Chapter 5 (continue)
Additional SPC Techniques for Variables




Introduction

0 Last chapter: L.ong production runs
of discrete parts

lﬁr Q This chapter:
» Continuous and batch processes,
»short run and

> gage control




‘Continuous and Batch Processes

0ex the paper making process

DRYERS

CALENDERS
PRESSING

HEADBOX WIRE ROLLERS
SCREEN

LARGE ROLL

SUCTION BOXES

SLITTER

FIGURE 5-1 Paper-making machine. (Adapted from The New Book of Knowledge,
1969 edition. Copyright 1969 by Grolier Incorporated. Reprinted by permission.)




Statistical process control
(SPC) on the web

a In the machine direction (md)

Q Or cross-machine direction (cd)
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FIGURE 5-2 Paper web and observed valves for md and cd control charts.




Group Chart

0 This type of control chart eliminates

the need for a chart for each stream. A
single chart controls all the stream;

i.
4

- however, it does not eliminate the need
l
X for measurements at each stream.

-~y
-
il
-

a Data are collected in the same manner
as outlined in Chapter 4.

= 25 subgroups for each stream

= Calculated the central line and control limits




.! Out-of-Control Situation

a Any out-of-control SRS R

situation would call Number of

: . Streams.
for corrective action. L -
NUMBER OF

a We have out—of— STREAMS r
control situation i 3
when the same stream 4 6
otves the highest or 75__160 i
lowest value rtime in 11-27 3

Over 27 2

succession.




Example problem
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FIGURE 5-3 Example of multiple streams: a four-spindle filling machine.

Assume a four-spindle filling machine as shown
in Figure 5-3 and a subgroup size of 3.
Determine the number of subgroups needed
to establish the central lines and control limits.
Also determine the number of time in
succession one of the spindles can be plotted
before an out-of-control situation occurs.




25 per spindle x 4
spindle = 100
subgroups of 3

each

From the table,
r==0

TABLE 5-1

Suggested r
Values for the
Number of
Streams.

R T

NUMBER OF
STREAMS

2
3
4
5-6
7-10
11-27
Over 27

o Wk b OV 1O ™




Batch Processes

0 Ex paint, adhesives, soft drink,
bread, soup, iron, etc.

| 0SPC of batches has two forms:

il

fo

3 within batch variation and between
batch variation.




Within batch variation

0 Within batch variation can be very minimal

for many liquids that are under agitation,
heat, pressure, or any combination thereof.

* 0 Only one observed value of a particular

s

quality characteristic can be obtained.

O X and R chart for individual would be
appropriate SPC technique.

a Each batch in a series of batches would be
plotted on the control chart.




0 Some liquid products such as soup
© will exhibit within batch variation.
Observed values (sample) need to

be obtained at different locations
within the batch.

O X and R chart are appropriate




Batch-to-batch variation

0 Batch-to-batch variation can be

charted 1n the same manner as
@ discrete processes.




Many products are manufactured by
combinations of continuous, batch,
and discrete processes. For
example, in the paper-making
process, the pulping process is by
batch; the paper making process is

continuous; and, the paper rolls are
discrete process.




Batch Chart

0 Many processing plants are
designed to produce a few basic
& products to customer
Y specifications. While the
' ingredients and process are
essentially the same, the

spectfications will change with each
customer’s batch.
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FIGURE 5-4 Batch chart for different batches with different specifications.

0 8 out of 10 plotted points are on the high end of the
specification.

0 Provide information for effective quality improvement.




Short Run SPC

0 In many processes, the run 1s

completed before the central line and
control limits can be calculated.

0 Possible solution to this problem are
basing the chart on specification,

precontrol, deviation chart, Z and W
charts, and Z and W charts.




Specification Chart

Q The central line and the control limits
are established using the specification.

_ 0 Assume that the specifications call for
25.00 £ 0.12 mm. Then the central line,

X, = 25.00. The difference between the
upper specification and the lower
spectfication (USL-LSL) 1s 0.24 mm,

which is the spread of the process
under the case 1I situation (Cp = 1.00).




0 Thus, c _USL-LSL

p

Yo
¥ USL — LSL
s O =

6C

P

©25.12-24.88

O

6(1)
o =0.04




LSL USL
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FIGURE 5-5 Relationship of tolerance and capability for the case II situation.

Q Thus, forn =4
URL, = X_ + Ac =25.00+1.500(0.04) = 25.06
LRL, = X_ — Ao =25.00—1.500(0.04) = 24.94
R =d,o =(2.059)(0.04)=0.08
URL, = D, = (4.698)(0.04) = 0.19
LRL, = D,c = (0)(0.04) =0



Problem

0 29MUIUH Central line and limits §1%5U N9
WAAIUY short production run Nazwamasalu 3

@ A A
%3139 1ag specification v 25.010.3 130 n=4

uaz Cp=1.33




Precontrol

9y
v A

X and R chart idaideaen]

Y

a S a 1 d'
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pu NUNNHIENNAM LI the limits
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Q duusnfae  aadidlannszuiumsnaai process capabﬂity
"eendn specification aniu capability index, Cp, dos
lydlesn 1 Cp=1)

Q mﬂuu 314 preconttol line &s9zutla tolerance ooy
5 zone. e —
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- Y
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(a) PC lines and zones (b) Probability when C, = 1.00 and

Cpk: 1. 00

“
FIGURE 5-7 Precontrol lines.



For a specification of 3.15 + 0.10 mm.

The calculations are

1. Divide tolerance by 4: 0.20/4 = 0.05

- 2 Add value to lower specification, 3.05:
B PC = 3.05+0.05 = 3.10

3. Subtract value from upper specification,

3.25: PC=3.25-0.05=3.20

Thus, the two PC lines are located at 3.10
and 3.20 mm.
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FIGURE 5-7 Precontrol lines.



The Precontrol Procedure

0 has two stages; start-up and run.

- START <
A
Qutside Specs. Inside PC Blt_apmeen PC
RESET Lines ines and 1
Specs.
h J 4
Continue Until Two in Row
5 Consecutive RESET

Y

Go to Frequency Testing
Six Pairs Between
Adjustments

y.

e

FIGURE 5-8 Precontrol procedure.




TABLE 5-2 Frequency nf Measurmg

—— SRR T s R S
TIME BETWEEN TIME BETWEEN

ADJUSTMENTS, HOURS MEASUREMENT, MINUTES
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FIGURE 5-9 Run decision and probability.




Advantage of Precontrol

1. It is applicable to short production
runs as well as long production runs.

@ 2. No recording, calculating, or plotting
of data 1s involved. A precontrol chart

can be used if the consumer desires
statistical evidence ot process control.

It 1s applicable to start up so the
process 1s centered on the target.




It work directly with the tolerance

rather than easily misunderstood
control limits.

It 1s applicable to attributes.

It 1s simple to understand, so training
1S Very easy.
It 1s only monitoring technique.

Control charts are used for problem
solving.



Problem

d
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Deviation Chart

WIRCO CASTING X CHART for CE DATE: 5./
DEVIATION FROM TARGET
UCL = +0.09 LCL = —0.09
DEVIATION FROM
L 4.35 4.35 4.35 l 4.30 4.30 4.30
+0.12
e
+0.08

+0.06
+0.04
il A,/\"*\ A /\/3/\/\ INA AL

-0.02
—0.04
-0.06
-0.08
-0.10
—-0.12
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MOVING R CHART for CE R=0.03 UCL =0.10 LCL =0

0.10
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

FIGURE 5-11 Deviation chart for individuals (X ’s) and moving range (R’s).




Analysis of Variance (ANOVA)

AJ

.

I OCESS <1 3

Total

AJ

Process = gverage range of the process

Rrota = average range for all of the
processes




Example Problem

The average range for all of the iron

[\

melt processes with different CE
target 1s 0.03. For the process with a

. targeted CE value of 4.30, the average
range 15 0.026. Can this process use
the deviation technique? What about
the process for a targeted CE value of

4.40 with an average range ot 0.038°




Example Problem

A lathe turns rough diameters between 5 mm
and 50 mm and runs last less than two
hours. Material and depth of cut do not

change. Determine the central line and
control limits. Data are

- e

e

L e




Z. and W Chart

1s1ile variation fiann @n rule of

thumb) msaman central line wag
F control limits fudualas3iang
g wmsy R chart




Gage Control

Observed Value = True Value + Measurement
Error

~ Thus,

Total variation = Product Variation +
Measurement Variation

; repeatability

reproducibility

GR&R (Gage Repeatability and Reproducibility)




Average and Range by Automobile
Industry Action Group

0 Data Collection — NAADINULGN FreF U 10
33 1oz NIPNY 2 viSe 3 AY NATRUTHAZ 2 Mo
3 n%s
> NUNNU #1: NAFBU #1: 4759162108 3
> WUNNUHL: NATOU #2: 28643791015
> ...

d' U o U
plrmsnsavguedamaulumsnagou




Average and Range by Automobile

Industry Action Group

d

Calculations

v

IV average ilas Range VOIUAASTHNUN
nageu AN nIUINaZAY

>
=
o)
2
7
=
€e
><||
21):-
><||

Diff XMax ~XMin
UCL,=D,R uaz ICL_ =D, R discard any

Rang that is out of control



Average and Range by Automobile
Industry Action Group

H Calculations

1. AMUINY average 1aY Range VOIUADSTHUITUTN
Naga v AN NNHUAAZAY

. WIAR,R,R

b? "¢ “Ta b’ "¢

. A _
= AR R oy Xlef t® Xlef XMax _XMin

4. UCL_,=D, R uag fICL, = D3T1 discard any Rang

that is out of control



Average and Range by Automobile
Industry Action Group

d  Analysis the Result

1. Repeatability
EV=k R
A A . . L. o
1D EV A0 Equipment Variation (repeatability)

k1 = 4.56 for 2 trial t1ay = 3.05 for 3 trial

2. Reproducibility
AV = SQRT{(k, Xpr)? - EV2/n 1)}

A A . . i eqs
1D AV A9 Appraser Variation (reproducibility)

k, = 3. 65 for 2 Operators Laig = 2.70 for 3 Operators

n = number of part r = number of trial




Average and Range by Automobile
Industry Action Group

(J  Analysis the Result
3. Repeatability and Reproducibility
R&R = Sqrt(EV* + AV?)

4. Part Variation PV = k3Rp
iie R, = Range of the part average

©

9

9y
Ky = uegnuimiuiudiu

Part 2 3 4 S 6 7 8 9 10

k, 3.65 2.70 230 2.08 193 1.82 1.74 1.67 1.62




Average and Range by Automobile
Industry Action Group

d  Analysis the Result

5. Total Variation
TV = sgrti(R&R?*+PV?)

6. muanlesidua
%EV =100(EV/TV)
%AV =100(AV/TV)
%R&R =100(R&R /TV)

%PV =100(PV/TV)




Evaluation

d  Ifrepeatability is large compared to reproducibility
1. The gage needs maintenance

2. There is excessive within part variation

d  Ifreproducibility is large compared to repeatability
1. The operator need to be better trained

2. Calibration on the gage are not legible




Guideline for accept GR&R

d

Under 10% error — Gage system is

satisfactory
10% to 30% error — may be acceptable

Over 30% error - Gage system is not

satisfactory

Identify the causes and take corrective action



MI0819

] 2 appraiser
5 parts

J 3 trials

PART NUMBER

2

3

4

Apprasier A
Trial 1
Trial 2
Trial 3

Xbar
R

Apprasier B
Trial 1
Trial 2
Trial 3

Xbar
R

0.34
0.42
0.38

0.38
0.08

0.28
0.32
0.24

0.28
0.08

0.5
0.56
0.48

0.51
0.08

0.54
0.48
0.44

0.49
0.1

0.42
0.46
0.4

0.43
0.06

0.38
0.42
0.34

0.38
0.08

0.44
0.48
0.38

0.43
0.1

0.43
0.44
0.4

0.43
0.06

0.26

0.3
0.28
0.28
0.04

0.31
0.28
0.36

0.31
0.08




