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(Table 1) @E@%%éﬁﬁf%( EZIK) Rt

g | SREEY | ERRES | RRROLH/
| (I:kfb': wE)| (BEEEs) | d8SwitE
1970 530% % 908t 17.0%
1971 470 n 95 20.21
1972 470 7 110 # 93. 4.1
1973 580 # 130 7 92. 4.7
1974 550 # 130 23.6/
1975 410 7 100 .7 24.44
1976 450 7 110 » 24.54

{Table 2> Spheroidal grééhite cast iron production

in Japan
Use 1971 1972 R(%/zi)o
Industrial machine | “ 80,609 88, 225 26.3
Construction, Mining

machine 4, 988 9, 845 2.6
Machining equipments 7,896 7,599 2.0
Rolling machine 24, 364 20, 234 5.4
Textile machine 2,036 2,731 0.7
Ingot mold. Molding |
- board i 69, 733 66, 307 17.7
Farming and Fishing

tools 1, 750 1,844 0.5
Electrical instruments 3,592 4,502 1.2
Automobile 99,798 124,605 33.3
Industrial vehicles,

Railway 3,410 5,620 1.5
Shipping 10, 783 11,923 3.2
Daily necessities 144 - -
Other, etc 25, 466 30, 959 8.3
Cast iron pipe (593, 950)| (683, 697) —

Total 928,519 1,057,991 100.0

(Table 3) The significant engineering properties

of cast iron superior to those of steel

Excellent castability
Excellent machinability

High compressive strength

W

Low notch sensitivity in fé,tigue and impact
stgength

5. High damping capacity

6. Good wear resistance

7. Good Iheat shock resistance

8. Low cost

Z27]% Vol. 2, No. 1 (1978)

Stress

(kg/mm )

a4 Eféz G BT rzﬂﬁz}i_‘«},,ﬁ et 2= R
N4 A% %iv‘:- 5?;1} HIEES 22 9ok (Table 3)
:L»i v HIRESE RREATI2E, RS Kl
&%EM f‘kﬂk!‘.’éi& RS %ﬁ‘bﬂ AN E B
Elilcl. (Table 4)
H & s w%?ﬂ‘”is g Byl EED
60 " . 7 LA !
/x Ductile ctast!'iron {ag cast)
N —
>0 / C.%st steei {annealed)
' - —— X
40 P e Ductile cast iron f{annealed) X
X Highgg strength gray cast iron
20
( X Soft gray cast iron '
1/
10 -
0¢/
0 2 4

6 8 10 12 14 16
Strain (%)

(Fig. 3)> Typical stress-strain curves for various

types of cast iron.
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(Fig. 4> The influence of matrix microstructure
on the tensile and yield strength of du-
ctile cast iron.
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(Table 4 FEEAM S} RREBHEE ﬂﬁﬁﬁ@’&ﬁ

o) | WEME | ® a0 (D | St 52 | 1.5%C
FooR| AR &8 R wl% mlg e|le =|m m
# B Hkg/mm? 22 30~45| 37~60| 50~70| 40~55| 38~60| 52~64 85
B & HBtkg/mm? g = Hq 2 19~31 40~€0 35~45 18~28 34 67
1 S S - A 4 4 55 &0 85 47 58 79
H % n " 2~10 1~ 6 8§~20 8~20 18~22 6
Brinell W e 180 225 110~150 | 220~280 | 140~180 | 140~170 | 140~170 . 255.
B % R Hkeg/mm:? 7,500 12,500 17, 000 16, 500 — 21,000 21,000 19, 700
.. B JSikg/mm? 90~100 | 100~140 35~60 | 85~125 — 35~55 38~60 85
B 8 B IR Btkg/mm? —_— —_ 19~31 — 40~60 18~28 34 o7
By & &2 fEkg/mm? <0.5}10.5~1.5 5~17 3.5 5.5 4~20 5~20 —
i 5% % 58 Frkg/mm? 5~10 10~15 14~20 25~30 15~20 13~15 30~32 —
SR _ _ _ _ _
?ﬁ: T 0.3~0.6 0.5 0.4 0.4 0.3~0.5 0.5
(Table 5> iRt BRETLHRY 48
No.| fi &= ® B . = ¥e i B 5 3%
y | Mg ot fb&%¢ R, o $& BRESZ Mgs @AE BEgsH | o o
1 SWRE | 4 mikfol BEDG Mg Be ETANLE M TE Se Te
| Mg @AE AT et BEEEMC] RN A THAMRERR, | gp sn cu
2 | HAMRTTR | man wmE, KR, 29 BAS HRAA BESE TR Al B Ti
. e BR 2x BRESH 984 Mg gAL @HgsA o=, B ob B
3 1R F Bl pmy G ot TRASY HEFEHE 2 X ‘
(Table e> R Bﬂ%:n:?—J fiteol o Ehﬂlfm%llﬁ:‘éi
No.| B = = t F oW M 5 % IR B B %
1 | Mg@#m BETEY B RRLM BE Mg o $EFEM Mg SBFEM
BISETRS B3z, MA@che) A JAEITRS A, ) Ce 9] &N
2| RERVE | meqas mEas. Cest B | mrEng Em
o ETLRS BE RRIEM BE HETIA | Mg SEEM
31 & 7 B | ppe pwe g mats4 s Ce s wMm Ce sl wim

ﬁ@(pearliﬁc)oﬂzﬂ LT (ferritic) 7+7) BREEel Mk
< E#ESA #eAZd + Ao} (Fig. 3,4,5) 2.

RS Bagte] FRPNIL 2ok BERRE B
Biol £ B B dEdiE BT R4 B
BT #HE 9 Taw o, RANSEZL BRI

. susskol #5 = EFS = TR BEl @ik MH=g e (Fig.6)
- Dol HETHES SFt 2 AdmlEel s
- (1) FRestel R 5 ¢t} (Table 5, 6)*.
RRFAGES BEd 2L BRA= BRBH S8 o] sh& R Huld HEELEY SFEY ML
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(Fig.5> The influence of matrix microstructure on
the bardness and elongation of ductile cast
iron.

(ZA)7) WTREFRE & WHiE Fkighe] &= = o
(2) ERIC@RER M &
Mg Ao 2= fE3 $e Hikel Fxs4d ftoy
(Table 7) @@l AEK] WHEAA KPS Mg
Ee® RERY HRLEE BREE Zo] HESIH.

{Table 7> Method of Mg addtion into the molten
pig iron for making of spheroidal gra-
phite cast iron

(1) Surface addition process

(2) Plunger-phosphorizer process

(3) Candy process

(4) Sandwich process (Pocket type, Dam type)
(5) Porous plug process

(6) Mag-Coke process

(7) In-mold process

(8) Shaking ladle process

{9) Converter process

(10) Pressure addition process

g N 23 BEko 2= 4 Gorge Fischer ol
el 3] 4 BiZ=l Converter 3l Inmold 5 ¢ EL4

F871¢ Vol 2, No. 1 (1)78)
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(Fig .6) Influence of various element content on
the critical cmount of residual Mg in
order to make the perfect -spheroidal
graphite structure in Mg treated ductile
cast iron.

3l et

Converter -2 R 2 FFI M Mg & M
AE KRETAA RET el W © 5 Mg
BEt Bt

TEHES SEe| gwol: MEIEN KER HKRH
e MY 4+ gk (Fig.7)®. =3I Itmold &% 2
mold ol KIEE-E ulEeo] orld Mgaes vz &

el A Fol HHHEE HBHAA RRLEE

E 37 @l Eel]l POXolvt |mES Aol dlo] fERR
B k%E By ohzl fading Bl §l7] =L M
B mist p—#E 4 4eH 2D ABHER] &
Betel %Mkt #iESE = Figel gl=t (Fig. 8).
=3 #PT BRiEES LEE A ohidk send-
wich ¥5ol Hal A&, Mg RIS Rk, AFHL
¢} Mge BYE WESE BNLE K Mgiaélos
A Mg 3~5%2 f143 Fe-Si-Mg & &0 w@ol AR
o}. .
t & BRRILZE A ksl dross fFES] BFIEE #1354
o] Aol Ca 15~25% =+ Ce -3¢ RE metal 1~3% &
ST AR HndBe BEEd HREE lz A



(Fig. 7> Converter process

{Table 8> A& LEBR T (%)

~where Area A=x sq. in.; Area B=x-+110% sq. in.;
Area C=x-+12% sq. in.; Area D=x-+30% sq. in.,
and Area E=x-}30% sq. in, '

V. 440 BE
1. ﬁﬁtﬂiﬁﬁq EERRRGE B BLE
FE2RK, BMEE MEER T ferrite XMHRRBHER L
ferrite {b B#id] oA BEsA o, o] o3k
BEBC B strain@Hso| REYF Hgon E3 ene-

gy o @y Eell B TES A A SHREY B
MBHAFR-S BES = Bfio] FAZS = v} = A

woF Tc Si | Mn P S Cu Cr \4 As Sn ZA*
PLE ot | |
SRR | 3.73] 0.02| 0.27|0.021 | 0.011| 0.003 | 0.020| 0.015| 0.003| 0.002| 0.002| 0.045
- | _
A& | 346| 0.02| 0.08{0.007 | 0.009 | 0.003 | 0.010| 0.007 | 0.002| 0.002 | 0.002 | 0.026
FSZBE | 435] 0.83] 0.10|0.068 | 0.004 | 0.058 | 0.020| 0.003| 0.010 | 0.001 | 0.001| 0.093
EAR iﬁ 4.02 1.15’ 0.01 | 0.029 | 0.004 | 0.048 | 0.020| 0.031| 0.028| 0.001 | 0.001 | 0.130
" | l
| *LA: Ti T BETREY &R
. dome
- 4 oa?"él!gga
-TOWNSPRUE __| - ([COPECRZRAG
REACTION é |
CHAMBER ;3
JOINT !"J'/E'f | —
. DRAG §
(Fig. 8 In-mold process &
Gating system for one or two castings per box. AS vug i
pouring rate 1 . , . ; A A . A
- Chamber area shape: Square=0.9 to 1. 1= Ta0 —a0 O 40 80 -80-40 O 4< 8
chamber area S8 EET) HWEE)

(Fig. 8> HBEBZ MM (2% Si, charg notch)

Biel #ERS e 24 = Mn<0.1%, P<0.01%,
$<0.01% 2A<0.03%< {& Mn, P, S ZA 9 glig
gi-g FRgos EHSIE A, 2 —flE a4
BRIET HAARBEAA EEENE S5t H505 B
A wrEe] AR Y= AERMESHY ARE %7}*
glc}. (Table 8)7

o] BHMESHE FEH&EoR FRAA ﬂ‘i%ﬂtﬂ:ﬁ%@@:—%
oo ERET fRe s g¥A B ﬂﬁ%ﬁl

< WEe Jebl o (Fig. 9)7
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< HANA BRRICEES COEHS S 3~50mmse]

PEERA B ol AT Shchtol B8 H#si ol ).
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DEEY FEmE A el vk

ol L4ERER Mel mold inoculation & &

®R BEZX S R 5§ fadingd BiEe) ZFr) W] T
Rims| BT BEEDHRE 4% 5 ). gezmss

<hill®] ER-ERE ot el FALHS S Wik kol FHE
T HRE el BBEREY EARKESERS %
El g4 mEs e FRE HRE HEYE + dd.
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2. sagtre] M E(HRe &R

RRENHERS] BHATERKUIS)E Table 9 o #*

{Table 9> Specification for spheroidal graphite
cast iron in Japan (JIS)
Yield Tensile __v];:—longa— Hard-
Class strength | strength| tion ness
kg/mm? | kg/mm? % Hg
FCD 40 >26 >40 >15 | 121~197
FCD 45 >30 >45 >10 | 143~217
FCD 50 >35 >50 > 7 | 170~241
FCD 60 >40 >>60 > 2 | 207~285
FCD 70 >45 >70 > 2 | 229~321

Special class

Heat resistance type Si 4~6% (Ferrite matrix)

High alloy type Ni>18%

(Ni resist)

(Austenite matrix)
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=z 9lvh
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3. ?ﬁ%ﬁ'ﬁt—"—l e

HINRLEELS Jvel mEe gt
7ol LEE 7 v BENE fEsH, fEREs)
el HE A 2ebe Aol &k HiBiolth. HREH
GiES ERFEE e £ Y BEd mRd
v+ (Fig. 13,14, 15), Si, P= HB@Ed 4 R
s Fok

RRBREERS GREEREY BEL 95y
{t. charpy &gl glolA e WE—FEHERS
o, ZRIX energy & EHE4L (E) 3 EZLEE ener-
gy (= Z5aA4 #Hastd (Fig.16)1, =3 #
HEHA A BES fractography 8y BIE-& 7%
fa iR, ferrite 2ty MRBIAEGEN AL BRRESH
Rrol Hfrels = BUF A& Fo] fikield 2 Bl w
€ A B EREERA Ay mHRES Kol B
BRE =0
mean ferrite path 7} & AU FE HEHEES Lo
‘==1 %?z BE7L 52 A& ebd o (Fig. 17) 0,

EE #al AL mEpEnd gdolds mg
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Hueh. wEme] SEM BZEd 934, S
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% EEY BEEER ALY WA WAL

#t8 cell boundary ] A AAA Bk BHY HE
T EEmESE ERS O oS FERAES HES
SlMAE Nisl Fnst Aarster (Rig. 18).

4. WBEMe) E

— B R S-S BEtke] VER RKY FHEiol
BERMY BREY 7 d= Bl = BEES E
zEe] U= gl 2HaE Y BNE £E2 B%
BIER HEnEd REs o s
AY FHA R = BHRelw. 2 FR-E RFEE|
Wl ool chille] gAY BERE BLAMH, =
B BAES BEAT = Kol wr] W Eolvl. HREH
EBS BERT BERS B F—stAl RREHS
g stz glon, BEMEY BRWEEY g4
3R] gom BERY BRI wWEESche Rl
SHES L. BRI RREBEHRERY B R WEoL w
o) #4is)2 ek |

(1) Arc #&#0 oA &= Ni i, BREEEL 2 I+
g e ol HREY BEREE AANA
A= B BAo] A &5 chille] o BIFT #HH
5 d&57F Yl

(2) = Si@kEERY RRBHSBES KEgo=D
S gas e 0L C:3.5% Si:d4.5%9 5Si
HRRBIEEES MRS Migdl £AEENA AL
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