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CONCEPT OF
MEASUREMENT

“If you can measure that of which you speak, and can
express it by a number, you know something of your
subject.....

...but if you cannot measure it, your knowledge is
meager and unsatisfactory.”




TWO MAJOR PRE-REQUISITES TOWARDS
TOTAL QUALITY MANAGEMENT

(Continual Improvement in a Proactive
Quality Assurance Scenario)

“<QUALITY MINDEDNESS ENHANCEMENT
(MAKING QUALITY A WAY OF LIFE)

*STATISTICAL THINKING DEVELOPMENT
(MEASUREMENT, ANALYSIS AND REVIEW)

PHIPIPPINE QUALITY AWARD PATTERNED AFTER THE MBNQA CRITERIA

TO DETERMINE THE COMPANY’S LEVEL OF TQM PRACTICE

Customer and Market Focused
Strategy and Action Plans
2 5
/ Planning Focus \

) | 3 | |k

Leadership Results

3 I 6
\ Customer Operations

4. Measurement, Analysis, Knowledge Management




The full benefits of
statistical methods to
Improve quality, increase
productivity, and reduce
cost is realized when you
focus your efforts on the
processes which
generate the output.

QUALITY PARTNERS COMPANY, Ltd.
5 - Modules in “Statistical Thinking Development” (STD)

MODULE 1 - BASIC STATISTICAL METHODS
A review of basic concepts and applications necessary to
fully appreciate and use properly the succeeding modules

MODULE 2- STATISTICAL PROCESS CONTROL

3 approaches to monitor variations in process outputs
and 4 to determine process performance with capability
measurement .

MODULE 3 -ACCEPTANCE SAMPLING PLANS
Methods of sampling, understanding the O.C curve relative
to defect occurrence, proper selection and use of Mil Stds
or 1SO 2859




QUALITY PARTNERS COMPANY, Ltd.
5 - Modules in “Statistical Thinking Development” (STD)

MODULE 4 -BASIC PROBLEM-SOLVING TECHNIQUES
More than ten different tools intended for immediate

application by employees in the quest for continual
improvement

MODULE 5- DESIGN OF EXPERIMENTS (DOE)
(CLASSICAL METHOD)
Very useful approaches for product or process
development or improvement in different types of
situations starting with bi-variate to multi-variate.
Allows for measurement of single effects and
interactions between two or more variables.

STATISTICAL THINKING DEVELOPMENT (STD)

- MODULE 1- BASIC STATISTICAL
TECHNIQUES

» STATISTICAL CONCEPTS:

SAMPLING, SAMPLE, POPULATION,
PROBABILITY

»MEASURES OF CENTRAL TENDENCY:
MEAN, MEDIAN, MODE

»MEASURES OF VARIATION:
RANGE, STANDARD DEVIATION




WORKSHOPS ON BASIC STATISTICAL METHODS AT PHILIPS
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STD GOAL: Archery Scores
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Mar Bill °

Yes

No

Sample raw data: lhickness (mm.) of Doard

3.7 3.5 3.7 3.9 3.9
3.7 3.5 3.6 4.1 4.1
3.6 3.3 3.5 3.3 3.7
3.6 3.2 3.4 3.3 3.7
3.7 3.9 3.4 3.4 3.5
4.0 3.6 3.9 3.5 3.3
4.0 3.7 3.9 3.6 3.3
3.8 3.9 3.7 3.7 3.4
3.7 4.0 3.7 3.8 3.5
3.9 3.6 3.8 3.9 3.6

Quality Partners Company Ltd.




Board thickness arranged in an array.
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Quality Partners Company Ltd.

Class groupings for board thickness with
corresponding tally values

Class intervals

Tally values

3.2-3.3

-1
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-1

3.6 -3.7
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T -

Quality Partners Company Ltd.




A Histogram from Tally
Sheet

1. Letters a to e
correspond to class a to
e in the tally sheet

Height of each rectangle
correspond to the number
in the tally

When mid-points of each
rectangle are connected,
the shape of the curve
will look like a cone

A symmetrical curve is
known as a normal
distribution

Highest point contains the
value of the mean
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Quality Partners Company Ltd.
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Fig. 1. Typical Frequency Histogram
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Fig. 2. Normal distribution showing acceptance and rejection
regions

Quality Partners Company Ltd.




When X-U=0 o = standard deviation
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Quality Partners Company Ltd.




Accept H,

CORRECT DECISION
95, 99%

INCORRECT DECISION
0,1, 5%

Reject H,

INCORRECT DECISION
5, 1%

CORRECT DECISION
99, 95%

BASIS
FOR
TESTING
HYPO-
THESIS

Ho . pl: po
Ha. p1> p‘o

at level 0(_

X
e

Ho: pl: po
Ha. p1< po

at level O(

Reject H,

Ho. pl: po
Ha. p1£ po

at level (/2

Reject H, AcceptH, RejectH,

Quality Partners Company Ltd.

Comparison of scanner and micrometer

<
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| | |
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Quality Partners Company Ltd.
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3. Negative Correlation

Y AXis

X AXis

MODULE 2
STATISTICAL PROCESS
CONTROL (SPC)

Is the application of statistical
principles using relatively easy to

use but powerful tools for the
control of PROCESSES.




WHAT IS A PROCESS ?

W A processis a WORK ACTIVITY that CHANGES or BLENDS
IN PUTS (often ADDS VALUE) to produce PRODUCTS or
SERVICES

—_ \VOICE OF PROCESS| =]

ISTATISTICAL |
METHODS

>  MANPOWER| —,

|MATERIALS|—> PRODUCTS |
METHODS| — OR CUSTOMERS
SERVICES

MACHINES| =>| BLENDING OF | i
| MEASUREMENT| B> RESOURCES)

ENVIRONMENT> IDENTIFYING|
JAN A A CHANGING NEEDS]|
INPUTS PROCESS/SYSTEM] [OUTPUTS] | /AND EXPECTATIONS]
VOICE OF CUSTOMERS| !
QUALITY PARTNERS COMPANY, Ltd.
“fostering partnerships for quality”
Specifications To be stretched Then alittle

When
Rubber bands necessary W-1-D-E-R

ONE OF THE REASONS FOR REQUESTS FOR TIGHTER
SPECIFICATION IS VIOLATION OF THOSE......

WE HAVE .
Until some real clinkers And the whole thing And
specifications
are made..
v
N Get through 7 _Snaps Dack ,
in your face. Tighter than ever

QUALITY PARTNERS COMPANY, Ltd.
“fostering partnerships for quality




Yes/no good/bad
pass/fail

CONTROL CHART SUMMARY

measurable

counting classifying continuous batch
defects items process process
fixed variable variable fixed gsrl;zp agsrfosuuPb- individual
: . values or
sub- sub- sub- sub- size<6 size
averages
group group group group I I I
I I I I X &R |1 X &S X & MR
c Chart p Chart p Chart np Chart || Chart |} Chart Chart
QUALITY PARTNERS COMPANY, Ltd.
“fostering partnerships for quality”
-— CONTROL LIMITS X RANGE
VARIABLES CONTROL CHART ( X& R) IL_CL ucL vet
PRODUCT gas OPERATION (Van gas mlleage SPECIFICATION LIMITS
OPERATORS MACHINE UNITS OF MEASURE
Juan de la Cruz Car mpyg
DATE
SavPLE 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20
" 1| 14.3 | 11.0 | 15.2 | 15.9 | 11.2 | 14.9 | 14.3 | 17.0 | 16.0 | 16.7 | 14.4 | 15.2 | 15.4 | 13.9 | 14.6 | 13.7 | 15.6 | 12.4 | 14.7 | 13.2
wz 2| 14.8| 169 | 16.8 | 15.9 | 13.1 | 19.5 | 15.7 | 14.7 | 16.0 | 15.7 | 11.8 | 16.5 | 13.1 | 14.7 | 13.2 | 15.6 | 18.2 | 13.2 | 14.1 | 17.3
Tz 3| 13.6 | 17.4 | 11.9 | 12.0 | 13.4 | 14.7 | 17.3 | 17.7 | 19.8 | 12.4 | 14.8 | 15.0 | 17.3 | 16.9 | 14.8 | 15.8 | 14.9 | 13.7 | 13.9 | 14.3
zt 4) 17.6 | 11.8 | 12.1 | 15.1 | 13.0 | 13.4 | 13.8 | 17.4 | 13.1 | 12.4 | 13.3 | 14.5 | 13.7 | 13.2 | 14.3 | 16.2 | 15.0 | 13.6 | 16.3 | 13.4
o 2 5
w
= 6
AVERAGE T 15.1| 14.3| 14.0| 14.7| 12.7| 15.6] 15.3| 16.7| 16.2| 14.3| 13.6] 15.3| 14.9| 14.7| 14.2| 15.3| 15.9] 13.2| 14.8| 14.6
RANGES & 40| 64| 49| 39| 22| 61| 35| 3.0| 67| 43| 3.0| 20| 42| 3.7| 16| 2.5| 3.3| 13| 2.4| 4.1
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DETERMINING PROCESS CAPABILITY

When the variation in process
capability exceeds that In
product specifications,
companies need to know how
much material will not conform

to specifications.

“fostering partnerships for quality”

Cpl and Cpu INDICES

Cpl and Cpu are used for one-sided requirements.

Cpl is calculated using the Lower Specification Limit (LSL)

“fostering partnerships for quality”




Examples (cont'd)

THE Cpk INDEX

X-LSL _4.43-350 45

Cpl =35 =73(0688)"

The Cpl accurately indicates that the process is not operating well
within the LSL of 3.5 mm.

We can calculate the fraction of shafts that will be out-of-specs by
using the following equation:

From the normal probability table, we see that at z=-1.35 (left tail),
the proportion of products with value less than 3.5 mm is .0885
or 8.9% of the shafts will be below the LSL of 3.5 mm.

QUALITY PARTNERS COMPANY, Ltd.

“fostering partnerships for quality”

Examples — Figure A (cont'd)

THE Cpk INDEX

Cpk =min (Cpu, Cpl)

For the example: Cpl =0.45 Cpu =2.94
As such, Cpk =0.45

Therefore, Cpl is minimum.

Cpk indicates a process that will produce a great deal of out-of-specs
products. This is reasonable because 8.9% of the products will be out-of-

Specs. Figure A

LSL

USL

089
A
350 X =4.43mm 10.5

QUALITY PARTNERS COMPANY, Ltd.

“fostering partnerships for quality”




MONITORING PERFORMANCE

DEFECTIVE CONTROL CHART (p)

2 3 4 5
PRODUCT OPERATION 'R_EJECT TOTAL
TYPE
OPERATORS MACHINE CONTROL
LIMITS
DATE 74 71 7/18 7/25  8/1  8/8 8/15 8/22 8/29 9/s 9/12 9/19 9/26 10/3 10/10 10/17 10/24 10/31 11/7 11/14
SAMPLE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1. emission 6 11 8 6 3 5 8 7 7 7 4 8 6 8 7 13 14 9 11 9
2. handling 5 6 4 5 2 2 5 2 1 3 10 3 9 4 2 4 8 2 5 5
3
4
5 3 3 4 1 2 6 3 2 6 2 4 4 2 7 3 4 3 5 4 1
TOTAL DEFECTIVE 14 20 16 12 7 13 16 11 14 12 18 15 17 19 12 21 25 16 20 15
SAMPLE SIZE: n 240 238 183 221 190 187 210 202 176 187 190 182 227 162 199 174 228 214 233 174
FRACTION DEF. p 058 .084 087 .054 .037] .070| .076| .054 .080 .064 .095| .082 075 117 .060| .121 110 .075] .086] .086
NOTES
1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20
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M 1.00 \
o < “\AQL =1.2%
q 1 0.9
L \ sampling plan (SP)
ul O n=78 c=1
prd 0.80 \
e <
) & \
o 0.70
3 L
O
) 0.60
A < IQL = 3.0%
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>
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O LTPD = 5.3% = RQL
C o Al
E = ~—
O \
0 1 2 3 4 5 6 7 8

o w

PERCENT DEFECTIVE, 100p
AN ACTUAL SAMPLING PLAN PERFORMANCE




SAMPLE ANALYSIS

For sampling plan n=78 c=1

AQL = Acceptable Quality Level in the example
=1.2% at the 95% probability of

acceptance (pa)

IQL = Indifference Quality Level = 3%

LTPD = Lot Tolerance Percent Defective = 5.3% or

RQL = Rejectable Quality Level = 5.3%

COMPUTATIONS FOR AVERAGE OUTGOING QUALITY
LIMIT ( AOQL ) FOR THIS EXAMPLE, n=78. C=1

INCOMING QUALITY PROBABILITY OF AVERAGE OUTGOING
FRACTION DEFECTIVE =p | np ACCEPTANCE-= pa QUALITY (AOQ) = p x Pa
0.005 0.39 0.940 0.00470
0.010 0.78 0.820 0.00820
0.015 1.17 0.680 0.01020
0.020 1.56 0.550 0.01100
0.025 1.95 0.430 0.01075
0.030 2.34 0.330 0.00990
0.035 2.73 0.250 0.00875
0.040 3.12 0.190 0.00760
0.045 3.51 0.140 0.00630
0.050 3.90 0.100 0.00500
0.055 4.29 0.075 0.00402
0.060 4.68 0.050 0.00300

AOQL = MAXIMUM AOQ = 0.01100=1.1%




AVERAGE OUTGOING QUALITY - AOQ

INCOMING QUALITY — PERCENT DEFECTIVE ( 100p )

1.4
1.2 /
> / MAXIMUM AOQ =AOQL =.0110=1.10%
Q /—’*'\
1.0 511/ ™
. QQI V \
(2]
8 s \
: O
5 \ 400
| o \ O
.6 (o] \ '°<
< / 44,
4 / \\
. ~—_
/ —
2 /
0
0 1.0 2.0 3.0 4.0 5.0 6.0

AOQ curve and AOQL for a typical sampling plan.

Dodge Romig — Average Outgoing Quality and
Average Outgoing Quality Limit (AOQL)
SAMPLE ANALYSIS

For sampling plan n=78 c=1

>: At pa=94% lot containing 0.5% defective
was accepted.

» Therefore (.94) x (0.5) = 0.47% defectives are
contained in the accepted lot.

» All defectives in rejected lots (6%) are 100%
Inspected, defectives removed and good ones
returned to the good lot.




Dodge Romig — Average Outgoing Quality and
Average Outgoing Quality Limit (AOQL)
SAMPLE ANALYSIS

For sampling plan n=78 c=1

‘AVERAGE OUTGOING QUALITY LIMIT (AOQL)

55% x 2.0% = 1.1% defectives (AOQL) = the highest
% defective.

45% defective lot is 100% inspected, defectives
removed; good lot ( no defect) are
returned to the good lot.

5 Methodology and Techniques
D QC Story Plus

U

- Project Selection

E * Pareto Diagram

= * Pie and Bar Chart
4 Standardization | ° L-Type Matrix

Problem Analysis
* Process Mapping
* Fishbone Diagram
* FMEA

Verificatio_n Action Planning
* Pareto Diagram | , Design of Experiments,
* Bar Chart « 8-D Approach

- FMEA * Bullet Proofing
 DOE Results « Gantt Chart

MCSFOVWWOAT
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PROBLEM IDENTIFICATION* ‘

Impact to | Occurrence | Solvability
Problem yield(40%) | (30%) wg | RE | Re
Damaged & broken wire 30 25 25 80 @
Cracked &Chipped Die 25 20 25 70 2
Cracked &Chipped Substrate 15 10 25 50 4
Smeared Die 20 15 25 60
Criteria: Impact Occurrence Solvability
1-9% Very low 1-10% Rare 0 % Hard to Solve

10 - 19% Low 11 - 20% Seldom 30% Easy to solve

20 - 29% High 21 - 30% Always

30-40%  Very high *PHILIPS EXPERIENCE

TOP FOUR (4) ASSEMBLY REJECTS

Assembly Rejects Jan. | Feb. | Mar. | Apr. | Ave.
Damaged Wire (DW) / Broken Wire(BW) | 1.5 | 1.6 | 1.6 | 1.9 | 1.70
Smeared Die (SD) 0.02 | 0.50 | 0.30|0.40 | 0.35

Chipped Substrate (CS)/ Cracked

Substrate (CS) 1.1 { 0.03 |0.300.40| 0.52

Chipped Die (CD) / Cracked Die (CD) 0.40 | 0.40 | 0.50 | 0.50 | 0.45
2.0 1.7
P
e 1.5
;
C 1.0
e 0.52
_— 0.35 0.45
t
0.0-
DW/BW sSD cs/CcCs CcD/CD

Assembly Rejects




1998 WEEKLY REJECTION RATE

(Damaged and Broken Wire)
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PERCENTAGE

LOCATION OF OCCURENCE

(Damaged and Broken Wire)
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1.80
1.60
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Figure 3.3 .

EFFECT

( situation )

Example of Cause-and-Effect Diagram for Version

A approach where major causes have yet to be brainstormed.

Quality Partners Company Ltd.




PROBLEM ANALYSIS

WETHoD MAGHRE |

ImProg_er Io?din_g & ‘-Improper loading & unloading of unit
unloading of units
g T ®_I"SOP not followed

Frequent re-working of units

Manual lead

Misplacement of substrate to heatsink
dispense

Wires hit by fingers during
lead cropping

Loading and unloading difficulty

Inappropriate design
of lead cropping tool

Inappropriate
Reflow jigs

DW & BW )

Improper Machine Setup

No specific Setup

Wires press by caps duri

ng clip caps
Incorrect handling of unit Overlapping of units while on tray
Non-conformance to

handling procedure

Awareness Inappropriate design of tray
Lack of
orientation

MATERIAL

FISHBONE DIAGRAM

MMG'S* 7DS IN EXPERIMENTAL DESIGNING | |

¥ VR L
D1 = DEFINE THE PROBLEM LY %
- - %

i

e R LV =
) - $ . g r ’
3 S LR % "
B ¢ e i v
¥ f@!. 1\

D2 = DETERMINE OBJECTIVES

D3 = DEVELOP EXPERIMENTAL PLAN

D4 = DO THE EXPERIMENT

D5 = DESCRIBE RESULTS

D6 = DERIVE CONCLUSIONS

D7 = DEVELOP ACTION PLANS
*MMG = MIFLORA

QUALITY PARTNERS COMPANY LTD. M.GATCHALIAN
“Fostering Partnerships Through Quality”
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'7- DRIVERS TO EXPERIMENTATION

Lt f%i:’ r i W“. '-’:;ﬁ ;;::- "
s R . , %% 4% ;- o
& g i . _J_. “iE

3

. PRESSURE FOR GROWTH
' AGCELERATING PACE OF CHANGE
VULNERABILITY OF CHANGING CONDITIONS AND TRENDS

FORECASTING PERSONNEL REQUIREMENTS OF THE
COMPANY

CRYSTALLIZATION OF THE COMPANY'S MISSION AND
VISION

FORCES A SYSTEMATIC REVIEW OF COMPANY
STRENGTHS AND WEAKNESSES

BENEFICIAL EFFECT ON MOTIVATION

QUALITY PARTNERS COMPANY LTD.
“Fostering Partnerships Through Quality”

TYPES OF EXPERIMENTS BY INCREASING LEVEL OF FORMALITY

VERY 1. Trial and error methods

Running special lots or batches

INFQRMAL Introduce a change and see what happens
Produced under controlled conditions

Pilot runs
Set up to produce a desired effect

One-factor experiments

Using a control chart to experiment on a process
. Planned comparison of two methods

Blocking variables are considered in the plan
. Experiment planned with 2 to 4 factors

Study separate effects and interactions

7. Experiment with 5 to 20 factors
Screening studies

8. Comprehensive experimental plan with many phases

VERY modeling, multiple factor levels, optimization

FORMAL

QUALITY PARTNERS COMPANY LTD.
“Fostering Partnerships Through Quality”




" *| PHASES OF EXPERIMENTATION
S ', , ; w & . ‘5;& -.-\‘%_-_:‘

PHASE |
CONCEPTUALIZE

v

PHASE I
SCREEN IDEAS

Y

PHASE Il
BUILD THE MODEL

y

PHASE IV
VERIFY OUTPUTS

QUALITY PARTNERS COMPANY LTD.
“Fostering Partnerships Through Quality”

USES OF EXPERIMENTAL DESIGNS

1. TO CHARACTERIZE A PROCESS

2. TO TROUBLESHOOT A PROBLEM

3. TO QUANTIFY ERRORS




1- Factor at a Time (1- FAT) Design

Factorial designs at two levels (2K)
where K =number of factors

Mixture Designs - Formulations with 3 major
components

QUALITY PARTNERS COMPANY LTD.
“Fostering Partnerships Through Quality”

1-factor at a time (1- FAT) Experimental Design
Matrix

Treatment




SIMPLE DESIGN OF EXPERIMENT- SAMPLE OF 1- FA.T.

Completely Randomized Design (CRD) Model

:m+ti+eij

Where: Set-up the hypothesis:
m = main effect
t. = treatment effect Ho: Uo=U; =U, = U,
e;- residual or error HA: Uo#U, U, # U,
Alpha = 5%

The Analysis of Variance (ANOVA) Table
for CRD ( 1-FAT)

Degree
of
freedom

Treatment 3

Source of
variation

Sum of | Mean
Squares |square

10.282 3.42

Error 12 187.131 | 15.59

Total 15 197.413

Criteria: If Fc < Ft : Accept the Ho
If Fc > Ft : Reject the Ho
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23 Design ( 8 cells)

2% Design (16 cells)

Hierarchical design presentations

of 2,3, 4 Factors at two levels

FACTORIAL EXPERIMENT AT 23

. RESPONSE VARIABLE

MEASURE OF SHADE

. EACTORS UNDER STUDY

(1) MATERIAL QUALITY

(2) OVEN PRESSURE

(3) OXIDATION TEMPERATURE (°C)

C. BACKGROUND VARIABLES

MEASUREMENT
TECNIQUE

OPTICAL INSTRUMENT

LEVELS
A(-) B (+)
LOW () HIGH (+)

LOW (-) HIGH (+)

METHOD OF CONTROL

IMPORTANT BACKGROUND VARIABLES WERE IDENTIFIED AND HELD CONSTANT.
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ESTIMATING THE EFFECTS USING THE DESIGN MATRIX

Tc Yate’s order Main effect Interaction

o _ _ AB= AC= BC= | aABC=
TEST | CODE | A=M | B=P | C=T MP MT pT MPT RESPONSE

(1) + + + - 189
a - - + + 228
b + + 218
ab + 259
C 195
ac 200
bc - + - 238

8 abc + + + + + 241

DIVISOR =4
Example: 22 = (-189 +228 -218+259-195 +200 -238+ 241)/ 4

EFFECT 22 | 36 | -5 0 -18 6 -1

tc=treatment combinations = 2% where k = no. of factors; tc can be
rearranged , but Yate's order has to be returned for data analysis

QUALITY PARTNERS COMPANY LTD.
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A SUMMARY OF INTERACTION EFFECTS ON THE FINAL PRODUCT

DOT DIAGRAM SHOWING IMPORTANT EFFECTS

-18 51 6 22
-29120[-15[-10 5] [o]

Effects clustered near zero cannot be distinguished
from nuisance variables. The plot shows that the
most important factors are the effect of material
(M=22), pressure (P=36) and the interaction between
Material and Temperature (MT=-18).




CONCLUDING REMARKS

A PROACTIVE QUALITY ASSURANCE WILL BE ACHIEVED
THROUGH STATISTICAL THINKING DEVELOPMENT BY:

1. intensive training with hands-on experiences in
the application of the STD modules since this
promotes efficient and effective collection and
management of data, knowledge and information;

. building the capability for data handling, analysis

and interpretation employing the STD modules
which can also enhance controlling and monitoring

of processes;

. statistical thinking employees who are prepared to
actively contribute, with high confidence, to continual
Improvement and low-risk decision-making

THANK YOU
AND
GOOD DAY!!!




