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Abstract— In this paper, the life cycle cost of CFAM-500
machine is optimized based on certain reliability
improvement measures. These measures are suggested based
on design calculations, selection of components,
maintenance policy and discussion with experts. Based on
the reliability improvement measures, improved reliability is
estimated. The improved life cycle cost is also estimated.
The results of improved reliability and LCC are tabulated at
the end.
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I. INTRODUCTION

Through failure analysis of CFAM-500, we found that most
of failures are caused by the breakage or failure of
components, and the outsourcing components take large
proportion. It means the reliability of the components that
were selected in the course of designing and manufacturing
is relatively poor, and the reliability of the CFAM-500 is
difficult to be assured because of the earlier ageing of the
components. Thereby, when the reliability improvement
design is done the component control scheme and preferred
components inventory to relevant components should be
reformulated, standardized components with guarantee of
reliability should be selected first. At the same time, a series
of testing scheme for screening and examining components
should be made also, and the concept of batch quality
assurance be formed. The early stage test on reliability of
the CFAM-500 should be done before being dispatched
from factory to get rid of the early failure. In this way, the
accidental failure period can be extended and the reliability
of CFAM-500can be improved.

A. Preventive Maintenance Policy based on RAM Analysis

CFAM-500 machine deteriorates with usage and can fail. If
CFAM-500 machine fails, it would have a great effect on
the product performance. In order to guarantee the
reliability, appropriate maintenance should be paid on
CFAM-500 machine. Action to control (or reduce)
equipment degradation are called preventive maintenance.
In order to improve the utilization of CFAM-500 machine,
the wuser should develop the items of preventive
maintenance. There are generally two kinds of methods for
preventive maintenance of CFAM-500 machine: one is
routine inspection, the other is regular inspection.

The goal of routine inspection of CFAM-500
machine are mainly used to examine whether there is
enough lubricating oil, enough coolant liquid and whether
bolts, key connections and spindle belt are loosened and
whether there are leakage of oil, and so on. The routine
testing items are shown in table 6.1. There is regular
inspection besides routine inspection for CFAM-500
machine. The regular inspection items are shown in table
6.2.

Oil level gauge

* If there is enough oil

Sr.

No. Testing part

Testing items

1 | ofthe lubricate — -
parts « If the oil is contaminated
« If amount of the coolant liquid is
fit
2 Surface' Of_ * If the coolant liquid is obvious
coolant liquid contaminated
« If the filter is clogged
. » If there is enough lubricating oil
3 Guide ways -
o If the scratch chip board damages
4 | Pressure gauge » If the pressure is proper
) « If the tension is proper
5 Spindle belt
« [f there are cracks and scratches
o If there is the leakage of the
hydraulic oil
6 Pipe and « If there is the leakage of the
appearance coolant liquid
« If there is the leakage of the
lubricant
. The moving « If there are noise and vibrations
parts « If the parts move smoothly
« If functions of the switch and
8 Control panel
handle are normal
* [f there is disconnection
9 Electric wire « If the insulated coat is wearing
out
. « If there are noise and vibrations
10 Rotating part -
* If there is abnormal heat
. * Clean the surface of the resting
1 Cleaning pad, V block, and Guide ways.
Table 1: Routine inspection items
Sr. Check point Inspection
No. frequency.
1 Check axis backlash 180 Days
2 Return line fllte_r replacement of 180 Days
Hydraulic system
Level of the machine with spirit
3 level (<0.010mm) 180 Days
4 Check for proper mounting of all 180 Days
motors
5 Replacement c_Jf hydraulic 180 Days
coupling
6 Check fqr v_vorklng and_ mounting 180 Days
of limit/proxy switches
7 Check for oil lubrication line 180 Days
8 ChecII< for_ proper working of 180 Days
ubrication pump.
Check for condition and tension of
9 RH and LH spindle belt 180 Days
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10 Check condition of hydraulic oil 360 Days motor
and replace 13 Proxy Sensor 26906 28000
11 Clean hydraulic power pack and 360 Days 14 Resting Pad 45384 46000
surrounding 15 Drill Holder 64776 70000
12 Clean suction strainer 360 Days 16 PLC Unit 20208 25000
13 Vacuum clean_ the electrical 90 Days 17 Transformer 7320 15000
cabinet 18 Fuse 3336 4000
14 Check for loose connect_ions in the 90 Days Table 3: Improved reliability and MTBF
contacts & earthing The improved MTBF of the system will be approximately as
Check for proper working of push iven below,
15 button switches. 90 Days gystem MTBF = 25000 hours.
Check that no limit switch is
16 | 90 Days
oosened. I1l. IMPROVED LIFE CYCLE COST
7 | Checkfolpioper foMenngof | sopays | A Acquisition Cost:
Check runout for spindles The acquisition cost of the CFAM-500 includes
18 (<0.050mm) 90 Days management cost, engineering design and manufacturing,
Headstock spindle and tailstock material costs, production costs, engineering data, spare
19 spindle alignment (<0.020mm) 90 Days parts and logistics, initial training and service during
20 Check all overload relay 90 Days warranty period etc.

Table 2: Regular inspection items

Il. IMPROVED RELIABILITY AND MTBF

An effective implementation of above suggested measures
will improve reliability of components and ultimately
reliability of the system. Table 5.3 shows the approximate
improvement in reliability and MTBF of components.

Acquisition costs, Cu= Design costs + production costs +
assembly costs + spare parts cost + qualification and
certification costs +packaging and warehousing costs +
initial training cost + documentation costs + logistics costs +
warranty costs + other cost

=50,000 + 25,000 + 25,000 + 3,85,000 + 10,000 + 10,000 +
25,000 + 10,000 + 50,000 + 1,00,000 + 70,000Acquisition
costs

Sr. Component Earlier MTBF Improved =Rs. 7, 60,000.
No. (Hours) MTBF (Hours) Thus, there will be an increase of Rs. 10,000/- in
1 V Belt 20123 25000 the acquisition cost on account of improved measures.
2 Bearing 18898 25000 .
3 | HosePipe 45512 50000 i
4 Oil Seal 39004 40000 The annual operating cost remains as it is.
c Rubbgr alll P ili Annual operating cost, Co= Rs. 2,67,857
_Coupling C. Failure costs:
6 LII:T:J'JVSCV;I:; ZTS e 32000 Table 5.5 shows improved failure cost. _ o
7 Valve 56172 60000 - MT¢||:I _the ipmgoge?ts f(l)llki;],v Weibull d;strlltzugon.
3 Push Bution 16760 50000 e is estimated for all the components. Labour
9 Cylinder 57320 =0000 charges for repair are considered as Rs. 400 per hour.
10 V-Block 65880 65880 D. Annual failure cost =
11 Relay 17472 80000 (failures per year * repair hours * activity cost) + part cost +
12 Hydraulic 50327 55000 logistic cost.
power pack
Failures/ | Repair Activit Labour | Partcost, | Logistics | Total cost
Component MTTF year hOFL)J rs | cost, Rs./yhr cost Rs. Rs. c%sts Rs./ yr
1 2 3 4 5 3*4*5=6 7 8 6+7+8
Rubber Coupling 85000 0.09 15 400 52 450 45 547
Flow Control Valve 60000 0.12 1 400 49 13000 1300 14349
Push Button 50000 0.15 1 400 59 540 54 653
Cylinder 70000 0.10 4 400 167 4800 480 5447
V Block 65880 0.11 2 400 89 2800 280 3169
Relay 80000 0.09 1 400 37 1300 130 1467
Hy. Power Pack Motor | 55000 0.13 4 400 213 600 60 873
Proxy Sensor 28000 0.26 2 400 209 2400 240 2849
Resting Pad 46000 0.16 1 400 64 1700 170 1934
Drill Holder 70000 0.10 4 400 167 3600 360 4127
PLC Unit 25000 0.29 4 400 468 13000 1300 14768
Total 50182

Table 4: Failure cost estimation
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The failure cost per year = Rs. 50,182
Therefore, the total failure cost over the life becomes,
Total failure cost = 50,182 * 07

=Rs. 3,51,274
Expected number of failure events over the life =ty /
MTBF
=07 * 7320/ 25,000
= 2.0496
Cost per failure = C; = 3, 51,274 / 2.0496
=Rs. 1, 71,387

E. Support costs:

Annual preventive maintenance costs can be considered as
support costs. Table 4.6 shows estimation of support cost.
The annual preventive maintenance costs may comprise the
labour cost associated with the preventive maintenance and
the cost of components that are replaced during preventive
maintenance. In addition, there is a fixed support costs of
documentation required in regard to the maintenance
practices.
Fixed support costs = Rs. 3000
The labour cost associated with the preventive
maintenance is estimated based on following assumptions.
— The preventive maintenance is carried out by a
crew of three technicians.
—  The labour rate is Rs. 400 per hour.
The -annual mean maintenance hour is assumed to be 6.5.
Therefore,
Annual preventive maintenance cost = 6.5 x 400

‘cost‘3‘3‘0‘

=Rs. 2600
Cost
Sr. per Frequency
No Component unit per year Cix fgi
| (Foi)
(C) P
1 V — Belt 1120 0.29 328
2 Bearing 2200 0.29 644
3 Hose Pipe 500 0.15 73
4 QOil Seal 400 0.18 73
5 Limit Switch 2600 0.23 595
6 Transformer 1650 0.49 805
7 Fuse 50 1.83 92
8 Filter 1700 2.00 3400
9 | Lubrication Cartridge | 1700 2.00 3400
10 Insert 1200 91.50 109800
Total 119210
Table 5: Support cost estimation
Sr. Cost of Earlier | Improve . Cost
Saving .
No | element/ cost d cost s (Rs)) saving
segment (Rs.) (Rs.) ' s (%0)
1 | ACausitio | 7 56000 | 7,60,000 | -10,000 | -13
n cost
2 Operating | 11,31,56 | 11,31,56 000 0.00
cost 5 5
3 | P | 233606 | 211,005 | 21,701 | 93
a4 | SUPPOTL | g 16306 | 530260 | 28506 | 3504
cost 6
Net
5 salvage -20354 | —20354 00 0.00
value
6 | Lifecycle | 29,11,23 | 26,13,46 | 2,97,77 | 10.23

Table 6: Improved LCC and cost savings
The annual preventive maintenance cost = 1, 19,210 + 2600
=Rs. 1, 21,810
Therefore, the support cost,
Cs = fixed support cost + annual support cost
= 3000 +1,21,810
=Rs. 1,24,810

F. Net Salvage Value:

At the end of useful life of the CFAM-500 machine, the
machine is scrapped. The approximate net salvage value is
Net salvage value, S = Rs. 45000

IVV. ESTIMATION OF IMPROVED LIFE CYCLE COST

Substituting the values as calculated above in life cycle cost
equation 4.6,
LCC= 7,60,000 + [0 + 4.2245 x 2,67,857 | + [4.2245 x
1,71,387 x 7320 / 25,000] + [3000 + 4.2245 x 1,24,810] —
0.4523 x 45000
=7,60,000 + 11,31,562 + 2,11,995 + 5,30,260 — 20354
= Rs. 26,13,463

Thus there is almost 10.23% reduction in life cycle
costs. Table 5.7 shows improved LCC and cost saving.

V. CONCLUSIONS

It is found that we can save 35.04% of support cost and
9.3% of failure cost. So, we can save total 10.23% of total
life cycle cost. For this data to be made available for
reliability and LCC analysis the manufacturer and user
should maintain a register for each component / product
[system. The register should address the following points for
maintenance and failure. Observed mean time between
failures for each component. Failure rate of each component
cost of repair / replacement. Frequency of preventive
maintenance. Labor hours required for preventive
maintenance. Elapsed time for the preventive maintenance.
Administrative and logistics delay times. Elapsed repair
time. Number of persons and their skill levels required for
maintenance. The records of the data maintained in this way
will not aid the life cycle cost of the existing product/
system, but also it will be useful in providing a sound base
for analyzing base for next generation products.
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