CONTROL CHARTS

0 variables

O attributes

common (chance) cause
left to chance

specific (assignable) cause
Identified and eliminated
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Role of Quality Engineering

upper natural

tolerance limit

IN CONTROLY?

upper

Q)ecification limit

Nno
| st L UsL
UNTL
yes NSNS \>t N
Ean ™ - >// " LsL
CAPABLE? ~onn
WL\ D
no /// LSL _| >r > '
TOLNTL ) >'—5'——
NN N ung““ i
lower el 1 T
natural '\ _ LsL | specification
tolerance limit
limit
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The process is considered in control if the variation is stable in
time, there are no assignable causes.

If the process Is in statistical control its future behavior may be
predicted based on past data. This means we may give the
probability of finding the process variable within certain limits
(Shewhart, 1931).
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Variables control charts

Example 17

The assumed expected value of the mass of packages
produced by an automatic machine is 250 g, the known
variance of the process is 1 g-.

The mean of the sample of element 5 taken from the
process Is:

X =24906 ¢

May the assumption on the expected value of the mass of
packages be accepted if the allowed probability for the
error of first kind is o.=0.05?
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The null hypothesis: ~ H,: E(x)

X = Hq
Ly, =

_G/\/ﬁ

The region of acceptance:

P(—za/2 <1, < za/z\HO):l—a

accept reject

/uO_Za/ZG/\/ﬁ< )T<lu0+za/20/\/ﬁ
the confidence interval

contains the
X — Za,ZG/\/ﬁ S Hy <X+ Za/chl\/ﬁ hypothetisized g,
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Hy E(X):ﬂo:250 :Uo_za/zo'/\/ﬁ<)_(<:uo+za/2o'/\/ﬁ

UCL: upper
control limit

IUO T Za/ZU/\/_

LCL: lower
control limit;

:uO B 205/20/\/H
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Hy,: E(x)= g, = 250
The region of acceptance:

IUO_ZOz/ZO-/\/ﬁ<)T<IUO-|_205/2(7/\/ﬁ

UCL =X :y0+za/20/\/_:

upper
LCL = Xlower = Hy — Za/ZG/\/_ =

Decision:

Variables Control Charts Defects
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The region of acceptance:

/uO_Zoz/ZCT/\/ﬁ<)T<II'10-I_ZO:/2(7/\/ﬁ

Take samples (subgroup) time to time and plot their mean
as a function of time!

— control chart

« in statistical control: continue
» out of control: stop the process
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The intervention is usually expensive (the

manufacturing line is stopped), thus the chance for false
alarm is to be diminished:

Z,, =3 (the so called +3o limit),
then «=0.0027, that is the chance for erroneous decision

IS about three from among one thousand.

y0—3a/\/ﬁ< )T<y0+35/\/ﬁ
/'

LCL UCL
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The region of acceptance:

y0—3a/\/ﬁ< )T<y0+35/\/ﬁ

Problem 1

L, and o are not known (we do not know the reference to
which the process is to be compared)
—>  estimation from a large sample
Problem 2

We may not be sure If the process used for estimating « and
o 1Is in control

—— Ccheck using control chart
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Phase I: establishing stability and control limits

Phase I1: on-going control using the previously established
control limits
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The X-bar - Range chart

n (typically n=3 - 5) samples are taken from the process
time to time. The mean and the range of the sample is
computed:

1
X = HZXJ ‘Xmax Xmin‘
j=1

An R; range and x. mean is found for the sample I.

. R
o=—
d

_ 1
where R :azRi
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Construction of the X-bar chart

Phase |

CL, =X = 12 X (m is the number of samples, X. IS the mean
m = of the I-th sample)

SR _ X+ AR (upper control limit)

=X-AR (lower control limit)
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Phase Il (on-going control)

X and R

from Phase I, that i1s the center line and control limits are

given
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Construction of the range (R) chart

H, :Var(x)= o}

d,R (D,-1R

UCL, =R +36, = R+3dR _ ﬁ[us&] SHA

o

LCL, =R -36, = ﬁ—sng = F?[l—sd—s): D.R
2

N
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If negative value is obtained for LCL, it is to be set as zero

2 1.128 | 0.853 (0.7979| 1.880 | 2659 | 0 [3.267| O 3.267

3 1.693 | 0.886 (0.8862| 1.023 | 1954 | 0 [2568| O 2.574

4 2.059 | 0.880 [0.9213| 0.729 | 1.628 0 2266 O 2.282

5 2.326 | 0.864 [0.9400| 0.577 | 1.427 0 2089 O 2.114
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Example 18

Prepare an X-bar/R chart using the data in the table!

[ measured sample elements mean median R

1 251.25 |249.67 |250.15 |250.22 |249.30 |250.118 |250.150 |1.950
2 247.56 |249.84 |[251.04 |249.47 |250.25

3 251.47 |250.23 |250.07 |250.12 |250.37

4 249.35 |249.77 |249.29 |250.92 |250.44 |249.954 |249.770 |1.630
5 249.09 |251.09 |248.14 |248.51 |250.90 |249.546 |249.090 |2.950
6 25159 |248.13 |250.06 |248.92 |252.09 |250.158 |250.060 |3.960
7 250.61 |249.55 |249.23 |249.61 |251.39 |250.078 |249.610 |2.160
8 249.95 |247.74 |249.40 |248.88 |249.16 |249.026 |249.160 |2.210
9 247.74 |249.42 |249.59 |251.59 |250.36 |249.740 |249.590 |3.850
10 247.89 |250.65 |249.61 |249.08 |248.72 |249.190 |249.080 |2.760
11 249.26 |250.08 |251.22 |250.08 |250.26 |250.180 |250.080 |1.960
12 249.83 |249.46 |248.83 |251.56 |249.16 |249.768 |249.460 |2.730
13 250.36 |250.10 |251.68 |250.36 |248.78 |250.256 |250.360 |2.900
14 250.71 |250.26 |250.18 |249.47 |250.72 |250.268 |250.260 |1.250
15 250.50 |252.36 |251.52 |249.91 |250.75 |251.008 |250.750 |2.450
16 250.11 |250.87 |249.31 |249.93 |249.63 |249.970 |249.930 |1.560
17 248.81 |249.65 |248.08 |250.57 |251.48 |249.718 |249.650 |3.400
18 249.90 |249.81 |250.59 |250.38 |250.74 |250.284 |250.380 |0.930
19 250.88 |249.79 |249.85 |250.11 |250.61 |250.248 |250.110 |1.090
20 249.27 |248.61 |250.64 |249.43 |249.60 |249.510 |249.430 |2.030
mean 249.955 [249.850 |2.333
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9 10 11 12 13 14 15 16 17 18 19 20

9 10 11 12 13 14 15 16 17 18 19 20
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E3| Sheet1- Control Chart [_ (O] x|
B T i Open Data Table: Chartdata2.xls

v/~ XBar of Y Graph>ControlChart

 rL=2s1 30 P roCess.: YS

Sample Label: Sample

SAMPLE

Mote: Sigma used for limits based on range.

)

:“:
(]
[11]
(]
=
G
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Example 18

Prepare an X-bar/R chart using the YS column of the cpdatal.mtw
data file!

Phase | or Phase 11?

Xbar-R Chart - Options

Minitab>Stat>Control Charts>
Variables Charts for Subgroups>Xbar-R

Parameters Estimate |Ei Lirnit:z:| Tests | g5

Ornit the following subgroups when estimatir

tethod for estimating standard deviation
Sub ize > 1

ioled standard desiation

Variables Control Charts Defects 165



Xbar-R Chartof YS

UCL=251.277

Sample Mean

LCL=248.634

UCL=4.845

o
(o)
1

o
o
1

Sample Range
= N

N

| |

=
o
1
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Example 11

Prepare an X-bar/R chart using the YS column of the cpdatal.sta
data file!

Phase | or Phase 11?

Open cpdatal.sta
Statistics>Industrial Statistics>Quality Control Charts

X-bar & R chart for variables
Variables: YS, Sample
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X-bar and R Chart; variable: YS
X-bar: 249.96 (249.96); Sigma: 1.0028 (1.0028); n: 5.

6 8 10 12 14 16

Range: 2.3325 (2.3325); Sigma: .86652 (.86652); n: 5.

COORPRENMNNWWAMIIN
touvioviomoumownon
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The control limits on the X-bar chart refer to the mean, not to single
measurement values!

X-bar Chart; variable: YS
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Operating Characteristic (OC) curve for the X-bar
chart (a=0.0027)

4020 10 7 5 4 3

AN

Ao
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Operating Characteristic (OC) curve for the
R chart (+3c, that Is a=0.0027)

2.00
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The Western Electric algorithmic rules (run tests)

Western Electric rules (runs test)

1. One point beyond Zone A

min:-
o
R
.

5. 2 out of 3 points in a row in

Zone A or beyond

(on one side of central line)

6. 4 out of 5 points in a row in
Zone B or beyond

2. 9 points in Zone C or beyond 3. 6 points in a row steadily

increasing or decreasing

7. 15 points in a row in Zone C
(above and below the center
line)

Variables Control Charts

4. 14 points in a row alternating
up and down

8. 8 points in a row in Zone B,
A, or beyond, on either side of
the center line (without points
in Zone C)
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Example 18

Prepare an X-bar/R chart using the YS5 column of the

cpdatal.mtw data file, making use of Western Electric rules!

The center of the process Is 250., the variance is 1.0 as obtained in
Phase I.

Phase | or Phase 11?

Minitab>Stat>Control Charts>Variables Charts for
Subgroups>Xbar-R
Xbar-R Options>Parameters
>Tests
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Minitab>Stat>Control Charts>Variables Charts for Subgroups>Xbar-R
Xbar-R Options>Parameters _

>Estimate: Rbar Xbar-R Chart - Options

>TEStS Farameters | E ztimate | S Lirnits | Tests |

Xbar-R Chart - Options Ta zpecify the values for one or bath para
theze values instead of estimating them fri

Parameters  Estimate |Ei Lirnit:s:l Tests |

Crnit the following subgroups when estima

tethod for estimating standard dewviation

5 |_4|:|gr|:|u|:| zize > 1

Xbar-R Chart - Options

+ Pooled standard desviation Parameters | E stimate | S Limits  Tests |EitagE::5: | Box

Ferfarm all tests for special causes v

=
—
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Xbar-R Chart of YS5

UCL=251.342

Sample Mean

X=250

LCL=248.658

UCL=4.918

o
)
c
©

o

9
o
£
]
()]

Test Results for Xbar Chart of Y55

TEZT 1. One point more than 3.00 standard dewviations from
Test Failed at points: 6, 11, 13, 14, 15, 16, 18, 19

TEAGT 2. 9 points in a row oh Same 3ide of Ccenter linEJ
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Example 12

Prepare an X-bar/R chart using the YS5 column of the

cpdatal.sta data file, making use of Western Electric rules!

The center of the process is 250., the variance is 1.0 as
obtained in Phase I.

Phase | or Phase I1?

Statistics>Industrial Statistics>Quality Control Charts
X-bar & R chart for variables

Variables: YS, Sample

Runs test
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arkz
| Sets ] Bruzhing ] Nu:un-HI:urmaI] Heport

Specifications for #-chart

[SIECCAEEE TN 22 X _bar Chart Cen... ||

Frocess mean: |25|:I.EI

Ok, Cancel gaml  Descriptives

SixGraph 13.3 SiGraph ophions

=
[hoe | =
%} Sigma: | Computed s s RS | B x| B Aes

%] UCL | zo000+S

Outliers

b

w] LCL: | -3.0000*5

Check, alarms

Hiztog. # (M. ] Hiztogram R4S

Oc = (1] OCR [£]

Hunz tests # noh-normal

Summary
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YS5 ; Runs Tests (CPDATAL.STA)
X-bar Chart
Center line: 250.000000 Sigma: 0.44847
Zones A/B/C: 3.000/2.000/1.000 *Sigma | from to
Tests for special causes (runs rules) sample |sample
9 samples on same side of center 11 19
6 samples in row in/decreasing OK OK
14 samples alternating up & down OK OK
2 of 3 samplesinZone A orbeyond 10 12 _
13 15 X-bar and R Chart; vafiable: YS5
16 18 ar: 250.78 (250.00); Sigma: 1{.0028 (1.0000); n: 5.
4 of 5 samplesinZone B or beyond 10 14 .
15 19
- ° °. - g, o
15 samples in Zone C OK 8 B T LR e e - 251.34
8 samples beyond Zone C 10 17) I
2500 el e N 250.00
2495  F B S
249.0 | ¥ T 1
T TRl e b Bttt ettt ettt - 248.66
2480 M M M M " M M
2 4 6 8 10 12 14 16 18 20
Range: 2.3325 (2.3259); Sigma: .86652 (.86408); n: 5.
5.5
O R L § D RS B 4 4.9182
45t 1
4.0 t +
Y A N + ;
25| I + ya ]
207 et = - — 2.3259
%8 2 +. + “-;F," LF "‘.‘.
Ot LI 4
05 | i
(O R e e R R ~ 0.0000
05 M M M M " M M
2 4 6 8 10 12 14 16 18 20
ariaple ontro 3 Defe O



— X-Bar/R: YS5: CPDATA1. 5TA['EE.
Process capability

& Specifications for Capability Analysis: CPDATA1.5TA  [2[X]

Proceszs capability zigma limit: E:_ @

|I Lneq. r NELRA
E I:I PEn SpECE
£ 0On

Runz tests
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S ¥ Bar/R: YS5: CPDATA1 sT? =] E]

Capability Histogram: YS5
Sigma (Total):1.34984 Sigma (Within):1.0028:
Within SD: 1.003; Cp: .3324; Cpk: .073:
Overall SD: 1.350; Pp: .2469; Ppk: .054:
LSL: 249.0; Nom.: 250.0; USL: 251.(

LSL Nominal USL

-3.*S(T)

+3.4S(T)

20

15 ¢

10t

O r oy o’ J J o "
2455 2465 2475 2485 2495 2505 2515 2525 2535 2545 2555
246.0 247.0 248.0 249.0 250.0 251.0 252.0 253.0 254.0 255.0 256.0

— Total
— Within

Variables Control Charts Defects

Sets ] Eruahing] Nnn-NnrmaI] Hepurt]

Charts # [MA ] specs ] R/S specs ]

%E SikGraph Ei SikGraph optionz

X (MA )& R/S % | B2 R

Descriptives i Outliers

Check alarms

AE| Histog. 3 (Ma.) | LW Histogram R4S
ac= (1) OCR 2

M  Buns tests # non-normal

Process: capahility

Hiztogram Sumrmary

T-.-;i Options... Save fs... Ear‘u:el
] Bruzh... ‘Cl“ lpdate E -
Lock. ..




Sixgraph

Setz ] Elrushing] Maon-Marmal ] Repart

Quality Control Charts: CPDATA1.STA [ |[= |[X]

= Open a chart specification file

Cluick  Wariables l.-’-'-.ttril::utes] Heal-time] Cancel

Descriptives

T — . E Optionz
aph with =-bar & S chart Check. alarms
EE SimGraph with = & MB chart

% #-bar & B chart far vanables
#-bar % 5 chart for vanables

b #-bar & B chart for variables For related quality
b S-bar & S chart for vanables contral procedures Contentz/Layout for Six Graph Surmary
== {non-normal process

Evwba *-bar & B chart for variables | capability indices, ¢ w-bar chart (" ¥ebar [or =, MAL) chart

pa— . sampling planz, R & R, Marmal probability plat Capability histogram
Bwitdd x-bar & 5 chart for vanables DOE), also referto =Y chgrt YP Fh"g n:ha-l;lt d

e . ) Process Analysis and - .-
Individuals & moving range e lneniel) Beshy, ﬁ%ﬁgﬂ:g E:EE Ir‘rlwndriﬂjl.iparlnpﬁnathmty plot
CuSurn chart for individuals

B OpenData Capability hiztogram Capability plot

| Histog. ¥ (M) | Lidkl  Histogram R4S

@ Fareta chart analyzis

SELECT | S {7 Eebar [or =, Ma  chat 0 #-bar [or %, MA.) chart
thsts H Marmal probability plat Capability histogram
RS chart

Capability hiztogram
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SixGraph X-bar and R Chart: YS5

X-bar: 250.78 (250.78); Sigma: 1.0028 (1.0028); | Normal Probability Plo
253-0 L] L] L) L] L) Ll L] L) 3
252.5} [ 1
252.0} 4 252.13 2r
251.5} 2 t. ATy Ak 1
N +
251.0¢ H H +4
] Er— 1 250.78 0
2500, Aty ik : -1t
2495} *F " 249.43 2l
249.0f L B ]
2485 . -3 .
2 4 6 8 10 12 14 16 18 20 246 247 248 249 250 251 252 253 254 255
Range: 2.3325 (2.3325); Sigma: .86652 (.86652); Capability Plo
2ol 149321 Within SD: 1.003; Cp: .3324; Cpk: .0731
%g R *~ + 1 Overall SD: 1.350; Pp: .2469; Ppk: .0543
30} ¥ oy iy sk A ] LSL: 249.0; Nom.: 250.0; USL: 251.0
25} AR + % 1 2.3325 .
2.0k + T+t ¥ UEEANE Y + : Within } P T T IS
%8 [ + ¥ Lt ] Oé/erall 3 ——m——— - - A I
0.5f . pec. | —_—
8% 0.0000 Limits
2 4 6 8 10 12 14 16 18 20 245 246 247 248 249 250 251 252 253 254 255 256
Individual Plo Capability Histogram
X-bar: 250.78 (250.78); Sigma: 1.0028 (1.0028); | LsL USL

Nominal

252.13

A
it 250.78

A
A
A
A
A
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The use of plotting data

(T. Pyzdek: The Six Sigma Handbook, McGraw-Hill - Quality Publishing,
1999), p. 332

A sample of 100 bottles taken from a filling process has an
average of 11.95 ounces, the standard deviation is 0.1 ounce

USL=12.1, LSL=11.9

What to do with the process?
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(run charts)
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{ DO T R) I W AN TP I O Ry b (o Y O |
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When to use X-bar chart

If subgroups (at similar conditions) may be drawn from
the process;

If large ( 4 > 20 ) deviations are expected, and these
are to be detected,;

If small deviations do not cause serious economic
conseguences;

If the simplicity of the procedure is a point, but
computation of sample mean is feasible;

the cost of sampling is relatively low.
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When not to use X-bar chart

If subgroups (at similar conditions) may not be drawn from
the process;

If the within-groups fluctuation is much smaller than the
between-groups fluctuation, since in this case many outliers
were obtained;

O if the deviation to be detected is in the range 0.56<A<2c ;

O if the cost of sampling/analysis is higher than could be gained
by control;

the process inherently cyclic or it contains trend, in that case
the consecutive samples are not independent.
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Steps for preparing and applying the X-bar/R chart

O Variable selection : relevant for quality, particular attention is
paid to process elements which received high ranking in
QFD, the measurement should not cost more than omitting
the control.

O Deciding on rational subgroups (items produced under
essentially the same conditions: the within-subgroup variation
should be much less than the fluctuation between subgroups,
when possible, consecutive units are used.

O Preliminary estimation of the fluctuation parameter for the
process (o?) in order to decide the subgroup size; range is
used for n<10. The subgroup size is usually 4-6, 5 is typical.
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O Phase I: Data collection for estimating process parameters
(1 and o?), usually 25 subgroups are taken. Plotting the
data on charts (location and spread), computation of center line
and control limits (trial control limits).

O Deciding on stability (control): If instability occurs, the special
causes are found and eliminated. The belonging points are
scratched, control limits are recalculated. This procedure is
repeated until stability is achieved, additional samples may be
drawn if required. This is the end of Phase I.
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O On-going control (Phase 1) is started if the process Is
proved to be in control. The analysis is started with the
chart of fluctuation (e.g. range) because the control limits
of the X-bar chart are valid only for o =const case. If an
outlier occurs, printing error is assumed first (its detection
IS cheap). The on-going control iIs to be performed real-
time, 1t has not much sense to discover the necessity of an
action for the previous day.
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Control chart for individual values

It Is not feasible to use averages and ranges:
» the production rate Is too slow
» the output Is too homogeneous over short time intervals

(e.g. concentration of a solution).
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Individual value (I or X) chart

Center line and control limits:

CL, =X MR,
MR = =2
MR; =|X; = X4 =2
(Moving Range)
UCL, =X+ SMR
- 2
. R
O = q
, __
LCL, =X - SMR

2
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Moving Range (MR) chart

Center line and control limits:

CL,r = MR
d,R

-D,R
d, *

UCLMR=D4—R UCL, =R +30, =R +3

Py

LCL,,, = D,
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Example 19

Prepare an individual
value + moving range

chart from the data In
the table!

Xi

MR, = ‘xi —xi_l‘

1 248.49 -
2 249.84 1.35
3 250.39

4 249.96

5 250.08

§) 250.04

7 250.50 0.46
8 249.95 0.55
9 249.57 0.38
10 250.09 0.52
11 251.86 1.77
12 251.32 0.54
13 250.94 0.38
14 250.63 0.31
15 252.21 1.58
16 250.83 1.38
17 250.61 0.22
18 250.64 0.03
19 250.64 0.00
20 249.88 0.76

average | 250.4235 0.5984

Variables Control Charts Defects
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9 10 11 12 13 14 15 16 17 18 19 20

9 10 11 12 13 14 15 16 17 18 19 20
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¥ " Individual Measurement of x

Open Data Table: Indiv1.xls
Graph>ControlChart

252 /\/L LCL=252.01 Chart Type- IR
4| n oz Process: YS
= /\’"/\/ Sample Label: Sample

249 - : LCL=248 83

233

248 1 I T I 1 I 1 I 1 I 1 I 1 I T I 1 I T I

¥ = Moving Range of x

sample 25

2.0 CL=1 953

1.5

104
- ! | tvg=0 508

0.0 LCL=0.000

05—

— = m=  x—= e
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Example 19

Prepare an individual value + moving range chart
from the data in the Indiv1.xls!

Phase | or Phase 11?

Minitab>Stat>Control Charts>Variables Charts for Individuals>I-MR
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Individual Value

Moving Range

I-MR Chart of x

1 1
10 12
Observation

10 12
Observation

Variables Control Charts

UCL=252.015

LCL=248.832

UCL=1.955

MR=0.598




Example 14

Prepare an individual value + moving range chart
from the data in the Indiv1.xls!

Phase | or Phase 11?

Statistics>Industrial Statistics>Quality Control Charts
Individuals & moving mange
Variables: X

Variables Control Charts 198



Xand Moving R Chart; variable: x
X 250.42 (250.42); Sigma: .53034 (.53034); n: 1.

2.2
20
1.8+
16+
1.4 ¢
1.2 ¢+
1.0 ¢+
0.8}
0.6
04t
0.2}
0.0
0.2
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Operating Characteristic (OC) curve for the X-bar chart
(a=0.0027)

4020 10 7 5 4 3 1<n"

NN

Ao
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Summary table for the variables control charts

Type of the chart

Xx-R X—s X — x—MR
CL, =X CL, =X CL, =X CL, =X
_ 3R -  _ = S = .. = 3MR
= = UCL, = X +3 =X+ AS 2 _ g
UCL, X+d2\/ﬁ X+ AR 5 e A UCL —x43YS |UCL, =x+ -
Jn 2
— 3MR
- 3R - - = S = i _ s2 | LCL, =X-
LCL, =X — =X - A,R| LCL; =X -3 =X—-A§ LCL, =X -3 " d
d,vn ‘ c,/n ’ N 2
_ 2 —
CL, =R CL, =5 CL; =s CL,. = MR
d.R UCL —s+3E 1-c¢; =B,5| UCL —S_Zzzfﬁ'” 5
UCL, =R +3 g = D,R s c, S R UCL,, = D, MR
2 o2 .2
S ) —
= LCL. = alsod _
_ 4R el =s-32i-cz =B % LCLye = D MR
LCL, =R -3——=D,R C4
d
2
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Why not the specification limits are used in the chart?
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Multiple stream (group) control charts

For multiple-stream processes (e.g., operators, machines,
assembly lines); summarising the measurements for all streams
simultaneously.

Example 31

An automatic filling machine with 8 heads are used to fill
mustard to bottles.

Prepare a control chart for Phase I!

mustard.sta
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The samples from the 8 heads are not elements of a single
process, they mean 8 different processes

8 I-MR charts

From among the values (means and ranges) the smallest and
largest are plotted only.

If these extreme values are within the control limits, the rest are
there as well.
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sample |HEAD1 |HEAD2 |HEAD3 |HEAD4 |HEAD5 |HEAD6 |HEAD7 HEADS8
1 378 375 367 370 384 372 372 371
y 376 372 362 367 383 373 370 379
3 372 385 373 372 386 380 374 376
4 379 375 370 371 385 380 374 375
5 374 373 362 380 383 372 370 368
) 352 371 366 370 385 371 377 378
7 370 377 370 374 385 380 370 370
8 377 379 367 370 385 372 367 372
9 370 380 367 373 383 369 373 371
10 369 374 366 375 383 370 379 369
11 373 376 374 373 388 372 371 378
12 375 380 371 377 388 368 376 371
13 380 375 374 376 386 380 376 370
14 372 373 375 383 387 378 375 376
15 380 375 370 374 386 368 373 376
16 379 372 373 372 386 378 368 374
17 372 376 369 373 388 381 376 371
18 368 372 372 375 387 380 380 375
19 372 370 370 375 386 379 375 371
20 371 375 383 383 380 379 377 382
21 370 376 380 376 386 374 375 380
22 376 373 368 374 386 370 375 380
23 372 373 372 379 385 381 380 375
24 375 372 369 370 386 372 379 375
25 383 380 369 370 386 375 375 373
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Statistics>Industrial Statistics & Six Sigma>Multivariate
Quality Control>Multiple Stream X and MR Chart

BB A A A U WA IR

Multivariate Quality Control Chart:

E‘,' Open a chart specification file

uick, | Setg | Labels, Causes, and Actions |

Huick, | Real-Time |

Hatelling T2 Chart far Individuals @ Wariables
Hateling T2 Chart for Means

MEW AL Chart for Individuals
MEWHA Chart for Means
Multivvariate CUSUM Chart

B2 Multiple Stream  and MF Chart
Multiple Stream <-Bar and R Chart

teazurements [obgervationz]  none

3 - Sample

Multiple Stream #-Bar and 5 Chart
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filling machine with 8 heads

GROUP X Mean: 375.225 (375.225) Proc. sigma:3.58687 ( 3.58687)

8)

385.986
375.225
364.464

Means (Streams

Samples

GROUPR Mean: 4.05208 (4.05208) Sigma:3.07475

:8)

1 13.2763

1 4.05208
{ 0.00000

Ranges (Streams
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