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E: NET2M-40 CHBHEIKERH 4 QTA400-18LAQT500- 7L RHHE TS . ERTE.
BETZREFRERHEEFIRENXEET TR . -40 CBREKSKFHESREER
IFRTEIRHITE92% LA £ o 1540 CEB{EISIREGEM £, H—FWRTHE. &. BiIAmI-60 C
BRI D EEIMERISNG, FXIMIEET T 2.
X 60 CRBIER; Hs1Z; (RIBEREL; b=t

IER, HENEREFWES T HERNME, 2%, 5%, MZ&E. Wi
EBNNFETHEITE, SEBEEAX, ELMXEZEFNEEAIAZE-40 CUT,
EFNERTRERZS EHEE, WBEONERKEHFHRELHEASEHHNEKE
REMRNESRbHEESY, (@H T -60~-40 CHBEERBHEHUNORELE. T
ES IR SN B R HISAFRTIIW 065—2015 ( AT AtER EERBE A A E TR
£ ) MHPEHEDS B BUATRET/CFA 02010103-1—2020 ( HiEsBAKIR%
ERIRBERME) , MET -40 CHRIEERBEHHEAIER . ANEENBHANT
fE-40 CHB{RRIREF R AFNAEFIRIEFI ALK -60 CRBITREKEA PEHI R
AR5

1 -40 CHEB{ERREREMFAE =iz
11 FmEAREX
111 EhiSEess

MIEREN-GJS-400-18LT, #MEINZMEEERIFEL, HHRERERERHRE R
T, BHNELPTR, EREEERS~12 mmAfs, EE130~170 kg, HHEHEEUE
HFRE#,EEN 1369: 1997#EL-24%, WERRE#H/EASTM E 4465LASTM E 186 E
19245 ,

xL MRS MERES

Table 1 Mechanical properties requirements of materials

kL BURisE HUE vl IS ~40 C il ol

iS5 R,/MPa  S®PER,/MPa  2RA/% RERLKV,N
EN-GJS-400-18LT 400 240 18 =12 (=AEFEEE) =9 CHtiHe )
EN-GJS-500-7LT =500 =320 =8 =4 (ZAEFREME) =3 (HulilRe)

112 MZEEE

FREN-GIS-500-7LT, #HINFIERLERIEL. FIHMELTR, EFEE
10~16 mm, EABEZ88 mm, $H{FEE290~390 kg, FHFRMEFEEETEN 1369:
1997HIERI2R ERK . WEBREIZASTM E 4465LASTM E 186 L EAISRRESRIHIT




20234 F120/572%5

(a) 9 600/Nf1A (b) FRNtifess
Ell R EAR T R E
Fig. 1 Product structure diagram of rail gear box

(a) JEHL3OMEANTE R4
E2 MEARHEr mESoE
Fig. 2 Product structure diagram of locomotive gear box

(b) BAHL30MIHIE T 4k

FE .

1.2 HBiETS
121 HEhiERsE

KABFEHAXNFRERG, YAy YA - YAx=0.8:
(12-15) : 19, [ERMEAERREL, #xEkhm
BRK. AFEREMBEKR, SERTERETRIRG
N, FEEIRERM RSB R SR DR FEH A .
BEEITE, T28EELREN200 MR AFE,
FEFFR, XEE. KM ‘%27 R, GREE
TIXREANHSSREE,; £ NE=S. EHEAALES
IREEN, AEaMEMN THAZHIRERK, B
R T IR, $hET ZUEBFxR.

(a) 9 600/ A 1At (b) 9 600/MEIA A 1A
E3 E. THEKRBSTIZE
Fig. 3 Casting process diagram of upper and lower box

122 WEERHE

XEERENNETLIE, BT, B EEE
X REHEMSE, SRETRNTEHBIE=M
%, BT REBTFELRBINE,; FREBTAEE
ARITEO. 2%, LT XIENE=—NHEILS

I"Z":B'Z* FOUNDRY

MEINEEHBERR AT RINE, ARIR T B4 AR
URYZEFLGERATRIG, HIE T ZE4FR.
AEHEHRMERRE, EE4D, TR,
NREEMREESHIEY . S BRETHERENR
B, BEENKE LA, BTMLIRFERESE
WiRE . ZIRIT R TR, BERSEERLIRE .
#EE, LHREEREEST M, BFTIFEE
MEO/NNE, FHERNE . AR IRER,
BERAEFL . FEIN . RIRMIRARFHERE . MBS
WixE, HERREMINBEIERIIR . ERERML

RAKMMREED, REBMIERINSK (E4) .

(a) BHL30 4l AR (b)) HHL30 il = F A A

B4 KMBHNFERERHFETIZE
Fig. 4 Casting process diagram of gear box of large axle load locomotive

1.3 EBBTZ
FERXBLRKBHIEYFITISE, EWiER
SiO, B 28 AMNE, KENEFZERII5%AI40~70
B=/E, HIHEER0, K2, *EFIHIERIE
iiEE, EDIMRROAREWIEY . BHFIAEREE L
I, WREINAENER0.9%~1.1%, BE{LIIINAE
FPIBERT30%~40%, RANRENIERSE1~24 hNsaE
MEEMLF S EREINRE R/, ERELXIESET
AR EIREEE, BETEWFNEE, BOm
L HER, REWMIEEARMEESHIES, KREL
FIF AR ES . FERRESRE, REANIEHRS
R2 AMEHIESE

Table 2 Physical property parameters of Dalin sand

SiO, T H/% il TR % B %

>95 1~1.2 0

R3 AEWEEARMEESH

Table 3 Basic performance parameters of wood-flavored resin

WRE R UiFEs TR pH  HK
/(grem®) [/ (mPa-s) W% R {E %
1.15~1.221 82 38~42 <0.03 <0.07 6.0 1.50

x4 RHEMLF (XYGD-09) HAIEHR
Table 4 Technical index of low sulfur curing agent ( XYGD-09 )

WL (g-om®) K/ (mPa-s) BRI /% (LIH,SO,41) WEssiz/%

1.3~1.6 <40 40~44 <18
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1.4 BEITZ
141 WERD
—40 CHBEEIREA R E B FR D NS .

142 BEITE

(1) WPtBcHl, 1ZERF= I R AYEBERER AL
FHROREPIFENEAQIOEK .. MIREKIAAKN
(Q/QYSJ-386-2019 ) . MBIAELAEIBIRF. (IREREL
IR 2Bfe. iR, AEEE (3R6) , HAREWRAYIN

RS -40 CRIRBKRGM B EZUFZRS

Table 5 Main chemical composition of -40 “Cultra-low temperature ductile iron material W /%
BREANL C Si Mn S Mg Cu Ni
QT400-18L 3.3~3.9 1.7~2.3 <0.2 <0.035 <0.02 0.02~0.05 0.3~1.2
QT500-7L 3.3~3.9 1.7~2.3 <0.2 <0.035 <0.02 0.02~0.05 0~0.3 0.5~1.5

®6 MPRILER S

Table 6 Chemical composition of the charge w;/%

ok C Si Mn P S \Y, Ti

Q104:=% 439 054 006 0.022 0013 0.01 0.03
ik 421 009 004 0.031 0.005 0.01 0.01
J5 W 016 017 061 0.015 0.009

ANE0~50%.

(2) 184, SIEENSIBRFNMATIFA, A
BEMANER. BlkE. @Rk, FEIBEHANER
BRIBEFIHTERNE, ZIBEREILE]L 530~1 560 C
R fTERFRE. g, BIAGRNER, FH%R
IREIAZI1 500~1 530 CFLFERL;

(3) IR R ZEBRIE, RN . 287 (*
7)) MBEFMORIMABRECEBIIRHAFELEF, N
NEEBI 5B 91.1wt%~1.3wt%, 0.5wt%~0.7wt%,
0.4wt%~1.0wt%, RPN EZSBRUEEETIZ . &%
BD22REE, ELESSHRREEYANGKRE, AEH
BEBUREEERTERONEREE, FERERK
RESZEREEFEE, FEAREFMAKREN,
BAZEBFININAE PR EERI0.7Wt%~0.9Wt%,
AEHTR TR, ER%kEE, WERKRHT
WEE. YUE, BHREEIXEL 390~1 420 CHIHITIR
p N

R OBHAF . BEFLERS

Table 7 Chemical composition of nodulizer and inoculant
W /%

WiH Si Mg RE Ca Ba Al MgOo
Bkik# 44~47 4.5~55 0.6~1.0 0.8~1.2 1.0 0.4
ZHEH 65~75 1~12 1.8~2.5 0.6~1.0

(4) FIRELE, BRUZEELER, %ikE
HESARMEHRTET, RIS TERZES, I
AEN0.1%~0.2%, ZFERE, FHEEBRSANER
E <300 C, FEEIERE.

1.5 TiEREREG
151 FRELEL

BEANFEISESIRML 29N T, EHELETEFALL
WEIZFEITY . PFEMA. TZ2REE. (FIESHE
FRECEW SIS, ST REICRIT.

152 #HIEHER
SEHENL: NRiETE . BESIE. ItxE
B, BEEESEsHEEVELHRESIEHE (Bb) .

L S miE N TR I
- ) 2. IRS, CRCCHHHRFRE T
fg,ﬁ 3 B LIE . BRI A
i 4. RAHE S, SHb IR IR B s
;;" IR
il 6. 1l 5 5 B S bR e A
W 7_BE RS H BT
% 8. H R bR
9. U BRI 3 A 2
Feh FATH L 10, 7= Sh 0 s A

Es SErEEEtitiE
Fig. 5 Mass production quality control plan

1.6 £FHRE

BIdX92018—2021 G 84 AY-40 CIRIBEREAL
RENEFRESETRIT. AERSTHM, WEFH
43 78914-40 CIRREBKEAECAEHITHINIR (D, BI&=
100%; SHEEIRGERZRIT%LLE, HMEEKRZERII%LL
E, ZERmER2%L L,

®8 -40 CIREKRKERENESRESIT
Table 8 Production quality statistics of -40 °C low
temperature ductile iron gearbox

AR CTEM RTHAH MG oRey
I /% K% 3/% iR %
43789 100 97.87 99.85 92.75
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2 -60 CHBERIKskhEHHERE
RiAR

21 . 8B, BRmEXhEEMEAIEIE
>BILAQTA00-18LT (40 °C ) FIQT500-7LT (—40 °C.)

HNEM, IEREH—ZTREE, T-60 CHEHET, &

SRR, . BERATTES M RMEIR D rxa =2

Mo SN R ZE R D TEE IR, ERABARS

B KTF 5% EHISRRIRFNABK R AR+ B LARNR S
AP TI3R10, #8100 kgAY SREE RN IAE, e
19925 mmBEErRAEY UL, MBI ARSI I

FHIE, ATEREDFHNNORRZMLRER,
BRAFVISE, BRIRE SRR .. HREAER
PEAFRIEIS%LL L, BRIEANESRIL L, AEEE
E7£100~300"Nmm?, FASLERIES-9,

F9 SMBREMEPERE R EZELZR TR
Table 9 Main chemical composition range of three ultra-low temperature impact toughness test materials  wg/%

AL C Si Mn P S Mg Cu Ni
QT400-18L 3.3~3.9 1.6~23 0.05~0.25 0.03~0.18 0.003~0.02 0.02~0.05
QT500-7L 3.3~3.9 1.6~2.3 <02 <0.03 0.003~0.02 0.02~0.05 0~0.3 0.5~15
QT600-7L 3.3~3.9 1.6~2.3 <02 <0.03 0.003~0.02 0.02~0.05 0~0.5 0.5~15
R10 SMBRIRMEIIEHRIEM FURE 19 TS
Table 10 Material states of three ultra-low temperature impact s 0
toughness test i 2 )
17F k'f"./—'
B WA SHHHA
16 -
QT400-18LT Bk >95F+/D P ( FE R IRA4)

>60F+P (z%u’fﬂz%‘ﬁwﬂz
BRI+ BRI A
>60P+F ( q%tﬁ}k;‘ﬁﬁiﬁ?

QT500-7LT HS

QT600-7LT S

B+ R AR a Al
19
18+
17+
16+
15
14+
13+
= 12} QT400-18
= 11F
'g: QT500-7L, N
8 \\
51e— —F — - - )
4t s e R =
:: L ~3%
T 16 1.7 1.8 1.9 2.0 21 22

Sif%

E6 SiStEHMRRPHEERIXER
Fig. 6 Relationship between Si and low temperature impact properties
of materials
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WEGRTN, FREIAEKEAQTA00-18LAYFHHIMERE
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KV,JI
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E7 MnSHRMERREEEERIRR

Fig. 7 Relationship between Mn and lowtemperature impact properties

of materials
16
—a=—4.0C
i —o——6.0C
12+
S0k ;
< \
8 QT400-18L .
K,
| e \\'

?)_nz 004 006 008 0.0 f).ll2 0.14 0.6
P/%
E8 PSMRURIRPEIIERERIXER
Fig. 8 Relationship between P and low temperature impact properties
of materials
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Fig. 9 Relationship between S and low temperature impact properties
of materials
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Study on Production Process Control and Technology of Ultra-Low
Temperature Ductile Iron Casting

ZHU Zhang-feng, YU Guang-yuan, FENG Xue-ping, MU Yan-qging, DENG Han
(CRRC Qishuyan Institute Co., Ltd., Changzhou 213000, Jiangsu, China)

Abstract:

The key control processes of two kinds of -40 °C. ultra-low temperature ductile iron QT400-18L and QT500-
7L products, such as casting process, molding process, melting process and mass production quality control,
are introduced. The comprehensive yield of -40 °C ultra-low temperature ductile iron castings can be stably
controlled above 92%. On the basis of -40 °C ultra-low temperature ductile iron, the effects of Si, Mn, P and
S on the impact toughness of -60 °C ultra-low temperature ductile iron were further studied, and the influence
rules were analyzed.

Key words:
-60 °C ultra-low temperature; casting process; low temperature ductile iron; impact toughness
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