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ABSTRACT

The current study was aimed at exploring the pdigibf improvements in the metrics of the repaird overhaul
process, using process improvement and also arouagrtracking system. The company was facing probland wanted
to reduce the turnaround time of critical itemstfma penalty) inducted for Repair and Overhaul BsecThe objective of
the study was to assess the critical reasons ah#féiciencies and estimate delays in the Repait @verhaul process .
This was done using past three yrs ERP data, goubsted by interviews of managers involved in mamgghe process
and questionnaire survey. The effect of improvenmtiie key processes was clubbed with the beneffitse of RFID in
tracking the material flow in the process and tbenkined effect was studied using process simulatith ARENA

simulation tool.
The study involved the following steps:
* To analyse As- Is process using real time datajfylating the process with the help of Arena &6ftware.

. Exploring potential improvements in process perfanoe parameters, using process improvement alsg usi

Auto-Tracking technology.

Benefits like reduction in throughput time andajeteduction were estimated
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INTRODUCTION

In the last decade, many companies started implémgeRFID is a phased manner, for keeping a trddlow of
materials in the supply chain. The costs of RFIBstand other hardware, have also fallen continyousbking the
implementation more cost effective. However thdyeianplementations of RFID were largely for tracgiof goods in the
supply chain, or in retail stores etc. Of late e@sk has been emerging of cases of RFID implementat internal
operations of companies. This research has focasethe increased visibility and better manageménnformation
quality as the benefits from RFID implementatiomadking data is generally used as an input to Ey&fems of the
organization, and the organization is able to a@hleetter visibility on the shop floor. With impred visibility, improved
process metrics are possible with lower invent@yels, and this is often a benefit of RFID impleta¢ion. Better
management of information and data quality, makesenaccurate information and thus more informedsitt making

by managers.

Errors in manual entry of data, and the percepifgmoor data quality, have caused many managesisrply stop
using the ERP system. There have been many caseRPfsystems being de activated temporarily, wihite data is
cleaned and verified before restarting the syst@otomated entry of data using tracking systems hedped firms in

maintaining data integrity on a sustainable basis.
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This paper investigates the improvements in processics of the ‘repair and overhaul process’ araoraft
manufacturer, using RFID with process rational@atiThe company is facing cost and time overrunhi®fROH (Repair
and Overhaul) orders. The penalty amount for ‘L#divery’ (LD) being paid by the company is incresrapidly, and
there is an urgent need to improve the processnbistency in data and delay in manual data epteyents the ERP

system from being used for real time tracking dfsj@and meeting committed dates.

The present study aims to explore the possibilftyam improved tracking system of ROH process ineorib
reduce the turnaround time of a CAT-D item indudadRepair and Overhaul’. The objectives of thegent study are to
model and analyze the As- Is process using re& tlata, by simulating the process with the helpreha 8.01 software.
The identified process improvements along with REHplementation will now be studied using simulatio identify the

potential improvement in process metrics in theainegnd overhaul process.

In Section 2.0 the literature on this subject igiewed, in section the research problem and metbggois

presented and results are presented in section 4.
LITERATURE REVIEW

The literature on benefits of ERP systems is extendMany researchers (Shang and Seddon, 2002;aAdh
Burn, 2003, Markus et al, 2000; Akbulut et al, 20@8adford and Marianne, 2001; Markus and Tani)®@0Ohave
identified the various benefits of the use of ERBteams. The benefits of availability of credibléoinmation across the
organization leads to better decision making afmaal more coordinated working across business pease However
problems with manual data entry, lead to poor daiality, and the reliability of the data provided the ERP systems

becomes questionable.

Benefits of ERP systems can only be sustainedt# daality is maintained through use of trackingteyns and
automated data entry. (Markus et al, 2000) Yang@udhave used structural equation modeling to araénd establish
the relationship between ERP benefits and SCM padace. (Yang and Su, 2009) The use of ERP systep®viding
benefits to the organization and the supply chaethus dependent on the use of tracking and atsahdata entry

systems.

Tracking Systems: This literature review now looks at the use of RRInd bar coding as tracking mechanisms
along with ERP systems. Schuster et al (2004) werengst the early researchers to go beyond thefus&P systems
and advocate the use of RFID and auto trackingmpraving the operational efficiency of the key psses in the
organization. Hozac et al (2008) have comparedusge of RFID and bar coding as alternative systeonsrfaterial
tracking and have used simulation to establishghdibrmance worsens as we use bar coding alofigletisplitting. Thus
the use of RFID is justified where the processedetyo lot splitting. Other researchers such as ¢1€2807), Lee and
Ozer (2007), Tajima (2007), and Angeles (2009) reuggested that improved visibility and transpaygmovided by the
use of RFID ensures higher supply chain performamceresponsiveness, as low stocks can be keptiaus locations
without affecting the service levels provided te ttustomers. Gaukler et al (2008) has studied R¥eiiefits and has used

simulation to suggest that RFID benefits will bgher for a fast assembly based system such asanralustry.

Asif and Mandivala (2005) have presented an indapdlysis of the basic components of RFID systemastle
business implication of their use in business. Metr (2009) also reviews key issues related toorddequency
identification (RFID) and it's application in sugpthain management, in the form of three casesFdDRmplementation.

Ngai et al (2007) have tried to identify the cifisuccess factors for RFID implementation in aaoraft engineering firm.
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Delen et al (2007) provide a comprehensive andesyatic review of literature pertaining to RFID el
research issues. Wang et al (2011) simulate a R¥fi@bled global TFT_LCD supply chain associated lie Grey
forecasting model, with three KPIs: Inventory cdstyentory turnover and bull whip. The simulatiosgggest major
savings in total inventory costs in the supply ohtirough use of RFID. Other researchers (suchreas &t al, 2010;
Whitaker et al, 2007; Wamba et al, 2009; Whand,&2@L0 and Zhu et al, 2012) have studied RFID #&domnd benefits

for various industries.

The literature review thus suggests that RFID imm@etation is useful in certain sectors speciallyerghfast
paced assembly is required, and where there isplitting in the process flow. Also studies suggestior benefits in

inventory costs and inventory transparency withube of RFID systems.
RESEARCH PROBLEM

To explore possible improvements in process metrgisg process simplification and RFID, to reduedad in

‘Repair and Overhaul Process’ (CAT — D items). Hetie research will involve the following.

* To map the as- is ‘Repair and Overhaul processigisiterviews and past three years ERP data antttel and
analyze the process using simulation. Delays, avidtp of failure of the process are identified fmocess

rationalization.

e Using simulation to explore potential improvemeints process performance parameters, also using RFID
technology

RESEARCH METHODOLOGY

e As- Is process Mapping: Personal interviews foording As-Is process and drawing the actual profiesson
the ground. The sample chosen for the interviewsisted of experienced officers and workers diyeicvolved

in the Repair and Overhaul process randomly chéreem different parts of the division.

» Observation and tracking of 50 items over a 3 m@#hod, to calculate the flow timing, delays dtt.the
process. This was done using trained person wstb@watch. One shop (Clean Room 2) from Instrurfesstory
was chosen for this purpose. The reason behindsatgpthis shop is that items are having comparigtismaller

cycle time and it is possible to observe all thiéviies being completed within 3 month period.

« ERP data was used to establish and verify datésysiand flow of materials related data. Last thyears data

was taken for this purpose.

e Simulation of results of as-is process and alsorawvgd process with tracking, and comparing the pracess

under various conditions of operation.
ANALYSIS AND RESULTS

* Insection 4.1 the as-is process is mapped andibedcIn section 4.2 the values of critical partere of the as-
is process are identified, and in section 4.3 thlees of critical parameters of the improved precae obtained
using simulation, and in section 4.4 the valueghef critical parameters are compared for both tldeas-is
process and the new improved process. Expecteditsent RFID implementation are thus explored irsth
section.
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As is Process Definition and Mapping

» After going through the operation manual, doingestation, conducting interviews and survey diviswise and

close follow-up of the process in one shop, itdg/rpossible to map the process in two parts.

* Since the first part of the process feeds all thailable shops in the plant —including mechanical,
instrumentation, fuel etc, it is modeled separatelyd the main ‘Repair and Overhaul’ process is etext

separately as it pertains only to the instrumeorasihop. The total time taken for the process @iah7 days on
an average
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Figure 1: Process Mapping of Repair and Overhaul Rycess
Process 1: (See Figure 1) Receiving with IV to RRRBreation and Issuance to Shop

This part involves all the processes being donerkdtem is loaded in to the respective assembiiytast shops
for repair and overhaul work. The activities invedivare- arrival of the ROH (Repair and Overha@initwith Induction
Voucher (1V) at the ‘Inward Transit Point’ and titems are segregated as per the customers, pr@jedtslestination

factories. Then the items along with the documangsinspected by a quality control man for verifima of documents
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and items to insure that correct part with suffitidocument has arrived. After the necessaryeictsgn of documents
and the item by Quality Control(QC) of Transit imdia repairable receiving report (RRR)/Purchase or@RO) is
generated in ERP system and the item is sent tpecdse CAT- D stores (Instrument, Mechanical orelffru.
Simultaneously a work order is generated on ERPtesysfor the same CAT-D item by Customer service

department/Central Programming Department/Markdiiagartment.

Next the items is received at CAT-D stores and kepat specific location using a double binning systwith a
physical card and an online ERP card. Then basdteorepair schedule, a transport task order ismgeéed, and the item

is issued to the shop for repair.
Process 2: Repair and Overhaul in the Instrument Stp

This process involves all the activities perfornvelden item reaches the instrument shop where tharrepd
overhaul process will be carried out. First themitss surveyed and the nature of work required lgyitem is decided.
Based on this a shop order is created, and thespae requested and issued. Then the item issdis@ded and parts are
replaced, before final assembly and testing opmratiA final inspection of the part is done ani ibffered for clearance
to the Director General of Quality Assurance. Hina PC pick list for dispatch is created and dispapapers are

completed for shipping the item back to custoneee(figure 1)
Improving Process 1: IV to CAT -D Store

Observed time was estimated during the follow upB@fCAT-D units from one shop- i.e ‘instrumentation
Stopwatch was used to measure the time whereveastnecessary. Standard time was taken as obsemedvhen the

unit was very urgent and moved ideally without dejays and errors (expedited movement).

Table 1: Time for each Activity Using Observation ad ERP Data

Actual Time Taken to
Complete the Operation Source of Estimated
S.No Operation Name (Time in Bracket = Data Time Using
Standard Time for RFID*
Operation )
1 Arrival of item with IV 15 min random arrival ERP 15 mins - .
random arrival

2 I;eRCS Iving to Making of 13 days (2 days) observatior 2 days
3 Movement to CAT-D store 4 days(1day) ERP 1 day
4 Loading to shop 1 day(1day) ERP 1 day
5 Offer for pre-survey delay 10days(Zero) fg;‘;{"a“o” 0
5 Presurvey 6hrs (3 hours) observatign 3 hours
6 Functional test 5 days(2.5 days) observatipn days
7 Disassembly 1 day(0.75 day) observatign  0.75 days
8 Demand spare 1 hr(0.5hr) observatign 0.5 hours
9 Stock out/procurement delgy 40days(zero ) observa| 0
10 Issue spare 2 hrs(1 hr) observation 1 hour
11 Assembly process 20 days(10 days) observation day®
12 Final inspection /memo 1 day(0.75 day) obsemvati| 0.75 days
13 P/c pick list/CTS 1 hr(1hr) observation 1 hour
14 Movement to shipping 1 day(1 day) observation day
15 Dispatch advice 1hr(0.5hr) observation  hours

Based on literature as cited in section 2
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Process 1

The following areas of potential improvements atentified after the study .Repair and overhaul psscon

about 50 CAT-D units of a shop in the instrumernttday were studied and deficiencies and delaysiénprocess were

assessed by measuring value added, non value addeslaiting times during the process.

Table 2: Parameters of Process 1: | V to CAT —-D Ste

Parameter Instrument | Mechanical | Fuel

Number of CATD unit

(
inducted in year 2011 Sr21 3135 o07) Total 9369
I_V to_RRR creation 14 11 13 Avg.13
time in days
Transﬁc to C;AT-D 4 4 4 Avg.4
store time in days

The following improvements were suggested to thecg@ss based on which the average delay would dexrea

from about 17 days on an average to 3 days.

Receiving process at Transit inward involves largeber of entries which can be reduced. In asasqss, units

remained waiting for RRR creation for average 1ysdahich is very high.

Reducing Movement Time from Transit to CAT-D Stores It was observed that even after RRR is created,
item takes average 4 days time to reach individtares. The delay is mainly due to the segregatiatems for

different factories and unnecessary manual entries.

Concurrent Offering of Items for Quality Inspection / Pre-Survey thus Eliminating Delay in Offering fa
Pre-Survey by the Shop:The item on average remains lying in the shoprffoo 10 days before being offered to
Quality control for Pre-survey. Here problem lieshathe sequence of operation. Without decidingrhture of
work to be done (i.e pre-survey by QC), item igdieéh to a particular shop and ownership of planignganded

over to the shop in-charges even if they are urawhthe kind of repair or overhaul work to bendo

Improvements Made Possible by RFID

Based on literature cited in section 2, the impmest in process performance using improved trackiygiem

can be summarized as follows:

Improving WIP Tracking: The units waits for many days at several work eentKnowing exact number of
WIPs queuing at each work centre will help to adjgsources and remove process bottlenecks. (Le®©aoer,
2007; Delen and Hargrave, 2007; Meherjerdi, 2011)

Improving Spare Part Inventory Tracking: spare parts are needed during the assembly apedtrepair and

overhaul process. (Meherjerdi, 2011)

Improving Tools and Equipment Tracking: processes like disassembly, subassembly and assepdrations
require specific tools, fixtures and gauges. Imptbtracking of this item will save the time wastedearching
and finding these items.(Meherjerdi, 2011; Li andith, 2006)

Improving Traceability of Life Spare Iltems: sometimes the life items issued to shop are edjiieens. The lack

of traceability of these items results in sudd@tlsut situation. (Li and Visich, 2006)
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* Reducing Delays Due to Manual Entry Errors in the RP System:There have been delays due to errors in

making RRR, Transport task (TT) and Identificatibags. The final inspection and release certificapoocess

gets delayed because there is always a lag in rhantrdes of issuance of items in the store anduakime
punch in the shop. (Angeles, 2009; Schuster, 2009)

Estimating Time Savings with and without Auto Tracking System Using RFID in Process 2 —i.e. Repair and
Overhaul in Instrument Shop

Simulation of the Process was Done with the Followy Parameters

e Items arrive at the shop in random exponentiato(drrival follows random exponential distributjon

» Activity times follow a triangular distribution

» Hours available are 7.5 per shift and simulatiogsusingle shift working for 300 days in a year

e Only resources dedicated to Repair and Overhautesso are considered in the simulated process The

simulation results show the following parameters tfie ROH process at the instrument shop with and

without RFID implementation

Table 3: Instrument Shop ROH Process Operational Pameters AS-IS and after RFID Implementation

. Value AS-IS | Values of Improved
S Opeiong! PeemEer Process Process with RFID
1 | Total time spent by one unit in the process(hrs) 666.14 140.21
2 | value added time spent by one unit(hrs) 136.81 .8168
3 | non value added time spent by one unit(hrs) 133.1 7.45
4 | Waiting time spent by one unit(hrs) 396.21 63.95
5 | Yearly capacity of the shop (no. of items rephire 127 274
6 | CAT-D unit WIP (no. of items) 72.4 18.6
Process Metrics AS-IS vs With RFID
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Figure 2: Process Metrics Comparison of AS-IS Proas with New Process with RFID
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As is clear from Figure 2 and 3, as also from Tahlehe process with RFID use and process simatifia
performs better on most of the relevant processicsetfThe total time ha the item spends insideptueess is reduced
from 666 hours to about 140 hours, with the moattic reduction in Non Value added time from 188rk to just 7.45
hours. Also the waiting time is reduced from 39@iisoto about 64 hours. As a result the throughpptcity of the shop
goes up from 127 units to about 274 units per anrAleo the WIP of CAT -D items is also reduced tcadly. All these
parameters show that with implementation of RFH2, Repair and Overhaul Process at the instrumempt sould be able
to reduce the delays in the process, and withtla lihanagerial attention, should allow better sciheeddherence, thus

reducing the penalties that the unit is incurringrasent.
CONCLUSIONS AND FUTURE WORK

Following conclusions from the study can be draasijs clear from figures 2 and 3 which show the parative

operational parameters of the existing as -is m®amd the proposed process with RFID based imprents.
* The improvement potentials exist in the tracking of
o Work In Process (WIP)
0 Spare parts Inventory
o0 Tools and fixtures
o0 Traceability of life items lying in stores.
o0 Suppliers forspare parts
o Elimination of the manual entry process for ERReays.
o Elimination of non value added activities such a@soal entriesetc.

* As arationalization of the process 1, the presegtience of the operationsf loading in the shop without doing

pre-survey is creating problems and needs to bedsiébd before the assignment of the item to anp.sho

* The result of Simulation with the help of Arena8$dftware clearly shows th&tuto-Tracking system using

RFID will substantially improve the operational performance during most of the activities .

e TheRFID will Improve Tracking process of WIP ,Spares Part Inventory ,Traceability ofeLitems level and

tools and equipments used during the Repair andhauéprocess.

The RFID will also reduce the delays duertanual entry process
FUTURE WORK

e The techno- economic feasibility of RFID implemditta has not been covered in this study. Hencerduiork

should involve the technical aspects of RFID impatation at the division.

* Savings in the supply chain from RFID implementatend moving towards practices such as VMI (Vendor
Managed Inventory) and CFPR (Collaborative Foréegd®lanning and Replenishment) through shariegal

time data suppliers should yield substantial bémefid these can be explored in future work.
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