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Importance of Maintenance Area

Maintenance Services x Manufacturing

W Repair and Maintenance Service W Manufacturing
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(United States Census 2007) (Fabry & Schimitz-Urban, 2010))
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Maintenance Supply Chain

e Stochastic failure;
e Different types of failure to be repaired;
e Large number of spare parts for repair;

 Long lead-time to repair or to purchase spare parts;

Uncertainty
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Excess Inventory

w Excess Inventory
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Ghobbar & Friend (2007) Supply System Inventory Report, DoD (2009)
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Success Organization %} Information

+ U ncertainty Tushan & Nadler, 1978 Processing

Information Processing Theory (IPT) (Galbraith)

- Lack of Integration - Network Integration

- Technology Limitation - Fast Processing power
- Buffers - Integrated Lateral

- Self-Contained Tasks and Vertical information
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EOQ/ROP MERP



Related Studied

e Levitt et al (1999, 2007, 2012)
— Extend IPT to internal organization dynamic’s ;

e Posey & Bari (2009), Flynn & Flynn(1999),
Swanson (2003), Bolon (1998), Oosterhuis, Vaart,
& Molleman (2011)

— Relation among the elements of Supply Chain
focused on organization design and decision-make

 Need to extend Galbraith Theory with focus on
information integration in Supply Chain elements



EOQ and MRP

e EOQ/ROP * MRP
— Independent — Independent/Depen
Demand dent Demand
— High Safety Stock — Low Safety Stock

— Static Plan — Dynamic Plan



Related Studied

Ghobbar & Friend (2007)

— Airlines companies were not satisfied with inventory
control system

Newman (1985)

— proposed that M= Preventive Maintenance to MRP .
Molinder (1997)

— Used simulation to study uncertainty in MRP systems
Cohen, Agrawal, & Agrawal, 2006

— ERP software without customization deliver poor
service(Cohen, Agrawal, & Agrawal, 2006).

Need to deliver a theoretical model of Maintenance
Supply Chain.



Research Objective

Proposal

e To test a new information integration model
for maintenance supply chain elements to
match inventory with maintenance
requirements.

Hypothesis

e Information integration in Maintenance
Supply Chain lowers inventory costs
compared to Traditional Inventory Models




Factorial Design 2x6

Independent Variable

Models

# Maintenance Events

MERP

EOQ/ROP
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User System Depot Warehouse Supplier

use failure required order

Maintenance Inventory
Planning Planning
Projection of usage, Failure Based in Maintenance
Rate Planning and Maintenance

Material



Transportation
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MERP Model
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Long Term Plan

(MOP)
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Maintenance Schedule

Configuration and

< Control System
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Maintenance Material Requirement Plannin

Configuration and
Control System

\ Maintenance
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Simulation Experiment

e Simulate equipment use, maintenance and consumption
of material with uncertainty
e Calculates 50 samples for each quadrant of the factory

design
« EOQ/ROP e« MERP e Maintenance
Event
2KD — Lot Size:
EOQ: H High

=Dl oo

Low Medium
SL=90%, 7=1.29

Low

Very Low



Simulation

Calculus

Caleulus of PM and CM
Reparable

Parametes EOQ and
MERP

Simulate weekly Simulate MRP 24
comsuption for 2 months
Years

Calculates Cost Calculates Cost

Generate
Exparimant

: care, if you click in "Generate Experiment”, the macro will run for 30 min.

=T.: = =« ++-EN ..__..

Simulation and Analysis

Sheet E0Q
Calculo

Put the first Parametar and
calculate EOQ and MERP
Cost

Record EOQ and MERP
COST and Stock

Record Average of Stock

Sheet
EOQMAPESt MRPEstAVTE

Record 50 sample of
Inventory Cost

Assemblying cost and stock
to statisc analisys

Calculate Statistic result
Obs: This function uses
MegaStat to calculate

Calculate result to analyze

R T T T L L L R I e e T e T T T e e e ST L

Feum ccieas | damn meves

Shast EOQ Sheet MERP Sheet EOQ Sheet MAP
Result Result Stock Result Stock Result




Calculate gty of Preventive and Corrective
Maintenance

Calculus of Qtd of Corrective and Preventive Maintenance
] ] ] Utilization per | ] | Protection art MNT
Generator ara # of aircraft Month MTBUR TBO duration Average Carr Average Prev level Qtrdt MNT Corr Prev
038 plk'.;{}—ir ;
X y K Y z t H=xyhAt |p=xykzt k!
) 300 300 19500 | o.oo0Zo | 0.00033 12 180.00 300.00 0.30 157.000 |  300.000
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v 2.00 300 19500 | 000020 | 000033 12 180.00 300.00 0.30 157.000 |  300.000
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157.1938185
Proportion Calculation ? Proportion
Weekly Mnt Corr Weekly MNT Prev Weekly Corrective | Preventive
y-2 3.75 577 0.40 0.60
y-1 3.79 577 0.40 0.60
¥ 3.79 577 0.40 0.60
y+l 3.79 577 0.40 0.60




Consumption with Uncertainty

Simulate Vlaintenance and

oisson Distribution of Maintenance

Calculus of Spare parts

Calculus Parameters EDQ

Preventive Corretive

Aaintenace-PM Maintenance-Ch Spart Parts D Real Average Dern|STDeviation |Safety Stock [ROP EOQ
5. 3.79
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577 3.79 PM &
577 3.759 | Demand PM Demand CM
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577 4 57.69 32| 85.6523077 B81.65
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577 1 57.69 8| 65.6923077 89,65
577 4 57.69 32| B5.6923077 85.69
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577 2 57.69 16| 73.65823077 79.69
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577 4 57.69 32| B9.6923077 81.69 13.06 33.48 360.25 3281
577 3 57.69 401 97.6923077 87.69 71.66 15.63 370.40 334 .58

Uncertanty Demand

92.69

83.65
87.69
98.65
67.69
B5.69
108.65
57.65
93.65
71.65
B3.65
B4.65
82.65
75.65
111.69
75.65
85.69
97.65
61.69
71.65
74.65
63.69
85.65
74.65
94.65
93.65
95.65



Simulation
ERLREE
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Utilization
High 205
Medium High 185
Medium 125
Low Medium a5
Low 45
very low 5

Cost Replacem

Price
rate

H=r*w

Shortage

Annual rate
Am
Ao

Simulation

Manipulate the variables

0,00423077

Utilization
per Month | MTBUR TBO QPA # Alrcraft
k A F X ¥
201x-2 125 5000 3000 2 300
201x-1 125 5000 3000 2 300
201x 125 5000 3000 2 300
201x+1 125 5000 3000 2 300
?
K 54
v 20.00
ra.a 0.22
raw |0.00423077
H -annual 4.40
- 20.00
0.22
0.01833333

EOCQ
MRP

Cost att
3,350,949 9,048.00
2,850,986 8,720.00



Simulation

Inde| dent "
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— H-1: There is significant cost
difference between inventory
models (MERP - EOQ/ROP)
for all number of
maintenance events.
Confirmed

Models 470.26 9.32E-203

Qty 579.94 1.11E-89
Maintenance

Interaction 14.30 3.18E-13

ANOVA Test

Hypotheses

— H-2 to H-7 (to each level
of maintenance):
Inventory cost is lower
using MERP than the
EOQ/ROP model for all
number of maintenance
events. Confirmed

p-value (one-

Maintenance

(014} tailed, lower)
High 1.11E-15
Medium-High 1.37E-13
Medium 8.59E-14
Low-Medium 7.62E-15
Low 7.67E-15
Very Low 1.23E-09

Depend t-test



Theoretical Contribution

e Extend Information processing theory by
integrating information process in the supply
chain;

* Framework for a new management dimension to
maintenance supply chain;

 Lower uncertainty by integrating maintenance
elements.



Impact

Predict specific and customized service to the
client;

Technology as M2M can help to predict usage,
failures, maintenance to support different
level of service;

New framework to ERP Software.
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