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1.2 HERSHEIZS

RERBRATIAN, SHEHITEERLCAIZIN
SFuiSFe SFg=1:14:12, WREHENHED,
XKEETZENZRERE, L TERBEEGL
MESEMN, EBINsRE RN EFaOE NI ERE
1, FRTFFERRE,

FR/NIRRE ORAR . (REEONERREERE
B HIT RO RIRSHNE,; INBIERRRIEE
MECEHHDERE, (FHENSREEEANSNIEE
17, Lo FBEREHFHRIaSURKER, RIXR
BREEOENREESTILUSBIMENE, WRA L
BB TRG . BRSO E, EREXRA
JSCASTEERINF XS #51E T ZH1TH B BT 2 R G
NI ER . HEBTN, 7L, RIASHETEEE
RERENEOE, FHNIPRETIT

2 BELEBETZHR

B R R R E AR A
QT400-18L (40 C ) BREk{, BEEQIEEIMRIE
B SRS SRRAE . PRI REES S

. BRUZBLIET Z LR RGN FHIE 75 H R E
—ERIARSENE, LRI mAdRE M EITEM .

21 EEHRIT

BEMRBRENLFMD EREEF-40 CARIVE
RO EHEERRN2 I EEER SRR N EEE
5. RE2MBHEARKBPUERDEIT. CoElREH
Ask. mAOE0O. BNkEREE. XENE, F
et EERERE, ENsHESELREMEK
X, SipEEARUHERE, BdE2ENESREEE
HEHIE; C. SIS ERFINIREHHES. BEUE
RBLRER . FETZURTIETRASEEER,
—fBw (C) =3.7% % 0.20%. w ( Siwx ) =2.1% * 0.20%;
MnZiEE R B R, FREE. FM, SREAERENR
SRMEMEE; BERKENSE0LURMMRIEERK
Bk sMeE, BAOEE. BF. LSRG,
N 3EHETE0.015% LA ; P ER(ERMERLAIBRKBE
BR, RIEHITE0.03%LLT; HikmPHIMgsLhLS. B
O, AEFTEKMAZMER, #w (Mg)= (w(S) x
0.76 ) +0.025%, EABURHBE £0.005%, EBEKL
TCRUWREFHICe. LaF (BB TTEMINFFNE
LT TRAIEA, REFXBE555 kRO,
PR, EittMgSEAIRMTTEIXBE 2 F1EIEE|

®1 N1FMEE. £HEAR. THENERAER

Table 1 Technical requirements of mechanical properties, microstructure and nondestructive testing of gear boxes

WS HUERE/MPa JEARSRIE/MPa (A% whili D) (-40°C) /T BRIEH/% AR/ SRR/ % BRAH%

AR

QT400-18L 400 240 18 12

=85 5~6 =95 <5  GB/T7233-1987"124%

(a) FARMRSEE T2

(¢) EAEAEER

(d) TAEAEAERLLL
Bl S HNHIE L2 SHERTL

Fig. 1 Casting process and numerical simulation of gear box casting
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MEITTEUTi. Al. B, As. Pb. Bi. Cd. Sefll
TeZEB K. BaE, EERRFPBBER), TEE
RPN EDRERN, RETRNEALENITE
WEEKNBEMEKX, B —CERSFEHERFFR
Ko 23K IERK. KER. IR ERRIKRAE, FaA
E|EREE, BEETRE, £IA0O, PEZMmEKEE
D F MR . RIREBUEAER K P METEZ
FRERNHEAE, FPINMHETEZF<0.06%.

2.2 BEIZRARGE

SR FHIAREIREEFIE KRR BREAAYRD
RBEMH . RASEERNNERBEERNEFNEIESR
L, LURSIKRRVEESEE, WS LR

WBIERT, SO —EEUAIRIM R E T TR

R

B2 feihsinsshg

Fig. 2 Sand mould of bearing cover

RIEBMAIAK, IAkIRETHIREEBR, Bl ‘9B
B aiET; HHRBEIREI 300 CARIIIABESFE
FIRIPEKE, LIBELESEA; PRUEERERINTSESE R
BUSZHAEFEEK, HRRET] 480 CHRIHEITH
BUBNHE, SRAARL-BEGE(UGMSERAVEZER S TR
BEGEER, RAC40SBRIADIT UG MK RAYSEN
Mk, NSHRPIRMTLERE; JEERLEE. B
791 500~1 510 CEIENHITER L . Z2BRME,

BRI NMEIRR (E4) , R RIEED
25 emz B _ BB FIEEE . SRR RIS, R
FESHT4605#13% Hl BB i (3 iR o s e il lhid o= 14
B8, KAZDC2452 - CEYEIE/PHH NI RIR P
tEgE, RFALeica-DMILME £HEMEMEIRHNE
AL, RAAQuanta-200B i IHEB EMIER T 23R, K
FBHB-3000f & ETt A SIS EmUE R EKEE, 5%
[ERTIES910 5,

E3  HEREEERL

Fig. 3 Numerical simulation of casting defects

K2 (RIBHKREIREUER ST

Table 2 Chemical composition design of low temperature ferrite ductile iron wy/%
C Si Mn P S Ti Mg RE
35~39 19~23 0.10~0.25 <0.03 =0.015 =<0.04 0.035~0.050 0.005~0.02
T JBERIESI: 0.8% ~ 1.0%; IR R BN S B P C ot o
®3 REHKEEHEPHMELRIRATENRKAE
Table 3 Maximum value of trace elements and impurity elements in low temperature ferrite ductile iron wy/%
Cr \% Mo Sn Sb Pb Bi As B Al Te
0.05 0.03 0.01 0.02 0.002 0.002 0.001 0.02 0.002 0.02 0.003
2.3 IFRIBRCERIEN TS
AR R AL HMLERSBRAA R 2 -
BIIREFAEZMN A —FBEE DT 5% HFRRDHT F_‘I:Ilﬁ c/“%/ht
RANERREZN ARSI UCRKRER ERFEN i
hRYSEIMS , ARIRIBCAIME ERHEERTIR I =
EEMBERRIUERDTINZFERE, BTN EK I
AERS, TMYEERETURKCE, MERRNG | S
AC. SIZERFRNZEMR. BERARLNFMEE |
%, THARFABCABEADITNEL DT ZE L ]
REMSREERE, AR A3 min IFRAALR = =
. BRURB. BRUESMEIEIR" . BISEROITHE B4 BRI REE

MBS LA IR IR I o

Fig. 4 Schematic diagram of attached casting block dimensions
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Fig. 5 Spheroidization rate detection online and thermal analysis sample cup
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BEEEMMERETFRCGETZ . 28RS
WIE T 2 E 2RISR BRI E B2 EFN-40 CAIV
AR O P EENEZRARERE

(1) FHEECRS . EELREF, ITET
HBEINYVERE, RBREXEINE (B6) aEsi=L
SEEHTEMAE, BUBENSRE (H/D) XF
1.2, DRFEMNBITERORKY ., EEENISES
FINREMN XEGR TS, Ea0EE EINERERE
S5, DB TiReS SR EFRF .

EREFLAR/NITESER (1) -
D=22 (W-t-h"?)" (1)

P DARKIALER, cm; WHLIBH%KRSE, kg; ¢
RHEIRERRRITRKILATE, s; hhBERRRS
&, em. AFAZRE: WH380 kg, 1930s, hA10 cm,
BATL (1) BD=44 cm ( EFRIEHBS em ) S

(2) R Z2BRE ., EMEENREEIEE
SEERIMITABAL.0%ERF (ERESS00ERIF -
44%~48%Si. 5.55%~6.15% Mg. 0.8% ~ 1.2% Ca.
0.85%~1.15% RE. Al<1.0%, ¥IEH4~25 mm) , Bk
13 L BER0.6%HIFeSi75, BEEZI3 mmERIH%E" .
EFISERIANRE LER, BIEARANZERN
RIS BERAF—MROMR, SR RE EF R
ANBERAFIMITA, EEEERUT, BTG
I00.4% SN2 BE R (72% ~78% Si. 1.0% ~2.0%
Ca. 2.0%~3.0% Ba. Al<1.5%. ¥IE3~8 mm ) #H1T
FHEZE,; EERRB1%MmEZRET (70% ~76%
Si. 0.75%~1.25%Ca. 1.5%~2.0%Ce. 0.75% ~1.25%
Al. S&O: <1.0%. HIE3~8 mm) HITHERZES.

2.5 RE5ITHE

PRFTREEHITEL 350~ 1360 C, FZEATRA
BERZE RN 1%REZBRHTERES .,
FEFREEE O LR EITRIE, NIRRT

(b) REFEN

7 SEEERORT [ EHEHITES miny . E7RIELATEEEIK
WIEMRE R B AR . SHEHREREZE300 CLUT
iNpag EEARITI

3 FER5Hie
3.1 Bk, ALEF0MHEE

FA4EZ XA EHIER AR EFRIS AT NI R
SHEHENUERDMAOFMRE, BRREREHEHN
EHEBELR, RFIFESHT I, ZHPEAEMn<0.19%.
P<0.03%. $S<0.015%, =@ RIEF-40 C

VR AR E
) b4

B

Eo FAKMCAMEEEHEE
Fig. 6 Structure diagram of new spheroidization package

E7 BRiLLIE

Fig. 7 Spheroidization treatment
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RVEGOSENE=12 INEE®RRIMBKE
QT400-18LTHRM T RIFAIRIIR M HHRIRALR
E. BEREBEMEIKESFSIERENR, -40 CHHVA
ROPEIMERERI2 LA L, SRELRFIEN: A%
BRUCRRI2 ~ 3%, AIBRKNAS~TH, KRAKESE
=95%, EHRIFHEELER < 0.5%.

3.2 HORERGFMAAR
MEIRALEITAFRTOAZER (B9 ) F1-40 CihEn

FEErERZER (o) AT

(1) HrfRlT OB 2R A SR ARIRAT]
=, OS=IRE R A LECAINS Rz L £
ETiE, aEsaERNEEEESHRIBIE
Hp RO R, HIRREHIING, REEBET EE
MPERAEFE, BNOSRAEEEARREE,
LA T REIR I L Fe o RO I BT . I A EhT
RimB RN E TR A RIRE RERRIRTRIR, A
SEIRUEN0%~95% . B AEEIRD, FELRE

R4 EHRSEIEREFGHHOUZR ST FE MR

Table 4 Chemical composition and mechanical properties of bearing cover and gear box castings

G % JiaEbiRg (B3R )
s C Si Mn P S Ce Mg HIBsRE/MPa JEHRSRE/MPa K% whdih/ (40 °C)
382 201 011 0021 0.009 0.007 0.043 413 262 25.0 12, 14, 12
376 196  0.14 0024 0015 0.006 0.038 409 254 21.5 13, 14, 12
384 198 012 0026 0.014 0.005 0.045 410 260 23.0 14, 13, 14
3.87 210 0.9 0.019 0008 0.003 0.046 418 265 220 13, 14, 14
386 200 0010 0030 0013 0.006 0.042 422 275 21.0 13, 14, 13
e
3.87 206 0.098 0.029 0.013 0.005 0.048 416 259 225 13, 12, 12
389 209 0.096 0020 0.007 0.008 0.046 413 258 21.5 13, 13, 14
385 211 0010 0023 0.007 0.007 0.045 424 278 23.0 13, 14, 14
3.81 220  0.097 0.028 0.008 0.004 0.044 417 262 220 12, 13, 12
387 218 0.118 0.029 0010 0.005 0.047 421 271 24.5 13, 12, 14
372 222 010 0.026 0.001 0.006 0.033 430 282 232 13, 12, 12
378 221 0.0 0026 0.008 0.006 0.033 408 266 23.5 14, 14, 13
387 218 012 0029 0010 0.005 0.040 406 257 22.0 14, 13, 13
379 221 010 0.027 0.009 0005 0.037 407 259 23.5 14, 14, 13
385 211 010 0023 0.007 0.007 0.045 410 269 22.9 13, 14, 12
ik VS
373 212 010 0.026 0.001 0.006 0.043 425 276 225 14, 12, 13
384 203 009 0029 0010 0.005 0.046 418 264 23.0 13, 13, 14
387 218 012 0030 0.010 0.005 0.040 416 257 215 14, 13, 14
3.81 224 009 0028 0008 0.004 0.044 424 273 220 13, 14, 13
385 211 0.0 0.023 0.007 0.007 0.045 420 274 235 12, 12, 14

(a) fIJE

Els AAsHRISIRAR

(b) HEAZH

Fig. 8 Metallographic structure of gear box casting
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®ig, RWEASE THIREBAENERX; O LEE
REPETINFERXE, RAEEARNEETEAT
7, Y RRELT R ORM,

3.3 BAFLIETZ

BT REUEIEIFR . OBk SR SRR
SHMIEFBEAT 2 E SR GC R AR B RS R L
KK, SHNZERN. RAaZefNA, B87T

BHASRMWERE, 1BINT AERESTNRE R
ABUWRKNE, BIHRIET ERERNSHER.
TEBCIIBER, FHLICE00 CHIREXLIEXS
RIBEXAIE ., RBEXIIBTZH: #HPFEE
750 °C, {RiE6 h, FENILEIZE600 C, HP=L.

3.4 HHRERSIIGIE
El112EFRNe AR ARmEEEd, A
BERRBUIRNES, SRETAEBARTHESE

L. EERE, FEGB/T 7233 - 1987FrER2R Rt
xR, BRI HASEHHBRIIIIR, BIER
WESERRHIEMHEIE T 270 &% 7R E 8 DR S
FEANEREHRRE RN ASMRKER, MEARLE
SRR T BRI gE FLAB A TR

&9

(b)

RN MR

Fig. 9 Morphology of tensile fracture at room temperature

(a)

(b)

(¢)

10 {EigP kT N R
Fig. 10 Morphology of impact fracture at low temperature

(a) WM

(b) ffhRGEHT

(c) fiflise

11 RECTarR RS FH M MRS IR

Fig. 11 Gear box and bearing cover castings and dissecting test block
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Manufacturing Technology of Low Temperature Ferrite Ductile Iron with
High Toughness for Rail Transit

WEI Dong-hai, LI Ke-rui, LI Zeng-li, LI Tong, ZHANG Liang-liang, CHEN Zhao
(Zhengzhou Research Institute of Mechanical Engineering, Zhengzhou 450001, Henan, Chain)

Abstract:

The study of manufacturing technology of QT400-18L(-40°C) nodular cast iron was carried out from the
aspects of casting technology and smelting treatment technology. The researches show that the shrinkage
cavity and porosity of castings can be effectively eliminated by enhancing the effect of solidification feeding
with small neck insulation riser and cleaner agent. Strict composition design, selection of furnace charge and
optimization of batching are precondition of smelting high temperature pure iron liquid. It is an important
solution to test the spheroidization effect of molten iron on-line by thermoanalysis technology. By using the
new spheroidization treatment equipment, instantaneous inoculation technique, low magnesium and rare
earth spheroidizer, high calcium barium inoculant and thioxy inoculant, the nodularization degeneration can
be effectively avoid, the spheroidization effect can be improved, and The graphite balls and graphitization
autoexpansion effect can be increased. The ferrite ductile iron castings with high toughness at low temperature
such as gear boxes and bearing covers can be produced with above technologies, and the V-notch impact
values are stable above 12 J at -40°C .

Key words:
rail traffic; ductile iron; low temperature performance; gear box; spheroidizing
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