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Improvement Phase
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Improvement Phase
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Improvement Phase

Injection Molding Extrusion
Creating Plastic Parts Create plastic tubes
Common Parameters: Common Parameters: ) )
Temperature Temperature Uranian Sealing
Screw Speed (RPM) Screw Speed (RPM) Pouch Sealing

Water Temperature (Cooling) Air Pressure Sealing Pressure
Packaging Pressure (Packing) Water Temperature ratur
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Improvement Phase

Steps to execute a DOE analysis
1) Determine the response that we are interested in
analyzing
* Part weight
* Part Resistance to breaking

Injection Molding

Creating Plastic Parts

2) Create a list of factors that can affect the respons
* Machine (Barrel) Temperature
* Water Temperature
* Screw Speed (RPM)

Common Parameters:
Temperature

Screw Speed (RPM)

Water Temperature (Cooling)

Packaging Pressure (Packing)

* Packing pressure
3) Determine the levels that we are interested in
testing
* Barrel Temperature: 300, 310, 320 degrees
* Water Temperature: 50, 60 degrees

* Screw Sneed: 200. 500. 750 RPM
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Improvement Phase

Steps to execute a DOE analysis
1) Determine the response that we are
interested in analyzing

Understanding Concepts

'DOE Response: It's the measurable * Part weight .
i It that we are interested in R Re.S'Stance )
Hesu ) ] 2) Create a list of factors that can affect the
|mprovmg response
» Machine (Barrel) Temperature
< * Water Temperature
DOE Factors: All variables analyzed . Screw Speed (RPM)
in the DOE * Packing pressure
3) Determine the levels that we are interested in
testing
DOE Levels: Concrete values that we » Barrel Temperature: 300, 310, 320 degree
will use for each factor » Water Temperature: 50, 60 degrees
» Screw Speed: 200, 500, 750 RPM N
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Improvement Phase

Steps to execute a DOE analysis
1) Determine the response that we are
interested in analyzing

* Part weight
For simplicity DOE studies are analyzed as follows: « Part Resistance to breaking DOE Response

Ligando Conceptos

2) Create a list of factors that can affect the

7 4 4 response
2 2 3 * Machine (Barrel) Temperature

* Water Temperature DOE

* Screw Speed (RPM) Factors
*» Packing pressure
3) Determine the levels that we are interested in

DOE Study DOE Study DOE Study testing
with 2 levels with 2 levels with 3 levels - :
i 2 tadkic S iod 4 actists Barrel Temperature: 300, 310, 320 degrees
» Water Temperature: 50, 60 degrees
» Screw Speed: 200, 500, 750 RPM
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Mnemonics to remember

* TIMWOOD
- Transport
— Inventory
— Motion
- Waiting
- Overproduction
- Qver processing
- Defects

x WORMPIT
x Waiting
x Overproduction
x Rejects
x Motion
x Processing
% Inventory

x Transport

/ Wastes
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Mnemonics to remember

* TIMWOOD
- Transport
- Inventory
— Motion
— Waiting
- Overproduction
- Qver processing
- Defects

x WORMPIT
x Waiting
x Overproduction
x Rejects
x Motion
x Processing
% Inventory

x Transport

/ Wastes
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Mnemonics to remember

* TIMWOOD
- Transport
— Inventory
— Motion
- Waiting
- Overproduction
- Qver processing
- Defects

x WORMPIT
x Waiting
x Overproduction
x Rejects
x Motion
x Processing
% Inventory

x Transport

/ Wastes
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5S Workplace Organization
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OEE (Overall Equipment Effectiveness)
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OEE (Overall Equipment Effectiveness)
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OEE (Overall Equipment Effectiveness)
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OEE (Overall Equipment Effectiveness)
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OEE (Overall Equipment Effectiveness)
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J SIX BIG LOSSES

Overall Equipment Recommended Traditional
Effectiveness Six Big Losses Six Big Losses

Unplanned Stops Equipment Failure
Availability Loss

Planned Stops Setup and Adjustments
Small Stops Idling and Minor Stops
Performance Loss
Slow Cycles Reduced Speed
Production Rejects Process Defects
Quality Loss
Startup Rejects Reduced Yield
OEE SRS OTRITCN Valuable Operating Time
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Sample Statistics

Soxill Al s

Control Phase

Elements of Typical Control Chart

N S

~/

1

| | |
2 3

Sample Number

Upper control line

Upper warning line

Target

Lower warning line

Lower control line
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variable

ample size

Sl s,

Control Charts

Selecta
control chart

Attribute or

attribute

Variable Data

Sample size
onstan

multiple

1
-

single

Sample sizé
onstan

n=1 2<n>10 n=>10 yes yes no
X-MR/I-MR Xbar-R Xbar-8
chart chart chart C-chart U-chart NP-chart P-chart
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I-MR Chart

I-MR (Individuals & Moving Range Chart): lalass
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Individuals Chart — | Chart 4:5,8) euall klaso e
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Sample 1 2 3 4 5
1 5.02 5.01 4.94 4.99 4.96
2 5.01 5.03 5.07 4.95 4.96
3 4.99 5 4.93 4.97 4.99
4 5.03 4.91 5.01 4.98 4.89
5 4.95 4.92 5.03 5.05 5.01
6 4.97 5.06 5.06 4.69 5.03
7 5.05 5.01 5.1 4.69 4.99
8 5.09 5.1 5 4.99 5.08
9 5.14 5.1 4.99 5.08 5.09
10 5.01 4.98 5.08 5.07 4.99
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S1 2.3 2.2 2.4 2.3

S2 2.1 2.2 2.3 2.4
s3 2 2.1 2.2 2.1
S4 2 2.2 2.1 2.3
S5 2.5 2.1 2.4 2.3
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hart points do not form a
particular pattern and lie within
the upper and lower chart limits

pattern or one or more pionts lie
beyoned the upper or lower
‘rhart limits

poi
the center line

a countinued rise or fallin a
series of points 7 or more in the
same direction

chart points show the same
pattern changes over equal
period times

chart points are close to the
center line or to control limit ( 2
of3-3outof7-4outof10)

Xbar — R Chart
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necessary mean to leave
process a lone, may be
opporitunity to improve

the proces d enjoy

Alerts you that the [
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you nead to take corrective
action. may be related to
change you have made. be

| Often seen some change has

been made. help tell you if the
changes had a + or - effect may

| also be part of a learning curve

associated with some form of
training

intluence the precess Is
apredictable manner. factors
occure over a set time period
and have + or - effect. helps
determine fiture wark

mixed into the subgroup
being sampled. often need to
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e data and redraw the control
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Standard Operating Procedures — SOPs
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Standard Operating Procedures — SOPs
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Standard Operating Procedures — SOPs
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Standard Operating Procedures — SOPs
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Kurtosis
/\ Peaked distributions +
Leptokurtic
Talls to the left Tails to the right
1]
W
Mesocratic |£€| — — Skewness
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¥ | Tails to the loft Tails to the right
Platykurtic
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Histogram

Histogram of Data
MNormal
Mean 0.3233
StDev 01206
M 27
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Box Plot

0.6
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Boxplot of Data
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/. Dotplot of Data

sl sl
Dot Plot

Dotplot of Data

L] = -
.I .,. L ] ,.. . - 8 ,... ? L ] ..I ,..
0.12 0.18 0.24 0.30 0.36 0.42 0.48 0.54
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Stem-and-Leaf Diagram

Stem-and-Leaf Display: Data

Stem-and-leaf of Data N = 27
Leaaf Unit = 0.010

1 1 1
6 1 78899
11 2 12444
13 2 56
(2) 3 34

12 3 6789
8 4 224

5 4 78

i 5 4

2 5 56
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Comparison of Variance
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Scatter Diagram
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Scatter Diagram

Scatter Plot of Surface Finigh, Micro-inches

Scatter Plet of Surface Finish, Micre-Inches
va Coolant

5 B B & &

Surface finigh, micre-inches

Scatter Plot of Surface Finigh, Micro-inches

ve Mold Pressure, P51 Temperature, “F
45
"Mo" comelation @ -E Positive cormrelation L
E
o 40
- &
r=00316 5 |r-oome /‘
{0 - 3b L
—— £ o«
o ™ = 30 o
T
25
® @ «
200 200 400 500 100 101 102
Mald pressure, PSI Coalant temperature, “F

Scatter Plot of Surface Finish, Micre-Inches

5 B B & &

Swrface finigh, micro-inches

ve Cooldown Time, Minutes ve Squesze Time, Minutes
w 45
@ Megative corralation -E Minimal positive comelation @
L J 'F 40 L J
K r=08544| £ |r=o02811,
E
L = 35 @
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£ 30 o @
i :
25
o 0
1 1 1 1 T T 1 1
145 15.0 15.6 16.0 16.56 0.7 0.8 0.9

Coaldown time, minutes

Squesaze time, minutes
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Stem-and-Leaf Diagram
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Measurement System Analysis
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«*" Gage R&R for Measurement

Measurement System Analysis

Lo L& =S

Gage R&R (ANOVA) Report for Measurement

Gage name:
Date of study:

00

Ew

a

10

as

Sample Range

aa

[

Sample Mean
(=]

2 L
S PR Rl e sy R Rl eyt el

Components of Variation

Reported by:
Tolerance:
Misc:

Measurement by Part

- B Comrilbution 24
Wl % Stody Var -
o4
2] 4
Gage RAR Repeat Roprod Part-to-Part E = =l = = 6 T a 2 0
Part
R Chart by Operator
Erank Susan Willie Measurement by Operator
= ' i UCL=0880 24
1 1
] 1 .
fi=0342 o
LoL=0
B T e )
2]
Part Frank Suzan willie
O perator
Xbar Chart by Operator
Frank Suzan (e Part * Operator Interaction

I DN S . :

Eepoiel,

Fa—

S —

LI

f
L]

TN V|

Part
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Process Capability
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Process Capability

* Process Capability Report for Subgroup 1, ..., Subgroup 20

Process Data

LSL 0.5
Target 0.55
UsL 0.6
Sample Mean  0.54646
Sample N 100

StDev(Owverall) 0.0193414
StDew(Within)  0.0196735

050 052 054 056 058 060

Performance
Observed Expected Overall Expected Within
PPM = LSL  10000.00 B150.57 916.96
PPM = USL  10000.00 2818.71 325819
PPM Total 20000.00 10969.28 12375.15

— Owerall
— = Within

Crverall Capability

Pp 0.86
PPL  0.BO
PPU 092
Ppk 0.0
Cpm 0.85
Potential (Within) Capability
Cp 0.85
CPL 079
CPU 0.9
Cpk 079
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Process Capability Analysis for Non-Normal Data

daudall 48 GBLN 20 g5 Judod (de Jlie

Bower (2001) :ylaslle

;oY1 Jdsad! 8yl oleys bl sebiludle
b e SUL O gk el ddlasdl balaso
Aaudall dus,all (adyp-value < 0.005 - cAnderon—Darling =1.347 -
1= daslgall 391 u=ll o
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Process Capability Analysis for Non-Normal Data

’ Process Capability Report for Temperature - - -

Process Capability Report for Temperature
Calculations Based on Weibull Distribution Model

LSL
Process Data i Overall Capability
LSL 1 Pp *
Target PPL 0.94
usL * PPU
Sample Mean 8.7825 Ppk 0.94
Sample N 120
Shape 2.21377 Exp. Overall Performance
Scale 9,94606 PPM = LSL  6167.23
PPM = USL
Observed Performance PPM Total 6167.23

PPM < L5L  0.00
PPM = LISL
PPM Total  0.00
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Compute the correlation coefficient from the data given in the first two columns of

Table 20.1.

b5V

Correlation

Table 20.1  Data for Example 20.1.
x y | ¥ | w |y
10 2 100 20 4
15 3 225 45 9
20 5 400 100 25
15 4 225 60 16
Total 60 14 950 | 225 54
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Regression
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Regression

ddasall Jasdl laesl Z3 ged
Sl 098w Lird g
Y = B0 + B1X1 + B2X2 + B3X3
W Z3sail e Lla> cExcel sl Minitab plasciel Sie Judeidl das
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Regression

Bl=3.2 4lus .1

45,85 3.2 Hliey el 3o w33 = S 18305 S
@l S5e Jole

B2 = 4.5 &Ll sae 2

125 4.5 paleadll (305 52 > 3ol b (8

1> (598 456V

B3=-1.8 &l éps .3

48,85 1.8 opedll (o) Ja5 > L8Ls) Bps diw S
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Regression

GéﬁAJJ\ 8 =

0l 2!

R*=0.92

el 305 (§ sl (10 %692 ey 73 50ill
(Mr (558 73903)

p-values < 0.05 axe>

Blas] 8350 Olazall S
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Regression

o 5500
)
S 10 = d3lus]
5 = Ul sae
Ol giaw 6 = sl
Y =54 (3.2%x10) + (4.5 % 5) — (1.8 X 6)
Y =54 324 225—10.8 = 48.7 5,55 43,85
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Regression
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Full Factorial Design

:ovelu Full Factorial Design 22 4 =3 ¢l
Low / High ¢y — s gaxl Acidity :Jod Jela!
Low / High ¢(rogie — 94l Bromine : 3l Jolal!

3 UJJSJ\JJ&
Dy>512=3%x2x 2 = olwlie Jl=l
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Full Factorial Design

bl 53

Two-Factor Factorial Design

pldsiwl @3 Minitab (35

General Linear Model (GLM)

DOE. wlesasas Judoi (3 ST &igye (Jrny 49
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Full Factorial Design
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; :p 9l

ﬁgj\.Ujub I=>g0 N: HO
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Interaction d=q: H1
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Full Factorial Design

(el Caso gl ) Sl 35
Session: JI 843U (§ Source Table juasll Jgd= (o
0.05 < o902l p-value

0.05 < eyl p-value

0.05 < Jelasd p-value

o =0.05 Sbasyl Ll <7

:0.05 ¢y ST p-values gz Of Loy
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Lo gaoxl) (S ginn ;80 dzg Y
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Full Factorial Design

Pareto Chart jwas

Sl e (2ym gl halas

LSlasYl AV das j9lxn 56 (ST dsgr Vs

oyl e Interaction b o) o>

Session Window (§Source Table 2 &3ls @Wufy\ ryell =

:dagell oI
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Full Factorial Design

10.05 gire (Sgihunn Jis
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Control Chart
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Control Chart
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Control Chart

XmR (Individuals & Moving Range) dlas,s <Lid] Jbwe
= 2409

:cL‘idl L.)ﬁ,l.ba&”

X (Individuals Chart) d5,8)l euall dlay,s-

MR (Moving Range Chart) &>l (sl dlasy>
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Control Chart
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