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Abstract

Currently, the production of size 6 valve body at a company is carried out on a Samag

cell located in the valve focus factory (VFF). The cell consists of two robots, two CNC

machines, workers, honing machine and inspection station. All these components are

linked by various conveyers. Two aspects comprise the total study; the first uses a

methodology to analyze the Samag Cell using process flow charts, process capability

analysis and value stream mapping. The analysis found value stream mapping to be a

critical exercise and suggests various means to eliminate muda (waste) from the current

manufacturing system. In the second aspect of the thesis an Overall Equipment

Effectiveness metric is studied. The principal result of the study was to deduct planned

"downtimesfrom the total available time for calculation purposes of Overall Equipment

Effectiveness. A set of downtime reason codes are proposed to facilitate reliable data

collection and subsequently obtain realistic OEE values.

Thesis Advisor: Dr. Nicholas G Odrey

Title: Professor of Industrial and Systems Engineering.
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Chapter 1 Introduction and Executive Summary

Currently, the production of a size 6 valve body at the company is carried out on a

Samag cell located in the valve focus factory (VFF). The work presented here studies the

process of manufacturing through a manufacturing system redesign to gain insight into,

primarily, the use of one design tool, value stream mapping. Also, an Overall Equipment

Effectiveness (OEE) metric is studied and its importance is detailed in the lean culture

being adopted via a Production Systems (BPS) initiative and Total Productive

Maintenance (TPM).

This thesis is split into two parts. Part 1 focuses on the current state analysis of the

production of size 6 valve bodies. This was done to better understand the problems and

obstacles of manufacturing system design through an in-depth study. The analysis of the

current system and the design of the future system are explored. As part of the analysis,

the Samag machine is described and the tool list is investigated to get a clear idea of the

machining process. A Process flow chart, process capability analysis and value stream

mapping are the tools used to analyze the current state of the valve body machining

process and provide an insight into improvements.

Part 2 focuses on the OEE metric. This metric has been chosen to be studied due

to its growing importance in the lean culture at the company. OEE is a simple but a

powerful metric which is the product of 3 factors, namely, availability, performance

efficiency and quality rate. The OEE analysis serves as the base for studies which will

lead to decisions on investments on the type of machines, and their maintenance

schedules. The OEE analysis will potentially lead to improvements which will help

achieve higher uptime and production, combined with a lesser defect rate. The current
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approach of calculating OEE is discussed and problems with the current approach are

explained. A new approach is proposed'and its effects on achieving realistic numbers for

an OEE metric are explained. A set of machine downtime reason codes are proposed

against the current one to aid in reliable data collection.

1.1 Value stream Mapping

Value stream mapping (VSM) is an improvement tool that has been used as an

integral part of lean transformations [1.3]. It has been shown to yield vast improvements

in lead-time throughout manufacturing, including the aerospace industry, and beyond the

factory floor. A value stream mapping exercise was performed at the company as a part

of the investigation. The activity outlined possible improvement opportunities and helped

identify the impact of the system being studied on both the upstream and downstream

operations. It was also seen that in some cases VSM was being used in what were not

considered its initial appropriate environments. Also, it was determined that the five

environmental characteristics (Table1.1): representative part, capability, complexity, type

of organization, and investment, could be used to explain the appropriateness of value

stream mapping. These five characteristics are organized in Figure 1.1 showing how they

affect VSM. The first three characteristics, namely, representative part, capability and

complexity affect the success of the event itself, while the remaining two characteristics,

organization and investment affect the implementation of the new map.

Using this organization of the five characteristics, a VSM Matrix has been created

[1.1J which is structured similar to Figure 1.1. The VSM Matrix, shown in Figure 1.2,

can be used to determine how a company, or VSM area, fits into each category ranging

from most appropriate to inappropriate. Under each of the five characteristics, there is a
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descriptionof levels at which each characteristiccan be met. A company should be able,

under each, to determine where the product being discussed fits and this will lead to a

level of success that can be reached with VSM.

The value stream mapping for a particular company is based on the category it

falls in. The company leadership can see how effective VSM will be by studying the

tradeoffs of different categories. This matrix can be used in the future to decide if a

manufacturingarea or a particularfocus factoryis appropriatefor Value streammapping.

Tablel.l: Five environmentalCharacteristicdefinitions{I. I]

Representative Productthat has similarprocesssteps to the majorityof the products
that go t1ll'oughthe system. The categOlyalso includesthe time to
obsolescenceof the map due to productor processchanges.

Capability Levelof difficultyassociated'withthe productionof a p311.
Complexity Technologicalabilityto repeatedlyassemblesomethingwithminimal

interventionand minimaldismptions(scrap,rework,shortages).
Organization Levelof inllovativeness(change)sUPP0l1edon the factoryfloor.
Investment Availabilityofmolley and laborto make change.

REPRESENTATIVE

Current COMPLEXITY Future ORGANIZATION Implementation
State CAPABILITY State INVESTMENT

Figl.l: The effectsofenvironmentalcharacteristicson implementationofVSM {I. I]

Environmental Characteristlcs
Plcka Product system Type of Investment Suecess
Representative complexity Capablllty OrganiZation
Part

.... VSM
i1PlJropriate

Figl.2: Value StreamMappingMatrix{I. I]
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1.2 Overall EquipmentEffectiveness

OEE is a "best practices" way to monitor and improve the· efficiency of

manufacturingprocesses(Le. machine.s-ymanufacturingcells, assemblylines). [l.2} OEE

is simple and practical. It takes the most common and important sources of

manufacturingproductivityloss, places them into three primary categoriesand separates

them into metricsthat providean excellentgauge for measuringequipmenteffectiveness.

OEE is frequentlyused as a key metric in TPM (TotalProductiveMaintenance)and Lean

Manufacturingprogramsand gives one a consistentway to measure the effectivenessof

TPM and other initiativesby providing an overall frameworkfor measuringproduction

efficiency.

The 3 majorfactorsaffectingOEE are as follows[l.2}:

1. Availability

Availabilitytakes into accountDown Time Loss, which includesany events that stop

planned production for an appreciable length of time (usually several minutes - long

enough to log as a traceable event). Examples include equipment failures, material

shortages,and changeovertime. Changeovertime is includedin the OEE analysis, since

it is a form of down time. While it may not be possible to eliminatechangeovertime, in

most cases it can be reduced.The remainingavailabletime is called OperatingTime. As

shown in the bar chartbelow,the downtimelossesare to be reducedto increaseoperating

time, and achievemaximumavailability.

9 Tim
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2. Performance Rate

Performancerate takes into accountSpeedLoss, which includesany factorsthat

causethe processto operateat less than the maximumpossiblespeedwhen running.

Examplesincludemachinewear, substandardmaterials,misfeeds,and operator

inefficiency.The remainingavailabletime is calledNet OperatingTime as depictedin

the followingbar chart.

... Operati,

3. Quality Rate

Qualityrate takes into accountQualityLoss, which accountsfor producedpiecesthat

do not meet qualitystandards,includingpiecesthat requirerework.The remainingtime

is calledFullyProductiveTime. The goal is to maximizeFullyProductiveTime as

depictedin the bar chartbelow.

y ProduC
Time

The basicequationused for an OEE metricis givenby [1.2]:

oEE =Availability* PerformanceRate * Qualityrate. % (1.1)

One of the major goalsofTPM and OEE programsis to reduceand/oreliminatewhat are

calledthe Six Big Losses- the most commoncausesof efficiencyloss in manufacturing,

whichare as follows[1.2] :

1. UnplannedDowntimeLoss

2. ChangeoverTime Loss
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3. CycleTime Loss

4. Minor Stoppages

5. Start-upLoss

6. Scrap/ReworkLoss.

References(Chapter1):

1.1 Salzman, R .A. (2002), ManufacturingSystem Design: Flexible Manufacturing

Systems and Value Stream mapping, Master's thesis, Departmentof Mechanical

Engineering,MIT, USA

1.2 Source: - www.oee.com

1.3 Rother,M andShook. 1, (2003), Learningto See, Version1.3, The lean

EnterpriseInstitute,Brookline,MA. (www.lean.org)
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Chapter2 Process Flow and Capability Analysis in the current state

The purpose of this chapter is to analyze the current state of valve body

machiningfor a Size 6 valve. This machiningis carried out in the Samag cell located in

area termed as the Valve Focus Factory work area at the company. A Process flow

Diagram, Process capability analysis are the tools used to analyze the process. In the

chapter the focus is on process flow diagram and process capability analysis. A

subsequent chapter will discuss the value stream mapping exercise performed at the

company. The intent of the analyses was to identify the process steps and define their

need.

2.1 Size 6 ValveDescriptions

The final assembledand tested Size 6 valvesare used as Check!No returnvalves,

DirectionalControlValves,Servo valves and are also mountedon manifoldblocksmade

by the companyin the ManifoldFocus Factory(MFF) located in the same plant. The size

6 valve is machined,painted, assembled and tested in the Valve Focus Factory (VFF)

area at the company. The raw material for the valve body arrives from Germany in the

form of raw castings which are then machined in the Samag cell to achieve specified

dimensions.These machinedvalve housingsare then painted and used in final assembly

and testing of the valve. Figure 2.1 below, provides an example of 2/2-, 3/2- and 4/2

DirectionalPoppetType Valveswith a SolenoidOperationModel M-SEW 6 (Series3X)

size 6 valve.
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Fig 2.1: 2/2-,3/2- and 4/2 DirectionalPoppetType Valveswith SolenoidOperation
ModelM-SEW6 (Series3X), [2.1]

The 3/2 way directional poppet valves consist of a steel housing (1), solenoid (2),

hardened sleeve (3), and poppet (4), made of ball bearing steel. Solenoid force is applied

upon angled lever (6), ball (7) and on operating pin (8). The operating pin has seals on

both sides. The chamber between these two seals is connected to P port. This innovative

design, allows operating forces (solenoid & spring forces) to be almost perfectly

balanced, and permit high pressure applications to 9150 PSI (630 bar). In the de-

energized position, ball (4) is held against the left seat (lever side) by a biasing spring (9).

9
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3
ModelM-3 SEW SU... TAP

p

10

Model M-2 SEW 6U... T

Fig 2.2: 3/2- DirectionalPoppetType Valveswith SolenoidOperationModelM-SEW6
(Series3X), [2.1J

2.2 SamagCellDescription

The Samag cell in the Valve focus factory area produces machined housings for size

6 valves. It machines 8 different types of housings. There are multiple Kanbans being

used throughout the plant. One Kanban is used in the VFF area. The Kanban size for raw

material (i.e. castings for housings is 1100 pieces). Castings are received from Germany

and are stocked up at the Logistics Centre. The Samag cell is manned by 3 personnel on

the shop floor. The entire cell works a on First in First out (FIFO) basis. The CNC

machines are the bottleneck for the operation. The Samag cell has the following

components:
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• Belt type Conveyorfeedingraw material

• Kuka Pick and Place Robotfor machining cell

• 2 Samag MFZI CNC machiningcells with 2 fixtureseach, having2 clampingon

each fixture

• Unima Washer

• Pin printer

• Belt type Conveyorfeedingthe honingand washingcell

• Kuka Pick and PlaceRobot for honingcell

• Honingmachine

• Inspectionand measuringdevice

• Unima Washingmachine

• Belt type Finishedproductconveyor

The numberof parts being workedon in each segmentof the cell at any giventime

duringstudy stateproductionfor the valvebody machiningprocessrun on a dailybasis is

as follows:

• Raw materialfeedingconveyor--- 120

• CNC machiningcell 2 --- 24

• Pin printer --- 6

• Honingmachine--- 5

CNC machiningcellI --- 24

Washer1 --- 12

Washer2 --- 1

Inspectiondevice--- 1

• Washingmachine--- 1

The machine description,design and technical specificationsfor the Samag MFZ 1

CNC machinecan be reviewedin AppendixA.
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2.3 Tool list for Samag MFZ I

Table 2.1 below gives a short description and function of the tools used in

machining of the Size 6 valve body. This description is important to understand the

machiningprocess for the size 6 valve body and the various steps during the process

flow. The tools are listedin orderof theiruse for each of the specificclampings.

Table 2.1: Samag Tool list and OperatorworkInstructionsfor Size 6 valve machining
[2.3}

SAP No. Tool Function Tool Description
1sl Clamping
T3 RoughMill RoughMillhead(inserts)MRO

"A" side first MILL INSERTVOV056266Q6
"B" side second CERAMIC
3rd CounterBore Side

T21 DeburrEdges Chamfer/Deburring
Tool

T5 FinishMill CounterBore FinishMillhead(inserts)
Face

T1 4 Bolt Holes Stepdrill5.3mmx 4mm x 8mm
T4 Roughout 0 ring pocket FormdrilVEndmill4mmx 7.8mm
T19 o Rings Stependmill8.05mmx 12.34mmx 14

mm
T6 Pin locationhole Stepdrill3mm x 5 mm
T30 Deburringbrush Wire brushP 6 L 8 x 0.15

2M Clamping
T17 Top four holes with Chamfer Stepdrill5.6mmx 8 mm

at bottomof counterbore
holes

T16 Counterbore+ Chamfer Stependmill9.4mmx 14mm
T15 Pinholestop "A" + "B" side Stepdrill2mm x 4mm x 8 mm
T18 Rough"A" + "B" Bores+ Stepdrillll, 30112,24/19,05

Counterbore
T9 Threadmill"A" then"B" ThreadmillM20 xl
TI0 Roughin steps in lands Roughundercut10.1 x 11.2
T12 Maplereamerthrough"B" Maple reamer11.96mm

side
T13 FinishSteps in landsone at a FinishUndercut11.7

time
T14 Flex hone brush Flexhonbrush12". 320 Grit

Note: T3 and T21 are also used in secondclamping.
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2.4 Process Flow Chart

A flowchart is a graphical representation of a process, depicting inputs, outputs

and units of activity. It represents the entire process at a high or detailed (depending on

your use) level of observation, allowing analysis and optimization of workflow. [2.5J

Flow charts are easy-to-understand diagrams showing how steps in a process fit together.

This makes them useful tools for communicating how processes work, and for clearly

documenting how a particular job is done. Furthermore, the act of mapping a process out

in flow chart format helps one clarify understanding of the process, and aids in deciding

where the process can be improved. [2.5J

A flow chart can therefore be used to:

• Define and analyze processes;

• Build a step-by-step picture of the process for analysis, discussion, or

communication; and

• Define, standardize or find areas for improvement in a process

In addition, by conveying the information or processes in a step-by-step flow, one can

then concentrate more intently on each individual step without feeling overwhelmed by

the bigger picture.

Four particular types of flow charts have proven useful when dealing with a process

analysis: top-down flow chart, detailed flow chart, work flow diagrams, and a

deployment chart. Each of the different types of flow charts tends to provide a different

aspect to a process or a task. The top-down flow chart is used for the analysis of the size

6 valve body machining since it provides an detail examination of each step for the entire

process flow. Flow charts provide an excellent form of documentation for a process, and

13



quite often are useful when examining how various steps in a process work together.

When dealing with a process flow chart, two separate stages of the process should be

considered: the finished product and the making of the product. In order to analyze the

finished product or how to operate the process, flow charts tend to use simple and easily

recognizable symbols. The basic flow chart symbols below are used when analyzing how

to operate a process.

Process
Document

Manual
operation ( Terminator)

Fig 2.3: Flow chartSymbols[2.4J

In today's computer market, numerous software packages are available to produce

process flow charts. The following is a listing of software packages designed specifically

for flow charts. All of the packages listed are compatible with Microsoft Windows.

• ABC Flow charter

• Corel Flow

• VISIO

2.4.1 Size 6 valve machining flow chart:-

The size 6 valves machined on the Samag consist of 2 basic types:

• NG6 valves

• 5 channel valves

14



Each type has different operation numbers on the Bill of Materials, but they both go

through a similar set of processes to reach assembly. The only difference between the

NG6 and the 5 channel valve was that the NG6 was machined in the Samag Cell and the

5 channel was machined on the DMG machineAlso, the 5 channel went through one less

step of geometric inspection. Thus, a common process flow chart for both types was

prepared. Both these types of valve bodies first go through CNC machining in the Samag

cell. The parts then go through a pin printing operation which helps to trace back the

batch number used for manufacturing. Both valves bodies are then washed and honed

before final inspection. These parts are then sent to paint after which they are prepped for

final valve assembly.

Fig. 2.4 is the chalt depicting the process flow of the size 6 valve body through its

machining cycle. The numbers in the column for Samag operations for NG6 are the

numbers corresponding to the ones in the bill of materials for each step. The "x" symbol

in the Samag NG6 and 5 channel column denotes if the step was a part of the process

flow or not. The steps with "x" symbol are a part of the process flow. The numbers in the

column for the 5 channel valve are corresponding to the numbers in the bill of materials

for each step. The inspection after the engraving operation is a poka yoke inspection

carried out to check for width of the part and identify for excessive material on the back

side. The geometric inspection after honing checks for the concentricity of the spool

lands inside the valve body. The visual inspection (naked eye) after the final washing

operation is performed by the operator to check for any visible defects to the surface

finish of the machined housings.

15
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2.5 Process Capability AnalYSis

A process capability index is a numerical surrimary that compares the behavior of

a product or process characteristic to engineering specifications [2.7]. These measures

are also often called capability or performance indices; here capability index is used as

the generic term. A capability index relates the customer required specification limits to

the specifications being achieved by the process. A large value of the index indicates that

the current process is capable of producing parts that, in all likelihood, will meet or

exceed the customer's requirement. A capability index is convenient because it reduces

complex information about the process to a single number. The indices are used to

communicate how well the process has performed. The effect of a process change can be

assessed by comparing capability indices calculated before and after the change.

A capability index relates the engineering specification (determined by the

customer) to the observed behavior of the process. The capability of a process is defined

as the ratio of the distance from the process center to the nearest specification limit

divided by a measure of the process variability.

Mathematically,

Process capability =min (USL - I.l / 30', LSL - I.l / 30') (2.5.1)

USL and LSL are the upper and lower specification limits, respectively, and I.l and 0' are

the process mean and standard deviation, respectively, for the individual measurements

of the characteristic of interest. Calculating the process capability requires knowledge of

17



the process mean and standard deviation, Jl and a. These values are estimated from data

collected from the process.

Often the process data is collected in subgroups. Let Xij, i= 1, ...,m andj=1, ....n

represent the process data collected from the /h unit in the /h subgroup.Here m equals

the total number of subgroups and n equals the subgroup sample size [2.6]. The most

widely used capability indices are defined as:

Ppk = min (USL - Jl / 3 as, Jl- LSL / 3 as)

Cpk = min (USL- Jl / 3 ar/d2, Jl -LSL / 3 ar/d2)

(2.5.2)

(2.5.3)

Where Jl, the overall average, is used to estimate the process mean Jl and as and ar/d2 are

different estimates of the process standard deviation a. The estimate as is the sample

standard deviation whereas ar/d2 is an estimate derived using the subgroup ranges Ri, , i=

1, ...,m. The parameter d2 is an adjustment factor needed to estimate the process standard

deviation from the average sample range. Large values of P pk and C pk should correspond

to a capable process that produces the vast majority of units within the specification

limits. [2.6]

As shown in (2.5.2) and (2.5.3), the measures Ppk and Cpk differ only in the

estimate of the process standard deviation used in the denominator. As a result, to

compare the two capability measures we need to compare the two standard deviation

estimates as, and ar/d2. There is one important difference between the two. Since the range

based estimate ar/d2 is calculated based on subgroup ranges, it uses only the variability

within each subgroup to estimate the process standard deviation. The sample standard
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deviation o"s, on the other hand, combines all the data pooled, and thus uses both within

subgroup and between subgroup variability. The total variation is the sum of the within

subgroup and between subgroup variability. As a result, o"s, estimates the total variation

present in the process while O"r/d2 estimates only the within subgroup variation.

The question of which estimate provides a more appropriate measure of process

variability to use in process capability calculations can be answered by considering the

customer perspective. Customers are concerned about all the variation in the process

output, regardless of its source. As a result, the capability of a process should be based on

the process total variation, Le. one should use the capability index Ppk.. Cpk underestimates

the total variation if the between subgroup variability is substantial. In all cases of

practical interests the estimate as is larger thanO"r/d2 , since o"s includes the between

subgroup variability in the calculation. Thus, Ppk., tends to be smaller than Cpk and thus

using it makes the process "look worse". However, it is beneficial for the manufacturer

and the customer to obtain a realistic view of the capability of the process to produce

parts within specification.

The standard deviation estimates also differ in a less fundamental, but also

important way. The subgroup range-based approach yields estimates that are not as

efficient as the sample standard deviation method even if the between subgroup variation

is zero. This loss of efficiency results mostly from a loss of degrees of freedom, and

means that when using the range method, process information is discarded needlessly.

The less efficient range-based estimate is popular since it is used in control charts and can

be calculated easily by hand.

19



Based on these observations, the Ppk index was used to calculate the capability of

machining of size 6 valve bodies on the Samag cell.

Data Collection

In the study 48 data points were collected for each valve parameter to be studied.

6 data points were collected on each day i.e. 2 data points per shift, one at the start of the

shift and the other data point at the end of the shift. The intent of the sampling procedure

was to consider the variability occurring in the process throughout the day. Thus, it was

hoped that variability affected by time, operator and raw material could be accounted for.

Analysis

Excel based calculations were done after collecting data from the floor. Table 2.2

below is the summary of results for Ppk values calculated using equation 2.5.2 for

various parameters of the Size 6 valve housing measured by the quality assurance

department.

Table 2.2: Ppk summaryfor parametersrelatedto machiningsize 6 valve body

Valve body Parameter PpkValue
Overall Length 1.40

Overall length minus the counter bores 0.90
o ring Counter bore depth 2.00
B side to bolt hole distance 0.95

Concentricity A 0.70
Concentricity B 7.72

Spool bore diameter before Hone A 0.39
Spool bore Diameter before Hone B 0.26

Land Location 1 0.75
Land Location 2 1.03
Land Location 3 0.96
Land Location 4 0.98
Land Location 5 0.97
Land Location 6 1.04
Land Location 7 0.94
Land Location 8 0.97
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Land Location9 0.91
Land Location10 1.51

Spool Bore surfacebeforehoning 0.50
B port 0 ring counterbore surfacefinish 0.72
A port 0 ring counterbore surfacefinish 0.63
P port 0 ring counterbore surfacefinish 0.73
T port 0 ring counterbore surfacefinish 0.61

A side (End) 0 ring surfacefinish 0.64
B side (End) 0 ring surfacefinish 0.75

SpoolBore Diameter 0.43
SpoolBore cylindricityafterhoning 0.09

SpoolBore SurfacefinishafterHoning 0.78
Surfacefinish on bottom 1.04

Straightnessof bottomalongSpoolbore 0.00
axIS ,

ActionPlan

After calculationof the Ppk index for each of the parametersit was noticed that

the values for most of the parameterswere below 1.33 and thus the processeswere sub

standard.Table 2.3 provides a correctiveaction plan for all the parameterswhich have

valuesbelow 1.33, i.e. they do not meetcustomerspecifications.

Table 2.3: ProcesscapabilityActionPlan

Results Interpretation+Actionplan
Pp and Ppk > 1.67 The process probably meets customer requirements. After

approval, begin production and follow the approved control
plan.

1.33 <= Ppk >= 1.67 The process may not meet customer requirement.After part
approval, begin production with additional attention to the
characteristicuntil an ongoingPpk >= 1.33 is achieved.

Ppk <1.33 The process is substandardfor meetingcustomerrequirements.
Process improvements must be given high priority and
documentedin a correctiveactionplan. Increasedinspectionor
testing is normally required until an ongoing Ppk of 1.33 is
demonstrated.A revised control plan for these interim actions
must be reviewedwith and approvedby the customer.
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Chapter 3 Value Stream Mapping

3.1 Backgroundfor 'valuestreammapping

Lean manufacturing is the philosophy of eliminating muda (waste) within a

process. It looks to isolate the value added activities and place them in a form of

continuous flow to better meet customer .demand. Many industry leaders, in order to

improve their processes toward the ultimate lean production system, are using value

stream mapping (VSM). VSM allows a simple two-dimensional representation that

identifies the value added steps from the non-value added ones. Value stream mapping is

a great tool to help determine wasted steps, reduce total lead-time, and provide a valuable

door-to-door perspective on the entire process [3.1]. First the history of lean is reviewed

in what follows, including the five key principles, and its implementation in the US. This

will be followed by a detailed discussion of value stream mapping and the application of

VSM to the company valve focus factory.

Lean is a term coined by The MIT International Motor Vehicle Program to

describe the Toyota Production System (TPS) in their publication The Machine That

Changed the World [3.1]. The goal of this publication was to characterize the

performance differences between companies operating with traditional mass

manufacturing systems and those using TPS [3.5]. This book was considered to

revolutionize the way people thought about the automotive industry.

The Toyota Production System, now known also by the terms "lean" or Just-in­

Time (JIT), was developed based on the cultural, geographic and economic history of

Japan in the 1950s. The Japanese believe strongly in conservation of material, making it

easier to adapt tight material control policies. Due to a more systems-oriented culture,
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policies that cut across individual wo!-kstations,such as cross training of floating workers

and total quality management, were easier to adapt. The location of suppliers also made it

feasible to have more frequent deliveries. The possible impending doom of the

automotive industry in Japan without an increase in efficiency and productivity fueled the

ability to make drastic changes [3.5] and the theories and principles of lean

manufacturing were developed. Lean has been implemented in a diverse set of

environments including aerospace, consumer products, metals processing, and industrial

products [3.5]. Contrary to Toyota's open atmosphere about its practices, "few

manufacturers have managed to imitate Toyota successfully" (Spear and Bowen, 1999).

Lean Principles

In Lean Thinking, Womack and Jones define lean thinking as "a way to specify

value, line up value-creating actions in the best sequence, conduct these activities without

interruption whenever someone requests them, and perform them more and more

effectively." Womack and Jones noted that there are five key principles vital to lean

thinking; these key principles are: specify value, identify the value stream, make value

flow, organize customer pull, and pursue perfection.These principles are expected to be

addressed in order, with each one building on the one before it as shown in fig 3.1.

Within this framework of lean principles, this research concentrates on the identification

of the value stream and the identification of the value adding action.

Perfection

Fig 3.1: Steps ofLean Thinking
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Each term in fig 3.1 is describedas follows:

Specify Value - Value is expressed in terms of a specific product or service,

delivered at a specific price at a specific time, which meets the needs defined by the

customer.[3.2}

Identify the Value Stream - A Value stream is a look at the entire door-to-door

perspective of a production, from raw materials to product delivery. It includes the

determinationof all actions necessaryto produce a product, and the separationof these

necessaryactivitiesfrom the identifiednon-valueadded steps. This includes,not only the

physical transformation of the product from raw materials, but also the information

systemnecessaryto producethe right quantityat the right time.

Flow - Once waste has been eliminated, 'flow' can be accomplished.Flow, the

oppositeof batchproduction,requiresthe movementof productsfrom one value-creating

step to the nextwith no waitingor scrap.

Pull - The productionof only what the customerwants when the customerwants

it. Instead of pushing products from raw materials to the customer, informationtravels

upstreamfrom the customersignalingproductiononly when a need is shown.

Perfection - This step is a reminder that there is no end to reducing waste.

Continuous improvementof a system is vital to perfection, where waste is constantly

beingeliminated.

It is necessaryto understandthat lean is not a specific controltool, improvement

tool, floor layout, or principle. It is the methodologyor framework that focuses on the

ideas of value, waste, and meetingcustomerdemand. Value streammappingcame about

25



as a way of determining where the value and waste are located and aiding in the reduction

of lead-time to help make the right product at the right time.

3.1.1 Value Stream Mapping

Identifying the value stream, the second principle in lean thinking, includes a

study of the entire production process and separation of value added from non-value

added process steps. This can be accomplished through the use of value stream mapping

(VSM), where a highly complex real system can be represented in a simpler two­

dimensional format. Value stream mapping is the process of compiling all actions that go

into the design, order and production of a product into a "door-to-door diagram". A future

vision can be then created through the implementation of lean concepts such as flow and

pull.

VSM allows the separation of actions into three categories: (1) value added, (2)

non-value added but necessary, and (3) non-value added. The non-value added actions

should be addressed first and be eliminated. It should be possible to complete this step in

a short span of time under current operating procedures. This is followed by elimination

of non-value added actions but necessary steps, which may require considerable

restructuring of the system.

Rother and Shook [3.4] devised value stream mapping in its present form and

recommended that value stream mapping be done in three phases; current value stream,

future value stream, and determination of an implementation plan. In many cases, value

stream mapping is done in a workshop type atmosphere which brings together

engineering, manufacturing control, machinists, and maintenance personnel, where the

current state, future state, and implementation plan are all created during a three to five
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day period. This format brings together all of those people affected by changes to the

system. It achieves a method for obtaining their collective buy-in for the changes, a sense

of ownership of the improvements, and increased team camaraderie for all involved.

3.1.2 Value Stream Mapping Icons

The value stream approach to process mapping utilizes the icons shown in Figure

3.2. These icons are very useful to individuals familiar with lean manufacturing.

Customer Dedicated Share Inventory Electronic Manual Super-
or process process WIP information information market Truck

supplier box box flow flow parts shipment

;/ --.. 0.. "".. ... 1IilO... ..... w

Physical
Super- Production Withdrawal FIFO Material material Kanban
market kanban kanban kanban lane push pull post

j If Max "'XX

C..
Computer

Safety assisted HajUl'lka U-shaped Kaizen Kaizen
Buffer inventory (MRP) leveling Operator cell focus flow

LJ l[j 0 mJ 0S

Fig 3.2: Iconsfor Value streamMapping[3. 7J
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3.1.3 Current State

A current value stream map reproduced from the book Learningto See, [3.4] and

given in Fig 3.3 is read from left to right with the first production step being placed in the

bottom left comer. Shipping is usually placed in the bottom right comer. In the top left

comer the supplier can be found, and the top right is the customer. The bottom of the

chart is reserved for production steps, and the top for information flow between the

company, the individual production steps, the customer, and the supplier.

Rother and Shook [3.4] stated that the current value stream should be made as a

snapshot of current findings and include such information as inventory levels, total lead­

time, machine uptime, and machine reliability. Table 3.1 shows the typical metrics

included for a specific process box on a value stream map. A current value stream map

allows someone to see the flow of the entire production process from supplier to

customer. People can then understand how their job or function affects the critical path

operation.

Referring to the value stream metrics on the value stream map gives a snapshot

view of the current state of the machine or the system. The typical metrics are, cycle

time, changeover time, uptime, available time, batch size and yield [3.4}. The example of

the current state value stream map shown in Fig 3.3 shows the product and information

flow across the value stream. For this example, it is seen that that the production lead

time is 23.5 days and the value added time is a very small percentage of the lead time,

amounting only to 184 sees.
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Fig 3.3: An exampleofa CurrentValue StreamMap [3.4J

Table 3.1: TypicalValue StreamMetrics[3.4J

Metric Description
Cycletime Time requiredto completea process

ChangeoverTime Time requiredto changea processfrom one productto another

Uptime Percentageof time stationis processingparts

Availabletime Amountof time machinesand employeesare free to work

Batch Size Numberof same part that goes througha processstep at one
time

Yield Percentageof good partsproducedin a process
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3.1.4 Future State

After a current value stream is developed, the next phase is to develop a future

value stream.Using the principlesof lean manufacturingand a set of importantquestions

vital to lean manufacturinga future state is drawn. Terms and concepts important to

developmentof the futurevalue streamare as follows [3.3]:

Takt Time: The availableproductiontime dividedby customerdemand.

Supermarket:The location where a predetermined standard inventory is kept to

supplydownstreamprocess.

Pacemaker: Any process along a value stream that sets the pace for the entire

stream.The pacemakerprocess shouldnot be confusedwith a bottleneckprocess,

whichnecessarilyconstrainsdownstreamprocessesdue to lack of capacity.

Eight questionsdevelopedby Rother and Shook [3.4], which can be seen below, should

be answeredin the followingorder to gain systemperspective:

1. What is the takt time?

2. Will we ship directlyto the customer,or to a finishedgoodswarehouse?

3. Where can we use continuousflow?

4. Wherewill we need supermarketpull systems?

5. Where will our pacemakerbe?

6. How will we level the productionmix at the pacemaker?

7. What incrementsof work will you consistentlyreleaseand take away at pacemaker?

8. What process improvementswill we need to achieveour future state design?

It should be noted that these questions link to the ideas of flow and pull

mentioned in lean principles, and show how making a value stream map is vital to
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determiningwhere processes can be improved. Figure 3.4 is an example of the future

state correspondingto Fig 3.3 that has been developedusing the principlesof lean. A pull

system from shipping has been implemented through the use of kanban cards and

supermarkets. In this examplethe weldingsteps and assemblysteps have been combined

for a continuousflow cell. Throughthese identifiedimprovements,there was a change in

lead-timefrom 23.5 days to 4.5 days in this example.

Fig 3.4: An exampleofa Future Value StreamMap (3.4)
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3.1.5 Implementation Plan

The final step of value stream mapping is creating an Implementation Plan to help

achieve the future state from the current state. Rother and Shook [3.4J suggest the use of

a value stream plan worksheet and a review worksheet. It is recommended that follow up

meetings, once every week to two weeks, are necessary to continue to update and make

progress on the implementation plan. This regular meeting format stresses the importance

of the initial value stream mapping event and the actions that were identified. Making

people accountable for certain action items will also help speed along the process. Fig.

3.5 below indicates the environmental characteristics affecting value stream mapping.

The first three characteristics, namely, representative part, capability and complexity

affect the success of the event itself, while the remaining two characteristics, organization

and investment affect the implementation of the new map.

REPRESEtlTATIVE

Current COMPLEXITY Future ORGAtllZATION Implementation
State CAPABILITY State INVESTMEUT

Event

Fig 3.5: The effect ofenvironmentcharacteristicson Implementationof Value stream
Mapping, (3.5)
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3.1.6 Value Stream matrix

The matrix proposed by Rhonda A. Salzman, [3.5] and mentioned earlier in

chapter 1 is shown in Table (3.2) and can be used to determinethe appropriatenessof a

VSM event. The five environmental characteristics identified, namely, representative

part, product complexity, system capability, type of organization, investments, are

evaluated.A company can rank itself from 1 to 5, 1 being the best, and determinewhat

factors need improvementin order to make value streammappingmore successfulor to

determinefor what purpose it can be run. The matrix should be filled out in referenceto

an individualVSM event. The matrix is designedin a similar format as Figure 3.5 with

the first three columns associatedwith the value stream mapping event. The next two

columns pertain to implementing change. The last column (success) indicates the

correlationbetweenthese factorsand the successexpectedfor value streammappingand

resultsfrom recordingalreadyknown improvementopportunitiesto makinga measurable

change.An environmentalcharacteristicscore as discussedabov'e can be developedfrom

the matrix to determine whether value stream mapping will be a valuable tool. This

matrix is organized in a proposed format that can be used by those determining

improvementopportunities.

This value stream mappingmatrix can be utilizedat the companyin the future to

decide if a particular area or manufacturing system is eligible for the Value Stream

mappingexercise. The five environmentalcharacteristicsidentifiedshouldbe taken into

considerationto decide if valuestreammappingwouldbe a valuabletool.
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Value streammapping Implementation I Correlation I

Pick a Product System Type of Investment Success
Represent Complexity Capability Organization 7

atlve Part1
All go T per proce.ss Disruptions" Senior leaders Money and labor tAn
through the box is 10 steps or al1110stnever reinforce are in abundance improvement
process depicted less and all happen and and foster was seen in the
and lhe process processes are variation in cycle improvement perfonuance
drn\\1l will not time of a process throughout the VSM. of the mapped
be changel box is negligible. area
The majority of Tasks per process Disruptions are The organization Money, and labor 2
the products go box is greater than low enough not promotes changes are available but Improvements
through the 10 steps and most to impede flow and improvements limited were made
process depicted processes are serial and variation usmg,
and they \"ill not does not impact additional
change before flow projects. but
improvements not enough
can be made were initialed
(1year) to see an

improvement
Half the products Tasks per process Occasionally Level of commitment Money and labor 3 The event
go through the box is greater than disruptions force among management can be made helped to
process depicted 100 and the out of sequence is variable available but an recognize ne\v
and the process processes are a work and extensive opportunitie.s
dnmn might mixture of serial 1.-ariationin cycle justification but no
change in less and parallel time impacts process exists implementatio
than a year. flow n occurred
A fe\\' of the Tasks per process Disruptions and VSM was initiated by Money and labor 4 The event
products go box is greater than 1.lIIiationin cycle upper management are hard to come was a good
through the 1000 and most time are barriers with no lower by even if way to record
process depicted processes are to continuous man.1gement support. justified improvenlents
and the process parallelS flow or visa versa thatl1ave
dmmmight already been
change in the sug.gested
next few months
Only the product Tasks pt>rprocess Disruptions are a The VSM event was Money and labor 5 TheVSM
mapped goes box is too many to fact of life and perceived as II check are impossible to event did not
through the COWltand all cycle time of a the box exercise get help surface
process shown processes are process box is any issues
and the processes parallel nearly
dra\\n might inlpossible to
change next predict
week, making
the map
obsolete.;

1Ability to pick a RepresentativePart- within the products that go through the 1l1<'lppedarea
2Assumingno process improvementsare initiated
3Assumesmultipleproducts go throughthe area, if only one product goes through assume answer of all.
4SeriaJ.-only one task is occurringon the product at one time
sParallel-multipleitems of the productare being worked on at one time
6Dismptions- scrap,rework, shortages
7Improvetl1entsare seen in reference to the customer

Table 3.2: Value StreamMappingMatrix, [3.5}

34



3.1.7 AdvantageslDisadvantagesof VSM

Value streammappingas a techniquehas its advantagesand disadvantages.They

are listedas follows[3.8J:

Advantagesof value streamMapping:

• Relates the manufacturingprocesssteps to other componentsof the supply chain

viz. distributors,suppliersand productioncontrol.

• Integratesmaterialand informationflows.

• Links ProductionControland Scheduling(PCS) functionsto Shop floor Control.

• IntegratesvariousIE techniquesfor materialand informationflow analysis.

Disadvantagesof value streamMapping:

• Fails to map multipleproductsthat do not have identicalroutings.

• Fails to relateplant layoutand/ormaterialhandlingto processand equipment

parameters.

• Lacks any economicmeasurefor "value".

• Lacksthe spatialstructureof the facility layout.

• Biasedtowardshigh-volumelow-varietymanufacturingsystems.

• Fails to capturethe time value (in $) of the flow delays due to setup,processing,

queuing(at eachprocessstep),materialhandling,etc. delaysdue to capacity

constraintsand order sequencingat each processstep.

It is recommended that value stream mapping exercise be carried out for any

manufacturingarea or focus factoryafter checkingfor the appropriatenessof the exercise

by using the value streammatrix.
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3.2 Value streammappingat the company

A value streammappingexercisewas performedat the companyto obtain a better

understandingof where the currentlydiscussedcell fits into the biggerproductionsystem

and to identifymuda (waste) in the system and eliminateit. (Refer to appendixB for the

value streammap). The valuestreammappingexercisewas done to improvethe flow and

the lead time for machinedhousingsof the size 6 valve body through out the VFF area.

The size 6 valve body was chosen because it has high volume, with a large number of

steps and large lead time. The exercisefound many opportunitiesfor improvementof the

systemincludingimprovementin the supplierdeliveryof castings.For the purposeof this

value stream mapping exercise, the assembly area of the VFF was considered as the

customerfor the machiningcell.

The typicalprocessdata collectedfrom the shop floorwas as follows[3.4]:

CIT (Cycletime)

CIO (Changeover time)

Uptime

Numberof operators

Numberof ProductVariations

Scraprate

Working Time

The approachtaken at the companywas to considerall the componentsof the Samag cell

as different steps of the value stream and provide a detailed analysis for each. This

approachenabledone to look at each step criticallyand eliminateany visible waste. The

cycle time for each operation in the corresponding component was recorded. This
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exercise helped filter out non-value added times from the value creating ones. It was

noted that the external suppliers for Size 6 valve body castings were notified of the

demand through electronic communication by the Production Control SAP system.

Castingsare shipped from Germanyand other'external suppliersto the company where

they were stored as inventory for 50 days at the Logistics Centre. There is a Kanban

system between the machiningcell and LogisticsCentre. Only 1 kanban exists between

the machining cell and the logistics centre. The Kanban value is 1100 castings. A pull

based supermarket is created on the shop floor as per the demand for the machining

Samag Cell. The waitingtime on the shop floor for the castingsis recordedto be 3 days.

The Samag Cell operators receive production orders through the SAP system. The

castingsare then loaded by the operatoron to the raw material feeding conveyoron the

Samag Cell. There is a very small variationin the cycle times recorded,since it is a CNC

basedmachiningprocess.

The averagecycle times for each componentwere obtainedfor the cell and are

listedbelow:

• Conveyorfeedingraw material ---- 6 hours

• 2 CNC machiningcells with 2 fixtureseach, having2 clampingon each fixture

1st Clamping:- 8 min 50 sec / 12 parts

2nd Clamping:- 7mins / 12 parts

• Washer ---- 1min / 12 parts

• Washingmachine1 --- 37 secs

• Pin printer ---- 1 min 43 sec / 6 parts

• Conveyorfeedingthe honingand washingcell --- 2min
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• Honing machine --- 5 mins

• Inspection and measuring device +Washing machine --- 5mins

• Finished product conveyor ---- 20mins

These machined valve housings are then packed and sent to painting. These parts

are staged as inventory for 2 days before being painted. There is no Kanban system

between machining and painting. The variation in the cycle times for steps related to

painting is +/- 30-. The average cycle times for various steps in painting are as follows,

• Prepped for paint --- 30secs +/- 5secs

• Painting --- 20 mins / 216 parts = 6 secs / part +/- 2 secs / part

• Cured --- 12 hrs +/- 30mins

• Packed into boxes - 30 mins/ 216 parts = 14 secs/ part. +/- 5secs/ part

These painted valve bodies are then sent to the assembly area for final assembly and

testing on the valve.

There is one operator working at the Samag Cell and two operators working at the

paint booth. The Samag Cell is operational for all 3 shifts while the Paint booth is

operational for only for 2 shifts. The batch size for the Samag cell is 34 pieces and that

for the paint booth is 216 pieces. The assembly area in the VFF receives production

order through SAP system for finished size 6 valves. It then uses the valve housings

staged as post paint inventory. The average time for housings to be staged as post paint

inventory is around 5 days.

It was noticed that the parts go through a poka yoke inspection before entering

washing machine 1. This poka yoke inspection is carried out so that the parts which are

wider than the washing machine rail don't pass through. It was observed that the
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dimension being checked is not a quality critical dimension, and the surface creating that

dimension is not even worked upon by the CNC during the machining process. As such,

the, supplier quality of the castings is very critical. Also, there is no means to indicate to

the operator if a part is stuck at the poka yoke. This leads to parts machined within

specifications waiting behind the parts which have excess material that is required to be

machined off. This increases cycle time and lowers production rate. The parts which fail

to pass through the poka yoke are collected on a weekly basis and reworked on the

weekend. This leads to lesser machine availability on the weekend for production of new

parts.

The quantity of scrap can only be recorded at the end of the honing step after the

measurement and inspection. As discussed earlier, the parts which fail to pass through the

y< poka yoke are considered as rework and not scrap. This leads to very low scrap values.

The data below shows the scrap rate values for the first three months of 2007.

January 2007 --- 9208 ppm

February 2007 - 6310 ppm

March 2007 - 537 ppm

3.3 Recommendations

It was recommended that the rails of the washer be widened so the dimension

which is not quality critical can stop affecting the production. Also, the poka yoke width

should be regularly checked with a GO/ NO-GO gauge. A buzzer or a flash light is

recommended to be installed to notify the operator if a part is stuck at the poka yoke. This

will lead to quick removal of the part allowing the good parts behind it to go through, and

minimize cycle time. In addition it is recommended that the parts which are needed to be
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reworked be considered as a part of scrap data so as to obtain realistic values of quality

losses.

Castings arriving from Germany and external suppliers are held as inventory in the

blue building and Logistics centre for 50 days. An approach to deliver castings directly to

the shop floor is recommended. This will lead to minimizing inventory storage cost

time. It is also recommended that all the steps in the machining cycle be critically

evaluated and the ones unnecessary be eliminated. This will lead to shortening of cycle

time and thus an increase in production rate. It is further recommended that kanban be

used between machining and paint and also paint and assembly to diminish inventory

levels. on the shop floor. The paint booth is located in the opposite direction from the

flow of material and leads to unnecessary transportation of the machined castings to the

paint booth. This results in increasing the lead time of the entire process. It is

recommended that the cells are redesigned and arranged in line with product flow.
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Chapter 4 Overall Equipment Effectiveness (DEE)

The purpose of this chapter is to understand the Overall Equipment Effectiveness

(OEE) metric. This metric has been chosen to be studied due its growing importance in

the lean culture at Bosch. The OEE analysis in the future will lead to decisions on

investments on the type of machines, their maintenance schedules and finally leading to

improvements which will help achieve higher uptime and production, combined with a

lower defect rate. The current approach of calculating OEE is discussed and what is

deemed incorrect with the current approach is explained. A new approach is proposed

and its effect on achieving realistic numbers for OEE metric is explained. A set of

machine downtime reason codes are proposed against the current one, with the objective

of aiding in reliable data collection.

4.1 OverallEquipmentEffectivenessBackground

OEE is a total productive maintenance (TPM) measure of how effectively

equipment is being used. OEE is a "best practices" way to monitor and improve the

efficiency of our manufacturing processes (Le. machines, manufacturing cells, assembly

lines). OEE is simple and practical. It takes the most common and important sources of

manufacturing productivity loss, places them into three primary categories and provides

an excellent indicator for measuring "where we are - and how we can improve" [4.5}.

Overall Equipment Effectiveness (OEE) is fast becoming a widely used measure

in manufacturing industries, but it is also one of the more misunderstood and misused

measures and causes much confusion [4.2}. OEE is an improvement measure and is used

as part of the improvement cycle. Unfortunately, much is made of the 85% 'World Class
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Standard' [4.5J, a target found in the original Total Productive Maintenance literature.

OEE is an internal measure, which relates to your efficiency and costs.

OEE developed out of the need for improvement groups to have a way of

measuring and analyzing equipment problems as part of their Define, Measure, Analyze,

Improve, and Control cycle [4.2]. OEE defines the expected performance of a machine,

measures it and provides a loss structure for analysis, which leads to improvement. It can

then be used as a tracking measure to see if improvement is being sustained i.e. if control

is sufficient.

OEE typically focuses on what are termed the six major losses: Unplanned

Downtime Loss, Changeover Time Loss, Cycle Time Loss, Minor Stoppage, Start-up

Loss, and Scrap/Rework Loss. The primary factors affecting OEE are:

• Availability Rate ---- Affected by Downtime (Availability) Loss

Availability rate is related to unplanned downtime losses, changeover time loss

and cycle time loss.

• Performance Rate ---- Affected by Speed (Performance) Loss

Performance rate is related to minor stoppages and start up losses.

• Quality Rate ---- Affected by Quality Loss

Quality rate is related to scrap/rework losses/

A machine is available if it is ready to produce, as opposed to being offline: i.e.,

"broken down" or having some changes or adjustments made. The definition of

availability allows for planned maintenance (when the machine is not meant to be

available to production) but makes no allowance for changeovers etc. A machine with
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changeovers can never be 100% available. The reason for taking this approach is that

changeovers are a major loss to both efficiency and flexibility..

Performance efficiency measures the output during available time compared to a

standard. A good rule of thumb is to make the performance efficiency calculation based

on best known performance [4.2J. If a machine does not reach its design speed

performance it is not helpful to measure against the design speed. On the other hand, if it

has consistently out performed the design specifications one can have performance

figures which can hide poor availability. One purpose of OEE is to indicate if th e

equipment has the capacity meet customer demand.

Output Quality is a First Time Through (FTT) measure i.e., determining what

percentage of the output was right the first time without any rework. The issue in OEE is

that the quality feedback may not be immediate. In these cases it is best not to include

quality in the OEE calculation and use a more customer focused measure for quality, e.g.

number of complaints etc. At a gross level all OEE indicates the amount of active

production that can be compared to planned production. OEE is a specific measure for

use in specific improvement projects such as total productive maintenance [4.2}.A

misuse of OEE is to compare different processes, plants or machines. OEE is not

considered a useful executive Key Performance Index [4.2). Still, it is an improvement

measure that can be used to improve equipment performance.
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4.2 Calculationof OEE

The calculation of OEE can be carried out by finding 3 major factors, namely

availability, performance rate and quality rate. The product of these three factors leads to

an OEE value.

Availability

Total Available Time is the amount of time a facility is open and available for

equipment operation. For the company considered in the study, total time = 24 Hrs/day.

Planned Downtimes includes all events that should be excluded from an efficiency

analysis since there is no production (e.g. breaks, lunch, scheduled maintenance, etc). The

remaining available time is our Planned Production Time and can be expressed by the

following equation:

Planned Production Time = Total Available Time - Planned Downtimes (4.1)

Availability takes into account Down Time Loss, which is not a part of the

planned downtime and includes any events that stop planned production for an

appreciable length of time (usually several minutes - long enough to log as a traceable

event). Examples include equipment failures, material shortages, and changeover time.

The remaining available time is obtained after subtracting the unplanned downtime from

the planned production time and is called Net Operating Time. Avail ability is then

defined by the ratio:

Availability =Net Operating Time / Planned Production Time (4.2)
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Performance Rate

Performancerate takes into account Speed Loss, which includes any factors that

cause the processto operateat less than the maximumpossiblespeed, when in operation.

Examples contributing to speed loss include machine wear, substandard materials,

misfeeds,and operatorinefficiency.

Performancerate = Ideal CycleTime / (Net OperatingTime / TotalPieces) (4.3)

Quality Rate

Qualityrate takes into accountthe defectrate, whichaccountsfor producedpieces

that do not meet qualitystandards,includingpiecesthat requirerework.

QualityRate = 1- DefectRate = Good Pieces/ TotalPieces

OEE takes into accountall three OEE factors,and is calculatedas [4.2]

(4.4)

OEE =AvailabilityRate. x PerformanceRate. x QualityRate. (4.5)

The OEE valueis typicallyexpressedas a percentage.

The factors that contribute to OEE losses have been developed and table 4.1

showsa reviewof the key points.
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Table 4.1: DEEfactors review[4.5J

Loss DEE Factor

Planned Not part of the OEE calculation
Shutdown

Availability = Net Operatingtime / Planned productiontime

Down Time
= (Plannedproductiontime- Downtimelosses)/Downtime

Losses
Loss

= 1- (Downtimelosses/Planned productiontime)
• 100% Availabilitymeans the process has been running without

any recordedstops. (no downtimelosses)
Quality rate is the ratio of Fully Productive Time to Net Operating
Time

QualityLoss
Fully Productivetime = Net operatingtime - Qualityloss

• QualityRate = Good Pieces/ Total Pieces.
• 100% Quality rate means there have been no reject or rework

pIeces.

Figure 4.1 is a pictorial representationof the OEE calculationshown in the TPM

literature at the company [4.4]. The figure indicates the losses being identified at each

stage and explains the necessity of considering planned maintenance and other planned

downtimes such as breaks and daily meetings as a part of productive time and not as a

component of availability losses. OEE can be calculated by two formulations,namely

the one given in equation 4.5 and the other one indicated in figure 4.1. Both these

formulationsare used in the industry to calculate OEE. The formulationin equation 4.5

calculates the factors affecting OEE separately and derives at the OEE value by their

product. Whereas, the formulationshown in fig. 4.1 takes into accountthe various and

arrivesat the OEE value.
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Net
Product
ion time

plannedbreaks,planneddaily
meetings,and plannedmaintenance

changeovers,breakdowns>5min"
lackof personneland material

small stops, increasedmachine
cycletime

Scrap,rework,start·uplosses

OEE: [(NetOperatingTime)I(AvailableTime)] *100

Fig 4.1: Pictorialrepresentationof DEE Calculation[4.4]
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ion time
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cycle time

Scrap, rework, start-uplosses

OEE = [(Net OperatingTime) I (AvailableTime)] *100
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4.3 Comparison of the OEE approaches at the company

Current OEE Calculation Approach

In current approach at the company the calculation of OEE as shown in fig.

4.2, the total available time of 24 hrs is considered as production time. The planned

downtime is not subtracted to obtain the available time. Planned downtime, like daily

planned meetings, planned maintenance, breaks etc. is considered as an availability loss.

The gross production time is obtained by subtracting the performance losses and the net

production time is achieved by subtracting the time related to scrap, rework and start up

losses.

plannedbreaks,planneddailymeetings,and planned
maintenanceare not deducted

changeovers,breakdowns>5 min., lack of personneland
material,plannedbreaks,dallymeetings,and planned

small slops, increasedmachine
cyCle time

.------------.J Scrap, rework,start-uplosses

OEE=

Net Production time

X 100

Fig 4.2: Currentapproachfor GEE calculation[4.6]

Proposed OEE Calculation Approach

Fig. 4.3 illustrates the proposed company approach for calculation of the GEE.

The available time in the proposed approach does not include planned downtimes like

daily planned meetings, planned maintenance, breaks etc. Thus, they are not considered

as availability losses.
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.....3 Compal"ison of thc OEE appn)achcs at thc company

CUlTcnt OEE Calculation Appniach

In thc currcnt approach at thc company thc calculation oj' OI:I: as shO\m in j·ig.

4.2, thc total a\ailable timc or 24 hI's is considcrcd production timc. Thc planncd

downtime is not subtractcd to obtain thc available timc. Planncd dO\mtimc. likc daily

planncd mcctings. planncd maintcnancc. breaks ctc. is considcrcd as an (\\'ailability loss.

Thc gross production timc is obtaincd by subtracting thc pcrJ'ormancc losscs thc net

production timc is achicvcd by subtracting thc timc related to scrap. rcwork and start up

losscs.

Total available hours .. 24 hours/day

Gross production time

Net
Production time

plannf;:cl hreaks, dally rneet','l'J';; and
maintenance are not cJeduC!i:(j

changeovers, breakdowns> 5 min .. lack of personnel and
material, Dil'lnllE:d breaks, dally mcr.::!!ngs and p:anned

small stops, increased machine
cycle time

Scrap. rework. start-up losses

OEE=

Net Production time

X 100

Fig -1.2: Current approach/hI' O/:'!:'ca/cu/a! ion r-I. (j /

Proposed OEE Calculation Approach

Fig. 4.3 illustrates the proposed company approach for calculation of the GEE.

The available time in the proposed approach docs not include planned dO\vntimes:I;ike

daily planned planned maintenance. etc: Thus, they' ale riot considered

as availability losses.
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planned breaks, planned daily

meetings, and planned maintenance

changeovers, breakdowns> 5 min.,

lack of personnel and material

small stops, increased machine

cycle time

Scrap, rework, start-up losses

OEE = [(Net Operating Time) I (Available Time)) *100

Fig 4.3: Proposedcompanyapproachfor DEE calculation,[4.4J

The report shown in Fig 4.4 is a seven day report generated using the current

formulation of DEE based on equation shown in fig 4.2. It can be noted that planned

downtime is not tracked separately and as a result all downtimes are treated as unplanned.

Planned downtimes are not deducted from the total available time for calculation

purposes. As a result, the equipment availability is lower than the real rate. As seen in the

report the total available time and net available time have the same value of 168 hours.

Planned downtimes are not recorded separately leading to the value for net available time

being same as total available time. All downtimes are treated as unplanned and thus

equipment availability rate achieved is 92.9%, which is lower than the real rate.
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INTENllONAL SECOND EXPOSlH<E

Net
Product
ion time

planned breaks, planned daily

meetings, and planned maintenance

changeovers, breakdowns> 5 min.,

lack of personnel and material

small stops, increased machine

cycle time

Scrap, rework, start-up losses

OEE = [(Net Operating Time) / (Available Time)] *100

Fig -1.3: P!'oposed compa!1y approach/ii!' (JET calcllla/io!1. 1-1.-11

The report shown in Fig -I. -I is a se\en day report generated uSll1g the current

formulation of GEE based on equation shown in fig 4.2. It can be noted that planned

do\vntime is not tracked separately and as a result all downtimes are treated as unplanned.

Planned downtimes are not deducted from the total available time for calculation

purposes. As a result the equipment availability is lower than the real rate. As seen in the

report the total available time and net available time have the same value of 168 hours.

Planned downtimes are not recorded separately leading to the value for net available time

being same as total available time. All downtimes are treated as unplanned and thus

equipment availability rate achieved is 92.9%. which is lower than the real rate.
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consideredas unplanned
regardlessof their nature

Planneddowntimesare
not calculatedseparately.

A, TMno:

e, PbnntdDownli1lle:

CI lime: 81
D, OOIYllth'nt:

Jl
nmn m 0

?snlM I 0 L••,/S '''I 11 MIlIl\l ··,,,tM

Ie 10)

f,
TNtl

G, Toll!PIJtsRoo:

H. Pw

l 'U1%

loUIPathRiJIl

N,U%
Wi

As a resultOEE appearsto be
lowerthan the real rate

Fig 4.4: GEE report, MFFarea [4.4J
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DEE Calculation Example: No unplanned downtimes, performance losses, quality
losses

Fig. 4.5 represents an Excel based template developed as a part of the

investigation for an DEE calculation. It identifies the various downtime losses and

separates them into.their root causes. For example, it separates the unplanned downtimes

into breakdowns, changeover, power/ air loss, and start up losses. These losses are

classified into further detail to facilitate data collection from the shop floor. The entries

shown in the figure 4.5 indicate the gross production amount to be 800 pieces. The

machine was not scheduled to run for 960 minutes, making it a planned downtime. All

other data can be entered and subtracted accordingly during the calculation of DEE using

equation 4.5. This excel based template can be used for recording data and calculating

DEE values.

Machine: A
Cl min: 0.6

DAY
GROSS PRODUCTION AMOUNT

SCRAP
REWORK

NET PRODUCTION AMOUNT

800

800

800

800

Fig 4.5: Excelbasedtemplatefor OEE calculation,[4.6]
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As seen in Fig 4.5 the proposedcalculationgives an GEE of 100% since planned

downtimesare subtractedfor calculatingthe availability.The current method considers

planneddowntimesas a loss, penalizesthe machinefor the parts that were not intendedto

be produced and generates a significant error. The following calculations indicate the

differencebetweenthe current approachand proposedapproach for calculationof GEE

using the data from the exampleshownin Fig. 4.5.

CurrentApproachfor OEE Calculation

AvailabilityRate = {(24 h - total Downtimes)/ 24 h}*100

AvailabilityRate = {(1440min - 960 min) / 1440min}*100

AvailabilityRate = {(480 min) / 1440 min}*100

AvailabilityRate = 33.00%

Performancerate = 100%

Qualityrate = 100%

Thus using equation4.5, OEE =33%

ProposedApproachfor OEE Calculation

Availability Rate = {(Planned operating time - Unplannedj downtime) / Planned

operatingtime}*100

AvailabilityRate = {(480 - 0 min) / 480 min}*100

AvailabilityRate = {(480 min) / 480 min}*100

AvailabilityRate = 100.00%

Performancerate = 100%

Qualityrate = 100%

Thus using equation4.5, OEE =1001%
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With the current calculation method, a machine can not reach an OEE of 100%.

The OEE rate could fluctuate enormously as customer demand increases or decreases due

to the change in planned production time. According to equation 4.6 with the increase or

decrease of customer demand the planned production time varies, thus affecting the OEE

rate.

For the current approach the best way to increase OEE is:

To move more customer orders which would result III decreased NOT

SCHEDULED times.

To cancel planned maintenance activities to decrease PM times

To cancel planned trainings, meetings and breaks

An approach such as the current approach which would incorporate the actions in the

above list would decrease planned maintenance activities. This would result in the

shortening of machine life and also the increase of unplanned downtimes due to

stoppages. Canceling training sessions for the work force would hinder work force

education. The proposed OEE formulation approach was created to capture unexpected

downtimes, performance losses and quality losses which can be eliminated.

The following table 4.2 indicates the differences between the current formulation for

OEE calculation used at the company and the proposed formulation.
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Table 4.2: ComparisonbetweenCurrentFormulationand ProposedFormulationfor

aEE Calculation

Current Formulation Proposed Formulation

1 Penalizes the machine for the Calculation is based on available time after the
downtimes that are scheduled. planned downtimes are deducted. Planned
Assumes an available time of 24 downtimes are clearly defined and are not taken
hours regardless of the planned into consideration during the calculation of
downtimes. availability rate.

2 Theoretically it is not possible to Theoretically a machine can reach an GEE of
reach an GEE of 100% 100%

3 Is not an indicator of efficiency or Clearly indicates real losses that can be
performance losses In the improved
machinery

4 GEE fluctuates significantly OEE metric changes only with efficient
although nothing has been changed technical countermeasures such as elimination
in the equipment of breakdowns, process optimization, cycle time

improvement, quality improvement, etc.

4.4 Downtime Reason Codes.

The downtime reason codes can be used to capture data from the shop floor related to

the losses affecting the GEE calculation. The downtime reason codes are proposed to

capture the six big losses affecting the OEE calculation.

Principles of Selecting Appropriate Reason Codes

Downtime Reason Codes should be determined such that 6 big losses or GEE

Components can be captured.

6 Big Losses [4.5]:

1) Breakdowns

2) Set up and adjustments

3) Small stops
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4) ReducedSpeed

5) Start-upRejects

6) ProductionRejects

Addressingthe 6 Big Losses

By categorizingthe data the Six Big Losses can be addressed much easily. The

key goal should be fast and efficientdata collection, with data put to use throughoutthe

day in real-time. The following issues which address the losses are considered in the

proposedapproach.

Breakdowns: Eliminatingunplanned Down Time is critical to improving DEE.

OtherDEE Factorscannotbe addressedif the process is down. It is not only importantto

know how much Down Time the process is experiencing(and when) but also to be able

to attribute the lost time to the specific source or reason for the loss (tabulatedthrough

ReasonCodes). With Down Time and Reason Code data tabulated, Root Cause Analysis

is appliedstartingwith the most severeloss categories.

Setup and Adjustments:Setup and Adjustmenttime is generallymeasured as the

time between the last good part producedbefore Setup to the first consistentgood parts

producedafter Setup. This often includessubstantialadjustmentand/or warm-uptime in

order to consistentlyproduce parts that meet quality standards.Tracking Setup Time is

criticalto reducingthis loss, togetherwith an active programto reduce this time (such as

an SMED - Single Minute Exchangeof Dies program). Many companies use creative

methods of reducing Setup Time including assembling changeover carts with all tools

and suppliesnecessaryfor the changeoverin one place,pinned or marked settingsso that

coarseadjustmentsare no longernecessary,and use of prefabricatedsetup gauges.
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Small Stops and Reduced Speed: Small Stops and Reduced Speed are the most

difficult of the Six Big Losses to monitor and record. Cycle Time Analysis should be

utilized to pinpoint these loss types. In most processes recording data for Cycle Time

Analysis needs to be automated since cycles are quick and repetitive events that do not

leave adequate time for manual data-logging. By comparing all completed cycles to the

Ideal Cycle Time and filtering the data through a Small Stop Threshold and Reduced

Speed Threshold the errant cycles can be automatically categorized for analysis.

Startup Rejects and Production Rejects: Startup Rejects and Production Rejects

are differentiated, since often the root causes are different between startup and steady­

state production. Parts that require rework of any kind should be considered rejects.

Tracking when rejects occur during a shift and/or job run can help pinpoint potential

causes, and in many cases patterns will be discovered. Often a Six Sigma program, where

a common metric is achieving a defect rate of less than 3.4 defects per million

"opportunities", is used to focus attention on a goal of achieving "near perfect" quality.

Table 4.3 defines the six big losses giving the event examples for each loss

category. The first two columns, namely, Six Big loss category and OEE loss category

show the OEE loss corresponding to the six big losses. For example, the availability loss

corresponds to the breakdowns and setup and adjustments.

57



Table 4.3: Definingthe Six Big Losses[4.5J

Six Big Loss OEE Loss
EventExamples CommentCateeory Cateeory

• ToolingFailures
• Unplanned There is flexibilityon where to

Breakdowns IAvail. Loss Maintenance set the thresholdbetweena
• General Breakdown(DownTime Loss)

Breakdowns and a Small Stop (SpeedLoss).
• EquipmentFailure

• Setup/Changeover
• MaterialShortages This loss is oftenaddressedSetup and IAvail. Loss • OperatorShortages throughsetup time reductionAdjustments
• MajorAdjustments programs.
• Warm-UpTime

• ObstructedProduct
Flow

Typicallyonly includesstops• ComponentJams
Perform. that are underfive minutesandSmall Stops • MisfeedsLoss

SensorBlocked
that do not requiremaintenance• personnel.• DeliveryBlocked

• Cleaning/Checking

• RoughRunning
• UnderNameplate Anythingthat keeps the process

Capacity from runningat its theoretical
Reduced Perform. • UnderDesign maximumspeed(a.k.a.Ideal

Speed Loss Capacity Run Rate or Nameplate
• EquipmentWear Capacity).
• Operator

Inefficiency

• Scrap
• Rework Rejectsduringwarm-up,startup

Startup Quality • In-ProcessDamage or otherearlyproduction.May
Rejects Loss • In-Process be due to impropersetup,warm-

Expiration up period,etc.
• IncorrectAssembly
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• Scrap

• Rework
Production Quality • In-Process Damage Rejects during steady-state

Rejects Loss • In-Process production.
Expiration

• Incorrect Assembly

4.4.1 Bar Coding System for collecting downtimes

A Reason code list for capturing machine downtimes should be as simple as

possible. The downtime reason codes lists are not the tools to capture every single

downtime reason. A more appropriate approach would be to capture the six big losses

first and then to address them on a project basis.

Current Coding system: The current coding system consists of two levels. The two levels

pertain to the primary reason for the downtime and the secondary or more specific reason

for downtime. (Refer to Fig 4.6, 4.7 for the reason codes). For example, the primary

reason code could be "machine broke" and the secondary reason code could be "power

outage". This procedure leads to the operator skipping to scan the second level code, thus

not capturing the root cause of the downtime. This can result into unreliable data

collection and result in misleading GEE metrics. In addition, the codes are not self

explanatory leaving the operator in ambiguity of choosing the right code. There are a

total of 25 top level and second level codes making it confusing for the operator to scan

the right code corresponding to the occurred downtime. Moreover, the planned and

unplanned downtime codes are not separate, thus leading to the failure of capturing

planned downtimes and hence cannot be deducted from the total availability of 24hrs,

resulting in skewed values.
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The operator has a sheet of downtime reason codes corresponding to each

machine in the focus factory. The operator scans the bar code off the sheet to record the

cause of the downtime.

Current Downtime reason codes

Machine Indirect Reason Codes

II1achino BroJlo t\IlllIIIIlUI Machine Broke
.....-0...

Weather --..

--.. lIlllt

t
UlIlun Reaac!O COdoomJ.luU ......-,......<:hlne Not Schodulod

11.111],1.11I.. 1 aRSon Cqds:......- Mablrial StQck-out

l,"Cti!OU

......- MACHINE OFF MACHINE RUN 1\111

Fig 4.6: CurrentDowntimeReasoncodes, ManifoldFocusFactoryarea. [4.4]
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MFF Sheet# 1

MachineIndirectReason Codes

FIRSTINspeCTION---...

III1II
1M

III

III

IPM

-+-
PreventiveMalnL

"'IIf- Codo
MachinoNotScheduled

"'IIf- Rtlj)son CqM
M.. Stock-out

un...

Btason Code
PtogrammingError

PtQgramwritten --....

Fig 4. 7: CurrentDowntimeReasoncodes, ManifoldFocus Factoryarea[4.4]
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Proposed Coding System: The proposed coding system has just one level (Refer to Fig

4.8 and 4.9 for the reason codes). Each code corresponds to a root cause for a downtime

and thus there is no ambiguity for the operator on which code to scan. This leads to more

reliable data collection and thus OEE values are more realistic and improvements can be

targeted. The proposed system has only 15 codes, as indicated in the figures 4.8 and 4.9,

making it simpler for the operator. Note that the planned and unplanned downtime codes

have been separated. Thus, the planned downtime can be easily deducted from the total

availability resulting in truer OEE values.

4.5 Suggested Action Plan

Proposed reason bar codes should be reviewed and the final decision should be

given by the management.

Current OEE formulation should be corrected and based on the new bar codes.

(Planned and unplanned downtimes should be treated differently).

New bar code systematic should be communicated to the shop floor.

In addition to the current reporting format, a new reporting format (preferably an

Excel based OEE cockpit chart, see figA.10) should be generated. New reporting

should be capable of providing information about the OEE and components of

OEE (availability, performance and quality rates) based on the working cycle of

the factory. i.e. one shift (8 hours or 480 minutes)

Targets for OEE and its components should be determined.
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Proposed down time reason Codes

BIT""- - " , "H '" ¥
_ _"" -::;_ _? _N 0'_ '" " ..,--' ;'" '-"';"",-U

, .
i REASON eOI:>ES(BI.:::ANNEI:>

. ,
;, j

m
1
I, /" < " x y'* ,,; i0 "-,- . , . '" l

REASON CODE BARCODE EXPLANATION

mmm All kinds of productionactivityotherthan normal series
Testing production(e.g. testingof a new product1tool 1program,or

capabilityanalysis,etc)
(

PM-PlannedMaintenance mn Scheduledmaintenanceactivitiesperformedby the
operatoror maintenancepersonnelaccordingto PM plans

AM-CleaningI Lubricating nmm Routineautonomousmaintenancechecks on the
I RoutineEquip.Checks equipmentaccordingto relatedAM checklistsand guides

TrainingI MeetingI Breaks

DIIIm
All kinds of plannedbreaks, trainingsand meetings.
Operatorand/orsetterat the plantbut not availablefor

I Lunch production

MachineNot Planned IlIIIImMachinenot scheduledbecauseit is not needed.

MachineRun Machinestartsoperationaftereverykind of plannedor
unplannedstoppage

Fig 4.8: ProposedPlannedDown time reasoncodes[4.6J
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REASONCODES (UNPLANNEDDOWNTIME)

REASONCODE BARCODE EXPLANATION

MIll
Madline/Unecan not continueproductionbecauseof lackof

Lack of RawMaterial remmaterialpossiblydue to one of the folloongreasons:
logisticsproblem;upstreamprocesscan not produceparts;
faulty incomingmaterial,etc.

Lackof SetterI MIll
Madline/Unecan not continueproductionbecauseof lackof

Operator
setter/operator.Possiblereasonsmightbe sickness,acx:ident,
etc.

MIll
Madline/Unecan not continueproductionbecauseof lackof

Lack of Tooling tooling.TOOLING:Manufacturingcomponentsthatare in
directcontactv,;th thev.or!<pieceand componentsthathold
them (tool holders).

Lack of Manufacturing

MIll
Madline/Unecan not continueproductionbecauseof lackof

ComponentsOther manufacturingcomponentsotherthantooling(e.g. coolant,

Than Tooling lubricant,etc. )

Changeover MIllMadline/Unecan not continueproductionbecauseof
changeoverto anewproducttype.

mIm
Madline/Unecan not continueproductionbecauseof:

Tool change - tool changedue to normalwear or
- tool breakage

MIll
Madline/Unecan not continueproductionbecauseof

MachineBreakdown mechanical/electrical/electronical/hydraulic/ pneumatic/
software(NOT PART PROGRAM)problems

PowerI Air Loss MIll Suddenlossof electricpcMeI"or plantair pressurebecauseof
fadlitiesproblems .

Other MIll All otherunplanneddO'M1times

Fig 4.9: ProposedunplannedDowntimesreasoncode [4.6J
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Proposed OEE Cockpit Chart (Samag Cell-I)

The pictorial representation of DEE and its related components shown below in

Fig 4.10 will provide an indication of the causes of downtimes and the areas in which

improvements can be targeted on project basis. The chart below indicates the GEE values

achieved for each day of the month. 85 % DEE is considered as a standard performance

for a machine. The bar chart also indicates the break up of downtimes in minutes

categorizing the downtimes in various losses. The pie chart shows the ratio of planned to

unplanned downtime. The last bar chart gives a pictorial representation of the activities

causing downtime on a daily basis.
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References (Chapter4):

Fig 4.10: GEE Cockpitchart[4.6J

4.1 Lean Lexicon a graphical glossaryfor Lean Thinkers, 2nd Edition, (2003), Lean

EnterpriseInstitute,Brookfield,MA, USA. (www.lean.org)

4.2 www.plant-maintenance.com/articles/TheUse and Abuse of. DEE.pdf

(Source:www.google.com)

4.3 N Seiichi, Introductionto TPM (1988), ProductivityPress, Cambridge,MA, USA

4.4 TPM Literature(2004), BoschProductionSystems.
)

4.5 www.oee.com

4.6 PersonalCommunicationwith technicalpersonnelat the company
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Chapter 5 Conclusions and Recommendations

This thesis studied the current state of the manufacturing system for size 6 valve

bodies at the company. It utilized tools such as process flow charts, process capability

analysis and value stream mapping to analyze the current state. It also made an in-depth

analysis on an Overall Equipment Effectiveness (OEE) metric, which is core to the Total

Productive Maintenance (TPM) project and lean initiative at the company.

5.1 Current state analysis

A current state analysis of the size 6 valve body machining at the company was

performed. The goal of this research was to understand the problems and obstacles of

manufacturing system. An in-depth analysis was performed at each step of the process

and was presented with reference to the methodology and tools used. In the first step it

was found that the system in place was not meeting company needs. The number of

rework parts was high and the lead time for parts and inventory holding time was also

high. A process flow diagram was drawn to clearly identify each step in the process and

determine the inspection steps. A process capability analysis was performed to determine

the valve parameters not meeting the expected Ppk values.

Finally, a Value stream mapping exercise was performed to identify and eliminate

muda from the Samag cell in question. It is recommended that process variables affecting

the parameters with Ppk values less than 1.33 be investigated thoroughly on a project

basis to target the root causes of the problems. Also, actions are recommended to

eliminate muda during the machining of size 6 valve body. A Kanban Set up is also

recommended between the machining process and paint and also between painting and

assembly to eliminate work in-process (WIP) inventory on the shop floor. It is also
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recommended that cycle times be re-evaluated afteJ careful consideration of

improvements in efficiency.

5.2 Overall Equipment Effectiveness

Overall equipment effectiveness is a key metric for TPM projects and the lean culture

at the company. It gives an insight into 3 critical factors, namely, availability,

performance efficiency, and quality rate. The current approach at the company is to

consider 24 hr availability for the machines. In the approach there is a penalty in the

calculation for availability since planned downtimes are not deducted from the total

available time of 24 hrs. This leads to lower OEE values. Also, the existing reason codes

used to capture downtimes does not distinguish planned downtimes from unplanned

downtimes. These leads to unreliable data being captured, further leading to skewed OEE

values.

It is recommended that planned downtimes start being deducted from total available

time for OEE calculation purposes. It is also recommended that the proposed downtime

reason codes based on the 6 big losses be reviewed by the management and be used to

capture reliable data. This would lead to realistic OEE values. Also, it is recommended

that the Proposed OEE cockpit chart be adopted and displayed on machines so that

operators are aware of the downtimes and the trend. This approval will aid in targeting

identified downtime causes and effect improvements.
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Appendix A

The appendix describes the Samag MFZ I CNC machine used for machining the

size 6 valve body in the Samag cell. It discusses the design, axis orientation and technical

specifications for the machine.

CNC Machinedescription

The MFZ I CNC horizontal, twin-spindle machining centre automatically

processes two identical work pieces simultaneously using rotating, chip producing tools,

in line with the program produced by the user. The separation of work piece and tool

loading from the actual machining operations enhances both operational safety (no

manual control operations in the work area) and the machine productivity as both

operations are performed parallel to one another. The tool magazine accommodates 2 x

48 tools enabling up to 24 different tools to be used in a single program. Tool changing

on the work spindles is based on the pick-up principle. The work spindles of the X, Yand

Z axes are positioned appropriate to the program. All work spindles comprise compact,

motor spindles. Positioning of the work pieces in the work area is effected by the BI and

B2 rotating axes. Fig A.I pictorially presents the axis position for the work piece and the

related processes carried out on the Samag MFZ 1 CNC machine. (Refer to Fig. A 1)
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Prozess 2

IProzess

Prozess 01\--== _

Prozess 4

Fig AI: Samag MFZl Axis Diagram, [AI]
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Design

The machine consists of the following main assemblies:

• Processing module with tool magazine and secondary magazine. The tool loading

and extraction equipment as well as the feeder also form part of this assembly.

• Work piece carrier module

• Chip conveyor

• Electrical equipment: control, switch cabinet

• Hydraulic power pack

• Energy and supply lines

• Enclosure (cabin)

The machining and work piece carrier modules are connected to one another and the

ancillary equipment - with the exception of the chip conveyor and the cooling lubricant

system - is also arranged in this compact unit. The dividing wall on the work piece

carrier unit separates the loading area from the work area during the loading operations.

Observation doors enable the work pieces to be viewed from both sides during machining

operations. The tool magazine, with an additional safety door, is located in the upper area

of the work area. This prevents chips from collecting on the tools. The main control

console is arranged next to the work area such that the execution of the programmed

commands can be visually monitored.

The actual processing module incorporates the motor spindle, the X, Y and Z axes

with their drives, the Y-axis weight counterbalance and the machine frame in the form of

a tunnel. The work area and the area in the tunnel are separated by strip curtains which

permit the movement of the motor spindles and simultaneously protect against chips and
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cooling lubricant. The X, Y and Z axes are guided by compact elements running on roller

bearings and the drive is provided by ball lead screws. Safety couplings protect the X, Y

and Z axis ball lead screws against over loading. Spindle no. 1 is the reference spindle.

This applies to the measuring sensors for controlling the zero point! zero point shifts and

to measuring operation checks which use the spindle as a reference. The secondary tool

magazine and the tool feeder to the main magazine are mounted on the processing

module. These are used to load the main magazine. In the event of tool breakage or wear,

sister tools are inserted.

Loading of the secondary magazine is effected by the manually operated tool loading

and extraction device. The write/read head of the tool identification system records the

current tool data which is then imported into the control's tool management system. The

switch cabinet is located on the right-hand side of the processing station. The cooling unit

for the motor spindle as well as the hydraulic power-pack, the cooling lubricant supply

and the discharge of the chip conveyor are all located outside the enclosure at the back of

the machine. The chip conveyor runs from the work area underneath the machine to the

discharge station. The compressed air conditioning and central lubrication units are to be

found on the left-hand side under the cooling unit.
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TechnicalSpecificationsfor SamagMFZ 1

Weights

Machinecomplete,ready for operation

BasicMachine

11,000kilos

9500 kilos

max 80%

-10 ... +50°C

Chip conveyor 795 kilos

RequiredFloorspace

Machinewith coolanttank and chip conveyorbut not including chip container

(WXDXH) Approx. 3.2 x 5.5 x 3.2 m

Machineduringmaintenance Approx. 4.0 x 7.65x 3.2 m

(Spacerequiredfor pulling out the chip conveyorto the rear, swingingout the cooling

unit and openingthe switch cabinetdoors)

Conditionsfor storage

Temperature

Relativehumidity,non-condensating

OperatingConditions

Temperature

The temperaturefluctuationsmust not exceed

Relativehumidity,non-condensating

Dust contenton site

15... .35° C

+1- 2°/12hours and 2°1 hour

max 80%

1 mg/m3

Installationin enclosed,draught free room. Protect from the influenceof direct sourcesof

heat (sunrays).

Conditionsfor installation

Floor load capacity
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2mm

Anchoringwith 2 anchorbolts/machine

Evenness

Securing

Installedon AirLocelements.

Water protectionregulationsin accordancewith environmentalregulations(VAwS)

Classifiedin the WGK 3 waterhazardclass at category"A" danger level in accordance

with the valid versionof watermanagementact.

Hook-updata

ElectricalHook up:

Power requirement(connectedload)

Mainsvoltage

Frequency

NetworkStructure

Connectioncross section

Powerfuse rating(suppliedby user)

ControlVoltages

CompressedAir Supply:

OperatingPressure

Volumeof Air required

Qualityof compressedair as per DIN ISO 8573-1:

Solids 5

Water 4

Oil 5
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96Kva

3 x 460 +- 10% V

60Hz

TN-C-S//ground

90mm2

160 Amps

230V AC

24VDC

6 bar

30Nm3/h



ProcessingModule

No. of work spindles

SpindleUnit

Pitch

Tool Holder

Tool clamps

Tool insertion

RPM range

Drivepower

2

High frequencyspindleHCS 232 - 15000/28- Fa. GMN

240mm

HSK A63 as per DIN 69063-1

OTT Systemwithhydraulicreleaseunit

18000N

50........ 15,000min-l

at 100%ED(DUTYCYCLE)(SI)

at 53% ED (DUTYCYCLE)(S6;5 min)

Maximumtorque

at 100%ED(DUTYCYCLE)(SI)

at 53% ED (DUTYCYCLE)(S6;5 min)

Coolingunit spindlemotor

Max. ambienttemperature

Waterexit temperature

Positioningdistances

X axis

Yaxis

WorkingStroke

Overallstroke includingtool change

Z axis

75

28kw

39kw

90Nm

124Nm

Type KI-4

43°C

20°C

240mm

400mm

630mm

350mm



Rate of feed

X,Y,Z axes, staging 1 mm min-1

Rapid traversespeeds

X axis

Yaxis

Z axis

Feed Forces

X axis

Yaxis

Z axis

1.. .. 10,000mm.min-1

40,000mm.min-1

40,000mm.min-1

40,000mm.min-1

4,000N

4,000N

8,000N

Tp =0.012mm

Ps = 0.008 mm

Positioningaccuracyin accordancewith VDIIDGQ3441

Positioningtolerance(X,Y,Z)

Mediumpositioningrange (X,Y,Z)

Work piececarriermodule

Swivelingunit (A axis)

Swivelingrange

Indexingsteps

Repetitiveaccuracy

Swivelingtime 180°

Face plate/countersupport dia.

Transportload

Permissibleaxial load includingtransportload

Permissibleradial load includingtransportload
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0° - 180°

120x3°

+/_3°

3.5 seconds

345mm

max 600 kilos

10,500N

10,500N



Work piece holder Bl/B2 axes

Positioning

Indexing accuracy

Swiveling time 180°

72 x 5°

+/_3°

3.5 seconds

5 kilos

300mm

48 (2x24)

Face plate/counter support dia 195 mm

Max table r.p.m. 25 min-l

Face plate/ counter support with pattern of holes for clamping device holder rail

Permissible transport load when using counter support 250 kilos

Permissible axial load including transport load 8000 N

Permissible radial load including transport load 8000 N

Permissible tangential moment when table plate clamped 1600 Nm

Work piece clamping area (including clamping beams) 2 x 430x 510 mm dia.

Tool magazine and tool changing

Tool magazine

Type:

2X disc magazine mounted on machine frame

Number of storage slots/disc magazine

Max tool weight

Max tool length

Max tool diameter

Max tool diameter with free neighboring slots

Tool change on the spindle

Average chip to chip time; no disc rotation
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75mm

120mm

Pick up principle
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Tool change between the main machine magazme and the secondary magazme IS

accomplished by means of a Double gripper tool changer. Loading of a secondary

magazine operation is possible. The appropriate tool data are recorded by the writing/

reading head.

ElectricalEquipment

Switch cabinet with cooling unit and temperature regulator

Desired Temperature 45° C

Numerical Control Manufacturer INDRAMART

Type

Control Consoles:

Main operating panel

Work piece holding station

Tool loading station

Hydraulicpowerpack

Pressure

Type of oil

Filtering

MTC 200 multi axis control

63 to 240 bar

Mineral oil HLP 46 as per DIN 51 524 T2

Bypab filter with electric contamination display

Lubricationsystem

Central lubrication system, no manual lubrication required

Lubrication interval: distance of axis travel ( x/Y/Z) 25 m

Type of oil Mineral oil HLP 46 as per DIN 51 524 T2

Pneumatics

Quality of compressed air as per DIN ISO 8573 -1 to be provided by user:
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Solids 5

Water 4

Oil 5

Air serving by lubricator/water separator

Pressure reduction

Filtering of the air curtain

Chip Conveyor

Type:

Discharge height

Dredging conveyor

1000mm

approx 330 liters

approx 1000 litersClean water section

Automatic operation after each tool change fro 3-5 secs

Otherwise operation controlled by M commands and sensors.

Coolinglubricantsystem

Dirty water section (Chip conveyor)

Internal cooling (High pressure pump)

Delivery volume at 60 bar approx 30 l/min

External cooling (low pressure pump)

Delivery volume at 3.5 bar approx 80 l/min

Inclined bed filter SB 200 with fleece Filter band double changeover filter.

Filter fineness 60um

Immersion return cooling system TRK 50

Flange heater make: Helios
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Enclosure

Closedprotectivecabinwith interlockeddoorsand observationwindows.

Work piece loadingdoor operatedpneumaticallyand securedby switch rail.

Connectionpointsfor centralextraction.

Moveableguardon secondarymagazine.

Ancillaryequipment

Lasercontrolleddrill breakagemonitoringsystemmake: Blum

Controllabletools:

Length

Diameter

200mm

2mm

Tool identificationsystem:

Make: Balluffwith evaluationunit/witingand readinghead/codecarrier

Measuringsensors:ReinshawMT 12 system

Flushpistol

Noise emissionvalues

As per machinenoise regulations- 3. GSGV and DIN EN 12417.

References(AppendixA):

A 1. OperatingInstructionsManual, SamagMFZ 1
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Appendix B

The appendix shows the current value stream map for the machining of size 6

valve body is performed in the Valve Focus Factory of the plant. Each figure has been

divided in four parts. The parts have been labeled in continuation at the bottom of the

figure. The figure can be read from the left to the right and it is connected from 'A' to

'B', 'B' to 'C' and 'C' to the end. The Uptime is considered always as 100% because
..I

reliable data is not available on the same.

External suppliers,
Gennany

SAMAGMFZ1

Dally schedule

Machining

0:::> q
crr= 15 MINS

FIFO UPTIME = 100%

Daily schedule

UPTIME = 100%

crr=6 HOURS

Raw Material
conveyor

Production Control

Logistics
Center

Blue
BuildIng

3 SHIFTS 3 SHIFTS

BATCH SIZE = 48
BATCH SIZE =
120 REWORK=120

_ 50days ...---------_1 6 Hours "I------_1 15 mlns _@
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EJ Pin Printer Washing Conveyer for
Machine 1 honing cell

c> q c> c>
crr= 1 MIN crr = 43 sec FIFO crr= 37 sec crr= 2 MIN

UPTIME = 100% UPTIME =100% UPTIME = 100%
UPTIME = 100%

3 SHIFTS 3 SHIFTS 3 SHIFTS
3 SHIFTS

BATCH SIZE = 5 BATCH SIZE = 6 BATCH SIZE =18

BATCH SIZE = 1
REWORK = 0 REWORK = 0 REWORK=O

IAl-----+1 min 1 , 43 sec 1 , 37 sec , 2 mlns -----.00

crr=5MINS

UPTIME = 100%

3 SHIFTS

BATCH SIZE = 12

REWORK = 0

REJECTS = 637
ppm

Inspection + Finished product
Washing mlc conveyor

c> q c> ill c>crr= 5 MINS crr= 20 MINS

FIFO UPTIME = 100%UPTIME = 100%
Pre-paint

3 SHIFTS 3 SHIFTS Staging

BATCH SIZE = 1 BATCH SIZE =50

REWORK = 0 REWORK = 0

.00 - 5mln ..'------- .., 5 min ..1------_, 20 min +'-------+, 1.25 days -rg
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Painting Prep

crr= 30 sec

UPTIME = 100%

2 SHIFTS

BATCH SIZE =
216

REWORK =0

crr= 6 sec

UPTIME= 100%

2 SHIFTS

BATCH SIZE =
216

REWORK=O

crr= 12 Hrs

UPTIME = 100%

2 SHIFTS

BATCH SIZE =
216

REWORK =0

Post.paint
Staging UPTIME =

100%

3 SHIFTS

8 Types

@- 30sec------- 6 sec ------- 12Hrs---- 1.25 days ---------+

Fig Bl: Value streamMap, Size 6 valve body machining
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