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ABSTRACT

ABSTRACT

Half shaft is one of the most important parts of back-axles. When
automobiles run, half-shafts subject to the whole weight of the body of vehicles
and cargos, and complicated alternate stresses such as transfer torque etc. Now
the forming processes of half-shafts by rotary forging techniques can be divided
into two steps: preforming by presses and finish forging by rotary-forging
machine. But applying this process can raise equipment investment and energy
consumption. The technics with the one-heated blanks forged continuously in
rotary forging machine may overcome the shortcomings of the traditional
techniques. The new technology has not been utilized in the production of half
shafts and its theory needs to be further verified and improved.

In this paper, the deformation mechanisms of half shafts during one-heat
rotary forging processes has been investigated with Principles of Metal Forming
and FEM numerical simulation. The forming processes of half shafts by
rotary-forging method bas been studied and analyzed by establishing the FEM
simulative mechanics model, and then simulated the deformation processes by
DEFORM-3D. The distribution of the stress, strain, velocity and temperature
during the forming process were simulated through the variation of pivot angle
and feed rate per turn. Through the comparison of the pre-forging schemes, the
best pivot angle of 3° and the range of the feed rate per turn of from Smm/r to
Tmm/r were determied. In the last, half shafts were produced based on the

simulation results in the lab. At the same time, these shaft shafts were compared

. with the ones which were forged with conventional techniques, the result was

microstructure grains were smaller and moer symmetrical, the intensity,
hardness and tenacity were reinforced.

Through analyzing and studing the results of experiment, the feasibility that
The technics with the one-heated blanks forged continuously in rotary forging

machine was confirmed.

Key Words: Rotary-forging new process; Finite-element method (FEM);
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Fig.2-8 Each extension depress measures s and the contacted area rate relations
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Rt AH—RREIERETEE (mm);
t—— L 5B G RN (s).

223 %GRy

B AYEHER, CRELMASERNTHMEZ RMKA, HyRr. v M
KOMEEEMBEMERREANKD. —BERT, v, £BESMARS), i
K, EREGRATEF . SHEBIRABARBITUABEUTER: y8X, EHE
P, SRELHEN, WEhwd, REARMTIAAMK, BRREDED. BHE
Ry BRBE . MRy X, 2EEBRERAHY, BEYNER, FEEAF LK
ERAFEMAK.
224 B%%&En

AP R, BT, SHEARER, WREKEE K, 2
AN RMEFE RS, FRELEELRERINEERST. BRENRE. R
BRI ZHEWEERE, BRI RIS 1RSI 3 5 3L R B R4 0
AR, REELEENREBETSEER S ESNTIENERHRERR, H
, KRR DO, WTRERIREE A, B 400 MiZRHLHE
AH 96r/min K], RMFFFEENKR] HIEH DTW9I9-100A IEIRBENLHIIELEE A
200r/min, T HZ<{# MCOF & 400 Mi{ZiEAIE LFH L 500 /min. X T#HER, SHE
R AR A IR R AL I ), (SRR AR o iy B I R4, X9 SE A B M i S AR
R A R AR
225 B HBHIHNEN

Mn
975n

N= kW) (2-7)

ﬁm*:ﬁlzéR%q/w0°;

M—&F /5 (Nm);
R—EBRMABERER (mm);
s—HELTE (mm);

o, —MHERIERE (MPa);
n—4ELEE (r/min);
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Fig. 2-10 Plastic hinge and stressful condition
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¥b. L. aERHAN (2-5) KBPHE, BN (2-6) X5
;ﬁE(ﬁ) (t-0)

R

: (2-11)
1201+ Q{Ir - %cos"(l - 4Q)]

Oy =

16



H_F FRAEERIT

—RESNIRIE R X 40 & 0<0.4, (2-2) K AITRILAK:
h 2
o, = E(E) (0.096 -0.030) (2-12)

R (2-8) RARFZX T FEFHEHX FE MU R ERRRIEL,
f BT EEEX, 5 (h/R) RIEH. AT HMHEM BRI eH
T TSR R ARl (SRR 2, AEHTERRNRIFRLE, BEHE
REB /MY, ERANERTHRRERERE, ZLSRBERE (B 2-8), X3
RPTRBHE,

PRIEEATE, 7 FFRUX MR e R EHE . BIREERSMIEE (Bl e, >0),
WA (£, <0). BHRLSMIRBUBHK, HBHREN, MEH %,

B2 A+ 0, =2Kx0414¢3%¢ - - - (2-13)

R e=2.71828; K——LH#RIINABIVIBHRRT: Q—MMWHEAE,
Q=s/ (2Rtgy ) ‘

IR, BEREKHEUER, WUES 0, =2K .

24 REFHBROBTAFS

AR ELMATRN S, B 2-11 AARREFRA MRS LR EE.

1 18 162

!L
2 i
| I

131
¢ 90

B 2-11 RISVl AT
Fig. 2-11 Tractor rear axle of car rear axle forging schematic drawing
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Fig. 2-12 Rear axle flange entity modelling chart
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Fig. 3-1 The rear axle flange suspends the rolling finite element mode
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Tk, TR KR 250°C,

3.2 FHIBRAT A RTIERRET

RELHZERERAMIER, B —FEAAENTE, H—HEAXFEREMN
KR, WEREBRVREEZENERER, MNMEASERMXERIAUNES, @
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Fig.3-2 About in mold design forging minute modular surface
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Fig.3-3 Metal flow tendency when 23.562rad under different speed metal mobile situation
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Fig.3-4 The different metal speed field distribution when in advance the conclusion
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TR PR TR A B R RN A ER S .
BEABKAFEHIEBERRAE, BLERR I ARIEE, BERYE
H40.1; THSEREEERBBREN 0.3
ERE= RS RPHAT, PILAEMAHN ZH, Bk5% Z MKEsihilh Y, M
BUETERGSHELER 163mm, REBRRNHESRI KA 1.63mm, HPHH 100,
BHIRE—K. BEBROEAN 3, HHRESEEEE s H 2mm/rs 4mm/r. 6mm/r,

 Smmvr, BRI EHREHIN —RINRIE B R E R .

2 R B T BT

M 3-10 TBIEE t, SIEKHEE o5mm Y, FESHILAEs WHK, X
o LT EIRGE, ERG ISR . RN S TR /D K,
AR s M, MRS EE SRR R BMERD, XN, FEBHX YT~
B, HRELFETA, FUMREN T4 LBOEMATFE: XaTRELE G
BT BRI BRI HEE, Hnt TR RR— R RE TR MIZ, X1
BIMRENSIBS TR, Bk, ELEOTHREUER, TRERTHNLE
TS, EREBTHK, FHERMILBEEY, YEEHARs BAN, BMEHR
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H&BIRs, M, BERZOIERRSE REERTHLBEHK, FTHERAD,
BREERK, RESHUTEERARENE. '

2 7

7

b

- 7 i

s, =2mm/r s, =4mm/r

31



REVEIZRAE T Z5ERITA

s, =6mm/r s, =8mm/r

Kl 3-9 WL 48.4mm WA KA E N S BRRENER

Fig.3-9 Metal flow tendency when 48.4mm under different feed per turn

S, =4mm/r
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s, =6mm/r S, =8mm/r

& 3-10 SRS 95mm B ARG HRLE T SRR
Fig.3-10 Metal flow tendency when 95mm under different feed per turn

B 3-11 ATURLERN, ARSERSRTERNSERIIELR.

LERABR LGRS, REFHEZHFNERGHRE2EREE L, TRAZ
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B 5 B ES 2) 1 & R A2 MR B KT8 SAT R A A & R A2 A sl
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BRI, TS M ERNEEARR, XHH TR E 2 4 P AT
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s, =2mm/r s, =4mm/r

s, =6mm/r s, =8mm/r

B 3-11 BE#S 163mm MAREEEGR N ERYESITER
Fig.3-11 Metal flow tendency when 163mm under different feed per turn
s, =4mm/r B EBAF BT FEARLL s =2mmy/r BVERAFBE G5 L IRF BT R, (B0 T BB
Kif, EENBHEE,
HM s, =6mm/r i, HIE 3-10 ATLAE W, FUBSUERIETEERRARMRESS, HE
HEE A4S, BRERAERBRILHRHMEELR.
S s, =8mm/r B, BOFLAE T ARE RS KA SRR, BRI, &
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B RAERREFFARIFIARABITEBRE, oK.

B 3-12 ARG R, NAGHTLETHEUN NS HER. HETR, 2k
A SRR MK RSN ER TR, BN AL Z 5T HERKX
B, BARXA RSN RS LR UERR SR KA RSN BE A H
S ATRERL R s, =8mm/r K HNHDHRAKS, EHRIFBAYIRHMNER
Bt WA LDUNER, HTBoEEBARN, FHNARTEHTER, K2R
LEBKA, RANBASERNEREREKR, ERNREFRBER, HBATHER
HEBLERBE, NERBRIREK.

Stress - Effective (MPa) Stress - Effective (MPa)
A=z 0000 0.000
B: 45
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iz as6 j= 283
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Stress - Effective (MPa) Stress - Effective (MPa)
= Q000 A= 0000
214 Be L6
= 823 C= 583
£ 125 E= 119
= tRg = ug
G= 187 G= 178
4 1% i b
1= 249 i= 237
s, =6mm/r . s, =8mm/r

Bl 3-12 TR PG N AR LR 1 N RN H 53 A
Fig.3-12 Different feed per turn equivalent stress distribution

when in advance the process conclusion under
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3RS BRI

HA& 3-13 3-14, 3-15. 3-16 fivR, TRMAGERT, LRSI LB Hism
Tt A LR EMSALAH, XREENEMILRES, URHASHEY, ELH
zF) X AR REE), BREBN0 A ERBANSE) . MEBH 2 B -h o LUE
MEEHABIEM, MRREEEERBER, X BB ML R LB, 48
SRR RN 1 7= A RN A AR AR AR PR F SRR ITARZETE . SRR, R
FRER/DN, BIMERED, SRLNEMERED, BEHREEHRBRN. BEE
TR, Bk BB A AL % A A RS R RN, ERERHN
BHHK, HAHMEHEMK. EERVENEN, TRENTEREF L HER
HR SHAME S Z B A L HEBENHEEN BT RN E BT M2, EEHIER R
TEREEE, BRI WS, M2 TRRILASOEEEE, FH
MRS, TR ik 2L HZL.

DT AR A T AR . BIRBE R — R SH¥H, ERESHIHERRER
T, BEHAEMA, MBIEFTHANRAE MR, Hs, 2mm/r &, EERX
Bhr A 318KN; Hs =4mm/r ff, ERBAEAH 322KN; Hs,=6mm/r i, EREKA
BTy 361KN; Hs, =8mm/r B, EAURKEST N 383KN. MR AR 3-21 718, BlE
TEs#X, BHSRLNEMERE MK, BMEREA, AUERMES, 25§
Ik PN ‘

Load Prediction
ZLoad (N)
320008

256008

1920080

128000

63900

0.000,0)

i
8 343 685 103 137 17
Stroke (mm)

td3-13 s, =2mm/r Bl EARSAT th2E

Fig. 3-13 Top die load curve under the preforging at §,=2mm/r speed
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Load Prediction

ZLoad (N}
328000

262008

197008

131000

65600

£0000.0

0 343 685 103 137 171
Stroke (mm)

B 3-14 s, =amm/r FUBITFE EAGEAT 4k

Fig. 3-14 Top die load curve under the preforging at s, =4mm/r speed

Load Prediction

ZLoad (N}
375000
308000 ;
2550080 :
206900
b4 T
105088 : :
lgD.UEID .0} : L ;
1] 343 68.5 103 137 171
Stroke {mm)

Bl 3-15 s, =6mm/r UL R EREEAT Lk

Fig. 3-15 Top die load curve under the preforging at §,=6mm/r speed
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Load Prediction

ZLoad (N)
408600

346000

285000

139600

161000

p000.0) i

0 343 B85 103 137 17
Stroke (mm)

B 3-16 s, =8mm/r FUHRILR LAREAT 12
Fig. 3-16 Top die load curve under the preforging at s ,=8mm/r speed

IR RN EE T AR, BRI K I ASBA S, AR
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R B OL, LGREHSBEFYAN, XM TEEVREFTSEIFHNKL, B2,
MRAFHGR BN, BHERNhTRREREKIERE LRI, AR, FX—
RS REARREFF A RRFIRRABNBIAE, 7 RiRE NBITEE ETLUE S,
BAEAREEHFENA—BHRE. Hit, &, NgEteEs =5~Tmmr JH.
3.4 HEHREHRME SR

BUZEMIf =30, BHEAR s, ~ommi MTUREJE—5 W EBERS . KBTE
TR BHSEY 8mm, BHEHELEs, =mm/r, BARERRERRIESR LKA
0.4mm, S:0H0H 20, BHLRE—K.

B 3-17 ATLLBH, K% Rk 2 S BRI L LR b bR — MER AL
1, mHEHRRAASEE, BE L TRNEHAE, DREERRE PR3 LUHRE
B, ME 3-18 ATLUE MABRGRMNKEES G4, 1T RE ETHEME N KRR
fEH, $REERRE), FEEZANEREREX, HERHERARE.
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Bl 3-17 LB %R A LA RTERCR B
Fig.3-17 The end forging when the conclusion semifinished materials forming effect chaﬁ
ME 3-18 ATLABH, BEEENL% SRARIEFBR. XEREAFITHE
WEMERZIMARED, BRFAIKEA/D, RE5RNENERRBFEH. R
NEAERTE: RUBRKIR R, EEE TN 77 WAL N R A 7 % 5 2 A 77
B L,

Velocity - Total vel (mm/sec)

A= -0238
B= 123
C= 249
E= 501
F= G256
G= 752
H= 878
1= 100

1 3-18 AL AT I A T
Fig.3-18 The speed field distribution when the end forging
A 3-19 5B 3-15 ML T AR H: BRI fEL B2, HARM im K F ke
TR BUARIE S, XRE TR L B, SRBIRNAREK D, TAREREE, ¢8
Wt R 2%, ELBEERT IS0, TR A R K, ERS R
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Load Prediction

ZLoad (N}
612008
531808
462000
347000
97088 | I . . L
koooo.p) b
168 336 504 672 840
Stroke (mm)

B 3-19 2Bt B EAGET 4R
Fig.3-19Top die load curve under the end forging
TERBEFHR2HIMREBEZRIESER, ZRINIBRAE. TAESEHNZ], 2
HBEEK (W 3-19 FiR), RERFARAMAAGRRERESH, S8, &
BESEAHENE, 2R NREHEK.

Temperature (C)
, A= B46
= 705
764

881

F= 840

G= 998
H= 1060

I= 1120

Bl 3-20 28R4 A IR BE3A 3 A
Fig.3-20 The temperature field distribution when the end forging
BTN RLIES, BEGHLEHTORERNR 4, W 3-20 Fis, K
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PR R KX R ERRAHR D, LBRGRN, BRERKMHLEERS, &S
& 1120C, BREBR/MBINEREERERE 940C, MAIZHKEZEX 180T, X
RETERZDERREN, REIHSE[ZANAIR. PEHURTHSERZE
F#E R HEER B A AER K, EREHTH DR BRI LA AT IX IR TR
BEAME, RHREZREREE=ZMMIMEXIRN, BRERAN, BHRRIIMER
iR heeE %, TR THRERRKHTS. MEREER B2 58RO MK,
BEELEEAE: THNREKERER 646'C, SHEMTEEMLEET 504C. X
RETFIHSZERZERANR. MEHAEAZ BRAERIEFERNSR.

& 321 LR, ERRARNERANERBEL 650C. XERAKASM
KR M, B HEREERAMEBEA R, AEROBRBAEE, MUREES.
B RZESEFRAE =L A2, ] UG W I 18 SRR HACR B RAR RS, KRR

Temperature (C)

A= 246
= 297
C =3 M? -t ERTEN

Kl 3-21 KBEHG LREAERE S

Fig.3-21 The temperature field distribution of the top die when the end forging
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BARBAHERE.
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ENE AEFHBRILTAR

A ERIERMEFFHRIEYURT HIER DTW99-100A RURIEHL (20 4.1 Fir) L5E
BARTRAY o
TE% DTW99-100A B ZAEHLE

& 4-1 DTW99-100A HIZEEHLE

Fig.4-1 DTW99-100A suspends the rolling mill picture

REFEASH -
FERARIES 1000kN
BB 50kW
ELFHYE 3TKW
MR BB E 220KW
BLBUE Hd 200r/min
BB KRB EE 80mm/sec
BRI KRR ER 50mm
WIRAIE R KR 160mm
ELEA 3°
3B 127

R 2-12 PiakiRE G MB e BB LAS RS =R RN
Pras RaT LR ) DTW99-100A BURIEHLAI W & BOARS HHE Wi L R pl MLV -
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41 XRHR

411 AEXMBRATERTIZERFE
KELMBRKATELMY, FFPERZN 36mm, MEZAWERZN 131mm, BRI H

HREMEWRK. KEFHEBRBENELELZHERD: TH—MA—BEHERSIE

—BRARE . ALRRERFEREEKFBELRE 100 MEHL L LR ELHM T

%, 7€ DTW99—100A BRI BEN L&,

Bl 4-2 100 My AL B 4-3 KBF1400 04>

Fig. 4-2 100 ton hydropress Fig. 4-3 KBF1400 chamber furnace
BT RITF

1. T4

THEWEE 45 NERMIHE, BHER D=36mm. Rifi4EBHBRAERLS
BRI M ERetiE 3%, UE=HBERAKE, S3EBHTHEEHKE 190mm,
I ERCRE R 60mm, BT LASRRHRIEEAKBE A 250mm.
2.

KRR KBF1400 #8204 in#4 2] 1150°CH-ARIE 10min.
3. itk

KRR REERAN L, RBENE, B, W TFMERERIK, W/D=53, %
THIEBREREIETRERRMRE, URRBIES N =ATHF, =ALTHFH
F—ATFH#K, BERA=ATRKLE,

B—ALHF: Z¥ERSHNLEE FASEASEY, RBELETENGCE, @
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BE RELHIERIRYIA
EHR; REFNANESEEETR L FiBENEERNRRESTBRER—NEHA
150mm, FEEZH 38mm, FEERZY 4mm HEAEEIH, BEWT IABARS
{R#% 10min, BT L& 1, AB-ANTHFHHES.

BIATIR: REFRSH2HLE, FIRSHASRY, AEEFLETEAME,
EHA; RERE—ANLTFHEFHTHMAEEEETEL; F3BEIR L THE
A BE R —N R R 100mm, ERAERHN 40mm, FTRERN 58.5mm KR &K LH,
BEBT THMAPHRE 10min, T LE2, AB=ATHFHEHES.

BEATR: “EHSAHINEE, FASHAZEY, HEFETENME, H
EHE; REBE-ANATEAEHNTAMAEEEETEL: FafENSETH4%
L EESBER—ANEN 60mm, EFEIERN 4mm, FTREERZN 82mm KIE &K T4,

BEWT TR, grsEm 4. ’

e
e
@% \\\\ZK%/%\WE
7 %

K44 BEHBBRRER
Fig.4-4 Dummying chart in hydrostatic press
4. JigE 7 F MitHE )
BELNF (kN) AL T ILK A RETHEH:
F=KA (4-1)
X A—CFE CUPFHEA N BHBEER (cm);
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K—HRARS, —BW 64~7.3, maEMmiEfXRE. RPRE T
g, HARK. HREURBEREGRME, BUME: SFRRER. BARD. 5
T DA RN BV A, BOKAE
ALRBHHBRAREER A, =R, (4-2)
=3.14X4.1?
=52.78 (cm?)
WKEHRT, W
F=KA
=7X52.78
=369.48 (KN)
| ~37 (T)
IS5 % 100 M AL R HBEE 77 .
5. BT IAE] 1150°CHARE 10min J5, ZEIZHRHL_EEIRERTE .
412 AEFMBERAEHIEXRAER
—IRIMPGELLIZ R T Z A G MR BT TZREMR—KKAERT, £
— BRI L ARG Y i 2 B B TR HPE LT 5%
BRBRY; BREFREZRE.
TZniEAE:

TH
BHAERS THT S AR

I

piE)
—K. Ak

J

Hik
BRH LR

{

8
BN LI R
K45 IEHK

Fig.4-5 Flow chart
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HELHBREFTLELR IR

1. ZEWRNFIHL LYV 936mmx250mm ) 45 48, FEBEIR HXRe Rl U) O 4b i 6 5 5%
o

2. % 3 R TFHFHEEUHR KBF1400 F3000 4, SEMAES Rl N R fRig e
8], 7E 2h EHHEEEIIN#AE 1150C, FHARIR 10min EMEBR & HIEREHN .

3. FEMmMAER M RE, FRERNCBERS, #5955 R E E MR ER 2
25MPa, AT R BRRE, HWIREEAEER 20mm/sec (T4 E 6mm).

4. Bprp mAE — R I, REEER ERUBRER

5. BEAT#MGE, FEHERE NS MBEERRKAA 2.

FF R mNESELIES), FHFREBRERS, HMAE 1150 CH—HEE A K

H, MABES, ELBRBTE.

42 ERERRT

4.2.1 BEN TR R T
FEENBRLKA, WD=53, X7 HEENERE R kBaRRE, B

PETEE RS A =ATE, =ATFAR—ANTE, BEERA=ZARRM LK. ﬁEm

ﬁ%ﬁﬁ@@464ﬂ%T = -

%

|

Bl 4-6 LRsKikE
Fig. 4-6 Stereogram of top die
4.2.2 IERIRER

RELMMETNTMZE AT ERSY, TEMNESHERTE, BNRATE
R AT, SEEE, NAEFHAD. B BRI FH R EK,
S F42 4 R=6mm.

BRSNS HEMSMAE, TR, BRMOE ¢ BHORAE 0.125d~
mwwﬁ%ﬂﬁﬁ@ﬁ%ﬁﬁw,ﬁﬁi%%%maﬁﬁﬁﬁﬂﬁ¢,ﬁ%%¥%$
WA, SRR ORE o B2 ANBTIEK, RFFT A XL BIHE MR, ZH
IEATHR R A MR, T AR MEE ST BB A RERK, (B4 T T ERR T AR
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RAETHEREE LE SRR

REHRTAZ, IAERRRAL, SAULEENEE, RTEQLR
d=3622mm. HifE 4-1 Fi7R, DTW99-100A BBMALM FRBHA K=, BEdREH
S RATH MR B RO TE A, ORI 8 LA R A, UL TR Y
A%, B 49 HFRALIKE.

A
7
H
¥

Bl 4-7 THRAZE Bl 4-8 HH S TUBRAT
Fig. 4-7 bottom die and kort nozzle Fig. 4-8 stock and pre-forging piece

Bl 4-9 PHEEiKI

Fig. 4-9 Stereogram of bottom die
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FNE RFETHERIRITR

LRERERGA K 3°, hIERERREEA LEE L. B 4-14 5 EEMRHE,
&l 4-15 5 AR A SCARE

Bl 4-10 Atk
Fig. 4-10 Stereogram of top die

423 RAMMBLETIE

BRMMBEER 3C2W8Y, ERBIEP, A TEMZIER: BARESEN N
R, AN TAZ—EMRN, HTRESRANBEEM, P e E
BHRMBRBETE, ELEAMR, EMAZR AN AGIRAHRREITIHAR. ERHER
B MNRESERG-EASRY EmERFRAM, RAREE, SIREAETES
[ K , 14 25 BRAL 1) OB R R B 3 X AR L7 5 T [, B R T BB B OKELPTi& HRC25~
30. NS ERERBEENER TIRERR AT AL EHRR 5K,

A TIRE 3C2W8V BIRSAR R A, RMEMRANRIRZENmEE
B RERLA, FtREETE (W 4-11), ERG TG, ERRERE 0.5h
JEAYHRK, BT RNk TE A AR ERN S, RIRELKIEERARN S, R
AREARmOEIE, TOMAHREFFHFEIIE. SHELCERFIRAERT ik
BENMEYIERAENLE, EMFaEETRE.

49



REHIZRAE L ELLRIIR

1080~1100

870~8

|src

560~650 630 ~ 650

;] 160 ~ 180
2 |{05 2 A/(égi /’ 25 \
o CREA -

Ea-11 BAMMLETS

Fig. 4-11 The treatment cycle curve of die

43 KRERSHH

43.1 RELEREIE S

B 4-12 BBV ZE L ST AL R 7E DTW99-100A BUZARHL b — Wk in ik 4L 48 i
. WM EEY, ZR%E, BLNE, BERITERNLARST. E2EMmELT
Bomsg, BoAEREIRD, mAKEREEARE, BUHE™E, SHEHERHE
BT HURE i 2 AL

B 4-12 EHhEisl

Fig. 4-12 Stereogram of the rear axle flange

432 ERELNHH

1. &4 H

ARGRTTE, H— K IMPOELIBRARTE L MR R A1, A S CRUENL L TR HI
%, BEZERN ELBBEE LKA 2" . F DK7740 BE I EIML A 5IH1% . 2%
i 2 MR A IEK 60mmx10mmx=10mm FRFE, 7 BXQ-2 SR RE G kL EBEAT
BHSS, 2I7E 2007 . 400% . 6007 . 800", 1000* . 1200" KM4K LK iR fFBEF. RN,
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£ MC004-MPD-2W RN & XN EMEMEHL LItK, B 4%MMEFEEBREWS, i
VEX-600E €41 BB HAT &AW 553
2. WEMEH BHALNE

Bl 4-13 1" RPE 4 44(200%) B 4-14 2" RBESAAL(200%)

Fig. 4-13 Metallurgical structure of sample 1*  Fig. 4-14 Metallurgical structure of sample 2*

4-13, 4-14 SFFIR 1 REER 2 AFETE 100 f5H0 200 5 FRISHRAL, 45 PG
BREMALH: BREIFAE. NS KD EXRE, 1 RFER SRR 2% A
aki, TR REMAS B 2 AERARS. '

a P, A IR, ERALERMNAETRAD, BIFERESR
PEHBHRBHEMERNS N, SREHAFERL. FRABUMNAREEHER—RET
(Hall-Petch) AR ER: )

o,=0,+K D""? (4-3)
] i 1 .

Ao, AEIRBHME S, XARAMEER S KAEE, —BRE LR FBLREG
DARKER. B 4-3WLUEY, SRERD B/, BEME, MANKNEESTUR
YR 5—TH, MTRRB/, ERAERNMERFES, &M ILERER,
HROE RN, HRUFERFHHFEDEKR, NELIRBR2IRE. L, &
R/, ARE R .

RN, E—EARANSRE RS, WERFEBET, BT HEIT
L HERNEAT, RIS RRN TR RS, MASFE AR, it &
RO/, &S i, AT RIERE, MR R &2 8RBT
2.
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R HIER Y T 25 LRIIR

433 RS
FRERAAREL T EMERAERE, BohKEE KA THERKN
BHR, WHGBSRE. RAEZATSEXE RN,
MREEMNERERA—EAMIRE S FN)EERA D (mm) HEK
WEZEREEREAFENEBORE, REMEHREHRRAE SN, AEHE
MW ERFHER d(mm), RERITE d A\EEHMAKEERFES HBH.

TR it

T A HB Tl HB
i)
5mm 179 35mm 182
15mm 179 45mm 182
25mm 179 55mm 180
FfE 180

# 4.1 1" PSR R R
Table 4.1 The HB of lining plate sample 1*

TR (Wt

BB A2 HB s HB
B
5mm 174 35mm 179
15mm 179 45mm 179
25mm 170 55mm 170
FHEE 175

F 42 2" BEHERMAN AL R
Table 4.2 The HB of lining plate sample 2*

MR 4.1 FIR 4.2 FTLARTECF th, 17 R A £ B 2% SR A B 1 (B KT 38959, 173
HRBE A 1150C /5 HEERRN EBETRMARELM, 2R e AT
150°C, 7EBIENL LS, HIEE BB NS S MAT 1150C, RGIEEEN ELE
BRI, —RMAE RV (VR ZE L A e R R o A I AL =
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i LA R BG4 AR R LR(E, BUERATFREESSIIRNKALRE, PrLlE
BEER A, T2 RAFRERERE, SURAYh ik, BRAHBMERILRH, S&HE
eI T REAbIRES, B DURERE (L EL R
4.4 KBNG

D BN TR ELMERG TZAEATZ0XRTR, TUREFTTZH
THRAKED, BRTEBREFMBURERE, RN EEEBA MG,

2) RAH L ZEMBTERIE LM BCR RS T 22UV I+ dw BB/
BALS, SRBELF, RAHRE. HEREEREFRA
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AN LU ARATE L o
FIEH iR

AR B IREF MBS L2 E RN BEERMRRHR, BHUTER:
D) B HEEUBH, —RKNAELBRRREXRN I ZSE00: BRIA
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