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A Study on the Development of Standardization Technology for
Remanufacturing Process of Used Vertical Machining Center
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The recent crisis of environmental pollution and resource depletion has become a major global issue, resulting in an
increasing interest in remanufacturing in many countries. However, manufacturing for environmental protection is considered
an additional cost factor by most companies. Therefore, governments worldwide have actively implemented remanufacturing
policies to encourage the participation of numerous companies in the remanufacturing industry. As an eco-friendly
technology, remanufacturing has impacted the environmental improvement and resource savings by reducing raw materials
and production processes. In particular, the effect of machine tool and automobile part remanufacturing is very remarkable,
since most parts are reusable. In this study, the standardization technology for remanufacturing process of machine tools is
developed by remanufacturing of used vertical machining center. Based on the work operation sheet for establishing the
process, the remanufacturing process chart and program were developed. The performance evaluation of machining
centers before and after remanufacturing was also executed, to check the performance improvement of the remanufactured
product. The performance evaluation criteria were established to improve reliability.
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Fig. 1 Diagram of resource circulation
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Table 1 Remanufacturing process of main body structure

Table 2 Remanufacturing process of unit and utility system

Process Process picture Process summary Unit Process picture Process summary
- Check the appearance of
. equipment - Disassembly of spindle
E?Elsli gfl?t | - Check operation of driving - Spindle cleaning
part - Check the bearing
- Performance evaluation
- Disassembly of peripheral
and covers - Replacement of bearing
Disassembly - Disassembly of bed, - Spindle grinding machining
column, table, saddle - Assembly of spindle
- Disassembly of unit
Cleaning ) Bse:ii (;lelr: ar;itjgle, - Check the spindle vibration, noise
- Removal of paint and balance
- Disassembly of ATC
- Removal of turcite - Check the magazine and
- Slide faces machining replacement of tool pot
| - Dram, bracket, cam box cleaning
and grinding
Working of ATC
slide faces
- Reattachment of turcite - Painting of bracket, cam box
- Oil groove machining - Installation of pipe, power
- Slide faces grinding - Assembly of ATC and
machining performance evaluation
- Check performance using
o indicator
Paintin T ) Pamtltr;%lzf:;(;ic,uzolumn, Ball- - Measurement of ball-screw
¢ - Slide fa;es scrapin, Serew vibration
ping - Replacement of ball-screw in case
of necessity
-_Igi;;iii&zrilfi f}? gﬁ - Disassembly of cable, connector
Assembly - Assembly of bed, column, NC and power box
table. saddle - Replacement of NC system
i Assen;bly of unit - Check the operation
- Machining precision
Performance evaluation Table 2= 45 W 2 E A9 A= 54 HeEpdTh
evaluation

- Check the noise
- Check the spindle run-out
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Table 3 National development situation of remanufacturing process

Process Process Commercial Systems
technology technology technology
Classification 4 4 4
Disassembly 1 2 2
Cleaning 4 3 1
Inspection 4 2 1
Adjustment 3 4 4
Reassembly 3 3 1

*1- Excellent, 2- Good, 3- Normal, 4- Bad

Type [VMC-650] Date | 17.00.00 Work Operation Sheet Number
Narme| [Grade] Work Operation Sheet
Erocebss Drafter | Reviewer | Authorizer
umber -
Number of Working
Przl%?re\:s Worker | 3 I Hours
No. lork Content Tool
B
Py S
Disassembly of Disassembly of Det.
parts utility system iy
Rev, Revised content Date
Cha
g

Fig. 3 Work operation sheet for disassembly of main body structure

Process| Type |TNV-80 - Rev.|Revised content|Date[ Draft [Approve]
Number name | AT _|WoOrk Operation 1

Process| Working
Hours

T Disassembly of||2.Disassembly of|[3 Disassembly of|[4 Disassembly o
cover. iagazine motor ||_barrel cam pot drum

Work Condition
| Management |Standard| Check Method| Note
CRANE ton |Visual inspection|
ATC Fixture Measurement
Rubber plate ton [Visual inspection

-

Tool
| Management [Standard] Check Method| Note
Spanner 4-12 mm|Visual inspection|
Wrench 4-12 mm|Visual inspection|
Screwdriver Visual inspection|

3 q Quality Verification
Operation Method / Operation Sequence  [NoT Management [Standard] Check Method | Nofe

1. The use of sling bar for ATC fixation
2. Disassembly of magazine motor and barrel cam
3. Disassembly of torque nuts and pot drum

Procedures in case of nonconformity

Fig. 4 Work operation sheet of ATC
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Sfal WA T W, 92
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Input the

. Measurement of
211, Indlcator,] position precision

Procea Operation Work Opeﬁtlan

2. Equipment 2-1. Check
inspection equipment status

2-1. Position

precision(X, Y, Z) Laser range finder| X.Y.2)

Measurement of
2-2-1. Indicator, o
Laser range findeJ repeatability

i

-2. Repeatability

p e
i

X,Y,2) X.Y.2)
2-3. Spindle 2-3-1. Indicator Measurement of
run-out spindle run-out

2-4. Noise level

/_%/_,ﬁ

2-4-1. Phone Measurement of
meter noise level
2-5. Machining Measurement of

accuracy of 251 ,tRotundness machining
workpiece ester accuracy

Fig. 5 Remanufacturing process chart of performance evaluation
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Fig. 6 Flow chart of the developed program
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Remanufacturing Process of Machine Tool
Operation sequence

Operation sequence

;‘Tlxhl

Remanufacturing Process of Machine Tool
Operation sequence

Work content

Work content

Work content

Fig. 7 Windows by remanufacturing process of program
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Check List
CHECK LIST | Division | [ ] F’ce;g‘r’gé” 1
Measurement process Checked Date Value Note
1-1-1 Visual inspection Pass 17/00/00
1-1-2. Check of condition Pass 17/00/00
1-2-1Measurement of level 17/00/00 10
1-3-1. Operation
2-1. Measurement result 17/00/00 10

of position precision

. Measurement result

of repeatability
Measurement result

" of run-out

7-3.

7-5.

Measurement result

" of noise

Measurement result

* of roundness

Measurement result

* of precision

Measurement result

" of precision

Measurement of

* precision

Measurement result
of position precision

Measurement result

* of repetitive position

precision
Measurement result

* of run-out
7-4.

Measurement result
of n
Measurement result

* of roundness

Fig. 8 Window of check list
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Table 4 Measuring equipment of performance evaluation

Equipment Manufacturer Model name
Laser range finder RENISHAW XL-80
Indicator Mitutoyo 513-405
Phone meter SVAN SVAN971

Table 5 Measurement result of position precision and repeatability

Position precision
Classification Position Forward Reverse Both
Before X axis 39 53 93
remanufacturing Y axis 76 97 103
After X axis 11.6 5.6 11.9
remanufacturing Y axis 11.6 6 11.8
Repeatability
Classification Position Forward Reverse Both
Before X axis 17 8 92
remanufacturing Y axis 31 53 53
After X axis 9.9 39 10.3
remanufacturing Y axis 6.2 32 6.7

Table 6 Measurement result of spindle run-out

Number of measurement

Classification

Ist 2nd 3rd 4th 5th

Before 40 4 40 4
remanufacturing

After 20 2 20 20 20

remanufacturing

2l
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=z 3le) vl oA Check List HES Ea) helt 4
Qe A, E AALYLE AES Ao 27l
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Fig. 9 Measurement environment of position precision and
repeatability
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Fig. 11 Measurement environment of noise level

Inspection item | X, Y, Z-axis straightness

Schematics of measurement method

i d

i ==

Measurement of Measurement of

Measurement of T
i Y-axis Z-axis

X-axis

Inspection item| Measurement of vibration level (KS B ISO 10816-3)

Schematics of measurement method
e
{l ©
] =

i“*’Y FOR
CH./ T\

r

o
2" sensor

< Position of acceleration sensor >
Measuring equipment| Acceleration sensor

Measuring equipment | Dial gauge (1~10um scale)

4 Measurement method

- Record the scale change amount of the dial gauge installed parallel
to each axis. (Refer to the above figures)

- Recording method (example)

4 Measurement method

- Continuous rotation of spindle
- Installation of acceleration sensor
- Record of vibration according to the velocity

- Recording method

Item 15t sensor 29 sensor

rm

b
[ |03 | S

Measurement section Measurement
X = 500 0010
80 <X < 80 0015
800 <X < 1250 0020
160 < X < 2000 0025
Fig. 12 Standard of performance evaluation
Table 7 Measurement result of noise
Classification Forward Left Right
Before 81.3 84.5 83.7
remanufacturing
After
. . . 2
remanufacturing 758 775 73
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