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ABSTRACT

The purposes of the research were to create computer assisted instruction for
Electric Power System Analysis Chapter 1-2 to find out the efficiency validation of
computer assisted instruction based on the standard of 90/30, and to analyse the
students' learning achievement after using the computer assisted instruction.

The subjects in the study were 17 third - year diploma engineering
students enrolling at Rajamangala University of Technology Phra Nakhon. The
researcher made the experiment by having the students pretest. Then they studied by
using the computer assisted instruction focused on practicing basic turning.  After the
students had studied and had posttest, the efficiency of the computer assisted
instruction was calculated as well as the learing achievement was analysed.

The research result revealed that the efficiency of the computer assisted
instruction was at the standard of 90 / 90. Moreover, the learning achievement after

using the computer assisted instruction was different at the significant level of 0.05.

. cholowdlsalt)

(Asst.Prof. Tanawat Chalardsakul)
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aansAuImMAIAN e furesuLunAsey

Fannainrevssunrafnde  uni 1-2

2 pqg = 6.32

ANUITUAD

82

M X =275, X X? =3471

= NLX2-(2Zx)?

NZ

= 25 x 3471 - (275)°7

25 x 25
= 17.84

A awderuresunmaseLiaiy

Ao drunudereaniadiodn

fo dndnumesinidludenil 1 dudedadauraspuingniuay
Fovm

Ao dadaurasfivininludantiaq vie Aa 1-p

pr I
A9 AZuuUANLURMUIeLATesleYvieatiy



Unua r t 30 6.32
S 1- ——

= 30-1 17.84 = 0.67

v ® 1 1
fuuuunagauatull faoud@edy = 067
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HAMMIATUIALATISTMNUSE AN BA TNt suniSauAauRanafdona ey

adpn i lunnnus@vinwsasunmBaureninmedtinaey Tnaldgas (nadid,

2528 :284)

Ussdvgnwmy = M, - M, , M, - M,
P - M, P
M, . WRIIACuLURAEAINNIaaUiaunsEeY (Pre - tese )

M, = HAUIBIATLLLIGREANNITARLUAINISFEU ( Post - test )

P = arwdufnzedevesay

] (% a} 2 :l <t i & i -J e P
Anrasdasdliangasl azlifnsewing 0-2 thamasnanldilaminn

1 3
nd 1 fiedn unBsussnfowefiliinnuiiinsgiu

wuAn M, 1212
M, = 2559
P = 30

26,59 - 1212 | 25.59 - 1212

il

UszAnEnn 4

30 - 1212 30
= 0.753 + 0449
= 1.202

0

£ ]
AMIA = 1.202  FaluunBuupaninmesinael  (FedTINNIIATITUTILY

g unit 12 WWinousinsgiu 90 / 90



uaenmageutiagndny latordunisuanuasesdl (¢ - test )

s

ForgnrawssirsutWiaiae  uni 1-2

sedulSoygyes L.
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tszdntinns@nen 172551

i 3 - ang HANITNARDY 30 AZUUU WAsiN (AR )
nau (X) [uie (Y) (v-X)=D | Danids2
unenityding adng 8 27 19 361
2luelsad Auduius 12 25 13 169
3lueaqdl yoyoeln 9 22 13 169
4junelseg sznana 8 25 17 289
5|t ung lada 15 27 12 144
slungAN NZWA 9 27 18 324
7|unaeying AesTun 19 23 4 16
glunellanail Anuzasoy 14 28 14 196
ofunuwaAng griny 13 29 16 256
10{uasuIng AAKA 8 25 17 289
1|umastyy Aulnd 14 26 12 144
12{unaAfeye ndrsyns 16 28 12 144
13|wsanving nfadula 9 20 11 121
14|uellezling veeuns 12 24 12 144
15juntaydnwnl AuATEY 11 27 16 256
16{urtianifn quineg b5 26 11 121
17|wnaAnsedy mandnle 14 26 12 144
N 206 435 229 3287
AnAY 12.12 25.59

al . o
A5 12 nmaseutiudAn ianandunmsuanuasaesi (t - test )




sanmsAvInmenaseudadiAyy  lagendenisuanuaresil ( t-test)

Y D=229 , Lp? =327 , N =17 pAu

2D

t =\A2Dz~(ZD)2

N -1

L

e D Af  ANUANANNIDIAZULLUAATE

AU (AU )

=z
Dk
[a]

UNUAN 229

- ( 229)°

—r
i
L
-~
X
w
N
oc
~

[t}
N
N
[{e}

= 15.62
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al' «al o d’ "4 4 J ’
AINENTW t Bl df = 16 sEdiumERiL 0.05 HAY 2120  Efieduiluge

t b
wAn  usiAn t ARwonld = 15,62 gandrqaudn uiladanantamaney 2 afsusnsirariy

o o - o v o - « 4 - - -
Lﬂﬂ1ﬁ 95 % UUAD NITITHUANHLINITHUADNNANATTNHADY  1F9IITNNITIATISUTELIL

o u i Iy P P |
TiAde uni 12 dFaudmanfiiniusiadold 95 %
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1.30fuusiudsanggrualsemalnefauneinle

. 150 kV

—

2, 22kV
3. 33 kV
4. 230 kv
5. 500 kV

2. melWihiguadsaiussuundn velszmalnyie
1. mstsrihupsuang
2. msliiuanme
3. mrifadaugiinam
4. meldhandnuialssmalng

5. n13 W LATURIY

3. wliaulasliin 1 e JAafidn 220/4000V ey 5.0 kVA AITUBNUALTIRIIARIA
Fuusssuiifhsnitsnily 0.1 Q ammaduenumudulesyiinees wiawladnitiag
iAngusuusesuiitasi

1. 1.0121 pu.
2. 0.0221 pu.
3. 0.2210 pu.
4. 0.0103 pu.

4. meannisgryidelunmsdmdsnulusads  ansainlfetasls

. AAAMHANUNUATEIUAS ANNT LA

-

NAMMANUAUANE LASAANTE LA
ARATHANUNIUAN LA IAN LS IAY

KAAANAIUNTUAR LR AR UTIAY

o~ W

WHAMNFLNTULAS RN LT IR
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5. meliiiswisssmalng Wamegu  1avecls
1, a1l uaz iy
2. UAUAUATRRAITERE
3. weaniuuazyin
4, DUIENULATLALIAN
5. awdnmuacyls
6. lnazunmu AFumMAnmoisrurinide i Heniifdszon
1. 21lszim
2.3 dszim
3. 4 Uszim
4. 5 lszinm
5. 6 tsziny
7. lunsAinuamnainszuadnsasiuszuninih i szl laezunmulszimla

TunrsRasmen

4
. leezunsuidumen

—_

2. Juaaunudlaazunsy
3. fufusuilnazunsy
2. Wida 23
5 gnynia
8. Anedelis (Per-unit value ; pu) Aedmangau
gandngAnetarls
1. Ay sl Awiieotin
2. ANAT pin AN§IU
3. ANF1U fin ANAT
4, ArAuq Wi sig vl

5. ANANRAUAUTARAIANFTUNIY
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9.1pdaarnidiniinaun 25,000 VA, 13.8 kv A X = 0.20 wledyilin Aefumieutlas
Tatinustega wie  waslliiia 30,000 kVA , 13.8A-230Y kv fifin X = 0.08 ulafeiin
frgulunnsAuoniddtniniu 100 MVA, 220 kv vesanads WinAniladglisTuen

o o A
upudn g wmiumiaulasuaziFtasrnndiniia

1. Xgen= 0.874 PU. , X{neomer= 0-291 pU.
2. Xgen™ 0.951 PU. | Xiooormer= 0-342 PUL
3. Xgen= 1251 pU. , Xpmansiormer™ 2-241 pu.
4. Xgen™ 2411 PU. , Xyangormer= 0-995 PU.
B. Xgen™ 3.747 DU, Xy oo™ 4293 PU.

10.saerfn i 2 WiaworuudnAuTe  Reaiu JAn X"=10% Tnawieiniaih

isaafi 1 FIRAR 2,500 KVA,2.4 kv, uaziAtas fnidlaeiesd 2 S7in 5,000 KVA , 2.4 kv
awmn  wlefyilsiuen unufreaiesinfianisnalatd Base L 15 MVA, 2.4 KV
Tnefansound I.Lﬂﬂumu‘fﬁm;ga‘ﬂmlﬂ‘éﬂdﬁ’]Lﬁﬂ%ﬂﬂﬂd

1. Equivalent Reactance = 1.2 pu.

2. Equivalent Reactance = 2.2 pu.

3. Equivalent Reactance = 0.4 pu.

4. Equivalent Reactance = 0.3 pu.

5. Equivalent Reactance = 0.2 pu.

11, 1taarufiaiAie 100 MVA 13.2 KV fidh X" =20% sieagfimtautes A-y Tnewds
ulawiaiusnsdaitasnsvan AueaunuTaynsTesans dailan 40 Q W Base
WinfiL 200 MVA , 115 KV sassresslumaiiuan Wnsnwlefgtamnasiesinidnues
aede duiiTueaunud laazunsy Inadvdautss 3 mading 13.8A- 120Y Kv,

100 MVA §iA1 X = 8%

1. Xgen™ 0114 pu., X omer= 0-123 pu.
2. Xgen= 0.453 pu. , Xiiyaromer= 0-443 pu.
3. Xeen= 0.8 PU., Xrenstormer= 0-443 pu.
4. Xgen= 0.2 PU., Xinsiomer= 0-211 pu.
5 Xaen= 0.4 pU., Xipnsome— 0-174 pu.
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12. annlantda 11 Frudeudas Huvdaulas 1 ma 3 fninunsiady usassaiingm
13.8A-69Y kv ,35,000 kVA WinmilafelisFusprunudyesantds 1w Base (A
1.transmission Line Reactance = 0.605 pu.
2.transmission Line Reactance = 0.705 pu
3.transmission Ling Reactance = 0.805 pu
4 transmission Line Reactance = 0.905 pu
5.transmission Line Reactance = 0.115 pu
13. wiaulaq 3 wlsauns 5,000 kvA fifn 66Y-13.2Y vinmseneivasiidunmugauniu
AR 4,000 KW 7 13.2 kv Wivnaansdmmnuluasmioeflulei Adnszwindlaiin
fanfaduuseguramdiouag
1.R 1yon e = 1088.25 L2
2.R pion size = 2188.25 O
3R ugn e = 2111.25 2
4R puon oo = 3288.25 2
5.R pign size = 4188.25 QQ
14 vifeurlas 3 1A 5,000 KVA Wi 66-13.2 kv Tnel amaamduLsgauAzusRsaLLL Y-A
et TuaARMNFNLINLTING 4,000 kW 7 13.2 kv aamn Arasmdudulesiu
raaluaanIinUuIge 1awmdianla
1R g e = 2266.25 2
2.R 1ign e = 5266.25
3.R pygn s = 4266.25 €2
AR ion siae = 3266.25 €2
5.R 1ign si0 = 1266.25 L
15. wisuulastiauuy 3 aaaniiRfns]
- Primary  slaluu Y , 6.6 kV, 15,000 kVA
- Secondary fauuL Y , 33 kV, 10,000 kVA
- Tertiary , 2.2 kV, 5,000 kVA
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iAnAA NI AN Leakage Impedance  AMuntWANnng Short-Circuit Tests :
NP Primary @ Z, = j0.232

Z, = j0.290 dann3situ Secondary

.7, = j0.87
amdnRuaufrenssaisaun v Tan WendunisAnnnllunes Primary wihiy
15,000 kVA , 6.6 kV

1.Zp =0.03 pu..Zs = j0.0497 pu.,Zt = j0.069 pu.

2.7p =0.04 pu..Zs = j0.1127 pu.,Zt = j0.269 pu.

3.Zp = {0.05 pu.,Zs = j0.3497 pu.,Zt = j0.349 pu.

4.Zp =j0.06 pu.,Zs = j0.4497 pu.,Zt = j0.179 pu.

5.Zp =j0.07 pu.,.Zs = j0.5497 pu.,Zt = j0.279 pu.

16,3911 Self Impedance vatannsgy veuinifasugy Inuauyi Winszualualu

Hensenadiuninaluusiasqul

10-83 j1.0 } e

E, =1230°

(&)

1.211=j0.9, Z22=(2.0 ,Z233 =11
2.211=j0.12,222 =j12.0, 233 = j2.1
3.211=j0.29,222 =22.0, 233 = 3.1
4.211=j0.39,222={13.0, 233 = j4.1
5.211=j0.49, 222 = 14.0 , Z33 = 5.1
17. aanlantidn 16 /911 Mutual iImpedance 184795
1212 =721 =-j0.8, 213 =231 =0 , 723 =732 = -3.0
2212 =721 =-0.3,213=231=0 , 723 =232 = -j4.0
3212 =221 =-05,213=231=0 , Z23 =232 = 5.0
4712=2721=406,213=231=0 , 223 =732 = 46.0
5212 =221 =407, Z13=231= 0 , 223 =Z32 = 47.0



18.a1ngUastasie 16 Winen Self uaz Mutual

admittances 1R9aNATIUA

1.Y11 = -16.3 pu.,Y12 = Y21 = j5.0 pu.,Y22 = 16.0 pu.

2Y11 = 183 pu. Y12 = Y21 = 6.2 pu.,Y22 = §17.0 pu.
3.¥11 = 419.3 pu.,¥12 = Y21 = j5.3 pu.,Y22 = -18.0 pu.
4.¥11 = 420.3 pu.,Y12 = Y21 = 5.5 pu.,Y22 = §12.0 pu.

5.¥Y11 = +21.3 pu..Y12 = Y21 = 5.6 pu.,Y22 = §11.0 pu.

19.antanridiaii1e asdisuanns Loop atflugtiumiin uidnszus Loop nunnsfiuiifa

1a9avidn uar W Power Output 189unasant Ea , Ed AMHAIAL

1.Power of Ea = 1.065 pu. , Power of Ed = -1.065 pu.

2.Power of Ea = 1.175 pu.
3.Power of Ea = 2.065 pu.
4.Power of Ea = 3.065 pu.

5.Power of Ea = 4.065 pu.

20.a7narunsdia 16 WulasSeries Impedance va39asiiunasanya Current Source

Power of Ed = -2.065 pu.

Power of Ed = -1.065 pu.

Power of Ed = -1.065 pu.

Power of Ed = -1.065 pu.

65

uazidiBuannistua Avualilue b, ¢ Wl Tum 1,2 ausa ez iwnan Voltage 189

Tum b,c Inen1sBuRsaIIMNN

1.V1= 0.868.23.05° pu.
2.Vi= 0.168.£23.05° pu.
3.Vi= 0.268221.05° pu.
4 V1= 0.468.220.15° pu.
5.V1= 1.268.£19.05°pu.

21. AMNNARY,

V2 = 0.878.6.87° pu.
V2 = 0.878.£1.87° pu.
V2 = 0.878.5.87° pu.
V2 = 0.878£7.87° pu.
V2 = 0.878.£6.87° pu.

jo.8

+
1.28.0°

j1.0

1.2£30°
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AW -

oy

-~ - . i el o ' o -
22 anganiuaudlanzunslude 21 auyRdnil Capacitor sieagfitia 3 awnsuswiulun

ar o ! . L4 & ] s J
1ia 1ufsansia Capacitor (Inaiinvus WiaumuszyNTIBIUNFULARETRAN)

Bind 1 %4 4 ol 4 \d
23. angunuaudlaazunsuluda 21 aeussiuiniaia 3

24, angiBnAusudlaezunsulude 21 s usedulninfds 2

I i -~ H § A ° g ar -
25.TunsAuinimAnszuadnaas Alddgnsias fge fanirussiuerlsnAnda

urasuluusitis 19999948

.V, =0.9964.£10.75° Per Unit
. 'V, =0.0964.211.75° Per Unit
. 'V, =0.2964.,10.75" Per Unit
.V, =0.0964.212.75° Per Unit
.V, =0.1164.£15.75° Per Unit

1.v1 = 1.0688.£10.86° pu.
2.v1 = 2.0688.£10.86° pu.
3.v1 = 3.0688.£10.86° pu.
4.v1 = 4.0688.210.86° pu.
5.v1 = 5.0688.£10.86° pu.

1.V; =0.8111.£12.36° Per Unit
2.V, =0.9333.£12.36° Per Unit
3.V, =1.1233.£12.36° Per Unit

4.V, =1.1221.£12.36" Per Unit
5.V, =0.1023.£10.36° Per Unit

1. 'V, =0.9957.£15.58° Per Unit
2. V, =0.1957.£15.58" Per Unit
3.V, =0.1157.£15.58° Per Unit
4.V, =0.7757.211.58° Per Unit
5.V, =0.1117.£11.58° Per Unit

1. usasumntiy
2.4590uuA

[ dv -
3 UNAUTIM PTG

4.useiulnihgegn



5.ussuinfneunsdnaeas
26. uANMIMIaTinin Adew Thndnmsissuy
T fsReaudnnIrInasuuL i
1. 2_% Meash
2. 24a¢ Norton
3. 4A% WAty
4. 1at Tum
5. 14’9 Superpositon
27, sruiniindagunanllindausiigUnsaiiy
WfsestRainiuiua
1. 2 guned
2. 3 qunnd
3. 4 gunal
4. 5 gunmd
5. 6quUnml
28. nsAnnilursuniaings Tnansld z-8us 7
Densnunsown1§nas
1.Jmpedance #&a% Loop Equation
2. Invest Y Bus #at add-Brach-Link
3.Thevenin WaZ Norton
4.Thevenin Uaz Loop Equation

5.Superpositon AL Thevenin

29.a4NYIFNIENRNN toie 1L

2 43
l:l 6 8} >
3
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5.

..

F43]

117
12

33
54

46

30. N3 Z Bus TmeABn1stuneda Audunuguy

nszuauazunsuivimuannns

1.

A A

=YV
v=iY
v=2
1Z =V
Y =V
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At UUnAdaUdTInsAssisr UL INHNANAS Ui 1-2

Yo7t 1aat o Laat
1 5 16 1
2 4 17 1
3 4 18 1
4 2 19 1
5 5 20 1
6 2 21 1
7 2 22 1
8 2 23 4
9 1 24 1
10 5 25 5
11 5 26 3
12 1 27 1
13 1 28 2
14 4 29 1
15 1 30 3
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Electric Power System Analysis
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