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Tom tat:

Bai toan quan ly, gidm sat chat lugng dién nang véi day da cac chi tiéu, dua ra canh bao khi cac
tham s& ndm ngoai giGi han cho phép dé dam bao cac muc tiéu kinh t& - ky thut cho san xudt cong
nghiép mang tinh rdt cdp thiét. Hién nay trén thi trudng, cac thiét bi phan tich chat lugng dién nang
chl yéu clia nuée ngoai, co gia thanh cao, dai cong suat G nhiéu trudng hgp khong phu hgp véi doi
tugng do cong suat nhd va st dung phic tap. Trong bai bao nay, ching téi s€ gigi thiéu két qua
thiét k€, ché tao thir nghiém mot thié€t bi phan tich chat lugng dién nang di dong (dang cam tay), ap
dung cho d&i tugng phu tai 1 pha, ¢é tinh nang phan tich dang séng dong dién, dién &p; téng séng
hai dong va ap, cosphi, tan s6,... KEt qua thlr nghiém dugc so sanh ddi chi€u véi may phan tich chat
lugng dién nang Fluke 437-I1 c6 mic sai sO khong qua 3,5% vé cong sudt va khong qua 1,5% vé
dién ap, dong dién.

T khoéa:
Phan tich chat lugng dién nang, phu tai, STM32-F4.

Abstract:

The problem of managing and monitoring the quality of electricity with all indicators, giving warning
when the parameters are outside the permitted limits to ensure the economic and technical targets
for industrial production is very necessary. Currently, most of power analyzers in Vietham are
imported, expensive and complex in use. Moreover, their power ranges, in many cases, are not
suitable for measurement on low power loads. In this paper, we will present the results of the design
and manufacture of a portable power quality analyzer (handheld), applicable to single phase loads,
which features current waveform analysis, voltage; total current and voltage harmonics, power
coefficient, frequency,... The test results were compared against the Fluke 437-II Power Quality
Analyzer with a tolerance of no more than 3.5% in power and less than 1.5% in voltage and current.
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1. GIOI THIEU

Hién nay, vi¢c gidm sat c6 hi€u qua qua
trinh ti€u thy dién nang va chét luong
di€én nang cua phu tai ha ap da duogc su
dung va dang phd bién & cac cong ty dién
luc, cac doanh nghiép san xuit & nudc ta
[1]. Trén thi truong, c6 kha nhiéu thiét bi
phuc vu cong tac do ludng, giam sat chat
luong dién ning, c6 thé do ludng cung lic
nhiéu tham sb: dong, ap, cosphi, song hai
bac cao, tan sd,... da chic nang [2, 3].
Tuy nhién, hau hét cac thiét bi nay déu
nhép ngoai, c6 gia thanh cao, dic biét la
thiéu nhitng thiét bi phuc vu cong tac do
ludng cong sudt nho, cd thé in tryc tiép
két qua, phan tich timg bac song hai. Boi
vay, viéc ap dung cong nghé tién tién dé
thiét ké, ché tao thiét bi hoan toan bang
cong nghé trong nude, véi muc tidu chat
lugng tuong duong cua nudc ngoai, gid
thanh ha, chu dong trong cung trng la nhu
cau cap thiét.

Tiép ndi két qua nghién ciru trong [3],
trong bai bdo nay, ching toi s€ gidi thi¢u
két qua thiét ké, ché tao thiét bi phan tich
chat luong dién ning cho mot ddi tuong
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phu tai ha ap, c6 cac thong sé cu thé nhu
Sau:

= Cong suét tai dén 15 kW ;
= Dién ap: 220/380 V.

Thiét bi nay c6 nhiém vu phén tich: tong
hai dong va ap (THD;, THDy), cac hai
thanh phﬁn bac 3, bac 5 va dang song co
ban, hé sd cong suat, tan s ludi; Phan
tich sy léch pha trén tai, tinh todn dong
trung tinh [4, 5]. Cac yéu cu vé phén tich
chét luong dién nang phu tai dugc thuc
hién bdi cong nghé vi xur 1y, xtr 1y tin hi¢u
s6 dé phan tich. Thiét bi nho gon, dang
xéach tay phu hop cho viéc kiém tra luu
dong. Thiét bi da dwoc chay thir nghiém
va danh gi4 so bd hi€u qua trén tai thuc té.
V& céu trac bai bao, ngoai phan gi6i thiéu
chung, trong phan 2 s& trinh bay qua trinh
phan tich thiét ké phan cimg. Phan 3 13
két qua thiét ké phan mém. Noi dung
danh gia két qua va tha nghiém duoc trinh
bay & phan 4 cta bai béo.

2. PHAN TICH THIET KE PHAN CIPNG
2.1. Cau tric téng quan cua phan cirng

ABCN

llll | . Nguénnuoil |

CSNE-151-100 P B loc Mach
théng | hiéu
u(t) thdp [Y| chinh
(Hinh3) | | (Hinh4) 1 ap | | Knau toc | o] Tinh
Khau cam bién 12-bits :"> $6 V] toan
ll l l Mach 4

Tai ba pha

(Hinh 5)

ngit F—————) Ngit B Tinhf,cos(p) |

ARM Cortex M4

Hinh 2. So d6 téng thé thiét bi phan tich chéat lwong dién nang
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CAu tric cua thiét bi dugec mo ta nhu trén
hinh 1, co s& lua chon cac thiét bi, linh
kién duoc ké thira tir két qua nghién ctru
trong [3]. Tin hiéu tir cam bién duoc dua
téd1 bd loc thong thép dé loc cac thanh
phan hai bac cao trudc khi dua tdi cac bd
chuyén d6i ADC cua vi diéu khién MCU
(Micro Controller Unit). Khau xur 1y s6 s&
thuc hién tach loc song bac 1, song hai
béac 3, bac 5 véi chu ky ldy mau 1a 50ps.
Giao dién hién thi ciia thiét bi sir dung
man hinh GLCD cho phép hién thi day du
cac thong s6 mot cach thuén loi.

2.2. Thiét ké va cau hinh phan cng

Phan cimg cta thiét bi phan tich chat
luong dién ning bao gdm nhimg khdi

chinh:

= Khdi xir ly trung tdm sir dung vi diéu
khién ARM STM32F407 [6]. Bé thuan logi
cho viéc hiéu chinh thiét bi ¢ day chiing
t6i sir dung KIT phat trien STM32F4
Discovery. Pay la KIT da ndng c6 tich
hop san bo nap ST-linkV2. Trung tam cua
KIT la 18i xx ly ARM Cortex4
STM32F407VGT hoat dong ¢ tan sé 168
MHz, 1 Mbyte b6 nhé ROM, 192 Kbyte
bo nhé RAM, 24 kénh ADC 12-bit,...
Chip hoat dong ¢ dién &p 3.3 V.

Hinh 2. Kit STM32F407 Discovery

= Khdi cam bién dong st dung cam bién
CSNE151-100 cua Honeywell c6 do
chinh x&c +0,25%. Cam bién dién ap st
dung loai HNV025A véi d6 chinh xac la
10,6%. C4c tin hiéu dong dién, dién &p tai
dau ra cta cam bién dugce dua tGi bo loc
théng thip dé loai bo cac hai bac cao
trudc khi dua tdi cac kénh ADC cua
MCU. Pay 1a b loc bac 2 ¢6 cac tham sb:
tan sb cat f. = 1150 Hz, hé sé dao dong
D =1, chi s6 chat lugng Q = 0,707.

Out

Hinh 3. B& loc thong thap

Tin hi¢u sau khi qua bd loc 1a tin hiu
xoay chiéu, dé ndi tin hiéu trén véi kénh
ADC can phai thyc hi¢n hi¢u chinh tin
hiéu xoay chiéu thanh tin hiéu co6 gia tri
duong (hinh 4).

IN4143
RS

100

D12
1N4148

R2 33k

GND
Hinh 4. Mach hiéu chinh

Viéc tinh toan tan sb cung hé sd cong sut
dua trén két qua do thoi gian giita hai su
kién ngat cta tin hiéu dong dién va ngit
cua tin hi¢u dién ap. Hinh 5 1a so dd mach
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dién phat hién diém 0 cia dong va ap. Tin
hiéu Triger tai dau ra ctia mach di¢n s€
duoc dua téi chan ngat cua MCU.

3.3V

GND GND
Hinh 5. Mach phat hién diém 0

cua cac tin hiéu dong dién va dién ap
2.3. Cau hinh phan cing
Céu hinh phan ctng thé hién trong bang
1. C6 6 kénh do (dién ap, dong di¢n) dugc
két néi voi 6 kénh ADC 12-bit va 6 kénh
ngat nhu trong bang 1.
Ngoai con c6 cac module chirc nang khac
nhu: loa chip, GLCD hién thi dir liéu, cac
phim chic ning didu khién thiét bi,
module giao tiép theo chuan RS232...

Bang 1. Cau hinh phan cirng kénh do
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TT Tin hiéu Kénh | Chan
8 | Ngit ap pha B EXTI9 | PE9
9 | Ngit ap pha C EXTI11 | PE11

10 | Ngit dong pha A | EXTI8 | PES

11 | Ngit dong pha B | EXTI10 | PE10

12 | Ngit dongpha C | EXTI12 | PE12

T Tin hiéu Kénh | Chan
1 | bién appha A AD12 PC2
2 | bién ap pha B AD14 PC4
3 | bién ap pha C ADS8 PBO
4 | Dong diénpha A | AD11 PC1
5 | Dong dién phaB | AD1 PAl
6 | Dong dién pha C | AD9 PB1
7 | Ngit ap pha A EXTI7 | PE7

3. THIET KE PHAN MEM

Mi ngudn cua thiét bi dugc phat trién
theo trinh bién dich Keil C va cong cu hd
tro thiét lap h¢ théng Cube-MX cua
Microelectronics [7]. Mot chu ky tinh
toan s€ thuc hién cac cong viéc sau:

= Cho phép ngt cua tat ca 6 kénh (dong,
ap) dé do tan sé va hé sb cong suat. Tan
sb duoc do bang cach khi xay ra ngit cua
tin hiéu dién ap thi doc gia tri caa Timer9
sau d6 reset gia tri thanh ghi nay. Tan s
xung Timer9 12 1 MHz. Nhu vay tan sb
luéi duoc tinh theo cong thic f = 10%/x.
Trong d6 x la gia tri thanh ghi cta Timer.
Tuong ty nhu trén c6 thé tinh duoc
khoang thoi gian léch gitra dong dién va
dién ap dé quy ra hé sb cong suat.

= Két thuc qua trinh tinh toan tan sé va
hé sb cong suat thi cac su kién ngét sé bi
cam, MCU s& chuyén sang doc dir liéu
dién ap, dong dién tung pha va thuc hién
viéc loc s6 dé tach céac thanh phan bac 1,
bac 3 va bac 5 trong tin hiéu dién ap/dong
dién. Tham sb cac bo loc sé duoc lay tur
két qua nghién cau trong [3]. Chu ky lay
mau va loc s6 1a T = 50us va duoc thuc
hién boi sy kién ngat cua Timer10.
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B WUl &0 Evecmesmrm o~ 5= @+ m

Hinh 6. Cau hinh MCU béng Cube-MX

Theo [2], qua trinh qua dd cda cac b loc
kéo dai 0,25s tuong tmg vai 5000 chu ky
xur ly. Dé giam bt luong luu trir chudi dir
liéu, MCU s€ thuc hién phép loc $6 trong
5000 chu ky dau nhung khong luu giir dit
liéu. Bat dau tir chu ky thtr 5001 t6i chu
ky thtr 50400, MCU s¢€ thyc hién xtr 1y loc
s6 va luu gitr dir liéu thanh cac chudi x; (0)
dén x; (399) phuc vu cho viéc tinh cac gia
tri hi€éu dung cua céc thanh ph?m hai va
song co ban theo cong thirc [2]:

399

1 .
X o= —3"x?
hdi 100; T(J)

4. KET QUA CHE TAO VA THU’ NGHIEM
4.1. Két qua ché tao

Hinh 7. Mach x@ ly va hién thi

Chung t6i di hoan thanh ché tao thur
nghiém thiét bi phan tich chit lugng dién
nang (hinh 7, 8 va 9). Mach hién thi va xtr
1y bao gém: KIT STM32F4 Discovery,
khéi man hinh GLCD 12864, khdi phim
chtc niang va khéi truyén thong ndi tiép
theo chudn RS232.

Mach do ludng bao gdm 3 cam bién dong
dién va 3 cam bién dién ap cung véi cac
mach tién xur ly (mach loc va mach
chuyén d6i) str dung vi mach OP07 (hinh
8) cho phép han ché sai 1éch do dién 4p
offset gay nén.

Thiét bi hoan thién mo ta nhu trong hinh
8. Toan bo thiét bi dugc dat trong vo hop
xéch tay cép bao vé IP01 chdng bui, nude
thudn loi cho viéc do ludng phén tich chat
luong dién nang.

Hinh 8. Mach do lwong

Thiét bi c6 mdt s6 chirc nang co ban sau:

Phan tich chat luong dién ning cua timg
pha: tong hai, cac thanh phan hai bac 3
bac 5 va song co ban, h¢ sb cong suét, tan
56 ludi.

= Phan tich sy léch pha trén tai, tinh toan
dong trung tinh;
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= Sir dung cbng nghé vi xu ly, xir ly tin
hiéu sb dé phan tich.

Thiét bi dang xach tay phu hop cho viée
kiém tra luu dong. Kich thuéc san pham
27x24,6x12,4 cm, trong lugng 0,5 kg, tién
loi, co dong trong viéc van chuyén co kha
nang chéng nude, chiu bui, chiu duoc
cuong do cao trong mdi trudong cong
nghi¢p.

Thiét bi phan tich
chat lwrong dié€n
nang di dong

Man hinh
GLCD

Phim
chic RS232

~.

Hinh 9. Thiét bi phan tich chéat lwong dién nang
di dong

4.2. Két qua thir nghiém

Diéu kién méi trudng: Thir nghiém trong
mdi truong bao dam cac yéu cau vé quy
pham an toan dién dugc ban hanh va méi
truong tiéu chuin quy dinh cho mdi thiét
bi va phép thir nghiém.

B6i canh thuc hién: Thu nghiém cung mot
d6i tugng do, tién hanh cing thoi diém
v6i thiét bi do chuyén dung Fluke 437-11
[8]. Tién hanh do 3 thdi diém khac nhau,
mdi 1an cach nhau 90 phut véi tai dién tre
15 kKW.

1859 - 4557)

Hinh 10. Giao dién hién thj cdng suéat va tan sé
trén man hinh GLCD

Gia tri dugc ghi trong bang 2 la gid tri
trung binh cta cac két qua 3 1an do. Hinh
10 va hinh 11 1a két qua do trén 1 pha cho
cac tham sb cong suat, tan sd va gia tri
dién &p, cung cac thanh phén hai bac 3 va
bac 5 trén tai.

Hinh 11. Giao dién hién thi dién ap va cac thanh
phan hai dién 4p

Bang 2. Két qua thir nghiém

’ T(én
) Kétqua | thiét bi
Thong so trénsan | Fluke
pham 437-11
(8]
bién ap pha, V 222,677 | 224,73
Séng dién ap co 222,373 | 224,00
ban, V
Séng dién ap bac 3, V 5,050 7,804

SO0 13 thang 11-2017
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) Trén
’ Kétqua | thictbi
Thong so trénsan | Fluke
pham 437-11
[8]
Soéng dién ap bac 5, V 5,870 6,905
Tong d6 méo dién ap | 0,035 0,047
Dong pha, A 1,994 2,015
Song dong dién co 1,992 1,998
ban, A
Soéng dong dién bac 0,041 0,072
3,A
Soéng dong dién bac 0,024 0,038
5A
Tong d6 méo dong 0,024 0,041
dién
Tan s6 (f), Hz 49,882 | 49,861
Hé sb cong suat 0,989 0,987
(coso)
Cong suét 1 pha (P), | 450,826 | 452,800
w

5. KET LUAN VA HUONG PHAT TRIEN
5.1. Két luan
Két qua do thir nghiém cho thiy:

= Thiét bi do ching tdi ché tao budc dau
da thuc hién dugc co ban cac phép do va
phan tich nhitng thdng sé theo yéu ciu
thiét ké. Sai sé giita cac lan do ludn on
dinh sau 3 lan do (sai s6 vé dong dién va
dién ap dudi 1,5% va sai s cong suat
lu6n dudi 3,5%).

= Sai s6 vé dién ap bac 3, bac 5 cua san
pham so véi thiét bi do chuyén dung con
cao, diéu nay xudt phéat tir cac nguyén
nhan: sai sb cua cam bién, tan sb trich
mau xi ly chua da lén, qué trinh hiéu
chinh thiét bi chua chinh xéc.

= Trong cac phép do thi phép do tan sb
va hé sb cong suit c6 do chinh xac cao
nhat. Vi cong doan do tan sé va hé sé
cong suat thuc chat la viéc dém gia tri
thanh ghi cua Timer trong khoang thoi
gian gitra cac su kién ngit. Véi tan sb
xung cap cho Timer c6 gia tri 84 MHz thi
d6 chinh xac cua phép do tan sb va hé sb
cong suét cao.

5.2. Hwéng phat trién

= Can sir dung MCU c¢6 toc do cao vi du
STM32F7 hoac cdng nghé xur ly tin hiéu
s6 DSP (Digital signal processor) dé ting
tan s6 lay mau xi ly.

= Nghién ctu str dung cac cam bién co
d6 chinh xac cao dé giam sai s6. M rong
thang do song hai dén bac 50 va nang cip
thiét bi dé co thé do phy tai 3 pha cong
suat dén 150 kW.

= Tich hop man hinh TFF hién thi di
liéu dudi dang bang biéu, dd thi mot cach
truc quan thuan loi cho viéc quan sat va
danh gia.

= Tich hop méy in mini trén thiét bj.

= Tich hop chic ning két néi mang
internet theo céng nghé GPRS dé ting
cuong viéc két ndi giam sat tir xa.
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