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4.2 An experiment consists of fuel injectors, I, engines, F, and atmospheric conditions
represented by weeks, W. One fuel injector is put in one engine and the vehicle is
tested. Assuming complete randomization, identify the nesting in each of the following
experimental layouts. (4.19) Assuming engines, injectors and weeks are all random,
determine the tests for each of the experimental layouts given in Problem 4.2.

(a)

Four engines and twelve injectors are selected. Three different injectors are
tested in each engine. A week later, the exact procedure is repeated with the
same engines and injectors.

Injectors are nested in engines. The model becomes :

Yijki = o+ Wi+ Ej + W Eij + Ly + Wiig) + (k) (1)
Source EMS Tested By
W; o2 +oty;+ Koy + JKoiy, MS(WE)
E; o2+ 0%, +10%+ Ko+ 1Ko MS(I)+MSWE)— MS(WI)
WE;; o240}, + Koy p MS(WTI)
I o+ o3, + 1o} MS(WI)
Wiy o2 +0fyr -
€(ijk) oz -

Four engines and eight injectors are selected. Four injectors are selected and
tested in all four engines. A week later, the four remaining injectors are tested
in the same four engines.

Injectors are nested in weeks. Then we have the model :

Yijki = p+ Wi+ Ej + WEjj + Iy + Bl + €jr) (2)
Source EMS Tested By
Wi o2+ 0%, + Jor+IKo%, + JKo2, MS(WE)+ MS(I) — MS(EI)
E; o2 +o0%,+ Koy p+ IKo?, MS(WE)
WE;; o2+0%+ Koiyp MS(EI)
Tii) o2+ 0%, + Jo? MS(EI)
Eljk(i) 0'34-0']25[ —_—

2
E(ijk) e -



(¢c) Four engines and eight injectors are selected. Two engines and four injectors
are selected, each engine being tested with two different injectors. A week later,
the experiment is repeated with two new engines and four new injectors.

Engines and injectors are both nested in weeks and injectors are nested within

engines, leaving us with the following model.

Yijkl = o+ Wi+ Ej) + iy + €ajr) (3)
Source EMS Tested By
W; o2+ 07+ Ko+ JKoj, MS(E)
Ejpy — ol+o7+ Koy, MS(I)
Ik:(zg) O'E2 + U% —_
Eujky  O: ——

Four engines and four injectors are selected. All four injectors are tested in two

of the engines the first week. The second week, the same injectors are put in

each of the other two engines.

Engines are nested within weeks. The model follows.

Yijkt = o+ Wit Ejy + Iy + Wlip + Eljiy + €iji) (4)
Source EMS Tested By
W, 02+ 0%, +Jo%, + Ko& + JKo%, MS(E)+ MS(WI) — MS(EI)
Ejiy — of+4o0% + Koj, MS(EI)
Iy, o2+ 0%+ Job, + 1Jo3 MS(WTI)
Wy  o2+o0p +Jogy, MS(EI)
E‘ljk(l) U?"‘O’%I _——
Eujr)  OF -

(e) Four engines and four injectors are selected. All four injectors are tested in each
engine. A week later, all four injectors are tested in each engine again.

No nesting.

Yijkt = b+ Wi+ Ej + WEyj + Iy + Wi + Eljg + WELj, + ey (5)

Source  EMS Tested By

W; o2+ ol +Jog, + Kogp+ JKos, MS(WE)+MSWI)— MS(WEI)
E; o2 +odyp t1ok, + Kolyp+ 1Koy,  MS(WE)+ MS(EI)— MS(WEI)
WE;; o2 +ohp +Kopyp MS(WEI)

Iy o2 +odp t1Iok, + Jod,, +1Jo? MS(WI)+ MS(EI)— MS(WEI)
Wiy  o24o0hg +Jog; MS(WEI)

Elj, o2+l g +1o%, MS(WETI)

WELjp, o2 + OIQ/VEI ——

E(ijk) o? —



4.5

4.11

(f) Two engines and eight injectors are selected. Four injectors are chosen, two to
be tested in each engine. A week later, the other four injectors are tested in the
same engines, again two injectors per engine.

Injectors are nested within weeks and engines.

Yigkt = b+ Wi+ Ej + WEij + ) + € (6)
Source EMS Tested By
W; o2 +o0t+ Kol +JKoy, MS(WE)
E; 02+o0?+ Kol +1Ko:, MS(WE)
WE;; o2+07+ Kol MS(I)
Ik(ij) 052 + O'% -
ey OF -

(g) Four engines and four injectors are chosen. Two injectors are used in each of
two engines the first week. The next week, the other two injectors are used each
of the other two engines.

Engines and injectors are nested within weeks.

Yijkl = p+ Wi+ Ejq) + Iy + € (7)
Source EMS Tested By
Wi o2+o0%,+Joi+ Koy, + JKoy, MS(E)+ MS(I)— MS(EI)
Eju) 02+ 0%, + Ko?, MS(EI)
I 02+ 0%+ Jo? MS(EI)
k) OF ——

Write out the mathematical model for an experiment having both B nested in A, C
nested in B, and E nested in D.

Yijkimn = #+ A+ Bjiy + Crgijy + D1+ ADy + BDjyyy + CDyyijy +
En@y + AEimqy + BEjmty + CEgmijiy + En(ijkim)

Write out the ANOVA table, including source, df, SS, A, EMS, and arrows indicating
tests, for problem 4.5. Assume each factor has two levels, A is fized, B,C,D and E
are random, and there are no repeats.

The ANOVA table has been split up into two parts. The first table consists of source,
df, SS and A. The second has source, df, EMS and F,;. along with the arrows. Notice
that no direct test exists for the factors A, B, D, AD,CFE and the error term. In order
to find A, approximate tests were used for all factors with no direct test except CFE
and the error term where no approximate tests were found. Linear interpolation was
used in all cases where appropriate.



4.16

4.35

Source df | S8 A Detectable Size
A; 1 | JKLMY (yi. — y.....)° 2.413 | Medium
Bj) 2 | KLM > Y (yijo — yi-)? 4.37 | Large
Cr(ij) 4 | LMY 3" S (Wijk — vij)? 2.512 | Medium
D 1 | IJKMY (y.q. —y...)2 9.487 | Extremely Large
ADy 1 | JKM S S (Wit = Yoo — Yot +4)? 13.417 | Extremely Large
BDjl(z') 2 KM> > Z(yij.l. — Yijor — Yiul- T+ y1)2 3.975 Large
CDyjy |4 | MY Y3 Wikt — Yijh- — Yijok + Yig-)? | 1.883 | Medium
E.0 2 | IJKS S (Yeotm — yo.)? 4.610 | Large
AE;m) 2 | JKS S Wivim — Yiode — Yoot + Yo )? 3.193 | Large
BEjuy |4 | IK Y. Y Y (Wegim = Yojite — Yeodm + Yoo 3.193 | Large
CEpmgjny | 8 | 222220 2 - Wighim — Yijkt- — Yijeim + Viji)? | - - - -
Source df EMS Feale
A; 1 JE+U%E+20%E+4U?4E+20%D+ ——
40’%D + SUE‘D + 40% + 80129 + 160124
Bj) 2 oZtolp+20hy+208, Ao+ ——
40% + 80%
Cr(ij) 4 o+ O’%E + QU%D + 40% MS(C)/MS(CD)
D, 1 o2+ 0k +20%; +80% + 202, + ——
4‘7?3D + 1602D
AD; 1 a§+a%E+20%E+4U%E+2a%D+ ——
4‘7129D + SU%D
BDjis) 2 ol+otp+20pp+20¢p 4ok, ——
CDuujy 4 02+0kp+20%p MS(CD)/MS(CE)
En) 2 ol+olp+20%; +80% MS(E)/MS(BE)
AEimq) 2 ol+olp+ 205, +404, MS(AE)/MS(BE)
BEjq) 4 0Z+40dp+ 205, MS(BE)/MS(CE)
CEimjyy 8 02+ 0¢g -
En(ijklm) 0 O'? -

What should you do if there is a factor called supplier having two levels, supplier 1
supplies two materials, and supplier 2 supplies three different materials?

Incorporate supplier and material so that there are now five different levels for the
single factor.

An experiment was conducted to determine the effect of lead amount, A, trace ma-
terial amount, T, and location, L, of “buttons” used in maintenance free batteries.
Physically, the lead and trace materials are added to a base and poured into a mold,
forming many rods. Two buttons are cut off the top (location 1) and bottom (location
2) of three randomly selected rods. FEach button is tested for cranking power, higher
being better. There are two levels of lead amount, two levels of trace material amount,
and the experiment is completely randomized. Give the mathematical model and the
ANOVA table including source, df, A, EMS and tests.



The model for this experiment is

Yijkim = W+ Ai + T+ ATyj + Ryj) + Lot (8)
ALy + TLj + ATLZ'jl + RLkl(ij) + Em(ijki)

And the ANOVA table with arrows indicating the tests.

Source  df A EMS lec

A; 1 0.758 02+ 40% +249(A) MS(A)/MS(R)

T; 1 0.758 02+ 40% +249(T) MS(T)/MS(R)
ATy 1 1.072 o2 +40% + 129(AT)  MS(AT)/MS(R)
Riij) 8 1110 o2 +40% MS(R)/MS\(¢)

L 1 0.758 o2 +20%, +24®(L)  MS(L)/MS(RL)
ALy 1 1.072 o2 +20%, +120(AL) MS(AL)/MS(RL)
TLj 1 1.072 o2 +20%, +129(TL) MS(TL)/MS(RL)
ATL;j; 1 1515 o%2+20%, +6P(ATL) MS(ATL)/MS(RL)
RLyu; 8 1570 o2+20%, (R )/MS(e)
Em(ijhty 24 —— of -

4.36 The following information was collected in the experiment described in Problem 4.35:
SS(A) = 1348.00,SS(T) =
0.25,SS(TL) = 0.34,SS(RL) = 11.01 and SS(ATL) = 3.00. Using our somtimes
pooling rules, determine which factors and interactions significantly affect cranking
power. Use the following information on means to decide what levels of the factors
to use and give a 95% confidence interval on the average cranking power. A; =
158.52, Ay = 147.92, T} = 151.31

175.83,SS(AT) = 335.58,SS(R) = 164.42, SS(L) =

Source  df SS MS Fooe
A; 1 1348.00 1348.00 65.588
T; 1 175.83 175.83  8.555
AT;; 1 33558 335.58 16.328
Ry 8 164.42 20.5525 0.241
L 1 4.19 4.19 3.044
ALy 1 025 025 0.182
TLj 1 0.34 0.34 0.247
AT L;j 1 3.00 3.00 2.180
RLyu; 8 1101 1.37625 0.0161
Em(ijk) 24 2042.62 85.109 ——

I ran out of time to complete this problem.



