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Tentamen
Kurs: Ellara
Kursnummer: HE1027
Moment: TEN1
Program: Elektroteknik ak1 (TIELA)
ak: Medicinsk teknik ak1 (TIMEL)
Examinator: Elias Said
Rattande larare: Maksims Kornevs
Datum: 2019-03-13
Tid: kl. 8:00 — 12:00
Hjalpmedel: Utdelat formelblad samt réknare.
Omfattning och Tentamen bestar av 7 uppgifter.
betygsgranser

For godkant krévs 10 poéng av totalt 24 mojliga poéang.

Betygsgranser:
For betyg A, B, C, D, E krdvs 22, 19, 16, 13 respektive 10 poang.
FoOr betyget Fx krévs 9 poang.

Fx ar underkant betyg, men med mojlighet till komplettering. Om
kompletteringen &r godkand rapporteras betyget E, annars
rapporteras F.

Ovrig information:

-Namn och personnummer skall anges pa varje inlamnat
skrivpapper.

- Blad- och uppgiftsnummer skall anges pa varje inlamnat
skrivpapper.

- Lamna endast in en uppgift pa varje papper.

- Redovisade losningar skall vara fullstdndiga och latta att folja.
- Tydliga kommentarer.
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Uppgift 1 [4p] (Denna uppgift kan du som ar godkand pa KS hoppa 6ver)

Berakningar skall utforas pa nedanstaende krets. Lat E=9V och alla resistorna ar 1.
Analyse a circuit below. Voltage source E is 9V and all resistors are 1Q.
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a) Berakna kretsens totala strom.
Calculate the total current of the circuit. (3p)
b) Bestam effektutveckling hos resistorn Ra. (1p)

Find the power delivered to the resistor Ra.

Uppgift 2 [4p]

Kretsen nedan innehaller en beroende spanningskalla med kallspanningen 4lo dér lo &r
strommen genom resistorn Rs och en beroende stromkalla strommen 2vo dér vo &r spanningen
over resistorn R1 (bade markerad i kretsen). Bestam strommen lo genom resistorn Rs och
spanningen vo Gver resistorn Ry.

The circuit below contains a dependent voltage source with source voltage 4 lo where lo is the
current through resistor Rs and a dependent current source with current 2vo where vo is the
voltage across resistor R1 (both are marked in the circuit). Determine the current lo through
resistor Rs and the voltage vo across resistor Ri.
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Uppgift 3 [2p]

Vid tiden t=0 sluts kontakten i kretsen bredvid. Kondensatorn C=4uF dr initialt oladdad. Alla
resistorerna ar 10kQ och spanningskéllan E=10V. Bestdm spanningen Vo (markerad i kretsen)
nar omkopplaren just ar stangd (0s), efter 0,1s och efter 1s.

At time t=0, the switch is closed in the circuit below. Capacitor C=4uF is initially uncharged.
All resistors are 10kQ and the voltage source E=10V. Determine the voltage Vo (marked in the
circuit) when the switch is just closed (0s), after 0.1s and after 1s.
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Uppgift 4 [2p]

En véxelspanningskélla e(t) med frekvensen f=500Hz matar ett nit med resistorerna R1=10Q
och R2=20Q samt en spole L=50mH. Spanningen éver resistor Ry mats till v2(t)=10sin(wt).
Bestam véxelspanningskallan e(t) och strommen i(t) (markerad i kretsen).

An AC voltage source e(t) at frequency f=500Hz supplies a network with resistors R1=10Q,
R>=20Q and a coil L=50mH. The voltage across resistor R> is v2(t) =10sin(wt). Determine the
AC voltage source e(t) and the current i(t) (marked in the circuit).

N
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Uppgift 5 [4p]

Bestam Thévenins ekvivalent krets med avseende pa terminalerna a och b i kretsen nedan, om
E=8V2£0°, f=1kHz, R1=120Q, R2=470Q, L=12mH, och I=2mA 2-90°.

Find the Thévenin equivalent circuit with the respect to terminals a and b in the circuit below,
if E=8V£0°, f=1kHz, R1=120Q, R>=470Q2, L=12mH, and 1=2mA 2-90°.
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Uppgift 6 [4 p]

Bestam strommen genom resistorn Ry.
Determine the current through the resistor Ri.
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Uppgift 7 [4p]

En 1kW varmare och en motor med 2kW skenbar effekt &r inkopplad till spdnningen 230V
med frekvensen 50Hz. Effektfaktorn for varmaren cosbv=1 och fér motorn cosm=0,7

(induktiv).

A 1kW heater and a motor with 2kW apparent power are connected to 230V source at 50Hz.
Power factor for the heater cosfx=1 and for the motor cosOm=0.7(inductive).

a) Berakna den totala aktiva, reaktiva och skenbara effekten

Determine total active, reactive and apparent powers (1p)
b) Berdkna kapacitansen hos kondensatorn for att forbattra totala effektfaktor till 0,9

Determine the capacitive element required to raise total power factor to 0.9 (2p
c) Jamfor nivaer av strommar fran skallan (original- och forbattrad strom) (1p)

Compare levels of currents from the supply (original and improved current)
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Answers
Uppgift 1

Resistors R11-R15 are short-circuited and can be ignore.

RT=R1//R2+R3+(R5+R6)//R7+R8+R9+R10
RT=0,5+1+2//1+1+1+1=0,5+1+0,667+1+1+1=5.167Q

E
=7 " 51e7 — L7424

Since Rz is in series with the energy source, Is=Ir3

Is

P, = I?R; = 1.724% x 1 = 3.034W

Uppgift 2 (Nodal metdod)

aT ar,

/:\f?;ilc“?.i.“
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(I Is=1A l[ﬂRf‘*ﬂ l R4=10 l[l]ﬁt_-.=4n -

E=10V]

Since dependent sources are depended on vo and lo it is good to transform them:

V9g=a—=c
c Cc
IO = R—S = Z
Node a and node b have voltage source between them, meaning that this is a supernode:
a—c a a—c b
IS_R_l_R_g__4+2v0 = 1—T—Z—I+2(G—C) =0

a
1—a+c—Z—b+2a—ZC=0
a(-1-0.25+2)-b+c(1-2)=-1

0.75a-b-c=-1

As supernode node: b-a=4lo=c or b-a-c=0
Node c:

2( )+a—c c—10 C_O
R, R, T YTTq 2 4

2a+ 2c + Crs5-S-0
a C a C 2 4—

-a+0.25¢=-5
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The system of equations is as follows:
0.75a—=b—-c=-1 a=4970V

a—b—c=0 = b=4.848V
—a+ 0.25¢c = -5 c=-0.121V
c —-0.121

I, =—= = —0.034
07 4 4

vo=a—c =497 - (-0.121) = 5.09V

Uppgift 3
Ry =R1+4+R2//R3=10+5 = 15kQ
T =R;C = 15k * 4u = 0.06s = 60ms
E _t 10 _t 0 2 __t_
[ = — = = (. 7 60
i(t) RTe T 150008 T 667mA e 60ms
t
vo(t) = i(t)R, = 6.67Ve 60ms
__0
v0(0) = 6.67Ve 60ms = 6.67V
~ 01
1(0.1) = 6.67Ve 60ms = 1.26V
1
(1) = 6.67Ve soms = OV | 1>57
Uppgift 4
v, = 10 £0° =7.0710°
2 \/E .
V,  7.07120°

Iy, = —==———=0.354.0°
Rz 7R, ™ 200°

I, = Ip, = 0.3544.20°
Ve, + VL + Vg, =0
Ve, ==V, — Vg, = —Z, %1, — Zp * I, = =1, * (Z, + Zy,)
Vi, = —0.35420° * (2mfL£90° + 20.2£0°) = —0.354.£0° * (157.08.290° + 20.£0°)
Vi, = —0.354.20° » 157.398..82.744° = —55.648V £82.744°
E+Vg =0

E = —Vg, = 55.648V £82.744°
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e(t) = 55.648 * V2 sin(wt + 82.744°) = 78.699 sin(wt + 82.744°) V

E  55.648.82.744°

[, =—=
0 Ze, 10.£0°

= 5.5654£82.744°

I =1, +Ig, =5.565£82.744° + 0.3544£0° = 5.620£79.166°

i(t) = 5.620 * V2 sin(wt + 79.166°) = 7.949 sin(wt + 79.166°)A

Uppgift 5
Z =2xfL=211000*0.012=247=i75.39

120(i75.39 + 470)

Zpn = Ri//(Zy+ Ry) = oo om0 = 95.98 +i3.07 = 96.0£31.83'

Finding Etn with mesh method:

1 - ™\
_. -
+ R la + L

Ib
— —
E=8V
=-i0.002A
Mesh I:
E-R1l1-ZL11-Ro(11+12)=0
8-12011-i75.3911-4701:-4701,=0
11(-120-i175.39-470)-4701,=-8
11(-590-i75.39)-4701,=-8
Mesh II:
1,.=1=-0.002A
I = -8+ 4701, _ -8+ 470(—i0.002) — 0.01354 — i0.00013
1759017539  —590 —i7539 -

Vo =E—Vg =E—Ryl; =8-120(0.01354 —i0.00013) = 6.37498 + 0.016i

Erp =V, =V, =6.37498 + 0.016i — 0 = 6.37498 + 0.016i = 6.3820.14°
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Uppgift 6 (Mesh method)

RN
& i ' W+

Since there are many elements that will be summed together, rectangular form of complex

numbers will make calculations easier.

E1=25V

E>=70.48+i25.65

-R111-Zx111-Zx2(l1-12)-R3(l1-13)=0
-1011-i2011+i20(11-12)-6(11-13)=0
-1011-i2011+i2011-1201,-611+613=0
11(-10-i20+i20-6)-i2012+613=0
-1611-i201,+613=0

Zc=-iXc
Zi=+iXL
Mesh I: Mesh 11:

-Zx2(12-11)-R2l2-E2-Zx3(12-14)=0
120(12-11)-801-70.48-125.65-115(12-14)=0
12012-12011-8012-11512+i1514=70.48+i25.65
-i2011+12(120-80-i115)+i1514=70.48+i25.65
-i2011+12(-80+i5)+i1514=70.48+i25.65

Mesh I11:
E1-Ra(l3-11)-Ra(l3-14)-Rs13=0
25-6(13-11)-10(lI3-14)-513=0
-613+611-1013+1014-513=-25
611+13(-6-10-5)+1014=-25
611-2113+1014=-25

Mesh IV:
-Rels-Ra(l4-13)-Zx3(la-12)-Zx4l4=0
514-10(la-15)-115(14-12)+i2014=0
-514-1014+1013-i1514+i151,+i2014=0
i151,+1013+14(-5-10-115+i20)=0
11512+1013+14(-15+i5)=0

11=0.59+i0.74=0.95,51.1°

1,=-0.6-i0.16=

0.62£-164.62°

13=2.13-10.03=2.132-0.93°

1,=1.62-i10.51=1.72-17.6°
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Uppgift 7

Qrotar = Qu = Sy sin(cos™10.7) = 1.42kVAR

|PTotal = Pyeater + Pumotor =1+ 1.4 = 2-4kW|

STotal = \/PTotal2 + QTotal2 = 1-42 + 1-422 = 2.78kVA

P 2.
Simpoved = E - ﬁ - 2.67kVA

Qimpoved = Simpovea Sin(cos™ 0.9) = 1.16kVAR
AQ = Qoriging totar — Qimpovea = 142 — 1.16 = 0.26kVAR = 260VAR

E? E2 2302

= == = 203.460
X; AQ ~ 260

1
X = = C = =
¢ 7 2nfc 2mfX, 2m*50 % 203.46

= 15.6uF

S 2780

Iorginal = E = ﬁ = 12086A
S

2670

Iimproved = E = —230 = 11.6084

After improvement we need lower current to perform the same work



