Activity 6.4d - Lego Control Charts

Name

Purpose

The students will learn to plot information on average and range charts (X (x-bar)
and R charts). Learning how to use these charts is important in quality control work.
Control charts are a graphic means of presenting in-process data. These charts
allow us to monitor the variation of parts as they are being made and to make
decisions as to when a process is out of control.

Equipment

Dial Caliper
Micrometer
Excel®

Procedure

1. Students will select 5 Lego bricks at random from a central bin.

2. Students will measure the height, width, and depth to the greatest accuracy the

measuring device will allow and enter the data in the chart below.

Height Width Depth Height of Diameter of
Stud Stud
Brick 1
Brick 2
Brick 3
Brick 4
Brick 5

3. Students will measure the diameter and height of one of the studs at the top of

the block and record that data in the chart above.

4. Students working in groups of two will start Excel® and create a table similar to
this one. Each group should work with a different measurement.
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Students will enter the dimension they are working with, gathered by the class, in
the spaces for each block.

Students should find the mean for each sample and place that in the column H.
The label should read X-Bar.

e =AVERAGE(CZ:52)

B | ¢ | D |
ple Block 1 Block 2

1 0.625 0626

E |
Block 3
0625

F |
Block 4
0625

G |
Block 5
0624

H |
A-Bar
I EI.EEE!

Students should grab the black square in the bottom right corner of H2 and drag
it down to repeat the formula for the rest of the cells.

A

B |

c |

D |

E |

F

5

__H

|Persan
Arny
| Billy
|Charles
|Darlene

sample

Block 1

0.625
0.623
0.625
0.625

Block 2

0.626
0.624
0.625
0.622

Block 3

0.625
0.626
0.626
0.623

Block 4

0.625
0.627
0.625
0.625

Block 5

0.624;

0.626
0.627
0.625

“-Bar

Tk L R —

Students will write a formula to find the range of the part variation. The formula
should be placed in cell L2 and read =MAX(C2:G2)-MIN(C2:G2). This will find the
largest value and subtract the smallest value from it.

Copy the formula for the other samples following steps from step 7.

10.The next step is to find the average X-Bar value. Place this formula in cell J2.
The formula should read =Average(H2:H20) The last H number in the formula
should be the last cell you have an entry for, so it might be H18 or H27.

¢ | o | E | F | & [ H | 1 [ J T kK | L
Block 1 | Block 2 Block 3 | Block 4 Block & »-Bar wDbar R
0B25 0B26 0625 0B25 0624 0B25 I 0.5251! 0.00z2
0B23 0E24 0626 0R27 0626 06252 0.004
0B25 0B25 0626 0R28 0627 05262 0.003
025 0R22 0623 0B25 0625 0B24 0.003

11.We cannot copy the formula as we did with previous steps as we want the same
value. In Cell J3 type the formula =$J$2. You can copy that formula to the
following cells as Excel® knows to take the value from cell J2 not the formula.
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12.The next step is to find the mean of the Ranges. We will place this in Cell N2.
Label the column R-Bar. The formula is =Average(L2:L21) Again the ending L
value should be the last cell with an entry.

13.Copy the value to cell N3 with the formula =$N$2. Then copy it down the column.
& =§NE2

| ¢ | o [ E [ F | & | H [ ¢+ [ J | kK | L [ M [ N |
Block 1 | Block 2 | Block 3 | Block 4 | Block 5 #-Bar #-Dbar R R-Bar
0E25 0E26 0.E25 0.E25 0624 0625 0.6251 0.002 0.003
0623 0624 0626 0627 0E26 06252 0.6251 0.004 I 0.008
0E25 0E25 0626 0628 0627 06262 0.6251 0.003 i
0E25 0E22 0E23 0.E25 0625 0624 0.6251 0.003

14.This next step will establish the Upper Control Limit for our sample. We take the
value from the X-Dbar column which is the mean of all the means of the sample.
To this number we will add the statistical range of the samples (R-bar) times .577
which is a constant taken from the ASTM Control Chart Constants for Small
Samples. The constant .577 is taken from the line for five samples on the chart
for averages. The more samples you use the smaller the constant gets as there
is less likelihood for errors in our samples. If you had manufactures specifications
and tolerances for this part you could also use those. Label column | as UCL-x-par
In cell 12 write the formula =$J$2+.577*$N$2.

15. Copy that value for the entire column.

B =RJF2H0 577 EME2
L. ¢ | o [ E [ F | & | H [ F |
Block 1 | Block 2 @ Block3  Block 4 | Block & w-Bar  UCL-R-bar
0625 0625 0625 0625 0624 EI.EZEI 0.52633 !
0623 0624 0626 0627 0625 05252 -+
0625 0625 0626 0628 0627 05252
0625 0522 0623 0626 0626 0624

16. Repeat the process for the Lower Control Limit in Column K, this time subtracting
577 times the Mean Range. The formula in K2 should read =$J$2-0.577*$N$2.

17. When you are done copy the cell down the column.

18. The last step in preparing our data is to create the UCL and LCL for the Range.
The LCL for Range will be 0. The UCL for range is found by multiplying the Mean
of the Ranges by another constant from the charts. This time we will use the
constant 2.114 which is the constant from the ASTM Control Chart for small
samples. Place the label for UCL-R at the top of Column M and the formula
=$N$2*2.114 in cell M2. Copy the value down the column. You could also
substitute the manufactures range for acceptable parts.

19.For the LCL-R, place the label at the top of column O and enter a 0 in cell O2.
Copy the 0 down the column.
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4 [ k [ L M [ N [ O |

#-Dbar  LCL-¥-Bar R LICL-R R-Bar LCL-R
06251 0.623365 0.002 0.006542 0.003 a
06251 0.623365 0.004  0.006542 0.003 a
06251 0623365 0.003 0.008342 0.003 a
06251 0623365 0.003 0.006342 0.003 a

20. We can now build the X-bar and R charts. In order to make creating the table
easier we will hide columns C-G. To do this left click on the letter C at the top of
the column and drag across to letter G to highlight the 5 columns. Right click on
one of the highlighted letters and select hide.

21.Select the Insert Chart Icon.

22.From the Chart Wizard select a Line Chart. Select the option for line with markers
displayed at each data value.

Chart Wizard - Step 1 of 4 - Chart Type I |

Standard Types | Custem Types |
Chart bype: Chart sub-type:
M on ’ @ @ E
O
- v (5 atter)
i s
@ Doughnut
Iy Radar
@ surfac
o Bubble
it Stock
ine with merkers displayed at each data
alie.
Press and Hold to Yiew Sample |
Concol | woak [ mews> | mnmsh |

23.Select next. When asked for data click in cell H2 and drag down to the last value
in line K. Be sure the column tic box is checked on the chart dialog box.

2
Views Insert Format Tools Data  Window  Help —Ii
& & & = o % T - 4] §L| @ Diata Range | Series |
- # Block 1 e
B H | | | d | K -+ n6ai
Sample b w-Bar  UCL-#-bar | ¥-Dbar | LCL-=-Ban A Y
1f 0625 0626831 06251 0.623369) o M
2} 06252 0626831 06251 0.623368) nons v
3} 06262 0B26831 06251 0.623369 oo LoLeEs
s} 0624 D831 06251 0.623368) vz
g ne21 ; -
7
8
12 Datarangs:  |=sheetil$Hfl:skgs| Sl
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24 Atfter selecting next fill out the Titles tab similar to this one.

Chart Wizard - Step 3 of 4 - Chart Options 7| x|

Titles | fxes I aridines | Legend I [aka Labels | Data Tal:ulel

Chart; Litle:

Ix-l:uar Control Chart ¥-bar Control Chart
Category () axis: 0.628

IData Samples 0E2T —5 _ _ _

Wal Y is: H 0626 _#_,-"" - —— X-Biar
Walue (¥} axis: R | et
IDimensiu:un T \\ e

& LCL-X-B
Second cakegaory () axis: s 2
I 0622
0621 _ _ _
Second value (%) axis: 1 2 3 4
I Data Samples
Zancel I < Back | ext = I Einish |

25. Select Next. For a chart location select new sheet and select finish. When the
chart appears any data point that is outside the UCL and LCL lines is an example
of a part that is out of control.

26.We can create the range chart in a similar fashion. Follow the directions above
except you will use the data in Columns L, M, N, and O. For labels this time use

the following.

Chart Wizard - Step 3 of 4 - Chart Options d |

Titles | Axes I Gridlimes | Legend I Daka Labels | Diaka Tal:ulel

Chart Eitle:

IRange Caonkral Chark

Category (] axis:

0.007

IData Samples

Malue () axis:

0.008
0.005

IRange

Second cakegory (3 axis:

B 0004
[}

0,002

Second value () axis:

0.0

Range Control Chart

——F

e —=— LICL-H
- //—\h‘\\ . “ F-Bar

& 0003 4

/ LCL-F|

1 2 <] 4
Data Samples

Cancel

< Back | Mext = I Einish
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27.Select Next. For a chart location select new sheet and select finish. When the
chart appears any data point that is outside the UCL and LCL lines is an example
of a part whose variance is out of range control.

28. Students will print out the charts.

Conclusion
1. Define SPC and explain what it is

2. Students will form production teams with other groups that measured a different
dimension and discuss if the process is under control.

3. Students will now repeat the process using marbles from the marble sorter and
create the X-bar and Range charts for a 20 marble selection. Attach a spread
sheet and charts and your conclusions about the marbles and whether the
process is in control or out.

4. What role do X-bar and Range charts play in product quality control?
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