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Effects of the Revolution Speed on the Mechanical Properties & Microstructure
of Cr-Mo Steel during Vertical Centrifugal Investment Casting

Yong-Hyuk Hur and Hae-Wook Kwon

Abstract

The effects of the revolution speed on the mechanical properties and microstructure of Cr-Mo steel during vertical centrifugh
casting using investment mold were investigated. The casting yield, tensile strength, hardness and absorbed energy during impact
test were increased with increasing revolution speed. The effect of mass variation caused by the change in the revolution speedn

the grain size was the most significant
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Fig. 1. Ceramic shell mold for vertical centrifugal casting.
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Table 1. Aim composition and the amount of addition (wt%)

a0 o el o s o element C Si Mn Cr Mo remark
o $5ES 1% TEA $ES] S F A TEE Gincompostion 040 035 075 1.0 023
£ 2%E 7M. B o83l A ¥HE o (Wt%)
3 z2}yz} 57}]2] C{_]?;_J; }s]lﬂ R_ﬁg’ -‘—g——zﬂ AlH _1_,3_63 k=) addition (wt%) 041 100 150 1.1 024
Table 2. Chemical compositions of charge and materials added (Wt%)
addition clement (%) remark
maternal C Mo Mn Si Cr P S Fe
steel scrap 0.045 0.005 0.25 0.017 0.063 0.006 0.001 bal.
return scrap 0.042 0.23 0.69 0.32 1.00 0.016 - bal.
Fe-62Mo 62.7 0.72 0.034 0.10 bal.
Fe-75Mn 6.72 74.00 0.50 0.35 0.005 bal.
Fe-65Cr 0.081 0.68 65.38 0.03 0.003 bal.
Fe-75Si 0.085 76.37 0.03 0.003 bal.
C 99.80
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Fig. 2. Centrifugal casting apparatus.
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Table 3. Result of the analysis of chemical composition and recovery (Wt%)
element C Si Mn Cr Mo P S Fe remark
average 0.40 0.32 0.78 1.00 0.2] 0.01 0.01 bal.
addition 0.41 1.00 1.50 110 0.24 - - bal.

recovery (%) 97.5 32.0 52.0 91.0 87.5 - - bal
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Table 4. The effect of revolution speed on the yield.

revolution melt weight specimen weight recovery

speed  (kg) (k) )
0 rpm 14.0 1.00 7.1
200 rpm 8.0 0.94 11.75
400 rpm 8.0 1.00 12.5
600 rpm 4.0 1.00 25
800 rpm - - - overflown
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Fig. 3. The effect of revolution speed on the yield.

= upe) 7} A Sxrl FYREGE 7189 vl
Z3ol F7te] of AR 600 rpm¥ o s AF
3= Fol| X7} FAEH.

3.3 7|AA M&E

0~800 rpme] WA 200 pm ZHH22 3H &%
£ H3RFIEA 3] QA FE3) 3§27 e ¥
B kel QA A%, 4 F5 olvix] 2 B 7
9] W3h= 77} Figure 5, 6 I 7oA} Ho|: e}
2}, 3] &5 S71ES ol Z1AIA AR Tk
71l oA wiM A #HF AR A 5 3

= upel o] I w7} FHIRE AYY 2

Aasigy] e Aoz Az,

Fig. 4. The effect of revolution speed on the solidification profile of runner. *overflown for 800 rpm



2148 A535 (2001. 10)

- 301 -

140

mm yield strength
EER tensile strength
120
& 100 -
E
E
o 80 -
X
c
5, 60
3
5 401
7]
20 -
0- t
200 400 600
revolution speed
Fig. 5. The effect of revolution speed on the yield strength &

tensile strength. *Specimen was fractured due to tensile
stress caused by solidification contraction for 200 rpm

impact energy (J)

200 400
revolution speed

600

Fig. 6. The effect of revolution speed on the impact energy.

400

300 -

T 200 -
m

100 -

800

200 400 600

revolution speed

Fig. 7. The effect of revolution speed on the hardness of

specimens.

ol o} AAYo] HlAskdAs). Ha

(39)

3.4 DM == s}
Figure 8ollA] Mol uke} Zro] 3d £k} Fvijt
&9 W3l
wE g T ZAAY =7])9] W3 Figure 904
Hole wle} 2o

BX T wE S A7k AelE FAE] H
dte] BE WFE ol 2308 92 FHS M
T rEEE 2R 949 SAIE AT ¢ U "
AEe] 3 e A= sk dAe WA
Tl 2

Q

T

2°T
t 2

ox

og7|M o & F3 F A Alg, K2 T3
QAEE, p 2 FYH 45, &= Al 28al x5 F
SeolMe) Aol o] GHY WAl Az F
434 AN Fohe 9AY SEL et 2ot

%),

A7l g FHY §E, A FYH-55 AdY
o, Ty 88 25, Te AR 28 C 2 F
3 Q2o vldelth, F30 8 Fojer HE
w52 L A vl ot w=hA

=am

()

K p C
=_ | mm ner T
Ty =To)

2)

g3}

L
L

q _ S
( A)x=o = -p,HS. 3)
7)ol A S& -3 559 FAelo}. weia A

A 23 Tl okt e Azt AJe] dolalnt,

T,,—-T,
( oA OJVK’RP'"C'"“A
A

F7lelM p Sk MY BE 22| H:= &
Fgolt}. o] AFENE ®HE WY FAV FALS
T S Aol o] ZAAE & 4 Qe o7elA S
& V/IAZ dAsl & o537 32 Chvorinov 4]
S E2HE A SN BEE ¢ UH(5-6).

)

2
) (comer)
Ty-T, kmme‘m

4)

! =
(5)

C



-302 -

CrMoZde] 44 4 A FaNe] 24 9 7144 4] nlAs W £%0 % - 549 - W

(b) 200 rpm

(d) 600 rpm

Fig. 8. Effect of the revolution speed on microstructure.

600
—&— Grain size (10¢m)
—O~— Thickness of runner (107 m)
500 - (\ T
400 - \
300 - *~ XN
——
200 O\ e
) —
AN
100 - \\8\ — e
~
0 , : l , e
0 200 400 600 800 1000
rpm

Fig. 9. Grain size & Thickness of runner with the variation of
re-volution speed.

g7ledlA, C= FY3 35, 73 A5 d 73 &
%ol thdled YA ARpolt. 200, 400, 600 2 800
rpm®] TZANA AL Bxe] Tl o A 12
A1ZEE 2z AA] Aol Blee] 8- AJzke 75,
50, 29 ¥ 13%E. JeRit 5 ©§xo] FAr} 73Ag
o we}t &3l Ade gk ZHAslal dAY S5 &
71t Ael7] wiitell $ar A|7F FA3%] FAseid)
33 A7k v A oJ3kS UdY] $sled v
Al A L AJEE A2 FHolA 34 &xo W

(40)

L R R T S L R |

(c) 400 rpm

(e) 800 rpm

Bl whE O HA7 7Rl 4EH e ARSI
HA wA7F G2 Feddel slel FAskA e 7
Al 3)H (rigid body rotation)e]E} 7}Asl WAl
o)t Qe Thes BT

)

q71M, 0 AEE, o= FY Jl&E a8l
pr F%2 Uxold. A =71 200, 400, 600 X
800 pmA &) -2 Z}7} 197, 146, 4208 H
805.8 atm®.&. eI, 8|3 Clapeyron AlL o] 8-

sle] Qgie] WMol WIS 44 oo Ws} HEES A
A¥SISIEH4],

(6)

1 2
- X

AP = P(gy-z

AP~ H

(7)

-
gl

od7]elA v, & zyzh A Aol ula o
o} 4% 5= o lam% 9F 6.74X10°KEE
AMEl Chvorinov 4] (1] H1ddk Ax} &1 A)7b
o] B2 WA ok 3] 455 4 4 U
[5-6]. WA FAH &X9] W3lo| W BE T
H3lol] oj3l Ak wsle] o3gke] 1 wW3lol] 23t o
A X8 W3lel| 28l E:  hydrodynamic




Vol. 21, No. §, 2001

Journal of the Korean Foundrymen’s Society

- 303 -

conditionoll A AR SR 23} 7X)7} T g
elsled e A4 APl de) e o

Aol Hlsl] AR o & A & 4 -

7
X
2l

—

h

4.4

B AY F=2 F3E AME 3 Y4
FZA| 3A &x0 g, ZAA A 2 oA £
Alof] wjA]= oFFFE FAL A3l o2 Fe AE
& g+

) 789 3AH &£x71 F7HEel ol 1.0%Cr-
0.2%Mo7}e] F2F 3|9-8o] F7II

2) F82 3A 457} VIRl ule} QA A=, A
= W 24 F5 MAA Fvleigd

3) 39 3H &=7} 1Rk el AAY =]
7} ZAaside

4) 33 &= W3] ulE v Fre] W3l o
3t A W3le] ZAY Z7)el vlAE= g8kl 71
o},

(41)

5) W] F sl oja Alse) W} S B
d, QUG $E P 43 Azl JEpe T <lald A
A7) 27)9) Wl mlAE il S 2 Aoz o
et

2308 s

[1] Metals Hand Book, 10th ed., vol.15, ASM International
(1988), 296

[2] Ebisu, Y., Trans. AFS. vol 85 (1977), 643

[3] 744 "FE2FEN, )T AL (1995)

[4] B. Chalmers: “Principles of Solidification”, John Wiley &
Sons, Inc., (1964), 2

[5] G. H. Geiger, D. R. Poirier : “Transport Phenomena in
Metallurgy”, Addison-Wesley Publishing Company,
(1982), 362

[6] Frank M. White : “Heat and Mass Transfer’, Addison-
Wesley Publishing Company, (1988)

[7] S. R. Chang, S. H. Huh and C. P. Hong : J. Korean
Foundryman's Society, vol 20, (2000)

[8] W. A. Tiller and S. Ohara : “The Solidification of Metals”,
Iron and Steel Inst. (1967)



