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Service properties and damage mechanisms of compacted graphite iron
for cylinder head at high temperature
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Research background and main engineering question



1. cylinder head for diesel engine ]—[ﬂrn—

Application of diesel engine
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High reliability Service properties at high temperature

Silva, F. S., Eng. Fail. Anal. 2006;13:480. Information of Magna Powertrain.



2. Service component and material requirement
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Zhang Q, et al. Eng. Fail. Anal.. 2013;34: 51. Guo B, et al. Adv. Mech. Eng. 2014:6: 862.



3. Material and microstructure
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4. Failure mode at service conditions

Fatigue & oxidation More failure

Jing GX, Zhang MX, Qu S, Pang JC* et al, Eng. Fail. Aanal. 2018; 90: 36.
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4. Failure mode at service conditions [l—[ﬂrn
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5. Question of service property prediction
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5. Question of service property prediction

___  Basquin, 1910 ___. _ Coffin & Manson, 1954 _
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5. Question of service property prediction

SRP Sehitoglu
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6. Simplified and quantified service properties at HTs [ [ﬂrnn

___________________________________________________________

Tensile strength Fatigue strength

Systematic research

12



Experimental methods
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Microstructures of samples
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Tensile damage mechanism and property characterization
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1. Tensile properties of CGI
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2. Tensile mechanism of CGI

In situ ferrite evolution
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2. Tensile mechanism of CGI 1M

In situ pearlite evolution
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2. Tensile mechanism of CGI M

In situ analysis at RT
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2. Tensile mechanism of CGI
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2. Tensile mechanism of CGI BMR

In situ analysis at 600 °C
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2. Tensile mechanism of CGI ﬂmn

Ferrite analysis after fracture
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2. Tensile mechanism of CGI

Pearlite analysis after fracture
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3. Tensile quantitative relation —[ﬂ'ﬂ—

Takeo Yokobori (T<450°C)
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Kogoh S, et al. J. Mater. Sci. 1992 27: 4323. Qiu Y, Pang JC*, et al. Mater. Sci. Eng. A 2016; 664: 75.



4. Brief summary
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Fatigue damage mechanism and strength prediction
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1. Mechanism analysis of CGI

S. I
25°C

28



1. Mechanism analysis of CGI
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1. Mechanism analysis of CGI
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1. Mechanism analysis of CGI
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2. Mechanism analysis of CGI BMR

Typical profile morphology : ¢, = 170MPa, N, = 163812
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1. Mechanism analysis of CGI

S.IIT: (a) 400 °C; (b) 500 °C

Fatigue crack initiation and propagation
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2. Quantitative relation of CGI
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2. Quantitative relation of CGI
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2. Quantitative relation of CGI

Fatigue strength of CGI
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3. Brief summary

Temperature
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Fatigue life prediction model and damage mechanism
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1. LCF properties and mechanism at HTs
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1. LCF properties and mechanism at HTs
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Qiu Y, Pang JC*, et al. Int. J. Fatigue 2018; 117: 450.



2. TMF properties and mechanism
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2. TMF properties and mechanism ]—[ﬂrn
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3. Simply quantitative relation: Hysteresis energy IMm

LCF at HTs Bridge: Energy TMF
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3. Simply quantitative relation: Hysteresis energy
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3. Simply quantitative relation: Hysteresis energy
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3. Simply quantitative relation: Hysteresis energy for TMF [.ﬁ[ﬂ'nﬁ“
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4. Simply quantitative relation: Hysteresis energy for Al-Si ]—[ﬂrn—n
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4. Simply quantitative relation: Hysteresis energy for Al-Si |
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S.Brief summary [I—[ﬂ'ﬂ
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L~ - = e L= Crack propagation resistance
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High accuracy, Less test Life optimization
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Conclusion: Strength prediction at HT's !—_ﬂjn

Tensile strength Fatigue strength
_ w =
g -
= o 2
= £ =
2! 2 g
£ s =
3 ‘S $ m Graphite
.E. gl) gn gerril!c
[ t
E s 2 | =&
. . Lrack.
Slip band: * Boundary sliding = = : G:;i:tl;z:ndary
208 573 719 873 25 400 500
Temperature (K) Temperature (°C)
— (o}
o, =c,exp(—BT)-exp(ATInT), T <450°C a 1
_ fo) (03 =0 -
o, =c,exp(Q/RT), T > 450°C w = Ow \/1 T,

Based microscopic mechanism
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Conclusion: Life prediction at HT's !—_ﬂjn

TMF life prediction

-p(1-k) L
WYa,TMF = A T Kgmech T I/Va,LCF VVSTMF = VVO (VLC% j ’ Nf “
TMF

Vo LCF life g
N, = {(aT +b)} prediction at N, = gt L%j
W, HTs W,
Temperature Strain ratio
correction LCF life prediction at RT correction

Ny =(Wy/ W) P

Predict well Simplify model Optimize well 5
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