Equation Sheet for MEGR 3282: SPC & Metrology

Distributions

Name pdf mean variance
nD DY N-n
X n-—X . 1=
Hypergeometric p(X)zT x:0,1,2,...m|n(n, D) % N (1 N j( N _1)
n
Binomial p(x)=| [p*@-p)"* x=012,..n np np(1-p)
X
e_llx
Poisson p(x)= | x=0,1, A A
X
Normal f(x)=— e_%(%ﬂj —o0< X< o0 H o’
o~N2rx
1 1
Exponential f(x)=4e™™ x>0 — —
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Two-sided confidence intervals

statistic

Interval

mean
(variance known)

mean

(variance unknown)

2 2
where S = \/(nl _128:_‘;(?22—1)82
1 2

(variance unknown) X~liona \/_ SUSXHLp 0, n
. (n-1)s* _ , (n-1)8°
variance 5 <o <
Xa/Z,n—l Xl—a/Z n-1
difference between means ol 2 c? o?
Y Vv _ 1 .72 _ 1 2
ariance known @ = = a
vari Kk X, =X, =2, + Sp—py X=X +2,, +
n n, n n,
— 1 1 _ 1
X =X, _ta/2,n1+n2—28p —+— S <X X +ta/2,n1+n2—28 —+t—
n, N, L
difference between means

Ratio of variances
(for normal distributions)

2 2
Sy L0
2 " 1-a/2,n,-1,n,-1 — 2
Sz / 2 1 0.2

S;

= Sz af2,n,-1,n -1
2
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Hypothesis tests:

Test on means with known variance

Hypothesis Criteria for Rejection Test Statistic
Ho:=p
o ° 1Zo|> 2,
Hy e # 1y
Hy:u= X—u
0-H=Hy Z,<-2, Z,=-—"*%
Hy fu < g G/\/ﬁ
Ho o= py
_ Z,>Z7Z,
Hy > p,
Ho i =u
v Z0|> 2,
Hytw # 1,
Kl K2

Ho i = Zo =
HO =t L, <L, ’ ol ol

NIRRT =
1 1 2 nl n2
Ho oy =p

orm o z,>2,
Hy >,
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Hypothesis tests (continued):

Test on means of normal distributions with unknown variance

Hypothesis Criteria for Rejection Test Statistic
H,: u=
e ol > 20
Hy e # 1y
Ho i =ty X — Hy
t,<-t . _ t, =
Hy fu < g ’ o ’ S/\/ﬁ
H,: u=
0 -H=Hy ty>t, .,
Hy > p,
Hy:uy = a1, >t if o =0}, if o #07.,
>

H 7 :,'5/,12 0 al2,v B

1 1 t _ Xl_xz

0
: [S2 §?
Hotay =y t o<t o n71+n72
0 a, X, —X
Hyt < ' t, = 11 21 ! 2
Spi|—+ 5 N
n n

Hoit = 1ty - = T -2
H,o >, 0T e L (Sl/nl) +(Sz/n2)

n,+1 n,+1
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Hypothesis tests (continued):

Tests on variances of normal distributions

Hypothesis Criteria for Rejection Test Statistic
H,:0?=0? Xo > X r
0 0" =0, 0 a/2,n-1 ©
2 2 2 2
H, 10" %0, X; < X1705/2,n71
. 2 2 2
H,: 0% =0} s s . (n-1)s
X2 <X Xo="———
2 2 0 l1-a,n-1 0 2
H,:0° <o, O
H . 0_2 _0_2
. 0
° XZ>X2
2 2 a,n
H 10" >0,
.2 2 2
HO .0, =0, FO > Fa/z,nl—l,nz—l or F _S_l
2 2 07 g2
H,:o; #0, F < Fl—a/z,nl—l,nz—l S;
.2 2 2
H,:0/ =0, S
FO>Fan—ln—l Fo__
2 2 12T SZ
Hl (o) <02 1
. 2 _ 2 2
H,: o, =0, S;
FO >F n,-1,n,-1 FO o2
H 2 2 a,np =4, Ny 82
1-01 >0, 2
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Variables control charts:

u, o given.
Quality Characteristic Center Line Control Limits

X H ut Ao

R d,o UCL=D,o, LCL=D,o
S c,o UCL=B,o, LCL=B.o

1, o not given (unknown).

X X X+AR, or X+AS
R R UCL=D,R, LCL=D,R
S S UCL=B,S, LCL=B,S

Attributes control charts:

Quality Characteristic Center Line Control Limits
. ) . . pil-p
Fraction non-conforming (p given) p pt3,———=
n
. ) . . = _ pll-p
Fraction non-conforming (p not given) p pt3
n
Number non-conforming (p given) np np+3,np(l-p
Number non-conforming (p not given) np np = 31/nﬁi1— ﬁi
Non-conformities (c given) c c+3Jc
Non-conformities (c not given) C c+ 3\/5
Average number of n_on—conformltles 0 T+3 u
per unit \f n
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Confidence Interval for PCR

. X2 .~ |X?
PCRW/—l_“/z’"‘l < PCR < PCRW/—“/Z‘H
n-1 n-1

Hypothesis Testing from PCR

a=£=0.10 a==0.05
sample Size, n PCR(high) C PCR(high) C
PCR(low) PCR(low) PCR(low) PCR(low)
10 1.88 1.27 2.26 1.37
20 1.53 1.20 1.73 1.26
30 1.41 1.16 1.55 1.21
40 1.34 1.14 1.46 1.18
50 1.30 1.13 1.40 1.16
60 1.27 1.11 1.36 1.15
70 1.25 1.10 1.33 1.14
80 1.23 1.10 1.30 1.13
90 1.21 1.10 1.28 1.12
100 1.20 1.09 1.26 1.11
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