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Abstract .

High speed electric multiple units (EMU) train has been widely used in recent years at home and abroad. Tt is

one of the most effective conveyances for passengers. The axle for high speed train is a very important part, which suffers
from various loads of body and track, mainly including rotating bending and torsion loads. Ensuring the EMU axle with suffi-
cient security, reliability and long service life raises very high demands for the axle material technology. Based on careful
comparison of EMU axle technology at home and abroad, this paper discusses the process, chemical composition-microstruc-
ture-property relation, structure design etc. , and forecasts the technological development of new generation axle for EMU with
more than 400 km/h speed. At present, the axle steel for EMU with more than 400 km/h speed is being developed based on

Materials Genome Initiative( MGI) technology in China.

Key words: high speed train; axle technology; axle steel; Materials Genome Initiative( MGI)

i1

1 B

1B E R 200 km/h DL B A ES A 40 R Sy g Ak
. H 1964 4F H A E WHATREI E LK, ST 50
REMRIE, R T UAHARR T2 B TGV (35 ) A
ICE(FE[E) | P EME S ME 25 R0 & HE Y] 4
A, HA L BRI, R A 4 e A A N

KRB, 2019-01-23  {EEIAHE: 2019-04-04

EE&WE . EZEESHLZITREH(2017YFB07030004)

E—1EH. MM, B, 1963 44, RS TR

WIEE . TR, B, 1971 4, #BR%ET,
Email : wkzzkwwkz@ sina. com

DOI: 10.7502/j. issn. 1674-3962. 201901021

300, 320 11350 km/h!""?

RO REET DI NI BT | AN O 1 B NI = 1R
FHA L BRMA A E =KWK, B, HAS BRI A
[ # 1F ZERUR T & 400 km/h DA b @ s 50 2 R4 A
WCARAT AELXT BT E N Ah A G 2 R AR T Ly
Br, TESLEERD LR T 3 — U B A AR

2 BEINEFMFERIHK

HHHE TR B BRSPS, H R AR
B4 200 mm, KEFATIA 2200 mm, BS54 4@ 08
HRAZLE AT, AR Z WL R 2 i, R EE R
SRR

BETEiE B B 2 HOR TS A 2, UK 32 33
ARy S AR AR 1, T HR 2Ok [ 2k



642

Hh A ki

% 38 &

S 18 e o 28 Ay R 30 o ot R 1) VR T T AR SR R
Besh, i TR X A R AR S AR AN, sl
L BB R BRI, Hag Mm% 1, ik,
TE R A B G MR AL, A H R/ANA— I HhE Ty A2 Ty
BYUITy | AR R 45 A ) A P R R T

FESCBRR I R, el L) Bl e, ReF
itl N I A (TN € L R N IS PG IS SIS

B TR AR A0 A S RORT BE & AR A 2 AR e
RS . ARG AR S R, ST, ARk R AUE L
o ST S TR AR R 90% L) |, B
FRBIRERA . MR CRE A | AL S R
VAR RENTAR | B0k Sl B4 Fh £ 3=
AN A 1 R DL A s 5 T R S 2 B
BREAZME IR,

) Axle i 60.00%
Bearing transverse Fr.ett.lng Transverse Crack 9
position friction crack Axle damage  Crack P s000% | 4820%
crack corrosion
I S 40.00% 35.40%
2
1 \ ‘ \ j O 30.00% [
Q
° 3
8 % o 20.00% f 15.10%
10.00%
1.30%
Wheel Wheel 0.00%
Journal seat Axle body seat Journal Wheel seat Axle body  Unloadingtank  Other parts
|
1 -
I Crack occurrence position

B EREERIER (o), B E R R A (b)

Fig. 1 The main damage forms (a) and crack occurrence positions and proportion (b) of axle
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Table 1 Quality comparison of axles by mold casting and continu-
ous casting, respectivly
Number of Number of Defective Number of  Scrapped Induction coil /-’/
EAAT axles  detected  defective axles scrapped axles | <Coolant
axles axles  proportion /% axles  proportion /%
Mold casti njecti
old casting 41 332 19 154 injecxion
processed cooling
Continuous AN Hardening
casting 1237 1 0.08 1 0.08 layer
processed
Travelling
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Table 2 Heat treatment processes for typical axle steels!'3~!7)

Classification ~ Grade of steel Heat treatment process

Quenching + high temperature

Carbon axle tempering + surface induction

S38C
steel hardening + low temperature
tempering
FA4T Normalizing + q'uenching
+ tempering
Alloy axle 3onicrMov12 Ditto
steel
DZ1 Ditto
D72 Ditto

il
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EA4T, 30NiCrMoV12 4§) , 3 ad >R FHFAALBE ( 1E K+ 2k +
1k ) B Uss A AL 3R 555, (0 4l 2R Y SR A RN )
CHEWII T o At o 4 b m TR R ) ™ R, T
A 2ok X 4 A R T A VA S O R R AR R P B BE T, AE
KR Aar, Pt ob S R o 42 b 5 A R

2 HAH T i 3 R K BEAL T2 2P
Fig.2  Schematic diagram of induction hardening on the surface of

axles of Shinkansen!'”
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Table 3 Chemical composition of axle steel in different countries( w /%) [ 20

Standard Grade of steel C Si Mn p S Cr Mo Ni v Cu Al
JIS 14502 S38C 0032 1~ 0(;;; 0068(; 0.0$30 0.0$35 O.\ZO O.\ZO ojo OOO(E(;
EN 13261 EA4T O(')%ZZ; 00120~ 0052(3)(; 0.0$20 0,0$1 5 Of;)0~ 0;0 030 07)6 ojo 000(12(;
UNL 6787 FONICrMoV2 06%365 ojo O(.f;)(; o.oszo o.oszo Of(())o~ 0(.)‘.&2(; 2;;)(; 06(.)?3~ 0.$20 06(.)(;3(;
vemes o 50 G Wk omo oo 11 030 0% 06 02 000
vemes oz U s omo oo 1w 030 Ls os 020 000




644

Fh BB

% 38 &

#4 TREREEEMARALETE- AR AL L)

Table 4 Comparison of heat treatment process, microstructure and performance of high-speed axle steel in different countries?'~%"]

Mechanical property

Fatigue property( 107)/MPa

Grain size

Grade of Heat treatment KU,/J(20 C) KU,/J(-40 C)
steel process R/ Rya/ A% Z/% Rn. Ry Ras ‘number,
MPa  MPa Length- Broad- Length- Broad- (Smooth) ( Notch) R,  microstructure
wise wise wise wise
Quenching and
tempering + Surface
induction quenching/ =540 =295 =25 =45 — — — — — — — =5, P+F
S38C Low temperature
tempering
Test data 619 315 29 63.5 92 59 495 490 1.01 8, P+F
Normalizing+ 650~ =5, M+B
Quenching and 200 =420 =18 — =40 =25 — — =350 =215 <1.63 tempered
tempering microstructure
EA4T
8, M+B
Test data 729 575 20 69 81 79 360 278 1.29 tempered
microstructure
Normalizing+ 950~ =5, M+B
Quenching and 1079 =850 =15 =60 =50 =30 =40 =25 =495 =330 =<1.50 tempered
tempering microstructure
30NiCrMoV12
8, M+B
Test data 1020 910 18.5 63 63 57 510 395 1.29 tempered
microstructure
Normalizing+ 650~ =6, M+B
Quenching and 200 =420 =18 — =40 =25 — — =350 =215 <I1.63 tempered
tempering microstructure
DZ1
8, M+B
Test data 741 582 22 70 91 88 134 121 372 316 1.18 tempered
microstructure
Normalizing+ 680~ =7, M+B
Quenching and 850 =450 =18 — =50 =25 =30 =25 =350 =215 <1.63 tempered
tempering microstructure
DZ2
8, M+B
Test data 812 678 23 71 106 101 208 201 428 394 1.09 tempered
microstructure

Note: Microstructure of typical steel is shown in figure 3. EA4T axle is normalized at high temperature first, then tempered.
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Table 5 Comparison of axle structure parameters of high-speed

trains in China 23!

Item CRH2  CRH380 CRHS5
Material S38C EA4T  30NiCrMoV12
Speed/ (km/h) 200 200 200
Axial load/t 15 17 16.4(17)

Shaft diameter/mm 130 130 130
Hollow diameter/mm 60 30 65
Wheel seat diameter/mm 196 196 192
Axle body diameter/mm 182 165 166

Distance between journal centers/mm 2000 2000 2070
Design life/a 20 30 30
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Table 6 Structure parameters of axle optimized by fatigue experi-

ment!3!]
Shink:
Size -m ansen TGV in France ICE in German
in Japan
Wheel seat
209 212 190
diameter( D) /mm
Axle body
190 184 160
diameter( d)/mm
D/d 1.10 1.15 1.19
Radius of
acius o 100 15.75 15.75

transition fillet /mm
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Table 7 Comparison of three kinds of axles!**-¥"]

Grade of steel

Chemical element

characteristics

Heat treatment

process

Mechanical property

Mechanical

processing

Comprehensive

characteristics

S38C

Carbon steel

Very low hardenability
due to low alloying el-
ement
suitable for the whole

heat treatment. Induc-

content, not

tion heat treatment

is available

The overall strength
and toughness level of
the material is low,
but the axle surface is
greatly
by induction

strengthened
heat
treatment, and the

hardness is very high

The overall hardness
of the

lower, and the rough

material s

processing before heat
treatment is easier.The
surface has high hard-
after

heat treatment

ness induction

The material cost is low, but the

process manufacturing cost is
high, the industrial manufacturing

is more difficult

EA4T/DZ1/D72

Alloy steel with
moderate alloying

element content

With strong hardena-

bility, whole heat
treatment can be car-
ried out. However,
operation requirement
of heat treatment

process is higher for

axle materials with
large  diameter, a
narrow  window  of

heat treatment for ad-

justment

The overall strength
and toughness level of
the material is high,
the strength of interior
part is relatively lower
than that of the
outside part

The hardness of the
material  surface is
moderate, and the
machining is  not
too difficult

The material cost is moderate and
the machining difficulty degree is
Although the

heat treatment process is difficult

relatively small.

to some extent, better strength
and toughness matching can be
obtained through appropriate alloy
heat

composition design and

treatment process research

30NiCrMoV12

Alloy steel with
high alloying

element content

With very high hard-
enability, whole heat
treatment  can  be

carried out

The whole material
has high

toughness level and

strength ,

good low temperature

performance

The hardness of mate-
rial surface is higher,
which challenges for
machining, especially

finishing machining

The cost of materials is high, ma-
also difficult, the
overall strength and toughness of

materials is high, the difficulty of

chining is

industrial manufacturing is con-

trollable
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