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1. Introduction the lathing process is the main cause of errors in preciseness
and smoothness of piston rods. This is because the piston rod

The shock absorber piston rod is an essential part of the  processing tools often break and cause abrasion on the rods.
suspension equipment that absorbs the shock and vibration of Therefore an automatic process control system must be
an automobile. Because it greatly affects shock absorption, a  developed to constantly measure and manage the lathing process
high level of precision and smoothness is needed. <Figure 1>  for preciseness and smoothness[1, 2]. In this study we explore
shows the form of a shock absorber piston rod. At present, the development of a statistical process control system (SPC)
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which can perceive the errors early and compensate for them
(5, 7].
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this study, has the necessary functions to perceive errors early
and record and analyze them. And it completely examine every
part of the rods from beginning to end. This system can also
estimate the needed changes in size and then automatically
compensate and exchange tools for the lathing process.

<Table 1> Subject Company Profit Loss for 3 Years
(2003~2005)
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<Figure 1> Shock Absorber Piston Rod

2. Needs of Study

The shock absorber piston rod manufacturing process
includes lathing, grooving, milling, rolling, inspection and
finally packing as seen below in <Figure 2>. Lathing, which
is performed 2 or 3 times, is for the forming of the main of
the piston rod. Grooving is for equipping the stopper to
determine the condition of a stroke. Milling and rolling are for
equipping and assembling the shock absorber [10, 21].
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<Figure 2> Piston Rod Manufacturing Processes

The error rates level affects as much as 71% of the net profit
of the company relevant to this study, so process innovation
is needed as seen below in <Table 1>. As previously mentioned,
the lathing process as a weak process has the highest error rates
among all the processes because the piston rod processing tools
of lathing process often break and cause abrasion on the
rods[11], [13], [16]. The statistical process control system
(SPC), which has been developed for process management in

ltems 2003 2004 2005 Total
Amount of
Sales(A) 5,694 9,713 15,206 30,613
/ million
Net Profit(B) 100 206 693 999
/ million
Cost Loss Due to
Error(C) /million 120 210 380 710
C/IA (%) 2.1 2.1 2.5 2.3
C/B (%) 120 102 58 71

Therefore we make a plan of innovation to improve the prob-
lems for lathing process as seen below <Table 2>.

<Table 2> Plan of Process Innovation

Problem Phenomenon Innovation Plan

Difficulty in measuring
and a lot of time for
measuring

Incomplete inspection
Negligence and error
in inspection

Manufacturing of
Total Inspection Tool

No early perception

Prompt inspection
of error P P

No prompt inspection

No record for
inspection

Impossibility to
document factors and
time of error

Inspection data
storage in real time

Manual compensating
by workers

No timely
compensation

Compensation with
automatic Tool

No process monitoring

Impossibility to
estimate change in
rod size

Display of the
changes in size and
process

3. Developing Contents

First, we must develop the measuring tools for the manu-
facturing process. We do this by defining a number of measured
points on the rod, then by considering the characteristics of
these points. Next, we must design appropriate tools to match
the characteristics of the points. Here, measuring tools and
measuring methods are needed for guaranteeing the precision
and being appropriate for automatic measuring. There must be



ZZMH LAEZE MZFFOl WSt FTUS AL HZ 89

few errors in the function of R&R (Repeatability and Reproduc-
ibility). The SPC details of development, including the contents
of the measuring tools and the measuring method, can be seen
in <Table 3> [20].

<Table 3> SPC Details of Development

Items Contents
. Places | Defined significant measuring points
Manufz;:turmg Measuring | Choice .of methods whi.ch is most
Measurement method approprlat‘e for automatlc- measurement
Tools Tools Tools vxfhlch are appropriate for
automatic measurement

Data communication method and
programming program

System displaying data and errors
Manufacturing Tool Compensating

Data Input/Output System

Display System

Tool Compensating

Program Program
Data Storing System Inspection of Data and Data Storing
Program

3.1 Plan of Measured Points

There are 11 measured points on each piston rod as seen
in <Figure 2>. We discovered the strong correlation of 0.96
between the width of the host part and the width of the piston
part as seen in <Figure 3>. The strong correlation shows that
the two widths are dependent on each other. Therefore when
we measure the width of the host part we can manage the size
of the total width. The error rate of widths for the other parts
are very low based on the examination profile of theirs.

Coefficient of Correlation :0.96
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<Figure 3> Correlation Analysis

For length of the piston rod, its error rate is so high by 1.17%
as it needs inspection process. With this, the inspection points
are defined as 2 points which are the width of the host part
and the length of the piston rod [3].

3.2 Method and Tools of Measuring

The condition of technology we develop for precision, re-
peatability and reproducibility(R&R) etc. are as seen in <Table
4> [18].

The air micrometer is best for measuring width and the elec-
trical micrometer is best for length if we consider precision,
region, cost and maintenance. See <Table 5> for an analysis
of measuring tools [4].

<Table 4> Conditions of Measuring Tools

ltems Specification

width : 0.0005mm, length : 0.001mm

Precision

Data Printing Printing available

Repeatability and
Reproducibility

Method of
Measuring

width : 0.00lmm length : 0.005mm

Automatic measuring and computing available

No. ITEM No. ITEM <Table 5> Analysis of Property of Measuring Tools
[1] | shape of piston part [6] | shape of host part
[2] | width of piston part [7] | width of host part Measuring Width Length
. . Pre- Main- | Pre- Main-
. - Tool - -
(3] lgngth of non-rolling of (8] length of non-rolling of ools cision Range| Cost tenance | cision Range | Cost tenance
piston part host part
. Not | Too |._.
[4] | shape of grooving [9] | shape of milling Miidrisnii:ter Good | Good ;ZE Difficult| Good 000d | high Difficult
[5] | omission of grooving [10] | width of milling ; Not
Micrl?)lr;eter Good | Good /:v:r Easy | Good 0 d Proper| Easy
[11] | shapes of the others - |- g 200!
] ) ) ) N]ilectrlcal Partlg Good |Proper| easy | Good | Good |Proper| Easy
<Figure 2> Shock Absorber Piston Rod Inspection Points icrometer | 800
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3.3 Measuring Actuators

<Figure 4> is the Flow Chart of Actuation. Based on the
analysis of property of measuring tools as seen <Table 5>,
measuring actuators of each air micrometer and electric micro-
meter to include alignment, transferring, measuring tools for
length, measuring tools for width, pushing-out tools and the
body are as seen in <Table 6> and <Table 7> [8, 9, 12].
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<Figure 4> Flow Chart of Actuation
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<Table 6> Measuring Tool for Width

Specification/

Picture Key Parts Function

Measuring

length of V PR18-5DN

block and (non-contact sensor,

perceiving @ 18mm, Sm covering)
sensor

Measuring [ 07519 25D-AT3L
cylinder

Measuring DP-10
probe (stroke 10mm)

Length control
screw

TM-20 screw

Length control
handle and
fixing bolt

Fixing measuring block

Measuring
block

Cross roller guide
(VR4-80*7Z) equipped

Based as it is also on the analysis in the <Table 5> air micro-
meter and electric micrometer are applied to measurement for
each the width of the host part and the length of the piston
rod[14], [15].

<Table 7> Measuring Tool for length

Specification/

Picture Key Parts

Function
Measuring
width of V PR18-5DN
block and (non-contact sensor,
perceiving &18mm, Sm covering)
sensor
Measuring
; CDM2F32-25A-C73L
cylinder
Measuring 0.D. 8.02
probe (out diameter 8.02)

Length control
screw

TM-20 screw

Length control
handle and
fixing bolt

Fixing measuring
block

Measuring
block

Cross roller guide
(VR4-80*7Z) equipped

3.4 Tools of Data Computation

Tools of data computation include the data communication
tools, the communication program and the data management
system which transmit and record data. The specification data
computation is as seen in <Figure 5>.

Data communication program has the function to save the
data automatically in real time and can support 39port as the
serial port. There is also a function of port setting to choose
the baud rate and data bit. The composition of communication
files and screen is as shown in <Figure 6>.

The data management program is for utilizing and recording
measured data. The operating system is Windows XP, with a
multi-port for enlarging the port. Data is saved as a text file
(or CSV ; comma separated value file). This file can be used
in EXCEL. EXCEL is a general program and is used for the
sake of convenience. Through the data, the information of good-
ness and badness of parts and the data trend can be per-
ceived[22, 23].
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<Figure 5> Data Computation System
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<Figure 7> Screen for Trend of Data Change and
Management Program

3.5 Automatic Tool Compensating Program

When the size of a rod is changed due to the abrasion of
the insert tools, the program manages the size on the value

of X and Y and measures the changes of length and width
caused by the tools. This program is considered the G code
by macro, which is used in CNC lathing and configures the
limit values for tool compensation by modifying the parameters.
The process of data feedback is as seen <Fig. 8>.

Measurement | | Analysisof | Compensation
Of toal value
T Feed back

<Figure 8> Process of Data Feedback

3.6 Display Tools

Display tools visually show the value of length and width.
They display the value of the goodness or badness of parts.
When abnormal things happen, an alarm and buzzer start work-
ing for workers. The alarm can be heard even at a long distance

<Table 8> Analysis of the Results

ltems Units | Before | After
Number of workers Person 4 2
Number of inspectors Person 2 1
Error rates % 2.5 0.55
Amounts of average production a day| Unit 14,400 | 17,000

4. Conclusion and Further Study

In this study we considered developing the SPC (Statistical
Process Control) as a process management system which can
measure precision changes and perceive the occurrence of errors
early through monitoring, and then compensate for errors in
the shock absorber piston rod manufacturing process. For this
we developed the actuators, the computation system and a com-
pensation system. As a result, we reduced the error rates byl/5
and greatly lowered the amount of work for employees as seen
below in <Table 8>. For further study, we need to consider
the scalability and integration of the system and to consider
a simulation study which concerns the trade-off between cost
and efficiency [6, 17, 18, 19, 24]. Based on this simulation

we can build a more efficient manufacturing system.
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