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Research on Machining Deformation Simulation and Deformation Control Technology Scheme of
Guideway Beam Based on Residual Stress Redistribution
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[ABSTRACT] In order to solve the process problem of over-deformation caused by the release and redistribution of
residual stress in the material removal process of large thin-walled casting guideway beam, the processing technology of
guide beam parts was analyzed to realize the simplification of part model and substructure segmentation. At the same time,
the surface residual stress measurement of the part blank was carried out, and the initial stress model of the part blank was
successfully established. On this basis, the finite element simulation of part machining is carried out in combination with
the actual machining process. The residual stress release caused by material removal during machining is simulated, and
the residual stress redistribution law and machining deformation during machining are predicted. Summarize the finite
element simulation results of the machining deformation of the parts, and propose a process plan to suppress the machining
deformation of the parts. It is verified that the improved process sequence reduces the maximum deformation of the parts
from 0.485 mm to 0.081 mm, which is reduced by 83.3%, and avoids the oversize of the parts during processing. At the
same time, this plane is used as the benchmark for subsequent processing, which ensures the accuracy of subsequent

processing and provides an effective theoretical basis for the optimization of production process.
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Fig.2 Main processing surface of guideway beam
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Table 1 Parameters of residual stress measurement
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Fig.9 Residual stress values in each area of plane 4 and C
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Fig.10 Residual stress values in each area of plane B
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Fig.11 Process of finite element machining deformation simulation

AbH 9 mm, 55 5 B BCE UG BEE C T4y i 2B
C i REJRAUA 3 mm , 25 F 5 B U R F%, B TR0k}
B PR C IESE A T —M A, BEE C T P &R
JI V- e F T, AR5 A S ) T T = AR AR T e K AR
F& ol —0.485 mm.,
322 BEAZALZERE

BN T AR5 Hoi AR S 3.2.1 W AR, & 16 s
h B T AR A AN AR BR A N FEARIIN T T AR, 5L
B TH LA A AR A FEHERR], 7605 B P Xt 4 T in 4>
AU, 43 3 AT B B Ay )2 5565 (1) 255k B
A 1.5 mm 43yi; (2) 2P% B 1 mm Ayim; (3) KBk B
Il 0.5 mm At M T2l LIE W, B 2SRt
R R AT T, 75 BEAE TR N T 3 S U AR

108 ALz hEE A - 20234E 5566 % 551310

12 A, CEFEHNELSY
Fig.12 Substructure meshing of plane 4 and C

SRR, OO FE N5 A T A0 R AR A TR = 20K
PRMOI, 2SI T B Rt Y J7 1 A Z 75 1)
AR o M5 AR RN, SRURAE XI5 16 LA AE



PN
RESEARCH m%rex

NODAL SOLUTION
STEP=3
SUB=1
TIME=3
UZ (AVG)
RSYS=11
DMX=0.116E-03
SMN=-0.111E-03
SMX=0.772E-04

AFIY it /m
—0.111E-03  —0.691E-04  —-0273E-04  -0.145E-04  —-0.563E-04
~0.900E-04  -0.482E-04  —0.638E-05  -0354E-04  -0.772E-04
(a) HUM TG ZAEE

NODAL SOLUTION

STEP=4

SUB=1

TIME=4

UZ (AVG)

RSYS=11

DMX=0.144E-03
SMN=-0.136E-03
SMX=0.137E-03

AR it /m
~0.136E-03  -0.754E-04  -0.147E-04  —-0460E-04  -0.107E-03
~0.106E-03  -0451E-04  —0.156E-04  -0.763E-04  —0.137E-03
(b) PRI TR E A
NODAL SOLUTION
STEP=5
SUB=1
TIME=5
UZ (AVG)
RSYS=11

DMX=0.287E-03
SMN=-0.285E-03
SMX=0.127E-03

AR /m
~0.285E-03  -0.193E-03  —0.102E-03 ~0.101E-04  —-0.815E-04
~0.239E-03  —0.148E-03 ~0.559E-04  -0357E-04  —0.127E-03

Ce) WMTIREMAALIE

E 13 AEZEHFMT Z mER
Fig.13 Gradually processed deformation in Z—direction of plane A

AN, RAE S ST AN TR . & TR BE Y 5l
1 Z J7 RS TR AN ] 17 B o

17 ATRLE LRI T S 803E B i, ST
B A TH — St — ELAFAE ) Y+ 7 WA AT fHLUin T B
W5 WG, 2 0.278 mm; A 158 )5, 281
1M 0.391 mm AT 58 5 A FEFE T 0.388 mm,
VLSRRG Y 7 o) T AR 2= A R TR B,
HARERRBL 50% LIS, HOE s 4 m—i Y 7
] (AR A RRE o XS R Z Oy B AR, 4%
MBI ARG R /N T 0.1 mm, BRS8N, HL A
Al RESE A F S HURAE Z Jy RS B T BRI 4

NODAL SOLUTION
STEP=6
SUB=1
TIME=6
UZ (AVG)
RSYS=11
DMX=0.286E-03
SMN=-0.285E-03
SMX=0.135E-03

AFJE /m
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NODAL SOLUTION
STEP=7
SUB=1
TIME=7
UZ (AVG)
RSYS=11

DMX=0.485E-03
SMN=-0.485E-03
SMX=0.144E-03
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Fig.14 Deformation of plane C after removal of internal and

external materials
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Fig.15 Z-direction deformation of key area of plane 4 and C
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Fig.16 Mesh generation and coordinate establishment of plane B
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NODAL SOLUTION
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Gradually processed deformation of plane B
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Fig.18 Clamping scheme of guideway beam
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STEP=3
SUB=1
TIME=3
UZ (AVG)
RSYS=11
DMX=0.112E-03
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NODAL SOLUTION
STEP=5
SUB=1
TIME=5
UZ (AVG)
RSYS=11
DMX=0.162E-03
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NODAL SOLUTION
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TIME=6
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Fig.19 Deformation diagram after process optimization
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