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# # 5670938121 : MAJOR INDUSTRIAL ENGINEERING
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REDUCTION
PRIMTHEERA PIMPANONT: APPLICATION OF VALUE ENGINEERING AND SIX
SIGMAIN HEAD STACK ASSEMBLY TAIL TACKING PROCESS. ADVISOR:
PROF. PARAMES CHUTIMA, Ph.D., 114 pp.

Demand for data storage devices such as hard disk is rapidly increasing as
almost every aspect of modern life has been digitized. The capacity requirement has
increased, whereas the size of HDD has to be maintained or reduced. Consequently, the
hard disk and its components have been designed to achieve quality and reliability, the
key characteristics to HDD’s performance. Nowadays, one of the main challenges for
storage manufacturer is to reduce operational cost while increasing the customer

satisfaction so that the company can survive in the fierce competition.

Recognizing the necessity of continuous improvement, this research has
adopted an integrated Value Engineering VE-based and Six Sigma methodology for cost
reduction in the manufacturing process of hard disk components. The 8-phase work plans
were developed within the framework of the VE and DMAIC methodology, called synergic
work plan. This proposed approach has been implemented and validated in a case study,
which focused on Head Stack Assembly Tail Tacking Process to reduce cost whereas its
functionality and quality are maintained or enhanced. Application results showed that the
indirect materials product cost significantly will be decreased total 615,490 US dollars or

53% while the targets of main functionalities have been achieved.
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FILES are stored as magnetically encoded areas
on platters. A single file may be scattered among
several areas on different platters.

MAGMETICALLY COATED PLATTERS made of metal
or glass spin at several thousand revolutions per minute,
driven by an electric motor. The capacity of the drive
dapends on the number of platters (which may be as -
many as elght) and the type of magnetic coating.

READWRITE HEAD

HEAD ACTUATOR pushes and pulls the
read-write head arms across the platters. —_
It precisely aligns the heads with the
concentric circles of tracks on the surface
of the platters.

Disk MAGHETI:
FILM

HOUSING
READ-WRITE HEADS, attached to the ends

of moving arms, slide across both the top
and bottom surfaces of the spinning platters.
The heads write the data to the platters by
aligning the magnetic fields of particles on
the platters' surfaces; they read data by
detecting the polarities of particles that have
already been aligned.

GAP between a read-write head and
the platter surface is 5,000 times smaller
than the diameter of a human hair, )

HAIR DIAMETER

|moom

PRINTED CIRCUIT BOARD recelves commands from the drive's
The is by the system and

the basic Input-output system, low-level software that links the
operating system to the hardware. The circuit board translates
the into voltage which force the head
actualor to move the read-write heads seross the surfaces of
the platters. The board also controls the spindle that turns the
platters at a constant spead and tells the drive heads when to
read from and when to write to the disk
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ngzuUUNIsUaanni?d (Adhesive Apply Process Flow)

Hold Stack by operator hand

Do glue drop process from left side to

right side of stack

Put stack to tray

dl o
q‘J:‘]J‘VI 18 LHUNNNTEUIUNITUERANIN

b w a o
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Load HSA onto installed pallet of UV

cure machine

J

Press Start Button

Curing Done / Cover move up

|

Press Start Button

J

Pallet is rotated inside machine / cover

move down

|

Curing pallet is rotated outside

Start curing 45 sec.

Unload HSA from pallet to tray
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Ng£19UN19 Tail Tacking
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feeding pressure 88{N3L AL 90 +/-

10 Psi uaz feeding time NAN 0.8 +/-
0.2 sec HATNINITATIAEDL needle
. 2 1 o 2 o 1 A
pin azsiasldinvsagasunaunis L4
2.2 finnnganniItangia ety
29158 199 HSA [ALIUIALAY

ANLNLNTBINITUERA AN9BIAH LG

a2 product configuration data sheet
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‘ State the Problem I
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‘ Form Project Team I
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‘ Identify the Customer and their Requirements I
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Output Measures and Establish Baseline DPMO

Map the Process at a High Level, Identify
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‘ Estimate Potential Benefits I
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‘ Complete the Project Charter I
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SIGMA

DEFECTS PER MILLION OPPORTUNITIES

2
3
4
5
6

308,537
66,807
6,210
233
3.4
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Develop a Detailed Process Map I
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‘ Identify Input Variables
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‘ Develop the Data Collection Plan I
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‘ Determine Measurement Capability ‘|

Measure

‘ Determine Process Performance and Potential I
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‘ Establish Improvement Goals I
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‘ Prioritize Input Variables / Root Causes

Use Data to Verify the Input
Variables / Root Causes
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Select Input Variables / Root
Causes to Address

Analyze
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Establish a Relationship Between the Input
Variables /Root Causes and the Output Measure
Y = f(x)

i 1

‘ Identify Possible Solutions

I8

Select Optimal Solution for the
Input Variables / Root Causes
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‘ Develop Improved Process Plan I

Improve

‘ Develop and Implement PiIotI

v
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Develop Controls for the Improved Process
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‘Validate Results/Benefits I

a

‘ Document Project Outcomes

a

‘ Identify Translation Opportunities

2

‘ Develop Audit Plan I

Control

v
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han Breyfogle, Forrest W. (2000)
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laAqLAN (Control Chart)
Run chart

Process Mapping

Gage R&R

Check Sheets

Box plot
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(Measurement system analysis)
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Product Data sheet

Product Description

Product Image

Net Wt.

Price

TYPICAL
UNCUREDPROPERTIES (not

specifications)

TYPICAL CUREDPROPERTIES

(not specifications)

DISPENSING THE ADHESIVE

STORAGE & SHELF LIFE

CLEAN UP

GENERAL INFORMATION

UV Adhesive, is high viscosity, nonflowing UV curable adhesives designed for bonding
polyimide and encapsulating chips in hard disk drive (HDD). This product is flexible,
tough, and designed to be low outgassing. Their high viscosities make adhesive suitable

for TSA, conformal coat, voice coil wire Tacking and screw attachment HDD applications.

ADHESIVE 10ML.

10 ML.

352%

Solvent Content None, 100% Solids

Isocyanate Content None

Chemical Class Modified Urethane Acrylate
Appearance Nonflowing Gel

Solubility Alcohols/Chlorinated Solvents/Ketones
Flash Point >93°C (200°F)

Viscosity (4 rpm, TF spindle, RTV viscometer)

29963 >1,200,000 cP ASTM D-1084
29963-REV-A >1,200,000 cP ASTM D-1084

Durometer Hardness D40 ASTM D-2240
Elongation at Break 75% ASTM D-638
Tensile at Break 1,200 PSI ASTM D-638
Modulus of Elasticity 3,500 PSI ASTM D-638
Thermal Limit 150°C DSTM D-200°
Glass Transition Tg 30°C ASTM D-3248

This material may be dispensed with a variety of automatic bench-top syringe applicators
or other equipment as required.

Store the material in a cool, dark place when not in use. Do not expose to visible or UV
light. This product maypolymerize upon prolonged exposure to ambient light. Keep
covered when not in use. This material has a one-year shelflife when stored between
10°C (50°F) and 32°C (90°F) in the original, unopened container.

Uncured material may be removed from dispensing components and parts with organic
solvents. Cured material will beimpervious to many solvents and difficult to remove. Clean
up of cured material may require mechanical methods ofremoval.

This product is intended for industrial use only. Keep out of reach of children. Avoid
breathing vapors. Avoid contactwith skin, eyes, and clothing. Wear impervious gloves.
Repeated or continuous skin contact with uncured material maycause irritation. Remove
material from skin with soap and water. Never use organic solvents to remove material
fromskin and eyes. For more information on the safe handling of this material, please refer
to the Material Safety Data Sheet

before use.

3171 31 UV Curing Adhesive Product Data Sheet
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Substances

Description General UV Curing
Specification Adhesive
Functional Feeding High or Low Good (Low
Test pressure (Avg. 100 | pressure/ 80 psi)
psi)
Shape profile Not deform or flow Not deform or flow
after dispensing after dispensing
Color Clear Clear
Rework Whole dot should Whole dot could be
be removed removed
Viscosity (cP) 30,000-50,000 35,000 cP
Tensile at Break (psi) 1,000 psi +/- 500 1,200 psi
psi
Moduls of Elasticity (psi) | 3,000 psi +/- 500 3,500 psi
psi
UV curable Yes Yes
Certification | Tin < 500 nanogram 100 nanogram per
Test per gram of gram of adhesive
adhesive
Halogen None None
Ozone Depleting None None
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Description General UV Curing
Specification Adhesive

Outgassing
TOTAL < 350,000 ppb 150,000 ppb
HYDROCARBONS
TOTAL ORGANIC ACIDS | < 300,000 ppb 120,000 ppb
TOTAL < 1,000,000 ppb 800,000 ppb
METHACRYLATES AND
ALKYL ACRYLATES
HYDROXYCYCLOHEXYL | < 125,000 ppb 100,000 ppb
PHENYL KETONE
a,a- DIMETHOXYPHENYL | < 10,000 ppb 8,000 ppb
ACETOPHENONE
TOTAL SILOXANES < 5,000 ppb 3,500 ppb
TOTAL AMINES < 100,000 ppb 75,000 ppb
TOTAL AMIDES < 1,000 ppb 500 ppb

TOTAL OUTGASSED
MATERIAL

< 3,000,000 ppb

1,500,000 ppb

Anion and Cation

Anion

Bromide < 30,000 ppb 10,000 ppb
Chloride < 30,000 ppb 8,000 ppb
Fluoride < 30,000 ppb 8,500 ppb
Nitrate < 30,000 ppb 10,000 ppb
Nitrite < 30,000 ppb 15,000 ppb
Phosphate < 30,000 ppb 10,000 ppb
Sulfate < 30,000 ppb 8,000 ppb
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Description General UV Curing
Specification Adhesive
Total Anions < 100,000 ppb 69,500 ppb
Cation
Ammonia < 30,000 ppb 18,000 ppb
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WRBANED TUIATBININLYA TINTIIAIUIUNEA AE198937N Product configuration

print. Aazuansiuaanllluusaynguuansinet

NITUIUNITUERANID

Hold Stack by operator hand

right side of stack

Do glue drop process from left side to

Put stack to tray

sU7 33 LHUEINTZLIUNNINEBANY

4

N721U2UNITNNTaLAE S A anI1 I lalam

Load HSA onto installed pallet of UV

cure machine

!

Press Start Button

Curing Done / Cover move up

!

Pallet is rotated inside machine / cover

move down

J

Press Start Button

}

Start curing 45 sec.

l

Curing pallet is rotated outside

Unload HSA from pallet to tray

717 34 unudInszuaunsaufefadansnlalaian
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UV Curing Adhesive Usage (tube)
350
300

250

200

A S I A ]

TIPS PFIPI I FFIFESES

——Actual Adhesive Usage (tube) —— Plan Adhesive Usage (tube)

91I7 35 fiayaauauniagd (vaan) Ngnlilllunsyuounig Tail Tacking Weuiudeyan
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" nsapdLaLTUgaL (Reduce a number of components) ramtinTidndeus
n slauuaedduda (Combine components)

" nagapdenivie (Reduce Sepcifications)

. m@@mu%ﬂ?mﬂ?;ﬂummﬁmﬁ (Reduce or change packaging)

2. nN19fnaan (Eliminate)

v
o v !

[ o Qy ] dl 10 . .
" sAneRTudIungeuvite Ay (eliminate redundant or unnecessary
components)

3. N1 lidne (Simplification)

" pnseenuULREaLdIe (Simple Design)

| A \ .

= 21l3anizendng (Simple Shape)

" dupeusEeanALn1slsEneudne (Simple assembly process or sequence)
4. nsrmuilad (Modification)

= 1EdansAQnad (Lesser material cost)

" nlsr@nsnwlunsuam (More effience manufacturing)

" Ennsrudaniaidnn (Use alternative transportation methods)
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Description General Current New
Specification | Adhesive Adhesive

Functional | Feeding High or Low | Good (Low Good (Low

Test pressure pressure/ 80 | pressure/ 95

(Avg. 100 psi)

psi)

psi)

Shape profile

Not deform or

Not deform or

Not deform or

flow after flow after flow after
dispensing dispensing dispensing
Color Clear Clear Clear
Rework Whole dot Whole dot Whole dot
should be could be could be
removed removed removed
Viscosity (cP) 30,000- 35,000 cP 38,000 cP

50,000
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Description General Current New

Specification | Adhesive Adhesive

Tensile at Break 1,000 psi +/- 1,200 psi 1,300 psi

(psi) 500 psi

Moduls of Elasticity | 3,000 psi +/- | 3,500 psi 3,200 psi

(psi) 500 psi

UV curable Yes Yes Yes

Certification | Tin <500 100 100

nanogram nanogram nanogram

Halogen None None None

Ozone Depleting None None None

Substances

Outgassing

TOTAL < 350,000 150,000 ppb | 125,000 ppb

HYDROCARBONS | ppb

TOTAL ORGANIC < 300,000 120,000 ppb | 105,000 ppb

ACIDS ppb

TOTAL < 1,000,000 | 800,000 ppb | 800,000 ppb

METHACRYLATES ppb

AND ALKYL

ACRYLATES

HYDROXYCYCLOH | < 125,000 100,000 ppb | 80,000 ppb

EXYL PHENYL ppb

KETONE

a,a- < 10,000 ppb | 8,000 ppb 6,500 ppb

DIMETHOXYPHENY

L ACETOPHENONE

TOTAL SILOXANES | < 5,000 ppb 3,500 ppb 3,800 ppb
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Description General Current New

Specification | Adhesive Adhesive

TOTAL AMINES < 100,000 75,000 ppb 73,500 ppb
ppb

TOTAL AMIDES < 1,000 ppb | 500 ppb 550 ppb

TOTAL < 3,000,000 1,500,000 1,200,000

OUTGASSED ppb ppb ppb

MATERIAL

Anion and Cation

Anion

Bromide < 30,000 ppb | 10,000 ppb 11,250 ppb

Chloride < 30,000 ppb | 8,000 ppb 6,500 ppb

Fluoride < 30,000 ppb | 8,500 ppb 8,500 ppb

Nitrate < 30,000 ppb | 10,000 ppb 10,200 ppb

Nitrite < 30,000 ppb | 15,000 ppb 15,500 ppb

Phosphate < 30,000 ppb | 10,000 ppb 10,000 ppb

Sulfate < 30,000 ppb | 8,000 ppb 8,000 ppb

Total Anions < 100,000 69,500 ppb 65,500 ppb
ppb

Cation

Ammonia < 30,000 ppb | 18,000 ppb 16,500 ppb
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Temp and Viscosity
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Automatic timer box
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ST TRV

Fapper 1 Hseizyinaannidudneds winfu 31.57mm.

Fapper 2 Hseizyinaannidudneds winfu 22.27mm.
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Fapper 2 Nszeizvineannidudngda winiy 13.18mm.

Tooling Hole

Flapper optimized position :
i

«————————————————— 31.57mm
- 2227Tmm — 5

«— 13.18 mm 4;

— i —==
== | FEaam

16.47 mm —»:

2531mm ———
Flapper current position
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azgniunanssitanauara Nl i lunsd fiEvalufuaesiunuuazanu
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WHNZANFENITUIUNTT Welsziliuduuaniadenlalanmsizanninign
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Idea 1 Idea 2 Idea 3 Idea 4
Wider arm
Item Change Ribbed Flapper
groove
Adhesive Narrow TGA | Optimization
design
Operators 6 0 0 0
Machine and Tooling 0.0012 0.0108 0.0082 0.0087
Cost ($)
Glue usage cost ($) 0.0022 0.0000 0.0000 0.0000
Total CPU percentage
8.07% 52.75% 63.78% 61.75%
decrease (%)
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A1519%7 12 A1 Frequency Response Function 289%98111d81 Inan1snagaun1eiuaaged

=
LLmu@jmmﬂu%w
Mode 1 2 3 4 5 6 7 8 9
Mode Description _
o) g - S ) g c
: |28l z8| 28| 28|28 |25 % |33
: 22|22 |€g¢ g 2 |2
8 E’ g < E =< § = E g (ID Completio
n
Nominal Frequency (Hz) 3500 5200 6800 7600 8400 9500 13500 18500 21000 Percentag
LSL Frequency (Hz) 3200 4900 6500 7200 8000 9100 12500 17500 19500 e
USL Frequency (Hz) 3850 5500 7200 8200 8900 10000 14500 20000 22500
Current Tail 1 3324 5015 6841 7700 8515 9642 14010 18325 19895 100%
tacking 2 3829 5424 6750 7397 8804 9497 13854 19845 20456 100%
3 3816 5495 6857 7374 8022 9984 14174 18554 19885 100%
4 3248 5497 6964 7712 8164 9763 13652 19048 21931 100%
5 3259 4907 6997 8157 8723 9911 12805 19149 20174 100%
Avg. 3495 5268 6882 7668 8446 9759 13699 18984 20468
Min 3829 5497 6997 8157 8804 9984 14174 19845 21931
Max 3248 4907 6750 7374 8022 9497 12805 18325 19885
SD 300 284 100 317 342 198 536 590 851
Idea 1 Change 1 3560 5055 6820 7780 8435 9700 13250 19200 21200 100%
Adhesive 2 3287 5222 7064 8010 8420 9240 14293 18064 19883 100%
3 3497 5022 6551 7366 8688 9604 13570 19289 19608 100%
4 3594 5431 6752 7660 8596 9703 13492 18901 20914 100%
5 3243 5197 6686 7643 8810 9726 12964 19075 21829 100%
Avg. 3436 5185 6775 7692 8590 9695 13514 18906 20687
Min 3594 5431 7064 8010 8810 9726 14293 19289 21829
Max 3243 5022 6551 7366 8420 9240 12964 19608
s.D 161 162 190 204 496 926
Idea 2 Ribbed 1 3525 5213 7035 9450 13450 21450 67%
Narrow 2 3288 5211 6900 9332 14281 21788 67%
TGA 3 3774 5399 6971 9339 13861 20371 67%
4 3596 4959 6857 9485 14149 20447 67%
5 3451 5318 6999 9341 14412 19997 67%
Avg. 3527 5220 6952 9389 14031 20811
Min 3774 5399 7035 10230 9593 9485 14412 22160 21788
Max 3288 4959 6857 8511 9225 9332 13450 20125 19997
S.D 179 166 73 677 143 72 383 908 767
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A1519%0 12 A1 Frequency Response Function 289%8111d81 Inan13nagaun1eluaages

1 = v 1
LU TEUTIDYA (AD)

Mode 2 3 4 5 6 7 8 9
Mode Description - ° - ~ . ° -
Sles)s8 88|58 2|5 |2.7
= 2l dedqed|ega|ea | T8 8 |2F¢
3 p T | e | TE| <€ ® 3 3
& < < < ~ 2s
Nominal Frequency (Hz) 3500 5200 6800 7600 8400 9500 13500 18500 21000 Completion
LSL Frequency (Hz) 3200 4900 6500 7200 8000 9100 12500 17500 19500 Percentage
USL Frequency (Hz) 3850 5500 7200 8200 8900 10000 14500 20000 22500
Idea 3 Flapper 1 3705 5325 6928 9685 13885 18950 20520 78%
Optimizati 2 3373 5474 7007 9635 13305 17782 20455 78%
on 3 3547 5272 6971 9650 13664 19084 19918 78%
4 3845 5345 6650 9702 13151 19288 21710 78%
5 3563 4971 6528 9703 14054 19252 22090 78%
Avarage 3607 5277 6817 9675 13612 18871 20939
Min 3845 5474 7007 9703 14054 19288 22090
Max 3373 4971 6528 9153 9082 9635 13151 19918
S.D 178 187 214 258 369 31 381 918
Idea 4 Wider arm 1 3610 5135 6925 7800 8540 9848 13450 21525 89%
groove 2 3666 5006 7166 8123 8596 9651 12681 22046 89%
design 3 3561 5135 6666 7996 8746 9907 14306 20588 89%
4 3372 5149 721 7368 8577 9721 13527 19567 89%
5 3216 4974 6604 7787 8076 9327 14114 21487 89%
Avarage 3485 5080 6896 7815 8507 9691 13616 21043 89%
Min 3666 5149 7166 8123 8746 9907 14306 22046
Max 3216 4974 6604 7368 8076 9327 12681 20100 195667
S.D 187 83 256 287 253 227 639 1142 977
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Power and Sample Size
Z2—-Sample t Test

Testing mean 1 = mean 2 (versus #)
Calculating power for mean 1 = mean 2 + difference
o = 0.05 Assumed standard deviation = 1

Sample Target
Difference Size Power Actual Power
1 23 0.9 0.912458

The sample size is for each group.

91/71 49 Power and Sample Size

Power Curve for 2-Sample t Test

Sample
Size
- 23

0.8 Assumptions
o 0.05
StDev 1
Alternative #

0.6

Power

0.4
0.2

0.0
-1.0 -0.5 0.0 0.5 1.0

Difference

g‘]J‘ﬁ 50 Power Curve for 2-Sample t Test

4.1.2.2 NMNSNAKALANNITIUNISNTEAuLLN® (Normality Test)
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No Current Adhesive New Adhesive
1 7.63% 6.36%
2 4.92% 5.89%
3 4.03% 3.51%
4 6.42% 5.31%
5 5.48% 6.43%
6 9.57% 8.83%
7 8.75% 7.47%
8 6.02% 5.22%
9 7.96% 6.66%
10 5.33% 5.16%
1" 7.66% 8.59%
12 6.48% 5.10%
13 8.75% 7.22%
14 7.53% 5.49%
15 5.57% 6.56%
16 7.36% 6.03%
17 9.82% 7.79%
18 7.00% 6.56%
19 5.04% 5.50%
20 5.62% 5.93%
21 6.37% 6.63%
22 717% 6.05%
23 9.68% 8.69%
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Probability Plot of Current Adhesive

Normal
99
Mean 0.06964
StDev  0.01624
N 23
9 AD 0.265
90 P-Value 0.662
80
70
E 60
8 so0
@
2L 40
30
20
10

0.03 0.04 0.05 0.06 0.07 0.08 0.09 010 011
Current Adhesive
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Probability Plot of New Adhesive
Normal

Mean 0.06390
StDev  0.01285
N 23
AD 0439
P-Value 0.268

Percent
wu
o

0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
New Adhesive

< y e oA dey oo
17 52 nsuanuasresdiayareangusaednem 2 daldnagaaiinlug

87



88

4.1.3 managauANNAdedAyraIANnNwlsdsIurasmulsdulng (nsil

sz nsaastn)

n1IMAgaLANETadATYAdATUNINFARIIUAAINITNan sz N1IuTleARNNT
=K ' o ! a 2 '
NARBLDNAINLANFANTBIANNLL U TIUIRULIENLNRA 2 1A 11TDANLANFNNTEY
1 tzll % ] a d” o 1 o o
doudeauuninsgiuresiaudsduing 2 9a Tnanmeasuiazinaaugiuldiunig
NARDULLIL t 9asilszang 2 dszanaivefansaunfisdiainuuanouin oy = oy vty
dl v a dl [ a a & 1 dl ' dﬁl 1%
Wwanssindulainaaiuesadaszaed t lunisdmaziaedesall uanaintiuda nis
naaauAInatsiilsylsmiatisnnsanissindulasiunisaounnauiinlslueu
ATLIANANNIWTIATIA L1 N19R99aqUA NI LT U 9FATaIEdNANaN I sATLNNT
a v ¥ ¥ o d” Y o v a J =
nan i linndeniiuunanie nsmeasuBlitindeyannuianainlunisgiunisdan

UANUNTA TRINGUFADENNT 2 ngu AnnskEnaglalinmnuazaiinlud N1in1s
naaaLfatiATasilan9anflaanisldllsunsy Minitab17au19naguua LA

v
% '

[1] SLAUAINNITANY 95% Wudm'mﬁmmummgmmmmjuﬁfmﬂwm 2 g

o

Tdumnsneiuee 19888 Aty Aa130u1AY P-Value = 0.231 T9RAININNGN

0.05 Asg1l#1 53

o

[2]  Warswansnszansdaresdiayanigiin 54 wuda deyaiinisnszaadauniy

u

ad 1y ai A a | IS 4 Q‘Id 1 |
Unhire liNdayanidusitinlng (Outliers) visadiayaniAiuanaanainngs

a

v il Eh '
A K 9 a

A a 1 4 1 Aa a
wsenauunuansllandeyarauasieyaiiiluaiadnfazgnuanaiuqm

a

=
ALAT IALLEUN N



2-Sample Standard Deviation Test for Current Adhe and New Adhesive
Summary Report

Do the standard deviations differ? Statistics Current Adhe New Adhesive

0 005 01 > 0.5 Sample size 23 23
Mean 0.069639 0.063904

¥, _ i i N Standard deviation 0.016243 0.012854
= l | e Individual 95% CI (0.0131, 0.0221) (0.0096, 0.0188)

The standard deviation of Current Adhe is not significantly different
from New Adhesive (p > 0.05).

Standard Deviations Comparison Chart
Blue indicates there is no significant difference.

Current Adhe - Comments
New Adhesi « Test: There is not enough evidence to conclude that the
w Adhesive * standard deviations differ at the 0.05 level of significance.
+ Comparison Chart: Blue intervals indicate that the standard
0.0100 0.0125 0.0150 0.0175 0.0200 deviations do not differ significantly.

+ Distribution of Data: Compare the spread of the samples. Look
for unusual data before interpreting the results of the test.

Distribution of Data
Compare the spread of the samples.

Current Adhe

717 53 naansnlFannismageuANDENLUNIRTFIUIBINGNFARRENT 2 NGH(1)

2-Sample Standard Deviation Test for Current Adhe and New Adhesive
Diagnostic Report

Data in Worksheet Order
Investigate any outliers (marked in red).
Current Adhe New Adhesive

1 3 5 7 9 11 13 15 17 189 21 23 1 3 5 7 9 11 13 15 17 19 21 23
What is the chance of detecting a difference? What difference can you detedt with your sample
< 40% 60% Power 0% 100% sizes of 237
% Difference Power

I I g S
38.5% 70%

42.2% 80%

351% Difference 26.9% 46.9% 90%

For a = 0.05 and sample sizes = 23:

If the true standard deviation of one sample were 35.1% smaller than the
other, you would have a 60% chance of detecting the difference. If one
were 46.9% smaller than the other, you would have a 90% chance.

Power is a function of the sample sizes and the standard dewviations. To detect smaller differences, consider increasing the sample sizes.

v
o

717 54 nagnilfiannimeasuANDEUNLUNIATFINTBINGNFAIRENY 2 NGN (2)
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4.1.4 msnagauANNNdEdIAIaIARatradnLlsdulng (nsdltlserng
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nInagaLdanantniswantadkuuln® (Normal Distribution) dM95UsR8ENg 2 NN

a 9
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anwourAalufaet19Naa sy (Independent Samples) azld1datfinnagaue t

Tnenindiaganauianainlunise unaiiauuanunia 189NgNA0EN9YY 2 NgN AN

a a

nsldnngafiaanuazaialud 11iin1madaufiaalATaslaniaats 2-Sample t

1
%

Test naansin bdannldsunsy Minitab 17 lun1smageauni19ans Two-Sample T-Test

o

Lmﬂmﬂm 55 mmmmﬂm@i \‘1

Two-Sample T-Test and CI: Current Adhesive, New Adhesive

Two-sample T for Current Adhesive vs New Adhesive

N Mean StDev SE Mean
Current Adhesive 23 0.06%6 0.016Z2 0.0034
New Adhesive 23 0.063% 0.0129% 0.0027
Difference = p (Current Adhesive) - p (New Adhesive)
Estimate for difference: 0.00574
95% CI for difference: (-0.0029%7, 0.01444)

T-Test of difference = 0 (vs #): T-Value = 1.33 P-Value = 0.1%1 DF = 44
Both use Pooled StDev = 0.0146

9171 55 uaawsn lfanTdsunsy Minitab 17 Tunnsmagaun9aiis Two-Sample T-Test
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2-Sample t Test for the Mean of Current Adhe and New Adhesive
Summary Report

Do the means differ? Individual Samples
0 005 o1 >05 Statistics Current Adhe New Adhesive
i , Sample size 23 23
vﬁh I No Mean 0.069639 0.063904
P,igz.‘ | 95% ClI (0.0626, 0.0767) (0.05835, 0.06946)
Standard deviation 0.016243 0.012854

The mean of Current Adhe is not significantly different from the
mean of New Adhesive (p > 0.05).

Difference Between Samples

Statistics *Difference
" Difference 0.0057355
B e DT 95% Cl (-0.0029673, 0.014458)

Is the entire interval above or below zero?

I *Difference = Current Adhe - New Adhesive

| Comments

| . .
0.000 0.005 0010 0015 Test: There is not enough evidence to conclude that the means

-0.005 differ at the 0.05 level of significance.
« Cl: Quantifies the uncertainty associated with estimating the
difference in means from sample data. You can be 95% confident
that the true difference is between -0.0029873 and 0.014458.
Distribution of Data » Distribution of Data: Compare the location and means of samples.
Compare the data and means of the samples. Look for unusual data before interpreting the results of the test.
Current Adhe

U9 56 nadWENlAAINNIIMAae LANNATIUIALNTNAGBLNNATIA

Two-Sample T-Test (1)
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2-Sample t Test for the Mean of Current Adhe and New Adhesive
Diagnostic Report

Data in Worksheet Order
Investigate any outliers (marked in red).

Current Adhe New Adhesive
0.12
0.09
0.06
0.03
1 3 5 T a 1 13 15 17 19 21 23 1 H 5 T a 1 13 15 17 19 21 23
What is the chance of detedting a difference? What difference can you detect with your sample
< 40% 60% Power 90% 100% S G A
= = . . Difference Power

0.0097853 60%

— — oooses o

0.012388 80%

0.014334 90%

0.0097853 Dpifference 0.014334

For o= 0.05 and sample sizes = 23:

If the true means differed by 0.0097853, you would have a 60% chance of

detecting the difference. If they differed by 0.014334, you would have a 80% Observed difference = 0.0057355
chance.

Power is a function of the sample sizes and the standard dewiations. To detect smaller differences, consider increasing the sample sizes.

717 57 wagninlfiannismeasuannAgulnen1mage LN Nanm

Two-Sample t-Test (2)
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FY15 UV Curing Adhesive Spending Forecast
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Adhesive Spending Forecast ($)

Jan-15
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Jun-15

Jul-15
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Dec-15

Current Adhesive 10 ML.

New Adhesive 3 ML.
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PRODUCT PROPOSAL
Doc. no. 2015-HSA- Date 29/10/2014 Team Member
ECR-1038
Model UV Curing Adhesive Team Leader Primtheera
Process Tail Tacking Process Supattra Waree Tanachai Mali Somchai
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4.3 TUABUNITAIUAN
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REVISION RECORD

REV ECO DESCRIPTION DATE APP
A — FPRODUCTION RELEASE SEAFPDM —
B ECRO173260 | ADD MEW PART NUMEBER FOR 2ML SYRINGE |SEE SEASCAPE|SEE SEASCAFE
WARNING - HAZARDOUS MATERIAL
THIS DOCUMENT PROVIDE S BASIC INFORMATION REQUIRED FOR
ORDERING, PACKAGING AND HANDLING OF A HAZARDOU S MATERIAL.
DO NOT USE UNTIL SAFETY PRECAUTIONS ARE FULLY UNDERSTOOD.
PART SIZETYPE
NUMBER DESCRIPTION/COMPOSITION VPN CONTAINER
10.0 ML AN
AMBER
100510649 | COML, ADHESIVE, UV, REV.A WA SYRIMGE WITH
10 ML
COMTENT
Z ML AMEER
100752816 | COML, ADHESIVE, UV, REV.A MiA SYRING WITH
IML CONTENT
DESCRIPTION: U curing adhesive usedin HSA process for TGA tail tacking

Chemical Mame:

CAS #

Common Trade Mame:

process, may applicable to othertacking process as needed.

UV CURING ADHESIVE
Mot applicable for mixtures.
A

717 60 sretrvenastiunndeyanisliunlaewingaun i lunszuounisuan
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4.3.2 NMIATUUALKNUAIUAN (Control Plan)
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Probability Plot of Head Off Track Percentage
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Xbar-S Chart of Head Off Track Percentage
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