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A Study on Quality Improvement Method for Manufacturing
Process Plan

Kim Inho*

ABSTRACT

This paper proposes a method for improving the process plan quality by use of dimensional toler-
ances. Dimensioning and tolerancing plays a key role in manufacturing process plan because the final
part must ensure conformance with the dimensions and tolerances in its drawing. As a first step for the
improvement of process plan quality, two resultant tolerances in design and process plan should be
compared each other, and so a tolerance chart is used for acquisition and comparison of the two toler-
ances. In addition to two kinds of design and manufacturing tolerances, operational sequences or paths
for the resultant dimension and tolerance are additionally recognized for measuring the quality of pro-
cess plan quantitatively. Rooted tree is applied to find the related paths for the manufacturing resultant
tolerances. A quality coefficient is defined by the components of two tolerances and their relations, the
paths related to manufacturing resultant tolerances and the difficulty of an operation. In order to
improve the quality of manufacturing process plan, the paths that two kinds of tolerances are the same
or different in the rooted tree are recognized respectively and a method for tolerance rearrangement is
developed. A procedure for improving the quality is suggested by combining the coefficient and the tol-
erance rearrangement method. A case study is applied to illustrate the efficiency of improvement

Key words : Dimensioing and Tolerancing, Rooted tree, Process plan quality coefficient, Improvement
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i
Line | Op. | Operation | Working Dimension 1, 2 3 4 :5: 6 Stock Removal
No. | No. Mean Tol. ! I P! Mean +Tol.
1 [ 10 | Turning 1.970 .002 - Lo .030 012
2 [ 20 | Turning 1.940 .002 — Ly, .030 .004
3 [ 20 | Drilling 1780 | .002 o —— > 160 | 004
4 | 30 | Tuming 1730 | 002 ! — — ¢ 030 | 002
5 |30 | Tuming | 000 | 002 N Y P 030 | 002
6 | 40 | Milling 0.260 .002 ! - «—e 260 002
7 | 50 | Carburizing | 0.025 .005 > ! oo
8 50 | Carburizing 0.025 .005 ! ' ! - ><
9 [ 60 | Grinding 1930 | .0005 - ——e 010 | .0025
10 | 70 | Grinding 1.930 | .0005 6| — —— 010 .001
1 ! | ' ! 1
B/P Dimension : : : : : : Resultant Dimension
Mean +Tol. : : : : : : Mean +Tol.
0.200 10050 *~—o | Vo 0.0200 | .0025
0.100 .0020 e R 0.1000 | .0020
0.250 .0050 ! - ~——o 0.250 .0030
1.770 .0050 —— —e ! 1.770 | .0045
1.920 .0010 — ——e 1920 | .0005
0.015 .0100 .- | Lo 0.015 | .0075
0.015 .0100 ' ' "o 0.015 | .0060

Fig. 1. A tolerance chart for drive hub steel.
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Fig. 2. Rooted Tree for Fig. 1.
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Fig. 4. Flow for improving the quality of a process plan.
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Line | Op. | Working Dimension | 1 E 2 E 3 E E 4 5 Stock Removal
No. | No. Mean Tol. , : ' . . Mean +Tol.
1 8.2500 2500 —> Solid 2500
2 18.8500 | .2500 : ——  » : Solid 12500
3 28.1000 | .2500 : ! ' S — Solid 12500
4 Jo10] 53.9000 [ .2500 S L L L » 1.200 1.000
5 [020] 53.4000 | .1300 | : | : o .5000 13800
6 020 44.9000 | .1300 0 ) H . e .7500 .6300
7 [020] 388000 [ .1300 | ! T ' . 1300 | .1300
8 [020] 25.9000 | .1000 ! ! P ' & ; 1.000 8500
9 Jo030] 53.2000 [ .0250 P : : L > 12000 1550
10 [ 040 [ 38.2000 [ .0500 5 | | : » 4000 3350
11 050 253000 [ .0500 : : : ' . 14000 3050
12 060 [ 53.0000 [ .0500 ' : . : » 12000 .0750
13 {060 443000 [ .0250 ' ' — : Py 4000 3100
14 [ 070 [ 38.0000 [ .0250 1< . 12000 0750
Design Dimension . ' ' ' ' Resultant Dimension
Mean Tol. 1 ' H ' ' Mean +Tol.
15.0000 1200 — 15.0000 | .0750
19.0000 .0800 ; —t ! 19.0000 [ .0750
12.7000 0750 ! ' ——— ' 12.7000 [ 0750
38.0000 .1000 ! ' ‘s : ® | 38.0000 [ .0250

Fig. 5. An example for tolerance chart.
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Table 1. Improved working and resultant dimensions

Line. Op. Working dim. Resultant dim.
No. No. Mean Tol. Mean Tol.
12 060 [53.0000| .0950 | 15.0000 | .1200
13 060 |44.3000| .0300 | 19.0000 | .0800
Table 2. Process plan Quality
Original Revised Improved
Quality 25% 41% 86%
characteristics Related op. | Related op. Tolerance
excluded included reallocation
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