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Abstract

Springback prediction and control strategy for roll bending of aluminum

profiles with asymmetric cross section

ABSTRACT

It is "China system 2025", and the system is rebuilt. It is a modification of the
work of the machining process such as the abduction, the scoop, and the fall. In this
study, we used a high-performance tool to measure the quality of the machine. At the
same time, there is a large shredded, nonexclusive cut face type material forming area,
and the molding method is a large amount of the molding accuracy. This is the first
time that we are able to take advantage of the fact that we will be able to take advantage
of the fact that we are able to take advantage of the special wave shaping method and
the molding wave.

The main text of this thesis is the non-geometric and diagonal plane model. This
study 1s based on the model of the Z cut plane of 7075-O and 7475-O. The abacus
building number model is based on the degree of core instability, and the second order
behavior of the building. This thesis mainly conducts research on the following points:

(1) In view of the strong fluctuation problem in the forming process of aluminum
alloy profiles, it is necessary to establish a suitable constitutive model based on the
specific situation and call Wx in the roll bending rebound test of asymmetric cross-
section Z-profiles Before designing the Python library, the GUI interaction interface

program and parameter setting linkage program are processed, packaged and written
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into script files to build a platform for subsequent experiments. Furthermore, the
optimal number of rolling curves was determined through multiple experiments using
the constructed script file. Due to the strong limitations of the ABAQUS kernel in
handling user material constitutive relationships, ABAQUS provides user subroutine
interfaces, and allows users to fully consider the impact of material performance
fluctuations on the roll bending rebound radius. This thesis is based on the study of
isotropic elastic-plastic constitutive models using neutral layer displacement. The
VUMAT explicit analysis method is used for secondary development of dynamic
profile constitutive models. ABAQUS is used for secondary development and
compared with experimental data, theoretical data, kernel processing data, and
VUMAT subroutine data to ultimately predict the roll bending rebound radius.

(2) Taking 7075-O and 7475-O aluminum alloy profiles with a Z-shaped cross-
section as the research object, this thesis focuses on the defect of instability and
wrinkling during the rolling and bending process of asymmetric cross-section Z-
profiles. A force analysis model for asymmetric cross-section profiles is established
through the theory of simply supported beam deformation. Based on the experiment,
tensile tests are conducted on aluminum alloy samples in three directions (0 °, 45 ©,
and 90 ° to the rolling direction) to calculate the shrinkage moment and anisotropic
yield strain ratio caused by the internal force distribution surface of the cross-section.
Based on the Hill48 yield criterion, a secondary development subroutine is developed
to reveal the wrinkling law of instability and wrinkling in asymmetric cross-section
rolling and bending in the Hill48 secondary development environment.

(3) The 7075-O and 7475-O aluminum alloy profiles with a Z-shaped cross-
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section are taken as the research object, and the minimum rolling rebound of
asymmetric cross-section Z-profiles is taken as the forming constraint condition. The
research goal is to minimize the prediction model result error. Based on BP neural
network, a prediction model for springback in asymmetric section profile rolling is
established. The neural network sample signals are obtained using a four axis rolling
machine and Latin hypercube experiments, and a Matlab BP neural network springback
prediction model is established to solve the nonlinear mapping relationship between
rolling springback parameters and forming radius springback. Finally, the trained
prediction model is used to adjust and control the springback parameters of asymmetric
Z section roll bending reasonably.

(4) In the experimental section, this thesis will analyze the impact of different
influencing factors on the size of rebound based on the rolling and bending experiment;
Through multiple rolling and bending experiments, analyze the number of rolling and
bending paths with different forming radii; Improve the accuracy of rebound prediction

based on process methods and control strategies.

Keywords: Asymmetric Z-section profile; four roll-bending processes; springback and

defect prediction; control strategy
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22 2 BIMRERERIENT

Z MRS B 2 2 I g S8 ) 22 m . 7E ABAQUS HH g 38 4 A5 R T I 43 BT — MR
FARRA B RPIF TR, AT TS KA, HeRA SR,

£ ABAQUS Hat i, e DUHIR BB WE 2-1 . DURIUR IR B I — i 75

EXF . T, WEEDIR, AR 7475-0 HIMRERIATSER, HH RN /- N AR R R
N
| Ee (e<é&) (2-1)
O = {JerD(g—es) (e>&)

e o— HLMN S /MPas og— JERRM. /1 /MPa;  e— HANAR; E— #PEBIE /MPa;

es— JEARNAE s D— BETEA R /MPa.

Tt
Bi: mm
P 2- 1 BUMA DURRVR 2 R ) = 4 BR TR A

2.2.1 P ERBHIE

& RBAHRD G T, R w2 — N EENIR, FE &8 LR 1AL TE AN Bl 54T
Ne FEE IR ERARIm EX NN T TR, Hmt = 38 B AER S U iR
HIRAIY S B RIAE 534 o Ttk 2 e AL v] DLod i & @ AE TR R T IR g AR RN AR T
FRtEkfiRe. MRS RUET, SRIFERMRA SR M2 RSN, SEEEKES
AT . BT <)@ BASE AN BIE, AT 2 g1k <5 Ja A FR N g R N AR B R 0 A, AT 3K
FPEERALE R AW . Bk, R w A TT DL <5 B sk [l s AT R AR 51 ke . 5
PRl R SRR B )G, Mo FURIBLE, SEP Ik E A BAN T m i & KA
k%o 1< )& B BEPE AR T ) o S BUh PR R A BAE G R b7 AR . Bt = ) W F
TR S S BB E . RE T 22BN At SRR . i ez, wTE
WONTRYEE R, e am O O R E A . R, 25 EBUESHRI SRR 7T, T L
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RIRL N TPIRES, SR RES, PR mE . B0 Z B AR R S R AR Bl ]
AR T, H AT FCBOE R R R KRB RS o A SOt — 25 S iR 7S [Pl 3 24 T ) E f
PE, KRR 2 AR Y 00T e R R I TR, LI 2-2 Z Rp SR ke R

Kl 2-2 Z B s it Rt = A
SRIRVE T S FE AR AR T AN AR T 2 1) Aok X 4, AL T e A R 4 i 2R T 2 T

SRIBMEN A IR d FTUUH — AT RERETR, SRl 5 &R MR RIE T 224
P
ycosa +zsina—p—d =0 (2-2)
HIEHAVERIBERE, T LA SR A A R DE SR A N (SR AL, 5
PERL SR HIRL ) 55 T BRI FHAR L) o IXTEIREAEFIANEIA T 4L, B SR BT % 2
324 NEILE S U BT O E Sl cn B OENIVAY SR S SL o S U SR
Ee=Epd =0, (2-3)
AL T4 2% P P AR A 25 i IR rh 52 3 B DL PR, A B o bR AT A R

e 2% M REry, AT 26 A AT AR 9 s i b 32 Jp iy e XA e
WALRE S AN R B P DT, I AR T 2 A

N = J'J'% dydz =0 (2-4)
M, = J.J.& ydydz =0 (2-5)

M, = ”Aa zdydz (2-6)
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A, —— Ry s AT A /mm?
SRR D9 AT AL T AE SRR, R AT AL BRI R TE 2R B, BESRERBLKC
WNROCE di, WM

i Yn .
N =Zl:tjy"_l Ep(p-ycosa—zsina)dy+
i (2-7)
th'zz" Ep(p-ycosa—zsina)dz
1 n-1
WY Hhgm

M, :Zi:tj'yy" yEp(p-ycosa—zsina)dy+
L (2-8)
Zt'[:l yEp(p-ycosa -zsine)dz

R A AL 2 3R T T S S B FRAE TR AN e e A TR LA R v R R R
TZAE R AL N TR SC RO B S SR A A
2.3 ABAQUS X H %

ABAQUS W7 HEFF Z T R U T AN [FAT b T B B A BRI 20 B o120 /2 e s 5 5K
HPAATDME ABAQUS W T K4 FISRSEILH € SCHIM RS, DLUSE o7 s R iR 5 2 A1k
[ 1547 e XX TR AU AR RN F ) TAR I H AR A . HoasEd —uork, HF
I LASEE ABAQUS HHITHELELVE, R e iH R RCRBHER M . TX0S - 5 2% In) R A SR g AT K 7Y
B R PO T AR E A B . B A BT A E E XK e BT A, H TR
ABAQUS 745 AT A8 . nIRACEGHR 2 o 3X G BT S o b BR A 03 i 45 SR AN S AN =
WHFEEER o e K 0T K 8905 S0RT AR ) e S S BTl 518 7, FEA TR - =
SV TAE, RE s, Aa R0 I ) AT AS o

ABAQUS ) U RAEgm AR AR A, o T e 7m0 e IR 75 R AT R I, R
N R BB M EEATEE M, HAET ABAQUS FZA & xR A FE N 58 4 e =X
P SEE . AR T AR BRI Z BM HIR A nlt, BaEh i B TR AR EH]
R oA A 0 Fi PN ) AN/ B R A o i i A 1 NN (ER N - R o0 = vk = g i ) 1 28 SN S W = e
FE M BUEFEECSE 8, DA ORI RS R AR A AT SE 1 . B A B BRI S, AT
PA7e7r k4% ABAQUS "B ) M s, Seailond 2285w . v 2t ) AL B A5 S00R0 2 A,
s —FH SRR B0 ) 2 I R 07, O SCR A Bl ik . ST I F SORR A

VUMAT 72535 VUHARD TR #7156
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2.3.1 {REVH AL IR AN B
(1) WEMEHEE
01 mdb. part[* Part—1'].materials['RO].Density()

02 mdb. part[' Part —1"].materials['ROI '].Elastic()
03 mdb. part[" Part —1"].materials['RO"].Plastic()

(2) G HH

01 mdb. part[" Part —1'].ExplicitDynamicsStep
name ="' press’, previous ="Initial ', timePeriod = 0.1, massScaling
:((SEMI _AUTOMATIC, PART, AT _BEGINNING, 100.0, 0.0, None, 0, 0, 0.0, 0.0, 0, None), )
improvedDtMethod = ON

(3) BRI T AN A

01 region = a.Set ( faces = facesl, name ='Set —1")

(4) Mg R

01p = mdb. part[' Part—1']. parts['up’]
02 p.generateMesh()
03p = mdb. part[' Part—1'].parts['Z ]

232 APFER

VUMAT Al VUHARD T-f2 & F T ABAQUS/Explicit #&d, i R EET LA St
AR AT . RARTE . BRI A S IL R, AT H TR S Bk T
PO SE R L A A DA A8 (e R e 2 TSR AR ARV, P P DS A St B g R A o i 4%
FAFTRIMARL, FERAC T DA R P R AN 22 A, BORSOR R A BB SRR, Z 7Y
MEJAELIEAT N KB . FOK 3 HT5ET FORTRAN [ 52 i 4w 5 1) 3 ZARAY

0le= props(1)

02 xnu = props(2)

03 twomu = e/ (one + xnu)

04 alamda = xnu *twomu / (one —two * xnu )
05 thremu = op5*twomu

06 nvalue = nprops/2-1

1~6 NASTE RN AR B AL & s B A AL U THER G, SRR A B e A
B2 BB S, CEAEE T APRHE S I 1 1 2 AR R . A . 3
VERE A IR AR AN ENE R (S8, BB e MASTAR L . AR, 3k
REOR, AP e, BIEMI R 7R, MRS TERE BN o 5 A B T DA B T
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REIMBETT SR AR RLE £, DA ORESIAE 2 I AN 2 R AR KIS TE BB . EAR EE: v f
bLatiiR 1 AR 52 0 IR R s S A A Z B R R JHRA LR — DR EE, E
HAT 0 F1 0.5 Za. ARz, WRAE—AT7E R, AT Ek s, s
LU AT DA R X AR TR o JEAR LU AT DU A RE 52 0 ARG DL, A B R
THEE RN 25 RE AL RN o

SR, SRR EANNARL LU R AR AR AR N B S, e AR
Bt MORLEFAEE M RS A

01if ( stepTime .eq. zero ) then

02 do k = 1, nblock

03 trace = straininc(k,1)+strainlnc(k, 2)
04 else

05 do k = 1, nblock

06 trace = straininc (k,1)+straininc(k, 2)
07 smean = (sl11 + s22 +s33) / 3
08 s11 = sll1-smean

09 s22 = s22—smean

10533 = s33-smean

11 peeqOld = stateOld (k,1)

12 peeqrate = stateOld (k, 2)

13yield = stateOld (k,3)

1~6 N T RE P W aa S ZI A0 SRR AR 20 1 AR

7~10 i BE A RTHF IR T

11~ 13 AW SRR R A R TR Ee TP — NS, R SRR A RIAE 2 T )
KA AR . (S BRI IEAS T i, 38 ol FH S5 RUCEB 1 A SR 7 AR 22 il
RLPIRES N INEEE AR & S8R N A IS T M EHE AT ) B RADIRES, #HHERE
— AR AR, 45 T DA A B AR 2 0 S PR R RIS TE b o S5 RO R AR A
M H A TR ARG OC AT AR AE I, W] DURRAE AN [ ) 28 R B0 R 5E S

TR 0770 6 HR AR T R R A B i, S8 s N AL ] Py A R AR B . FEARL
JizEr, AR 2R ] DL SR IR A RHE 52 00 B (0 A8 T B AV TERRFE . ISR T 221 e R A2 Fe A
BHE 32 1 2 e IT iR R AR S AR T s . AR 2 2L 08 KR4 S fE R, Rt ik
PR SE, MR U6 R AR AT R BB AR T, XA AR R IR A RIUR IS 2 IR A2 FR 2E A R
52 ST JE B R AR BV AR T i, A 6 DR} b S AR T N SR AR T I B
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01 subroutine vuhardk (syield, hard, eqplas, table, nvalue)
02 include 'vaba _ param.inc'

03 dimension table(2, nvalue)

04 parameter (zero =0.d0)

1~4 4 VUHARD TR/, FEZONEM BN /- BAS th 26 i LK 2 Be&e AT,
XA BE AR T ARHEAS [F] AL Vil A R I AN TR ) A0 22 PR BT S B0 o AR PR SR 1) T 2R
A DA 2805 ORIE L B X R AT O, 8 AR R IR 7 BOREAAT Dy, 1 dnsi 2 1
Ho TR B LA 22 i BRAS AR R o S AR TR T B i i bt SR AR AN (] A Y Bl A ) 7 2
JF AR, G R AR A ST L SEIURT 7p BURE AL 28 R

T S AR R AR S 1) T A, X RN R AR T SN AR =
A2 RIAERIUERGHIEE TGS &, ASCHT I I 00 3 B4R B 1 (R 2-1 s

% 2-1 TR VUMAT L&

e P B P
stressNew RTINSy nblock Ry s
stateNew HEHREEE ndir 1ER 15

props MR 2 nshr UISAE

Densit R Nstatev RSB EL
strainlnc MNAR nprops MORLH £
233 AMtERYEN
1E FIAME S I RE I, AR SO BRI %% ) [R] M 08 1 A f o R 2,
HE 4 MISES v 1«
\/(O'X -0, )2 +(O'y -0, )2 +(0'Z —O'X)Z +6(7X2y +z';Z +TZZX)
o= (2'9)

=0,

2 "‘
X 0,,0,,0, 7350089 xXyz TTIRIN T, T0Ty, T, 50 310N Xyz J7 1A 838 53 5l R xyz J7 181 B Y18

71, BIMHERRARTH A T2 BNER A, T RARA, #e2 IR R AR AR, AR
HRAEIUER 18, 4 7k e e o B Ja i = A AR IBVE AR o A B A Wi T N BBV

&[73]0
20 <0, IR AEBMARIE, HEvEAR g RIE N
Oy = A0, Ep + 21E L, (2-10)

Rf: Op AR ISk A NFMEEL O, NBEEI RS, MO, e PR AR,
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EAVENAE

20> 0y, LI L R SR, — N AORL A BN Ay e AR R I, R R A R

TR o o R SR L AR 52 T 73 R T T U A A WY I BBV AR TR R N 3K o e T i e £
RIEAN:

§SmnSmn _O-y(gl) =0
2 (2-11)
Smn =Om _Eé‘mno-hh
3
X Sy NETTRIN S oy (E) Ry RN ik E.
RSN R E A A = /AT IWAE
t -
' =[&'dt
0 (2-12)
=I — zgl (9I

s EUNSEROBYE NIAE .
WRIE B ERANTEN HEEAND ER AT, BRI ) A0 RAR AT DL il 58 4 0
o AR Gy, Frp B B AR, FERPREA T W R B . 8%
JEA R SRR, W] DI RHE A RN BR A P RIAMR R, BN NAER AR
PR B A A )y 32 DO 0 3 e Al DU AR AL A o e AR DU A R T b 25 T TF IR R A AR
o MEAL AU ISt TR A A SR AL T (O FRE R o DU bt 5 7 2 8 e 5 e 27 v Bl B -

X y z Xy yz zx

A def, de), def, dep, dep, de) N RN, S,, S, S,, 7,

7’-yZ ’ TXZ yg%ﬁﬁiﬂ%ﬁﬁ&ﬁﬂﬁ%o
B 2 W] AG S R N AR A

m g (2-14)
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POAERE TS, R R AT, etk AL 1B L MISES 827 :
3

O—_r: _Sr Sr
2 (2-15)

Sl.:n = Sr?m + ZIUAemn

Ap: O EirERN S NEEFNESS D5 1A BN T B
B R, MORT ARSI, WR A BB RS, R S RE TR

(2-16)

e ASUNIBIEN ARG E, h OB RE AL R AL
HRAR SR AT I S SR B, I RO R A ST HEAT R A
&' -3urg' =0, (&) (2-17)
B (2-17) VSRR )R A AR

O = nmno-y + % 5mn0|:h
5 (2-18)
A‘gl!nn = EnmnAgl

A 0, NEFEN AT Aek, NE BTG RNAS T 5 AT L

RS

2.3.4 VUMAT MRS LG 1R

7 DU SR 25 seas sl 2655k VS fi ABAQUS, 1E VS H1H Fortran 15 3 4w 5 H P A kL
FRT, K5I VUMAT FRFEMRHE e SRS 808,

RSB 7475-0 555 SMR TR St  HAPRH @ LR 2-2 .

RICLEA % FEM R AR B (AL, I8 T AR 7 SUR SRR R (D, AR e R
JVEVES, Rl BRES EhEAR  E R OE R

22 7475-0 &M REE

B A Jo PR3 P 9B R REAL TR o B &
o

E / MPa o,/ MPa K /| MPa N D/ MPa
7475-0 71171 114 339 0.175 2116

£ ABAQUS HASICI AL, BOEM B EYE, $222 Job I TR, scin R aniE 2-3 pr
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K 2-3 VUMAT T FigfT R
%18 VUMAT A2 2-4. 5 SO AR e = n) @

(1) Je Al e B ) U P BRI 26 A, 7 ZESRIOMORL B0 1 2 B S 30, RS A R 0 2 1
JRSH LA S i s BB A, TSR N J RINAS 5 Je AR A8 R P ) e A e 5
A, e AR 9

(2) SRIPPRRAITHE, ARYE PR A s BV A, g SRR X I R /7 - B AR 5 ]
, SEPEXIEGE R AR IR X, R R Q2 kA TR, IRYEEE T
RARMITHE AR, BRI R I PIRES o AESREPRIREST, MORHI R AU TS n 2K
i 52 B BP LA T B R

(3) NLAJMIAZ S, ARIEA ROV A BT 52 80, 8 3d 1 B g AR 5 AR OR 5
TR AZ IR o AESRPERT B, 38 18 A 9 o s e o R At A A A AR TR R I A
RZIRZ: ELBVERTBL 5 BEARYE IR A I 2B VEAS AR A e L /T AN AR 2 T ) R &R o AR
SRR IR PRSI AR R R, THERERINA, B TR AR R, whE
[ E-SEBVBESAWIRPS/SIRE SV
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v
HR

K] 2-4 VUMAT 27 s &

2.4 FERITEE

2.4.1 ABAQUS FiEFEHLE
ARICIEHL 7475-0 MR RN SE Akl . BARS AL R WK 2-3 s

% 2-3 7475-0 FEE SR A5 R

PR} JZEEmm H AR Emm B2 mm
1900 1910.46
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7475-0 1.27 1260 1259.32
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SN H AR 2R E VUMAT FREF N S = B 2-5 fios, el 43, #6486 Vumat 72
AL AR LA IR TG B v o
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R 71/MPa [ /1/MPa
(Avg: 75%) (Avg: 75%)
0 +2.202e+02 []+2.265¢+0;
+2.019e+02 +1.797e+0.
+1.835e+0): .329%
H +1.652¢+02 014e+01
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+9.176e+01 420+
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] 2-5 FRR LR 2

2.4.2 [E38 45 RIS ELIGIE

NI EAR SO 5 S50 I B RN IO AR R f) (el i, RI2-6 R Bl UR B . R SR LR
HAR LRI Z B AT RS [ 3556 . 784325 FE 7075-OF17475-O W Al BLM (KR kL& PEFI A A
R ER LN &R . AEHR IS TFART, 8 b R AN, DL I B3 R E % )
ZHTHERR I . (ERS —IRERG, HEIMEIIE, TR AR R AR T
I FBOR S AR ml 5. &]2-7(a), (b), 73#T 1 7075-OF17475-Op F AL A4 75 J5 & 1.27mm
T, =S TR R e . E TS, EREEAERMATIR T, PR AR 2 e
= WEEEARN, X WMAF SRR MRS 45
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2-7 Z AT LA 215 (7] 380 1) ST 45 2R
KT ST R Z AR T 28 A 2 [ o R, T e AR R D[ B TN AR A £ 6 A A 1271,
ARILIEFT4T5-0, 7075-Of5 &4 M, FIHVUMAT FREFERISLE SRS 9L, 280 S,
ABAQUS TN S5 [al 3 45 S L o seBi iS4 R WK 2-4, FR2-5/7K .
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990 999.98 973.43 995.32 994.76
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1.88%, i KiR#2.83%. &A1) 2 i /N 6.41%, K o11.78%, RS LI iR 7 i
/NA5.21%, K N8.26%. kLU S8, AR T ABAQUS IR IT A I T2 5 1 Tl
WL T A = se80 . Ak, AT MR RTAN, 7E H AR AR /N, A (0 T RS
FEbkE, X5 E P ERER A L.
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2.5 RBEINE

RIES LA M BRI . SR Fortran 155, FIFH & [F) P 3 88 4
AKX FRITE VUMT FREFF 0T K RAESIES RGN, THRIRDS BUE R KL AL
BJafF LR & i

(1) EED LY, LWKHESERIM ABAQUS BT AL Fal b, A rFkET
ABAQUS PRI T IR, A2 R 3 E i R TR 2 BN 2.83%, AT HAl =i .

(2) ARSCEET & PRI A K 7R, H 8 SCHIERC R . R A0 IR AR PR . SE
SR, FERZTTVE N AR R ) e KR EAEL T SRR 7. 7% N B 4.4%, X W%
RBNZSKATE I el AR A T B AR AR o

(3) SKERERW], VUMAT THREFP#t— 5638 1 IRS [l 5 FI0S B A my i ) i, Xt 9 Y
PR S Tml S F0 S 6k T (R ok B 7

4) AN p& R 55 R 2 L& O T BT (Rl s B S A AE L, R SO R T B R, A
A R o ) RREEA T AP 9
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3.15|8

FEMEHIR . IRERIESE AL TSR, HEEE&mtRAREN, NG, BUBEMN
RV B R 38O, RS R T2 R A TS R B Uik, (HEARE D, 5kRA
I IRAL, RAESE R, IR R, RSB L EERE A, WO TR T,
ERE L X BATRE. @Rk, SR, ABCRHEER S, RILET IR H R, Bl
AT AAIE 5T A R AR 25 SR A 4 ) 5 0

FEXTFRAR T YA 2 P A RAE TR A AR ) R AR AR A, EE AR E SR AL,
T 10 7 2R VAT T 2 )5 5t B AR AL, TOON bR P IR B A 2 0 RUAHR S U i A2 o
(RORG BE 7= AR R s AN [R] AR ) LTI AR 23 S SRR A A B AN I S, DT (2 468 2 et 2 45 1)
KA W FUARRTI ) LT REAE X R AR s, P DA T ) v AR e SRR 1 B . TR
ARER R FE R SRR B B S AR AR R 2 0 TN AR AY, 0 AT RS 5 T I
IMELTAEE, SEEREHE .

i LATR, BT SR i R o R AR A R T, ARAEE L AR 1D B
105 i AR b AT RE LS AR R R R, 2 BIM S i RRIE T 235, O35 i .
Tl WA, SRR BB AU TSR TR S FEURER N
IR A . 3) RO i 72 (R R RN EIE G RHR A L. T R R AR 4 1T LB ] LA 3
Bl A AR . Rk, T R R A, DHRRERTSREN RS, @R
RS TR, B PURR S LIRS Py I TN 4 B VDL R 5 DY 2 i
FHIEIRR G & T 2250, 1SRG B TR i A AR &

3.2 Hill48 FE R MEEET
3.2.1 Hill48 1% %!

1948 4 HILL B X EE % ) e E e IR 5 R, Tl <5 Js ARHE 22 = 4E N PR
THRIRAT N XA RERE) T ARV A @ BN TR, R HAE S8 U n
TARIE A L FE R . Hill48 i ) 75 FE X HE AR 4 A R P 5 e S R P D O A
TR AT N A EEMEAH . EFE& R T, HREAX .
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TR LR R F At 22718 3
f,(0)-5(z,)=0 (3-1)
Kep (o) HEREEL &2, ) WM —RiA % &,
TESAVEPEAS T ep, B 48 AR 0 g 0 T 40 8 58 HB R 437 4% 1 S e AR
HEIEAN:
,(0)=\F (0 —03) +G (05 —0y, ) +H (03— 03, ) +2L2 +2M7% +2N7, (3-2)

b O ONIERT, TRHURA, Fu Go Ho N MR RS
B8 1, 2, 3 B A R R A, W x O R, R R

0y =0y
0,=0,=7,=7,=7,=0 (3-3)
2 —2 2
Go,,+Ho,, =0

—2

fod
E[I] . G+H= - (3-4)
O
EEGIEES
52 52
H+F=— F+G=— -
AR G-
[VCIECE
1( &> &2 &°
F= Sl s 32
O3 Opn Oy
1( &> &% &2
C=Jl=*t="= (3-6)
26y O3 Oy
1( &> &° &°
H = 2152 52 52
031 Opn Oz

NGy By Oy RMURT 41 R BBV IR, AR T, xy T
AR )

z.xy = 512 (3'7)
M 2NG, =57, 2MG,=6" (3-8)
—2 =2
N=2 N =L
20), 20,
g (=2 =3 =2 (3-9)
N 252, 252 " " NE)
—2 —2
M =2 M =L
20‘13 2013
K 0. O, O S0 ANIEELHIT AL 0° « 45° 1 90° J&ff 7 [n] i B[] Fifift |2

7o
i b 3R] SR A5 1 S o AR AR B
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(3-10)

3.2.2 Hill48 — KT KRR g ar

ARSCE S HE T T REAARIE 52 77 I8 7] B 2R 30 HE e R S M AT Dy () S S P S A Y, Dy
Ja%k Hill48 AKX RFEFHST, UMAT FHREF TR S5hrE TIES e 5at . T RF RS
i, bR UMAT FRIFMEISE, #bEiE. it ¥R 1. Ry Ry, %S4

01 EMOD = PROPS(1)

02 ENU = MIN(PROPS(2), ENUMAX)

03 EG = EMOD/(TWO*(ONE+ENU))

04 ELAM = (EMOD*ENU)/((ONE+ENU)*(ONE-TWO*ENU))
05 EG2 = TWO*EG

06 ELAMBAR = (EG2*ELAM)/(ELAM+EG2)

ST, RSO RN Ay, e e AR U SR (A RE, BB AT IR AR A A
ROEEVE AR, TSR AT LEAE RS, SEBAARTH S R . AN, IEF/IHE Hilldg Ja ARk e~

SR IR
01 BETA12=XR0/(1.D0+XR0)
02 BETAB6=(XR0+XR90)*(1.D0+2.DO*XR45)/(XRI0*(L.D0O+XRO))
03 BETA23=XR0/(XR90*(L.D0+XR0))
04 BETA22=BETA12+BETA23

BRAKBRE N TREF A E ABAQUS 1, MEras i1, K 3-1 fix.

3-1 “UIFR KRR B
3.3 KIRERRI IR

3.3.1 KIZEI R R E R
FERHATIREITREN, RA A Mt 25 AR S P, BE S 2 U & B R Rr A,
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bk, WIENRB NN ERIRESHIRERIEUN, B o kA RREGIZRPY, W 3-2 () P,
TR S LI, MR 2RI, SufEitb o, JRept A B MmN . AT
PRAESL B AR AR S RUE BRI R R, FET I, ASOR I e B R 0 B 2 R R AR it
T3k, L RAHESTINERR, W 3-2 (b) Fis.

R

(a) FRE NN A A KA IR (b) WELRE PRI r s

1] 3-2 TR BT SR A A e AR T i 2
NIRRT LESHON RSSO RE R, A SCREX AR S HLR) RS /1 Py DUAHR S AL

(KIHEZE TR RS VAR 55 DU SR L2 B TRIBR G, X =S5 TG e Fa 4 e TFaE e 21, seag
AR HL (VPR-SPEC-CNC) M H THRESH W EEHE (WL#E 3-1).
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TZ35 N it A _
FEEE] B G (mm) HEATESE V (rad-st) S5 11 P (KN)
hd=;
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3311 RERFFI1 P IR KIR

AR XHR S Jefp 11 PR/ DA SR FH 3 SR A KA TR — U A0 SR AR ER A  5 i Jge
e ARSCHE SR WG E IR 2 /) M BCIRS KRS R, EHAR RGP RE BN W (EARF
PRAEAREAT 0T, MR 3-3 R, OO AR S AT BROTAAAE bR HE BT N AR %
o AR HrpIA L, A RTINS —OT AR AR IR A I RF J10h Pa A Ps I HIEUE
LI LA T2 AR A I AR PR B KR AL A Winan, F AT PROTARALNIE 3.38mm AT 3.26 mm, [H]
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BT 6.832%H1 9.615%. FE T ERM T AIA, A BRITHEHUMN — 0T R a] 15 H A [R1 4518,
B RFF RIS R e gl PR R dbdbh, IRAEE A mran, EhRa RS, e
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3.3.2 KiEEWBRIT S
RAGEGE MR IR, HREEHE DR EZIF REWLR, EREEPIRE,

FEEASCRR AR 4= o B AT T LR AIE B 2 2 M IR 5 R A AN R . AT il A IR IS 70 i
RASEPINR I KA EGR AR . EHHTIRE LR, —Ra23E 3-6 (a) KIFET,
R R DG B, AERMERIET R, ] DL B 77 --BiAR 1) AR A 55 A0 = #8527
AU RN 2T, B 3-5 (b) RABRZMIEIEIN =K, ERM EbridEi, aIRYE SR
75 RAEAT BR AR RUAIARE, Rl Plot TR, $EBURAR i LHJAAAR, I Matlab AL HR S
Ao M= mORBRE TR R 42

EXFAAAEJUTRAE AR A, TS HCRIIE O, AEREATIR S SIS I A7 A R AR Al
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def calculate _stress(anisotropy _ratio, other _ parameters):

# X HLVCE & ) e RN AR EE S E

other _ parameters

# Hoph 75 EALIE I S HL

resulting _stress = calculate _stress (anisotropy _ratio, other _ parameters)
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l? * IR . * IR
! H M | AL
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0 400 800 1200 1600 2000 0 400 800 1200 1600 2000
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i e AT K,
£ I £
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] 3-8 SR T REALL HILLA8 A [ A7 BR e AS AU A PR TR W R JL 75323 . B4 KLAy 7075-
O, ETAMAZ A FE (776mm. 1269mm. 1915mm) IR FIKEEGR T Z BF R K
TR AU, AR, BEE  FIE AR R, A PRICEIAURT HILLAS A4 [ Tl 7
AAE. EHBRTENF, KBRS E Wu /M 3.14mm. 2.05mm. 0.88mm [ =/MRZE 4%
(776mm. 1269mm. 1915mm)  (ZRARIL G () 76 4 0] ik 3 73 A 76 b A il i 0 A2 = — ), RY
Wu=Wd, {XESHIAETIAE Wu) o £ HILL4S BiAith, Lfaia4i &> H18 1.32mm.
0.88mm. 0.41mm. [Fth, ASCHFFAE Hill48 fA T, R0 ARETH B R LS R g e
/N, HIECRT & B R 57.96%, BB 53.40%. (HATTEN X [F]JE B 7075-0 BUAHHE AL,
RERIEAFTZ FRAESRKAELN . J5CKIBIE EAZSE, WA R R R R RS T2
DA o

3.4 X FREE BUA SR AR RS AR T
3.4.1 KIZHCa A 2N

H5G, WA AR, & S8HED il AR T A S R RAR S A, T RE ]
M R RS, I R AR I R, IR BRI R B . IkAh, UM E
PES MBSO ERE T, SRS FTRe o IR RS . SRR EE i AR, B
F It R IR AR TR 3 43 AT LAt ™ AR RGEUR AR I R o BEXTIX S o] {, FREELR G B AL
MEAFIAEER . TR BB LESHU KRR RS R il &3 sBg L2,
AT BRI AR . SR BE U HMERIN T T2, W] DL R A T 1625 i BB R 2K
TR, PR T2 MR E AT Stk . AR, SRR R M T 70 2 i FE rp 138
FEAT RHATIR AT, 1T LICA AR eI S ) B2 1L B AT 200010 7 i AN AR
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gﬁzi-ﬂﬁ-i-@{-ﬂ (3_12)
B o AB 0 R,
B o0,v, A 0 ,6v
ry=— (D)o () (3-13)
Aody B B oA
1 0 ,u 1 6A v 1 0,1 ow 1 OA ow ¢
K== ()= ——— — =) Zr (3-14)
Aoy R AB O R, Aoy Aoy AB° 08 o R
1 0 ,v 1 oBu 1 0,1 ow 1 0B ow ¢
K== — ()t =) ——— 25 (3-15)
Bog R ABOoy R BB I AB Iy oy R,

u, 1 Bo,v, 1 ow 10Aow 10Bow, 1,1 1
pm e () () m o (e S 2 O ) (), (-16)
R BB A R AdyB AB 0B AoB oy Boy o 2R R

A

A. B—#nratt f ARG

R+ Ry— W4 ¥-4%/mm;

VN B——IUGEAE;

EONT A — [

Kl N Kz N K},ﬂ —/Eﬁg%lz/fj E[(J Eﬁﬂﬁ’}%ﬁc%/mm'l,

U Vo W—338 K 32 (b) Fif xv y z A TAEIA S /mm.
3.5 KFRRARRVIEHI KRG

KA PHE R E f A b i WA ) R, 7R RN — 28 51 425 1) SR s DAY A Bt G JX e 3
FHIRE . DU 2 WA R AR A ) g (MY T2 2% SHILEHERIE T 2%
o INRHCEE BHERE . SRR, DU ORADRHE O AR b 52 213 50 B B AZ 3 A
G RN AR K SR AR AL RIS RME ST GBS HIARE, 91 A BT BT R JE
MBI EVERIA R, T EAB > R A AL B RS o 3R s B A B T DR AT B AR B AR 2 12k
T B A IR 22 BRSNS OB AR P AR o SRS 3 B . RS it i A 4
A SR E, W] DU NRMAE ORI R AR T AN S B, A B TR R AR A
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SIZEF S MR 8 . 7R ORI R S I B AR T AR L, B B R BE RS S B DA DR O i
FEIRRE

A ] SR P 25 IS FH T 3kl D 2R 4t e R e I PR A AR MR A ) R, AR
B A AE P2 A, I S R AR A IR AT SEA, A b - R R R RS A R, AT
SRAFA S FERIAERFR Z B DURR RS SO, IR SER 45 SRk 3-2 R 1%
KX G V. P =AM ERIEAT T, WEAIRE KDY 0.24mm, 0.48mm 1 0.54mm,
SNFES] P AT, BAMRIE B IEASSEs, A Roo kT 5, tHEAS, 1
MR 1.27mm WA T, BHEFSEIE AN 776mm, WG 1F 22 S 56 1) B Rt 44 &
4.24mm, H/NEIESA 3.16mm, XEPAREIEET, LIRS HHELN, HCHEP
AR IR A M AR U

R 3-2 KA LA 45 2R

. 3 MY 745 7 =t ;
R K2 PR FE b
G (mm) V(rad-st) P (kN) w (mm)

1 0.24 1.58 15 3.67

2 0.24 6.29 50 3.27

3 0.24 9.43 30 3.85

4 0.48 1.58 50 3.16

5 0.48 6.29 30 3.55

6 0.48 9.43 15 4.24

7 0.54 1.58 30 3.66

8 0.54 6.29 15 4.27

9 0.54 9.45 50 3.38

oM 2 FR R R R R, AR 3-3 T, s ZE T, i B AR K
EAT B/ IME, SR JeRE i KA I B MBS B 22, FL R A R s 4R AR S R B 1A Tl B0
BRI ZE R B i 2 (A AE ORI 22 57, BN AR 22 R R e md 2 ()38 R B i
JERRIEARZE AT RO AE R, W] DU S SR N AR AR L AT R, JFAT W RER R . EUECANIAD
29 B AR A T PRI 2 TT LA B R M e AR e IR TR R o i AR A0 SR A b A5 O AW 22 70 M 4
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PP FeAs TR Al iGN xR g oS, TV A G AR, AT RAH RS H IR
iR P>v>G. IR ML &8 PsViG, P=50kN, V=1.57rad's-1, G=0.23 mm.

R 3-3 RAGEPIINNZE I 4h

i PR w mm)
BRI G (mm) R HE V(rad-st) JeFETI P (KN)

Ky 10.77 10.46 12.18
Ky 10.95 11.16 11.07
Ky 11.28 11.45 9.77
ky 3.53 3.44 4.06
kyj 3.67 3.75 3.65
ks 3.72 3.88 3.24
A 0.17 0.38 0.78

F R P>V>G

Bl KF G Vi Ps

A A P3 V1 Gy

3.6 KB/

(1) AEXFREE Z BUARES BUB A7 AR R AR R R, ARG T KA K
A, REREAE IR MR Z, SRR 4 R 1 T B s Rk At 4 ) SRS

(2) A A Hill48 K8, BIFFE H A2 12 T e 4 B HE AT PR To B 40 i i PR 57.96 %,
/DRI 53.40%

(3) ARILA H IR D LA AT RIS, SUBE RS, xf bAoA B e B
Hill48 f A Py 7 T i L BC 4 &, W70 Hill48 BBLE P = 50 kN, V= 1.57 rad's’',
G =023 mm ARMSHHG, HREEHBARTBMIRS T 15.34%.

(4) {XHETUMALHAE, AR R = A E LU T TR b, 8O SOR M 2,
) REHAR, VIGMERY, A3 2 RIZ TR B T R BOR .
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T LI 47 SRR 02 A R IR S RO T BT 00 R 7991,

VRS YA R R BRSNS . SR BB . TSRS L R R IS TR,
PR3 R 25 R T2 AR R P« sl . ST MRS o, E o DA AN 7 F 090, i
R T ESHPHRE R REH, 2 R 50 2 (b 10 R I 5 S 5 B2 v A ) i
B, N BRI B . NIRRT T AR S RS AR
BHRIERBORE, B PR R AT PR M S B RIRE 7 AR R 2, B BURIAS AR 4% 1 5
1001011 B bt ot R 00 [ 5 T 2B G R, T T S P [ S TSR, DA S T
J5 I3 [ B ARSI, EXRARI T2 S EUEIE, LR BOvAs .

ASCLLAE R Z UM OB %, ST BP w4 g s (RIS, A I
W HEAT S H0ATE . BL 7075-0 il 7475-0 24 &R NS . 28 Hif, £HEE,
FHL T B 7 A BE VT EORE A B, BRI A KUK DS A 7 T W 25 i 2 R 4 A T 4
SAk, BRI BATRIRS B, S ORI 5t H 1.

4.2 X FREE B I BRI R

421 RERFEFE
SO T GONAERT FRETE Z BI, RS S R AR ARk, B AUM fE s 8 AR
JERS, HARMERE, H1E#MmREER RS K AEZERERRI2, A SCAE ST 7075-0 F17475-0
PRI B TR T LI, MEHERESEI T 4-1 .
# 4-1 BA R e S5

S A JiE R 5 B TR RE fefb Ta % VR
M E/MPa o,/ MPa K / MPa N D/ MPa
7075-0 70289 88 196 0.209 2753
7475-0 71171 114 339 0.175 2116

AR EEE DY B AR L (VPR-SPEC-CNC) X RIMBHTIRS, BAMRESERENE
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T A MR e B RLRA R 25 5 o B

4.2.2 IEXTFREE B B IR TTIELL

X 58 BUR S BUE IS LR R F JO A AT (Rl 3oy A0, R SRR S e ik
JEBAY, TERRYE M B E RS SR, WE MR T O 5 BB A R, 4y
B A RR I E T O e R R B 5 — N TP R B IFAG, IR AL BR AR 2 S BT
A7 HABFAE R AR SCHEARMIRR,  @ar R b, MOBHE M S AR RIS S REEAAR, 222
VEMVEAT [R5 73 A, BT 45 S R4 [B] 555 1 e 24 45

REHERMIEIRES 2 B TR RIFRM, BMATAPRES, WRRE S FER
TR, B 4-2 () FivR. WA ERETRIS A B I BOR R R R
TRERRREDE, o AWMEHEREIES Y ik 25° MSEE EXRRE )R E AL
B, w42 (b, (o), PR, FHRFEAIEAE, MR A0 T dhE e m B
KRB, B BRER, BV MRS £ BOREETE R RARRR
TINGe X e 0 fod BE AL RS Bamr, IR TR BE D A1k 4, (UM R AR, HZEIRE
TG, W BARNIRS B, WA 42 (d), (o), (£ BIMLAH R 8 P AN BY BE 2y
AW, RREHEDARE L, SAGHE 50h 100 MERED, Bl thiRieinh
Tt 10mm, FFF7IN 20KN, RLLHE 333mm/s B, Ho% DUl FRIR 25 B A RS A2 R oA
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NT{@dV+LJ&WfY[NT{MdS+

T . (4-1)
NT {ajds - [, ({ovi") [NT p[N]{a) av -

TSR [B], e R s BR[N], AT
[PINT NIV {a}"+ [ 7 [NT [Nav {v}" =
JLINT {pjav + [ [NT {p}as + (4-2)
J,,INT {ates [, [] {o}av
BRAL (4-1), (4-2) WA RRICIIE:

(MU} +[C]{U) = (P}~ {F) ws

[M]=3[, o[NT [NJv
[c]=2[,.7[N] [N}V
(P} =2 [, INT {pjav + X[ [NT {p}ds + (4-4)
2 INT {a}as
{F}=2],[B] {o}av
PRITE TRk AU, THEDRBETR, AEGE/D, DUbEr X A2k ) R R, e e 1Rtk
R, R FRAE R INER T B R BT RS R TR RS B . ESERR A Y, 8 R
TGRS T, BUE RN LI U0 UE R LE A SRR IR ML R R, [RIMGK 22 T4 ) T~ 57 i X
FAME B E R T 2
4.3 R T B ARG
4.3.1 RITZEERVIEEN
ARILHET 7075-0 1 7475-0 WFHERIM, £FxFAEXT AR Z BAHEH 2 BARtRAL T &
N U BTN SCR AR A R, MO SOR R B BUMERE (TO. BIMEE (S). il
BIFEE GO BREE (V). BRsEEER (RO IENMANERIENSH, &M=
B TAEAE— @ s, Rt RIS 5 BUE YV B LR 4-2 Fios.
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A T(mm) S V(rad/s) X(mm) R(mm)
128.1-130.6 1900

7075-0 ]
{965 1.27-2.0 1.47-1.62 131.2-135.8 1635
142.3-143.6 1260
7475-0 148.9-149.6 990
153.1-153.9 770

432 BT B LRI

PR ) 24 1) S TR R B IR AR A 9S4, T Seie st I TE B INPE T RO B R
INEEA SR NPT REA,  FRIEANE 2 I 25 A B0E BUSE T 5 . AR BRI SE6 2 o IEAS S8,
FAFFEMERAE A0, 0 A T8RP se il TAE R, (FRTERF BRSSO R0, BRI R
BB AR PE R e B, WUEE— e Rz,

ARICR AR T AL T SRR TE, T R 25 AN R 0 SR A5 R R . IX R BT TT
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Bgh o FERL T ALy SRR TE A, SR X o E s TN T, AT — MR
o BRI SO R —ANREE GO, B SAR ZACPI ro la dr T RN
vy AT DA PR AR R 3R A AN AP EEAS [A) AR08 A H B ELACE B — 2k, AT AT DA 280 3
RIRAC BRI o R TEAS RS0 ST 5000, UREHE I b, AT LA 3 & AR R A FIK
SRS SIS SRS S, BEITEEAT R R A AN S B
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X
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Bl 4-3 57 T LT REA A ]
H B REA B AT ORI, MO SO B 77 X, SR s b Tl SZ T BORE, B35 1
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Ed(Vv) = EZ(tk -0,) (4-5)
BREE R FRpR AL, ENLAS 22 SRR 210, B SRR 2 B TR R S5, DAE
Wk R B ME, B:

Ay =-1—= (4-6)

it LN
OE, _ OF, onet; OE,
ow; onet, éw, onet;

J

(4-7)

PR R TR (B, BRI R IR ST %, AW R (.
FERVERER, BT AR AR, R SR AR B R,
OE, ©E, 00,

onet; B 00, onet, (4-8)
ok, 01 2
—=—3(t,-0,) =—(t, -0, ]
oo net.
% _ ( 1):0j (1-0)) (4-10)
8netj 8netj
4 (4-10)55 i N (4-6) T rI 15
OE
AW, :_Uﬁzn(t,‘_oj)oj (1_0j)xji (4-11)
ji
Kl 2 R ff 0 R
OE, -y OE, onet, 00,
onet; onet, 0o; Onet,
=D G W,0, (1_01) (4-12)
K (4-12)78 N (4-6) ] 13
AW =18X;, (8, =(1-0;) 5wy ) (4-13)
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443 TMERSEEE T

£ BP WA M GRTE R, 185 2RI ZREF ) BP 2 W28 3EAT A5 AT, P4 A\ 50
TEREAREAE, M ZRBORFINNA S R R 72, WA 4-6 Fin. 4ilER, BREFRERS
BOB RIS GRRZE, TR, BIERZENR, EiEA 60 K5, BT T 5 d R s
s COIEIEES T

Best Validation Performance is 5.2415e-05

Train
Validation
Test

Best

- Goal

100 L

Mean Squared Error (mse)

0% F

0 10 20 GOE(i(lChS 40 50 60
4-6 I % 25008 Lt
BExT BB SRR, WA 4-7 B, EEOE A 48 MEAREAE A, 45 IR BN
5518 ANEURE S, ARG TR ZE E o e, O 0.27%, 55 48 ANEURE 55 I Hh 2 9 2%
TR 22 B KA 1.332%.

FEMATRERST

X 48
Y 1.332%

II\\ — ,/\ S /\.//\\ 7 /\\ _ //{\\//\— —/ \x _ \‘1

| ‘ |
| |
g | I|
L | ‘|
= | \
- | |I
|
II I'.
V| X 18
M| Y 0.276%
20 30 40 50

B
K] 4-7 14 X 4 TR 7 7 43
WREABIEHAT RE WA, NEASEH: BRRE 1X10°, 733 0.001, BEANUIZ4R4
WERUEL 1000, BhEFET 0.8, FIA Matlab i& 5 HF &M% T A TRE, L& Em
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FEFEEORBEAT ISR, EHURIE Lk, RAFAPZMZEIRE, IR R, MASH
TEAERMESE, M 4-8 T, BRI RAPERET AR R BEET 1. BMIASCRAL)

A7 RARR XA R PR R S R, TSR

Training: R=0.99993

Output ~= 0.99*Target + -0.0018

T -0.5 0 0.5 1
Target

Test: R=0.99996

0.8 O Data
Fit

0.6 ey =T
0.4

0.2

Output ~= 0.99*Target + -0.0017
o

0.2
-0.4
-0.6
-0.8
I¢;
0.5 0 0.5
Target

Output ~= 0.99*Target + -0.0019

Output ~= 0.99*Target + -0.0019

0.8
0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8

0.5

Validation: R=0.99994

0.5 0 0.5
Target
All: R=0.99994
O Data

Fit
S Y=T

Target

4-8 LAk E A 73 Hir 18

4.5 FEEH T ESHITHIRR
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Bf2R-17075-0 Z IR RAHR S S0 —RIF AR TS A 45 45 2R

B4R
JE % S0 IR
AR EACIER i) LRI
ymm Rr/mm Row/mm  Rg/mm Rnps/mm R’ out/mm R’ouyt/mm R’oue/mm
1900 191542  1987.88 1889.81 2019.41 2043.40 2174.67
1635  1649.52  1700.03 1623.871 1726.50 1746.89 1847.28
127 1260  1269.79  1295.76 1244.07 1315.26 1330.94 1394.64
990 997.98  1011.64 972.17 1025.96 1038.57 1080.93
770 776.03  782.58 750.09 792.87 802.61 830.86
1900 191540  1983.69 1889.79 2026.23 2056.42 2174.65
1635  1649.54  1696.99 1623.89 1731.56 1757.83 1847.31
1.8 1260  1269.81  1293.47 1244.10 1318.22 1338.50 1394.67
990 998.14  1009.16 972.34 1027.93 1043.71 1081.11
770 776.01  780.94 750.08 793.91 805.97 830.84
1900 191541  1979.16 1889.79 2029.09 2064.18 2174.66
1635  1649.55  1693.92 1623.91 1733.51 1763.59 1847.32
20 1260 1269.80  1292.61 1244.09 1319.55 1341.28 1394.65
990 998.23  1008.95 972.43 1028.76 1045.67 1081.21
770 776.01  779.87 750.08 794.52 807.15 830.84
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t/mm Rr/mm  Rouw/mm Re/mm Rnis/mm R'out/mm R'out/mm R'out/mm
1900  1915.39  1996.07 1889.79 2047.94 2088.65 2222.56
1635 1649.45 1706.73 1623.809 1747.43 1781.66 1878.63
1.27 1260 1269.80  1299.73 1244.08 1327.54 1352.16 1408.89
990 998.02 1012.67 972.21 1033.48 1051.92 1087.04
770 775.99 782.78 750.07 797.27 810.83 832.53
1900 191540 1990.13 1889.79 2056.75 2104.43 2222.57
1635 1649.48  1701.94 1623.84 1753.94 1793.76 1878.68
1.8 1260  1269.81  1297.08 1244.09 1331.32 1359.58 1408.90
990 997.97 1011.96 972.17 1035.72 1056.77 1086.98
770 775.99 782.13 750.08 798.64 814.09 832.53
1900 191542  1985.43 1889.81 2060.39 2113.67 2222.59
1635 1649.51 1698.23 1623.87 1756.59 1801.28 1878.71
2.0 1260  1269.80  1294.36 1244.09 1332.99 1364.51 1408.89
990 998.16 1010.44 972.36 1036.85 1060.25 1087.20
770 776.02 781.01 750.10 799.39 816.16 832.56
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