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Fusion-Weldability of Aluminum Alloys for
Automotive Body Sheet

by Yoshihiko Sugiyama

Over the past few years investigations on the joining processes for aluminum auto body sheet
alloys have increased in relation to weight saving of automobiles as a result of requirements for
fuel economy, air poliution and safety. These processes include the resistance spot. welding, weld-
bonding, mechanical fastening etc. However, as these processes are all for lapped joint, it is consi-
dered necessary to evaluate fusion-weldability of these alloys in consideration of adoption of fusion
welding applied for butt and fillet joints.

In this experiment CV15-T4 (Al-Cu-Mg-Si), 282S-H110 (Al-Mg), XA278-T4 (Al-Mg-Zn-Cu) and
GV10-T4 (Al-Mg-Si-Cu) alloys were used as base metals. After evaluating the weld cracking susce-
ptibility with the aid of the fishbone cracking test, mechanical properties lof butt-welded joints
were measured. In addition, the tensile shear and ‘cross tensile strengths of MIG spot welds in
these alloys were measured.

The results of this experiment were summarized as follows:

(1) Judging from the weld cracking susceptibilites and mechanical properties of the butt-welded
joints, the selection of the following filler metals could be recommended for each base metal.

Base metal Filler metal

- CV15 2319, 4043
2828 5356
XA278 5356
GV10 4043, 5356

{2) CV15 and GV10 alloys had comparatively higher crack susceptibilities when welded with the
same filler metals as the base metals in chemical composition.

(3).'The tensile shear strengths of MIG spot welds were higher than the minimum average value
specified by MIL-W-6858 for resistance spot welding. And the cross tensile strengths of MIG spot
welds were fallen within the range of 30 to 56% of their tensile shear strengths.

. @ C ®» [

—RICHBE R T 4 OB, INETEE UTHER
ZAH o MBERPANI VTR EBHOLSN TS,
Y LBEORT 4 AT, i T A E v b E
BOTHEEE UM T I, B2 E Y VAEKFOD
LOOMIT, WHMEEER I S ANy MABELZE VK

PR

gjgj’(”c‘! N
cmomm BRI TERARFCH UGEHEINS
DTH A, HHM~OFHAEIIC L - Tid, BEabEEER

DVTHHH U TH BENDH B D LEDN B,

R 17 (1979), 539 FEE o —fain.
A AR

1

BHEOE LA, BEERF 1+ T 28HABEZEBINT
L‘é?’)l/E:‘? B, MEEELOMECGEE SN T
rJﬂZ&ﬁ{l@ @%5)671)’ '37“4;H&: L/’ngkéﬂ

,AZME%/‘&L W, WM HEINIEEGL D B,
CCT,A%%C%P i, ¥oEHEoRT s 4
DOERNAENE, T0bb, BEHNEZHS X R O#

Wm%gttég
WTHRET LTS,

YRy N OB E T

2. B /7 &

Bkficiz & e Ed 1mm © CV15-T4, 282S-H110,
XA278-T4 5 X ' GVIO-T4 B &2 VT2, IBEENRER



B & BE & R B #H

U July 1980

Table 1 Chemical compositions of base metals.

~ Chemical composition (%)
Base metal? -
si Fe Cu | Mn Mg cr | zn | v A

CV15-T4 0.45 0.18 1.50 0.01 0.72 <0.01 0.02 0.02 0.08 Bal.

2825-H110 0.07 0.20 <0.01 0.10 4.41 0.07 <0.01 <0.01 — Bal.

XA278-T4 ~0.04 0.12 0.30 0.01 4.06 0.00 | .1.31 0.00 . Bal.

GV10-T4 0.48 '0.17 0.54 0.10 1.00 0.05" 0.00 0.02 0.03 Bal.

1) Manufacturer’s designation..
0.8
Table 2 Mechanical properties” of base metals. ___l7‘5._.,
* Tensile Yield longati -
Base metal strength strength Elonff ton T
(kg/mm*) (kg/mm?) (%)
CV15-T4- . 36.0 20.0 29 . l
( : T T DO _ _ —_ B o el
2828-H110 |~ 28.5 16.1 24 k? o
XA278-T4 32.5 - 17.2 28
GV10-T4 19.6 ‘.9 25
1) JIS Z 2201, No. 5 tensile specimen. 6 70
A value in the table -shows the mean value of two 76

specimens. ‘

Loading direction : Perpendicular tothe rolling direction.
2) Experimentally heat-treated: Higher tensile properties

will be gained in the normal heat-treated condition.
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Fig. 1 Size of fishbone cracking test speéimen.
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(A) Without welding rod (A) 4043 welding rod

(B) 5356 welding rod (B) 2319 welding rod
(1) 2825-H110 alloy (2) CV15-T4 alloy

Fig. 2 Typical appearances and cracks in fishbone cracking test specimens. :
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Fig. 3 Result of fishbone cracking test.
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Fig. 4 Toe crack encountered in fishbone
cracking tests pecimen (X7).
Base metal: CV15-T4, Welding rod : 5356

Base metal/Weldimg rod
CV15-T4/4043

CV15-T4/Same
alloy as. base metal

CV15-T4/2319

2825-H110/5356

Fia. 5 Typical macrostructures of butt-welded
joints (x2.5).
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(A) Base metal: CV15-T4
Welding rod : 4043

(B) Base metal: CV15-T4
Welding rod: 2319

(C) Base metal: 282S-H110
Welding rod: 5356

Fig. 6 Typical microstructures of interface between
base and weld metals (X78).
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Table 3 Mechanical properties?’ of butt-welded joints.

L Tensile Yield ; Joint iti
Base metal welding rod Rein strength strength Elong?tlon efficiency Posi mn‘ of
forcement | (kg/mm?) | (kg/mm?) %) @) fracture”
With 29.5 16.8 11 32 15 mm
4043 .
Without 25.2 17 .4 6 70 Weld metal
CVI5-Td Same as base metal With 28.9 16.5 9 30 Interface
Without 22.6 16.2 6 63 Weld metal
9319 With 29.9 17.1 11 83 13 mm
Without 26.4 16.9 7 73 Weld metal
i . 2
9895 H110 5356 Wfth 27.8 13.8 17 93 mm
Without 26.8 15.3 15 94 Weld metal
4043 With 30.2 14.2 20 93 Interface
Without 25.6 15.0 7 79 Interface
XA278-T4 |Same as base metal With 30.6 14.2 23 94 19 mm
Without 26.6 14.4 11 82 Interface
5356 With 29.9 13.9 24 92 17 mm
Without 26.2 14.6 10 81 Weld metal
4043 With 16.0 7.2 16 86 18 mm
GV10-T4 Wfthout 15.9 8.1 13 85 18 mm
5356 With 16.5 6.8 18 88 18 mm
Without 16.5 7.5 13 88 3 mm

1) JIS Z 2201, No. 5 tensile specimen.

A value in the table shows the mean value of three specimens tested in as welded condition, 23 days after welding.
2) Figure shows the distance from the toe of weld bead to the fractured position.

Interface: Interface between weld and base metals.
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Table 4 Result of bending test for base metals and
butt-welded joints. '

. . Minimum radius
Base metal Welding rod for 180° bending®
Baée metal ot
4043 2.0t
V15~
CVIS-T4 Same as base metal 1.5t
2319 - 2.6t
tal t
9895 -H110 Base meta 0
5356 1.0t
Base metal 0.5¢
75t
XA278-T4 4043 3.75
Same as base metal 0.75t
5356 0.25¢t
Base metal 0t
GV10-T4 4043 1.5t
5356 0.75t

1) t: Thickness of base metal tested.

Test was done three weeks after welding.
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I { I | §
200 40 20 0 20 20 60

Distance from the center of weld (mm)

Fig. 7 Hardness distributions of welded joints.
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CVI5-T4 (1.2 mmt)

CV15-T4 (0.8 mmt)
2825-H170 (1.0 mmt) CVI5-T4 (1.2 mmt)
180A, 15V, 0.5 sec 2004, 15V, 0.5 sec

(A) Welds made with 4043 electrode wire.
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CV15-T4 (0.8 mmt)

282S-H110 (1.0 mmt) 4
282S-H110 (0.8 mmt) 2825-H110 (0.8 mmt)
200A, 15V, 0.5 sec 160A, 14V, 0.5 sec

(B) Welds made with 5356 electrode wire.

Fig. 8 Appearances of MIG spot weds.
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160A, 14V, 0.5 sec

CV15-T4 (0.8 mmt)
2825-H110 (1.0 mmt)
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CV15-T4 (0.8 mmt)
2825°HT10 (1.0 mmt)
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Fig. 9 Typical macro-sections of MIG spot welds
made with 4043 electrode wire (x3.5).
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160A, 14V, 0.5 sec

CV15-T4 (0.8 mmt)
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CV15-T4 (0.8 mmt)
282S5-H110 (1.0 mmt)

180A, 14V, 0.5sec

CV15-T4 (0.8 mmt)
2825-H110 (1.0 mmt)

180A, 17V, 0.5 sec

Fig. 10 Typica] macro-sections of MIG spot welds
made with 5536 electrode wire (x3.5).
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Table 5 Tensile shear strength of MIG spot weds.

Welding condition E 4043 electrode wire 5356 electrode wire
Top sheet (mm) Weldin " - T - -
g current (A) y P , s
“Bottom sheet. “(onm) Arc voltage (V) Mean value ¥ | Varla'txon Mean value V Variation
Arc time (sec) (kg/spot) (%) (kg/spot) (%)
T 160
CY}?_'E‘L_(_O@ 14 249 6 220 36
2828 -H110 (0.8) 0.5
- U 6 N A — _
CV15_ T4ﬁ S,O 8) 14 170 76 . e
CvVi5-T4 (0.8) 0.5 )
T 160 o
2828 mljl_ll_omgpﬂ@ " — — 259 37
28251110 (0.8) 0.5
— S 70 _
Cvis _T:i,__.?@ﬁ” } 14 211 50 231 9
" 282S-H110 .0 0.5
[ — 50 _
_Cvi5- T_‘%._,Mfo & m 232 12 277 21
2825 -H110 (1 0) 0.5
- _ " _
282§_}{;10'§@ 0 " B B 203 ”s
2825 H110 (1.0) 0.5 )
R R o |
CV15 T4 (1. 2)
AN 15 247 32 292 5
2825 -H110 (1. 0) 0.5 %
S 200 _ )
XA278 T4 (1. 0)
ffffffffffffffffff 14 271 24 258
XA278 -Td4 (1. 0) 0.5 37
T - 200 ) B o
_Xa8-Td (1.O) 15 244 38 266 16
TXAZ8 T4 (1.0) 0.5
R B _ o
_MEEY19L34 <1_93_m 14 239 26 242 31
GVI0-T4 (LD 0.5
N 20(5 -
GV10-T4 1. 0)
wwwwww 15 266 15 2
GVI0-Td (1.0 0.5 o 2

1) Based on five specimens tessted.
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o ¥iz,CVI5-T4 45, 282S-HII0454MHE 1 O
INSDOMERL S FENETNKA2T8-TA ¥ X ¥ GV10-
T4 52MHED V28 v  FEROIEE AN B L 04
FREMS (&b kg/H) 2205 >x L &b wcTable
58L6IRET, B, EboxE (BE—HIE /1Y
x100(%) WX b EH LI,

BEI T, ROMEREN AR v MEE T 2K
R MIL-W-68581c B CHER S N 35BS ANHR S OF
$ﬁﬁﬁam& &, WTNOBMBIOBERY A YO
u@c%s’\ , 2Ry MEAEHMOEIBEL, b

1, MIL- W 6858 iIc B TER a N B EiL, M OBEE
“3‘ & 5 28~56 ksi (19.6~392 kg/mm®) D4, 2L A,
¥ 0.032 in (0.81 mm) BT, ZNFNE/NEN 325
bs.// (106 kg/ /) 35 X O/NEHE LS 205 1bs./ 5 (134
kg/fm) TH %,

72, EORRICE D E, BHELOFEETANMS ITH
U, HOIEBEAYOEBIcL2EREBLAELL, L
2L, BlER AR O 5D & 13 MIL-W-6858 CEsk &
NBHWBHL T3 &, RBABRD m0Eh

ok a

BIRREAMREIC I AWEMER, AN 216
SEBH O, THRATAHEESEWED L3 HINTT
WAL 0, e EFRAOBESEN I i
SO THREAROBERCHEY T IETEL LIS OMD
-7, L L, BopicHisBRLUTHIBROESSL
BB L - 1,

UIedi-> T, BB AN O 23 0REIEFEE L

This X O FREFRMOIBFERS L O FTHRANCETAALL
BESELHBOREIDES 22 S D, ChCREHO
BEORE, 77—/ 28—, 70245, BRI Y
DYEER, 7~ 7 OFEER L EOHBRENRRA LT3 3
DEEI BN,

%k, —HMOBMOMERITE LT, HELALORE %
BEEMOM S ICEEND B DI, BEROBERIES S
DThHD, BROTLELDSE, 728y PHEBRBLT
i, ERE Y TFHOEEBENE I BEE TR TL,

T2, BERHOHS § KE0,

¥, Table6 O-+FBERBMRICL 2 L, BEY
“Rﬁb@+%ﬂﬁﬁe@,ﬂﬂ@ﬂﬁﬁmib%ﬂ@@

Table 6 Cross tenile strength of MIG spot welds.

4043 electrode wire 5356 electrode wire

Top sheet (mm) ‘

""Bottom sheet -(mm) Mean value V Variation Mean Vaiue? Variation

(kg/spot) (%) (kg/spot) (%)

_CVisT4  (0.8) 105 29 100 23
282S-H110 0.8)
CVIS-T4  (0.8) 51 49 - .
CV15-T4 (0.8)
2825-H110 (0.8) - - 132 33
2825-H110 (0.8)
CV15-T4 (0.8) 113 97 108 31
2825-H110 (1.0
CVis-T4  (0.8) 105 27 129 23
2825-H110 (1.0)
9 .
282S-H110 (I.Q)' vvvvvvv o e 169 2
2825-H110 (1.0)

_ CVISTd (1.2) 102 20 129 20
ZSZS HllO (1.0

XA278-T4 (1.0) 103 23 110 29
XA278-T4 (1.0)

_ XazgTd (1.0) 78 49 122 39
XA278-T4  (1.0)
GV10-T4 (1.0)

_GVIO-T4  (1.0) 101 50 107 47
GV10-T4 1.0

1) Based on five specimens tested.
Welding condition are shown in Table 5.
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B, ZNEFNOBEEBOE RS AN S O 30 (FF 08mm
@ CV15-T4 &4 % 4043 R 7 1 v THEE) ~56% (RE
1.0 mm o 282S-H110 &4 %5636 B v 1 ¥ THRE) TH
o T 6 OIEHEMOBM & TR THEERRELE» 5B
T, FTRSEFUIZRETCEC > T35, LI,
B 0.8mm @ CV15-T4 & & FE BRI DI S 23E LS,
g N EOREBRMc L3 DT, TRE~D
BEABDPNE N EIREB EDTH -1,

¥k, FEBEERIWE OV T, HAWICERY A vOF
Bie X 3303 & A E D,

4. ¥ E

TP OEBE RS 4 7V ST AGEOERBIAREE
COWTHRE UHERE2ENTA2L2EDEBY T D,
(1) BN BB & R FOBRIOEE 8
BOEE) HLSEMICETAEMMERSLE, ZNEN
CV15 &4 (Al-Cu-Mg-SizR) i3 2319 35 & 00 4043, 282S

(Al-Mg &) ¥ L o8 XA278 44 (Al-Mg-Zn-Cu &) ik
5356, GV10 &4 (Al-Mg-Si-Cu3R) 1214 4043 % X 8 5356
B TEXTH %,

(2) CV15 X GVI0 &4 R EBH &R DEE: 2 H
Ikt & UCHi A Uiz ek, BN s ik s v,

@) chsDEED T 7 AE v FAEROT RS ANR
X RIEHL AL v AT 5 MIL-W-6858 Tk a
BENSERMET 5, £, 272y FEERBOTF
BEER X 2B IR ANRS ©30~56% TH - 12,

x s

1) J.H.Dudas and F.R. Collins: Weld. J., 45 (1966), 241s.

2) J& AL, AMS, Metals Handbook, 8th Ed., Welding and
Brazing, Vol. 6, 299.

3) Bl i

4) BIlpE - BEEEA

5) N.L.Person: SAE 750463 (1975).

6) F.R.Hoch: SAE 780396 (1978).
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Heat Transfer Performances of “High Fin S” Tube

Experimental Study on Characteristics of
Aluminum Heat Exchangers (Rep. 5)

by Chiyoji Wakamatsu, Katsuhiko Hirata,
lsao Nakano and Katsuzi Takeuchi

“High Fin S” tube is the slitted integral high fin tube which is made of the aluminum extruded
tube with some axial grooves on the outer surface, using the conventional form rolling machine.
Heat transfer performances of “High Fin S” tube were measured by the wind tunnel apparatus.
Three types of test core with the different fin separation were tested to compare with the conve-

ntional high fin tube core.
The results obtained are as follows;

(1) The heat transfer rate per unit temperature difference @o-Ao: and the: pressure drop on air
side 4P of the “High Fin S” tube with fin separation were larger than those of the ‘High Fin
S” tube without fin separation by about 30% under the condition of air mass flow rate Ga. of

5 kg/m’s.

(2) At the same pressure drop 4P, @o-Aoc: of “High Fin S” tube with fin separation 'increased 10%
and over comparing with that of the conventional high'fin tube.

1. #

AR, Ale®, BETS v b EOnnlEss i
BT, U 4 VAED =24~70mm, 7 4 v E&Hi=5
~15mm, 7 4 €y FP1=23~7mm OEENN1 7 4
s F a2~ TRFEAIN TS CHHIZBRIAETRADOEE
EEEkE TR E S, R OBEBERSHRPEN &
WO R b D, 2T, EHE L REHEERRRT AT
W, 74 YA v BRI 20y v RN T 4
Ve Fa— 70 OBFEICEF UL, T TE D B IEE
B, AHCZHOE e oMMy v =y A URE 2
FEREONA T s a7 ERBIESEIN T 2B LIz d
OTH Y, PTFREBNTRENAT govF 2~T S EFHT
%o ~

BT, BN EREREEHE T 2 ERNPFEDO —
BRI
SRR TR SR L

i

WEUT, AT 4 Fa—TSEHNTEEUIER
FREGE BT > TRBERRICRIET 7 ¢~ OB~ O
EAOBBERE U, WMEDNAT (2 F 2 — THH
e Hsa & Bl Uiz, :

2. #HEEgE SLv a7

frRBEAREOMER VTR A v T =0 4 AL070-0 T
BBo NAT 4 eFa—TSOMMURE (HE 0.632
kg/m) @ Fig: 1R T X S A Em 12l 0% 6.5,
7 DOREGIEIGBEOREENA T 4 o v Fa-TERLE
UThd, miER 1EPEIT 4 2BOMNRE D 15°
EEFICEST L0 TH7  CRAT EHRT) 25
TR &2 QWS I ATAI 156° SO|\H e b O
(A7 ¢ ARSI ERT) S ERCH UL, ch b0
Hid TN $Dr=34.9mm, Pr=28mmT&dh b, Fig.21ic
HEHROSNBERT,
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Flic i iz N4 7 4 v e Foa — T DOFRE (ME 0645ke
/m) iR A 24mm, PR 3.75mmT, EEHOERED =
354mm, Pi=26mmT» %,

nE, VTS ERCHERINAEAEREELT,
Py JIS H3300 v o BiledRik s C1220T-H, JH2
159 mm, WE1mmo® 3 O % HL, Al070-0 EEPICE
AL TAHE R EEEINT S % € & X - THRIMTRES L1

70°
7 7 \
N \ .
X - 2,
ol w] o / "/ R
L ol ol- S RO.5¥—
wl Ny A /
<! sl &
Y /’/
7\
74
S A =
o
Fig. 1 Dimensions of extruded aluminum tube.

(“High Fin S” tube)

(1) As rolied (For A-1 core)

(3) Separating fins for alternative direction (For A-3 core)

Fig. 2 Appearance of fin separation of “High Fin S§” tube.

Table 1 i %4t 0 7 OFt#l %, Fig. 3 123z OREE
%, Fig. 4 w@aABo—BflzZnTnRd.

Pass
partition

20

40P x 3 =120
407 X 4 =160
200

20

Fig. 3 Tube arrangement of test core.
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Fig. 4 Appearance of test core.

(C-1 core)
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Table 1 Details of test cores.
No. of core C—1 C—2 Cc—3 C—4
. Conventional
T f tub “Hi v
ype of tube igh Fin S” tube high fin tube
Fin separation As rolled Separatmg fm.s Separatx.ng f{“ s f(?r As rolled
for one direction lalternative direction
Finned tube diameter D¢ (mm) 34.9 35.4
Fin root diameter D, (mm) 16.9 17.4
Outside diameter of inner tube Do (mm) 15.9
Inside diameter of inner tube D; (mm) 13.9
!
Fin pitch P (mm) 2.8 i 2.6
Fin thickness T (mm) 0.67
Longitudinal tube spacing S, (mm) 40
Transverse tube spacing S, (mm) 35
Longitudinal number of finned tubes N, 3
Transverse number of finned tubes N 5495
T : l
Heat transfer area on fin side per unit length’ c?f/ 0.534 ‘ 0.555 0.649
tube Ao (m?/m) |
Ratio of fin side heat transfer area to tube ms/xde 12.2 12.7 14.9
heat transfer area Ao/A; | :
Total heat transfer area on fin side of core A, (m®) 2.24 \l 2.33 | 2.73
! i
Frontal area of core Fere (m®) 0.06
Weight of outer tube per unit length Wo (kg/m) 0.515 ‘ 0.555
|
3. £ B A & D oo
i) AMTESEE ta: B BEOHERITH LLKAS
3.1 RREE whes L1,

EZFHR TR I e & NI T E A 1 Y
X OF/IE BHIE Lz,

i) fit »ﬁﬂ?mmﬂ'“é'ﬁx\@ﬁ’c

i) HE o 7 BT A KO

il T 7 OH s ADNTE 3 &R L NRKDOZRE
v 3Tk BEEMOFEEE

vl REDEL - HEAE

%&GCW\ L 'COD}:xrfEff;! POE \-/]\ J—o

ERCTHY,

i RTEZESFE Va3 7 OFIE
3.2 ZRREROEEFE
ERHEROBMAELE1IH CACTH, 250K

~9m/s(.. bl\_o

HHE2RH L

1) ACKEREE  terr ADESEE L H35C BEMED
12,
i) EPKESE Ve BRKOENSTELE S £ 50.29m/s

k&L, L4/ Re=7,500~22,000 Difigg<T

1 AERSE Ko

Ko ZAEHEE Uz BAGLEIGIR S
Q/ dtw

74 llQE L EY 22

Wilson plot % % Hj\ > TR O » OB TED
g g a2 Kok DL, & & TIREPIKEDH
BIERE CY 2HVT, WM O/ ERITS

P2
27126

i 1O O HREEE

Xo

iii
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) Qo EEME X U BARTSEETE Y b DT Mg
Aot

V) ESRROENRK 4P

Vi WEEAEREE Ga

vi) Colburn OEEZERT ]

vil Fanning OEEEEH

Iwis, YT TRFE@s B0ith Ga=5kg/m’s

I B Qo, Go-Act 3% T8 AP O BHENITH T,

4, RBHERBLUEER

4.1 SENL T4V Fa—TLOLRK

G.%2KElic & b, Ko, Q/dtm X 0 4P & OBR % C-1
a7 2REME LTFig BITRT, 1720 TOLN
LOBEERRTEEOM L 5%, Kok 00Q/4tn’3 0.5
Bk, APWIBEE L Z-> T35,

500
. 400
[9)
£
~ 300
S «=0.73m/s
= 4//0&
£ 200 ~ 0.37 |
5 g;2§029
~
Vw=0.73m/s
100F Q/ Atm 8.2(; _
0.29
- 70 fé A
© : C'/
K
£ 50 -
=
S 0r ke
2 30 /#
20
10 /
/S .
T 7 /
£ /
N i ,
& 5k ap
4
3
2 3 4 5 7 10 200 30

Ga (kg/m%s)

Fig. 5 Relations between overall heat transfer coefficient
Ko, heat transfer rate per unit temperature dif-
ference Q/4dtm, pressure drop on air side 4P and
air mass flow rate G,. (C-1 core)

3 %1072

Ga=4‘64kg/m25

—

6.19

\
\

i
T\ /
&}
c / - 8.18
E «//(///wﬁl
© ///
(&1
=
° //
X
1

(e
s

2 3 4

1/(C-V)0# (m/s) "8

Fig. 6 Relation between 1/Ko and 1/(C-V)°-2 (C-1 core)

Fig. 6 13 Wilson plot #:ic & 3 1/Ke & 1/(C-Vw)** DB
Bo—@l% C-1 a7t 20 TRT, BlRBEATO /K. &
1/(C-V)*® OBERIREMCIELI TR 5,

Fig. T 243 7OV T, G, QAaBLII AP 2 Gak
DOBFBTBOTIRT, Vo135, Table2 i a 7o
DT DEHMERERE 2R T, BEDIIONA T4« F
2—7 S EMAVIZC-1 a7 OERAMEEREE A7 4.
Fa—~TDC4 a7 LT EE, TI3%, AP T8 %
BEZNFNEN TS to-Aot TR 6% BEE-
THY, EREEEWEISATOLZY, chrClaro
Ao C4 a7zt LTR8BS Wi Th b,

4.2 71 ViEHITORE

Fig.7 # X 8 Table 2 iR ¥ & 1T, Az 5 o i
W7 4 v RESTIEA4 T 4 e Fa—~TSEZENETNE
Wiz C-2 X0 C-3 a7, IEEDETEID DRI
C-1 37 %Y aeT22~27%, o-Aot T 26~33%ZNFh
WIS B8 AP & 28~33% KX\, Z T AP L oBfRic
BT Fig. 8 WiRT X3 wlhigd s e, H—EKMESN
OB D dohot 37 4 L 2EFT B LT Y 4~
0%V EZE D, VoiFH, C2arbweC3ay
D Aot DEWNEIV, BEDOXI ST 4 v EEST S
ek b EEMERESHE ELIZDIITA D, COBEAEL
T, 7 40208 Ukc &L 3FIBHRBZES VX
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500
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100
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40
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AP (mmAq}

OC~1 core
A C—2 core -~
v C— 3 core

o C—4 core

|

3 4 5 7 10 20 30

Ga (kg/m®s)

Fig. 7 Relations between ao, @o-Aot, 4P and G..
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a7 ORI EE  (m?®)
(=Va7a) BiRZESE
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T Aot B ALHE X Ut EVE R (kecal/m*hC)

TR B E DO
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D AR HRE R
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At

Lo TCEBLIEPRMEAL T BT EE, 74 VESTIC
IV EEHRPEINE D THEEZLLNG

FRIZ 4 VRS 2 Lz C-2 2 7 OEHEEE » e i~
AT 4 veFa—~TOC4 a7 & (Table2 BR) + 3
&, a0 T38%, oAt TIIUBFNFNENTEH AP Y
Brkswvw, 20T, 4P &L OBE (Fig. 8 ) Thik
T5E, A—HAAEBRITST 3 acAo i, C-2 2
FHRC-4 a7t LTI~ 18%BEEN TS, T4bb5
T4 YIRS RERLIIANA T 4 e Fa— T SEHEBkEDIE
WENA T 40 F oo~ T DI SRBIBEIRER D3 g RO (K &

500 ‘
400 y
/\\ a() : AnL
£ 300 -
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Fig. 8 Relations between @o, @o-Ao: and 4P.
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Table 2 Test results at air mass flow rate of 5 kg/m?s.

Performance
Thermal conductance He?::t ttransferé ratedpf?: Pressure drop on
Type of tube | No. of core Fin separation on fin side g?éncee mperature di air side
o Ratio @o-Aot Ratio 4P Ratio
(kecal/m?h’C) %) (kcal/h'C) (%) (mmAq) (%)
c-—-1 As rolled 62.4 113(100) 140 94(100)  11.7 92(100)
“High Fin 8| _, | Separating fins for 76.0 138(122) 177 119(126),  15.0 118(128)
tube one direction
C-.g | Separating fins for 79.4 144(127) 186 125(133))  15.6 123(133)
alternative direction
Conventional | As rolled 55.0 100 149 100 12.7 100
high fin tube
WOBEE AP WA LTS, VolES, EEHRONA =7 SWIEER Y 4 VEST BT AE, BEAA T 4
74yq-_7s@ﬂw@mﬁwo,m%®Twm1» e F oo T UTERE, polkEl b, BAE
FLizocEl, g A7 Fa~TdbbE ELTORRENMEETE L S,
L% T %R E L > T 5, b/:z»of, INA T 4 e F BB, Ra7ROVTHELINT a, B L FJPEENTE
i1 Colburn OEEHHTF j & Reds L ¥ Fanning O BE#E (R
6.1 #f & Re OBETHEE U Fig. 91K T,
0.07
0.05 5. # B
Y 004 ey - - N
o] e NAT 4 v e Fa—TSIDNT, T4 VIR VRS
0 S T VERBIC T TR, 75 5 N BRDIRE A T g v e T s
’ \CD' & ZE
\-D\£;\— O~ — 7L ORI ETLY, DX OERERI,
0.02 ~ -y (V) 74 r2BEHTBEICLY, BEPERE
OB, BXOERMETR B L Z30% N 5,
(&) F-—Zsm D JHBdD b ETHIgT R E, T4 R
0.01 Warsclickh, RBAGNII4~20%BIE LT 3
EM i, Kl + ‘/J?L%ﬁb‘z‘oi W 7 1 BT & a'fl:
o0 [ HPEREDIE P S L,
0.005 - O~ (@) FA—HRMAIHEEDS ETE, N4 740 «Fa
~0.004 \U\\TL‘%;\T O — — T S OAMBEBIZNA T e F o — TR LT, &
’\\ WO ETOHEGEERAETHY, 74 0 BESTREAL0
0.003 — T
o O:C— 1 core B ks, AW RISy, EENIE LT W
' 4 -2 core BN 12 7S U T (IR IR B2 2y R0 TR T8 BHE B S 2
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Fet ’3?2( 50
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0.001 ’ f
10° z 34 5 7w 2 X 8

0

P

Fig. 9 Relations between factor of heat transfer j,
friction factor f and Reynoldes number R,.

1) SERIEsE, T
2)  BrEr E, PyEERIE
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DS, 14-4 (1973), 191.

DAL IRR - AT Ji/'\wéy

\4” .

39-4 (1965),
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Analysis of Elasto-Plastic Problem on Stretcher
Levelling by Finite Element Method

by Shoichi Yoshinaga

There have been a lot of unknown factors in strecher-levelling phenomena of aluminum sheets.
Analysis on stretcher levelling by finite element method could clarify these phenomena.

The results were as follows :

(1) Center buckle of thin aluminum sheet in strecher levelling is caused by the lateral restr-

iction of strecher clamp.

(2) Strecher leveller should be used for thick aluminum plates if possible. However, strecher-

leveller does not fit lateral bow levelling.

(3) Independent clamps and newly devised streching enable to level thin aluminum sheets.

i, AbbovFy— s
SR llide -5~ 1/«/\’5~tb\qf:é®i>§ééb\o 1
LA B 555, i 2 55 WIS 2L, W
hgov Y 2HEYELER, - '%ﬁé’z%t, Fig. LITiRT L 522
Pl oFa— e LANT—TEET S,

Fig. 1 Appearance of strecher-leveller.
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Fig. 18 1& Fig. 17 04/ CHl - T - 185, UM
% (318 b A1) O, 0.48% GEROIIHED 0.5
~0.6%) (OO, HEHD Ox, Oy, Txy, Gea, Epea @
A1 FERER) ZRLTV 5,

12 11 10 9

agx
(kg/mm?) 15

—6Q67-——41_

16 1718 2022 8

972 57 8

Q)W }

(kg/mm®)

(83}

- 8
ey -
(kg/mm*) "
-1
geq
(kg/mm*)
cpeq
(<1071
B = N
10 1415 2010 0 ~ JT‘
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Fig. 21 Relation between load F and plastic zone (Model V).
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Fig. 22 Distribution of stress components and equivalent plastic strain at F=24754 kg (6=0.65%5).--- - Model V).
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Fig. 23 Stress concentration in a sheet.
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Fig. 24 Pattern 1 of improved strecher levelling.
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Fig. 25 Pattern 2 of improved strecher levelling in
case of center-buckled sheet (as reseived).
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Fig. 27 Pattern 3 of improved strecher levelling
in case of edge-buckled sheet (as received).
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OBNBEETEINTS Y, COBEFRESE LT
BT L, BEMO—-FEE UTHEBNAS 2O
HHEDOERME i, 27 VL A 2AF - )2 I DBV O,
BIABTNE 2R TS 2570 JIRBTEETH 5,

AU R & ORISR B & il Ui Arie, RR
HMWELULRS OO~ Y A ¥H D, BCKE
BETRIBOERID 7V 2 AOHABEBZELTLED
TR UTRVWETIRAT v R« AF— Uh—ERCHN S
NTW3, LdbL, BETi, BPETEEL, g0
& ZRl, WaoBALL 7 VI =y L 2RHT 3
Bixdahh, HHMEEZOXENEHRECET 2EE %
BHINIBEIMBELL->TEIL, 20C, AR MY &
FH7 VIO AEEX O DVTHRN &R, BFEAFL
FEROKRSERBE O 7V 2 = v L O OIS 28
LTEErRfL, 35, by 2BIIEHATRELESER
AV R T DN TIRE U .

i

2. FPULERHFZLMLIZOLESE

2.1 BHEOBELEE

FULABIREWONE T VI 29 286N~ & BNE
FHERXDE5TH B

D otmgins (LEFE-BEBRBOAE) s dn,
FIALEH B DRGNS L » 5 RABNREBT B &,

2) ITAJEME, BMEELSEBRNSEEICH D, boR
e AFTE B &,

PEzilcd+ags LT, Mt Al-Mg %284,
TR T g Al-Mg-Si RE& S, 0L O M e
B2 BEL T 356 O & UTIZ Al-Zn-Mg RO&
EVUHUTH 5, BUEHOHA K, b 2BHOBEDOMH
FIREE E I IRE 2 5 b Y 2O 7 v T LIREE U TR
VDERELZ230EELNBDT, AILMgRESM Zrh

*ETHSEAT - BEFeE
FELY ABE MY A, B0, H—=o U 2 BRBHT S,

DELTHRNBLEET B,

B 1 RYTONEAL-MgRE R OMRE & BN ERIRG
HHE, F|2EBPKICRT 3 BHAILMEgRE &2 2 N ENR
T CNODBAERIRDEIREER D - T 5%,

D 7rizosliged LT, Fekk'SigEE»
BULEBELULEMEO b OMAVNE,

2) Mg aBEE0.2~38%DHATESHRILE 2,
EPRICENE &, Mg XS0 EiTicEs, Mg &
VBENEBRERRET 2, MIHMET T3, &k, Mg
EOWINE, JEBABEMC R RIE & R,

3) BEAVLNZAEIE 157SMg 0.8%) = 7213 B52S
Mg25%) THbh, WEZ0.6~0.8mm, BRI NFEE
(H24) BE®D $ DBE 0,

Bk, Lhb0 Y AEBA-MgRESOEMOERRE
B, PEHESBO0ILLUTONY Avy 42w o &S
NEEETFYBZINTEY, BART2X51, Tofhly
ZHELI S QRABUEOIZDONN Y TEEIRETH 5,

2.2 MBHENTROZE

AL-MgR& & OIEHAVERME <3 T 2 88 3R INTTHE i
BRFFLINERDIS>TH B,

1) Fe: Fedhnd, BB ROZWE 2L T s ¢
HLBLRADT, EEMTIZO006%LTFTE Lisithign
BV ) CERROLEER 2 T4, Fe®0.06%
BESHET S L be OBBEBAKEBES OB, KitE
BT70% BETH 3,

2) Mokt Cr: #EoMnpEEINICRET I,
FHFE TN TV EY, RHUDKETR, ER2EFS

5o CrOWRING, BEERER 2HEIERT 2 DTH
F UL KW,

3) Si:Mg:Si& UTOmRmMm, AR i e R,
IO, T H SHIOBEAIEY: 2K F 3w 3,

4) Cu:/NEORM (0.14%BE) G EWER S22
T 5,

5) Ti:0.02% LU OFINE SCHEQUEE M i B3 % R 13 X
ISR

¥k, Al-Zn-Mg ROAE&2MAV 2384, BE LR Zn:
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21T Fe 250.12% LRl s h 3 O3 GRRg LR
OWFIET 28 ¢ 12 HTH 505, Fe 3R oA 20

COTHEYDELTEIERTERY,

HEOH®
Si iz Al-Mg-Si % 5, Cu D8

HGEPHRVTRASY L LT LN B3,
st U CFe B A3 EEVR
1 & 5l U RS O RS ERDEAAGES IR &0 08, Crid
PWREE IR L OT Mo OFEFROIE S BWEEET D
T ORI 2 R T D

BB AL

FerE BT
Mn, Cr &k

r it

E3 1 B ﬁ 0)}‘@}55? (&) HED %'H:'QE
! 1
B H £ i 4y ;e o L S M P i
BOm oMo B A ﬂ 5 :i i 1y 3B
A Mg v, S L (15T
BB apm | W n | SEEs | W 0| g |LDR=yrey|F O EFORHRLLY ()
‘ ‘ LS N4
(%) |(g/mm?) (kg/mm?)| (%) | (5kg) (mm) | (%) | @ %) l”““i
H — 17.9 5.0 | 72.0 | 1.99 6.8 | 12.0 | 91.0 78.0
A8 | H2¢ | 0 — 13.2 77 | 50.0 | 2.20 | 7.6 | 13.0 , 91.0 78.0 | 0.5~1t
0 — 6.8 | 50.2 | 25.0 | 213 | 9.4 | 80 | 910 76.0 ot
H — 21.4 3.8 — - - = 88.0 67.0 —
GO | H24 | 04 | — 5.1 | 16.0 — 2.20 | 7.8 — 87.0 68.0 —
o | - 1.0 | 27.4 — 2.06 9.7 | — 86.0° | 67.0 —
H | 240 | 25.0 50 | 73.0 | 1.98 | 59 | 14.0 920 85.0 -
2575 | H2¢ 0.6 138 161 | 14.5 | 48.0 | 220 | 74 150 | 910 86.0 —
o | 4.0 121 | 28.0 | 26.0 | 2.10 9.2 | 10.0 | 91.0 82.0 —
H 232 24.0 5.8 | 79.0 | 1.94 5.7 | 13.0 | 92.0 84.0 —
157 | H24 . 0.8 . 9.4 | 157 | 21.0 | 55.0 | 220 7.1 | 13.0 | 910 84.0 —
0 42 | 126 | 25.2 | 30.0 | 2.00 | 8.7 7.0 | 91.0 83.0 —
psos | H 32.3 | 335 50 | 70.0 | 1.92 5.8  15.0 | 90.0 72.0 =
H24 | 25 | 135 | 23.0 | 17.0 | 44.0 | 2.26 | 7.7 | 150 | 86.0 69.0 1t
6252) | o 85 | 2.0 | 2.0 | 2.0 | 2.08 | 90 | 7.0 8.0 | 710 | 05t
=9 BRI BLEA &OHIE
© g 3 AW oS | - (|79 AY
% & & :f . 3 5 () Blagim s W3 O EHT T
Mg A Al 4”4 (kg/mm?) | (kg/mm?) | (%) |(10/500)
:‘«,\!-C
~ e . il 0 7~11| 3~ 5.5|35~20 | 20~27
AIRMg0.5 | 0.4~0.6 | Fe+Si+Cu+Zn+Ti<0.2 Ti+Fe<0.05 Rl st 37 o
. . - 0~ 5~ 35~20 | 28~35
FooA v | AIRMgl 0.8~1.2 ” <0.2 ” g %g~22 %Nzé 7~ 3| 4555
- ~17 | 6~ 30~20 | 32~40
ARMg2 | 1.5~2.5 é <02 ¢ H 21~28| 18~27 | 6~ 3 |55~70
) AI9G1 0.8~1.7 | Fe +5i<0.05
7 7 v A
AI9G3 2.8~38| ~#  0.05
i 3t 0 <10.8
)\ o SP N 0.5 e R Si8S
il iz
SP 12 1.0 B 9 s
A%~ L
S nan | V7P M 0.5~2.0 |
5257 0.2~0.6 | Fe,Cu<0.1 Si<0.08 Mn,Cr<0.03 |g 112 22 2
o | flic Ma 0.14~0.45 0 15.4 20 32
5357 0.8~1.2 Fe <017 $i0.12 Cu<0.20 18 4 55
_ i Mn 0.14~0. 15.4 20 32
5457 0.8~1.2 Fe<0.10 $i0.08 Cu<0.20 H 18.9 4 | 55
_ i« Mn 0.10~ 0 1 20 28
7oA D R 55T 0.4~0.8 | o912 Si<0.10 Cu<0.15 175 5 50
- ‘ 14 20 28
5657 0.6~1.0 | Fe<C0.10 Mn<(0.03 Cu<(0.10 Zn<0.03 | § 175 0 2
5252 2.2~2.8 | Fe<C0.10 Mn<0.10 Cu<00.10 Si<0.08 | 22-3 2| &
s757 0.6~1.0 | [ Cu0.05~0.15 Cr0.05~0.15 0 127 22
6~1.0 | pe<(.10 Si<0.08 Ti<.0.02 H 16.2 13
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KESEME (198048 by 2D 7 v TLDRIL 2
FIXRT, chp bz L5 by o7y il
WEZELTED, TRTEM2EALTH 308 HETDH
3. BWNOEAEOEAR, AXRINLERBRES T,
FNIOBEROVWTELNCERBRETH S, Fhdik
WMHTHRIFEAT UIIRK b Y A OB ZRT, &k
COMITKETRE, AF U VAAF =V e FIVT DT Lo
75y FEB—MOEHBEIFHINTEH?, TN
SHE & TiahE 2 3 D EM AL IC DR R T EIRRE ST
WL,

4.
4.1 REBIIE

U A ERNETAEG, EHTERERENRLD (v 2
T, Y7, ETRERHYINID Ltob,
(BT B — MR R A — LA O i, 12 EH
TN (GBI - gh) Lo g @ RN T BHE - LB EE

®= | L B

a— b7 4 — 3

© BERCAE - HAMEOTRTEIN S, HT, WO

BECHOOWTE TR Z2MHET S, ki, BRI
B TR ON Y SNBSS 4 o CHRBET A DB —RIT
b b,

3 19804EH KHEESEAEO ) 28O 7 v T IRE
EHTN e k- g — AL 7 oa - N ZEE TS S A a4
=R e e e
- EN F—wZXEo5 4 N - 54 AL e s MY
Cados 3 0 omv— 2o 50, M7 a7y 15777 #y v (7Y ax) AMC | 71007
& 4 = ER® !
AVE S SM SM SM SM SM SM SM SM SM SM SM SM
gy Chevette Sunbird
b he) T Monza S.W. SM SM SM
F-T=rT - MC MC MC MC MC MC MC MC |« MC MC MC MC |Rabbit
wA—ivesN— | SM | SM | SM | SM | SM - sm |
By e —y { |
YL@ AM AM AM AM AM. | AM AM | AM ; AM AM l AM SM |Rabbit
B~y b Century [EldoradoMalibu |Cutlas |[LeMans, LTD Marquis2 §§ vf‘;:fé e at |Horizon Rabbit
b Y &9H — k| LaSabre Impara [Delta 88 [grand Am. ; Qo s
kA 1v1 i alina ! S
(k) Riviera Caprice | Toronade ‘éiﬁéevme X : YIfi]xanriied)
7. (D T T CRLERE,,
(2) MU T, R F =V~ T, O L F, DR e vl T, FT, Fyva¥—1, 4, T,

Tyl =,

(3) FEHo SM, MC;, AM Z &4 THROFEARKEZRL TV 5,
SM : #5»ORFITHEM,
MC : R OERICIEM,
AM - EHEICEM,
#£4 GM 71—F, VW, Xu ottt 7w i =9 28+ Y & O3
O & o 1 iy (%)
NS B - ) . x
(mm) Mg ‘ Fe l Si | Cu ﬂ Mn \ Cr Zn Ti
G M — 1 W # 0.75 0.77 0.07 0.04 0.03 0 0 0.01 0.02
G M. — 2 4 0.75 0.87 0.08 0.04 0.04 0.01 0 0.02 0
7 x~—F—1 7 ~0.75 2.44 0.04 0.04 0.04 0 0 0.02 0.01
T g~ F—2 1 0.75 2.41 0.04 0.05 0.04 0 0 0.01 0.01
VW —1 R - 0.41 0.07 0.30 0 0 0 0.01 0.01
VW -2 4 — 0.50 0.04 0.03 0 0 0 0 0
V:W — 3 o) 0.78 0.57 0.04 0.03 0 0 0 0 0
VW — 4 /7 0.67 0.94 0.06 0.05 0 0 0 0 0
NIy R = 0.50 0.05 0.55 0.13 0 0 0 0

. (1) ' GM':- General Motors Co,

VW : Volkswagen Co.
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2hs, JIS AR TRKD T VT =9 L e b ) AD
BHRER L EZ IR 2 P46 U 12856, HARWCHR L TEE M 28
WETHEBLU TOIBERBRAEEE, HEC RS EN
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UTHRO & 5wl BER2E TN,

5 BRI LR B D ABR 5 F % 28 2. 7210 X 10cm D 5457 & 6
ORERF B FEAECH D 1), 1959F % b 4 FHEHET 2
NEfTo T,

1) E21C OFmMEAHhT 1.6A/dm® OERHAL TE
FEER G £, 98°C D#/KFRT 20min # FLALER U 28 E,
REIEE s 25~1250 OFETIRIEEDS KX { &5 EHp
M ET B, 2L, BRERMAEFOERZET &
A, B BRI IREN S AU B 2 D

2) 21CT 1.6A/dm?&, 35C T 3.94/dm* D &4 B
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< LR EMBEY,
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@) HIBOBEYY, ey v B EEREC X 3EL

HETH 5.
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FRBEELVY, Lok BEROEHEL v X

5T RN D B o

5.2 EE[CRIFBZTLIZ=UL « FYLOFEBRRAY

Haines 31245, EHCHEBLIIFZ LI 2T A Y
LT IEEBRE, BEBLOEEORE2ELS S1H4
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hamshire ¢ 12EHEV s Nz, HHINITEEIEALDS
Mg, Al-14Mg, Al-13Mg-MnTad b, FHEISHE & M0
BTholo 7HVEZ UL« MY SSEHEERBERL
WML S NI, TGORKE S ERHETH 523, 126/ E
FAOAE D & EEESEA LIkERREZ T 613 X

oy 4 ~10p DHEHFT d » 72, Bl LEWE-FR
B ACALER U BB O NI 12EEET O 3 @ & RED
ML, BRRETIEL T LTt EBREINTI, +Y

APBHERFT—, AF UV RAAF—, BoiEx v FHHR
EEELAMLTORVENTIE, BaokERRsN L
S BEDOTFZNE =Y AWER URLESTRETO
HRIETHBRENI, Fi=Th« U LEHIKETS
MESERD2ETH -1,

iy (o) 2235 » +HOGEBREERAHE L 3

FHFE T,

{l) 2Cx—% « ) VOFERIEEY Xy b EOBEME

filt

Wi h, PY A EUTHAT 3 BEOEE LTI,
BiRR o REEREEEINCGET THET 22, 2
N - THRRBBDT 3 L0 5BE» 5, BEEEERD
B I EMELE L, A EEEBRRE BS-AU8:1965T
BAERE AS L~ KE LT E5~75y, WEABL—FE
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(i) %% 272k (BS 1224 : 1970)

(i) WeBpH/KEZERE (BS 1224 : 1965)

£5 GM, 74—V, VW, Nov, BIXONHO 7V =9 4+ Y 2AORTNIERE

T CHAREHS | o ] 7 VA FrA® o -
;:ia Fﬁ“ﬁ F\A ﬂ ,@(%2) (#) H;vé E’L ?‘ﬁfﬂ“[‘\‘ﬁ-z I > 2 bk 1j %L E{ 7 A r®
% B He |Hmax | () | (sec) |(sec/w)| 24hr %%M@/ - TRMETIRIREE ()Y S5 b
GM—1 e 0.05 | 0.30 7~7.5| 40 5.3 B 5.1x10°gr/dm? 15x 10°g/dm?A®] - A
GM—2 o) 0.05 | 0.32 6~7 35 5.0 C 2.3% 1073 11x10°° A
Ti-F—1] © — — 5 60 12.0 | C~D — - A
7x-F=2] O — — 8~9 115 13.5 | B~C | 24x107? 8.4%10- e}
VW—1 ®) 0.05 | 0.20 |3.5~5 — — C~D |80xX10°A® o X
VW2 0 0.13 | 0.80 |8.5~14 — — B~C | 12x10? — o)
VW—3 o) 0.08 | 0.50 |4.5~6 — — C~D | 5x107 — o)
VW—4 A 0.07 | 0.35 3~5 — — C~D | 7x10° — A
) e) 0.05 | 0.25 5~6 — — C L — —
SLM~—1 © 0.05 | 0.30 7~8 90 12.0 B 3.4% 107 12.2%.10° o)
SLM—1 ® 0.05 | 0.30 7~8 75 10.0 B 6.6x10°° 6.6x10°° e}
(1) #HEELIEH.
(2) HHEFE, © B, O B, A ©2FH3, OFMES L,
(3) JIS H 8601 itk 3, \
(4) JIS H 8601 itk B, {H, Wiz 24hr & U, ROFEMEHECER L2, GREIBL TRNEERT X 5h 5 12,)

A: Yo7 g THEL

B: Vw7 g HEh

C: Yo7 4 7 hiEE

D: P g7y
(5) JIS H 8683
(6) A HRIETHHRAEL,
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Ik A L —, 12hry A 700)

V) THEEeETIzoORETHRERR (35+2C,
WK,/ K & Bk pH3.5~4.02 71—, 12hr 4 4 2L,
SO 2 % WEA A TERERH 2 /5 — 7 O EEEE D

) Denge Marshiz i1 % W 5 2Bk (B LR A
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