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Research on High Si Heat Resistant Vermicular Graphite Cast Iron
Material for CNG Engine
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(1. Kehua Holdings Liyang Lianhua Machinery Manufacturing Co., Ltd., Changzhou 213351, China; 2. Liyang Green Foundry
Industry Technology Innovation Strategic Alliance, Changzhou 213351, China)

Abstract: performance for CNG engines. Shell casting was used to prepare turbocharger housing castings and body
samples. Through the use of multiple alloying elements optimized and combined, the vermicular graphite cast iron has good
comprehensive mechanical properties at room temperature and high temperature, and has excellent heat fatigue resistance,
oxidation resistance, high temperature strength and good dimensional stability at high temperatures. And good thermal
conductivity. The endurance test and loading test of the engine test bench prove that its vermicular graphite cast iron
products can withstand the effects of periodic load and thermal stress, meet the working conditions of frequent idling and
cold and heat shock of CNG engines, and have a longer service life than existing cast iron materials substantial
improvement.
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Tab.1 Chemical composition of high silicon vermicular graphite cast iron

c Si Mn P S Mo Ni Cr
2.5~3.5 4.5~5.5 <0.3 <0.05 <0.02 0.6~0.9 0.5~0.9 0.4~0.8
A% Nb Cu Ti Mg RE Al Fe
0.3~0.6 0.2~0.4 <02 0.1~0.2 0.01~0.03 =<0.05 <0.05 R
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Fig.1 Vermicular graphite cast iron turbocharger housing
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Fig.2 Graphite structure of high silicon heat-resistance
vermicular graphite cast iron
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Fig.3 Matrix structure of high silicon heat-resistance vermicular
graphite cast iron

24 HBIES MR AL MERENK

W 108 58 7 5 (PR BOR AT LM T, AR 1
$c 2 A LK 58 & PEA T A

it P S5 186 . T K S G & i AR 58
sKHF4E 600~700 Cizfr 1000 h LA L, fEFF 100 C |
800 C (%% 55k 10 min) & A rhidiiz 11 8000 K, 1
AT % 97 BB A EARIBE TR 5 358 1 e 7 B 4R 1
SR GUHON S5 PR IRE BB EME R Bk




(HEH AR)11/2021

PERE . T MR Y R R & B AE A A 1R M fE L B

850 ‘C, HJK MTI3 HEIESS 8 000 K 3l & i B 1

BB it AR ] 4 BT R o 8 BRorh i iR 56 i

£8P 5 BTN R IR A e ME 1 Ab B 5 R HE e Rl
wi(e/min) T/C § A RHRH = W AR

98 00042 000 800+ 10 A

100+ 10 p ===t ;
3 lllx 2.1 t/min

P4 v ghoh i U562k

Fig.4 Thermal shock test curve

K ARk (Pl
[4] B 40.5 mmZA: £y

5 4236 F£600~700 °C, 1 000 h)i ,

i 6 oE M 11 Ak B b e B RE
5 i % 7e ik 1 Ak 530 5 10 He 45
Fig.5 The unilateral collision of the turbine casing with the
turbine

3 ABERKSH

31 KBER

(1)K i REAHER R R RE A 4 (CBHER ) WE 4k L&
BRI AE B9 R 58 5T i EAT R iU B B it A
K5 FF2E 600~700 ‘Ciz 47 1 000 h, fE# 100 C |
800 ‘C (4% 5 5% 10 min) % # b 5 000 WK, i §
7o WA w2 % 97 P, H BT 95 M il RO i i
KA CNG % s L4k bt 0% 97 vk B 22 R0, 5%
DR B R Bk Y T R R P R B ATk 22
PO 55 AR EE a6 s FELEIE 600~700 C,
1000 h J5: Qim0 AP 5B ME,©
5k A 0O AR HLRE , BRI 2, ™
R A AR (ML), B #RhdiR
J& , W TE 43 R A A % 97 OF 3 OF 24 A A T
g, HAALZ %

(2)Kk HZ f & 4 Mo Ni .Cr.V Nb i 1kfk
54y D FC A o Tk T A5 B S, LR 1 30 8 5 7
HEAT & s LR 5 & i AR . FF8E 600~700 C iz
71 000 h, #GEF 100 °C .800 “C (4% 5 1% 10 min) ¥
7 8 000 ¥X , i Fe 7E i il 4y bR 4 B4, B JC Sk R %
A, 155 T CNG & ShHURERST S 57 PERE 2K

P 7 A1 548 T 2 B R 2% e o0 Ok A E AT B
RSy R 8 RS A AR LG Y T A R g8 AR (R
A, JC% 55 BRI A AL 7%

LRA, % .CNG ZHAMAES SEEEFEHNAR

bl BUAG 5, VAL IE 40 b R AR 57 T R
JT247 (A i R 0, AL 2 I %
Pl 6 iR fi H BK K, s i (P B ) 5 K P 1R R KR 8 PR 2% 5T
A B BRI BRI 9 55 B0 % S AL I
Fig.6 After bench test, fatigue cracks and oxide scales
falling-off in high SiMo SG iron, high Si (MoNi) CGI and high
Si SG iron turbocharger housing

[¥] 7 2% 0 4 00 008 %6 1 T 2 B 1 ol 2 R AT B R S IR
Fig.7 Assembled turbocharger prototype ready for engine
bench test

P8 £ 4RS00 5 Y 1 e 1 T A8 eIk K R B 55 B M4 Ak
it 7%
Fig.8 After bench testing, turbocharger prototype housing no
fatigue cracks and oxide scales falling off

32 RS

IR 55 10 AR o 2 vl 3¢ 78 I ) 4 R 1E T 5 | Ak
IR R0 05 BB IR . 52 i A R AR 55 1 RE Y TR R 8K
%, FEAG WP —FP AN R 8 IR0 R S
BGPRNT , Ania g0 A4 5 v A Y TR KB I AR AN
HZBARE2E, —RANBHE, BHEASHE
W, A GOWLZH 2 P BR R RE Ak 2E A TR R AE
X HL S0 0 TR A B T R S HLIR SR 6 B AR SR
FA ], B b AS 25 AR R 2 A R i

S BRI 5 1) 35 B N TR DN AR T AR AR B 1
GAREX ()

()M R BPE R SE i 4 Rl B0 55 7= A2 1Y
R A Tt PRS2 A0 7 PG BRI A1, i A R AN T



Vol.42 No.l1
Nov. 2021

<956 FOUNDRY TECHNOLOGY

FHOE Y B RE A B E AR AT R R . IR
KANGL KRB o R TRE R ZE R =
AT BIE KR, i AT LS5 HRH SRR BORE
TR T #4107 3 15 2 i ik 2R R = £ R BB G i
B, A4 RHIR RAE 55 I 5 s PR AR R 5 BE L
JUT R R #AT KRR

(2)FPRME 2 0o BOSE M 4R Al 5 23 AN
), HHU o5 v RE AR ), — 265 SO ER I & it
FUAELE PR ZS X 4 B ST R 97 PERE S B K, 7
Wk, & E&ITR ST X ey , X Lk
P AR LR R R )™ SR o 2 6 Rk B T B
FPPERE A Sl R REUIR, RN A, A —LEk
7Y 5 FER AR 0 2 K 2R B0 22 BOK, FE R R A
TR Ve i I N[ A, AT S ISR SR i A

GO 12 PERE 2 P RE X B 57 1
R 2 M) i K P10 B 145 B I o B L 9
A T ol /N8 5 o R Y B R RN AR R AR B T AR
P55 RE ST A MEAE AN [R] 9 B 55 By BUE I /Y
P R AN [W] e F) 56 B A 00 400 6 80 57 S8 1) i
HE R SR T R 7 R B TR A
FRBIGE SRR MR A B A AR B 57 6
03, B AR P 57 7

(4)PRE B GO A 2L 5 e Hrp 3 R AN
£ £EL RSN R B B R /N AN [ ) 2 RS ) 5 J52 A1 9
P AR ASAH (], A 5] AR ) W 4 5 AN A ) 724 6
B v i 7 AR B S A AN [R] , DR A 8 B AR 57
RESIULAIR], AR/ N oA A1) BELASERRE 57 R S Y
AR AT i S X RSO R A BELAS VA T
ENGLE A W N O U R GRS S ]
20 A R AT ) T B AL ORE B BT B 55 RE DT

5 25 B K FL AT K B R ) 5IR BE R B R A LU
AR IR | PBE ) B PR RE , 3 HK 5 8K
A S B SR PR PR 55 PERE . G SR 06 BRRLA I R
MZEaYERE, TN CNG A& h LI 58 58 4% 0 42
FE7 i i BAE AR

BRI T — R R RE S B VL RE R
SEREGE IR T 7R SN N 1) 8 55 P fiE
FOR R0 G SRR T IRBE T PR RE Y EE R

(1) HE AR L ZUxE B0 55 PERE AR 355 K v 44
P 55 2L S0 I R R AR A AR KA AN [] | RS0 i A=
ZHE P ORISR REBK, MRS H YR E
BZIARALMEN , AR AL EE R
RAMEROCE P sk R R BA B 9 e IR/
S O | DR SR A K Y HE R 1 T RO A
FLA R SR ol 0 SRR R Y e S R Y

S AL YR AE R IR H ok 8 b AR
PR 7= A AR K AN 7 I P AR R B R AR | 7E 1K
S S A A B R R AR B VE R, MEREAR
U i B M 4 AR A i e R Y AR T B R SR R Y
BRER, T I & IR R K A 45 K
A SAVEARIE , RBUIA 7 BV 8 il ¥ kb4 ki) 98
M AR, BHAS RS04 I o T BRI i T 28 5K
INIEM R E AT R b U R R IR
SR BROCIRE 55 W | e kR a1 5%
BB BRI P I BRI B R BT R R,
S HE AR I A k) S AR 2 4 v R
BEAK=90%, BRE R +iEY) <10%.,

(2) 1A PERE XS M FF R RE RO S R R
TSR | R B R R G A B R P 5T B B
TUHK , I 57 P11 5 R R R AR BT A K B i AR
MBS, N AGY R, Hyu»RE 55 MGk
B, WOHEE B A RE R . FIRBUPIR
& =520 MPa, Jif fift 5 & =420 MPa, i K % =>1.0%,
Aii FC A ¥ 7E 230~275 HBW,,

(3) 0% Ak 2 X #0595 M BB A B2 B Ok A
BBZ D LRI I 55 P AT B S A R I G 1 R
i, R S MERB A 2E | BB ER AR AR
FHEEE T R A BRI AL B IR T A5 M RFAE,
BRAL R PETE 70%~85% A B, PLIVE 97 P RE fRc f

BDAEETLEM PRI FTF RN HE &S
B it A B B 2k b 2 R & 8 ST K Mo NiCr.V Nb
RN AL R AV, R TR
B RIREER J12EERE R T R AL s R
P BT AR B KB A AL P RE R Ak TRk AR A A
21 YAk T LU SORLRE | 1 — 2B R TR AL kA
BHE UL 55 HERE

HAVHFRIT & T 4 MM R iREE7C, W ek
BREL RS S SRR REEE A S
X 4 FhF A IR 58 5E 0 TORE B A 3 & sh LR 56
&, BEAT I AR 50 A e P 55 M e It , LT A% 57
ZERNFE 2,

MK 2 ATLAFE I, 26 4 @ ik B %R A bt
95 55 VE B S 4 o ek BH R Bk A BT A% 97 MR RB A 22,
BREREK BRI T A T S e R RE AR, Rl T
SRR 2, HbtRgE o MR IKIREE R
B, MBI 97 PERE S 2 M e X T IV RE A
FHHYIER PR PR B 8 PR 55 M g
U M A S A BB AT, I Z PR, R At
REGF , JCHUIE 57 P RE AR 4F , A4 T A% Tif oo TR 1k B 4 O F AN
ARBTG5 HE LA



(FHiEH AR Y)11/2021 WA, % .CNG £ ARMAE S SHESH ST R *957.

R2EHAKK . AEAERY BRRK SHES AL BHARFTRRER
Tab.2 Thermal fatigue test results of high silicon molybdenum ductile iron, high silicon alloy vermicular iron, high nickel
ductile iron, and high silicon multi-alloy vermicular iron
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