Managing Six Sigma: Understanding the ImportancBedf Study

By Dean Christolear

Chapter Two - Measure
Clearly, the Roughing process is responsible ferdngest portion of the department
scrap. Itis almost twice as large as Finishimgsc This is unusual, since you talked to
one of the operators at the roughing operation fendid not say that scrap seemed to be

unusually high.

While you were developing the process flowchart®art No. 922 you learned that 100%
of all parts produced are checked to ensure thaeter is within specification. You
decide to visit the roughing operation again towbat information you can gather. One
of the operators shows you his Quality Check Sfuedhe roughing operation. Once per
hour, the operator is required to record the diameftone shaft. A ring binder at each of
the three machines contains the current check étrettte current week as well as
previous weeks. There is data for both first aaxbad shifts. You obtain permission

from the supervisor to copy the check sheets tdhede lathes.

Your supervisor has volunteered his administragissistant for any clerical work you
may need. She has entered the data into Micr&sag® (open the fileRougher
check sheets. x| s) for you to use. Upon opening the file, you fihé data

arranged in the fashion shown.
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Quiality Check Sheet
Rougher Number 1

Week 8/7/2006 Shift 1
Monday
Hour 7:00 8:00 9:00 10:00 11:00 12:00 1:00 2:00 3:00

Diameter 18.883 18.847 18.855 18.844 18.845 18.868 18.863 18.856 18.847

Tuesday
Hour 7:00 8:00 9:00 10:00 11:00 12:00 1:00 2:00 3:00
Diameter 18.869 18.823 18.849 18.821 18.843 18.875 18.81 18.781 18.867

Wednesda
Hour 7:00 8:00 9:00 10:00 11:00 12:00 1:00 2:00 3:00
Diameter 18.848 18.849 18.876 18.839 18.861 18.859 18.803 18.832 18.847

Thursday

Hour 7:00 8:00 9:00 10:00 11:00 12:00 1:00 2:00 3:00
Diameter 18.841 18.81 18.854 18.9 18.818 18.871 18.864 18.843 18.816
Friday

Hour 7:00 8:00 9:00 10:00 11:00 12:00 1:00 2:00 3:00

Diameter 18.878 18.875 18.877 18.794 18.792 18.796 18.909 18.831 18.824

In order to analyze the data you will need to put column form. Insert a new
worksheet by selectinigsert, Worksheet. A new worksheet ply will be added to the
file (most likely labeled Sheet 1). Click on CBR5 and type “Rougher 1.” Click on the
tab labeledRougher #1 and paint the first row of data for Monday, AugdstThere are
nine data points representing the first part ofrtire the hourly samples and the last part
of the run. Copy the cells and then select thddaathe new worksheet. Click Cell B26
and selecEdit, Paste Special. When théPaste Special dialog box appears, click

Values andTranspose, then clickOK.
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&1 Microsoft Fxcel - Rougher check sheets. xls

B3 Microsoft Excel - Rougher c

2] fie [Edt | ¥iew Inset Fomat Tools Data  Wndow Help  QIMacros "

§1) 15 |9 o Trping Reusher 1in6Z5 Qb b g9 - |8 x < 8] AL U] - @ s :@_] File Edit Wew Insett F
: paiel [ co Rt S =T A g ¢ As

il = b N ESH RSB

; 53 copy ke [E [ F [ 6 | H ] | | arial . 10 = | 1
= 12 office Cliphaard. T
S| easte Gy 525 A & 18
a [ Pastagnedal. .
i Paste as Hypetlink A | B | C
£ = | | | 2

7 Fil v ; P
5| o . i Pste Special PIx i 23
9| e Paste 24
10| Coal () validation 1
JikN D Eoaly © Formulas ) All exeept borders 25 Rougher 1
% Move or Copy Sheet... @ valuss © Column widths 26 18.883
i) 341 Find.. Chrl4F ginrma;s 8Fn;;mulas :r\d m;mh:v formats 97 18.847
5] - B () Comments Values and number formats L= |
i ‘ e E 18.655
7] o e @ Nore O kil =) 15644
Juiked OCagd Obivide | < -
REY © subtract 30 18.845

20 =1
T 31 18.568
2 [ skip blanks —
2 32 18.863
23 | ]
o 33 18,556

25 Rougher 1

55 |i_| 34 18.547
7l E=

The data for the first day will appear in Colummihout formatting as shown.

Continue this process for each day. There are tthag's of data for First and Second
Shift. When you finish copying the data, therewdtdde 270 data points for Rougher 1.
Repeat the process for Rougher 2 and Rougher 2n\Wibu are finished, your

spreadsheet should look as shown.

B3 Microsoft Excel - Rougher check sheets.xis [BEE
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The first step to understanding the variation mttiree roughers is to make a line plot,

commonly called a Run chart. Paint all three caolsmof data including the header.

Selectinsert, Chart and select thkine option.

Chart Wizard - Step 1 of 4 - Chart Type

Standard Types | Custom Types

ichart bype: Chart sub-type:
|k “olumn ~
B Bar

i K
Q Pie

s wY (Scatter)

luy Area

D Droughnuk

iy Radar

@ Surfare

® Bubble v

b b
/|

Line with markers displayed at each data
alue.

[ Press and Hold to View Sample ]

If the Chart Wizard’s Step 2 of 4 does not autooadity populate th&lame andValues

fields, you must do so as you did before in Chaptesind 3. The dialog box should

appear as shown.

Chart Wizard - Step 2 of 4 - Chart Source Data @

Data Range ‘ Series ‘

123 45 BT &3 111 133 155 TIT 133 221 24 265

Series
wome:  [—shestinmis [l
vales:  |=shestilBgasidEsass  [Te
Cateqgory (%) axis labels: ‘
[ Cancel ] [ < Back ” Mext = l l Einish ]
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Notice in the preview pane that the chart is vargyb It is difficult to see the variation
between the machines with this chart. A better t@agompare the three machines is
with a box and whisker chart (commonly called a ptot). ClickCancel to close the

Chart Wizard.

A box plot is a very effective tool that will redeiindividual data points to a graph that
shows the range of each quatrtile of a data sequaitile represents 25 percent of the data
set. A box plot will show the spread of the fistcond, third and fourth quartiles. You
can find an excellent reference on Box Plots at

http://www.itl.nist.gov/div898/handbook/eda/secdmoxplot.htm You are expected to

have a thorough understanding of this tool.

The Exce? Chart Wizard does not chart box plots. You wéll/a to create them using a
line chart and the ExcefunctionQUARTILE. Return to Sheet 1 and go to Cell Al. In
Cells Al through A6 type “Statistic”, “Lower Quddi, “Minimum”, “Median”,
“Maximum” and “Upper Quartile.” In Cells B1 thrgh D1, type “Rougher 17,

“Rougher 2” and “Rougher 3.”

Click on Cell B2, then selettsert, Function and the categor&ll. Scroll down to

QUARTILE, select it and cliclOK.
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Insert Function

Search for a function:

Tvpe a brief description of what wou want to do and then
click Go

Or select a category: | Al - |

Select a function:

PRODUCT
PROFER
P

| ¥

QARTILE

QUOTIEMT —
RADIANS

RAND
QUARTILE{array,quart)
Returns the quartile of a data set.

£

Help on this Function [s]'4 ] [ Cancel

As before, click th¢%l button forArray and paint the range of data for Rougher 1. Do
not include the header. In tRuart box, enter “1” as the value. The spreadsheetldhou

look as shown.

EC Microsaft Excel - Rougher check sheats.xls_
() File Edt View Insert Format Tools Data  Window  Help  QlMacras
AR W = N A W

l—\%w FERTHRE

£ ot

=R EE

1[0 =

QUARTILE * X f|f&| =OUARTILE()
A [ B T | B | E | F G | H [ 1 1 | K
1 |Statistic Rougher 1 Rougher 2 Rougher 3 |
2 |Lower Gu;l.F!TILE _| | | | | | |
3_|binimum | . . | | | | |
4 |Median | | | =
5 |Maxirmum Function Arguments @
? Upper Guartile | | QUARTLLE
= Array |E26:8295 [5eé] = 11888318847 15
g Quart | 1 = 1
1a
1 =18.833
—1 5 Returns the quartile of a data set.
13
l Array is the array or cell range of numeric values for which you want the quartile
| 16 | value,
|16 |
|17 | Formula result = 18,833
18
EEl Help on this Function
20
21

Click OK. You have entered a function that will analyze tange of data for Rougher 1

and return a single value representing the locatfdahe first quartile in the data set.
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Restated, 25% of the data lies below the valudalysp and 75 % lies above the
displayed value. ThQuart box in the quartile function will accept the vadu@®”
through “4.” For the given range of data, “0” tbgh “4” will display the following
values:

0 — Minimum Value

1 — First Quatrtile

2 — Median Value

3 — Third Quartile

4 — Maximum Value

For your chart, the first required result is “Low@uartile” and so the value “1” was used
in theQuart box. Click on Cell B3 and insert tk@JARTILE function again for the
“Minimum” value (“0”). Repeat this procedure fdre “Median”, “Maximum” and
“Upper Quartile.” Once the functions have beerest for Rougher 1, copy and paste
the functions in the cells under Rougher 1 to #lesainder Rougher 2 and Rougher 3.

Your spreadsheet should look as shown.
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B3 Microsoft Excel - Rougher. check sheets.xls
@_] File Edit Wiew Insert Format  Tools Data  Window Help QI Macros

RN PR IE R AEN A W R A B e v T )

: arial -10 -|B 7 U|[=== W in[i]=] s % o sl
D20 - &
A | B [ ¢ T b T E [T F [T & [T H T 1T 7

| 1 |Statistic  Rougher 1 Rougher 2/ Rougher 3
| 2 |LowerQua 18833 18774  18.783
| 3 |Minirurm 18777 18674 187%7
| 4 |Median 18.849 18789  18.799
| & |Maximurn 18.926) 18946 18.876
| 6 |Upper Qua  18.866) 18.83275  1B.816

7
8 |
1 9 |
| 10 |
11|
112 |
113 |
| 14 |
|15 |
| 16 |
17 |
| 18 |
1 19 |
0] —
21 |
| 22 |
123 |
| 24 |
| 25 | Rougher 1 Rougher 2 Rougher 3
| 26 | 18.883 18802 18833

7 18.847  18.814 18797

Next, paint the range of cells from Cells Al to D&electnsert, Chart. Select the.ine
option, then clickNext. Change th&eries in selection fronColumns to Rows. The

dialogue box should look as shown.

Chart Wizard - Step 2 of 4 - Chart Source Data

Data Range | Series

1
18.35
153
15,85 T———"——m —4— Lower Buartil
—————
188 —'\“-ﬂ___—ﬂ____.— —=— Wlinimum
1815 S Median
157 — oo
— harimum
18.65 —=— Upper Guartil
156
18.55
155
Raugher 1 Rougher 2 Rougher 3
Datarange: | =sheetl!$igl 4046 ER
Series in! (o}
() Calumns

Cancel ][ < Back. “ Mesxt = I[ Finish
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You can clickFinish at this point.

The resulting line chart needs some editing. Gbicke on any data series in the chart.

After it is activated, right click the line and tfalowing menu will appear.

Microsoft Excel - Rougher check sheets. xls

@_] Filg  Edit Mew Insert Format  Tools. Chart  Window Help  QIMacros

0 2 (] 8 6 By A0 -8 3 2] g (]
T o Bz u == = i S % e o = ==
[Series "Maxi... [+ A& =SERIES(Sheet1$A55 Sheet11§B51:50%1,Sheet115655: 5055 4)
A | B | ¢ | b | E | F | 6 | H | |
| 1 |Statistic  [Rougher 1 Rougher 2 Rougher 3]
2 |LowerGua 18833 18774 18783
|3 |Minimum | 18.777| 18674 18727
4 |Median 15.849 18.799 18.799
5 Maximum] 18926  18.945]  18.876]
| B |Upper Qua  18.866 18.83275  18.816
7
8 |
i 19 7 |
10 18.95 = = .
11 1849 !ﬁ“ Format Data Series. ..
% 1o L__:H:W e, — Lower Cluartile
14| 18.8 == =— Minirmurn
|14 | = ] Source Data... )
15 18.75 - Median
E 87 — Add Trendline. .. Maximurn
7 1865 Clear be— Upper Quartile
18 185
(19 18.55
20
Bl 18.5 T
=7 | Rougher 1 Rougher 2 Rougher 3
25
24| . .
5] Rougher 1 Rougher 2 Rougher 3

SelectFormat Data Series. Click on theOptions tab and seleddigh-Low Lines and

Up/Down Bars.
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Format Data Series fE

Patterns Axis ¥ Error Bats | Datalabels | Seties Order | Cptions

[ orop lines

Gap width:
ljl High-low lines

13
[
184 |

1555 | 4 Lowrer Guartil
166 | —=— Minimum

175 Median
wr | - —

1565 —e— Upper Ruartil
16

15.55
1535

FRaugher 1 Riougher 2 Frougher

Ok, ] [ Cancel

Click on thePatterns tab and seledfone in theLine area. ClickOK.

Format Data Series

X

F‘atterns| Axis Y Ertor Bars | Datalabels | Series Order | Options
Marker
@Agtomatic
) Mone
OCustom
Size: g & pts
Sarmple
[ shadow

(a4 l ’ Cancel

Click on the remaining data series and remove thegs as well. The Box plot should

appear as shown.
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Microsoft Excel - Rougher check sheets.xls

Edit

@_’l File:

PNEH S8 A VEs LB F|9-

Wigw Insert  Format  Tools  Data

Window  Help QI Macros

- | @, = -3 2| | 5]

: avial ~10 - B 7 U |===MomfmlEE s % o w8 E
B3] - A =QUARTILE(D2E6: D255 3)
A | 8B [ ¢ | B [ E | F | 6 | H | |

| 1 |Statistic  Rougher 1 Rougher 2| Rougher 3
| 2 |LowerQua 18.833] 18.774 18733
3 |Minimum 18777 18674 187
| 4 |Median 18.849  18.799  18.799
| 5 |Maximum 18926 18946 15.576
| B |UpperQua  18.866 18.832?’5' 18.816!

7
8 |
9 19
% 18.95
1L 18.9 '

12 —— | :
= 18.85 + Lower Quartile
| 13 ] 18.8 [ '_’l‘_' = Minirmum
(14 - ! L, -

15 18,75 T hedian
|16 | 18.7 ) Maximum
17 | 18.65 = Upper Quartile
% 18.6
& | 18.55 Yalue Axis Major Gridines |

20
? 185 T T !
57 | Rougher 1 Rougher 2 Rougher 3
25
24,
| 25 | Rougher 1 Rougher 2 Rougher 3
| 26 | 18883  18.802 18833
| 27 | 18.847 18.814 18797
= 188556  18.798  15.805
| 29 | 18.844 18.831 18.794
| 30 | 18.845  18.734 18795
| 31 | 18868  18.734 18818

4 4 » W)\ Sheetl / Rougher #1 { Rougher #2 / Rougher #3 /

-

Pnrawe x| Anbnshamesr S w Tl oy lae] Ll 2% (|l Lal | B . . A - = == -, T
Because Exc&ldoes not provide for creating box plots you wékd to create them
manually each time you need one. In order to sawee effort in future analysis, you

can save this chart type in Ex8el
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Right click the chart and sele€Chart Type. Select th€ustom Types tab, then select

User Defined.

&1 Microsoft Excel - Rougher check sheets.xls

@] Fle Edt Yiew [nsert Format Tools  Chart Window Help  QIMacros Type aqu
IR = IR TR =00 W A <G TEC oy [ S TR W e A e | ler ol
: arial =10z B E U= == L S % xSl i e - A~ :-’.!
Chart Area = b
A BE | ¢ [ D E | F [ &6 [ H [ T [T & T K T L T M ]
_1 |Statistic [Rougher 1 Rougher 2/ Rougher 3 | |
2 [LowsrQui 18833 18774 18783 .
3 |Minimum | 18777 18674 18.72F [l Chert TyPe @@
4 |Median 18349 18799 13.799 [ 7 RreyTee—
=1 T Standard T | Custom T:
T |Maximum| 18925 1045 13678 LiStEdsiTps | CusmmTypes: |
6 |UpperQug 18.886 18.83276  19.816 | Chart type: Sainple:
7] [ g Dt -
8| v | [t Box Plot e
3 1|7 Format Chart Arsa... wa |
b= 18,55 # Lower Quartil
BT Y e B R
11 18 | 1575 T | Wedin
R Source Data.., ‘ w1 1 Warimam
Az ol | s H |- s s
3] Chart Options. .. 135
i 18 055
== | 187 Location... E ‘ I b 2 -
18] 18 | A
A7) 18.5 Chart Windaw
18 S
BT 181 o el e o a0 this chart to the st of User-defined|
= 184 ° @ ] Lstom chart bypes, click Add,
2| 1| Copy - O Built-in
% [Zh] Paste ugher 2 Rougher 3
il I R i R
=== T Send to Back T T 3
2 i R ]
& 5

Click theAdd button and the following dialogue box should appdamter a name and

description for the Chart and click OK

Add Custom Chart Type El

This dialog allows wou to make the active chart into a custom chart
tvpe.
Enter a bext name Far the new custom chart bype.

Marne: B and Wwhisker Plat

Enter a text descripkion For the new custonn chart bype.

Description: | Box and whisker Plat using the Guartile Function

Ok ] [ Cancel
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The chart type is now available to you for futunalgsis. You will, however, still need

to calculate the quatrtile values.

Now that you have created the box plot, you camyaeahe variation in the three

machines more easily.

19

18.95

18.9 - $
18.85 J& « Lower Quartile

18.8 T = Minimum
18.75 . 1 T Median

18.7 ) Maximum
18.65 x Upper Quatrtile

18.6
18.55 4

18.5

Rougher 1 Rougher 2 Rougher 3

The Box plot is an effective tool for comparing treiation of each of the three
roughers. The center box represents the middle &Q#b parts produced. The vertical
lines, or “whiskers”, generally show the remainupper and lower 25%. It is easily seen
that the middle 50% of Rougher 1 and 3 are abauséime, even though Rougher 3 is
not targeted correctly. Rougher 2 has a much targater box as well as longer
whiskers, showing that the machine exhibits greadeation. Analysis using box plots
can be much more powerful than simple line chattemcomparing more than one data

set.

Save the file to your computer. Ensure that tleeisi kept in a safe place—backup copies

are encouraged.
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