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Table 1 Chemical composition of the QT900-6 material
wy/%
C Si Mn P S Cu
3.5~3.9 1.6~1.9 0.4~0.5 <0.06 <0.02 0.4~0.5
|
=
900 C +20 C
90 min
850 C +20 °C
90 min

B
El #HHoRIAANETZ

Fig. 1 Segmented heat treatment process for the casting
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Table 2 The results of mechanical properties of the
materials

M—EHBNDE, OB, BRSNS, Pi# RiMPa RaaMPa A% 2% Ao
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39 1.6 m
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" 5 ?I 5 (b -—{ b4
g H § ae T
L= 0.8 27.540.42 /A th
/ v/ 5404 oy 16 |
Nl L - — - = o o , l%/ 7‘| RO.2540.025
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(b) VIEHR M whit A

E2 HEissdeRT

Fig. 2 The sizes of the mechanical properties samples
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(a) . (c¢)QT900-6; (b) . (d) QT900-2
B3 S EORBRER
Fig. 3 The impact fracture and SEM images of the samples
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Table 3 Element contents in the ferrite structure

wg /%
JLE C Si Mn Cu Fe
IEXASF 3.88 1.51 0.25 1.25 92.62
EXEP 312 1.36 0.62 12 92.99
BAF 3.27 2.19 0.28 2.39 91.20
AP 3.64 1.59 0.53 1.21 92.32

(a) BRILHHN
El4  QT900-617FHNIZELR
Fig. 4 Microstructure of the QT900-6 material
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(d) HEHLH

El5 QTo00-6:1# k= AREEDITE A
Fig. 5 SEM images of energy spectrum analysis of the QT900-6 material ferrite
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Fig. 6 SEM images of the pearlite of the ductile iron materials
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E7 EHRARLT
Fig. 7 Design of the con-rod model

(a) HBANERT (b) BRBRIEFT
E8 EFTRIITEEASR

Fig. 8 Simulation results of the con-rod
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R4 EFEETHER

Table 4 Strength calculation result of the con-rod

EFF it /kg FRRJIMPa AR5
WP6Rk N 1.545 308 2.017
WP T 1.525 267.5 2.112

WP108GEHT 3.477 327.4 2.14

WP10HX3%E 4T 3.469 252.5 22

E00%k AT 0.985 422.4 1.795
E00IR AT 1.006 310.3 1.857
ARAZEFEFF 2.03 306.7 1.85
ARAZSNERT 2.18 374.8 1.691
D208k AT 0.756 293 1.92
D20#HIEFT 0.762 361

B9 HEIZRITE
Fig. 9 Casting process design drawing
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B (I R R S 30, BT IR . 25t
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{RIRERFER AP EERIC,ES5I791.030 1.00 1.03,
0.93, BEIHFMeEIERERE, WEI2,

(a) HEAIEFT

(b) ERBIEST

10 ZE=FFRA
Fig. 10 The photos of the con-rod

Hr iR

11 Meetr B EE

Fig. 11 Sampling location diagram of the mechanical properties

T RE R ERE S

| EREREMEEES

B R
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Lr.2 0ELEL IR

E12 QT900-6:1kt 4R 2REN
Fig. 12 Process capacities of mechanical properties of the QT900-6
materials
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ETEERIERMERIERE, B2ER
¥, HxhEFEEmNEkiks, S8AmTRNE
HEEERI IR ITEEDH . Ro2RESIKENEM
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(b) kWi
13 EFFRRUTAR(ZSMLER Fr
Fig. 13 The photos of splitting sections of the con-rod

(a) Ml

(a) $IEIRE (b) DIHEREL
E14 BUALRREYHREE

Fig. 14 Schematic diagram of thread fiber condition comparison

MBEEE—HEisTHRINERT, HERGAIIIE
Mo ESNRARER, BRTEENH, LIEM
AIFTZERIREL

2.4 EBREKEMRIRTSEMIGIE
241 EHEHRK

EF IR % & E R MER o RN RE UE
IR, EFESREFEEITH EES KR,
WEIRINZRA" . KIBIB/T 12661—2016 R ANLIZE
SRS E, FMBZEEHOSincoTec1000kNE S
SUEME SV ETES R

EFEE A, NSLEmE SIHIAYIRIE, EFAN
5B BYASRES . BABEHTIAE, i
WA REEEAN0IENZ 2R, ISR FREE
ERELAZT, XIEREZ x 100K, HBERE

RS EFAKETREN L
Table S Comparison of breaking quality of the con-rod

R ik BT i /% VT TR 72 B 22/mm
B 4~10 <2
BRER <1 <15

®6 HMMKKEMESERNER
Table 6 The results of weight of the finished ductile iron
con-rod weight

s Jit/g s Fite/g
1" 1675 1’ 1673
2" 1668 12 1663
3 1667 13 1669
4 1669 14 1674
5" 1668 15" 1661
6" 1 666 16" 1672
7" 1670 17" 1669
8" 1671 18" 1670
9* 1663 19" 1665
10" 1 664 20" 1668

- B e 4

(a) BREONHR

(b) BRECTHH
15 EMHZR AL RIS RAR

Fig. 15 Metallographic microstructures of extrusion thread of the con-
rod bolt hole
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NF100x, WISERBE T, HEIXEEEERK
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EMFHTESRE, SNHEEESRE . ISR INET
P o
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242 BREHR

B BIERE T MR = AIE00EK S0EH EJIRF)
BE—ALHEEN AN aRIEE, KGR
MEBEL: ETFLHEETE . IBEREIEINS; EMFT
SN, EFALNELERE; EF/NLGESZH
HERESR, HEIGHENR . 828K E0ER
BRIEL6, HNERKE LRNNER, BRISEH
et EEN .

RT EVEFREISLL

Table 7 Comparison of fatigue strength of the con-rod

HATHER EITRIEAN KRR SHE LY
WP6HIEFF 152.5 2.62 1.078
WP 141.5 2.43 1.000
WP10%k 44 243.8 2.37 1.044
WP10HEFT 233.5 227 1.000
EO0GERT 126.7 1.99 1.036
EOOMW AT 122.2 1.92 1.000

ARAZHGERT 198.1 227 1.09
ARAZIEFT 181.5 2.08 1.000
D20k AT 99.0 2.02 1.030
D204 FT 96.1 1.96 1.000

SEH:

Ele SRR ERNETRA
Fig. 16 The photos of the con-rod after bench test
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Development and Application of QT900-6 with High Impact Toughness

CONG Jian-chen"?, NI Pei-xiang®, SHAO Shi—-bo?, FENG Mei-zhen®, DAI Xue-zhong?®, SU Xin-tong®
(1. Shandong University of Technology, Zibo 255000, Shandong, China; 2. Tianrun Industry Technology Co., Ltd., Weihai
264400, Shandong, China; 3. Qilu University of Technology, Jinan 250353, Shandong, China)

Abstract:

A new type of ductile iron (QT900-6) with high impact toughness was developed by optimizing the proportion
of trace elements in ductile iron material, using silicon carbide based modifier for pretreatment, and segmented
thermal insulation heat treatment. The number of graphite spheres in the microstructure of the material
increased obviously, ferrite was distributed in a dispersed and broken shape, the solid solution of Si in ferrite
decreased, and the spacing between pearlite clusters and sheets decreased obviously. The comprehensive effect
improved the toughness of the material. The tensile strength of the material reached 956 MPa, the elongation
reached 7.4%, the notch impact energy reached 5.2 J. Moreover, it still retained the advantage of low plastic
material which can be fractured. The ductile iron fracture split con-rod produced by QT900-6 material has the
advantages of good fracture property, high fatigue strength and good weight consistency. The cost is lower
than that of forged steel con-rod. The indexes can meet the requirements of energy saving, consumption
reduction, cost reduction and high reliability of the engine con-rod.

Key words:
ductile iron; QT900-6; notch impact energy; fracture split con-rod
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