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ABSTRACT

Abstract: With the development of railway and automobile industry towards lower
weight, lower cost and higher quality, conventional materials and forming techniques
satisfy hardly the manufacture of key steel casting used in train. Semi-solid metal
forming as a new near net shape technology in 21 century generally attracts people's
attention. In order to fulfill the demand of high-speed heavily loading transportation on
the railway, C grade steel substitutes the common carbon steel gradually and will be the
main material for the railway wagon fitting part. However, there are few research
reports about the semi-solid process technology of C grade steel at present. The
semi-solid process technique of C grade stecl used in vehicle was studied systematically
in this paper. Research method and main achievements were expressed as follows:

By the medium frequency melting furnace and machine for slurring, the effect of
electromagnetic stiring process parameters on semi-solid slurry microstructure of C
grade steel was studied. The mechanics of electromagnetic stirring is that under the
action of electromagnetic stirring dentritic arms bend, burmn out and combine together
into bigger solid particles. These particles rotate, roll, collide with each other, cure, and
evolve into spherical or near spherical grains gradually with the time extended.

With a 2000KN squeeze casting machine and a helix sample mold, the molding
filling ability of semi-solid grade C steel slurry was studied by orthogonal test. Results
show that the higher the filling pressure, the faster the filling speed, the higher the
preheating temperature of mold, the better the molding filling ability of slurry is.
Semi-solid squeeze casting is suitable for the cast steel parts which can be processed by
extrusion forging technology in structure, but the shape is more complex than that of
sand cast steeling.

By analyzing the semi-solid rheological process route, the axle box body and
coupler knuckle were selected as the experimental object, the optimal parameters of
semi-solid rheological squeeze casting process were gained at the present condition of
the laboratory.

The C grade steel axle box body parts with perfect shape and clear profile were
formed through semi-solid rheological squeeze casting process. Experiment results
showed that the folding, porosity and crack are the main flaws of parts. By process

experiments, the influence of process technology parameters on surface quality of parts
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was studied. Taking the axle box body as an example, the mechanics of flaws were

discussed, and the influence factors were also analyzed.

KEYWORDS: grade C steel; semi-solid; electromagnetic stirming; mold filling ability;
rheological process technology; surface quality flaw;
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kX, Wifimd. EdhEBRBEP-BRAMRTEREIRIRT, KA
s AR . ERB R A SRR LA L INIE T &R i B R B i 72
FHERERISY, BETEEABTHREY, FZRATVFEEERNTRE
BB, XRP AR R TR MY AR TR IR R T A MR AR T
BRESMTEEEL, HRAFREREKHELTRE, WETREEENTARE
#X, REBMEREE REFBHOMAPNEMBEA. NEESASR
BER, SHNHEREERAZET C ZNEATHATERR. ERREFRR
FIRKBHERERTHNEEA X, —FBEKHFRERETREHS6
BESHERS, BEE/LERANEANBERRRBENERE FREEK, B
ANBEZRBEFRHNE T RENESEER, BRAN—KEN ZKENAERHE
FEARIE, AMRBHFBEETHM: B, BAEUUKEERAT, )
Wi LR BB A, BEN AN TR B A B RARR R LT IR 5T
G, BAEENAFREBARNEEE, HERENRGTRETAREK,
FRAALDBEELHER RN, RREARBERERALREY, AHE R
A 2 LR RS RICKE, B RZR AR, BEJEAA S —BRE R A
HHREAERE, SERRERERNRANRARREREEHNN, &M
AR IEZ BB/ & A S HEE KR 2 R A TR AR R B B A R B B RE AR A,
FEEMRBREHFE SR AR TR LB AR RIOEH, B
MEREKII-ER, BEBBRARTEN, BERRE, RASHE SRR
TRGEEREE, BREZBEIN AR RERED. R R AR 2 & Rt
, MU AEREREEE, XERTHRANKAEHRESHAR, ¥
MER—URARE, XEEATNSRBEESEERT HEENER, BTERE
ZERTHREFRBZEPN AR, K0T 8E45 151G I w8 KR % 25 %
. EREAOEEAFERAT, SRERELETH, B, SHKAHEM,
ENETH eSS RE). MEZRMBHEEERE, KERL, TIFFRRZEARR
BT ERR A,

2.3 ERBALYFE

ERERELED, FEASESHERNTIXBNE. WREEERES
ERAEMARE. RYIMPGENBER, REHAREIATE. HARTT.
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JLRATE A F B4R 3 C RNy ATRHGE TR

B FRERHE. SEXTURERROHXAARESY, LESRENNE
KB AFE N ST ER:

(1) BHAERERRE, HERUEFRKEMHRRAE. E2ERER
p.]

S. =2¢£;§ 2D
AF p REHAEAK, 4 EFHER. MRZERYERERELDT 2, FHR
+/MF 100um.
(2) BB 0.2-0.5 2 A, BHEoEE 0.5 8, FLAEEHIERAT B EE
ik, EMESRET 021, IR MAEEIEESR.

(3) BREEANRF. —EHIAGTAOKS, RAEFR, TEZW-LRE.

2.4 Xig

2.4.1 LEHHE
TRAEA C &5, EENEERAKSSHAN TN, HESS
WFE 2-1. HERST(OTAFIE ZAMEFTEAL S 1510C.

& 2-1C FRULFERS
Table 2-1 The chemical composition of C grade steel

Bt C€C S Mn S8 P Cu Cr Mo Ni Fe

020 1.20 040 02 035
&5 022~ = = =
B/% 0.28 0.04 004 030
040 1.50 060 03 055

242 LWEE

FRESHELRERE DAL T E B ITHHEI T — 5 sl R n
HEN, SHEHWE 2-7 Fiw.

14



LA K- F 83 C RMELFFRBBIE T ENA

B 6

4 L L

3 an
7
7 : <

2L 4
1 ] i

1 -y

i

L

1—-EHEE 2-4£%E 3-PABREMREE -BRE
S—ZEHE 6—HtH TREM
B 2-T L ES R R BN SRR TR
Fig.2-7 The schematic diagram of machine for semi-solid sturry

EZEESRHBANFEEDHEER. PHBNMNLE, k. HIRHE
ERAR. PRBAMALE K S EHBTH®R, KANAEABENE,
TR R, ZEEAHKETAH, RIPEE . B R AR Y225M
—2 METFEREHRTESG, HHSEBEN, SE&BERSTRNNE T, WEP
EREE RS RAEND, HASHBETHMBRITRE, KRB S&BEN
PHBERHESEE. EELRARERNL: HRUEASDSKEBRESSE,
ERBTITH. HESRERSRER ISR, RchtEiE oo 2 Eiam.

HIHEENT: SEREBEAEDE, E3THRNNARKEHES
M, HHEE 1000-2500Hz, Th#ELy 30-50 kw. BI—EEEIHEE—ENE), R
ERBHEABNERBFEANRE, R EsRERERS, FRALKAER
A e R ERBRE, FERRERSORBES BRI, B
BEHBRA 2 BT REH, BLRMB, LK Ve s, S M= a L 10-50Hz
ZIEEERE SN, EEESHNEEDR IR ERNLESHEK,

243 RERAKSH

(1) RATMBSE M, HE 1000-2500Hz, HEL 30-50kw.

(2) BHEHHRTA 2 RTHEE, REMB, LK TRERE. B
ZATLAFE 10-50Hz Z MELERTERY. EERELZHREAREHERRIL
30Hz, BEUREXIFSEFITE.

15



B R E W F AR C RMEFBREHE TEHA

(3) WEH L EHHER/EENE SRR, LI ABNERDE.

2.4.4 RISt

FER“IER R, RAEEASKESE TESH, UWEFHRLERLENR
HEIZsH46 . RECELRAABRRHEEIEARANT ZHE RRRM
. BEFIBHEE RN REAKT, W% 22 BR-KTPER REEEERE
P& T AT BB KB TE .

22 HHE-KFE
Table 2-2 List of factors-levels
% A B c
L AT/ HLFE/ P 1 18]/
KF Hz v min
1 20 150 2
2 30 200 3

%23 CHFFEASIREXARE
Table 2-3 The orthogonal test of slurring for C grade steel

BH#E A B C
B IR A2/ ;8] Bt et A/
BRES Hz v min
al 1020) 1(150) 12)
a2 1 1 203)
b1 2(30) 1 1
b2 2 1 2
ol 1 2(200) 1
€2 1 2 2
di ) 2 1
a 2 2 2

245 iR
A LI AR P BN PR BB R T C R EE SR Z A,

BEH B IRTAE 1200-1300°C, FAABE T HAEHES ZRBHTAHOMA
HEE, HATROARREFE, REMHALEPHABRERY, AKR 0.08mm &

16



P b N e A DAL C ¥ FBRFE S T AR

HERE BN BMEGRR, B RetE, ¥ESKEERHERENRA
£, CHHMEESKHERRENRERI KD,

A RRSHEE. BE. b5, M 2%MBRESERRM, & XIX-1 X
FEMBELRE, FHREMABH.

(di P, o T {ZJ 5

28 CHANEBETAY,
Fig.2-8 The microstructure of C grade steel

17



Bl 0 D 2 et VA CRFLHERXEBETZHR

25 REERR 2T

HE C ZFMFESFRRRKERARES, HHaimh 2 0, KEHRR
HAX, BRR, RAKS al. bl cl F dl. FUSERAFERN, EHHEE
20Hz 5 30Hz 1 150V 5 200V BETHH 2 AHHAREHERTEMEE A
A, Ak, #52 MER, EEXHTTEER 3 HER. ARSERESTHES

#, Wk 2-4.
F24 BRERSTEM

Table 2-4 The result of experiment and analytical calculations

BE | 4 B TR

Lr WESiE | wE | SREE

(Hz) V) (um)

a2 1 (20 1 (1500 105
b2 2 (30) 1 95
2 1 2 2000 80
d2 2 2 50

= K_U. Q2.5 100

& K, |75 65

=1

# & |® 35

HERLERNRESTE 2-4, BUR T HAR RN FEARTR X/ DR
EEMA, HEMEHASAEHMREENEREEESAE, BREARRME. K
BEMBKTRE ABCoy TE a2, b2, ¢2, &AE/p, HES. TEAMER L
SRR T ESE LREXERNE M.

(1) BEFSENEH

EigANY, SRR — AR RN AN RN, EEEN
PR, THEFEARBEREERTENREHINER, B-EFEQTX
F:

n=ﬂ e (2-2)
P

K, n HIEEHZNEE, ( REFEME, P ARNYE. BHE2R, BEHR
EHE, FIRENREHZO%EAS. WE 29, Tt 20Hz 55 30Hz f13E&4
LERATCIB Y. HBEEEADN, —KHEEREFZHD D, BRBERD,

18



L FASE KIS ip 3 C BALBIAREHEETEL

KRH—KHBREX, BREFHY:; BAEERN, —KARNEEH D,
FRREERR. EREREENE, 4B E—RRAY CRATERKL, BT
EAEFTRANNRPSRAPEE. EBRSEOHHERE, REE-REBERHTH
HHF, —KESa8NEERRK.

) BHDENZ M

XEHENRHRTEEES. TEdEESRABRNFREE. WHE 2-9,
B 150V 5 200V R EFARTLARE: EHRMNAET, EdiFEHALE,
A UERERARBAFE MU EE, NTIESBRIRESRMRIELE. b
FHARALHEREBHEADERAENE, FHibrt ARHE LR BIREM
it RS HH AR LR HThES S NE 2-8 PRILLEH, HHED)
Z0 C HMEEASMEERNEEEERENEW. Mta25c2, 25427
DES, BHAXHERLKR, PEAMNBRERE /N KABETHEE. T£R
A H L REMER, BERERANESRERZIEK, £REHNZINTIME
BOEEHEK, GREBRERBERMEREEEY., WH, ERERELET,
EREAERRIFEERENATERE, JESREFRBRBIENRAE

2.6 RN

(1) SHEHARTR XD ERMEENRRZZ RO IART, HHhE (3E
REE), BEAHIREE,

Q) ERBERG . EE. HHMER, SHEREN 3min B ILEEE; B
BRRTE 20~30Hz N, KEALRBEEBFTRENAE, SENEHYAM: BE
7 100~200V N, FEAAREEHIENAR, BSRMEHTHAD.

ORAERERHE—ABMRNFEIZSHTE ABC, WPHEEME
30Hz, HLJE 200V, ##:6 8] 3min.



B[00 d b 2R 204 5 FEARE M EH IR

3 FESEARBEEDMNR

EEBAMARE N THH KPR SE, REMAE, DR, KRR
FREEW. EMEE—ERMERBAEXENELRRNE. S&BhnELs
47 (mold-filling ability) ZEEFF GB/5611—85 FENH: ZERFNETEHEEEW
MiEiantE, B ATRRERIENE, REBRRTE, REEMNEFEES.

MREREBEINEXTUENH, E&BEEHNARENNTIATRNERERGH
wEtE, LERIHERRRELAHSIFEEEAEZRER. BReSBERE R
HMAEEERSEBERES O RS, RS NEESE, BTHE
SEENBERRIE, HEBX, REBHIBE. TEWEEBEFTERNNS
REEHREFEN. FHAREME. BUHEHRBETEZE.

FES CHMMRTHERBETREBAET —EEXEENNAES, AT
EHAEREHET E TR . RiFEEMFEREKEHAR 1508 C. RE
YEAFEARBENMSARERFIERFEFETEPHREES . RREE.
HEMSBEE. WHE. EXEEFFE LI RAEE RN AT WAER.

3.1 %8

3.1.1 EHEE

LI HH K ZG25MnCrNiMo, HALZ A K 2-1, BERSHI(DTA) E 1%
FEBIREE A 1510 C.

LRREWT:

OfEFE BEPERNP. 5T REHRANEEEREN RRMND, HHR
PIREA, R B O KERR GG .

OWE B RBLMEE 30—k 6 MR BHEEIELIE.

@BE BITHHOEREETRE, FEENALRE, BEFEEL T,

@RE  FRHEN, FEEEN LNREaBEBN, TUEREIS
RitppiES C EARREL, HRMEN R, WA 3-1 fiR.
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AR A T 5 SRS g TS

3
= *
42 1— &R
B ] 2—FE
T . I— P B
d[a[—-w’” 4A—HE N
g b . S—wiER
¢4 =

31 FEMENEERER
Fig.3-1 The diagrammatic sketch of machine for conveying slurry

OHA HEFGHEEMFER, W32 R, ATETUNERAKE, &
B2 e LR SN E 77 ) LSRR 30 oi T AR AR AT B 4T BARE A, B3t 42 AL 12600,
BHEL B K 1350 mm. ERFTEFOERIFEAREREZE S FER ETRHE
LA, BEFEA, BTAERENAR. BREAMKETRKETERAN G-D
BATHHE:

L= [{[r ()] +[()T 4. = [(350) +1260%4, o (31D

RA, LABRANFTEKE, 'HAXE, 'MRESTRRARHENAR

51260 o HeAE, tEBAFRIET 12602, Mi=1; r M0 HRGE-2)E L.
_8+57x1260¢
T 180 1e(0,1) o (3-2)

HFEFERERER il AU

B 32 @A RER
Fig.3-2 The diagrammatic sketch of spiral sample mold
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AL FRCH A 22V 38 30 FEHFEE B NHITR

@HEARH BREEN, TEHHEBL, BEREERENE. EET
SENSERERAMR. BIAMEMB U BEREFZHSE, TERAEE
P HITE 250~500C.

@A HTP16-200A B LR IE, ZRBTUZRESE, BIKKTER
8. R, RE. BE. FE, TIHETF. S8 LR 2000kN, R A5
HALR 630N, EREI ERBEFANTERERE. RYEETE 10~40 mm/s
WE, RENMHEBEREERE.

3.1.2 TWAH#E

) EBHE

AT A C B SEEE CRNRENARES, XAPH R FE,
—FABERE, —HAERRKHBE,

BARAN, BREESD. RBEE, WABREES, EERTBEIRME
AEEEEEERTZS4. wiHERESN, HARAEENEBEE. Ll
BERBLRXAZEERKFEXERAR 3-1), IAREES p. REEK v
F R 18] £ A C RN ARSI m AR AR ANE S{E 65 MPa(327 kN )
F 120 MPa(605 kN), B~ RLEFE 15 mm/s F 40 mm/s, B EHRTE OsF 5,
TR A FEE % {5 400 C.

EEERHAHE, BERERE AENFEENE, MERMMRENE
W, FEREIZTRYES p. REEE vIEATAERE T, STRYEE
B AREEFHEATAER=ATZ28x C ZMLESRBRAEFE M
W, XA=AEM 80 MPa(403 kKN ). 100 MPa(504 kN). 120 MPa(605 kN), #
AHEATIEA 400 'CHI 500 CTHBEAFEEEE 15 mm/s F 40 mm/s( L& 3-2),
TR A4 0s.

() XRIR

OB ALRABRMEPABRMPAENEREPE, PREER, ENE
EmBEFET AR, ERSRESHTHREAIABREIEP S ETROELE
Ho BHEEIMBRE 1600 C/EnH LARE.

OEATH BWEEABESEGNER, BLUENEHSE, HAME
EELEREEEEEA.

@t WAEMEIE, 7F 1580 CFHE, T EMEARE SR ESHIZE 1508
C.

@K BiERE, B HTP16-200A B £ 3hill BN Bl ik S AT H % E.
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ARBRF R X HEHHEIR I AT

32 ERESH

321 #S CRMABENREAXME SR

BECHENARBBEHELRERINE 3-1 Fin. B33 hBEKARMLHER.

£ 31 #S CHRERYEHLRE RN
Table 3-1 The result and analysis of C grade steel filling capability

i~ p(MPa) Y ! L (mm)
(mm/s) (8>

1 65 15 0 395
2 65 15 5 463
3 65 40 0 222
4 65 40 5 270
5 120 15 0 383
6 120 15 5 519
7 120 40 0 437
8 120 40 5 350
Ky 4773 490 4143
— L=407.
K, 337.5 324.8 400.5 4
R, 139.8 165.2 143

3-3 BRI A
Fig.3-3 Photograph of helix sample
MR 3-1 PR, BETUEL, REES p MAEREE v HERE AR

BE, TEGKE  HREED LHOERIEE. LRERFTHFRANMER: p @
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AR REFL T R = 36F3 B AL oL

K, v, WA CHMBENARBENRIF. B/ E—EBE L RERE
fehr. B 3-4 535 RiBE 3-1 0 8 ALRLRLBINITEE, NEFRAERME
HARES. REEEMERME.

{——15 m/s =40 /s |

600
g8 550 | -
T 500 | r/ -
450 r
400 | i
B oa50 -
g:}oo | / i
R 250 | i
200 :
60 Mpa 120 Mpa 60 Mpa 120 Mpa
L —mHntESs E—HENFEOs
E 34 ZREDXTHEDNEW
Fig.3-4 Effect of filling pressure on filling capability
[—e—65 MPa —=— 120 pa ]
600
g 550 | !
~ 500 | I
450 3
400 -
#® - s
b 350
& 300 -
R 250 |
200 - =
15 mo/s 40 mo/s 15 m/s 40 m/s
E—~EsrtEss H—HEMEO0s
P 3-5 7R R AN Fe EU gE 1 A

Fig.3-5 Effect of filling velocity on filling capability

RE p BT RGN, XERN p RASHATRARE NI HE
BRBEMES, p K, REMFHAMK, RERNDRRE. ELELIED, 6&
AR KRE, RFESKEA, REEARBREK, ARRBEHIKXT p 0,
AR R, ERE LR p MEIEEHRYEHRT p HIRFEZR,
IR EE K, BAFARERHMKE L BN, NS C N8
e

—BERT, vEK, AEBENRRNDEER, RERIRE. B—HH,
BXH v @O THREEERDAMKE FREMAE, B, BETRIRE—KE
i, REREMAGHEERTEERNAEE. BT REENEHESERE
A, FURERENTREHERENOEZRDS, FHTFREKENH
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AL FATE K H L iR 3 FEIFFH R G HFPIAR

. BEXFLEHT, BRERERS, RREEMNELX TR ESHEEMEE
MEMAEE. REEENEWTCNEESSRENATRE. NERERE,
MRERAREEERTARGHMER, bit, TR C ZNEHRERRERE 15~
40 mmy/s (1976 B A R I AR R0dSE, BREBIULER K, HEER K, £E
EERRN, BEZIGENERA, CRERMA, ZEELEX. TEE
EHREEREREEE T AREEREARMEDBRAEMERE, REEHE
FEE#KEE. MERTRERTES CAMERERFNARES.

t MAREXFR ELRRMENBEHRERE, + B/, ##D>, BEGEE
AR AT T K, BAE, BEMRBEEX K, L3 C PSR
ARG TR R RSB ANREXNRREDNEEAE B, (8D, BEA
B, WA CRRNMARGENBTF. BT osMSsHEAK, BERER,
BERBRE LFARREAERER, FUEEREHERIEE.

EATRENEEA, REEHBX. REEES, HENREE, BEC
PRI R R #REF . ZEREEH 120 Mpa, KEERE 15 mow's B, BAEH ]
0s i}, EBRAFRIFKE 583 mm.

322 $¥EARANFZREENREZWEE

C SR FERKH RGN LR RUWER 32 7.
#32C BB RBAYENLRER
Table 3-2 The result of C grade steel filling capability experiment

Fe T (T) p (MPa) (m/:) L (mm)
1 500(470) 120 40 393
P 500(640) 100 40 796
3 500(455) 80 40 308
r 200(40%] 120 % 3
5 400(390) 100 40 283
5 200@13) N m 6
7 500(510) 120 15 262
8 400(380) 120 15 241

E: O ShhBiEE. O AAKEFE.
& 3-2 HEETRM 1. 3, 4. 6 NALRERMITRRTFRBEENRTE
IR NAEHLE 3-6), HATRRER 1, 4. 7. 8 MALRERMIRUEE
MRBEAHMENLE 3-7). HHiHEERWEK 3-3 BFir.



FHRETEF PR AR NI

33 RRERMT
Table 3-3 The analysis of experiment result

SERFT 1. 3. 4.6 1. 4. 7. 8
RE T P v
K, 350.5 358 358
K, 279.5 272 2515
R; 71 86 106.5

HEIIAMEAMARKE T. RYEEH p. REEE v X ARG HWARE
%mﬁjn Eﬁiiﬁ%#? v H‘J%ﬁ%jﬂﬁ%v P H(Z, T ﬁ?ﬂ(o

——380 WPa ~=— 120 Mpa ——400 T =500 ©
450 r 450
~ 400 ?.400-
350 [ / 350 /
300 F 300
= %
ﬁm' %2250.
200 L 200 4 —
400 C 500 T 80 WPa 120 Wpa

B 3-6 ATIMAE., RRENMFEIEH RS
Fig.3-6 Effect of filling pressure and mold preheat temperature on filling capability

[—e—100 € =500 ]

450 r
L

350
#( 300
-~
) 250

200 .

15 mw/s 40 /s

Bl 3-7 REEEX TR IHE
Fig.3-7 Effect of filling velocity on filling capability

WA p AHTREHE C AMEEHRRES, RFEERTES C ZHR¥
EXKE TS, HRERH M. dTRERERE, BENFERS,
FEHEAMK, ERAEIZEH4T, CHEMRENKEENT WAL, EEETE
TRKETtRH 393 mm.

A& C ZMAEEAR, REEE v C ZMEEFKENERENHEW
BEEE v BX, REENSRE. vEBX, RENERGEER, RURIRE. M
FERNE, FENBENEEFRBAMEXR, BESK, FHETLBBRE.
HTRERER BEMOREMNKAMBENERELES, TRMKRGRERN
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HEE KEBLEA FEEFRE RGN

EWHLLZ TARE. BXMvEdTREERRFRAKE FREAE, B,
FHRHEBF—KEN, REAHRMAEER TRERTMRE. X85, ®
ERBKEBHEE D, HARENAD, EREN, ZHYHEARE. X C ZH
¥HME, REXEN AR EEYMAERERER DS, FHNTREKESN
o, BERHMEEED.

120 Npa 80 Hpa 644 C 421 7T

A 3-8 HARMEREMAERE X TR aE D st
Fig.3-8 The comparison of effect of filling pressure and mold prehieat temperature on filling
capability

LETRERN, THEAEWRHGEIMEEERE. d1. 2, 3, 54%
Fa2sE 3-8, BEBHEAT THp HEREE. TN, BAMNEHNESE
RS, ¥ENAHEER . FEBAEEKTYAMaERTE, REEAE
A, BREMRRER, BT, FREKEEM.

ALREMAT, BBEHEX, REEEGER, EATMEBERE, CHME
BAZEMRME M. FARES 100 Mpa, FEERF 40 movs, ARG
&% 644 ChY, RB\BEATEHKE 796 mm,

33 RENE

(1) FHEHSK, REEFBRA, EATRBREER, CRUWEEERRE
RIFEBL R AT

() ERLBNEEFEFSETZRMT, BEC HNBEFAEBELER
PR AFEHKAE N 583 mm, FHRAKE N 4074 mm; T C FARFEERR
RIBRAFRKEN Y 393 mm, FHREKEN 2923 mm. Fik C FMEEEREK
BRI B AT AR,

(3) AELTET, CHAPLEFRHEERREEEPTIE 300mm BLLE,
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JE TR KA L2 i 3 FERR TR G SRR

BT RGN 200mm. CHPLEATREHFEFEENTRLEEH LFSHE
BETE, BREXAEERTAETHUEERNMF.
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L FLERFTAFR B C EMFEFRHRY TEBA

4 CRMFEEMETZMR

41 ¥EEMIBEATE

BELEAMBEESMINTERE S AFE: —FRHLESEEA NG
BAEEE, BEFRRSTE, BEFNAILEZEERTNI, Kot
R E(Thixoforming) 7%, B~ RHHHRBHLESEHEE#TMT,
BHEHA (Rheoforming) 7%,

Pl izma

<)

B 41 EEFHEE AT SERRE
Fig.4-1 Rheological forming and thixological forming

42 FEBKESFEIZHHSRERER

FEFHELZREBEMTHRSRABRREEN—ATY, EEERH
KRTHRERRLTZWF SR, Hm.

(1) EREARS, HARENERBEALEREREHE, HEENER
TRES REE:

(2) EREMEEEY, CRENSREENTEEENRE, £E5MU

29



JERATE K RO C RMEEMAERI AT

RGHEREE, SRERABHRFSHE:

(3) ATFREEFEEHER, EBE—HIG0E, ALEBERLZNEH
EERREE, WREEREENIEET T,

(8) B—MEEEAERT, KEBHHEAIED,

e, FEZFELRSERTIEHUEEFBENNY, fin, HBEER,
KK THRAMAPTHERE, BEEZALFHOREFBETRET LT ERE
HEE, AR THEESEEELKAENDHRY S0%MEREHRBKLET,
TR ERE R, FEE SHASMRREE, ATEATREEASZSY. &
RBEHEIRZ LEFHARE, ERFEASHRERRENAESEREBHITE
%,

¥EEHFELERALASKEHENHERE, RERXHEBI AT
EMREENRAREAMERSE, KEBNMENRLRERTHEF, KTZK
&K 4-2 BiR.

FEERAHE
}EE%E | FE [ RERE > RE [ B
HAMEE )

b

HREN. RIS

B 42 ABHELESREFETERE

Fig.4-2 The processing route of semi-solid steel squeeze casting
HITEESHFETZHAR, BEMIHHLEE. SSHHNPEURER
ERFEEFAZBHH#ATTZER. B PFEASREFETZHERTEN
BAREEEREFHER. HT-ER%ETZME, THERAEREEX, &
s T EmI AR EEA KR, KA ESRERELZRTF—RITN
FHiEL—

43 RiE

43.1 EHHRE

HITEEBREFELZHFER, TENLHEMERE. aeMHBMENR
FAERSERREEZRIFHT ZLR. RELESKENIZHRAEETH
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RBCOFRFF L LRI C R BRI LT ZHA

AHARENTHHEE (B¥E). B85 EREER), HPmHk. @& (C
) EVERFRAR. NERELMNEESN, HHAK=LENE 4-3 R,
UEIRARMRD RS, TZHMRER, HaskkRs. AHEEESHREEY
AWriRE, ESFRRRE.

Sl

4-3 BRI EE
Fig.4-3 Reduced sample of axle box body

432 REHZE

(1) RERE

FEREREFEFERERENRLERENIABHFEE=ARE SIS
RFEE. EXESREFERYLRES, FESEHAT - EREOERSNE
B, ER—HAERE EXIAGEHARESSEOSEAR 3 MES.
Hit, #HERMNMAIREEABELANRIREFNENER. ¥BSH
REEAHBEENRAES SRERENRLEE. REEHZSHIRE T ™
HER, MEAEARTEESHEREHRES ZERA MR INScE e EH,
TZZENEREER. Bilt, ARSRELEASHREFERUEABRS, 5
JE R e R B4 BUT Thise:

(1) ¥EFREREFRENNEREASEHEENTRE, i AELHE
AT, Bk, BREEREREREGANES, HU#TREER T2
BEE . XMFRRETFRSHEFERERERETRENER, MARHRE
HHl. FREEAN. BEEHVISHRE,

(2) ¥AFREFEFREERRZBFEEESEHEANRRBG TR INEH
. Bit, EXEEREERBNZEZRA—ENNEERE.
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JERAE AR EN R C ZMLEERH MY T ETHR
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Fig.4-4 HTP16-200A nonstandard machine for semi-solid squeeze casting
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Table 4-1 The main technical parameters of HTP16-200A nonstandard machine for semi-solid
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Fig.4-5 The diagrammatic sketch of semi-solid shury solidifying in the rheological squeeze
casting processing
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Fig.4-7 The diagrammatic sketch of squeezing mode
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Fig.4-8 The axle box body cast squeezed at different processing parameters
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Fig.4-9 The coupler knuckle at different processing parameters
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Fig.5-2 The diagrammatic sketch of semi-solid rheological squeeze casting process
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Fig.5-3 Photograph of part at 100 MPa and 400 C
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Fig.5-4 Photograph of part at 120 MPa and 450 'C
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Fig.5-5 Spray filling Fig.5-6 Full wall thickness filling
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Fig.5-7 The cast with gas cavity at bottom
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Fig.5-9 The axle box body casts before and after process parameters are changed
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