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0.515573 + 0.446697 -
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Table Of Constants and Formulas for Control Charts

X and R Charts” X and S Charts”
Chart for Chart for
Chart for
Averages Chart for Rages ( R) Averages Standard Deviati )
Subgroup — — andard Deviations
- (X) (X)
Size
Divisors for Factors Divisors for
Factors for
Control Estimate of Factors for for Estimate of Factors for
ontrol
Limit Standard Control Limits Control Standard Control Limits
imits
Deviation Limits Deviation
n Az dz D3 D4 A3 C4 B3 B4
2 1.880 1.128 - 3.267 2.659 0.7979 - 3.267
3 1.023 1.693 - 2.574 1.954 0.8862 - 2.568
4 0.729 2.059 - 2.282 1.628 0.9213 - 2.266
5 0.577 2.326 - 2.114 1.427 0.9400 - 2.086
6 0.483 2.534 - 2.004 1.287 0.9515 0.030 1.970
7 0.419 2.704 0.076 1.924 1.182 0.9594 0.118 1.882
8 0.373 2.847 0.136 1.864 1.099 0.9650 0.185 1.815
9 0.337 2.970 0.184 1.816 1.032 0.9693 0.239 1.761
10 0.308 3.078 0.223 1.777 0.975 0.9727 0.284 1.716
11 0.285 3.173 0.256 1.744 0.927 0.9754 0.321 1.679
12 0.266 3.258 0.283 1.717 0.886 0.9776 0.354 1.646
13 0.249 3.336 0.307 1.693 0.850 0.9794 0.382 1.618
14 0.235 3.407 0.328 1.672 0.817 0.9810 0.406 1.594
15 0.223 3.472 0.347 1.653 0.789 0.9823 0.428 1.572
16 0.212 3.532 0.363 1.637 0.763 0.9835 0.448 1.552
17 0.203 3.588 0.373 1.622 0.739 0.9845 0.466 1.534
18 0.194 3.640 0.391 1.608 0.718 0.9854 0.482 1.518
19 0.187 3.689 0.403 1.597 0.698 0.9862 0.497 1.503
20 0.180 3.735 0.415 1.585 0.680 0.9869 0.510 1.490
21 0.173 3.778 0.425 1.575 0.663 0.9876 0.523 1.477
22 0.167 3.819 0.434 1.566 0.647 0.9882 0.534 1.466
23 0.162 3.858 0.443 1.557 0.633 0.9887 0.545 1.455
24 0.157 3.895 0.451 1.548 0.619 0.9892 0.555 1.445
25 0.153 3.931 0.459 1.541 0.606 0.9896 0.565 1.435
UCLLCL. = X + 4,R UCL_LCL. = X + A;s
1 1
UCL, = D,R UCL, = B,s
UCL, = D,R LCL, = B,s
6=R/d, 6=slc,

* From ASTM publication STP-15D, Manual on the Presentation of Data and Control Chart Analysis, 1976; pp
134-136. Copyright ASTM, 1916 Race Street, Philadelphia, Pennsylvania 19103. Reprinted, with permission.



Median Charts ™ Charts for Individuals”
Chart
Chart for for
Medians Chart for Ranges (R) Individ Chart for Ranges (R)
(X) uals
X)
Subgrou Divisors Divisors
p Size Factors for Factors for
for Estimate Factors for for Estimate Factors for
Control of Control Limits | Control of Control Limits
Limits Standard Limits Standard
Deviation Deviation
Zz D, D3 D, E. D, D; D,
2 1.880 1.128 - 3.267 | 2.660 1.128 - 3.267
3 1.187 1.693 - 2.574 | 1.772 1.693 - 2.574
4 0.796 2.059 = 2.282 | 1.457 2.059 - 2.282
5 0.691 2.326 - 2.114 | 1.290 2.326 - 2.114
6 0.548 2.534 - 2.004 | 1.184 2.534 - 2.004
7 0.508 2.704 0.076 1.924 | 1.109 2.704 0.076 1.924
8 0.433 2.847 0.136 1.864 | 1.054 2.847 0.136 1.864
9 0.412 2.970 0.184 1.816 | 1.010 2.970 0.184 1.816
10 0.362 3.078 0.223 1.777 | 0.975 3.078 0.223 1.777
UCL_LCL. =X * 4R UCL, LCL, = X + E,R
UCL, = D,R UCL,=D,R
LCL, =D,R LCL, =D,R
&=R/d, &=R/d,

* From ASTM publication STP-15D, Manual on the Presentation of Data and Control Chart
Analysis, 1976; pp 134-136. Copyright ASTM, 1916 Race Street, Philadelphia,

Pennsylvania 19103. Reprinted, with permission.

*k » Factors Derived from ASTM-STP-15D Data and Efficiency Tables Contained in W.].
Dixon and F.J. Massey, J .r, Introduction to Statistical Analysis, Third Edition, 1969; Page
488; McGraw-Hill Book Company, New York.



0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.0

0.50000

0.50399

0.50798

0.51197

0.51595

0.51994

0.52392

0.52790

0.53188

0.53586

0.1

0.53983

054379

0.54776

0.55172

0.55567

0.55962

0.56356

0.56749

0.57142

0.57534

0.2

0.57926

0.58317

0.58706

0.59095

0.59483

0.59871

0.60257

0.60642

0.61026

0.61409

0.3

0.61791

0.62172

0.62552

0.62930

0.63307

0.63683

0.64058

0.64431

0.64803

0.65173

0.4

0.65542

0.65910

0.66276

0.66640

0.67003

0.67364

0.67724

0.68082

0.68439

0.68793

0.5

0.69146

0.69497

0.69847

0.70194

0.70540

0.70884

0.71226

0.71566

0.71904

0.72240

0.6

0.72575

0.72907

0.73237

0.73565

0.73891

0.74215

0.74537

0.74857

0.75175

0.75490

0.7

0.75804

0.76115

0.76424

0.76730

0.77035

0.77337

0.77637

0.77935

0.78230

0.78524

0.8

0.78814

0.79103

0.79389

0.79673

0.79955

0.80234

0.80511

0.80785

0.81057

0.81327

0.9

0.81594

0.81859

0.82121

0.82381

0.82639

0.82894

0.83147

0.83398

0.83646

0.83891

1.0

0.84134

0.84375

0.84614

0.84849

0.85083

0.85314

0.85543

0.85769

0.85993

0.86214

1.1

0.86433

0.86650

0.86864

0.87076

0.87286

0.87493

0.87698

0.87900

0.88100

0.88298

1.2

0.88493

0.88686

0.88877

0.89065

0.89251

0.89435

0.89617

0.89796

0.89973

0.90147

1.3

0.90320

0.90490

0.90658

0.90824

0.90988

0.91149

0.91308

0.91466

0.91621

0.91774

1.4

0.91924

0.92073

0.92220

0.92364

0.92507

0.92647

0.92785

0.92922

0.93056

0.93189

1.5

0.93319

0.93448

0.93574

0.93699

0.93822

0.93943

0.94062

0.94179

0.94295

0.94408

1.6

0.94520

0.94630

0.94738

0.94845

0.94950

0.95053

0.95154

0.95254

0.95352

0.95449

1.7

0.95543

0.95637

0.95728

0.95818

0.95907

0.95994

0.96080

0.96164

0.96246

0.96327

1.8

0.96407

0.96485

0.96562

0.96638

0.96712

0.96784

0.96856

0.96926

0.96995

0.97062

1.9

0.97128

0.97193

0.97257

0.97320

0.97381

0.97441

0.97500

0.97558

0.97615

0.97670

2.0

0.97725

0.97778

0.97831

0.97882

0.97932

0.97982

0.98030

0.98077

0.98124

0.98169

2.1

0.98214

0.98257

0.98300

0.98341

0.98382

0.98422

0.98461

0.98500

0.98537

0.98574

2.2

0.98610

0.98645

0.98679

0.98713

0.98745

0.98778

0.98809

0.98840

0.98870

0.98899

2.3

0.98928

0.98956

0.98983

0.99010

0.99036

0.99061

0.99086

0.99111

0.99134

0.99158

24

0.99180

0.99202

0.99224

0.99245

0.99266

0.99286

0.99305

0.99324

0.99343

0.99361

2.5

0.99379

0.99396

0.99413

0.99430

0.99446

0.99461

0.99477

0.99482

0.99506

0.99520

2.6

0.99534

0.99547

0.99560

0.99573

0.99585

0.99598

0.99609

0.99621

0.99632

0.99643

2.7

0.99653

0.99664

0.99674

0.99683

0.99693

0.99702

0.99711

0.99720

0.99728

0.99736

2.8

0.99744

0.99752

0.99760

0.99767

0.99774

0.99781

0.99788

0.99795

0.99801

0.99807

2.9

0.99813

0.99819

0.99825

0.99831

0.99836

0.99841

0.99846

0.99851

0.99856

0.99861

3.0

0.99865

0.99869

0.99874

0.99878

0.99882

0.99886

0.99889

0.99893

0.99896

0.99900

3.1

0.99903

0.99906

0.99910

0.99913

0.99916

0.99918

0.99921

0.99924

0.99926

0.99929

3.2

0.99931

0.99934

0.99936

0.99938

0.99940

0.99942

0.99944

0.99946

0.99948

0.99950

3.3

0.99952

0.99953

0.99955

0.99957

0.99958

0.99960

0.99961

0.99962

0.99964

0.99965

3.4

0.99966

0.99968

0.99969

0.99970

0.99971

0.99972

0.99973

0.99974

0.99975

0.99976

3.5

0.99977

0.99978

0.99978

0.99979

0.99980

0.99981

0.99981

0.99982

0.99983

0.99983

3.6

0.99984

0.99985

0.99985

0.99986

0.99986

0.99987

0.99987

0.99988

0.99988

0.99989

3.7

0.99989

0.99990

0.99990

0.99990

0.99991

0.99991

0.99992

0.99992

0.99992

0.99992

3.8

0.99993

0.99993

0.99993

0.99994

0.99994

0.99994

0.99994

0.99995

0.99995

0.99995

3.9

0.99995

0.99995

0.99996

0.99996

0.99996

0.99996

0.99996

0.99996

0.99997

0.99997

4.0

0.99997

0.99997

0.99997

0.99997

0.99997

0.99997

0.99998

0.99998

0.99998

0.99998

4.1

0.99998

0.99998

0.99998

0.99998

0.99998

0.99998

0.99998

0.99998

0.99999

0.99999

4.2

0.99998

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

4.3

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

4.4

0.99999

0.99999

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000




APPRAISER/T
PART AVERAGE
RIAL#
1 2]3[4[5]6]7][8]9]10
1.A 1
2. 2
3. 3
4. Average . =
5. Range =
6.B 1
7. 2
8 3
9. Average <. -
10. Range Z =
11.C 1
12, 2
13. 3
14. Average }C _
15. Range =
16. Part ? _
Average(}p) R, -
17. ([R. = J+ R, = J+[Ec = |J/[tOF APPRAISERS = |= =
18. |Max X = J— lMin X = Jz X pirr
19." lﬁ = _*[D4 = ]= USL,
20 [EZ J*[D3 - J=LcL,

*D, = 3.27 for 2 trials and 2.58 for 3 trials; D;=0 for up to 7 trials. UCLy represents the
limit of individual R’s Circle those that are beyond this limit. Identify the cause and
correct. Repeat these readings using the same appraiser and unit as originally used or
discard values and re-average and recomputed R and the limiting value from the

remaining observations.




Part No. & Name: Gage Name: Date: Performed by:
Characteristics: Gage No:
Specifications: Gage Type:
Form data sheet: ? = }DIFF = R, =
Measurement Unit Analysis % Total Variation (TV)
Repeatability- Equipment Variation (EV)
. _RK, Trals | K. | %EV  =100[EV /TV]
=100/ ]
= _* L 4.56 )
_ 3.05 = %
Repeatability- Appraiser Variation (AV)
pu— 0 —
AV =Ko *K,)* —(EV? | nr) oAy =100[4V/TV]
i : =100/ ]
— % _ *
= =) . o
- n= number of parts
Appraisers 2 3 r=number of trials
K> 3.65 2.70
Repeatability & Reproducibility (R&R)
P K 9 ==
R&R _ /—(EV2+AV2) arts 3 %oR & R 100[R& R/TV ]
. : 2 3.65 — 100[_/_]
= L T ) 3 2.70 “ %
_ 4 2.30 -
5 2.08
Part Variation (PV) 6 1.93
PV =R p *K 3 7 1.82
— * 8 1.74
- ° | Y7 L opy =100[PV /TV]
— 10 1.62
Total Variation (TV) =100/ ]
= %

vV  =JR&R>+PV?
=y H+(CD)

All calculations are based upon predicting 5.15 sigma (99.0% of the area under the normal distribution curve).

K is 5.15/ d," where d," is dependent on the number of trials (m) and the number of parts times the number of

appraisers (g) which is assumed to be greater than 15. d," values are form Table 2, p. 29.

AV-If a negative value is calculated under the square root sign, the appraiser variation (AV) defaults to zero (0).

K, is 5.15/ d," where d," is dependent on the number of appraisers (m) and (g) is 1, since there is only one range

calculation.

K; is 5.15/ d," where d," is dependent on the number of parts (m) and (g) is 1, since there is only one range

calculation.

d," is obtained form Table D; “Quality Control and industrial Statistics,” A.J Duncan. (See Reference List, 4.)




PART

APPRAISER
TRIAL #

MAX
MIN
RGE
MAX
MIN
RGE

MAX

MIN
RGE
MAX
MIN
RGE
MAX
MIN
RGE

APPRAISER
AVG

1.A 1

2. 2

3. 3

4. Average
(AII)

5. Range

6.B 1

7. 2

8. 3

9. Average
(AlI)

10. Range

11.C 1

12. 2

13. 3

14. Average
(AII)

15. Range

16.Part

Average X ,

17. AVE OF

WIN (}WIN )

> RANGE(LINESS,10,&15)

R repeat = = =(MAX/MIN RANGES ONLY)
#RANGEREADINGS

18.

19. Max } = J— [Ml'n } = J= }DIFF

2:R=  [[p,= ]=UsL,

2 E: J*[D3 = ]=rLcL,

*D, = 3.27 for 2 trials and 2.58 for 3 trials; D;=0 for up to 7 trials. UCLg represents the limit of individual R’s

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using the same

appraiser and unit as originally used or discard values and re-average and recomputed R and the limiting

value from the remaining observations.

Notes:




Part No. & Name: Gage Name:

Date:

Characteristics: Gage No: Performed by:
Specifications: Gage Type:
Form data sheet: E = X prrr = R, =
Measurement Unit Analysis % Total Variation (TV)
Repeatability- Equipment Variation (EV)
— - —1 %EV =100[EV /TV]
EV _R* Kl Trials K
=100/ ]
— _* L 2 4.56 . o
_ 3.05 T 7o
Repeatability- Appraiser Variation (AV)
—= 0 —
AV :\/(XDIFF*KZ)Z_(EVZ/}’U’) A)AV —IOO[AV/TV]
: . =100/ ]
i * _ *
=V Y- ) _
— n= number of parts
Appraisers 2 3 r=number of trials
K> 3.65 2.70
Repeatability &Reproducibility (R&R)
g %R &R =100[R& R/TV
R&R  =+(EV?+4V?) parts | X ’ [ |
2 3.65 = 100[_/_]
— (_2 + _2) 3 2.70 _ %,
— 4 2.30
o 5 2.08
Part Variation (PV) 6 1.93
PV =R *K. ;| 1sy | %PV =100[PV/TV]
_ * 8 1.74 =100/ ]
_ T 9 1.67 = %
T — 10 1.62
Within- Part Variation (WIV)
WIV=
(r,, k- E | D)
WHERE X, + . at |- | S %WV =100[WIV /TV]
=100/ ]
=%

Y Xww(LINE 17)
" % X, READINGS —
WIN =# APPRAISERS ,r =#TRIALS &
ZRRGE(L]NESS.IO,&IS)]*KI

EVyy =
" ( # Ry READINGS

— *

Total Variation (TV)

TV =\(R,R*)+ PV +WIV>
VOO +( )+
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