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Abstract Based on the mechanics of materials and the elastic-plastic theory, the various bending load-deflection
curves are studied on different steel grade, heat ireatments and conditions in industry. The results show that the second
stage of the bending load-deflection curves of steels can be simply treated as an linear relationship in the actual straightening
deformation range and the straightening theorem of steel f, =K « (f —f) is deduced, which accurately describes the rela-
tionship between the residual plastic bending deflection and the total bending deflection after bending. When straightening
according to the straightening theorem, the straightening process can be controlled easily and directly, and the straightening
quality and efficiency are raised. Particularly, the efficiency of press straightening can be increased by 30 ~ 80 times. This
straightening theorem fills the gap that there was no direct calculating formula of residual plastic bending deflection after
bending before in the straightening field and enriches the current straightening theory and it has important scientific signifi-
cance to promote the development of straightening technology and the design and manufacture of straightening equipment.
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Fig.2 The tensile load-deflection curve of steel plate and steel bar; Q355ND steel plate (a) and 20CrMoH steel bar (b)
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Fig.3 The bending load-deflection curve of steel plate and steel bar; Q355ND steel plate (a) and 20CrMoH steel bar (b)
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Fig.4 The bending load-deflection curve of SAE8620 steel bar
in different spans

0 5 1015

835 TR k+200 CEl Kk

»
>

40 50

B5 ARG 42CrMo B2 i ZAT- A B B4R
Fig.5 The bending load-deflection curve of 42CrMo steel bar
after various heat treatment
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Fig.6 Analysis on the bending load-deflection curve of steel
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Fig. 7 The analysis of straightening a bending steel bar

BA—R BB E N I, HEMW, winE
TR ER—-GRH#NTRERE, KT ZRMEH
BEU R H g8k C JFEIER, BoX IR IR B i $R B
I E‘JE%B’Q:&EE_F@HH%E%J f, ’Ijl\lj £, =1, +X,

BRDORANE A, =T, +£, +1,/K-J, (8)

BRE)RALRKSL, =K - (f-1,) , WAHEH
SEARGFEHETHMEER I, WERFT=ERNR
REMBE 0.0, =K (§-f,) =K - (J,+f, +
JVK-J,-f)=K-]J, +]J, -K - ],

B XIFHBMEEEN I, BB RS XK
BREEHKNTSHBER A

WMA=J,-f,=1,-K-J,-J, +K-J, =(1 -
K) - (J,-1,) B

A=(1-K)-(J-1)) (9)

H1,>) B, A>0, B EERE NS #T
1] 5 SR 4R S Bl 7 e — B

B <) B, A <0, WHFFERERENS T
1] 5 R AR S il 7 AR, X BF ER A BRES

ST ER RN R KRBT iR
MEHEEHH,K=0.79 ~0.97 ,K SEH{E % 0. 89,
WRIER(9) , R K BOEHE0.89, WS ESF,

A=0.11-(J,-];) (10)

W R 45 25 il B — R AR 7E 10 mm/m L)
W, AR—ALE#RE P ARRTNZ T EZ
—BARLHEE 3 mm/m, RAR(10) FAHHEH A
R&iBid 0.33 mm/m; BT A, — BB S T BEF E K
WM BT EG , T A& E R
EFHZMRMNE -, RE LT KR EH
TREIEMBIRREHENTSE, FHEZEL
BEABI T <1 mm/m MK, XX FH KM
EESE~REERNEN.

X F RS AR T, B A R — A

HEZLEPOILEERM T, P4 BT S ih B4
HO, BABE—BERKHSHERS B
Smow/m, HARFHZEBHEZZ—KAE
1 mm/m, Bl ), - J, MZERHE/NT 1 R3E BRI
RARERE] ~2 KRTUSFER S E <
0.05 mm/mff)7KF; 55 5, B AF AR Al &
BRRE, R ER AL BT 40 S i 235 5 R
5 (-0.03 ~0 mm/m) REHKF, UIHKRH S E
AR BIE R A

RAZTERGTHE, BR TEXRERNES
HEUREBHHE, AR —KREHSRER
S B F 5 R B AT 5 LT L, BRAE R A LR s X
THEEZRFEHRRIELL, 5K 2 ~3 WR EBIA] 52
. FFENER, BNMFELEELTE,

ERFEIBEPHHFE IR S SHERE
ETAKL =K - (£-f,) LA L, =K - (f-1,)
RFF LB PR AKX, EIRumER R T
RSB ENERRTHEES S B MR Z A
MXR,FEL TERIER , B TR T F
DHIEA EETERRTHMEELENARANZ=A,
FETHARGEEL U, AKX L =K - (f-f,)
BABFEER,

BrEEHEEHER GE SN, MHESI ST ERAR
HMERBMFERSEHRITSHERFEREENL, N
B E SRR E REALIR A T BRI

5 ITWRASR®iE

5.1 EABENKGE

xRS E BT ENL, MAU LR E e, i
FEERENESR, AT — KRR S 5 E 2 &k
BH GBI TSR E, FRATE XMW E TN
M SRR B LA R BB THE, B B R AN B IR
BRHTREEA. LS RFRERENAT
PAL AU BN L LK R B BOR A MR TR
BT E, STEN B2 E FHFERERLN
BEHE, AR TRESRENER

EABME 4451, R PR LA b T ok B KR B b s
RTREFEKEWE . URANNERKE W, F
YIRERT B ARTAE SR 7 1A 1 10 20 B/ ST 2 20 b/
3, MEBRER FRE, T EBRIER T 4130 £,

BN T BB G RS EBERCRE
B, XREMEANBRERER B, FrER
MAEERSHAEBNAR, ERFARIZLE
BT R— B ARG E, RS



+20- 52730

Fa3E

WEHBH, FE— XM EDFTE 30 48, W
B ERREHES BB S, B 5 & Bkl AR & 2
BRY . UHERAESHBHREHAH, ZEHEK
705 mm, FH % ©87 mm, FE{ BMEMBEER<
0.15 mm, ZERGFEN ,BRTEAFEI, REESE
WER . ZHR B RS/ KERAIK, 2 AT
A BrEFER 2 30 48/ B H 15 X ED
EFERT 450 40 HE AR L EEBEH TR E
B, HF% 1 ABDAT#R4E, SrEHFER AT 45 B/,
BrE 15 TR SFERTSY 11 408 EHSER 15 X
BN BN 0.02 ~0.05 mm, NMEFFE &
%, T L RenrtiRaE JAND SRR E Y 81 15,

MAh, W)X HE RN 130 mm ~ 350 mm #)
KB ST E 1B B, X T R —MRF A R
R iR RE, AREEEMETEHRAME
Jao RAGHLRRN T e HER s 4 i e SR AT R A Uk
ME MY TETHHEBERT —THELREH
BRI, B AR AN R S il B S A R
TRR—LBG, 7R BN RMERESRT 8
HEFEILETEFIR, FEERAMHTHETLEWERE
BARER, FFHER HERE,

5.2 BEREFTEVSE

A S E R, T AEW R EAF R E
VLS ES B RIEHE,

B, AFRBFEVNS H —# 50 mm
20CIMnTi 4R#ERT, BIRFHE 3 ~5 X, A HEE
HHERFENN L TRAEMMERS, T L%
FEX—MKOBKTH, MALEESFHEAIEX
TR FHRTHME,

S 30k

11 ®#. FEFESHFENEIM]. B2 88 TR HKR
#t,2005.

[2]® #.% B.fyit FEELNHREBRIRSREA[]].
PRI 54175 ,2012, (8) :266-268.

(319MV&A B, W0 . 4. REREAEZHENFHER R
5ragitaE(]). $94%:,2020.55(6) :113-117.

[4]% B AEE.EER ENREIZELHANIARERE
[1]. YU+ 509 ,2004,20(4) :69-71.

(5] 2 eEE.MEE. FEITERITESERAXNHEIBKE
S]] BEEE ST ,2003,(6) :22-24.

(61375, XET. BEREM T ENSFEET &85 Bt
[I]. @41k 4 ,2008,(5) :19-21.

[71458% . ZFK. A BHFEETEMSATEL]. dUMiit
H&iv% 2003, (3) :77-78.

(819 BB, E4HL E8k ANEUFEESEENRBERN
[J]. JLB T 23R ,2005,41(11) :47-52.

(9] ERE T 5B, E08H,% Q4B EBERRAEMRESFE
TEehpRI L], $85R40,2012,33(2) ,33-36.

[10]8— . EH. T & VEERISEIBRMFRETER

H{J]. Vg E 580K ,2021,40(4) :627-632.

SITPRETEVLABTEE R, 10 2. 3 PR,
LNHABFENFH R TZE, AESTERR
=R EHYREFELE, B ETROMEM
FBEERE , BT LA, A8 R BN S M R 0 55 il 72 BE 4
i, REEX MR T Z 0, A S NESgET
AHERCE, SHYTEREFESEFES N
THEER T MR EAZERENER, & /AR R
#0725 il BE A B RTE PR ST E AL A B R 4 3] kg )
BYREFHHR, @ TR—HSELFHNTRZES
BEMRZER/DN, — A S8 3 mm/m, 1E23(10)
HE, AREIHER A B 0. 33 mm/m, B LLGF
HARBY; 1 TZWER RS BV AR R ar st
i, HL, AT AT A S

6 &iiE

(1) A9 30T - L8 Bl 2% - A B ARF
£, LG ELE P, W T i AT i 2
FBrE A AR AR B R R

Q)RS EL R P, i ETHBR/EE
PFERNRREHEERNFEFEEHEL, =K - (f-
f.) RATHBEES BETEMBEMRE AT
e EZ ZRIE .

G)FEEHEMAN T, MHAEHEIFFEEX
IER =BT BB MR, F NS ERENE Rk
REFSMKIE . BB BIEAN T 5 I F Z Al
BAREEITARRS WAL EAXNED, ERS
HARPH—HEARBES KA, ENEI IEHS
NREE THARFEEI, NENFERARK LR
MBFERENBITSHERFEENE

[nIxFE, ik, FZ28E, % ARAEHFESBREERN
[1]. B85t 447 ,2020. 32(9) :809-815.

(12] T HE, Bred, FRE, % BN REE _RFEREERNE
BERFR[T]. YL TR 4R ,2017,53(20) :77-88.

[BIXERE,GEH, D8, % ETENRBETESTHERE
BRINMESRIE(]]. TR#¥¥H,2015,37(12).1637-
1644.

(14188, O, WKE, 5 ETREMEN PHEERB Q%
MR EERERT]. PR AEER ( ARBIER) 2016,
47(9) :3020-3030.

(15]%F % EERBEE BETHENFEIBNEFEYS
TRITE)]. EEIHLR,2004,6.:41-44.

EHAL(1964-) , B, IR AR B R LTRIT, 1985 F1L 5T
BB (AR Bl B R ST R

E-mail; wangxinshe@ citicsteel. com

Y78 H £ :2022-03-16



