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1. nszuIuMsnaedsegiiten v3tn ulada difa

1.1 deyaialy vt aulada Hida

Managing Director: Mr. Nopporn Viraporn
Register on July 20, 1990 by “LENSO Cars Company Limited” and Change

name Car Image Company Limited on Mar 19, 1992 and Change name LENSO WHEEL CO.,

LTD. On May 03, 2004 With Investment 110 Million Bath

Head Office Address: 111/1 Mu 9 Wellgrow Industrial Estate, Bangwua,

Bangpakong, Chacheongsao 24180 Thailand Telephone: (66 38) 571700, Fax: (66 38) 571698-9

Factory Address: 90 MooS5 Wellgrow Industrial Estate, Bangna-Trady KM.36

Bangsamuk, Bangpakong, Chacheongsao 24180 Tel.038-570250-3 Fax.038-570254

Factory Area 20,000 M’

Building 10,000 M’

Warehouse 1,750 M’

Employee Approximately 420 Persons

Business Type: Automotive Parts “Aluminium Alloy wheel”

Capacity: 420,000 Wheels/Year
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(Autonomous Maintenance)
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(Planned Maintenance)
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3. M3 I5NHIRUNN (Quality Maintenance)
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33 TuABUMIAIHHNIIIFISPYUNORBLN (QM Step-by-Step) (5111 88D, 2546)

#1319% 2.3 QM Step-by-Step

Step Tool
1. Busugmdnyazmeguamiidesns Quality Characteristic check sheet
2. tuduls 1ﬂf‘]m$ilfﬁuﬂm’51flﬂﬂgﬂ1 Deviation and Variation analysis (Histogram,
ﬁ'mf)iumw Control Chart, etc.)
3. ienineasns wiegunsaifidesniungu Pareto analysis
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7. AMAITNUIATFIUMTUITITIYUNDAUAN QM Matrix and Standardization

3.4 Quality Characteristic Sheet (513 83180, 2546)
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3.5 Deviation Analysis

3.5.1 Quality Problem (5111 82189, 2546)

Jassinuguls

(X1,X2,X3,..)

I

PréféeSS* : L 5 Output

()

—

Jesonnrugulu’la

(21,722,723, ..)

NN 2.3 NISUIUMITHARA

1) dymgaunin Aumsaaugu vanoils ANudisauu (Deviation) Y8943

VoA 3 v ] @ @ o
x llvinmifiesnuuu 3 sudanansznudemasgiuveadauls Y (wadws)

Y @ =2 P . .. &
2) Jaymauniw aunsdiudye nuneds anudsavu (Deviation) Y8362

' v P ' J o u o o
X lninmmaniafiae13 wwdswansenudensdurlsvesdunls Y madng)

3) msteudymauniw

a oa a ey d
mmgmmsﬂgumm X msﬂgummmnmmmu = TUITOUSVYDIDIANG

Quality Kaizen Quality Control

Company Performance

Problem 1lyyn 113 problem Tgyn1n1s Problem Ugy11

Ufvgeqanm AILAURUAIN AUTTOUTBIANT

i 2.4 Towdyrmaunin



22

3.5.2 Control Chart (Michael H.Down, Todd Kerkstra, Peter Cvetkovski,
David R. Benham, 2005)
® Introduction

Control charts can be used to monitor or evaluate a process. There are
basically two types of control chars, those for variables data and those for attributes data. The
process itself will dictate which type of control char to use. If the data derived from the process
are of a discrete nature (e.g., go/no-go, acceptable/not acceptable) then an attributes type of chart
would be used. If the data derived from the process are of a continuous nature (e.g., diameter,
length) then a variables type of chart would be used. Within each chart type there are several
chart combinations that can be used to further evaluate the process.

Some of the more common chart types, Average (Xbar) and Range (R)
charts, Individuals (I) chart, Moving Range (MR) chart, etc., Belong to the variables chart family.
Charts based on count or percent data (e.g., p, np; ¢, u) belong to the attributes chart family.

When introducing control charts into an organization, it is important to
prioritize problem areas and use charts where they are most needed. Problem signals can come
from the cost control system, user complaints, internal bottlenecks, etc. the use of attributes
control charts on key overall quality measures often points the way to the specific proceés areas
that would need more detailed examination including the possible use of control charts for
variables.

If available, variables data are always preferred as they contain more
useful information than attributes data for the same amount of effort. For example you need a
larger sample size for attributes than for variables data to have the same amount of confidence in
the results. If the use of variables measurement systems is infeasible, the application of attributes

analysis should not be overlooked.
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® Variables Control Charts

Variables control charts represent the typical application of statistical
process control where the processes and their outputs can be characterized by variable
measurements.

Variables control charts are particularly useful for several reasons:

- A quantitative value (e.g., “the diameter is 16.45mm”) contains more
information than a simple yes-no statement (e.g., “the diameter is within specification”);

- Although collecting variables data is usually more costly than
collecting attributes data (e.g., go/no-go), a decision can be reached more quickly with a smaller
sample size. This can lead to lower total measurement costs due to increased efficiency;

- Because fewer parts need to be checked before making reliable
decisions, the time delay between an “‘out-of-control” signal and correctivé action is usually
shorter; and

- With variables data, performance of a process can be analyzed, and
improvement can be quantified, even if all individual values are within the specification limits.
This is important in seeking continual improvement.

A variables chart can explain process data in terms of its process
variation, piece-to-piece variation, and its process average. Because of this, control charts for
variables are usually prepared and analyzed in pairs, one chart for process average and another for
the process variation. The most commonly used pair are the X bar and R charts. X bar is the
arithmetic average of the values in small subgroups — a measure of process average; R is the
range of values within each subgroup (highest minus lowest) — a measure of process variation.
However, there are a number of other control charts that may be more useful under certain
circumstances.

The X bar and R charts may be the most common charts, but they may

not be the most appropriate for all situations.
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Variables Control Charts are listed below:

- Average and Range Charts (Xbar, R)

- Average and Standard Deviation Charts (Xbar, s)

- Median and Range Charts (X median, R)

- Individuals and Moving Range Charts (X, MR)

® Attributes Control Charts

Aithough control charts are most often thought of in terms of variables,
control charts have also been developed for attributes. Attributes data have discrete values and
they can be counted for recording and analysis. With attribute analysis the data are separated into
distinct categories (conforming/nonconforming, pass/fail, go/no-go, present/absent, low/medium/
high). Examples include the presence of a required label, the continuity of an electrical circuit,
visual analysis of a painted surface, or errors in a typed document. |

Other examples are of characteristics that are measurable, but where the
results are recorded in a simple yes/no fashion, such as the conformance of a shaft diameter when
measured on go/no-go gage, the acceptability of door margins to a visual or gage check, or on-
time delivery performance. Control charts for attributes are important for several reasons:

- Attributes data situations exist in any technical or administrative
process, so attributes analysis techniques are useful in many applications. The most significant
difficulty is to develop precise operational definitions of what is conforming.

- Attributes data are already available in many situations — wherever
there are existing inspections, repair logs, sorts of rejected material, etc. in these cased, no
additional effort is required for data collection. The only expense involved is for the effort of
converting the data to control chart form.

- Where new data must be collected, attributes information is generally
quick and inexpensive to obtain. With simple gagging (e.g., a go/no-go gage or visual standards),
specialized measurement skills are often are not required. There are many occasions where
specialized measurement skills are required especially when the part measured falls in the “gray”

arca.
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- Much data gathered for management summary reporting are often in
attributes form and can benefit from control chart analysis. Examples include scrap rates, quality
audits and material rejections. Because of the ability to distinguish between special and common
cause variation, control chart analysis can be valuable in interpreting these management reports.

Attributes Control Charts are listed below:

- Proportion Nonconforming Chart (p Chart)

- Number of Nonconforming Chart (np Chart)

- Number of Nonconformities per Unit Chart (u Chart)

- Number of Nonconformities Chart (¢ Chart)

® Defining “Out-of-Control” Signals
1) Point Beyond a Control Limit

The presence of one or more points beyond either control limit is
primary evidence of special cause variation at that point. This special cause could have occurred -
prior to this point.

Since points beyond the control limits would be rare if only variation
‘from common caused were present, the presumption is that a special cause has accounteg_i for the
extreme value. Therefore, any point beyond a control limit is a signal for analysis of the operation
for the special cause. Mark any data points that are beyond the control limits for investigation
and corrective action based on when that special cause actually started.

A point outside a control limit is generally a sign of one or more of
the following:

- The control limit or plot point has been miscalculated or misplotted.

- The piece-to-piece variability or the spread of the distribution has
increased (i.e., worsened), either at that one point in time or as part of a trend.

- The measurement system lacks appropriate discrimination.
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For charts dealing with the spread, a point below the lower control
limit is generally a sign of one or more of the following:

- The control limit or plot point is in error.

- The spread of the distribution has decreased (i.e., becomes better).

- The measurement system has changed (including possible editing
or alteration of the data).

A point beyond either control limit is generally a sign that the
process has shifted either at that one point or as part of a trend.

When the ranges are in statistical control, the process spread — the
within - subgroup variation — is considered to be stable. The averages can then be analyzed to see
if the process location is changing over time. Since control limits for X bar are based upon the
amount of variation in the ranges, then if the averages are in statistical control, their varnation is
related to the amount of variation seen in the ranges — the common — cause variation of the
system. If the averages are not in control, some special causes of variation are making the
process location unstable.

2) Patterns or Trends Within the Control Limits

The presence of unusual patterns or trends, eveh when all ranges are
within the control limits, can be evidence of the influence of a special cause during the period of
the pattern or trend. This could give the first warning of an unfavorable condition which should
be corrected. Conversely, certain patterns or trends could be favorable and should be studied for
possible permanent impro?ement of the process. Comparison of patterns between the range and
average charts may give added insight. .

There are situations where and “out-of-control pattern” may be a bad
event for one process and a good event for another process. An example of this is that in and X
bar and R chart a series of 7 or more points on one side of the centerline may indicate and out-of-
control situation. If this happened in a p chart, the process may actually be improving if the series
is below the average line (less nonconformances are being produced). So in this case the series is

a good thing — if we identify and retain the cause.
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3) Runs

Runs — Each of the following are signs that a process shift or trend
has begun:

- 7 points in a row on one side of the Xbarbar or R bar.

- 7 points in a row that are consistently increasing (equal to or
greater than the preceding points), or consistently decreasing.

Mark the point that prompts the decision; it may be helpful to extend
a reference line back to the beginning of the run. Analysis should consider the approximate time
at which it appears that the trend or shift first began,

A run above the average range, or a run up, signifies one or both of
the following:

- Greater spread in the output values, which could be from and
irregular cause (such as equipment malfunction or loose fixturing) or from a shift in one of the
process elements (e.g., a new, less uniform raw material lot).

- A change in the measurement system (e.g., new inspector or gage).

A run below the average range, or run down, signifies one or both of
the following:

- - Smaller spread in output values, which is usually a good condition
‘that should be studied for wider application and process improvement.

- A change in the measurement system, which could mask real
performance changes.

A run relative to the process average is generally a sign of one or
both of the following:

- The process average has changed — and may still be changing.

- The measurement system has changed (drift, bias, sensitivity, etc.).

4) Obvious Nonrandom Patterns

In addition to the presence of points beyond control limits or long
runs, other distinct patterns may appear in the data that give clues to special causes. Care should
be taken not to over-interpret the data, since even random (i.e., common cause) data can

sometimes give the illusion of nonrandomness (i.e., special causes). Examples of nonrandom
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patterns could be obvious trends (even though they did not satisfy the runs tests), cycles, the
overall spread of data points within the control limits, or even relationships among values within
subgroups (e.g., the first reading might always be the highest). One test for the overall spread of
subgroup data points is described below.

Distance of points from Rbar or Xbarbar: Generally, about 2/3 of the
plotted points should lie within the middle third of the region between the control limits; about
1/3 of the points should be in the outer two-thirds of the region. If substantially more than 2/3 of
the plotted points lie close to Rbar or Xbarbar investigate one or more of the following:

- The control limits or plot points have been miscalculated or
misplotted. |

- The process or the sampling method is stratified; each subgroup
systematically contains ineasurements from two or more process streams that have very different
process averages (e.g., one piece from each of several spindles).

- The data have been edited (subgroups with ranges that deviated
much from the average have been altered or removed). |

- If substantially fewer than 2/3 of the plotted points lie close to Rbar
(for 25 subgroups if 40% or fewer are in the middle third), investigate one or both of the
following: ‘

- The control limits or plot points have been miscalculated or
misplotted.

- The process or the sampling method causes successive subgroups
the contain measurements from two or more process streams that have dramatically different
variability (e.g., mixed lots of input materials).

3.5.3 Process Capability (Michael H.Down, Todd Kerkstra, Peter Cvetkovski,
David R. Benham, 2005)
®Cp
Cp: This is a capability index. It compares the process capability to the
maximum allowable variation as indicated by the tolerance. This index provides a measure of

how well the process will satisfy the variability requirements.
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Cp is calculated by Cp = USL-LSL = USL-LSL
60c 62

Cp is not impacted by the process location. This index can be calculated

only for two-sided (bilateral) tolerances.
® Cpk

Cpk: This is a capability index. It takes the process location as well as

the capability into account. For bilateral tolerances Cpk will always be less than or equal to Cp.
| Cpk <Cp
Cpk will be equal to Cp only if the process is centered.

Cpk is calculated as the as the minimum of CPU or CPL where:

30¢ 3(R/d2)
CPL =X-LSL =X -LSL
30¢ 3(R/d2)

Cpk and Cp should always be evaluated and analyzed together. A Cp
value significantly greater than the corresl'aonding Cpk indicated an opportunity for improvement
by centering the process.

®pp

Pp: This is a performance index. It compares the process performance
to the maximum allowable variation as indicated by the tolerance. This index provides a measure
of how well the process will satisfy the variability requirements. Pp is calculated by

Pp=USL-LSL =USL-LSL

60p 6s

Pp is not impacted by the process location.
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® Ppk
Ppk: This is a performance index. It takes the process location as well as
the performance into account. For bilateral tolerances Ppk will always be less than or equal to Pp.
Ppk will be equal to Pp only if the process is centered.
Ppk <Pp
Ppk is calculated as the as the minimum of PPU or PPL where:

PPU = USL- X =USL-X

30p 3s
PPL = X - LSL =X -LSL
30p 3s

3.6 Pareto Analysis (5111 89380, 2546)
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3.7 P-M Analysis (Kunio Shirose, Yoshifumi Kimara, Mitsugu Kaneda, 2005)

3.7.1 Sporadic and chronic loss

& Sarvies QO SPORADIC AND CHRONIC LOSS
Www. onsulting.org (The Problem of Chronic Loss)

Breakdowns/Defects ieve)

Daviations

Accepted as normal level

Zero level

Chronic loss
i

Time

Copyriunt 2008 by TPM Conautting Service

NN 2.6 Sporadic and Chronic loss

Sporadic losses:

- Suddenly, infrequency, large deviation

Single cause that relatively easy to identify

)

Cause & effect relationship are fairly clear

- Corrective measures are usually easy to formulate

Chronic losses:

- Indicate smaller, frequent deviation gradually have been accepted as
normal

- Require innovative, “breakthrough” measures that mechanism or
component to its original, defect-free stage

Why Chronic Loss still persist:

Satisfied by the elimination of sporadic loss

Lack of study in nature of chronic loss

- Common errors are persisted

Slight abnormalities are left and untreated

Standards based on optimal levels are not clear
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3.7.2 What is P-M Analysis
P-M Analysis (HudSamsiasanldidrleianalnvesmsifiadsingmsel
odndown TasdinsiziFamenn Physical) aosingmsaianufadnd Zailusnyus
Fo%1 (Chronic) MUNGYY UOZHANNIS
P-M analysis defined
P-M analysis physically analyzes chronic losses according to the inherent

principles and natural laws that govern them.

A1519N 2.4 P-M analysis defined

)
a

{ { g a t A
P Phenomena - anudlsanuninaamunmiiiulng higaouniminailnd
: . i v ° H ¥ -
Physical - yuneamaiandierhand ledeiuni llvesdgymlusun
NNNIONIN
. ¥ = a A [ 4
M Mechanism - A lana Tu Tagmsnaans o49ns1iue

-anudlunedumdnmivnau szuu tazna lnaeg veunsoasns

Machine - amush s luanuduiuivesesuis 4 RaawadenwAnlnan
Man Rady 7 liorewestnld
Material
Method
ANALYSIS =  nsfum uazfigninsuanudunusveaunquazka

P-M Analysis 8 Steps:

1) Clarify the phenomena

2) Conduct a physical analysis

3) Identify constituent conditions

4) Study 4Ms for causal factors

5) Set optimal conditions and standards
6) Plan and conduct a survey of factors
7) 1dentify abnormality to be addressed

8) Propose and make implements
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3.7.3 Chronic loss and P-M Analysis

Approach to Chronic Loss in P-M Analysis Helps Eliminate
Three Phases Chronic Loss
1. Look at the phenomena analytically »  P-M analysis steps 1-2

and systematically

A

2. Review all causal factors (potential P-M analysis steps 3-4

cause-and-effect relation)

l

3. Expose all slight abnormalities hidden ‘—'I P-M analysis steps 5-8

within causal factors and reduce them

to Zero

1N 2.7 Chronic Loss and P-M analysis
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3.7.4 Implementing P-M Analysis Step-by-step

A15199 2.5 P-M Analysis Step-by-Step

No. Step Details
1 Clarify the phenomena Carefully define and categorize the abnormal occurrence
2 Conduct a physical Describe the phenomena in physical viewpoint how the
analysis part or process conditions change in relation to each other
to produce the defect or failure
3 Define the phenomenon’s  Identify all the conditions that will consistently produce
constituent conditions the phenomena
4 Study production input Look for potential cause-and-effect relation between the
correlation (4Ms) constituent condition and equipment (machine, jig and
tools) material, work method and human factor
5 Set optimal conditions Review the equipment’s current precision levels to
(standard values) determine where new or revised standards are deficient
6 Survey causal factors for Using appropriate measuring methods, confirm which
abnormalities factors identified in step 3 and 4 exhibit deviating
conditions
7 Determine abnormalities to  Review survey results and list all abnormalities (including
be addresses slight defect) to be addressed
8 Propose and make Implement a corrective measure or improvement for each

improvements abnormality, then institute operation standards and
preventive maintenance procedure to maintain optimal
condition
Phase I: Step 1-2 Look at the phenomena analytically and systematically

Phase II: Step 3-4

Phase 11I: Step 5-8

Review 4a11 causal factors (Potential cause-and-effect relation)

Expose all slight abnormalities hidden within causal factors

and reduce them to Zero
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3.8 MIVONUVUNIINADDY (Design of Experiment: DOE) (57 éaué’a, 2546)
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3.8.2 YHADUNITOBNULUNITNADDY

1. anuthledudaym
o o o .
2. mﬂummqﬂsxmﬂmmmimam
o o i
3. SYYNAANS (Output) NABINISANY
A () LY} ) 194 aa ' A [y v oo o I
4, mﬂﬂ’nuﬂi)ilﬂ(Factor) Tat1anaa N inNUFUNUTAUNAANSN

aule
5. MMUATZAY (Level) vounazilady
6. f'imuﬂﬂaqwﬂumsmmwﬂam %Y One Factor at a time, Full
factorial, Fractional factorial, 2k factorial ﬁ‘J‘uG,l' U
7. Lﬁﬂﬂ?ﬂgﬁﬂﬂﬂ'ﬁﬂﬂﬂﬂﬂ
8. Ansizvivoyn
9. ajwaninaney
10. vhdeaui IS udarmsiimeslunszuiums udmanes
Audeyadnade eduduna newhlufrnnueis
3.8.3 Hypothesis Testing (Douglas C Montgorﬁery, 2004)
(1) Null& Alternative Hypothesis
- Hypotheses are always statements about the population or
distribution under study, not statement about the sample.
| - Three ways to verify the null hypothesis bvalue.
1) Determining the change: from pass experience or knowledge of
the process.
2) Verify the theory or model: from some theory or model
regarding the process under studying,
3) Conformance testing: from external consideration, such as
design or engineering specification. |
- Null hypothesis is what we are believing.
- Null hypothesis is what current standard process does.
- Specify type I error (Q).
- Fail to reject Null hypothesis is “weak conclusion”.

- Experimenter needs the evident to reject null hypothesis.
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- Alternative hypothesis is what we would like to see.
- Minimize type I error ( B ).
- Concluding alternative hypothesis is “strong conclusion”.

- Examples of null hypothesis

Process is in control ' o’=0°
Process is capable Cpk > 1.33
New method has no effect unew=p,

~ Examples of null and alternative hypothesis
HO: p,=p, or Ho: 0,=0,
Ha: y, # M, or Ha: O, # o,
(2) Typel & Type Il Error
- Whenever a decision is made using the information in a random
sample (inferential), this decision is subjected to error.
- Consider when a current process is standardized:
Type I error A: Null hypothesis is rejected when it is true.
Type Il error B: Null hypothesis is accepted when it is false.
- The probability:
O = p (Type 1 error) = p (reject HO/ HO is true)
B = p (Type Il error) = p (accept HO/ HO is false)
Power of the test = 1- B = p (reject HO/ HO is false)
1- O = p (accept HO/ HO is true)
- Producer risk (Type I): Action taken but negative results.
- Customer risk (Type 1I): ﬁo action and loss of opportunity. -
(3) Hypothesis Criteria
- Not that in many cases of hypothesis test, we want to search for the
true difference from current practice that really exists (that is to reject HO) that will lead to

product or process improvement.
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- So we need to minimize our risk A (producer risk, fault alarm,
- action failed) and allow for sample opportunity to detect the true difference (sufficient power of
test, 1- B)
- This means failure to reject HO is a low-risk but weak conclusion.
- Therefore, our decision wi}l be based on the producer risk .
- We will reject HO if and only if our risk to do so (the P-value) is

less than a certain level of O value, normally set at 5%.

p- Value < Reject HO
p- Value > O Fail to reject HO (Accept HO)
(4) F —Test

The Probability Distribution of Variance ratio SZI/ Sz2

The ratio of two Chi-Sq Distributions is F- distributed.

The Probability Distribution of Variance ratio §?/S?
The ratio of two Chi-Sq Distributions is F-distributed.

af=2,12

df =25, 120

0s ar=s,12 :
" Estimate ol [ o} from| S2/ 82

TemNNTOEANTON YT S 0N
e S I I S S G I3 ¥ <~

~
-

NN 2.9 F-distribution
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@15199 2.6 Tests on Variances of 2 normal populations

Hypothesis Test Statistic Criteria for Rejection
2 2 2 2 :
Ho: O = O 5 F,=8/S, F,> FC(/z,nl-l.nz-x or
2 2
Ha: 07, #0 ) Fo<F annrin
2 2 2,2
Ho: O 1 = 0 2 Fo =S 2/ S 1 FO > Fa n2-1,nl-1
Ha: 0%, <O,
2 2 2 2
Ho: O°, =07, Fy=8/8S, Fo> Fa ppina
Ha: 0°,> O,

Hypothesis testing on Variances (F-Test) is a fundamental for DOE Analysis

(5) Analysis of Variance: ANOVA
- ANOVA = Analysis of Variance, a method used to test effects of
multi-level factors on the population means. '
- ANOVA describes observations as a linear statistical model.
Example one-way ANOVA model:
Yij=p+ 1i+€ij i=1.2,...,235=1.2,...,n
p = Overall Mean
T =i th Treatment Effect
€ = Random Error
- The previous equation is known as one-way ANOVA, or single-
factor analysis of variance because only one factor is investigated.
- For 2 factors, the analysis is called 2-way ANOVA, and N-way

ANOVA for n factors.
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(6) Two-Way ANOVA

- If experiment model consists of two main factors, we will get 3

effects due to two factors.

- Suppose that Temp. and Pressure are factors of our experiment,
when we perform the experiment we will 'get the main effects from Temp., Pressure and

interaction effect from Temp. X Pressure.

- Two-Way ANOVA can provide the statistical analysis for these

situations.

A1 9N 2.7 Two-way ANOVA data

Factor B
1 2 b
F Y111,Y112, Y1bl, Y1b2,
a ..., Y1lln ...y Ylbn
c Y211,Y212, Y22b, Y222,
t .ery Y21In ey Y2bn
0
r
Yall, Yal2, Yabl, Yab2,
A ..., Yaln ..., Yabn
Formula;
Yijk = p+ Ti+ Bj+ (TR + €ijk
Where;
i=1,2,...,a
=12,...,b
k=1,2,...,n

For main effect A:

Ho: T1=T2=...=Ta=0
Ha:Ti?éO

(Factor A has no effect)

for at least one 1
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For main effect B:

Ho: Bl = BZ =, = Bb =0 (Factor B has no effect)
Ha: Bj #0 for at least one j

For main effect B:

Ho: (TB)ij = () for all i, j (Interaction has no effect)
Ha: (TB)ij F0  forat least one i,

‘@15 19N 2.8 ANOVA Table for 2 factors

Source of Sum of Degree of Mean Square Test
Variation Squares freedom
A treatments SS, a-1 MS, =SS,/(a-1) F,=MS,/MS,
B treatments SSg b-1 MS, = SS,/(b-1) F,= MSB/‘MSE
Interaction SS,s (a-1)(b-1) MS,; = SS,,/((a-1)(b-1)) F,=MS,,/MS,
Error SSg ab(n-1) MS, =SS /(ab(n-1))
Total SS; abn-1

Factors are considered to have significant effects if MS, ,_ >> MS, or F, is large (small p-Value).

factor

Thus conclude Ha when p-Value <O

3.8.4 Factorial Design 7
- The low level of a factor is designated with a “-*“ or -1 and the high level

is designated with a “+” or 1.

+

Va Low () b) (ab)
Factor A

\High )

Low (-) B

Factor B /

\ High (+) - A +

(1) (a)

MNN 2.10 Two factor
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(1) Main & Interaction Effects
- If there are a levels of factor A and b levels of factor B, there will be
and treatment combinations per replicate. |
- Main Effect: The change in response produced by a change in factor
levels.
- Interaction effect: Effects of one Factor depend on levels of other
factors.
2) 2" Factorial Design
- A 2° factorial is a 2x2 factorial. This design has two factors with
two levels and can be done in 2x2 or 4 runs.
- A 2’ factorial has 3 factors, each with two levels. This experiment
can be done in 2x2x2 or 8 runs,

) 2’ factorial Design

/ Low (-)
Factor A
\ ) +Hi
High (+)
/4 Low (-) C +Hi
Factor B \ -Lo
High (+) . N
-lLo A +Hi
/ LOW (')
Factor C \
High (+)

MW 2.11 2 factorial Design
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(4) ANOVA Table for 2’ Factorial

A13190 2.9 ANOVA: Table for 2’ Factorial

Source of Sum of Degree of Mean Square Test

Variation Squares freedom
A treatments  SS, a-1 MS, =SS,/(a-1) F,=MS,/MS,
B treatments  SS, b-1 MS, = SS,/(b-1) F,=MS,/MS,
C treatments  SS. c-1 MS,. =SS /(c-1) F,=MS/MS,
Interaction SS,s (a-1)(b-1) MS,; =SS, /((a-1)(b-1)) F,=MS,;/MS,
Interaction SS,c (a-1)(c-1) MS, . =SS, /((a-1)(c-1)) F,=MS, /MS,
Interaction SSac (b-1)(c-1) MS,. = SS,/((b-1)(c-1)) F,=MS,/MS,
Interaction S8, 5c (a-1)(b-1)(c-1) MS, pc = F,=MS,,/MS,

SS,5c/((a-1)(b-1)(c-1))
Error SS; abc(n-1) MS, = SS;/(abc(n-1))
Total - S8, aben-1
abcn
SS, = 2222 yzijkl - yz.... /abcn

i=1j=1k=11=1
a

SS, = 2 y2i... - yz..../abcn
i=1

SS.= 2 y2..k. - yz.... /aben

k=1
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ab
SS,,= & & y'ij.. —y.... /abcn — SS, - SS,,
i=1j=1
ac
$S,.= 2 2 yik.—y’.... /aben - SS, - SS.
i=1k=1
b ¢
SSyc= 2 2y jk.—y.... /aben — SS,, - SS,
j=1k=1
abc
SS,pc= 2 & Z y'ijk. — y.... /abcn — SS,, - $8;— SS.. - SS,5— SSxc - SSpe
i=1j=1k=1
© S, =SS~ S8, - SS,— SS - SS,;— SS,, - SSpc~ SSanc
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- 1.3 PM3M%UA Organization V83 Pillar#6: Quality Maintenance
MINMUA Pillar#6 member vzaovsznouhdrwadnninyaniiionun

o y . A o Aa A
1N8IVDI (Cross Function) meJizmmmﬁlumsmmuﬂ%ﬂﬁu

A 3.4 Pillar#6: Organization
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% Progress

Acual Progress 2008

315

893

125

Fac.1 Fac2 Fac3

TIN2561

%%

Target Progress 2009

H%

45%

5%

Q12000 Q22000 Q32000 Q42009

cOQ

MWA 3.6 Action plan 2009 — M5 VANUAVNIIVBININT TN

Plan

Actual
2 [Qcs .
Factory#1 Plan :
Actual
Factory#2 Plan
Actuai
Factory#3 Plan
. Actuai
3 |Defect-free conditioning
Factory#1 Pian
PCR Actual
Factory#2 Plan -
Actual [
Factory#3 Plan
Actual
S |[SPC
Factory#1 Plan T
Actual ]
Factory#2 Plan T T -
Actual | 1
Factory#3 Plan - =
Actual
6 [PM Analysis
Factory#1 LMB Plan
Actual
Factory#2 Plan
Actual
Factory#3 Plan T
Actual ]

1N 3.7 QM - Master Plan 2009
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2.1.1 M359AN Quality Characteristic Sheet F992¥11 11K gmuAnBUEMS
ABINN (Quality Characteristic) 2z a1AMIA51/5U (Source of Variation) iagiirlgms
Aufiumsiieriia tozmiemsniugy undewesnsysou finadednymemegann
Taomisauiumsludumsldmalulat (Defect-free Condition from Technological Matter or
Machine Itself) nagmsgnfiumsdmmssanisnsemsnsinaeuetnodad (Defect-free
, Condition from Managerial Matter or Faithful Observance)

2.12 MIAUANULNAUMN N1INITATIEH P-M Analysis ifoAUN1
Funananveym

2.1.3 MIVONUULAIINAND (Design of Experiment) (NDAUNIALAIUAY
Mvivfidaiitinadegudnyazmagunin

2.1.4 M3nugu Hdan 1y guanyusn eI uaz/mselliseniinane

puanyuznnunn Taoldmaiinneadia (Statistic Process Control)

b4
o A

v o & 4 d
Tasanuduwusveunssiionee Wuaail

1.1) Defect-free A

A4

Quality

Characteristics

Source of Conditioning

Variation

1.1.1) Plan to Reduce by

Machine Itself

v v

1.2) Measurement (Cost of quality/ Defect) 1.1.2) Plan to Reduce by Faithful

- @ o o A =} 1
NINN 3.8 ANUAUNRUTVDIUATDINDANNG
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2.2 msaam Quality Characteristic Sheet: QCS
Qcs umseiildiinseidinudnyusgonin (Quality Characteristic)
AMMUARMIIAILAY (Control Value) uazAunmMasiulinaymn1 (Source of Variation) 1nud)
dudszneuvesmsiasuaziBun 7 o61a fail
(1) Process
5zuﬂszmumsﬁ%zmmﬁmﬂxﬁ
(2) Quality characteristic
s:uf}mﬁ'ﬂymzmmmmwﬁﬁmms mnﬂszmumﬁ?u@]
(3) Process and Description
B0 WAZIDUAYDY NTTUIUMS Wodavl
(4) Control Value
$YAINILYY YOITNBULINAUNIN ﬁuq
(5) Quality Control (Equipment/Tool/Parameter) Variable
FEYDININIUYUANIN fuiluA1in (Variable) wona Equipment/ Tool/
Parameter |
(6) Quality Control (Equipment/Tool/Parameter) Appearance
TR INSAIURUNBNIN FdudnynENIINI8N I (Appearance) HONA
Equipment/ Tool/ Parameter
(7) Source of Variation
seyfaumasnnuuilsdsin mumsnaugunn fidly Equipment, Tool,
Parameter Tivefinanef1AIURNVEIRUEINUENIRUNIN HABINITNNNTZUINMS
Source of Variation iufadsiy ﬁnzﬁmmuﬂu TInaNAz/MIorI9A
von'ly o lilWiinansznudegudnuazmegunmiiisdesnts
M39AN13A1 Source of Variation N52¥114 2 35 Aie
1) Defect-free Conditioning by Technological Matter or Machine Itself
nuieis M3ldimalulad ienruay Sivauaemiemsalimualy iwu nsszyndld
Pokayoke ED) Error-proofing Wudu
2) Defect-free Conditioning by Managerial Matter or Faithful Observance

o ] 4 o d
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2.3 N159M9M Statistic Process Control
910 Quality Characteristic Sheet JUAIUYDINUTNBUTNNNUAIN (Quality
Characteristic) 3£AB3IM3IAAAIY (Monitor) 8819a1i0d TaulFmaiianeadaninuivos
:é t AA A s a 3 LY [V 9 24
Wenyn Iavdadndnavunugudnyaznsguain isaso liassaeu uazmie
L) ) (. c’;"
1AM INULNAIN NI (Source of Variation) #1197 Y9 AMANYULNINAUMN U 14
= o Y t -1 o )
MINIVAUNTLUINMINGA dmSumsnasdeouindogliifioniims 14 Control
A a o ¥ e & <
Chart INDAAMINNAVDINUANHMENNAUNINUDL 1Y Process  Capability 1WouaAID
v } 4
ANUANNTOVDINTLUIUMIHER B NTTUIUNTUUS Al
(1) Variable Control Chart

- Chemical Composition (Si, Mg, Ti, Sr)

Density (Dv)
- Al Temperature
- Hardness

Thickness of side Wheel
(2) Attribute Control Chart

- Reject Dv il l@mudofmun

U ' vy
Ay 109 ¥03de

yusovue’

gudatedu

[ v d
nae lunw

LY 1

A20819999015AIUAUNTZVIUNT 1a81F Control  Chart 1AL Process
e < 1
Capability Wil
AN 3.15 LAAID Xbar-R chart 182 Cpk ¥99A1 Density (Dv) ¥93ATDINAD
Tnedoyasziimsdaynithvesmswasy uaziiuiinnanslu Control Chart H9g# Board 1197
W o LY ] a A o ¥ @ 4 y
Wiina Qe wnhideyawiudiinluneuiumeiiNeduin cpk lundazdilad uasuss
H ] v ' ' 3 g} °
Aineados e limswanuzanuansoveunsowmasuanzias e 3aunahdoya Cpk Tu

Update Visual Control ¥941A3091180



68

N1NN 3.16 Xbar-R Chart Uag Cpk U93A1 Si LAAIAIDE19UB Control Chart

1 ! ~ s _ W é ] g
hldmugudaulszneumaniifddy $ad w3y Aluminium Grade A356-T6 32TimsnIugy

b.

9 o 9 [y

hdny 4 519 A2unufe Si, Mg, Ti uag Sr Tasdoya QC sxviimsinszvausenaunis
infl Fuaz 6 1111 udniw Plot A1a91u Control Chart fiog# Board i1 uazufinasly
= I'4 é o v [y 4
apuNaneseA1In Cpk Tundazda
4 ' v o o o '
AN 3.17-p Chart ¥8331unan hitdn 11uA29813909 Attribute Control Chart
A v A2 o ~ 1 v o =) Y a ] Y 9 s @ 4 ar
Mmiufinduanude (mas hidn) Weudvveandnluusaz uTasdeyaszimsiuiinyniu
nazusainedounens B Tiuvealym
lumsniugunszuuns Taold Control Chart 10 Process Capability 921]
mstufindeya 2 dau fie Tufindoyafiniiraud Board SPC naziufindoyalu Computer
J ] a ' o LY a3
N donruguamunin wazrenineziszyuiuiu Wade spc snitlu
o 9 & ¥ @ v 9 A [} |' = EY o~
Wadenilsiszdesguiunazdmunua luvealyniniennsguensiesfiniugu szdsalinis
¥ 1 L 4
wiaunauealyniiug dmuauuImensauiiumsimiu uazveunuolidineitesly

autluns e ldnanisdnegluninuguues Control Chart

LENSO WHEEL CO,,LTD,
+(X - R Chart) & Epk of Dy

ry TR le T ] ] ...3]3. TN i DI EIRIED RS RETTE
q I X i o el [eel budbwha - sufie sur a=n b e

il

333333
5

AT 3.9 Xbar-R Chart 1tag Cpk U041 Density
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Tuduiinmasiwou {Control Chart) s Si
MONITER

oy I O TN T G Gecw

o | R N I I T |

AVERAGES |X BAR CHANT}

NEONONRRNDONNONDDnoanoRnnaRROnoDoDoONRnoDnNDEDRnnonnonoonn wlelsls[e]wluls
woe L D D LD LD L L D e[ o[ o] e o[l =lw s [#[n]r o] w]»[o [ [s[a]r s | n =] rla]* ][> wloln]a|w]n[=]=
e I L e e e P e R e L e L e e e L e e e e e s o s
el foh & s ; ; e % oot .
& = POMT OUT OF CONTROL : Upper thas R Chary
[
b oot o or comrnan 8 - o o or comn
Lo=rvescs \ . i
ATTRIBUTE CONTROL CHART (p Chart)
DEPARTMENT Casting dept. PART NAMEMNO /MODEL : Al models PROCESS Cambivg Sep-09
QUALITY CHARACTERISTIC waahby Avg: i
CYSr RN SR SN BRI SO SN MR SN IR T [P VS TN ETY A AT T AN YO TV T N T TS T N )
SAMPLE (pes.) 1827 | 1671 | 1837 | 1833 § 1614 | Tsus | 1684 1888 dte0 | ises | 1648 | tsne | 1330 | 1386 ] 1375 1298 | jaan | 1483 | 1470 | 1830 | 114 Las.
[Ne_ ot NC fpew) 12 s 20 3 . . It . 24 14 )T 1B 1 32 aa 8 % » 1 1z a3 [T
[Propestion 0007 0004 ] 0012] 0003} 0.008 { 0008 | 0.007 0 008 oote | 0000} 00w | 001%3| voll | 0028] DO3L 0030 | 0023) 002) | 0009 0008 ) 0028 | ODGY
P Y T R T R T R TIPS oond GTTC UG0Sl Geic Gmte aat asie Tots ma B au R A
UCLe Geak Cu CuW COw 00w o na Dot OO 0ebe Db DOR L0U G Cusa e Gom Gom 00w Gai
W w0 BRN0 HOW atw G G o com oo o ama oo Ao Ao Qv dum Omw bR O%e Shm 008
0.040
0.035
0.030
0.025
0.020
0.015
o.010
0.005
= Tk
0.000 TR e R : e - : ; Zoprln
1 2 3 4 5 [:] 7 8 9 10 11 12 )3 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

WA 3.11 p Chart vosunae Lty
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2.4 MTIATIEH P-M Analysis
M331A512H P-M Analysis Sanun 8 Suaou Ao
(1) Clarify the phenomena
(2) Conduct a physical analysis
3) Identify constituent conditions
(4) Study 4Ms for causal factors
‘ (5) Set optimal conditions and standards
(6) Plan and conduct a survey of factors
(7) Identify abnormality to be addressed
(8) Propose and make implements
' wdvadenilymdrmnmuniwndng Taold Pareto Diagram Tunishnsizd
Wefumilyningn lunssumnsndeogiiiion Tynmando “T;mwsﬂugwguﬁ(sminkage)
uazgnfﬁu (Pinhole)

7N 3.12 Pareto Diagram tyvmannssuiumsvasegiiition

Casting Rework Pareto chart of Jan-May 2009

[00P00.00%
+ 90.00%
+ 80.00%
1+ 70.00%
+ 60.00%
+ 50.00%
r 40.00%
+ 30.00%
T 20.00%
+ 10.00%

Rework Quanti
8\1 o
888

558

PINHOLE

- o N WA

€l
viauwa
Tnsaaa
Amow
UNDER CUT]
sauuaIAsY
findn

SHRINKAGE
Andunau
Lo

SHRINKAG!

Type of defects

AIMH 3.12 Pareto Diagram YyMMannssuumMsnavegiiiion

o o o A a o o a a 4 R

dmFumsauiumsvesuSim 148 utiun1sns1zy P-M  Analysis 1y
2 ; Yo = . 2 -
YURoU# 1-5 ¥oadeyn Shrinkage wag Pinhole 631 1dduiiumsludiuves Yuaous 6-8

Taonans A1 1ui5 09 Pinhole 131 11an a15199 3.6
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PMasnlyss Table (Sep 1 -5

Fhanamnem : Phiule
et St PR i omnes e RPN, L g ) T Necesmwy (SapSh
s (a3 w4 ) aremgps) toneFemini)
_founmiobaleitn | unllmmhalogiing 1ol A et |11 mhns e Tt M K Mun Win jun}
[Dimnmocrstioon ¥ Yol 1 k2 i 4 0 Rty Muainl Iionnah f
Jeormadi henms seri adid o
12wk foominendbild faxtoumen -2 mhaydi e e nfanimuse W pnanhitd
kot
o)
1-3velnan it vz Dogas 134 mbmi i iEom ook nadtomo M e V0L Degas
M)
1-4mh Dramsonmnh T 1-21 mhai i hiko i Do romne Ma fiomabbin e sonnmalibban
. M) 122 48 Dvas el feean fnowg oy b v linmpwrean
1-suheinfmmbn 151 mhoubis moses s nan Mo s bl Prioul
KMo 1-52 i sqnsc biWaemsalinh i J Muchiee i ol Waemssaliah
A infremst i D barfto oy b Ao vk
1-54 Bitmn i igemndhunm murtom Moted ] Fhwe hlimmt ]
16 o nt b sbege nfns 61 WA an IR Mo TR Mo pivamhiima Friou
foveching 162 soumampad s Madine hhanfoomve g
-6 i o 8 o) e Wi wonseoimen
- hounde s 174 B bhisnd: Lomde hrabapshigh (Ma fimnn s oD WS bane
vk 172 Catingarkom e udos Ovctinn) hileoonfan Cucing seitos
3 T e rhapere W e s i
1-74 Bilimmoungoegil ol e v Wi Meod famsy i ool
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P-Musmlysda Table (Seep 1 -5)
Phenamenn : Pinbole

mhmvmaand FerMvikonnfo o oo & mnhata ot o Neomry (SepS
Supd) (Sep) Spd St q onmynresi | nandken V)
l-lml‘u‘lmni'\mﬁmnmpu
<-40dpi) -8-1 o Tum sty Coken 103 A dyer Yot Mackine i} =4 min
josaccd) -3 mogmmyB it Maria Frosmormiu i
1-84 Bifanmyndimnt Method b mnamsm sy ms o swppier
1-91h ALy memennmisn -0 mibnubits hil YT M v il sw uemlro o
|6 AL2cs uq‘lmfw 1-9-2 pium I in Macise fe28
jovacid) 153 P MR R Mleia fruc Vi uumeoghgaitals
1 loqnmﬁ:inv'mnqim ®o'’c 1-101 mimiubinssmunsanmsiuben -
Mucaia) 1-10:2 TC St crrer Mschine [TCioui Pouatie hidiu: 20wn
1- 103 Controdier #HMUAMINA Mckine Jocraralter st Terp hidhe + 5 an
- 104 guavlm oo bl Musia fremp = 710 - OBy
+1 mw‘u'hmnnp
foMacaa) - 112 R Codtingomlen ninurdos ke Pidincoonimn Goting nonfardos
112 Sl mimib coing o Mchine
114 Mo ooy M aid
1-11-5 ey v siorsditst Mot
1-12 B Pux el namloniv - 124 maslimimnasmsgrum Yididinond bivk e Mam
Dahod) 122 o pumentor wipsilo Bl m g Mk
1123 WiighrmHowiledh Muaid
dnn stk (W8 4 Mtbod
r3rmhem admieniuty) N
{0abod) 1131 Ao huns Yrisfirnloain Ty Madiine Y- 1t




A1519N 3.6 (AD)

73

P-Manalyss Table (Step ) - §)
lm-.tlk'*
b imfnd Fnlhiresrioainitmm Ko ok AL Newway SwpS)
Sep2 s*p3 pQ e aomynmsl A
sa1fhncs fier Arvioufnih) 1+ mhsnasmms b sk 4 it o mhimsb g L
0ot 1 12 S haszionds emoso Ar Madine bioely 7 hilsoes
- 143 BEnmd wamm Lmavs rouzAn A Mot vt om sz &
Witainhi 1151 M0 iV W wonisten
jovatead 1152 Beading I AR BT Mikins ven bick s eaflowis
1- 159 Buaing VLA Mt foen ikt
- 154 # : Wi A #
HsmxnmhaL il L 161 méts mnaneepaminh AL Srndbifk
9 162t 4 an. .
- 163 bEgfomWen it Muia
64 martva s abon bk bimmres Wi Manal
0 e e -1 mb e Wiy hineh Maa
ot -2
-7
i 174 DI hodath Mt
+adomaha nhibpis 1825y A it onde o Mneih gt
fovshc) 1183 b Lands hiviapurdor A isfathqulgy bW Mctins
1 194 bhnmsgrawon nfisumieeplivegi Mshod -
raany X1 W o'W b v M Sy
Oxs. b2 St doneiortwnaminki }on o R Whifs nec
jovem) b 13 o ioanin Dh Bietn Mhine boamaci bii2 om
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PManalysis Table (Step 1 - )
Phenomens ; Mirhole

malembnsiBnd Aerlvikonefostinim mudrhdkdmne v mudhstivaibamhagn okt o1 Nestianry (RS
o=p2 (sep3 () Spy o T i
> 2vhhanalin whu iy b 21 inens bim Machiee bssirutiefooin 5 be
1 Coret fomstancund
fvam)

2.2 B8 Condi ion N ITIG Meicriel it cndition mbanapriu
b-»hmhaafiuominii hipvle: P31 "Bl Condiion standend Makesial btk condition mbamamriu
Jamat Condion sandaxd
JOVim)
baovinhimakiuns winp p2 hipstos b1 "h) Condi tion standeed Mecsiak [y condition wiamepriu
b Core o standasd
M)

J2-5 v musiomums coding higenued 51 wimmarmn s 330y Min i ahiimamovoulmthist g
(M) 52 BRRhsrvuef Cooling Mectine Fhw conling rrasmes s

5.3 snunsBunnifenihenin Coong Fn Muchine s=ron) Conting gpvien
b2 s winamaRumyki Dycos hloorsm b 61 winivn nf neiDycos fenierivee Finimnvounhishimm
) dilmstme i

62 i Dywat 10D W achine hinsdonBinR iy W

) 63 Dycont s higios Mesial i ynesRsnmen 14
- PRV i b s ol whnmvs
hhaiuh
(M)

22 mvafumseim il Mactine frafunsinald
|28 Spoct nfovimadinn
0 30t cycte ndond b o1 hrhamiic s wiat mnamsginvactine bivoria aycimii = 55120 bas
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P-Manalyss Table (Step | - 5)

Phmasena : Pishole

mSemuinded ¥ BSSEORH S nes M el om0 [re—
(epn (sep3 =) L) e 1 ke

29 o ogiidawtw so ' o1 minnubimsveoumsanmgven

jMucsia) 92 7C S0 arrer Mackine ITC/Towiieh Patic hiu s 200
b-93 Camrollor RW18M 1R Machine Comroles MR Tamp Bidhs ¢ 5 own
b.94 Beser o Mackine: ansuyinivrivin Seeing Hesta :fovinm
5.1 Tensfoemuim Muhine pncdosbitnds
b o6 geassnfmrnmmstiiuh] bl framp =710 - 0B Wy

2 10msurSoy Bk Ay b 101 msnnBy Coding'Tbdsion Bt hwn Fatidninmafh

(Mathod) b 102 wninan 1Y Whiurins Dy comt WG IR M
103 DyccatinRnnm Muchine > Madvihiprhish
b2 104 Condition 110010 59 Standwrd Mactine hEulTIA 1 94 of Stnderd

Y, S U S

binnmamaunesnsaninonies

b 106 hifS Cring w5 ik Pinbclc Machine 20 Pinhole 98053} Cocling
P-107 R Yo ‘Ir" R m i i Mml'wi‘mm' N‘M
b 108 Bl Standard Condition 40D Mutarial 1B Y comdition WA

b 109 Bifinmn ooy CondtionDycon Tnrmnfism Meied frimnanl M sy NN doeck shect
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2.5 NMIPONNUUNIINAABA (Design of Experiment: DOE)

mnﬂmmﬂmmw Soq 5183 (Pinhole) mwmmsmmmumem"lﬂﬁ Zero
Defect Tuidnail fariu wu1ﬂtu~nmm‘nmﬁwﬂammamﬂwumwaﬂs LNUADM Den51ty
(Dv: ﬂ“smmuﬂﬁ"laTﬂmu“lumaqmuun iy g/m3) msawamaaﬂumzmmmmw
Tu304 Pinhole AumMs st amgueadynrlu P-M Analysis 1ag Quality Characteristic
Sheet Tﬂuﬁs:"uazs?mﬂmsaammumsmam Fail

Problem Statement

21NASANYIM Density vonriogiiflonfinfos Degas wudh A1 Dy azdeshi
fn 2.65 Sz Idgunmvessus hififyniluides Pinhole uazdhondn wdosniugy

11 Dv > 2.65 i uadegiium Dy hi'ldunmsgiu v 1R TiTam Reject/Rework Pinhole g4

3. MINATIEHATZUIUMS

AT IEMASIUIUNIS
Tadudiauquts
Moisture of master alloy

Moisture of Flux
Argon flowrate

Al liquid Input ——»1  nastnuns Degas ———— QOutput Dv
Air moisture T
Tasudnuantats

AMNA 3.13 MITUNTILHNILVIUNT Degas
2 2
IﬂUﬂ%ﬂUﬂﬁﬂ‘ﬂﬂQWﬁﬂﬂﬂ'] Den51ty ‘Vlmﬂﬂll']'ﬂ']ﬂ'ﬁ'ﬂﬂﬁﬂll ‘VN‘Hllﬂ 3 ﬂ%i]U ANU
(1) Flow Rate of Argon
(2) Moisture of Flux
(3) Moisture of Master Alloy
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3.1 MINUULMINANDY

3.1.1

3.1.2

Amuaaus (Factor)

A: Flow rate of Argon — 20 I/min (-) and 25 V/min (+)

B: Moisture of Flux — enclosed pack (-) and Seal pack (+)

C: Moisture of Master alloy — moisture alloy (-) and dry alloy (+)

fMua Sample size n=3 Taoiion 19 DOE: Factorial design 2’

3 NATRUANYAFIUI

(1) Flow rate ¥HaADA1 Dv nio'ly

(2) Moisture of Flux {inanoa1 Dy ¥50

‘ (3) Moisture of Master alloy iinanon1 Dv viselu

(4) Flow rate and Moisture of Flux 3Hanoa1 Dv 138 11

(5) Flow rate and Moisture of Master alloy linanon1 Dv 3ol

(6) Moisture of Flux and Moisture of Master alloy iinanon1 Dy vi3e i
(7) Flow rate and Moisture of Flux and Moisture of Master alloy linane

A1 Dv Y301y

M15197 3.7 udinwan Density Tuudazgasnsnaass

Run .[ Treatment [ 2

1 -1 631 .

2 a 2.647 2.646 2.646 7.939

3 b 2.637 2.631 2.632 7.9

4 ab 2.653 2.641 2.651 7.945

5 c 2.632 2.637 2.64 7.909

6 ac 2.619 2.645 2.646 7.91

7 bc 2.647 2.642 2.637 7.926

8 abc 2.656 2.653 2.656 7.965
63.397
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3 df ]

| 22 E03 23 |- Fo - | Ferifical
A Treatments SSA 6.E-04 1 14.3539 4.49
B Treatments SSB 2.E-04 1 5.5147 4.49
C Treatments SsC 2.E-05 1 0.5186 4.49
Interaction AB SSAB 9.E-05 1 2.1657 4.49
Interaction AC SSAC 7.E-05 1 1.6480 4.49
Interaction BC SSBC 2.E-04 1 4.6676 4.49
Interaction ABC SSABC 4.E-05 1 0.8245 4.49
Error SSE 7.E-04 16

3.2 MMSNABUNY

3.1.4 ajlwanmisneaes

(1) Flow Rrate finanon) Dv

(2) Moisture of Flux finanon1 Dy

(3) Moisture of Master Alloy lilinanon Dv

(4) Flow Rate and Moisture of Flux lufinasen Dv

(5) Flow Rate and Moisture of Master Alloy ‘hllflwaﬂlﬂﬂ'"l Dv

(6) Moisture of Flux and Moisture of Master Alloy iinomon1 Dv

(7) Flow Rate and Moisture of Flux and Moisture of Master Alloy 133

WaRBA1 Dv

3.2.1 Muuanuls

A: Flow Rate of Argon — 20 I/min (-) and 25 l/min (+)

B: Moisture of Flux — Enclosed Pack (-) and Seal Pack (+)

A1319% 3.9 Wan33a Density Tuunazgasn1snanes

Avebrbégé of Dvon April 2009 before improve

DG1 time 8 min. date 17/7 ,yellow laddle vyan 14.40

DG1 time 8 min. date 10/7 ,red laddle 1an

15.20

DG1 time 8 min. date 17/7 ,yellow laddle 1ya1 16.00

DG1 time 8 min. date 10/7 ,red laddle ©an

15.10
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267 a : —al (a) (a) b b (b) (b)
266 SO
p _—
265 - — —
S “ e
263 S — : I

262

™ b () b ® a () a

2 3.14 MmIaasieiaudunus laoldnsm

3.2.2 aplwamInanpanuiAy
Flow Rate of Argon 'ﬁ 20 LPM ua2 Flux ﬁlﬂﬂi}ﬁ finavi 19 a1 Dv
NAINS Degas ﬁﬂ'W%’m’)"I Flow Rate of Argon ﬁ 25 LPM uae Flux ﬁﬂﬂﬁ}ﬁ
3.2.3 11 Flow Rate of Argon MMN15NANOLILY OFAT
h 3.2.4 Problem Statement
#93n13M1AABIN Flow Rate of Argon v1¥A1 Dv gegn Taofmua
Flow Rate of Argon iU 3 52AU fiD 25 LPM, 28 LPM, 30 LPM tazmsnaassluudazszauld
Sample Sizea=3 U n=135

3.2.5 ROMINADON

A15199 3.10 wWa Density YDA Flow rate of Argon

- 25 2.653 2.654 2.653 2.653 2.652 13.265 2.653

28 2.656 2.657 2.654 2.657 2.656 13.280 2.656
30 2.662 2.659 2.657 2.660 2.662 13.300 2.660
. 39.845 7.969
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M135190 3.11 M1513 ANOVA 989Ha Density ¥03uAag Flow Rate of Argon

etween
group 10.00012333 2 6.16667E-05 28.4615385
within

group 2.6E-05 12 2.16667E-06

total 0.00014933 14

F critical=F0.05, 2, 12 =3.88 < 28.462

y
LYK LY

A91U Flow Rate of Argon iwanaf1 Dv g 1eliivdnyneada

3.3 Mmydneimanuunnma
3.3.1 1A07% The Least Significant Difference (LSD)
The LSD at O, 0.05 is LSD = 10.05/2,12V2#(3E-06)/5
=0.002029
Y1=2.653, Y2=2.656, Y3= 2.660
Y1-Y2 = -0.003000 *
Y1-Y3 = -0.007000 *
Y2-Y3 = -0.004000 *
332 agwamsinseianuuans
1) P3AQAN Flow Rate 7 25 LPM 11 28 LPM SAnunna1afiy
2) M3RaA Flow Rate 7 25 LPM 1 30 LPM Hanmuanaafy

4 1 d‘ s - J @
3) N13a3A1 Flow Rate 11 28 LPM NU 30 LPM UANULANANY
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by [ (4

3L 8L 2 Lru 3oLPIY ZBLrR OLPK

4 v o d U 1
mwﬁ 3.15 aNUAUNUTISHINAT Dv LD Flow rate of Argon

3.3.3 ajUwamsnenes

nnlymiiidesfinyiA Dv nda Degas 1odoan13 1A Dy 100
2.650 Tasmsnauguilede 3 Jesusait

* Flow rate of argon

¢ Moisture of Flux

* Moisture of Master alloy

INHANIINANDY 'ﬁammmf‘imuﬂﬁmfmﬂuﬂﬁum'chi’: Yane Ui
We 1WA Dv 183 Degas >2.650 |

* Flow rate of argon ﬂ’mﬂuﬁ 25 LPM

* Moisture of flux fnua1# flux ussyldgellaaiin

4 R
« Moisture of alloy 1#iAu Alloy 13 lugaimgiifesildamlilauh
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M3 3.12  apdifadunezdeavinmsniugu
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asunviimsaiugu

Juaaa

1. Flow Rate of Argon AIUAUT
25 LPM

2. Moisture of Flux ﬂ°114'u¢1113|'

Flux U539 1agatlaaiin

3. Moisture of Alloy 1¥1fiu Alloy 14

o 4 ] ¥
Tugumgidesn g liTauh
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HansANIITHYeYa

3 a d
Aouf 1 mnmﬂw%ya Reject/Rework

0o = = Y o { v
pansaniinauluduguamveskiniuat gl 4.1-4.4 szwuduuady
Y L] Gyl ¥
¥94 Defect-Reject 3UNIVTINUAL Reject vBInTzUMMINa0 szliuurTiuanns Asudpou
a o 9 [ 5 s P=} 9 [ 1 d' i ]
tguiwuiludui 49U Defect-Rework 5WMIUIEM szlinua Iduanasesnneiiios Tuwas
é’, 1 = I~ i g; ]
AwAReudaminuiluduii 1oz Rework ¥8INSZUIUMINGD veuualduanng aumRou
=Y =1 9
uguisy Wuaun
A = lJ o o a [ TN -~
iWerdIsusunanaunazuaINITNININITTY lasmirualvsiufsuunsiny-
o) ] o a A 4 =1 Y 1
wouniay iuremsduiiufenssu (ifesninlinnuaunihvestenssuludiuves
T =Y =Y o [~1 ]
NSTUIUMSVDBY viaoogiitlon 70% & iRoungunIay) uazouliguisu-Auioy (usag

1 4
NaIMsMinenssu aguwanll

15199 4.1 WSosuna Defect NOU-YAL MITHININTTY

AR

1) %Defect-Reject N91UIEN 24.14% 21.55% A2.59%
¥ [N

2) %Defect-Rework N9UTHN 10.3% 11.4% WU1.1%

3) %Defect-Reject Casting 21.82% 19.41% . 082.41%

4) %Defect-Rework Casting 5.31% 4.54% n0.77%
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Reject - Casting
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apuNi 2 M3IN5ILYiYeYR Defect-Pinhole

MsANNUNISAINI T MITIFISPBUNORUNIN VOINIZTUIUNITHABBYNITIUN
' ' Y v 2 A v ' o _a ¥
9204 1UTH AUMADUNNTIAN-NGBAIAY 2552 Fadaiudoyanaumsinnssu wazdeya
¥ v o [ <] [ o A
AsuaReuliguisu-fueou 2552 Hetludeyananmsihnenssu
P ' ' 4 ' ~ 4 v ¥

910031 2NN 4.5 3znu Turenue weuliguiswtluduu uuilinves
Defect-Pinhole 1zaAnIBLINABIHBY SIS oufsunanouuaznanisauiiunenssy agil
b4 @ :
doya Al

POUANTIUAING TN 1ADY 1.A.-W.A. %Defect-Pinhole = 1.72%

¥
(a2 %Defect-Pinhole INYUAY Defect NanuA = 30.13%
WA UIUNINT5Y 1AoU 1.0.-n.0. %Defect-Pinhole = 0.69%
v
102 %Defect-Pinhole INUAY Defect NINUA  =13.95%
. a  d ¢ o o 1

aj1lflo %Defect anns 1.03% wisAalulesiruddiuantia 60%

5802188A %Defect-Pinhole MUNIWA 4.5 Y0ya Defect-Pinhole 1 W.A. 2552
NINT 4.6 Pareto Diagram~Casting Defect Jan-May 2009 (azMWi 4.7 Pareto Diagram-Casting

Defect Jun-Sep 2009
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Casting Defect Pareto chart of Jan-May 2009
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ulvvo uazitl e ves Pillar#6:  Quality Maintenance 1Waeandosniuulovie Lay
ghwine TPM vesu3En Imsfmuaumumsauiived msinsed mah ldfiadmsy
safiofidiity 18UR M33n51e9 Quality Characteristic Sheet ieRUMIMAIAMILS52U
(Source of Variation) ud3vhmsaruguuazmIemdalinualllnonsduiiuns Defect-free
Condition 1uf1ums19imaTuT08 (Machine Itsel) lazn1snsINARUBLITOAA (Faithful
Observance) §iMstlszgnAlFinaiiAnef uada (Statistic Process Control) tHOAAAIN
(Monitor) LAZAYAN (Control) AUSNUULNNAMUMNN (Quality Characteristic) Ad ARy T3
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'lilgmseenuuunaass (Design Of Experiment) sﬁaﬁmummzmuauﬂﬁu (Factor) i

o 1

difen fezlnadednuaiznenunmiuies jidu (Pinhole)
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13197 5.1 1WSouNoUNA Defect NBU-NAL NITHININTTY

516M3 AOUYNNINITY  HAMNeNIIN
1) %Defect-Rejectnm‘?w'%ﬁw 24.14% 21.55%
2) %Defect-Rework 5’)1!#@“1]?17‘71 10.3% 11.4%
3) %Defect-Reject NIZUIUNITNAD 21.82% 19.41%
4) %Defect-Rework NSEUIUNIHAD 5.31% 4.54%
5) %Defect-Pinhole 1.72% 0.69%
6) %Defect-Pinhole Ifiu1IT Defect Havium 30.13% 13.95%

2. ansiwma

MNRanIAEIUAINI U MsthjesnuuNenmn I vosusvm auleda $1rn

wWisuifvuna neurinanssu (1.n.52-1.0.52) wagndemshnenssy (.6.52-n.0.52) agd1d

¥

341
%Defect-Reject s Ynanas = 2.59%
%Defect-Rework § ’JN‘Y?QU? ﬁmﬁ'uéu = 1.1%
%Defect-Reject INWIZYDINTTUIUNITHADAADS = 2.41%
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Y030 Reject/Rework Tnsanail 1/2552

/A o KPI Weekly Report QC
Jrcary
QUARTER 1 - 2009
KPis GOAL Month; Month
1 January
2 February
Reject < 2% g 3 March
1 January
2 February
Rework < ia ag 3 March
1 January
2 February
Claim Q'ty < 3000 ppm k] March
1 January
2 February
No. of Complain "
(&7 1 month) < 7.00 times / month 3 March
1 Janusry
2 February
ponse to Complaing > 98% avp 3 March
Supplier Quality ! anuary
Improvement 2 Fabruary
fcumuatve) i, 59 ¥mes/Q 3 March
Part B Claim
<5/Q)
1 January 100.00%  1000%]  111.1%
2 February 100.00%: 10.00%: 111.1%
NowWodelontime 12 som vy 3 March 10000%  1000% 11115
9 .
1 January 12.66%: 286%
2 February 13.20%: 3.20%
Cost of Quality < 10% of Sales 3 March 13.75%: 3.75%.
i

Copyright 2008 by Procexs Development Division
Ver 1.0, 30 September 2008 ALL RIGHTS RESERVED
LENSO WHEELS Ce., Ld
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U93ya Reject/Rework lasanan 2/2552

Lenso KPIl Weekly Report QC
QUARTER 2 - 2009
H
KPIs GOAL Month) Month Actusl Var | Attainment
3 March 2457 -2.87%
4 Aoril 24.18% -218%
Reject < a% vy 5 May 24.93% 2.93%
[ June 22,00% 0.00%
3 March C143% 7.20%
4 Apri 8.72% 272%
Rework < ™ gy s May 15.09% 2.09%
6 Sune 1233% 5.33%
3 March 1620 1380
. Apri 4045 1045
Claim Qy < 3000 ppm [ May 1197 1803
[ June 5370, 2370]
3 March 5.00 200
] Aor 5.00 200
No. of Complain N
Timony (S 790 tmes/month | 5 May L
L] June 4.00; 3.00
3 March 100.00% 1.00%
4 April 100.00% 1.00%
[Response to Complaini > 0% avg 5 May 100.00% 1.00%!
5 June 100.00% 1.00%
Sup March R
o ity 3 o 200 300]
Improvemaent 4 Apiit 2.00 -3.00
(cumulstive} . gpp times /Q s May 200 -3.00
Pat B Cluim ) June 6.00 1.00
<5/ ) B * .
3 March 10000%  10.00%
4 April 10000%  10,00%
New Model on time h . 4.1 | 1000%;
M.mtim > 0% avg 5 May 100.00%;  10.00%
6 June 95.83%: 5.83%
3 March 15.92% 5.92%
4 April 14.16% 416%
CostofQuaity < 10% of Sales 5 May 15.94% 5.94%
[ June 17.58% 7.58%

Copyright 2008 by Precess Development Division
Ver 1.0, 30 September 2008 ALL RIGHTS RESERVED
LENSQ WHEELS Ce. 1sd.
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Yo3a Reject/Rework lasna 3/2552

Lenvso KPI Weekly Report QC _
QUARTER 3 - 2009
i
KPts GOAL Month; Month Acual  : Var
€ June 22.00%, 0.00%
7 July 2255% -0.55%
Reject < vy 8 August 21.89% 0.11%
9 September 19.84% 216%
[ Jure 1233% 5.33%
7 Juty 14.92% 7.92%
Rework < ™ g 8 August 9.65% 265%
9 September 8.85% 1.65%
[ June 5370 an
7 July 038! 1038
Chim Qty < 3000 ppm 8 August 1435 -1585
[] September 25300 22300
8 June 400 300
7 July 8.00 -1.00
No. of Complain )
<7  monty < 100 Smes/month | 8 August 2.00; 5.00
9 September 5.00] 2,00
8 June 100.00% 1.00%
7 July 91.18% -7.82%
Responss ©o Complaini >  99% avp 8 August 8500%;  -14.00%
9 September 100.00%. 1.00%:
Ju 1 .
Supplier Quaity & ol 800, .. Moo
improvement 7 July 3.00; ~2.00
foumuative) L. 50y times /Q 8 August 400 100
Pant B Claim ¢ September 5.00; 0.00 ¢ —— Claim Qrty
©510) : ‘
Pan B Cam \‘ No. of Complein
[ June 95.83% 5.83%
7 July 96.80% 8.60% Responss o complein
New Model on time
mating 2 °0% avg 8 August 100.00% 10.00%
° Septamber 100.00% 10.00%
[ June 17.58% 7.58%
7 Juty 17.00% 7.00%
CostofQualty 1< 10% of Sales 8 August 15.97% 597%
2 September 18.47% 8.47%

Copyright 2008 by Precess Development Division
Ver 1.6, 30 September 2068 ALL RIGHTS RESERVED
LENSO WHEELS Ce., Lid
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