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Thiét ké, ché tao bd thuc hanh dién tir cong suat
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Abstract: Currently, university education is strongly innovating its training programs and teaching
methods, with a focus on placing the learner at the center and emphasizing the development of the
learner's capabilities. One of the most noticeable changes is the increase in practical training hours,
reducing the time spent on theoretical classes, especially in technical fields. This research paper designs
and manufactures a set of practical modules for Power Electronics with the purpose of establishing a
practical kit applicable to the Power Electronics course, while also supporting practical exercises in
electronic engineering and automatic control courses.

The outcome of this project has many suitable features for teaching and training in the Electrical and
Electronics Department at Nha Trang University compared to existing products in the market. This is
because the product is built based on a close alignment with the content of the “Power Electronics”
course, meeting the department’s output standards. Moreover, the cost of the product is economical,
only one-fifth of the cost of a Power Electronics practical kit in the market. Additionally, the model is
aesthetically designed, compact, and user-friendly.
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1. Pit van dé

Dién tir cong sudt 1a cong nghé dung dé bién dbi
dién nang tur dang nay sang dang khac, trong do cac
phin tir ban din cong sudt s& dong vai tro trung tam.
B6 bién doi (BBD) dién tir cong sut chinh 13 bo bién
dbi tinh (static converter) dé phan biét véi cic may
dién truyén thong, thuong bién d6i dién dya trén
nguyén tic bién dbi dong dién tir trudng. Trong cic
bd bién dbi nay, cac phan tir ban dan cong sudt hoat
dong nhu nhitng khoa ban dan, hay con goi la van
ban dan.

Céc van ban dan (VBD) dang c¢6 nhiéu budc tién
va thu hat sy quan tdm trong nhiéu nim gan day.
Céc hoi nghi qudc té va cac tap chi uy tin hang nim
trong linh vyc déu c6 nhiéu bai thao luan chuyén sau
vé chu dé nay. Trong d6, van Silicon carbide (SiC)
va Gallium nitride (GaN) duoc tap trung vi chiung
cho hiéu suét cao hon céc loai van Si thong thuong
[3, 4]. Ngoai ra, mdt s6 van Si moi phat trién gén
day cling dang dugc thir nghiém va ap dung cho cac
ung dung BBD trong cong nghlep vi du nhu IEGT
va RC-IGBT. IEGT duoc phat trién c¢6 kha ning lam
viéc ¢ dién ap va dong dién cao hon IGBT thong
thuong, va dem lai hiéu suét cao hon.

O Viét Nam, dién tr cong suat duoc ung dung
rong rii trong hau hét cac nganh cong nghiép hién
dai, nhu truyén dong dién, néu luyén thép, gia nhiét
cam ung, dién phan nhom tir quang mo, giao thong
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duong sét, cic qué trinh dién phan trong cong nghiép
hoa chat, timg dung trong rit nhiéu cac thiét bi cong
nghiép va thiét bi dan dung khac nhau [6]. Chinh vi
thé, viéc dao tao nguén nhan lyc cho linh vuc nay
hién nay dang ngay cang duoc quan tdm nhiéu hon.
D6i voi khdi nganh dién - dién ti, tai cac truong dai
hoc, cao déng va day nghé 0 Viét Nam hién nay, dién
tor cong suat 1a hoc phﬁn bat bude va cling 1a mot
trong nhitng hoc phan duogc thiét ké véi khdi lugng
kién thtrc nhiéu nhat. Tuy nhién, trang thiét bj phong
thi nghiém, thuc hanh ctia hoc phén Dién tir cong
sudt & cac co sO gido duc noéi chung, va tai Khoa
bién - Dién tr, truong Pai hoc Nha Trang noi riéng
con nhiéu thiéu thon. Thyc trang nay lam can tré kha
nang sang tao cia sinh vién va quan trong hon khién
sinh vién han ché vé& k¥ niang thuc hanh, gay kho
khian trong tiép can va lam chu cac trang thiét bi thuc
té sau khi tot nghiép. bé khic phuc cac han ché trén,
v6i kinh nghiém ché tao cac bo thuc hanh trude do,
ching t6i thyc hién dé tai: “Thiét ké, ché tao mot
s6 mo dun thyc hanh dién tir cong suat”. San phdm
duoc thiét ké, ché tao dua trén noi dung chuong trinh
ddo tao, nhu cau su dung cua sinh vién, va bam sat
céc thiét bi thuc trong nha may cong nghiép hién dai
ngay nay. Hon nita, cac m6é dun nay do ddi ngii can
b0, giang vién thyc hi¢n, nhimg nguoi hoan toan
nim vimg dugc cong nghe, dé dang thay doi, stra
chira, cai tién cho phu hop véi thuc té, tir 46 nang cao
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nang luc dao tao va hiéu suét lam viéc cua cac trang
thiét bi phong thi nghiém, thuc hanh.
2. N§i dung nghién ctru
2.1. So dé khéi tong thé ciia thiét ké

So d6 khdi cdu trac tong thé ciia ban thyc hanh
dién tir cong suit duoc trinh bay & Hinh 2.1. Do thoi
gian va kinh phi con han ché, trong khuon khé dé tai
nay, chung toi chi thiét ké, ché tao mot s6 mod dun
thuc hanh Dién tr cong suit nhu sau: mot md dun
thuc hanh mach chinh Iuu dung diode, mot mé dun
thuc hanh mach chinh luu dung SCR, mdt mo dun
thuc hanh mach bam xung 1 chiéu (chooper), mot
md dun phat xung, mot mo dun ngudn va mot mod
dun tai.

MO BUN THUC HANH MO BUN THUC HANH
KHAO SAT MACH CHINH LUU KHAO SAT MACH BAM XUNG
DUNG DIODE PIEN AP 1 CHIEU
MO PUN THUC HANH
KHAO SAT MACH CHINH LUU MO PUN PHAT XUNG
DUNG SCR
MO BUN TAI MO PUN NGUON

Hinh 2.1. So d6 két noi trén bg thi nghiém

2.2. Thiét ké cidc mé dun thwe hanh Dién tiv cong
sudt
2.2.1. Bo chinh luu dung diode

B chinh luu 1a thiét bi dugc st dung dé bién ddi
nang lugng dong dién xoay chiéu thanh ning luong
dong dién mot chiéu. B chinh luu dung diode dugc
thiét ké sir dung 06 diode cong suit 2CZ15A véi dién
ap dinh mirc 12 1000V va dong dinh mirc 1a 15A. Bé
thuan tién cho sinh vién c¢ thé tao thanh nhiéu bai
thuc hanh khéac nhau, cac diode duge bb tri doc lap
va ¢6 thé két nbi v6i nhau thong qua cac jack ciam.

So d6 3D mat trén mach in bo chinh luu khong
diéu khién duoc thé hién trén hinh 2.2.

Hinh 2.2. So' @6 3D bé tri bo chinh heu ding diode
2.2.2. Bo chinh luvu diung SCR
Mach chinh luu dung diode tuy don gidn nhung
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chi cép ra tai mot dién ap nhét dinh, chi phu thudc
vao mach van va dién 4p ngudn U,, khong cho phép
thay d6i hodc giir 6n dinh theo yéu cau cta tai. Diéu
nay do diode ludn ty dan dudi tic dong cua chinh
dién ap ngudn xoay chidu goi 1a mé tu nhién. Néu
thay diot bang SCR ta s& diéu khién duoc diém din
cua van theo y muén, vi @& m& duoe SCR can ¢6 hai
diéu kién dong thoi: U, >0 va I, dulon.

B6 chinh luu dung SCR dugc thiet ké st dung
loai S6015L véi dién ap dinh muc la 600V va dong
dinh muc 1a 15A.

Pé thuan tién cho sinh vién c6 thé tao thanh
nhiéu bai thyc hanh khac nhau, cac diode dugc bd
tri doc 1ap va co thé két ndi v6i nhau thong qua cac
jack cim.

So dd 3D mat trén mach in bo chinh luu ¢6 diéu
khién dugc thé hién trén hinh 2.3,

Hinh 2.3. Sor dé 3D mat trén mach in bé chinh luu
dung SCR

2.2.3. BY diéu chinh dién ap mot chiéu

Bo bién ddi dién ap mot chiéu (hay con goi la
bam xung mot chidu) 1a thiét bi dé diéu chinh dién
ap mot chiéu ra tai tir mot nguén dién ap mot chiéu
¢b dinh. Bo chinh lwu dién ap mot chiéu duogc thiét
ké st dung IGBT FGAF40N60 véi dién ap dinh muc
600V, dong dién 40A.

So dd 3D mat trén mach in bd bam xung mot
chiéu duge thé hién trén hinh 2.4.

Hinh 2.4. So' @6 3D mdt trén mach in by diéu chinh
dién ap mot chiéu

3. Két qua va thao luan

Céc mo-dun thyc hanh mach chinh luu dung
diode, mo-dun thyc hanh mach chinh luu dung SCR,
mo-dun thuc hanh mach bam xung 1 chiéu (chooper),
mé-dun tai dién tré, mo-dun tai dién cam duogc thiét
ké, ché tao va gén vao hop nhya. Hop dung cac mo-
dun nay c6 kha ning truot trén mot khung duoc ché
tao bang nhom dinh hinh dé dam bao tinh d& dang di
chuyén trong qué trinh sinh vién thyc hanh. Md-dun
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phat xung, mo-dun ngudn va mo-dun tai sau khi ché
tao duoc gén ¢ dinh vao Panel thuc hanh. Két qua
gia cong dugc thé hién nhu dudi day:
3.1. M6 hinh by chinh luu diung diode

Mo dun mach chinh luu dung diode hoan thi¢n
duoc thé hién trén hi

Hinh 2.5. M6-dun b chinh heu ditng Pi-6t hoan thién
3.2. M6 hinh by chinh lwu dung SCR

M6 dun mach chinh luu ding SCR va két qua
chay thtr nghiém duoc thé hién trén hinh 2 6

Hinh 2.6. Mo6-dun bé chinh luu dung SCR hoan thién
3.3. B§ diéu chinh dién dp mét chiéu

M6 dun mach diéu chinh dién 4p mot chidu va
két qua chay thir nghiém duoc thé hién trén hinh 2.7.

Hinh 2.7. Mo- dun mach diéu chznh dzen dp 1 chiéu
hoan thién
3.4. Bo thuc hanh DTCS hoan chinh
B0 thyc hanh Dién tir cong suét hoan chinh dugc
thé hién trén hinh 2.8
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Hinh 2.8. B9 thi nghiém hoan chinh

Trong do, cac khéi duoc bd tri 1an lugt theo thi
tu: Mo-dun tai dién tro, mo-dun tai dién dung, mo-
dun chinh luu dung di-6t, mé-dun chinh luu ding
SCR, mé-dun mach diéu ap 1 chiéu dung IGBT. Bén
dudi 1a cac khdi ngudn 3 pha, may bién 4p ba pha
v6i 02 dau ra dién ap 90V va 45V cho mdi pha, khoi
ngudn 01 chiéu v6i 02 mirc dién ap ra +15V va -15V.

Cac mo- dun dugc dé ma, sinh vién s& duge chu
ddng hoan toan trong viéc két ndi cac thiét bi thong
qua cac jack két ndi dé khao sat hoat dong cua hé
thdng theo so d6 nguyén ly da hoc. Tir d6 lam phat
huy tdi da tinh tich cuc, chu dong cua nguoi hoc,
khoi day niém dam mé nghién ctru cac kién thuc
mai, cong nghé moi.
4. Két luan

Qua qua trinh nghién ctru tmg dung va phat trién
cua cac mach dién tir cong suét, bai bao da trinh bay
phuong phap “Thiét ké, ché tao b thuc hanh Dién tir
cong suat”. San pham 1a trang thiét bi thiét thuc cho
sinh vién thyc hanh hoc phan Pién tir cong suat va hd
tro thuc hanh mot s6 mon hoc lién quan nhu: k¥ thuat
dién tur, diéu khién tu dong. San phém khong chi co
nhiéu tinh ning phu hop trong giang day va dao tao
tai khoa Dién — DPién tir, Pai hoc Nha Trang ma gia
thanh con thap hon rat nhidu so véi cac san pham
hién c6 trén thi truong. V6i b thi nghiém mang tinh
mo nay, giang vién va sinh vién co diéu kién thuan
loi dé nghién ctru, phat trién cac tmg dung méi, thir
nghiém cac thuét toan diéu khién mdi, tao ra nhiéu
san pham tri tué trong twong lai.
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