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Preface

In the past two days I have been able to witness -one of my passions- the
development of one of the most ancient products -wine- being produced by the
masters in the art -the Burgundian French- in probably the best-in-class vineyards
of the world -Cote d'Or-. Cote d'Or, in most likelihood, is the region in Burgundy,
where the most expensive and finest red and white wines come froml!l. Qualité or
quality to the Burgundian French is a matter of pride, an expectation that have
been demanded from generation to generation.

From the many important variables such as, latitude, vineyard's location, slope,
nearness to water, grape varietal, composition of the soil, direction of exposure,
and the working of the hand and brain of men influencing the qualité and the
characteristic of the wine; the human variable is one of the three major interacting
variables(2].

It is fascinating to see these people paying so much attention to detail to each
particular vine and to understand the knowledge they have about their processes
and how certain variables affect their qualité. High technology has not been very
influential in the process of producing these wines, as most operations are done
manually following centuries-old traditions.

Observing the best-in-class in their art has always been a learning lesson to me and
if there is something to be remember from this experience is that in order to
achieve a high level of qualité, a high attention to detail must be paid and the
human variable must achieve a thorough knowledge about their processes.

This publication intends to express the extreme importance in paying high
attention to detail in analyzing manufacturing processes, in identifying the sources
of variation and in determining cause and effect relationships.

The book is divided into two main section, one which details the construction of
multi-vari charts and the other which explains how to statistically analyze multi-
vari chart data. The section of analysis of multi-vari data also presents a
methodology for partitioning the variation into the different families of variation
and this can be expanded by the user as each particular application calls for.

Finally, the book presents various case studies from the computer, automotive and
medical manufacturing processes and how multi-vari can be applied to determine
the major families of variability.

Mario Perez-Wilson
Tournus, France
June 20th, 1992
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Construction of a Multi-vari Chart
The steps for constructing a multi-vari chart are very simple and straight forward.
There are a few rules that should be maintained when constructing a multi-vari

chart. These rules are the following:

a. Do not make process changes while collecting data
b. The sequence should not be randomized

Given the following process data:

Diffusion Wafer Process

Wafers are processed through a diffusion furnace tube where Phosphine
(PH3) and Oxygen (O2) gases flow inside the tube to make a chemical
reaction to diffuse the source gas into the silicon of the wafers.

Wafers
O2 | —
R

Gas —
—1

PHs k N ———— |

Gas
Source Chamber Furnace Tube Load

A wafer lot of 13 wafers is processed in a furnace tube at the same time
or all in one run. From the thirteen wafers, three wafers will be measured
at each run: a load wafer, a middle wafer and a source wafer.

Four die locations
are measured per wafer.

Middle Load

y \

Source
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The time scale could also be different shifts, days or even weeks. In
some instances, this scale could represent other things rather than
time. For example, different runs of product, batches, lots.

1st Run 2nd Run 3rd Run 4th Run
8:00 AM 10:00 AM 12:00 PM 2:00 PM
Load — 3
Wafer y
Middle
Wafer
Source
Wafer
‘ Program: ‘ Study:
Operation: MULTI-VARI CHART Date:
Characteristic:
LSL: ][ USL:
Time: 1 1st Run 2  2nd Run 3 3rd Run 4  4th Run 5 5thRun
8:00 AM 10:00 AM 12:00 PM 2:00 PM 4:00 PM

—— Chart——— Scal

6.0000
5.7500 |

Step4: Determine the sampling scheme. Collect three consecutive units from
the process at each time interval and take various measurements from
each unit.

The number of units to collect in each time interval is usually three,
although more or less units could be collected depending on the
specific application. Again for each unit various measurements
should be taken, it could be two, three or more. The forms handle up
to five observations within piece.

4.5968 @ Bottom Right
4.2368 @ Bottom Left
4.3284 @ Top Left
4.3584 @ Top Right

1st Run
S00 M 4.4196
4.3991
/7 4.6717
Load 4.7119
Wafer
4.4241
Middle > 45742
Wafer 4.4924
Source 4.3159
Wafer
Multi-Vari Chart & Analysis Advanced Systems Consultants

© 1992-2014, Mario Perez-Wilson 6 Tel: (480) 423-0081, www.mpcps.com



Multi-Vari

TR

Multi-Vari

The variance is computed by taking the deviation of each piece observation (n)
from the piece average, y;;, squaring it and dividing it by the degrees of freedom

(n-1),

= — .2
( ik — ij)
kzzl:y—y Piece Average
n-1
where this variance becomes an

estimate of o2 with n-1 degrees of
freedom.

The above variance is for one piece only. For all pieces of a single time frame the
summation should be done for all b pieces, so the estimate of the variance Vyy
becomes:

2nd. Piece Average

1st. Piece Average — 1 ?,iﬁ
\ o i l " 3rd. Piece Average

yi 1 \ 2 3

Yk \1234/\1234/\1234

n

2 Y (yw—ya)

=1 k=1

b(n-1)

To compute the variance for all time frames or for all the ab pieces, we proceed by
pooling all the variances to obtain the within piece variance (Vyy):

a b n

V=X L% (yu-)

=1 =1 k=l Each Piece Average

ab(n-1)
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Medical Bone Staples

The bone staple manufacturer does not know if the defective units come
from a specific plant, from a specific production shift or if it is just
variability inhered in all production machines.

In view of the complexity (of different sources of staples) of the lot

formation shipped to the distributor, the process engineer along with the
supplier quality engineer decided to run a Multi-vari analysis.

Formation of a Bone Staple Lot [10]

T Plant A

1st 2nd 3rd Shift

H H { } Piece to

; b % i | Piece Lot

i Variation Shipment of

Bone
Staples
Plant B Within Lot
.......... Variation

Shift to Shift =
Variation Yoq

Plant to

P{an't T E E E
Variation g % 5 @ @ EJ Within
ﬁ ﬁ m] Piece

Variation

Plant C

TR s
hif
Va?iaft;[on Lot j[o .Lot
H U B E g ﬂ Variation
\ |

Within Plant
Variation

Multi-Vari Chart & Analysis Advanced Systems Consultants
© 1992-2014, Mario Perez-Wilson 47 Tel: (480) 423-0081, www.mpcps.com



Multi-Vari

TR

Multi-Vari

References Cited

[1] Marc & Kim Millon, The Wine Roads of Europe, 1st. ed. (New York:
Simon & Schuster, Inc., 1984), P. 52.

[2] Forrest Wallace & Gilbert Cross, The Game of Wine, 1st. ed. (New York:
Doubleday & Company, Inc., 1977), Pg. 13, 19.

[3] Mario Perez-Wilson, The Design of Experiments - A Seven Stage
Methodology, Ist. ed. (Arizona: Advanced Systems Consultants, 1992), P. 10.

[4] J.M.Juran & Frank M. Gryna, Quality Planning and Analysis, 2nd. ed.
(New York: McGraw-Hill Book Company, 1980),P. 117.

[51 J.M.Juran & Frank M. Gryna, Juran's Quality Control Handbook, 4th. ed.
(New York: McGraw-Hill Book Company, 1988), P. 22.45.

[6] Cuthbert Daniel, Applications of Statistics to Industrial Experimentation,
Ist. ed. (New York: John Wiley & Sons, Inc., 1976), Pg. 257-267.

[7] Charles R. Hicks, Fundamental Concepts in the Design of Experiments,
3rd. ed. (New York: CBS College Publishing, 1982), Pg. 227-233.

[ 81 Roger E. Kirk, Experimental Design: Procedures for the Behavioral
Sciences, 2nd. ed. (California: Brooks/Cole Publishing Company, 1982),
P. 456-484.

[9] George E. P. Box, William G. Hunter & J. Stuart Hunter, Statistics for
Experimenters, 2nd. ed. (New York: John Wiley & Sons, Inc., 1978), Pg.
572-583.

[ 10] J.M.Juran & Frank M. Gryna, Quality Planning and Analysis, 2nd. ed.
(New York: McGraw-Hill Book Company, 1980), P. 115. The idea for
the formation of a bone staple lot was taken from a modification of The
anatomy of lot formation.

Multi-Vari Chart & Analysis Advanced Systems Consultants
© 1992-2014, Mario Perez-Wilson 87 Tel: (480) 423-0081, www.mpcps.com



Index

A
Across time

Analysis of Variance
ANOVA

Assembly cells

ASTM standard specification
Automotive supplier
Average

B

Barb bone staples
Beads

Beads outer diameter
Between piece

Bloomfield Plant
Bone leg length
Bone staples
Barb - see Barb bone staples
length
medical
width
within leg length
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CNC

Cobalt-Chromium-Molybdenum alloy

Coefficient of Variation

Conveyor belt
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2,8, 10, 14-23,25-33, 37, 39, 44-45,
50-51,57, 58,72
17,33,37,51, 58, 65

40, 45,58, 65-67, 76, 79

41-42

46

41
8,10-15,20-21, 30, 46, 54, 68-70,
76-77, 80

46,48, 51

41-43

41-45

2,10, 12-14,16-20, 22-23,25-33, 39-40,
44-45,50-51, 57-58

48-51

46,48

46-52

46,48,51
46-47,49,51
46,48

48

41-45

46-52

59-70

71-80

36-40

53-58
35,71-74,76-77,79-80
46

68

36
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Cooper Deposition
Cp

Cpk

Crystal Plant
Cyclical

D
Data

Data collection

Degrees of freedom
Densony PWB Ltd.
Design matrix
Deviation

Diagnosis with diagrams
Die

Die location

Diffuse

Diffusion furnace
Diffusion wafer process
Distribution

E

Electroplating
Estimating

Expected mean square
Expected value
Experiment
Experimentation

F

F Distribution
F Ratio

Factor

Family of Variation
Flexible wiring boards
Flight-Bar

Fluxing system

Forming fixtures

Four point probe

Fuel rail injection system
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60, 69-70
53-54,77-79
53-54,77-79
48-51
1-2,9,12,17

1,3-5,7,9,17-18,37,48,51, 54-55, 61,
64, 68-69,75,77-80

4,9

11-15, 22,25, 28-29

36-37, 39

9

11,13,15,45

1

1,3-4,10, 28-32

35,59-68,70
10, 12-14
17,32
12,14, 16
61,72-74
33,69-70

30-31, 81-84
17,20,22,25-26,28-32,39-40, 44-45,
50-51,57-58, 65-66,76, 79
9,61,65,72-73
1,2,12,14,33,40-41,45, 58
1,2

61-70

36

41-45

4

41
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Fuel rails
G

Gas chamber
Grand average
Gauge R&R

H

Hierarchical
Hierarchical design
High

Hospitals

I

Impressed Circuit Inc.
Independent variable
Industrial Quality Control

L

Laminated Graphics Co.
Laser-drilled hole

Leg length - see Bone
Levels

Lot

Low

M

Maximum
Mean square
across time
between piece
ratio
within piece
Medical Trays
Minimum
Multi-vari
analysis
chart
study
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35,41-42,45

3
14-15, 68,76, 80
54,74

36-37,39
1,5
1

36-37,40
2

9,12,14,61,72-73
2,6,9,36-37,41,46-48,53-58,71-72, 85
9

3-5

14-17, 30, 32
16,22,30,32

25,30-32

30

12,28-29,31-32

53-58

4,5

1

18-29,36, 39,41, 44,47
1-10, 17,36-38, 43,49, 51, 55-56, 58
48
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N
Nested design
O

O-ring seals
Observations
Orthopedic clinics
Oxygen

p

Panel

Peel strength

Phosphine

Piece

Piece average

Polyimide flexible wiring boards
Pooling

Poor wetting

Positional

Press bead former

Printed circuit board (PCB)
Printed wiring assembly boards
Printed wiring board

Q

Quick connect tubing
R

Random

Range

Rigid medical trays
Router

Runs

S

Sampling scheme
Sampling stratified
Seder, Leonard
Sheet resistance
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9,61,65,67,73,75-77, 80

1

9-11, 13-15,17-18, 20, 26-27
46

3

60-72
53-56, 58
3

10, 15,20
8,10-13

1

11,13

37
1,9-10, 17
41
35,59,71-72,74-75
36-37
36-37,40

41

9,51,53,61

1,7,58

53,56-57

71-73,75-80

3-4,6, 10, 20,70, 72-73

A~©9
\O
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Silicon

Solder defects

Specification

Spindle

St. Paul Plant

Stability

Standard deviation
across time
between piece
within piece

Statistical analysis

Sum of Squares
across time
between piece
within piece

T

Tank

Temperature
Temperature heating chamber
Temporal

Thickness
Through-hole
Throwing power
Time

Time framel

Time interval

Time scale

Tin/lead solder wave
Total variation
Treatment

A%

Variability

Variance
across time
between piece
component
components of
estimate
within piece

Variation
across time
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3

36
42,46,48,52-53,77-79
71-73,75-77,79-80
48-51

8

33,40, 45, 54, 58, 68,76, 80
33

33

33

9,55

12,17,29

15,17,20-22
13-14,23,25-26
12,26-29

61-62, 64-68,70

9

36

9

59-61, 64-65, 69-70, 72
59-60

60

10, 15,20

11

8,10, 12-15,17,30-31
5,6

36

9

9,36

13,41,47

10, 12-17,40, 45

16

13-14

17,67,76, 80
16,32-33,37,40, 62
11-12

11-12

1,4,16,41
2,8,10,14-15,32,51

Advanced Systems Consultants
Tel: (480) 423-0081, www.mpcps.com



Variation - Cont.
batch-to-batch
between piece
board-to-board
cell-to-cell
components of
cyclical
die-to-die
fixture-to-fixture
lot-to-lot
machine-to-machine
piece-to-piece
plant-to-plant
positional
random chance
run-to-run
shift-to-shift
source of
temporal
time-to-time
total
wafer
wafer-to-wafer
within board
within fuel rail
within furnace
within lot
within piece
within plant

within shift
w
Wafer
die
die to die
load
middle
source
Wave solder
Within piece
Within time
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2,10, 12,32, 51
2

41

31

1-2,12,17

10

41,45

2,47

41,45

2,46, 47

47,51

1,2,17

51

10, 33

47,51

17

1,2, 14,17

2

5

33

2,10, 33

2

41

33

47

1,8-10,32, 40, 45,47
47

47

1,8-10, 13, 15-18, 26
23,31
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