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Abstract

In order to improve the machining efficiency of the headstock cover parts on the machine tool and
ensure the machining accuracy, the accuracy design of positioning elements (positioning features)
must be optimized on the premise of ensuring the probability of assembly success between the
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workpiece and the fixture, when designing the special fixture for “one side with two pins”. MATLAB
Monte Carlo model is used to simulate the actual machining dimension and clearance distribution of
the locating pin/hole, the geometric tolerance and tolerance principle of the locating pin/hole are
taken into consideration as well. The tolerance analysis and optimization design are carried out
by using the mathematical model of probability of assembly success of the locating pin/hole. Com-
pared with the traditional fixture precision design method, this method can improve the probability
of assembly success between the fixture and the workpiece to be clamped under the premise of
ensuring the positioning accuracy of parts and fixtures, thus improving the machining efficiency of
workpieces.
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Figure 1. Schematic diagram of bedside box cover parts
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Figure 2. Initial design diagram for fixture positioning of headbox cover
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Table 1. Pin/hole size and gap simulation
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Figure 3. Locating pin/hole size and gap distribution
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Table 2. Optimization design scheme for positioning pin accuracy

2. EfHBEMNRITAR

2 JURI A Z 5] 85 E.A% FVHER
Al 0.025 $10.0( % o0 $#10.0( 5o

A2 0.025 #9.99(°, 000
A3 0.025 $9.98
A4 0.025 $9.97
Bl 0.026 $10.0( %, 09
B2 0.026 $9.99
B3 0.026 $9.98
B4 0.026 #9.97( 5000
Cl 0.027 $10.0

C2 0.027 #9.99

c3 0.027 $9.98

D2 0.028 #9.99
D3 0.028 #9.98

D4 0.028 $9.97( %000
El 0.029 $10.0
E2 0.029 $9.99

E3 0.029 #9.98

o
=3
b3
a3

E4 0.029 #9.97
F1 0.030 #10.0 00009
F2 0.030 $9.99

F3 0.030 $9.98

) )
(%oom) )
(%oam) o)
(“oom) )
) )
(‘o) )
() )
() )
(%o )
(‘o) )
(“oom) )
c4 0.027 $9.97(" 0 ) $9.97(704% )
DI 0.028 $10.0( )09 )
(%oom) )
(“oom) )
(Coom) )
(%oam) )
() )
(%oam) o)
() )
(o) )
(%oom) )
(“oom) )
(‘oo o)

F4 0.030 39.97( 000

4.2. REFERARN SR RMTIE KR

R SR RIS/ FLRT SRR A1 L, £ MATLAB HHRIABHLIRECN 5000 R(E A2 Hr
ABREHIIETTRGL 3.2 )8, ARSI E. BUEAH/ALIRBR AR BEUELL, W& 3 ik 4.

DOI: 10.12677/met.2023.123026 230 IR N EASE N


https://doi.org/10.12677/met.2023.123026

s
4

Table 3. Simulation of the clearance distribution of the master positioning pin/hole
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Al...... F1 0.01208 0.00290 0.00111 0.01207 0.02486
A2...... F2 0.02206 0.00290 0.01287 0.02204 0.03369
A3...... F3 0.03205 0.00290 0.02127 0.03202 0.04258
Ad...... F4 0.04207 0.00292 0.03154 0.04208 0.05201

Table 4. Simulation of clearance distribution of secondary alignment pin/hole
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il e P i 22 R/ME Hh ) {8 RKME
Al 0.05605 0.00289 0.04545 0.05599 0.06648
A2 0.06605 0.00286 0.05513 0.066 0.07623
A3 0.07605 0.00291 0.06623 0.07602 0.08633
A4 0.08607 0.00293 0.07593 0.08603 0.09667
Bl 0.05706 0.00293 0.04670 0.05701 0.06814
B2 0.06704 0.00289 0.05654 0.06699 0.07786
B3 0.07708 0.00292 0.06657 0.07708 0.08803
B4 0.08706 0.00289 0.07754 0.08705 0.09785
Cl 0.05805 0.0029 0.04769 0.05805 0.06873
C2 0.06803 0.00291 0.05788 0.06804 0.07921
C3 0.07805 0.0029 0.06816 0.07803 0.08811
C4 0.08807 0.00291 0.07849 0.08808 0.09955
D1 0.05804 0.00289 0.04728 0.05804 0.06774
D2 0.06804 0.00289 0.0576 0.06802 0.07964
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F1 0.06006 0.00291 0.05068 0.06001 0.07005
F2 0.07005 0.00293 0.05890 0.07000 0.08183
F3 0.08006 0.00287 0.0697 0.08007 0.09075
F4 0.09008 0.00291 0.07974 0.09006 0.10054
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Table 5. Success rate of main and auxiliary pins/holes and final assembly

F5. E. BIHALEBRRRINE

H T/l ] AL/ fL RIEI IR
Al 97.39 98.09 95.53
A2 99.03 97.22 96.28
A3 99.03 98.72 97.76
A4 98.98 99.3 98.29
Bl 97.29 97.99 95.33
B2 99.03 98.09 97.14
B3 99.03 97.68 96.73
B4 98.98 96.7 95.71
Cl 97.19 98.07 95.31
C2 99.03 98.04 97.09
C3 99.03 98.07 97.12
C4 98.98 98.33 97.33
DI 97.08 98.09 95.23
D2 99.03 98.09 97.14
D3 99.03 99.66 98.69
D4 98.98 98.67 97.66
El 96.96 98.02 95.04
E2 99.03 98.09 97.14
E3 99.03 97.09 96.15
E4 98.98 97.04 96.05
F1 96.83 98.04 94.93
F2 99.03 97.99 97.04
F3 99.03 96.79 95.85
F4 98.98 97.99 96.99

43. ARSSITE

ST EALAH AFR ELARN B I BRI 2R SRS, CREFE LA L A ZAAE, Bl AL By C. Dy E.
F /SHEAR G AT LA ZE X0 R R S Th 2 i s iy, REFE M8 A EAAAZE, Bt AL,
Bl. Cl. D1. El. F1 (A2, B2, C2---)JUHHEARII BN B S vk a8 UTA ZALR,
ARG, S i 2 B R L& M ARSI, JUAT A ZE RN, BRI
DiZ R HEH Mt 5 208 D3 BER A JUAT A 258 0.028 mm AFREAZN ¢9.98 mm B,
TAEAEIE B B R2ERRIN R, N 98.69%, HENAHIUARS BT &R F1 2T T 3.76%.

DOI: 10.12677/met.2023.123026 232 IR N EASE N


https://doi.org/10.12677/met.2023.123026

s
4

£\
‘ /\
Aa \
N7

B AR B

L

_—

Figure 4. Schematic diagram of workpiece positioning error
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Table 6. Workpiece positioning error
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A5 PR IEL T T SE oL 1R 22 LT I R
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A3 0.07627 0.00035
A4 0.08654 0.00039
Bl 0.05711 0.00029
B2 0.06887 0.00032
B3 0.07727 0.00036
B4 0.08754 0.00039
C1 0.05811 0.00029
C2 0.06987 0.00033
C3 0.07827 0.00036
c4 0.08854 0.00040
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