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Abstract

Rolling big angle iron through medium section mill may acquire finer economic
benefit for satisfying needs of market. At the same time, there are some questions, loads of
medium mill are higher than before. If design and adjustment is not the best, accidents are
took place easily. Load of mill which is designed according to experienced method in
higher, load of miil can’t attain balance. Although designers do their best to distribute
reduction by any possibility, load of mill every pass appears unbalanced. Rolling especially
on the conditions of critical states appear accidents easily, so much as roller breaks off. It is
import to provide a computer system about optimal design for balance the rolling load in
medium section rolling.

IThis paper did deformational resistance experiments with 16Mn, made the
mathematical calculating model of deformational resistance of 16Mn in the conditions of

deformation temperature t=950°C-1150°C ,degree of reduction € =0.2~ 0.5 and deformation

rate & =1~20s"'. This model was as follows:
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This paper made mathematical calculating model of temperature variation in medium

section rolling process. This model was Ar = cAt, ~ % oA, — DAL,

This paper accorded pass specialty of rolling angle iron, contact area of butterfly style
were computed by method of division for the first time, thereby, provided gist for
computing the rolling force. The dynamic programming method is used in medium section
mill rolling process for the first time in this paper and received size of pass of balance load.
Adopting VB , established optimal design software, which was “Optimum Design Rol!
Passes of Rolling No20 Angle Iron Through Medium Section Mill” ,aimed at balanced the
rolling load in medium section mill rolling process, replacing the experimental design, this
not only can save time and manpower, increase data precision and less error, but also has
commonality and wide scope of application, which provides a computer system for

medium section mill rolling. The perfect combination between VB and AutoCAD
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enhanced the drawing function of this software, so that you get a optimal roll-pass drawing

agree with engineering drawing request.

Key Words : balance load; optimal design; dynamic programming method;

parameterization drawing
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t —FHERE:
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EARBNHREYR. SETESNEREHBMOE RN, & RE— o
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T ra, ¥
o =expla,T +a, E-) (2.4
10
ayT'+ay, 7"
a, U
7 P(I* 2][10)
a7 +a,
u
o= exp(a1T+az{E) K, (2.6)

a7 +a,
a u
=expl —+a, | — K (2.7
i ‘{T 2](10] ”

K, =b, +bl;;f-t~i’:'2;v2 +b37'3

ﬁ*ﬁomm%lwﬂbHﬁﬂﬂgﬁrﬂﬁ@&?mﬁ
| e, BREFENFERIT THIPNESERARCOELQ DMK,
AR AR, BREERAREEMEITFE AR . FEIRFEEH,
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V.

FTEL 16Mn FIZRTEFE DAL AR EREIR, RR(2.8).
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] ) (2.8
x—as(-a%] —(aﬁ—l)—é-‘%_
N T=t+273;
o, —EMEREM S, B =1000°C. £=0.4 ¢ =10s" MBI H(MPa):
t — R ; |
é —RTCRE;

e —BTEE BRI .
Gy a~ac—El RS, HEHRTAR.
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@
=Q%’ =2340. 1732
fon-m)
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BHHKXRE: R= \/IE =0, 9918
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Fig2.5 Comparisonof ¢ between numerical value of calculating and measuring in fact
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R, SEGTEFEBHTRXERY, B, OFARBERF ST T Eei 4T
ST RS, ERTRFRAEREY, AGEEH R T EHEAS T AME
FEREATSEM, BIRE T ELEELBIERERREEE, Ad—2 THRILFRET LA
e, SEREMRGIE. AHHELAADEE, B4 TERKE.
EFREIMLIERESR, BEXNHANPEWEEEEEN,
HALRE P —EX L AMRERL AL BT UL #4122,
A=Aty Ate(Atot Aty t At Aty)
AF: At----BRF AR ER;
Aty BRI Z IR
A te----FU 5 HLHR R A B AR - AR R F
A to————- B4 ) B AR A 7= A IR B
A LR RE TR R,
A ty---FUHFENLAREEAT A B W B AR
A A HIK SRR LR
ATETHEMNU EBRBEHTTANMHASHBHEEEE S MERE
b, HEEALRTLAZEE, XA, At, AtMOTAE4
Ko Ato=Ate+ Aty t /At
A ke HHERARE, B ko=1.15
WL fE AR REERR
A =AY ke Ato—Aty (2.10)

221 BETHRITH
1. BEDIFEIRAEE A&

. __0.095% ity
P T GCxADT 11

W—AHIh, KN.m;
GC—REXFBE NS ER, ke,
C—REERE T FYLLR, C=0. 695 kil(kg.k);
27-H 4.
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FHXFEENERERTHTRTE:
G=Lbyh, X 7.8 X 10
L—BREKE, mm, L=[R,Ah, ;
bR WA YRR, mm, by=(B+b)/2;
hy— X AFAAFIEE, mm, h=F/b
B—ALHEE: b—ILEHORE: F—BHKEAILEMER m?
EHSEHIAEE X, LHEARM T

L,°

W =2x98Pq x107 = M8

m

F: W—AETEL), kN.m;
M—%L ] J1 58
0 —— AN BHRKEHES, WE,
Ri—4$ 3 L1E+%72, mm;
« —~ SR a=05;
P—ERELBIES, KN

BEEE.
_04xPL,,
A, = R, (2.12)
F,— X AL A FIMEE, mm?
2. ESREITE
EESEE, HESIIRNELAERS.
(nY (5
o) (i) ==~
Af, == - (2.13)

GC

AF: & — BEERE, £=08;
y—2BAERENRE,  7=5.815W/(m? K%
T —3 LB E, T,=t+273, K;
Tr—FREXNRE, T=1273=300, K;
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7, —tHEBPR LR [ AL Az AT IRt E], 3
GC—RuKEHMRE, Kg.

FREBHEERE:
- -
At, =8.57x10™ (-5-] -81 xr,x[F‘J (2.14)
oo F,

3. ARSI ERERFERTE

At, =2L, b(t, —t,)er, (GC) (2.15)
XA Lim— B HEEKE, mm;
L3RR, C;
L4 IEH T/ERE, C, %=80C;
o—ERRE, o0=11X10°E/mm’s.C;
r,—— MBI K EHELHIETE, s;
G—ZHERANEMAFRBE, Kg;

2B IRE.
At, ~1.7x107(, —80)% (2.16>
he— BTG IX P LA B
222 iTBER

EHERN, EdRERTEEFRITERERILGNEE. BETEHRF
EEmE 2.5,
MARI (2.10) #ATHFERBEES, A HEF 5% 50008 & Y
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Fig2.5 flow diagram of calculating temperature
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3.1.1 EHRGEE i EER
B R A R 12

p=hen,N. O

(3.1)
Bl 2L 58 B B T R (1. 0<ne <

AXF: ny —FBEFHENHHEW,
1.15), TEHIELILEELEIE, BIER ns~=1. 15;
n,—% [BIMEE T B R I BN RS R
n.—% BN 0 JL A 3R T X s 2R 3
o —RARRA (2.9) X;
B.C. HiK/REKRAEZA 3. 1) W EHRE AN E T EARHE ns,

n, M n.:
ny=1+p /3 (3.2)
n,=1+(8/¢) (1-A1-£7 )’ (3. 3)
n.=2-fI/H,, (3. 4)
8 =2ul./ AH
u =0, 55-0. 00024t
e =AH/ H,

Wb, p— BEEEM.  t — HER e — SR

et ER, SRR TRTEREREEE.
3.1.2 EMEBRAITE
BEmATERRSE, SELBIE S E R
2 EE L R FLAE A
1. AAEMERTE

AR N39S, HEMEAR AL 5 AL B &4 T o Em R, §
F =22 [RAR

EEREMMRLA, APLERS
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A F—REALEA, oo,
B—5La L, mm,
b—3LEEL R TERE, mm,
R—EL3E42, mm,
Ah—ETE, o,
2. BAAEMTRATTHE
ALK EMERERAAN, ATHRIESTK RN, HPRERERTIHEN
RHE, MINERTE. —RENCEFEAF AP EE RS HINE BRI
ELE, BXMTERERK, EHFLARAEEY, BEXEHFEOTER T4
T SERR, ARETHE B AEMETARN, BALESRETOH, W TEAT:

=2y

KA G — SRR RE F = 252 R AR, TSR FLABEMER A

|

F=YF, n HFLEL SRR 3

ST PIIIED, HBMAHEREF N LYY, XM &S 9EK 6
BHE, LHFRESE, BELXFR.

EVHERAZEMERN, EXdRFHBEMERTERFRTESEREMT
. EMEHREFERTE 3.1 R,

3.1345LBlEA P
A HBHEET P AREFHRAMES p SHANIBEBEMER F 2R
F, Bf |

P=pF (3.6)
P P—ELBIEES:
P——ﬂfﬁljﬂﬁaﬁﬁ[fﬁ
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Fig 3.1 Flow diagram of accounting for touching area
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EBREM T HENRX

3= 3.1 3R4818

Table 3.1 numerical value of roller gap of rolling units: mm
i 1/ 1 2 3 4 5 6 7 8 9 10
15 15 10 10 10 10 12

1B4% (mm) 15 15 15

iribis e gl ol m e

R 32 THEEZENS AR LERE

Table 3.2 Comparition of value between of average high and dividing method

RAE (%)
FHym A 7 FliE
PLER

1 43.9 43.9
2 128.6 128.6
3 80.3 80.3
4 114.5 114.5
5 68.5 68.5
6 41.1 52.3
7 38.3 42.9
8 33.2 40.5
9 25.2 30.1
10 21.9 23.4

3.1.5 SLBITHE MW
tE it BAL IR AERY, WER A &R

71, EIREH
1.

EESE,
R0 R

M =2p¥, JRAW

X p—E5LHIT;

Ah—ET&;
R—H B4,
W —HE R,

NEREY, TR =EKET$Z (3. 8) PIR it .

W, =0.997-1.414(, /H,, )+ 0.83(1, /H,

ittj zc _Q% E&E t I_].-;;l:l_“‘:"‘h-I

CR

H,=05x(H,+H)

AR HHE. HELH

3.7)

(3. 8)

I, = JAHD, /2
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HERBVERHMIERIE WA HLPRX-HABRRLER (O aopoB) A
I E

¥, =A, -4, H)+ 4,0, H, F - 4,0 /H,,F (3.9)
P 1J/Hy— IEFRWETTE TR R R X
Ao Al Ay A—RE, KRWTEERELLTE

=43 BRER
Table 4.3 Table of modulus

—— i

¥ Ag Ay Ay A

4 7.0 13.4 8.9 1.9

2. FiHLah LRy %R
BT RIMEDEDS, ATETESRGTNAMHTILR, REELEIE M
L b BB R L
LENERBRHAE - REUENATRANMNIRY . HEBEVEN, sk
IFLRATR/NVEREAEHN, EARFNM AT SE, BREBIHES, T5H N
BRI, THRIEE, XEHMNYTEE.
—AURYL, AREhEL BN LR I, LU PO ER 44 R,
Ms =Y+ M, +M,+M, (3.10)
A M—EL&IRE, BLBICRE L 4 M A TR BT & 0 4R,
M —FORRFLHIBT RAEZERLARFAR . A5hHLAL v i) b hn BB 8 4
Moo ¥ 0%, B RT A f 48,
Me—3) 05, WHMRAN T RRGEETE RN 0 ER. TE
Beht, BpE. FLREEREREN, HSEEE, BT M~0.
AT My =S+ M, + M, (3.11)

EWa A E RN
(DB ImEE#RR F158

—
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B INEEBE AR R I, —AEVRRATREE NS, B—TU SN
[ PR 756
i . B hnEEHE 4R

WAL S, WHEMEY:

M, =Pdf (3.12)

S P—AERIAE IR LB R, T T LB
4 — R E A,
f—SLRMR R RN, TRETHAMERETERME, &amHNT
B fR, B £,=0.03;
i AEZhHLF P R BEER 75 Mp -
KE A HAEED AL . SRR S B, —
IR R B |

—

+Mﬂ

I. M
Mfz=(?,”“1) ;

(3.13)

) 84 f B o PR & 2),
M,=—~+M, (3.14)

). N

TR DERRTALAI SR ENTIF RN NG, — BB TN E
S CEICT S SR S

EHNENSIFE ARSI, WHE. EBH. ATHRR RS, SEAM
MERRTANHEERABEERY. BEOAAE. BRSREENS T
HHDNGZHDELR, SRET NN EN, WS — BTN ES

- A Mo 8 E B X B RS AN BB,
B EATHEENER, BETHLRDAERAESE:
M=(0.03~0.06)My; (3.15)
AT My—HBhHLK A E 4.
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ST ICEL UL AT BT FR, X IBCELAL AT A L FR, 7RI ER Mo=0.06My
ML I EE AT R T R
WMy ="v M+ M, (3.16)

i— L ELPL B Bl E
n—MAEBRIIBANIRESIRE, —REREIPNE BRI 096~098, Rk
A E 0.85~0.90, FEMLEY n=0. 97.
3. EEPLLER

B _LR AT BB Th A, B

N =1.03Mn KW (3.17)

n—REEIPLFI#E, /min.

3.2 At e it

3.2.1 M F T

MM F AR LP AN S BN BN RSN, EHEAFIR,
NeERMERERI, HFE; MAFEEHN, FHRASIRELES. X
FOL, AIIRAHLIR T R NLBIAST & A R bl e 5L AR, B0 R LR KBELI,
RS HRE—RRTFLEITIR, ARDNEN, EROHE—RI5L5R. AL
RIVEW R EFTRE, DEENRAFHIE, TMRAESEEREES, ETES
H A3 R B, TOERAAELIBRR S R 4.

AR F AR AR R AL BIEEATRAR, TUMNBAEBAFE: —£
WRIREE, KU BNS, FAHATHNHES. B, BEMNRAEESH,
FREHRS, ZBEEAN, ARAIHREET, BRAMERFRR, BEE
N, BARERARER. CEMARLGE, BEALERS, AHAR Y%
s AR B R,

3.2.2 BiIFeR AR S
LELALIA RIS EPLIGBY B AR R 3

FARER S ST min S =3 (N, - ¥N,)’ (3.18)
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LR T BB F

SRR W = ; (3. 19)

r=]

Ni=1. 03Min, (3. 20)
K LK.
Nes — 30 1 FLER E BHLEE Th 3,
N — 381 IR ERHUERRIHTHER,
M—28 1 HLARRHLIIZE;
ni_“EE.M%E:
ZEFRSRE RN R S AR RENME DR LR EFH 2R
FAg/D, BUAELALE S Mk BIARRT 54 .
2L K&
TER BARRSILET, BEASARFFEFEILIR. 7T AMHNILBIER
F, QRFHATLLEG AT LA TS
l. BKETHE
BN EBARAFFRENEAETRETHEMAR KL
AH_ ., =2D,sin’(ja)/2) (3.21)
X AH_—BKETE

D, — HIMTEHTHER
a  —ATFERAKRAHR, PEEH 24 , BB 22 .

B REAEATLE R AR ER, (RIEEL IR
2. {0

RN AL B S KEREA S ST, WMELROS D GLEIE
51 FLLECUE R N, HEERERALMPELE, A 1ERARE
7. BFLAE 4 BIEG R RS R SR S T AL 7, TR, 3R R
.

BESESFEERVTEEHNS, HEEEEUNTETSHARNHE, X4
B il Sk o B R HAEN T .
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VRN, ahimidika N g/ FFEBERN T,

HTETHILIBEBENAZEBREFTEE, WHENZERZE KRR n=5, E
MERIFEN T, 2B |

ST FEEHE, Mo, =500-600MPa, R=100-120MPa;

TR ELE, Mo, =350-400MPa, R=70-80MPa;
3. BHLEE ) - B R N RS RR P g, Nid#

Max = A M, ; (3.22)
N M- FLa R A R AR 5
A ———- VRS

AU E=AYRFHERNBEENFET, BERENFLE R A TR, 41
FeRELAR o FLEL,

MFRILERAAFEARFHER, TSHIBMENET—IESANE, Fiw
10, AT, SRR SIS,

3.23 LA E
LARAL 5 R E EY

EFRHFANOE>T, HEFRRILHAANILERSEIBRARRS. A
WAEZRNA L P FIN, HIBRNRAFGIRE. GBS EE, TEEZHNMN.
A E LG RTHERE, YBEXNETEARN, ESREHAFE, SHEET
BAR, AR EHAR. TETEZL, WEBESIES. SLEHERMLE
DhEMZ . PREFANALEF, BRE-ERNEERIT —EBREEE, R
THEXFEN —EXANEEE T —HEROEE, Hii—HAkNEJILNMNEFEAN
i, R—IBREEEESE /LM HENMEE. IERAEANSERLSES SR
REIIERF R, BT R A S A RIS S FLELAT Ak 8t .
AARLBR T EM RSN GAL BB, BRMIGIEA DR, MBELE
B K TPHERNEEESSTISAY., TRENESIRESEEE ML AR
FERRIE . BEUAIMRLE 0.2-0.5 mn, 4 55K MFLERM LR 3 A s 1 5
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EFARRE, UBBIALE NER, SURLGETFRUINIGERNE T &R
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DEMYERET “BREE” H—RrE0, SR N RRRETEL Y
RHIN N ER BRI, BN E— wm&ﬁmm¢%@ﬁ

B R A SRR TR NERA R

fi5) =0pti_{8u (% )+ frn(ei) } (3.23)

P x

b — Bk BRI

fi()—F T k BORZE N x B RO

fin (X)) ——RAE kt1 BRRE D xien STHBANE
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Fig 3.2 Question of the best route
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Picture 3.3 Decision-making of reduction schedule
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XE, FI, DAAE TES I MRS SO DIIE N BERE — MRA KB
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=1, 2, ..., M(I)}: K=1, 2, .M{I+]), C(I, J, K)= (IhZ& - VMG EHE X H
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=

1=N-2
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k=12..M(I+1)

|
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1 1=+ -
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]

B 3. 4. G ERRET
Fig 3.4 flow diagram of accounting for question by dynamic programming method
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] 46 B T 5 e 1 o AL 18 30

5.1 IiFHSE

KANEMRE, BT EEHNY
R RS D 0 650X 1 F
165mm X 280mm X 3200mm JEHFHEH (16Mn) #L&] No20 a4, T

HRE LT

545K LU

R T A P R AT T ST AR AL
nFRVELEL, RSELVLAE N 0 630X 3 7 RKEMN. {EH

FEB R 1150°C. B

St TCS I
R 5-1 MHBHUR
Table 5.1 Table of parameter in locale .
FLEV L4 R~ mm 2 IRz ST HLLTHE :

R —gm mm | PO o Kw &L
1 185 250 0.17 495 2800 6.07

2 263 126 0.3 495 2800 6.07

3 273 96 0.333 495 2800 6.07

4 282 60 0.25 495 2800 6.07

5 293 .4 43 0.67 495 2800 6.07

6 315.3 33 0.697 495 3200 4.5

7 315.9 25.5 0.12 495 3200 4.5

8 326.9 20.5 0.544 495 3200 4.5

9 327.2 17.5 0.51 495 3200 4.5

10 330 16 0.05 495 3200 4.5

®52 HIZAAEES KR
_ Table 5.2  Table of pass parameter in locale
K AL AESH ETH
H(mm) B(mm) R(mm) S(mm) a (B) (mm)

1 FALFL 250 185 15 30

2 L 126 263 40 15 14422 59

3 1L £L 96 273 50 15 118.08 30
4 W A, 60 282 60 15 100 36
5 W R 43 293.4 40 15 94.5 17
6 BERAL 33 315.3 60 10 93.28 10
7 AR 25.5 315.9 50 10 93.02 7.5

8 g AL 20.5 326.9 35 10 90 5

9 AL 17.5 327.2 25 10 90 3
10 R R FL 16 330 18 12 90 1.5

mmmm
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] AL 38 T B 2 A3 X

S2MMiEmR

X -1 W U TR T R4 BT LI SR B, X B SR I B A S
L5 AR S S B AR AT A, A8 B AL AL B ML R LR R
o SR BRI RLER . SR, NS, ARSI 5E
FLIHE, TURARINE T AE Y EORANE. WU FEEFR, fi
PR, PRELLAOKE . RELHLALI T LN AR . IR AR s
B2 EK SREHIAHAETETY 2. 41% SR am s mET
3

1l

F53 No20 AHLUL hgESER
Table 5.3 Table of optimal press and energy parameter of No20 angle steel
e ere— e sttt sttt e e L oraarosstee e e e A O L

K AR #3171 (KN) $1%0 745t m) e 6L A (%)
i 1.71 102437 10.36 44
2 2.23 3492.33 33.35 129
3 2.36 2336.37 19.98 80
4 2.44 3249.04 29.33 114

5 2.53 2420.7 16.3 69
6 3.41 1914.68 9.79 52
7 3.44 1711.2 7.61 | 43
8 3.48 1655.19 7.03 | | 40
9 3.51 1342.63 - 4.72 30
10 3.52 1093.93 3.26 23

®54 MHHBRILERTR B{I: mm
Table 5.4 Table of the size of mill bar of optimal in front and behind units: mm

W A FLE R ELAF R T AN R ERE AR AL AT
H B (%) H B (%)
1 250 185 43.9 250 185 43.9
2 126 263 131.8 127 262.8 128.6
3 96 273 - 80.9 97 272.8 80.3
4 60 282 117 61.6 281.6 114.5
5 43 293.4 59.7 42.6 294.3 68.5
6 33 315.3 495 33 315.4 52.3
7 25.5 315.9 46.5- 25.8 315.9 42.9
8 20.5 326.9 389 205 327.6 40.5
9 17.5 327.2 31.1 17.7 327.9 30.1
10 16 327.2 21.5 16 328 23.4

%
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*x 5.5 LRI BRTR B{f: mm
Table 5.5 Table of the size_of pass of optimal in froni ang behind _ uniEi_ mm
: , Ak 5 AL B K ~F(mm)
18 K fLKY T = R S T
1 R 250 185.01 15
2 o 127 262.76 49 15 144,22
3 SR 97 272.75 50 15 118.08
4 \\ i 61.6 281.6 60 15 100
5 w B 42.6 294,33 40 15 94.5
6 25 33 31535 60 10 93.28
7 g 235.8 315.93 50 10 03.02
8 | L5y 20.5 327.93 35 10 90
9 150y 17.7 327.87 25 10 90
10 ] ST __ 16 - 32_(_)_ ) 18 _ 12 - 90
R 5.6 BifgsrEIEE SR
Table 5.6 Comparative table of distribution of load
- B PR ST HL B (%) ARy  RTRHR
AL BT Az (%)
1 44 44
2 131.8 129 -2.41 -1.69
3 80.9 80 -0.64 -0.62
4 117 114 -2.18 -1.5
5 59.8 69 14.71 10.77
6 49.5 52 5.7 8.14
7 46.5 43 -7.64 -7.2
8 38.9 4() 4.05 2.4
9 31.1 30 -3.15 -1.34
10 21.6 2_3 8;54__ 2182_
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FISRA 16Mn BB HIRERBEIESHE HIELLR

' G g{,ﬂu G -E’-'—ﬁ by wr | )
£ 6 t (o) ‘ ( MPa) ( MPa) wE %
03 57 557 333

03 56 65.16 127

30 0.4 65 71.09 857

0.5 g4 74.64 14.26

02 75 65.57 1438

166 03 83 76.69 8.3

0.4 87 83.68 3.97

0.5 38 37.84 018

0.2 85 7717 1015

0.3 95 50.26 25,25

1050 0.4 100 98.48 154

1 0.5 ) 10338 4.24
02 100 90.82 011

03 107 106.23 0.79

1000 0.4 118 115.91 1.8

0.5 123 121.67 1.09

0.3 112 106.89 473

05 03 126 [25.0 078

0.4 136 136.41 0.3

05 143 1432 0.14

0.2 123 125.8 223

03 150 147.1 1.97

200 0.4 164 160.3 218

0.5 172 168.5 3.08

0.2 65 67.4 3.56

03 77 78.8 208

1150 0.4 84 26 2.33

0.5 87 90.3 3.65

0.2 20 77.9 27

03 93 91.1 2.0

1100 0.4 100 99.4 06

0.5 108 104.3 3.5

02 39 8.0 i

0.3 107 105.2 191

) 1050 0.4 115 1142 026

0.5 119 120.4 116

02 103 103.8 1.16

03 115 121.4 5.7

1060 0.4 121 132.5 5.68

0.5 125 139.1 10.14

0.2 122 119.9 1.9

03 144 140.3 2.64

950 0.4 158 153 327

05 165 160.6 2.7
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Jaf A6 BE T 5 B i 2 A v X

: o SEQU c i+ & RE Y%
£ (D t(oC) * ( MPa) ( MPa)
0.2 134 1385 325
03 157 162 3.09
> 200 04 170 176.7 379
05 178 185.5 2.04
0.2 7 732 0.27
0.3 85 85.6 0.7
1150 0.4 92 03.4 15
0.5 96 98 3.04
0.2 28 83 .8 5.01
03 100 08.05 1.99
1100 0.4 106 107 0.93
0.5 116 1123 320
02 o4 96 2.08
03 108 1123 3.83
1050 04 116 122.5 531
’ 0.5 120 128.6 6.69
0.2 113 110 273
0.3 130 128.7 1.0t
1000 0.4 140 140 4 0.28
0.5 (45 474 163
0.2 126 126 0
05 0.3 150 147.4 173
0.4 162 160.8 3.48
0.5 166 1688 _ 166
0.2 139 1443 3167
0.3 166 168.8 1.66
200 0.4 182 184.2 [.19
0.5 102 193.4 021
0.2 77 76.8 -0.26
0.3 28 89.8 3
1150 0.4 96 08 3.04
0.5 99 1029 3.7
0.2 %9 37.5 171
0.3 104 102.4 .56
1100 0.4 115 117 2.05
0.5 122 117.3 401
0.2 o5 69.8 381
0.3 110 116.7 5.74
135 1050 04 122 127.4 2.24
0.5 120 1337 3.52
0.2 116 113.8 1.93
0.3 134 133.1 0.68
1000 0.4 145 1453 0.14
0.5 151 152.4 0.92
0.2 127 129.7 208
0.3 152 151.7 0.2
550 0.4 168 165.5 -1.51
0.5 175 173.8 20.69

-50.




WAL LB T2 R

- R o E BE %
© D tec) E (MPa) (MPa)

0.2 144 147.9 364
03 170 172.9 1.68
13 200 0.4 190 188.7 -0.58
0.5 201 108, 1 1146
0.2 32 75 4 337
0.3 94 97.9 118
L1150 0.4 100 1014 138
0.5 104 106.4 226
02 94 90.3 1
0.3 11 105.6 301
1100 0.4 123 115.2 6.77
0.3 127 120.9 5.05
0.2 100 102.6 353
0.3 119 119.05 0.79
1050 0.4 129 130.9 .45
05 138 137.4 0.44
20 0.2 121 116.5 -3.86
| 0.3 140 136.3 2
1000 0.4 151 148.7 1.55

05 158 156.1 122
0.2 132 132.4 0.3
03 158 154.9 2
950 0.4 174 169 296
0.5 184 177.4 372
0.2 149 1504 0.93
03 175 175.94 0.53
500 0.4 197 192 2.6
0.5 210 201.5 422
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