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Tom tit: Tai liéu ciia nha cung cdp mé-dun cho bai thi nghiém chinh luu ding thyristor (SCR) chii yéu yéu cau sinh
vién néi mach va vé dang song. Tai lieu nam 2025 cua Bo mon Dién ky thuat, Trircong Dai hoc Xdy dung Ha Noi da thém
tinh todn, mé phéng va so sanh sai s6, nhung chiwea yéu cau di dodn trieée khi do hay gidi thich sai léch ¢é can cir. Bai viét
dé xudt trinh tu duw dodn - mo phong - do - gidi thich. S6 do ciia mot deé tai nghién citu khoa hoc sinh vién léch so voi gia tri
tinh dén khodng 9%. Anh do trén may hién song goi ra cdc gia thuyét vé géc mo thuc ciia SCR, nhiéu xung kich va cach may
do tinh tri s6; cdc gia thuyét nay dwege ding lam d@é bai cho biede gidi thich. Hiéu qua véi ngieoi hoe chuwa dwge danh gid.

Tir khéa: dién tir cong sudt; thi nghiém; mé phong; dw dodn - quan sat - giai thich; chinh luu ding SCR.

DESIGNING AN SCR RECTIFIER LABORATORY EXPERIMENT AROUND
A PREDICT-SIMULATE-MEASURE-EXPLAIN SEQUENCE

Abstract: The supplier’s guide for a thyristor (SCR) rectifier experiment mainly asks students to wire circuits and sketch
waveforms. A 2025 departmental guide at Hanoi University of Civil Engineering added calculation, simulation and error tables,
but no prediction before measuring and no evidence-based explanation. This paper proposes a predict-simulate-measure-explain
sequence for the experiment. Measurements from a student research project deviate from calculated values by up to about 9%.
Oscilloscope screenshots suggest hypotheses about the actual firing angle, gate-pulse noise and the oscilloscope s measurement

method; these serve as the task for the explanation step. Effects on learning have not been evaluated.

Keywords: power electronics; laboratory, simulation; predict-observe-explain; SCR rectifier.
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I. PAT VAN DE

Trong cac muc ti€u thi nghiém k¥ thuat do
hoi thao ABET/Sloan dé xuét, muc tiéu Mo hinh
(Models) yéu cau nguoi hoc “nhan ra diém manh
va gi6i han cta cac mo hinh Iy thuyét khi dung dé
du doan hanh vi thuc t&” (nhom tac gia dich). Tai
Truong Pai hoc Xay dung Ha Noi, bai thi nghi¢m
chinh luvu dung thyristor (Silicon Controlled
Rectifier - SCR) ctia hoc phan Dién tir cong sut
(DTCS) da chuyén tir tai lidu cta nha cung cap
mo-dun sang tai liéu nam 2025 cua B mon, co
tinh toan, mé phong va so sanh sai so. Tuy vy,
sinh vién chua phai dy dodn trudce khi do hay giai
thich vi sao s6 do léch. Bai viét dé xuét trinh tu
du doén - mo6 phdng - do - giai thich cho bai thi
nghiém nay, minh hoa bang s6 do va anh do cta
mot dé tai sinh vién.

II. CO SO LY LUAN VA THU'C TIEN

2.1. Thi nghiém thuc va mé phong

Téng quan ctia Ma va Nickerson cho thiy céac
so sanh, phan 16n quy mé nho, nhin chung khong
thdy khac biét nhat quan giira thi nghiém thyc, mo
phong va diéu khién tir xa. Trong nghién ciru cta
Finkelstein va cOng sy, sinh vién vat Iy dai cuong
hoc mach mdt chiéu bé“mg mo phong con tra 101
cau hoi khai niém t6t hon nhom dung thiét bi. Tuy
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vay, loi ich riéng cua thiét bi thuc khong duoc do.
Feisel va Rosa ghi nhan mé phong c6 thé dung
lam phan chuan bi trudc gio thi nghiém; dong
thoi, theo ¥ kién chung ma hai tac gia néu, mo
phong hién chua thé thay hoan toan thi nghiém
thuc. Trong DTCS, Thompson giao phan tinh 1y
thuyét va mo6 phong trudc budi thi nghiém, sau
d6 sinh vién do trén bd huén luyén. Ba loai gia tri
thuong khop trong khoang 5%, c6 khi té1 10%.
Tac gia coi d6 1a 1y do dé 1y thuyét két hop véi
mo phong c6 thé thay thiét bi ¢ noi thiéu kinh phi.
Do 1éch ¢ day dung dé danh gia 6 khép, chua tro
thanh noi dung dé sinh vién phan tich.

2.2. Dy doan va giai thich sai 1¢ch

Theo Kearney va Treagust, chién lugc du doan
- quan sat - giai thich (Predict-Observe-Explain,
POE) do White va Gunstone dé xuit gdm viéc
ngudi hoc “du doan két qua cua thi nghiém biéu
dién, cam két v&i mot Iy do cho du doan, quan
sat thi nghiém, va cudi ciing giai thich moi chd
khac nhau gitra dy doan va quan sat” nhom tac gia
dich). Chuong trinh POE cua hai tac gia khong
cho nguoi hoc stra du dodn sau khi da xem video
thi nghiém. Hai tac gia ciing cho rang budc giai
thich cua POE “co 18 1a giai doan khé nhat véi
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sinh vién”. Holmes va cOng sy so sanh hai 16p
sinh vién thi nghiém vat 1y nam thir nhat. Mot 16p
1am theo cach truyén thong; 16p kia dugc hudng
din va chdm diém viéc ddi chiéu sb lieu voi mod
hinh rdi tu quyét dinh bude tiép theo. Khi hudng
dan dugc rat dan, 16p tht hai van chi dong sira
cach do va chi ra chd mo hinh khong con phu hop
v6i s lidu cua minh thuong xuyén hon han 16p
truyén thdng. Céc bang chimg trén déu thudc mon
vat 1y, riéng chi 1a mot dgt thir nghiém dinh tinh,
nén bai viét chi dung chung lam cin ctr thiét ké,
chua coi 1a bang chtng vé hiéu qua.

2.3. Bbi canh trong nuéc va khoang trong

Trong nuéc, Nguyén Trong Diing minh hoa
vai trd ciia md phong trong day DTCS bang mach
chinh luu ba pha trén Simulink va luu ¥ két qua
mo phong can dem “kiém chimg véi két qua thuc
nghiém”. Hoang Thi Thom va Nguyén Vian Loi
cho rﬁng thiét bi thuc hanh BPTCS “con nhiéu
thiéu thén” va ché tao mo-dun dang md, cho phép
sinh vién tu ndi mach bang jack cdm. Trong céc
tai liéu da tong quan, c6 ba khoang trong. Thir
nhat, cac bang ddi chiéu 1y thuyét - mé phong - do
trong thi nghiém DTCS, gém va bao céo, dung sai
s6 dé xac nhan mo hinh, chua phan tich nguyén
nhan. Thir hai, POE va viéc ddi chicu dit li¢u véi
mo hinh méi c6 bang chimg trong mén vt 1y. Thi
ba, hai bai trong nuéc chua ¢ s do trén thiét bi.

1. PHUONG PHAP NGHIEN CUU

Bai viét thudc loai dé xuat thiét ké, chua danh
gia trén nguoi hoc, nham tra 10i ba cau hoi: tai
liéu hudng dan hién co cua bai thi nghiém dap
ung dén dau cac muc tiéu thi nghi¢m k¥ thuat; can
thém hoat dong gi dé bai thi nghiém di theo trinh
tu bén budc; s6 do va anh do cua goi ra nhiing gia
thuyét nao cho budc giai thich. Dit liéu gdm ba
ngudn. (1) Tai liéu hudng din bai Chinh luu ding
SCR (ma EXPE.0026.00) cua Cong ty C6 phan
Tu dong héa Tan Phat, nha cung cdp mo-dun,
sau day goi 1a tai lidu nha cung cép. (2) Tai liéu
huéng dan thi nghiém Dién tir cong suit cua Bo
mon Di¢n k¥ thuat, Truong Dai hoc Xay dung Ha
Noi (ndm 2025), sau day goi la tai 1liéu nam 2025
ciia B6 mén. (3) S6 do va anh do trén may hién
song trong bao cao dé tai nghién ctru khoa hoc
sinh vién CK-2024-08. Theo, mach ding ngudn
xoay chiéu 24 V, tai dén soi dt R = 23,04 Q; s6
do 14y bang chtrc ning do ty dong tri trung binh
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(Vavg) va tri hiéu dung (Vrms) cua mdy hién song
Agilent DSO1012A, thang 10 V/div, mdi gboc mot
lan. Vi vay, trong bai, goc kich 0°, 45°, 90° 1a géc
danh nghia; goc m¢ thuc 1a thoi diém SCR bét
dau dan, doc trén anh do. Gié tri mo6 phong duoc
tinh sb bang mot chuwong trinh Python dung thu
vién ma ngudn mo: dang séng 1y tudng (ngudn
hinh sin tri hiéu dung 24 V, 50 Hz; SCR dan tir
goc kich t6i cudi ntra chu ky, khong sut ap) duoc
ldy mau 200.000 diém mdi chu ky rdi tich phan
50, va két qua dugc dbi chiéu véi cong thirc (1),
(2) 6 myc 4.3. M6 hinh 1y tuong duoc chon cé
chu dich, dé sinh vién thdy rd phan nao cua sé do
nam ngoai mo6 hinh. Nhom sinh vién ctia dé tai da
mo phong bang phin mém PSIM; bai viét khong

dung két qua do.
IV. KET QUA NGHIEN CUU VA THAO
LUAN

4.1. CAc tai liéu huéng din hién cé

Tai liéu nha cung cip gdm phan nguyén 1y va
28 bude thao tac cho nhiéu cau hinh chinh luu
mot pha va ba pha, 1dp lai mdt trinh tu: ndi jack
theo s cho sin, chinh bién tré ctia mach tao xung,
quan sat trén may hién song roi vé dang song vao
bang. Cau hoi chu yéu la nhan dang mach hodéc so
sanh dinh tinh d6 sang cua dén. Tai liéu khong co
bude tinh trude, khong yéu cau ghi goc kich hay
tri s6 dién ap; muc két qua la cac dong dé tréng.
Ddi chiéu véi bd muc tidu cua Feisel va Rosa, tai
liéu nay rén cach dung may hién séng va co6 budc
tat nguon sau mdi cau hinh, nhung chua dap ting
muc ti€u mo hinh va muc ti€u phan tich di ligu.
Tai li¢u nam 2025 cia B mon thém cong thuc
tinh, yéu cau mo phong bang PSIM, bang dién ap
dau vao va dau ra theo goc kich, bang so sanh gia
tri tinh, mo phdéng, do kém sai s6 va muc nhan xét
- danh gi4. Tuy nhién, phan tinh toan nim trong
phan béo céo két qua nén cé thé 1am sau khi do, va
tai liéu chua néu can cir dé giai thich sai s6. Sinh
vién tinh dugc sai s6 nhung chua phai ra quyét
dinh tir dit liu, 1a yéu t6 ma Holmes va cong su
coi 1a ¢t 151 dé phat trién tu duy phan bién.

Bai viét thém bon diém: phiéu dy doan cé 1y
do, khéa trudc khi do; dung dién ap ngudn do khi
O tai va goc moé thuc ¢ hai nira chu ky lam can cu
giai thich; danh muc nguyén nhan sai l¢éch; phép
do kiém ching cho mdi giai thich.

4.2. Trinh tu bon buéc dé xuit
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Béang 1. Trinh tu du dodn - md phéng - do - gidi thich cho bai thi nghiém chinh luu dung SCR

Buéc Viéc cua sinh vién San phim Can cwr
Tinh Ud, UR tai a = 0°, 45°, 90°; | Phiéu du doan ndp
. . ) A1 . TR AP [5, tr.65];
1. Dy doan |phac dang song; viét ly do vi sao | trudc budi thi nghiém, (5. tr.72]: [10]
dién ap ra giam khi a ting khong sura sau khi do TE
Chay mo hinh 1y tudng cung thong |, R
2. Mo phong | s, s0 véi phép tinh tay: lict ké nhimg | Dorg 8id trh, do thi} ) ysg
C A h dang song
gi mo hinh bd qua
No&i mach; giang vién kiém tra day
trude khi cap dién; do dién ap nguon | ., £ \ _
3.Po khi c6 tii, goc mo thuc & timg nita Béng s6 do, anh do [1, tr.127]; [9, tr.11]
chu ky, dién &p trén tai; luu anh do
Lap bang dbi chiéu gia tri tinh, moé | .., ... . .z
4. Gidi thich | phong va do: néu nguyén nhan co | oong doi chieu, doan |y g 550, 1y
N X . giai thich
can cu va phép do kiém ching

O budc 1, sinh vién phai viét 1y do chir khong
chi ghi con s6, vi du doan ding chua chic ¢ 1y
do dtng; phiéu khong duoc sira sau khi do, dé gir
lai sai léch gitta du doan va quan sat. O budc 2,
mo phong gitip sinh vién dbi chiéu phép tinh tay
va xem trudc dang song. Budc 4 ting voi bude
giai thich ctua POE, budc c6 1& kho nhét véi sinh
vién; khi gdp sai 1éch, sinh vién cling dé quy cho
16i ngudi 1am hay cho thiét bi. Vi vy mdi nguyén
nhan sinh vién néu phai ¢6 can cir va mot phép
do kiém chimg. Danh muc goi ¥ gém: (a) dién ap
nguén thuc khac danh dinh, ké ca do dién ap luoi
thay d6i; (b) sut ap trén SCR khi dan; (c) goc mé
thuc khac goc danh nghia, chfmg han do mach tao
xung khong dat dugc goc kich nho, hodc do hai
nira chu ky mé khong déu; (d) gai xung kich va
nhiéu trén dang séng; (e) cach may hién song tinh
Vavg, Vrms khi ctra s6 do khong chira s6 nguyén

a=0°

a =45

Nguon: nhom tdc gia dé xuat.

lan chu ky, va d6 chinh xac ctia may do. Vi tai
thuan trd, Ud va UR theo cong thirc (1), (2) & muc
4.3 khong phu thugc R; dién tro day toc deén thay
d6i theo nhiét do chi tac dong gian tiép, qua sut ap
trén ndi trd bién ap va trén SCR.

4.3. Minh hoa véi s6 do ciia dé tai CK-2024-08

Hai mach dugc minh hoa 1a chinh luu mét pha
nira chu ky c6 diéu khién (goi tit 1a mach nira chu
ky) va bo bién d6i dién ap xoay chiéu mot pha
(goi tit 1a mach xoay chiéu), tai thuan tro. Véi
ngudn c6 tri hidu dung U va géc kich o, tri trung
binh Ud ctia mach ntra chu ky va tri hi¢u dung UR
ctia mach xoay chiéu tinh theo:

Ud = (V2:U/(2n)) (1 + cos ) (1)

UR = U-V(1 - o/ + sin(2a)/(27)) )

trong d6 a & (2) tinh bang radian. Hinh 1, Hinh
2 la dang séng mo phong; Bang 2 dat canh nhau
gia tri tinh, mo6 phdng, do va anh do trong.

a=90°

AN\

N\

180 360 0 90

wt (d8)

1;30
wt (d8)

180 270 360

wt (do)

270 360 o 90

Hinh 1. Dang séng mé phéng ciia dién dp trén tdi mach nita chu ky (U= 24V, 50 Hz)

a = 45°%

Ngudn: nhom téc gia mé phong

a=90*

180
wt (dd)

270 360 0 90

180
wt (d3)

270 360 1] 90 180

wt (do)

270 360

Hinh 2. Dang song mé phong ciia di¢n dp trén tii mach xoay chiéu (U=24V, 50 Hz)

Ngudn: nhém téc gia mé phong
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Bang 2. Gia tri tinh, m6 phdng, do va dnh do cta hai mach diung SCR (U =24V, R =23,04 Q)

Mach o Tinhvamé | Po (V) | Poléch Anh do cho thay
phong (V) (%)
Nita chu ks Vmax khoang 33 V; dau mdi
Ud Y 0° 10,80 10,2 (*) -5,6 xung c6 budc nhay khoang 7V,
gai am sau khi SCR tat
o Vmax khoang 34 V; gai am sau
45 9,22 9,19 -0,3 Khi SCR t4t
90° 5,40 5,12 5 | Vmax khodng 33 Vi SCR mg
gan dinh dién ap; gai &m nho
Xoay chiéu, o Vmax 34,4 V; Vmin khoang
UR 0 24,00 25,1 +4,6 35V
45° 22,88 21,8 -4,7 Vmax 34,0 V
90° 16,97 15,4 -9,3 Vmax 33,6 V

Ngudn: gia tri tinh va mé phong do nhém tac
gia tinh; cot Po va cot Anh do cho théy theo anh
do trong, thang 5 ms/div (mach ntra chu ky) va 10
ms/div (mach xoay chiéu); sé chir sb thap phan
gilt nhu trén dnh do. (*) Theo anh Hinh 4.2 cua;
bang s6 liéu ctia ghi 10,02 V. Do léch cta sé do
tinh so vo1 gia tri mo phong chua lam tron. Vi gia
tri mo phong tring gia tri tinh theo (1), (2) dén hai
chir s6 thap phan, mé phong & ddy chi xac nhan
phép tinh tay va cho dang song. Do léch cua sd
do c6 thé dén tir mach thuc khac mach 1y tuong,
cling c6 thé dén tir phép do. O mach xoay chiéu
tai 0°, dién ap trén tdi c6 Vmax 34,4 V;, néu 1a
hinh sin thi tri hi€u dung khoang 24,3-24,5 V, nho
hon 25,1 V may hién thi. Vi vy sinh vién can xét
cach may hién song tinh Vrms trén cira s6 do, roi
kiém chung bﬁng déng ho do tri hiéu dung thuc
hodc d6i thang thoi gian va do lai; dién ap ngudn
khi c6 tai dugc do riéng ¢ budc 3. O mach ntra
chu ky tai goc danh nghia 0°, dién ap tai nhay 1én
khoang 7 V & dau mdi xung (doc so bd trén anh
do), tarc SCR khong md dung tai 0°. Theo tai li¢u
nha cung cap, xung kich duoc tao tir mot transis-
tor mot tiép giap (Unijunction Transistor - UJT);
gia thuyét 1a mach nay c6 goc kich nho nhét 16n
hon 0°, kiém chtng bang cach doc goc mé thuc
khi chinh bién tré vé tan cing. Ca ba anh do cua
mach nira chu ky c6 gai 4m sau khi SCR tt, goi
¥ nhidu tir mach xung kich; vi gai rat hep, anh
huéng 1én Vavg nhiéu kha ning nho, c6 thé kiém
tra bang cach doi thang thoi gian. Cubi cing, sut
ap trén SCR 1am giam dién ap tai & moi goc; vi gia
tri Iy tuong giam khi o ting, mot do giam gan nhu
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khong d6i 1am d¢ 1éch twong ddi ting theo o, phu
hop mot phan véi s6 do ¢ 45° va 90° ctia mach
xoay chiéu. Mdi gia tri & ¢t Po chi 1a mét 1an do,
nén nhom tac gia khong két luan nguyén nhan ma
dung Bang 2 1am d& bai cho budc 4.

4.4. Thao ludn va han ché

Do léch trong Bang 2 tuong duong mic
Thompson néu, nhung cac gia thuyét & muc 4.3
déu can dén anh do thuc, 1a nhitng chi tiét mo
phong 1y tuong khong thé hién duogc. Vi vay bai
viét khong di t6i két luan rang 1y thuyét két hop
v6i mo phong co thé thay thiét bi & noi thiéu kinh
phi. Nhan dinh ndy gan vdi goi ¥ rang thi nghiém
thue c6 thé quan trong & giai doan dau dé xac lap
d6 chinh xac ctia mo phong. Bai viét giit mé hinh
ly tuong, khac dé nghi dua dao dong ciia thong s6
thuc vao mo phong; sau budc 4, sinh vién co thé
tu thém cac yéu t6 da do vao mo hinh. Bai viét co
cac han ché sau. Trinh tu chua duoc ap dung véi
16p hoc nén chua c6 dir lidu vé ngudi hoc, trong
khi mgt bai thi nghiém maéi can dugc danh gia
béng viéc nguoi hoc c6 dat myc ti€u da néu hay
khong. Sb do lay tir mot nhom sinh vién, mdi goc
mot 1an do, khong kém dién ap ngudn va géc mo
thyc. Bang s6 lidu ciia c6 mot gia tri ghi khong
khép véi anh do; bai viét da d6i chiéu ca sau sé do
v6i anh. Nhom tac gia hudng dan dé tai va ciing 1a
nguoi phan tich s6 liéu cua dé tai, nén viéc danh
gia chua doc 1ap. Hudng tiép theo 1a ap dung thir
trong mot hoc ky, chdm phiéu dy doan va bang
giai thich theo ti€u chi nhu cach Holmes va cong
su cham so thi nghiém , rdi mo rong sang cac bai
thi nghi¢ém khéc.
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V. KET LUAN

Tai liéu nha cung cap rén thao tac nbi mach
va dung may hién song; tai liéu nam 2025 cua Bo
moén thém tinh toan, md phong va so sanh sai sb.
Ca hai chua yéu cau du doan trudc khi do va giai

khi do, m6 phong mach 1y tudng, do cod ghi dién
ap ngudn va goc maé thuc, giai thich sai 1éch kém
phép do kiém chung. S6 do cua dé tai CK-2024-
08 I¢ch so voi gia tri tinh dén khoang 9%, va anh
do goi ra cac gia thuyét cu thé cho budc giai thich.

thich sai l1éch c6 can cu. Bai viét dé xuat trinh tu
bon budc: du doan co6 Iy do va khoa phicu trudc

Hiéu qua v6i nguoi hoe can duge danh gié trong
nghién ctru ti€p theo.
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