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1. Introduction Oil coolers are used to control thermal deformation
in machine tools, of which about 70% of the process
error is analyzed to be dependent upon thermal
deformation(Lee, Song, Park, and et al, 2001). In an
oil cooler, the oil absorbs the heat generated in the
machine structure, the refrigerant takes the heat

concept of safety factors or a margin of error - is from the oil, and the heat is finally cooled by

required(Saleh and Marais, 2006). In particular cooling system of the oil cooler. Such a structure
makes it difficult to discover internal failures and

Recently, in almost all industries, the implementation
of production technologies which incorporate a
reliability concept - rather than product design and
production on the basis of the conventional, simple

mechanical systems and structure, such as machine
tools, function with all the parts linked together. change the faculty pasts.

Therefore, the reliability of each part determines the In this study, reliability prediction, reliability
reliability of the entire system(lLee, Song and Lee, testing, and process improvement were implemented

2003 and Kim, Lee, Song and Lee, 2005). of oil coolers, and the results were analyzed.
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2. Reliability Prediction

The objectives of the reliability prediction, in terms
of ensuring the reliability of a designed system, are
to confirm the reliability of the designed system in
its development phase, and to improve its reliability
and prevent any damage that may be caused by
unexpected accidents. A number of methods,
including FMEA, FTA, Worst Case Analysis, failure
rate database, test data, etc., are available for
reliability prediction. The Failure rate database
method was used in this study.

The failure rate database method was used in this
study for mechanical parts since their failure rates
are subject to a wide obtaining reliability
information(RAC, 1977). For the failure rate database
of mechanical parts, NPRD%(Non-electric Part
Reliability Data 95) failure
information on mechanical and non-electric/electronic
parts were used, while the EPRD(Electric Part
Reliability Data) was used for electric/electronic
parts(RAC, 199 and DOD, 1995). It was presumed
that these reference databases follow an exponential

which  provides

range of distribution. In case of proper parts are not
found, the method of relative part comparing is used.
After calculating the each part's faillure rate,
RDB(Reliability Block Diagram) with cooling oil and
refrigerant flow as its center is composed(MOA Soft
Inc., 2002 and Lee and Lee, 2005).
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<Figure 1> Structure of Oil Cooler System

The oil cooler used in this study was a relay
on/off-type system with a cooling capacity .of 1,000
leavhour. The oil cooler comprised a controller which
controls the relay on/off according to the set-up and

measured temperature, an oil recycling part which
circulates cooling oil through the cooler and heat
generating parts of the machine system, cooling
recycle pipe which cools down hot oil with a phased
transition of the refrigerant. <Figure 1> shows the
structure of oil cooler system.

According to the results of the reliability prediction
of the oil cooler system, the MTBF(Mean Time
Between Failure) was 7,247 hours, the failure rate
was 137477 failures/million hours, and reliability was
analyzed to be 0.983322. The prediction condition
was duty cycle 100%, operation temperature 30T,
and the operation condition was Ground Begin
Controlled. <Table 1> shows the results of the
reliability prediction of the oil cooler system and its
subsystem. On all the parts of the entire system, the
controller is the most liable to failure, accounting for
about 50% of all failures.

<Table 1> Reliahility prediction results of the oil
cooler system and its subsystem

Failure rate
o s ) e MTBF
Classification (failures/million
(hours)
hours)

Controller 67.889328 14,730

Oil Cycling 32.182621 31,073
Cooling Cycle Pipe 37.405279 26,734
Oi1l Cooler System 137.477228 7,274

<Figure 2> shows the reliability change of the oil
cooler over time, showing that the reliability of the
controller degrades faster than other parts.
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<Figure 2> Reliability change of the oil cooler
system over time
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3. Reliability Test

3.1 Reliability Tester

Six evaluation items were derived and measured
for the quantitative reliability evaluation of the oil
cooler system, namely the precision flow temperature
measurement, the compressor on/off signal from the
controller, the overload in the electric motor and
condenser, the refrigerant leakage through a crack in
the copper tube, and the flow rate of refrigerant and
cooling oil. <Table 2> lists the evaluation item and
measurerrent method for the reliahility test of the ail cooler.

<Table 2> Evaluation items and Measurement
method used in reliability test for oil cooler
]

Evaluated item

- Precision flow temperature

- On/Off motion of controller

- Detect Motor/Pump connection
- Motor & Condenser overload
- Refrigerant leakage

- Flow rate

Method of measurement

- Precision temperature sensor
- Detects compressor on signal
- Contact type(accelerator sensor)
- Alarm signal
- Pressure gauge(Compressor outlet)
- Cumulative cooling oil meter
(to calculate cooling capacity)

<Figure 3> shows the concept and schematic of
ol cooler reliability tester. The tester consisted of a
heater, temperature controller, and tester controller.
Instead of increasing the cooling oil temperature by
revolution of the spindle, heater is used to increase
oll's temperature. Two types of test method are
used; manual and automatic mode. In manual mode,
test is performed under certain temperature and
heating condition, while in automatic mode various
test conditions such as temperature and heating time
tester simulate
temperature changes in real machine tools by

are set. The controller can

programming. For safety purpose, the heater power is
turned off at 60C and is available for remote control.

il Cooler

Compressor

Temp. Sensor
(0il) Temp. Sensor
(the Adr)

<Figure 3> Structure of reliability Tester for oil
cooler’s reliability test

3.2 Reliability Test and Results

The survey results showed that most oil coolers
installed in machine tools are turned on and off at 8
minute intervals. That is, ‘on’ for 5 minutes(cooling)
and 'off’ for 3 minutes. The reliability test conditions
were set up on the basis of these time intervals and
the operation of the machine tools was classified into
the 3 phase shown in the <Table 3> in order to
carry out the test.

In the first phase, the machine tools is warmed up,
at which point the temperature control characteristics
of the oil cooler can be mentioned and the heater is
then turned off. In the second phase, the spindle is
turning but is not actually cutting a workpiece. The
heater generates heat 1,000 ka/hour, which is same
as the rated cooling capacity of the oil cooler. In the
final phase, the spindle is rapidly accelerated for
actual cutting and the temperature of the oil in the
oil cooler rises sharply as a consequence. The entire
test cycle takes four hours.



52 A Study on the Reliability Improvement of oil cooler for precision Machine Tools

Seung Woo Lee - Hwa Ki Lee

<Table 3> Reliability Test Conditions

Test condition

P Heat Time
ase
(kcal/hour) (min)
1 0 30

» Machine tools is warming up

- Operating with heater off

- Check cooler’s temperature control
characteristics

- The on/off intervals of the compressor are
shortest when tested at room temperature

2 1000 120

- Continuous heating
- Continuous spindle turning
- Cutting force is not applied yet

1500
3 180 %

- Rapid temperature rise
- Rapid spindle accelerate
- Cutting force applied

<Figure 4> shows the temperature change
occurring in the inlet and outlet during the reliability

test.

36 o
X A Inflow
34-E o Qutflow
32 44
b
30 ;.
O{’
8%
S o
Ew{h
a 1% 2
£udh i
o :
fe) Ceet)
N OEE%@Q @
o2 zas
20 e
18 4 O%oagg
16
T T T T L T T T 1
0 50 100 150 200 250
Time{min)

<Figure 4> Temperature change of cooling oil over
time(Test condition phase)

In the first phase, the cooling oil temperature
decreases because the oil cooler is operating while
the heater is off. In the second phase, as the oil

temperature rises in accordance with the increasing
speed of machine spindle that heater is on, it can be
seen that the oil, which cooled down to the set-up
temperature of the oil cooler, flows out. In the thid
phase, the cooling oil termperature rises and the
set-up temperature cannot be maintained even when
the oil cooler is operating at its maximum capacity.

The evaluated cooling capacity reached a
maximum of 1,200 kaVhour, which satisfies the rated
cooling capacity of 1,000 ka/hour.

The reliability test was conducted using the
developed tester, as shown in <Table 3> from
which two failure modes were obtained. The failure
modes occur at the stoppage of oil cooler operation
and when the temperature exceeds =2.0C of the
control range. The former failure mode occurred
during the 6,405th hour at the relay in the controller,
while the latter failure mode occurred during 6,650th
hours, when a refrigerant leak resulted in inaccurate
temperature control.

Data stoppage occurred in 5200th hour due to the
failure of the tester. For the quantitative reliability
evaluation, using the collected failure data, the failure
distribution function and parameters were derived
and suitability of the failure distribution function was
judged and selected by X2 inspection and
Kolmogorov-Smirnov  inspection. The failure rate,
MTBF, and failure distribution functich are the
reliability indicators which could be obtained(KSA,
1672). Regarding the calculated quantitative reliability
measure, fallure distribution was the Weibull, the
parameters  were analyzed to be eta=6587.228
m=63918 and MTBF to be 6528 hours. Since the
shape parameter was larger than 1, the failure was
judged to have been cause by wear.

4, Reliability Improvement

On the basis oi the reliability prediction and the
analyses of the problem identified in the reliability
test, the manufacturing process of the oil cooler
could be improved to effect a reliability improvement.
Quantitative data including the temperature of each
part of the oil cooler and the operational conditions
of the parts could be controlled; performance indexes
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were provided in accordance with the standard
specifications such as ISO an in-company for
management. In addition, the data obtained through
an analysis of the customer service was fed-back in
order to use the basic data for performance and
reliability improvement.

In order to prevent a refrigerant leak, which is one
of the major causes of reliability degradation a
copper tube dryer and dust prevention system were
mstalled and operated as shown in <Figure 5>.

Copper fube
dust pré"tle ;io stem
<Figure 5> Improving Process for Reliability
Tmprovement

A detection system was operated to detect
detection system was operated to detect refrigerant
leaks at the refrigerant injection area. Furthermore,
in order to prevent copper tupe welding defects, flux
was injected during the welding process to clean up
the copper tube surface, and an automatic N2
substitution device was constructed for copper tube
welding to prevent the generation of weld scale.
refrigerant leaks at the refrigerant injection area.

Furthermore, in order to prevent copper tupe
welding defects, flux was injected during the
welding process to clean up the copper tube surface,
and an automatic N2 substitution device was
constructed for copper tube welding to prevent the
generation of weld scale.

While four on/off relays were used in conventional
controller, the design could be improved so that one
relay could perform the on/off motion. And the fuse

was replaced with a more reliable one for use in a
deteriorating environments.

5. Conclusion

This paper presents a methodology for the
quantitative prediction and evaluation of an oil cooler
used in thermal deformation control for precision
machine tools, through a reliability prediction and
test. With the obtained results, the weak points of
the oil coolers in question were identified, and the
process could be improved for reliability enhancement.
The results are summarized below.

(1) A reliability prediction was conducted on the
basis of the reliability data of the oil cooler
components and the results were confirmed to be
similar to the investigated customer service data.

(2) Failure rate database, such as NPRD% and
EPRD, were used for reliability prediction. The
MTBF of the oil cooler was calculated to be 7,247
hours. Through the analysis, it was found that about
509% of the failures occurring in the oil cooler
system occurred in the controller. The weak part,
that is higher failure rate, in the subsystem were
also analyzed.

(3) Using the reliahility tester developed to test
the reliability of oli coolers, two sets of failure data
and one of stoppage data were obtained. The failures
were caused by the relay in the controller and the
maccurate control of the femperature arising from a
refrigerant leak. Using these data, the failure
distribution of the il cooler was analyzed to be in
accordance with the Weibull distribution. The MTBF
using reliability test was calculated to be 6,528 hours.

(4) Through this reliability evaluation, methods of
reliability improvement were proposed, including the
redesign of the controller, the improvement of the
welding method used for the refrigerant copper
tubing, and the replacement of weak parts and so forth.
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