Midterm Exam

10/29/2024
1.
dy
2 B Zay(o) =4
Z{+0.5?+7y:0—> Zx (5 pts)
* * d—Z=—052—7y,y'(0)—0—>Z(0)=0
X
Ax=05=h
k., =0—>y(0)+k1,1§=4+(0)%=4
h 0.5
ko ==05(0)=7(4) = =28 > z(0)+ k, 7 = 0+(-28) == =7
by, =7 y(0)+k2,y§=4+(—7)%= 225
10
0P 0.5(=7)=7(4) =245 > 2(0)+ k.. g ~0+ (—24.5)% = —6.125
ky, =—6.125— y(0)+k, h =4 +(-6.125)(0.5) = 0.9375
k, . =—0.5(=6.125)~7(2.25) = ~12.6875 — z(0) + k, .h = 0+(~12.6875)(0.5) = —6.3438
k,, =—6.3438
k,, =—0.5(~6.3438)~7(0.9375) = ~3.3906
y= y(0)+é(kl’y + 2k, + 2k, +k, )b = 4+%[0+2(—7 ~6.125)-6.3438](0.5) =1.2839 o)
5 pts

z=2(0) +é(k1,z +2k, , +2k,_ +k, )= O+é[—28 +2(-24.5-12.6875)-3.3906 |(0.5) = -8.8138
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Midterm Exam
10/29/2024

2.1% oJitgtete] iz FHSHA o 53, =07} r=1% o|tst= FAJSoF §F

(1) divide the radial coordinate into # finite points: Ar = %
n —

T, .
== r=Ar(i-1

dr’ (Ar)2 " dr 2(Ar) ! r(z )

2 —_— —

CT VAT o o Ta2AT 1 =T,

dr® r dr (Ar) Ar(z—l) Z(Ar)

{l_ﬁ}ﬂl +2T, —{Hﬁ}ﬂﬂ =(Ar)'S

L-T,
dr|,_, 2(Ar)

1
i 2(i-1)
(3) @i=n-1: T(r=1)=0—>Tn =0 (Spts)

2(1_1_1) T, =(Ar) S — {1—2—

dzT_YZ+1—27;+T:.71 dT_T;H_

+8=0 (10 pts)

=07, =T, (5pts)

}Tz =(Ar)'S — 2T, -2T, = (Ar)’S

T
2(i-1)| "

+2T | {H

T
5
N\
N
v,

I+1

1 —{ - I

=1 i i+1 i—1 i i+1

(a) Explicit (b) Implicit

FT _T.,-21'+T, or T -T
ox’ Ax’ ot At
o’'T or T -2T'+T', T"'-T
=— > k s ! ! = ! U

ox* ot (Ax)2 At
aZT _ ]—;ijl _2]—;l+l +7;1:;1
ST

2 TIH _ 2T1+1 Tl+l T1+1 _ Tl
a ]2—' :a_T N k i+l i 2+ i1 _ i i (8 ptS) N _ﬂ]’;l:;l +(1+2ﬂ)7—;l+1 _ﬂ’]-;itl — T;-l
ox ot (Ax) At

(1) explicit:

>

(8 pts) > T =T+ A(T},, - 2T, + T, ) where A=

1 1

(2) implicit:

B3) =Y A=A vs. FZA) (4pts)
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Midterm Exam

10/29/2024
4.
ou oOu PRt
xya——a—+yu =0« u(x,y)=G(x)H(y) (5pts: HFe] ofelr] 01)
x oy
xde—G—Gd—H-l-yGH =0—>xde—G+yGH = Gd—H
dx dy dx dy
y(de—G-l-GHj:Gd—H—)de—G-i-GH:gd—H
dx dy dx y dy
1d—G+l=c—>idG=c—_1dx—>lnG=(c—l)lnx—>G=k1x(”_1) (3 ptS)
x dG 1 dH G dx G x
——+l=——(3 pts) > 2
G dx yH dy 1 dH dH cy

——=c—>>—=cyd —>1nH=—+d:_>1-]:ke§y2 3 pts
yH dy 7Y 5 22 (3pts)

€2

u(x,y)= klx(c_l)kze?2 = ke’ (1 pts)

5. 2,80 B5 AMSHH 2™

Component Input Output
(1) | Engine APS, RPM Torque
(2) | Motor APS, RPM Torque
(3) | Clutch Force Torque
(4) | Transmission Torque, RPM Torque, RPM
(5) | Battery Power(motor) SOC(current)
(6) | Resistance Vehicle speed, Gradient Force(drag)
(7) | Vehicle (equivalent inertia) Torque Vehicle speed
(8) | driver Vehicle speed APS
6.
. V4 2 2 2 2
(1) a)s = O —->—== - = GRPSD =7 (2pts)’ Jvehicle = mRtire = 1500 x 0'3 = 135 kg.m (2pts)
r ZS + Zr 3
: 2 ’ :
Jeq = JmOtOV x (GRPSD X GRTM X GRditf) + ‘]wheel + Jvehicle =0.05x Ex 3x4 | +1+135=139.2 kg°m (2ptS)
2
) T s = T % (GRPSD +GRyy, + GRdzﬁ') =50x (E X3 x 4] =400 Nm (2pts)
Fdrag = % dA_/‘i‘ontpaiervihicle + /urolleehicleg = %X 0.25x1.8x1.2x 202 +0.01x1500x9.81=255.15 N (2ptS)
Tog = FirugRiye =255.15%0.3=76.55 Nm ,
~T, 400-76.
avehicle = MRtire = M x0.3=0.697 m/sz (4ptS)
J 139.2

eq
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3(2000)-3000

(3) w, :(engine rppm), @, :(motor), @, +2w, —3w, =0—> o, = =1500 RPM (2pts)

Y o Owe 1500
Vel GR,, xGR,. 3x4

=125 RPM=13.09rad/s (2pts)

Vo =R, 0, =03x13.09=3.93 m/s (Ipt)
4 o, = Voshte GR,; X GR;,, x GR,,, =266.67rad/s (1pt)

tire

1
X GRpy x GRyg,

T, motor T;egen X G R
diff

]—;egena)wheel _ _1000X10/0.3

=—125Nm (Ipt)

Lo = =-13333 A (Ipt)
panery I/battery 250
BOC 2 1333320 0,267 %5 (2pt)
di C 50,000
dsocC

5OC,,,, = SOC, . +———At =50+0.267x20=55.34 % (Ipt)
« dt

initial

AUE3028 CAE 6



