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Summary

Now IMC Pakistan plant of Toyota is produce engine A and B in 1 line assembly. They will replace
engine model A by engine model C in production line that is assembly 2 models. so I have to make a
machine specification sheet of new block tilting unit that can use with 2 models (model B and C) and
other equipment to support this project such as flywheel pin press jig, piston ring assembly jig, Turn table

for block sub line assembly and turn table for head sub assembly.

All of equipment has achievement smoothly. Block tilting unit can rotate both 2 cylinder block model
90 degree by using adapter jigs to make the same rotating position by changing some work elements
without effect the takt time. Specification sheet have sign by TDEM staff, maker and plant staff. With
cooperative period I have participate with production preparation job in process planning, machine
specification, procurement process and design process. This equipment can adapt with another nearly

case in the fut
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Chapter 1

Introduction

1.1 Name, Address and Background of Company

Company Name : Toyota Daihatsu Engineering & Manufacturing Co.,LTD (TDEM) (Fig 1.1)

Address : 99 Moo.5, Ban-Ragad Sub-district, Bang-Bor District, Samutprakran
Province 10560, Thailand as shown in the (Fig 1.3)

Telephone : 02-790-6517

Fax: 02-790-501

Figure 1.1 Toyota Daihatsu Engineering & Manufacturing Co.,LTD (TDEM)

TOYOTA DMIHAT

TOYOTA ENGINEERING & MANUFACTURING &

Figure 1.2 Logo of Toyota and Toyota Daihatsu Engineering & Manufacturing



Figure 1.3 Map of Toyota Daihatsu Engineering & Manufacturing Co., LTD (TDEM)

TDEM Mission * Providing timely, efficient and high quality support to Toyota Group
members in the AMENA and other regions.
* Banding Team-Toyota members together and leading them to achieve.
* Enhancing collaboration among product development, production, sales
and other functions across the region incl. takes Initiative for Region-Led
Management
* Synergizing Toyota & Daihatsu strengths on the area of Engineering and

Manufacturing.

TDEM Vision To become the most trusted and respected automobile group in the world.



1.2 Business Type
Research and Development Center and Operational support to Toyota Production facilities in Asia
1.2.1 RESEARCH & DEVELOPMENT
1.2.1.1 Technical Research
1.2.1.2 Technical Planning
1.2.1.3 Body, Chassis, Vehicle, Material, Electronics
1.2.2 MANUFACTURING SUPPORT
1.2.2.1 Purchasing
1.2.2.2 Production Engineering
1.2.2.3 Production Control/Logistics
1.2.2.4 Production/Project Planning

1.2.2.5 Conversion & Accessories

1.2.3 ADMINISTRATION
1.2.3.1 Corporate Planning
1.2.3.2 Human Resources
1.2.3.3 Accounting & Finance

1.2.3.4 Information System Etc.

1.3 Organization Management

TDEM (Thailand)
Foundation April 2007
Company Name Toyota Daihatsu Engineering & Manufacturing Co., Ltd.
Location Head Office (Bang-Bo), AP-GPC (Banpho), TPCAP (Banpho)
Capital 1.3 billion Thai Baht (4 billion yen)
Shareholder Toyota Motor Corporation (TMC), Japan 100%
Activities Production and Service parts Sourcing, Manufacturing and

Engineering Support Research and Development etc. (Fig 1.6)
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Figure 1.4 TMAP-EM Organization and Management
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RESPONSIBLE ‘We provide several supports to many countries in Asla and other reglon such as

A R EA production preparation support In Thalland, India, indonesia, Pakistan, Malaysia,
Vietnam, Philippines, Talwan and Australla and tooling preparation support In South
Africa, Brazll and Argentina.

Pakistan =
India )
TDEM Taiwan

Thailand Vietnam
Venezuel
Philippines \ enezuela
Malaysia
Brazil

Indonesia ™

Ausiralia

South Africa Nge;ﬁna

TDEM
Vehicle & Unit Plant
Plant

@ Tooling Support

Figure 1.6 Responsible Area of PE (TDEM)
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1.4 Position and My Responsibility

Mr. Thanadet Sukkawat (Fig 1.9)

Trainee

Engine Assembly Production Engineering Section

Unit Production Engineering No.2 Department

Unit Production Engineering Division

Executive Vice President (EVP)

Executive Managing

Coordinator (EMC)

Vice President (VP)

General Manager (GM)

General Manager (GM)

Unit Project Planning

Casting Production Machining Production

Engineering Engineering

Engine Assembly Production

Engineering

Managing Coordinator

Figure 1.9 Positions for Internship Chart

Manager

I

Assistance Manager

I

Senior Engineering

Engineering

Trainee

Thanadet Sukkawat




1.5 Staff Advisor and Position of Staff Advisor
Mr. Tarrit Tilokkul (Fig 1.10)

Senior Engineer

Engine Assembly Production Engineering Section

Unit Production Engineering No.2 Department

Unit Production Engineering Division

Executive Vice President (EVP)

Executive Managing

Coordinator (EMC)

'''''' Vice President (VP)

General Manager (GM)

General Manager (GM)

. . . ting P i
Unit Project Planning SastigoEtcton

Engineering

Machining Production

Engineering

Engine Assembly Production

Engineering

Managing Coordinator

Figure 1.10 Position for job Advisor chart

1.6 Period Time of Internship

Start form 1" July 2018 to 17" August 2018, Totally 2 months 17 day.

Work Hours: Total 465.5 hours.

Week: Total 12 weeks

Manager

Assistance Manager

Senior Engineer

Mr.Tarrit Tllokkul




1.7 Background of Project

Regarding to IMC Pakistan is the last plant of Toyota in Asia that will produce engine model C on
2019 and because of low capacity this new engine model will produce with another engine model in the
same production line so it have to modified production line and some part have to make a new assembly

line.

1.8 Objective of the project for work or Project
Making cylinder block tilting unit to tilt cylinder block 90 degree for assembly rear oil seal, flywheel

and clutch cover.

1.9 Expected of the Project (Fig 1.11)
1.9.1 Basic Toyota knowledge
- To understand Toyota's way & Toyota production system.
1.9.2. Basic Engine knowledge
- To understand how engine work
- To know parts in engine and their duty
1.9.3. Engine Assembly Process
- To know and understand Engine assembly process
- To know the machines, production line and tools
1.9.4. Basic software knowledge (Pro E, Excel, PowerPoint)
- To understand how to use and adapt to use with production preparation & Equipment planning
1.9.5. Production preparation & Equipment planning
- To understand thinking way of production Engineering field,
job responsibility and how equipment work
1.9.6. Business communication by English
- Level up Business English communication skill
1.9.7. Get ready to be efficient engineer

- Practicing to work with the experience engineer and get real experience
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Chapter 2

Operation Theory and Technology

2.1 Toyota way (2001) [1]

The Toyota Way 2001 (Fig 2.1) is an ideal, a standard and a guiding beacon for the people of the
global Toyota organization. It expresses the beliefs and values shares by all of us.

The Toyota Way 2001 is based on the Guiding Principles at Toyota, which define the mission of
Toyota as a corporation and the values the company delivers to customers, shareholders, associates,
business partners and the global community. The Toyota Way 2001 defines how the people of Toyota
perform and behave in order to deliver these values. It functions as the autonomic nervous system for
Toyota organizations.

The concepts that make up the The Toyota Way 2001 transcend language and nationality, finding
application in every land and society.

The Toyota Way 2001 is supported by two main pillars. They are "Continuous
Improvement" and "Respect for People". We are never satisfied with where we are and always improve
our business by putting forth our best ideas and efforts. We respect people, and believe the success of our
business is created by individual efforts and good teamwork.

All Toyota team members, at every level, are expected to use these two values in their daily work

and interactions.

Gengchi.

Genbutsu,
Respect
\ for people

Figure 2.1 Chart of TOYOTA WAY (2001) [1]
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First: Continuous Improvement

Challenge: We form a long term vision, meeting challenge with courage and creative to realize
our dreams. As following
— Create value through production, and deliver products and services.
—Spirit of challenges.
— Long Perspective.
—Thorough Consideration in decision-making.
“A product should never be sold unless it has been carefully manufactured & has been tested

thoroughly & satisfactorily” Sakichi Toyoda

Kaizen: We improve our business operations continuously, always driving for innovation and
evolution. As following
— Kaizen mind and innovative thinking.
—Building lean systems and structures.
—Promoting organization Learning.

“We are working on making better products by making improvements everyday”Kiichiro Toyoda

Genchi Genbutsu : We practice Genchi Genbutsu go to the source to find the facts to make
correct decision , build consensus and achieve goals at our best speed. As Following
— Efficiency consensus building.

— Commitment to achievement.
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Second: Respect for People

Respect: We respect others, make every effort to understand each other, take responsibility and do
our best to build mutual trust. As following
— Respect for stakeholder.
— Mutual trust and Responsibility.

— Sincere communication.

Teamwork: We stimulate personal and professional growth, share the opportunities of development
and maximize individual and term performance. As following
— Commitment to education and development.

— Respect for the individual; Realizing consolidated power as a team.

2.2 Toyota Production System (TPS) [2]

The Toyota Production System (TPS) (Fig 2.2) was established based on two concepts: The first
is called "jidoka" (which can be loosely translated as "automation with a human touch") which means that
when a problem occurs, the equipment stops immediately, preventing defective products from being
produced; The second is the concept of "Just-in-Time," in which each process produces only what is

needed by the next process in a continuous flow.

Based on the basic philosophies of jidoka and Just-in-Time, the TPS can efficiently and quickly

produce vehicles of sound quality, one at a time, that fully satisfy customer requirements.
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Toyota Production System
[TPS]

Goal: Highest quality, Lowest cost, Shortest lead times.

Just In Time JIDOKA
- -n‘ ’ﬂ ------- bl
" x Take Ti } ‘|

1 e I x Pokayoke

 * Kanban/ 1 1 Andon 1
: Full System. |, : System (Sign) :
1 * Continuous : > Fixed gy
: 5 : : Position Sto :
| /Heijunka | I F ol
\ 7 \ !

3
L4
LY

LY

Standardized Work and Kaizen.

Eliminate Waste ( Non - Value )

Figure 2.2 Toyota Production System (TPS) House diagram [2]

2.2.1 Just-in-Time

"Just-in-Time" means making "only what is needed, when it is needed, and in the amount
needed." For example, to efficiently produce a large number of automobiles, which can consist of around
30,000 parts, it is necessary to create a detailed production plan that includes parts procurement.
Supplying "what is needed, when it is needed, and in the amount needed" according to this production
plan can eliminate waste, inconsistencies, and unreasonable requirements, resulting in improved

productivity.

In the TPS (Toyota Production System), a unique production control method called the "kanban
system" (Fig 2.3) plays an integral role. The kanban system has also been called the "Supermarket
method" because the idea behind it was borrowed from supermarkets. Such mass merchandizing stores
use product control cards upon which product-related information, such as a product's name, code and

storage location, are entered. Because Toyota employed kanban signs for use in their production
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processes, the method came to be called the "kanban system." At Toyota, when a process refers to a

preceding process to retrieve parts, it uses a kanban to communicate which parts have been used.

A supermarket stocks the items needed by its customers when they are needed in the quantity
needed, and has all of these items available for sale at any given time. Taiichi Ohno (a former Toyota vice
president), who promoted the idea of Just-in-Time, applied this concept, equating the supermarket and the
customer with the preceding process and the next process, respectively. By having the next process (the
customer) go to the preceding process (the supermarket) to retrieve the necessary parts when they are
needed and in the amount needed, it was possible to improve upon the existing inefficient production
system. No longer were the preceding processes making excess parts and delivering them to the next

process.

| Concepiual diagram of the Kanban System |

Operational Flow of Production Operational Flow of Parts
Instruction Kanban E Retrieval Kanban E

€) The operator carries
the kanban to retriave
raplacement parts,

<Naxt process
g

B8 el @) Froduction instruction kanban A 4 3o il
a is remgved when an aperator - L
Only the exact numbsr

i The parts retrigval
g‘fwmlmﬁmlgaéed on (588 Kanban i ramovad when
et an pperatar uses parts,

Figure 2.3 Conceptual diagram of the Kanban system [2]
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2.2.2 JIDOKA

The term jidoka (Fig 2.5) used in the TPS (Toyota Production System) can be defined as “automation
with a human touch.” The word jidoka traces its roots to the invention of the automatic loom by Sakichi
Toyoda, Founder of the Toyota Group. The automatic loom is a machine that spins thread for cloth and
weaves textiles automatically.

Before automated devices were commonplace, back-strap looms, ground looms, and high-warp
looms were used to manually weave cloth. In 1896, Sakichi Toyoda invented Japan’s first self-powered
loom called the “Toyoda Power Loom.” Subsequently, he incorporated numerous revolutionary inventions
Into his looms, including the weft-breakage automatic stopping device (which automatically stopped the
loom when a thread breakage was detected), the warp supply device and the automatic shuttle changer.
Then, in 1924, Sakichi invented the world’s first automatic loom, called the “Type-G Toyoda Automatic
loom (Fig 2.4) (with non-stop shuttle-change motion)” which could change shuttles without stopping
operation.

The Toyota term “jido” is applied to a machine with a built-in device for making judgments,
whereas the regular Japanese term “jido” (automation) is simply applied to a machine that moves on its
own. Jidoka refers to “automation with a human touch,” as opposed to a machine that simply moves under
the monitoring and supervision of an operator.

Since the loom stopped when a problem arose, no defective products were produced. This meant
that a single operator could be put in charge of numerous looms, resulting in a tremendous improvement
in productivity.

Since equipment stops when a problem arises, a single operator can visually monitor and
efficiently control many machines. As an important tool for this “visual control” or “problem
visualization,” Toyota plants use a problem display board system called “andon” that allows operators to

identify problems in the production line with only a glance



Type-G Toyoda Automatic Loom, the origin of jidoka

The Type-G Toyoda Automatic Loom, the world's first
automatic loom with a non-stop shuttle-change motion, was
invented by Sakichi Toyeda in 1924, This loom automatically

stopped when it detected a problem such as thread
breakaage.

Figure 2.4 Type G Toyota automatic 1loom [2]

Concept of jidoka

A situation deviates frem
the normal workflow.

| A machine detects a
= problem and commu-
| e line i nicates it

stopped.

Daily improvements

Manager/su ::u.-r'-.'_it:.-.-r Improvements. incorpao-
removes cause of the rated nfo the standard
| problem. workflow f

oo provct can e rodces-

Figure 2.5 Concept of Jidoka [2]
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2.3 Pneumatic System [3]

A pneumatic system is a system that uses compressed air to transmit and control energy.
Pneumatic systems are used in controlling train doors, automatic production lines, mechanical clamps

Pneumatic control systems are widely used in our society, especially in the industrial sectors for
the driving of automatic machines. Pneumatic systems have a lot of advantages.

Many factories have equipped their production lines with compressed air supplies and movable
compressors. There is an unlimited supply of air in our atmosphere to produce compressed air. Moreover,
the use of compressed air is not restricted by distance, as it can easily be transported through pipes. After
use, compressed air can be released directly into the atmosphere without the need of processing.

Pneumatic components are extremely durable and cannot be damaged easily. Compared to
electromotive components, pneumatic components are more durable and reliable.

The designs of pneumatic components are relatively simple. They are thus more suitable for use
in simple automatic control systems.

Pneumatic components can be divided into two categories Components that produce and transport
compressed air and components that consume compressed air. All main pneumatic components can be
represented by simple pneumatic symbols. Each symbol shows only the function of the component it
represents, but not its structure. Pneumatic symbols can be combined to form pneumatic diagrams. A
pneumatic diagram describes the relations between each pneumatic component, that is, the design of the

system.
2.3.1 Transport compressed air

Compressor

A compressor can compress air to the required pressures. It can convert the mechanical energy
from motors and engines into the potential energy in compressed air . A single central compressor can
supply various pneumatic components with compressed air, which is transported through pipes from the

cylinder to the pneumatic components.

Pressure regulating component
Pressure regulating components (Fig 2.6) are formed by various components, each of which has

its own pneumatic symbol:
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Filter — can remove impurities from compressed air before it is fed to
the pneumatic components.
Pressure regulator — 19tabilize the pressure and regulate the operation of

pneumatic components

Lubricator — To provide lubrication for pneumatic components
% Lubricator
| - - 4
I
I
! I
|

I
Filter Pressure regulator

Figure 2.6 Filter, Pressure regulator and lubricator symbols [3]

2.3.2 The consumption of compressed air

Examples of components that consume compressed air include execution components (cylinders),
directional control valves and assistant valves.
Execution component

Pneumatic execution components provide rectilinear or rotary movement. Examples of pneumatic
execution components include cylinder pistons, pneumatic motors, etc. Rectilinear motion is produced by
cylinder pistons, while pneumatic motors provide continuous rotations. There are many kinds of cylinders,
such as single acting cylinders and double acting cylinders (Fig 2.7).

A single acting cylinder has only one entrance that allows compressed air to flow through.
Therefore, it can only produce thrust in one direction . The piston rod is propelled in the opposite direction
by an internal spring, or by the external force provided by mechanical movement or weight of a load

In a double acting cylinder, air pressure is applied alternately to the relative surface of the piston,
producing a propelling force and a retracting force. As the effective area of the piston is small, the thrust
produced during retraction is relatively weak. The impeccable tubes of double acting cylinders are usually

made of steel. The working surfaces are also polished and coated with chromium to reduce friction.
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Figure 2.7 Cylinders [3]

Directional control valve

Directional control valves ensure the flow of air between air ports by opening, closing and switching
their internal connections. Their classification is determined by the number of ports, the number of
switching positions, the normal position of the valve and its method of operation. Common types of
directional control valves include 2/2, 3/2, 5/2, etc. The first number represents the number of ports; the
second number represents the number of positions. A directional control valve that has two ports and five

positions can be represented by the drawing in, as well as its own unique pneumatic symbol

Control valve
A control valve (Fig 2.8) is a valve that controls the flow of air. Examples include non-return
valves, flow control valves, shuttle valves, etc.
Flow control valve A flow control valve is formed by a non-return valve and a variable throttle
Shuttle valves are also known as double control or single control non-return valves. A non-return
valve allows air to flow in one direction only. When air flows in the opposite direction, the valve will

close. Another name for non-return valve is poppet valve
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Figure 2.8 Control valve symbols [3]
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2.4 Ergonomic [4]

The seven keys to ergonomic production (Fig 2.9) Although increasing numbers of robots and
machines on UK’s production lines have helped with difficult tasks, it is very clear that people remain a
key and important resource. Ross Townshend, an expert in manual production systems at Bosch Rexroth,
examines how to make people more productive by focusing on workstation ergonomics. A recent study by
the Health and Safety Executive stated that one million people every year are affected by musculoskeletal
disorders as a direct result of poorly designed workstations. The impact on the bottom line for UK

manufacturers was 11.6 million lost working days at a cost of £5.7 billion.

With statistics like these, it is no surprise that the study of ergonomics is becoming more and more
important in UK manufacturing. Done well, ergonomic design can increase motivation, satisfaction with
resulting benefits in performance and productivity. However, it remains a badly under-utilised concept in

industry, too often regarded as difficult to measure, costly to implement and low on the priority list.

Ergonomics is the study of human interaction with the environment, which in a factory consists of
tools, equipment, working methods and the tasks that an individual is being asked to perform. To fully

implement an ergonomic solution, there are seven key factors that must be taken into account

2.4.1 Body and working height

Working at the wrong height can lead to a hunched posture, craned neck and strained eyes. Manual
workstations must accommodate a wide range of body heights to ensure that a tailored, rather than a ‘one
size fits all’, approach is taken

The most important factors in the design of work stations are the working height, proper sizing of
reach zones, leg room and range of vision. It is vital that operators have the opportunity to either sit down
or stand up at their workstation, which Bosch Rexroth refers to as the “sit down, stand up” concept. “Sit
down, stand up” promotes changes in posture, which reduce stress and increases performance, which is

not possible with a solely sitting or standing workstation.
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The work area height should always be between 800mm and 1500mm. Working above this height, or
above heart level, reduces the blood circulation and oxygen supply, leading to a drop in performance.

Work that requires bending (below 800mm) can also hinder productivity and should be avoided.

2.4.2 Work area

Ergonomically designed stations reduce the risk of injury by adapting to fit the person instead of the
other way around. No two workstations will be alike so it is imperative to find the correct working
method for each individual to achieve the best results. Within the work area the following rules must be

observed:

1. Avoid work above the heart (over 1500mm)

2. Promote dynamic activities by avoiding standing still or static holding which inhibits circulation and
oxygen supply to muscles;

3. Allow for varying physical exertion through use of “stand up, sit down” or job rotation;

4. Minimize exertion through use of manual roller sections or lifting aids.

2.4.3 Reach zones

There are three key rules to follow when designing an employee’s reach zone at their workstation:
1. All containers, equipment and operating elements must be easily accessible and arranged in the
optimum anatomic/physiological range for employees;
2. Torso rotation and shoulder movements, particularly when under exertion (with weights of more than 1
kg) should be avoided whenever possible;
3. A well-designed workstation should be set up into three zones. Primary; for equipment used constantly
throughout the working day with equipment or tooling within easy reach when elbows are at an operator’s
sides; secondary, for tools and parts that are often reached with one hand with everything being available
within a 1800 sweep of both arms when outstretched; and reference, for occasional handling such as

reference files or transferring parts to the next workstation.
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2.4.4 Parts presentation
The presentation of parts to the operator is key in minimizing physical exertion and unnecessary

movements. The key issues that need addressing are

1. Frequently used grab containers should be placed at short distances
2. Heavy parts should be stored within easy reach in lower containers

3. Where possible use a slide rail or roller conveyor to minimize employee exertion

2.4.5 Range of vision

Each head turn or change in line of sight, results in lost time and decreases productivity. For the
optimal workstation design, it is important to address every detail, including head and eye movement. Key
vision issues for workstation planning are
1. Avoid unnecessary eye and head movements
2. Vision distances should be as identical as possible to eliminate refocusing;

3. Avoid fastening locations not visible to the operator.

2.4.6 Lighting
The correct light, adapted to the activity of the workstation, is a basic prerequisite for high efficiency
and quality. It is therefore important to
1. Avoid strong lighting contrasts
2. Avoid glare and reflection

3. Ensure all workstations are free from shadows, flickering and glare.

2.4.7 Adjustment of work equipment

To maintain performance levels and promote productivity, the correct adjustment of a table, chair,
footrest and position of tools and material shuttles must be easily achieved. For example, Bosch

Rexroth’s versatile aluminium structures ensure that tables, footrests and grab containers can be easily
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adjusted. What’s more, the correct sitting posture is vital with worker’s calves forming a 900 angle and

appropriate lumber support.

A very important message for production line designers and planners to understand is that specialist
help and software tools are available at the planning stage. These tools can enable correct design before
any material is ordered. Ergonomics starts with design, not adjustment of equipment on the shop floor -
this will always be a compromise. In conclusion, specialist planning and design tools, such as Rexroth’s
MT pro, are available to help in the design of ergonomic workstations, which will ultimately deliver a

more efficient daily work routine and benefit the bottom line.

Figure 2.9 Work ergonomic [4]

2.5 Basic engine components and functional [5]
An engine or motor is a machine designed to convert one form of energy into mechanical
energy. Heat engines burn a fuel to create heat which is then used to do work. Electric motors convert

electrical energy into mechanical motion; pneumatic motors use compressed air; and clockwork
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motors in wind-up toys use elastic energy. In biological systems, molecular motors,

like myosins in muscles, use chemical energy to create forces and eventually motion.

2.5.1 Pistons

The pistons are cup-shaped cylindrical castings of steel or aluminum alloy. The upper, closed end,
called the crown, forms the lower surface of the combustion chamber and receives the force applied by the
combustion gases. The outer surface is machined to fit the cylinder bore closely and is grooved to
receive piston rings that seal the gap between the piston and the cylinder wall. In the upper piston grooves
there are plain compression rings that prevent the combustion gases from blowing past the piston. The
lower rings are vented to distribute and limit the amount of lubricant on the cylinder wall. Piston pin
supports (bosses) are cast in opposite sides of the piston and hardened steel pins fitted into these bosses

pass through the upper end of the connecting rod.

2.5.2 Combustion chamber

The combustion chamber is defined by the size, location, and position of the piston within the
cylinder. Bore is the inner diameter of the cylinder. The volume at bottom dead centre (VBDC) is defined
as the volume occupied between the cylinder head and the piston face when the piston is farthest from the
cylinder head. The volume at top dead centre (VTDC) is the volume occupied when the piston is closest to
the cylinder head; the distance between the piston face and cylinder head at VTDC is called the clearance.
The distance traveled by the piston between its VIDC and VBDC locations is the stroke. The ratio of
VTDC to VBDC normalized to the VTDC value—i.e., (VBDC/VTDC):1—is the compression ratio of a
reciprocating engine. Compression ratio is the most important factor affecting the theoretical efficiency of
the engine cycle. Because increasing the compression ratio is the best way to improve efficiency,
compression ratios on automobile engines have tended to increase. This requires stronger, more-durable
materials. In practice, fuel ignition characteristics, often represented by octane number, limit engine

compression ratios.
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2.5.3 Connecting rod and crankshaft

A forged-steel connecting rod connects the piston to a throw (offset portion) of the crankshaft and
converts the reciprocating motion of the piston to the rotating motion of the crank. The lower, larger end
of the rod is bored to take a precision bearing insert lined with babbitt or other bearing metal and closely
fitted to the crankpin. V-type engines usually have opposite cylinders staggered sufficiently to permit the
two connecting rods that operate on each crank throw to be side by side. Some larger engines employ

fork-and-blade rods with the rods in the same plane and cylinders exactly opposite each other.

Each connecting rod in an in-line engine or each pair of rods in a V-type engine is attached to a throw
of the crankshaft. Each throw consists of a crankpin with a bearing surface, on which the connecting-rod
bearing insert is fitted, and two radial cheeks that connect it to the portions of the crankshaft that turn in
the main bearings, supported by the cylinder block. Sufficient throws are provided to serve all the
cylinders, and the angles between them equal the angular firing intervals between the cylinders. The
throws of a six-cylinder, four-stroke-cycle crankshaft are spaced 120° apart so that the six cylinders fire at
equal intervals in two full rotations of the shaft. Those of an eight-cylinder engine are 90° apart. The
position of each throw along the shaft depends upon the firing order of the cylinders. Firing sequence is
chosen to distribute the power impulses along the length of the engine to minimize vibration.
Consideration is also given to the fluid flow pattern in the intake and exhaust manifolds. The standard
firing order for a six-cylinder engine is 1-5-3-6-2-4, which illustrates the practice of alternating successive
impulses between the front and rear valves of the engine whenever possible. Balance is further improved

by adding counterweights to the crankshaft to offset the eccentric masses of metal in the crank throws.

The crankshaft design also establishes the length of the piston stroke because the radial offset of
each throw is equal to half the stroke imparted to the piston. The ratio of the piston stroke to the cylinder
bore diameter is an important design consideration. In the early years of engine development, no logical
basis for the establishment of this ratio existed, and a range from unity to 11/2 was used by different
manufacturers. As engine speeds increased, however, and it became apparent that friction horsepower
increased with piston speed rather than with crankshaft rotating speed, there began a trend toward short-

stroke engines. Strokes were shortened to as much as 20 percent less than the bores.
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From the requirement for the two-cylinder engine, a general rule for the layout of the throws of four-
stroke-cycle multicylinder crankshafts can be expressed. Regardless of the number of cylinders, two
pistons must arrive at top dead centre in unison so that a second cylinder is ready to fire exactly 360° after
each cylinder fires. Half the cylinders will then fire during each turn of the crankshaft. To follow this rule,
there must be an even number of cylinders in order that there may be pairs of cylinders whose pistons

move in unison.

An eight-cylinder engine fires each time its crankshaft makes a quarter turn if the intervals between
impulses are equal. The crankshaft for an eight-cylinder, in-line engine is designed with each of its eight

throws a quarter turn away from another throw.

For best lengthwise balance, the cylinders whose pistons are in phase are the first and last cylinders of
an in-line engine, the second and next to the last, continuing in that order with crank throws that are in

alignment equidistant from the centre of the engine.

2.5.4 Valves, pushrods, and rocker arms

Valves for controlling intake and exhaust may be located overhead, on one side, on one side and
overhead, or on opposite sides of the cylinder. These are all the so-called poppet, or mushroom, valves,
consisting of a stem with one end enlarged to form a head that permits flow through a passage surrounding
the stem when raised from its seat and that prevents flow when the head is moved down to contact the
valve seat formed in the cylinder block. Another group of engines uses sliding valves that are usually of

the sleeve type surrounding the cylinder bore.

The valve-in-head engine has pushrods that extend upward from the cam followers to rocker arms
mounted on the cylinder head that contact the valve stems and transmit the motion produced by the cam
profile to the valves. Clearance (usually termed tappet clearance) must be maintained between the ends of
the valve stems and the lifter mechanism to assure proper closing of the valves when the engine
temperature changes. This is done by providing pushrod length adjustment or by the use of hydraulic

lifters.
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Noisy and erratic valve operation can be eliminated with entirely mechanical valve-lifter linkage only
if the tappet clearance between the rocker arms and the valve stems is closely maintained at the specified
value for the engine as measured with a thickness gauge. Hydraulic valve lifters, now commonly used on
automobile engines, eliminate the need for periodic adjustment of clearance.

The hydraulic lifter comprises a cam follower that is moved up and down by contact with the cam
profile, and an inner bore into which the valve lifter is closely fitted and retained by a spring clip. The
valve lifter, in turn, is a cup closed at the top by a freely moving cylindrical plug that has a socket at the
top to fit the lower end of the pushrod. This plug is pushed upward by a light spring that is merely capable
of taking up the clearance between the valve stem and the rocker arm. A small hole is drilled in the bottom
of the valve-lifter cup to admit lubricating oil that enters the cam follower from the engine lubricating
system through a passage in the cylinder block. A small steel ball serves as a check valve to admit the oil
into the valve-lifter cup but prevent its escape. When the clearance in the entire linkage between the cam
profile and the valve stem is being taken up by the spring in the valve lifter, oil flows into the lifter
chamber, past the ball check, and is trapped there to maintain this no-clearance condition as the engine
operates. Expansion or contraction of the valve linkage is compensated by oil seepage from the lifter to
correct for expansion of parts and oil flow into the chamber if clearance tends to be produced between the

pushrod and the lifter. Complete closure of the valve is then assured at all times without tappet noise.

The intake valve must be open while the piston is descending on the intake stroke of the piston, and
the exhaust valve must be open while the piston is rising on the exhaust stroke. It would seem, therefore,
that the opening and closing of the two valves would occur at the appropriate top and bottom dead-centre
points of the crankshaft. The time required for the valves to open and close, however, and the effects of
high speed on the starting and stopping of the flow of the gases require that for optimum performance the
opening events occur before the crankshaft dead-centre positions and that the closing events be delayed

until after dead centre.

All four valve events—inlet opening, inlet closing, exhaust opening, and exhaust closing—are
accordingly displaced appreciably from the top and bottom dead centres. Opening events are earlier and

closing events are later to permit ramps to be incorporated in the cam profiles to allow gradual initial
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opening and final closing to avoid slamming of the valves. Ramps are provided to start the lift gradually
and to slow down the valve before it contacts its seat. Early opening and late closure are also for the

purpose of using the inertia or persistence of flow of the gases to assist in filling and emptying the cylinder

2.5.5 Camshaft

The camshaft, which opens and closes the valves, is driven from the crankshaft by a chain drive or
gears on the front end of the engine. Because one turn of the camshaft completes the valve operation for
an entire cycle of the engine and the four-stroke-cycle engine makes two crankshaft revolutions to
complete one cycle, the camshaft turns half as fast as the crankshaft. It is located above and to one side of
the crankshaft, which places it directly under the valves of the L-head engine or the pushrods that extend
down from the rocker arms of the valve-in-head engine. Because of the long pushrods and the rocker
arms, the speed of the valve-in-head engine is limited to that at which the cam followers can remain in
contact with the cams when the valves are closing. Above that limiting speed the valves are said to float,
and their motion tends to become erratic. For this reason, the overhead-camshaft engine is quite popular.
Located immediately above the valves, this type of camshaft is driven either by a vertical shaft and bevel

gears or by a cog belt.

2.5.6 Flywheel

The cycle of the internal-combustion engine is such that torque (turning force) is applied only
intermittently as each cylinder fires. Between these power impulses, the pistons rising on compression and
the opposition to rotation caused by the load carried by the engine apply negative torque. The alternating
acceleration caused by the power impulse and deceleration caused by compression result in nonuniform
rotation. To counter this tendency to slow down and speed up is the function of the flywheel, attached to
one end of the crankshaft. The flywheel consists of a heavy circular cast-iron disk with a hub for
attachment to the engine. Its heavy rotating mass has sufficient momentum to oppose all changes in its
rotational speed and to force the crankshaft to turn steadily at this speed. The engine thus runs smoothly

with no evidence of rotational pulsations. The outer rim of the flywheel usually carries gear teeth so as to
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mesh with the starter motor. The driving component of a clutch or fluid coupling for the transmission may

be incorporated in the flywheel.

2.5.7 Bearings

The crankshaft has bearing surfaces on each crank throw and three or more main bearings. These are
heavily loaded because of the reciprocating forces at each cylinder applied to the crankshaft and the
weight of the crankshaft and flywheel. All but the smallest engines use split-shell bearings, usually made
of bronze with babbitt metal linings. The surface material is sufficiently soft to minimize the possibility of
scoring the crankshaft in the event of inadequate lubrication. The smallest engines usually have cast-
babbitt bearings. A small amount of bearing clearance is necessary to permit an oil film to separate the

surfaces.

2.5.8 Ignition

Electric ignition systems may be classified as magneto, battery-and-coil, and solid-state ignition
systems. Although these are similar in basic principle, the magneto is self-contained and requires only the
spark plugs and connecting wires to complete the system, whereas the battery-and-coil and solid-state
ignition systems involve several separate components.

A magneto is a fixed-magnet, alternating-current generator designed to produce sufficient voltage to fire
the spark plugs. A high-tension magneto is entirely self-contained and requires only spark plugs, wires,
and switches to meet ignition requirements.

The battery-and-coil system consists of a battery, one terminal of which is grounded while the other
leads through a switch to the primary winding of the coil, and then to a circuit breaker where it is again
grounded. Rotation of the circuit-breaker cam opens and closes the primary circuit. The secondary circuit,
consisting of several thousand turns of fine wire, leads to the rotor of the distributor, which acts as a rotary
switch, selecting the spark plug to be placed in the circuit. Each plug is connected to one of the outer

terminals of the distributor to receive an electrical impulse in proper sequence. When the primary circuit is
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broken, a high potential (up to 20,000 volts) is developed in the secondary winding and conducted to the
appropriate spark plug.

The high voltage for the spark plug may also be produced by a capacitordischarge ignition system.
Such a system consists of a source of 250 to 300 volts direct-current power applied to a storage capacitor,
a device for storing an electric charge. A lead from the capacitor goes to one side of the spark coil primary
through cam-actuated breaker points or an electronic switching device. At the instant this switching device
establishes a contact, the capacitor discharges through the primary of the spark coil, and an instantaneous
high voltage is delivered to the distributor and thence to the spark plug. The capacitor discharge system
provides a more intense spark, thus improving the start-up of a cold or flooded engine. It continues to fire
the plugs when they are fouled by carbon or other deposits or when the spark gap has widened because of
erosion of the points. Other notable advantages include increased spark plug life, improved firing over a
wider speed range, and better moisture tolerance.

Solid-state ignition systems, unlike battery-and-coil systems that use a distributor, use an electronic
module to collect information from engine sensors, compute engine operating parameters, and control
ignition discharge to a separate coil for each spark plug. The electronic control module activates a
transistor to break the ground circuit leading to each plug’s coil, thereby causing a spark. In addition to
eliminating the high-voltage spark plug wires, electronics allow for more precise control of ignition

timing, which improves fuel efficiency, reduces emissions, and increases power.

2.5.9 Spark plugs

The spark plug is an important component of the ignition system and is the one that must operate under
the most severe conditions. Because it is exposed to combustion chamber temperatures and pressures and
contaminating products of combustion, it requires more service attention and is usually the shortest-lived
component of the gasoline engine. It consists of a steel shell threaded to fit a standard 14-mm hole in the
cylinder head. Spark plugs may use a gasket or a tapered seat to ensure a gastight fit between cylinder
head and plug. A fused ceramic insulating element is molded into the plug body, and the steel centre

electrode passes through the insulator up to the connector to which the high-voltage lead from the
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distributor is attached. The other electrode is welded to the metal body of the plug, which is grounded to
the cylinder head. Electrodes are found in a number of configurations and are made of a variety of alloys.

In application it is essential that the spark gap be as specified for the particular engine. Gauges are
available to aid in making this adjustment by bending the ground electrode as required. Manufacturers
specify gaps ranging from 0.508 to 1.016 mm between the centre electrode and the ground electrode. If
the plug gap is too large, the possibility of misfiring increases. If the gap is too small, the spark will not be
sufficiently intense. Gap growth from erosion of the electrodes may be corrected. Modern spark plugs
often incorporate a resistor to minimize radio frequency emissions that could interfere with sensitive

electronics.

2.5.10 Carburetor

The gasoline carburetor (Fig2.10) is a device that introduces fuel into the airstream as it flows into the
engine. Gasoline is maintained in the float chamber by the float-actuated valve at a level slightly below
the outlet of the jet. Air flows downward through the throat, past the throttle valve, and into the intake
manifold. A throat is formed by the reduced diameter, and acceleration of the air through this smaller
passage causes a decrease in pressure proportional to the amount of air flowing. Any increase in airflow
caused by change in engine speed or throttle position increases the pressure differential acting on the fuel

and causes more fuel to flow.
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Fig 2.10 Carburetor [5]
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The volume ratio of fuel to air established by the throat and fuel-jet sizes will be maintained with
increased flow, but the weight ratio of fuel to air increases because the air expands to a lower density as
the throat pressure decreases. This enriching tendency necessitates the inclusion of a compensating device
in a practical carburetor. Carburetor design is further complicated by the need for an enriching device to
provide a maximum-power ratio at full throttle, a choke to facilitate starting a cold engine, an idling
system to provide the special needs of light-load operation, and an accelerating device to supply additional

fuel while the throttle is being opened.

2.5.11 Fuel injection

Most modern automobile engines use an electronic fuel-injection system in the intake manifold of
the engine instead of a carburetor. The fuel-injection system is a closed-loop feedback system controlled
by an engine management system that consists of sensors, an electric fuel pump, fuel injectors, fuel
tubing, and valving. The engine management system controls both the ignition firing and the fuel
management. In some designs the engine management system also controls the transmission. Sensors
monitor the engine’s operation and environmental conditions and transmit the data to the engine
management system to determine how much fuel should be pumped to the fuel injectors for delivery to the
engine. Typical sensors include the following: mass airflow, exhaust oxygen, engine revolutions per
minute, manifold absolute pressure, barometric pressure, coolant temperature, throttle position, knock,
vehicle speed, air-conditioning load, power steering load, crankshaft position, and camshaft position.

The principal advantages of gasoline injection over carburetors are improved fuel economy as a result
of more-accurate fuel and air proportioning, greater power because of the elimination of fuel heating,
elimination of inlet icing, and more-uniform and direct delivery of fuel load to the cylinders. Since fuel
injection does not rely on an intake manifold vacuum to deliver fuel, electronic fuel injection is used with

turbocharged engines.
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2.5.12 Cooling system (Fig 2.11)

The cylinders of internal-combustion engines require cooling because of the inability of the engine to
convert all of the energy released by combustion into useful work. Liquid cooling is employed in most
gasoline engines, whether the engines are for use in automobiles or elsewhere. The liquid is circulated
around the cylinders to pick up heat and then through a radiator to dissipate the heat. Usually
a thermostat is located in the circulating system to maintain the designed jacket temperature—
approximately 88 °C (190 °F). The cooling system is usually pressurized to raise the boiling point of the
coolant so that a higher outlet temperature can be maintained to improve thermal efficiency and increase
the heat-transfer capacity of the radiator. A pressure cap on the radiator maintains this pressure by valves

that open outwardly at the designed pressure and inwardly to prevent a vacuum as the system cools.
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Fig 2.11 Cooling system [5]

Some engines, particularly aviation engines and small units for mowers, chain saws, and other tools,
are air-cooled. Air cooling is accomplished by forming thin metal fins on the exterior surfaces of the
cylinders to increase the rate of heat transfer by exposing more metal surface to the cooling air. Air is

forced to flow rapidly through the spaces between the fins by ducting air toward the engine.
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https://www.britannica.com/science/boiling-point
https://www.britannica.com/technology/air-cooling-technology
https://www.britannica.com/science/heat-transfer
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2.5.13 Lubrication system

Lubrication is employed to reduce friction by interposing a film between rubbing parts. The

lubrication system(Fig 2.12) must continuously replace the film.

rocker arms rocker shaft

push rods _
- Cylinder head

camshaft
=
Z |
A
N é\ oil gauge
ming chain [
tensioner § ﬁ/
-.‘§, e
crankshaft §

drive shaft ‘
{powers pump)

cil pan

{sump) Nz floating oil intake

and screen
pump (circuiates oil)
2007 Encyclopaedia Britannica, Inc.

Fig 2.12 Lubrication system [5]

The lubricants commonly employed are refined from crude oil after the fuels have been removed.
Their viscosities must be appropriate for each engine, and the oil must be suitable for the severity of the
operating conditions. Oils are improved with additives that reduce oxidation, inhibit corrosion, and act as
detergents to disperse deposit-forming gums and solid contaminants. Motor oils also include an
antifoaming agent. Various systems of numbers are used to designate oil viscosity; the lower the number,
the lighter the body of the oil. Viscosity must be chosen to match the flow rate of oil through a part to the

designed cooling requirements of the part. If the oil is too thick it will not flow through the part fast


https://www.britannica.com/technology/lubrication
https://www.britannica.com/science/crude-oil
https://www.britannica.com/technology/engine-oil
https://www.merriam-webster.com/dictionary/inhibit
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enough to properly dissipate heat. Certain oils contain additives that oppose their change in viscosity
between winter and summer.

Oil filters, if regularly serviced, can remove solid contaminants from crankcase oil, but chemical reactions
may form liquids that are corrosive and damaging. Depletion of the additives also limits the useful life of
lubricating oils.

The lubrication system is fed by the oil sump that forms the lower enclosure of the engine. Oil is
taken from the sump by a pump, usually of the gear type, and is passed through a filter and delivered
under pressure to a system of passages or channels drilled through the engine. Virtually all modern
engines use full-flow type oil filters. Filtered oil is supplied under pressure to crankshaft and camshaft
main bearings. Adjacent crank throws are drilled to enable the oil to flow from the supply at the main
bearings to the crankpins. Leaking oil from all of the crankshaft bearings is sprayed on the cylinder walls,
cams, and up into the pistons to lubricate the piston pins. Additional passages intersect the cam-follower
openings and supply oil to hydraulic valve lifters when used. A spring-loaded pressure-relief valve

maintains the pressure at the proper level. Oil is important for both lubrication and cooling.

2.5.14 Exhaust system

Combustion products exit the engine cylinder through the exhaust valves in the cylinder head.
Engines may be configured with either an exhaust manifold or an exhaust header. The exhaust manifold is
a common chamber to which all the cylinders directly feed combustion products. The advantages of this
method are manufacturing and positioning simplicity. The disadvantage is irregular backpressure at the
exhaust ports of the cylinders. Headers are composed of a group of tubes, all of common length,
connected on one end to each cylinder exhaust-valve location and on the other end to a common exit

throat.

The exhaust gases in modern automotive engines next pass through an emission-control device.
Emission-control sensors and catalytic converters for reducing air pollution are additional exhaust-system
components. Typically, exhaust gases enter a catalytic converter to reduce nitric oxide emissions. The next

chamber reduces unburned hydrocarbons and carbon monoxide exhaust emissions.


https://www.britannica.com/technology/oil-filter
https://www.britannica.com/technology/exhaust-system
https://www.britannica.com/technology/catalytic-converter
https://www.britannica.com/science/air-pollution
https://www.britannica.com/technology/catalytic-converter
https://www.britannica.com/science/nitric-oxide
https://www.britannica.com/science/carbon-monoxide
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The reactor system for controlling emissions is often composed of a belt-driven air compressor connected
to small nozzles installed in the exhaust manifold facing the outlet from each exhaust valve. A small jet of
air is thus directed toward the red-hot outflowing combustion products to provide oxygen to consume the
hydrocarbons and carbon monoxide. Sensors monitor exhaust-gas parameters (e.g., temperature and
oxygen content) and, in electronic fuel-injection systems, provide information to the control unit to assist
in reducing pollutant emissions.

Exhaust gases from an internal-combustion engine are passed through a muffler to suppress audible
vibrations. When the exhaust valve opens, the pressure in the engine causes an initial gas outflow
at explosivevelocity. Successive discharges from the cylinders set up pressure pulsations that produce a
sharp barking sound. The muffler damps out or absorbs these pulsations so that the gases leave the outlet
as a relatively smooth, quiet stream.

Mufflers of early design contained sets of baffles that reversed the flow of the gases or otherwise
caused them to follow devious paths so that interference between the pressure waves reduced the
pulsations. The mufflers most commonly used in modern motor vehicles employ resonating chambers
connected to the passages through which the gases flow. Gas vibrations are set up in each of these
chambers at the fundamental frequency determined by its dimensions. These vibrations cancel or absorb
those present in the exhaust stream of about the same frequency. Several such chambers, each tuned to one

of the predominant frequencies present in the exhaust stream, effectively reduce noise.


https://www.britannica.com/technology/compressor
https://www.britannica.com/technology/muffler-engine-part
https://www.britannica.com/technology/explosive
https://www.merriam-webster.com/dictionary/devious
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2.5.15 ACIS

The engine control unit (ECU) controls the position of one or more air control valves based on input
signals from throttle angle and engine RPM. The vacuum switching valve (VSV) which controls the
vacuum supply to the actuator is normally closed and passes vacuum to the actuator when it is energized
by the ECU. By energizing the VSV vacuum is passed to the actuator, closing the air control valve. This
effectively lengthens the intake manifold run. By de-energizing the VSV, vacuum to the actuator is
blocked and trapped vacuum is bled off of the actuator diaphragm. Toyota ACIS (Fig 2.13) is an On/Off
system. The valve (or valves in newer models with multiple valves to create more than 2 lengths) is either
fully opened or fully closed. The ECU actuates the VSV to close the valve when the throttle position is

60% or greater and engine speed is 3,900 RPM or more.

Throttle Valve Air Contro! Yalve

b =
._
Throttle Vacuum Tank
Pasition
VTA

Actuator

Fig 2.13 ACIS system [5]
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3.2 Detail of Work and Project

For first two months of cooperative program | have learn Toyota knowledge and trained be
Toyota group. In first 2 week | have study about Toyota Production system and Toyota way

from the book and for the whole 2 month | have trained
1. Induction Training (June 5 m, 2018) - Toyota way, Safety, ISO related and Quality in Toyota
2. Eco Forest & Plant Tour ( June 20th, 2018) - Learn about environment care and car assembly process

3. Toyota Production System Simulation Training June 22nd, 2018
4. Safety Awareness Training (SAW) June 28lh, 2018
5. Basic painting and assembly process 10 y Jul, 2018

6. Introduction of Unit product & Unit PE Class 13 July, 2018

At first week I have study about basic engine knowledge by basic engine knowledge sheet of Toyota
database

For the second week I have study about assembly process of 2 engine models by operation drawing.
After that | have study by observe real line assembly for two week

At second week I have trained about drawing program (Pro E) by Digital Engineering team

During second week until last day of cooperative program I have learn field of production preparation
and equipment planning through on job training. There are issue machine specification, make machine
spec sheets, follow up maker and progressive then approve drawing

In this cooperative program I have learn English for business and improve my English skill through

on job training, making report and presentation.
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3.2.1 Background

Topic: Cylinder block tilting equipment

Cylinder block is one of the big part in automotive engine it is like a body of engine that carry many
parts for example cylinder bore, piston, crank shaft, oil pan, and etc. This part will assembly in short block
sub assembly line that there are process about 60 process and there is process that have to assembly rear
oil seal, fly wheel and clutch cover and it have to assembly at rear side of engine so it need block tilting
unit for tilt block 90 degree clockwise from bottom up to Rear up because another process assembly top or
bottom up position.

Due to IMC Pakistan block sub assembly line current is using dolly for transfer in each station with a
bad ergonomic because they use heavy dolly for transfer engine in each station, not good layout because
of big dolly it make pitch between each station about 1100 mm as a result can’t capacity up and every
dolly there are tilting equipment with a bad quality and safety for work because use bolt cross with bolt for
join tilting equipment and engine as a result they will use pallet and conveyor instead of dolly the pitch in
each station is 650 mm for capacity up and good ergonomic for transferring.

So I have a duty on making cylinder block tilting equipment spec sheet then making consensus with
maker and IMC plant at last approve drawing the equipment. With a conditions of tilting 2 engine models
in 1 equipment with a different dimension, use with pallet and free conveyor, and can tilt block 90 degree

form bottom up to rear up.



3.3 Procedure of Project

1.

Process Planning
1.1 Genba study

1.2 Discuss with mentor about solving problem

Machine Specification
2.1 Issued M/C Specification
2.2 Internal approved and get feedback

2.3 External approved and get feedback

Procurement Process
3.1 Explain M/C Specification with supplier for request quotation
3.2 Check and discussion with internal

3.3 OP by purchase

Design Process

4.1 Check Drawing and discussion with supplier
4.2 Internal approved and get feedback

4.3 External approved and get feedback

4.4 Discussion about feedback with supplier

Machine

N
=
)
£
)
=
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Q
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=
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Planning

Specification




Chapter 4

Work Procedure and Analyze

4.1 Step of the Project

4.1.1 Study

First I was study about philosophy of Toyota and Production Engineer job responsibility for prepare

myself to work and thinking like Toyota’s group a detail as following;:

1. Toyota way (2001), TPS ( Toyota Production System )
. ) Thinking way like
2. Training with Toyota team
Tovota
3. Basic safety knowledge for protect myself when work

pa—

4. Learn drawing program (Pro E)

5. Basic engine knowledge
. Production preparation

6. Genba study Engine plant (STM)
process

- Operation Process and Assembly process

4.1.2 Process Planning

After I got an assignment. | created Master schedule of the project to planning the activity period
and this master schedule would affect to 3 parties (TDEM, IMC, and Supplier) and during project I

progressive work every week (Fig 4.1) .

Confidential

Figure 4.1 Master Schedule of Project
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4.1.3 Machine Specification
Next I was study about Machine Specification for issued M/C Spec. M/C spec has a detail about

project such as concept project, job scope, schedule of project, Equipment location for communicate with

3 parties.

4.1.3.1 Work layout

Make Yamazumi chart to understand work process and assign tilting block duty to operator

for the result this work element will be for operator who assembly flywheel (Fig 4.2).

250
Takt time=254 sec
200 |
o
3
== 150 - !—
=
E = NR
p 3
c_% 100 4 HZR
B
50 - (o4
D -
CcB-5 CB-6 cB-7 Process

Figure 4.2 Yamazumi chart of block sub line ass. operator

Design work layout (Fig 4.3, Fig 4.4) and working process sequence
- Operator no.5 has duty to assembly oil pan and adapters
- Operator no.6 has duty to tilt block, assembly rear oil seal and flywheel

- Operator no.7 has duty to assembly clutch disk and clutch cover then load to main line
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Work flow
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Figure 4.4 Work layout 2
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4.1.3.2 Investigate different point

Study different point and point that can common of 2 engine models and assembly process with 2D&3D
drawing, operation drawing and genba at STM as a result the block have a different height of tilting

position because of different dimension, pallet and station limit (Fig 4.5).

AXIS ROTATE

Model A

S2.79,

B5E7.14

v

s P ENGINE ot
(TOP CYLINDER BLOCK)

ON CYLINDER BLOCK TILING VERTICAL ENGINE

ROTATE 80 Degree

Model B

lr_.

#528.24

4m

LTS,
T

UP ENGINE | ﬁ
ON CYLINDER BLOCK TILING VERTICAL ENGINE

ROTATE 90 Degree

Figure 4.5 Different point of dimension (Tilt gap, block size and tilting position)
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4.1.3.3 Investigate common point

After find a common point by compare both engine model in 3D drawing and genba genbutsu at
line production can find common point and make adapter jig that can common both 2 engine models
without effect quality of work, safety, ergonomic and takt time but have to change 1 process by move
altenator bracket assembly process to main line because without altenator bracket on left side of engine

adapter can joints the engine without interfere of 2 models (Fig 4.6).

e
| Cam Housing sub | | Head sub | _ E
¥ ¥ m D
|
|

S PRI 0jeLa]

| Main
e
| Test Bench

Figure 4.6 Compare 2 engine models with 3D program

After find common point design adapter jigs for the same tilting point the result is can

desigh common adapter jigs both side (left & right) for model A and B
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Pin & Support

Figure 4.7 Adapter jigs concept

4.1.3.4 Design concept of block tilting

Design equipment concept by use 2 SMC cylinders lift up block at adapters jigs from pallet , use

plunger for fixing position and use free conveyor for transport (Fig 4.7).
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Figure 4.7 Block tilting concept

4.1.3.5 Specify machine

Specify machine condition such as can tilt block 90 degree from front forward bottom up to bottom

forward rear up machine size tilting, center height, Power source, control method, engine weight, require

force, setting type, concept operation process information

(K) SPECIFICATION SHEET [Page_ 21
Block tilting unit M/C speos Quality condition
: [Dogrse of Automaton opert NF st 272
[a] T68] c] [o[m[eE Do not scratch parts.
M/C sizelWx D x H) o 640:550:817 [Can it part ne erep
v i beam height o -
£ Friting conter heignt [ 52
38 [Cyole tmelAutol sec] -
Cycle Sme(Manual) sec )
Power source [WAir s e OEectic
[Control method mar OBkectric
* sasuring hasd [Asis] -
3 Measuring sensor -
3 Enine weight 20Ks
g [Require force L]
¥
g /G setting type DHarg | Mistand slone
MGylindsr | DBalsncer OP progess i
INo. of /G Types 4 types Pallet WWith Olviithout
Part NG Kick In/Kick Out O [Need| W [Ho Meed Palle sizs (W X D) ]| 450 X 600
dokayore for missetting W |Need| O |Mo Hesd Process flow |or=L WL=R
FLe O [Need| W |Wo Mead Height 70 (Conveyor haight)
[ O [Need| W [Ho Need Status WStop Omove
[Output Signal for Andon O [Neod| W |Ho Heod Direction Fr forward —> Bottor forward
Work Direction Remark Work-in [Dauto WMsnus|
I— “F 2 button hand cencept FM««D@ [DAo Whionual
ingut | -
etz
[owputt
Output 2

Figure 4.8 Block tilting specification sheet
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Design operation flow (Fig 4.9)

1. Work load to station

2. Lift up with 2 button hand concept (common button and lift up button)

3. Pull the plunger tilt block 90 degree clockwise

4. Lift down with 2 button hand concept (common button and lift down button)

Figure 4.9 Operation flow

Design dimension and concept of mechanism (Fig 4.10)
1. Work load in adapters machine will stop in position by anti back pallet and pallet stopper that
groove and plunger are parallel in vertical with a gap
2. SMC cylinder lift up and adapter support will lift adapters up them plunger will in groove

position for work fixing position
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3. After lift up pull the plunger to unlock the adapter and tilt block 90 degree clockwise by hand
plunger will automatic lock adapter when it in 90 degree position to fixing position

4. Lift down work plunger will out of position from adapter in vertical after work down to pallet

ST

124w

B024 mem b 2R
492 = e NR

Figure 4.10 Mechanism function

Design pneumatic system
The pneumatic system design in concept of A-3 that is when press emergency stop button or not
press the button work will stop in that current position use pneumatic with SMC cylinder to lift up and lift

down and pallet stopper (Fig 4.11).
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Figure 4.11 Pneumatic system

Specify machine components, materials, color and model (Fig 4.12)
1. Conveyor
2. Pallet anti-back
3. Common button

4. Plunger (Metal with heat treatment HRC45 and diameter 16)

5. Linear bush set



10.

11.

12.

13.

Structure (Metal square tube 50x50 mm and Toyota color)

Adapter Support (U shape, metal with heat treatment HRC45)

Pallet guide (Metal SS400 Zinc coating)

Lift up and lift down button

Cylinder support

Emergency stop button

Pneumatic board

SMC cylinders stroke 250

Pzllzt antiback

Common button
[2-hand concept)

Adapter support
Material : Metal (Heat
treatment HRCAS)

Pallet guide
Material - Metal 55400
(Zinc coating)

Plunger @16
Material - Metal (Heat
treatment HRC45)

Pallet stopper
cylinder "spAC"
R50A40-300

'

2 buttons
[2-hand concept)
Down&Uup

Structure

Material : Square tube S0x50mim

Toyota color [106Y9/1)

[~

==

. [
1l "::o—| Cylinder Support |
2

8

Figure 4.12 Machine details

SMC Cylinders
stroke 250
Lift block up from pallet
model | CNAZLAD-250

— — o ——



4.2 Result of Project

Current block tilting unit (Fig 4.13)

®  Station pitch 1100 mm
® Heavy for transfer
® Set block tilting unit in every dolly

® Use bolt cross to hang work with tilting unit

Cylindssr block

Figure 4.13 Current Block tilting unit

New block tilting unit (Fig 4.14)

® Station width 650 mm
® Fasy and require less for transferring because use light pallet and free conveyor
® [se adapter to join work and block tilting unit

® Use only one block tilting unit

54
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Figure 4.14 New Block tilting unit

TDEM staff, Machine maker and IMC plant staff all agree with block tilitng M/C spec (Fig 4.15)

1, 52 MG & Equipment Specification
1 M/C B Equipment Specification
l% M/C & Equipment Spacification
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Figure 4.15 Machine specification approved by internal and external
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Chapter 5

Conclusion and Suggestion

5.1 Conclusion

Block tilting unit is on every dolly, can’t capacity up because of big station and heavy to transfer
because of have to transfer dolly, tilting unit and cylinder block. After make new machine specification
sheet. It can work in the condition of use with pallet, free conveyor, can tilt 2 models of engine cylinder
block by making decision with safety, work ability, quality of work, operation time and budget. The new
block tilting unit can capacity up because of reducing size of work station width from 1100 mm to 650
mm and easy for transferring using common adapters for adjust tilting point of different dimension of 2

engine models
5.2 The way to solve the problem

Find root cause of the problem to design improvement concept refer with ergonomic standard and
follow up from production preparation process.

5.3 Suggestion

There are many models of engine in Toyota if there is case of making new line production or

modify to produce 2 engine models in 1 line production. This concept can adapt or improve in the future.



57

Reference

[1] Fujio Cho President Toyota motor corporation April, 2001, The Toyota Way 2001, TOYOTA
MOTOR CORPORATION

[2] TOYOTA MOTOR ASIA PACIFIC August 2014, TPS Simulation Training, TOYOTA MOTOR
CORPORATION

[3] Technological Studies, 2011, Pneumatic Systems

https://resources.hkedcity.net/res files/201101/20110128101153 259037 .pdf
[16 August 2018]

[4] Connecting Industry, 2008, Ergonomic

http://www.connectingindustry.com/factoryequipment/the-seven-keys-to-ergonomic-production.aspx

[5] Theerawit Satasuratanon, 2015, Basic Engine Components, Unit production Engineering TOYOTA
MOTOR CORPORATION


https://resources.hkedcity.net/res_files/201101/20110128101153_259037.pdf

A

fulag,
Q! &70

Apendix G’
!
(Weekly Report)



/A\
Ko

ATTHCT AT I TY AW L A FA 33 P

59

Taittng - iy

oa 5%1u PR
I T T
AR
bkl
.z..l '. s"‘”‘
...
i soiwnesimwemeiuiidunmd mobizon | sefuinein
wuskel Sviauk L, | 009
0.2l N K S E
16 | wdw | widendl 2/
i mgunml '
e T foaw Tndiland



60

quilaniiaiingnaziamam aoiimalulaiing - @iy
Co-operative Education anid Carcer Center

S A0 A 2THE www g il
ETTHT OOREM TN I T AW LA P 33 P B0 1) TN o250 T o 0-2760-1762. 027032758 Fax: (27802

suulodus iR anals: dinlam

Flanid.. 2 ...

2 o )
So-anarindnm (AT (o 4...§.'.?.‘?£:......................m..»..mnunanu|. % 58140006

nwsTy) Fonnadisen i, TSN

' Tusion dnvdlug il iTaude n nu{linn:ihﬂn Jaunvglasse |

iuni & b4 % 'COM'M. h“l', 2wodehy O;N':, Excel
E<e|

faary. B G 0 Tadechion Tipmng lor Taltmmnp & Touotaway

S 9 Coorsbin 10y tam Bagness ’csv-"\
Eanegraral 33380 1y

L R0k Traigny Drawing

115 Mgt l'ot'lP_“ i ki Enre!

Y .ssclv shedy onmtm ﬁum__ﬁmﬁm}a

m"’wl_.' .\ 5 “STM 9'3&".‘“' Coiziee hne - Eq°'~ M

0. “oelf s.d,ogu).m Jo\—"s'iﬁi'lm. '“)

noi %66 q Pok Tuimn, Dramingy
“Lelfshdy opm..u)uuw, "Eryeebn’| Erging 3y mbly

(10 S

;A

fns Tuasw 4 b vdunaimuwodnﬂua1mﬂmdum vofisasis i Tudidun i modszn s
Wnwievud :

sty ’ m‘,‘oﬁ“m*‘vimﬁ

Tuswnueifuiay 6 (o WAL S}‘WR ....... ) \ R
snounalue Fundoudl % ‘.5’.‘:‘ AW e S’-";’ S
$T I b2 o fudoudl..... & 8208

doomguomi§ican

- | - - - - -
manwe oo i i waneiiid o s mmision Ao T yod Innfadiand s ol

dwunifut ot oo fummgel






guiewdoRmuazdaman aorumahilading - Giv

Co-operative Education and Carver Center
DITHOR MBI 1Y 0 TG 0 W T 50 I 18288 TRIRIME 0-276 52702 02002748 Far: 0-2701-2600 30 1THE e fmi e 1h

Fo-mevinny wIhay ‘,‘;ﬂ" -
nazivi  ARDIRE SN

wnrdehinwinnlgiRanahzdiddam

B 111 (L. 58114007 6

Yusdowd) el sl acds o Anw: MY Jagnvquarn
auni K. b6 q ER%mat Coeiliadien Specibiation
\
dam 6 ) & E\'km' *“r‘“‘m :::i‘ifohu
m0 b4 B fowsl A ¥hat towr for \attimn? Lint ;wvﬂ,
3 QI TRT Baghe gt Onliy contol
noimuidl 1 € 4 125 VIO maker 2% AT tech PE ﬁ“‘“ﬁ
LOMm™ R
ani 226,41 “Toyols prodwtion Suglem siviiior Tes
diainmy
w23 6.8 . FIRY Decimen
% ‘w'og"l spakicaglior i : ) .
owmne. S o
S v 5 w{uuninmmuﬂm‘nﬂummﬁmmh:nn woiuInim e et agmbizam
Tunonumil 35
ol n‘o...‘\.ﬂ‘....'s‘..‘.!ﬁ;' ave. M .......
Turwnusiidou 1035 o wxaseel .sﬁa"' ( Wa" 0
AT Funitou 71 gy Awmia . S mesy
12 wwn 15‘7 dndAnu fuloud 43 ~6-248

i unun iR

WHMNg nfine Wordas st e emBmnmdedn  Anammens: T yodianiosuniania adiludw
du i Ao oo vumnel



gubanisinymazganam aomunalilaiin - G

1

g B T I T L T Manmonws T godila niodiind inda snfud e

Co-operative Education and Career Center
FTTH0 AR W 1Y 350 DM B Y 0 A 10250 TIyRIh S I700-278L 027011740 Faat S-2TAN-IN0 R0 1THE mmw fa 0 1R
wuursiunwanmigiR otz diddam
PR . —
Soaqoodmn  WOSMOX RWrR o 5140076
sacin N Loawn Qnﬂmw
T bumen® | énadil ingiRIncce onfime®iy | Jeoqiean
funi g LY g “w. sru'f.fA Low ‘m\.l.h\.m
| foan 26600 15 Y10 mader a1 AT Tech PE Field
rompanitalicn
miTea % Eyrprnt Gprthica hon Spr Futabige
| ke N\
npiouit® 6 6 Sy Muarentrd o initiaship EN Y 3
3 torpraNimpoy. 1
mil &g Byt Syeihioatin 500t careen )
e .
orias %
‘l\“\l"kl_h;ﬂw ) uimninmmn]vﬁlunmn'u:pnhmu wofuses i wiwud un‘m;l\:m;_‘
‘ hl\a{n:uniui' _4_0_57“ P
P‘-;ui':lm .A.M\’fnﬁl- ado........... :"“..'...z;...............
Tur s wuriiou 1 5?* . | Wi Sl ""‘“" ) ( 2ou S5 J‘f )
e am Tuadeu 0 24 il Awmnis S A
vt 1975 ndnwe nodewdl 29 /6 /200y

i mun iR

duv w1 iitoni 13 00 e iy of

—_—



64

@ gudaniisfimuasFawian aorifumaliloding - §ijv

Co-operative Education and Carecr Center
17711 DVAORRONATS MY 2HE TN mlmm”wm&nynn Pas: 0-2763-2600 0 1758 www.tnlse. )

nsurledunios nun iR aszdiidam
B l.....

"%Wm S Tl S

4
3o- e

s .‘.l.,,,,j "

o S Y E R RS IRARIL Tt ... .
)

nuinfinTavdo Wm Jamvgilarin
Spacifiabion

Equipren? Spefialion

N 11 Llﬁﬁ's"\ﬁum.\mﬁ’m.i‘u
ip.f‘!t&

Eavipmend 5 peatication

"«:'o'll’o

1 |
B % ], Equipregt  Spechication
e et __‘

i

y S I L

i 7

el Y. |

’wi—’:u‘_ﬁ—mw_—— é f’ I ehmsrmwn m'-:dﬁun:u-"mpnh:nn _wimmimmm miszin

Yoo il 26. "

e e ey W YT

— YO 1?75 | WryTwet J A rememareasarrerosisss )
Junfousl

et
et 224

wnomg. MoAmnAo id T wammiuiidang
st uiy W dorhmoanotumig ol

Ns:



65

& o

ETTH0 MY G R e " mmhm R
ks




r
& -

ITTEE m o Y W A TR v




67

QuseieAnwmazdami eorumalulodlng - §iju

Co-operative Education and Career Center
ETTIY sl 1913 W HOE TUNE D W T 38 o aemint 1nase ToRnd S-2760- 2761 02-763-2750 Fax: $-2763-2600 A0 1788 worw intac i

uvureiu o un iR nedazé il
Flai.... ..
So-anoinfnw) W, St e iAo, 0T W—l
st L T S W . oy I B ............. ..o
Furdaud ool o iRl nesie manimec ATy dopvgilersn
fumd 2000 A " M,,a Finsy Report "‘.:-cﬂ';-}";.
Cwre IDA
[
q) Fias ‘l'\‘:‘ C'JW\:)V"L"
weoo Bopiaee dinw ey ot o
?' 5 Y' pmint qpf(.‘.' PPN
WAL 2T 8 BT BT A
? Eu.nvl"n\‘ '}v.,[,,‘\.‘.’\ -
p{.f'w.J
v 207 0
nvng il 200
nousa Tua 36 vefvorimenustuidunuimmbzan | vefurorimenu Hamisznm
Tus wasiuil F :
inousilu 215 oed..... Ay S04 ‘ sl fh;t 7
Tursouetuiou | (U T e 7). UM T [ W'ﬁv'&p .................... )
irudlu Fubouf)........ A0S 0% | i 27 e
ok 35] dniown ke |- 8- 2008
Srouqumni iR

womng, vndmndoidinonuaiiuiiionndEmamivin / AnnunnaasTn yodiniotaninia oidutie
dvun ! idevimenun Tumug ol



68

guéawioRmimaziamam coriumatuloing - Gijy

Co-operative Education and Career Center
FTT00 ORI WV I W e T 38 01t pse TRl 027602762 027652750 Fax: 9-2761-2600 80 1788 www tniac.th

wudodamo s sy fuRamadszdiidam
FTER L I S—

‘Mqa\!nlmthmf‘b; R 1 STV 1. LA S

M TN MM i i I PEBIMY  sisciiission
Tuidowd | dnowioli s ot nondiowsidy | Jawvgiersn

nd 2007 %
Fimn-UF 8 Pran;

g AP{'{:‘: ‘Jriu‘ﬁ(i o_“:“
g n gichabe

8 | fihe Speharoe S

“‘ﬂl);.‘ \ WA h'(w—

105 | Mehe spot 3or B
L "

10.5 Ao ~‘{’""‘ﬁ Dc'a:m?m
P YL ' . _—

g Makz byl Regor) Mikiag v(p:l
oviind 2318
s luan wodusosimwmauidunnsimmlzon | vofviesinwaus mmbszan
Yurwaweiiuil 45 v
i el aide fuof, ‘m‘: “— mido q;:"'f
i lu Fanbou...... 3 I80S . A Sy Suglacey
,ﬁ‘m _29 6 \7an ’\JM.... e t - ‘29....8..

drouqunml iR

yawme siodnodord s enumiidewneBnnmmision  Ansunana: 3 godiafesind sis ooiue
duwnin 1 Worimosmeiumngel



gubawRoRnuuazdaman soriumatuloding - iy

Co-operative Education and Career Center
TTIR GMORon M0 EY 0w 300 10N 01w I L e 1029n Toveiosk: 0-2760-2762 02-763-2750 Fax: 0-2763-2600 0 2788 www tnbacth

wrdodunoaninmlfiRmalszdidan

#anid....... L.

ooty VTN i o BIHOOT
TS P S e BORA R Y UE e —
Turdendl Gl IRl oo mowdinuiWiy TynuqUmn
fund &0 0 L
? nat\ﬂa Vt?:)f‘r M“%h
[ Gonrr 2800 T
g Equprecal ""(u‘:rﬂleﬂ SP“""”{"
mb o
o= Maler ozl (O'V:mul.m
noerui | Sk ] . . Specy '
%5 E‘i’”?w\m\ i(m.&ﬂ.u ity
i 100! Equpran! speofratin :
Ms !‘M) nw\ Pm‘;*olh
i a8
oviind 12800
fwualua A vodworimwoneiuldummimmbizos | vefussaimen: nusiambiznn
T il = ;
LI A 29 e b (ALl ?ﬂm, -%
Tronusthiou 3 b (o ARSI m?.‘.iwb. ......... ) [R— at’ﬂ« ..................... )
il sundoud . L8 e | S Eekeer
1anfanun 1»%'7.5 ViR fuikoudl.. | 4 —&—=28/8
droumuomifiRam

Homn. VinAmokesdimoneiiuidse e diB onmdednn  Ansnmane: 3 yodlaniodunisnda as Bt w
duuni M dlorbs wameiumagl

69



70

gudaniofinumazdaman amumalilading - diju

Co-operative Education and Career Center

1771/1 OUUNAIUINS HYITIUNAN (VATIUNAN NTANNA 10250 I'“ﬁ""‘l: 0-2763-2762. 02-763-2750 Fax: 0-2763-2600 ﬂ'B 2788 www.tniac.th
——————————

4
nuWeinswNumMsUR IR sesidand

Fanidi..
So-anaind wiu Swal . A e N1nyT-6
Fo-anmindnw ... Y QW0 T ) NI svainanw.... 23N 202776
AULIN.......... ACODTINANIN e TR g —
Funfewdl Swaudalua awﬁﬂﬁﬁhudu mwi’n‘u‘nszﬁﬁ%’u Jamvglassn

uni 2a0%

samstd 0 1%

Makiag cap0¢
Nchine s !m_z';._c_,\_f@n

Sw.c.‘riuf,cn

4 A1Emne 2918 lasanog 10T Reseach ™ TNE | Pregendadion
Ma‘c:nqw __)(:T___
\ I peogis
4 Roprove  Aiawing S
o Dnmq)

Appwv 5 A _u'.r.i,l

Deavic¥y

orind! /9,219

S Twas
o 2%
Tuswauniiuii
3 <
Su g 4
LK
Tuswauniuneu
Suda T
=
sunamuA 4 E5%

v
voFusoanswaatuiifiuauedmnlszns

i
XL T Mmmﬂ{ AT,

voFusoanswnuaiuiidiuausiaymlsems

A
e Xo no oty

o TPtk S
Funfoudd...........] LA S

wWnfnm

Ammia ... O s T
SundonRInnt 7./5.{ | T

dnaugumsfiaam

. o d. ek a o v Ol n
MUY ﬁ'ﬂﬁnmﬁ‘aqmsmnunuuuﬁm‘msﬁmﬁnmﬂnnvﬁnm /ﬂmmnnnmﬁm Y]ﬂffljﬂ'\“ﬂ!)“lﬂiiﬂ’ﬂ LURGH L)

G 3
a3 ileviswausivanygal




71

Profile
Name Thanadet Sukkawat
Date of birth 21 Febuary 1997
Education
Primary School Chok Chai School 2003
High School Satriwitthaya 2 School 2009
University Thai-Nichi Institute of technology 2015
Scholarship Internship Program in Japan (JTECS)
Training experience - case study on Automotive Part Design at Mitsubishi
Motors(Thailand)

= case study on Automotive Part Design at Murakami Ampas(Thailand)
- case study on Automotive Part Design at JTEKT
- case study on Automotive Part Design at Nissan Motor Asia Pacific
- The training of the use and maintenance at Thai-Nichi Institute of technology
- TNI Internship Development Program at Thai-Nichi Institute of technology
- Design and Development course at Thai-Nichi Institute of technology
- Process Improvement by Automation and IOT course at Thai-Nichi Institute of
Technology
- Induction Training Toyota way, Safety, ISO related and Quality in Toyota at

Toyota Daihatsu Engineering and manufacturing
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-Toyota Production ation Training at Toyota Daihatsu Engineering
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