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Improvement Superplasticity by Forming of
Substructure 1n a 7475 Alloy Sheet

Hideo Yoshida

A method of superplastic forming with pre-straining is developed on the basis of the study
about the effects of excess solute atoms before cold rolling and the reduction of cold rolling in
thermo mechanical treatment on superplasticity. The quenched and cold-rolled sheet with and
without pre-straining at an intermediate temperature showed, respectively, the elongation of 900
9% and 100% in tensile test at 773K and 2.7X107% "', This result indicates that the excess solute
atoms are required before cold rolling in order to obtain an excellent superplasticity at a high

strain rate. The temperature of pre-straining decreased with increasing the reduction of cold roll-

ing and was lower than that of recrystallization determined by DSC. Stable subgrain structures

are obtained during pre-straining at the above mentioned temperature because the excess solute

atoms precipitate on the dislocations and retard the recovery of substructures. These substruc-

tures grow into fine grains less than 10 pm during superplastic deformation. This is why the ex-

cellent superplasticity was obtained in the forming with pre-straining.
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Fig. 1 Process and its conditions of thermomechanical treatment

and tension test. (FC: furnace cooling, WQ : water
quenching, CR : cold rolling, IA ! intermediate annealing)

Tablel Chemical composition of a 7475 alloy sheet (mass%)

Si Fe Cu Mn Mg Cr Zn Ti Al
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Fig. 2 Effect of temperature of pre-straining forming on
total elongation in superplastic forming of cold-
rolled and T4-tempered specimens compared with
no pre-straining forming. (GS : grain size)
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Fig. 3 Effect of excess solute atoms before cold rolling in
thermomechanical treatment on total elongation in
superplastic forming. (7, . temperature of pre-
straining)
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Fig. 6 Microstructures in L—LT plane of a cold-rolled
sheet and a pre-strained specimen at 633K.
(Rolling direction is horizontal)
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Fig. 7 DSC curve of a cold-rolled sheet and a pre-strained
specimen at 633K.

BHOBEREEZOSRE, Bo,rSifHor— 721854
SNAR T THEROY - RBEshWEh-1, TN
13, HWERREBETTOTAEMAINT 2 &T8K OFR
HELTOERERBLICC WS EEEKELT WS, Fig.5
THESNZ10 m LT ofEER &, TT3K 0 _BH®
ERticERIsNni b 0T, Whw 3EIINEESEEC
FOFERR SR ENI BB ENTE S,

4.2 ZEBEEHEOBUICRIZTARKEENOES -

O

TEEER O FEE « friREBc B L Cldd cicil o h
L TW5, 673K —8h /K TR E A & EiE L
CIERFOSEAE L, 753K —2h KA TIRPEANER 1T
REOHEEFRFEEE L cikiETh 5, chicxtlng
NORED S SIS LGS, R¥EOBFRERTFEE
THELTIHHLTWS, Th oM - H iR
L T50% DAL ANA 728 @ DSC 4347 % Fig. 8 ic
R WHEETHEEL TV S E473~523K (chTHH 05
B -2 0% 5, BIt673K—8h KB TIR—o DB —
7L, 193K —2h KIS TR DO DR — 7 8% 5
hbd, Thid, 673K—8h ki TidlEic (AlZnMgCu)
FOMRTFEEUEEMFHE LTV DIt —2 DR
Br—7icl-7tbDEEX LMD, —F, BEETOD
KEDHrH LT Z5FEHT RIS T IS & B RE e —
7B ONIE ot T, BRERICXIRME -1,
BWEBETOXESEAEL TV AT53K —2h KSR L E
<B75K T, IRWVTHTSK—8h /KB TB4IK TH » 7o I
B TIRE BITEL, 628K R TH - 120 THbB,
FHPEAET 2 EEEREERET T L0800 -
7Zo



Vol.33 No.2

EXO.

673K-8h WQ

753K-2h WQ

675K

673K-8h FC

753K-2h FC

300 400 500 600 700 800K

Fig. 8 Effect of excess solute atoms before cold rolling
in thermomechanical treatment on DSC curve
of sheets cold-rolled in the reduction of 50%.
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mechanical treatment on DSC curve of sheets
cold-rolled after heating at 753K for 2h followed
by water quenching. (Arrows show the position
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Fig. 10 Relationship between the peak of recrystallization
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(a) 20% (b)y 50% (¢} 80% 100pm
Fig. 11 Microstructures in L-LT plane of cold-rold sheets in the reductions of 20, 50, 80%.
(Rolling direction is horizontal)
(b) CR=50%
(¢) CR=80% 2um
After cold rolling After pre-straining at
intermediate temperatures
Fig. 12 TEM structures of cold-rolled sheets and their pre-strained specimens.
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Effect of Aluminium Oxide Dispersion
Strengthened Copper Electrodes on
Spot Welding of Aluminium Alloy Sheets

Masaki Kumagai, Koji Nagata, Keizo Namba and Hiromichi Sano

The current for spot welding of aluminium alloy sheets is larger than that of steel sheets
because of higher electrical and thermal conductivity of aluminium alloys. Then sticking of
aluminium alloy to the electrode tips which easily occurs during spot welding is considered to
prevent the sound nagget formation and to shorten the electrode life. The aluminum oxide
dispersion strengthened copper alloy (ODS) electrode which has good anti-sticking property for
spot welding of galvanized steel sheets is expected to show the useful effect in the case of spot
welding of aluminium alloy sheets.

The objects of this work are to evaluate the effectiveness of the ODS electrodes comparing
with that of usual Cu—Cr alloy electrode for spot welding of aluminium alloy sheets and to
discuss the spot weldability of aluminium alloy sheets. The following results are obtained.

(1) The ODS electrode has longer life than the Cu— Cr alloy -electrode because of good
antiwearing property of the ODS electrode tip during spot welding.

{2) The life of the ODS electrode increase with Al:Os content.

(3) The severe wearing of the Cu—Cr alloy electrode during spot welding of aluminium alloy
sheets seems to result from the local erosion by molten eutectic metal of Cu and & phase which
is formed by diffusion of Cu into the picked-up aluminium base metal.

{(4) In the case of the ODS electrode, the layer enriched with Al:Os which is formed at the
surface of the electrode tip during spot welding prevents the erosion by molten eutectic metal
into the electrode.
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Tablel Composition and properties of electrode materials.

Electrode | Composition (mass%) Hardness Electrical
. conductivity
material | A1,0, Al Cr HV (%IACS)
0ODS 3R 0.71 0.08 - 139 85.2
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Fig.1 Schematic representation of welding cycles in
consecutive welding test.
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Fig. 2 Apparatus of penetration test.
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Fig. 3 Relationship between number of spot welds and tensile
shear strength of welds. The line at 1.66kN shows the

minimum required strength as JIS class A for the base
metal.
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° ° o 0 @ Fig. 6 Surfaces of the electrode tips after 500 spot welds.

Table 2 X-ray diffraction results of surfaces of the electrode
tips after 500 spot welds.
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Fig. 4 Relationship between number of spot welds and variation of
pressing profiles by the electrode tips during consecutive
spot welding test.

(a) Electrode : ODS 5R (b) Electrode : Cu-Cr

_ ‘ ; : : Fig. 8 Microstructures of the electrode tips after 500 spot welds.
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(b) Electrode : Cu-Cr

Fig. 9 EPMA analysis of pick-up layers at the electrode tips
after 500 spot welds.
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Fig. 10 Surfaces of welds after 500 spot welds.

(a) Electrode : ODS 5R

(b) Electrode : Cu-Cr Jmm

Fig.11 Cross sections of welds after 500 spot welds.
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(a) Electrode : ODS 5R (b) Electrode : Cu-Cr

Fig.12 Cross sections near the surface of welds (] region in . - SC image Cu

ig. fter 500 spot welds. )
Fig. 11) after 500 spot welds Fig. 13 EPMA analysis near the surface of welds by the

Cu-Cr electrode after 500 spot welds.
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Fig. 14 Microstructures and EPMA line analyses of the interface between the electrode
material and the base metal after penetration test at 773K for 300s.
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Fig. 16 Model of the local erosion of the Cu-Cr alloy
electrode during spot welding of aluminium
alloy sheets. (@) base metal is picked up on
the surface of the electrode tip. Cu difuses into
the base metal and eutectic phase 1s formed at
the surfuce of the electrode tip. (b) . eutectic
phase melts and elodes the electrode during the
welding. (c): eutectic phase vemains partially
in bottom of the evosion pits after the welding.
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Fig. 17 Comparison of wearing morphologies of
electrode tips between welding of aluminium
sheets and that of mild steel sheets.
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Full Size Stamping Formability of Aluminium

Alloy Sheets for Auto Body Panels

Yoshio Takeshima, Tatsuya Hikida, Hideyuki Uto and Yozo Hirose

This report describes the stamping tests of aluminium alloy sheets on full size drawing dies of
auto body panels designed for steel sheets. The purpose of the tests was to investigate the applica-
bility of aluminium alloy sheets with several kinds of lubricants to door-outer, door-inner and
fender under different blank holding forces.

The door-outer could be drawn successfully under definite conditions of lubricant and blank
holding force, while the door-inner and the fender could not be drawn well under any conditions
of them.

In the case of the door-outer, the improvement in lubricity eliminated breakages and expanded
the range of adequate blank holding force. In the case of the door-inner, the improvement in lu-
bricity was effective to reduce breakages. In the case of the fender, as both breakage and wrin-
klings occurred together, the improvement in lubricity had no effect at all. It is considered that
the application of aluminium alloy sheets to door-inner or fender demands appreciable advance in
formability of the sheet or some mitigations in corner radius, punch and die radii and,/or draw-

ing depth.
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Tablel Mechanical properties of the materials and matching with the tested parts.
Sheet i ; | .
Surface thiﬁi- Direc- Yield | Tensile Elqnga _ Erichsen value | mogioq
Alloy toxturel  ness 4 strength | strength| tion |n-value|r-value r Tohmson !
exture™ oy | 7O |(N/mmd|(N/mm?)| (%) Vaseline| "o PaT
0° 124 262 31 0.29 0.67 D ¢
GC45 SF | 08 | 4° | 123 | 265 32 | 029 | 069 | 071 | 91 | 103 ‘;Or‘gu &
9° | 193 | 98 | 30 | 030 | 077 ender
0° 136 280 30 0.29 0.71
GC45 LD 0.8 45° 132 279 32 0.29 0.65 0.71 8.9 10.4 | Door-outer
90° 133 281 31 0.29 0.84
o 140 268 29 0.27 0.66
GC45 LD 1.0 45° 134 270 31 0.29 0.67 0.72 9.4 9.9 Door-inner
90° 137 271 30 0.28 0.86
0° 119 270 33 0.31 0.55
New alloy A| SF 1.0 45° 116 270 33 0.32 0.65 0.59 9.5 10.7 | Door-inner
o 90° 115 268 35 0.32 0.50
0° 121 273 32 0.31 0.66
New alloy B| SF 1.0 45° 118 272 35 0.32 0.83 0.80 9.4 10.7 | Door-inner
90° 124 279 32 0.30 0.88
0° 129 294 35 0.33 0.58
New alloy C| SF 1.0 45° 129 296 34 0.33 0.76 0.68 10.0 10.6 | Door-inner
90° 128 298 33 0.32 0.61
0° 138 310 35 0.33 0.78
New alloy D| SF 1.0 45° 132 301 35 0.32 0.83 0.81 9.8 10.5 | Door-inner
90° 134 305 33 0.33 0.80
0° 156 305 46 0.24 1.99 D ¢
SPC SF | 08 | 4° | 159 | 316 43 | 023 | 150 | 1.84 | 125 | 133 ‘;?r'g“ o
90° | 152 | 299 46 | 024 | 237 ender
0° 160 294 52 0.23 1.88
SPC SF 1.0 45° 166 309 46 0.22 1.36 1.73 12.6 13.1 | Door-inner
90° 172 292 50 0.22 2.32
(1) SF : Shot dull finish (1.0pm Ra), LD : Laser-textured dull finish (0.65 um Ra)
F779 5 —-RU7 =¥ —5»08mm, F7Arv+—

Table 2 Lubricants used for the tests.

Viscosity

Lubricant
(mm?/s. 40°C)

Rust preventive oil 1 4
Rust preventive oil I 15
Drawing oil 92

Dry lubricant DL 1Y
Polyvinyl chloride sheet

{1) Usual coating amount of DL 1 : 1g/m’

<H 0, HBH S LT SPC I b RBIZ it L 2o 2R
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Fig. 1 Outline of the drawn door-outer panel.

Breakage at the punch radius

Breakage at the die radius

VEQREM T ATEETH D, ERIEEBEELLL
DA NEEZ T L AREZTY, kU ons
FHETHRALDIMANERTHE L, FTTY5 -0
&, F7/ 7HRAOHEO T ASFiOFNEEINE I &
bW, TOERTRENEChOAIERL

Fr7 oy —BERoAE SN Of % Fig. 2 1IKR
o TN U OFERRIE, VBED Sy FBEXIES
ABWORFT ) TRUF+ 575 —54 VI TH -
fo s, R AEKE L TOENREARR LU Unggt
FRAZDE L 7z DR LB TH 5 ¥ 7/ 7RUF +
509 —54 vIHROBNN I UNTH > TN,
Ny FBEERRUSA BRI LTy TR ¢
550 5—54 vOBERBNEp 22D THBLER
5N5,

Ko OhFEA R TR, EESEd&kU LD
Wiz DB 4 Table 3 1I0/R T, SPC BBAEMI Z M W
T LhH A F1900kN & TEN RO UMW RETE
tohs, GC45 k& oREEtoBaIcd, Th LD EY
Lbiz hcEn iz ohsseE L, RETREL bW
Z NGBS SPC X D ke - oo GC45 OFmEEIC OV
T, FUMEELHThEd2E, SEMED LDHMO
FOENRU L ONFKERR LOWA P ED - 1o
Table 1 1275 U 7o BSEO IR <1, TR USRI S &
SF# &0 LD#MOFRDLE VD, Z Ofhd Rtk iE i

Breakage at the doorknob

Breakage at the end of the
character line

Fig. 2 Appearances of the door-outer panel and its breakages.
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Table 3 Stamping test results of the door-outer.
Surface Blank holding force (kN)
Alloy Lubricant
texture 400 500 600 700 800 900 1000
Rust preventive
GC45 | SF oil 1
Drawing oil | No defect
Rust preventive No defect
ol I
GC45 LD Drawing oil No defect
DL1 No defect
SPC sp | Rust preventive No defect
10 =
- - 3 GC45 (LD)
9 3] <)
& o ©
5 o g =
3 2 °
S = 3
=z w0 _‘103'
£ §
< )
—~ 3] W C
£ 2 £ 3 @
~ 6 @ 3] @ z
£ S Z 3
2 K ° w Z
© o ap c
% S g %
5 o z
5 5 g <
< - - - / : &
= 5 = g &
2 2 2 @
o |gv3] |gts 5% 3 3 3
o Lw DV ? b - g o
al.g al.c sl g £ £ £
o o 340 o [ e s 2 K 2K
srg SreRa L gy o K8 [££2 S
z |3 & aka c Loga sED a3 a] a’ka
0 400 500 600 700 800 900

Blank holding force (kN)

Fig. 3 Average draw-ins of the door-outer panels drawn under different conditions.

BIBFEILTH B &5, SFHELDMORERL L
ZTIOE N, SF#H & D LD MO~ 0 A
BW oL TwE EEZ 5h3, 72#°L, SF
& LDMOEHIC>WTIE, BFERERORED LD
MR ESERT 2 HEND B,

Xic, H@EEFHCO>VTHRT 3L, B 2HV
KSELD 7L RAEHOIBADEBENR L Uh
FEERA L DWW 0E L, BEREBESDLL (Bh&
lg/m?) EFVABAIRE SITEdh -7, Fig.3 i
GC45 O LD M BB EETHRIE L 12388 0 MEHRA
B (= NVFRO7 5 v ISTEHE-KD RO T 5 v I~HE)
Z, LbIZ T EIRLEODTH B, 6 UGt
THET 2 &, HREBS LHHI NI VEERA
BUEZWY, RULLMAATHET 3, ghko<
UNFERRA U bMA OB BSOS HSHARD
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Z <, FEFEARD Tmm P ESNTE RO s
CHETE TV EMbh b, THbh, F77vs—
DE D LDDHRENEOV XL TR, MEHRARIE
EORET K E BT 210, MBES THER
AEZBBICT BT EIc& > T, BRIETEE L HHZ HH
EZILT B ENTES,

Fig. 4 It GC45 D LD #ME 7 L Aia AV THRIE L -
Bao, SxvOKMERIEBFE20FABERT, L
D2 (BHF) K& 2E0TFAaREENLT
WER, MBS L TREFNEERIBEIIE > TR
Vo LDLEAS, LHOIFASIG00kN Tld*+ 572 9 —
F4 i, TOOkN TR F7 /2 7L, WFns U
NHBRELTHEDT, TOFTTY I —0DES, B
FHZ SEN P U AERE S BR W BIcE, KEnER
KBFB30FAEEELE 1 BT ICINZ 208035 5,
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GC45 (LD)
Lubricant . Drawing oil
Scribed circle diameter : $100mm

BHF : 700kN
Necking{(Doorknob)

BHF : 600kN
Necking (End of the character line)

)
BHF : 500kN
No defect

e,(%)

Fig. 4 Strains measured in the flat portions of the

door-outer panels.

3.2 K7AVF—

F7 A v —BEROEEEIRE Fig. 5 IK/RT. F
T4 v — BRI S BBV &V SRR D B3,
COFTA v —bBIATRIEL, BARKREES 3140
mm EFEV, 75 v Vb OOMERAI & o TERWILEE

AL, MTEEc 1ok 25 LEIBIC K » To¥
v FIREIIC K7 A ¥ F —#EOMMERE M T 5 kG
ThH b, EBRIIHEEEELE LbMANEELTT L A
EATW, EnRUOLbOFERELEE L/

N7 A4 vF—BRIERONE L BINFEEE % Fig. 6
R T, BNREEETIED —F — OINEER OV FIE
HOBH LI TH o720 £72, LHLOIFHANIBEVESIC
Ba—+—0fEsH7 5 v Vb OB, TOLD
DBEIL - 7o BNKEULLOH%E Fig. TITRT,

gInFEICRIE TR, BREERU LORATIOR
#A Tabled IR Yo SPCIZBEEIEINE 7L A%
W L2 /7400kN TEWESEKIETE, LbbiF
BLNVTH-1oh8, GC45 BB EEE R, oL

Bottom1 Bottom2a %X Bottom2b
Fig. 6 Appearance of the door-inner panel.

Wall 1~4 ;
( Bottom 1, 2a, 2b * Locations of breakages)

()
R%S&

70 40
Q\%
&Y
& 14
!
!
[
!
| -
|
|
1
»%)f
75

Section BB

on the bottom : 5~10mm

H, 0
& ?fb@ Heights of the embossments ’910’%‘ 'QO v 3 Die face
30

Section A-A

Fig. 5 Outline of the drawn door-inner panel.
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(a) Breakage on the corner wall (Walll)
W
(c) Breakage on the bottom
- (Bottom1)
(b) Wrinkling on the corner wall (Wall1)
Fig. 7 Appearances of the breakages and wrinkling in the door-inner panel.
Table4 Stamping test results of the door-inner.
Blank (1
Surface : Results
Alloy e Lubricant h(f)(l)%érelg
texture (kN) Walll | Wall2 | Wall 3 | Wall 4 | Bottom 1 |Bottom2a | Bottom?2h
Rust preventive oil 1 300 X 490 X 600 X470 X100 - - -
Drawing oil ” X 440 X 340 X 280 X 50 - - -
Geds LD DL 1 ’ O | x30 | x30| O | x®m| - -
” 400 X280 | %330 X320 X 50 - - -
Drawing oil 300 X435 | X320 | X315 O - - -
New alloy A SF DL 1 ” O O X 265 O X 15 @) X 85
4 400 O X180 X120 15 X 25 - -
Drawing oil 300 X275 X130 X 395 X 10 - - -
DL1 200 O X140 O O ] - -
New alloy B SF ” 300 O X200 O X 30 | X 30 - -
” 400 O X170 X 70 X 15 X 45 - -
” 500 X 260 X230 X140 X 40 - - -
New alloy C SF DL 1 400 X 55 X120 O X 10 — - -
DL1 400 O X180 | X 30 | x 20 X 45 - -
New alloy D SF DL 1 of 5g/m? ” O O O O O X 80 O
Polyvinyl chioride sheet ” O O O O O X 20 O
3pC SF Rust preventive oil 1I 400 O O O O O O O
Drawing oil ” O O O O O O O

{1} O : No breakage, X : Breakage (Figures show the length of split ; mm)

DI JIE00kN I FFTd, o—+F—UEHIcRE 12, GC45 EWB#H A~D OB X ST T -

&300mm P EDOKEBENHBFAE L7, GC45 DFER
5, WEHA~D 07 L 2AEEBRIEF & U TERBEER
DL1ZMHWTEM L, GC456 L®B#M A~D 2[F L
BIEAHE TS 5 &, BWEM A~D BV Fh b GC45
LDENDBPRNE D 5 1, A~DOhTOERIZE
AERDONE o1, £ T, Tabled DFSR & 135

22

», DL1 (& lg/m®) Z#ERELTLbIHAA
400kN THINFEEMR A b o — 7 £H# L, © Of
R, GC45 3 TFIEAD 4 mm FHITL ONEEL, 3
mm FRITENELE Urns, S A~D R FHAD 3
mm FRICE ELENEELTWED - e, BB, HE
MELOZEZCOHBRTOE -2 LEEh -1,
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Table 4 OFR =Rt >VTHKRT 5 &, B
HMIXDFL2E, TLRMEYDLIEBVWHIESD
H, WENSENANE D 5t BBRED Z DR
BFT7T795~DB&ELEILCTHY, DL1 2BV
AT, UbIZ 3003 13400kN T — - — TR
HNOWL DML oty L LEAS, TESRD
DL LB &, FRIITEVS Y FEROEH LEic
HNDFE Ui, BB D oA, DL OBKEAHE
Wil TP LA (Wheg/md) RO =—Ly —
FPEROWEBRC O VWTS AL RARBREEMR L f2h, <
NoOBE, LHHZSJ400kN T/ FERmICE 1 b
i ENME - 12 b 00, MBI 4 < TES
LA A

Lb#MZHoEEBicowTld, XBEMBEHEVT
DL 1 %##E#] & L T200~500kN O#GFHTHHE L, L
DA% L2 ESBEROE N EHE R KXok
%5, 200kN £ TR TH, SLEEOEINIE 1 bR
Bt

I—F - DA T 5 v OB OIEIRICTTO LD
WBIL T, Blt-Lo LHAoBED AR
<, LOMIZAMRELC THNRBHEBEENERS >TwT
bLHLDOEEBICKERE» -1, LObOBBYERED
DTEREMNCIT - 7248, AERIc->W T, Lbiin
400kN 2l EDBA RHA L <, 300kN IFToBE
FEAT L~ EHEL T,

PEDX o, GCs Lz oW BMAHA Lizic b
PHOT, TVIZYLBERTETA v —2FREE
FWMARIET 2L RTEADh T, WBMIE GOL5 &
DEMMRRNE b ot s, FDERMBEEEEZ 12
BROELIETEL, T hTHTH-7, HiBHEE
BHAI LT, TRTOENERET BICEEL D -
febDD, F74 v+ —LEBLTHENBRES LT
O TEHRATD » 7o, EINFEETI T —F — OIr8E

(a) Front-side view

Lubricant: Rust)
preventive oil |

(b) Front-side view
(Lubricant:Drawing oil)

ey FIEHOERR LBTH -2 &b bEL B L,
THNI=YLABENRENTA v+ — ST 30,
RO EIRH L O %2 & Sici L& ¥ 2 REX S
Bo BIEAEE LT, MRBERIE AR 0 M B3
REFT 2L LV FIREOBRIESM IO, 51ThH
NBEET, TR VAEREDN S,

BB, a-F—BEHOENBREE LTI 20
T=F=Hy MEODWTHRE LD, SRR FE DR
B oNIEH - T,

3.3 7z —

7 = v ¥ - RIE & OB % Fig. 8 1o, WKE&SD
% Fig. 9, #NENaRd, TD7 29 —137

Section E-E  Section D-D
257 R45
- 18 s
R7 R4.5

>

8
R10
20 : R5.5
R7 Ras
Section A-A Section B-B Section C-C

Fig. 8 Outline of the drawn fender panel.

(c) Rear-side view
(Lubricant: Drawing oil)

Fig. 9 Appearances of the fender panels.
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oy MlkSEAITERINTED, RAWSTLLER
LT, 70v MUSIESRO LbaiEd 2TMETH
.50

7L ZFRBROEE, REEKE L TiE7 oy MUsZE
woEln, 7ov BRSO LbERORTY T —
STBER D R 57 4 LbMFE L cs MERUBIESEMC
& OREFER % Table 5 1C/Rd, SPC #3137
L 2 A W T L b A /7500kN TEINME S RIE T &
75, GC45 RFEIL LhA I Thigim I X3 T zHw

B IR Fig.9 (a) DX VEERITDhIZE KR
xnEhhREL, FUABXEBDLIEHWT, »D
Lhifz HE400kN L FFTH, 7o v HERD
LN O d T, £, TV AWMXEDLL %
AOicEaicid 7 o v MUsIEE B LB D SRA
Uto

—F, V7 —RMEBEHOEF + Lbid GCH /T
SPC O HIcRE Lz, 7V AMERVT LHOIHAN
500kN THERIE L 72 GC45 e U SPC 2 3 Lit>WT, Y

Table5 Stamping test results of the fender.

Alloy Surface Blank Lubricant h?)lﬁrilll]{ o Results?
texture | layout™ (g\(}:g Breakage w]iionllfﬁ?] o wr]isr?ﬁl}{n .

GC45 SF T Rust preventive oil I 500 X X - -

4 ” ” Rust preventive oillI ’” X X - -

” ” ” Drawing oil ” X X X

” ” ” ” 400 X X X

” ” ” DL1 o X X X

” ” Y Drawing oil 500 X X X
SPC SF Rust preventive oil I 500 O O X

” ” ” Drawing oil ” O O X

(1)

T : Rolling direction coincides with the vertical of the car

Y : Rolling direction coincides with the horizontal of the car

(2) Breakage : On the front-side wall (O : No breakage, X : Breakage, X X : Heavy breakage)

Folded wrinkling : At the upper part of the front-side wall (O : No folded wrinkling, X : Folded wrinkling)

Body wrinkling : On the rear-side wall (O : No body wrinkling, X : Body wrinkling)

GC45 SPC
< 4
5 T -
-5
T8
5
q N =
- Q0;
| S © ﬂ\
i —\ ;
o
| —=" 1
E RN
> 8
5
S,
©
E 2 W'ﬂ\
o 'g EI Porf\O“A Portion B
& 10mm >

Fig. 10 Contours of the body wrinklings on the rear-side walls of the fender panels.

(Lubricant: Drawing oil, BHF:500kN)
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50 )
Hydraufic [ pender
Alloy |bulging test .
o Tensil test| S12mPIng test .
40} [GC45 o . *//
R . S )
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o7 /N
¥
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Fig. 11 Forming limit curves of GC45 and SPC.
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LhDORESFELEDLLID - 1,
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Fv VEERD Sk e RIERA R I BB U R—B L
TW3,

FERETNI =9 bBEWIcL BT = v ¥ —HIED
BLIEWRDTHEBMSEEbDTH -, M ERL
regaoRENE 7L A IE DL 2BV RBEEDE
NRCLHLEL O ORED» S, BITOHERF A7
W2y ABERTT = vy —E2EIET Bicid, TERK
BRELRARTH 5 & Bbhi, MEOREH%kE

25

T AR E LT, ok L CREIEBRA o s,
LHOEBO L TR rfi0m D, 2nFNMETEH
BEEZ LB,

V7 —fISIBERO R 7 4 Lbid, SPCTHIFEL
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RF 4 LI LT, UL HEIERE 885 T
HAHD,

4, % & o

7= FUADBHBEKNF 2L, EHIc#mE s xoL
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Corrosion Resistance of Painted Aluminium
Alloy Sheets for Auto Bodies

Takahiro Koyama and Yoshifumi Hasegawa

Currently, aluminium alloy sheets are used for auto bodies. In Japan 5000 and 6000 series
aluminium alloys are popular for this purpose. Alloys are designed by formability, weldability,

and corrosion resistance.

In this paper, corrosion resistances of 5000 and 6000 series were examined on the effect of Cu

content. Results were as follows.

In 5000 series alloys, addition of Cu up to 0.4% lowered the corrosion resistance of painted

panel gradually.

In 6000 series alloys, addition of 0.05% Cu reduced the corrosion resistance remarkably.

Cu free or low Cu bearing alloys showed good corrosion resistance.

But filiform corrosions were sometimes observed on Cu free alloys in case that the phosphate

coating was insufficient.

1. &3 U &

A, BB EOBRBELERNELT, TVI=TYLH
£ 2 VB O BRI~ O BRI PSEA TV 3,
BEBEARICHVONETIL I =9 284 T, 2000
%e4, S00RAERU000REE&BERIIATY
BP0, BAEICBVT, BEFHs W TWET VI =D
LEE D% IE5000RAETH B98P, SR ITBERN
i LR BRI AN 4 560002 &4 OFRA ST 3
EELIOLNBD,

BAEIBVT, 7A=Y AAREEEAMUA L
foigE DR Tﬂ%@hﬁbf&%& TVI=D LG
SEMD s 0 AR B A — FZBABEFRRTT v =
O ASELIBITE B L ICHBEEN D AR
ISR TH 5o BIFE TV = LEHEH
54 v THET AR E LT, BEREAICHEAAEN
RN PNV ) T A i =N (47 U e = W
LTEHAENTO B9,
7oLy oA — M ETEEREECEN S, L
HEME I A EAOME, 55 Wi ko AERESE

* BRI LR SRR
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5, B TRINKGHEREEZZOFEETVI=T LT
BATE 20 ABEHNESEA S W 35E0E 0,
MR DA, D ABREMLIERSG 3, RBMEREE
BEMI R X NEEERET I EPMOENTVAED,
Lin LA, DARBRESMEE L7 V=Y 6580
eI RIETEELTHE LG RbE D RN,
A#TIiE, 5000REERU6000%E4EI, » ABESR
JUER A B T HIALEE & U THE L 7 o BT Ak O B
EfTot, £12, DABESKEEONERE ST
Cu BE B OBIRO BRI UM O 43 RAER R
5, RAWOEZ > WTEEETT - 12

2. ® B F &

2.1 HEH

P L7V =9 682 D{LFEER S % Tablel IR
o (A)~(E) ©&4 13 Mg4.3~5.0% D5000% &4,
(F)~(K) i1 810.49~1.34%, Mg 0.42~0.75% D 6000
FBEeTH B, HEERF « HRI TV =D
LEEDE L, TOREOESTH BV,

SREEM O~TE:E ¢ L mm X w T0mm X [150mm & Ui,
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REBFICTXTOEMIC VT, RV TEHmE S
UL B OB AR ohic, 80°Co 3 WA
i 1 HREL T, KEOBLEEZREL 7Y,
2.2 ZEETHME
BETHMER, v Hy, =or VvEEEL, T
I =Y ARG 37 BIc HF 2N L 47RO b
ABETRERNEE A O T AT - 1o, METEE, B
Bl A —h ~OBEFEOMBTREICM-T, 74 Y BilE
—=F & Vv REHRNC & 5 KT~ bR D NEFE <17 -
720 S000%EEHEM DA A(Al—4.5Mg —0.15Mn —0.35
Cw) KBV TY AR R IEE1.0~2.0g/m? & 725
KO ICHLERIAREEL, hoasd I & FSMY T
L7z,

Table1l Chemical composition of aluminium alloys. (mass%)

DABRIEAZIEE L, D ABHME L 3B %,
I+ 1HHBRIC20°C, 1 90BE L o BB Lh Sk
foo BBGLICER L2 ABTHEMREIEE%, Table?2
KRT,

SRETHMEOE & LT, 42AIE/oals o
A= MUEBIT oo, OB RTHRO 7 o Ak o
A MLEBRER O, EEhO 7 o 2 E8I13110
mg/m* TH - 12,

2.3 &%

Bk, Table3 I/Rd & 5 o, THIRO B 5 e
ZHWVWT3 2~ b OBEEAIT - 1o, BEBBEE 21390 pm
&Lt
2.4 Y4 INEERR
BEROMENEAREE T2 HEL, ¥4 2
WBERER AT - 12,
BIELEBRMc v s —F A 7EHVT, Fig. 1l

Alloy Si Cu Mn Mg RTLHIRKEMICETE2 70Xk b%ERfEL, Tabled
A 0.07 0.35 0.15 46 R THBRETT - 7o,
B 0.05 <0.01 0.15 4.3 o
5000 Table3 Painting procedure.
. C 0.05 0.02 0.22 4.4
seres b 005 041 006 50 Cationic .ED N%ppon Pa?nt OTO U~50 (20 pm)
Intermediate coat Nippon Paint OTO 4830 (35 um)
E 0.06 0.38 0.30 4.6 Top coat Nippon Paint OTO 640—3 (35 um)
F 1.22 <0.01 <0.01 0.42
G 0.79 <0.01 <0.01 0.46 70mm
6000 H 0.49 <0.01 <0.01 0.46
series 1 0.81 021 | <001 0.46
0.85 0.75 0.20 0.75
K 1.34 0.05 0.06 0.52
Table2 Phosphate coating weights. g
Coating weight o
1. Wel,; P
Alloy  (Cu%) & . £
(g/m*) és
S
A ¢ 033 1.8 ~
B (<0.0D 0.6
C ¢ 0.0 1.6
D ¢ 04D 1.5
E ¢ 0.38 1.5
Fig.1 Scratch on test panels.
F (<0.01) 1.1
G (<0.01) 1.2
H (<0.0D 19 Table4 Cyclic corrosion test.
1 ¢ 02D 1.4 Salt splay —>Dry —>Exposure in humidity cabinet
g o o o 5
J ¢ 075 15 ((SANaCI,SS CX6h) (60°CXx6h) (RH>95%,50°C X 12h) _]
K ¢ 0.08 12 B0cycles
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Table 5 Filiform corrosion test.

Salt spray
(5%NaCl, 35°Cx24h)

— Exposure in humidity cabinet
(50°C, 80%RH, 1000h)

2.5 eEHER

B OTREEHEZHABT 5 T LA RNE L, SRR
BAafr- i

Bk | e A4 2 VIERERBREFRES s 0 24y
b &FFW, Table5 KRR THRERZTT - 720

2.6 ZEFOSEAE

FHE L TOMAaE2R#ET s L 2EHNEL, M
OHREARITE Lo HIEICE, Tablel D&&A, A®]
RUEGE& I 2RV,

ARRRIE R, RRBAPRORBITEVWEEL SN S
SEMETITF» o TV =9 AICRELIRKEBRILBL
Tid, FOEMTIIpH BEL, O 3D, 7/ - F
RIEAH T > THBY, L DR - A8 T pH 255
S, OB B Y — FRIGHBEI > T3 EEZoN
3, £ ClOFEERRIGEEET 3 EEX 5N 5, £
T, KD 2EHTHIEL 7o

(1) 50°C, 3 %NaCl+NaOH (pH=10)

BT EASL, H Y — FORAIE

(2) 50°C, 3 %NaCl+HeEE (pH=3)

I VR, T/ - FABRE

3. H B B R

3.1 447 IBERBRROBRTE
KERBORBF O o xhy A S, RIROBE,
FEnROBER U ZOTEOBRERTEEMNEALL,
FNOEELTREL 12, RENTEBEOH % Fig. 2
IZRT .
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Table6 Total corrosion length after corrosion tests.

Alloy Cyeclic corrosion Filiform corrosion
test (mm) test (mm)
A 19.8 6.5
B 0.0 8.3
C 0.0 0.3
D 13.5 2.8
E 22.5 3.9
F 9.0 1.5
G 1.0 0.3
H 0.3 1.0
I 67.0 28.0
J 39.0 9.0
K 43.0 42.0
A(Chromate) 0.0 0.5
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Fabrication of TiAl by Reactive Sintering

Kazuhisa Shibue

The titanium aluminide has excellent potential for a high temperature structural material be-
cause of a combination of low density and good elevated temperature strength. We have devel-
oped the new reactive-sintering processing on the Ti— Al system in order to fabricate the fully
densified TiAl intermetallic compound parts. In this processing, the mixture of titanium and alu-
minium alloy powders are consolidated by using extrusion method. The as-extruded material is
ductile enough to form into various shapes via the ordinary plastic working process. The shaped
material is reactive-sintered during hot isostatic pressing to transform into the TiAl

In the case of the HIP treatment at 1573K, the TiAl has the duplex microstructure consisting of
the lamellar grains and v grains. In addition, the TiAl has excellent oxidation resistance as well

as good mechanical properties.
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E1ICARKEICE DB Ti—47.3at %Al —1.7at % Mn
SRS OERYIEERT, FEE MniRNO
ALF RO 6D L PP KRE L, 3900kg/m® TH
5, EVERERTIE, A SUHSS &0 bAkE VL, BIEE
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Behavior of Aluminium Alloy 1n
Sodium Hydroxide Solution

Tsutomu Usami

Alkaline etching of aluminium alloy in aquous sodium hydroxide solution is widely carried out.

It is used for to remove uneven oxide, mill scale, grease and to produce matt or satin finishes as

pretreatment prior to anodizing. But the chemistry of sodium hydroxide —aluminium alloy reac-

tion is complicated and the reactions are affected by a number of factors such as concentration,

temperature, oxide film, metal composition and additives.

This review outlines the etch chemistry and details the effects of these factors upon etch rate

and appearance.

. &4 U & [

NaOH ZHAMS & LBRIcE 22y F V01, 7
NI =Y ASSOERBUEICE T ARMEE LT, BE
IEL T T VW3, LixL, Oz v F v FEEIL,
BEE, BE, T2y 2580/, BROBNINYE
RS h, FRIERTH 5, AT, =9 F
v IR WTHEBI L, v F v IEERT
F v IBONBICEET ARF IS VWTEHRT %,

2. TyFvTOkE
NaOHEM I L B v F v 7%, BHIFE L cmilE
PTNIK, MIEERE, NE—LBBRLEEL & okkE
ZHMICfTbh %,
NaOH Bpic B3 570 =9 AORISEKD 3
RTEIN 3,

9Al + 20H" + 6H,0 — 2A1(OH).~ + 3H, (1)

9A1(OH) s~ — 2A1(0H);s + 20H- (2)

2A1(0H): = ALO; + 3H,® {3)
KD+ 0,

9Al + 6H:0 — 2A1(0OH); + 3H, (4)

LB, TbE, TAMI=9 D NaOH B hIC B

BTV =y ARELAETIESE R IFERS (19914
4 B, KB TR
*r SRS LA SR

39

Az Froid, 7= s EKBRIGL, KL
TN =g A EKEEERT EZRIGE VA 5,
BELLTONaOHBER P TT VNI =9 bk T v T
vt A ERNTESNBRIGICLY, BhoT v v
BAAy (BETVI=oL) BENT s, S5icTy
F I ERRTEST VA YBET LAY O 450 1 TRE
KT 2 &, RQTRSNARIGIC X D ABET v 3
=9 AOWIRERSE T, BT VA Y BSEEINT 5.
COREETCHARARET S E, B IKRT &I
VAV EHAEEREEL, 2oEERILTIVH Y K
EVWEREEEVWE ),
BRI ER LokBbT v =y i, B)ITERS
NZXIRTNIFERY, RIEEOBEPESRES I

T T T T H T ._'| I T
218 KBEROBERET VLAY
= 8} ©
2 \m SR RS
i 60} \(D .
D
]Q \ X X
40} X
%} X\M/x/x/
20k NFhizonam
EROBEETILH)
O 1 1 1 L A

0 10 20 30 40 50 60 70 80 90
BHBTAIZYLE (g/l)

T BETAI=LBEEET LS )Y
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E1 BETALI =0 LAOMET VY ) RICRIT TR

ETNHY wEgET vHhY (gD B #H ®
&/ D IBfRER% PAREY) Gkt (%)
20 5 11 55
50 0 395 .“79
100 28 84 ...... o

2 TNI=YLHEORNE (LB v Fr IRy b
O (FBD? (mass%)

&4V | Al Fe Si Mg Mn Cu | &t
Kifiar| 0.40 0.16 @ 0,022 | 0.023 100
1S (O e o P -
7.5 43.0 2.1 5.2 1.8 5.6 65.2
K4y | 049 0.24 %@ 1.15 | 0.023 100
Rl e B ey e R
5.2 17.5 3.0 3.5 10.5 4.1 43.9
KB4 | 0.38 0.84 0.79 0.76 4.33 100
HS5 [ -
8.1 2.4 2.0 3.1 2.4 25.4 434
() - EESE
(2) : BT

WeEEL, A vrF 2R 3,

T =y ASEPICERES 2 VIZSRBRELEm L
UCHEAT 8, i, WK, v v ¥ viE&i, NaOH
BRI, 7=y 285K HE kB~ BE
DARBEMAERY (Rw v b) &1 -THEK5,

R2ETNVI =Y ABEORMEE 2= v b OHEKE
RTP, SREHDERCE B EIGMNARE L, HS15& SIC |k
WHR L2y P EXBBIFLILE A, BiELS
3 Cu0 & CuO 25, BEMLSIIA V54 b BENER

BHEh TV,

g,

Al + 4H,O — AI(OH) .~ + 4H* + 3e (4)
2H,0 + 2e — H. + 20H" (5)

OHRTENFNER LT/, — FRIBES YV — FRIBIC
NI TELBZIENTE D, ZBEEI I 7 oK
HETHY, BTERHTE2BE T/ - FEBETEEZA
TERHA V- FRAHLTEY, £OBEREREAIC
b&ET 5, BB L 2gkPEESL Ry M i3, BES
V=KERD, TAI=ZYABEDT v F Vi {E#d
LT EDBHICNTWS,

3. TuFUVIEERUNBICRIZIEF
3.1 BE-RE
—IC, Ty F Y IEEEBEE GEET L)) 13
B2 R BfRicd b, FiRTIRIBE 5~5.5mol/1 ® &
ERAKELDEY BRIBIKRTLIRNEBET VI =y o)
L, BT VA ) BT E Ty F v SEERE

TF59 a5, BET VI =Y AD0ERENES, KX
QORI HIEE b, WEET v h U EHTF T
F v IBENRELIL B,

K4 iR T &2, HsREoFHIE Ly F v 7
HEOWNEE 7oy b ALEBETERINSY, T4b
L, 7A=Y A0 NaOH BB OBEBEISIC BT 3
HEFERN S EE ORI, —ROBERORIG L FRIC,
VWhWwET—L=y 20 E[F - T

k= Aexp(—E/RT) ¥,

In(k) = In(A)—E/RT (6)
ko HEER
R : [UKER
E: FE bz 20 ¥~
A HERT

EETTENTES, TV =y AREDIERIEIC
LOPF—ELLBEIEHET R, EEEHORDL DI
Ty FUISHEERTHWEILNTE S,

32

28 O

.
ST N

20 / \

EEU!
(%3)

16
/ N
&£ 1(%3)

TyFERE (Mmg/(dm2-min))

0 2 4 6 8 10 12
NaOH ;& & (mol/l)

2 BEOT .y Fr THEEADFEN23T)

20
80r
70r,
60
501

—0— NaOHi& & 30g/!, 60°C
40r —0— NaOH:& s 22g/l, 55T
30F
20}
10F
0 ) : : L L L : : L
0 2 4 6 8 10 12 14 16 18 20
BEFLIZOLE (g/)

TyF L oRE (mg/(dm?-min))

©3 BHETLI=YABOT 5 FEEAD S
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. ; JHEREEER AR, FO%, WO L TESEI
0.50mol/! ET BN, T ORI205ET b,
120 gg\ iz, =y F ¥ 7EEHEREIE L B2
= 'ﬁ\\ L, 1mol/l NaOH ##irhic 30835 2 EEiE L/
£ 100 010 %, Ebiz, FO 1 mol/l NaOH isiIc B Lk & 5,
E \h\\> o o BN AR
€ os0 DIE ORI, NaOH iiggiic & b KR LRI 13
E Q@\ —HRESNDH, ZOROKE - HRTROBIH
B 060 BT B BEMACEIES T » 7 v/ BECHET 5T L
g \V\\ AR LT By
R 40 3.3 FIIZYAARBROFRMTROLE
A X 3.3.1 #MT7INEI=YARORMTEROLE
2 s £3LE6 I, MEORNSSEBEOTLI=Y A0
\§ MR RIS - T o F v SIREOMEE EhER
0 T, HEOEVNT VI =0 4, BT, oaHRH

300 31.0 320 330 340

1/TX10* (X 107%K-%)

350 360

4 REEE T THE L DBYRY

AhOEHOEE» S, NaOHBEKF DT » F v &
BGOTEEAL = % v F — 13#946kI/mol (11kcal/mol)
EEHES N, BEHS0.10~0.50mol/l DM TR EALEE
bH oI,

HEETH ZRSOEE b 2 V¥ — i3, —H#IC
¥ cal/mol EE LN TH Y, NaOH iFh OVARE IS &
FISHHETH %,

3.2 EERIE (RIALIE) OxE?

Wz v 5 v EEE, FILESECI DRI,
KABLEEOER IV @EShE I EBMohTw
bo

513 1mol/l NaOH thic B 3 kZREEE TR
LTV =g aDxy F v EEORKEENTS 5,

HigLEE & LT, 50°C, 10mol/l NaOH /& H iz 307
BE®, KELEROKEAETRY, KEEFEHICH
% 1mol/l NaOHBHKICEBE L1, OO v F v

0.6

- o BIAERTRRIZK kT2 HY
f=d
i O HIARIETA2(AK ETIELL
o 04
£
S
9
i)
i
i 0.2}
%

O 1 i ] 1 1

0 20 40 60
iR (min)
5 BIALESGMGFO T Fr SEEIC RITTREY

(Imol/], 25)

41

ZVEET Y F v IHEEEREY,

%3 6 DEBRICMHA LTV =9 AOESAEY (mass%)

WTE | Ael &40 &40 &8NV | A&V
Fe 0.0005 0.006 0.25 0.84
Cu 0.0005 | <0.001 0.02 0.01
Si 0.001 0.002 0.15 0.14
Ti - <0.001 0.01 -
Mn - <0.001 - -
Cr - <0.001 - -
Mg - 0.001 - -
Zn - 0.001 - -
Al 99.998 99.99 99.97 99.57 99.01

1400 i
&8 Vb
Py
1200 A
//{
~ 1000 / e
£
5 //”/’
(o]
I 800 ® 4
g (;//
1
B 600 4 .
S /
N / / A&
N /
H 400 /]
V2
PN
200 "/ 51
W
0
0 80 160 240 320 400
& RESE) (min)
B6 Tl AHhORMPHITENLT y Fr SRBADREY

(0.30mol/1, 23°C)
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B7— 113, FE 8% 20 3EE TR BT
w7 NaOH AP OBESE 7V I =9 & (R3PDI)
DTy FVIBBEELILODTH AV, $RUHDO—
MRIIKER L & LTI L7 &b 5, BT i3 gk A
AV EFRGHA A DBRETREBC S Z EEA SN S, B
PO ORI, BET VI =Y ADL oy F v JH
EAEREE A0, 2RI DEERINL 56
Wk OBEETHB, T F Y IBEDOT NI =YL FITR,
OB ITIZH» WILED, OB REERL RS &
UVBENEFNRAD NS,

800 I
= FeClyi#&n
€
8
2 600
=)
S~
ap
£
%g 400 CuCL&n y
EN
AY /
w200
D
H
0 I
0 40 80 120 160 200 240
SRHEER (min)
1T—1 HHPOEEA T DI v Fr FHBADREY
(0.3mol/1, 23%)
0.15 —— 60g/I NaOH:z&i#
® 60g/l NaOH+0.1g/! Cut+5i%
0 60g/! NaOH+0.1g/l Fe?* &3
/]
o /
§ o.10f 7
o s
\D_/D 1
i 2
= A
N <
N i
D L/
H 0.05f 7
v
7
7 i
7
.
¥
0 , ‘ , N .
0 2 4 6 8. 10 12 14
REEER ()
BT —2 BHBOEEAF NIy F Y THBEADBED
(20C)

H7 -2, MREOH,H LT, W% ZhZThER
AL 72 NaOH iilrh © D RE R ] & Sl 7 v < =
v & (99.99mass%) DI v F ¥ IBREORRER T,
RERHSARVERAICE, v F v /BREOMICEE

42

HBARDRAL T 5, BIROFEEREC, BURINETH -
Th, BRIIHEI D = » F ¥ VEE A THREIRE L,
e OWBLEERMLAT VI =Y ADT vy F VI
HEARE EEKAIRTY, A%, SKORHEEL =y
F v SEE AT, FofttoBBERITRO= Yy F v S
HWEANDEEBIH>ETDEBONEHEINBY,

(a) HLIhricinsys---Zn, Cd, Mg, Si

(o) B8 75\---Bi, Ca,

() Bb&H5--Sn, Sh, Pb
% OTLHERNBE = v F v JEEORREEM TR
W (FE4),

550
Pt
500 ,
450
400 /
=
E 350 /
£
O
< 300
€ e
E 250
migﬂ - Fe
4 ;/ v
% 200 Y/
i kﬁ% ¢ /
. ® 150 'y / =
/A
IOO/ - »)
50?,/(
O[.Ol Oil 0.[5 ‘]2 f]) 1]0%
—2 -1 0 1
log [FmE (mass%)]
8 RN T v F > FEE A DR

(0.5mol/1, 25°C)

F4 BWERNTHEO v F v 7B RIE T EHED
(0.5mol/1, 25°C)

IR ﬁ(; mj).s §1.0'gm??82ﬁ) 50
Zn 15.6 25 60 34 - -
Cd - 50 22 26 - —
Sn - 1 10 16 - -
Sh = — 12 14 15 -
Pb - = 14 - - —
Bi - - 16 = - -

Si - - 47 - - -
Mg - 16 29 41 - 24
Ca - - 17 20 - -

(mm®/ (cm?*min))
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TyFUHE (g/cm?)

g—1

Bo—1&E9—21, #, &, vVarkuvovrx
vy LERMLLAED T v F v 1M (BEERD &
Ty F v IRBEOBBRERT, YY) a v RUO< T2 Y
T LAERMLEGED Ly F v 73 ER, MiTLvi=Y
LAEEDENIDEL, YU 3 VORMENEZ VW IE LB
Vo #, HERINLIZAED y F v /EER, M7
12U LADENIDHD,

O Al—0.5mass%Fe

® Al—0.2mass%Fe

B Al—1.5mass%Cu

X Al—0.2mass%Cu s
—— Al—0.1mass%Cu P
——99.99mass%Al e

0.02

0.01}f 4
=

-

\
\

0 1.0 2.0 3.0

@A ()

(60g/1, 20°C)

T
~

0.008

— — 99.99mass %Al /
O Al-0.03mass%Si /
— Al—0.2mass%Si ,
® Al—-15mass%Si/
] Al—l.Omass%Mg

o
o
o
&
T
~

TyFTEE (g/om?)
~

0.002f /

0 1.0 20
B (h)

HI—2 TALIZTLEEFDOL)ILRUILT AR TLD

Iy F > TREANORED(60g/], 20T)

3.3.2 6063B2FORMITEDE

£ 51360635 &thofk, < vy, BHRORMEEE
ZtBED T v F v SEEERTY, ZHO06354 1,
BOEMBICLY 22007 V- FICHHTE, =9 F v
TEEBICNBIBEDEND B, < v A vPilsfid, = v
FUSEEBEROEOEELTL,

#5 603ALETORMTHED T » F v /S HEAOEED

& B ' (massk) Ty F v IEE
& & ] -

Fe Mn 7Zn (mg/ (cm®+min))
A 0.28 0.045 0.005 1.55
B 0.26 0.040 0.035 1.50
o ooz 0.0% 155
; 'D 0.15 0.004 0.035 1.30
‘ E 0.11 0.002 0.030 1.28

TN: =T LEEROBB DT v F o TR DD

& 2T Ah Y 1bg/l, WEET v A 2 89g/], IRESETC

LhL, Bz vy 57 v 7 RoRENRICEEE RIT
FTIEBHONTWEY, ¢7bb, BI0IC/RT L9,
83 %0.04mass B & & &4 3R A B IT IR
T5, ZHcl, SoREZLOHMEFLEETH,
RN AREOS B UbRic vy F vy r&h, Lk
b, ZOLLDOAHRENTNORANTEIL - TED,
EEABRFHIREET 5, @icEA L T 5
i, NaOH & Hic Zn(OH):™ % Zn(OH)s(OH,) ~ %0
FEA A VLB OBHRT A0, EBREICB Y 2081 A
YBESSAEEFTLAETL L, BEOkRIE IC Bk
FHCETH T 2, T USRS Yy - FELTH %,
ZORADT IV =y L OBEMBAEEEL, BT »
FUIHEOELE S BHIIC, BN EABEE
THIEENLB,

®10 60634 &R v F > VT OIHEY
() © R R B H0.04mass% Zn)
() : WFRH D L IR EHH0.07mass% Zn)
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#- T, ALhOHMRMER CERP OIS RE %
Bl QB B & &b, Imduchi b U U A EER
T UBRLIESR O & L TiRET 3 2 EMBfThh %,

3.3.3 H005ERFPDORMITHROEEY

£ 613, 3STEHO0EEL VY v E2EL310348E
DAY, BERERVT T v F v I BEBEZRT,

500584 1t, SIRIMBAZVIEE T v F ¥ 7 HREEHSH
CEEDEREOETHE L, #iRkIEoZ VWAl L,
Iy FEy NOBENKEL, By FrI/RBRICBT

EECRESEL, INMEFRT LS Kz vy FEY M
LBIUEAY (FeAl) Db b ICERERLTEY, HHE
SEIREE 1 FeAls O MBI BN b,

3103ALh It FET 2 2BHILEY (FeMnAl) O
DTRERE L, 50054480 FeAl D2 LV K& <, 8
HDLIREDET R EDEF L,

@ ()

(©) @

0.2pm

®© )

50054-4:(0.59mass%Fe) Fovx v F | D gREw
(@) : 0.5%HF, 30f3i&

Eiih]

3.4 #EF - (REFIOER

Kape 13, R7IRIEZEF MY v o ElRUTAY 9 &
BikowTxy FY/EERUT v F v 7BROAE~D
BEEC > WTERET L 122,

BEEmRIE ~ovA Ry ko RE, MBS, WHEBE,
7o LBt 0 ABERU S, =y F v i
TN AEERTETLENLD, T =9 LAREK
NNEMREREAER L, = v 7 v S EECABIcEES
%,

S o ALY PR I LRI R A, FHERE T )
SER{LOMBERENEND B, DABEIE, ARILE
SERALOTSIEDH B, 7 0 LBEP T oo lF VR
RIEMSTEEERL, 73 =9 A ORBANKT 5,

WS 2 &0 NaOH i T, MR T (b
FiERcHans ki, MBI AV, 7=y
A&K%&fbuvAémﬁmuﬁbﬁiﬁamﬁu
hBILIN, TVE=T EH B,

NaNQO; + 6H - NH; + NaOH + H.O (7)

EREAE: NaOH Bl 7 v =9 A ORIGIE
Romg RGN TEREI N 5,

3NaNO; + 8Al + 5NaOH + 2H,0O

— 8NaAlO, + 3NH; (8)

MEE ORI, BEBIEOB& LR, T2y
LDy F v IEEEL, KBS MY Y LDHEEED
BTHECEVATERLH 50, b OBEEIHIE L W,

MESE, 7574, FSH YT h, BR, 7
BB EOSRERES, Bk A=, a -7 15—

RO aLBF Yy ADT » F v 7 HERIRIC S
THRELTWAY,

BB LW O % OIK AR T & % BB O
FIRERBICRT, MREHHEE AL NaOH BlP T
DTN =T LDTyF Vo, FEMEEINC & 2 HEE
HTIREL, EE BRI Lo fEian b, BERHI
LA, BENRERL, 200REEKEELEE b
HEFHIcBWTEL L, BUkEOZA I X b IIHISh R 2
HEND, #E- T, ZHEROMBIZIEE, BEHEN 7+

(b)~ () : 5%NaOH, 707 — (b) : 30%, (c) : 1.54%, 5 —AbIC X DS, BATALL, BokiksiEd &
1 2.557, L 4.54%, (f) : 6.54
(@259, (@) 455, 1) 655 LORETBEELSNT VB,
£6 S058&POBIRIMRD T v F v /HE « SEIGRE~ORE
s & Fe Mn SETEEIREE Ty F VY ﬁga(mg/cm ) Ty FvIEE
/ (mass%) | (mass%) 2* 7* 15* 2* 7* 15% (mg/(em?emin))
A 5005 0.15 0.02 122 60 34 1.22 3.74 8.10 0.53
B~—5005 0.30 0.02 58 49 29 1.36 4,15 9.01 0.59
C—5005 0.59 0.02 67 43 23 1.55 478 10.15 0.68
F-3103 0.54 1.16 37 30 20 1.72 5.25 11.07 0.75
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£8 RIWE LD

R] ToAVOT o FVIBEECRETEED (50g/1, 60+2°C)
oo w | TR =or o | w1 BE — e iludic il
(/1) |(mg/(dem? min))| £ 7z 3 {RHEFI(A) 7567 T4 +808% TiE/-2 —162% F4H/—R +11.3%
5L o0 - #37 -2 —15.7%
NaCl 50 35 I bonvhTA +88.0%|7IE/ -2 —16.2% SAruvE —35.9%
KBr % 2 - AR 1TA1%)] S 3 -2 —111% </ — A —55.2%
KI 50 51 I
NaClOs 50 & — E K +83.3%| H5sb-2 —157% 757 b—2 —34.9%
NaClO; 100 105 A #. 1mol/l NaOH, B#LER lmass, MKSBERY 0.05mol/1
NaClOs 50 80 — mElER=Coo—0) 0o
NaClO, 100 80 - po: MEIRAEEELVEGOT v F VY IR
NaBOs 10—50 138 AA o HEFIEECBEOT 7V /R
NaBOs 100 185 AA
Na:MoO 50 75 - & & (C)
NasMoOs 100 118 AA 55 45 35 25 15
KBrOs 10 80 - ‘ ' ' ’ '
KBrOs 50 120 AA
KBrOs 100 183 AA
Nap+2PpO0s,+1 b 40 I _
Nay+2PyOs 1 10 60 - 3
NasCrOy 5 0 1 ”g
NaNOs 25 70 - 5
NaNO; 50 125 A =
NaNO; 2% 80 - %
NaNO; 50 100 A %
NaF 2 80—90 A 2
NaF @ 25—40 90— 100 A -
NayCOs 25—50 60 -
NasSO0s 50 50 I . , l . .
NasPO; 2550 80100 A 30 3.2 34
NaySiFe 30 0 11 1/T X 10% (10%K-1)
NazS,03 50 40 I .
NasS o 0-10 — =12 mmANﬂM@ﬁ@uﬁﬁé?ws:vAmm%&mmﬁ¢5
T—r=7A7ay ¥
NayBiOr 50 20—90 I AR L
BERRS b U 9 4 50 40 [ B : 0.lmol/l 7 o 2 8F Y 7 23K
YavBFEYYL | 50 65 - C:0dmol/l } ) &Y Y > EF b )7 AEMN
RN AR 50 50 I
ZAERY AT 50 55 I x99 MER, {(ZEFRERNLULESOBELz IV —
JIVEFLYOA | 50 20 11 ROHEERTY
FEHF L) YA 50 65 - . S o hieoa
BOBF P Y 94| 550 2030 II ® oo Aot/ oD SRR T & O
(1) . B &% 35g/1 THIFN
KL 15.4 6.4x 104
TIET T A 16.4 4.9% 10" HOFIRE
H12& 5 90, M4F S {EERIEARMLUAEED T — B ) " 2
Law 270y h R OTEMAL T % L3 — AR L o FoAYET A 16.7 3.0x10 BA T
FSETITh, FSAYITA a—TIF—EHED a-7175-% 16.5 5.6x10% | BATRE
mEFoBE R, HERTFOHEBERNOE&EDZN yR=Y 17.3 19.6X 101 BHTFE
EREDNB OV, H-T, Ty F v EEORDIIERE g o LB L 9.7 5IxI0T | EOEHTIRE
IR VE—OEINCERT 3, £k L, 70 A8 — »
SEITY. CAXLh 8.9 4.6%10
PY O ADESIT, T2y s ERBOEERERT

BIEIRIOBAIC &, TEELs % L E— HERTE S (1) leal/mol=4.186J/mol
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KELLHEINT 2, BOEBEZERKT 21260057,
Ty FVSHERSEVED LBV OR, FERT O
IcERYT 2, {BEFITHBZ L URY Y vEEF P Y U A
RN TR, WE b 2 ¥ —, HERT L IEFLL
bt 2 (72720, Kape DERY TREENEIZED
SENTVIEWN),

4, 7IWZIzZIALABEFOLERLEYMDES)

Guminski 5%, = b U v 7 REEEBELEY
HAE) onttokEE, v F v 7B ONE & B
THET A EIE DT>, E1312, 10mass%NaOH
BRI Ty F /7 LEEGOWMRABEETH 5, Si,
CrAl;, TiAl, B—AlMg i, o~ by v 7 X LD
BIRPEL, BIE-TL308BEIN S, Fi
Mg:Si, CuAl, MnAls ZEBD< b Y v 7 2 & R
<, FeAl, NiAL < b Y o 7 2 & FEE UHEE
TS 5, NaOH BRI S - L, THEREH 2 Widdl
WEEARMLU BV TS, < b Y v 7 2Tt 5

1. FeAl, 2. BAIMg

3. MnAlg 4. Mg,Si

T4 (V vs. SCE)

9. NiAl, 10. CrAl, =14

H13 = v Fr IBOFNFNOEEOMTEER?

46

ERBELAEYO = v F v FETIEERNICELS IS0,
LHL, FeAly 28T~ MY v 7 RAHET 3B,
WL HED L, MnAls BB b U o 4, HRTHEE S b
VUL REGURTCRBFEESPIZDES LS,

(Fe, Mn)Als, (Fe, Cr)Als, (Fe, Mn, Cr)Al; U
(Fe, CWAL I, ZREFIND= MY v 7 R LD IBERBIE
<, = b Yy 7 REFERE UHEE TEET 5 FeAls &3
WBHITH 5,

S 51z, Short 6 BEHOFETI TR T 402
BRI > WTHEE Lo (Cr, Mn).Aly, (Mn,
Fe, Cr)AL KT (Mn, CwALbENETNO~ MY v
7 A X DEBHECD, (Mn, Fe)Als i3 i313F UBE
T, MnAls i3 & 0 &< 5T 5,

a —AlFeCuSi & a —AlFeMnSi iZ & bice b U v 7
Z &0 IO ERITEV, —FF, a—AlFeCrSi id < b
Vw2 2K AW HEBERT 5, a — AlFeSi &
2 Yy 7 RXOBEESEL, @BEEY 3L
WILEDFET 5, Fe O—% Cu, Mn TEXH#Z 3
TEicky, £EEILEE < ) v 7 2 OBEIRERE O
EZNELHB, &5, Cu ZFLEELE VA, Mn,
Cr 2L E&BREULAYIC BILARRE LIS,

—H, EALWE, GHET VI =Y 4% A M, FeAl
ZBM&E L, Al-0.5mass¥BFe A& %A, Blgigh 5172
% 2MEEER LT, AMEBHOBRIEREN T 2 #
BEOEREBEBMOREICLY, 2HALOEATEAE
(EREET) ZFML 7z, RAIK/RT L5112 Al-05
mass%Fe &40 HREMBN T FeAl; O oM
LTEA Y — FABEIRICHEY L, RO REBH Y -
FEBESHEN D 2B TH %, #6-7C, 1mol/l NaOH
R T Al—0.5mass B Fe A& BIERT 3B G103,
2 by 7 AFKEIHEE TIRRT 545, FeAls TIRIK
BHRAEFRETBOHTEFNEHRTEEALHEELIS Y

EREE (MA/cm?)

T T T T T

10-2 10t 1 10 102 10% 10¢ 10® 10¢
—-0.2 T Y

1: Al—0.5mass%&&n
BABBENLL—RSEMR
2 FeAy 7/ — - 1Ral £
3! FeAlym/—F R #R
4 A7/ — R 1

5 Al — o iReRER

—-05

~10
145 l .
S ——
- ~ |
-20
10 102 10° 104 10

RiTEER (9)

BHET VI =7 4 L FeAb SR I H & Al—0.5mass%Fe& & a

B A BB OERZEL(Imol/], 25T)
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EHERE L 725 CuAly, NiAlL oW T % FeAly & [EEER
BIEEEART & LTB D, Guminski & OEEEHEY
LE—HLE WV,

Lunder 5 &, 12006 &KX 03103648 RIcdEn 3
ERBEILEMDo v F v BB > WT SEM & EDS
WEOHEE L, 1200848RIcEET 2 FeAl; OFEHII,
NaOH BB &b, 7 =9 Al s 280 R

EANCHANE - Tw 3 (F10), 310344&F DS,
Mn 2&LE&BMLAYBE LTS, #& & 512 Si,
Mn OEALBED SN 3B, K15, 161 NaOH iEHKICE
BELEBD120564 K U310364 LicERT 2 2B EL
BYOTEEER T, NaOH B £ 2 KIG4EY O &
PEREBCEREL, £BEAAE—HL /NS I
%o

B15 x> 70310364 LIcHEAET 5 &BEILAMOEED

(a), (b} : WFHERR
(c), (d) : WLRHRE R FMR

E16 = Fr 7HENI20048 4 RICHEET 5 FeALNZE

(2) @ IBmEEEE

{b) : WEAHAERE
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10 1200 0310344 LoeRE ke Lo
Fe/Al ¥ — 2 RS
& & HEIRAEY M 5
A 0.120.03
AA1200 B 0.18=0.08
C 0.17%0.05
A 0.026:0.005
AA3101 B 0.09+0.02
C 0.06::0.03
FE) A TS THEE

B:0.5mol/l NaOH#105Mx » 57
C: B Of%, MSHYEICEIFMIRE

F1MRT &5, 3EHEOLEHILEY FeAls,
(Mn, Fe)Als, MnAls @ %N & h ® k% NaOH /&K
KEELTS, BETE Fe & Mn OB(LSRED SN D,
x5z, (Mn, Fe)Als @D Mn,/Fe L IZIBERIE T
TV, Pl &Eds, TV =2y AfE&HhOR
BRI LAY FeAls 3, BARDEZ LI KABRB DT T
75<, FeAlsthd 7 v 3 = v L WSERWICTIRR L T, &8

£11 £RBELaYoME (LB £0.5mol/l NaOHEK I
1 BSRE R U ik o BEMRE (FEY (mass%)
EREELSY Al Mn Fe Mn. Fe
59 - 41 0
FeAls  proommempmoesseesepessn s
9+2 - 90+3 0
4 15 11 14
(Mn, Fe)Als [
1242 501 38+1 1.3
4 26 - ©
MnAly e
58+6 42%6 - oo
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AL L E B TES A - FELTERHLTY
HEBRETREBELZONTV S,

b. & & H» &

KBTI, TV =9 54480 NaOHBERPTDOL v
F v B OWTHEBI L, TTTIRY BT Ll
Mich, F477 Ly AR, BRULEN T v F v 7,
FU— - REFEES OB XS IEE, SBKEVE
WTidd s BIREOHESGTHE L /2
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The System Truss Composed of Aluminium Alloys
—The Structual Designing Using Urban Space Frame —

Yujiro Hiyama, Hideo Mizukoshi and Toshihiko Iijima’

As the latest way to create space that has the open feeling of an atrium, the space truss struc-

ture is frequently used in roof and wall constructions. Because of its structual form and weight

reduction by means of 3—dimensional axial forces, long span structure can be used; due to struc-

tural simplicity, the structure can easily be systemized by using ball-joints as connections.
A systemized space truss commonly called a system truss. It originated from the West German
Mello system, in which ball-joints were used as connections. The system was later developed as a

steel-pipe space truss; several domestic companies were successful in its systematization.

Last year, SLM introduced an U.S.system truss technologies for a system composed of alumini-

um alloys. This article briefly discusses this system truss, and covers the system outline, design
method and a summary of structural tests that conforms to the Building Standard Law. Based
on the Building Standard Law, two designs have already been technically appraised.

1. 3 L &

WEE, 7 ) U LRSS E OBBURD b B EEZEM %
BT AFERELT, ZORE, BULERIIKr S 2%
HWaHIBE v, Fi, BREPARILET EOKER,
RFVRUVAMSVIREDF » /E—, 5V a vyl
v7E—VERE LT, A S ABEBRELERTHL
SENTWVAB, BT MY 9 AIKDWTR, ¥+ ./ E—,
VaywEVIE-NREEARELY, RS RITES
TEHREMIZERGES R I N TV 3,

F 7o, EEQOEETYA v O E LTS %R
B HE 2 FESBEHENTBY, K5 2350
ABOF EL W7 s LAl O EEEHEE LTRER
HEFLEWE>TWD, ZOHE, K S AERRDF
PoA T ARBRIRREE L IER Y, BEM2KO
FOMEEE LTHDAENT VWS, £/, EDk3 14
* Ty P70 v TRERIT — o o BEMBRET R
*+ EONBRILET IS TSRS
o (B REBESESEEE, TH¥EL
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ZDEETH B, D%, VAF LT AZME A
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AF AL TV 3,
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LR WEAESKE Starnet #h & DEHFBA Lz, ARTR T

L DTN = LB Y R T LADOIE,
UREZREAPE T~ EH L fo—E0RERRICOL
THET 2, 1B, YHTRIOKEHEDER LT
BHEBIFES 2 IS L TW 5,

2. T=INURR—ZRTL—LDYRTLEE
2.1 HEREEIK

SKE Starnet 7V I =9 /LY R F L TR
AFW, BE0ERTHTOMEOEFENH D, ZOMH
KETATIDF4 R2—F YV ERFANHAD Y —H—
2R a0 bEEATVE (B1),
M2 Z D Starnet DY A5 A b 5 XD CAE ¥ 2 7 A
[STAR CAD] 2&T ity 2 7 &% —FE L TEHEA
L, T7="vz2=271L—24] &L TEANHEICER

(b) 7 b U T LRIR

1 7Ny A 27 L — LR

1 KETRBEOFERC SIHMRARHASIATLSH, K
T, AEVREESEE I EELEREET 2D, &
A, HE, ISHS VL TRBTOREREEECHEA X
NTWABAEEEHOTHBRT A EET B, BB, F
HOD SIEN & DOBRIIIRD EB D TH 5,

(i, W& 1t = 9.8kN
USHIEE, &) 1t /em? = 9.8kN/cm?
lkg /em? = 9.8N/ecm?

mEFiE, &

o0

L, BRI E O —BOFEERE TR L 7,
FeNYRAR—RA T V— A3 T4 TOESHITEDLE
(1) OMNI Hub, (2) GEO Hub, (3) DOME Hub %% %
(K221, HRCaHLETHV SN, AR TIIHE
HEEE AR L 7z OMNI Hub & 2 7 & 2 dlic g ¢
5o

OMNI Hub ¥ 2 7 & DESHZRER 3 IK/RT. #
Wid A b5y b EENE SR, NTERRT S K-
WoaA v, ATy FOMEEERTZZ Y F TS

(b) GEO Hub

(c) DOME Hub

B2 Ty AR—RAT7 V- LAY

PV T FEILE
(SAE G.5)

= E 70

i
i e

AbZUk

(A6061S-T6)
N TSY
(A60615-T6)

/N7 (AB6061S-T6)

RFPYLTHILE
(SAE G.5)

Hho—
(A6061S-T6)

E3 OMNILHuby 27 484
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T RNTY TRV IR H S —D 5 DDETH B,
NTET N =T A U EAEUTEI L TERRic
MTL, ®ubZ2BATEHR VA2 >T0E, =V K
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[ceneration] | [mobiFicaTion]  [ReSTRUCTURING] [ome ProgrAMs]

CRAPHICS ON PLOTTER

8 STAR CAD

DRAFTING ON CRT
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3.1 HBEHE
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2.53CHI0 | 7.303x0.305 6.701 4.91 19.05 1.33 5.65 2.95 38.10 6.312 9.46
2.58CH40 7.3030.516 10.994 8.06 22.23 1.97 8.49 3.73 44.45 9.243 13.86
2.5SCHS80 7.303x0.701 14.539 10.66 25.40 2.74 11.81 4.51 50.80 12.645 18.96
2.58CH160 | 8.890%0.305 19.002 13.93 31.75 4.31 16.33 4.93 63.50 20.729 31.09
3.0SCH10 8.890x0.549 8.221 6.02 22.23 1.97 8.49 3.13 4445 9.243 13.86
3.0SCH40 8.890<0.549 14.377 10.54 25.40 2.14 11.81 4.51 50.80 12.645 18.96
3.0SCH80 8.890x(.762 19.458 14.29 3175 4.31 16.33 4.93 63.50 20.729 31.09
3.0SCH160 | 8.890x1.110 | 27.130 19.89 34.93 5.30 20.09 5.59 69.85 25.559 38.33
3.5SCHI0 | 10.160%0.305 9.437 6.92 22.23 1.97 8.49 3.73 44.45 9.243 13.86
3.55CH40 | 10.160x0.574 | 17.287 12.68 31.75 4.31 16.33 4.93 63.50 20.729 31.09
3.55CHS80 | 10.160%0.808 | 23.732 17.40 34.93 5.30 20.09 5.59 69.85 25.559 38.33
3.55CH160 | 10.160x1.270 | 35.470 26.01 3L75 8.82 33.43 7.21 88.90 42.748 64.12
4.0SCH10 | 11.430%0.305 | 10.653 7.81 22.23 1.97 8.49 3.73 44.45 9.243 13.86
4.0SCH40 | 11.430%0.602 | 20.478 15.07 3L.75 4.31 16.33 4.93 63.50 20.729 31.09
4.0SCH80 | 11.430x0.856 | 28.435 20.85 38.10 6.70 25.39 6.35 76.20 30.864 46.29
4,0SCH120 | 11.430x1.110 | 35.987 26.39 44.45 8.82 33.43 7.21 88.90 42.748 64.12
4.0SCHI160 | 11.430x1.349 | 42.716 31.32 44,45 8.82 33.43 7.21 88.90 42.748 64.12
5.0SCHS 14.130x0.277 | 12.049 8.84 25.40 2.74 11.81 4.51 50.80 12.645 18.96
5.0SCHI10 | 14.130%x0.340 | 14.745 10.81 25.40 2.714 11.81 4.51 50.80 12.645 18.96
5.08CH40 | 14.130%0.655 | 27.741 20.34 38.10 6.70 25.39 6.35 76.20 30.864 46.29
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