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ABSTRACT

Nodular cast iron with bainetic structure was produced by
adding Nickel alloy and Molybdinum alloy. The adding process of Ni
alloy was varied 5 levels from 0.6-4% while of Mo alloy varied 3
levels from 0.1-0.6%. Test materials were then heat-treated by
austempering at 250°C, 300°C and 350 C. Main mechanical properties
were tested to determine tensile strength, impact strength and
hardness test of the produced nodular cast iron.

The study was designed (5 x 3 x 3) and set up with two
objectives : 1) to determine ' mechanical properties of nodular cast
iron with bainetic /structure- and 2) to compare the mechanical
properties, technical feasibility and production cost of cast iron and
steel used as automobile parts with the nodular cast iron.

Results showed that the temsile strength was highest if 1.3%
of Ni alloy, 0.3% of Mo‘alloy added and heat-treated at 250°C. To
obtain the highest impact. strength, the tested nodular cast iron was
heat-treated at 350 C.

It was concluded that by adding 3% or more of Ni alloy, the
bainetic structyre could be obtained without the austempering
treatment. If 0.3% or more of Mo alloy " was added, however, the
tensile strength could be reduced.

From the view point. of technical and economic feasibility, it
was founded that the ‘nodular ‘cast iron with bainetic'structure could
be used in meking automobile parts which were designed to resist high
impact, heavy wear and corrosion. It was recommended that investment
and development for the production of nodular substitute for grey-cast

iron, nodular cast iron with pearlitoferritic structure, and hardened

steel.
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AT 4.1 qmﬁuﬂaxBﬁnauasTﬂ1aﬁ%ﬁajannﬂuﬁ4ﬂw1uda (As-Cast.)

_ Tensile strength Elongation Impact strength Hardness Pearlite Bainite
(%) 6)] (HB) content (%) content (%)

(kgmm’) | (MPa)
Al 61.2 600 43 4.0 197.0 57 -
A2 64.5 632 9.3 5.0 197.0 43 -
A3 70.9 695 8.0 6.0 227.5 54 -
Ad 79.2 776 pa | 4.0 240.7 40 3
AS S9.8 979 33 5.0 Vit ARy - 77
Bl 59.7 585 1L8 9.0 174.8 23 -
B2 58.6 574 13.6 2 190.0 40 -
B3 68.6 672 11.0 3.0 218.0 23 -
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Austempering ﬁqmﬁqﬁ 250 "o

Tensile strength Elongation Impact strength Hardness Bainite
(%) ()] (HB) content (%)
(kg/mm®) | (MPa)
Al 87.2 855 1.3 5.0 387.3 83
A2 123.2 1207 2.0 5.0 381.3 89
A3 144.0 1412 1.5 5.0 436.5 78
Ad 130.0 1278 0.8 5.0 413.3 92
AS 107.6 1054 0.8 5.0 427.8 89
Bl 106.9 1048 0.5 6.0 436.9 94
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C1 137.6 1348 L0 6.2 416.0 92
c2 130.0 1274 2.0 50 425.0 83
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17NN 4.3 Tﬂ‘ma’fwgamﬂuazqm:u‘ﬁL’n"qnaﬁaﬁiumumﬂaﬁdﬂumﬁw

Austempering ﬁq&m&a‘}ﬁ 300 o

Tensile strength Elongation Impact strength Hardness Bainite
(%) @) (HB) content (%)
(kg!mm’ ) (MPa)

Al | 1471 1442 0.5 8.0 331.8 86
A2 | 1145 1122 3.5 9.0 329.0 =)
A3 | 1338 1311 25 9.0 355.8 89
Ad | 1352 1325 3.3 9.0 361.1 97
A5 | 1313 1287 40 9.0 360.2

Bl | 1169 1146 33 9.0 363.0 80
B2 | 1422 1396 3.5 12.5 352.0 89
B3 133.7 1310 43 8.0 354.3 80
B4 | 1297 1274 3.7 6.0 306.6 %
BS | 113.1 1108 3.8 8.0 3683 78
c1 | 1205 1181 30 7.5 364.8 %2
2| 1407 1379 a7 62 351.6 9
| 1357 1330 15 70 365.7 97
ca | 1362 1335 10 9.0 370.0 86
cs| 187 1212 2.9 8.0 360.7 86
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Austempering ﬁqmgﬁ 350 "1

Tensile strength Elongation Impact strength Hardness Bainite
(%) 6) (HB) content (%)
(kg/mm’) |  (MPa)
Al 883 865 28 5.0 319.9 83
A2 101.5 995 3.0 9.0 2793 89
A3 102.0 1000 .10 11.0 303.7 78
Ad 102.7 1007 58 | 10.7 2885 92
AS 106.9 1048 7.3 11.0 283.3 g9
Bl 102.2 1001 f af 11.8 3053 94
B2 105.0 1029 if -] 13.5 303.0 92
B3 112.2 1100 53 12.0 272.5 97
B4 109.6 1072 70 9.0 291.0 8
B5 106.0 1039 8.8 & 103 281.9 89
C1 101.9 959 6.0 10.5 292.0 92
2| 920 902 > 10.7 298.1 3
(6 103.2 1011 6.5 85 301.9 86
Cc4 100.7 986 3.9 9.8 295.8 78
cs 1013 993 6.0 I1.5 279.7 80
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| TENSION TEST
Bainitic Spheroidal Graphite Cast Iron
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TENSION TEST .
Bainitic Spheroidal Graphite Cast Iron
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IMPACT TEST
Bainitic Spheroidal Graphite Cast Iron
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HARDNESS TEST
Bainitic Spheroidal Graphite Cast Iron
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Aunaday Austempering
As Cast
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1. uaeiina (Differential) ' SCH 315
2. (Wil (Pinion) SCM 420
3. 1Wawmu (Ring Gear) SCH 420
4. 1Waviuly (Internal Gear) SCM 415
5. 1WasRa (Crown Wheel) ScM 420

6. iWauaanian (Bevel Gear) ScM 415
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7. i | SCM 415
8. \ilaeiioFuidns (Steering Gear) , SCM 420
9. 1davdan (Helical Gear) | SCM 420
10. \Waunmuaagiausy (Flywheel Ring Gear) SC 48
twan

11. wwan¥aiwiae (Crankshaft) FCD 70
12. (Wa7L37 (Input’ shaft) SCY 415
13. 1wanaan (Qutputs shaft) SCR 415
14. \wataiad (Clutch/Shaft) ' SCR 415
15. LWa"A4 (Counter shaft.) SCR 415
16. \waWaviWavina (Differential Shaft) SCR 415
Tafa

17. Yadadau (Univérsal Joint) SCR 415
18. Hasam1fau (Cardan Joint) SCR 415
19. Hasagmwnn (Ball Jeint) SCR 440
20. Faiivduians (Steering Kauckle) F‘CD: 30,80
21. Tuat (Bolt) | SC 440
Housing or Box .

22. L%ﬂ?:’ll (Cylinder Box) FC 25
23. 1Aavilavihe (Differential Housing) FCD 45
24. L§m‘§um‘a‘wﬁ (Clutch Housing) FCD 50
25. Lgaﬁun141sﬁq (Bell Housing) FCD 45
26. n1=gnaﬂaﬂﬁqﬁuL§£d (Steering Box) FCD S0

27. MaT7u la1ie (Exhaust manifold) FCD 45
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30. #awifiad (Gear Box)
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32. Control Valve
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33. N7213a9I74 (Rocker Arm)

34. Oil Cooler Jacket

35. Disc Cylinder
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41. ueun@adad (Clutch Pressure Plate)
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Fly Wheel (FC 25}
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ﬂﬁﬁmﬂu (%)
C > 2.0 3.0-4.0
si >41.3 ™ 1.8-2.0
P D.15 max 0.12 max
S j 0, 15 max 0.12 max
Mn 0.2-0.9 0.3-0.7
Ni - Q.2
cr - 0.1-0.6
Yo - 0.4-0.86

5.2.1.20 IVAm@manTT Wanay
1ﬁnﬁ111ﬂ5a§aqsuﬂquann§u§udduﬁﬁﬂq1ﬂLﬁ?ﬂﬂéan111ﬂénau156uﬁ
1% Housing @nvm (FCD 40)
2. \wanBaiwise (FCD 70)
3. Bracket @147 (FCD 45, FCD 50)
4. Exhaust Manifold



37

i [ 4 dl i‘ ﬂ-‘.:-.- lu
wan Housing @147 Mz EivAnvaandn lusnaafintiinas s annitiuiiane
R . { = -3 2 e Lo
finaz 1 thwan Housing uaquan1naumn?a¢nu1iqﬂnuﬁaLaﬂtnquu LTEgniauEas
- < ' . - a M o ¥
wh (fdas a7 iRnvaa L msdensifnedunt i sen e bigenmigudaune
. ' vt 2 L ow ) o o '

o livmnedy BnfivinanvaaimeauineiiTiedis SuiivanvaanTd Wenauun 1E L wae
— - of o =3 1 ' Y] 1 . i
qmﬁuumnﬁqnaa A7 L RAIAN I L WARNWRAL N TNLU1qzuan111Qﬁa FaTUTNTaN

o
- [ a € : = ' ¥
Housing fnaeilquinetitiou i ieeaantrs W iranuaannn i1 vannsn
LuaﬂiaLmﬁaqLﬁuiudﬁuﬁ?uu14ﬂ1zﬁw§q Gasdiniietirtan Al biavaand
=< W -~ X ] LT ST Q -y 1 ey
1:15Lwannawuﬁnaunugu WALUNIINHAYTIM TINTE G duATiA T MmN A BA AT
s [ ' ey o -~ 9 -4 of  of - - = 3
qumaqTﬂLﬂaﬂuaanuamﬂﬂua T T T EwaAiA T tvlle 3 Juwda L tha winvaa
n11 lWdnan (FCD 7O) ﬁ?ﬂuTQntzﬁﬁgeq
Bracket (IMBUAMNERAIUATST  ASRDITULTNNTERN HLL HavunRnivin
AANATUTITALAEN I THLRS A NAUN NS | M W Wdaun9n i L vanvaa L 13 U suas
WTINTEM & Lisnntin uanﬂﬂnﬁﬂﬁﬁguiﬂqﬁﬁuﬁﬁuaﬁnﬁwuﬂﬂéan11ﬁwLwﬁnnﬁﬁuﬂ
i e n a Nw = ' ' -
fanavTugy i # Ran 12 L vanvaan 11 lWdnasume. Taauaniinas 18101 FCD 50
P P | -~ dv ;< ] ' v
Exhaust Manifold ~{inadiy laLasmn L Tududuii JauRa TemiiNTeuma
b v I 4 " Nt - ™ e
1aLﬁaanagunaqzn?aqauanﬁuﬂud1uﬁﬁ wall Thickness NUNNUAT W GTUNTITLTo8R
nniin AW fan | E Taaimasaumiaadautnee- nidaviviawan in Uhiswniouia la
X 2 ” 3 < { '
nw:nugﬁ;wannﬁqia wiat Waunenn 3l ivanvaenT [Wanauums FeinTaivanuil
s s ' 1au =3 ¥
URAIVADRNTRAUG uAlneziti FCD 40, 50  ROuNEUNINLANTANIVANMRENT] Wenay

URHAY WA TSN 5¢3



38
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o WA idq FCD 30 FCD 40-70
anuﬁu (%)
C 2.5 min 2.5 min
Si _ 2.5 min -
Mn ‘ 0.4 min -
E 0.08 max -
> 0.02 max -
Cu - 0.1-0.6%
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1. LR8N (Shaft)

2. 1uax . (Gear)

3.” Tasadenae (Joint)
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taiwnadde’| SCR 415 SCR 420 SCM 415 SCM 420
nﬂquﬂu (%)
C 0.13-0.18 | 0.18-0.23 | 0.13-0.18 | 0.18-0.23
si 0.15-0.35 | 0.15-0.35 | 0.15-0.35 | 0.15-0.35
Mn 0.6-0.85 | 0.6-0.85 | 0.6-0.85 | 0.6-0.85
P 0.03 max 0.30 max 0.03 max 0.03 max
S 0.03 max 0.30 max 0.03 max 0.03 max
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Mo - - 0.15-0.3 | 0.15-0.3
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