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Study on Forming Quality Analysis and Improved
Die of Bending Tube about Power Plant Boileron

Abstract

The tube-bending technology has very important status which is widely
applied in many fields such as vessel manufacturing industry, automobile
industry, aerospace industry, ships manufacturing industry, and so on. The
bending process is a greatly complex technology, so we can't reliably solve the
actual production problem through the theoretical analysis simply. The empirical
formula obtained by simplification mechanical model often has great errors with
actual result;and adopting experience way often wastes lots of manpower and
material resource.

In this paper, we have finished computer numerical simulation for cold tube-
bending process of Harbin Boiler Factory by MSC.MARC finite element analysis
software, and have built a set of complete finite element tube-bending simulated
system, which can exactly forecast tube-bending quality parameter and device
driving force including orality, thinning rate and resilience value.Base on the
analysis, we have improved the existing cold tube-bending die ,and have
designed and manufactured a set of practicality combined adjustable tube-
bending mould through. The primary cotent is as follows:

1.We have finished bending force analysis,built relevant mechanics mould
and deduced stress-strain field and energy formula. All of these settle a analysis
foundation for tube-bending three-dimensional finite element numerical
simulation.

2. Combining computer simulation(finite element analysis),theory analysis
with experiment,the paper study on quality forming factors such as
orality,thinning rate and springback.On the view of simulation,we have
resescched the production process of tube-bending,and have forecasted
transfiguration of the technics.This method can effectively solve the problems of
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tube-bending thickness asymmetry,which are caused by the chimb of tube-
bending becoming thinning and the concave of tube-bending becomeing
incressation when shape up by the tradition tube-bending technics.

3. According to analyzing forming quality,we have improved the slot of the
tube-bending machine,solved the problems that equipment cannot bend some
thick tube .The combined accommodate die designed for minitype tube-bending
machine have well solved the die waste problems.

Keywords cold tube-bending, numerical simulation, orality, thinning rate,
springback
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fE, ©HAMWN Mentat BHINREHFAEK, {H MSCMARC RIHFR&EMFELE
% CAD Ml CAE RHAXH#IIMERMAFRERMEE XCHED, BF
Autocad. PROE. UG &£ F#EOINEE. ARZ KA PROE JLARESAR
MSC.MARC HHBELESHIHE. WHE 2-3 iR,

2-3 BERHLERE
’ Fig.2-3 Pro-disposal modeling of the tube-bendin
# IGES BABA SN MSC.MARC F#ITXHRBEIIRMELS, Hvsd
T . _ ’
MAIN
MESH GENERATION
FILES
IMPORT
IGES
die.igs
RETURN (twice)
SWEEP
POINTS
ALL: EXIST.
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RETURN

AUTOMESH
CURVE DIVISIONS
FIXED AVG LENGTH (on)
AVGLENGTH 6
RESTRICTION FORCE EVEN DIV
APPLY RESTRICTION TO DETECTED LOOPS
APPLY CURVE DIVISIONS
ALL: EXIST.
RETURN

H AMSC.MARCH 4+ R BT thE M S & AT Mg R4, BTLALTIGES
BRAIARNLAEEAST U LPBREAIEE, BTFRHENELSS3HHE
BX, BAIINEANERBTH—D R, FAMATENT 87 ) SUBTRACT
FMUINTHIREX SALEETER, EARWMIHERNORNEOEENTE
E.

232 BIRTHENEK (MESH GENERATION)

AP ERYERIERN—NEERXRY, MIMERHEERNREERE
EWHEREE. rEAEMMTRE. NERISBAEE M EESS, |
%ﬁﬁﬂﬁﬁ%%ﬁ%ﬁﬁﬁﬂ&Aﬁm.%uéﬂﬁﬂﬁﬁfﬁﬁn%ﬁﬁ
FMEE.

1. B8 MERJUIRREIRNY, HTELER, £ MSCMARC #&#
KA BPEETERRETTERRROEM. R, RERZEHLT, R
JEF expand AT BAZHLERIT. HTREVHRRS HOIREPERNR
BB ERWETL, SERANBRERER, THERK, BEZLHE
X, ATENHHEBEENI MR, BNEERREARENRTR S0 —
8, SESARANEMBIERNRIBIRRERD, HEERETZUEED,
ALK BT R R — . BRI B RN FEAE T, ERRERARK
BIASFACTORS # & %-0.3, #BEH FHERIS ST, BEEHAERSBET
ATMNABREEL BT AR ARG TRG. A TEREEETENARE
FRERARS, FUBHABRMBETRT LR DTHER. BEAERRS 8T
FIE S 2-4 BoR.
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& 2-4 HFRIMERIS
Fig.2-4 Gridding plot of the tube
2. R HMEKAME IGES £#&FAN, I THEE, £ MSCMARC
P FARBBAT TBH, MESRORE, EEPERIS R LI FRRI5 Lk
BATRE MR, RERTERTPEL S Z 80, LIBTIUTERNE
82, FHEZRKRPBHY, HRIFN_ZEAR,; REMEHMEZAMEE. X
BEREFNEZHE, MoEMERIILE, RIHEMEZITLARERE £
RPFEMUTA; FEEZRPEHY: IERTINELR T A—3: BTF
BT RRE B KZMATE. AT REAIZMRANTEEMER S S
FEBRRKRE, FEMFHERRUAIERE, B SR 2% B Y 4 8
JCo
XM R L REREZ RNERTTENESH/LMEG; BERT
MW EgmS. RTERERETR: RE=4HT Jacobian B/ A, FHmiy
E. B&RSHRRBRTERME 2-5 FiR.
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B 2-5 MARPIRIS
Fig.2-5 Gridding plot of the mould
Xt S EHEMA S BATAR Y, R T:
MAIN
MESH GENERATION
AUTOMESH
SURFACE MESHING
triangles (delaunay) SURFACE TRI MESH!
all: EXIST (for all surfaces)
PLOT
draw NODES (off)
draw SURFACES (off)
draw CURVES (off)
elements SOLID
REGEN
RETURN
MAIN
MESH GENERATION
AUTOMESH
SOLID MESHING
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ELEMENT SIZE
351
HEXMESH

233 IBREZMHREN (BOUNDARY CONDITIONS)

AR FARAREIL A SN TARE L8R U R FEHFH 5
TH. xXHRANARAFFME. BRAFRFEFF. HXEFREPTFA
&, BEAAFFAHATTELNMEL, EFRERRERM EIEE ERRME
FRBR,UBERUFRARKRRE. AHERERFEME LN, NEX
A, BMER BOHE R R ft— R E R K.

2.3.4 ¥EBENEN (INITIAL TEMPERATURE)

EXHAKRAZEEAR, BUATELREEXNMTEEW, SHExK
R AEBRINFE R AN,

ARERRAERE R 20CTHITH.

Python F2/F 4

#E X HGRIEE

DEF INITIAL_TEMPERATURE(Q):

PY_SEND("*NEW_ICOND")

PY_SEND("*ICOND_TYPE NODAL_TEMPERATURE")

PY_SEND("*ICOND_DOF T")

PY_SEND("*ICOND_DOF_VALUE T")

PY_SEND("20")

PY_SEND("*ADD_ICOND_NODES ALL_EXISTING")

2.3.5 #MEM4FERENX (MATERIAL PROPERTIES)

HHEMN MSC.MARC B#HIMEESRIEAN 20MnCrs. EE I EHR 20*
M, BRHEAHEERNT:
' 0290=810¢

AP e—HREEETE (%)
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WRIEE T RETERLEMBR

EH AR N -RE AL B 2—6 BT

IND(x10) (=)
$

P

displacenent () 1.2

2-6 HH BRI N AR IEAL B R
Fig.2-6 Stress-strain curve of the tube material

2.3.6 EMEFHREN (CONTACT)

A R B & I & LR B ik )52 X (CONTACT BODY)
# (CONTACT TABLE) Ki%EX. Efilits (CONTACT BODY) HiE . #fib
hEETEREMA, RittEME. FRESHNIEEME=2K. TTRBEH
AT E N B E S RN E RN, &R EE
BRI, BRESORIGEMATRTERBNN S, % EBRIEAR
XFEAT AN, BT8R &k,

#£ MSC.MARC H 5 X B fisi 4 ff) B 15 1 S04 LA T 1 JLAN R -

1. EE XA, &R,

2. e XHEME, J5E R

3. S NX/MGERER, JBEX KK,

4. BNBRAEMBEERRN, Bfidde X 24F Nk E X Mg ER,
RIE 5E LK BRI

5. e JUAMRRMM, & XME.
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2.3.7 LR (LOADCASE) BIENX

ZEHH LR (LOADCASE) BB EREHENFT M. RALME
BEREERERRSSHREE.

HREM. BEEMt. BRRERLEXEN. SRESSHEE: OF
— MRS FHRIERKE (B 200); QHBIEERFREKBRRE (&%
£ @B HFEMIEE (% MODIFIED NEWTON-RAPHSON); @#JHAN /1
MR EMTER(E FULL); OB XA KAENNKAXEZE
(CONVERGENCE TESTING) Wi (i% RELATIVE, RESIDUALS OR
DISPLACEMENTS), SAMSAEN RKHEZE 0.1; ©F XHER AR (B
EXEBTIRF LB —HEXRPREE (load_time). HEIMEEH (&

* ADAPTIVE/MULTI-CRITERIA).

238 fElL S HMENFHIREZIEIT JOBS)

ek XS %A O¥E%FE LOADCASE; @#uE INITIAL LOAD; ®f

ANALYSIS OPTION H #% # K f % ( LARGE DISPLACEMENT); @®
_ ANALYSISDIMENSION i%#% 3D; ©CONTACT CONTROL (¥ S R R %
FE R, MXTIREEE— KR 0.1, BN hEMARLNLEETIR
MNETTIAKK 120; ©F JOBPARAMETER #H5& XATFATKIERE, ®A
200000000; (DE JOB RESULTS FEF4k7E /G A FHH K& .

Python B2«

#E X JOBS

DEF WHOLE_JOBS():

PY_SEND("*NEW_JOB")

PY_SEND("*JOB_CLASS MECHANICAL")

PY_SEND("*ADD_JOB_LOADCASES LCASE1")

PY_SEND("*JOB_OPTION FRICTYPE:COULOMB")

PY_SEND("*JOB_OPTION FRICMETH:NSTRESS")

PY_SEND("*JOB_PARAM VSLIDING 0.1%)

HRSFBEMITRAREZA 09

PY_SEND("*JOB_PARAM DISTTOLBIAS 0.9")

PY_SEND("*JOB_CONTACT_TABLE CONTACT_TABLE")
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PY_SEND("*JOB_OPTION STYLE:SINGLE")
PY_SEND("*JOB_PARAM SEPFORCE 5")
PY_SEND("*JOB_OPTION ELASTICITY:L_STRN_UPD")
PY_SEND("*JOB_OPTION PLASTICITY:L_STRN_RR_MLT")
PY_SEND("*JOB_OPTION BUCKLE_METHOD:POWER")
PY_SEND("*JOB_OPTION FINITE:ON")
PY_SEND("*JOB_OPTION SOLVER:IT_SPARSE")
PY_SEND("*JOB_PARAM SPARSE_MAXIT-1000")
PY_SEND("*JOB_PARAM SPARSE_TOL 0.0001")
PY_SEND("*JOB_OPTION SPARSE_PREC:INC_CHOL")
PY_SEND("*JOB_OPTION BUCKLE_INC:OFF")
PY_SEND("*ADD_POST_TENSOR STRESS")
PY_SEND("*ADD_POST_TENSOR CAUCHY")
PY_SEND("*ADD_POST_VAR VON_MISES")
PY_SEND("*JOB_PARAM MEMORY 200000000")
PY_SEND("*JOB_PARAM LAYERS 11")
PY_SEND("*JOB_PARAM NBMODES 0")
PY_SEND("*JOB_PARAM NPBMODES (")

#5£ X ELEMENT TYPES

PY_SEND("*ELEMENT_TYPE 7")
PY_SEND("GUANLIAO_ELEMENTS")
PY_SEND("*ELEMENT_TYPE 134")
PY_SEND("XINBANG_ELEMENTS")
HRFRB B AT
PY_SEND("*SAVE_MODEL")

PY_SEND("*SUBMIT_JOB 1%)
PY_SEND("*MONITOR_JOB")

BB RIZE

FRBTENAESZRIEEMTNSZH, UHESBEMLIPHINA.
5 1025 48 B SR EX AT LA it Python F2FFPUSCHL .
#a R XMH%
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a="a_jobl.t16"

p=post_open(a)#¥T 7 3 a KGR min_force=0#1% 5 A B K
B K$r3k 1 for i in range(0,p.increments()):#7E BB L RIS R

k=0

p.moveto(i)#iA F 77 7% moveto Bki BIE— MBS

x,y,z=p.cbody_force(O)# A 1% cbody force 82| X. Y. Z =4 H#hL
wIE

while k<p.increments():

s=y#E y 7 a LRk RS s

if s>min_force:#>K HZERI B K ik /1

min_force=s

=k

k=k+1

75 Ab AT AR ER S fiAE AT M E I I B FE R & S HOE, "5 @S
WEEMRERE. KT 180 EHBHEMECKBHENE 2-7 MK 2-8
BT 7R

T88e.  2%00e+001 = |Te&s. 2°B00e+001

n
H 1.362e+000 1.362e+000
- 1.296e+000 1.296e+000
1.230e+000 1.230e+000
1.163e+000 1.163e+000
1.097e+000 1.097e+000
1.030e+000 1.030e+000
9.640e-001
8.976e-001
8.312e-001
7.6482-001
6.984e-001 Lx

800e+001 w

1 36204000
il 1.296e+000
1.230e+000
1.1632+000
1.097+000
1.030e+000
9.640e-001
8.976e-001
8.3120-001

7.648e-001
i} 6.984e-001

6.984e-001

S

E)xa]uzou
1splacemsnt

jisiuzou j
isplacement

2-7180 BB EHHEE
Fig.2-7 Bending tube of 180 degree
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—

H 2-8 EF A
Fig.2-8 Comparing tube bending with its theoretical shape
MRBGERBTHIBERE, HITERELHE:
MERTFEEIE Eid ANIMATE ThEEH S E R 8] HES)E B R

FZE avi X, ATUEERETRET. BERARSUETEFNESEE FH
RAR I

2. BRANIRW )50 @i S ##IE REACTION FORCE, 47li#
BUSESE S B JEahdkiery, FlnBSEEmE 2-9 Fix:

1
F(x1e6)

~

e
2

N
TN

TIMEBISTORY (x10)

29 BHEHE
Fig.2-9 Diagram of the bending moment
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3. KT ERE EdSELETTUENMBRENS LELTRIEMN,
WA 2-10 .

Inc 83
Tine 2.07Se+001 MSC

4.2038-003
3 272e-003
2.3410-003
| 1 (100003
4 7860004
-4 5260-004
~1.384e-003
-2 .3150-003
-3.2460-003

-4.1770-003

zhuan

Displacement X

2-10 2B LR FHLE
Fig.2-10 Contour chart of the whole elbow’s strain
i make visible ThEERT LAY]f Bn 5 EER A EHBE B RECE R S
NMARFELE, & 2-11 fizs. EWLAFIA PATH PLOT, #ERfHIZE T s KE
EERARMNE LNRESYE, R, MEE. SMEE. NEXSE,

Inc 84
Time 2.100e+001

3.902e-002

3.012e-002

f 2.122e-002
1.232e-002
3.413=-003

-5.489e-003

-1.4392-002

-2.329e-002

-3.220e-002

-4.110e-002

M 2-11 EHEENAEY A E
Fig.2-11 Strain slice of the bending tube
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4. KBE#RA 2 EREDLSRNTEHEHNEAT DB SHIE, o
HE#E,

2.5 BENLE

AERBNAT MSCMARC HERTHRMHHIRREEARYE, AHT L
BEANERTHMTSR, RE, BENATEX—RERERAERST,
BYTREENELHFEMNERBRER, HRTNH. NEHE5REAN.
RAABELZERN=Z4FRTBERUA AR T — 2R, H—
SHNBEREMUREMRBEART TRENNA, BEZRENLCE, K#
MjE B P AAEXRBEARKLH. HEMFIA MSCMARC HAFLIZEMR
B. BERNZEIEZWEERBNEIESH, AEETEPERENNA
HMASHEE.



MR T KRFTHEM2A8 X

F3F MESGRSTRTREIE

3.1 ABRTERAIAWEIE

#E—E+THMA MSCMARC RHUZELECLLR, BTRKXAZA
RITEMRGEN KR HARBERERTRARLRIE. MU THMHAEE T

RENSEHNHRESEHRITHE:
& A: H2 D168mm, B E 30mm, Z i34 R400mm, FHEER 20G
& B: H# D141mm, B E 25mm, Z #2342 R350mm, #EHEHA 20G

3.1.1 REZHKIESH

Xt A. B BAHURE TRAGEENS th 90 EOZHELE, wH 3-1 fr
o

: i M«x

——

e

.

1 3

t A

B R B il X i R e R b B BB .

3 686 7T 9 11 13 16 17 19 21 23 25 27
k¥
A 3-1 BEHER
Fig.3-1 Diagram of the bending moment
o, mEM step2 FFEH, Z step23 G55, Step24 F step27 A HHIITHE.
ME—BEHERETR, MBETHESERREBRKE, BEENTHHN

>

—
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PRIRIEE TR TH L EA8 X

EREHEK, BEZHVRE, HAETERHIXEFERERDT. A B BE
LHEMETEALABRXEHREETREERIRZNEHS, SRETRE
REENRFETHBRABEEELYE.

A BRTUERESHHERAERYE A LLE B IZRAEKR, WREH
LHE A WEHE B EEAE, BE A XN RENESNERER, FHEEE
E-RSEHNBHRENTUSEEZSH.

3.1.2 SEREEESH
A. B BRI TR R R RS R 3-2 BTN

[—o—1E —=—pF |

A 32 TEREHEEE
Fig.3-2 Ellipticity of tube-bending section

R, XF 180 BB EXRN, HEERMESHAKIYXENEX. &
P —SBr, BRABEKDSHENSMERHEX, HANEHEREX, BEN
MRERD, BERFAFHE. BOMEEHLZTUAM, UABEEIBRX
MR E N B LR R LR Z.

Hit, B 180 ENHERE X A Y FuNERE, w33 s, #
A AEEMREIIEE distance A AR HHELEBRMKEMER, B
MAE RS 180 ENMBRNHEE. ABEAEMHETFIMUREEE(E, B
ABEHRERIEHHEME. T 3-185R T L8 H AN B ERE N RSN
HEST RREMX .
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Bl 3-3 180 BEERIE X M Y R NEE
Fig.3-3 X and Y strain of 180 degree section

£ 3-1 BEEORERENS LR ER

Table 3-1 Comparison of sectional quality between simulation and experiments

5iH BB BUKSMEE i 2

BRUE | WM RE HAME | e RE
EA 43531 | 457142 | -4776% | 8.8142 | 8.73235 | 0.937%
&B 32152 | 328269 | -2.06% | 9.0231 | 891572 | 1.20439%

SMEERE R E R SE B RREE, X4 BE R i T AT AR A 1 48

DS EERERI RN E, FiERETERMERES] D RER,

KBV R ERARRE LRSI B KR & h S NS
ERESH, FHREE SWUAPY. ZBENRR - HIEKETF B E K
FRAEFTRES AR, WREETERZEEZA. HFH, DHERERR
ESPUEHNSE, TERTHEANERARTE: UKERIEAFREEE
PERFET, W7 COR SR RS Bt R KIR S, EAT LA KR EK.

3.1.3 REFNFEHREMT IS
HRTHERUAMERF RN REENTROBSERE, T LAY
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BT IERN, 4XEREERAREENERRH —ERENBEEKE, H
R4 ~. THRNEFHESE, LA, SERRIZSE. €A%
REVE L H AT, REHTBRAFETLHMENREZREEEL R
TR BRI

Bl D108x12, k42 R400 HIE FAHERM, TEANSE, HESHER
WA 20G A1 P91, BTHI90° FUMTLER:

1 EWMTEILE FRHAKEL—#, MEARANEFSH, BT

EhIEMrRRENSENE 34 FiR:
R{x1e6) )
¥ (x106X(mm) 113
! AT I 1 ATy
T k PNa and 3\
/ N \
~ )
I
l-, 7; ‘l
/ {
] H
! !
: ,
/ {
i )
/
f” /I
¢ 'l Tize(s) B R Tiae(s) 2
) 20G BHERE b) P91 B4

Bl 34 REMRBELRE
Fig.3-4 Comparison of bending moment between different materials

MERA, BH 206 EHEFENRATEKRLH 0.96x10°Nm, | Po1
BHRERKNGEHRAN 1.132x10°Nm. EIZ5 didHE K E 20G Bkt POt
FIENEEDN, X5EFEFEHYE. FERETUABTERSEFRETR
B . A

2. BEENILE FRAAREE—H, PRAANEFEH, B4 AITED
B REpT S W 3-5 Brw.
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126521100

F(xieSH)},
\21101

\21]02

LY PP
21104
X
kY
\lll k]
\2L106
\ 21107
N\ 211408
RN
-2y
o ~CEHB MY 0201920552214 e TR T2 b 020 2223
0 ' 4.95
a) 20G #HE
2.021 27061
F{x1eSH)
\2705:
\67 63
\ 064
\
< /UD
N
17067
37068
\\€U b3 .
e ngbhe
88543
0.007 S 529358434503096320022223 3232822879
] 4.8
b) P91 #t 1 A

3-5 AEMRAESD LB E
Fig.3-5 Comparison of pushing force between different materials
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£48, P91 KB TH 206 KE THRENBRXERNK, thH2ETHIM
FBRER EM AR BA BB ™ E . EE M AEIAR 90°F 180°H A&

THAMEEHES IE 3-2.
R 3-2 MRS R
Table 3-2 Comparison of pushing force between different materials
D108 x12-R400 HEHFXN)
ME 90 180
20G 126500 119470
P91 202100 190526

3. BEREEE FHAKSHEMER, MEARMNEFSH, IWHEETL
H—RMER, ZURNEBEHMNZATLURI, MERERN P91 &TFHEK
) 20G B FHMERZES, EBRXREEMMERHRT 206 HEF. W
3-6 B

a) 20G A mEE b) P91 &
K 3-6 AFEIM R E L E

Fig.3-6 Comparison of sectional quality between different materials

B RITE, D108x12, BHIFE R400 KB TESHAEILE 45°.
90°, 135°F1 180°KY B FH & 745t B i A EE LK 3-3.
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* 33 AEM EEE LR
Table 3-3 Comparison of sectional quality between different materials

D108 x12-R400 WEEA (%)
e 45 90 135 180
20G 291 2.94 2.95 2.99
P91 287 | 288 2.92 2.94

D108R400 HSMEZEB (%)
e 45 90 135 180
20G 1.79 1.80 1.82 1.83
P91 1.64 1.65 1.65 1.66

D108R400 AWEEC (%)
L 45 90 135 180
20G 241 242 242 243
P91 1.92 1.93 1.93 1.93

H_ERTA, BH/LARSTHERAHAROEGN, HHRENEHNE
WRTEARAR A PR BRI S SE 40T . BNEIRAER R, 325 iR E L.
BE i P91 EHNTELTH 206 BAERHIZRITFMHRERBENR
%. JUE5RRLERTLYE. Bt EXFOEGEHAT, ERAGHER
EHSENREXRABEBREOMEETE S, ZHTURREAEMLZE;
MM BEREAERIAN, REEASZMAMBETE S, XA K
BHIM T E M. '

4. HAETH DL D108x12, ¥4 R400, FHEIN 20G HIET 6.
ThF| 180 BN, MMBEBAE 84step, M5H 85step M EAFHHER, IER
BHE JLANESERI Y A, RIBABAIZE 84 B 85 BRI B, B ARAEBER
El. & 3-7 3 ASENRINEOMCBEREC, & 3-8 HEFAPRIE
fEsf LR A .
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~7.98 4
5
s
<
DR P
e e |
B4 B ]
I S e SN 5
4
et - —
4 RS e ) 3
-8.012| 5
8.4 8.5
Inczement (x10)
e JOO8 24166 det—st Hode 24166
Ay Node 24167 o0——o Node 24168
. Fode 24169 o—o—e Noda 24170
a-6—¢ Node 24171 o—e—s Node 24172
et NOde 24173 »—#—% Node 24174
G4, Hode 24178 ¥-—x Node 24176

B 37 ¥ REEaE RS
Fig.3-7 Fore-and-aft springeack displacement of uninstalling node

[ & W atE s - &P ST HRNE ]

-0' & o A A
-0.64 [—
-0.66 p
-0.68
0.7 F
0.7 b
-0.74 F
-0.76 |
-0.78 |
0.8 |» —~ : . ' E

B 3-8 TR FEMLBHRE
Fig.3-8 Comparison of fore-and-aft springeack displacement of uninstalling node
Fid izE T UERBIEEAHRTERIM RS ST RNABE, BAH
BEMERE, HixERENTRMTUESERRNAESH.
B EJLAX AT A, AXXTELRAERE RS @B HEES
BHMR, RAEMBEIZRIZENRRESYE, NEFFERNHESE
Xeo
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3.2 NEIEERERLK IO IO

ELFRRESS, MERETFHESHEREEEE LY, MNMERSEIRER
/NF 60mm HIEE. THEA T RIFZE BRI X /MNERE Mt 68 B TR 447
ER, LA ©38x9, B4 R50, #ELAN 15CtMoG RIE BT 180 B .
RIE UL LR T EAE T ZE G EESHLER 34, B 39 AZERER
A,

£ 34 PNEREUSHE

Table 3-4 Parameter table of the little tube

24 BRI B K HMEE R 3 BRRHES
®38X9 3.8107% 6.4140% 28.47kN

tttttttttttttt
rrrrrrr

B 3-9 ©38X9 EHZ5 i 180 JiF iUHE P J A% P
Fig.3-9 ®38X9 tube benged 180° lofting graph and cross section diagram
FEVHIEIZ 5 RA LR S ENHAE S EM#ITE MK, B
PSR : R wE 3-10 Fis.
OV (HEE) =3.95% B (WHE) =6.7%
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B 3-10 L HeAH 2 AL S B R R AR R
Fig.3-10 Tube bender benging lofting graph and cross section graph
HIZBEAT A, HHEIEN SRR ARED A
MR IR % : 3.266% M RIRE: 4.2687%
BRI RS RAREEDT 5%, FEHATLLA ST Ex T
& BEAT TR .

33 AFENGE

EENRTREEHELALR, HAERARRARRTEEEUS &R
HERET O, BEITUTEES®R:

LA B ERMERRT T HERR, HEHESLMAERDSE, XX
FRHRIENEERTARUERARTEEERENE L.

2 BN AT R RER IR E, AT BN IR 004 F AR AT SR AT
T, A LLE X IEEHE S RS ERREEESH.

3FABERTTENN T AR E RS RN, B8k

s BT



P/REBE T REFTHWLEARY

BB, i /D, MEBESHN T ZRFERER, EEENMHE
E. RERSFEENTERESYAENRET. '
AMEXRHBHEBENSHLTSNLBRL, BHTEEESH—
ERAERHERE. INERSHAFEREZNEIRE L.
5. 40RO R A TR S EREAN T Z S Kkt
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F4E ERBENNANRESSERMNLT
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Fig.4-1 Position of mould fixing
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Fig.4-2 Betterment locomotive runner theory
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Table 4-1 Comparison the results of betterment mould
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ggﬁ 1% g | POLEE Omax=167 Omin=162 | o | o
©168X30, B % A Smin=25.2 S(LH)=27.7
£ R400, HE: | KSUERH | Omax=167.9 Omin=146.7 12.6% 129%
SA335-P12 HA Smin=24.6 S(LW)=27.9 070 °
RE 2: Omax=167 ®min=160
T O ¥ OB &ﬁgm Smin=27.7 4.2% 7.1%
©168X30, %5 ¥ S(3EH=29.8
2 R650, K : | KRSUAFH | Odmax=167.8 ®min=145.8 13.1% 1.1%
SA335-P91 . A Smin=26.3 S(ELH)=29.6 e e
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Fig.4-3 Combined accommodated mould
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Fig.4-4 Three-dimensional picture of combined tube-bending
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Fig.4-5 Structure of module
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