10°| 341,693 145
97777, Photo 9 0 &, JE 5 B ORA SO R KL, Bonated |~ | 77, S0t % 07| 01468
Loz A7 ER-# 47 FR LHERICTH D Z &35 9 AKLTT2r-S R
Th b, 300 | '
e
o £
¥ = 200
@ 6_: Improved
© $ 150 t -
=
: i
=X @ O A
N £ 100 @ [AI(LTT2)S
W w - @ [AILTT2)-5 R=0
> - 80 3 | = = RN ;
! 110 2x10 5x10 1x10
| o Number of Cycles to Failure, N; (cycles)
3 ’ Tig.8 Fatigue test results (Or—Nr diagram)
Photo 9 Fracture surface and pass after fatigue test & 4 7 AL(LTT2) O ¥ 57 k¥ imi 2 Photo 10 3 LT
(Type ER (LTT2), 150 N/mm?, 1.83%108 cycles) Photo 11 |Z777,

3.4 AR LAESELEMICRAE LETaR
mMEEEOME
IERRBRBE R I Lo THRUES T2 & A 7 AR
2 REfE L7z,

Or % 150 N/mm? & L C 1.6x105 [l#sK LR A2 ZR L,
8] LIEEZIESERICIR S 8.5~5.0 mm FLEE OYF 7 3 %
FEIET,

1{& [AT(LTT2)-S] 1%, BAELEHRAHERETT
\Z, LTT2 CHifEEEE & ESH 40 mm O R ©— Niah:

ZRiT. L7,

H 9 11K [ATILTT2)S] 1%, 794 # =L vfAEL
VEHZ LS A I U O 7R A REL, 612, LTT2 Photo 10 Fracture surface after fatigue test
THHEREE L R &5 40 mm O R ©— FiEEL i T L7z, (Type AL, 150 N/mm?, 5.02x105 cycles)
G hE E— FIRES, &SI EERES M L
L7,

I REAER O 2 KORBR T A FEM# LT, Or%
150 N/'mm?2 & LC, Wi 2 ClEFRBE1T-o7,
TR R % Fig.8 IO, 72k, Fig.8 HhiciL, M
WZL7e& 47 ADWEFRBRFBR LR LT,
FEHRHERE L CTHiER#E L BRI 40 mm OHE
v— FEEA T U 2RB A ATILTT2)S 1%, &Lk
1.6x105[EZED T, ¥4 7 ADK 15 GDHFEMER LT,
—0, EHRHEREETIHEREL RS £940mm O
R e — REEEA i L L7238 AL(LTT2)-S If, %
L72 1.6x10° A2 &0 T, BRTIEH AN, ¥4 7 A LI Photo 11 Fracture surface after fatigue test
FUHMTHoT, (Type Al, 150 N/mm?2, 3.50x105 cycles)
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fAlE LB IEREIC R A L SR M A eIl RE
LT, fiERELME L — FIE#EL BEICHE LI,
HIZ Fig.7T iR L= % A 7 ER(LTT2) I, $7bb,
Or 7% 150 N/mm?2 THh £ 1.3x106 [A]~1.7x108 [5] (¥ A
7 A O 3.8~5.0 ) FREE TOEMPENIFTE S
borlkEZLND,

4. (RERRIR VAR ORI

AR RIS D A T 7 ek A al LisgEiic, LTT1 %
ANT, BE 40 mm BEOMRE E— FEERET 5 &, Y
FMHHI 10 (ST 5 2 & %, B E TSR TE 72 9407,

—77, LTT1 ZAMEHE @4 5 720121, AARHES
e (NK) S il 2 e 32 LER D 5,

L» L, LTT1 @ MAG 58 & B¥a84 8 <L, V-7
v F L BRI R L — 8, NK SR I o0 4R
Z, BT LbBRESWMET D EIEE R0,

AKRFETHE, HWE 12 mm, 1200 mm @, ZEAEERESE
RO R RERER T 2 R LT, IR (IRIR S 5R
R ML 9, Ar 80% + CO2 20% T4 L 7= LTT1 55
GIRE, —MRIKZEM (Conv.Wire) IAHE4 B & ORESIME{E
LR - R LR R IC SV Tk B,

EBIT, EEIERBRTE ORI SAE S 5, LTT1
AR L Conv.Wire EH:&E & O, HIEFREDE T
DOWTHBMNZ LT,

4.1 GERAREREIMEREB

RSP BRI ] L7z LTT1 e B 0ky:
By & Ms RE (VT %o MERRIRE) 0RFEH &,
Table 4 (27”9, F£7-, LTT1 HH#EROBEBAIMEE O
R& % Table 5 (279 9,

Table 4 Chemical composition and Ms temperature

of LTT weld metal
Chemical Composition (%) Ms Temp.
C Si |[Mn| Ni |cr| O (°C)
LT 0.048| 0.26 | 0.6 | 9.46 |10.50.055 184
10Cr 10Ni . : : : : :

Table 5 Mechanical properties of LTT weld metal

Y.S. T.S. El. | vEoc
N/mm?) | /mmd) [V TS e |
LTT1
10Cr 10Ni 447 1093 0.41 14 24

R Lo R e e R T R E @Y IGRBR A ORI -
“PEE Fig 9 (R T, UIRIEMmICIE, 7w RS #iH

(577 0 0.0) 40.0 N/'mm?2 D¢, it iR LRl
5.56x104 & HEE L LT, WHABREMT Lz, RBRA R
ML, BRI 36 kgf/mm?2 (355 N/mm?) #% (AH36, X
J= 12 mm) AR R AR A4 L7z,

| S
. |! o
8w TE -
Ll 15 T t 12mm
1 | \ 1| =F 200 |

240 | 270 I 240 ]
150 :]

200

r.ﬂ_u

120

i
1 =

200
1.0 Saw Cut 0.2 Saw Cut 0.2 Saw Cut7 Fatigue Crack
Fatigue Crack v, 1
| o4
132 |
0 s ;
—_—
1.0 Saw G |
aw Cut 0|

Fig.9 Shape of center notched fracture
toughness test specimen

B IR ST O 5] % Table 6 (27~9, i/ L7z LTT1
YUy RUAYIL B 12mm Thb, £7-Table6i2id,
el D 7= o1 fit3k L7 Conv.Wire (77 v 7 A AV U A )
DEAFIEESEME LR LT,

Table 6 Welding parameters of test specimen

Plate Gas | welding| Arc Travel Heat
Speci Welding|Thick. |Welding Flow | Current |Voltage| Speed Input
PeCll Turn Method | Rate
(mm) (I/min)|  (A) (V) |(em/min) |(kd/cm)
1st 150 24 30 1.2
LTT1
2nd 330 34 25 26.9
12 | GMAW 25
Gonv.| 18t 150 | 29 30 8.7
Wire | 2nd 300 30 25 216

Gas Flow : Ar-80%+CO,"20% , Interpass Temp. : < 150°C

4.2 Ve B OWEERBER
N PMERRBRAE R D Kol &R & OBtk %, Fig.10 (12
T, KefEild, Bq. (1) 9 ([ZX > TROIMETH 2,

Ke=gp (za) 2 FlaB (N/mm?2) --oee (1)

Fla/lB) =[1-0.025 (a/B)2+0.06 (a/B)4]
x [sec (7 al2B) 112

2a : PREBYIXREZEZ (mm)
2B  #HEBAE (mm)

Fig.10 "f ORI, %eic Fig.9 1o L7 s iy x
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HERF L FEEEZ:, 18 70 mm, E S 12 mm ORI &
%, BERA 47 kgf/mm?2 (460N/mm2) §fin i i & 5 7
MR = L7k a T RGBSR (B & Jeinfr & : Fusion
Line B L O #4808 OBEMMERBER 9 Tb 5,

@ [LTT1 Weld Metal
A | Conv. Wire Weld Metal
YP47HT EGW Weld Joint
. Temp.=9.34 X 107K
o === | Ke=1.5% 10" exp(-290/T}),
~ 4
=s_ 107 Temp.<9.34 x 107K
E - K=1000
~ .
= o ~
— &H\\ [ ]
[&] i - *a L
x ~
~ o \\ [ ] P

w D
S 3l N———
| 10 - = -
£ C
ap C
= [
o]
F_ -
o L
|
3 | - | 1 1 1 1
5 0 -80-120 -160 -180-190(°C)
S 2
L‘I._- 10 1 L 1 1 L1 1

345678 9101112(x107)
Temperature, 1/T(K™")

Fig.10 Results of fracture toughness test for low
transformation temperature weld metal

Fig.10 268 52372 K 912, Conv.Wire #4838 D
B RIT, FRIRA 47 kgf/mm? (460 N/mm?2) & An {4 H
EIREAMR = L7 b T AR OREBRER & B <
—HL T2,

7o, LTT1 E#HER O Kefilx, —50C~-T0CIRED
RETIE, Conv.Wire AR D Kol L 0 HTFRVR,
—120°C FEELLITOIEE T, Conv.Wire AH:A IR D Kofil
LV BEWEEZRLTWD,

BRSO 7 a 25 ) (Og) LR & O BfR,
BLOR Y M1 (00 ERE & ORKR%E Fig11 1277,
Fig.10 LAk, Conv.Wire #4240 OFRBRFERIL, FEIRA
47 kgf/mm? (460 N/mm?2) #friEHE Rk —1 27 hr
AR FMORBFRER L B —HLTW5,

7k, ME Lo wiE e m T B E UGB A T,
LTT1 & %\ % Conv.Wire | L % 286 lbEd i@ P i,
BHARTF ST RN T E N TER Y, Lavb IR ENIZIE
WHBAPMTENTND Z &5, BERMRER R
HREERET XS REBEEIEIFEEL TV RN E
EZbND,

S /N SR A S DT

SR SERE T R B TR - RES T 64

O | LTT1 Weld Metal
A | Conv. Wire Weld Metal

" [~ | YP4THT EGW Weld Joint |
@ | LTT1 Weld Metal
A | Conv. Wire Weld Metal

YP47HT EGW Weld Joint |

600

5004

400

300

2001

100'—

Fracture Stress, Og, Oy, (N/mm?)

0 -40 .—BU -120  -160 -200

Temperature. T (°C)

Fig.11 Relation between fracture stress (Og, On)
and temperature

4.3 WS ERENMERRE OWMETESSER

HRERIEE 2NV, Conv.Wire GRERIEE : —61.4°C) &,
LTT1 GRERIREE : —71.2°C) & OREWT w2345 R T, 5
BEUEURE I DR ANRAE L, Z OIEERHEN D RE
EME L T, 725, B mE) R Jeim o5 55 Rz
DD, JEMERZENRAE L, AR ERE R MEIC
FELIFFRT, FEEWENBE LD EHEIND,
L= o TC, MRERARIEEMIECTH S L E X5,

* 72, REBRIEENITV, Conv.Wire GRERIEE : —144°C)
(Photo 12 35 X U Photo 13) &, LTT1 FREREE : -1397C)
(Photo 14 3 J O Photo 15) & OREBimBIEFER M D,
Conv.Wire T, J& 5 ZEHN > b E MM R 2 & R
NIAEL, —ZEIHalE RLEmE L T\%, Photo 18 I
R L7 SEM BIZHER O b LN TH D,

—J, Photo 14 7»HLH B2 K 512, LTT1 T, %
BSUEHRERS DI ERAINFAE L, T OIEMERRN L REE
L T\ 5, Photo 15 1278 L7- SEM B ENS b
BOEMNTHD, Lo T, Conv.Wire & LTT1 & OffEE
PRI & B> TWVWDH EE 45D, T7bbH, Conv. Wire
TR AR et AL EMIE CH Y, LTT1 TIIasE
SRR SEVEREE CH D,

I 51T, HHLIRVIEE (-186°C) THBER L7- LTT1 @
ki % Photo 16 (2vd, SEM &R 5, LTT1 T
i, IR EE )R SR O IE 5 R D IENE - EtEIR ARk
% 29 5 RN EMEE (WEtE R EBSE L 0 IR E A T2
B DA LTIk LT,
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PLEICE Y, LTT1 B4R, IKIET (-186°C) Tb,
—fRIRFEH D X O KIS TOMEEAR R TR LW
ZEMHALMNIT 0T,

Ductile
~ Fracture
Surface

Photo 14 Fracture surface and pass after fracture

Brittle i I : toughness test

Surface 2 R (LTT1, -139°C, Kc: 3.45x103N/mm?/2)

Photo 12 Fracture surface and pass after fracture
toughness test
(Conv.Wire, —144°C, Kc¢: 1.50x103N/mm3/2)

Side C

Brittle Fracture Surface
Side D

AR s
i

=
i

b= i

D.F.S.
B.F.S.:Brittle Fracture Surface
D.F.S.:Ductile Fracture Surface

']

Photo 15 Fracture surface by SEM observation

Brittle Fracture Surface Brittle Fracture Surface (LTT1, -139°C, K¢ 3.45%103N/mm3/2)

Photo 13 Fracture surface by SEM observation
(Conv.Wire, —144°C, Kc: 1.50x103N/mm??2)



FalE Rt - AP

KRS A m A

D-B.M.S. D-BM.S.
D+B.M.S.: Ductile-Brittle Mixed Surface

Photo 16 Fracture surface by SEM observation
(LTT1, -186°C, K¢ 1.79x103N/mm?/2)

4.4 BEESBOV-/ v TF X VE—EERARER

ko, LTT1 iR OMSEINERER A & [F—0%s6+
REEET G, V-7 v F o3 L E—i8RR5 2 L,
VRBEA B IS IC B RO T L i L 7z,

V=7 v F 3 x L B — I B S ORI = R L —~
B ERMRZ, Figl21lm7,

60

] [ ] £ w
o o o =

Absorbed Energy, vE (J)

ey
[=]

1 1 L 1 1 1 1 | |

0 1 L
-200 -160 -120 -80 -40 0
Test Temperature, T (°C)

Fig.12 Results of V-notch Charpy impact tests
[LTT1 (10Cr 10Ni) weld metall

s i
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Fig.12 /5B 59372 X 512, Upper Shelf Energy (% 50 J)
T E VR, RN R X —EBEE T 0 KR
(-120CHE) Th %,

A clk 72 &k 91, LTT1REESRI, BEETTH
Wt R EME Lo\ 2 & R, — o
B AR AR (-10°C) TIX, KR Mtk A~ 22 & il 1
LW EBET&E LD,

4.5 FHESEWRERHEOELYD

— AR R O FARAE AR (F9-10°C) T, LTT1 %8
A )8 CIE, g B B0 R ERER T B0 R S 09 5 A
FEMERGEE DS I L, HEEMEME R R E BB IR A L2 b
NPELDICR -T2, EHIC, WKE (-186°CRE) TH,
IRIG ) COMEMERZ EMIEITIA LW E A LT
ot

EBIT, V- v F oy LB =5, LTT1
R#4: )8 O Upper Shelf Energy (89 50 J) 1Z/h S a3,
WY = 3L —TERIRE (F9-120°C) 130372 D IKIRCTH Y,
—RFEMREE SR E R, V- v T U VE—IRIX
TRAF—EMELS ThH, BORBEEREZF LD e
=25,

5. Fi®

2 F 7 F AR LESEERIC, <L T o NSRRI
(Ms 17LEE) MRV MERZS RBIR B ia e Bk (LTT1) 246 L T,
& 40mm OMEE— REE#ETL L, AR LA
DPEFHFMDHI 10 [FIEND Z & DR ST,

ZAUCBEHE LT TFTOZ ERHLMNT -T2,

@ LTT BEMEHC X DM E E— RS0 O LR
N, MEE— REEOR SO R E &Iz k&L
DN, MEE— FEERE SN 40mm UL LT, 13X
AT 5 Z LB BN Tz,

©® RAFT7FEmAR LEEHMEE— FEEIRRT O
SO, PR — REERE S 40mm T, KiFIC
T2 Z EMEL MR- T2,

@ HEMT L, £ESK 40mm OE ©— NABEAHER
SNs,

@ EHABIEENDS, LTT1 THE E— FaeEsEdud
FMHPEDD N, EE— FOE &1IH 40mm HiuE
T THDI EBPLNI/RoT,

® AFT7FEmOARE L% Conv.Wire Thiti L. L,
LTT1 THJ 40mm O ' — REEE L6, 357
FlE, Wl Conv.Wire THARI LIE#E L=7210 D
LA D, K10 EEND Z L3RR S vz,

® Al LRSI A LRy e w2l B
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LC, Mtz ME Y — NE#EL, LTT2 CIEEIC
M L9 AU, K 4~5 15 DI 57 IE (R 2 R 3 i #F
TELZHLOEEZLND, LB ->7T, LTT1 Cli T-
TAUL, BERDEMBRPFFFTE LD,

@ RO O B ARAE IR EE (F9—-10°C) T, LTT1 ks
SBRIL, B OIEMERE IR AT 50, B
FfatEAR 2 EMEIT A L2\,

LTT1 i8R D V-7 v F ¥ v /L B —aE B R
12 X4, Upper Shelf Energy (19 50 J) i3/ S0 a3,
W = b —BRILE (K-120°C) (X272 Y {RIE
ThHY, —MREMBERERR LR LD, V-0V v F ¥
¥ B —RIN T R F—EAME S TH, ooy 7k
HEHELTWDES 2D,

# B

ARFZERISE DN P RERICEE LT, — MM EEA
AARMEHSOEREAIC L 5 ILFEFIE DA X — A
Lo, B EZICE/RL-bOTHY £, BIF
BANEL LB LT E4, &5ig, 2.2 #icih~yz,
HWEE— NESICET 2B LOMRGHIE &7z,
TERRATOBMREALIZE S HILB LT 7,
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