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ABSTRACT

This paper presents a novel method of developing an integrated logistics model for an industry /
organization using the supply chain management system, thus providing a greater visibility of logistic
model for an organization & eliminating the drawbacks of the current integrated logistics models. An

algorithm is developed for this integrated logistics model in this research paper.

This concept is being

implemented by using a suitable example with an automobile, thus showing the effectiveness of the

developed method.
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1. INTRODUCTION

Integrated Logistics is the disciplined and
unified management of the technical logistic
disciplines that plan and develop logistics support
requirements for industrial organizations and which
will ensure system product quality in terms of
reliability,  availability, = maintainability &
testability. Firstly, let us go deep into the world of
logistics. Logistics is the collection of activities
associated with acquiring, moving, storing and
delivering supply chain commodities (i.e., products
in all stages of manufacture, service and
information). Logistics encompases the business
functions of transportation, distribution,
warehousing, material handling and inventory
management, and interfaces closely  with
manufacturing [Ratliff & Nulty, 1996].

Four levels of manufacturing logistics systems
are as follows : Production Unit (PU), Supply
Chain (SC), Production Facility (PF) and Enterprise
(E). An enterprise is a business entity that consists
of multiple manufacturing plants as well as other
aspects of the business such as design, engineering,
marketing, and sales. Also, practical logistics
problems are at enterprise level [Wu et.al., 1999].

Logistics, Supply chain management, Manufacturing, Integration, Optimisation, Modelling,

Manufacturing logistics refers to all planning,
coordination and service functions required to carry
out manufacturing activities.

A narrow and more traditional view of
manufacturing logistics includes the planning,
scheduling and control of all activities resulting in
the acquisition, processing, movement and storage
of inventory. These activities include order
acceptance, production planning and scheduling,
inventory control, inventory distribution, and the
design of the corresponding decision processes and
decision support systems.

A more appropriate, broader view of
manufacturing logistics considers the flow of
material, information, and services across
enterprise, industry and national boundaries.
Coordinating these complex activities may require
integration of multiple facilities and firms,
integration of manufacturing and service functions

including sales, marketing, and information
technology, and integration with traditional
logistics  functions such as transportation,

warehousing and distribution. While research topics
falling into the narrower view of manufacturing
logistics have been studied intensively, many issues
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involved in the broader view are still not well
understood [Wu, et.al., 1998].

Based on the preliminary results, we are
confident that rather high logistics integration of
companies in a value chain from producers to
retailer creates competitive advantages. In order to
realize such competitive advantage, cooperation,
co-ordination and the process for closer relationship
among the participants in the value chain is a
criterion for success. Questions like; what is the
best-suited integration level, and how to integrate,
are the main challenges in order to ensure an
efficient value chain. ILS is sometimes integrated
with System Safety engineering.

In general, this means that ILS is the
management organization that plans and directs the
activities of many technical disciplines associated
with the identification and development of logistics
support and system RAMT/S requirements for
military systems or equipment / parts. There are
comparable organizations outside the military
which provide the same capabilities. In a
commercial company, this organization may be
called product support, customer service or many
other similar names.

ILS is a technique introduced by the US Army
to ensure that the supportability of an equipment
item is considered during its design and
development. The technique was adopted by the
UK MOD in 1993 and made compulsory for the
procurement of the majority of MOD equipments.
The end goal of ILS is to create systems that last
longer and require less support and thereby to Save
Money by achieving a higher return on long term
investments. The aim of ILS is to address three
aspects of supportability during the acquisition and
whole life cycle of the system / equipment.

The word ‘system’ is here, defined as: “The
whole composite of hardware, software, personnel,
procedures, tools and facilities. The elements here
of are used together in the intended operational or
support environment to perform a given task or
achieve a specific purpose, support or mission
requirement”.

Integrated Logistic Support will provide
important means to identify (as early as possible)
reliability issues / problems and can initiate system
or part design improvements based on reliability,
maintainability, testability or system availability
analysis (for example by the proper use of detailed
functional and/or piece part FMECA techniques,
Event tree and fault tree analysis / assessments,
Reliability Block Diagrams, Importance
measurements, Reliability centered maintenance
(RCM) / Maintenance steering Group 3 (=civil

aerospace variant of RCM) and Monte-Carlo
techniques).

Influence on design can also be the result of the
use of a Failure Reporting and Corrective Action
Systems (FRACAS) during in-service phases. ILS
can have a strong link with System Safety
engineering due to the common use of several
sources of data (like: failure mode- and failure rate-
and failure mechanism information, system effect
(criticality) behavior, fault detection, human error
(maintenance task related or operational task
related) predictions, human factors, and system
basic  reliability or operational reliability
(availability) calculations.

ILS is an iterative process during the design of
the equipments to ensure that supportability aspects
are adequately addressed. This ensures that user
maintenance and routine servicing tasks are
minimized (optimized) and can be performed with
sufficient ease, and that utilization of existing tools
and techniques is maximized. Further, it may be
required to demonstrate supportability of the
equipment during logistics, maintenance &
manpower  demonstration to  ensure that
supportability has been adequately addressed. ILS
can furthermore provide input or be part of a
quality control system, because it has the capability
to identify the most critical parts for system
operation and support, which should need the most
attention from a quality point of view.

The paper is organized in the following
sequence. A brief introduction to the related work
and the literature survey was presented in the
previous paragraphs. Section 2 gives information
about the model generation. Overview of existing
logistic model & the complexity in existing model
is discussed. Analysis of the logistic model to
improve its visibility is presented in the next
section, i.e., in the section 3.  Further, the
conclusions, appendices, acknowledgement & the
references with the author autobiographies follow
this section 3.

2. OVERVIEW OF THE INTEGRATED
MODELS

In this section, we discuss about the generation
of the integrated logistics model for a suitable
application. To start with a brief overview of the
existing models are discussed. The problems in the
existing models are also taken into consideration
while designing our model. Based on the
drawbacks of the existing models, a new model is
developed by us. The increasing importance of
supply chain management is forcing the
organizations to rethink how their purchasing and
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sourcing strategies fit with and support broader
business and supply chain objectives.

Supply chains involve multiple organizations
as we move towards the raw material suppliers or
downstream toward ultimate customers. Simple
supply chains pull materials directly from their
origin, process them, and ship them to customers.
A brief overview of the existing logistic models is
depicted in this section. For this purpose of
evaluation of the existing logistic models, let us
consider an example of a car manufacturing
industry (automobile industry). In today’s world
the automobile sector contributes to about 40%
revenue of any nation. This becomes the main
reason for selection of an automobile industry as
the source for our research work undertaken in this
paper. In any automobile industry, major
contribution is from the engine side only. Hence,
this aspect is more focused in this paper.

Before going on to the model, let us first see
what an automobile is. An automobile is a self-
propelled vehicle, which is wused for the
transportation of passengers and goods upon the
ground. A vehicle is a machine, which is used for
the transportation of passengers and goods. A self-
propelled vehicle is that in which power required
for the propulsion is produced from within, i.e.,
Bus, Car, Jeep, Truck, Tractor, Scooter, Motor
cycle [R.B.Gupta., 2006].

The modern automobile, in general, is
essentially a transportation equipment unit to
transport people, goods from one place to another
place. It consists of a “frame” supporting the
“body” and certain “power developing and
transmitting units” which are further supported by
“tyres and wheels” through “springs and axles”.
An “engine” supplies the power, which is delivered
by the “transmission system” to the wheels through
the clutch or fluid coupling.

Now, let us consider the automobile
manufacturing industry. For the products such as
automobiles, which feature multiple products,
technologies, and process the supply chain becomes
more complicated. The material planning, and
logistics supply chain for an automotive company is
shown in the Fig. 1, which illustrates the
complexity of the chain, spanning from automotive
dealers back through multiple levels or tiers of
suppliers. The automotive company’s supplier
network includes the thousands of firms that
provide items ranging from raw materials, such as
steel and plastics, to complex assemblies, such as
transmissions, brakes, and engines.

The complexity involved in the existing
models is explained as follows. The transportation
and logistics system’s complexity resides in the

nature of the structure, dynamics and adaptation.
The respective properties to define the complexity
in logistics are structural property, dynamic
property and the property of adaptation.
Accordingly, we can say that there is a problem in
manufacturing industry to apply the logistics in
order to improve the work-flow. This means that
we have to improve the existing logistic model to
suit the industry according to the situation.
[Waidringer, & Jonas, 2001].
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Fig. 1: An automotive supply chain

3. DEVELOPMENT OF THE INTEGRATED
LOGISTSIC MODEL

All the drawbacks in the existing model are
studied and these drawbacks are overcomed in the
present model, which is developed by us. Taking
the dynamic property of the automobile into
consideration, we move on to provide an enhanced /
refined view of the logistic model in a simplified
way. A brief analysis of the logistic model to
improve its visibility is conducted & presented in
this section. Considering the same example of an
automotive industry, let us move to improve its
visibility by following the steps given below.

Step 1 : First step is to find out the various basic
finished or semi finished parts producing
departments/ organizations leading to the

final part / product.

Step 2 : Concentrate on the part which is of
immediate interest.

Step 3 : For the chosen part, prepare the work
flow and process flow diagram.

Step 4 : For the chosen part, identify the various

components, its raw materials, semi-
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finished parts etc., and get their relation
ships.

Step 5 : From the obtained relation, prepare the
material flow diagram.

Step 6 : From the prepared material flow diagram,
the material movement information is
obtained.

Step 7 : Optimize the material travel.

These steps of the algorithm are further
explained as follows for the development of the
integrated logistics model.

Step 1: First step is to find out the various basic
finished or semi finished parts producing
departments / organizations leading to the final part
/ product. For the automobile (car), the step 1 is
done as follows: Every automobile consists of the
following two main parts: [R.K. Rajput., 2007]

1. Machine portion.

2. Carriage portion, i.c., body.
Every automobile irrespective of its country of
manufacture or model consists of the three basic
units as shown in Fig. 2, leading to the machine
portion, the chassis and transmission, the engine &
the electrical equipments.

1. The “engine”.

2. The “electrical equipment”.

Automobile
/ Fy \
chassiz and Engine Electrical
transmission eduipment

Fig. 2 : Basic units of automobile

The different departments involved in an
automobile industry are as shown in the Fig. 3.

Stasneg eyrien

Fig. 3: Automobile departments

Various departments in an automobile sector
contribute to the cost of functionality of the
industry. In order to reduce them, we should

analyze each department individually in order to
optimize the cost.

Step 2: Concentrate on the part, which is of
immediate interest. On the processes of selection of
the department of the automobile industry, engine
department is chosen where most of the material,
information and cost transfer occur. This is
because; we have wide variety of components that
are supplied by various suppliers from various
locations. Hence we have numerous factors
affecting the Logistic model of the industry. The
body panel and engine constitute a major portion of
the total cost of car manufacture. A typical cost
structure for car is as given in the Table 1.

Table 6.1: Typical cost structure for car
manufacturing

%age of total

Parts / assembly manufacturing cost

Glass 5
Brakes / wheels / axes 6
Interiors 7
Transmission system 7
Ignition / exhaust system 8
Steering / suspension 9
Comfort fittings 11
Engine 16
Body 18
Others 13

Different parts of an automboile’s IC Engine
are as shown in the Fig. 4. The parts are explained
as follows one by one. A typical IC engine consists
of the following components :

Camshaft = The shaft which carries the various
cams required for the operation of inlet, exhaust,
fuel, and starting air valves.

Connecting rod = the engine part which connects
the piston to the crankshaft. It changes
reciprocating motion of the piston into rotary
motion of the crankshaft or vice versa.

Crankcase = the middle part of the engine
structure surrounding the working parts.

Crankpin = that part of the crank to which the
connecting rod is attached.

Crankshaft = that part of the engine which
transmits the reciprocating motion of the pistons to
the driven unit in the form of rotary motion or that
part to which the connecting rods are attached.
Crankshaft cheek = part of the crankshaft that
connects the crankpin to the main crankshaft
journal.
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Fig. 4: Cross section of an IC Engine

Crankshaft journal = part of the crankshaft which
rotates in the main bearings and transmits the
torque developed by the engine.

Crankshaft web = the crankshaft cheek.
Crosshead = the part of an engine to which are
attached the piston pin with the connecting rod and
the piston rod and which is supported on guides.
Crown = the top of an engine piston.

Cylinder = The cylindrical part of the engine in
which the piston moves, and in which combustion
takes place.

Cylinder block = A number of cylinders cast in
one piece.

Cylinder bore = the inside diameter of an engine
cylinder. Also, it is the surface of the cylinder in
which the piston slides or moves.

Cylinder head = the part which covers and seals
the end of the cylinder and usually contains the
valves.

Cylinder - head stud = Threaded round steel rod,
one end of which screws into the cylinder block,
the other being threaded to take a nut which holds
the cylinder head in correct position.

Cylinder liner = A cylindrical lining that is
inserted into the cylinder jacket or cylinder block
and in which the piston slides.

Engine = A machine which produces power to do
work, particularly one that converts heat into
mechanical work.

Exhaust manifold = the pipe that collects the burnt
gases as they are expelled from the cylinders.
Exhaust pipe =Piping through which exhaust gases
from an engine pass out to the atmosphere.

Exhaust valve =The valve through which the burnt
gases are allowed to pass out to the exhaust
manifold.

Filter = A device to remove dirt and other
impurities from air, oil, or water.

Flywheel = the wheel on the end of the crankshaft
that gives the crankshaft momentum to carry the
pistons through the compression stroke.

Fuel injector = the device which sprays the fuel
into the cylinder.

Fuel knock = A noise produced in the cylinder of a
diesel engine during combustion, usually when the
fuel oil has a low ignition quality.

Fuel pump = the pump that delivers the fuel to the
injector.

Fulcrum = the support on which a lever turns.
Gasket = Packing placed between two surfaces that
must have a leak proof joint.

Governor = A mechanism used to control the
speed of an engine.

Injection = The forcing of fuel oil into the
combustion chamber of a diesel engine by means of
high pressure.

Injection pump = the pump used to inject fuel oil
into the combustion space of a diesel engine.
Inlet cam = the cam that controls the operation of
the air inlet valve in a four-stroke engine.

Inlet manifold = The main pipe that lies alongside
the cylinder heads and from which branch pipes
take the air charge to the separate cylinders.

Inlet valve = the valve through which air or the air-
fuel mixture is admitted to the cylinder of a four-
stroke engine.

Lubricating pump = A pump which handles
lubricating oil in an engine.

Manifold =A pipe with a number of inlets to, or
outlets from, the several cylinders of an engine.
Mechanical injection = Injection with the fuel-
valve operated mechanically from a cam.
Sometimes, although wrongly, used to indicate
airless injection in general.

Muffler = A device used to diminish noise of the
intake or exhaust. Sometimes it is referred as a
silencer.

Oil-control rings = The piston ring, usually located
at the lower part of the piston, that prevents an
excessive amount of lubricating oil from being
drawn up into the combustion space during the
suction stroke. Also called oil ring and oil scrapper
ring.
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Oil grooves = The passages cut in bearings for
distributing the lubricating oil.

Piston = A cylindrical part which reciprocates in
the cylinder bore of an engine and transmits the
force of the gas pressure through the connecting rod
to tine crankshaft.

Piston crown = the top of the piston; the piston
head.

Piston head = the top of the piston or that part of
the piston against which tire gas pressure acts.
Piston pin = A pin that rests in two bored holes in
the piston and passes through the eye of the
connecting rod, to join the two together flexibly.
Piston-pin bearing = the bearing either in the eye
of the connecting rod or in the bored bosses of the
piston, in which the piston pin rocks.
Piston-pin boss = that part of the piston on the
inside, through which the hole is nude to take the
piston pin.

Piston-pin lock = the device used to hold or lock
the piston pin in the piston.

Piston ring = A split ring placed in a groove of the
piston to form a leak proof joint between the piston
and the cylinder wall.

Piston-ring gap = the space between the ends of
the piston ring when it is in the cylinder bore.
Piston-ring land = the part of the piston on the
outside surface located between the piston-ring
grooves.

Piston skirt = the part of the piston below the
piston-ring grooves.

Poppet valve = A valve opened by the action of a
cam and closed by a spring.

Port = An opening hole or passage.

Push rod = the rod that transmits the action of a
cam to the cam-operated valve.

Ring grooves = Grooves cut in the piston barrel to
hold the piston rings.

Rocker arm = A lever that transmits the action of
the cam, usually by means of a push rod, to the
stem of the intake or exhaust valve, sometimes also
to the starting-air valve and fuel valve.

Rocker-arm shaft = the shaft, usually at the top of
the cylinder, that serves as a fulcrum for the rocker
arms.

Valve = in a combustion engine, an intake or
exhaust valve usually consists of a disk with a stem,
which is opened by a cam and closed by a spring.
Valve seat = That part of the valve mechanism
upon which the valve face rests to close the port.
Valve Spring = the spring which is used to close a
valve.

Valve-spring retainer = The part which is held
against a groove or grooves on the valve stem and

e
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in turn holds the valve spring in a state of
compression.
Water jacket = the outer casing forming a space
around an engine cylinder to permit circulation of
cooling water.

In this paper, different significant parts of an
IC engine, which affect the performance of the
engine, are considered.

Step 3: For the chosen part, prepare the workflow
and process flow diagram as shown in the Fig. 5.
This figure shows the workflow diagram, which
defines the different raw materials, semi finished
components required for manufacturing the engine
components.

3rcu M= '
-: B == | .a‘; -

Fig. 5 : Work flow diagram

Note that in this figure, the terminologies C, F
& M depict as follows : C — Casting process, F —
Forming process, M — Machining process.

Step 4: For the chosen part identify the various
components, its raw materials, semi-finished parts
etc., and get their relation ships. Let us now define
the different raw materials, semi finished
components and the engine components
symbolically which is shown as follows :

Raw materials Code Nos.
e CastIron MO1
e Aluminum alloys MO02
e Cork MO03
e Asbestos MO04
e Rubber MO5
e Copper MO06
e Special alloy Iron MO7
e Ferrous alloy/ Semi steel/ Steel M08
e Bronze M09
o Babbitt(Lead/ Tin based) M10
e Copper —Lead Ml11
e Pattern material MI12
e Sand M13
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e Binder M14 L . |
e Additives M15 B -
e Furnace Fuel Mil6 %“ g
¢ Cutting Fluid M17 B =
-
— -
Semi finished Components Code Nos. % ; =)
e Timing gear SFPO1 - —
e Oil Pump SFP02 =] =]
e Dampers SFP03 %
o Gear/ Sprocket drive SFP04 [y =]
e Valve Seats SFPO5 g; g
e Valve Guides SFP06 Ty =
o Fasteners SFPO7 Fig. 6: Material flow diagram
e Springs SFP08 @
e Rocker Arm SFP0O9
e Tappet SFP10
e Push rod SFP11 First step is £ ﬁSJ:celp-tlth s basi
irst step is to out the various basic
* BPSh.e s SFPI2 finished I())r semi finished parts producing
e Circlips SFP13 departments / organization leading to
¢ Governor SFP14 the final part / product
e Spark Plug/Injector SFP15 ¥
e (il Strainer SFP16 Step - 2
Concentrate on the part which is of
Components Code immediate interest
of the Engine  Nos. T
e CB Cylinder Block Step - 3
e CH Cylinder Head For the chosen par, prepare the
e CC Crank Case work flow and the process
e OP Qil Pan flow diagram
e CL Cylinder Liners v
e G Gasket Step - 4
e P Piston For the chosen part, identify the various
e PR Piston Ring components, its raw materials, semi-
e PP Piston Pin finished parts, etc.,. and get their
e CR Connecting Rod relationships
e CS Crank Shaft v
e MB Main Bearing Step - 5
e FW Ely Wheel From the obtained relation, prepare the
eV Valve material flow diagram
e (CaSf Cam Shaft N4
e M Manifo Step - 6
From the material flow diagram, the
Step 5: From the obtained relation prepare the material movement information
material flow diagram. is obtained
A4
The Fig. 6 shows the material flow diagram for the Step - 7
manufacturing of an engine. From the material flow Optimize the material travel
diagram, we get a clear picture regarding the
material flow between the various departments in
an organization. The algorithm used for developing
the integrated logistics model is shown in the Fig. Fig. 7 : Algorithm for developing the integrated
7. logistics model
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Step 6: From the material flow diagram, the
material movement information is obtained. For
each component the material movement
information can be obtained with the help of
material flow diagram. Each material movement
will be associated with suppliers, sub suppliers,
contractors, and dealers etc., each of them needs to
be clearly identified and defined.

Step 7: Optimizing the material travel is the main
part of the research work undertaken & presented in
this paper. Since the problem resembles the real life
problem operation research method for optimizing
the distance of material traveled is adopted. This
part can be dealt as a future work of this paper.

4. Conclusions

An integrated logistics model for a supply
chain management considering an automobile as an
example is developed in this paper. Supply chains
involve multiple organizations as we move towards
the raw material supplier or downstream towards
the ultimate customers. The existing logistic model
lacks in the case of visibility and control, which is
taken care of in our developed model, and thus, the
model developed in this paper is more sophisticated
and an improved version of the existing integrated
logistic models.

For the simplification purpose, automobile-
manufacturing industry has been taken into
consideration.  Also, a brief analysis of the
integrated logistic model is carried out to improve
its visibility. In construction and identification of
this integrated logistics model, we identified the
primary processes as logistics processes concerning
all the participants of the integrated value chain. It
is reasonable to consider transfers and transaction
of products and information as primary processes,
when logistics functions are in focus. The support
processes are identified as other relevant processes
among the participants.

Just In Time (JIT) concept can also be
incorporated to improve further the integrated
logistics model which can be considered as a future
work.
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