Final Exam 12/18/2017

1. [Design Optimization Problem Formulation]

(design variables) x; = product A in kg, X, = product B in kg

(objective function) maximize the profit = 10x; + 8 X,

(constraints) 0.4x; + 0.5%, < 100 (raw material C), 0.6x; + 0.5x, < 80 (raw material D),

0<x; <70, 0<x, < 110 (limits on products)
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(2) Favg = 7Fmax = 17(Mapey ) = (0. 8)(1000kg)(196%) —156,800N (5 pts)
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1.86 2
Pin =0-25Fag =99200N_ 1 _ (39200)L057 —99.3mm > t = —1.655mm (7 pts)
386(207)" 60

mass = 2(1000mm)(4 sides)(99.3mm)(1.655mm)(7.83><10‘6 k—g3j =10.29Kg (3 pts)
mm

(Pt Jpex =1:075(Py ) P, ). =Ct2
M Jhex : —539200N = (B g =Cli

(P )5 = 38680 0, %7 = 386t (60t)™* 07, °*" = Ct? (Pt Jyoy =1.075Ct2,,

=t = 1 0175 — thex = 0.9645t;, =1.596mm, by, =60t =95.76mm (3 pts)

lhex = (60, /2)xtan30° =55.287mm
mass = 2(L000mm) (6 sides) e )ty [7.83><10‘6 %} —8.20kg (2 4.145) (2 pts)

(5) hexagonal section: mass savings of 0.72 kg (5 pts)
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plot 0.250 @? vs. w in log scalefor 500rpm(8.33Hz) < @ < 900rpm(15Hz)
log f=-1.08+2log w log(F)[N] vs log(w)(rad/s) (5 pts)
log f(w=8.33Hz)=2.36 [N] 3
log f(w=15Hz) = 2.87 [N] 28
500rpm = 52.36 rad/s, 900rpm = 94.25 rad/s -
(5 pts)
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(2) modal model
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Output
YOutput _ ¢Input¢0utput /mModaI + (5 pts)
l:Input (1_ (2)2) + 177 Effective
a)n
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XM ARsSses UH2R 20 Hz, LEHHQL AN 7 500 kg 7H835t 1 powertrain £

7-||(Meffective) _I?_Al: ¢|nput% 12 7|'7(O'|_(‘5|-E| (E‘:ll'l-%'E _'?_Al)

Y = 1/m , Y (500rpm) = 0.00242, Y, (900rpm) = 0.00457
Flnput (1_ (2)2) I:Input Input
a)n
1/m ., 1/m
¥, = Fp (————) = 0.08330" (————) = 0.553(500RPM ), 3.369(900RPM)
1= 1=
a)n a)n
4
abs(a)[m/s™2] vs f(Hz) (5 pts)
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Y, =Y ehal 7Hg (@b o= column mount AXNAM = dy,, 7F ZASHO] FHEE ZA)

(@) Tkl 7hs] Aas v= gl A (10 pts)
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