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Model of Residual Stress Formation on Belt Grinding Surface
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ABSTRACT: To establish the mathematical model from belt grinding parameters to residual stress on grinding surface of
titanium alloy material and verify its validity. In this paper, the microstructure model of material surface was established by
using elastic mechanics and collision mechanics. After the mathematical model was obtained through the analysis and
calculation of the mechanical model, use Simulink to realize the simulation analysis of the mechanical model, obtained the

relation diagram of residual stress and time on belt grinding surface of titanium alloy with certain grinding parameters. Finally,
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verify the validity of the mathematical model by the experiment of titanium alloy belt grinding and analyze the possible error

sources. As a result, the experiment show that the simulation value of the mathematical model is similar to the measured value

and has a good simulation effect. However, before the introduction of 7, the maximum error of the simulation value and the

measured value is 62.98%, the average error is 16.43%, the result is not ideal; And after the introduction of heat coefficient tau,

the maximum error of the simulation value and the measured values is 9.87%, average error is 5.75%, precision rise

significantly, can effectively predict the surface residual stress values. Based on elastic mechanics and collision mechanics, the

model of residual stress formation on grinding surface of titanium alloy can be used to characterize the residual stress under

certain machining parameters.

KEY WORDS: titanium alloy; belt grinding; residual stress; model; system dynamics; error analysis
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Fig.1 Mechanical model of titanium alloy surface after belt grinding

%

W

X X! Transverse
W) residual stress

o
\\\/{,

Rigid ball

S

| Longitudinal

Connecting key

&2 /R Ay AR

Fig.2 Sectional area of balls

L5 b T LAAS B bAH 5 ) 2R 5 AR B 7 i A 5K

1
[o]==[K][T]ix (6)
ool [T) A 2 B, IS BB 25 4 15

S, A

2.0 0-1 -1 00
0200 -1 10
0020 0 -1-1
[T]=|0 0 02 0 00 )
0000 2 00
0000 0 20
0000 0 02

A ST R A B AR R A TR R P R B
AR X SR R AYNL T B &ﬁ%@ﬁ%ﬁﬁi
AL IS 5 UBRCET e 7= 2R 8 S 8 g AR e A, X
ST AR K TR E

AR )£ ) B A3 LE ek X (8) 1YY,

SRR AR T R g

1%

S

G, IS R R A A 2 g

WA T e Bl ﬁ*ﬁAmEE%m WEAR T L4
HSBRA IME AR 224, SRR R, s SO
{EALAEA -

_(4 bayv,e, 1 @
T Ry, Xl 0.97k, )
, P

\ToYs (kpc)w

ORI A I i

v, Xda
L £ <0.01

vS

v, Xda
0.01< 2 <0.0125 )

VS

7=<0.85,

v, Xa
0.65 0.0125< L
v,

S

2 BETHNZHRESEMBUTE
HIRE{HE

21 HEAZE

F T AR BN I T B S 2E KA S b RHED AT S I
TRMFLEE, I Simulink %F 2L ECF R R ST 05
. WL WA M

(1) ATHfEZE, HINKZIhr X5 YW
A7, BOEAN R X5 Y AN 5

(2) AT FRBHERTE 1—3 5 =A/hek |

(3) % ERNSLPR E4/NERIGNIAS HE A ., i
ﬁ%m%ﬁﬁ%ﬁﬁﬁ%ﬂ#mA;ﬁX%Yﬁﬁm

SEMA ] DLW ANTT, SORE A 3 R B A BE AR b
%%Tﬁo

P B R v T B A SN R 1 TR




© 34 - x om B OR 2020 4F 4 H

x1 HESHKRERREKRE

Tab.1 Simulation parameter setting and value basis

Categories Names Symbols Value ranges Units Value basis
Belt speed Vs 8~24 m/s
Technological Feeding speed Vw 0.3~0.9 m/s  Take proper value according to technical
parameters  Grinding depth ay 0.2~0.6 mm requirements and grinding parameters.
Belt width B 5 mm
abigg?;?;i;ig Specific grinding energy Us 1000~1500 kg/mm’ Take the appropriate value based on
force Coefficient about belt life ~ Z; 2x1072~5%107 experience.
K= 4 [ nr, ],0'.=1_vi2
Properties of Stiffness factor K 1.8541 N/mm 3n(o, +0,)\ 1 +1 ' mE,
materials vi—Poisson’s ratio; £—Elasticity modulus.
Material damping C 0.5 Take the appropriate value based on experience.
Diameter o 1~100 UM Defined by fine grain sizel'!.
Parameters of Mass m 7.55%x1071%~6.84x107"° kg  Calculated according to the diameter.
the model
Sectional area A 7.85x107"'~7.85x10""7  m?  Calculated according to the diameter.
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Fig.5 Machine tool structure and the experimental platform:
(a) machine tool structure; (b) appearance of the machine
tool; (c) inside the machine; (d) experimental platform
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Tab.3 Chemical composition of the specimen

wt%
Al Sn Zr Mo Gr Ti
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Tab.4 Mechanical properties of specimen
E/GPa pl(kg-m™) o/MPa o,/MPa
111.5 4640 1110 1180
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Tab.5 Belt grinding parameters selection

Linear velocity  Feeding speed Grinding

No. = (mmin)  vy/(m'min depth dp/pmm
1 8 0.3 0.2
2 8 0.6 0.4
3 8 0.9 0.6
4 16 0.3 0.4
5 16 0.6 0.6
6 16 0.9 0.2
7 24 0.3 0.6
8 24 0.6 0.2
9 24 0.9 0.4
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Fig.7 Simulation result
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Tab.6 Comparison of experimental results
and simulation results

No Residual Simulation Error rate before Error rate after

" stress/MPa  value correction/%  correction/%
1 -173.73 -175 0.73 0.73
2 -224.36 -290 29.26 9.87
3 -263.84 —-430 62.98 5.94
4 -197.88 -180 9.04 9.04
5 24271 -275 13.30 3.69
6 —-194.35 -200 2.91 2.91
7 -185.51 -170 8.36 8.36
8 -151.73 -140 7.73 7.73
9 -193.79 -220 13.52 3.50
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Fig.8 Comparison of experimental results and simulation results: (a) histogram before compensation; (b) histogram after compensation
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