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SPC for Short Production Runs

Traditional average and range control charts require long production runs to
set up and check control. This is not possible where small batch sizes are
bemg produced to satisfy specific customers’ orders or to implement the Just
in Time (JIT) phllosophy

The Short'Run X, R chart has been developed to overcome these restrictions.
It enables all parts produced to be plotted on one chart, with no requirement
for large-amounts of data to set it up. This important development is obtained
by an elegant mathematical development of the existing control limits.

Consider the RANGE chart, it is in control when a plotted range falls between
the upper and !ower control limits.

ICLr < © R < .'UCLg
ie. D3R < R < DR

Dividing through by R

D;R < R < DR
R R R
D3 < _B_ < Dy

R
= plot point

polpy

This means that the short run range chart can be set up before the process is
even run, and any part number can be controlled using the chart D is the
lower control limit, D, the upper control limit and 1 is the centre line. '

" As far as the AVERAGE chart is concerned the concept i is similar; but slightly

more comp[ex ‘The chart is in control if: -

LCLx X < UCLK

by subtracting X throughout, this becomes
X-A2R-X < X < X-X<X+AR-X
X

>
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Dividing through by R



A < ?—i <+ A
‘R’ .

The control limits are + A» and - A2 and its’ centre line is at zero.

The key constramt is that the sample size must be kept constant from batch to
* batch and from one part number to another

) The dlfflculty is in determm:ng target values of R and X for each part number
ideally from past control charts, othér historical data, prior experience of
similar parts or by calculating back from the specifi cation limits.

Exercise

Two types of Brake linings (Asbestos and Metallic) are run over the same -

piece of equipment where they are ground {o the proper width. The difference

in materlal causes their R— bar values to be quite different.

| Target Values.
Lining X R
Asbestos (A) 50 20
Metallic (M) 10 4
Day : Mon | Mon Mon
Time | 8.00 830 9.00
Lining A A .M
48 38 6
55 55 11
53 2 - 10
SX=186 . 120 27
X= 52 40 9
_ TargetX_ = 50 - 50 10
X-TargetX= 2 . 10 - -1
. TargetR = 20 - .20 4
(X- Target XITarR = 0.1 -0.5 -0.25
_ R= 7 , .29 5 .
R/TargetR = 035 =~ 14 1.25

. .



Continue plotting the subgroups from this process on the chart using the data

be!ow

830 | 10.00 | 10.30 | 11.00 | 11.30 | 12.00 { 12.30 | 1.00 | 1.30
M M M A A A M M M
14 8 14 35 35 55 6 9 11
12 6 13 13 57 62 11 9 11
13 10 6 24 67 63 7 21 14

Use a broken line when changing from one part to another.

Exercise 2

Average and_ranqe

- A manufacturer makes small batches of nails. An important. quallty
characteristic is length. Three types of nails A B and C are to be
manufactured dun_ng_; a 4-hour-cycle. You are given the following information:

Nail | Target | Values
Type X R
A 60 4
B | 120 10
90 8

e

‘The following sample. information has been obtained

Day | Mon | - I _
| Time | 800 ]8.30][9.00] 930100071030 11.00 | 11.30
Type | A Al B | B ] B ¢C | . ¢ | C |
ftem1 | 56 | 58 | 122 | 128 | 114 | o4 | 98 | 102
ltem2 | 60 | 60 | 114 | 126 | 126 | 96 | 100 | 106
ltem3 | 64 | 56 1‘18, 130 | 130 [ 98 | 96 | 98

Determine and plot the appropriate statistics on the enc]osed short run control

chart Comment on the state of statistical control of the process.




- SPC for Short Run Production Runs Attribute_Data‘

Short run SPC charts have been developed for dealing with attribute type
data: The decision chart given below is useful in selecting the approprtate
chart to use. : :

Number of _c_[efectsor&
number defective

Defective . o . No of defects
units o S ' '
DN SR : SN, |

| Ts sample size , 1 is samplc size |
. constant? : ' , constaut‘?

Yes “No N Yes
. L 2N : \ A . 4 -
‘Shortrun | Shortrun I Shortrun . Short run - _
op chait n chart : _ cchart _4 - | UChart

Short-Ruh.npchart

This chart is used'wHen batches of different items are manufactured on the

same process. Samples of items are selected and inspected periodically to |

- determine if the items are ‘good’ or ‘bad’ ‘acceptable’ or unacceptable
-(Conformmg or non- conformlng) ' _

The sample sizes for each item must be constant However, the sample sizés

may be different for different parts e.g. if the sample size for item A is 30, then-

whenever item A is belng manufactured a sample of 30 items is se]ected
item A is followed by manufacturing a batch of item B, the sample size
selected for B must all be the same, but' may be d iﬁerent from the sample
sizes foritem A. .

The plot point formula is obtained in a similar way to thos‘e?, R charts |
discussed previously.

T
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Derivation of Plot Point Formula

The chart is in control when the plot point falls between the upper and lower
statistical controf limits.

UCL = nip + 3 vip (1 = rp)
. n

LCL =np - 3 ¥np (1 —np)
n

Hence plot point np must tau between these limits
LCL < np < UCL
np-3VF(T~M < np <  np+3np(1-nD)
. . n . ' i .

n

:S'Ltb_tragt np

-3V (T-BD) < np-np <  3VAB(1-np

n
-3 < np — np < +3
Wnp(1-mp)

n
Hence Plot Point is
np ~ Tar np

VTarnp (1—Jarnp)

(Where Tarnpis the Target np Value) and control itmits ére +3

These ilmlts represent the £ 30' llmlts of the tradltlona! np chart

'_-Therefore ucL np +3 LCL np =-3. :

Different |tems wnth dtfferent values of Tar np can all be plotted on the sarrne

control chart because they have the same dimension less control limits of £ 3.
Hence these limits can be’ inserted on the chart before the f[rst plot point is

recorded.



Short Run SPC — Example 1: np chart

Four parts ABC and D are produced in small batches on a tapp-ing macni_ne.
The parts are subjected to visual examination and classified as acceptable or
- .non-conforming. The sample sizes vary for each part and are-as follows: -

| Hein Target np
A a1
—5 53
G |, 38
D1 _'-_1.-9

A tnal run was then conducted on new item E. The sample size used was 35
and a target value of 2.1 established. The sample was found to contain 7
- non-conforming items. Determine and record the approprigte plot point on the
chart. Comment on the: capabmty of the process to manufacture this new

item.

" The target np values for the parts are: -

'Plot the relévant information on-a shott run np chart and comment on the
state of statistical control of the process. :

ltem Samp_le size
A |20
|B |35
C 125
o T40
The results of 12 hours of produc’ﬂon together with the mspectlon data is as
follows
Date 26/3/04 o
Time (6 [7 [8 {9 [0 |11 |12 [13 |14 [16 [16 |17
Part A JA JA B B /B |C ]C |C D (D |D
No of non 7 3 |4 |12 |5 '3 |4 1 6 {1 (0 |2
ccnfo;_r_;nances _ '

R

s/’“‘ -
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Small castings are visually inspected for flaws. They are categorised as
acceptable and non-conforming. Four different castings are made on the

~.same processes in small batches. The results of 12 hours production and

inspection are as follows.

27/3/04 |
Parf “TA A [A B [B |€ ¢ Jc |o |D [ ID
Time = 16 17 18 |9 (10 111 g12 113 |14 |15 |46 |17
_Sample size (n) 45 |50 |52 25 30 |53 |50 |46 [35 30 |32 40
Non- 3 (2 |3 |0 1 2 |1 |4 |1 2 1 11
,confonnanges
o The target values for p are as follows
| Pat _ [A [B ¢ JD_
Targetp |0.025 [0.03 0.01 ]0.02.
The plot point
. JD Tarsap
VTar 6 (1 — Tar.:p)
n
Complete a short run SPG chart for attributes from thls data and comment on |
the performance of the process - :
‘_.Sho_rt RUn Attnbuté o—hart
| ‘When checklng components for multlple defects for example prmted cireuit
- boards where a number of defects can occur W|th|n each board,; it is possible

‘to monitor the total performance of an assembly line prod ucmg small batchés

of different boards using one short run C chatt.

Sample sizes must be constant for each part number the centre lineis 0 and
the control limits are + 3and - 3. :

The C plot:point= C - target ¢
' VTarget ¢

Different printed.circuit boards with different target C bar values can all be

plotted on the same chart, because they all have the same control limits after
coding. These limits are constant and can be put on the chart before the first

-point is plotted.




Printed circuit boards are produced on an assembly line in small batches.
The sample sizes are constant for each part. The number and type of defect
for 8 consecutive batches were as follows:

Part | J | € | E [ B [ I C | H F_
Type of Defect B N ' -
Wrong location 1 . 1 2 1 1 1
WrongValue | 2 | 2 1 4 1 1 2 1
Missing Part ' 2 ' 1 1
i Masking Error | -1 1 1 1 1 1
Solder Error - 1 1 1 1

The target C values and sample sizes for the parts are:

Part TargetC | Sample Size
A 22 1 15
B 67 | 10
C 32 | 5
D . 1.8 10

F 7 5

G 19 | 15
H 49 1
b . 6.1 5
J 42 1 1

Piot the relevant ln"rormatron on a short run C chart and comment on the state
of statistical control of the process. '




Chart &

Dept #

Mach #

Characteristic

Ds -':IOforn = 1105
: D Az - d2
1 327 - 266 3
2 3.7 188 113
3 = 257 102 b
4 2.28 e 206
5 21 - 58 e
TARGETS m——
Part# . i E crK -
e 'AVERAGE X
.B TARGET X
0 ‘i — TAR ’i)
: -
: TARGET R
A {i‘—TAR;)[‘rAHﬁ
G & .
; RANGE R
: R/TARGETR |-
N4 >
e
m .
3] .
o
(&)
-«
L
- Z CENTERLINE=0 -
- Z |
g of .PLOT POINT = X - i %
B TARR
5 ACL=— Az="_ -
| 1011 1
: a0 |
| -E . 3.5
= UCL=Dy: -
O
1
= 2.5“ :
| E . 2.0
‘e PLOT POINT = R .
5 TARR -
s -
. E CENTERLINE= 1T —
% B
R
LCL=Dy= .
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- Chart #
- Dept #
Mach #
-- - Characteristic.
T DyeOforn= 1105 -
n D, Ay d;
1 337 266 113
2 a.z7 188 113, .
3 257 102, 169
4 " 228 73t 206
5 2.1t 58 . . 233
TARGETS
Part# . X ® °© CPK ~
. o AVERAGEX |
B TARGET§ |
c  R~TARE) AR : o _ ¢
. D — :
E TARGET R
F. - {x-TARX)VTARR}
& o
H RANGER |
:‘ R/TARGETR | :
- AVAVA 7 7
b=
I ,
= UCL=+A;=
O
w
(]
f-..'__.'
Z CENTERLINE=0 =~ g 0 ,
"I PLOT POINT =% aat - ' : T T T i
LB - - TARR ’ I ) T T e
Ol =~ Ap= 1
. ,.123456_7;518 9 101112
' -~ 4.0 - :

- _ 35—

:té UCL=D4= 30

w ;

% 25
-z 55
o PLOTPOINT~_R N :

Lz : TARR 15

E i . 7
: E CENTERLINE = 1 1.0

S = =
5

© LCL=D3= 0




SHORT RUN ATTRIBUTE CHART

Oper. No. & Chart
| Description . No.
ueL LcL 3 l%ample Shze J Sample Type of
0 +3 - Frequency Chart
Chart  Plot
Type Point
[- T €=C 4 4
HE
u u=i 3 = = = ucL
E
n 2 2
np np—np
¥ (1-P) 1 1
p P-P
BB 0 0
-

Part Avg -1 -1
S — ~
| gl =l1CL
S (. | -4
_ e | TOTAL

Date .
Time
Parts
Number of Det.
Sample Slze n
{u,p) # Detin
Tatget Avg.
" Plot Polnt
Type of Del.

N

-

P

=




SHORT RUN ATTRIBUTE CHART

Oper. No. & Chart
| Description : ) No. .
ucL Lol Sample Size Sample Type of
0 +3 . -3 Frequency o Chart
Chart Piot . :
Type Point - - - - _ ] .
¢ | g-E 4 — § ‘ a4
"E- 2R 1 . ;
v _ud 3 - | ucL
n 2 o
np np—-np
np (1-p) 1 P
P o
B (1-p} 0 1]
n
Part Avg -1 __'1
A
£ — -2
-3 L
F - ic
P . .
H I -4 _a
l — -~ N
- ' ; T : _ TOTAL
" Date |- - . _
‘Time
© Part®
Number of Def.
Sample Size'n
{u.p} # Delin
Tamet Avg. 1
" Plot Point |
wpeatDat 1. 1.1 -1

NOTES: -
Sample skze l_mm

be constant for
c snd np charts




SHORT RUN ATTRIBUTE CHART

5| Dept. Oper. No. & . Chart
. | Description i N
Average ucL LCL 3 Sample Sk Sample Type of
0 +3 - Frequency Chart
Chart Plot
Type Point
c c—C 4 4
ie .
n 2 2
np np—np
np (1-§) 1 1
P P—P
po-p | O 0
0
Part Avyg _1 .._1
A
| - -
S AU s -2
— | 3 ' w=ttesl LCL
H e
| Q. | g ~d}
b e ———— | ..
b ' i - TOTAL
Date ' :
© Time
Part¥
Number of Det.
Sample Size n _
{u,p) # Deffn §.
Target Avg.
Plot Point |
Type'of Def.

Sample siza munt ’ )
c and np charts .




' SHORT RUN ATTRIBUTE CHART

Oper. No. & Chart
. No.

Pescription _ .
ucL Sample: Type of
Frequency, * Chart

i ' LeL Sample Size

. -3

e o e Ot e : ucL

T m e

N

;..‘.!.‘:tf)wlrf'l,l

— | -4

,/M“:_ -~'~‘g_\_=l-

Date

Time

Part 3

Number of Det.

Samplé Size n

(u.p) # Del/n

Target Avg.

" Plot Point

- Type of Dal.

N ¥
e T




SHORT RUN ATTRIBUTE CHART

i Dept. Oper. No. & )
_| Deseription . !
Avera ucL Lo Sample Size - Saniple —
verage | +3 -3 . Frequency - o
Chart Plot
e Point
Typ: a , |
c P
e : -
u u—u 3 - ‘
n o 2 2
e np-np |
fmom | 1 |
P p-B .
B (1) o 07
n
Part Avg - :
A .
34—
z N .._2_ :
T ——
== — LcL
P ‘-
3 — et —— i
P
I T -
= TOTAL
Date ‘
Time
FPart #

S

Sample Size n

(u.p) # Detin

Terget Avg.

Plot Point

- Type of Dat.

&
&
(’0 .




SHORT RUN ATTRIBUTE CHART

Oper. No. & : Chart
_ | Deseription . . . _ [ MNo
ucL " e Sample Size Sample ) Type of
] +3 -3 Frequency . Chart
Chart Plot
Type Point
¢ T e-E 4 4
T :
" - 3 - ucL
f 'E_ :
n - 2 2
np np-np . i
¥n$ (1-5) 1 1
P p-p
B O-B) 0 0
-
Part Avyg —1 -1
_ -2 ; : . : 1 -2
—— | -3 =1 1LCL
— | -4 -4
_ i TOTAL
Date . .
¢ Time
Part #
Mumber of Def.
S'ample Sizen
{u,p) # Detin
Target Avg. |
Plot Point
Type of Pef.

y

&
&
&

&




