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1 Replicate Error
Replicates: {x1, x2, ..., xn}
s2 = 1

n−1

n∑
i=1

(xi − x̄)2

es,rep = s√
n

α ≡ (1− P) P ∈ [0, 1]
ν = n− 1
tα,ν = |T.INV.2T(α, ν)|
CI(P) = x̄± tα,νes,rep

2 Process Control

Kp = ∆y⊜

∆u⊜

τ ≡ {t
∣∣y(t) = y0 + 0.632∆y⊜}

τp ≡ τ − tresponse
θp ≡ tstep − tresponse
PB ≡ 100

Kc

3 Mass Transport
V̇ = Aσ⟨v⃗⟩ V̇ = ṁ

ρ
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− Ŵs = H̃g Pbrake =
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Re= ⟨v⃗⟩ρ�
µ Laminar: f = 16/Re
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2α
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(
1− Aσ2

Aσ1

)
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2α
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Ẇ1

Ẇ2
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4 22 Factorial Design
Ei = ȳi+ − ȳi− = Ci

2(NL−1)n
= Ci

2n Eij =
CAB

2(NL−1)n
= CAB

2n
CA = a+ab−b−(1) CB = b+ab−a−(1) CAB = ab+(1)−a−b

SSi =
C2

i

2(NL)n
=

C2
i

4n

SST =
NL∑
i=1

NL∑
j=1

n∑
k=1

(yijk)
2 − (

∑
yijk)

2

4n

SSE = SST −
∑

SSi

νi = NL,i − 1 νSSE = 4(n− 1) νSST = 4n− 1
MSi =

SSi

νi
MSE = SSE

νSSE
F0,i =

MSi

MSE
α = 1− %CI

100 Fc,i = FINV(α, νi, νSSE) p = FDIST(F0,i, νi, νSSE)

ŷ = β̂0 + β̂1x1 + β̂2x2 + β̂12x1x2 + ε

β̂0 =
∑

yijk

n β̂1, β̂2, β̂12 = Ei

|x1−x2|

ei = yi − ŷi es,β =
√

MSE
2NLn

ti =
β̂i

es,β

5 Statistical Process Control
R̄ =

∑n
i Ri

n

UCLR = D4R̄ = R̄+ 3d3R̄
d2

LCLR = D3R̄ = R̄− 3d3R̄
d2

D4 ≡ 1 + 3d3

d2
D3 ≡ 1− 3d3

d2
d2 = R̄

σx
d3 = σR

σx

¯̄x =
∑n

i x̄i

n
UCLx̄ = ¯̄x+ 3σ√

n

LCLx̄ = ¯̄x− 3σ√
n

Unknown σ : σ̂ = R̄
d2

A2 ≡ 3
d2

√
n

UCLx̄ = ¯̄x+ 3
d2

√
n
R̄ = ¯̄x+A2R̄

LCLx̄ = ¯̄x− 3
d2

√
n
R̄ = ¯̄x−A2R̄

Cp ≡ USL−LSL
6σ
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