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Tom tit
Bai bao néu lén nhitng han ché cua viéc thuc hién bo nghich luu ba pha ba nhanh sir dung modul cong
sudt théng minh théng thieong (Conventional Intelligent Power Modules) dp dung cho cdc hé truyén dong
cong sudt nhé. Tir d6, mét gidi phdp thay thé dwoc chi ra dem lai nhiéu wu diém hon trong viéc thuwce hién
bé nghich lweu nay d6 la s dung modul céng sudt théng minh chuyén dung (Application Specific
Intelligent Power Modules). Mé hinh thwc nghiém hé Bién tan - Péng co khong dong bé dwoc xdy dung
dé kiém chitng nhitng wu diém ciia phirong phdp thiét ké nay.
Abstract
This paper pointed out some drawbacks of the implementation of three-phase three-leg inverter with
application Conventional Intelligent Power Modules (Conventional IPM). Since then, an alternative
solution is showed to bring out many advantages in the realization of the three-phase three-leg inverter
with Application Specific IPM (ASIPM). An experimental model of the inverter - induction motor system
is constructed to verify these strong points of this design method.
Key words: Intelligent power modules (IPM), three-phase inverter, Digital Signal Processor (DSP).

1. Pat vin dé

Cac b nghich luu ba pha ba nhanh str dung Conventional IPM trong h¢ truyén dong bién tin - dong co
khong dong bd (BCKDB) cang tré nén pho bién véi dai cong suat tir 200W téi hon 150kW [17, [2], [3]. Hinh 1 chi
ra so do khéi céu tao cia Conventional IPM. Theo d6, Conventional IPM duoc tich hop cac van cong sut voi cac
mach tich hop chuyén dung phia thap ap (LV ASIC - Low voltage Application Specific Integrated Circuit) dé kich
mé van va cung cap mdt so chirc nang bao vé da dugc st dung rong réi trong hé truyen dong xoay chleu Modul loai
nay c6 mot vai vu diém nhu [4]: Giam thoi gian thiét ké, nang cao do tin cdy; giam ton hao cong sudt bang viéc t01
rru hoa ddng thoi cac van cong sudt va chirc nidng bao vé trén ciing mot modul; cai thién kha ning ché tao do giam sb
lugng cac linh kién phy tro. Tuy nhién Conventional IPM van con c6 han ché nhét dinh. Theo do6, dé c6 thé ghép ndi
gitta £C/DSP (vi diéu khién/vi xir 1y tin hiéu sd) va Convention IPM can c6 tang két ndi trung gian (hinh 1) bao
gdm cac mach cach ly quang dam bao cach ly #C/DSP véi phia cao 4p (cac van trén). Didu nay dan toi sé luong
ngudn didu khién sir dung dé kich mé van tang 1én. D6i véi cac hé truyén dong cong suat nho, han ché néu trén sé
lam gia tang thém chi phi va kich thudc ciia thiét bi.
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Két néi trung gian
Hinh 1. So dé khéi IPM théng thuwong [4] Hinh 2. So dé khéi ASIPM [4]
Viéc modul ASIPM (Application Specific IPM) ra doi da khic phuc duoc mit han ché cua Convention IPM.
Hinh 2 chi ra so d6 khoi cau tao cia ASIPM. Bang viéc tich hop thém cong nghé HVIC (High Voltage Integrated
Circuit) c6 chtrc nang dich mutc va diéu khién kich mo van, ASIPM cho phép két noi truc tiep 6 tin hicu PWM tir
HC [ DSP t6i dau vao ctia nd6 ma khong can cach ly quang, chi can mot nguon diéu khién duy nhat dé kich m¢ van.
Ngoai ra, mot s6 ASIPM con tich hop sin ca cam bién do dong bén trong giup cho viée thiét ké khau do luong tré
nén thuén tién hon. Bai bdo chi ra viéc thuc hi¢n bd nghich luu ba pha ba nhanh st dung ASIPM.
2. Thye hién by nghich lwu ba pha ba nhanh
Trong ung dung nay, ASIPM dugc su dung 1a modul IGBT PS22A76 cta Mitsubishi Electric vdi cac tinh
nang chu yéu nhu sau [5]: | =25A Vs =1200V ; tinh ndng cho nhém van trén (P-side) bao gdm: Mach kich mg,
diCh muc, bao vé thép ap; tinh nang cho nhom van dudi (N-side) bao g@)m: Mach kic}} md, tin hiéu bao 15i va bao vé
ngan mglch - thap ap, dau ra twong ty bao nhiét d¢ tai LVIC; dac biét 1a viéc cap nguon cho modul chi tir mdt ngudn
duy nhat co gia tri 15VDC.

Hinh 3a, b chi ra hinh dang bén ngoai va mat cit ngang ciu trac bén trong cua modul ny.
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Hinh 3. Modul IGBT PS22A76
a) Hinh dang bén ngoai, b) Mt cdt ngang cdu triic bén trong
Bo nghich Iuu ba pha ba nhanh sir dung modul PS22A76 bao gom 2 khéi chirc ning: Khdi phdi ghép véi
HC / DSP va khoi bao vé.

2.1. Khéi phéi ghép véi 1C|DSP
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Hinh 5. Nguyén ly hoat dong mach bootstrap [6]

Hinh 4. Mach dich mirc [5]

a) Qua trinh nap, b) Qua trinh phong
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Mach dich murc (hinh 4) trong HVIC cia PS22A76 cho
phép ghép ndi truc ti€p 6 tin hiéu PWM tu 4C/DSP tdi 6 dau vao

PWM1-6

Up,Vp,Wp, Uy ,Vy,Wy cua n6. Tuy nhién, dé dam bao cach ly
gilta mach diéu khién va mach cong suét, so do thiét ké su dung
cach ly quang.

- Phan tur cach ly quang tbc do cao 6N137 duoc sir dung
dé co thé 1am viéc ¢ tan sb cao (khoang vai kHz). Khoang cach cua
cac duodng tin hiéu nay dugce thiét ké ngin nhat c6 thé nham han
ché nhicu. Ngoai ra, cac xung nhiéu c6 d6 rong qua nho s€ dugc
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loai bo bﬁng cach lép mach loc RC trén mdi duong tin hiéu vao.

- Tin hiéu béo 18i ngin mach, thip 4ap tir modul PS22A76 .
gl t&i dau vao ctia ¢C/DSP str dung cich ly quang PC817. Hinh 6. Mach phoi ghép véi 1/C IDSP

Ning luong sir dung dé kich md nhom van trén dugce cung cip tir mot mach bootstrap ngoai véi nguyén 1y
hoat dong nhu sau: Khi van dudi duoc kich m¢ (ON), tu bootstrap (Cpogsirap ) durgc nap dién tich qua didt (
Dhpootstrap ) theo duong nét dut (hinh Sa); Khi van dudi bi khoa lai, Cpopray Phong di€n tich dé kich m¢ van trén
(hinh 5b). Nhu véy, chi cin st dung mot ngudn cung cap 15VDC duy nhit cho modul PS22A76. Hinh 6 chi ra so b
phdi ghép giita ©C/DSP véi modul PS22A76.
2.2. Khéi bio vé

Céc chirc nang bao vé duoc xay dung bao gdm: Thép ap ngudn diéu khién, ngin mach va qua nhiét van.
2.2.1. Bdo vé thap dp nguon diéu khién

Chirc ning bao vé thap ap gitip ngan ngura cac ché d¢ lam viéc khong mong mudn dugce chi ra trong bang 1
[5]. Ca nhom van trén va nhém van dudi déu cé chirc ning nay. Tuy nhién, tin hiéu ra bao 13i thap ap chi duoc tich
cuc cho nhom van dudi.

Bing 1. Ddp iing ciia PS22A76 twong ikng véi cic gid tri dién dp nguén cung cip

Pién ap ngudn cung cip Hoat dong

0 + 4V (P, N)

- Tuwong duong véi ngudn cap bang OV.

- Chirc niang bao vé thap ap, dau ra bao 15i (F,) khong dugc tich cuc.

- Cac van IGBT khong lam viéc. Tuy nhién, nhiéu bén ngoai cé the gy
mé van. Vi vy, dién 4p trung gian mot chiéu chi dugc cung cép cho




modul sau khi d4 cap nguon diéu khién.

4 + Upgyong Chtre nang bao vé th?ip ap, F, dugc tich cyc. Cac van IGBT khong lam
viéc.

Useuong = 13,5V (N), 13,0V (P) | Céc van IGBT lam viéc. Tuy nhién, t6n that trén van tang, dan t6i nhiét
do van tang.

13,5V + 16,5V (N); Ché d6 lam viéc binh thuong
13,0V + 18,5V (P)
16,5V = 20,0V (N); Céac van IGBT van lam viéc. Tuy nhién, tbc d6 chuyén mach va gié tri
18,5V + 20,0V (P) dong qua van tang, lam tang nguy co ngan mach.
> 20V (P, N) Mach diéu khién c6 thé bi pha huy.

2.2.2. Bdo vé ngdn mach [5]

Phuong phap bao vé ngén mach duoc thyuc hién bang cach giam sat dién ap roi trén dién tro Rs . Dong dién
chdy qua Rgcé gia tri rat nho dugc tich tir thinh phan dong dién chinh chay qua nhém van duéi (duong nét dut
trong hinh 7). Bing cach nay, ton ghét roi trén dién tro dugc giam di dang ké so voi phuong phép st dung dién tre
shun cua th@j hé modul trudc q(). bé dam bao mach bao vé ngan mach hoat dong tin cdy, mét mach loc RC Cp.rqc lap
vao trudc dau vao CIN voi hang so6 thoi gian 7 =1,8 45 . Khi do, 3 van dudi s& bi khoa sau 1,8 15 khi ngan mach
xay ra.

2.2.3. Bao vé qua nhiét cho van

Modul PS22A76 dugc tich hop san mdt mach do 'GBT‘K—KDM
nl}iét @0 tai LVIC. Nhiét @6 trén van IGBT, diode s& giél} M L
tiép lam nong LVIC. Do d6, nhiét d6 tai LVIC khong thé VNL 7 1™
phan anh tirc thoi nhiét d6 trén cac van (vi du trong ché 'GBT;S KDiS
d6 ngan mach). Vi vdy, mach nay chi dugc ap dung dé N,
bao v¢ qua nhiét cho van trong truong hop diéu kién lam o Lvic i — 4 (0]
mat xau di hodc dong co bi qua tai. Chirc ning nay giup " |K_KD'6
cho nguoi st dung loai bd dugec mot mach ngoai do nhiét wN "
do cta modul. Khi nhiét d¢ vuot qué gia tri cho phép, Fo |l' W i
modul khong ty dong khoa cac van IGBT ciing nhu xuat [ "
tin hiéu bao 18i F,. Vi vay, vi diéu khién s& phai dua ra
tin hi¢u khoa tat ca cdc van IGBT khi xdy ra qua nhiét o
van. Hinh 8 chi ra so d6 mach thuc hién chitc ning bao s S L Rown
v€ qua nhiét van. /" \ fadl %

Mach RC loc nhigu

2.2.4. Mach snubber

. Mot tu dién snu‘pber duoc lép song song Vvoi . ) . )
nguodn trung gian mot chi€u giup bao v¢ van va tang hiu qua lam viéc cua van. Tu dién nay can dugc bo tri gn nhat
c6 theé v6i coc P va coc NU, NV, NW nhu dugce minh hoa trong hinh 9. Ty snubber dugc lya chon ¢6 gia tri 0,15uF.
Hinh 10 chi ra so d6 nguyén Iy hoan thién cta by nghich Iuu ba pha ba nhanh str dung modul PS22A76.

3. Két qua thye nghiém

Hinh 7. Mach béo vé ngan mach [5]
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Hinh 9. Mach snubber

Hinh 10. So' d6 nguyén Iy by nghich lwu ba pha ba nhdanh

M hinh thyc nghiém hé bién tan - DCKDB (hinh 12) dugc xay dung theo so' do khdi hinh 11 dé kiém chimg
cac uu dieém khi thiet ké bd nghich luu ba pha ba nhanh sf{ dung’modul PS22A76. Trong do, I?CKDB c6 thong so:
P=180W , Uy =380V, p. =3, ny =945v/ p; mach dic¢u khién sur dung vi xtr 1y tin hiéu s6 TMS320F2812 cua
Texas Instruments, cac van dugc diéu khién theo Phuong phap diéu ché vector khong gian, tan s6 dat cho dong co f
= 50Hz. Hinh 13 chi ra d6 thi thoi gian dong ngat van cho pha U (t,) va pha V (t,). Pién ap day U,,,U,,, nhan
dugc tir may hién song (Oscilloscope) durge chi ra trong hinh 14. Quan sat truc thoi gian nhan thay: Chu ky cta dién
ap xap xi 20 ms (twvong tng f = 50 Hz), dién ap U, Va U,,, 1éch nhau khoang 3,3 ms (twong (mg 60°) dam béo
dung nguyén 1y dién 4p ra cua bién tin cip cho PCKDB
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Hinh 13. Dé thj thoi gian déng ngit van t,t,
4. Két luan
Bai béo da trinh bay cach thiét ké b nghich luu ba
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Hinh 12. Mé hinh thuc nghiém
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Hinh 14. Bign dp day U,,,,U,,.

pha ba nhanh st dung modul IGBT PS22A76 cta hang

Mitsubishi Electric. Cac két’qué thu dugc tir md hinh thyc nghiém cho thay by nghich luu ba pha ba nhanh sir dung
modul ndy hoat dong tot, giong nhur b nghich luu ba pha ba nhanh dugc xay dung tir Conventional IPM nhung phat

huy dugc nhitng wu diém: Rut ngén thoi gian thiét ké, nang

cao do tin cdy; giam ton hao cong suat; do tich hop cao,

mot sd linh kién va thiét bi phu trg ngoai giam, kich thuéc mach nhd gon. Tuy nhién, modul nay khong dugc tich
hop san céc cam bién do dong dién. Vi vay, yéu cau phai st dung thém cac cam bién ngoai khi can xay dyng mach

vong diéu chinh dong dién cho hé bién tin - DCKDPB.
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