BEMDBA 3

ROHTpPO/IHE KapTe



ROHTpPONHE KapTe - ONwTK npernen

KopucTe ce 3a:

lMpahere BapujabruaHocTu
MPOU3BOAHUX NpoLeca

(JAHanu3y ctarba Npon3BOAHMUX
npoueca

LJOTKpuBare mecTa rge Hactaje
BapunjabunHoct

lMpeBeHumja npobnemay
MNPOn3BOAHM
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Cnuka 1. OnwTn nsrnen KOHTPOIHE KapTe

GKG — lopHba KOHTPO/IHA rpaHuLa

CL— UeHTpanHa nuHKUja (HOMWHANHA BPeaHOCT)

DKG — [lorba KOHTPOJIHA rpaHuLa



Kpenparbe KOHTPOJIHUX KapTu Kopuwhermem
copTBepa — POM-QM for Windows

File View | Module Tools Help
0= Aggregate Planning
Assembly Line Balancing
Assignment

Tnstrction
Breakeven/Cost-Volume Analysis Select a MODULE from the menu bar at the top to begin a prablem sat or select FILE to OPEN 2 previously saved data set

Capital Investment
Decision Analysis
Forecasting

Geme Theory

Ggal Programming

omama3Star

Integer & Mixed Integer Programming
Inyentory

Job Shop Scheduling

Layout

Lezning Curves

Linear Programming
Location

Lot Sizing

Markov Analysis

Materizl Requirements Planning
Networks

Productivity

Project Management (PERT/CPM)
Quality Control

Egl POM-QM for Windows

Reliability Eile View Module Tools Help
Smulation 0 1 Acceptance ssmpling
Statistics (mean, var, s normal dist) = Open Ctd+0 2 Variables sampling

Transportation
3 Operating Characteristic Curves

Waiting Lines

Imstiuction
4p-charts Select FILE from the menu bar and either creats a NEW file or OPEN an alrzady existing file.

Work measurement
Display POM Modules only
Display QM Modules only

+ Display ALL Modules

3x-bar charts
f c-charts

7 Process capability

e Kopak 1: Opabpatn moayn Quality Control

* Kopak 2: Y 3aBUCHOCTM oa noTpebe m3
nagajyher meHna onabpatu X - kapty, P —
KapTy nau C - KapTy



D KapTe — onwTa npasuaa

* \lcnnTyje HMBO LWKapTa Kajga ce npeanocrtas/ba Aa Ce OHU
pacnopehyjy no BUHOMHOj pacnogenmu

5.1-1o)
GHG=E+3'.I|ID 1-p)
N N
CL=P
DKG-p -3 [P-1=P]




[Toumep 1

[ToTpebHO je KOHCTPYMCATM p KapTy 3a Npouec Npou3BoAHE KepaMUYKUNX
naoymnua. NMoaaum 20 y3opaka oa no 100 mepera npmnKasaHu cy y Tabenmn.

uzorak .rm-'sk uzorak .nﬂ-'sk
1 44 11 36
2 48 12 52
3 32 13 35
4 50 14 41
5 29 15 42
B a1 16 30
T 46 17 46
8 52 18 38
9 44 19 26
10 48 20 30




Kopak 1.

Create data set for Quality Control/p-charts

£

Pe3ynTaTtu:

File Zdit View Module Format Tools Window | Help

Meadify default title

ot
Column names

]

i Sample 1, Sample 2, Sample 3,...
i abocde ..

i* 1,23 4,5, ..
T January, February, March, April, ...

I Click here to set start month

" Other

DeH& R

ﬁ‘ﬁ| uﬂ|"ﬁ§-§ 100% -

Hiaw h2@ oo

Agisl

-/ e 1y

R LY 2

- Method

:1|

3 sigma [33.73%)

—

=1

B Quality Control Reffllts

Sample 5i
41:\ [

Fracion Defective

Y

Sample

Number of
Defects

Fraction
Defective

3 sigma
(99.73%)

Sample 1

Total Defects 200

Sample 2

Total units sampled 2000

Sample 3

Defect rate (pbar) A 54

P karta - pr plocice:
3 sigma (99.73%) Control Chart

Kopak 2.

File Edit View Module Format Toels Vindow Help
TEEC N e

Arisl v 8 - | B 7 O | o000 - B, | fitA-D
remTE— mple Size
3 sigma [99.73%) ﬂ/ 4 | |

Sample Murnber

Defects

Sample 1

iSample 2

Sample 3

Sample 4

Sample 5

Sample &

Sample 7

Sample 8

Sample 9

Sample 10

Sample 11

Sample 12

Sample 13

Sample 14

Sample 15

Sample 16

Sample 17

Sample 18

Sample 19

Sample 20
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e
m

j=1=1=]=]

Sample 4

Std dev of proportions 048

-

Sample 5

Sample &

o by

UCL {Upper control limit) 547

ucL

(=g =)=]=]

Sample 7

&2 B

CL (Center ling) 4

Sample 8

LCL (Lower Control Limit) 253 x

Sample 9

=
g
cooo

Lol

Sample 10

Sample 11

Sample 12

& | &

Sample 13

Sample 14

RRERRORRERES REAT RERD

[=g=1=]=]

e
]

Sample 15

/
/ I
I

Sample 16

Sample 17

Sample 18

Sample 19

ha |k

Sample 20

SR8 585268 &EREE 2B SRER

&85 |w|n]E

Sample

o

123 45 6 7 8 9 10111213 1415 16 17 18 19 20
uzorak



C KapTe — onuwTa npaBuaa

* [lpahere cTabnnHocTM npoueca, MCNMTUBatbeM bpoja aedeKkaTa,

Kaja ce npeanocras/ba Aa ce npoLlec noHawa no NoacoHoBOj

pacnogenu, ca NnapameTpom A

0.40 =
0.35F
0.30 F
= 0257

Il L
o 0.20

~—

o015 F
0.10 F
0.05 F

0.00

©A=1 |

® \=1




[Tomep 2

LlTamnaHa Kona ce cKknanajy KombuHauujom pydyHe M ayTOMaTCKe MOHTaXe.
AyTOMaTCKa MallMHA Ce KOPMUCTU 3a NPOU3BOAHY MEXAHUYKUX U €NEKTPOHCKUX
KOMMOHEHTU, TaKO [Aa je npouec CKOPo KOHTMHyanaH. CBaKWX caT BpPemeHa,
bupa ce 5 Ttabnnm u BpwK ce HUXOBaA KOHTposa. Tabena wmucnoa npuKasyje
pe3yntate mepema 3a 20 y3opaka (aaHa). KoHctpyncaTtum C KapTy.

urorak _'nu.'sh-ummk_' no.sk -umrﬂk_' no.sk | uzorak _.nﬂ-ék
1 B 6 12 11 9 16 2
2 4 T 16 12 15 17 T
3 8 a 2 13 g 18 1
4 10 4 3 14 10 19 T
5 9] 111; 10] 15; B[ En; 13




Kopak 1.

F 4

Create data set for Quality Control/c-charts

Pe3yntaTtu:

\

Bk Ouality Contral Results

Column names

Modify default title

oy

o

Sample 1, Sample 2, Sample 3,...

abcde,..
A B CDE,..
1,2,3.4. 5, ..

January, February, March, April, ...

Click here to set start month

Other

Sample Mumber of 3 =igma
Defects (99.73%)

Sample 1 8 Total Defects 160

Sample 2 4 Total units sampled 20

Sample 3 2 Defect rate (lambda) ]

Sample 4 10 Std dev 2.8284

Sample 5 5

Sample § 12 UCL (Upper coentrol limit) 16.4853

Sample 7 16 CL (Center line) 8

Sample 8 2 LCL {Lower Control Limit) o

Sample 8 3

Sample 10 10

Sample 11 9 /

Sample 12 15 4

Sample 13 8 4

Sample 14 10

Sample 15 8

Sample 16 2

Sample 17 T

Sample 18 1

Sample 19 T

Sample 20 13

Number of defacts

Kopak 2.

DDH§|E| ﬁ|ﬁ| m 11m|"3'§ﬁ";§'100% ':==A$|k?@|bénlve|
Agial - B2 | B I U | = | o000 - | A -8~
~ bethod 1 line [0 = uze mean]

|3 sigma (99.73%) ~|
/

zample #

# defects

Sample

Sample

s

Sample

Sample

Sample

Sample

Sample

Sample

Sample

= (oo~ en || pf =

Sample

Sample 11

Sample 12

Sample 13

Sample 14

Sample 15

Sample 16

Sample 17

Sample 18

Sample 19

Sample 20

S~ = w | S| w5 w(m

C karta - pr Stampa
3 sigma (99.73%) Control Chart

ucL

Sample

(=T (el I S e e = R S I S e T

ckarta
m=20,n=1

N\

/

\/J L/

=

12 3 456 7 8 910111213 141516 17 18 19 20

uzarak

16.4853

2.0000

0.0000



X KapTe — onuwTa npasuia

YKasyjy Ha oacTynambe nojeAnHuUX meperba noHallarba npoLueca o, HOMUHAIHE BPeaHOCTU

Heka je:
PaHr i-Tor y3opKa npeacraB/ba pa3numky Hajseher un
HajMaHber mepera y OKBUPY TOr Y30pKa:

1
N 5 .

R, = rna:-:()(ij )— mm(}{ij )
CpenH-a Bpe4HOCT i-TOr Y30pKa y KOme je

N3BPLLUEHO N MEpPEHb-A. Cpeamba BpeaHOCT paHra npoueca:

Tapa je cpearba BPeAHOCT MEpPEeH-a
no6ujeHa Ha OCHOBY CBMX Y30PaKa :

s 18- 1.0(12,)
X=—>Xi=— D=2 X, | "
m 5 m =N =1 I 6=—
d,

GKG=X+—>_R GKG=X+A. R

d,-vn = AT

_ 3 _ ==  CL=X

DKG = X — R B




R KapTe — onwTa npaBuaa

* Kopucre ce 3a npuKa3s cteneHa BapujabuaHocTn nponsBoaHor
npoLieca

* ¥ npakcu ce Hajuewhe KoHcTpyuwe y3 X KapTy

KoHTposHe rpaHuue ce n3pavyHaBajy Kao:

GKG=R+3-2¢ R-|1+3.2% |.R-D, R
d; % d;
_5.3.% m_[(1_3.% |a_p..8
DKG -R -3¢ Fa_|_¥1 3.3 .I|H-D! A
OpaHocHoO: .
GKG =D, -R
cL-| roe cy Dai D3 BpeaHocTn pobumjeHe us tabaumua Ha

OCHOBY 6p0oja Mepera Yy Y30PKY.

DKG =D, -R,



_/:-‘/ Table X Factors for Constructing Variables Control Charts
s Factor for Control Limits

' X Chart R Chart S Chart
e n* A4, Az dy Dy Dy Cy n
= B 2 3.760 1.880 1.128 0 3.267 0.7979 2
N 3 2.394 1.023 1.693 0 2.575 0.8862 3
4 |.880 729 2.059 0 2.282 0.9213 4
5 1.596 577 2.326 0 2.115 0.9400 5
G 1410 483 2.534 0 2.004 0.9515 6
7 1.277 419 2.704 076 1.924 0.0594 7
8 1.175 373 2.847 136 1.864 0.9650 8
9 1.094 337 2.970 184 1816 0.9693 9
10 1.028 308 3.078 23 1777 0.9727 10
;‘ 1 973 285 3.173 256 1.744 09754 11
12 925 266 3.258 284 1716 0.9776 12
; 13 884 249 3.336 308 1.692 0.9794 13
b 14 848 23 3.407 329 1671 0.9810 14
4 1 15 816 223 3.472 348 1652 0.9823 15
(1 16 788 212 3.532 364 1.636 0.9835 16
i 17 762 203 3.588 379 1.621 0.9845 17
i\ I8 738 194 3.640 392 1.608 0.9854 18
\ 19 717 187 3.689 404 1.596 0.0862 19
\ 20 697 180 3.735 414 1.586 0.9869 20
3 21 679 AT3 3.778 425 1575 0.9876 21
\ 22 662 167 3.819 434 1.566 0.9882 22
23 647 162 3.858 443 1.557 0.9887 23
24 632 157 3.895 452 1.M48 0.9892 24
25 619 153 3.931 459 1541 0.9896 25

*n > 25: 4; = 3/ nwhere n = number of observations in sample.

Tabena KOHCTAHTU 3a NPOPaAYYH KOHTPOJIHUX FPaHMLA

N\



[Tomep 3
MepeHu cy oTBOPU 3a ioNaTtule Koa Npon3BoaHe aBUOHCKUX MOTOpPaA

V UW/bY NCNUTUBAHA CTAaTUCTUYKe CTabunHocTu npoueca. MepeHo jey
20 BpeMmeHCKUX MHTepBaia No 5 mepera 1 nogauun cy npukasaHu y

Tabenun. Konctpymcatn X n R Kapty. I NN R I
f 2 3 4 5 & 7 &8
1| 33 29 31 32 33 31.6 4
2| 33 31 35 37 31 33.4 G
3| 35 37 33 34 36 35 4
Tabena NMPUKYMN/bEHUX NOAATAKA: al 30 31 33 34 33 322 3
5| 33 34 35 33 34 33.8 2
6| 38 37 39 40 38 38.4 3
7| 30 31 32 34 31 31.6 4
8] 29 39 38 39 39 36.8 10
9| 28 33 35 36 43 35 15
10| 38 33 32 35 32 34 6
11| 28 30 28 32 31 29.8 4
12] 3 35 35 35 34 34 4
13| 27 32 34 35 a7 33 10
14| 33 33 35 37 36 34.8 4
15| 35 37 32 35 39 350.6 T
16| 33 33 27 31 30 30.8 6
17| 35 34 34 30 32 33 ]
18] 32 33 30 30 33 3.6 3
19| 25 27 34 27 28 282 ] |
201 35 35 36 33 30 33.8




Kopak 2.

 — 2
Kopak 1. D& a7 H @ ol@t o -a8Hasw NP »sow |
Asisl - 8 v| B 7 U | == §| o000 - fieo T
Create data set for Quality Control/x-bar charts Method =
3 sigma [99.73%) -
B e opsicnmiors [ oy et e | ;
Bpele oCTU: Number of Samples i T Columnnames | i 1 et fvney Meam Range /
4 -ample 1 36 4
-ample 2 334 [+
Sample Number Mean Range (¢ Sample 1, Sample 2, Sample 3, . ample 3 s 4
Sample 1 Cabede... -ample 4 322 4
P Lk £ " ABCDE.. ample & 13 2
1,23 485 .
S le 2 S s A ample & 384 3
amp’e 33.4 6 o January, February, March, April, ... ample 7 316 4
Sample 3 35 4 Dt st ICIia here to set start month -ample 8 6.8 10
{* Mean, range ample 9 35 15
Sample 4 32.2 4  Rowdata ~ Other ample 10 34 [
- I ample 11 29.8 4
Sample 5 33.8 2 i~ Mean, std dev ample 12 34 4
- ample 13 33 10
Sample 6 38.4 3 ample 14 348 4
ample 15 356 T
Sample 7 31.6 4 ample 16 308 1
ample 17 33 5
Sample 8 36.8 10 ample 18 316 3
ample 1% 282 9
Sample 9 35 15 ample 20 338 &
Sample 10 34 6
Sample 11 29.8| 4
S 2 B Pe3ynTatu
Sample 13 33 10 y '
X-karts
Sample 14 34.8 4 M=20,n=5 r-karta
39 m=20,n=-5
Sample 15 35.6 7 18
- 3a
i5
Sample 16 30.8] 6 ki % BEEE 14
3
Sample 17 33 5 % =4 [ — - ]\ --------------------------------------- 12.2640
35 "
Sample 18 31.6] 3 34 o ] ‘ 7
23 33.3200 g I\
Sample 19 28.2| 9 b g l
- a2 - 5 } A
Sample 20 33.8 6 k1| B H ' ; ] . ~z 58000
30 29,9760 5 N ;' \ T
29 - ; i //3 '
3 3 s
23 2
a7 1
0123 4567 8 910111213 14151617 181020 0 0.0000

01 23 4 567 8 9 101M12131415161718 19 20

uzarak wzorak



[TommeHa copTBepa — Path Maker

Kopak 1.

Starta Project

Create a new Pathbd aker project

" Usze a blank Pathway, with no tacls on it.

]

(¢ Chooze a pre-built template fram a list of Pathway templates.

Cancel

Help

Kopak 2.

Template Type: |Project Pathways

Benchmarking
Design a New Product or Service
Develop a Balanced Scorecard
DMAIC Pathway [Six Sigma Breakthrough)
Hospital Performance Scorecard

Process Improvement

and E

Strategic Planning

Type a name or select a template from the list:

DMAIC Pathway [Six Sigma Breakthrough]

0OK Cancel | Help ‘

Browse

Kopak 3.

Control

key measurements

Collect data and make control charts and histograms fo

Pe3ynTaTtu:

Kopak 4.

Select a control chart type:

c u p np

A A A A

* bars Advice!
v A —" .

ograms for key measurements]

felp

Du® & smd o [#uwn MV 2L ERB
g x bar Chart, 3 sigma limits, No Standards Given
§
T . — A —
a - -
S — - - e R—— - " -
B = — — = — - — e ————a ——
7 = = -
g 1 2 3 4 5 [ 7 8 9 10 " 12 12 14 15 18 17 18 18 20
5 Subgroup #
-m Out of Control -m Data Line — Center Line +3 Sigma -3 Sigma
R Chart, 3 sigma limits, No Standards Given
g
nEZ 15 —
s 10 " . o~ - e —
E s i — —— _—
= 0
E 1 2 3 4 5 6 7 8 9 10 1" 12 12 14 15 18 17 18 19 20
Subgroup #
-& Out of Control -& Data Line — Center Line +3 Sigma -3 Sigma
x bar R/
A B (= D E F G H I J ™M N
1 [Subgroup j ftem 1 j item 2 j ftem 3 j ttem 4 j tem 5 j j j j j j j j j
2 Serija [ Deo 1 [ Deo 2 [ Deo 3 Deo 4 Deo §
3 [1 33 29 31 32 33
H 33 3 35 37 31
5 [3 35 37 33 34 36
6 |4 30 3 33 34 33
7|5 33 34 35 33 34
8 [e 38 37 39 40 33
9 |7 30 3 2 34 3
10[8 29 9 38 39 29
1]9 28 33 35 38 43
12[ 10 38 33 32 35 32
13[ 1 28 30 28 32 31
1412 31 35 35 35 34
5|12 27 32 34 35 37
1614 33 33 35 37 36
17|15 35 37 32 35 39
M et [ PM2 [ Colectdata




[1pOjeKTHM 3a4aTakK 3

* Opabpatn ogpeheHy KapaKTEPUCTUKY NPON3BOAa NN UHAMKATOP Y
npouecy nponssoare (bpoj aedekarta, 6poj nponssoaa...) 1 3a Hera
Kpenpatn oarosapajyhy KoHTponHy Kapty (x-R, p, c). Ako npeaysehe
npya oapeheny ycnyry, kpenpatn KK 3a enemeHT Koju he 6utn o
3HAaYyaja KaKo bu ce JoHEeOo 3aK/byyaK 0 cTabmMIHOCTM npoueca.
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